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Matheson takes pride and satisfaction in publishing the new 
sixth edition of the Matheson Gas Data Book. Thirty f ive years 
ago, Matheson offered 14 different gases. Today, Matheson 
offers well over 1 00 different gases to the world's entire sci­
entific community whose needs have made th is market the 
most sophisticated and dynamic market in the world. Matheson 
has tried to keep pace with this market's growth , and over the 
last thirty-five years we have been asked a lot of questions 
concerning gases. The Matheson Gas Data Book answers most 
of these questions in compiling as much information relating to 
gases without entering the realm of an engineering handbook. 

The sixth edition of the Matheson Gas Data Book is, like 
previous editions, a compilation of individual gas data sheets. 
It is simi lar to previous editions in that some general information 
is presented in Appendices I and II relating to " General Pre­
cautions In Handling and Storage" , and " Disposal Of Leaking 
Cylinders" . We realize that this involves some repetition in the 
text , especially when the data cover similar gases. But we think 
that when you are interested in a specif ic gas, you want to 

PREFACE 

know all about the gas as quickly and directly as possible. We 
are of the opinion that this type of presentation accomplishes 
this objective. Matheson offers a comprehensive data sheet on 
any gas avai lable from the company , as well as some not 
avai lable. Therefore, if you wish to distribute copies of any 
individual data sheets, simply contact Matheson and inquire 
about reprints. 

This sixth edit ion differs from previous editions in that con­
siderably more physical and thermodynamic data are reported 
(in SI units) , as well as expanded sections on the effects in 
man, tox icity, and first aid suggestions. 

The authors wish to thank Mrs. Augusta Braker for her kind 
assistance and expertise in the compilation of th is 6th edition. 

Wi ll iam Braker 
Allen L. Mossman 
December, 1 980 
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Safe Handling 
of Compressed Gases 

in Laboratory and Plant 

Before we are allowed to drive a car, most states require proof of our ability to drive. To become a proficient and safe driver, 
one must have skill, judgment, and driver education. We do not always consider that we are performing a hazardous operation by 
driving a car, yet the fact remains that many people are killed or hurt every day as a result of carelessness in handling this 
machine. Although the safety record of the compressed gas industry is excellent, the questions raised by the users of gas 
products, and the accidents that these same users are involved in, show that many of them have neither learned nor applied the 
safety measures which would earn them their " compressed gas handler's license". 

When handled by people who are properly trained and aware of the potential hazards, compressed gases are as safe to work 
with as most of the ordinary chemical liquids and solids normally handled on a routine basis in any laboratory. 

Cylinder safety is addressed by the supplier through his adherence to regulations set forth by the Dept. of Transportation and 
by his supplying cylinders with specific valves, labels and / or markings in accordance with recognized standards. It is mandatory 
for the supplier to ship cylinders manufactured in conformance with Department of Transportation (DOT) regulations and to follow 
DOT regulations in the testing and inspection of cylinders, the proper filling of these cylinders, and the use of safety devices which 
are approved by the Bureau of Explosives ( 1 ). 

A compressed gas is defined by the Department of Transportation as " any material or mixture having in the container either an 
absolute pressure exceeding 40 pounds per square inch at 70 °F, or an absolute pressure exceeding 104 pounds per square inch 
at 130 °F, or both; or any liquid flammable material having a Reid vapor pressure exceeding 40 pounds per square inch at 1 00 
°F " (2) (3). 

For the purposes of safety, all volatile materials and mixtures packaged in cylinders should be considered compressed gases. 

HAZARDS 

The handling of compressed gases is more hazardous than 
the handling of liquid and solid material because of the following 
properties unique to compressed gases: pressure, diffusivity, 
low flash points for flammable gases, low boiling points, and 
no visual or odor detection of many hazardous gases. 

These unique properties give rise to many hazards such as 
formation of explosive concentrations of flammable gases, 
toxicity, other physiological effects, frostbite, corrosion, irrita­
tion, and high reactivity. 

CYLINDER TESTING 

Hydrostatic pressure tests are performed on cylinders for 
most gases every five years to determine their fitness for further 
use. During the hydrostatic test, a cylinder is pressurized with 
water to a value determined by the cylinder specification and 
service pressure. The cylinder expands under this pressure. 
The expansion of the cylinder and the value of permanent 
expansion after the pressure is released are recorded . Toler­
ances on these values must be met in order to permit further 
use of the cylinder. These values also allow the wall thickness 
of the cylinder and the degree of corrosion affecting the walls 
to be estimated (4) (5). 

CYLINDER FILLING 
Nonliquefied gases may be filled to the service pressure 

marked on a cylinder. These markings will appear on the 
shoulder of the cylinder, i.e., DOT 3A-2 015, indicating the 
cylinder has been manufactured in accordance with DOT spec­
ification 3A, and the cyl inder filling pressure is 2 01 5 psi at 70 
°F. At present, DOT regulations on nonliquefied, nonflammable 
gases permit a 10% overfilling of cylinders . Liquefied gases, 
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on the other hand, must be filled to a fill ing density (1 ). This 
filling density represents the maximum weight of the material 
permitted in the cyl inder, as a percentage of the water capacity 
of the cylinder. 

Since compressed gas cylinders are handled by a number of 
different types of plant personnel , it might be well to consider 
the precautions in handling to be taken from the time it is 
del ivered until the time it is emptied and ready for return . 

CYLINDER RECEIPT AND CONTENT IDENTIFICATION 

When a cylinder is delivered to the receiving department, it 
should have (1) content identification by stencilling or labels, 
(2) a DOT label, and (3) a value protection cap. UNDER NO 
CIRCUMSTANCES should the means of identification be re­
moved from the cylinder. The valve protection cap (Fig . 1) 
should also remain in place until the user has secured the 
cylinder and is ready to withdraw the contents. 

Fig. 1 
Cylinder Values Must Be Protected 
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DOT labels are required for cylinders in interstate transporta­
tion. Some states require these labels for intrastate shipments 
also. These labels have a minimum of precautionary handling 
information, and will classify the cylinder contents as flammable 
gas, nonflammable gas, poison gas, corrosive gas, oxidizer 
gas, etc. Unfortunately, there Is as yet no uniformity in the 
1dent1f1cation of cylinder contents, although a standard for 
marking compressed gases is available (6). Some suppliers 
provide adequate stencilling or labels with as much information 
on them as possible, warning against possible hazards asso­
ciated with the cylinder contents. On the other hand, cylinders 
may be received with no 1dent1fication other than a color code. 
Under no circumstances should such cylinders be accepted. 
Color codes are of value only in helping the supplier to segre­
gate large numbers of cylinders into various gas services. 

CYLINDER STORAGE(7)(8)(9)(10) 

After cylinders are received, they are usually placed in stor­
age either in a special gas storage area or In the laboratory 
itself, Some plants have elaborate gas storage areas provided 
in a _separate building or in part of the laboratory. Storage 
buildings or areas should be (a) fire resistant, (b) well-venti­
lated, (c) located away from sources of ignition or excessive 
heat, and (d) dry Indoor storage areas should not be located 
near boilers, steam or hot water pipes or any sources of 
1gn1t1on. Outdoor storage areas should have proper drainage 
and should be protected from the direct rays of sun, in localitie~ 
where high temperatures prevail (Fig. 2). 

Fig. 2 

Areas that are not under surveIlla 
day should not have any open fl nee twenty-four hours a 

ames or sparki 
any locations to which leak1·ng . ng equipment in 

t gas could d1ff 
IgnI d or explode Subs rt use and become 

· u ace storage I · 
avoided Cylinders should b ocations should be 

e protected a · 
unauthorized personnel C I d gainst tampering by 

Y in ers should b h • 
or put in part1t1oned cells to e c ained in place 
3) (9) prevent them from fa1I· ing over (Fig. 

Storage in a laboratory should b . 
cylinders in use. In all cases t e confined to only those 
applicable federal state I , sl orage areas. should comply with 

· , oca , and mu n1c1pal requirements. 
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Fig. 3 
Stabilize Cylinders 

Model 6512 Cylinder Station 

GENERAL PRECAUTIONS 
FOR HANDLING & STORAGE 

1. ~ever drop cylinders or permit them to strike each other 
VIOientiy. (Fig. 4) 

Fig. 4 
Don't Drop 

2. Cylinders may be stor d . 
should be protected e . ,n the open .but, in such cases, 
prevent rusting f against extremes of weather and, to 

, rom the dampn f h . 
ders should be st d . ess o t e ground. Cylin-
temperatures a ore in the shade in areas where extreme 

re prevalent 
3. The valve protection c . 

until it has been ap should be left on each cylinder 
. secured against a II b In a cylinder stand . wa or ench, or placed 

, and is ready to be used. 
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4. Avoid dragging, rolling, or sliding cyl inders, even for a short 
distance. They should be moved by using a suitable hand 
truck (Fig. 5). 

Fig. 5 
Transport Correctly 

5 . Never tamper with safety devices in valves or cylinders (Fig. 
6). 

6 . Do not store full and empty cylinders together. Serious 
suckback can occur when an empty cylinder is attached to 
a pressurized system. 

7 . No part of a cylinder should be subjected to a temperature 
higher than 125°F. A flame should never be permitted to 
come in contact with any part of a compressed gas cylinder. 

Fig. 6 
Never Tamper with Safety Devices in Cylinders or Valves 

8 . Do not place cylinders where they may become part of an 
electric circuit. When electric arc welding , precautions must 
be taken to prevent striking an arc against a cylinder. 

INTRA PLANT TRANSPORTATION 

When moving cylinders from a storage area into the plant or 
laboratory, make sure the valve protection cap is in place. The 
cylinder should then be transported by means of a suitable 
hand truck such as that shown in Figure 5 . Such a hand truck 
should be provided with a chain or belt for securing the cyl inder 
so that it cannot fall if the hand truck happens to pass over a 
bump. If a large number of cylinders must be moved from one 
area to another, a power device such as shown in Figure 7 can 

be used. 
A number of different devices have been developed for 

transporting groups of cylinders. All incorporate some means 
of securing cylinders to prevent them from falling over (for 
example, an adjustable chain or special saddle, designed to 
cradle cylinder) (9). When the cylinder is brought to its place 
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Fig. 7 

of use in the laboratory or plant, it should be secured to a wall , 
a bench, or some other firm support. A plain chain or a bench 
clamp and belt (Matheson Model 508 cylinder holder) should 
be used. In all cases make sure that the chain or belt is located 
high enough on the cyl inder body so that the cylinder cannot 
possibly tumble out of it (Fig . 8). Figure 8 shows the special 
Matheson Model 6501 stand . This stand is adaptable to a 
number of different size cylinders by means of an adjustable 

Fig. 8 
Model 6501 Cylinder Stand 

support strap. Although a stand is not as effective as securing 
a cylinder to a wall or bench, it does improve cylinder stability 
in situations where other types of support are impractical. Once 
the cylinder is secured, the cap may be removed, exposing the 

valve. 

CYLINDER VALVES 

Figure 9 shows four basis types of cylinder valves. They 
each differ in outlet type and safety device. The Compressed 
Gas Association (CGA) has standardized various outlets for 
different families of gases to prevent interchange of regulator 
equipment between gases which are not compatible. These 
standards have also been adopted by the American National 
Standards Association (ANSI) (11 ). The use of adapters defeats 
the intent of varying outlet designs, and adapters should be 
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Fig. 9 

used w,th care only on gases definitely known to be compatible. 
Equipment for certain gases, such as Oxygen, should never be 
Interchanged for use on other compressed gases. Gases which 
are oil-pumped can cause an 011 film to coat the internal parts 
of regulators and associated equipment and, if this equipment 
Is then used with Oxygen, a fire or explosion is liable to occur. 

CYLINDER SAFETY DEVICES 

Safety devices are incorporated into all DOT approved com­
pressed gas containers, except those in poison or toxic gas 
service, where the danger of exposure to fumes is considered 
more hazardous than that of a potential cylinder failure. Gases 
for which safety devices are not permitted usually require 
cylinders having a higher safety factor than do cylinders for 
other compressed gases. 

Safety devices are incorporated in the cylinder valve, in 
plugs in the cylinder itself, or both. In certain types of gas 
s rv,co, and in cylinders over a particular length, two safety 
devices may be required, one at each end of the cylinder. 

The safety devices used in DOT approved cylinders are 
approved by the Bureau of Explosives (12). These safety 
d vices are of four basis types as follows: (1) Safety relief, 
us d mostly for low pressure, liquefied, flammable gases, (2) 

frangible disc, used mostly for high pressure cylinders, (3) 

frangible disc backed up by a fusible metal , used in high 
pressure cylinders, and (4) fusible metal. The safety relief type 
consists of a spring-loaded seat which opens to relieve exces-

1v ly high pressure and then closes when the pressure returns 
to a sate value. The frangible disc will burst considerably above 
th s rv1ce pressure but below or at the hydrostatic test pres­
sur of a cylinder, and w,11 release the entire cylinder contents. 
Th frangible disc backed up by fusible metal will function only 
if th temperature ,s hot enough to melt the fusible metal, af1er 
wluch excessive pressures will burst the disc . 

, causing the 
ntlr\. cylinder contents to be released The f 'bl . us, e metal device 

m Its away at excessive temperatures, allowing the entire 
c find r contents to escape. Any of these safety devices will 
nrev nt a cylinder from bursting due to excessively high t 
n ratur s However, numbers 3 and 4 em-
c I d t b may not prevent a 
Yin r rom urstrng in cases where an overfilled cylinder is 
po d to a temperature which is excessive but not h' h 

nou h to m It the safety devices S ig 
c hrd r sat ty devices depends to a'~~:~heex~; ~~er function of 
f1ll.ng of th cylinder such flllmg sho Id on the proper 

th us r unless exdress perm1ss1onu ha:e; ::: e ~~tempted by 
th gas supplier Safety devices ma I o amed from 
P op rly i' an intense flame im Y a so fall to function 

I pinging on the Side II 
c ind r w akens the metal t th . wa of a 
or pr ure can cause the sa~ety ~ P~int of failure before heat 

ev1ce to function properly. 
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KNOW THE GAS YOU WILL BE HANDLING 

It is of the utmost importance that those properties 01 a 
compressed gas that represent hazards (such as flammabilit 
toxicity, chemical activity, and corrosive effects) be well kno:~ 
to the gas user. Every attempt should be made to learn these 
various properties before the gas is used. It is sometime 
difficult to determine the major hazard of any one gas, sine: 
this factor is influenced a great deal by how the gas is used. In 
a laboratory hood in the presence of an open flame, the 
flammability of Carbon Monoxide might well be the major 
hazard, whereas in a pilot plant run using Carbon Monoxide as 
a reactant, leakage, and therefore toxicity, may represent the 
major hazard. 

It is interesting to note in Figure 1 0 the flammability ranges 
of various gases (13). Although the flammability ranges of the 
liquefied petroleum gases such as Butane and Propane are 
relatively short, only very small concentrations are necessary 
to create flammable mixtures. The flammability ranges of Acet-
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0 

-------
---IO ro ~ ~ ~ ro ro ~ ~ oo 

GAS o/. IN AIR GAS MIXTURE 

Fig. 10 

ylene, Carbon Monoxide, Ethylene Oxide, Hydrogen Sulfide, 
a

nd 
H~drogen are extremely long, indicating that they can form 

explosive mixtures 'th A' . 
w, 1r under a wide variety of conditions. 

Along with the p t· . 
k roper 1es of different gases it is important to 

now what t · ' 
ma erials of construction must be used with many 

ot them to prevent equipment failure due to corrosion. Another 
important factor in the choice of materials of construction 
concerns the possible formation of hazardous compounds, 

Asuch as Acetylides formed by the reaction of copper with 
cetylene or gases t . . 

th . con ain1ng Acetylene as an impurity (14), 
or e Possible fo r . 
in th rma ion of fulminates when Mercury is used 

e presence of Ammonia. 
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The hazards of toxic, flammable, and corrosive gases can 
be minimized by working in well-venti lated areas. Where pos­
sible, work should be done in a hood, employing cylinder sizes 
that will assure use of al l the gas within a reasonable amount 
of time (Fig . 11 ) . 

Fig. 11 

Leaks should not be allowed to go unchecked. The use of a 
suitable leak detector is advised (Fig. 12). Advise the supplier 
immediately of cylinder leaks that cannot be stopped by simple 
adjustments, such as tightening a packing nut. 

Fig. 12 
Model 8017 Leak Detector 

When using toxic gases, it is advisable that a toxic gas 
detector or indicator be used to give warning of the presence 
of toxic gas concentrations. For example, strips of lead acetate 
paper can be hung in an area where Hydrogen Sulfide is being 
used . Although this gas has a disagreeable odor, it soon 
deadens the sense of smell , rendering the user incapable of 
detecting increasingly dangerous concentrations by odor. 

When corrosive gases are being used, the cylinder valve 
stem should be worked frequently to prevent freezing. The 
cylinder valve should be closed when the cylinder is not in use. 
Regulators and valves should be flushed with Dry Air or Nitro­
gen after use in corrosive service. Such control devices should 
not be left on a cylinder, except when the cylinder is in frequent 
use. When corrosive gases are to be discharged into a liquid, 
a trap, check valve, or vacuum break device should always be 
employed to prevent dangerous suckback (Fig . 13). 
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Fig. 13 

"PREVENTATIVE PREPAREDNESS" 
IN THE PLANT OR LABORATORY 

The user of compressed gases should familiarize himself 
with the first aid methods to be employed in cases of overex­
posure or burns caused by a gas. A plant or company doctor 
should be familiar with whatever further treatments may be 
necessary. Unnecessary delay in the treatment of a patient 
overcome by a toxic gas or burned by a corrosive gas could 
cause the patient permanent damage, and might even result in 
death. Authorized personnel should administer first aid; how­
ever, they should not take it upon themselves to administer 
medical treatments . A physician should be contacted immedi­
ately. 

Gas masks should be kept on hand in a location which is 
accessible in case an area becomes contaminated . The proper 
type of gas mask should be used and those involved in the 
handling of compressed gases should familiarize themselves 
with the proper application and limitations of the various types 
of masks and respiration equipment available. 

To prevent eye damage due to equipment failure, safety 
glasses should always be worn when working with compressed 
gases. 

Eye-baths and safety showers should be located nearby, but 
out of the immediate area which is l ikely to become contami­
nated in the event of a large release of gas. 

Fire extinguishers, preferably of the dry chemical type, 
should be kept close by, and should be checked periodically 
to insure their proper operation . 

PROPER DISCHARGE OF CYLINDER CONTENTS 

LIQUEFIED GASES 
For controlled removal of the liquid phase of a liquefied gas, 

a manual valve is used (Fig . 14). Special liquid flow regulators 
are also available. It must be remembered that withdrawal of 
liquid must necessarily be done at the vapor pressure of the 
material. Any attempt to reduce the pressure will result in 
flashing of all or part of the liquid to the gas phase. 

Rapid removal of the gas phase from a liquefied gas may 
cause the liquid to cool too rapidly causing the pressure and 
flow to drop below the required level. In such cases, cylinders 
may be heated in a water bath with temperature controlled to 
no higher than 1 25 °F. Rapid gas removal can also be effected 
by transferring the liquid to a heat exchanger, where the liquid 
is vaporized to a gas. This method imposes no temperature 
limitations on the material ; however, care should be taken to 
prevent blockage of the gas line downstream of the heat 
exchanger as this may cause excessive pressure to build up in 
both the heat exchanger and the cylinder. Safety relief devices 
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Fig. 14 
Manual Needle Valve 

hould be installed in all liquid transfer lines to relieve sudden, 
dang rous hydrostatic or vapor pressure build ups. 

ONLIOUEFIED GASES 
Th mo t common device used to reduce pressure to a safe 

alu tor as removal 1s an automatic pressure regulator. This 
d vie Is shown in Figure 15. It consists of a spring (or gas) 
lo d d diaphragm which controls the throttling of an orifice. 
D I 'N ry pressure will exactly balance the delivery pressure 
prin 10 1vo a rolat,vely constant delivery pressure. 

Ftg. 15 
Automatic Pressure Regulator 

Model 3104 

AUTOMATIC REGULATOR HANDLING AND USE 

A regulator should be attached to a cylinder without forcing 
the threads. If the inlet of a regulator does not_ f1_t the cylinder, 
no effort should be made to try_ to for~e the titting . A poor fit 
may indicate that the regulator 1s not intended for use on the 

gas chosen. 
The following procedure should be used to obtain the re-

quired delivery pressure: (1) After the regulator has been 
attached to the cylinder valve outlet, turn the delivery pressure 
adjusting screw counterclockwise until it turns freely. (2) Open 
the cylinder valve slowly until the tank gauge on the regulator 
registers the cylinder pressure. At this point, the cylinder 
pressure should be checked to see if it is at the expected 
value. A large error may indicate that the cylinder valve is 
leaking. (3) With the flow control valve at the regulator outlet 
closed, turn the delivery pressure adjusting screw clockwise 
until the required delivery pressure is reached. Control of flow 
can be regulated by means of a valve supplied in the regulator 
outlet or by a supplementary valve put in a pipeline downstream 
from the regulator. The regulator itself should not be used as 
a flow control by adjusting the pressure to obtain different flow 
rates. This defeats the purpose of the pressure regulator, and 
in some cases where higher flows are obtained in this manner, 
the pressure setting may be in excess of the design pressure 
of the system. 

TYPES OF AUTOMATIC REGULATORS 

The proper choice of regulator depends on the delivery 
pressure range required, the degree of accuracy of delivery 
pressure to be maintained, and the flow rate required . There 
are two basic types of automatic pressure regulators: (1) single 
stage and (2) double or two stage. The single stage type will 
show a slight variation in delivery pressure as the cylinder 
pressure drops. It will also show a greater drop in delivery 
pressure than a two stage regulator as the flow rate is increased 
as well as a higher "lock-up" pressure {pressure increase 
above delivery set point necessary to stop flow) than the two 
stage regulator. In general, the two stage regulator will deliver 
a more constant pressure under more stringent operating con­
ditions than will the single stage regulator. 

MANUAL FLOW CONTROLS 

_ Where intermittent flow control is needed and an operator 
will be present at all times, a manual type of flow control may 
be used. This type of control (illustrated in Figure 14) is simply 
a valve which is operated manually to deliver the proper amount 
of gas. Fine flow control can be obtained but it must be 
remembered that dangerous pressures can build up in a closed 
system or in one that becomes plugged, since no means are 
provided for automatic prevention of excessive pressures. 

MATERIALS OF CONSTRUCTION 

Aside from the type of control required, the proper material 
of construction must be considered. For example, intergranular 
attack of brass will occur in Ammonia or Methylamine service. 
In such cases, steel or aluminum are used as materials of 
construction for regulators or valves. The proper materials of 
conStruction must be carried through for all pipe lines, valves, 
and other accessori b · · es eing used in the gas system. 
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SAFETY DEVICES 

It is necessary to provide further supplementary safety de­
vices to prevent overpressurizing of lines, and to prevent suck­
back of materials into cylinder controls, and possibly the cyl­
inder itself. Aside from the possibility of causing rapid corro­
sion , the reaction of a gas with material that has been sucked 
back may be violent enough to cause extensive equipment and 
cylinder damage. The danger of suckback can be eliminated 
by providing a trap (12) which will hold all material that can 
possibly be sucked back, or by using a check valve or suitable 
vacuum break. Pressure increases due to uncontrolled reac­
tions or unexpected surges of pressure can be relieved by 
means of a safety relief device installed in the gas line. For 
experiments conducted in glassware, such a pressure relief 
device can be improvised by using a U-tube filled with mercury 
or other inert liquid, with one end attached by means of a " T " 
to the gas line, and with the other end free to exhaust into an 
open flask which will contain the mercury in case of overpres­
sure. For systems, under higher pressure, devices such as 
spring-loaded relief valves or frangible discs are recom­
mended. 

DETERMINATION OF CYLINDER CONTENT 

NONLIQUEFIED GASES 
As the content of a cylinder of non liquefied gas is discharged, 

the cylinder pressure decreases by an amount proportional to 
the amount withdrawn. The cylinder should be considered 
empty while positive pressure (25 psig or greater) still remains 
in order to prevent suckback and contamination . Failure to 
close the valve on an empty cylinder will allow air and moisture 
to be drawn into the cylinder as it " breathes" during temper­
ature changes; an explosive mixture may build up if the gas is 
flammable; and an extremely corrosive condition will be created 
in cylinders which contain Chlorine, Hydrogen Chloride, or 
other acid forming or corrosive gases. 

LIQUEFIED GASES 
As the vapor phase of a liquefied gas is withdrawn from a 

cylinder, the cylinder pressure or vapor pressure will remain 
constant as long as any liquid is present. This condition holds 
true if the temperature does not vary. If, however, the material 
is withdrawn from the cylinder at a rapid rate, the material itself 
will supply the heat for vaporization and upon subsequent 
cool ing, the vapor pressure will be lowered. It is, therefore, 
impossible to determine the content of a cylinder containing a 
liquefied gas, except by weighing . For this purpose, the Mathe­
son Cylinder Scale Model 8510 is recommended (Fig . 16). 
Cylinders containing liquefied gases are stamped or tagged 
with the tare weight in order to allow the content to be deter­
mined. 

An indication of cylinder content depletion for some high 
pressure liquefied gases such as Carbon Dioxide, Ethane, and 
Nitrous Oxide can be obtained by noting the cyl inder pressure. 
After depletion of the liquid phase, the cylinder pressure will 
decrease below the normal vapor pressure, as long as the 
contents have not been withdrawn rapidly before the cylinder 
pressure is noted. A cyl inder containing Carbon Dioxide will 
have approximately 20% of its original content remaining after 
depletion of the liquid phase. 

As with cylinders of nonliquefied gases, cylinders containing 
liquefied gases should never be completely emptied, in order 
to prevent suck-back and contamination of the cylinder. 
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Fig. 16 
Model 8510 Cylinder Scale 

HANDLING OF EMPTY CYLINDERS 

Where cylinders are considered empty, the valves should be 
closed . Valve protection caps, outlet dust caps, and other 
accessories shipped with the cylinder should be attached to 
the cylinder as received . The cylinder should be marked or 
labeled " EMPTY" . Cylinders should then be placed in a proper 
storage area, segregated from full cylinders, to await pick-up 
for return to the supplier (Fig . 1 7). 

Fig. 17 
Return in Condition Received 

Carelessness in the handling of an empty cylinder could 
result in its being mistaken for a full cylinder. The connecting 
of an empty cylinder to a high pressure system could cause 
foreign materials to back up into the cylinder, result ing in all 
the attendant hazards of suckback, and possible violent reac­
tion within the cylinder. 

NEVER TAKE CHANCES 

In any emergency, or conditions creating problems not read­
ily solved, always contact the gas supplier for instructions, or 
information; do not attempt to handle the situation without 
further aid . 
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DATA SHEETS d 
Da a sheets on all gases are available from Matheson, an 

.1. h dl'ng problems to be should do much to clarify the spec, ,c an 1 

t ed for specific gases. They should be consulted encoun er . . 
before attempting to handle gases with which the user is 

unfamiliar. 
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f th Department of Transportation, • · r 

' Hazardous Matenal Regulations O e . . . T riff AT A 111 _A issued by R. H. Hinchcliff, Agent , 1616 " P" St. N. w., 
SI N w, washinglon, o C., or American Trucking AssocIat1on, Inc., a · · · ' 

Washington, D C . T c. George's Tariff No. 23, issued by T. C. George, Agent, 
7 Hazardous Malertals Regulations of the Department of Transportation, Agent · 

1969 
f C ed Gases 6th Edition, Pamphlet S-1, Part 1, Compressed Gas Association, Inc., 

Saf ty Re/tef Device Standards, Part 1 , Cylinders or ompress , 

N w York, New York, 1979 . . 
d G C /. d s Pamphlet C-1 Compressed Gas Assoc1at1on, Inc., New York, New York, 1975. 

• M thods for Hydrostatic Testtng of Compresse as Yin er , , 

H h C /' ders Pamphlet C-5 Compressed Gas Association, Inc., New York, New York, 1976. Cyfind r $P.rv1ce Ltfe-Seamless, ,g -pressure Yin , , . . . 
Am r,can Standard Method of Marking Portable Compressed Gas Containers to Identify the Matenal Contained, ASA, 248.1 -154, C.G.A. 

Pamphlet C-4, Compressed Gas Assoc1atIon, Inc. New York, New York, 1978. 
1 Saf Handling of Compressed Gases, Pamphlet P-1, Compressed Gas Association, Inc., New York, New York, 197 4 . 

J J. Cro11e, Ind Eng Chem 48, 231 (1956) 
1 H F Reinhard and F. R Fetherston, Ind. Eng. Chem. 49, 1751-4 (1957). 

•° C.ompr ssed Gases, Safe Practices Pamphlet No. 95, National Safety Council, Chicago, Illinois. 

" Am r,can Standard Compressed Gas Cylinder Valve Outlet and Inlet Connection, ASA B57.1-195 7, C. G. A. Pamphlet V-1 , Compressed Gas 

A oc1a11on, Inc , New York, New York, 1978 Appended. 
11 Saf ty R1 lief D v,ce Standards, Part 1-Cylmders for Compressed Gases, Pamphlet S-1 , Part 1, Compressed Gas Association, Inc., New York, 

w York 

' H F Coward iind G W. Jones, L1m1ts of Flammability of Gases and Vapors, Bulletin 503, Bureau of Mines, Government Printing Office, 

w jngton, D C 

•• V F Brameld, et al., Soc. Chem. Ind. (London) 66, 346-353 (1946). 
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0th r references (for those w1sh1ng to pursue further the safe handling of gases, their properties, and detection) are listed below. 

1 M B Jacobs, The Analytical Chemistry of Industrial Poisons, Hazards and Solvents, 1949, John Wiley & Sons, Inc., New York, New York. 

2 Y H nd rson and H. W. Haggard, Noxious Gases and the Principles of Respiration Influencing Their Action, 2nd edition, 1943, Reinhold 
Pubh hlng Corporation. New York, New York 

3 F A Piitly, ed1lor, Industrial Hygiene and Toxicology, 1962, Volume 2, John Wiley & Sons, Inc., New York, New York. 
4 St nd rds for the Storage and Hand/mg of Ltque~ d p t J G · 

Bo ton, Massachusetts 
1e e ro eum ases, Bulletin No. 58, May 1954, National Fire Protection Association, 

5 
: ~ Sa11

, Dangerous Properties of lndustr,a/ Materials, 4th edition, 1975, Van Nostrand Reinhold, New York, New York 

6 J cob , The Analyt,ca/ Toxicology of lndustrtal Inorganic Poisons, 1967, John Wiley & Sons, Inc. New York, New York. 

7 W Braker end A. L Mossman, Matheson Gas Data Book, 5th edition, 1971, Matheson, East Rutherford, New Jersey. 
8 W Br k r, A L Mossman, and D Siegel Effects of Exposure to T · G · 

L dh t N · ox,c ases-F,rst Aid and Medical Treatment 2nd edition 1977 Matheson, yn ur , ew Jersey ' ' ' 

SYMBOLS ANO ABBREVIATIONS 

Th following symbols and abbrev1at1ons are used in this Gas Data Book: 

A 

Symbol or 
Abbreviation 

b 
ACGIH 

xii 

angstroms 
absolute 

Explanation 

American Conference of Governmental In­
dustrial Hygienists 

Symbol or 
Abbreviation 

ASME 
atm 
bar 

bar(g) 

Explanation 

American Society of Mechanical Engineers 
atmosphere(s) 
bar(s) 

bar(s) gauge pressure 

matheson8 

Symbol or Symbol or 
Abbreviation Explanation Abbreviation Explanation 

BP Boiling Point litre(s) 
Btu British thermal unit(s) lb pounds 
oc degree Celcius max maximum 
cal calorie(s) min minimum 
cP centipoise mp melting point 
cm3 cubic centimetre(s) mPa-s millipascal-second(s) 
CGA Compressed Gas Association ml mi llilitre(s) 
cm centimetre(s) mm millimetre(s) 
Cp specific heat at constant pressure mN/ m mi llinewton(s) per metre 

c. specific heat at constant volume mbar m1llibar(s) 
DOT Department of Transportation mmHg millimetre(s) of mercury 
dyn/cm dyne(s) per centimetre No. number 
D Debye(s) NPT national pipe thread 
OF temperature, degrees Fahrenheit Pa pascals 
ft foot , feet (g) gauge pressure 
JPS iron pipe size ppm parts per million 
OK Kelvin psia pounds per square inch absolute 
kcal kilocalorie(s) psig pounds per square inch gauge 
kJ/mol ki lojoule(s) per mole OR degrees Rankine 
kg / m3 kilogram(s) per cubic metre s second(s) 
J / (mol- ° K) joule(s) per mole per Kelvin temp. temperature 
kg ki logram(s) vol volume 
kJ / kg kilojoule(s) per kilogram W/ (m, °K) Watt(s) per metre per Kelvin 
kPa kilopascals wt. weight 

matheson" 
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Presentation Of The Physical And Thermodynamic 
Properties Of The Gases 

In some industries, both here and abroad, the U. S. cus~om­
ary units are gradually being replaced by those Qf a modernized 
metnc system known as the International System of Units (SI). 
Smee SI ,s rapidly being adopted for the teaching of science 
and eng,neenng in schools, colleges, and universities through­
out the world, the physical and thermodynamic data have been 
pres nted ,n terms of the more coherent SI units. However, 
other customary units have generally also been listed, or meth­
ods for conversion of SI units to other unlls are indicated. 

A descnpt,on and defin1t1on of SI base units and supplemen­
tary units appears directly after the preface, followed by a 
tabulation of various SI derived units, SI prefixes, non-SI units, 
d fln1 t1on of SI derived units, and an alphabetical list of units 
and their conversion factors In the latter list, relationships that 
are exact are followed by an asterisk; relationships that are not 
followed by an asterisk are either the results of physical mea-
urernents or are only approximate. 
It w,11 be observed throughout the presentation of the data 

that to acIlItate the reading of numbers having four or more 
dig ts, the d1g1ts have been placed ,n groups of three separated 
by a space instead of commas counting both to the left and to 
th right of the decimal point. 

Units and Conversion Factors 

Th SI bas units are as follows; 

Base Unit 

Physical Quantity 

length 
mass 
t,m 
I Irie current 

th rmodynam1c temperature 
luminous Intens1ty 
mount of substance 

Name of SI 
Base Unit 

metre 
kilogram 
second 
ampere 
kelvin 
candela 
mole 

plan angle 
ol1d angl 

Supplementary Units 

radian 
sterad,an 

Symbol 
for SI 

Base Unit 

m 
kg 
s 
A 
OK 
cd 
mol 

rad 
sr 

Oel1n1tions 01 The SI Base And Supplementary Units 

Metre- The metre ,s the length equal to 1 650 763 
w vel ngths in vacuum of the rad1at1on correspondin . 73 
th tr ns1t1on between the levels 2p a d 5d g to 

rypton-86 atom. 10 n 5 to the 

Kilogram-The kilogram ,s the unit of mass· ·1 
th mass of the international prototype of, t~~\~~u~I to 
Th int rnalional prototype of th k'I . g am. 

e I ogram ,s a certain 

IV 

It should also be noted that the bar as used throughout this 
text is the absolute bar, except in those instances where bar is 
followed by the symbol (g) in which case it denotes bar gauge 

pressure. 
The data for the conversion factors have been obtained 

primarily from three sources, namely, 
(1) ASTM Standard Metric Practice Guide E-380, 1974, 
(2) M. L. McGlashan in Kirk-Othmer's Encyclopedia of Chem­

ical Technology, second revised edition, 19 71, Supplement 
Volume, pp. 984-1007, John Wiley & Sons, Inc., New York, 
N. Y., 

(3) The International Systems of Units, National Bureau of 
Standards Special Publication 330, 1972, C. H. Page and p 
Vigoureux, editors. 
It is hoped that this presentation in terms of SI units will help 

to stimulate their more rapid adoption for use by science and 
industry in the United States. 

William Braker 
Allen L. Mossman 
1980 

piece of platinum-iridium kept at the International Bureau 
of Weights and Measures at Serves, near Paris. 

Second-The second is the duration of 9 192 631 770 
periods of the radiation corresponding to the transition 
between the two hyperfine levels of the ground state of 
the Cesium-133 atom. 

Ampere-The ampere is that constant current which, if 
maintained in two straight parallel conductors of infinite 
length, of negligible circular cross-section, and placed one 
metre apart in a vacuum, would produce between these 
conductors a force equal to 2 x 10- 7 newtons per metre 
of length. 

Kelvin-The unit of thermodynamic temperature is the kel­
vin. It is the fraction 1 / 273.16 of the triple-point of water. 

Candela-The candela is the luminous intensity, in the 
perpendicular direction, of a surface 1 / 6000 000 square 
metres of a black body at the temperature of freezing 
platinum under a pressure of 101 325 newtons per 
square metre. 

Rad_ian_- The radian is the unit of measure of a plane angle 
with its vertex at the center of a circle and subtended by 
the arc equal in length to the radius. 

Sleradian-The steradian is the unit of measure of a solid 
angl ·th · 
. e w, its vertex at the center of a sphere and enclos-
ing an area of the spherical surface equal to that of a 
square with sides equal in length to the radius. 

Mole-The mol · th . e is e amount of substance of a system 
which contai 

ns as many elementary entities as there are 

matheson 

carbon atoms in 0 .012 kilogram of Carbon-12 . The ele­
mentary entity must be specified, e.g ., one mole of Hg + 
has a mass equal to 0.200 59 kilogram; one mole of HgCI 
has a mass equal to 0 .236 04 kilogram: one mole of 
Hg2C'2 has a mass equal to 0 .472 08 kilogram. 

-------
SI DERIVED UNITS 

The SI Derived Units are those derived by appropriate mul-
tiplication and division of the SI Base Units, and shown below. 

Quantity Unit Symbol Formula 

activity disintegration per (disintegration / s) 
second 

density kilogram per cubic kg / m3 

metre 
electric potential volt V W/ A 

difference 
electric resistance ohm &i V/ A 
electromotive volt V W/ A 

force 
energy joule J N-m 
entropy joule per newton JI N 
force newton N kg-m/ s2 

frequency hertz Hz (cycle)/ s 
pressure pascal Pa 
quantity of elec- coulomb C A-s 

tricity 
quantity of heat joule J N-m 
specific heat joule per kilogram J/ (kg • ° K) 

kelvin 
thermal conductiv- watt per metre kel- W/ (m- 0 k) 

ity vin 
velocity metre per second m/ s 
viscosity, dynamic pascal-second Pa-s 
viscosity, kine- square metre per m2 / s 

matic second 
voltage volt V W/ A 

volume cubic metre m3 

wavenumber reciprocal metre (wave)/ m 
work joule J N-m 

The SI prefixes shown below have been approved by the 
CGPM to indicate multiples or submultiples of SI Base Units or 
of the SI Derived Units. 

Multiple and Submultiple Units 

Multiplication Factors Prefix SI Symbol 

1 000 000 000 000 = 1012 tera T 
1 000 000 000 = 1 09 giga G 

1 000 000 = 1 06 mega M 
1 000 = 103 kilo k 

100 = 102 hecto h 

10 = 101 deka da 
0 .1 =10- l deci d 

0 .01 = 10- 2 centi C 

0 .001 = ,o- a milli m 

0.000 001 = 10-s micro µ. 
0.000 000 001 = 10- 9 nano n 

0 .000 000 000 001 = 1 o - 12 pico p 

0 .000 000 000 000 001 = 1 o - 15 femto f 

0 .000 000 000 000 000 001 = , o - ,a alto a 

NON-SI UNITS 

These units, shown below, are not coherent with SI units 
and their use should be discouraged. 

Physical Symbol 
Definition of Unit in 

Quantity 
Name of Unit Terms of SI Units 

angle degree 0 
( 7T / 1 80)rad 

minute (77/10 800)rad 
second II (1r/ 648 000)rad 

length yard yd 0 .914 4 m 
foot ft 0 .304 8 m 
inch in 0 .025 4 m 
mile mile 1 609.344 m 
nautical mile n mile 1 852 m 

mass pound lb 0.453 592 37 kg 
time minute min 60 s 

hour h 3 600 s 
day d 86 400 s 

force kilogram- kgf 9 .806 65 N 
force 

kilopond kp 9 .806 65 N 
pound-force lbf =4.448 22 N 

pressure atmosphere aim 101 325 N/ m2 

torr Torr = 133.322 N/ m2 

techn.at- at 98 066.5 N/ m2 

mosphere 
pound- lbf / in2 =6 894. 76 N/ m2 

force per 
square 
inch (psi) 

millimeter of mmHg =133.322 N/ m2 

mercury 
inch of water inH2O =249.089 N/ m2 

Definitions of SI Derived Units 

Electrical potential difference (electromotive force)-The 
volt (unit of electric potential difference and electromotive 
force) is the difference of electric potential between two 
points of a conductor carrying a constant current of one 
ampere, when the power dissipated between these points ,s 
equal to one watt. 

Electric resistance-The ohm is the electric resistance be­
tween two points of a conductor when a constant difference 
of potential of one volt, applied between these two points, 
produces in this conductor a current of one ampere, this 
conductor not being the source of any electromotive force. 

Energy-The joule is the work done when the point of appli­
cation of a force of one newton is displaced a distance of 
one metre in the direction of the force. 

Force-The newton is that force which , when applied to a 
body having a mass of one kilogram, gives it an acceleration 
of one metre per second per second. 

Frequency-The hertz is a frequency of one cycle per second . 
Power-The watt is the power which gives to the production 

of energy at the rate of one joule per second. 
Quantity of electricity-The coulomb is the quantity of elec­

tricity transported in one second by a current of one ampere. 
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Th International Committee of Weights and Measures has 
recommended the pascal (Pa) as the name for the unit of 

pressure or stress instead of the newton per square metre or 
bar, and the name s,emens (S) as the name for the unit of 
electrical conductance instead of the reciprocal ohm or the 

ampere volt. 
Pressure-The pascal is the pressure or stress of one newton 

per square metre. 

Alphabetical list Of Units 

(Symbols of SI units given In parentheses) 

To convert from 

amp re (Int of 1948) 
ang trom A 
atmo pher (normal) 
bar 

bar 
Brill h thermal urnl 

(Int Tabl ) 
Br 11 h thermal unit 

Cm an) 
Brill h lh rmal unit 

(th rmochem,call 
Brit, h thermal unit (39 

F) 

Brill h thermo! unit (60 
°Fl 

C Ion (Int Table) 
calon (mean) 

(th rmochem1-

c1 s •c, 
c20 •c, 

lo 

ampere (A) 

metre (m) 
pascal (Pa) 
pascal (Pa) 
k1lopascal (kPa) 

JOUie (J) 

JOUie (J) 

JOUie (J) 

JOUie (J) 

JOUie (J) 

JOUie (J) 
JOUie (J) 
JOUie (J) 

JOUie (J) 
JOUie (J) 

(Int Joule (J) 

of m rcury 

c: nt,m Ir of water (4 

Cl 
C nl1P01 (C P) 

C ntlPOI (CP) 

curi 

n olar) 

I ) 

C C) 
hr 11 ("F) 
hr t ( F) 

d r R nk,n ( A) 

d n 

Joule (J) 

JOUie (J) 

pascal (Pa) 

pascal (Pa) 

newton-second/ 
metre? (N . s/ mi ) 

m1ll1pascal-second 
(mPa,s) 

d1smtegrat1on / sec­
ond 

second (s) 
coulomb-metre 

(C,m) 
pascal (Pa) 
metrel (m ) 
rad,an (rad) 
11.elvm (°K) 

degree Celc1us 
kelvin (°K) 

kelvin ("K) 

newton (N) 

Multiply by 

0.999 835 
1 X 10 10

• 

101 325' 
100 ooo· 
100 ooo· 
1 055.056 

1 055.87 

1 054 350 

1 059 67 

1 054 68 

4 186 800' 
4 190 02 
4 184 ooo· 

4.185 80 
4 181 90 
4 186 800' 

4 190 02 

4 184.ooo· 

1 333 22 

98.063 8 

1 000 X 10· 3 • 

1 000 

3700x10 10 • 

86 400 
3 335 64 X 10 30 

1.000 X 10•· 
1 000 X 10·3 , 

0 017 453 29 

K == C + 273 15 
'C == ii ( F - 32) 
K ==s (F+ 
459 67) 

K ==s<.i A 
1 X 10 

To convert from 

electron volt ev 
foot (ft) 
foot of water (39.2 °F) 

grain 
gram 
hour (mean solar) 

inch 
inch of mercury (32 

OF) 

inch of mercury (60 
•F) 

inch of water (39.2 

° Fl 
inch of water (60 °F) 
joule (Int. of 1948) 
kelvin (°Kl 
kelvin (°K) 

kilocalorie (Int. Table) 
kilocalorie (mean) 
kilocalorie (thermo-

chemical) 
kilogram-force (kgf) 
kilogram-mass 
kilopond-force 
liter (dm3) 

micron(µ,) 
millibar 
millibar 
millimetre of mercury 

(o 0 ci 
minute (angle) 
minute (mean solar) 
ohm (mt. of 1948) 
pascal (Pa) 

poise (abs. viscosity) 

torr (mmHg, O °C) 
volt (int. of 1948) 
watt (int. of 1948) 

to 

joule (J) 
metre (ml 
pascal (Pa) 
kilogram (kg) 
kilogram (kg) 
second (sl 
metre (m) 
pascal (Pa) 

pascal (Pa) 

pascal (Pa) 

pascal (Pa) 
joule (J) 
degree Celcius (°C) 
degree Fahrenheit 

(OF) 

joule (J) 
joule (J) 
joule (J) 

newton (N) 

kilogram (kg) 

newton (N) 

metre3 (m3) 

metre (m) 
pascal (Pa) 
kilopascal (kPa) 
pascal (Pa) 

radian (rad) 
second (s) 
ohm (Q) 

newton/metre2 (N / 
m2) 

Multiply by 

1.60210 X 10 19 

0 .304 800· 
2 988.98 
6.4 79 891 X 10-s, 
1.000 X 10 3 • 

3 600.000 
2.540 X 10· 2 • 

3 386.389 

3 376.85 

249.082 

248.84 
1.000 165 

°C = °K - 273.15 
oF = 9/s 

(° K - 273.15) + 
32 

4 186.800' 
4 190.02 
4 184.000' 

9 .806 650' 
1 .000· 

9 .806.650' 
1 .000 X 10· 3 • 

1 .000 X 1 o· 6
• 

100.000· 
0 .1 oo· 
133.322 4 

2.908 882 X 10· • 
60.000 
1.000 495 
1.000 • 

pascal-second (Pa. O. 1 00 • 
S) 

pascal (Pa) 133.322 
volt (absolute) {V) 1 .000 330 
watt (W) 1 .000 165 

• exact relationship to SI units. 

In addition to the co · . nvers,on factors for the specific units 
listed above the co • nversIon factors for some frequently used 
compounded unit d · d s enve from the specific units are listed 
below: 

Compound Units 

To convert from to Multiply by 

Heat 

watt / metre-kelvin 518.873 2 

Btu101b. in/(s, ft. 2. oF) 
W/ (m, °K) 

watt/ metre-kelvin 519 .220 4 
W/ (m- ° K) 

watt/metre-kelvin 0 .144 131 4 
W/ (m- ° K) 

matheson-

To convert from 

Btu,n/ • in / (h • fl2 • °F) 

Btu,"• / ft2 

Btu,n.° / (h. ft2. °F) 

Btu1"• / (h. ft2. ° F) 

Btu,n.° / pound-mass(lbm) 

Btu,"• / pound-mass(lbm) 

Btu,n.° / (lbm . °F) 

Btu,"• / (lbm • °FJ 

cal,n/ I gram 

Cal1h8 / (Cm • S • °C) 

cal,"" I gram 

cal,n.° / (gram, °C) 

Cal1h8 / (gram• °C) 

gram/centimetre3 

pound-mass/ foot3 

pound-mass/ inch3 

atmosphere(normal) = 
760 torr 

atmosphere(tech.) = 
kgf/cm2 

bar 
centimetre of mercury 

(0°C) 
dyne / centimetre2 

gram-force / centimetre2 

kilogram-force / centi-
metre2 

kilogram-force / metre2 

kilogram / force/ milh-
metre2 

poundal-foot2 

pound-force/ foot2 

pound-force/ inch2(psi) 
psi 

foot / hour 

to 

watt / metre-kel111n 
W/ (m- °K) 

joule / metre2 (J / 
m2) 

joule / metre2 (J / 
m2) 

watt / metre2-kelv1n 
W/ (m2. oK) 

watt / metre2-kelvin 
W/ (m2. oK) 

Joule/ kilogram (J / 
kg) 

JOUie/ kiiogram (J / 
kg) 

JOUle/ ktlogram­
kelvin J / (kg- °K) 

Joule/ kilogram­
kelvin J / (kg. ° K) 

Joule/ metre2 (J / 
m2) 

watt / metre2 (W / 
m2) 

joule/ kilogram (J/ 
kg) 

watt / metre-kelvin 
W/ {m, °K) 

joule/ kilogram (J/ 
kg) 

joule/ kilogram­
kelvin J / (kg. °K) 

joule/ kilogram­
kelvin J / (kg. °K) 

Mass/Volume 

kilogram / metre3 

(kg / m3
) 

kilogram / metre3 

(kg / m3
) 

kilogram / metre3 

(kg / m3
) 

Pressure 

pascal (Pa) 

pascal (Pa) 

pascal (Pa) 
pascal (Pa) 

pascal (Pa) 
pascal (Pa) 
pascal (Pa) 

pascal (Pa) 
pascal (Pa) 

pascal (Pa) 
pascal (Pa) 
pascal (Pa) 
pascal (Pa) 

Velocity 

metre / second 
(m/s) 

matheson· 

Multiply by 

0.144 272 9 

11 356.53 

11 348.93 

5 .678 263 

5 .674 466 

2 326 ooo· 

2 324.444 

4 186.800' 

4 184.000' 

41 840.000' 

41 840.000' 

4 186.800' 

418.400' 

4184.000' 

4 186.800' 

4 184.000' 

1 000.000' 

16.01846 

27 679.9 

1.013 25 X 1 05 
• 

9 .806 650 X 104
' 

1.000 X 105
' 

1 333.22 

0.100 • 
98.066 500' 
98 066.500 • 

9 .806 650' 
9 .806 650 X 106

' 

1.488164 
47.880. 26 
6 894 757 
6 894 757 

8.466 667 X 1 0 5 

To convert from to Multiply by 

5 080 X 10· 3 • foot / minute metre second 
(m S) 

foot/ second metre second 0 304 800' 

0025400' 

0 .277 778 

26 822 400' 

(m/ S) 

inch / second metre/ second 
(m/ s) 

kilometre/ hour metre/ second 
(m S) 

mile / minute (U . S. statute) metre second 
(m/ s) 

foot2 / second 

pound-mass/ foot-second 

pound-force-second/ 

Viscosity 

metre2 second 
(m' / s) 

pascal-second 
(Pa. s) 

pascal-second 
(Pa· S) 

9 290 304 X 

10 
1 488 164 

47 880 26 

toot2 

foot3 

inch3 

Volume 

metre1 (m3
) 

metre3 (m3
) 

2.831 685 X 10 2 

1 638 706 X 
1 0 5 • 

• th = thermochemical; b Int = International Table 
• exact relallonsh1p to SI units 
Some additional conversion data and other relevant data are shown 

below. 

To convert 

kJ / mol 
J/ mol 

J/ mol 

J / (mol- °K) 

J/ (mol -°K) 

J/ (mol -°K) 
kg / m3 

kg / dm3 

kJ / mol 
J / mol 
cm3 / kg 
kJ / kg 
dm3 

J / mol 
kJ / kg 

to 

J / kg 

kJ / (kg. °K) 

J/ (kg- ° K) 

cal/(mol,°C) 
lb/ ft3 

lb/ ft3 

kcal / mo! 
cal / mol 
ft3 Ib 
Btu / lb 
hire 

Multiply by 

1 000 
the reciprocal of the mass wt 

in grams of 1 mole of sub­
stance 

the reciprocal of the mass wt 
in kg of 1 mole of substance 

the reciprocal of the mass wt 
in grams of 1 mole of sub­
stance 

the reciprocal of the mass wt 
in kg of 1 mole of substance 

0 .239 006 
0 .062 428 
62.428 
0 239 006 
0 239 066 
0 016 018 463 
0 430 210 
1 .000 

To convert the SI unit to the corresponding non SI unit, 
divide the former by the appropriate multiplication factor or 

multiply by the reciprocal of the multiplication factor . 

14.696 psia = 1 aim = 1 .01.3 25 bar = 760 mmHg = 760 

torr 
= 101 325 pascals = 101 .325 kPa = 101 .325 kN/ m2 

SAFETY 

Matheson has always emphasized safety. The c hapter fol­

lowing the preface of this book is a treatise on the safe 

handling of compressed gases in the laboratory and plant. 

The information presented in this Gas Data Book is in-
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tended to convey the best available and most reliable data 
on gases In order to facilitate their safe handling and to 
stimulate their use. The uses referred to in this book are 
listed for 1llustrat1ve purposes and It Is suggested that suffi­
cient mvestIgat1on be conducted to establish the suitability of 
their application in any particular case. All statements, infor­
mation, and data presented herein are believed to be accu­
rate and reliable but no guarantee or warranty is implied or 

intended, nor can Matheson assume responsibility for any 
accidents or damages coincidental to their use including 
incidental or consequential damages. No statement or sug-
gestion concerning the various gases implies immunity under 
any patents. 

Will iam Braker 
Allen L. Mossman 
1980 
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Air 11 
Allene 17 
Ammonia 23 
Argon 34 
Arsine 41 

Boron Trichloride 45 
Boron Trifluoride 50 
Bromine Pentafluoride 56 
Bromine Trifluoride 61 
Bromotrifluoroethylene 66 
Bromotrifluoromethane 70 
1 ,3-Butadiene 79 
Butane 88 
1-Butene 97 
2-Butene 105 

Carbon Dioxide 120 
Carbon Monoxide 130 
Carbon Tetrafluoride 139 
Carbonyl Fluoride 144 
Carbonyl Sulfide 149 
Chlorine 155 
Chlorine Trifluoride 164 
Chlorod ifl uoromethane 169 
Chloropentafluoroethane 176 
Chlorotrifluoroethylene 184 
Chlorotrifluoromethane 189 
Cyanogen 196 
Cyanogen Ch loride 202 
Cyclobutane 206 
Cyclopropane 209 

Deuterium 215 
Oiborane 219 
Dibromodifluoromethane 224 
1 ,2-Dibromotetrafluoroethane 228 
Dichlorodifluoromethane 231 
Dichlorofluoromethane 239 
Dichlorosilane 246 
1 ,2-Dichlorotetrafluoroethane 251 
1, 1-Difluoro-1-Chloroethane 258 
1 , 1-Difluoroethane 263 
1 , 1-Difluoroethylene 269 
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Dimethylamine 274 Neon 504 
Dimethyl Ether 280 Nickel Carbonyl 509 
2 ,2-Dimethylpropane 286 Nitric Oxide 514 

Nitrogen 522 
Ethane 292 Nitrogen Dioxide 531 
Ethyl acetylene 301 Nitrogen Trifluoride 538 
Ethyl Chloride 306 Nitrogen Trioxide 543 

Ethylene 312 Nitrosyl Chloride 545 
Ethylene Oxide 322 Nitrous Oxide 550 

Fluorine 330 Octofluorocyclobutane 557 

Fluoroform 336 Oxygen 562 
Oxygen Difluoride 570 

Germane 341 Ozone 574 

Helium Perchloryl Fluoride 578 
344 

Perfluorobutane 583 Hexafluoroacetone 350 
Hexafluoroethane 356 

Perfluoro-2-Butene 586 
Perfluoropropane 590 Hexafluoropropylene 362 
Phosgene 596 Hydrogen 365 
Phosphine 601 Hydrogen Bromide 372 
Phosphorous Pentafluoride 607 Hydrogen Chloride 378 
Phosphorous Trifluoride 611 Hydrogen Cyanide 385 

Hydrogen Fluoride 391 Propane 615 

Hydrogen Iodine 398 Propylene 624 

Hydrogen Selenide 404 
Silane 632 Hydrogen Sulfide 408 
Si licon Tetrafluoride 636 
Sulfur Dioxide 641 

Iodine Pentafluoride 416 Sulfur Hexafluoride 649 
lsobutane 420 Sulfur Tetrafluoride 655 
lsobutylene 430 Sulfury l Fluoride 660 

Krypton 437 Tetrafluoroethylene 663 
Tetrafluorohydrazine 667 

Methane 441 Trichlorofluoromethane 670 
Methylacetylene 450 1. 1 ,2-Trichloro-1 ,2,2-Trifluoro-
Methyl Bromide 456 ethane 677 
3-Methyl-1-butene 462 Trimethylamine 684 
Methyl Chloride 466 
Menthyl Fluoride 476 Vinyl Bromide 690 
Methyl Mercaptan 481 Vinyl Chloride 695 
Methyl Vinyl Ether 487 Vinyl Fluoride 70 1 
Monoethylamine 492 
Monomethylamine 498 Xenon 705 
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ACETYLENE 
(Synonym: Ethyne) 

(Formula: C2H2) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight . . . . . ..... . 
One Mole of C2H2 
Specific Volume @ 15.6 °C, 101.325 kPa 
Vapor Pressure @ 21 .1 °C . 

Boiling Point @ 170 kPa 
Sublimation Point @ 101.325 kPa 
Triple Point 

Temperature ..... . ... . 
Pressure 

Absolute Density Gas @ 101 .325 kPa @ 0.0 °C . 
Relative Density Gas @ 101 .325 kPa @ 0.0 °C (Air = 1) 
Density Liquid @ -80.75 °C 
Critical Temperature 
Critical Pressure .. 

Critical Volume 
Critical Density ......... . 
Critical Compressibility Factor . 
Latent Heat of Fusion@ -80.75 °C, 128 kPa 
Flammable Limits in Air 
Molar Specific Heat, Gas@101.325 kPa@ 26.8 °C 

@ Constant Pressure 

@ Constant Volume 

Specific Heat Ratio, Gas@ 101 .325 kPa@ 26.8 °C, Cp/Cv 
Viscosity, Gas@ 101 .325 kPa@ 20 °C 

Viscosity Liquid@ -80 °C 

Thermal Conductivity, Gas@ 101 .325 kPa@ 15.6 °C 

Surface Tension @ -80 °C . . . . 
Solubility in Water @ 101 .325 kPa (partial pressure of acetylene) 

@ 25°c . ............ . ......... . 
Autoignition Temperature .......... . ............ . . 
Heat of Combustion, Gas @ 25 °C and Constant Pressure Gross, 

to form H2O (liq.) + CO2 (gas) 
Net, to form H2O (gas) + CO2 (gas) . ................. . 

0 .026 038 kg 
0.026 038 kg 
900.8 dm3 / kg; 14.43 ft3 / lb 
4 479 kPa; 44 .79 bar; 649.6 psia; 44.2 

atm 
198.15 °K; - 75.0 °C; -103.0 °F 
189.15 °K; -84.0 °C; -119.2 °F 

192.40 °K; -80.75 °C; -113.4 °F 
1 28 kPa; 1 .28 bar 
1.1747kg/ m3 

0.908 
0.610 kg / / 
309.45 °K; 36.3 °C; 97 .3 °F 
6 242 kPa; 62.42 bar; 905.3 psia; 61 .6 

atm 
4.340 dm3 / kg 
0.230 4 kg / dm3 

0.274 
96.4 kJ / kg; 23.04 kcal / kg 
2.5-81 % (by volume) 

44.308 kJ / (kmol- ° K); 44.308 J / (mol-
0K) 10.590 cal / (mol • °C) 

35.915 kJ / (kmol- °K); 35 .915 J / (mol-
0K); 8.584 cal / (mol- °C) 

1.234 
0 .01 O O mPa-s; 0.01 O O mN-s/ m2; 

0.01 O O CP 
0 .195 mPa-s; 0.195 mN-s/ m2; 0.195 

CP 
0.020 06 W / (m-°K); 47.94 X 10-6 cal-

cm / (s-cm2 • °C) 
18.8 mN / m; 18.8 dyn/ cm 

0.94 cm3 / 1 cm3 water 
679-713 °K; 406-440 °C; 763-824 °F 

1 299.6 kJ/mol., 310.62 kcal/mol 
1 255.6 kJ / mol; 300.10 kcal / mol 

Description 

Acetylene is the simplest member of the class of unsaturated 
hydrocarbons called alkynes or acetylenes. It is one of the 
most important of all starting materials for organ ic synthesis, 

particularly in commercial operations. The usefulness of acet­
ylene is partly due to the variety of addition reactions which its 
triple bond undergoes and partly due to the fact that its weakly 
acidic hydrogen atoms are replaceable by reaction with strong 
bases to form acetylide salts. 
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ACETYLENE 

Pur acetylene Is a colorless, highly flammable gas of agree­
s le hereal odor. Acetylene of ordinary commercial purity 
a a d s incttve garllc-l1ke odor. It is very soluble in acetone, 

1 volume of which w,11 dissolve 300 volumes of acetylene at 
1 207 Pa (175 ps,a). It ts slightly lighter than air. 

Ac ylene 1s shipped dissolved in acetone Acetylene cylin­
d rs are filled with a porous material which holds the acetone. 
Full cylinder pressure ,s 1 724 kPa (250 ps1g) at 21 .1 °C 
(70 °F) 

Sp cIf1cations 

Ac ylene has a minimum purity of 99.6% The chief impurity 
ts a r, about 0.03-0.3%. The acetone content of the gas 
dep nds on the cylinder temperature and pressure. Matheson 
punt, d acetylene Is substantially free of phosphine, ammonia, 
and hydrogen sulfide, and Is of the highest purity available 
commerc,ally. 

u es 

of tis high chemical reactivity, acetylene is an 
xtr mely versatile chemical in industrial syntheses. Approxi­

mat ly 85% of the annual acetylene production of the United 
S at s Is used for chemical synthesis Acetylene has come into 
mer sing prominence as the raw material for a whole series 
cf organic compounds, among them vinyl chloride, neoprene, 
vinyl ac tat , acrylonitnle, vinyl ethers, vinylacetylene, trichlo­
ro thyl ne, and perchloroethylene (2) 

Th rem InIng 15% of the acetylene production is principally 
u od for oxyacetylene cutting, heat-treating, etc., and as fuel 
tor tomIc absorption instruments 

Fir t Aid 

po ur to high concentrations of acetylene causes . t 
Ic 1I0n nd loss f in ox-o coordination . Workers with th 

ould b r mov d at once to uncon . ese symptoms 
icI n hould b c fled If the ex laminated air and a phy-

c u loss of consciousness oxposure was severe enough to 
I r athin ha stopped sta~ a:~en thould be administered. 

nd c II physIc1 n at o~ce. i ,c,a resp1rat1on immediately 

Pr 

2 

ut1ons In Handling and Storage 

Ac tyl n • In Its free state under 
iol nlly The higher the P pressure, may decom-

r uir d to cause an expl~:ssur;te smaller the initial 
s out ,d th cylinder ai'po~. erefore. NEVER use 

assures in excess of 1 03 

kPa (15 psig). Pressures exceeding this limit are utilized fo 
. I r 

chemical synthesis; however, specIa means to ensure safety 

are employed. 
2. When using acetylene, close the cylinder valve before 

shutting off the regulator, to permit the gas to bleed from the 

regulator. 
3. Acetylene cylinders should be used or stored only in an 

upright position to avoid the possibility of acetone leaking from 
the cylinder. 

4. Never store reserve stocks of acetylene cylinders with 
reserve stocks of cylinders containing oxygen. They should be 
separately grouped. 

5. Acetylene is highly flammable. Do not store acetylene 
cylinders near an open flame, nor where, in case of a leak the 
gas can diffuse to a flame or spark from a motor. ' 

6. When using acetylene, good ventilation should always be 
provided to remove any explosive mixture as rapidly as possi­
ble. 

7. When returning empty acetylene cylinders, see that 
valves are closed to prevent evaporation of the acetone. 

8. There are rigid regulations covering the filling of acetylene 
cylinders and since this process may be hazardous if im­
prope:ly done, acetylene cylinders must be filled only by ex­
perts in plants manufacturing the gas. 

9 : _ It is preferable that acetylene be stored in an upright 
pos1tIon; h~wever, where this is impossible, it is recommended 
that the cylinder be put in an upright position and left that way 
for about a half hour before being used. 

10. W~en installing acetylene cylinders, the user should 
comply with all local, state, and municipal regulations, and with 
the standards of the_ Na~ional Fire Protection Association (3). 

For general handling instructions see Appendix 1. 

Leak Detection and Control 

Never use a flame to detect acetylene leaks. Acetylene leaks 
may be _detected by painting suspected areas with soap water· 
leaks will be evident by bubble formation . ' 

Disposal of Leaking Cylinders 

Consult Appendix II-A for appropriate procedure for disposal. 

Analytical Detection 

byStlh1ghltl traces of acetylene in the atmosphere can be detected 
e osvay test. 

The llosvay reage t · . . n is prepared by dissolving O 001 kg of 
~:i~:~ttr~te, _Cu(N03h-SH20, or the chloride or.sulfate in 
trated wa er_in a 50 ml volumetric flask. Four ml of conc~n-

ammonium hydroxid d 0 
hydrochloride are added e an_ .0~3 kg of hydroxylamine 
and made up t 

1 
· The mixture Is shaken until colorless 

0 vo ume Covering th · or adding some · . . e reagent with mineral oil 
reagent. copper wire will prolong the activity of the 

About 10 ml of the re . 
cylinder or sepa t agent is placed in a glass-stoppered 
atmosphere passr~ ory funnel and a collected volume of the 

of acetylene is in;c~~da~d the solutio_n shaken_- The presence 
due to formation of Y the formation of a pink or red color 

copper acetylide 
Matheson has available a . 

manually operated "Toxic Gas 
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Detector" Model 8014K which provides accurate, dependable 
and reproducible results in determining concentrations of acet­
ylene in the range of 50 to 1000 ppm in air. The detector tube 
used is the Model 8014-101 S. A color stain is produced which 
varies in length according to the concentration of the acetylene 
present. The acetylene concentration is then read directly from 
the tube's scale. 

Fire Prevention and Control 

Carelessness in weld ing and burning operations have caused 
accidents with the use of acetylene cylinders. Flames and 
molten metal can cause the fuse metal used as safety devices 
in cylinders of acetylene to melt, causing the acetylene to 
escape and possibly ignite. Care should be taken to see that 
acetylene cylinders are located as far as possible from falling 
molten metal and slag. Torches should be directed away from 
the area of the cylinder. 

Small fires caused by ignited acetylene leaks can frequently 
be extinguished by smothering with a heavy cloth, wet waste, 
or piece of putty slapped at the leaking part (3). If the flame is 
issuing from the valve outlet, it may be possible to close the 
valve and stop the source of escaping gas. In all cases of 
acetylene cylinder fires, the area should be evacuated as 
quickly as possible and someone experienced in handling such 
a situation should take charge. 

Literature is available for fire prevention around welding 
operations and the handling of burning acetylene cylinders (4). 

Materials of Construction 

Steel and wrought iron are recommended for use with acet­
ylene. Joints may be welded or made of threaded or flanged 
fittings. Rolled , forged , or cast steel, or malleable iron fittings 
may be used. The use of cast iron fittings is not permissible. 

Unalloyed copper, silver, and mercury should never be used 
in direct contact with acetylene due to the possible formation 
of explosive acetylides. 

Wet acetylene produces explosive acetylides on copper, 70-
30 brass and aluminum-bronze, the rate of formation being 
increased by the presence of air or carbon dioxide. The acet­
ylide is formed much less rapidly on the brass and is less 

sensitive. 
Explosive copper acetylides may be formed on copper and 

brasses down to 50% of copper when exposed to acetylene 
atmospheres under certain conditions where the metals have 
been contaminated with certain common acids and caustic 
soda. The article by Brameld, et al (5) should be consulted for 
detailed information on the formation of acetylides. 

Cylinder and Valve Description 

The acetylene cylinder contains a highly porous monolithic 
filler on which the acetone is absorbed . The acetylene is 
dissolved in the acetone, and in this state may be shipped at a 
pressure of 1 724 kPa (250 psig) at 21 .1 °C (70 °F). The valve 
outlet designated as standard for acetylene by the Compressed 
Gas Association (CGA) has a thread size of 0.885 inch i.d.-14 
threads per inch and is left-hand with internal threads, accept­
ing a bullet-shaped nipple. It is designated as value outlet No. 
510. This valve outlet and its mating connection are illustrated 

in Figure 1. 
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CONNEC.~ION 

Fig. 1. CONNECTION 510 885"-14 LH INT. accepting a Bullet 
Shaped Nipple 

Safety Devices 

Safety devices used on acetylene cylinders contain a fusible 
metal that melts at about 100 °C (212 °F). In large cylinders, 
these devices are usually in the form of plugs. Safety devices 
in small cylinders usually consist either of small plugs incor­
porated in the cylinder valve or a passage in the valve body 
filled with the fusible metal. 

Recommended Controls 

Automatic Pressure Regulators 

Since the pressure of acetylene must be closely controlled, 
the only type of recommended control is an automatic pressure 
regulator. Matheson supplies an automatic single stage regu­
lator Model 1 PA-51 0 . This regulator is of forged brass and is 
equipped with a delivery pressure gauge and tank gauge. A 
needle valve is provided at the regulator outlet for accurately 
controlled flow. This regulator will permit setting of accurate 
delivery pressures from 13.8-103 kPa (2-15 ps,g). 

Flowmeters 

Matheson Series 7600 laboratory stainless steel flowmeter 
units with 150 mm tubes and floats or Matheson 7200 labora­
tory stainless steel flowmeter units with 65 mm tubes with a 
single float are recommended for use where definite flow rates 
must be known. 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 31 6 stainless steel and 
Series 8260 of type 316 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera­
ture changes. These mass flow controllers consist of a trans­
ducer, a control valve, a blind controller / power supply, a 
potentiometer, and a digital indicator. The transducer senses 
the gas flow and sends a signal to the power supply. This 
signal and one from the potentiometer are compared. If there 
is an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 
imbalance. The accuracy is ± 1 .2%. 

Shipping Regulations 

Acetylene is shipped under Department of Transportation 
(DOT) regulations as a flammable, compressed gas, taking a 
DOT " Red Gas Label ". It is shipped in DOT specifications 
DOT-8 or DOT-8A 1 cylinders. The DOT regulates the amounts 
of acetone and acetylene that may be charged into a cylinder. 
These regulations specify the cylinder pressure to be no higher 
than 1 724 kPa (250 psig) at 21 .1 °C (70 °F) when the cylinder 

is ful l. 
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AA:C:_ET~Y~L:E~N~E--------~=-=:-:-~~~~~::~;:-: - apor phase at 1 50-250 °C in the presence of a c~ 

~atalyst, such as mercuric chloride on charcoal, gives vin~I 

chloride. 

Ch m c.af Prop rt,es 

t cause of ,ts tnple bond, reacts additively 
y of reagents, e.g , hydrogen, halogens, 
hydrogen cyanide, alcohols, carboxylic 

tn s, arsenic tnchlonde and others. 
n or both of the hydrogen atoms in acetylene 

by certain metals to form acetylides. The 
ty explosive when dry and reconverted to 

tment with water or dilute mineral acids. 
ssed into a hqu1d ammonia solution of so-

d ,n situ) yields monosodium acetylide. The 

tassIum, and barium denvatIves have been 
Copp r, silver, and mercury acetylides are 

acetylene into ammoniacal solutions of their 
I ac tylene with a Gngnard reagent (AMgX) 
t normally gives the d1magnes1um halide 
e monomagnesIum halide (HC:CMgX), can 

car ly controlled conditions 

ne with a cuprous ammonium chlo­
-add tIon; vmylacetylene is formed. 
in tho presence of a nickel catalyst 

60-70 •c and 10-25 aim), cyclooctate-
75-85% yield 

an dded to the double bond of the car-
p nee of appropriate catalysts (ethyny-
1 d reacts with acetylene diluted with 

bout 100 °C and 3 aim or higher in the 
upported cuprous acetyl1de as catalyst to 
1l1on product propargyl alcohol and the d1-
~butyne-1 ,4-d1ol Ketones react with acety­
r, c tal, or polyethers as solvents in the 

or potassium hydroxide, sodam1de, potas­
r oth r alkali or alkaline earth oxides as 

us, c tone and 2-butanone give 2-
3-methyl-1-pentyn-3-ol, respectively. 

,r ctly when treated with hot dilute 
e of some mercuric sulfate and 

n of acetylene with carbon monox-
1ves an acrylic acid ester (7), the 

rylic ac,d 

with acetylene to form pyrazole. 
hydrogen sulfide are passed over 

h,oph ne is formed together with other 

s, including polrols and phenols, With 
1 20-1 80 C in the presence of 

rs 

nd hydrogen chloride in the 

11 _ Acetic acid adds to acetylene in the vapor Phase at 

180_200 °c over a contact catalyst , such as cadrninum, zinc 
or mercury salts deposited on charcoal, to give vinyl acetate.· 

12_ Hydrogen cyanide adds to acetylene in the vapor or 
liquid phase to give acrylonitrile. 

13_ Secondary aromatic amines, such as carbazole and 

diphenylamine, react with acetylene under pressure at 150_ 
200 °c in the presence of alkali, zinc, or cadmium oxides 0 ' r 
their salts with organic acids, to give the corresponding N-vin~ 

derivatives. 
14. Passage of acetylene through an aqueous solution of 

cuprous chloride, ammonium chloride, and hydrogen chloride 
at 50-60 °C in the absence of oxygen or in the presence of 
antioxidants gives vinylacetylene together with divinylacety. 

lene. 
15. Acetylene can be copolymerized in tetrahydrofuran at 

60-70 °c and 10-25 atm of acetylene pressure in the pres­
ence of anhydrous nickel cyanide as catalyst to cyclooctate­
traene, along with other products. 

16. Acetylene burns in air with a high flame temperature, 
variously reported between 2982-3482 °C (5400 and 
6300 °F). 

Thermodynamic and Detailed Physical Data 

Molecular Structure 

Acetylene has been established by various physical mea­
surements to be a linear molecule, point group D ooh' with a C:C 
bond distance of 1.20 x 1 o-,o m (1 .20 A) and two C- H bond 
distances of 1.06 x 1 o-,o m (1 .06 A). In acetylene the C-H 
bonds are a bonds formed by the overlap of a hydrogen s 

orbital with a carbon sp orbital; there is one C-C a bond from 
overlap of two carbon sp orbitals and there are two C-C :r 
bonds from overlap of two perpendicular pairs of p orbitals. 
This formulation fits well with the properties of acetylene bonds 
in being linear with high chemical reactivity (1r bonds exposed) 
(8). 

Infrared Spectrum 

See Figure 2 for infrared spectrum of gaseous acetylene. 

Vapor Pressure (9) 

Vapor pressures below 101 .325 kPa (1 aim) are listed below. 

Temperature, Vapor Pressure oc kPa mbar mmHg torr 

- 142.9 0.133 3 1.333 
- 133.O 0.666 6 6.666 5 
-128.2 1.333 13.33 10 
- 122.8 2.666 26.66 20 
- 116.7 5.333 53.33 40 
- 112.8 7.999 79.99 60 
-107.9 13.33 133.3 100 
- 100.3 26.66 266.6 200 
-92.O 53.33 533.3 400 
-84.0 101.325 1 013.25 760 
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ACETYLENE 
101 325 kPa see Table 1. 

For oth r vapor pressures below . • T bl 2 and 
Fo vapor pressures above 101 325 kPa, see a e 

Thermodynamic Properties of Acetylene As Ideal Gas @ 

25 °C(10) 

F1 ure 3 . t solution see 
Fo vapor pressure of acetylene in ace one . 

~~e4 . 
s Table 2 for latent heats of vaporization. 

Thermodynamic Data 

For th thermodynamic properties of the saturated liquid and 

vapor, s Table 2 See Table 3 for the thermodynamic prop-

r I s of superheated acetylene 
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Table 1. THERMODYNAMIC PROPERTIES OF THE SATURATED SOLID AND VAPOR (12) 

Pressure Entropy Enthalpy Specific Volume 
Temperature, °K J/ (mol, °K) kJ / mol cm3 /mol 

kPa atm Solid Vapor Solid Vapor Solid Vapor 

161.96 10.132 5 0.1 77.24 209.91 4.121 25.606 132 300 
169.27 20.265 0 0.2 79.12 205.39 4.498 25.870 68 850 
173.88 30.397 5 0.3 80.58 203.01 4.736 26.020 46 990 
180.04 50.662 5 0.5 82.30 199.74 5.063 26.209 29 060 
184.34 70.927 5 0.7 83.72 197.78 5.297 26.321 21 100 
189.13 101.325 0 1.0 85.19 195.56 5 .565 26.439 35.7 15 050 
192.4 (T.P.) 128.277 5 1.266 86.23 194.10 5.753 26.506 12 020 

Table 2. THERMODYNAMIC PROPERTIES OF THE SATURATED LIQUID AND VAPOR (12) 

Entropy Enthalpy Latent Specific Density Temperature Pressure 
J / (mol• °K) kJ / mol 

Heat of Volume kg / dm3 

Vaporiza- cm3 /mol 

OK OF kPa atm Liquid Vapor Liquid Vapor 
tion Liq-

Vapor Liquid Vapor 
kJ / mol uid 

192.4 -113.35 128.277 1.266 107.45 194.10 9 .832 26.506 16.674 42 .7 12 020 0.610 0.002 17 
(T.P.) 

200.9 -98.05 202.650 2 111 .84 191.67 10.707 26.744 16.037 43.0 7 840 0.606 0 .003 32 
209.4 -82.75 303.975 3 116.1 5 189.54 11 .590 26.959 15.368 43.9 5 400 0.593 0.004 82 
221.5 - 60.97 506.625 5 121 .96 186.94 12.832 27.225 14.393 45.4 3 290 0.574 0.007 91 
230.4 -44.95 709.275 7 125.94 185.14 13.753 27.393 13.640 46.7 2 361 0.558 0.011 07 
240.7 -26.41 1 013.250 10 129.91 183.22 14. 715 27.547 12.832 48.4 1 654 0.538 0.015 7 
253.2 -3.91 1 519.875 15 133.64 180.87 15.673 27.635 11.962 50.9 1 093 0.512 0 023 8 
263.0 13.73 2 026.500 20 136.19 179.08 16.351 27.631 11 .280 53.2 804 0.489 0.032 4 
271.6 29.21 2 533.125 25 138.66 177.61 17.016 27.593 10.577 55.5 626 0.469 0.041 6 
278.9 42.35 3 039.750 30 140.96 176.19 17.694 27.514 9.820 58.0 503 0.449 0.051 8 
284.9 53 .15 3 546.375 35 143.05 174.85 18.318 27.376 9.058 60.3 414 0.432 0.062 9 
290.4 63 .05 4 053.000 40 145.18 173.34 18.933 27.112 8.179 62.9 345 0.414 0.075 5 
300.0 80.33 5 066.250 50 149.37 170.12 20.251 26.476 6.225 70.2 243 0.371 0 .107 2 
307.8 94 .37 6 079.500 60 155.31 165.35 22.121 25.209 3 .088 87.3 159 0.298 0.163 8 
308.7 95 .99 6 246.686 61 .65 160.33 23.644 0.000 112.9 0.230 6 

matheson~ 7 
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Table 3. THERMODYNAMIC PROPERTIES OF SUPERHEATED ACETYLENE ~ 

H , ENTHALPY, (13), kJ / mol; S , ENTROPY (14), J / (mol- ° K); V, SPECIFIC VOLUME (15), cm3 / mol --4 
~ 

Pressure Temperature. K 1 
kPa i Bar t atm I f 160 I 180 200 220 240 260 j 280 L 300 I 310 l 320 "1 

f H 25 555· T 26.237 t 26 977 t- 27 709 ~ 28 492 29.303 30 142 31 077 31 450 31 899 Z 
10 132 5 o 101 o 1 s 209 45 · 211.49 217 24 220.83 224 240 227.48 230 59 233 56 1 235 02 235 44 m 

V 130 700' 147 200 163 700 180 200 196 700 213 100 229 500 245 900 254 100 262 300 
H 25 174 25 906 27 667 28 458 29 273 30 117 30 .985 31 429 31 .879 

50 .662 5 I o 507 o 5 s . 199.87 203.71 207.33 21 o .77 214 .04 217 15 220 15 221 15 223 03 
V 29 050 32 410 35 770 39 110 42 430 45 750 49 050 50 700 52 350 
H 25_371· 26.094· 26.842 27.616 28.414 29235 30084

1 

30957 31403 31 .855 
101 325 10132 1 S 189.53' 193.79· 197.73 201.41 204.88 208 17 211 32 214.33 215.79 217 22 

,J!__. 12 460· 14 250• 16 000 17 720 19 410 21 100 22 780 24 450 25 280 26 100 

I H ~I . lo~. ~t; . U4;j ~t; ~~!; ~~-!;~~ 3U. /31 31 .193 31 .659 
506.625 5 .066 5 s 186.60 · 190.44 193 99 197.30 200.43 201.94 203.42 

~ I 
3 250• 3 647 4 024 4 389 4 747 4 923 5 098 

27.511 • 28.503 29.472 30.436 30.919 31 .405 
1 013.250 10.13 10 s 183.11' 187.07 190.66 193.98 195.57 197.31 

~ 1 657 • 1 879 2 086 2 282 2 377 2 470 

I 15.20 
H 28.020 29.091 30.1 22 30.631 31.140 

1 519.875 15 s 182.36 186.33 189.87 191 .55 193.17 
~ 1 154 1 313 1 457 1 526 1 594 

H 27.440 • 28.669 29.787 30.328 30.862 
2 026.500 20.26 20 s 1 78.28 • 182 .83 186.69 1 88.46 190.16 

~ 779.0' 921 .5 1 043 1 099 1 153 
H 28.182 29.423 30.006 30.570 

2 533.125 25.33 25 s 179.67 183.95 185.85 187.64 
._':!__ 679.5 791.2 841 .0 888.2 

H 27.598 29.024 29.656 30.261 
3 039.750 30.40 30 s 176.50 181 .43 183.51 185.43 

..J!__ 510.9 620 .8 667.3 710.3 
H 28.060 28.861 29.579 

4 053.000 40.53 40 s 176.52 179.15 181 .44 
~ 399.0 445.1 485.2 

H 26.475 27 .835 28.774 
5 066.250 50.66 50 s 170.17 174.63 177.62 

..Jf__ 239.7 302 .7 345.4 
H 26.109 27. 757 

6 079.500 60.80 60 s 168.27 173.51 

[I 
a 
i g 

8 106.000 81 .06 

10 132.500 1101 .32 

• Supersaturated 

...::!_ 
H 

80 s 
~ 

H 
100 s 

V 

185.9 246.4 
20.822 23.974 

150.65 160.64 
62.3 99.9 
19.947 22.021 

147.46 154.06 
53.0 67.4 
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';(' ACETYLENE 
(in Acetone) 

FULL CYLINDER PRESSURE vs TEMPERATURE 

60 ' I 

70 80 
TEMPERATURE 0 c 90 100 110 120 

AIR 
PHYSICAL PROPERTIES (1) 

Mean Molar Mass 
Mean Molecular Weight 
One Mole of Air 
Specific Volume @ 21.1 °C, 101.325 kPa 
Boiling Point of Liquid @ 1 01 .325 kPa (Bubble Point) (2) 
Condensation Point of Vapor @ 1 01 .325 kPa (Dew Point) 
Absolute Density, Dry Air@ 101.325 kPa @ o °C 
Density Liquid Air 

For liquid densities under saturation pressure, see Table 1 . 
Critical Constants (2) 

@ Plait Point: 
Temperature · 
Pressure (maximum) 

Volume 
Density 

@ Point of Contact: 
Temperature (maximum) 
Pressure 

Volume 
Density 

Molar Specific Heat, Gas@ 101 .325 kPa@ 26.85 °C 
@ Constant Pressure 

Constant Volume 

Specific Heat Ratio, Gas @ 101 .325 kPa, @ 26.85 °C 
Cp/Cv .................. . 

Viscosity, Gas@ 101.325 kPa, @ 26.85 °C 

(For viscosity vs. temperature curve, see Figure 1 .) 
Viscosity, Liquid@ -192.3 °c 

0.028 96 kg 
0.028 96 kg 
830.3 dm3 / kg; 13.3 ft3 ' lb 
78.8 °K -194.35 °C, -317.8 °F 
81 .8 °K; -191 35 °C; -312.4 °F 
1.293 1 kg / m3 

132.42 °K; -140.6 °C; -221.3 °F 
3 774 kPa; 37.74 bar; 547.4 psia; 37.25 

atm 
3.048 dm3 / kg 
0.328 kg/ dm3 

132.52 °K; -140.6 °C; - 221 .1 °F 
3 766 kPa; 37 .66 bar, 546.2 psia; 37 .17 

atm 
3 .126 dm3 / kg 
0.320 kg/ dm3 

29 .13 kJ / (kmol -°K); 29.13 J / (mol-
0K); 0.240 Btu / (lb- °F) 

20.8 kJ / (kmol, °K); 20.8 J/ (mol - °K); 
0.172 Btu / lb. °F 

1.400 
0.018 53 mPa-s; 0 .018 53 mN-s/ m2

; 

0.018 53 cP 

0.172 mPa,S; 0 172 mN-s/ m2
; 0.172 

cP 
Thermal Conductivity, Gas@ 101 .325 kPa, @ 26.85 °C 0.027 79 W / (m. °K), 62 . 72 x 1 o 6 cal. 

cm / (s-cm2 °C) 
Solubility In Water @. 101 .325 kPa (partial pressure of air) @ 

20 °C . . . . 18.68 cm3 air / / water 

Description 

Air is a mixture, the composition of which varies with the 
altitude at which the sample is taken, i.e., its composition 
begins to change materially above 62 miles. It is shipped in 
steel cylinders generally at 1 5 1 70 kPa (2 200 psig) and 
13 790 kPa (2 000 psig), and in lecture bottles at 12 240 kPa 
(1 775 psig) at 21 .1 °C. 

Component 

Nitrogen 
Oxygen 
Argon 
Carbon Dioxide 
Rare Gases 

Table 1 
Mole % 

78.084 
20.946 

0.934 
0_033 
0.003 

Weight % 

75.521 
23.139 

1.288 
0.050 
0.002 The average composition of dry air at surface altitudes is 

shown in Table 1. 
Since air is a mixture, there are two vapor pressure curves, 

one for the saturated liquid and the other for the saturated 

The average composition of rare gases in dry 
air is shown in Table 2 . 

~atheson® 
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b bble and dew points. The 

vapor, corresponding with th~ bubble points of air is that one 
essential feature of the dew an . u o1nt vapor at 
phase should predominate (liquid at the bubble P h ' tcally 
the dew point) w1lh the other phase being present t eore I n of 

t t I add1t1on the phenomena 
m mfm1tes1mally small quan I y. n ' h 't'cal 
retrograde condensation associated with mixtures at t e cr\1 I 
poml Is observed and values are obtained for the two en~~~­
points the so-called plait point where the pressure is a m_ 
mum ~nd the point of contact where the temperature is a 

maximum d s of nitro 
Table 2 does not show water vapor, ozone, ox1 e -

Table 2 

Component PPM (By Volume) PPM (By Weight) 

Neon 18.18 ± 0.04 12.67 

Helium 5.239 ± 0.004 0.724 

Krypton 1.139 ± 0.01 3.295 

Hydrogen 0.5 0.035 

Xenon 0.086 ± 0.001 0.390 

Radon 6 X 10 14 46 X 10- 14 

gen acetylene, methane and other hydrocarbons, and other 
highly variable components of the air Except for water vapor, 
th s components are usually present only in trace quantities 

or not at all. 

Spec1f1cations 

Math son offers several grades of air These grades and 
th 1r spec1f•cat1ons are shown below. 

Grade 

Air, Ultra Zero 

Air, Emission Zero 

Air. Z ro Gas 

Air, C01 Fre 
Air, Ory 

U es 

Specifications 

Total hydrocarbons less than 0.1 
ppm as CH, 

Total hydrocarbons 1 ppm max, CO 
1 ppm max, CO2 300 ppm max 

Total hydrocarbons less than 2.0 
ppm as CH, 

Total CO, equivalent less than 5 ppm 
Dew Point -59.4 °C (-75 °F) max 

Air ts a source of oxygen, nilrogen and rare gases. Liquid air 
s us d for low temperature cooling operations, while atmos­
ph nc ir 1s used 1n air cond1t1oning systems or cooling of hot 
llqutds In heat exchangers. Air 1s the source of oxygen for 

urning, respiration of plants and animals, decay, and industrial 
o 1d 11ons Zero grade air 1s regularly used as the oxidizer for 
fl m 1onizat1on detectors 1n chromatography and total hydro­
c rbon analyzers 

Pr cautions in Handling and Storage 

Th g n rat rules stated in Appendix I should be observed. 

Material of Construction 

Sine dry air 1s inert to metals and plastics at ambient 
I mp r tur s, no special materials of construction are re-
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quired. However, any pi.ping or vessels containing dry air 
should be adequately designed by competent engineers, using 
a safety factor conforming with the ASME code for pressure 

piping. 

Cylinder and Valve Description 

Ory air is packaged in DOT approved, high pressure steel 
c linders which contain Compressed Gas Association (CGA) 
c~linder valve outlet connection No. 590 (see Figure 1 ). The 

OUTLET 

( 

965' 
1=>il6' 

960' ' 
1!>,16 

I 

CONNECTION 

F. 1 CONNECTION 590 .965"-14 LH INT. accepting a Bullet 19. · 
Shaped Nipple 

cylinder valve outlet has a 0.965 inch diameter internal thread, 
left hand, accepting a bullet-shaped nipple. Lecture bottles 
have a special dual valve 9/,s"-18 R.H. male and 5/,s"-32 female. 

Safety Devices 

Cylinders containing dry air have safety devices of either the 
frangible disc type or frangible disc backed up with fusible 
metal, melting at approximately 100 °C (212 °F). These safety 
devices are in an integral part of the cylinder valve, situated 
opposite the valve outlet. 

Recommended Controls 

Automatic Pressure Regulators 

In order to reduce the high cylinder pressure of air to a safe 
working value consistent with a system's design, the fol lowing 
types of controls are recommended . 

1. Single Stage Automatic Regulators 

Single stage regulators will reduce cylinder pressure in one 
stage to a delivery pressure in a particular range, depending 
upon the design of the regulator and its spring load. A single 
stage regulator will show a slight variation in delivery pressure 
as cylinder pressure falls. The following single stage regulators 
are available from Matheson: 

Model No. Delivery Pressure Range 
kPa bar(g) psig 

19-590 28-345 0.28-3.45 4-50 

3500-590 28-520 0.28-5.2 4-75 
1 L-590 28-550 0.28-5.5 4-80 
1 H-590 69-1 240 0.69-12.4 10-180 
2-590 345-4 480 3.45-44.8 50-650 
3-590 690-10 340 6.9-103.4 100-1 500 
4-590 690-17 240 6.9-172.4 100-2 500 

2. Two Stage Regulators 

This type of regulator performs the same function as a single 
stage regulator. However, greater accuracy and control of the 

matheson· 

delivery pressure is maintained and the delivery pressure does 
not vary as cylinder pressu re falls. The following two stage 
regulators are available from Matheson: 

Model No. Delivery Pressure Range 
kPa bar(g) psig 

3800-590 28-620 0.28-6.2 4-90 
3104-590 28-690 0.28-6.9 4-100 
8L-590 14-104 0.14-1.04 2-15 
8-590 28-340 0.28-3.4 4-50 
8H-590 69-690 0.69-6.9 10-100 
9-590 138-1 720 1.38-17.2 20-250 

3. Low-Pressure Regulators 

The above regulators are not satisfactory for accurate deliv­
ery pressures below 34.5 kPa (5 psig). Therefore, an auxilary 
regulator specifical ly designed for low pressure is recom­
mended for use in series with any of the above standard type 
regulators having delivery pressures to 345 kPa (50 psig). 
Matheson has various models known as the Model 70 regula­
tors which may be obtained with delivery pressures ranging 
from 0 .5 kPa to 69 kPa (1 O psig) as follows: 

Model 
No. 

Delivery Pressure Range 
kPa bar (g) psig 

708 

70 
70A 

0.5-3.0 

3.4-34.5 
34.5-69 

0.005-0.030 2-12 inches wa-
ter column 

0.034-0.345 0.5-5 psig 
0.345-0.69 5-10 psig 

For air, the Model 70 regulator may be used in series with 
the Model 1 L-590 regulator; inlet pressure must not exceed 
1 724 kPa (250 psig) to obtain a del ivery pressure of 3.4-34.5 
kPa (0.5-5 psig) . 

Manual Controls 

Manual needle valves for direct attachment to the cylinder 
va lve outlet are available. These types of controls are mainly 
used where intermittent flows are necessary, or where it is 
desired to control the flow of gas d irectly from the cyl inder. 
This type of needle valve will allow control of extremely low 
flow rates on up to relatively large flow rates. However, pres­
sure cannot be controlled with such a valve, and if a line or 
system becomes plugged, dangerous pressures can bui ld up. 
Matheson manual needle valves Model 50-590 and Model 52-
590 with gauge to indicate tank pressure are recommended 
for use with dry air. These valve are normally supplied with 
serrated hose ends, ¼ " compression f ittings , or ¼ " NPT male 
or female outlets. Manual control valve Model 4351-590 is 
recommended for use with all grades of air, except the Dry Air 
Grade. 

For lecture bottles, regulator Model 3320 is recommended 
as well as the control valves Model 30AR or Model 31 B. 

Flowmeters 

In all cases where accurate flows of a definite value must be 
known or reproduced, it is recommended that a suitable flow­
meter of the rotameter type, such as Matheson Series 7600 
flowmeter units with 150 mm tubes and floats or the 7200 
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Series flowmeter units with 65 mm tubes with a single float be 
used. For dry air , flowmeters of brass construction are rec­
ommended, whi le for all other grades of air, flowmeters of 
brass or stainless steel construction may be used. 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 stainless steel and 
Series 8260 of type 31 6 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera­
ture changes. These mass flow controllers consist of a trans­
ducer, a control valve, a blind control ler / power supply, a 
potentiometer, and a digital ind icator. The transducer senses 
the gas flow and sends a signal to the power supply This 
signal and one from the potentiometer are compared. If there 
is an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 
imbalance. The accuracy 1s ± 1 .2%. 

Shipping Regulations 

Ory air is shipped ,n high pressure steel cylinders as a 
nonflammable compressed gas, tak ing a DOT " Green Label." 

Commercial Preparations 

Dry air is produced from ord inary air by f irst removing the 
hydrocarbons by oxidation, then removing the carbon dioxide, 
compressing and drying. 

Chemical Reactions 

Liquid air is a source of nitrogen, oxygen, neon, argon , 
krypton , and xenon. These gases are obtained from liquid air 
by complex fractionation and rectificat ion processes. 

The reactivity of air is due to its content of oxygen. Many 
metals are converted to oxides when they are heated in a,r. In 
organic chemistry, the oxygen in the air, while the cheapest 
oxidizer, is relatively unselective and is seldom used in chemi­
cal syntheses in the laboratory. However, a number of chemi­
cals are produced industrially by oxidation with air frequently 
using catalysts and moderately elevated temperatures. These 
processes include the liquid phase of oxidation of acetaldehyde 
or ethanol to acetic acid, the formation of a hydroperox1de from 
a saturated hydrocarbon, the catalytic oxidation of methanol 
vapor to formaldehyde, and the gas phase oxidation of various 
hydrocarbons with or without a catalyst , to form a variety of 
products. 

Thermodynamic and Detailed Physical Data 

For thermodynamic properties of the saturated liquid and 
vapor and for the super heated vapor, see Tables 3 and 4, 
respectively. For compressibility data, see Table 5 

Thermodynamic Functions of Air As Ideal Gas @ 26.85 °C 

Heat Capacity, C~ 

Entropy, S0 

Enthalpy Function 

6.956 kJ / (kmol - °K) 
6.956 J / (mol- °K) 
1 .662 cal / (mol- °C) 

47.533 kJ / (kmol-°K) 
47.533 J/ (mol-°K) 
11 .361 cal / (mol -°C) 

2 080.144 J / mol 
497.166 cal/mol 
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Table 4. THERMODYNAMIC PROPERTIES OF SUPERHEATED AIR 
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H, ENTHALPY, kJ / mol (5); S, ENTROPY, J / (mol- °K) (6); V, SPECIFIC VOLUME, cm3 /mol (7) 

Pressure 
kPa bar 

101 325 1 .01 3 25 

202.650 2.026 

506 625 5.066 

1 013 250 10.132 

2 026 500 20.265 

4 053 000 40.530 

6 079 500 60.795 

8 106 000 81 060 

I 

30 397.500 303.975 

35 463.750 354 .638 

40 530 .000 I 405.300 

atm 100 I 
H 6 493 

1 s 80.09 

X 8 031 
H 6.455 

2 ~ 74.11 
3 926 
6 .296 

5 s 
V -
H 

10 s 
V -
H 

20 s 
V 

H 
40 s 

+., 
H 

60 s 
~ 

H 
80 s 
~ .. 

~ 
300 I~_ 

350m 
H 

400 I S 
V 

65 43 
1 456 

125 

7.245 
86.83 
10 146 

7.217 
80.91 

5 016 
7.119 

72.78 
1 937 
6.922 

65.91 
905.5 

6.392 
56.98 

374 0 
i 

I 

I 
I 

I 

I 

150 200 

7.993 9.471 
92.28 100. 79 
12 233 16 373 

7 971 9.457 
86.41 94.97 

6 078 8 167 
7 .901 9.417 

78.48 87 21 
2 385 3 244 
7.771 9.348 

72.11 81 19 
1 152 2 1 602 6 

7.484 9.204 
64 97 74 89 

533 .5 782 1 
6767 8.909 

55 .56 68 02 
219 8 372 8 

5 .566 8 599 
45 .52 63 45 
98 6 237 5 

4 905 8 285 
39 97 59 87 
68 7 171 3 

4 599 7 987 
37 08 5688 
58 9 133.3 

4 123 7 1051 
30 51 47 77 
46 4 70.4 

4 116 6.926 
28 96 45.20 
44 0 61.3 

4 178 6.845 
27 90 43 29 
42 4 55 9 

6 832 
41 84 
52 3 

6 863 
40 70 
49 7 

Temperature, °K 
250 I 260 280 

10.933 11 .224 11.806 
107 .31 108.45 11 0.61 

20 495 21 319 22 965 
10.924 11 216 11 799 

101.52 102 67 104.83 
10 238 10 651 11 477 
10.897 11 1 91 11 779 
93.82 94 97 97 15 

4 084 4 251 4 584 
10 853 11 1 51 11 . 7 44 
87.91 89 08 91 .28 

2 032.6 2 117 5 2 286.5 
10.764 11.069 11.675 
81 .85 83 05 85.30 

1 007.3 1 051.1 1 1 38.1 
10.584 10.904 11 .536 
75 51 76 76 79 11 

496 0 519 .3 565.2 
10.403 10. 739 11 397 
71 53 72 .85 75 29 

326 6 343 0 375 2 
10 224 10.576 11 260 
68.55 69 .93 72.46 

242 7 255.7 280 8 
10.051 1 0.419 11 130 
66.13 67 57 70 20 

193.0 203 8 224 7 
9 419 9 835 , 10 637 

58.13 I 59 76 62 73 
100 0 105 7 116.8 

9 240 9 664 10 485 
55.56 57 22 60 27 
83 7 88 2 97 .0 

9 . 135 1 9 561 10.389 
53 54 55 21 58 28 
73 5 77 2 84 4 

9 086 9 .511 10 341 
51 92 53 .59 56 67 
66 7 69.8 75 8 

9 .079 1 9 .502 10 331 
50.59 52 25 55 32 
61.8 64 4 69 6 

I 300 I 320 360 400 450 

12.3881 12.971 14.139 15.309 16. 775 
112.62 114 50 11 7 .94 121 .02 124 47 

24 610 26 255 29 543 32 830 36 937 
12 382 12 966 14 135 15 306 16 773 

106 84 108.72 112 16 115 24 118.69 
12 302 13 126 14 473 16 418 18 474 
12 365 12.951 14 124 15.299 16 769 
99 17 101 06 104 52 107 62 111 08 

4 916 5 248 5 911 6 571 7 396 
12 335 12 926 14 106 15.286 16 762 
93 32 95 23 98 .71 101 .81 105 28 

2 454 .8 2 622.6 2 956 .6 3 288 .8 3 703 2 
12 277 12.876 14 070 15.261 16 749 
87 .38 89.31 92 82 95 96 99 46 

1 224 4 1 310 2 1 479 9 1 647 9 1 857 .3 
1 2.159 12.776 13 999 1 5 .211 16 722 
81 25 83 24 86 84 90 03 93 58 

610 4 654.8 742 3 828 2 934 7 
12 041 12.676 13 927 15 161 16.694 
77 51 79.56 83 24 86.49 90 .09 

406 5 437 1 479 0 555 4 627 6 
11 926 12 579 13.856 15.111 16 666 
74 76 76 87 80 63 83 .94 87 60 

305 0 328.8 374 9 419.4 474 4 
11 818 12 488 13. 790 15.065 16 639 
72 57 74 73 78 57 81 .93 85 63 

244 7 264 2 301 8 338.1 382 7 
11 .405 12 144 13.560 
65 .38 67 76 71 93 

127 5 137 9 157 7 
I 

11 273 12 034 13 491 
62 99 65 44 I 69 73 

105.5 113 8 129 8 
11 . 189 11 965 13 453 
61 .04 63 54 67 92 
91.4 98 3 I 111 6 
11.147 1 11 .933 

59 45 I 61 .99 
81 7 87 5 
11 140 11 .931 
58.11 ! 60.66 
74 ,7 79.7 
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Table 5. COMPRESSIBILITY FACTOR FOR AIR, Z = PV /RT (8) 
PRESSURE, kPa; atm SHOWN BELOW kPa VALUES IN PARENTHESES 

101 .325 405.3 709.3 1 013.2 4 053.0 7 092.8 10 132.5 
Temp ra-

(10) (40) (70) (100) lure, K ( 1) (4) (7) 

100 0.980 90 
150 0.994 07 0.975 91 0.957 16 0.937 8 0.683 2 

200 0.997 67 0.990 67 0.983 67 0.976 66 0.908 0 0.848 1 0.810 5 
250 0.999 06 0 996 24 0.993 52 0.990 82 0.966 80 0 .949 8 0.941 7 

0.. 300 0.999 70 0.998 79 0.997 97 0.997 17 0.991 35 0.990 0 0.993 3 
350 1.000 02 1 000 08 1.000 21 1.000 35 1.003 26 1 .009 0 1.017 6 

a: 400 1.000 19 1.000 79 1.001 41 1.002 05 1.009 46 1.018 8 1.029 9 
:> 500 1.000 34 1 001 37 1.002 42 1.003 48 1.014 54 1.026 5 1.039 3 en 
en 600 1.000 38 1.001 52 1.002 67 1.003 85 1.015 74 1 .028 1 1.040 8 UJ 
a: 
0.. 700 1.000 38 1.001 53 1.002 68 1.003 85 1.015 58 1 .027 5 1.039 7 
a: 800 1.000 37 1.001 48 1.002 59 1.003 71 1.014 93 1.026 3 1.037 9 
0 900 1.000 35 1 001 40 1.002 46 1.003 51 1.014 11 1.024 8 1.035 6 0.. 
< 1 000 1.000 33 1.001 32 1.002 31 1.003 31 1.013 25 1 .023 3 1.033 3 

1 500 1.000 24 1.000 98 1.001 71 1.002 45 1.009 78 1 .01 7 1 1.024 4 
2 000 1.000 35 1.000 85 1.001 40 1.001 96 1.007 6 1.013 2 1.018 8 
2 500 1.003 6 1.002 4 1.002 4 1.002 6 1.006 6 1 .011 0 1.015 5 
3 000 1.025 2 1.013 3 1.010 7 1.009 5 1.009 2 1 .011 9 1.015 1 
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ALLENE 
(Synonym: Propadiene) 

(Formula; CH2:C:CH2 or C3H. ) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 0 .040 065 kg 
One Mole of C3H4 0 .040 065 kg 
Specific Volume @ 21 .1 °C, 101.325 kPa 599.3 dm3 / kg ; 9 .6 ft3 / lb 
Vapor Pressure@ 21 .1 °C 873.5 kPa; 8.74 bar; 116.7 ps1g; 8 .62 

atm 
Boiling Point @ 101 .325 kPa 238.65 °K; -34.5 °C; -30.1 °F 
Freezing Point @ 101 .325 kPa 136.85 °K; -136.3 °C; -213.3 °F 
Absolute Density, Gas @ 101 .325 kPa @ 20 °C (Air = 1) 1.415 
Density, Liquid@ Saturation Pressure@ -20 °C 0.647kg/ / 
Critical Temperature 393.15 °K; 120.0 °C; 248.0 °F 
Critical Pressure 5 239 kPa; 52.4 bar 759.8 psia; 51 .7 

atm 
Critical Volume 4.049 dm3 / kg 
Critical Density 0 .247 kg / dm3 

Critical Compressibility Factor 0 .281 
Flammability Limits In Air 1 .5-11 .5% (by volume) 
Molar Specific Heat, Gas @ 10 1 .325 kPa @ 25 °C @ Constant 

Pressure 60.84 kJ / (kmol- °K); 60.84 J / (mol -
°K); 14.54 cal / (mol- °C) 0 .363 Btu / 
(lb- °F) 

Viscosity, Gas@ 101 .325 kPa@ O °C 0 .007 6 mPa-s; 0 .007 6 mN ,s/ m2; 
0 .007 6 cP 

Viscosity, Liquid @ -80 °C 0.380 mPa-s; 0.380 mN -s/ m2; 0 .380 
cP 

Thermal Conductivity, Gas@ 101 .325 kPa@ 25 °C 0.015 69 W/ (m- °K); 37.5 x 10 6 cal• 
cm / (s-cm2-°C 

Thermal Conductivity, Liquid @ -40 ° C . . ... 0.148 43 W/ (m- °K); 354.8 X 10 6 cal-
cm / (s-cm2 °C) 

Surface Tension @ -40 °C 16.5 mN/ m; 16.5 dyn / cm 
Heat of Combusion, Gas@ 25 °C and Constant Pressure Gross, to 

form H2O(1iq) + CO2(gas) . 
Net, to form H2O(gas) + CO2(gas) 

Description 

The simplest member of the 1,2-diene class of compound is 
allene. Allenes are not as stable as conjugated dienes (1 ,3-
dienes) or isolated dienes. Allene is slightly more strained than 
the isomeric methylacetylene. It isomerized to methylacetylene 
in the presence of strongly basic substances, such as sodam­
ide in liquid ammonia or potassium hydroxide in ethanol. 

Allene is a colorless, flammable gas at room temperature 
and atmospheric pressure. it is readily liquefied and is shipped 
as a liquefied gas under its own vapor pressure of 703 kPa 
(1 02 ps1g) at 21 .1 °C. 

Specifications 

Allene has a minimum purity of 97%. 

matheson 

1 944.35 kJ / mol; 464.71 kcal/ mo! 
1 856.32 kJ / mol; 443.67 kcal / mo! 

Uses 

Allene is of interest chiefly in organic synthesis. 

Toxicity 

The toxicity of allene has not been fully investigated. It may 
have slight narcotic properties ano act as a simple asphyxiant. 
Allene should always be handled with adequate vent1lat1on 

First Aid Suggestions 

Exposure to high concentrations of allene may cause intox­
ication and loss of coordination . Persons with such symptoms 
should be removed to uncontaminated air and a physician 
called at once. If the exposure was severe enough to cause 
unconsciousness, oxygen should be administered . If breathing 
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Pree ut o s In Handling and Storage .. 
f its extreme flammab11ity. 

ardous because O heat 
I ne m .vel1-vent1lated areas away fromN r 

m ion such as flames and sparks. ~ve 
lea s of allene; use a soap water solution. 

nd sparking motors or other non-explo­
Do not store reserve stocks of allene 

s containing oxygen. chlorine, or other 
mmable materials. Ground all lines and 

Ilene 
neral rules stated in Appendix I should be 

tect1on 

m lines and equipment may be detected ~Y 
u ct d sites with soapwater solution; leaks will 

nt by bubb ormatIon. 

D Po I of Leaking Cylinders 

Con' r App nd1 II-A for disposal procedure. 

orrosIve. most common or commercially 
used If allene is to be used under 

mperatures, 1somenzation to methyla­
d m this event copper and silver and 
b used because of the possibility of 
ides Piping systems and vessels to 
designed to have a working pressure 

mpet nt engineers using a safety factor 
SME code for pressure piping. 

Cylind r nd V Iva Oescr1ptIon 

8 

in DOT approved steel cylinders Cylinders 
1 ped with Compressed Gas Association 
No 510, having a thread size of 0.885 inch 
mt rnal threads accepltng a bullet-shaped 

t) L cture bottles have a special dual valve 

5"-14 LH INT accepting a Bullet 

H m I nd ' mct)-32 threads per inch female 

as safety devices spring-loaded 
cylinder pressure becomes danger-

ously high (usually due to overheating) the saf~ty relief device 
will open at approximately 2_ 586 kPa (375 psIg) and relea~ 

t-1I the pressure again returns to a safe level allene un · 

Recommended Controls 

Automatic Pressure Regulators 

M theson supplies automatic pressure single stage regulatC! 
Mod:I 1 P-51 o for allene service. The de~ivery pressure range 
f this regulator is 28-240 kPA (4-35 ps1g). The regulator has 

: brass body and fabric reinforced_ neoprene rubber dia. 
hragm. No cylinder pressure gauge 1s necessary in this reg. 

Plator since it would not indicate cyclinder content, but oniy 
u . t 

Por pressure which will remain cons ant as long as liqu va . . 
remains in the cylinder. Cylinder content Is determined ty 
weight. To prevent suckback, a check valve is recommende,: 
for use with the regulator. This regulator is not satisfactory for 
pressures below 14 kPa (2 psig). For this purpose, Mathesc,, 
supplies a Model 70 low pressure regulator. This regulator has 
an oversized pancake body of die cast aluminum with a Buna. 
N diaphram. The Model 70-510 regulator has a delivery pre~ 
sure range of 3.4-34.5 kPa (0.5-5 psig). It gives sensitive arc 
very accurate low pressure control. 

Single stage regulator Model 3321 with delivery pressur, 
range 28-41 O kPa ( 4-60 psig) is recommended for use w1 

lecture bottles. 

Manual Controls 

Matheson needle valve Model 50-510, a brass bar stoci 
valve, is available for direct attachment to the cylinder vali• 
outlet. This valve may be equipped with a variety of outlets(', 
NPT male or female pipe, or ¼" compression f itting) but ,1 
usually supplied with a serrated hose end. The valve is u~ 
for intermittent flow control directly from the cylinder, bu: 
requires constant attention by the user. Such a manual f\01 

control will not effectively control pressure and should not be 

used where pressure control is necessary. 
Needle valve Model 31 Bis recommended for use with lectur: 

bottles. 

Flowmeters 

Matheson series 7600 laboratory brass flowmeter units c· 

the rotameter type are recommended where definite flow rale1 

must be known. 
Electronic mass flowmeters, such as Matheson Series Ne 

8116 and No. 8160, should be used where accurate readings 
are required. Calibration is unaffected by temperature arc 
pressure changes, and flow rates may be recorded from t~ 
instrument's electrical output. 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 stainless steel anc 
Series 8260 of type 316 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera· 
ture changes. These mass flow controllers consist of a trans­
ducer, a control valve, a bl ind controller/ power supply, E 

potentiometer, and a digital indicator. The transducer senses 
the gas flow and sends a signal to the power supply. Th• 

matheson 

signal and one from the potentiometer are compared If there 
is an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 
imbalance. The accuracy is ± 1.2% 

Shipping Regulations 

Allene Is classified by the DOT as a flammable. compressed 
gas and is shipped with the required Red Gas Label". 

Chemical Preparation 

Allene is made by the action of zinc dust on 2,3-dichloropro­
pene or 2,3-dibromopropene In 2-methoxyethanol. Pyrolysis of 
1sobutylene at 600-885 °C under controlled pressure and 
contact time gives a mixture of allene and methylacetylene in 
yields of about 60 mole %. It Is also obtainable by the electrol­
ysis of potassium Itaconate. 

Chemical Reactions 

The following reactions are presented to indicate the scope 
of the reactivity of allene. Allene and the related 1 ,2-dienes are 
distinguished from other dienes by their isomerizatIon to acet­
ylenes on treatment with metall ic sodium or sodamide. lsom­
erization of allene to methylacetylene Is also effected in the 
vapor phase with hydrogen fluoride at 300 °C In the presence 
of sulfuric acid, allene may be hydrated to acetone, probably 
through the intermediate formation of the enol form CH2: 
C(OH)CH3. Allene reacts with alcoholic potassium hydroxide to 
give ethyl isopropenyl ether. Allene reactions with hydrogen 
cyanide to form 2-methylacrylonitnle CH2:C(CH3)CN and cro­
tononitrile CH3 CH:CHCN. Bromine (2 moles) adds to allene to 
give 1 ,2,2,3-tetrabromopropane. Hypochlorous acid reacts 
with allene In two ways: (a) to give dichloracetone 
CICH2COCH3CI, and (b) to give 2-chloro-2-propen-1-ol CH.,. 
CCICH20H which can react further to form 1-chloro-3-hydroxy-
2-propanone CICH2COCH20H. Allene reacts with d1azometh­
ane CH2N2 in ether at elevated pressures and temperatures to 
form methylenepyrazol1ne Tetrafluoroethylene adds to allene 
at 150 °C to give 1, 1 ,2,2-tetrafluoro-3-methylenecyclobutane. 

Thermodynamic and Detailed Physical Data 

Molecular Structure 

Allene is a linear molecule with the two CH2 groups perpen­
dicular to one another. The molecule has V2 symmetry (2) The 
structural parameters of allene as determined by electron d1f­
fract1on (3) are as follows: C5= C6 bond distance 1 311 6 x 
1 O 6 m (1 .311 6 A); C5- H bond distance 1.081 6 x 10 10 m 
(1 .081 6 A); H,- H2 distance 1 858 2 x 1 o- ,o m (1 .858 2 A); 

Matheson 
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H,-H3 distance 3.725 0 10-•o m (3.725 0 A) : H C-H 
bond angle 118.5°. The notation for the allene molecule is 
shown below 

Infrared Spectrum 

See Figure 2 for the infrared spectrum of gaseous allene. 

Vapor Pressure (4) 

Vapor pressure values between -1 00 and 1 20 ' Care shown 
below 

Temperature 
kPa 

Vapor Pressure 
(OC) bar atm 

-100 1.24 0.012 4 0 .01 2 2 

-80 8 .31 0083 1 0 .082 
-60 31 .0 0 .310 0 0 .306 
-40 88 96 0889 6 0.878 
-20 193 5 1.935 1.91 

0 386 0 3 .860 3.81 

20 758 9 7.589 7.49 

40 1 206 8 12 068 11 91 

60 1 792 4 17.924 17 69 
80 2 895 9 28.959 28 58 

100 3 861 5 38.615 38.11 
120 (CT) 5 239.5 53.395 51.71 (CP) 

See Figure 3 for vapor pressure vs temperature curve. 

Latent Heat of Vaporization, AHv 

Temperature (°C) 

-80 
-40 

0 
40 
80 

AHv, kJ / kg 

135.5 
125 0 
111 0 

95.0 
73.5 

Thermodynamic Properties of Allene as Ideal Gas (ft 25 C 

Heat Capacity, Cp 58.994 J/ (moi . °K) 
Entropy, S0 243.927 J / (mol , °K) 
Enthalpy Difference, H211e-H;73 1.431 kJ / mol 
Enthalpy of Formation, .:iH,0 192 13 kJ / mol 
Free Energy of Formation .:iF, 202 38 kJ / mol 
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' For extensive tabulations of the physical and thermodynamic properties of allene, see W. Braker and A L. Mossman, The Math 

Go, 0./a Bo<>k, 1975. Math"°"• East R,tMrlo<d, New Je,s,y. e,,o u,,, •• 
M Avram and G D Mateescu, Infrared Spectroscopy, 1972, p. 193, John Wiley & Sons, Inc., New York, New York 
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• D R Stull, Ind Eng Chem 39, 517-550 (1947). 
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AMMONIA 
(Synonym: Anhydrous Ammonia) 

(Formula: NHJ) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of NH3 

Specific Volume @ 21 .1 °C, 101.325 kPa 
Vapor Pressure @ 21 . 1 °C . 

Boiling Point @ 1 01 .325 kPa 
Triple Point 

Temperature 
Pressure 

Absolute Density, Gas@ 101.325 kPa@ 25 °C 
Relative Density, Gas@ 101 .325 kPa@ 25 °C (Air= 1) 
Density, Liquid@ Saturation Pressure@ -33.7 ° C 
Critical Temperature 
Critical Pressure 
Critical Volume 
Critical Density 
Critical Compressibility Factor . 
Latent Heat of Fusion@ - 77. 7 °C 
Flammability Limits In Air 
Dipole Moment, Gas .. 
Molar Specific Heat, Gas @ 101 .325 kPa @ 46.8 °C 

@ Constant Pressure ..... . 

@ Constant Volume .. 

0 .017 031kg 
0 .017 031 kg 
1 410.9 dm3 / kg ; 22.6 ft3 / lb 
888.0 kPa; 8 .88 bar; 1 28.8 psi a ; 8 . 76 

atm 
239.72 °K ; -33.4 °C; -28.2 °F 

195.41 °K ; -77 .7 °C; -107.9 °F 
6.077 kPa; 60. 77 mbar; 45.58 mmHg 
0 .706 7 kg / m3 

0 .597 
0.682 8 kg / / 
405.55 °K; 132.4 °C ; 270.3 °F 
11 277 kPa; 112. 77 bar; 111 .3 atm 
4 .251 dm3 / kg 
0 .235 kg / dm3 

0 .242 
5.655 kJ / mol; 1 351.6 cal / mol 
1 5-28% (by volume) 
4. 9 X 1 0 - 3° C · m; 1 . 4 7 D 

36.953 kJ / (kmol • ° K) 36.953 J / (mol • 
°K) 8 .832 cal / (mol. °C) 

28.28 kJ / (kmol • °K) 28.28 J / (mol • °K) 
6 . 76 cal / (mol • °C) 

Specific Heat Ratio, Gas @ 101 .325 kPa@ 46.8 °C, Cp/ Cv 
Molar Specific Heat, Saturated Liquid @ - 77 . 7 ° C 

1.307 
73 .136 kJ / (kmol, ° K) 73 .136 J / (mol, 

° K) 17.480 cal / (mol- °C) 
Viscosity, Gas@ 101.325 kPa@ 20 °C 

Viscosity, Liquid@ -33.5 °C 
Thermal Conductivity, Gas@101 .325 kPa@ O °C 

Thermal Conductivity, Liquid @ 1 O °C 

Surface Tension @ -40 °C .. 

0 .009 82 mPa-s 0 .009 82 mN-s/ m2 

0 .009 82 cP 

0 .255 mPa-s 0 .255 mN-s/ m2 0 .255 cp 
0 .022 18 W / (m. ° K) 53.0 x 1 o-s cal• 

cm / (s, cm2 
• °C) 

0.501 7 W/ (m- ° K) 11.99 X 10- 4 cal , 
cm / (s-cm2 

• °C) 

Solubility In Water @ 101 .325 kPa (total pressure) @ 20 °C 
Autoignition Temperature ... 

44.55 mN/ m 44.55 dyn/ cm 
34.6 kg NH3 / 100 kg of solution3 

924 ° K ; 651 °C; 1 204 ° F 
Refractive Index, Gas @ 101 .325 kPa, n0 @ 25 °C 
Dielectric Constant 

Gas@ O °C .. 

Liquid @ - 33.4 °C 

Description 

At room temperature and atmospheric pressure, ammonia is 
a colorless , alkaline gas having a pungent order. Ammonia 
dissolves readi ly in water. It is shipped as a liquefied gas under 
its own vapor pressure 787 kPa (114 .1 psig) at 21 .1 °C. 

matheson 

1 .000 344 2 

1.007 2 
22.4 

Specifications 

Matheson suppl ies two grades of ammonia: an Electronic 
Grade and an Anhydrous Grade. The Electronic Gra,je has a 
minimum purity of 99.998% in the liquid phase. The Anhydrous 
Grade has a minimum purity of 99.99%. 
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AMMONIA 

Uses · I frig-
. the oldest commerc1a re 

Anhydrous ammonia is one of b ton and compression 
erants known. II is used in both a sorpf I m the standpoint of 

11 ost extensive use ro h 
type systems. s m . . a lication it is used in t e 
volume is in soil fert1l1zat1on. In this . PP d urea It is also 

a salts nitrates, an · 
form of ammonia, ammoni ' . . r hosphates and 
used o ammoniate fertilizers conta1n1ng supe i r solutions of 

I tIons which are wa e 
in making nitrogen sou both Anhydrous 
ammonia and ammonium nitrate, or urea'. or . by addition 

d th O I by direct 1n1ectIon or 
ammonia 1s apphe to e s 1 . . d onia is used 

A ·a or d1ssoc1ate amm , 
to Imga11on water. mmoni ' . rbo-nitriding, 
in such metal treating operat1o~s as rntnd1ng, i:dium hydride 
bnght annealing, furnace brazing, sintenng, I' lions 
doscahng atomic hydrogen welding, and other app ,cad 

' red Dissociate am-ere protective atmospheres are requ1 . f th 
monta is also used as a convenient source of hydrogen or e 
hydrogenation of fats and oils. Through the controlled combu~-
1on of dissociated ammonia in air, a source of pure nitrogen is 

achieved . . · ·n neu 
The petroleum industry utilizes anhydrous ammonia , . -

:rahz1ng the acid constituents of crude oil and in protecting 
equipment such as bubble plate towers, . heat exchangers, 
condensers. and storage tanks from corrosion. . 

,\mmon,a 1s used in extracting such metals as copper, nickel, 

and molybdenum from their ores _ . 
Ammonia can be oxidized to nitric oxide which Is converted 

to nitrogen dioxide to ultimately furnish nitric acid (Ostwald 
process); in the lead chamber process for manufactun_ng sul­
furic acid , ammonia Is oxidized to nitrogen oxides which are 
n eded to convert sulfur d1ox1de to sulfuric acid. Most industrial 
end military explosives of the conventional types contain nitro­
g n, nd ammonia is the basic source of nitrogen in their 

manufacture. 
As a processing agent, ammonia is used in the manufacture 

of alkalis, ammonium salts, dyes. pharmaceuticals, cupram­
monium rayon, and nylon. 

A diluted solution of ammonia in water is used as a common 
hou ehold cleansing agent. More concentrated forms are used 
ext ns1vely as chemical reagents. 

A r cent development Is the substitution of ammonia for 
calcium tn the b1sulf1te pulping of wood. This improves the yield 

nd quel1ty of the pulp. Ammonia is also used as a solvent for 
c 1n 1n th coating of paper. 

Ammonia Is used in the rubber industry for stabilization of 
raw latex to prevent coagulation during transportation and 
torag . 
Ammon a Is used as a catalyst in the phenol-formaldehyde 

cond nsatlon and also in the urea-formaldehyde condensation 
to m ke synthetic resin . 

Anhydrous ammonia Is used in combination with chlorine to 
purify municipal and industrial water supplies. 

Eff cts in Man (2) (3) 

Ammonia acts principally on the upper respiratory tract, 
wh r 11 eris an alkaline, caustic action. It produces respi­
r to r II xes such as coughing and arrest of respiration. It 
ff els th conjunctiva and cornea immediately. Inhalation 

c u s acute tnllammat1on of the respiratory organs, cough, 
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f the lungs chronic bronchial catarrh, secretion of 
edema o • . 

I. and retention of urine. saIva 

Acute Toxicity (4) 

Systemic Effects 

Ammonia is not a systemic poison. 

Local Effects 

I t. n of high concentrations produces violent coughing lnha a 10 . . 
the local action on the respiratory tract. If rapid escape 

due to . .1 t· I d 
. t ossible, severe lung ,rn a ,on, pu monary e ema and 
1s no P t t· .. 
death can result. Lower concen ra tons cause eye Imtation, 

•i·s and bronchitis See Table 1 for effects of various laryngt 1 • • • 

concentrations of gas in a,r. . . . 
Swallowing of the liquid results in severe corrosive action of 

the mouth, throat, and stomach. . 
E posure to high gas concentrations may cause temporary 

blin~ness and severe eye damage. Direct contact of the eyes 
with liquid anhydrous ammonia will produc~ serious eye burns. 

Liquid anhydrous ammonia produces skin burns on contact. 

Chronic Toxicity (4) 

Chronic irritation to the eyes, nose, and upper respiratory 
tract may result from repeated exposure to the vapors. 

Threshold Limit Value (TL VJ 

The 1979 ACGIH has adopted a TL V of 25 ppm (18 mg/ m3
), 

with 35 ppm (27 mg/ m3
) adopted as a Short Term Exposure 

Limit (STEL). 

First Aid Treatment (3) (4) (5) 

The first aid treatment (as suggested in references 3, 4, and 
5) should be carried out at once. 

General 

Speed in removing ammonia from contact with the patient 
and in moving him to an uncontaminated atmosphere is of 
primary importance. Summon a physician immediately for any­
one who has been burned or overcome by ammonia. Until a 
physician arrives, and after having accomplished as thorough 
removal of ammonia as possible, keep the patient warm and 
quiet, and take such specific action as may be indicated. 

Specific Actions 

Inhalation 

The conscious person who has inhaled a concentration of 
ammonia which causes irritating effects should go to an uncon­
taminated area and inhale fresh air or oxygen. Eye, nose, and 

throat irritation should be treated as described below for more 
serious exposures. However, if the exposure has been to minor 
concentrations for a limited time, usually no treatment will be 
required. A worker overcome by ammonia must be carried 10 

an uncontaminated atmosphere and, if breathing is laboredm 
has ceased, given artifical respiration (back-pressure, armllft, 
or mouth-to-mouth resuscitation) immediately, preferably by 
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trained personnel. When breathing has been restored, 100% 
oxygen is administered, but not for more than 1 hour of contin­
uous treatment at one time. Oxygen therapy may be interrupted 
after 1 hour and reinstituted as the clinical condition indicates. 
Observe for laryngeal spasm and perform tracheostomy 1f 
indicated. In case of severe exposure, the patient should 
breathe 1 00% oxygen under positive exhalation pressure (4 

cm) for one-half hour periods every hour. Treatment may be 
continued in this way until symptoms subside or other clinical 
indications for interruption appear. 

Contact With Skin 

If skin contact is extensive and emergency showers avail­
able, the victim should get under the emergency shower im­
mediately. Contaminated clothing and shoes should be re­
moved under the shower. In other cases, the affected areas 
should be washed thoroughly with large amounts of running 
water for at least 1 5 minutes. Do not apply salves or ointments 
to skin burns during the 24 hour period following the injury. 
Subsequent medical treatment is otherwise the same as for 
thermal burns. 

Contact With Eyes 

Call a physician at once. Immediately begin irrigation of the 
eyes with copious amounts of clean water while holding the 
eyelids apart. Continue irrigation for 15 minutes. Repeat this 
procedure every 10 min for an hour, each time irrigating for a 
period of 5 minutes. If readily available, a 5% boric acid solution 
may be used instead of water, but irrigation must not be 
delayed while such a solution is sought or prepared. Prompt 
and thorough irrigation is of primary importance. 

Any standard anesthetic solution for ophthalmic use ordered 
by the physician may be instilled for control of severe pain , but 
only after the 1 5 minute period of irrigation has been com­
pleted. Continuous cold boric acid compresses should be used 
for cases of severe injury, in addition to irrigation. No oils or 
ointments should be instilled until after the eye has been 
examined by a qualified physician, and then only as prescribed 
by him. Ulcers of the cornea should be treated by an ophthal­
mologist. 

Contact With Nose and Throat 

Irrigate the nose and mouth continuously for 1 5 minutes. If 
the patient can swallow, encourage him to drink large quantities 
of ½% citric acid solution or lemonade. 

Taken Internally 

If liquid anhydrous ammonia has been swallowed, call a 
physician immediately. If the patient is conscious and able, he 
should drink large amounts of water to dilute the chemical. Do 
not induce vomiting if the patient is in shock, extreme pain or 
is unconscious. If vomiting begins, place the patient face down 
with head lower than hips; this prevents vomitus from entering 
the lungs and causing further injury. 

Precautions in Handling and Storage 

The following specific precautions in addition to the general 
precautions given in Appendix I should be observed: 
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1 . Anyone working with ammonia should wear rubber 
gloves, chemical goggles, and a rubber or plastic apron. 

2. Ammonia cylinders should never be directly heated by 
steam or flames. Uncontrolled heating of a cylinder can cause 
the liquid to expand to a point where dangerous hydrostatic 
pressures will be developed. Any heating should be done in a 
thermostated water or 011 bath . The temperature should not be 
allowed to exceed 51.7 °C (125 °F). Cylinders containing less 
than 165 pounds of ammonia are not equipped with safety 
devices. 

3. Withdrawal of gas should be performed in a well-venti­
lated area or in a hood. 

4 . A gas mask approved by the Bureau of Mines and a water 
supply (showers and eye-bath) should be conveniently located 
in cases of emergency. 

5 . Weigh ammonia cylinders to determine contents. The tare 
weight is stamped on all cylinders. 

6 Manifolded cylinders of ammonia should have check 
valves at the cylinder outlets to prevent exchange of material 
from one cylinder to another and causing a cylinder to become 
overfull. 

7. Although ammonia does not represent a serious flam­
mability hazard, mixtures of air and ammonia containing from 
1 5 to 28% ammonia by volume will ignite when sparked or 
exposed to temperatures exceeding 648.9 °C (1 200 ° F); 
therefore, flames and sparks should not be allowed in the area 
where ammonia is being used. 

8 . Since ammonia is extremely soluble in aqueous solutions, 
a trap or check valve should be used to prevent the suckback 
of materials into the cylinder . Suckback can cause an ex­
tremely corrosive condition to form within a cylinder, aside 
from the possibility of having a violent reaction take place 
within the cylinder. Any accidental suckback should be re­
ported to the supplier immediately. 

Leak Detection and Control 

Leaks can be detected by passing an open bottle or a 
squeeze bottle containing concentrated hydrochloric acid in 
the vicinity of the suspected leak. Dense white fumes of am­
monium chloride will be formed at the leak site . Wet red litmus 
or phenolphthalein paper will undergo a color change in an 
ammonia atmosphere and are of aid in detecting small ammonia 
leaks. 

Serious leaks that cannot be stopped in a reasonable amount 
of time should be doused with water which will take up the 
ammonia and prevent the atmosphere from becoming contam­
inated. 

Cylinder valves may develop leaks through the packing which 
can be stopped by tightening up on the packing nut. The 
packing nut is tightened by turning counter-clockwise as 
viewed from above since the threads are left hand. 

Leaks through the valve outlet that cannot be stopped by 
shutting off the valve can be stopped by inserting 3/e" pipe 
plugs In the valve outlet. 

Disposal of Leaking Cylinders 

Consult Appendix 11- 8 for procedure of disposal of leaking 
ammonia cylinders. 
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Analytical Detection . 
be determined with 

The concentration of ammonia in air can odel 8014K, 
the Matheson Kitagawa Toxic Gas Detector M It 

d bl and reproducible resu s. 
which grves accurate, depen a e, t ations 
Detector tubes Model 1 OSSA are used for high concen r r 
(1-25%) and Model 1 OSSC for low (5- 260 ppm~ concentra I: 
ranges ot ammonia. A color. stain Is produced in 

the detec 
1 

th th ncentration of the samp e 
tube which varies in length w1 e co . m 
being measured. The concentration IS then read directly fro 

the tube. . . d t ined 
The concentration of ammonia In air can also be e erm 

by titration. A known volume of the air is passed through _two 
bubblers in series containing a known volume of standard~zed 
O 02 N sulfuric acid , the solution In each bubbler combi_ned 
quant1tat1vely, and the excess acid !llrated with standardized 
o 02 N sodium hydroxide, using methyl red indicator. 

A colorimetric method using Nessler reagent is also available 
to determine small amounts of ammonia (6). 

Materials of Construction 

Iron and steel are recommended for all equipment coming in 
contact with ammonia Copper, tin, zinc and their alloys are 
attacked by moist ammonia and should not be used. Piping 
should be rigid steel except where short connections are 
needed such as between cylinders and manifold or pipe lines. 
For these applications a steel reinforced , flexible, neoprene 

line Is recommended. 
For permanent installations, tongue and groove, flanged 

t1ttings with lead or asbestos composition gaskets are recom­
mended In order to reduce maintenance all joints should be 
welded wherever possible. 

Wherever there Is a possibility of trapping liquid ammonia in 
hncs that become shut off at both ends, the line should be 
protected by a properly vented relief valve. 

Ammonia can combine with mercury to form explosive com­
pounds. Any instruments containing mercury that will be ex­
posed to ammonia should not be used. 

Cylinder and Valve Description 

Cylinder valves are made of forged steel , and are of the 
packed type. The outlet for anhydrous ammonia is designated 
as Compressed Gas Association (CGA) connection No. 240. 
The thr ad spec1f1cations are ~'e"-18 NGT-RH-INT, being com­
parable to a " female pipe size This outlet is designated as 
tandard by the CGA. (See Figure 1 for the drawing and 
pecIfJcat1ons on this valve outlet and mating connection), 

L cture bottles have a special ~/,e"-32 threads per inch female 
valve outlet ' 

3R NGT 
610 

I 16 

TAPER 
"'HAE AD 

CO'-ECTION 

Fig. 1. CONNECTION 240 •-NGT RH INT IPS 
accepting Tapered. 
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C linders of ammonia containing 15 pounds or more a 
Y k d" re 

ually equipped with goose nee 1p tubes. Withdrawal f us 1. d . o 
P
or is accomplished with the cy 1n er standing in the Vertie 1 va 1. d a 

osition. on occasion, a full cy 1n er standing in the sun Will 
~eat up and cause the liquid to expand and cover the end of 
the dip-tube. In this instance it is necessary to allow the cylinder 
to cool before the vapor can be withdrawn or the cyl inder must 
be placed horizontally with the valve outlet facing down. 

In order to withdraw liquid ammonia the cyl inder should be 
placed horizontally with the valve outlet facing up. 

The outlet for Electronic Grade ammonia is designated as 
cylinder valve outlet CGA No. 660. (See Figure 2 for the 
drawing and specifications on this valve outlet and mating 

connection). 

OUTLET CONNECTIO~• 

I 

Fig. 2. CONNECTION 660 1 . 030 "-1 4 AH EXT. using Flat Seat wilh 

Washer 

Safety Devices 

Cylinders containing less than 165 pounds of ammonia are 
not required to be equipped with safety devices. 

Recommended Controls 

Automatic Pressure Regulators 

Matheson supplies the single stage regulator Model 12-240 
for Anhydrous Grade ammonia service to regulate the vapor 
phase. This regu lator is constructed of an anodized aluminum 
body with type 316 stainless steel internal parts. The diaphram 
is constructed of FEP Teflon on a Viton rubber base and the 
regulator seat is made of Kel-F. The regulator has a delivery 
pressure range of 28-550 kPa 4- 80 psig . 

Single stage regulator Model 3501 -660 is recommended for 
use with Electronic Grade ammonia. All metal parts of this 
regulator in the gas stream are of type 316 stainless steel. It 
also contains a stainless steel diaphragm packless outlet valve. 
The helium leakage rate can be certif ied not to exceed 2 x 
10-,o cm3 per second inboard . The del ivery pressure range is 
0-170 kPa (0-25 psig). 

The Model No. 71-240 regulator is recommended for sensi­
tive and very accurate low pressure control of Anhydrous 
Grade ammonia. The regulator has an oversized, pancake 
body of aluminum, with type 303 stainless steel internal parts, 
with a Teflon-faced Butyl rubber d iaphragm and a Teflon seat. 
The delivery pressure range is 3 .4-34.5 kPa (0.5-5 psig). 

The Model No. 71 S-660 regulator is recommended for sen· 
sitive and very accurate low pressure control of Electronic 
Grade ammonia. The regu lator has an oversized pancake body 
of aluminum, with type 303 stainless steel internal parts, with 

a 302 stainless steel diaphragm and a Teflon seat. The delivery 
pressure range is 3.4-41 kPa (0.5-6 .0 psig). 

matheson' 

Manual Controls 

A bar stock steel needle valve Model 61-240 can be suppl ied 
where noncritical manual flow control of the liquid or vapor 
phase is requ ired. This valve is equipped with an outlet having 
either a serrated hose end, ¼ " compression fitt ing, or ¼ " NPT 
male or female connection. Stainless steel needle valves Model 
32S or Model 59 are available for use with the lecture bottles. 

A stainless steel check valve Matheson Model 401 N should 
be used to prevent suckback of foreign materials into regula­
tors, gas lines, and cylinders. 

Flowmeters 

Matheson Series 7600 laboratory stainless steel f lowmeter 
units with 1 50 mm tubes and floats or Matheson 7200 labora­
tory stainless steel flowmeter units with 65 mm tubes with a 
single float are recommended for use where definite flow rates 
must be known. 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 stainless steel and 
Series 8260 of type 316 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera­
ture changes. These mass flow controllers consist of a trans­
ducer, a control valve, a blind controller / power supply, a 
potentiometer, and a digital indicator. The transducer senses 
the gas flow and sends a signal to the power supply. This 
signal and one from the potentiometer are compared. If there 
is an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 
imbalance. The accuracy is ± 1.2%. 

Shipping Regulations 

Ammonia is shipped under Department of Transportat ion 
(DOT) regulations as a nonflammable, compressed gas, taking 
a DOT " Green Label ". It must be shipped in steel containers 
having a service pressure of not less than 3 3 1 O kPa (480 
psig). Cylinders containing less than 165 pounds of ammonia 
do not require safety devices. 

Commercial Preparations 

Ammonia is produced primarily by the Haber process 
whereby nitrogen and hydrogen are combined directly. A less 
important method is the calcium cyanamide process which 
produces ammonia from limestone, carbon, nitrogen, and 
steam. Also some ammonia is obtained from destructive d istil­
lation of coal. 

Chemical Properties 

1. Ammonia is a highly associated , stable compound. Tem­
peratures of 840-930 ° C cause sl ight dissociat ion at atmos­
pheric pressure. 

2. Ammonia with protonic acids gives ammonium salts which 
(with a few exceptions) are readily soluble in water and uni­
formly unstable to heat. 

3 . Ammonia and air heated to 600 °C and passed over a 
platinum catalyst constitutes the Oswald process for the man­
ufacture of nitric acid. 

4 . The hydrogen atoms of ammonia may be successively 
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replaced by metal atoms to form amides, imides, and nitrides, 
and by organic rad icals to give primary, secondary, and tertiary 
amines. 

5 . Ammonia is a highly reactive chemical. Extensive refer­
ences to its reactions are avai lable in the technical and patent 
literature. Esters, acid anhydrides, acyl halides, carbon diox­
ide, and sulfonyl ch lorides form amides when treated with 
ammonia. Amines are formed when ammonia is reacted with 
halogen compounds, polyhydric phenols, alcohols, and epoxy 
compounds. 

6. Ammonia does not support ordinary combustion , but It 
does burn with a yellowish flame in an atmosphere of air or 
oxygen. The ignition temperature of ammonia-air mixtures is 
780 °C. The products of combustion are mainly nitrogen and 
water, but small traces of ammonium nitrate and nitrogen 
dioxide are also found . 

Under certain conditions, mixtures of ammonia and air will 
explode when ignited. The explosive range for dry ammonia­
air mixtures is about 16-25% ammonia. The explosive range 
is broadened by (1) admixture with other combustible gases 
such as hydrogen, (2) admixture of oxygen replacing air, and 
(3) temperatures and pressures higher than atmospheric. 

7. Gaseous ammonia is oxidized to water and nitrogen by 
many oxides-for example, copper oxide. If a stream of am­
monia gas is passed over heated copper oxide, the fol lowing 
reaction takes place: 

This type of reaction occurs when ammonia is heated to a 
relatively high temperature with oxides of the less positive 
metals, that is, those to which the oxygen is less firmly bound . 
Oxidizing agents, if sufficiently powerful, wil l bring about a 
simi lar reaction at ordinary temperatures. With potassium per­
manganate the following reaction occurs: 

The action of chlorine on ammonia can also be regarded as an 
oxidation reaction. 

Ammonia can be oxidized to nitric oxide by passing a mixture 
of air and 1 0% ammonia through a catalyst at elevated tem­
perature as shown by the equation: 

8. Chlorine, bromine, and iodine all react with ammonia. The 
initial stages of the reactions are similar, although the final 
products are quite different. The action of chlorine or bromine 
upon ammonia solution, where the ammonia is in excess, 
results in the liberation of nitrogen and the formation of the 
corresponding salt, either chloride or bromide. It is quite prob­
able that substitution first takes place and that the resu lting 
trihalide combines loosely with another molecule of ammonia-
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trichloro and tribromo com-

or example, NCl3• NH3• These in the presence of 
paunds are very unstable and decompos:hloride or bromide 
excess ammonia to form the ammonium 

and free nitrogen 

NCl3. NH3 + 3NHJ-+ N2 + 3NH4CI 

. bl nd separates as so-
The iodine compound is more sta e a . h black 

· 1 ble brownis -
cal ed nitrogen iodine" . Nl3 · NHJ, an inso u . .1 h sence of ammonia, 1 
sohd When exposed to light in t e pre . 

in the same way as the chlorine or bromine 
d composes 
derrva 1ves 

N1 3 -NH3 -+ N1 + 3HI 

N1 3 ,NH3 + 3HI ;=t 2NHJ + 312 

W11h the ammonia salts. however, the action is different. Chlo-
rine replaces hydrogen and yellow droplets separate. This 
material which 1s oily ,n nature and capable of spontaneous 

explosive decompos1t1on. is nitrogen chloride. 

NH.Cl + 3CI -. NC13 + 4HCI 

Ammonia reacts with phosphorus vapor at red heat to 

g1v nitrogen and phosphine 

2NH3 + 2P-+ 2PHJ + N2 

10 Sulfur vapor and ammonia react to give ammonium 

sulfide and nitrogen. 

8NH1 + 3S-+ 3(NH4hS + N2 

Sulfur also reacts with liquid anhydrous ammonia to produce 
nitrogen sulfide. 

1 OS + 4NH3 -+ 6H2S + N4S4 

Wh n brought in contact with carbon at red heat, ammonia 
reacts to form ammonium cyanide. 

1 1 Ammonia forms a great variety of "addition com-
pounds · or coordination compounds Compounds regarded as 
addition compounds are often called ammon1ates, in analogy 
with hydrates. Thus, Ca Cl. • 6NH3 and Cuso •. 4NH3 are com-
parable to CaClr 6Hl 0 and CuSO. ,4H 0, respectively. Such 
compounds, when regarded as coordination compounds, are 
oft n call d ammines and are written as complexes-for ex-
ampl , [Cu(NH ),]SO, 

Thermodynamic and Detailed Physical Data 

Mol cular Structure 

Th ammonia molecule 1s a symmetric pyramidal structure 
h ving C symmetry, with a symmetry number of 3. The N- H 
bond distance ts 1.012 4 x 1 o 10 m (1_0124 A) and the 
H N H bond angle is 106.67°. 

Infrared Spectrum 

s Figure 3 for the infrared spectrum of gaseous . 
ammonia. 

Vapor Pressure 

For vapor pr ssure data on liquid ammonia, see Table 1 and F, ur 4 § 
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Latent Heat of Vaporization 

See Table 1 for data. 

Thermodynamic Properties of Ammonia As Ideal Gas @ 
25 °C (7) 

Thermodynamic Data 

Thermodynamic properties of saturated ammonia are shown 
in Table 2, while those for superheated ammonia are shown in 
Table 3 . 

REFERENCES 

Heat Capacity, C0 

Entropy, S0 

Free Energy Function, (F~ga -
H~ga/T) 

Enthalpy Difference, H~9a - Hg 
Enthalpy of Formation, AH? 
Free Energy of Formation, AF? 

35.627 J ' (mol, ° K) 
1 92 602 J (mol, ° K) 

-1 92 602 J (mol - °K) 

10 058 kJ mol 
- 45 898 kJ mol 
-16.380 kJ mol 

1 For an extensive tabulation of the thermodynamic and physical properties of ammonia, see W Braker and A. L. Mossman, Matheson Unabridged 

Gas Data Book, 1974, Matheson, East Rutherford, New Jersey. 
2 M B. Jacobs, The Analytical Toxicology of Industrial Inorganic Poisons, 1967. p. 610. John Wiley & Sons. Inc .. New York, New York 
3 M. H. Gleason, et al, Clinical Toxicology of Commercial Products, 1969, pp. 111-16-111-20, The Williams and Wilkens Company, Baltimore, 

Maryland. 

• Anhydrous Ammonia, Safety Data Sheet SD-8, 1960, Manufacturing Chemists Assoc1at1on, Washington , D C 
5 w. B. Deichmann and H. W Gerarde, Toxicology of Drugs and Chemicals, 1969, p 95, Academic Press. Inc., New York. New York 
6 See reference 2, pp. 612-613 . 
7 JANAF Thermochemical Tables, 2nd edition, 1971, D. R. Stull and H Prophet, project directors. Natl Stand Ref Ser . National Bureau of 

Standards, NSRDS-NBS 37. U. S. Government Printing Office, Washington , D C 
8 The Sadtler Standard Spectra, 19 72, Sadlier Research Laboratories, Inc., Philadelphia, Pennsylvania. 
9 P. Davies in Thermodynamic Functions of Gases, F. Din, editor. 1962, Volume 1. p 89. Butterworth, Inc., Washington, D C 
10 Ibid. , pp. 90- 91 . 
1 1 Ibid., pp. 92-93. 
12 Ibid., pp. 94-95. 
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Table 2. THERMODYNAMIC PROPERTIES OF THE SATURATED LIQUID AND VAPOR (9) 

Temperature Pressure Entropy J /(mol• °K) Enthalpy kJ/mol Latent Specific Volume 
Density kg/ dm 3 

Heat of Va- cm3 / mol 

OK OF kPA bar atm Liquid Vapor Liquid Vapor 
porization 

Liquid Vapor Liquid Vapor 
kJ / mol 

195.42 -107.9 6 .076 5 0 .060 8 0.059 97 71.59 199.95 10.435 35.522 25.087 
200 -99.7 8 .666 3 0.086 7 0.085 53 73.30 198.41 10.770 35.794 25.024 23.37 189 730 0 .729 0 .000 09 
210 -81.7 17.792 7 0.177 9 0.175 6 76.90 194.26 11 .510 36.158 24.648 23.74 96 858 0 .717 0.000 18 
220 -63.7 33.913 5 0.339 1 0.334 7 80.33 190.54 12.255 36.497 24 .242 24.13 53 070 0.706 0 .000 32 
230 -45.7 60.612 6 0.606 1 0.598 2 83.63 187.11 13.008 36.794 23.786 24.55 30 895 0.694 0 .000 55 
240 -27.7 102.581 1.025 8 1.012 4 86.86 183.89 13.770 37.054 23.284 24.99 18 905 0.682 0.000 90 
250 -9.7 165.362 1.654 1.632 0 90.00 181.13 14.535 37.317 22.782 25.46 12 088 0 .669 0 .001 41 
260 8.3 255.947 2.559 2.526 93.01 178.57 15.309 37.560 22.251 25.96 8 029 0.656 0 .002 12 
270 26.3 381 .894 3.819 3.769 95.94 176.23 16.096 37.773 21.677 26.50 5 505 0.643 0 .003 09 
280 44.3 551.816 5.518 5.446 98.78 174.05 16.887 37.961 21.074 27.07 3 882 0.629 0 .004 39 
290 62.3 775.339 7.753 7.652 101 .59 172.00 17.694 38.120 20.426 27.70 2 803 0 .615 0.006 08 
300 80.3 1 062.393 10.62 10.485 104.31 170.08 18.506 38.238 19.732 28.39 2 066 0.600 0.008 24 
310 98.3 1 424.933 14.25 14.063 106.98 168.24 19.330 38.317 18.987 29.14 1 545 0 .584 0 .011 02 
320 116.3 1 873.50 18.74 18.49 109.62 166.40 20.1 71 38.388 18.217 29.98 1 174 0.568 0 .01451 
330 134.3 2 421 .67 24.22 23.90 112.21 164.77 21 .033 38.380 17.347 30.92 900.1 0.551 0 .018 92 
340 152.3 3 082.31 30.82 30.42 114. 77 163 01 21.924 38.305 16.381 31.99 696.1 0.532 0 .024 47 
350 170.3 3 869.60 38.70 38.19 117.32 161 .00 22.840 38.137 15.297 33.24 540.4 0 .512 0.031 52 
360 188.3 4 802.81 48.03 47.40 119.87 158.99 23.799 37.878 14.079 34.73 419.3 0.490 0 .040 62 
370 206.3 5 891 .04 58.91 58.14 122 .4 7 156.73 24.807 37.472 12.665 36.58 323.9 0.466 0 .052 58 
380 224.3 7 153.55 71.54 70.60 125.27 153.97 25.832 36.807 10.975 39.03 247.0 0.436 0 .068 95 
390 242.3 8 606.55 86.06 84.94 128.28 150.58 27.087 35.736 8.649 42.61 182.6 0.400 0 .093 27 
400 260.3 10 284.5 102.8 101 .5 130.00 145.10 28.514 33.731 5 .217 49.45 124.5 0.344 0 .136 80 
405.6 270.4 11 297.7 113.0 111 .5 138.24 31 .066 0.0 72.47 0 .235 
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Table 3. THERMODYNAMIC PROPERTIES OF SUPERHEATED VAPOR 
H, ENTHALPY, J/mol (1 O); S , ENTROPY, J/(mol- °K) (11 ); V , SPECIFIC VOLUME, cm3 /mol (12) 

Pressure T Temperature, K 
kPa iatm 300 320 I 340 I 360 I 380 I 400 420 I 440 I 460 480 , 500 J 520 I 540 I 560 I 580 

1013251 1
1
Hl39304,5·40. 015.8

1
407563415176142296 .. 1,430785143865144655845.4592\462792 471118\ 479612

1
488231 496934 1505762 

V 24384 26069 27743 29410 31072 32730 34386 36040 37692 39342 '40991 42639 _1 44287 45934 47581 
S 19? 422 194 723 196.941 199.075 201 125,203 091 205 016 206 857 208 656 210 .413 212 129 1213 .802 215.434 217 .024 \ 218.572 

5 H. :fo 923 8i39 702.0 40 49.2.8. 41._29~ 42 09_5-.. 2. 42 .. 902.7. 43-710 2 44 5.17 .8 45··· 3378 46170 .. 4 I 47 0.19. 9'47··· 87. ~149 747 8. 49 626.4 50 513 .4 
s 178.197 180.707 183.092 185.351 187.527 189.619 191 627 193 552 195 393 197 1501198 865 200 539 202 213 203 803 205 .351 

506 625 

~ 
4 659 5 037 5 399 5 753 6 102 6 447 6 790 7 130 7 468 7 805 8 141 8 47~8 810 9 143 9 475 

1 o 38 358.9 39 2~40 1-20.440§94 s 41 846 b 42 685.-2 43 517.8 .. 44 35cf'4 45 191.4 46 045 7 46 90213 47 77~148 651 6 49 542 . 7 50 438T 
170707 173552 176230/178740 181125 183.385 185519 ' 187527 189410 191167 11 92 .882 194.556 196230 197861 199451 

L" 2 181 2 402 2 606 2 799 2 985 3 166 3 344 3 520 3 694 3 861 4 039 4 210 4 380 4 549 4 111 
25fH+ - - 38 865.2 40 02D.041 0534 42 015.7 42 923 7 43 823.2 44 722 8-45 626.5 \ 46 534.4 47 446 6 48 362.9 49 283.3 50 212 2 

S 165.770 168.950 171.837 174.473 176.858 179.033 181.042 182.924 184724 186.481 188196 189912 191 .544 

1 013 3 

2 533 1 

V 908 2 1 014 1 106 1 192 1 274 1 353 1 429 1 503 I 1 576 1 648 1 720 1 791 1 862 
5 066 3 50~ - 39 346.3 40 651.7 41 802.3 42 865.1 43 890.2 44 902.7 45 902 .7 46 890. 1 47 873.3 48 852 4 49 827 3 

s I 162.548 166.021 168.992 171.544 173.803 175.895 177.862 179.786 181.669 183.468 185 226 
V 4638 526.5 579.3 627.5 672.7 715.6 756.8 796.8 835.8 873.9 911.1 

100 I H I 34819.2 38919.640601 .5 42032.543337.9 44547.045718.6 46852.447948.6 49019.7 
S 147.821 157.695 161 .670 164.850167695 1170.163 172.464 174.556 176.5. 65~178.489 
V 138.2 221 .1 258.4 291 0 3 19.9 346.1 370.4 393.4 41 5 5 436.9 

160/ H 30 .932.3 36 208.3 39 074.4 41 124.5 142 714-:S-44 116.1 45 380.0 46 560.0 -
S 136.984 149.369 155.854 160.247 163.594 166.272 168.657 170.875 
V 55.4 1 03.7 141 .5 1 67 .5 1 88.8 207 .8 225.5 242.3 

10 132 5 

16 2 12 

20 265 200/ H - 29 685.5 33 082.9 36 802.5 39 430.0 41 350.5 42 936.2 44 308 6 45 547.0 
s 133.1 77 141 336 149.494 155.687 159.662 162.674 165.3101167 .611 
V 45.4 61.7 89.9 115.6 137.1 154.6 170.4 185.2 I 

26 345 260/ H : 29 024.4 31 388.4 34 241.9 37 011.7 39 371.4 4 1 283.5 42 852.5 T44 233.2 
s I I 131.001 136.524 142.925 149.411 154.306 158030 161.000

1
163.511 

V 41 .2 48.3 59.9 75.9 , 92 5 107 .6 121 5 134.1 
30 398 1300 1 H 28 798.5 30 898.8 33 350. 7 35 919.6 38 279.4 140 300 3 141 986.4 43 438.3 

S 130.081 135.060 1 40.708 146.356 151 .377 155.352 158.574 161 .251 
V 39.6 44.5 52.6 63 .7 76 .3 88.8 101.1 112.6 

36 477 l360 IH 28 585.1 30 509.7 32 618.5 34 827.6 37 032.6 39 070.2 40 844 2 42 358.8 
s 129.160 133. 762 138.670 143.553 148 .1 14 152.005 155.436 158.323 I 
V 38 .0 41.6 46.8 53 .8 62.4 71 .7 81 .2 90.6 

40 530 1400 H 28 484 .7 30 346.6 '32 308.8 34 367 .4 36 446.8 38 425.9 40 191.5 41 722 8 
s I 128.658 133.093 137.654 142.214 146.524 150.331 153.762 1 56.607 

l> 
3: 
3: 
0 z -)> 

[I 
! 

50 663 

60 795 

V I I 37.1 40.4 44.5 49.9 56.6 64 .3 72.4 80.5 I 
l5oo /H 1 1 28 §21 .5 30 078.5 31 890.4 33 118.9 35 54 7 .3 37 321.3 38 978.1 14 0 522 .0 

Is I 127.445 131 .670 135.687 139.704 1 43.469 147.026 150.289 153.051 
V 35 .3 37.8 40.6 44 .5 48.5 53.3 58.6 / 64.4 

/600 /H 1 28 258:-f29957.4 31 677.1 33 375.8 35 036.8 36 647.7 38 204 1 139 710.3 
s I 126.399 130.457 134348 138030 1 41 503 144.766 147.821 150498 

I 
V 34 .2 36.1 38.4 41 2 44 2 47.6 51.5 I 55.7 

I 
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ARGON 
(Formula: A or A;j 

Physical Properties (1) 

Atomic Mass 
Atomic Weight 
One Mole of Ar 
Specific Volume@ 21 1 °C 101.325 kPa 

Boiling Point @ 101 325 kPa 

Triple Point 
Temperature 

Pressure 
Absolute Density, Gas @ 101 .325 kPa@ 0 °C 
Relative Density, Gas@ 101.325 kPa@ 0 °C (Air = 1) 
Density, Liquid@ Saturation Pressure See Table 1 

Critical Temperature 

Critical Pressure 

Critical Volume 
Critical Density 
Critical Compressib1l1ty Factor 
Latent Heat of Fusion @ -189.4 °C 

Molar Specific Heat, Gas @ 101 .325 kPa @ 26.85 °C 

@ Constant Pressure 

a Constant Volume 

0.039 948 kg 

0.039 948 kg 
603. 7 dm3 /kg 9 .67 ft3 /lb 
87.29 °K; -185.9 °C; -302.6 °F 

83. 78 °K; -189.4 °C; -308.9 °F 

68.75 kPa; 687.5 mbar; 515.7 mmHg 

1.784 1 kg/m3 

1.380 

150.72 °K; -122.4 °C; -188.4 °F 

4 864 kPa; 48.64 bar; 705.4 psia. 48.00 

atm 
1.884 1 dm3 / kg 
0 .530 7 kg / dm3 

0 .292 
1 184.9 J/mol; 29.66 kJ/kg; 283.0 

cal/mol 

20.83 kJ / (kmol • ° K); 20.83 J /(mol-
0K); 0.124 6 kcal /(kg · °C) 0.1246 

Btu/(lb- °F) 
12.48 kJ/(kmol, °K); 12.48 J / (mol-

0K); 0.07 4 7 kcal /(kg · °C) 0.07 4 7 

Btu/ (lb- ° F) 

Specific Heat Ratio, Gas@ 101 .325 kPa @ 26.85 °C Cp/Cv 
Viscosity, Gas @: 101 325 @ 25 °C 

1.669 

0.022 5 mPa-s; 0.022 5 mN-s/m2
; 

0.022 5 cP 
Viscosity, liquid @ Saturation Pressure@ -189.2 °C 

Thermal Conductivity, Gas @ 101.325 kPa @ 26.85 °C 

Thermal Conductivity, Liquid @ -139.2 °C 

0 .283 mPa-s; 0.283 mN-s/m2
; 0.283 

cP 

0.017 744W/ (m- °K};0.425 X 10-6 cal• 
cm/(s • cm 2 

• °C) 

0 .067 W /(m • °K); 1.6 x 1 o-s cal-cm/ 

Solub1lity in Water @ 101 .325 kPa (partial pressure) @ 20 °C 
Sonic Velocity, Gas@ 101 325 kPa@ o °C 

(s,cm2
- °C) 

0.033 7 cm3 
/ 1 cm3 water 

307.8 m/s 
Refractive Index, Gas @ 101.325 kPa, n0 @ 25 °C 
Dielectric Constant, Gas @ 101 .325 kPa @ 20 °C 
First Ionization Potential 
Minimum Excitation Energy 

Description 

Argon is the most abundant member of the rare gas fa ·1 
which consists of helium, neon, argon, krypton, and xenon~~ii 
ol these gases are monatomic and are characterized by th . 
extreme chemical inact1v1ty Argon is a colorless od I e1r , or ess, and 
tasteless gas somewhat soluble in water. It is normally shipped 
in large cylinders (1 A) at a pressure of 1 7 1 70 kPa (2 490 psig 
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1.000 259 
1.000 516 59 

2.525 X 1 o-,e J; 15. 759 eV 

1.850 x 1 o-,e J; 11 .548 eV 

at 21.1 °C, in smaller amounts at 13 790 kPa (2000 psig) al 
21.1 °C, and in lecture bottles at 12 240 kPa (1 775 psig) at 
21.1°c. 

Specifications 

Matheson has a number of grades of argon available, as 
follows: 
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1. Research Purity 

This grade of argon has a minimum purity of 99.9995% by 
volume. 

Research Grade argon is available in small cylinders and liter 
flasks. Research Grade argon in cylinders is supplied with an 
analysis of the gas. An Assayed Research Grade argon is also 
available in liter flasks and small cylinders, the flasks being 
supplied with an actual analysis of gas. Assayed Research 
Grade argon in cylinders is supplied with an analysis of the gas 
as sampled from the specific cylinder contents. 

2. Ultra High Purity Grade 

This grade has a minimum purity of 99.999% and contains 
less than 1 O ppm total impurities. 

3. Matheson Purity 

This grade has a minimum purity of 99.9995%. 

4. Zero Gas Grade 

In this grade, the total hydrocarbons (as methane) is less 
than 0.5 ppm. 

5. Prepurified Grade 

This grade has a minimum purity of 99.998% and contains 
less than 20 ppm total impurities. 

6. High Purity Grade 

This grade has a minimum purity of 99.995% and contains 
less than 50 ppm total impurities. 

Argon of 99.998% minimum purity is available at special 
high pressures, namely, 24 130 kPa (3 500 psig) and 41 370 
kPa (6 000 psig) at 21 .1 °c. 

Uses 

Argon is used extensively in the incandescent lamp industry 
for the filling of light bulbs. It is used in arc welding as an inert 
gas shield to prevent oxidation of the metals being welded. It 
is also used with other rare gases in the filling of special bulbs 
and display tubes to obtain special color effects in the neon­
type bulbs. Many Geiger-counting tubes contain argon or ar­
gon-mixed with organic vapors and gases, particularly 90% 
argon-10% methane, which is used universally as a propor­
tional counting gas. 

Plasma jet torches, utilizing an argon-hydrogen mixture 
heated to temperatures in excess of 10 000 °K (9 727 °C) are 
used for cutting operations and for coating metals with refrac­
tory materials. The high temperature preparation, refining, and 
fabrication of many materials must be carried out in an argon 
(or helium) atmosphere. Most of the high-purity single crystals 
used for semiconducting devices are grown in an argon (or 
helium) atmosphere. In doping semiconductors with controlled 
amounts of impurities, the latter are frequently introduced in a 
stream of argon (or helium). Argon (or helium) is used exten­
sively to carry a reactant to a reaction zone, to modify the rate 
of a reaction by dilution and to remove reaction products. 

Toxicity 

Argon is nontoxic but can act as a simple asphyxiant by 
displacing the necessary amount of air to support life. 
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Precautions in Handling and Storage 

Do not place cylinders where they may become part of an 
electric circuit. When electric arc welding, precautions must be 
taken to prevent striking an arc against a cylinder. 

In addition, the general rules stated in Appendix I should be 
observed. 

Leak Detection 

Leaks of argon in lines and equipment setups may be de­
tected by painting the suspected sites with soap water; leaks 
will be evident by bubble formation . Matheson Leak Detectors 
Model 8016 and Model 8017 provide a more sensitive method 
of leak detection. 

Disposal of Leaking Cylinders 

See Appendix 11-C for procedure for disposal. 

Materials of Construction 

Since argon is inert, no special materials of construction are 
required. However, any piping or vessels containing argon 
should be adequately designed to have a working pressure as 
specified by competent engineers, using a safety factor con­
forming to the ASME code for pressure piping. 

Cylinder and Valve Description 

Argon is packaged in Department of Transportation (DOT) 
approved, high pressure steel cylinders. 

Matheson employs Compressed Gas Association (CGA) 
valve outlet connection No. 580 on all cylinders of argon except 
those at 6 000 psig . This standard cylinder valve outlet has a 
diameter of 0.965 inch and right-hand internal threads, ac­
cepting a bullet-shaped nipple (see Figure 1 for this valve outlet 
and its mating connection). Cylinders at 41 370 kPa (6 000 
psig) are equipped with CGA valve outlet connection No. 677. 
Lecture bottles have special dual valve 9/,s"-18 threads per 
inch male and 5/,s"-32 threads per inch female valve outlets. 

OUTLET CONNELTION 

\ 

Fig. 1. CONNECTION 580 .965"-14 RH INT. accepting a Bullet 
Shaped Nipple 

/ OUTLET CONNECTION 
-------... 

Fig. 2. CONNECTION 677 1.030"-14 LH EXT. accepting Round 
Shaped Nipple 
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Safety Devices 
fety devices of either the 

Cylinders containing argon have sa k d p with fusible 
frangible disc type or frangible disco ~ace (;1 / Of). Cylinders 

I 'ting at approximately 1 O 
meta • me k d service pressure 1n 
pressurized 1 O in excess of their mar e t n only 
accordance with present DOT regulations must ~~~ a~evices 
saf Y devices of the frangible disc type. These sa y . t d 

h I der valve sItua e 
are usually an integral part of t e cy in , 

opposite th valve outlet. 

Recommended Controls 

Automatic Pressure Regulators 

In order to reduce the high cylinder pressure of argon t~ a 
wor mg value consistent with a system s design the following 

typ s of controls are recommended : 

1. Single Stage Automatic Regulators 

Single Stage Automatic Regulators will reduce cylinder pres­
sur in one stage to a delivery pressure, in a particular range, 
d p nding upon the design of the regulator and i~s spring l_oad. 
A single stage regulator will show a slight variation in delivery 
pr ssure as cylinder pressure falls . The following single stage 
regulators are available from Matheson for use with the Pre­
purified and High Punty Grades of argon: 

Model No. kPa 
Delivery Pressure Range 

bar(g) psig 

1 L-580 28-550 0.28-5 5 4-80 

1 H-580 69-1 240 0.69-124 10-180 

2-580 34.5-4 480 3.45-44 8 50-650 

3-580 690-10 340 6.9-103.4 100-1500 

4-580 690-17 240 6.9-172.4 100-2500 

3320 (for lee- 28-410 0 28-4.1 4-60 

lur bottles) 

Single stage regulators Model 1 9-580 and Model 3500-580 
with delivery pressure ranges of 28-345 kPa (4-50 psig) and 
28-520 kPa (4-75 ps1g), respectively, are recommended for 
u with Research Punty Grade and Ultra High Purity Grade 

r on 
Th Model 19 regulator Is of all brass construction with a 

d1aphram of German silver with nylon seat and aluminum gas­
k t Th regulator can be supplied with a helium leak rate 
ch ck 1f desired (max.mum acceptable leak rate is 2 x 10-9 

cm p r s cond). II Is provided with a packless outlet valve 
(Mod 4373P) with a '•" Gyrolok tube fitting. It has two 2½" 
g ugcs, a delivery pressure gauge of 0-690 kPa (0-100 psig) 
or 0-1 380 kPa (0-200 ps1g) and a cylinder pressure gauge of 
0-20 680 kPa (0-3 000 psig) 

Th Mod I 3500-580 stainless steel regulator has a cylinder 
pr ssure gauge and a delivery pressure gauge. All parts m the 
ga tream are 316 stainless steel, including the diaphragm. 
Th s at Is Tefzel and the gaskets are Teflon; it has no rubber 
p rts Th hehum leakage rate for the Model 3500 Is certified 
not to e c d 2 1 0 10 cm3 per second inboard. It has a 
d hv ry pr ssure range of 28-520 kPa (4-75 psig) 

Lo pressure regulator Model 70 is recommended for use 
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with Prepurified Grade and High Purity Grade a~gon. It is 
. d f r use with the Model 1 L-580 regulator; inlet pres-

desIgne 0 

t the Model 70 regulator must not exceed 1 720 kPa 
sure o . 
(
250 

psig). The delivery pressure range 1s 3.4-34.5 kPa (0.5-

5 psig). 

2. Two Stage Regulators 

This type of regulator performs the same function as single 
stage regulators. However, greater accura~y and control of the 
delivery pressure is maintained, and the delivery pressure does 
not vary as cylinder pressure falls. The following two stage 

regulators are available from Matheson: 

Delivery Pressure Range 
Model No. kPa Bar (g) psig 

8L-580 14-104 0.14-1.04 2-15 

8-580 28-340 0.28-3.4 4-50 

8H-580 69-690 0.69-6.9 10-100 

9-580 138-1720 1.38-17 .2 20-250 

The above regulators are recommended for use with Pre­

purified Grade and High Purity Grade argon. For all other 
grades of argon, the fol lowing two stage regulators are rec-

ommended: 

Model No. 

3800-580 
3104-580 

Delivery Pressure Range 
kPa bar (g) psig 

28-620 
28-690 

0 .28-6.2 
0.28-6.9 

4-90 
4-100 

3. Controls For Argon at Special High Pressure 

Prepurified argon is also available at 24-1 50 kPa (3 500 
psig) and 41 370 kPa (6 000 psig) in addition to its normal 
availability at 17 170 kPa (2 490 psig). For 24 1 30 kPa (3 500 
psig) cylinders, metal diaphragm regulators Models 3-580 or 
4-580, having delivery pressure ranges of 690-10 340 kPa 
(100-1 500 psig) and 690-17 240 kPa (100-2 500 psig), 
respectively, are recommended for use. The regulators are 
provided with outlet valves having ¼ 11 NPT male connections. 

Stainless steel fitting adapters, to permit simple connection to 
¼" 0.0. metal tubing, are also available. 

A Model No. 3064 with a brass body Kel-F® seat, 303 
stainless steel valve stem, and Viton® ''O'' rings, with a delivery 
pressure range of 1 380-24 820 kPa (200-3 600 psig) and a 
Model No. 3075-580 with a bronze body, neoprene diaphragm, 

Nylatron seat, 303 stainless steel valve stem and neoprene 
" 0" rings, with a delivery pressure range of 1 380-41 370 
kPa (200-6 000 psig) are also available. 

For 41 370 kPa (6 000 psig) service the following single 
stage regulators are available: 

Model No. 

3064-677 
3066-677 
3075-677 

Delivery Pressure Range 
kPa bar (g) psig 

172.5-27 600 
345-41 400 

1 380-41 370 

1.72-276 
3.45-41.4 
13.8-413.7 

25-4 000 
50-6 000 

200-6 000 

Conventional equipment should never be used at these high 
pressures. 
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4. Low-Pressure Regulators 

The above regu lators are not satisfactory for accurate deliv­
ery pressures below 34.5 kPa (5 psig). Therefore, an auxilary 
regulator specifically designed for low pressure is recom­
mended for use in series with any of the above standard type 
regulators having delivery pressures to 345 kPa (50 psig). 
Matheson has various models known as the Model 70 regula­
tors which may be obtained with delivery pressures rang ing 
from 0.5 kPa to 69 kPa (10 psig) as follows: 

Model Delivery Pressure Range 
No. kPa bar (g) psig 

70B 0.5-3.0 0.005-0.030 2-1 2 inches water 
column 

70 3.4-34.5 0.034-0.345 0.5-5 psig 
70A 34.5-69 0.345-0.69 5-10 psig 

For argon, the Model 70 regulator may be used in series 
with the Model 1 L-580 regulator; inlet pressure must not ex­
ceed 1 724 kPa (250 psig) to obtain a del ivery pressure of 
3.4-34.5 kPa (0.5-5 psig). 

Manual Controls 

Manual needle valves for d irect attachment to the cylinder 
valve outlet are available . These types of controls are mainly 
used where intermittent flows are necessary, or where it is 
desired to control the flow of gas directly from the cylinder. 
This type of a needle valve wil l al low control of extremely slow 
flow rates on up to relatively large flow rates. However, pres­
sure cannot be controlled with such a valve, and, if a line or 
system becomes plugged, dangerous pressures can build up. 
The following type valves are recommended for use with argon: 
Model 50-580, Model 52-580 with a gauge to indicate tank 
pressure. These valves are normally suppl ied with serrated 
hose ends, ¼ 11 compression fittings, or ¼ " NPT male or female 
outlets. The Model 30AR and Model 318 control valves are 
recommended for use with lecture bottles. 

Manual valve Model 4351-580 is recommended for use with 
Research Purity Grade and Ultra High Purity Grade argon. 

Flowmeters 

Matheson Series No. 7600 laboratory brass flowmeter units 
with 150 mm flowmeter tubes and floats and Series No. 7200 
laboratory brass flowmeter units with 65 mm flowmeter tubes 
and a single float are recommended for use with argon where 
accurate flows of a definite value must be known or repro­
duced. 

Electronic mass flowmeters, such as Matheson Series No. 
8116 and No. 8160, should be used where accurate read ings 
are required. Calibration is unaffected by temperature and 
pressure changes, and flow rates may be recorded from the 
instrument's electrical output. 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 stainless steel and 
Series 8260 of type 316 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera­
ture changes. These mass flow controllers consist of a trans­
ducer, a control valve, a blind controller/power supply, a 
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potentiometer, and a digital indicator. The transducer senses 
the gas flow and sends a signal to the power supply. This 
signal and one from the potentiometer are compared. If there 
Is an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 
imbalance. The accuracy is ± 1 .2%. 

Shipping Regulations 

Argon is shipped in high pressure steel cylinders as a non­
flammable , compressed gas, taking a DOT " Green Label". 
They are usually filled to the marked service pressure of the 
cylinder or .to a maximum of 1 0% in excess of the marked 
service pressure in accordance with present DOT regulations. 

Commercial Preparations 

Argon is recovered from plants producing oxygen and nitro­
gen. These plants liquefy air which undergoes a dist illation 
process to remove oxygen, nitrogen, argon, and some of the 
other rare gases. 

Chemical Properties 

Argon is a monatomic, chemically inactive gas. It wi ll not 
react with other elements or compounds. Whi le a few com­
pounds of argon and other rare gases are reported to have 
been prepared, such researches, and the results obtained 
may be considered of scientific interest only. For all practicai 
purposes every attempt to make argon combine to give com­
pounds of the usual types, like treatment with oxidizing or 
reducing agents , has failed . The comparative stability of argon 
is due to the complete pairing of all electrons present and the 
absence of any bonding orbitals. 

Thermodynamic and Detailed Physical Data 

Vapor Pressure 

The vapor pressure of liquid argon between -191.525 °C 
and - 178.880 °C is represented by the following Antoine 
vapor pressure equation (2): 

B B 
log10P = A - --ort =----- C 

t + C A - log ,op 

in which p = mmHg and t = °C, and the constants A 8 and C 
have the values of 6.616 5 1. 304.277, and 267.320, respec­
tively. 

Some calculated vapor pressure values are shown below: 

Temperature, °C 
Vapor Pressure 

kPa mbar mmHg 

- 191.885 53.33 533.3 400 
-189.650 66.66 666.6 500 
-188.047 79 .99 799.9 600 
-186.640 93.33 933.3 700 
-185.869 1 01 .325 0 13.25 760 
- 185.380 106.66 066.6 800 
-184.236 119.99 1 199.9 900 
-183. 184 133.32 1 333.2 1 000 
- 181.301 159.99 1 599.9 1 200 
-178.880 199.98 1 999.8 1 500 

For other vapor pressure data, see Table 1 . 
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dynamic Properties of Argon 

Thermo 
as Ideal Monatomic 

Latent Heat of Vaporization 

See Table 1 

Thermodynamic Data 

Gas @ 25 oc (3) 

Heat Capacity, C~ 

Entropy, S
0 

Free Energy Function, (~98 -

Hg)/T o Ho 

20 .778 J / (mol -°K); 
4 .966 cal/ (mol -°C) 

154.74 J/ (mol, °K); 
36 .98 cal / (mol -°C) 

- 133.95 J/ (mol -°K); 

t ted argon are shown 
The thermodynamic properties of sa ura 

-32.01 cal/(mol- °C) 

1n T abl 1 . eal gas are shown 
Th rmodynam1c properties of argon as r 

in Tables 2 and 3 

Enthalpy Difference H 298 - 0 6 .198 kJ / mol; 
1.481 kcal / mol 

REFERENCES . W Braker and A. L. Mossman , The Matheson Unabridged Gas 
. d physical properties of argon , see . 

• For xten 1ve tabulations of thermodynamic an 

0 10 Book . 1974 . Matheson, East Rutherford. New Jersey . d 1968 Thermodynamics Research Center, Texas A & M University, 
B J Zwohns I. et nl , Selected Values of Properties of Chemical Compoun s, , 

Coll Station, Texas 
G C Maitland and E 8 Smith, J Chem Eng Data 1 7, 293,297 (1972). rth I Washington D C 

• F 01n, Th rmodynam1c Functions of Gases. 1962, Volume 2 . p. 181. Butterwo ' nc., ' . . 

r I r nee 4, pp 186- 189 

S r I r nc 4 , pp 182-185 

S r I r nc 4 , PP 190-193 p C H Hilton and S. D. Kirkpatrick , editors, 1963, p. 3-102, McGraw-Hill Book 
• Ctl m,cal Engm rs Handbook, 4th edition, R H erry, • · , 

Company, New York , New York . 

Table 1 . THERMODYNAMIC PROPERTIES OF THE SATURATED LIQUID AND VAPOR (4) 
Entropy Enthalpy Specific Volume Density 

Pressure Temp., J/ (mol. °K) kJ / mol cm3 / mol kg / dm3 

atm 
K Liquid Vapor Liquid Vapor Liquid Vapor Liquid Vapor 

kPa bar 

68 749 0.687 0 6785 83.78 52 .20 131.10 2.826 9.436 28.2 9 961 1 .4 16 6 0 .004 01 

(T P.) 
0 .005 71 

101 325 1.013 25 1 87.29 53.91 128.57 2.972 9.489 28.7 6 999 1 .391 9 

202 650 2 026 2 94.43 57.42 124.21 3.293 9.600 29 .6 3 714 1 .349 7 0.010 76 

303 975 3 040 3 99.20 59.73 121 .61 3.514 9.652 30.2 2 553 1 .322 9 0.015 65 

50 625 5 066 5 105.97 63.02 118.32 3.855 9.715 31.3 1 578 1 .276 3 0.025 32 

709 275 7.093 7 110.98 65.45 116.01 4.128 9.739 32.3 1 144 1.236 8 0.034 92 

1 01 3 250 1 0.132 10 116.81 68.26 113.51 4.441 9.727 33.4 802.5 1.196 1 0.049 78 

1 519 875 1 5.199 15 124 22 71 .63 110.40 4.865 9.684 35.3 529.3 1 .1317 0.075 52 

2 02 500 20.265 20 130.03 74.40 107.85 5.241 9.590 37 .2 383.6 1.073 8 0.104 14 

2 533 125 25 331 25 134.86 76.79 104.59 5.582 9.466 39.6 294.7 1.008 8 0.135 56 

3 039 750 30 398 30 139.06 78.95 103.55 5.905 9.326 42.3 233.8 0 .944 4 0 .1 70 86 

4 053 000 40 530 40 146 12 82.77 99.93 6.499 9.006 48.7 155.6 0 .820 3 0.256 67 

4 8 3 00 48.636 48.00 150.72 91.41 7.829 75.2 0 .531 2 
(CP) 
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Table 2. THERMODYNAMIC PROPERTIES OF REAL GAS ARGON 
H, ENTHALPY (5), kJ / mol; S, ENTROPY (6), J / (mol- °K) ; V SPECIFIC VOLUME (7) cm3 / mol , 

' 
Pressure Temperature, °K 

kPa bar atm 100 150 200 250 300 350 400 450 I 500 

101 .325 1.013 25 1 H 9 .759 10.8 16 11.866 12.91 0 13.952 14.994 16.034 11.015 I 18.11 6 
s 13 1 .48 140.05 146.1 0 150.76 154.56 157.76 160.55 163.00 165.19 
V 8 056 12 222 16 364 20 485 I 24 559 28 111 I 32 819 36925 , 41031 

1 0 13.25 10.132 10 H 10.563 11 .729 12.822 1 13.886 14.943 15.996 17.048 18.099 
s 119.75 126.49 131 .37 r 36.61 138.53 141 .31 143.80 146.01 
V 1 140 1 593_ 2 024 _ 2 447 2 864 3 281 3 696 4 110 

2 533.1 25.331 25 H 

1

10.037 I 11 .488 12.675 13.777 14 .861 15.935 17.005 18 .073 
s 109.58 117.99 123.19 128.73 130.66 133.52 136.04 138.28 
V 392 1608 794 971 1 143 1 3 13 1 481 1 648 

5066.2 50 .662 50 H I I 11 .o5o 12.422 13.958 14 .732 1 5.843 1 16.942 18 .037 
s 110.63 116.80 122.56 124.62 127.56 130.15 132.46 

I 
V 1280 384 .7 479.6 570 .4 656.9 , 743.0 ,828.4 

10 132 101 .32 100 H 10.072 11 .915 13.247 14.482 15.666 16.828 17.975 
I s 101.1 7 109.50 11 5 .99 11 8 .22 121 .34 124.07 126.49 

V I 115 182.1 235.4 284.3 329.8 375.0 419.1 
20 265 202 .65 200 H I 8.770 11 .009 12.656 14.081 15.404 16.665 17.890 

s 90.85 100.89 108.8 1 1111 .37 114.85 117.83 120.43 
V 57.5 88.0 1117.4 144.1 , 168.8 1192.3 214.9 

30 398 303.98 300 H 8 .385 10.529 I 12.310 1 13.837 15.236 16.554 17.823 

~ I 
86.36 95.96 1104.50 107.23 110.91 114.02 116.70 
46.2 63.0 82. 1 99.9 , 116.8 1132.4 1147.3 

50 662 506.62 500 H I 8 .1 65 10.1 96 12.068 13.707 15.173 16.522 17.808 
s 81 .1 5 90.21 99.26 10.218 106.04 I 109.22 11 1.93 
V 38.0 47.1 57.7 67 .6 77 .2 86.1 I 94 .8 

101 325 1 013.2 1 000 H 8.576 10.506 I 12.437 14.150 15.629 I 16.976 1 18.258 
s 74.75 83.35 92.72 95.76 99.64 102.81 105.51 

11 500 

V 32.0 35.9 41 .3 I 45.9 50.~ 54.7 I 58.9 
151 987 1 519.9 H 13 .295 1 

I 

11.404 14.964 16.407 17.711 18.946 
s 79.88 89.04 92 0 1 95.78 98.85 101.45 
V 32.7 , 35.5 38.7 41 .6 I 44.5 47 .3 

202 650 2 026.5 2 000 H 10.554 12.377 14.219 15.842 17.235 18.476 19.635 
s 69 .24 77.36 86.29 89.18 

I 

92 .82 95.74 98.1 8 
V 28.5 30.7 32.7 j 34.4 35.8 

I 
37.2 

I 
38.4 

303 975 3 039.8 3 000 H 12.722 14.469 I 16.21 7 
s 66.08 73.88 82.33 
V 26.5 28.2 29.8 

405 300 4 053.0 4 000 H 14.961 16.557 18 .359 
s 63.87 71.45 79.69 I 
V 25.3 26.5 28.0 I 

506 625 5 066.2 5 000 H 17.255 18.914 20.591 
s 62.42 69.83 77.94 
V 24.5 25.6 26.8 
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T bl 3 COMPRESSIBILITY DAT A FOR ARGON (8) 

PRE:S~Rii, kPa; atm VALUES SHOWN IN PARENTHESES 

Temperature, 405.3 (4) 709.3 (7) 1 013.25 (10) 4 050.0 (40) 7 093.0 (70) 10 132.5 (100) 

K 
101 .325 (1) 

100 0.978 2 0.907 9 
150 0 993 0 0.971 6 0.950 0.927 

200 0.997 1 0.988 2 0.979 2 0.970 2 0.897 8 0.783 8 0.691 7 

250 0.998 6 0.994 5 0.990 5 0.986 4 0.947 6 0.914 1 0.887 8 

270 0 999 0 0.996 0 0.993 0 0.990 0 0.962 2 0.938 8 0.920 8 

280 0 999 1 0.996 6 0.994 0 0.991 5 0.967 9 0.948 6 0.934 0 

290 0.999 3 0.997 1 0.994 9 0.992 7 0.972 9 0.957 0 0.945 4 
a. 300 0.999 4 0.997 5 0.995 7 0.993 8 0.977 3 0.964 3 0.955 3 

310 0.999 5 0.997 9 0.996 3 0.994 8 0.981 0 0.970 6 0.963 7 
u.. 320 0.999 6 0.998 2 0.996 9 0.995 6 0.984 3 0.976 1 0.971 0 a: 
er.. 350 0.999 8 0.999 0 0.998 3 0.997 7 0.992 1 0.988 8 0.987 9 
er.. 400 1.000 0 0.999 9 0.999 9 0.999 8 1.000 2 1.002 2 1.005 7 u.. 
[I 450 1 000 1 1.000 4 1.000 7 1.001 1 1.005 0 1 .01 0 1 1.016 2 Q. 

a: 500 1.000 2 1.000 7 1.001 3 1.001 8 1.007 9 1.014 7 1.022 4 
0 550 1.000 2 1.000 9 1.001 6 1.002 3 1.009 5 1.01 7 4 1.025 9 Q. 
c( 600 1.000 3 1 .001 0 1.001 8 1.002 6 1.010 5 1.019 0 1.027 9 > 

650 1 000 3 1 .001 1 1.001 9 1.002 7 1.011 1 1.019 8 1.028 9 
700 1 000 3 1.001 1 1.001 9 1.002 8 1.011 3 1.020 1 1.029 2 
750 1 000 3 1.001 1 1.002 0 1.002 8 1 .011 4 1.020 2 1.029 2 
800 1.000 3 1.001 1 1.002 0 1.002 8 1 .011 3 1.019 9 1.028 8 
900 1.000 3 1 .001 1 1.001 9 1.002 7 1 .011 0 1.019 4 1.027 9 

1 000 1.000 3 1 .001 0 1.001 8 1.002 6 1.010 5 1.018 5 1.026 5 
1 100 1 000 3 1 .001 0 1.001 7 1.002 5 1.010 0 1.017 6 1.025 2 
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ARSINE 
(Formula: AsHa) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of AsH3 
Specific Volume @ 21.1 °C, 101.325 kPa 
Vapor Pressure@ 21 .1 °C ...... . 

Boiling Point@ 101.325 kPa 
Triple Point 
Absolute Density, Gas@ 101.325 kPa@ 20 °C 
Relative Density, Gas@ 101.325 kPa@ 20 °C (Air = 1) 
Density, Liquid@ - 73.2 °C 
Critical Temperature 
Latent Heat of Fusion@ -116.9 °C 
Dipole Moment, Gas 
Viscosity, Gas@ 101.325 kPa@ o °C 

Thermal Conductivity, Gas@ 101.325 kPa@ 0 °C 

0.077 946 kg 
0 .077 946 kg 
312.1 dm3 / kg; 5.0 ft3 / lb 
1 514. 7 kPa; 15.15 bar; 219. 7 psig; 

14.95 atm 
210.67 °K; -62 .5 ° C; -80.5 °F 
156.22 °K; -116.9 °C; -178.5 °F 
3.243 kg / m3 

2.69 
1.653 kg / / 
373.05 ° K; 99.9 °C; 211 .8 °F 
1 195 J / mol; 3 .665 kcal / kg 
667 x 10- 33 C-m: 0 .2 D 
0.014 58 mPa-s; 0 .014 58 mN -s/ m2

; 

0.014 58 cP 
0.008 912 w / (m. °K): 21 .3 x 1 o-6 cal. 

cm / (s-cm2 - °C) 
Solubility in Water @ 1 01 .325 kPa (partial pressure) @ 20 °C 0 .23 cm3 / 1 cm3 water 

Description 

Arsine is a toxic, colorless gas with a garlic-like odor at room 
temperature and atmospheric pressure. It is shipped as a 
liquefied compressed gas under its own vapor pressure of 
1 41 0 kPa (205 psig). 

Specification 

On a hydrogen-free basis, Electronic Grade arsine has a 
minimum purity of 99.995%. 

Uses 

Arsine is used in doping gas mixtures for the preparation of 
semiconductor materials containing a controlled amount of 
significant impurity. This is effected by thermal decomposition 
in a gaseous stream directed onto the surface of a seed of 
semiconductor material, usually silicon. 

Effects in Man and Toxicity (2) 

Arsine is a strong hemolytic agent. Exposure causes the 
following symptoms, generally after some delay (sometimes a 
day or so): malaise, severe headache, giddiness, nausea, 
vomiting, diarrhea, pain in the kidneys and liver, jaundice, 
aliguria, hemoglobinuria, anuria, anemia. In more severe cases 
the vomiting may be more pronounced, the mucous membranes 
may have a bluish discoloration and the urine is dark or 
bloodstained. After a day or two there is severe anemia and 
jaundice. 

In prolonged exposure to low concentrations of arsine, the 
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symptoms have more relation to effects produced by dusts and 
fumes of arsenic compounds, and albumin may appear along 
with hemoglobin in the urine. Prolonged exposure of animals 
to low concentrations of arsine produced a compensated de­
struction of red blood cells, which gradually deteriorated to a 
stationary level of anemia. There was little injury to other 
organs. However, repeated exposure to very low concentra­
tions may have cumulative effects resulting in severe poisoning. 
A concentration of 500 ppm is lethal for a man after exposure 
of a few minutes. A concentration of 250 ppm (equivalent to 
0. 75 mg//) is dangerous to life in an exposure of 30 minutes. 
Concentrations of 6 .25-15.5 ppm (0.02-0.05 mg / I) are dan­
gerous after exposure for 30-60 minutes. The maximum con­
centration tolerated for several hours without serious symptoms 
is 3.1 ppm. 

The 1979 ACGIH has recommended a Threshold Limit Value 
(TLV) of 0 .05 ppm for arsine (concentration in air to which 
nearly all personnel may be continuously exposed without 
adverse affects). 

First Aid Suggestion·s 

Summon a physician at once for anyone who has been 
exposed to arsine. Prior to the physician 's arrival first aid 
measures should be taken. Those presented herein are based 
upon what is believed to be common practice in industry. Their 
adoption in any specific case should be subject to the prior 
endorsement by a competent medical advisor. 

Remove victim promptly to an uncontaminated atmosphere. 
Keep the victim warm (not hot) and quiet. Administer pure 
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ARSINE 
ed give artificial 

If breathing is weak or has stopp , 
o ygen .. t t on of oxygen 
resp1rat1on with simultaneous adm1nis ra I • 

Suggestions for Medical Treatment (3) . 
eludes immediate 

Modern treatment of arsine poisoning in . 
exchange transfusions, BAL, mannitol diuresis, and urinary 
alkalinizat1on and dialysis 1f renal failure supervenes. . . d 

. ried out with heparinize 
The exchange transfusion 1s car f h 

1 
femoral catheters and may require 10-1 5 exchanges o w 'do e 

· sed as gu1 e-blood The plasma hemoglobin concentration IS u . 
lines Attempts should be made to lower the concentration by 
75-85% of the plasma hemoglobin and also return the hema-

tocnt level to normal. . 
Preservation of renal function is essential. Early i~tra_venous 

mannitol (25-50 g) is given if the patient is ollguric, and 
bicarbonate is used to alkalinize the urine. If this method falls 
to reverse the ollguria, the institution of peritoneal or preferably 

hemod1alys1s should be undertaken. . . . 
There 1s no spec1f1c antidote for arsine poisoning. Dimercap­

rol (BAL) 1s given in doses of 2.5 mg/kg. This dosage should 
be repeated 4 to 6 times the first 2 days and reduced to twice 
daily for up to 1 O days. BAL Is given so that it may bind with 
circulatory ox1dat1on products of arsine after the red cells lyse 
and prevent acute and chronic tox1c1ty to other organ systems. 

Precautions in Handling and Storage 

Gas mixtures containing arsine are hazardous because of 
the high 1ox1c1ty of the arsine. In addition, if the carrier gas is 
hydrogen then flammability hazards will also exist. Gas mix­
tures containing arsine should be used in a well-ventilated 
area, preferably In a hood with forced ventilation. Personnel 
handling and using gas mixtures containing arsine should have 
available for immediate use oxygen generating gas masks of a 
type approved by the U S Bureau of Mines, or self-contained 
air-breathing apparatus. Add1t1onal gas masks should be lo­
cated in convenient areas near where the arsine is being used 
1n case of emergency Do not store reserve stocks of arsine 
gas mixtures with cylinders containing oxygen or other highly 
ox1d121ng or flammable materials. Ground all lines and equip­
m nt used with arsine. 

In add1t1on, the general rules stated in Appendix I should be 
obs rved 

Leak Detection 

Systems designed to contain arsine should be pretested for 
ks with an inert gas such as helium or nitrogen. 

Analytical Detection 

Arsine tn air can be determined by use of mercuric chloride 
t st paper (4), by the d1ethylldithiocarbamate method (5), or by 
th molybdenum blue method (6). The first method is the official 
British m thod for detecting arsine in air (7). 

The atmosphere 1s drawn by an appropriate hand pump first 
through lead acetate paper to absorb any traces of hydrogen 
ulf1de b fore coming in contact with the mercuric chloride test 

pap r (prepared by immersing strips of filter paper in 5% 
m rcuric chloride soluhon, drying them, and cutting off and 
disc rdmg the ends). The resulting stain 1s compared within 5 
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minutes with the standard stains issued with the leaflet. The 

t t·,on of arsine is then found by reference to the color ~n~nra .. . 
chart, which shows the intensIt1es of stains corresponding with 

10_5o strokes of the pum~. 
Matheson-Kitagawa Toxic Gas Detector_Model 8014K is also 

available for determining the concentralton of arsine in the 
atmosphere. Using Model 140 detecto_r tubes, concentrations 
. th range of 5-160 ppm are determinable. 
in e . / Ph h' M · In addition , the Matheson Arsine osp 1ne on1tor Model 

8040 provides an excellent means of detection of arsine in air 
at the TLV (50 ppb). The Model 8040 Monitor utilizes a chem­
ically treated tape located between a light source and a photo 
cell. Ambient air is continuously drawn across the tape, chang­
ing the photo cell output. When the tape darkens to a preset 
level, the built-in alarm sounds continuously until the monitor is 

reset. 

Disposal of Leaking Cylinders 

Leaks in cylinders containing arsine gas mixtures which 
cannot be stopped by tightening up on the cylinder packing 
nut or by plugging or capping the cylinder valve outlet should 
be handled in the following manner. If the cylinder is not already 
stationed in a hood, it should be transferred to one immediately 
(after first putting on self-contained breathing equipment). Con­
nect an appropriate regulator with flexible tubing to the cylinder 
valve outlet. Open the cylinder valve and then adjust the 
regulator valve so that a moderate stream of arsine or the 
mixture containing arsine is introduced into an adequate quan­
tity of bromine water or sodium hypobromite solution. The 
arsine will be trapped and oxidized by these solutions. Tag the 
cylinder as defective, and notify the supplier. 

Materials of Construction 

Piping and accessories leading to equipment for the thermal 
decomposition of arsine may be of iron or steel construction 
and should be adequately designed to withstand pressures to 
be encountered. 

Cylinder and Valve Description 

Arsine is shipped in Department of Transportation (DOT) 

approved, steel cylinders equippped with Compressed Gas 
Association (CGA) valve outlet connection No. 660, the CGA 
approved alternate connection. (The approved standard is the 
CGA No. 350 connection). This valve outlet is described as 
1.030" and is right-hand with external threads, with a flat seat 
and using a washer to seal. (See Figure 1 for an illustration of 
the valve outlet and mating connection). Lecture bottles have 
a special 5As"-32 threads per inch, female valve outlet. 

OUTLET CONNECTIO~ 

,,,.,,,,""I I 
1 030" 

,,~ 

Fig. 1· CONNECTION 6601 .030"-14 RH EXT. using Flat Seatwilh 
Washer 
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Safety Devices 

Cylinders containing arsine gas mixtures are not equipped 
with safety devices. They should, therefore. be stored away 
from sources of heat to avoid the development of dangerous 
pressures within the cylinder. 

Recommended Controls 

Automatic Pressure Regulators 

Single stage regulator Model 3501-660 is recommended for 
use with Electronic Grade arsine. All metal parts in the gas 
stream are of stainless steel. The regulator body is of type 316 
stainless steel, the diaphragm is 316 stainless steel. The reg­
ulator has a Tefzel® seat and a Model FF437 4 stainless steel 
diaphragm packless outlet valve. The gaskets are of Teflon; 
there are no rubber parts. The helium leakage rate can be 
certified not to exceed 2 x 10- 10 cm3 per second inboard. The 
delivery pressure range is 0-1 72 kPa (0-25 psig). 

Regulator Model 360-660 has a stainless steel 316 body, 
stainless steel 316 diaphragm, monel seat, and Kel-F® and 
Teflon seals for high purity. It incorporates a tied seat to assure 
positive shut-off. The delivery pressure range is 6.9-172.5 kPa 
(0-25 psig). 

Flowmeters 

Matheson Series 7600 laboratory, brass or stainless steel 
(preferably the latter) flowmeter units with 1 50 mm flowmeter 
tubes and floats or Series 7200 with flowmeter units with 65 
mm tubes and a single float are recommended for use where 
definite flow rates must be known. 

Electronic mass flowmeters, such as Matheson Series No. 
8116 and No. 8160, should be used where accurate readings 
are required. Calibration is unaffected by temperature and 
pressure changes, and flow rates may be recorded from the 
instrument's electrical output. 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 stainless steel and 
Series 8260 of type 31 6 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera­
ture changes. These mass flow controllers consist of a trans­
ducer, a control valve, a blind controller/ power supply, a 
potentiometer, and a digital indicator. The transducer senses 
the gas flow and sends a signal to the power supply. This 
signal and one from the potentiometer are compared. If there 
is an imbalance, the power generates a signal for the control 
valve to reduce or increase the flow to correct the imbalance. 
The accuracy is ± 1.2%. 

Shipping Regulations 

Arsine is classi fied by DOT as a " Class A" poison and a 
flammable, compressed gas. In mixtures with nitrogen, helium, 
or argon it is shipped under the required " Poison Gas" and 
" Green " Labels. Mixtures of arsine and hydrogen are shipped 
under the required " Poison Gas" and " Red Gas" Labels. 

Chemical Preparation 

Arsine may be prepared by treating an arsenide of an elec­
tropositive metal with acids or by reduction of a sulfuric acid 
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ARSINE 

solution containing arsenic with an electropositive metal or 
electrolytically. It is also formed when arsenic trichloride is 
reduced in ether solution with lithium aluminum hydride Good 
yields (60-90%) are obtained by decomposing a solution of 
sodium arsenide in liquid ammonia with ammonium bromide. 

Chemical Properties 

Arsine is not particularly stable and beg ins to decompose 
into its elements around 300 °C In the presence of moisture, 
decomposition is affected by light. Arsine is a strong reducing 
agent; it can reduce silver nitrate and mercuric chloride in 
aqueous solution. 

Arsine reacts with sodium or potassium dissolved in liquid 
ammonia to form NaAsH2 and KAsH2 , respectively. 

Thermodynamic and Detailed Physical Data (1) 

Molecular Structure 

Arsine has a trigonal structure (C3v symmetry) with a H-As-H 
bond angle of 91 .9 ° and an As-H bond distance of 1 .519 x 
10- 10 m (1.519 Al. 

Vapor Pressure 

The vapor pressure of liquid arsine from 156.226 to 210.837 
°K is represented by the following equation: 

log,op = 28.82835 + 0 .008037T 
1403.32 
--T-- - 9.43935 log,0 T 

in which p = cmHg and T = °K. 
Some observed and calculated vapor pressure values are 

shown below: 

Vapor Pressure 
Tempera-

kPa mbar 
Observed Calculated 

ture, °K mmHg mmHg 

156.226 2.984 29.84 22.38 22 .38 
166.824 7.278 72.78 54.59 54.46 
175.278 13.560 135.60 101 .71 101 .54 
184.567 24.959 249.59 187.21 187 .11 
196.124 48.808 488.08 366.09 366.02 
206.010 81.125 811 .25 608.49 608.54 
210.837 102.05 1 020.5 765.44 765.41 

Latent Heat of Vaporization, 16.686 kJ/mol; 51 .164 kcal / 
AHv @ -62.5 °C kg 

Thermodynamic Properties of Arsine as Ideal Gas @ 25 °C 

Heat Capacity, C~ 

Entropy, S0 

Free Energy Function, F~ge -
Hg/T 

Enthalpy Difference, H~ge - Hg 

Enthalpy of Formation, AHf 

Free Energy of Formation, AFf 

38.522 J / (mol -°K) 
9.207 cal/(mol -° C) 

222.488 J/ (mol- °K) 
53.1 76 cal/(mol -°C) 

-188.506 J / (mol - °K) 
45.054 cal / (mol- °C) 
1 0 .201 kJ / mol 
31.278 kcal / kg 
66.442 kJ / mol 

203. 73 kcal / kg 
68.910 kJ / mol 

211 .30 kcal / kg 
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Thermodynamic Properties of Liquid Arsine @ - . Free Energy Function, (H - -75.856 J/ (mol. •K) 

Heat Capacity, C~ 

Entropy, S0 

60. 722 J/(mol • °K) 
14.513 cal/(mol-°C) 

130.520 J/(mol • °K) 

H8)/ T 18.130 cal / (mol,°C) 
Enthalpy Function, (Hi - H8)/ T 54.664 J/(mol.•K) 

13.065 cal / (moi.•ci 

REFERENCES . 
d h . al properties see w. Braker and A. L. Mossman. The Matheson Unabndged Gas Da 

• For extensive tabulation of thermodynamic an P ys,c ' ra 

Book, 1974, Matheson. East Rutherford, New Jersey . . _ . 

S. 1 Eft t (Exposure to Toxic Gases- First Aid and Medical Treatment, 2nd ed1t1on, 1977, pp. 60_6, w Braker. A L Mossman, and D Iege, ec so . 

Matheson, Lyndhurst. New Jersey 

Ibid., pp. 89-91 
• M 8 Jacobs. The Analytical Toxicology of Industrial Inorganic Poisons , 1967, p. 384, John Wiley & Sons, Inc .. New York, New York. 

~ Ibid,, pp 377-378 

e Ibid., pp 374-377. 
1 Dept Sc, Ind Research. Bnt. Leaflet 9 (1940). 
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BORON TRICHLORIDE 
(Synonym: Boron Chloride) 

(Formula: BCb) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of BCl3 
Specific Volume @ 21 .1 °C, 101 .325 kPa 
Vapor Pressure@ 21.1 °C 
Boil ing Point @ 1 01 .325 kPa 
Melting Point@ 101.325 kPa 

Absolute Density, Gas@ 101 .325 kPa@ o ° C 
Relative Density, Gas@ 101.325 kPa@ O °C (Air = 1) 
Density, Liquid @ 0 °C 
Critical Temperature 
Critical Pressure 

Critical Volume .. 
Critical Density 
Critical Compressibility Factor 
Latent Heat of Fusion @ - 1 07 .3 °C 
Molar Specific Heat, Gas@ 101 .325 kPa@ 25 °C 

@ Constant Pressure 

@ Constant Volume 

Specific Heat Ratio, Gas@ 101.325 kPa@ 25 °C Cp/ Cv 
Viscosity, Gas@ 101.325 kPa@ 20 °C 

Viscosity, Liquid @ O °C 

Thermal Conductivity, Gas@101.325 kPa@ 25 °C 

Thermal Conductivity, Liquid @ 1 O °C 

Surface Tension @ 0 ° C . . . . . . . . . . . . 
Electrical Conductivity . 
Index of Refraction , Liquid @ 5 . 7 °C, 486.1 nm 
Coefficient of Expansion, Liquid @ 10 °C 

Description 

At room temperature and atmospheric pressure, boron tri­
chloride is a colorless gas which fumes in the presence of 
moist air. It has a choking odor. It is shipped as a liquid in steel 
cylinders under its own vapor pressure of 30.3 kPa (4.4 psig). 

Specifications 

Boron trichloride is available in C.P. Grade. 

Uses 

Boron trichloride is used in the refining of aluminum, mag­
nesium, zinc. and copper alloys to remove nitrides. carbides, 

matheson" 

0 .117 17 kg 
0.117 17 kg 
206.0 dm3 / kg ; 3 .3 ft3 / lb 
131. 7 kPa; 1 .32 bar; 19.1 psia; 1 .3 atm 
285.55 ° K; 12.4 °C; 54 .3 ° F 
165.85 °K; -107.3 °C; -161.1 °F 
5.326 kg / m3 

4.12 
1.372 8 kg// 
451 .95 ° K; 178.8 °C; 353.8 °F 
3 870.6 kPa; 38. 7 bar; 561.4 psi a; 38.2 

atm 
1 .266 dm3 / kg 
0.790 kg / dm3 

0.153 
2.109 kJ/mol; 504 cal/mol 

65.655 kJ / (kmol- ° K); 65.655 J / (mol • 
°K); 15.692 cal / (mol , ° C) 

57.309 kJ / (kmol -° K); 57.309 J / (mol, 
°K); 13.697 cal / (mol , ° C) 

1.145 
0.011 35 mPa-s; 0.011 35 mN-s/ m2 

0 .011 35 cP 
0.342 9 mPa-S; 0.342 9 mN-s/ m2 

0.342 9 cP 
0.008 577 W / (m. ° K); 20.5 x 1 O 6 cal. 

cm / (s • cm2 
• ° C) 

0.025 2 W / (m • °K); 60.2 x 10 6 cal, 
cm 2 / (s • cm2 

• ° C) 
16.63 mN / m; 16.63 dyn/cm 
nil 
1.428 
0.001 70 

and oxides from molten metal. It has been used successfully 
as a soldering flux for alloys of aluminum, iron , zinc, tungsten, 
and monel. Aluminum castings can be improved by treating the 
melt with boron trichloride vapors. Occluded gases, such as, 
hydrogen, nitrogen, and carbon monoxide, plus nitrides, car­
bides, and oxides are effectively removed by this treatment 
and the grain growth of the aluminum is also retarded, render­
ing it more uniform. Treatment of aluminum with boron trichlo­
ride improves the tensile strength and will permit the remelting 
of the aluminum without substantially changing the grain struc­
ture (2). 

In the manufacture of electrical resistors, a uniform and 
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BORON TRICHLORIDE 

Tox city 

n h m can be put over a ceramic base by 
n d veloped, involving the add11ion ~• 

enzene a high temperatures Boron In­
tor ex ,ngu1sh1ng magnesium fires in 

The boron tnchloride forms a magne­
smothers the lire by preventing air from 
ron tnchlonde has been used in the field 
nd roe et propellents as a source of 

TU value 
lso used as a catalyst. and its use has 
polymenzat,on of styrene. II ,s reported 
hr times the molecular weight of those 

talysts tested 

ron tnchlond I class1f1ed as a corrosive liquid. It is 
o th in nd mucous surfaces because of its rapid 
to hydrochloric acid (and bone acid) by moisture. 

n rally d scribed as much less toxic than 

1m tin odor 

tnchlond vapor will result in edema and 
r r pIratory tract Skin or eye contact with 

au tissue Imtat1on. 
11 value has been recommended for boron 
79 ACGIH has recommended a Threshold 

LV) of 1 ppm for the related boron tnfluonde and 

Is r d1ly detectable In air by its sharp, 

Ir I A d Tr tments 

d lor hydrogen chloride exposures 
re described on page 379. 

Pr c ut on in Handling and Storage 

tnchlond wt liberate hydrochloric acid and 
It> water or moist a,r. all precautions 

not to breathe the gas and to avoid 
y s Ch m1cal goggles, rubber gloves 
uld used when working with this 

ntoct with boron tnchlonde vapors or 
ont ct d area with plenty of water, paying 

n to th ey s. end get medical attention. 
trichlond ts extremely soluble m many l1q­

uld be placed in the discharge 
d r to prevent suckback of the 
r or other material sucked back 

dangerous pressures to build up, 
e c ssIvely corrosive condition 

a1lure 

ary to heat a cylinder of boron 
tn a thermostated water or oil bath. 
chlond should be done in a well­
hood 

ppro d by NIOSH for acid vapors, or 
nd nt o g n er air supply, in an area not 

d nd r ad for use in cases of emer-

6_ A shower and eye-bath should be conveniently located " 

cases of emergency. . 
In addition, the general rules stated in Appendix I should be 

observed. 

Leak Detection 

Leaks in boron trichloride systems can be easily detecteo 

because of the fuming vapors. After a leak has been repaired 
the area around the leak should be washed and dried to remoit 
any hydrochloric acid which may have formed. Valve leaks ca• 
usually be stopped by tightening the valve packing nut (tum 

clockwise as viewed from above). If leaks persist, call II'!: 

supplier. 

Disposal of Leaking Cylinders 

Leaks in cylinders of boron trichloride which cannot ~ 
corrected may be handled in the following manner. If ~ 
cylinder is not already in a hood, it should be removed to 
hood immediately. Then proceed as described under Apperc 

11-D for disposal of acid gases. 

Materials of Construction 

Detailed information regarding materials of constructionsu · 

able for use with boron trichloride is not available. Experienc. 
has shown that dry boron trichloride is noncorrosive. BOl'o­
trichloride is relatively inert to the steel containers and bra!: 
valves which are used to ship this material. The moist furn, 

should be handled in a material which will be resistant 
corrosion by hydrogen chloride, such as copper (in the at 
sence of air), Hastelloy B, monel, and such plastics as polyvin, 
chloride, polyethylene, Teflon and Kel-F. 

Cylinder and Valve Description 

Boron trichloride may be shipped in any DOT approved, stee 

cylinder. The cylinder valve outlet used by Matheson is tt· 
Compressed Gas Association (CGA) connection No. 660wh1c 
is the alternate standard for chlorine. This valve outlet is de­

scribed as 1.030 inches and is right-hand with external threads 
with a flat seat and using a washer to seal. (See Figure 1 for& 
illustration of valve outlet and mating connection). Lectu 
bottles have a special 5/,s"-32 threads per inch female val1• 

outlet. 

OUTLET CONNECTIOf'I 

I 

Fig. 1. CONNECTION 660 1.030"-14 RH EXT. using Flat 
Seat with Washer 

Safety Devices 

Although the DOT does not require that a safety device tt 
used with boron trichloride, standard chlorine valves are us~ 

which may contain a safety device consisting of a fusible meta 
which melts at approximately 71 °C (160 ° F). 
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Recommended Controls 

Manual Controls 

Because of the low pressure of boron trichlonde, adequate 
control can be obtained with Matheson needle valve Model 
55A-660. This needle valve is made of monel bar stock and 
can be used for controlling the flow of boron tnchloride very 
accurately. Monel needle valve Model 60L is available for use 
with lecture bottles. 

Flow meters 

Matheson Series 7600 laboratory monel flowmeter units with 

150 mm tubes and floats are recommended for use where 
definite flow rates must be known . 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 stainless steel and 
Series 8260 of type 316 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera­
ture changes. These mass flow controllers consist of a trans­
ducer, a control valve, a blind controller / power supply, a 
potentiometer, and a digital indicator. The transducer senses 
the gas flow and sends a signal to the power supply This 
signal and one from the potentiometer are compared. If there 

is an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 
imbalance. The accuracy is ± 1.2%. 

Shipping Regulations 

Boron trichloride is shipped under DOT regulations as a 

corrosive liquid, taking a 'White Label. " 

Commercial Preparations 

Boron trichlonde can be prepared by any of the following 
methods: by chlorinating a mixture of finely d1v1ded carbon and 
bone oxide at 871 - 982 ° C; by heating bone oxide with sodium. 

potassium, or lithium chloride at 800-1 000 °C; by heating 
sodium borofluoride with magnesium chloride at 500-
1 000 °C. 

Chemical Properties 

Boron trichloride hydrolyzes rapidly with water to form hy­

drochloric acid and boric acid. Boron tnchlonde reacts with 
ethyl esters of hydroxy acids to give ethoxycarbonyl-substi­
tuted borates in 80-85% yields (3), ROH (R = alkyl) (1 mole) 

treated with 1 mole boron trichloride at - 80 °C gives high 
yields of alkyl dichloroboronites (C'2BOR) (4). Boron tnchlonde 
(1 mole) and 1 mole B(ORh (R = alkyl) at - 80 °C gives high 
yields of Cl2BOR. Boron trichloride reacts with chloroalcohols 

to give borates, chloroboronates and dichloroboronites, which 
disproportionate on heating (5). Boron trichloride forms addi­
tion compounds with pyridine and nitrobenzene (6). Boron 
tnchloride at - 78.5 ° C forms 1: 1 compounds with ethylene 
oxide, propylene oxide, tetrahydrofuran, and tetrahydropyran 
(7). Some typical reac tions of boron trichlonde are shown 
below 
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BORON TRICHLORIDE 

BCh ROH 

RMgX 

B(NH2b 

CIBNRa 

B(ORb 

B(OHb 

RB 

h dnc phenols to give 
Boron tnchlonde reacts with mono Y . I 1 2 

trraryl borates and aryloxyboron chlorides quantitative/ ~3 ' -2: 
d 1 3-Glyo:s react with boron tnchlonde to g1~e , , 

an , - respectively 
d oxaborolanes and 1,3,2-dioxabonnanes, - . 

For a review of the reactions of boron trichloride with various 

organic compounds see reference (8) 

Thermodynamic and Detailed Physical Data 

Molecular Structure (9) 

Th planar boron tnchloride molecule has Dah symmetry, a 
symm try number of six with a B Cl bond distance of 1.75 

1o 1om(1.75 A)andaCI-B Clbondangleof120°. 

Infrared Spectrum 

s _ Figure 2 for the infrared spectrum of gaseous boron 

trtchlorido 

Vapor Pressure (10) 

fh vapor pr&s ure of liquid boron trichlonde is expressed 

by th following equation 

T - Te~ (T - Ta) 
lo 1 p. --T-L 4.480- 0.76 ~ 

2 

+ 0.82(1 ~sTa) ] 

wh r P = aim, T "" temperature ( K), and T 6 = boiling point 
(285 55 °K) 

REFERENCES 

The following values have been calculated by this equation 

Vapor Pressure 

Tempera-Tempera­
ture, oK ture, oF 

213.15 
243.15 

258.15 
273.15 
285.55 
293.15 
313.15 
333.15 
353.15 
373.15 
393.15 
413.15 
433.15 

451 .95 

-76.0 
-22.0 

5.0 
32.0 
54 .3 
68.0 

104.0 
140.0 

176.0 
212.0 
248.0 
284.0 
320.0 
353.8 

kPa 

2 .533 
15.908 

33.235 
63.733 

101 .325 
132.23 
247.23 
427.49 

688.00 
1 048.7 
1 530.0 
2 162.3 
2 971.9 
3 929.4 

atm mbar 

0.025 
0.157 
0 .328 
0.629 
1.000 
1.305 
2.440 
4 .2 19 
6 .790 

10.35 
15.10 
21 .34 
29.33 
38.78 

25.33 
159.05 
332.37 
637.28 

1 013.25 

mmHg 

19.0 
119.3 
249.3 
478.0 
760.0 

For vapor pressure curve, see Figure 3. 

Thermodynamic Properties of Boron Trichloride As Ideal 

Gas @ 25 °C (9) 

Heat Capacity, C~ 

Entropy, S0 

Free Energy Function, (F~gs 
H~ga)/ T 

Enthalpy Difference, H~9a - Hg 

Enthalpy of Formation, .:iHf 

Free Energy of Formation, .:iFf 

62.392 J / (mol, °K); 

14.912 cal/(mol,°C) 
290.068 J / (mol-°K); 

69 .328 cal / (mol- °C) 
-290.068 J / (mol, °K); 

-69.328 cal / (mol- °C) 
14.021 kJ / mol; 

3 .351 kcal / mol 
-402.961 kJ/mol; 

- 96.310 kcal / mol 
-387.982 kJ / mol; 

-93.908 kcal / mol 

' or ~, n 1v t bulat1on of the thermodynamic and physical properties of boron trichloride, see w. Braker and A. L. Mossman, The Matheson 

Un br1dg d G s Data Book, 1974, Matheson, East Rutherford, New Jersey. 
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Fr r r nd G mud J Chem Soc 1955. 2959-2960. 

• G rr ro nd L ppcrt, J Chem Soc 1955 3084-3088 
Ed 
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· ' · · u an - rophet, proiect directors, Natl. Stand. Ref. Data Ser., Natl. Bur. an · 
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BORON TRIFLUORIDE 
(Synonym: Boron Fluori~ 

PHYSICAL PROPERTIES (1) 

Molar Mass ... .. .. 0.067 805 kg 

0.067 805 kg olecular Weight 
One Mole of BF3 
Spec1f1c Volume w 21 .1 °C 101 325 kPa 

Boiling Point @ 101 .325 kPa 

M elting Point oc 
Absolute Density, Gas a 101 325 kPa@ 20 . 
Relative Densi ty, Gas @ 101 .325 kPa@ 20 oc (Air = 1) 

D ns1ty. L1qu1d @: - 99 9 °C 

Cri tical Temperature 
Crittcal Pressure 

Cri tical Volume 
Cri llcal Density 
Cri tical Compress1b11lty Factor 
Lnt nt Heat of Fusion @ - 1 28. 7 °C 

D1pol Moment 
Molar Specific Heat, Gas@, 101 325 kPa@ 25 °C 

a Constant Pressure 

r1 Constant Volume 

Sp c1 f1c Heat Ratio, Gas@ 101 325 kPa@ 25 °C Cp/cv 

Sp cif1c Heat , L1QU1d 0 - 123.2 °C 

V1scos1ty, Gas a 25 ° C 

Surfac Tension a - 100 C 
Solub ili ty in Water a 101 6 kPa@ O C 
R fr, c t1ve Index, Gas@ 101 .325 kPa and 25 °C 

Cl 5 4 2 25 10 ,o m 

De cr1ption 

Boron tntluortd 1s a colorless, highly irritating, highly toxic 
which tum s m moist air and has a pungent, suffocating 

odor It 1s nonfl mmable and does not support combustion. ti 
1 P c a d m cylinders as a nonliQuef1ed gas at pressures of 
11030 P ( 600ps1g)and 12 410kPa(1800psig)at21 .1 
C It I v ry soluble m water with reaction (approximately 
Qui al nt to th formation of boron trifluoride monohydrate) 
nd I h v1 r than air. 

S c1f1cat1on 

M th on uppll s a C P Grade of boron tnfluonde. 
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Uses 

349.6 dm3 /kg; 5.6 tt3 /kb 
173.35 °K; -99.8 °C; -147.8 °F 

145.15 °K; -128.0 °C; -198.4 °F 

2.867 kg/m
3 

2.380 
1.571 kg/I 
260.90 °K; -12.2 °C; 9 .95 °F 
4 985 kPa; 49.85 bar; 49.2 atm; 723.0 

psia 

1.823 dm3 /kg 

0.549 kg/dm3 

0 .284 
4.242 kJ/mol; 1 013.8 cal/mol 

0 C-m; OD 

50.242 kJ/(kmol • °K); 50.242 J/(mol-
0K); 0.179 kcal/(kg, °C); 0.1 79 Btu/ 

lb, °F) 

42.271 kJ/kmol • °K); 42.271 J/(mol-
0K); 0.149 kcal/(kg, °C); 0.149 Btu/ 

(lb,°F) 

1.201 
104.500 kJ/(kmol, K); 104.500 J/(mol, 

K); 0.363 kcal/(kg. °C) 

0.017 1 mPa-s; 0.017 1 mN,s/m2 

0.017 1 cP 
17.2 mN/m; 17.2 dyn/cm 

1.057 cm 2 /1 cm3 water 

1.000 379 

Boron trifluoride is used extensively as a catalyst in such 
diverse operations as isomerization, alkylation, polymerization, 
esterification, condensation, cyclization, hydration, dehydra­
tion, sulfonation, desulfurization, nitration, halogenation, oxi­
dation, and acylation. It is also used as a catalyst in the Friedel· 
Crafts type reaction, in the synthesis of saturated hydrocar­
bons, olefins, alcohols, thiols, ketones, and ethers, in the 
cracking of hydrocarbons, and in the Beckman, Fries, and 
benzidine rearrangements. Boron trifluoride is used to prepare 
boranes, e.g., diborane is produced by reduction with alkali 
metal hydrides. Boron trifluoride has been used to protect 

matheSOl1 

molten magnesium and its alloys from oxidation during casting, 
and as a flux for soldering magnesium. 

Effects of Man and Toxicity (2) 

The concentration that produces acute effects varies with 
the time of exposure ; 50 ppm may be fatal if inhaled for 30-60 
minutes. Less severe exposures cause irritation of the nose 
and eyes, smarting of the skin, some degree of conjunctiva! 
and respiratory irritation . More severe exposures can lead to 
severe irritation of the eyes and eyelids and to inflammation 
and congestion of the lungs and circulatory (cardiovascular) 
collapse. Skin contact with the liquid or vapor can cause severe 
burns. 

Boron trifluoride is readily detectable in air by its sharp, 
irritating odor. 

The 1979 American Conference of Governmental Industrial 
Hygienists (ACGIH) has recommended a Threshold Limit Value 
(TLV) of 1 ppm for boron trifluoride (3 mg / m3) . 

First Aid Treatment (2) 

Speed in removing the patient from the contaminated atmo­
sphere or removing the vapor or liquid from the skin or eyes is 
essential. First aid must be started immediately in all cases of 
contact with the gas in any form. All affected persons should 
be referred to a physician, no matter how slight the injury, and 
the physician given a detailed account of the accident. 

Inhalation 

In minor exposures, remove the victim to an uncontaminated 
atmosphere and administer 1 00% oxygen as quickly as pos­
sible. It has been found helpful to expose even borderl ine 
cases to 100% oxygen at half hour intervals for 3-4 hours. 

In severe exposures, the worker must be carried at once into 
an uncontaminated atmosphere. A physician should be called 
immediately and the administration of 1 00% oxygen should be 
started at once. The victim should receive oxygen under posi­
tive pressure (<4 cm) for half hour periods for at least 6 hours 
until breathing is easy and the color of the skin and mucous 
membranes is normal. He should be kept comfortably warm, 
but not hot. Under no circumstances should the patient be 
permitted to return home or to work following a severe expo­
sure until examined and discharged by a physician who is 
aware of the nature of the exposure. Mild analgesics and 
sedatives (such as aspirin or sodium bromide) may be given if 
thought to be desirable by the physician, but medication is 
usually unnecessary when adequate oxygen has been admin­
istered immediately after exposure. Morphine and barbiturates 
should never be given because of their depressant effect on 
respiration . Cardiac and respiratory stimulants are not recom­
mended . 

Artific ial respiration should not be given unless breathing has 
ceased . 

Contact with Eyes 

If the eyes have been contacted by boron trifluoride, they 
should be flushed with water for 15 minutes. This may have to 
be repeated several times. Ice compresses should be applied 
when not irritating. Pain can be relieved by 2 or 3 drops of 

BORON TRIFLUORIDE 

0 .5% tetracaine (pontocaine). An ophthalmologist should be 
consulted for more definite treatment. Ophthalmologists may 
be interested in a method of treatment for chemical burns of 
the eye described by R. S. McLaughlin in the American Journal 
of Ophthalmology 29, 1355 (1 946). 

Contact with Skin 

Workers who have had skin contact with this gas should be 
subjected to a drenching shower of water. The clothing should 
be removed as rapidly as possible, even while the victim 1s in 
the shower, and medical assistance obtained 1mmed1ately It is 
essential that the affected area be washed with copious quan­
tities of water for a sufficient period of time to remove all acid 
from the skin. Following this, an iced aqueous or alcoholic 
solution of 0 .13% (1 :750) of benzalkonium chloride, an iced 
70% alcohol solution, or an ice-cold saturated solution of 
magnesium sulfate (Epsom salt) should be applied to the af­
fected part for at least 30 minutes. If the burn is in such an 
area that it is impractical to immerse the part. then the iced 
solution should be applied with saturated compresses which 
should be changed at least every two minutes. The physician 
should be available by then to administer further treatment 
before the completion of the iced solution treatment If, how­
ever, a physician is not available by that time, the treatment 
with one of the iced solutions should be continued for 2-4 
hours. It 1s then permissible to apply a generous quantity of 
paste made from powdered magnesium oxide and glycerine, 
freshly prepared. The paste is prepared by adding U.S.P. 
glycerine to U.S.P. magnesium oxide to form a thick paste. 
This paste should be applied daily for several days. Oils and 
greases should not be applied except under orders by a 
physician. 

The development of severe burns has also been prevented 
by infiltrating the skin and subcutaneous tissues with 1 0% 
calcium gluconate solution along with a local anesthetic . 

Precautions in Handling and Storage 

Personnel who handle boron trifluoride should wear chemical 
safety goggles and rubber gloves. Also, gas masks approved 
for acid gases or those with an independent oxygen or air 
supply should be readily available in convenient locations in 
the event of an emergency. Do not use equipment which has 
been used for boron trifluoride with other gases, particularly 
oxygen, since the gas may have oil vapors which will coat out 
on the equipment, and this may cause fires when combined 
with oxygen under pressure. Because of its reactivity, intro­
duction of the gas below the surface of a l1qu1d may create a 
hazard arising from possibility of suckback into the cylinder. 
Traps or check valves should be used as a safeguard. If 
suckback occurs, advise the suppiler immediately. 

In addition, the general rules stated in Appendix I should be 
observed. 

Leak Detection 

Equipment to contain boron trifluoride should be pretested 
for leaks with dry air. Small leaks may then be detected with a 
flash or squeeze bottle of aqueous ammonia (formation of 
dense white fumes). 
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cted by tightening 
Cylinder valve leaks can usually be corr~ d from above). 

he val e packing nut (turn clockwise as v1ewe ton of the 
II valve tea s persist or eaks appear at any por i 

cyl nder, advise the supplier immediately. 

Disposal of Leaking Cylinders 
d h h cannot be cor-

l a mg cylinders of boron tnfluon e w ic . d 
r ct d may be handled in the following manner: If the cyl1hn edr 

· h Id be removed to a 00 
is not already in a hood, ,t s ou d' II D 
immediately Then proceed as described under Appen ix -

for disposal of acid gases 

Materials of Construction 

Mat rials of construction recommended for the handling of 
dry boron trifluoride are steel tubing or pipe, stainless steel, 

d I m and the more copp r nickel, monel, brass, an a uminu , 
1 nob! ~etals. These metals will stand up adequately I~ at leas 

200 C. Pyrex glass Is also suitable up to about 200 C at l_ow 
pr ssures. For moist gas the following materials of construction 
r recommended copper, Saran tubing, hard rubber, paraffin 

wax and Pyrex glass show fair resistance. Plastic materials, 
such as Teflon, Epons, polyethylene, and pure polyvinyl chlo­
nd ar not attacked at 80 °C. Rubber tubing, phenolic resins, 
nylon, cellulose, and commercial polyvinyl chloride are readily 

attack d 

Cylinder and Valve Description 

Boron tnfluorldo Is usually shipped in cylinders having a DOT 
n c1 f1cat1on calling for a minimum design pressure of 13 790 
Pa (2 000 ps1g) Cylinder valves have been constructed of 
t I having stainless steel stems with silver seats. A valve that 

1s b coming more popular because it is less subject to freezing 
nd corrosion (used by Matheson) Is one constructed of an 
lum1num-Iron-bronze alloy having a monel stem containing a 

1-F s at. This valve Is Teflon packed The valve outlet des­
ign t d s standard by the Compressed Gas Association (CGA) 
1 valv outlet No 330. The outlet and ,ts accompanying 
connection are shown in Figure 1. The outlet is of 0.825 inch 
diam t r, I ft-hand external with flat seat, using a washer to 

al Loctur bottles have a special 5l,6"-32 threads per inch, 
f m I valve outlet. 

NtCT 0~ 

Ftg. 1. CONNECTION 330 825"-14 LH EXT. used with Flat Seat 
nd W htr 

Safety Devices 

DOT approv d cylinders containing boron trifluoride require 
r t d vices approved by the Bureau of Explosives. Boron 

trifluond cylinders are required to have a safety device con­
I tm or a frangible disc which Is backed up with a fusible 

mt Im ftmgate1ther739°C(165'F)or100°C(212 oF) If 
c !ind rs r over 55" long, exclusive of the neck, two saf~ty 
d ic s on at each end, are required The purpose of this 

f t d tc is to relieve the cylinder contents before the 
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t. pressure of the cylinder is reached . This type of sat h, burs Ing . e,1 
device requires heat to melt the fusible metal, allowing the 
frangible disc to function properly when excessive pressures 

are built up. 

Recommended Controls 

Automatic Pressure Regulators 

Two single stage regulators are available for use with boror 
trifluoride. They are designated _as ~odels 8158-330 anc 

8168_330 and differ only in their delivery pressure ranges 
which are 28-345 kPa (4-50 psig) and 345-4 480 kPa (SO. 

650 psig), respectively. The regulators have chemically coat€<! 
nickel bodies and internal parts constructed of monel. The 
diaphragms are Kel-F backed with silver-plated nickel-silver 
alloy and the seats are Kel-F. The regulators are equipped with 
gauges having monel Bourdon tubes to indicate cylinder and 
delivery pressure. The outlets of the regulators are equipp€{i 
with monel needle valves for fine flow control, and hose end 
connections are supplied as a separate accessory. 

Manual Controls 

A manual flow control valve designated as Model 55A-330 
is also available for intermittent flow control directly from the 
cylinder in cases where constant attention will be given by an 
individual using the gas. Such a manual flow control valve Y.11 

not effectively control pressure and should not be used where 
pressure control is essential. Mone/ needle valve Model 60L is 
recommended for lecture bottles. 

Flowmeters 

Matheson Series 7600 monel flowmeter units with 150 mm 
flowmeter tubes and floats, of the rotameter type, are recom• 
mended where definite flow rates must be measured. Monel 
electronic mass flowmeters, such as Matheson Series No. 
8116 and No. 8160, should be used where accurate readings 
are required. Calibration is unaffected by temperature and 
pressure changes, and flow rates may be recorded from the 
instrument's electrical output. 

Electronic Mass Flow Controllers 

Matheson Series 8260 of monel are designed to control the 
flow of gas regardless of pressure and temperature changes 
These mass flow controllers consist of a transducer, a control 
valve, a blind controller / power supply, a potentiometer, and a 
digital indicator. The transducer senses the gas flow and sends 
a signal to the power supply. This signal and one from !he 
potentiometer are compared . If there is an imbalance, the 
power supply generates a signal for the control valve to reduce 
or increase the flow to correct the imbalance. The accuracy IS 

±1.2%. 

Shipping Regulations 

Boron trifluoride is shipped under DOT regulations as non­
flammable, compressed gas taking a " Green Label". 

Commercial Preparations 

In the present commercial preparation of boron trifluoride. 
borax is slowly added to hydrofluoric acid to yield water and 

matheson' 

Na2O. (8F3}., or boric acid is treated with ammonium bi fluoride 
to yield water, ammonia, and the compound (NH4 '2O-(BF3)

4
• 

The boron trifluoride complex or " fluoborax " Is transferred to 
a generator and is treated with cold fuming sulfuric acid . The 
reaction mass is slowly heated and the generation of boron 
trifluoride is controlled by regulating the temperature. Boron 
trifluoride is also produced commercially by treating fluorosul­
fonic acid with boric acid . 

Chemical Preparation 

1. With elements: alkali and alkaline earth metals reduce 
boron trifluoride to elemental boron and the metal fluoride. 
Gaseous or liquid boron trifluoride does not react with mercury 
or chromium, even at high pressures for long periods. Red-hot 
iron is not attacked by boron trifluoride. 

2. With oxides: When boron trifluoride is allowed to react 
with slaked lime, calcium borate and fluoborate are formed 
with evolution of heat. With anhydrous calcium oxide or mag­
nesium oxide, the metal fluoride and the volatile boron oxyfluor­
ide are formed . 

3. With halides: BC/3 and 8F3 do not react when heated to 
500 °C. Aluminum chloride or aluminum bromide react with 
boron trifluoride when gently heated to give the corresponding 
boron halide and aluminum fluoride. Boron trifluoride forms no 
coordination compounds when passed at 1 atmosphere over 
the solid chlorides of copper, silver, or potassium at tempera­
tures from - 75 ° C to 530 °C. 

4. Alkyl borines: Some alkyl borines have been prepared by 
passing dry boron trifluoride into the appropriate alkyl Grignard 
reagent followed by distillation in a nitrogen atmosphere. 

5. Ary/ Borines: These compounds have been prepared 
similarly to the alkyl borines. 

6. As a catalyst: Boron trifluoride, being electrophilic, acts 
as an acid catalyst. Boron trifluoride catalyzes numerous types 
of reactions, viz., esterification, nitrations, oxidations, reduc­
tions, halogenations, etc. 

7. Boron trifluoride forms molecular compounds with many 
diverse classes of compounds, e.g., alcohols, ethers, acid 
anhydrides, ketones, aldehydes, and amines. Also, hydrogen 
sulfide, sulfur dioxide, mercaptans, and alkyl form 1 : 1 molec­
ular complexes. 

8. Some typical reactions of boron trifluoride are shown 
below. 

NR3 
F3BNR3 

R2O 
F3BOR2 

H2O 

F38OH2 
H2O 

F38OH2-H2O 
BF3 NaH84 

B2Hs 
LiNR2 

B(NR2h 
RCN 

F3BNCR 
RMgX 

A38 
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BORON TRIFLUORIDE 

Thermodynamic and Detailed Physical Data 
Molecular Structure 

Boron trifluoride has a planar structure with D3h symmetry, 
a symmetry number of 6 with a 8 - F bond distance of 1 .307 
x 1 0 10 m (1 .307 A) and an F 8- F bond angle of 1 20°. 

Infrared Spectrum 

See Figure 2 for the infrared spectrum of gaseous boron 
trifluoride. 

Vapor Pressure (3) 

The vapor pressure of !1qu1d boron trifluoride over the tem­
perature range of -127.3 °C to 98.2 °C is expressed by the 
following equation: 

-588.043 
log,0 p = 7.13299 ----­

T - 34 .951 

in which p = mmHg and T = ° K 
Some vapor pressure values calculated by this equation are 

shown below. 

Temperature Vapor Pressure 
OK oc kPa mbar mmHg 

145.85 - 127.30 8 .89 88.9 67 .7 
152.65 -120.50 18.29 182 9 137.1 
160.75 -112.40 38.33 383.3 287 5 
167.85 -105.30 68.10 681 .0 510.8 
171 .15 -120.00 87.18 871 .8 653.9 
1 73.25 -99.90 101 .39 013.9 760.5 

Some vapor pressure values above 1 aim are shown below. 
They have been calculated by the equation log,0 p = 5.1009 
- 889.6 in which p = atm and T = ° K (4). 

Temperature Vapor Pressure 
OK oc kPa bar atm 

199.85 -73.30 452 2 4 522 4.463 
209.85 - 63.30 736.9 7.369 7.273 
218.75 -54.40 096 10.96 10.82 
223.90 - 49. 25 360 13.60 13.42 
233.95 -39.20 2 014 20.14 19.88 
243.19 - 29.96 2 830 28.30 27.93 
253.20 -19.95 3 921 39.21 38.70 
260.90 - 12.25 4 975 49.75 49.10 

Latent Heat of Vaporization @ 16 974 kJ / mol 
- 99.9 °C 4.057 kcal / mol 

Thermodynamic Properties of Boron Trifluoride as Ideal Gas 
@ 25°C (5) 
Heat Capacity, C~ 

Entropy, S0 

50 446 J / (mo/. °K) 
12.057 cal/(mol- °C) 

254 245 J / (mol -°K) 
60.766 cal/(mo/. C) 
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Free Energy Function, (F~ga -

H~9a)/T 
Enthalpy Difference H~98 - Hg 

REFERENCES 

- 254.245 J / (mol- °K) 
-60.766 cal/(mol- °C) 

11 .648 kJ / mol 
2.784 kcal / mol 

BORON TRIFLUORIDE 

Enthalpy of Formation, .:1H~ -1 135.621 kJ / mol 
-271.420 kcal / mol 

Free Energy of Formation, .:1F~ -1 119.019 kJ / mol 
-267.452 kcal / mol 

' For extensive tabulations of the thermodynamic and physical properties of boron trifluoride, see W. Braker and A . L. Mossman, The Matheson 

Unabridged Gas Data Book, 1974, Matheson, East Rutherford, New Jersey. 
2 W. Braker, A. L. Mossman, and D. Siegel, Effects of Exposure to Toxic Gases-First Aid and Medical Treatment, 2nd edition, 1977, pp. 83-87, 

Matheson, Lyndhurst, New Jersey. 
3 H. S. Booth and J. M. Carter, J. Phys. Chem. 36, 1359 (1932). 

• A. Eucken and E. Schroeder, Z. Phys. Chem. B 41, 307-319 (1938). 
5 JANAF Thermochemical Tables, 2nd edition, 1971, D. R. Stull and H. Prophet, project directors, Natl. Stand Ref . Data Ser., Natl. Bur. Stand., 

NSRDS-NBS 37, U. S. Government Printing Office, Washington, D. C. 
6 The Sadtler Standard Spectra, 1972, Sadlier Research Laboratories, Inc., Philadelphia, Pennsylvania . 
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BROMINE PENT A FLUORIDE -(Formula: BrFs) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 

One Mole of BrFs 
Vapor Pressure @ 20 °C 

Boiling Point @- 101 325 kPa 

reezing Point 
Density, L1qu1d @., 20 °C 

Latent Heal of Fusion @, - 60 6 C P @ 
20 

oc 
Index of Refraction, L1qu1d@, 101 325 k a, no 

D1eleclric Constant, Liquid @ 25 oc 

Specific Conduct1v1ty a 25 C 

Trouton s Constant 

Description 

At room temperature bromine pentafluonde is a pale yello~ 
liquid It has a high Trouton's constant, 23.2, indicating th~t it 
1 som what associated in the liquid state. Molecular weight 
d t rminatlons indicate that there Is no assocIalion In the vapor 
tat Bromine pentafluoride is a very stable compound, show­

ing no signs of decompos1t1on up to 460 °C .. It is normally 
Shipp d In compressed gas cylinders under its own vapor 
pr ssur 11 cannot be considered a compressed gas, because 
of Its low pr ssure. 

Bromine pentafluonde Is an extremely reactive material in 
tt,at 11 r acts with every known element except the inert gases, 
nitrog n, and oxygen , It will react. under proper conditions 
with a vast maJority of inorganic compounds, with the exception 
of the inorganic fluorides. It will attack organic compounds 
v1 orously ven under mild reaction cond1t1ons. However, the 
r actions ar often explosive and are of little preparative value. 

Sp c1f1cat1ons 

Bromin pentaftuoride Is supplied in a minimum purity of 
8 0% Probably ImpuntIes are air, carbon tetrafluoride, and a 

fr ctIonal percent of hydrogen fluoride. 

U e 

Its maJor us 1s as a fluonnating agent. It Is also of interest as 
prop II nt for rockets and missiles. 

Effects In Man and Toxicity (2) 

Bromin p ntafluonde 1s a pulmonary irritant and can cause 
pulmonary edema. It can cause severe chemical and thermal 
burn E posur to high concentrations Is usual!-, fatal, respi­
r tor damage and pulmonary edema being the cause of death. 
Prolonged posure to as little as 5-1 O ppm causes irritation 
of th yes nd nasal and buccal mucosa. Direct contact with 
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0.174 896 kg 

0.174 896 kg 

43_ 77 kPa; 437. 7 mbar; 6.348 psia; 

0.43 atm 
314.05 OK; 40.9 oc; 105.6 OF 
212.55 OK; -60.6 oc; - 77.1 OF 
2.481 2 kg/ I 
7_28o kJ /mol; 1.740 kcal/mol 

1.355 4 
7 .76 
91.0x 10- 9 0 1 /cm 

23.2 

the skin can cause severe burns in 0.2 second and an exposure 
of 0.6 second can result in thermal flash burns comparable 
with those produced by an oxyacetylene flame. 

The 1979 American Conference of Governmental Industrial 
H ienists (ACGIH) has established a Threshold Limit Value 

yg 3 · t fl 'd (TLV) of 0.1 ppm (0.7 mg/m) for bromine pen a uon _e. 
Bromine pentafluoride provides adequate warning of its pres­

ence by its sharp, pentrating odor. 

First Aid Treatment (2) 

The first aid treatment to be followed is that described for 
hydrogen fluoride, see page 379. 

Precautions in Handling and Storage 

Because of the corrosive nature of bromine pentafluoride, it 
should be handled with extreme care. Anyone using this ma· 
terial should wear suitable protective clothing such as neoprene 
gloves, aprons, and face shields. Air line or oxygen masks are 
recommended for protection against vapor only. An instant· 
acting safety shower should be available in the general area 
where bromine pentafluoride is handled along with several 
filled buckets of sodium bicarbonate and a reserve supply to 
absorb any spillage. Dry-type fire extinguishers using sodium 
bicarbonate can be used safely to dispose of spillage, as well 
as combat any secondary fires. An eye-fountain should also be 
located in the general area. 

In addition, the general rules listed in Appendix I should be 
observed. 

Materials of Construction 

Bromine pentafluoride can be used with a variety of metals 
due to the formation of a passive metal fluoride film which 

· k I are protects the metal from further corrosion. Monel and nic e 
preferred materials of construction; however, metals such as 

matheson· 

copper, brass, and steel may also be used. Highly fluorinated 
polymers such as Kel-F and Teflon are resistant to liquid and 
vapor at ordinary temperatures under normally static cond1t1ons 
only. Their use in flow conditions is not recommended . Material 
suitable for gaskets are soft copper, 2S aluminum, lead, and 
Teflon , plain or impregnated with a high percentage of calcium 
fluoride. Braided copper or Teflon can be used for valve pack­
ings. A pipe thread lubricant, if needed, should be a water 
dispersion of Teflon, put on in two or three applications before 
assembling . 

It is of the utmost importance that all equipment used in 
bromine pentafluoride service be thoroughly cleaned to remove 
grease, scale, pipe dope, or other contaminants. All equipment 
should be disassembled, degreased, and reassembled with 
proper packing before use. Degreasing and cleaning should be 
done with a nonaqueous solvent such as acetone, trichloroeth­
ylene, or carbon tetrachloride. After cleaning, the system 
should be thoroughly purged with a stream of dry nitrogen. 
Since the corrosion resistance of the materials of construction 
recommended depends on the formation of a passive fluoride 
film, a passivating procedure should be used after the cleaning 
and drying procedure mentioned above. This procedure con­
sists of slowly displacing the dry nitrogen from the system by 
bleeding a small amount of bromine pentafluoride through the 
system. Because of the very low vapor pressure of bromine 
pentafluoride it is recommended the system be evacuated and 
bromine pentafluoride vapors bled slowly into the system and 
left for about 30 minutes to ensure that a passive film has been 
built up. The system can then be purged with dry nitrogen, and 
is ready for use. 

Cylinder and Valve Description 

The valve outlet designated as Compressed Gas Association 
(CGA) No. 670 which has a thread size of 1 .030 inches and is 
a left-hand with external threads is the approved standard. The 

CONNECTION 670 1.030" -14 LH EXT. using Flat Seat with Washer 

CONNECTION 

I 
1.035" 

l__ 
Fig. 1. 

mating connection seats on a flat washer. Figure 1 illustrates 
the valve outlet and the mating connection used in this service . 

Safety Devices 

Since bromine pentafluoride is not equipped with safety 
devices care should be taken to see that the cylinder is not 
overheated . Although bromine pentafluoride is a liquid, ex~es­
sive temperatures over 51.7 °C (125 °F) may cause it to 
expand, completely filling the cylinder, and creating dangerous 
hydrostatic pressures. 

~atheson-

BROMINE PENTAFLUORIDE 

Recommended Controls 

Since bromine pentafluoride is a liquid. its regulation from 
the cylinder can be effected by a manual needle valve. Mathe­
son provides a Model 55A-670 monel needle valve for direct 
connection to a cylinder. This needle valve can be provided 
with 1

14 
11 compression fitting, 11• 

11 male or female NPT aside 
from the usual serrated hose end. 

Shipping Regulations 

Bromine pentafluoride is shipped under DOT regulations in 
approved cylinders for shipment of compressed gases It is 
shipped as a corrosive liquid, taking a 'White Acid Label". 

Commercial Preparation 

Bromine pentafluoride Is prepared by direct combination of 
1 part bromine with 5 parts fluorine In copper apparatus at 200 
0 c. Ii can also be prepared by heating a mixture of bromine 
trifluoride and fluorine to 200 °C. 

Chemical Properties 

Bromine pentafluoride Is a powerful fluorinat1ng agent Metal 
chlorides, bromides, and 1od1des are converted to fluorides by 
treatment with bromine pentafluoride. It will react vigorously 
with water to give bromine, oxygen , and bromic and hydro­
fluoric acids. 

Bromine pentafluoride will convert many oxides to fluorides 
and oxyanions to fluoanions. Bromine pentafluoride will react 
with sulfur, selenium, tellurium, phosphorus, arsenic, antimony, 
silicon, and boron at room temperature or at slightly elevated 
temperatures to give the corresponding fluoride. 

Ether, benzene, and turpentine will burn immediately on 
contact with bromine pentafluoride. Methyl chloride reacts with 
it with explosive violence. Carbon tetrachloride Is relatively 
inert to bromine pentafluoride at ambient temperatures. The 
reactions of bromine pentafluoride are frequently explosive and 
find little preparative use. 

Thermodynamic and Detailed Physical Data 

Molecular Structure (3) 

The bromine pentafluoride molecule has a tetragonal pyra­
mid structure, with C4 • symmetry, with a symmetry number of 
four. It has four long Br-F bonds with a bond distance of 1 . 79 
x 1 o 10 m (1 . 79 A) and one short Br-F bond with a bond 
distance of 1 .68 X 1 0 10 m (1 .68 A). The bond angles Fequalonal_ 
Br-FeQualonal and F"""I-Br-Fequa,onal are close to goo. 

Infrared Spectrum 

See Figure 2 for the infrared spectrum of gaseous bromine 
pentafluoride 

Density (4) 

The density of liquid bromine pentafluonde between 1 5 and 
76 °c is expressed by the following equation . 

dl = 2 .5509 - 0 .003 484t - 3 45 x 1 o - 6t2 

in which d = kg / dm3 and t = °C 

57 



( 

C 

~BR~O~M~IN~E~P=E~NT~A:F:L:::U~O~R:ID:_:E~===============7----
=:__ __ -r------r---1 -,# I I 

100 ;_._.A.. s--Y. 

% 
1 

582 

BrF5 in Argon 

366 

8 

g u I _j_---,-_Jl=-.-:-!-::------;.~----44000J-~J34140~ 260 
O 700 vi, 600 500 

220 

. t fl r"de in an argon matrix at 5°K, Csl or Si deposition windows; monomer bands are 
Fig. 2. Infrared spectrum of bromine pen a uo I d 

522 
-1 ( 8) 

denoted by their frequencies; dimer bands are present at 648, 623, 578, an cm · 

Some density values calculated by this equation are shown 

below: 

Temperature, °C 

5 
10 
20 
30 
40 
50 
60 
70 

dL = kg/ dm3 

2.547 
2.533 
2.516 
2.480 
2.443 
2.406 
2.368 
2.329 
2.290 

Vapor Pressure (5) 

The vapor pressure of liquid bromine pentafluoride between 
-42. 5 and 60 °C 1s represented by the following Antoine vapor 
pressure equation 

B B 
log,o = A - --ort =--:------- C 

C + t A - log,0 p 

in which P = mm Hg and I = °C and the constants A, B, and C, 
have values of 7 608 4, 1 385.6, and 252.2, respectively. 

Some vapor pressure values are shown below: 
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Temperature, 
C 

- 42 50 
-32 50 
-21.50 
- 14.50 

- 9.30 
-5.30 

8.90 
17.80 
24 .60 

kPa 

1.333 
2.666 
5.333 
7.999 

10.67 
13.33 
26.66 
40.00 
53.33 

Vapor Pressure 

mbar mmHg 

13.33 1 O 
26.66 20 
53.33 40 
79.99 60 

106.7 80 
133.3 100 
266.6 200 
400.0 300 
533.3 400 

Temperature, 
oc 

30.00 
34.70 
38.70 
40.90 
42.30 
45.50 
48.50 
55.70 
60.30 

kPa 

66.66 
79.99 
93.30 

101 .325 
106.66 
119.99 
133.32 
160.00 
200.00 

Vapor Pressure 
mbar 

666.6 
799.9 
933.0 

1 013.25 
1 066.6 
1 199.9 
1 333.2 
1 600.0 
2 000.0 

mmHg 

500 
600 
700 
760 
800 
900 

1 000 
1 200 
1 500 

For vapor pressure curve, see Figure 3. 

Thermodynamic Properties of Bromine Pentafluoride as 
Ideal Gas @ 25 °C (3) 

Heat Capacity, cg 

Entropy, S0 

Free Energy Function, (F~98 -

H~98)/T 

Enthalpy Difference, H8 - H~98 

Enthalpy of Formation, ~HP 

Free Energy of Formation ~FP 

Standard Heat of Formation, Liq-
uid @ 101.325 kPa (6) @ 
25 °C 

Free Energy of Formation 
Liquid @ 101.325 kPa (6) @ 
25 °C 

Entropy, Liquid @ 101 .325 kPa 
(6) @ 25 °C 

101.403 J/ (mol, °K) 
24.236 cal / (mol -°C) 

323.578 J/ (mol- °K) 
74.337 cal/(mol, °C) 

-323.578 J/ (mol, °K) 
- 7 4 .337 cal/(mol • °C) 
- 19.1 79 kJ / mol 

4.584 kcal / mo! 
-428. 718 kJ / mol 
- 102.466 kcal / mol 
- 351.410 kJ / mol 

- 83.989 kcal / mole 

- 458.566 kJ / mol 
- 109.6 kcal / mol 

- 351.87 kJ / mol 
- 84.1 kcal / mol 

225.1 J/ mol 
53 .8 cal / mol 
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BROMINE TRIFLUORIDE 
(Formula: BrFJ) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of BrF3 
Vapor Pressure @ 20 °C 

Boiling Point @ 101.325 kPa 
Triple Point 
Density Liquid @ 25 °C 
Critical Temperature 
Latent Heat of Fusion @ 8. 77 °C 
Dipole Moment, Gas 
Molar Specific Heat, Liquid @ 27 .4 °C 
Index of Refraction, Liquid @ 101.325 kPa, n0 @ 25 °C 
Dielectric Constant, Gas@ 142.4 °C 
Trouton 's Constant 
Specific Conductivity @ 25 °C 

Description 

Bromine trifluoride is a highly toxic, colorless to gray-yellow 
liquid, having the highest boiling point (125. 75 °C) of any of 
the halogen fluorides. It is extremely reactive, forming the 
highest known fluorides of the elements from their halides. 
Bromine trifluoride etches glass and quartz, sets fire to paper 
and wood, and will react violently with most organic com­
pounds. 

Specifications 

Bromine trifluoride has a minimum purity of 98%. The prob­
able impurities are air, carbon tetrafluoride, and a fractional 
percent of hydrogen fluoride. 

Uses 

Bromine trifluoride is used as a fluorinating agent and as an 
electrolytic solvent, and is of interest as a propellant for rockets 
and missiles. 

Toxicity 

The toxic effects of bromine trifluoride are comparable to 
those of chlorine trifluoride, which is considered the most toxic 
and hazardous of the halogen fluorides. The properties of all 
the halogen fluorides are such that there is little ditterence from 
a practical standpoint. Extreme caution and care should be 
observed when working with bromine trifluoride, since it can 
be considered a highly toxic material, comparable to chlorine 
trifluoride. When handling this material the rules governing the 
handling of chlorine trifluoride should be observed. Therefore, 
by analogy, the 1979 ACGIH Threshold Limit Value of 0 .1 ppm 
by volume in air is suggested. Concentrations of 50 ppm or 
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0.136 899 kg 
0.136 899 kg 
0.931 kPa; 0.009 3 bar; 0.135 psia; 

0.009 2 atm 
398.90 °K; 125.75 °C; 258.4 °F 
281.92 °K; 8.77 °C; 47 .79 °F 
2.803 kg / / 
600 ° K; 327 °C; 620.6 °F 
12.027 kJ / mol ; 2 874.6 cal / mol 
3.97 X 10 3° C, m; 1 .19 D 
124. 73 J / (mol • °K) 
1.453 6 
1.003 748 
25.7 
8 .0 X 10 3 n- 1 /cm 

more may be fatal in 30 minutes to 2 hours. In concentrations 
of 1 00 ppm toxicity symptoms were noticed after 3 minutes in 
experimental animals, and at 500 ppm symptoms appeared at 
once; i.e., gasping tor breath , swelling of eyes and eyelids, 
cloudiness of the cornea, lacrimation, severe salivation, and 
acute distress. Death was preceded by convulsions in many 
cases. 

From a practical standpoint, fatal concentrations would be 
so irritating to the eyes and respiratory tract that this concen­
tration could not be tolerated. Although the threshold odor 1s 
quite low, it is not quantitatively known. Toxic symptoms will 
appear more slowly in low concentrations, but in all cases 
where the TLV is exceeded, the symptoms of eye and respi­
ratory irritation will appear. Contact of bromine trifluoride with 
body tissue will result in severe damage. The vapors are also 
very corrosive. Severe irritation of the eyes, resulting in blind­
ness or ulceration, has been observed as a result of exposure 
to the vapor. In the exposure of experimental animals to con­
centrations higher than the TLV, severe nephrosis as well as 
marked toxic hepatosis and severe respiratory involvement 
occurred. 

First Aid SuggPstions 

Summon a physician immediately for any person who has 
been burned or overcome by bromine trifluoride. 

Prior to the physician 's arrival, first aid measures should be 
taken. Those presented herein are based upon what is believed 
to be common practice in industry. Their adoption in any 
specific case should be subject to prior endorsement by a 
competent medical advisor. 

1 . Remove exposed victim from the area. For exposure due 
to inhalation given artificial respiration only if breathing has 
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ceased. Oxygen should be administered by trained personne thoroughly purged with a stream. of dry nitrogen. Since th: 

only f ater corrosion resistance of the materials of construction reco . 
2 For external exposure wash with large amounts ? w mended depends on the formation of a passive fluoride film m 

and follow with lime water Remove any attected ~10th mg. passivating procedure should be used after cleaning and dry' a 
3. Fo low recommended first aid for hydrofluoric acid. the system as mentioned above. This procedure consists':~ 
4 Jn all cases get 1mmed1ate medical attention. evacuating the dry nitrogen from the system and slowly bleed­

ing a small amount of bromine trifluoride vapor into the syste 
Precautions in Handling and Storage 

1 Since bromine trifluoride Is so extremely corrosive _to 
human tissue and the eyes, personnel working with this material 
should wear clean rubber gloves, safety glasses, a face shield, 

and a protective apron. 
2 Work should be done in a well-venlllated area, preferably 

a hood with forced ventilation 
3 In removing the contents from a cylinder, attach a suitable 

needle valve to the valve outlet so that uniform rates of flow 
can be controlled Ory nitrogen may be used to pressurize the 
cylinder 1n order to transfer the liquid. 

4 . The cylinder should never be directly connected to a 
container of hqu1d, since suckback may occur causing a violent 
reaction w1th1n the cylinder. To prevent suckback, a trap, check 
valve, or vacuum break should be inserted in the line. The trap 
should be of sufficient size to take the total liquid volume that 
can be sucked back. 

5. An instant-acting safety shower should be available, as 
well as filled buckets of sodium bicarbonate and a reserve 
supply to absorb any spillage. Ory-type fire extinguishers using 
sodium bicarbonate can be used to dispose of spillage as well 
as combat secondary fires. 

6. An air-line respirator or oxygen mask should be kept 
close by the operation site, in an area that is not likely to 
become contaminated, to be used in case of emergency where 
dangerous concentrations may exist 

In add1t1on, the general rules listed in Appendix I should be 
observed 

Materials of Construction 

Bromine trifluoride can be used with a variety of metals due 
to tho formation of a passive metal fluoride film which protects 
the metal from further corrosion Monel and nickel are the 
pr ferred materials of construction; however, metals, such as 
copper, brass and steel may be used. Highly fluorinated poly­
m rs such as Kel-F and Teflon are resistant to liquid and vapor 
at ordinary temperatures under normally static conditions only. 
Their use in flow conditions Is not recommended. Materials 
suitable for gaskets are soft copper, 2S aluminum, lead, and 
T flan plain or impregnated with a high percentage of calcium 
fluoride Braided copper backed with Teflon can be used for 
valve packings. A pipe thread lubricant, if needed, should be 
a water d1spers1on of Teflon, put on in two or three applications, 
allowing the threads to dry between applications before ass _ 
bhng. em 

It is of utmost tmportance that all equipment used in bromine 
tr1fluor1dc service be thoroughly cleaned to re move grease 
cale, pipe dope, or other contaminants All equipment should 

b disassembled, degreased and reassembled w th 
pack b f , proper 

mg e ore use Degreasing and cleaning should be done 
with a nonaqueous solvent such as acetone, trichloroethylene, 
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m. 
Because of the very low vapor pressure of bromine trifluorid 
it is recommended that the vapor be left in the system tor abou~ 
an hour to ensure that a passive film has been built up. The 
system can then be vented and is ready for use. 

Cylinder and Valve Description 

Bromine trifluoride cylinders are equipped with an outlet 
designated as Compressed Gas Association (CGA) No. 6?0 
which has a thread size of 1.030 inches and is left-hand with 
external threads. The mating connection seats on a flat washer. 

CONNECTION 670 1.030"-14 LH EXT. using Face Washer 

CONNECTION 

OUTLET 

' I 
1 030" 1 035" 

_l l__ 

Fig. 1. CONNECTION 670 1.030"-14 RH EXT. using Face 
Washer. 

Figure 1 illustrates the valve outlet and the mating connection 
used in this service. 

Safety Devices 

Since cylinders of bromine trifluoride are not equipped with 
safety devices, care should be taken to see that the cylinder is 
not overheated. Although bromine trifluoride is a high boiling 
liquid, excessive temperatures (over 51 . 7 °C (1 25 °F) may 
cause the liquid to expand, completely filling the cylinder, and 
create dangerous hydrostatic pressures. 

Recommended Controls 

Since bromine trifluoride is a liquid, its regulation from the 
cylinder can be effected by a manual needle valve. Matheson 
provides a Model 55A-670 monel needle valve for direct con­
nection to a cylinder. This needle valve can be provided with 11, 

inch compression fitting, ¼ inch male or female NPT. A serrated 
hose end is the usual outlet. A Model 60L monel needle valve 
is recommended for use with lecture bottles. 

Shipping Regulations 

Bromine trifluoride is shipped under DOT regulations in steel 
cy!inders approved for shipment of compressed gases. It is 
shipped as a corrosive liquid , taking a " White Label" . 

Chemical Preparation 

Bromine trifluoride is prepared by direct combination of 1 
part bromine with 3 parts fluorine in a water-cooled copper 
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reactor with temperature maintained in the range of 15-50 °C 
or by the reaction of BrF with F2. 

Chemical Properties 

Bromine trifluoride is a powerful fluorinating agent. Metal 
chlorides, bromides and iodides are converted to fluorides by 
treatment with bromine trifluoride. Bromine trifluoride will react 
vigorously with water to give bromine, oxygen, and bromic and 
hydrofluoric acids. 

Bromine trifluoride will convert many oxides to fluorides and 
oxyanions to fluoanions. Bromine trifluoride will react with 
sulfur, selenium, tellurium, phosphorus, arsenic, antimony, sil­
icon and boron at room temperature or at slightly elevated 
temperatures to give the corresponding fluoride. 

Ether, benzene and turpentine will burn immediately on con­
tact with bromine trifluoride. Methyl chloride reacts upon con­
tact with explosive violence. Carbon tetrachloride is relatively 
inert to bromine trifluoride at ambient temperatures but can be 
fluorinated and brominated at higher temperatures. 

Thermodynamic and Detailed Physical Data 

Molecular Structure (2) 

The bromine trifluoride molecule has a distorted-T structure, 
with C2• symmetry and a symmetry number of two. It has one 
short (Br-F2 ) 1.72 x 10- 10 m (1 .721 A) and two long (Br-F1 

and Br-F3) 1.810 x 10- 10 m (1.810 A) Br-F bonds. The F1-Br­
F2 bond ang le is 86.21 °, and the F3-Br-F, bond angle is 

187.58°. 

Infrared Spectrum (6) 

See Figure 2 for the infrared spectrum of gaseous bromine 
trifluoride. 

BROMINE TRIFLUORIDE 

Density (3) 

The liquid density between 1 0 and 1 25 °C corresponds to 

the following equation: 

d = 3.623 - 0.002 77 T (T = °K) 

Some density values calculated by this equation are shown 
below. 

Temperature, °C Density, kg /I 

10 2.839 

20 2.811 

30 2.783 
40 2.756 

50 2.728 

60 2.700 

70 2.672 

The vapor pressure of bromine trifluoride, between 38-1 55 
°C is described by the following equation : 

1 685.8 
log, 0 p = 7.748 53 - (t + 220_57) 

p = mmHg 
t = °C 

Values calculated from the above formula are as follows: 

Temperature, Vapor Pressure 
oc kPa mbar mmHg 

38.72 2.354 23.54 17.66 

49.10 4 .093 40.93 30.7 

57.00 6.310 63.10 47.33 

\ 
I 

~~4 
61 4 

682l J 6 2 1 
668 lJ 

1600 cm-1 1400 1200 1000 800 600 600 500 4 00 
-~ 

300 200 

FREQUENCY 

Fig. 2. Infrared spectrum of gaseous bromine trifluoride; 62 cm path length nickel cell, with AgCI windows: A, background; B, 
0.0267 kPa (0.2 mmHg) pressure; C, 0.1333 kPa (1 mmHg) pressure; D, 0.7999 kPa (6 mmHg) pressure. 
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BROMINE TRIFLUORIDE 

Temperature, 
C 

66.23 
76.36 
84 94 
91 84 

101 .75 
111 . 85 
121 .96 
125 75 
126.84 
131 .86 
137.30 
148.30 
154 82 

kPa 

9 897 
1573 
22.67 
30.00 
43.98 
63.41 
89 50 

101 325 
104 94 
123.04 
145.47 
21 0.01 
241 34 

Vapor Pressure 
mbar 

98.97 
157.3 
226.7 
300.0 
439.8 
634.1 
895.0 

1 013.25 
1 049.4 
1 230 4 
1 454. 7 
2 010.1 
2 413.4 

mmHg 

74.23 
118.0 
170.05 
225.05 
329.9 
475.6 
671.3 
760.0 
787.1 
922.9 

1 091 . 1 
1 507. 7 
1 810.2 

See Figure 3 for vapor pressure curve. 

Thermodynamic Properties of Bromine Trifluoride As Ideal 
Gas (jl 25 C 

Heat Capacity Cr 

REFERENCES 

66.496 J/ (rnol • °K) 
15.897 cal/ (rnol, °C) 

Entropy, S0 

Free Energy Function, (F3gs -

H3gs)/ T 

Enthalpy Difference Hg - H3gs 

Enthalpy of Formation, 6Hf 

Free Energy of Formation, 6Ff 

Molar Specific Heat, Liquid (4) 

@ 12.4 °C 

Entropy, Liquid @ 25 °C (5) 

Standard Heat of Formation, Liq­
uid (5) @ 25 °C 

Free Energy of Formation, Liquid 
(5)@ 25 °C 

292.324 J/(mol. oK) 
69.883 cal/(rno1.oc) 

-292 .324 J/ (rnol.oK) 

-69.883 cal/(rnol.oC) 
-14.276 kJ/mol 
-3.413 kcal / mol 

-255.588 kJ / mol 
-61.087 kcal / mol 

-229.396 kJ / mol 

-54.827 kcal / mo! 

124.06 J / (rnol. °K) 
29.651 cal/(mol, 0 C) 

170.24 J/ (rnol. °K) 
42.60 cal/(rnol.°C) 

-300.83 kJ / rnol 
- 71.90 kcal-mo! 

-240.58 kJ / mol 
-57.50 kcal / mol 

' For an extensive tabulation of the thermodynamic and physical properties of bromine trifluoride, see W. Braker and A. L. Mossman. The Matheson 

unRbrtdged Gas Data Book 1974, Matheson, East Rutherford, New Jersey. 

JANAF Thermochem,cal Tables . 2nd ed1t1on, 1971, D. R. Stull and H. Prophet, project directors, Natl. Stand . Ref. Data Ser., Natl. Bur. Stand., 
NSRDS-NBS 37, U S Government Printing Office. Washington, D. C. 

0 Ruff and A Bra1da, J Al/gem Anorg Chem 206, 63 (1932). 

• G D Oliver and J W. Gnsard. J Amer Chem Soc. 74, 2705 (1952). 

~ D D Wagman, et al, Selected Values of Chemical Thermodynamic Properties, 1968, Natl. Bur. Stand. Tech. Note 270-3, U. S. Governmenl 
Printing Office, Washington. D C. 
8 

H Sol,g H H Claasen, and J. H Holloway, J Chem Phys. 52, 3517 (1970). 
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BROMOTRIFLUOROETHYLENE 
(Synonym: Trifluorovinyl Bromid-;j 

(Formula: F2C = CBrF) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of F2C = CBrF 
Spec1f1c Volume @ 21.1 C, 101 325 kPa 

Vapor Pressure @ 21 . 1 C 

0.160 921 kg 

0.160 921 kg 
149.8 dm3 /kg; 2.4 ft3 /lb 
266.8 kPa; 2.668 bar; 38.7 psia; 2.633 

atm 

B011Jng Point a 101.325 kPa . • • · · · · 
Absolute Density, Gas @ 101.325 kPa @20 cc 

270.65 °K; -2.5 °C; 27.5 °F 

6.754 kg/m
3 

Relative Density, Gas a, 101.325 kPa@ 20 °C (Air = 1) 

Density, liquid a -2.5 °C 

Crll1cal Temperature 
Critical Pressure 
Cnt,cal Volume 

Critical Density 
Critical Compressibility Factor 
Molar Spec1f1c Heat, Gas @ 101 .325 kPa @ 25 °C 

0 Constant Pressure 

,a Constant Volume 

Specific Heat Ratio, Gas a 101.325 kPa@ 25 °C Cp/Cv 

V1scosIty, Gas 0 101.325 kPa @ 25 cc 

Th rmal Conductivity, Gas a 101 325 kPa@ 25 °C 

De cript,on 

Bromotrifluoro thylene Is a colorless gas which Is sponta­
n ou ly flammable 1n air. It Is detectable by its phosgene-like 
odor ( 1mllar to musty hay) It Is shipped as a liquefied gas 
und r t own vapor pressure of about 1 65 kPa (24 psig) at 
21 1 C 

Sp c1f1cat1ons 

Bromotrifluoro thylene has a minimum purity of 97.0%. 

u e 

Bromotrlfluoroethylene is used in polymerization reactions 
nd chemical intermediate 

Efl ct In Man and Toxicity (2) (3) 

• • 

• t • l • . . . 
• 

• • • 
. . ; . . . . . . . .. . .. 

I• • I I I• I 

ri nee with animals indicates that e xposure to 
lions of vapors of bromotrifluoroethylene may 

5.606 

1 .92 kg// 
457.99 °K; 184.8 °C; 364.7 °F 

4 4 79 kPa; 44. 79 bar; 44 .2 atm 

1 .464 dm3 /kg 

0.683 kg/dm3 

0.277 

89.04 J/(mol,°K); 0.132 2 kcal/(kg. 
°C); 0.132 2 Btu/lb, °F 

80.73 J/(mol-°K); 0.1199 kcal/(kg, 

°C)0.119 9 Btu/(lb,°F) 

1.103 
0.0130 mPa,s; 0.0130 mN,s/m2; 

0.013 0 cP 

o.oos 033 w /Cm• °K); 19.2 x 1 o- 6 cal. 

cm/{s,cm2 -°C) 

produce pulmonary damage, irritation and edema. Also, there 
is a possibility of frostbite if the liquid contacts the skin. 

Bromotrifluoroethylene has inadequate odor warning prop­
erties. 

No Threshold Limit Value (TL V) has been recommended for 
bromotrifluoroethylene by the 1979 ACGIH. 

First Aid Treatment (4) 

Inhalation 

_R_emove the victim to an uncontaminated atmosphere, ad­
minister oxygen, and observe for premonitary signs of delayed 
pulmonary edema. Subsequent treatment is symptomatic and 
supportive. 

Skin Contact 

If c~ntact of the liquid form of bromotrifluoroethylene with 
the skin occurs, frostbite may develop. In case frostbite devel­
ops, ~over the frostbitten part with a warm hand or woolen 
material. If the fingers or hand are frostbitten have the victim 
hold h' h · · ' is and In his armpit, next to his body. Then place the 
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frostbitten part in warm water, about 42 °C (108 °F). If warm 
water is not available, or is impractical to use, wrap the affected 
part gently in blankets. Let the circulation reestablish itself 
naturally. Encourage the victim to exercise the affected part 
while it is being warmed. 

Precautions in Handling and Storage 

In addition to grounding all lines and equipment used with 
bromotrifluoroethylene, the general rules listed in Appendix I 
should be observed. 

Leak Detection 

Leaks of bromotrifluoroethylene may be detected by apply­
ing soap water solution to suspected points; leaks will be 
indicated by bubble formation . 

Materials of Construction 

Most of the commonly used metals (steel, brass, aluminum, 
copper, stainless steel) may be used with bromotrifluoroethy­
lene at room temperature provided the system is dry. At ele­
vated temperatures, some of the metals may cause catalytic 
decomposition. Magnesium alloys and aluminum containing 
more than 2% magnesium are not recommended for use in 
systems containing bromotrifluoroethylene. 

Recommended Controls 

Regulator Model 3321 is recommended for use with lecture 
bottles. It has a brass body, neoprene diaphragm, Kel-F seat, 
and an angle style 1/s " NPT male outlet needle valve 112A with 
mating hose connection . The delivery pressure range is 28-
41 O kPa (4-60 psig). A Model 31 8 manual needle valve can 
also be supplied for use with lecture bottles. 

Flow meters 

Matheson Series 7600 laboratory stainless steel flowmeter 
units are recommended where definite flow rates must be 

known. 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 stainless steel and 
Series 8260 of type 31 6 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera­
ture changes. These mass flow controllers consist of a trans­
ducer, a control valve, a blind controller/power supply, a 
potentiometer, and a digital indicator. The transducer senses 
the gas flow and sends a signal to the power supply. This 
signal and one from the potentiometer are compared. If there 
is an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 
imbalance. The accuracy is ± 1.2% 

BROMOTRIFLUOROETHYLENE 

Shipping Regulations 

Bromotnfluoroethylene is class1f1ed by the DOT as a flam­
mable compressed gas and Is shipped with the required 'Red 
Gas Label '' 

Chemical Preparation 

Bromotnfluoroethylene may be prepared by debrominat1on 
of 1,1,2-tribromo-1,2.2-tnfluorethane with zinc, or by dehy­
drobrominat1on of CBrF2CHBrF by a base. 

Chemical Properties 

Bromotrifluoroethylene has olefinic properties. Vapor phase 
photobrom1natIon yields CBr2FCBrF2 , but photochemical chlo­
rination gives only 60% CCbFCBrCIF and 40% of scrambled 
bromo and chloro products. Bromotnfluoroethylene reacts with 
S2Cl2 and SCb to give sulfides. It reacts with butyllith1um or 
methyllithium in ether or pentane solution to give tnfluorovinyl­
lithium. It reacts with diethylamine to give (C H5h­
NCF2CHBrF. It undergoes the Grignard reaction in tetrahydro­
furan as solvent to give F2 C.CFMgBr, from which many inter­
esting compounds containing the trifluorovinyl group may be 
derived. It may be polymerized or telomenzed to oils and resins 
covering a wide range of viscosities and having exceptionally 
high densities while retaining chemical stability. 

Thermodynamic and Detailed Physical Data 

Infrared Spectrum 

See Figure 1 for the infrared spectrum of gaseous bromotn­

fluoroethylene. 

Vapor Pressure Vapor Pressure 

Temperature, °C kPa bar mmHg 

4.44 127.7 1.277 958 

10.00 152.0 1.520 1 140 

15.56 182.4 1.824 1 368 

21 .11 212.8 2.128 1 900 

37.78 324.2 3.242 2 432 

Thermodynamic Functions for Bromotrifluoroethylene as 
Ideal Gas @ 26.85 °C (5) 

Heat Capacity, C~/R 

Entropy, S0 / R 

Enthalpy, (H~ - Eg)/ RT 

Free Energy, (H - Eg)/RT 

43.300 J / (mol- K) 
1 0 .349 cal/(mol • °C) 

168.582 J/ (mol - K) 

40 292 cal/(mol • °C) 
30.016 kJ / mol 

7.174 kcal / mol 
- 138.566 kJ / mol 
-33 118 kcal / mol 
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BROMOTRIFLUOROETHYLENE 

REFERENCES 
1 For extensive tabulation of the thermodynamic and physical properties of bromotrifluoroethylene, see w. Braker and A L. Mossman, The 

Matheson Unabridged Gas Data Book, 1974, Matheson, East Rutherford, New Jersey. 

2 F. w. PaHy, Industrial Hygiene and Toxicology, 2nd edition, 1962, p. 1328, John Wiley & Sons, Inc., New York, New York . 
3 Toxic Substances, 1974 , PP- 351, 4 77, HEW Publication No. (NtOSH) 7 4-134 , National Institute for Occupational Safety and Health, Rockville, 

Maryland. 

• w. Braker, A. L. Mossman, and D. Siegel , Effects of Exposure to Toxic Gases-First Aid and Medical Treatment, 2nd edition, 7 977, pp. 103-
105, Matheson, Lyndhurst, New Jersey. 

5 D. E. Mann, N. Acquista, and E. K. Plyler, J. Chem. Phys. 22, 1199-1202 (1954). 

6 The Sadtler Standard Spectra, 1972, Sadlier Research Laboratories, Inc., Philadelphia, Pennsylvania. 
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BROMOTRIFLUOROMETHAN~ 
(Synonyms: Trifluoromethyl Bromide; Freon~ 

(Formula: CBrF i 
l, 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of CBrF 
Specific Volume @ 21 1 °C, 101.325 kPa 

Vapor Pressure @ 21 1 °C 

801llng Point @ 101 325 kPa 
Melting Point · · · 
Absolute Density, Gas@ 101.325 kPa@ 25 

0
°C · : · ~ 

1 Relative Density, Gas@ 101.325 kPa@ 25 C (Air - ) 

Density, Liquid@ -57.8 °C 

Critical Temperature 

Critical Pressure 

Critical Volume 
Critical Density 
Critical Compressibility Factor 
Molar Specific Heat, Gas @ 101.325 kPa @ 25 °C 

a Constant Pressure 

@ Constant Volume 

Specific Heat Ratio, Gas @ 101.325 kPa @ 25 °C, Cp/ Cv 
Specific Heat, L1qu1d @ O °C 
V1scoc1ty, Gas @ 101 325 kPa@ 25 °C 

V1scocity, Liquid @ -40 C 

Thermal Conductivity, Gas@ 101 .325 kPa@ 25 °C . 

Thermal Conductivity, L1qu1d @ -40 °C 

Surface Tension @ -40 °C 

Solubility In Water@ 101 325 kPa@ 25 °C 
Refractive Index, Liquid, n0 @ 25 °C 

Relative Dielectric Strength, (Nitrogen = 1) 

Description 

Bromotnfluoroethylene is a colorless, nonflammable, non­
corrosive gas It is shipped as a liquefied gas under its own 
vapar pressure of 1 310 kPa (190 psig) at 21.1 oc_ 

Specifications 

Bromotnfluoromethane has a minimum .1 % th pun Y of 99 0 mole 
. e remainder being traces of other Freons and air.· 
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Uses 

0.148 910 kg 
0.148 910 kg 
162.3 dm3 /kg; 2.6 ft3 /lb 

1 411.3 kPa; 14.11 bar; 207. 7 psia; 
13.93 atm 

215.35 °K; -57.8 °C; - 72.0 ° F 

105.15 °K; - 168.0 °C; -270.4 °F 

6.291 kg / m3 

5.31 
1.992 kg /I 

340.15 ° K; 67.0 °C; 152.6 °F 
3 964 kPa; 39.64 bar; 574.9 psia; 39.12 

atm 

1.343 dm3 / kg 
0. 745 kg / dm3 

0.280 

70.590 kJ / (kmol -°K); 70.590 J/ (mol, 
°K); 16.871 cal/(mol, °C); 0 .113 Btu/ 
(lb. °F) 

62.267 kJ / (kmol- °K); 62.267 J/(mol, 
°K); 14.882 cal/(mol- °C) 0.099 94 
Btu/ (11:) . °F) 

1.134 
123.362 J / (mol, ° K) 
0.0016 mPa-s; 0.0016 mN,s/ m2; 

0.0016 cP 
0.32 mPa- s; 0.32 mN. s/ m2

; 0.32 cP 

0.002 09 W /(m. °K); 20.9 x 10- 5 cal, 
cm/(s-cm 2 

• °C) 
0.022 2 W / (m- °K); 222 x 10- 5 cal, 

cm/(s • cm2 
• °C) 

13.0 mN/ m; 13.0 dyn/cm 
0.03% (by weight) 

1.238 
1.83 

Apart from its possible use as a chemical intermed1ale 
bromotrifluoromethane finds uses as a fire extinguishing agen' 

Effects in Man and Toxicity (2) 

Inhalation of high concentrations of gas can cause suci 
symptoms as dizziness, disorientation, incoordination, nar• 
cosis, nausea, or vomiting . There appear to be no irreversible 
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effects once the oxygen deficiency has been corrected. Skin 
contact with liquid bromotrifluoromethane can cause skin irri­
tation or frostbite. Bromotrifluoromethane is relatively nontoxic. 

First Aid Treatment (2) 

Inhalation 

If the subject is conscious and becomes aware of any of the 
symptoms cited above, he should go to an uncontaminated 
area and inhale fresh air or oxygen. In the event the subject is 
overcome by a massive exposure, he should be carried to an 
uncontaminated area and given artificial respiration (if needed) 
and oxygen simultaneously. Treat symptomatically thereafter. 

Skin Contact 

In case of skin contact with the low boiling liquid, frostbite 
may develop. If frostbite occurs, cover the frostbitten part with 
a warm hand or woolen material. If the fingers or hand are frost 
bitten, have the victim hold his hand in his armpit, next to his 
body. Then place the frostbitten part in warm water, about 42 
°C (108 °F). If warm water is not available, or is impractical to 
use, wrap the affected part gently in blankets. Let the circula­
tion re-establish itself naturally. Encourage the victim to exer­
cise the affected part while it is being warmed. 

Precautions in Handling and Storage 

The general rules listed in Appendix I should be observed. 

Leak Detection 

Leaks of bromotrifluoromethane may be detected by apply­
ing soap water solution to suspected points; leaks will be 
indicated by bubble formation. Leaks of bromotrifluoromethane 
in dark, confined or inaccessible spaces or locations may be 
located by means of a halide torch or lamp. The Matheson Gas 
Leak Detector Model 801 6 and 8017 provides a more sensitive 
method for detecting leaks. 

Disposal of Leaking Cylinders 

Leaking cylinders of bromotrifluoromethane may be dis­
posed of according to the procedure outlined in Appendix 11-C 
for inert gases. 

Cylinder and Valve Description 

Bromotrifluoromethane is shipped in DOT approved, steel 
cylinders. Cylinders containing bromotrifluoromethane are 
equipped with brass valves with Compressed Gas Association 
(CGA) outlet connection No. 320, the approved standard con­
nection. The valve outlet has a thread size of 0.825 inch with 
right-hand external threads with a flat seat and requires a 
washer (see Figure 1 ). Lecture bottles have a special 9/16 inch-
18 threads per inch male and 5/15 inch-32 threads per inch 
female dual outlet. 

Materials of Construction 

Most of the commonly used metals (steel, brass, aluminum, 
copper, stainless steel) may be used satisfactorily with brom­
otrifluoromethane under normal conditions of use. 

~athesone 

BROMOTRIFLUOROMETHANE 

('UT LET 

- 1 
I 

16 

CONNEC,..ION 

Fig. 1. CONNECTION 320 825"-14 RH EXT. used with Flat Seat 
and Washer. 

Washers made from Kel-F or from vulcanized fiber showed 
no swelling or other adverse effects when immersed in liquid 
bromotrifluoromethane for 2 weeks. 

Piping and vessels to contain bromotrifluoromethane should 
be adequately designed to withstand the pressures to be 
encountered. 

Safety Devices 

Cylinders containing bromotrifluoromethane are equipped 
with frangible discs as safety devices. Cylinders should, there­
fore, be stored away from sources of heat to avoid developing 
pressures capable of rupturing the disc. 

Recommended Controls 

Automatic Pressure Regulators 

Single stage regulator Model 1 P-320 is recommended for 
use with bromotrifluoromethane. The regulator has a brass 
body, neoprene diaphragm, neoprene seat, and a Model 100S 
outlet needle valve with ¼" NPT male threads on the outlet 
with mating hose end connection . The delivery pressure range 
of this regulator is 28-240 kPa (4-35 psig). No cylinder pres­
sure gauge is necessary since it will not indicate cylinder 
content but only vapor pressure which will remain constant as 
long as any liquid remains in the cylinder. Cylinder content is 
determined by weight. To prevent suckback of foreign materials 
a check valve is recommended for use with the regulator. 

Automatic regulator Model 1 L-320 can also be used with 
bromotrifluoromethane. It 1s similar in construction to the Model 
1 P-320 regulator, but differs in having a cylinder pressure 
gauge and a delivery pressure range of 28-550 kPa (4- 80 
psig). 

Regulator Model 70-320 is recommended when accurate 
low pressure control is desired. The delivery pressure range of 
this regulator is 3.4-34.5 kPa (0.5-5 psig). 

Regulator Model 3321 is recommended for use with lecture 
bottles. 

Manual Controls 

Matheson needle valve Model 50-320, a brass bar stock 
valve, is available for direct attachment to the cylinder valve 
outlet. The valve may be equipped with a variety of outlets, 
such as serrated hose end, ¼ " compression fitting, male or 
female NPT pipe. It should be used only where supervised flow 
control is available and should not be used as a pressure 
control since it will not prevent pressure from building up 1f a 
system becomes clogged, or if the system itself is closed . A 
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BROMOTRIFLUOROMETHANE 

. ded tor use with 
odel 31 8 manual needle valve is recommen 

lecture bottles. 

Flowmeters 
Math son Series 7600 or 7200 laboratory brass flowmeter 

units are recommended where accurate flow rates muSt be 

nown . 
El ctrornc mass flowmeters, such as Matheson Series. No. 

8116 and No 8160, should be used where accurate readings 
are required Cal1brat1on is unaffected by temperature and 

pressure changes. Flow rates may be recorded from the instru-

ment s electrical output 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 stainless steel and 
Series 8260 of type 31 6 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera­
ture changes These mass flow controllers consist of a trans­
ducer, a control valve, a blind controller / power supply, a 
potentiometer, and a digital indicator. The transducer senses 
the gas flow and sends a signal to the power supply. This 
signal and one from the potentiometer are compared. If there 
1s an Imbalance. the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 

imbalance The accuracy 1s ± 1 2% 

Shipping Regulations 

Bromotrifluoromethane 1s classified by the DOT as a non­
flammable compressed gas and 1s shipped with the required 

Gr en Label ' 

Commercial Preparations 

Bromotrifluoromethane is prepared by the thermal bromina­
t1on of fluoroform in a nonmetallic reactor at 400-600 °C, and 
by bromtnolys1s of perfluoropropane at 700-1 000 ° C in a 
nonmetallic reactor where the products are bromotrifluorome­
than , bromopentafluoroethane and d1bromod1fluoromethane, 
which are then separated by fractional d1st1llatton. 

Chemical Properties 

Bromotrifluoromethane is thermally stable. Anhydrous CBrF3 

or CBrF with 3% (by volume) of water 1s not corrosive to steel 
hr ASS , or aluminum after exposure at 1 20 C (248 °F) for 260 
days. Copper and stainless steel show no detectable corrosion 
upon 1mm rs1on for 7 days in bromotrifluoromelhane containing 
3 volum % water. Hydrolysis of bromotrifluoromethane con­
ta1rnng water solution in the presence of brass test pieces on 
tora e at 60 °C shows 0 .062 kg bromotrifluoromethane per 

ht r of solution was hydrolyzed after 720 hours; with iron test 
p1 c s under s1m1lar cond1t1ons, hydrolysis proceeds to the 

t nt of O 070 kg per liter of solution after 300 hours. Due to 
th s1gnif1cant difference 1n reactivity between the bromine and 
fl..iorin atoms 11 may be possible to use bromotrifluoromethane 
as a chemical intermediate. 
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Thermodynamic and Detailed Physical Data 

Molecular Structure (3) 

Bromotrifluoromethane has C3v symmetry, a symmetry num­
ber of three with C-F and C-Br bon

1
~ distances of 1.32B x 

10
- 10 m (1.328 A) and 1 .909 x 1 o- m (1 .909 A), respec­

tively, and F-C-F and F-C-Br bond angles of 108.60 and 

11 o.33°, respectively. 

Infrared Spectrum 

See Figure 2 for the infrared spectrum of gaseous bromotri­

fluoromethane. 

Vapor Pressure (4) 

The vapor pressure of liquid bromotrifluoromethane in the 
temperature range of 156.1 5-218.1 5 °K is represented by the 

following equation: 

1 250.75 
log10 p=16.075- T -3.16511og 10T 

in which p = mmHg and T = °K 
Some vapor pressure values calculated by the equation are 

shown below. 

Temperature, 
OK 

156.1 5 
163.1 5 
173.15 
183.15 
193.15 
203.15 
213.15 
215.35 
218.15 

kPa 

1.77 
3.40 
7.80 

16.20 
30.88 
54.85 
91.58 

101 .36 
116.04 

Vapor Pressure 
mbar 

17.7 
34 .0 
78.0 

162.0 
308.8 
548.5 
915.8 

1 013.6 
1 .160.4 

mmHg 

13.3 
25.5 
58.5 

121 .5 
231 .6 
411.4 
686.9 
760.3 
870.4 

For additional vapor pressure data, see Table 1 and Figure 
3. 

Thermodynamic Data 

Thermodynamic properties of the saturated liquid and vapor 
and of the superheated vapor are listed in Tables 1 and 2, 
respectively. 

Thermodynamic Properties of Bromotrifluoromethane As 
Ideal Gas @ 25 °C (3) 

Heat Capacity, C~ 

Entropy, 5° 

Free Energy Function, {F~98-

H~gs)/T 
Enthalpy Difference, Ht-H~98 

Enthalpy of Formation AH0 

' 1 

Free Energy of Formation 
AFf ' 

69.329 J / (mol- °K) 
1 6.570 cal/(mol, °C) 

297. 713 J / (mol • °K) 
71.155 cal/(mol, °C) 

- 297.713 J / (mol, °K) 
- 71 .155 cal/(mol • °C) 

14.468 kJ / mol 
3.458 kcal / mol 

- 648 .938 kJ / mol 
-155.100 kcal / mol 
- 622 .659 kJ / mol 
- 148.819 kcal / mol 
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Table 1. THERMODYNAMIC PROPERTIES OF THE SATURATED LIQUID AND VAPOR (6 ) 

Temperature Pressure 
Entropy Enthalpy Latent Heat Specific Volume Density 

J /(mol • °K) kJ/ mol of Vapori- dm3 / kg kg/ dm3 

OK OF kPa bar atm Liquid Vapor Liquid Vapor zation Liquid Vapor Liquid Vapor kJ / mol 

166.48 -160 4.399 0.044 0.043 4 -32.149 86.540 -6.407 13.361 19.768 0.456 35 2 106.82 2 .191 3 0.000 475 
177.59 -140 10.694 0 .107 0.105 5 -26.292 82.490 -5.393 13.921 19.314 0.465 71 922 .00 2 .147 3 0.001 09 
188.71 -120 23.056 0 .231 0.227 5 -20.685 79 .251 -4.365 14.493 18.858 0.4 75 08 452.02 2.104 9 0.002 21 
199.82 -100 45.103 0.451 0.445 1 15.264 76.758 - 3.316 15.071 18.387 0 .485 69 242.81 2.058 9 0.004 12 
210.93 -80 81.427 0.814 0 .803 6 10.031 74 .765 -2.243 15.645 17.888 0.496 93 140.43 2.012 4 0.007 12 
215.37 -72 101.224 1.012 0.999 7.975 74 .079 - 1 .803 15.877 17.680 0 .501 92 114.81 1.992 3 0.008 71 
222.04 -60 137.55 1.376 1.358 -4.984 73.207 -1 .139 16.220 17.359 0 .509 41 86.25 1.963 1 0.011 6 
233.15 -40 219.804 2.198 2.169 0.000 71.961 0.000 16. 777 16.777 0 .523 15 55.63 1 .911 5 0.018 0 
244.26 -20 334 .946 3.350 3.306 4.860 70.964 1.170 17.317 16.147 0.538 13 37.33 1.858 3 0.026 8 
255.37 0 490 .629 4.906 4.842 9.657 70.154 2 .378 17.829 15.451 0 .554 99 25.864 1.801 8 0.038 7 
266.48 20 694.99 6.95 6.86 14.330 69.469 3.624 18.303 14.679 0.574 34 18.379 1.741 1 0.054 4 
277.59 40 955.61 9 .55 9.43 19.003 68.784 4 .912 18. 729 13.817 0 .596 81 13.310 1.675 6 0.075 1 
288.71 60 1 282.42 12.83 12 .66 23.675 68 098 6 .258 19.089 12.831 0 .623 03 9.770 1 .605 1 0.102 4 
299.82 80 1 685.07 16.85 16.63 28.286 67 .288 7 .667 19.356 11 .689 0 .655 49 7.217 1 .525 6 0.138 6 
310.93 100 2 173.22 21.73 21.45 33.083 66.291 9 .179 19.494 10.315 0 .697 95 5.319 1.423 8. 0.188 0 
322.04 120 2 760.65 27.61 27.25 38.192 64 .796 10.862 19.425 8 .563 0.759 12 3.858 1.317 3 0.259 2 
333.1 5 140 3 459.78 34.60 34.15 44.236 62 .242 12.91 1 18.920 6 .009 0 .872 12 2.647 1.146 6 0 .377 8 
338.71 150 3 855 .53 38.55 38.05 48.659 59 .625 14.458 18. 1 75 3.717 1 028 19 2.023 0.972 6 0.494 3 
340.15 152.6 3 963 .78 39.64 39.12 1 .342 20 1.342 20 0.745 0 0.745 0 

(critical) 
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Table 2. THERMODYNAMIC PROPERTIES OF THE SUPERHEATED VAPOR (6) 
H, 

Pressure 
kPa bar 

20.670 i 0 .207 

34.451 0.345 

68 901 I o .689 

101 .325 0 103 25 

137.903 1.379 

275.807 2 .758 

413.710 4 .137 

551.579 5.516 

I 
689.473 6 .895 

I 034.21 10.342 

378.95 13.789 

723.68 17.236 

068.42 20.684 

413.16 24.132 

757.893 25.579 
I 

Pressure 
kPa I bar 

3 102.630 131 .027 

3 447 367 I 34.474 

3 792.103 I 37.921 

4 136.840 I 41 .368 

ENTHALPY, kJ/mol ; S, ENTROPY, J (mol- K); V, SPECIFIC VOLUME, dm kg 
I 

Temperature. K ! 199.82 1 221.59 1 255.31 I atm 283.15 I 310.93 338.11 1 366.48 I 394.26 1 422.04 1 449.82 1 411 59 505 37 I 

18.456 20.280 . 22.197 24.202 I I I f H 15.112 116.732 
0 .204 S 83.363 . 90.901 98.066 104.858 111 275 117 505 +-~ V-+-534 .8 610 .7 686.3 761.7 837.1 912.4 

~--- --+-- - l . --- - -- + - + - - + - - ... -
H 115.088 16.711 18.438 20.266 22 187 24.191 26.278 

l 0 340 S 79.001 86.602 93.767 100.559 107.038 113.206 119.1 25 
....Y...,.319 1 +- 36_5.:.9 __ 41 0. 6 4561 501 .5 15468 t 592 .0 

t 
t H 16.659 18.397 20.228 22 .152 24.164 - 26 250 l 

0 .680 s 80 746 87.911 94 702 101 .182 107.412 113.331 
V 1 80. 7 I 203.8 226 8 249 .7 272.5 295.3 --- ~+-~ -

-- ~-I H 16.611 18.355 20.193 22.125 24.136 26.230 
1 .000 s 77 .381 84.609 91.462 97.942 1 04. 1 7 2 1 1 0 091 

V _ _j 1?1~ 1~7_2__ 153.6 169.3 184.9 -f 200 5 

I ~ 16.556 18.310 20.155 22.090 24.108 26.202 28 .369 
1 .361 S 74.702 81.930 88.783 95.325 101.555 107 474 113.440 

I v 88.46 100.4 112.2 I 123.8 135.4 146.9 158.4 - I.--

H 18.130 20.006 21 .962 23.994 26.102 28.279 
2.722

1

e 75.699 82.677 89.282 95.512 1 01 .493 107.225 
48.63 54.82 60.87 66.85 I 72.76 _ 78.63 _ 

H 1 7 .940 19.847 21 .827 23.880 26.001 28.1 89 30.435 
4.083 s 71.836 78.939 85.606 91.961 97.942 103.674 I 109.219 1 

V 31.32 35.67 39.87 43 .98 48.03 52 .03 __ 55.99 -'---- -
H 19.685 21 .689 23.762 25.898 28.096 30.356 

5.444 s 76.135 82 .927 89.282 95.387 101.119 106.664 
V 35.66 38.718 41.746 I 
H 19.511 21 .547 23.641 25.794 28.006 30.273 I 

6 .805 s 73.892 80.746 87 .163 93.331 99.126 104.671 I 
V 28.23 30.74 33.20 
H 19.034 21 .169 23.326 25.524 27.770 30.065 32.408 

10.207 s 69.344 76.509 83.176 89.406 95.325 1 00.932 11 06.291 
V 18 .32 I 20.08 21.81 23.49 
H 20.751 22.990 25.243 27.531 29.854 I 32.221 

13.609 s 73.145 80.061 86.478 92.459 98.191 103.611 
V 13.35 14.76 16.11 17.42 
H 20.273 22.630 24.953 27.282 29.643 32.035 

17.011 s 70.154 77.444 83.986 90.154 95.948 101 .431 
V 10.36 11 .56 12.69 13.78 
H 19.698 22 .239 24.645 27.029 29.425 31.844 34.288 

20.414 s 67.226 75.076 81.867 88.160 94.017 99.562 104.858 
V 8.36 9.41 10.41 11.35 12.27 - - ~ 

H I 21.803 24 .319 26.766 29.203 31.650 34.122 I 
23 .816 s 72.771 79.936 86.353 92.334 97.942 103.300 

V I 6.92 7.88 8 .77 9.61 10.43 
H 21 .311 23.977 26.493 28.975 31.457 33.952 

27.218 s 70.528 78.067 84.733 90. 777 96.509 101.867 
V 4 .75 5 .82 6 .73 7.55 8 .32 I 9 .05 ---

Table 2-Continued 

I atm 199.82 

1 m 30.621 s I 
V -----1-
H 

34.023 S 
V 
H 

37.425 I s 
V 
H 

40 .827 Is 
V I 

227.591 255.37 \ 
'l 

t 

- + 

Temperature, °K 
283.15 I 310.93 I 338.71 I 366.48 I 394.26 I 422.04 449 .82 I 477.59 I 

23 611 I 26 .213 I 28.746 I 31.263 33.779 

505.37 

20.726 
68.1 61 
3.87 - -
19.972 
65.419 

I 3 .1 0 
- 118.691 

61 .182 
_ 2.26 

76.322 83.176 89.406 95.200 100.621 , 
4.97 5 .83 6 .59 7 .30 7 98 
23.212 25 922 28.511 31.062 33.609 
74.640 81 .743 88.098 93.954 99.437 

~ 
5 .11 + 583 6.49 7.12 

82 25.621 28.272 30 .865 33.436 36.012 

1

72.896 80.372 86.852 92.771 98.378 103 611 

3~ 4 .51 15.21 5.83 6.42 6.97 -
22.308 25.306 28 026 30 .660 33.267 35 859 

1

71.089 ~.001 85.668 91 711 97 .319 102 615 
3.20 I ~~02 4.69 5 .28 1 s 83 6 .36 
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1,3-BUT ADI ENE 
(Synonyms: Biethylene, Erythrene; Vinylethylene) 

(Formula: H2C:CHCH:CH2 or C4Hs) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of C4Hs 
Specific Volume @ 21.1 °C, 101.325 kPa 
Vapor Pressure@ 21.1 ° C 

Boiling Point @ 101 .325 kPa 
Melting Point @ 1 01 .325 kPa 
Absolute Density, Gas@ 101.325 kPa@ o °C 
Relative Density, Gas@ 101.325 kPa@ 0 °C (Air = 1) 
Density, Liquid @ Saturation Pressure@ 20 °C 

Critical Temperature 
Critical Pressure 

Critical Volume 
Critical Density 
Critical Compressibility Factor 
Latent Heat of Fusion @ -108.9 °c 

Flammability Limits in Air 
Molar Specific Heat, Gas @ 101 .325 kPa @ 25 °C 

@ Constant Pressure 

@ Constant Volume 

Specific Heat Ratio, Gas @ 1 01 .325 kPa @ 25 °C Cp / Cv 

Molar Specific Heat, Liquid@ - 28.2 °C 
Viscosity, Gas @ 101.325 kPa@ 20 °C 

Viscosity, Liquid @ -40 °C 
Thermal Conductivity, Gas@101.325 kPa@ 25 °C 

Thermal Conductivity, Liquid@ -40 °C 

Surface Tension @ -40 °C 
Solubility in Water @ 101 .325 kPa @ 27 .3 °C 
Autoignition Temperature 
Refractive Index, Liquid, no @ -25 °C 
Heat of Combustion, Gas @ 25 °C and Constant Pressure 

Gross, to form H2O(1iq) + CO2(gas) 
Net, to form H2O(gas) + CO2(gas) 

Heat of Combustion, Liquid @ 25 °C and Constant Pressure 

Gross, to form H2O(liq) + CO2(gas) 
Net, to form H2O(gas) + CO2(gas) 

matheson· 

0 .054 092 kg 
0.054 092 kg 
430.6 dm3 / kg; 6 .9 ft3 / lb 
248.9 kPa; 2.49 bar; 36.1 psia; 2.46 

atm 
268.74 °K; -4.4 °C; 24 .1 ° F 
164.25 °K; -108.9 °C; -164.0 °F 

2.428 kg / m3 

1.878 
0.621 kg / I 
425.15 °K; 152.0 ° C; 305.6 °F 
4 327 kPa; 43.27 bar; 627.5 psia; 42.7 

atm 
4.086 dm3 / kg 
0.245 kg / dm3 

0.270 
14 7 .624 kJ / kg; 7 985.3 kJ / mol ; 

35.283 kcal · kg 
2 .0-11 .5% (by volume) 

82.132 kJ / (kmol,°K); 82.132 J / (mol • 
°K); 0.363 kcal/(kg• ° K) 

73.803 kJ / (kmol • °K) 73.803 J / (mol • 
° K) 0.326 kcal / (kg • ° K) 

1 .113 
111 .169 J / (mol -°K) 
0.007 54 mPa-s; 0 .007 54 mN-s/ m

2
; 

0.007 54 cP 
0.33 mPa-s; 0 .33 mN ,s/ m2

; 0 .33 cP 
0 .015 69 W / (m- °K); 37.5 x 10 

6 
cal • 

cm / (s -cm2 
• °C) 

0.154 8 W / (m -°K); 370.0 x 10 
6 

cal • 
cm / (s • cm2 

• °C) 
20.7 mN/ m; 20.7 dyn / cm 
0 .05% (by weight) 
690.95 °K; 417 .8 °C; 784.0 °F 

1.429 2 

2 541.74 kJ / mol; 607.49 kcal/mol 
2 409.69 kJ / mol; 575.93 kcal / mol 

252.32 kJ / mol; 602.37 kcal / mol 
2 388.31 kJ / mol; 570.82 kcal / mol 
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1,3-BUT ADIENE ~~=-==---------~-:==-=-=-=-==~----Contact of the liquid form of the hydr~carbon with the Skin 
Oescnpt1on 

1 3-Butadiene ,s a colorless, flammable gas at room temper­
a ure and a mospherrc pressure The gas has a mildly aromatic 
odor Butad1ene 1s sl.ghtly soluble in methanol and ethanol and 
r ad, y soluble in ether, benzene. carbon tetrachloride, and 
chloroform Butad1ene Is a noncorrosive material It Is normally 
sh Pn d as a hquef,ed gas under its own vapor pressure in 
st I cyhnders or In insulated tank cars. Because of ,ts extreme 
r actIv1ty and tendency to polymerize, this material Is shipped 
with an 1n'11h1lor The cyhnder pressure Is 150 kPa (21 .4 ps1g) 

t 21 1 C 

Sp c1f1cat1ons 

Math son supplies three grades of 1,3-butadiene having 
p c1hcat1ons as follows 

1. Research Grade 

This grad has the highest possible purity, typically 99.86 
mo/ 

2. Instrument Grade 

Th, grad has a minimum purity of 99 5 mole % 

3. C.P. Grade 

P11 rad has a minimum purity of 99 O mole · o The C.P. 
Grad 1s 1m1lar to a grade referred to as Rubber Grade. 

A I gradPS contain approximately 115 ppm tertiary-buty­
c t chol a a polyrncrizaflon Inh1b1tor. The inhibitor may be 
r mov d Y cl1st1llat1on or by washing with dilute caustic soda 
olut1on 

u 

80 

can cause frostbite . Symptoms of frostbite are the chan 
. . . . ~~ 

skin from pink to white or grayish-yellow, pain which quickly 
subsides, and a cold and numb feeling . 

Toxicity (2) 

1,3-Butadiene has a low order of inhalation toxicity. It 
vapors are mildly irritating to the mucous membranes. Some 

0
~ 

the aliphatic hydrocarbons are detectable by odor in low con­
centrations, generally above 0.5%; e.g._, methane has a sweet, 
oil type odor. However, the odors of this group of compound 

. f s 
do not provide adequate warning o hazardous concentration 

S. 
The 1979 ACGIH has recommended a Threshold Limit Value 

(TLV) of 1000 ppm (2200 mg / m3
) for 1,3-butadiene. 

First Aid Treatment (2) 

Inhalation 

The conscious person who becomes aware of any of the 
above mentioned symptoms should go promptly to an uncon­
taminated area and inhale fresh air or oxygen. However, in the 
event of massive exposure the victim may become unconscious 
or symptoms of asphyxiation may persist. In that case, the 
person should be removed promptly to an uncontaminated 
atmosphere and given artificial respiration and then oxygen 
after breathing has been restored . Treat symptomatically there: 
after. 

Skin Contact 

If contact of the liquid form of 1 ,3-butadiene with the skin 
occurs, frostbite may develop. In case frostbite develops, cover 
the frostbitten part with a warm hand or woolen material. If the 
fingers or hand are frostbitten, have the victim hold his hand in 
his armpit next to his body. Then place the frostbitten part in 
warm water, about 42 °C (108 °F). If warm water is not avail­
able, or is impractical to use, wrap the affected part gently in 
blankets. Let the circulation re-establish itself naturally. En­
courage the victim to exercise the affected part while it is being 
warmed. 

Precautions in Handling and Storage 

Th~ hazards associated with the handling and storage of 
butadiene arise from its high flammability and its extreme 
chemical 1· · · reac Iv1ty. Butad1ene should be stored upright in a 
cool, dry, well-ventilated location away from sources of heat, 
open flames, and sparks. Reserve stocks of this material should 
be segregated from cylinders containing oxygen, other oxidiz­
ing chemicals and gases, and combustible materials. Because 
of the tendency of b t d. . . . u a Iene to d1menze the material should 
be kept as cool · . ' . as possible. The following table gives the effect 
of temperature on the rate of formation of dimer. 

Temperature, °F 

68 
104 
140 
176 
212 

% Butadiene Dimerized Per 
Hour 

0.000 15 
0.001 4 
0.013 
0.12 
1 . 1 

matheson· 

The dimer, 1-vinyl-3-cyclohexene, is miscible with butad1ene 
in all proportions at ordinary temperatures. The dimer does not 
tend to undergo further polymerization to any maJor extent. No 
inhibitor for the dimerization reaction Is known at the present 
time. However. to mInimIze the formation of dimer the butad1ene 
should be stored at as low a temperature as possible. 

On contact with air butadiene readily forms peroxides. This 
peroxide formation can be prevented by excluding air, or by 
the use of inhibitors such as tert,ary-butycatechol. This inhibitor 
will protect only the liquid butad1ene in which 11 Is dissolved. 
Once the butad1ene has been freed from the inhibitor by 
distillation or by caustic scrubbing, exposure to air will cause 
peroxides to form. The peroxide content will have a definite 
effect on the rate of polymer formation. Any polymers forming 
due to peroxide content will not be soluble in the butad1ene, 
and they may separate out and be troublesome in many oper­
ations. In order to minimize this peroxide formation, the tem­
perature should be maintained at a minimum, and contact with 
oxygen or air should be avoided. 

Cylinders should never be refilled except by the supplier. 
All indoor storage areas should be provided with continuous 

ventilation. Since this gas Is heavier than air and tends to seek 
tower levels, storage pits and depressions in basements should 

be avoided. 
Butadiene fires are difficult and dangerous to extinguish 

Therefore, it is advisable to try and control the fire by shutting 
off the source of the fuel, and by keeping all adjacent areas 
and obJects wetted with water spray Small fires may be extIn­
gu1shed with carbon dioxide or dry chemical fire extinguishers 
For further information see Properties and Essential lnformatt0n 
for Safe Handling and Use of Butad1ene, Pamphlet SD-55, the 
Chemical Manufacturing Assn., 1825 Connecticut Ave . N.W , 

Washington, D. C. 20009 . 
In addition, the general rules listed in Appendix I should be 

observed. 

Leak Detection 

Areas suspected of leaks should be painted with a soap 
solution; leaks will be evident by the formation of small bubbles. 
Under no circumstances should a match or flame be used to 

detect butadiene leaks. 

Disposal of Leaking Cylinders 

Leaking cylinders of 1 ,3-butadiene may be disposed of by 

the procedure listed in Appendix II-A. 

Materials of Construction 

Since butadiene is considered a noncorrosive material, it 
may be used with any common or commercially available 
material. Piping systems or vessels to contain butad1ene should 
be designed to have a working pressure as specified by com­
petent engineers and using a safety factor conforming to the 

A.M.S.E. code for pressure pIpIng. 

Cylinder and Valve Description 

Butadiene is shipped in DOT approved cylinders. The cylin­
der valve used by Matheson and most other butad1ene sup­
pliers Is a diaphragm type packless valve having a Compressed 

~atheson· 

1 ,3-BUT ADI ENE 

Gas Assoc1at1on (CGA) valve outlet No. 510. The outlet spec1-
f1cat1ons are 0 885 inch diameter. internal left-hand threads 
accepting a bullet-shaped nipple, as is shown In Figure 1 This 

0 
8 

E I 

Fig. 1. CONNECTION 510 885"-14 LH INT accepting a Bullet 

Shaped Nipple 

valve is normally used in l1quef1ed petroleum gas service . 
Lecture bottles have a special ''"' inch-18 threads per inch 
male and 5111 "-32 threads per inch female outlet 

Safety Devices 

Safety devices required on butadiene cylinders depend to 
some extent on the type of cyhnder in which the material 1s 
contained. A 73 9 C (165 F) fusible metal alloy Is permitted: 
however, when cylinders are over 30 inches long, exclusive of 
the neck, this device is required at both ends A frangible disc 
,s allowed on cylinders having a minimum required test pres­
sure of 20 680 kPa (3 000 ps1g) or higher The most commonly 
used safety device, and that used by Matheson, is a safety 
relief valve or what Is commonly known as a spring-loaded 

pop · valve. With this type of safety device, the safety relief 
valve Is usually incorporated in the cylinder valve, and only one 
of this type of device is required in any cylinder. When the 
cylinder pressure exceeds a preset value (about 2 590 kPa 
(375 ps1g)] usually due to excessive heat, the relief valve will 
open and relieve the pressure until 11 returns below the preset 

relief pressure of the device. 

Recommended Controls 

Automatic Pressure Regulator 

Matheson supplies single stage regulator Model 1 P-51 0 for 
use with butad1ene The regulator has a brass body with brass 
internal parts, fabric-reinforced neoprene rubber diaphragm, 
and neoprene seat It has a delivery pressure range of 28-240 
kPa (4-35 psig) No tank gauge is supplied with the regulator 
since the vapor pressure of gaseous butad1ene over liquid 
butad1ene will remain constant as long as any liquid remains in 
the cylinder: therefore, the pressure is no 1nd1cation of cylinder 
content, which must be determined by weighing. 

For sensitive and accurate low pressure regulation, Mathe­
son supplies a Model 70 regulator. The regulator has an 
oversize, pancake body of die cast aluminum and a Buna N 
diaphragm, rubber seat and brass needle valve outlet , 1

4 " NPT 
male, and hose connection. The delivery pressure range of this 
regulator ,s 3.4- 34 .5 kPa (0.5- 5.0 psig). 

Regulator Model 3321 with a delivery pressure range of 28-
41 o kPa (4-60 ps1g) Is available for use with lecture bottles . 

Manual Controls 

Manual needle valve Model 50-510, a brass bar stock valve, 
is available for direct connection to the cylinder valve outlet. 
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1 3-BUTADIENE 

. . ed flow control, but This valve Is ideal for intermittent supervis 
it should not be used to control pressure since unsafe _pres­
sures may build up in a closed system if a relief device is not 
included, or if careful manipulation is not closely controlled. A 
Model 31 B needle valve is recommended for lecture bottles. 

Flowmeters 
Where the accurate measurement of a definite flow rate is 

necessary a flowmeter of the rotameter type, such as a Math~­
son Series 7600 or 7200 laboratory brass flowmeter unit, 

should be utilized. . 
Electronic mass flowmeters, such as Matheson Series No. 

8116 and No. 81 60, should be used where accurate readings 
are required. Cal1brat1on Is unaffected by temperaturn and 
pressure changes. Flow rates may be recorded from the instru­
ment's electrical output 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 stainless steel and 
Series 8260 of type 31 6 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera­
ture changes. These mass flow controllers consist of a trans­
ducer, a control valve, a blind controller /power supply, a 
potentiometer, and a digital indicator. The transducer senses 
the gas flow and sends a signal to the power supply. This 
signal and one from the potentiometer are compared. If there 
Is an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 
imbalance. The accuracy Is ± 1 2% 

Shipping Regulations 

1 ,3 Butad1ene is classified by the DOT as a flammable com­
pressed gas, and therefore requires a " Red Gas Label". Bu­
tad1ene Is approved for shipment only if it contains an inhibitor. 

Preparations 

Most of 1 ,3-butadiene available commercially is produced 
by catalytic dehydrogenation of n-butane and 1- and 2-bu­
tenes, or by thermal cracking of petroleum distillates (naphtha 
and light gas oils). It can also be obtained by simultaneous 
dehydrogenation and dehydration of ethyl alcohol by metallic 
oxides, by the reaction of a mixture of ethyl alcohol and 
acetaldehyde over silica gel containing a little tantalum oxide; 
by converting acetaldehyde to aldol, followed by hydrogenation 
and dehydration; by reacting acetylene with formaldehyde, 
hydrogenating the resulting 2-butyne-1 ,4-diol and dehydrating 
the reduction product (1,4-butanediol) 

Chemical Properties of 1,3-Butadiene 

1. It I a precursor in the manufacture of synthetic rubbers. 
2. Being a con1ugated d1ene, it forms adducts with a wide 

variety of d1enoph1les (D1els-Alder reaction). 

3 It undergoes d1merizat1on to 4-vinylcyclohexene on heat­
ing at elevated temperatures under pressure in the presence 
of silicon carbide or copper or chromium nephtenates as ca­
talysts. In the presence of nickel catalysts, cyclod1merization 
occurs, leading to 1,5-cyclooctadiene. In the presence of tita­
nium or chromyl halides and aluminum alkyls, trimerization 
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rs giving 1,5,9-cyclododecatriene. 1,3-Butadiene is read­
~;c;01;merized, giving polybutadiene by 1 A-addition and by 

1,2-addition. . . . 
4 1 3-Butadiene undergoes 1 ,4-cycl1zat1on with reactants 

con;ain,ing sulfur, oxygen, and nitrogen. Thus, with sulfur (at 
elevated temperatures) it gives thiophene in 6% yield, while 
with hydrogen sulfide, (in the presence o~ catalysts) it gives 
thiophene in 30-50% yield. It reacts practically qua_ntItatively 
with sulfur dioxide to give 3-sulfolene. With ammonia, at ele­
vated temperatures and in the presence of catalysts, it forms 
pyrrole in 6% yield. It reacts with diazomethane, in _ether s~lution 
at -20 °C to form 5-vinylpyrazoline and 5,5 -d1pyrazol1ne. It 
reacts with dimethylaniline at 350 °C over zinc oxide-silica gel 
in the presence of steam to form quinoline and its homologs in 
70% yield. the acid-catalyzed reaction of 1,3-butadiene and 
formaldehyde gives a variety of products, including 4-vinyl-1,3-
dioxane and a cyclic formal. 1 ,3-Butadiene reacts with sub­
stances containing the cyano group. Thus, it reacts with cyan­
ogen at 480 °C to give 2-cyanopyridine in 18% yield . Hydrogen 
cyanide reacts with 1,3-butadiene at 50-1 50 °C in the pres­
ence of nickel carbonyl or cuprous chloride to form 1-cyan-2-
butene. Passage of 1,3-butadiene through a solution of thio­
cyanogen in ether gives 1 .4-dithiocyano-2-butene in 80% yield. 

5. 1,3-Butadiene reacts with chlorine, bromine, iodine, hy­
drogen chloride, hydrogen bromide, hydrogen iodine, hypoch­
lorus acid, etc. by 1,2- and/ or 1 ,4-mechanisms, depending on 
the reactant and reaction conditions. 

Thermodynamic and Detailed Physical Data 

Molecular Structure 

The chemical behavior of 1 ,3-butadiene can be explained by 
the resonance theory, the molecule being considered as a 
resonance hybrid of the structures 

with a resonance energy of 14.644 kJ /mol. The butadiene 
molecule has a planar conformation with a transoid orientation, 
the more stable and predominant conformation at room tem­
perature, or a cisoid orientation which is required by stereo­
chemical considerations in some of its reactions. Bond lengths 
are: C- H = 1 .05 A, C- C = 1 .35 A. In 1 ,3-butadiene the 
electrons are delocalized and are spread over the entire con­
jugated system. 

Infrared Spectrum 

See Figure 2 for the infrared spectrum of gaseous 1,3-
butadiene. 

Vapor Pressure (3) 

The vapor pressure of 1,3-butadiene between -66 and 
146 °C is represented by the following equation: 

B 
log,op = A - --

t + C 

matheson 

in which p = mmHg and t = °C, and the constants A, s_. and 
c have the values of 6 .859 41, 935.53 and 239, respectively. 

Some vapor pressure values calculated by this equation are 

shown below. 

Tern perature, Vapor Pressure 
oc kPa mbar mmHg atm 

-66 3.92 39.2 29.4 0 .039 

-40 19.77 197.7 148.3 0.195 

-20 52.88 528.8 396.6 0 .522 

-4.4 1 01 .325 1 013.25 760.0 1.000 

0 119.82 1 198.2 898.7 1.183 

20 238.51 2 385.1 1 789.0 2.354 

40 434.36 4 343.6 3 258.0 4 .287 

46 554.75 5 547.5 4 161.0 5.475 

Other vapor pressure data are shown in Table 1 and Figure 

3 . 

Latent Heat of Vaporization , iiHv (4) 

Temperature, °C 

- 26.1 

matheson~ 

JiHV, kJ / kg 

436.06 

Temperature, °C 

-4.6 
22.5 

Thermodynamic Data 

1 3-BUT ADIE NE 
' 

dHV, kJ / kg 

416.06 
388.09 

For thermodynamic properties of saturated 1 ,3-butadiene, 

see Table 1. 

Thermodynamic Properties of 1 ,3-Butadiene as Ideal Gas 

@ 25 °C 

Heat Capacity, q 

Entropy, S0 

Enthalpy Difference, 
(H~9a-H~n) 

Enthalpy of Formation, .iiHf 

Free Energy of Formation, Jiff 

79.538 J / (mol • °K) 
19.010 cal / (mol • °C) 

278. 738 J / (mol -°K) 
66.620 cal / (mol • °C) 

911 .67 J/ mol 
456.9 cal-mol 
110.165 kJ / mol 

26.33 kcal / mol 
150.666 kJ / mol 

36.01 kcal / mol 
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1,3-BUTADIENE 
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Table 1. THERMODYNAMIC PROPERTIES OF SATURATED 1 ,3-BUT ADIE NE 
Temperature Pressure Entropy Enthalpy Latent Specific Volume 

J/(mol• K) kJ / mol Heat of Va- dm3 / kg 
OK OF kPa bar atm Liquid Vapor Liquid Vapor porization 

Liquid Vapor kJ / mol 
166.48 - 160 0 .090 0.000 9 0.000 89 135.181 300.011 1 5.641 43.089 27.448 1.313 5 281 176 177.59 -140 0.310 0.003 1 0.003 06 141 .835 293.153 16.785 43 .667 26.882 1 .333 5 87 774 188. 71 -120 0.896 0.009 0 0.008 85 148.150 287.586 17.942 44 .258 26.316 1.354 7 32 244 199.82 -100 2.268 0 .022 7 0 .022 39 154.125 283.105 19.099 44.874 25.775 1 .376 5 13 528 210.93 -80 5.102 0.051 0 0.050 35 159.828 279.506 20.281 45.516 25.235 1.399 6 6 333 222.04 - 60 7 .419 0 .074 2 0.073 2 165.305 276.632 21 .463 46.182 24.71 9 1.423 4 3 246 233.15 - 40 19.767 0.197 7 0.195 1 170.601 274.369 22.670 46 .861 24. 191 1 .448 3 1 795 244.26 -20 34.943 0 .349 5 0.344 9 1 75. 716 272.604 23.889 47.552 23.663 1.474 5 1 058 255.37 0 58.336 0.583 3 0 .575 7 180.695 271 .246 25.134 48.269 23. 135 1.502 0 657.1 266.48 20 92.734 0.927 3 0 .915 2 185.561 270.272 26.417 48.986 22.569 1 .531 4 427.0 277.59 40 141.273 1.41 2 1 .394 190.336 269.548 27.712 49.702 21 .990 1.562 6 288.2 288.71 60 207.600 2.076 2.049 195.021 269.096 29.044 50.432 21.388 1.596 3 200.9 299.82 80 295.370 2.954 2.91 5 199.638 268.824 30.415 51.148 20.733 1.631 9 143.9 310.93 100 408.858 4.088 4.035 204.209 268.688 31.81 1 51.865 20.054 1 .671 8 105.4 322.04 120 552.34 5.52 5.45 208.736 268. 711 33.269 52.582 19.313 1 .7149 78.78 333.15 140 730.36 7.31 7 .21 213.240 268.801 34.753 53.261 18.508 1. 762 3 59.78 344 .26 160 947.34 9.47 9 .35 217.721 268.937 36.287 53.927 17.640 1 .816 0 45.96 355.37 180 1209.3 12.10 11 .94 222.179 269.118 37 .884 54 .556 16.672 1.877 2 35.68 366.48 200 1520.3 15.20 15.00 226.547 269.322 39.606 55.197 15.591 1 .948 4 27.87 
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(6) 
Density 
kg/ dm3 

Liquid Vapor 

0 .761 3 0.000 004 
0 .749 9 0.000 011 
0.738 2 0.000 031 
0.726 5 0.000 074 
0 .7145 0.000 158 
0.702 5 0.000 308 
0.690 5 0.000 557 
0.678 2 0.000 945 
0.665 8 0.001 52 
0.653 0 0.002 34 
0.640 0 0.003 47 
0.626 4 0.004 98 
0.612 8 0 .006 95 
0 .598 2 0.009 49 
0.583 1 0.012 69 
0 .567 4 0 .016 73 
0 .550 7 0.021 76 
0.532 7 0.028 03 
0 .513 2 0.035 88 
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BUTANE 
(Synonyms: Normal Butane; n-Butan-;} 

(Formula: CH3CH2CH2CH2 or C4H10
) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of C4H10 
Specific Volume @ 21 .1 °C, 101 .325 kPa 

Vapor Pressure@ 21 .1 °C 
Boiling Point @ 101 .325 kPa 
Freezing Point in Air @ 101 .325 kPa 

Triple Point Temperature 
Pressure 

Absolute Density, Gas @ 101 .325 kPa @ 20 °C 
Relative Density, Gas@ 101 .325 kPa@ 20 °C (Air = 1) 

Density, Liquid @ Saturation Pressure @ 20 °C 

Critical Temperature 
Critical Pressure 

Critical Volume 
Cr,t1cal Density 

Critical Compressibility Factor 
Latent Heat of Fusion @ -138.4 °C 
Flammability Limits In Air 

Molar Specific Heat, Gas @ 101 .325 kPa @ 25 °C 
(g.. Constant Pressure 

(g.. Constant Volume 

Specific Heat Ratio, Gas @ 101 .325 kPa @ 25 °C Cp/Cv 
Molar Specific Heat, Liquid@ -42.4 ° C 
Viscosity, Gas @, 101.325 4 kPa@ 20 °C 

Viscosity, Liquid l1i -40 °C 

Thermal Conduct1v1ty, Gas @ 101 .325 kPa@ 25 °c 

Thermal Conductivity, Liquid@ -40 ° C 

Surface Tension @ o °C 

Solubility in Water@, 101.325 kPa@ o °C 

Refractive Index, L1qu1d @ Saturation Pressure, no@ 25 oc 
Auto1gn1t1on Temperature 

Heat of Combustion, Gas@ 25 ° C and Constant Pressure 
Gross, to form H~O(llq) + C02(gas) 
Net, to form H;,O(gas) + C02(gas) 

Heat of Combustion, Liquid @ 25 oc and Constant Pressure 
Gross, to form H?O(llq) + COigas) 
Net, to form H20(gas) + co2(gas) 

Description 

0.058 124 kg 

0.058 124 kg 
399.5 dm3 /kg; 6.4 ft3 / lb 
213.7 kPa; 2.14 bar; 31.0 psia; 2 .1 atm 

272.65 °K; -0.5 °C; 31 .1 ° F 

134.80 °K; -138.4 °C; -217.0 ° F 

134.86 °K; -138.3 °C; -216.9 ° F 

0.00076 kPa; 0.007 6 mbar; 0.005 7 

mmHg 
2.544 kg/m3 

2 .11 

0.578 8 kg/I 
425.16 °K; 152.0 ° C; 305 .6 °F 

3 796.6 kPa; 37.97 bar; 550. 7 psia; 

37.47 aim 
4.387 dm3 /kg 

0.228 kg/dm3 

0.274 

4 663.43 J/mol; 1 145.59 cal / mol 
1.8-8.4% (by volume) 

100.365 J/(kmol- °K); 100.365 J / (mol, 
°K); 0.412 7 kcal/(kg. ° C) 

92.048 kJ/(kmol, ° K); 92.048 J / (mol, 

°K); 0.378 5 kcal / (kg · ° C) 

1.090 

122.544 J/(mol • °K) 

0.007 35 mPa-s; 0 .007 35 mN-s/ m2 ; 

0.007 35 cP 

0.313 mPa-s; 0.313 mN-s/ m2
; 0.313 

cP 

0.014 644 W /(m. ° K); 35.0 x 1 o-s cal. 
cm/(s-cm2 • °C) 

0.014 226W/(m, ° K);340.0x 10- 6 cal• 
cm/(s-cm2 

• ° C) 

l 4 .8 mN/m; 14.8 dyn / cm 
3 -147 cm 3 /100 cm 3 water 
1.329 2 

703.15 °K; 430 ° C; 806 ° F 

2 877.1 kJ / mol; 687.64 kcal / mol 
2 557 .0 kJ/mol; 635.0 kcal.mol 

2 855-4 kJ/mol; 682.4 kcal / mol 
2 635-3 kJ/mol; 629 .9 kcal / mol 

At room temperature and atmospheric pressure b . 
istic natural gas od 8 . . or. utane Is shipped as a liquefied petro-

colorless, flammable, relatively nontoxic gas w·1th , uhtane is a 
a c aracter-
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leum gas in cylind ers, tank cars, and tank trucks under its own 
vapor pressure of 110 kPa (16.3 psig) at 21 .1 oc. 

Specifications 

Matheson supplies three grades of butane, as follows: 

1. Research Grade 

This grade of butane is of the highest purity available. The 
minimum purity of this grade is 99.9 mole %, although its 
typical purity is 99.99 mole % as determined by freezing point. 

2. Instrument Grade 

This grade has a minimum purity of 99.5 mole %. The 
maximum non-condensable or air content of the vapor phase 
is 0 .05 mole %. There is essentially no air in the liquid phase. 
Special precautions are taken to eliminate traces of water, oil, 
and nonvolatile matter. 

3. C.P. Grade 

This grade has a minimum purity of 99.0 weight %. 

Uses 

Butane in pure form is used for calibration work in instru­
ments such as pressure and temperature gauges and for filling 
thermobulbs for such instruments. It is industrially important as 
an intermediate in the manufacture of aviation fuel and in the 
manufacture of many organic chemicals. It is also used as a 
heating fuel and a special motor fuel, usually in in-plant trucking 
where gasoline vapors are considered obnoxious. 

Toxicity (2) 

The 1979 ACGIH has adopted a Threshold Limit Value (TLV) 
of 600 ppm (1430 mg / m3 ) for butane.• Exposure to 1 % butane 
for ten minutes results in drowsiness but no other systemic 
effects. The odor of butane is not detectable below a concen­
tration of 0.5%. 

First Aid Treatment (2) 

Inhalation 

The conscious person who becomes aware of any drowsi­
ness should go promptly to an uncontaminated area and inhale 
fresh air or oxygen. However, in the event of massive exposure 
the victim may become unconscious or symptoms of asphyxia­
tion may persist. In that case, the person should be removed 
promptly to an uncontaminated atmosphere and given artificial 
respiration if needed and then oxygen, after breathing has 
been restored. Treat symptomatically thereafter. 

Skin Contact 

If contact of the liquid form of butane with the skin occurs, 
frostbite may develop. In case frostbite develops, cover the 
frostbitten part with a warm hand or woolen material. If the 
fingers or hand are frostbitten, have the victim hold his hand in 
his armpit next to his body. Then place the frostbitten part in 
warm water, about 42°C (108 °F). If warm water is not avail­
able, or it is impractical to use, wrap the affected part gently in 
blankets. Let the circulation re-establish itself naturally. En-

• Notice of Intended Change to 800 ppm (1900 mg / m
3
), 

1979 ACGIH . 
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courage the victim to exercise the affected part while it Is being 

warmed. 

Precautions in Handling and Storage 

The hazards due to the handling of butane stem mainly from 
its extreme flammability . Store and use butane cylinders in 
well-ventilated areas away from heat and all ignition sources 
such as flames and sparks. Never use flames to detect flam­
mable leaks, use soap water solution. Do not use butane 
around sparking motors or other nonexplosion-proof equip­
ment. Do not store reserve stocks of butane cylinders with 
cylinders containing oxygen, chlorine or other highly oxidizing 
or flammable materials. Ground all lines and equipment used 
with butane. 

In addition, the general rules listed in Appendix I should be 
observed . 

Leak Detection 

All fittings and joints should be painted with soap solution to 
detect leaks, which will be indicated by bubble formation . 
Never use a flame to detect leaks. 

Disposal of Leaking Cylinders 

For disposal of leaking cylinders of butane the procedure 
listed in Appendix II-A should be followed . 

Materials of Construction 

Since butane is a noncorrosive gas, any common or com­
mercially available metal may be used. However, piping sys­
tems or vessels to contain butane should be designed to have 
a working pressure as specified by competent engineers using 
a safety factor conforming to the ASME code for pressure 
piping. 

Cylinders and Valve Description 

DOT approved cylinders containing butane are usually of the 
low pressure type having a rated service pressure of 1 030 
kPa (150 psig) or more. Cylinders of butane are equipped with 
valves having Compressed Gas Association (CGA) valve outlet 
No. 510 (for gas withdrawal) having a thread size of 0 .885 inch 
diameter-14 threads per inch left-hand internal threads ac­
cepting a bullet-shaped nipple. See Figure 1 for illustration of 
the valve outlet and mating connection. This valve outlet is 
standard for all liquefied petroleum gases. Valves used in this 
service by Matheson are of the diaphragm type and contain no 
packing. They are therefore relatively leak-free and require no 
packing adjustments. Lecture bottles have a special 9/,e" -18 
threads per inch male and 5/,s "-32 threads per inch female 
valve outlet. 

OUTLET 

880" 
7'8" 

! 

CONNECTION 

Fig. 1 . CONNECTION 510 .885" - 14 LH INT. accepting a Bullet 
Shaped Nipple 
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Safety Devices 

A number of different safety devices are permitted on cylin­
ders containing butane A frangible disc is allowed in cylinders 
having a m1rnmum required test pressure of 20 680 kPa (3 000 
ps1g) or higher, and 1s required in only one end of the container. 
A 73.9 °C (165 °F) fusible metal may be used; however, when 
cylinders are over 30 inches long (exclusive of the neck) this 
device ,s required in both ends A frangible disc backed up 
with 73.9 •c (165 °F) fusible metal is permitted in cylinders 
having a minimum required test pressure of 20 680 kPa (3 000 
ps,g) or higher and when cylinders are over 30 inches long 
(exclusive of the neck) th,s device 1s required at both ends. The 
most commonly used safety device, which is employed by 
Matheson, 1s the spring-loaded safety relief valve. If cylinder 
pressure becomes dangerously high, usually due to overheat­
ing, the safety relief device will open (at approximately 2 590 
kPa (375 psig)) and release butane gas until the pressure again 
returns to a safe level 

Recommended Controls 

Automatic Pressure Regulators 

Single stage automatic regulator Model 1 P-51 o is recom­
mended for butane service. This regulator'has a brass body, 
with brass internal parts, fabric-reinforced Neoprene rubber 
diaphragm, and Neoprene seat It has a delivery pressure 
range of 28-240 kPa (4-35 ps1g) It has a delivery pressure 
gauge, but no tank gauge, since tank pressure ,s no criterion 
of the amount of gas remaining, tank pressure will remain 
constant as long as hqu1d butane remains in the cylinder. 

For low pressure regulation, Matheson supplies a Model 70 
regulator. The regulator has an oversized pancake body of die 
cast aluminum with a Buna N diaphragm The regulator gives 
sens1t1ve and very accurate low pressure control. The delivery 
pressure range of this regulator 1s 3.4 - 45 kPa (0.5-5 psig). 

This regulator 1s designed primarily for liquefied petroleum 
gases where it is particularly suited for fuel gas burner opera­
tion, since ,t delivers a steady flow for a stable flame. It is ideal 
for use with flame photometers 

Regulator Model 3321 with a delivery pressure range of 28-
410 kPa (4-60 psig) is available for use with lecture bottles. 

Manual Controls 

Manual needle valve Model 50-510, a brass bar stock valve 
1s available for direct connection to the cylinder valve outlet' 
The valve may be equipped with a variety of outlets such a~ 
i • H compression fitting, ¼ " NPT male or female pipe 
serrated hose end. It should be used only where supervis:~ 
flow control is available and should not be used as a pressure 
control since it will not prevent pressures from building up if a 
system becomes clogged or if the system itself 1s closed A 
Model 31 B manual needle valve 1s available for use with le t · 
bottles c ure 

Flow meters 

Flowmeters of the rotameter type, such as Matheson Series 
7600 laboratory brass flowmeters. are recommended where 
definite flow rates must be known. 

Electronic mass flowmeters such as Matheso S . 
· n eries No. 
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811 5 and No. 8160, should be used where accurate readings 
are required. Calibration is unaffected by temperature and 
pressure changes. Flow rates may be recorded from the instru­
ment's electrical output. 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 stainless steel and 
Series 8260 of type 316 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera­
ture changes. These mass flow controllers consist of a trans­
ducer, a control valve, a blind controller /power supply, a 
potentiometer, and a digital indicator. The transducer senses 
the gas flow and sends a signal to the power supply. This 
signal and one from the potentiometer are compared. If there 
is an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 
imbalance. The accuracy is ± 1.2%. 

Shipping Regulations 

Butane is classified by the DOT as a flammable, compressed 
gas and is shipped with the requ ired " Red Gas Label ". 

Commercial Preparation 

Butane and isobutane are recovered from natural and refin­
ery gases. Recovery from natural gas is effected by absorption 
at high pressures in a suitable absorber oil and subsequent 
fractionation to remove propane and the pentanes. The two 
butanes are then separated by careful fractionation . Recovery 
of the butanes from refinery gases is effected by compression 
and condensation, but the recent trend has been toward the 
use of the absorption methods used with natural gas. 

Chemical Properties 

Butane is a member of the alkane or paraffin series of 
hydrocarbons. The alkanes as a group are chemically inert 
substances, not being attacked by cold bromine, sulfuric acid, 
and nitric acid. However, the alkanes undergo (with a change 
in conditions) both chlorination and nitration and in addition 
many thermal reactions such as isomerization, d~hydrogena~ 
lion, cyclization, and others. When the alkanes are heated from 
500 °C upwards, they undergo complex reactions which may 
be _accelerated or directed by different catalysts to give a 
variety of products. The following reactions exemplify the dif­
ferent types of reactions which the alkanes undergo and which 
are of great importance to the petroleum industry. The reac­
tions which may occur simultaneously are: (a) dehydrogena-
tion (b) · · · 

, . 1somerizat1on, (c) thermal degradation or cracking, (d) 
aromat1zation. 

(a) Dehydrogenation 

This react" · f · . ion 1s o importance in the petroleum industry for 
the c · onvers1on of ethane, propane butane isobutane and 
Pentanes into olefins wherein higher y. ields and higher re;ction 
vel 't' 0

~
1 ies are Promoted by catalysts. Industrially the olefins so 

obtained are pol · ' 
ymerized or used for alkylating isoalkanes to 

produce high grade motor fuel. Ethylene, propylene and iso-
butylene are used f th . . . or e manufacture of a great variety of 
industrially important aliphatic compounds. 

(b) lsomerization 

Normal chain alkanes containing four or more carbon atoms, 
or slightly branched alkanes, undergo isomenzation to more 
highly branched alkanes with catalysts of the Friedel-Crafts 
type at temperatures of 1 50-200 °C. The most effective cata­
lyst is aluminum chloride supported on silica gel or alumina, 
and promoted by hydrogen chloride, but a wide variety of other 
catalysts and promoters may be used . Thus, isobutane and 
isopentane are produced from butane and pentane, respec­
tively, and can be alkylated by propylene and the butylenes to 
yield highly branched heptanes, octanes and nonanes for use 
in aviation fuels. 

(c) Thermal Degradation or Cracking 

The pyrolysis of gaseous, liquid and solid alkanes at tem­
peratures of about 500-1 000 °C has been widely studied with 
the object of obtaining lower branched chain alkanes and 
olefins . Non-catalytic pyrolysis of alkanes at about 1 400-
1 600 °c results in more complete degradation to yield the 
industrially important carbon black, hydrogen and acetylene. 
By the use of suitable catalysts, the cracking temperature can 
be reduced to 200-500 °C and by careful control of the 
conditions, the desired products can be obtained in good 
yields. 

( d) Aromatization 

The alkanes can be converted into aromatic hydrocarbons 
by high temperature cracking and by,hydroforming (or catalytic 
reforming). The aromatization of alkanes occurs at a tempera­
ture of 500-1 000 °C most likely by the mechanism of first 
forming olefins and diolefins which combine to yield cyclic 
compounds. The latter in the presence of metallic catalysts are 
dehydrogenated into aromatic compounds. In the hydroforming 
process, practically quantitative conversion is effected of ali­
phatic hydrocarbons containing more than six carbon atoms in 
the chain, to yield aromatic hydrocarbons with the same num­
ber of carbon atoms. The mechanism of this reaction involves 
dehydrogenation of the alkane into an olefin, cyclization of the 
olefin to a cyclohexane derivative, and dehydrogenation of the 
cyclic compound to an aromatic compound. 

Other Reactions of Alkanes: 

(e) Oxidation 

Alkanes can be oxidized by atmospheric oxygen at temper­
atures well below their ignition point. The rate of oxidation of 
the alkanes in the vapor phase increases with the length of 
chain and decreases by the chain branching. Methyl groups 
have a stabilizing effect. 

(fl Halogenation 

The halogens (except iodine) react readily with alkanes. Little 
or no halogenation occurs in the dark, but in daylight or 
ultraviolet light methane and ethane are attacked (except by 
iodine) with explosive violence. Halogenation of the alkanes 
may be effected in the liquid or gaseous state with ultraviolet 
light or heat; catalysts may accelerate the reaction. The for­
mation of isomeric halides and polysubstitution products and, 
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with chlorine, the danger of explosive reaction may be mini­
mized by control of concentrations, temperature and catalysts, 
and in the case of chlorination, by carrying out the reaction in 
the l1qu1d phase with carbon d1ox1de, nitrogen, steam, hydrogen 
chloride or chlorinated hydrocarbons as diluents 

(g) Nitration 

While alkanes show little or no reactivity towards nitric acid 
or nitrogen tetrox,de at ordinary temperatures, reaction pro­
ceeds at temperatures of 1 00-450 °C 1n the liquid phase and 
preferably in the vapor phase to give nitroalkanes. 

(h) With Inorganic Reagents 

(1) Under ultraviolet light the alkanes react with a mixture of 
sulfur dioxide and chlorine at room temperature to give sulfonyl 
chlorides. (2) In the presence of organic peroxides, the alkanes 
react with sulfuryl chloride in the dark to yield alkyl chloride, 
sulfur dioxide, and hydrogen chloride. (3) Alkanes (e.g ., pro­
pane, butane, and isobutane) react with sulfur dioxide in the 
vapor phase yielding sulfonic acids or their anhydrides, sul­
fones, and sulfates. (4) At about 300 °C and above, alkanes 
containing four or more carbon atoms react with sulfur to give 
olef1ns, diolefins and thiophene derivatives. (5) Alkanes, includ­
ing propane, 3-methylpentane and heptane, react with phos­
phorus trichloride and oxygen at 25 ° C to yield alkanephos­
phonyl chlorides which, on hydrolysis, give alkylphosphonic 
acids. (6) In the presence of aluminum chloride, alkanes react 
with carbon monoxide to give ketones (e.g ., 1sobutanes yield 
methyl isopropyl ketone). 

(i) With Organic Reagents 

(1) In the presence of actinic light, or in the dark in the 
presence of organic peroxides, alkanes (e.g ., pentane, heptane 
and isooctane) react with oxalyl chloride or phosgene to give 
acid chlorides. (2) Normal alkanes react with acid chlorides in 
the presence of aluminum chloride to give ketones. (3) lsoal­
kanes condense with haloalkanes in the presence of Friedel­
Crafts catalysts, e.g., isobutane and vinyl chloride in the pres­
ence of aluminum chloride yield 1, 1-dichloro-3,3-dimethylbu­
tane . (4) lsoalkanes undergo halogen-hydrogen exchange with 
tertiary or secondary alkyl halides 1n the presence of aluminum 
halides. (5) lsoalkanes react with unsaturated aliphatic carbox­
ylic acids in the presence of aluminum chloride to give satu­
rated fatty acids. (6) Tertiary alkanes react with benzoyl per­
oxide yielding tert-alkyl benzoate, benzene and carbon dioxide 
or (if the reaction takes this course) tert-alkylbenzene, benzyl 
alcohol and carbon dioxide. (7) Tertiary alkanes and ketones 
in the presence of sulfuric acid react to give tert-alcohols. (8) 

lsoalkanes condense with aromatic hydrocarbons ,n the pres­
ence of silica or alumina. 

Thermodynamic and Detailed Physical Data 

Molecular Structure (3) 

The four carbon atoms in butane are linked to one another 
in a straight chain. Three two-electron single bonds link the 
four carbon atoms, which are formed by mutual sharing of two 
electrons between each of the carbon atoms. There are six 
two-electron carbon-to-hydrogen bonds on the two terminal 
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carbon atoms. These hydrogen atoms are equivalent. since 
only one monosubst1tution product 1s formed by replacement 
of any one of these six hydrogen atoms. The four hydrogen 
atoms on the two interior carbon atoms are also equivalent but 
he environment ,s different from that of the six terminal hydro-

g n atoms. Thus, while only one monosubst1tut1on product 1s 
formed by replacement of any of these hydrogen atoms, it 1s 
d1f erent, although isomeric, from the monosubslitut1on product 
formed by replacement of any one of the six terminal hydrogen 

atoms. 
The butane molecule exists in eclipsed and staggered con­

formational ,somers Corresponding to eclipsed conformations 
arc a syn form (c1s form) with C2 • symmetry and two equivalent 
anti forms (gauche forms) with C2 symmetry The staggered 
anti conformation (C2h symmetry) has a single trans form, but 
two equivalent syn forms with C symmetry are possible. (See 
Figure 2 for conformations of butane ) Since the staggered 
conformations have the lowest potential energy, the molecule 
will mostly adopt one or more of the three staggered confor­
mations, depending on the state of butane (solid, liquid, gas). 

Echpsed 
conformat,ons 

Sl/1ggorl'd 
conformnt,ons 

C (1nt1) 
(trans) 

C (syn) 

Fig. 2. Conformations of butane, blank circles represent 
m thyl roups, large dark circles carbon atoms, and smaller 
dark circl s hydrogen atoms (3) 

REFERENCES 

Infrared Spectrum 

See Figure 3 for the infrared spectrum of gaseous butane. 

Vapor Pressure (4) 

The vapor pressure of liquid butane between - 60 and 45 oc 
,s represented by the following Antoine vapor pressure equa-

tion: 

B 
log,oP = A - -­

t + C 

,n which p = mmHg and t = °C. and the constants A, B, and 
c have the values of 6.830 29, 945.9, and 240.0, respectively. 

Some vapor pressure values calculated by this equation are 

shown below: 

Temperature, Vapor Pressure 
oc kPa bar mmHg 

-60 3.9 0.039 37.6 
-40 16.5 0 .165 126.1 
-20 50.4 0.504 339.4 
-0.5 101.325 1.01 3 25 760.0 
20 207.6 2.076 1 557.0 
30 283.0 2.830 2 123.0 
45 430.0 4.300 3 225.0 

For additional vapor pressure data, see Table 1 and Figure 
4. 

Latent Heat of Vaporization 

@ -0.5 °C 
@25 °C 

Thermodynamic Data 

22 .393 kJ / mol 
21.066 kJ / mol 

Thermodynamic properties of saturated butane and super­
heated butane are listed in Table 1 and 2 , respectively. 

Thermodynamic Properties of Butane As Ideal Gas @ 25 °C 

Heat Capacity, C~ 97.447 J / (mol°K) 
Entropy, S0 (4) 310.034 J / (mol °K) 
Enthalpy of Formation, 11H~ -126.148 kJ / mol 
Free Energy of Formation, 11F1l -1 7 .1 54 kJ / mol 
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Table 2. THERMODYNAMIC PROPERTIES OF SUPERHEATED BUTANE (7) 
H, ENTHALPY, kJ/mol; S, ENTROPY, J/(mol- °K); V, SPECIFIC VOLUME, m3 / kg 

Pressure Temperature, K 
kPa bar atm 294.26 310.93 327.59 344.26 360.93 377.59 

H 22.559 24.114 25. 721 27 .382 29.092 30.855 
101.325 1.013 25 1.000 s 82.587 6 87.7189 92.753 0 97.689 8 102.553 6 107.344 4 Table 1. THERMODYNAMIC PROPERTIES OF SATURATED BUTANE (6) V 0.402 7 0.427 4 0.451 8 0.4 76 1 0 .500 2 0 .524 3 

H 22.476 24.046 25.662 27.331 29.048 30.818 Entropy from 
Enthalpy above 

Latent 
Specific Volume 

1.38 1.361 s 79.742 3 84.922 2 90.004 9 94.966 0 99.829 8 104.620 7 
Temperature Pressure 255.37 K J/ Heat of Va- Density kg/m3 137.897 kPa 

(mol• K) 
255.37 K kJ/ mol 

porization m3 / kg 
V 0.292 2 0.311 0 0.329 2 0.347 3 0.365 3 0.383 1 K F bar aim l1qu1d Vapor liquid Vapor kJ/ mol liquid Vapor liquid Vapor H 23.749 25.415 27 .11 7 28.865 30.664 255 37 0 50 332 0 504 0 497 0.000 89 981 0.000 23 036 23.036 0.001 62 0.693 617.3 1.443 275.789 2.76 2.722 s 78.599 3 83.827 9 88.886 2 93.847 3 98.735 5 260 3 10 63.432 0.634 0.626 2 675 89 981 0 743 23.508 22.765 0.001 63 0 .559 613.5 1.789 V 0.149 2 0.159 1 0 .168 8 0.178 2 0.187 5 266 48 20 79.979 0 799 0.789 5.350 90.224 1.419 23.981 22.562 0.001 65 0.451 606.1 2.217 H 25.130 26.882 28.667 30.495 272 04 30 99 284 0.993 0.980 8.025 90 224 2.162 24.522 22.360 0.001 66 0 .368 602.4 2.717 413.684 4.14 4.083 s 79.839 5 85.043 8 90.126 5 95.087 6 

277 59 40 122 037 1.22 1 204 10 700 90 224 2.905 24 995 22.090 0.001 68 0.305 595.2 3.279 283 15 50 148 926 1 49 1.470 13.619 90 710 3.648 25.467 21.819 0.001 70 0.254 588.2 3.937 V 0.102 1 0.109 1 0.115 8 0.123 9 288 71 60 181 332 1 81 1.790 16 294 90 953 4 458 26 008 21.550 0.001 71 0.212 584.8 4.717 H 24.808 26.629 28.452 30.314 294 26 70 217 874 2.18 2 150 18.969 91 197 5 202 26.481 21.279 0.001 73 0.180 578.0 5.556 551.579 5.52 5.444 s 76.775 3 82 .101 2 87.305 5 92.388 2 299 82 80 259 242 2.59 2.559 21 644 91 440 6.012 26.954 20.942 0.001 75 0.154 571 .4 6.494 V 0.073 4 0.079 2 0 .084 6 0 .089 7 
305.37 90 306.816 3.07 3.028 24 319 91 683 6 890 27.426 20.536 0.001 77 0 .131 565.0 7.634 

26.360 28.224 30 .114 
310 93 100 359,905 3.60 3.552 26 994 91 926 7 701 27.899 20.198 0.001 79 H 0.113 558.7 8.850 316 48 110 419 200 4 .19 4 137 29 669 92 413 8 579 28.440 19.861 0.001 81 0 .098 6 552.5 689.473 6.90 6.805 s 79.620 7 84.970 9 90 .175 2 10.142 322 04 120 488 14 7 4 .88 4 .8 18 32,588 92 899 9.457 28.845 19.388 0.001 84 0.086 2 543.5 V 0.061 1 0.065 7 0.070 1 327 59 130 561.231 5.61 5.539 35.263 11 .601 93.385 10.336 29.318 18.982 0.001 86 0.075 5 537 .6 13.245 H 27 .924 29.842 
333 15 140 638 452 6.38 6.301 38.181 93.872 11 . 281 29.858 18.577 0 .001 89 0.066 8 s 82.441 7 87.816 2 

529 .1 14.970 861.842 8.62 8.506 
V 0.050 5 0.054 4 
H 27.610 29.550 

1 034.210 10.34 10.207 s 80.374 6 85.724 8 
V 0.040 3 0.043 8 
H 29.240 

1 206.578 12.07 11.908 s 83.779 2 
V 0.036 2 
H 28.911 

1 378.947 13.79 13.609 s 81.955 3 
V 0.030 2 
H 28.563 

1551.315 15.51 15.310 s 80.398 9 
V 0.025 5 

94 

matheson ~atheson· 
95 



10 000-~---,----,----.----,---,-.,,......,,....,,....,---,--.---:-;,---r;~:----r,::::-_-_ -"T---r-rn[+''T"'.r-:-r-r-~-,-.,,i,.._ 
9--t---::-7""C""--t--c----+--'"'----~~--+~~+--+-~~t---1-~:!"---r--r--r-r------i:--.;.-,.~--.A 

0 20 

~ -t r~ 
d t - ' 
p 
~ l. 

t • + 

100 
TEMPERATURE oc 

120 140 

-::; 
-4---

·-+ -
Y-..j_ -+-t-t 

160 180 200 220 

1-BUTENE 
(Synonym: alpha-Butylene) 

(Formula: CH3CH2CH:CH2 or C4Hs) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of C4Hs 
Specific Volume @ 21 .1 °C, 101.325 kPa 
Vapor Pressure @ 21 .1 °C 
Boiling Point @ 101 .325 kPa 
Triple Point 
Absolute Density, Gas@ 101 .325 kPa@ 25 °C 
Relative Density, Gas @ 101 .325 kPa @ 25 ° C (Air = 1) 
Density, Liquid @ -40 °C 
Critical Temperature 
Critical Pressure 

Critical Volume 
Critical Density 
Critical Compressibility Factor 
Latent Heat of Fusion @ -185.4 °C 
Flammable Limits In Air 
Molar Specific Heat, Gas @ 101 .325 kPa @ 25 °C 

@ Constant Pressure 

@ Constant Volume 

Specific Heat Ratio, Gas@ 101 .325 kPa@ 25 ° C Cp/ Cv 
Specific Heat, Liquid @ - 20 °C 

Viscosity, Gas@ 101 .325 kPa@ 20 °C 

Viscosity, Liquid @ - 40 °C 
Thermal Conductivity, Gas@ 101.325 kPa @ 25 °C 

Thermal Conductivity, Liquid @ -40 °C 

Surface Tension @ O ° C 
Refractive Index, Liquid , n0 @ -25 °C 
Heat of Combustion, Gas @ 25 °C and Constant Pressure 

Gross, to form H20 (liq) + CO2 (gas) 
Net, to form H20 (gas) + CO2 (gas) 

0.056 108 kg 
0 .056 108 kg 
418.2dm kg ;6.7 ft3 /l b 
263.4 kPa; 2.63 bar; 38.2 psia: 2 .6 atm 
266.89 °K; -6 3 °C, 20 7 ° F 
87 80 °K; - 185 4 °C; -301.6 °F 
2.365 5 kg m3 

2.00 
0 .680 kg / / 
419.55 ° K; 146.4 ° C; 295.5 nF 
4 023 kPa; 40 23 bar, 583 4 psia , 39. 7 

atm 
4.295 dm3 kg 
0.233 kg dm 
0 .278 
3 848 4 J / mol; 919.8 cal / mol 
1.6-9.3% (by volume) 

87 .329 kJ / (kmol- K), 87329 J ; (mol-
0K) 0.372 kcal / (kg. C) 

79.113 kJ (kmol-°K), 79.113 J (mol-
0K) 0 33 7 kcal (kg. °C) 

1.104 
127.003 J / (mol- " K) 0.541 kcal/ (kg­

C) 
0.007 63 mPa-s; 0 .007 63 mN-s/ m2

; 

0.007 63 cP 
0.272 mPa-s; 0 .272 mN-s / m2 0.272 cP 
0 .014 44 W/ (m- ° K), 34.5 X 10 6 cal­

cm/ (s-cm2 · °C) 
0.1456W/ (m • K) ; 348.0 x 10 ° cal-

cm/(s- cm - °C) 
15.6 mN / m; 15.6 dyn cm 
1 .377 7 

2 717.3 kJ / mol 
2 541.2 kJ / mol 

Heat of Combustion, Liquid @ 25 °C and Constant Pressure 
Gross, to form H20 (liq) + CO2 (gas) 2 696.9 kJ / mol 

2 520.9 kJ / mol Net, to form H20 (gas) + CO2 (gas) 

Description 

1-Butene is a colorless, flammable gas at room temperature 
and atmospheric pressure. It is very soluble in alcohol and 
ether, and insoluble in water. It Is readily liquefied and 1s 
shipped as a liquefied petroleum gas in low pressure steel 
cylinders under its own vapor pressure of 1 62 kPa (23.5 

psig) at 21.1 ° C. 

Matheson~ 
~ 

Specifications 

Matheson supplies two grades of 1-butene, as follows: 

1. Research Grade 

This grade of 1-butene is of the highest purity available 
Although there Is no minimum purity specification. th is grade 
has a typical purity of 99.9 mole o,,, Small amounts of isobu-
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tylene and 1 3-butadiene are present as impurities. This grade 
Is furnished with a statement of purity. 

2. C. P. Grade 

This grade has a minimum purity of 99.0 mole % 

Uses 

1-But ne 1s a member of the alkene group of hydrocarbons. 
Alken s s rve as intermediates in the preparation of a variety 
of organic compounds Sulfuric acid and sulfur dioxide react 
with alken s to give alkyl hydrogen sulfates and alkyl sulfo­
nat s, r sp ctIvely, many of which are useful as detergents. In 
th industrially important Oxo process, alkenes react catalyti­
cally with carbon monoxide and hydrogen to give aldehydes. 
Alken s are polymerized by heating with catalysts to give high­
octane gasollnos, plastics, and synthetic rubber Alkanes react 
with alk nes In the presence of catalysts to form motor fuels in 
a proco s known as alkylat1on. 

Tox1c1ty (2) 

1-Bul n& 1 nontoxic. at higher concentrations 1t can act as 
an anesthetic It possesses stronger anesthetic properties than 

lhylen or propylene. 1-Butene Is about 4 5 times as toxic as 
lhyl n 
Contact of the skin with liquid 1-butene may cause frostbite. 

First Aid Treatment (2) 

Inhalation 

The conscious person who becomes aware of any symptoms 
such as rapid respiration, air hunger, d1m1mshed mental alert­
n ss. muscular incoord1nat1on, faulty Judgment, emotional In-
tabIl1ty, rapid fatigue, nausea and vomiting should go promptly 

to an uncontaminated area and inhale fresh air or oxygen. 
Howov r, in the event of massive exposure, the victim may 
b come unconscious or symptoms of asphyx1at1on may persist. 
In that cas , the P rson should be removed promptly to an 
uncontaminated atmosphere and given art1f1c1al respiration If 
n c ssary and th n oxygen, after breathing has been restored. 
Tr at symptomatically thereafter. 

Skin Contact 

11 cont ct of the hqu1d form of 1-butene with the skin occurs 
frostbit may dev lop In case frostbite develops, cover th~ 
frostb1tt n part with a warm hand or woolen material If the 
fin rs or hand ar frostbitten, have the vIctIm hold his hand in 
111 armpit next to his body. Then place the frostbitten part in 
w rm wat r, about 42 C ( 108 °F) If warm water is not avail­

I , or 1s 1mpract1cal to use, wrap the affected part gently in 
blank ts Let the cIrculat1on re-establish itself naturally. En­
cour th victim to exercise the affected part while 11 is being 
warm d 

Precautions in Handling and Storage 

Th hazards du to the handling of 1-butene stem mainly 
from Its e tr m flammab1hty Store and use 1-butene cylinders 
an w 11-v nt1lat d areas away from heat and all ignition sources 
uct1 as flames and sparks Never use flames to detect flam-
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mable gas leaks. use soap water solution. Do not use 1-butene 
around sparking motors or other nonexplosion-proof equip­
ment. Do not store reserve stocks of 1-butene cylinders with 
cylinders containing oxygen, chlorine, or other highly oxidizing 
or flammable materials. Ground all lines and equipment used 

with 1-butene. 
In addition, the general rules listed in Appendix I should be 

observed. 

Leak Detection 

All fittings and joints should be painted with soap water 
solution to detect leaks, which will be indicated by bubble 
formation. Never use a flame to detect leaks. 

Disposal of Leaking Cylinders 

Leaking cylinders of 1-butene may be disposed of by the 
procedure described in Appendix II-A. 

Materials of Construction 

Since 1-butene is a noncorrosive gas, any common or com­
mercially available metal may be used. However, piping sys­
tems or vessels to contain 1-butene should be designed to 
have a working pressure as specified by competent engineers 
using a safety factor conforming to the ASME code for pressure 
piping. 

Cylinder and Valve Description 

DOT approved cylinders containing 1-butene are usually of 
the low pressure type having a rated service pressure of 1 034 
kPa (150 psig) or higher. Cylinders of 1-butene are equipped 
with valves having Compressed Gas Association (CGA) valve 
outlet No. 510 having a thread size of 0.885 inch diameter-14 
threads per inch, left-hand internal threads accepting a bullet­
shaped nipple. See Figure 1 for illustration of the valve outlet 
and mating connection. This valve outlet is standard for all 
liquefied petroleum gases. Valves used in this service by 
Matheson are of the diaphragm type and contain no packing. 
They are therefore leak-free and require no packing adjust­
ments. Lecture bottles have a special 5/1s"-32 threads per inch 
female outlet and 9/16 "-18 threads per inch male dual valve 
outlet. 

OUTLEl CONNECTION 

Fig. l . CONNECTION 510 .885"-14 LH INT. accepting a Bullet 
Shaped Nipple. 

Safety Devices 

A number of different safety devices are permitted on cylin­
ders containing 1-butene. A frangible disc is allowed in cylin­
ders have a minimum required test pressure of 20 684 kPa 
(3 OO? psig) or higher, and is required in only one end of the 
container. A 73.9 °C (165 °F) fusible metal may be used; 

m atheson 

however, when cylinders are over 30 inches long (exclusive of 
the neck) this device is required in both ends. A frangible disc 
backed up with 73.9 °C (165 ° F) fusible metal is permitted In 
cylinders having a minimum required test pressure of 20 684 
kPa (3 000 psig) or higher and when cylinders are over 30 
inches long (exclusive of the neck) this device is required at 
both ends. The most commonly used safety device, which is 
employed by Matheson, is the spring-loaded safety relief valve. 
If cylinder pressure becomes dangerously high, usually due to 
overheating, the safety relief device will open (at approximately 
2586 kPa (375 psig)) and release 1-butene gas until the 

pressure returns to a safe level. 

Recommended Controls 

Automatic Pressure Regulators 

Satisfactory pressure regulation can be obtained with Mathe­
son single stage regulator Model 1 P-51 0 . This regulator has a 
brass body, brass internal parts, fabric-reinforced neoprene 
rubber diaphragm, and a delivery pressure range of 28-240 

kPa (4-35 psig). 
Satisfactory pressure regulation can also be obtained with a 

low pressure regulator. For low pressure regulation Matheson 
supplies a Model 70 regulator. The regulator has an oversize 
pancake body of die cast aluminum, Buna N diaphragm, rubber 
seat and brass needle valve outlet, ¼ " NPT male, and hose 
connection. The delivery pressure range of this regulator is 

3.4-34.5 kPa (0.5-5 psig). 
This regulator is designed primarily for liquefied petroleum 

gases where it is particularly suited for fuel gas burner opera­
tion, since its steady low pressure delivery permits a stable 
flame to be obtained. It is ideal for use with flame photometers. 

Regulator Model 3321 is recommended for use with lecture 
bottles. It has a delivery pressure range of 28-41 O kPa (4-60 

psig). 

Manual Controls 

Matheson needle valve Model 50-510, a brass bar stock 
valve, is available for direct connection to the cylinder valve 
outlet. This valve may be equipped with a variety of outlets, 
such as¼" compression fitting,¼" NPT male or female pipe, 
or a serrated hose end. It should be used only where supervised 
flow is available and should not be used as a pressure control 
since it will not prevent pressure from building up if a system 
becomes clogged or if the system itself is closed. A Model 31 B 
manual needle valve is available for use with lecture bottles. 

Flowmeters 

Flowmeters of the rotameter type, such as Matheson 7600 
or 7200 Series laboratory brass flowmeter units, are recom­
mended where definite flow rates must be known. 

Electronic mass flowmeters, such as Matheson Series No. 
8116 and No. 8160, should be used where accurate readings 
are required . Calibration is unaffected by temperature and 
pressure changes, and flow rates may be recorded from the 

instrument's electrical output. 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 stainless steel and 
Series 8260 of type 31 6 stainless steel or monel are designed 
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to control the flow of gas regardless of pressure and tempera­
ture changes. These mass flow controllers consist of a trans­
ducer, a control valve, a blind controller / power supply, a 
potentiometer and a digital indicator. The transducer senses 
the gas flow and sends a signal to the power supply. This 
signal and one from the potentiometer are compared. If there 
is an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 
imbalance. The accuracy Is ± 1.2%. 

Shipping Regulations 

1-Butene is class1f1ed by the DOT as a flammable , com­
pressed gas and is shipped with the required " Red Gas Label " 

Chemical Preparation 

1-Butene is produced by both thermal and catalytic cracking 
of petroleum and natural gas fractions, and by catalytic dehy­
drogenation of butane, followed by separation and purification 
processes. It has also been produced by polymerization of 
ethylene, but this method Is not competitive with the first two 

methods. 

Chemical Properties 

1-Butene is a member of the alkene (olefin) series of hydro­
carbons. The alkenes being unsaturated will undergo a wide 
variety of addition reactions. Some of the general reactions of 
alkenes are as follows: 

(a) The alkenes combine with hydrogen halides forming alkyl 
halides, the descending order of reactivity being HI , HBr, HCI. 
Normal addition follows Markownikoff's rule , the halogen atom 
becoming attached to the carbon carrying the fewest hydrogen 
atoms. Peroxides reverse the direction of addition of hydrogen 
bromide to alkenes, but not of hydrogen chloride and hydrogen 
iodide which add in the normal way, whether a peroxide Is 
present or absent Reaction of higher alkenes, (e.g., 1-butene) 
with hydrogen chloride is slow and requires catalysis 

(b) The alkenes combine with halogens; the order of de­
creasing addition rate being chlorine, bromine, iodine. At higher 
temperatures, substitution on the carbon adjacent to the doubly 
bonded carbon atoms can occur. 

(c) The alkenes are hydrogenated to the corresponding 
alkanes in the presence of suitable catalysts (platinum, palla­

dium, Raney nickel). 
(d) The alkenes combine with concentrated sulfuric acid 

forming alkyl hydrogen sulfates which , on hydrolysis, yield 
alcohols. The method is a convenient one for the hydration of 

double bonds. 
(e) With positive halogen compounds, like N-bromosuccI­

nimide, the alkenes are halogenated at the alpha carbon­
allylic halogenation. 

(f) With hypochlorous acid, the alkenes give chlorohydrins. 
(g) In the presence of aluminum chloride, the alkenes com­

bine with acyl halides giving halogeno ketones. 
(h) The alkenes combine with carbon monoxide and hydro­

gen in the presence of cobalt under high pressure to form 

aldehydes. 
(i) The alkenes are readily oxidized by a variety of oxidizing 

agents, such as potassium permanganate, hydrogen peroxide, 
perbenzoIc acid, and others. 
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(J) The alkenes can be polymerized to polyalkenes under 
suitable cond1t1ons the polyme:rrzatIon being catalyzed by alu­
mImim chloride or boron trifluoride. 

(k) At elevated temperatures and pressures, and in the 
presence of sulfuric acid or other catalysts, alkanes may add 
to alkenes 

(I) Th alkenes may be 1somerrzed by heating alone or in 
lhe presence of catalysts 

Thermodynamic and Detailed Physical Data 

Molecular Structure 

The formation of the double bond in 1-butene occurs by 
lrrgonal hybrrd1zat1on. As a result strong a-bonds are formed 
b tween the two ethylen1c carbon atoms and between the same 
two carbon atoms and the three attached hydrogen atoms and 
the ethyl group There remains an unchanged 2p orbital of 

ach ethylernc carbon atom and these two 2p orbitals interact 
to form a ~-bond between the two ethylernc carbon atoms. 
Thus the double bond between carbon atoms consists of an 
a-bond and a r--bond The two bonds are of unequal strength, 
the o-hond being stronger than the "-bond. There Is no free 
rotation about the double bond as there is about a single a­
hond The presence of the ethyl group in this ethylernc system 
would t nd toward a partial displacement of the shared elec­
trons to th methylene group 

Infrared Spectrum 

S Figure 2 for the infrared spectrum of gaseous 1-butene. 

Vapor Pressure (3) 

The vapor pressure of l1qu1d 1-butene between - 67 and 
40 C Is represented by the following Antoine vapor pressure 

quatI011 

8 
log, ,;ip = A - -­

t + c 

m which P = mmHg and t = °C, and the constants A, B, and 
C have the values of 6 842 90,926 1, and 240.0, respectively. 

Some vapor pressure values calculated by the above equa­
tion are shown below 

Temperature, Vapor Pressure 
C kPa mbar mmHg 
60 6 65 66.5 49 9 

- 40 21 74 217 4 163.1 
20 57 32 573 2 429.9 

0 128.04 1 280.4 960.4 
20 254 6 2 546 1 910 
40 457 4 4 574 3 431 

Vapor pr ssure values which have been reported between 
30 and 125 Car shown below 

Temperature, 
C 

30 
50 

100 

kPa 

345.5 
596.7 

Vapor Pressure 
bar atm 

3.46 3.410 
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1-BUTENE 

Temperature, Vapor Pressure Thermodynamic Data 
oc kPa bar atm 

75 1 075.6 

100 1 790.9 
10.76 
17.91 

10.61 
17.675 

Thermodynamic Properties of 1-Butene as Ideal Gas @, 
25 °C (5) 

125 2 815.2 28.15 2?.784 

For additional vapor pressure data, see Table 1 and Figure 

3. 
Latent heat of vaporization, 6Hv (4). 

Temperature, °C AHv, kJ / mol 

-60 24.767 
-40 23.898 
-20 23.194 
-6.26 21.917 

0 21.668 
25 20.377 
40 19.367 

REFERENCES 

Heat Capacity, C~ 

Entropy, S0 

Free Energy Function, (n -
Hg)/ T 

Enthalpy Difference, H~98 - Hg 

Enthalpy of Formation, AHf 

Free Energy of Formation .:1Fr 

89.328 J (mol - °K) 
21 .350 cal (mol - CJ 

307 .440 J (mol. K) 

73.480 cal (mol -°C) 
- 248 195 J (mol - K) 

-59 320 cal / (mol- C) 

17.673 kJ/ mol 
4 .224 kcal mol 

-0 126kJ mol 
-0.03 kcal / mol 
71 .505 kJ / mol 
17.09 kcal mol 

' For extensive tabulations of thermodynamic and physical properties of 1-butene, see W Braker and A. L Mossman, The Matheson Unabridged 

Gas Data Book, 1974, Matheson. East Rutherford, New Jersey 
2 w. Braker, A. L. Mossman, and D. Siegel, Effects of Exposure to Toxic Gases-First Aid and Medical Treatment , 2nd edition, pp 11-16, 1977, 

Matheson, Lyndhurst, New Jersey. 
3 F. D Rossini, et al. , Selected Values of Properties of Hydrocarbons and Related Compounds, 1953, American Petroleum Institute Research 

Project 44, Carnegie Press, Pittsburgh, Pennsylvania . 

• R. w. Gallant, Physical Properties of Hydrocarbons, 1968, Volume 1, p. 17, Gulf Publ1sh1ng Co , Houston, Texas. 
5 O. E. Kilpatrick and K E. Pitzer, J. Research Natl. Bur Stand 37, 163-169 (1 946) 
6 J. Weber, A.I. Ch.E. Journal 1, 21 0 (1955). 
7 The Sadlier Standard Spectra, 1972, Sadlier Research Laboratories, Inc., Philadelphia, Pennsylvania 

~atheson~ 101 



1-BUTENE 

Temperature 

K F 

273 15 32 
277 59 40 
283 15 50 
288.71 60 
294 26 70 
299 82 80 
305 37 90 
310 93 100 
31648 110 
322 04 120 
327 59 130 
333.15 140 
338 71 150 
344 16 160 
349 82 170 
355 37 180 
360 93 190 
366.48 200 
37204 210 
377 59 220 
383 15 230 
388 71 240 
394 26 250 
3 9 82 260 
405 37 270 
410 93 280 
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Table 1. THERMODYNAMIC PROPERTIES OF SATURATED 1-BUTENE(6) 

Pressure Entropy J/ 
(mol• K) 

Enthalpy kJ / mol 
Latent 
Heat of 

Vaporiza­
tion kJ/ 

mol 

Specific Volume 
m3 / kg Density kg/ m3 

kPa bar atm 
I 

Liquid Vapor Liquid Vapor Liquid I Vapor Liquid 

128 518 
151 064 
183 400 
220 63 
263.38 
311 64 
366 11 
430.92 
497.11 
575.71 
663 96 
759.80 
865.29 
981.81 

111212 
1 254.84 
1 411.35 
1 576 14 
1 755 40 
1 949 83 
2 160.81 
2 388 34 
2 637.24 
2904.75 
3186.75 
3 481 .84 

1.285 
1 511 
1 834 
2 21 
2.63 
3.12 
3.66 
4.31 
4 .97 
5.76 
6 64 

1.268 
1.491 

O 000 79 301 0.000 21.663 21.663 0.001 62 0.299 0 617.28 
1.596 79066 0.443 21.950 I 21.507 ,0 .001 63 0 .261 6 613.50 
3 920 78 995 1.096 21.354 21.258 0.001 65 0 .220 0 606.06 
6.291 78 995 1. 774 22.745 1 20.971 0.001 67 0 .180 4 598.80 
8.803 78.995 2.504 , 23.149 20.645 0.001 68 0 .150 5 595.24 

11 527 78.995 3.313 23.541 20.228 I 0 .001 70 o .140 5 I 588.24 
14 015 79.1 36 4.069 23.958 19.889 0.001 73 0.110 0 578.03 
16 480 79.277 4.826 24.349 19.523 0.001 75 0 .094 9 I 571 .43 
18.921 79 371 5.595 / 24. 728 / 19.133 0.001 78 0.083 0 561 .80 

7 60 
8.65 
9.82 

11.12 
12 55 
1 4 . 11 
15.76 
17.55 
19 50 
21 61 
23 88 
26.37 
29.05 
31.87 
34 .82 

1
21 292 79.535 6.351 25.106 18.755 0.001 81 0.072 4 , 552.49 
23 640 79.700 1.095 25.458 18.363 0.001 84 0.063 1 1543.48 I 
25.987 80005 7.890 ,25.888 17.998 0.00187 , 0.0546 534.76 1 

1

28.335 80 287 1 8.686 26.280 17.594 0.001 90 0 .047 9 526.32 
30.683 80 568 9 482 26.658 17.176 0.001 93 0.042 2 518.1 3 
33.077 80 991 10.303 27.062 16.759 0.001 96 0.037 1 510.20 
35472 81 .296 11.151 27.440 16.289 0.00200 0.0327 500.00 
37 913 81 .601 12.025 27.792 15.767 0.002 04 0 .028 9 1490.20 I 

1
40 401 81 .977 12.925, 28.158 15.233 0.002 08 0 .025 5 480. 77 I 
42 984 82.305 13.877 28.510 14.633 0.002 12 0.022 7 471 .70 
45 637 82.634 14.881 28.849 13.968 0.002 17 0 .020 2 1460.83 
48 336 82.845 15.911 129.136 J 13.225 0.002 23 0.01 7 9 448.43 

1 810 
2.18 
2.60 
3.08 
3 61 
4.25 
4.91 
5.68 
6.55 
7.50 
8.54 
9.69 

1

10.98 
12.38 
13.93 
15 56 

1

17.32 
19.24 
21.33 
23 57 
26.03 
28.67 
31.45 
34.36 

Vapor 

3.344 5 
3.822 6 
4.545 5 
5.543 2 
6.644 5 
7.117 4 
9.090 9 

10.537 4 
12.048 2 
13.8122 
15.847 9 
18.3150 
20.876 8 
23.696 7 
26.954 2 
30.581 0 
34.602 1 
39.215 7 
44.052 9 
49.505 0 
55.865 9 
63.694 3 
72.992 7 
84.7458 
99.009 9 

51036 82986 16.955 29.371 , 12.416 0.00229 0.0157 436.68 
53 830 83 033 18.050 29.566 11 .516 I 0.002 37 0 .013 7 421 .94 
56. 694 ! 82.587 19.185 29.540 I 10.355 0.002 41 0.011 8 404.86 
60 379 82.235 20.672 29.527 8.855 0.002 61 0 .01 O 1 383 .14 
64.51181 .01422.615 29.397 / 6.782 0.00280 0 .0084 1357.14 

119.047 6 
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CIS-2-BUTENE 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of C4Ha 
Specific Volume @ 21 .1 °C @ 1 01 .325 kPa 
Vapor Pressure @ 21 .1 °C 

Boiling Point@ 101.325 kPa 
Freezing Point 
Absolute Density, Gas@ 101 .325 kPa@ 20 °c 
Relative Density, Gas@ 101.325 kPa@ 20 °C (Air = 1) 
Density, Liquid @ Saturation Pressure @ 25 °C 
Critical Temperature 
Critical Pressure 

Critical Volume 
Critical Density 
Critical Compressibility Factor 
Latent Heat of Fusion@ -138.9 °C 
Flammability Limits In Air 
Molar Specific Heat, Gas @ 1 01 .325 kPa @ 25 °C 

@ Constant Pressure 

@ Constant Volume 

Specific Heat Ratio, Gas@ 101 .325 kPa@ 25 °C Cp / Cv 
Molar Specific Heat, Liquid@ O °C . 

Viscosity, Gas@ 101.325 kPa@ 20 °C 

Viscosity, Liquid @ -20 °C 

Thermal Conductivity, Gas@ 101.325 kPa@ 25 °C 

Thermal Conductivity, Liquid @ -20 °C 

Surface Tension @ -20 °C 
Refractive Index, Liquid, n0 @ -25 °C 
Heat of Combustion, Gas@ 25 °C and Constant Pressure 

Gross, to form H20 (liq) + CO2 (gas) . 
Net, to form H20 (gas) + CO2 (gas) .. 

Heat of Combustion, Liquid @ 25 °C and Constanr Pressure 
Gross, to form H20 (liq) + CO2 (gas) 
Net, to form H20 (gas) + CO2 (gas) 

matheson· 

0.056 108 kg 
0 .056 108 kg 
418.3 dm3 / kg; 6 . 7 ft3 / lb 
191.0 kPa; 1 .91 bar; 27 .7 psia; 1.88 

atm 
276.87 °K; 3 .7 °C; 38.7 ° F 
134.24 °K; -138.9 °C; -218.0 ° F 
2.406 kg / m3 

1.997 
0.615 4 kg / I 
435.55 ° K; 162.4 °C; 324.3 °F 
4 205 kPa; 42 .05 bar; 609.9 psia; 41 .5 

atm 
4 .171 dm3 / kg 
0.240 kg / dm3 

0 .272 
130.271 kJ / kg ; 31.136 kcal / kg 
1 .6-9. 7% (by volume) 

90.616 kJ / (kmol- ° K); 90.616 J / (mol, 
°K); 0.386 kcal / (kg · °C) 

82.399 kJ / (kmol, °K); 82.399 J / (mol • 
°K); 0.351 kcal / (kg · °C) 

1 .100 
125.125 J/ (mol • °K); 29.906 cal / (mol, 

oc) 

0 .007 53 mPa-s; 0 .007 53 mN-s/ m2; 
0.007 53 cP 

0 .270 mPa-s; 0.270 mN-s/ m2; 0 .270 

cP 
0.0320W/ (m, °K); 7 .65 X 10- 6 cal• 

cm / (s • cm2 
• °C) 

0 .031 1 W / (m, ° K); 74.3 X 10- 6 cal, 
cm / (s-cm2 · °C) 

18.8 mN, m; 18.8 dyn/ cm 
1.384 2 

2 706.2 kJ / mol ; 646.8 kcal / mol 
2 534.37 kJ / mol ; 605. 73 kcal / mol 

2 688.26 kJ / mol ; 642.51 kcal / mol 
2 510.20 kJ / mol ; 600.43 kcal / mol 
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CIS-2-BUTENE 

Description 

cis-2-Butene is a colorless, flammable gas at room tempe~-
d·1 r fed and 1s ature and atmospheric pressure It 1s rea I Y 1que 1 . 

Shipped as a liquefied petroleum gas in low pressure cylinders 
· ) t 21 1 °c under its own vapor pressure of 90 kPa (13 ps1g a · · 

Specification 

·1 f Matheson has a Tech Grade of cis-2-butene, with a pun Y 0 

95 0% (mm) 

Uses 

c,s-2-Butene 1s a member of the alkene group of hydrocar­
bons. Alkenes serve as intermediates in the preparation of a 
variety of organic compounds Sulfuric acid and sulfur dioxide 
react with alkenes to give alkyl hydrogen sulfates and alkyl 
sulfonates. respectively, many of which are useful as deter­
gents. In the industrially important Oxo process, alkenes react 
catalytically with carbon monoxide and hydrogen to give alde­
hydes Alkenes are polymerized by heating with catalysts to 
give high-octane gasolines, plastics, and synthetic rubber. 
Alkanes react with alkenes m the presence of catalysts to form 
motor fuels 1n a process known as alkylation. 

Toxicity (2) 

c,s-2-Butene ,s nontoxic, and is classified as a simple as­
phyx,ant. At higher concentrations it can act as an anesthetic; 
11 possesses stronger anesthetic properties than ethylene or 
propylene It Is about 4 5 times as toxic as ethylene. 

Contact of the sktn with the liquid form of cis-2-butene may 
cause frostbite. 

First Aid Treatment (2) 

Inhalation 

The conscious person who becomes aware of any symptoms 
such as rapid resp1rat1on, air hunger, diminished mental alert­
ness, muscular mcoordlnation, faulty judgement, emotional 
mstab1l1ty, rapid fatigue, nausea and vomiting should go 
promptly to an uncontaminated area and inhale fresh air or 
oxygen However, 1n the event of massive exposure, the victim 
may become unconscious or symptoms of asphyxiation may 
P rs1st. In that case, the person should be removed promptly 
to an uncontaminated atmosphere and given artificial respira­
tion 1f necessary and then oxygen, after breathing has been 
restored. Treat symptomatically thereafter. 

Skin Contact 

If contact of the l1qu1d form of cis-2-butene with the skin 
occurs, frostbite may develop In case frostbite develops, cover 
th frostbitten part with a warm hand or woolen material. If the 
f1ng rs or hand are frostbitten, have the victim hold his hand in 
hts armpit next to his ~ody. Then place the frostbitten Part in 
warm water, about 42 C (108 °F) If warm water is not avail­
able, or 1s 1mpract1cal to use, wrap the affected part gently in 
blankets. Let the c1rculat1on re-establish itself naturally. En­
courage the v1ct1m to exercise the affected part wh·1 ·t · b • 
warmed I e I is e1ng 
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Precautions in Handling and Storage 

The hazards due to the handling of cis-2-butene stem mainly 
from its extreme flammabi lity. Store and use cis-2-butene cyl. 
inders in well-ventilated areas away from heat and all ignition 
sources such as flames and sparks. Never use flames to detect 
flammable gas leaks; use soap water solution. Do not use cis-
2_butene around sparking motors or other non-explosion proof 
equipment. Do not store reserve stocks of cis-2-butene with 
cylinders containing oxygen, chlorin~, or other hig~ly oxidizing 
or flammable materials. Ground al l lines and equipment used 
with cis-2-butene. 

In addition, the general rules listed in Appendix I should be 
observed. 

Leak Detection 

All fittings and joints should be painted with soap water 
solution to detect leaks, which will be indicated by bubble 
formation. Never use a flame to detect leaks. 

Disposal of Leaking Cylinders 

Leaking cylinders should be disposed of by the procedure 
described in Appendix II-A. 

Materials of Construction 

Since cis-2-butene is a noncorrosive gas any common or 
commercially available metal may be used. However, piping 
systems or vessels to contain cis-2-butene should be designed 
to have a working pressure as specified by competent engi­
neers using a safety factor conforming to the ASME code for 
pressure piping. 

Cylinder and Valve Description 

DOT approved cylinders containing cis-2-butene are usually 
of the low pressure type having a rated service pressure of 
1 034 kPa (150 psig) or higher. Cylinders of cis-2-butene are 
equipped with valves having Compressed Gas Association 
(CGA) valve outlet No. 510 having a thread size of 0.885 inch 
diameter-14 threads per inch, left-hand internal threads ac­
cepting a bullet-shaped nipple. See Figure 1 for illustration of 
the valve outlet and mating connection. The valve outlet is 
standard for all liquefied petroleum gases. Valves used in this 
service by Matheson are of the diaphragm type and contain no 
packing. They are, therefore, relatively leak-free and require 
no packing adjustments. Lecture bottles have a special 5/is"· 
32 threads per inch male dual valve outlet. 

OUTLET 

7 
Bao · 
718" 

COIIINfCTION 

Fig. l. CONNECTION 510 .885"-14 LH INT. accepting a Bullet 
Shaped Nipple 

Safety Devices 

A number of different safety devices are permitted on cylin­
ders containing cis-2-butene. A frangible disc is allowed in 

matheson 

cylinders having a minimum required test pressure of 20 684 
kPa (3 000 psig) or higher, and is requ ired in only one end of 
the container. A 73.9 °C (165 °F) fusible metal may be used; 
however, when cylinders are over 30 inches long, exclusive of 
the neck, th is device is required in both ends. A frangible disc 
backed up with 73.9 °C (165 °F) fusible metal is permitted in 
cylinders having a minimum required test pressure of 20 684 
kPa (3 000 psig) or higher and when cyl inders are over 30 
inches long (exclusive of the neck) this device is required at 
both ends. The most commonly used safety device, and the 
one employed by Matheson, is the spring-loaded safety relief 
valve. If cylinder pressure becomes dangerously high, usually 
due to overheating, the safety relief device will open (at ap­
proximately 2 586 kPa (375 psig)) and release cis-2-butene 
gas until the pressure again returns to a safe level. 

Recommended Controls 

Automatic Pressure Regulators 

Satisfactory pressure regulation can be obtained with Mathe­
son single stage regulator Model 1P-510, which has a delivery 
pressure range of 28-240 kPa (4-35 psig). Satisfactory pres­
sure regulation can also be obtained with a low pressure 
regulator. Matheson supplies a Model 70 regulator constructed 
of a forged aluminum body, Buna N diaphragm, rubber seat 
and brass needle valve outlet, ¼ " NPT male, and hose con­
nection. The delivery pressure range of this regulator is 3.4-
34.5 kPa (0.5-5.0 psig). 

This regulator is designed primari ly for liquefied petroleum 
gases where it is particularly suited for fuel gas burner opera­
tion, since its steady low pressure del ivery permits a stable 
flame to be obtained. 

Regulator Model 3321 is recommended for use with lecture 
bottles. 

Manual Controls 

Matheson needle valve Model 50-510 is a brass bar stock 
valve that is available for direct attachment to the cyl inder valve 
outlet. This valve may be equipped with a variety of outlets (¼ 
inch compression fitting or ¼ inch male or female NPT pipe) 
but is commonly supplied with a serrated hose end. It should 
be used only where manual flow control is needed and should 
not be used as a pressure control, since it will not prevent 
pressure from building up if a system becomes clogged or if 
the system itself is closed . A Model 31 B manual needle valve 
can be supplied for use with lecture bottles where accurate 
flow control is desired. 

Flowmeters 

Flowmeters of the rotameter type, such as Matheson 7600 
or 7200 Series laboratory brass flowmeter units, are recom­
mended where definite flow rates must be known. 

Electronic mass flowmeters , such as Matheson Series No. 
8116 and No. 8160, should be used where accurate read ings 
are required. Calibration is unaffected by temperature and 
pressure changes. Flow rates may be recorded from the instru­
ment's electrical output. 

~atheson 

CIS-2-BUTENE 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 statnless steel and 
Series 8260 of type 316 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera­
ture changes. These mass flow controllers consist of a trans­
ducer, a control valve , a blind contro ller / power supply, a 
potentiometer, and a digital indicator. The transducer senses 
the gas flow and sends a signal to the power supply. This 
signal and one from the potentiometer are compared. If there 
is an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 
imbalance. The accuracy is ± 1 .2% 

Shipping Regulations 

cis-2-Butene is c lassified by the Department of Transporta­
tion as a flammable, compressed gas and is shipped with the 
required " Red Gas Label " . 

Commercial Preparations 

cis-2-Butene 1s produced by both thermal and catalytic 
cracking of petroleum and natural gas fractions and by catalytic 
dehydrogenation of butane, followed by separation and purifi­
cation processes. cis-2-Butene can also be obtained by heating 
1-butene in a quartz tube at 550 °C (87% conversion) or in a 
limestone-fi lled porcelain tube at 420 °C (20% conversion). 

Chemical Properties 

cis-2-Butene is a member of the alkene or olefin series of 
hydrocarbons. The alkenes being unsaturated wil l undergo a 
wide variety of add ition reactions. Some of the general reac­
tions of alkenes are as follows: 

(a) The atkenes combine with hydrogen hal ides forming alkyl 
halides, the descending order to reactivity being HI , HBr, HCI. 
Normal addition fo llows Markownikoff's rule, the halogen atom 
becoming attached to the carbon carrying the fewest hydrogen 
atoms. Peroxides reverse the direction of the addition of hy­
drogen bromide to alkenes. 

(b) The alkenes combine with halogens; the order of de­
creasing addition rate being chlorine, bromine, iodine. At higher 
temperatures, substitution on the carbon adJacent to the doubly 
bonded carbon atoms can occur. 

(c) The alkenes are hydrogenated to the corresponding 
alkanes in the presence of suitable catalysts (platinum, palla­
d ium, Raney nickel). 

(d) The alkenes combine with concentrated sulfuric acid 
forming alkyl hydrogen sulfates which , on hydrolysis, yield 
alcohols. The method is a convenient one for the hydration of 
double bonds. 

(e) With positive halogen compounds (like N-bromosucci­
nimide) the alkenes are halogenated at the alpha carbon­
altylic halogenation . 

(f) With hypochlorous acid, the alkenes give chlorohydrtns. 
(g) In the presence of aluminum chloride, the alkenes com­

bine with acyl halides giving halogeno ketones. 
(h) The alkenes combine with carbon monoxide and hydro­

gen in the presence of cobalt under high pressure to form 
aldehydes. 

(i) The alkenes are readi ly oxid ized by a variety of oxidizing 
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t hydrogen peroxide, agents, such as potassium, permangana e, 

perbenzoIc acid and others. d 
{J) The alkenes can be polymerized to higher alkenes un er 

suitable cond1t1ons, the polymerization being catalyzed by alu-

minum chloride or boron trifluoride. . 
(k) At elevated temperatures and pressures, and in the 

presence of sulfuric acid or other catalysts, alkanes may add 

to alkenes. . 
{I) The alkenes may be 1somerized by heating alone or in 

the presence of catalysts. 

Thermodynamic and Detailed Physical Data 

Molecular Structure 

As described for 1-butene, the double bond in cis-2-butene 
occurs by trigonal hybridization As before, the double bond 
consists of an a-bond and a w-bond. In the case of cis-2-
butene, however, the substltuents on each of the ethylenic 
carbon atoms are different {in 1-butene one carbon atom has 
the same subst1tuent:;. hydrogen). As a result, geometrical 
isomerism can occur with cis-2-butene but not with 1-butene. 
In the cis isomer of cis-2-butene both methyl groups are on the 
same side of the double bond, while in the trans form thb 
methyl groups are on opposite sides of the double bond: 

CH3 CH3 CH3 H 

I 
C=C 

I 
C=C 

I I 
H H H CH3 

CIS trans 

Both forms are quite stable since interconversion occurs only 
at relatively high temperatures or by irradiation with light of 
suitable wavelength. 

Infrared Spectra 

See Figure 2 for the infrared spectrum of gaseous cis-2-
butene 

Vapor Pressure 

The vapor pressure of cis-2-butene between -59 and 41 °C 
1s represented by the following Antoine vapor pressure equa­
tion (3) 

B 
log,0p = A - -­

t + C 

in which P -= mmHg and t = °C, and the constants A, B, and 
C have the values of 6 869 26, 960 1, and 237 .0, respectively. 

Some vapor pressure values calculated by this equation are 
shown below: 

Tempera- Vapor Pressure 
lure, °C kPa mbar mmHg 

- 60 3.72 37.2 27.9 
-40 13.20 132 0 99.0 
-20 37.10 371 0 278.3 

0 87.74 8774 658.1 
20 181.3 1 813 1 360 
40 337.4 3 374 2 531 
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See Figure 3 for the vapor pressure curve above 1 01 .325 
kPa. 

The vapor pressure of cis-2-butene from 4.44 °C to its 
critical temperature (162.40 °C) is as follows (4): 

Temperature, Vapor Pressure 
oc kPa bar atm 

4 .44 104 1.04 1.03 
10 129 1.29 1 .27 
20 180 1.80 1.78 
40 335 3.35 3.31 
60 578 5.78 5 .70 
80 924 9.24 9.12 

100 1 400 14.0 13.79 
120 2 020 20.2 19.92 
162.40 4 200 42.0 41.50 

See Figure 4 for the vapor pressure curve below 101 .325 
kPa. For comparison, the curve for trans-2-butene is included. 

REFERENCES 

Latent Heat of Vaporization, AHv 

Temperature, °C 
4.7 

25 

Thermodynamic Data 

CIS-2-BUTENE 

AHv, kJ / kg 
41 6.1 4 

395.39 

Thermodynamic properties of saturated cis-2-butene are 
listed in Table 1 . 

Thermodynamic Properties of cis-2-butene as Ideal Gas @ 
25 °C 

Heat Capacity, C~ 
Entropy, S0 

Free Energy Function, (F¥ 
Hg)/ T 
Enthalpy Difference H¥ - Hg 
Enthalpy of Formation, AHr 
Free Energy of Formation, AFr 

78.910 J / {mol- ° K) 
300.830 J / {mol -° K) 

-245.4 75 J / (mol -° K) 

16.657 kJ / mol 
6 .99 kJ / mol 

65.86 kJ / mol 

' For extensive tabulations of cis-trans-2-butene, see W. Braker and A. L. Mossman, The Matheson Unabrrdged Gas Data Book, 19 74, Matheson, 

East Rutherford, New Jersey. 
2 W. Braker, A. L. Mossman, and D. Siegel, Effects of Exposure to Toxic Gases-First Aid and Medical Treatment, 2nd edition, 1977, pp 11-16, 
Matheson, Lyndhurst, New Jersey . 
3 F. D. Rossini, et al., Selected Values of Properties of Hydrocarbons and Related Compounds, 1953, American Petroleum Institute Research 
Project 44, Carneigie Press, Pittsburgh, Pennsylvania. 

' K. H. Hachmuth, A.I. Ch. E. Trans. 42, 97 4-982 (1946). 
5 The Sadlier Standard Spectra, 19 72, Sadlier Research Laboratories, Inc., Philadelphia, Pennsylvania 
6 R. B. Scott , W. J. Ferguson, and F. G. Brickwedde, J. Research Natl Bur. Stand 33, 1-20 (1944). 
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CIS-2-BUTENE 

Table 1. THERMODYNAMIC PROPERTIES OF THE SATURATED LIQUID AND VAPOR (6) 

Tempera­
ture, K 

245 
250 
255 
260 
265 
270 
275 
280 
285 
290 
295 
298_ 15 
300 

110 

Pressure 

kPa bar 

24 945 0.249 
31 957 0.320 
40.477 0.405 
50. 716 0.507 
63 715 0.637 
77.327 0.773 
94.272 0.943 

113.951 1 .14 
136. 722 1.37 
162.853 1.63 
192.718 1.93 
213.609 2.14 
226.648 2.27 

aim 

0.246 
0.315 
0.399 
0.501 
0.629 
0.763 
0.930 
1.125 
1.349 
1.607 
1.902 
2.108 
2.237 

Entropy 
J/ (mol• °K) 

Liquid Vapor 

196.326 298.386 
198.672 297.707 
200.978 297.090 
203.262 296.546 
205.518 296.058 
207.746 295.620 
209.957 295.244 
212 .140 294.913 
214.312 294.643 
216.455 294.408 
218.588 294.228 
219.929 294.133 
220.709 294.094 

Enthalpy Difference 
Hr-Hg 

kJ/mol 

liquid Vapor 

25.426 50.431 
26.007 50.766 
26.591 51.100 
27.180 51.433 
27.773 51. 765 
28.371 52.096 
28.973 52.428 
29.582 52.759 
30.196 53.090 
30.816 53.423 
31.441 53.755 
31.841 53.967 
32.074 54.089 

Latent 
Specific Heat of 
Volume Density 

Vaporiza-
dm3/ kg kg/ m3 

tion 
Vapor VaPor 

kJ/ mol 

25.005 
24.759 1 156.4 0.865 
24.509 938.7 1.065 
24.253 765.6 1.306 
23.992 615.5 1.625 
23.725 509.8 1.962 
23.455 421.7 2.371 
23.177 351.0 2.849 
22.894 302.7 3.304 
22.607 254.5 3.929 
22.314 
22.126 
22 .015 
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TRANS-2-BUTENE 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of C4Ha 
Specific Volume @ 21.1 °C, 101 .325 kPa 
Vapor Pressure@ 21 .1 °C 
Boil ing Point @ 101.325 kPa 
Freezing Point 
Absolute Density, Gas@ 101.325 kPa@ 20 °C 
Relative Density, Gas @ 101 .325 kPa @ 20 °C (Air = 1) 
Density, Liquid @ Saturation Pressure @ 25 °C 
Critical Temperature 
Critical Pressure 

Critical Volume 
Critical Density 
Critical Compressibi lity Factor 
Latent Heat of Fusion @ - 105.6 °C 
Flammability Limits In Air 
Molar Specific Heat, Gas@ 101 .325 kPa@ 25 ° C 

@ Constant Pressure 

@ Constant Volume 

Specific Heat Ratio, Gas@ 101.325 kPa@ 25 °C Cp / Cv 
Molar Specific Heat, Liquid @ O °C 

Viscosity, Gas @ 1 01 .325 kPa @ 20 °C 

Viscosity, Liquid @ -20 °C 

Thermal Conductivity , Gas@ 101.325 kPa@ 25 °C 

Thermal Conduct ivi ty, Liquid@ -20 °C 

Surface Tension @ -20 ° C 
Refractive Index, Liquid, n0 @ - 25 °C 
Heat of Combustion, Gas @ 25 °C and Constant Pressure 

Gross, to form H20(1iq) + C02(gas) 
Net, to form H 20(gas) + C02(gas) 

0.056 108 kg 
0.056 108 kg 
418.3 dm3 / kg; 6. 7 ft3 / lb 
204.8 kPa; 2.05 bar; 29.7 psia; 2.0 atm 
274 03 °K; 0.88 °C; 33.6 °F 
167 .60 °K; -105.6 °C; -158.0 ° F 
2.406 kg / m3 

1.997 
0.598 4 kg / / 
428.61 °K; 155 5 °C; 311 .8 °F 
4 104 kPa; 41 .04 bar; 595.2 psia; 40 .5 

atm 
4.242 dm3 / kg 
0.236 kg / dm3 

0 .274 
97.567 kJ / mol; 23 .319 kcal / mo! 
1.6-9. 7% (by volume) 

81 .695 kJ / (kmol , °K); 81.695 J / (mol, 
°K); 0.348 kcal/ (kg · °C) 

73.244 kJ / (kmol -°K); 73.244 J / (mol , 
°K); 0.312 kcal / (kg - °C) 

1 .115 
120.449 J / (mol - °K), 28. 788 cal / (mol ­

oc) 

0.007 54 mPa-s; 0.007 54 mN-s/ m2; 
0 .007 54 cP 

0.270 mPa,s; 0.270 mN-s/ m2
; 0.270 

cP 
0 .013 39 W / (m , °K): 32 .0 X 10 6 cal, 

cm / (s • cm2 
• °C) 

0.135 98 W / (m . °K); 325.0 x 1 0 6 cal. 
cm / (s -cm2 · °C) 

20.2 mN / m; 20.2 dyn/ cm 
1.393 2 

2 710.44 kJ / mol; 64 7.81 kcal / mo! 
2 530.2 kJ / mol; 604.7 kcal / mo! 

Heat of Combustion, Liquid @ 25 °C and Constant Pressure 
Gross, to form H20(1iq) + C02(gas) 2 684.7 kJ / mol; 641 7 kcal / mol 

2 508.6 kJ / mol; 599 6 kcal / mo! Net, to form H20(gas) + C02(gas) 

Description 

trans-2-Butene is a colorless, flammable gas at room tem­

perature and atmospheric pressure. It is readily liquefied and 

is sh ipped as a liquefied petroleum gas in low pressure cylin­

ders under its own vapor pressure of 103 kPa (15 psig) at 21.1 

oc. 

Matheson· 
\...____j 

Specifications 

Matheson has a Tech Grade of trans-2-butene, with a mini­
mum purity of 95.0%. 

Uses 

trans-2-Butene is a member of the alkene group of hydro­
carbons. Alkenes serve as intermediates in the preparation of 
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a variety of organic compounds. Sulfuric acid and sulfur dioxide 
react with alkenes to give alkyl hydrogen sulfates and alkyl 
sulfonates. respectively, many of which are useful detergents. 
In the industrially important Oxo process, alkenes react cata­
lytically with carbon monoxide and hydrogen to give aldehydes. 
Alkenes are polymerized by heating with catalysts to give high­
octane gasolines, plastics and synthetic rubber. Alkanes react 
with alkenes in the presence of catalysts to form motor fuels in 

a process known as alkylation 

Toxicity (2) 

trans-2-Butene Is nontoxic and is classified as a simple 
asphyx1ant. At higher concentrations they can at as an anes­
thetic; 11 possesses stronger anesthetic properties than ethyl­
ene or propylene. It Is about 4 5 times as toxic as ethylene. 

Contact of the skin with the liquid forms of trans-2-butenes 
may cause frostbite . 

First Aid Treatment (2) 

Inhalation 

The conscious person who becomes aware of any symptoms 
such as rapid respiration, air hunger, diminished mental alert­
ness, muscular incoordinat1on, faulty judgment, emotional in­
stability, rapid fatigue, nausea and vomiting should go promptly 
to an uncontaminated area and inhale fresh air or oxygen. 
However, in the event of massive exposure, the victim may 
become unconscious or symptoms of asphyxiation may persist. 
In that case. the person should be removed promptly to an 
uncontaminated atmosphere and given artificial respiration if 
necessary and then oxygen, atter breathing has been restored. 
Treat symptomatically thereafter. 

Skin Contact 

If contact of the liquid form of trans-2-butene with the skin 
occurs, frostbite may develop In case frostbite develops, cover 
the frostbitten part with a warm hand or woolen material. If the 
fingers or hand are frostbitten, have the victim hold his hand in 
his armpit next to his body Then place the frostbitten part in 
warm water, about 42 C (108 oF). It warm water is not 
available, or is impracti~al to use, wrap the affected part gently 
in blankets Let . the circu lation re-establish itself naturally 
Encourage the vIctIm to exercise the affected part while ·t .. 
being warmed. 1 IS 

Precautions in Handling and Storage 

The hazards due to the handling of trans-2-butene s 
mainly from its extreme flammability. Store and t tern 
butene cylinders in well-ventilated areas away fri~e h;ans-2-
all ignition sources such as flames and k at and 
flames to detect flammable gas leaks· use spar s. Never _use 
D t · soap water solution 

o no use trans-2-butene around spark·n t . 1 g mo ors or other 
non-explosion-proof equipment Do not st 
t 

· ore reserve stock f 
rans-2-butene cylinders with cylinders c . . so 

chlorine or other highly oxid1Z1ng or fla~~=~~1ng oxy?en, 
Ground all lines and equipment used w th t e materials. 

I d 
I rans-2-butene 

n a d1t1on, the general rules listed in A . . 
observed. ppendix I should be 
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Leak Detection 

All fittings and joints should be painted with soap w t 
solution to detect leaks, which will be indicated by bu:b~r 
formation. Never use a flame to detect leaks. e 

Disposal of Leaking Cylinders 

Leaking cylinders should be disposed of by the proced 
described in Appendix II-A. ure 

Materials of Construction 

Since trans-2-butene is a noncorrosive gas, any common 
commercially available metal may be used. However, pipi;~ 
systems or vessels to contain trans-2-butene should be d . 
signed to have a working pressure as specified by compel et 
engineers using a safety factor conforming to the ASME co~n 
for pressure piping. e 

Cylinder and Valve Description 

DOT approved cylinders containing trans-2-butene are usu­
ally of the low pressure type having a rated service pressure of 
1 034 kPa (150 psig) or higher. Cylinders of trans-2-butene 
are equipped with valves having Compressed Gas Association 
(CGA) valve outlet No. 510 having a thread size of 0.885 inch 
diameter-14 threads per inch, left-hand internal threads ac­
cepting a bullet-shaped nipple. See Figure 1 for illustration of 
the valve outlet and mating connection. This valve outlet is 
stan~ard for all liquefied petroleum gases. Valves used in this 
service by Matheson are of the diaphragm type and contain . 00 
packing. They are, therefore, relatively leak-free and require 
no packing adjustments. Lecture bottles have a special s;, 6

11
• 

32 threads per inch, female outlet, and 9/15"-18 threads per 
inch male dual valve outlet. 

OUTLET 

---i-
885" 
7 8" 

_L 
sao·· 
7/8" 

j 

CONNECTION 

Fig. 1 · CONNECTION 510 .885"-14 LH INT. accepting a Bullet 
Shaped Nipple 

Safety Devices 

A number of different safety devices are permitted on cylin-
ders containing trans-2-butene A fr .bl d. . II d . . . angI e Isc Is a owe in 

cyhnders having a minimum required test pressure of 20 684 
kPa (3 000 psig) h. h . . . or 19 er, and Is required in only one end of 
the container. A 73.9 °C (165 °F) fusible metal may be used· 
however, when cylind . ' ers are over 30 inches long (exclusive of 
the neck) this de · · b . vice is required in both ends. A frangible disc 
cyalckded uph wi_th 73.9 °C (165 °F) fusible metal is permitted in 

in ers aving a minimu . kP (
3 

. m required test pressure of 20 684 
. ah OOO psig) or higher and when cylinders are over 30 
inc es long (excl · f both d usive O the neck) this device is required at 

en s. The moSt commonly used safety device and the 

~:l:ee~ploi-ed by Matheson, is the spring-loaded safety relief 
d t. cy inder pressure becomes dangerously high usually 
ue O overheating, the safety relief device will ope~ (at ap-

matheson~ 

proximately 2 586 kPa (375 psig)) and release trans-2-butene 
gas until the pressure again returns to a safe level. 

Recommended Controls 

Automatic Pressure Regulators 

Satisfactory pressure regulation can be obtained with Mathe­
son single stage regulator Model 1P-510, which has a delivery 
pressure range of 28-240 kPa (4-35 psig). Satisfactory pres­
sure regulation can also be obtained with a low pressure 
regulator. Matheson supplies a Model 70 regulator constructed 
of a forged aluminum body, Buna N diaphragm, rubber seat 
and brass needle valve outlet, ¼" NPT male, and hose con­
nection. The delivery pressure range of this regulator is 3.4-
34.5 kPa (0.5-5.0 psig). 

This regulator is designed primarily for liquefied petroleum 
gases where it is particularly suited for fuel gas burner opera­
tion, since its steady low pressure delivery permits a stable 

flame to be obtained. 
Regulator Model 3321 is recommended for use with lecture 

bottles. 

Manual Valves 

Matheson needle valve Model 50-510 is a brass bar stock 
valve that is available for direct attachment to the cylinder valve 
outlet. This valve may be equipped with a variety of outlets (¼ 

inch compression fitting or ¼ inch male or female NPT pipe) 
but is commonly supplied with a serrated hose end. It should 
be used only where manual flow control is needed and should 
not be used as a pressure control since it will not prevent 
pressure from building up if a system becomes clogged or if 
the system itself is closed. A Model 31 B manual needle valve 
can be supplied for use with lecture bottles where accurate 

flow control is desired . 

Flowmeters 

Flowmeters of the rotameter type, such as Matheson 7600 
or 7200 Series laboratory brass flowmeter units, are recom­
mended where definite flow rates must be known. 

Electronic mass flowmeters, such as Matheson Series No. 
8116 and No. 8160, should be used where accurate readings 
are required . Calibration is unaffected by temperature and 
pressure changes. Flow rates may be recorded from the instru­

ment's electrical output. 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 stainless steel and 
Series 8260 of type 316 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera­
ture changes. These mass flow controllers consist of a trans­
ducer, a control valve, a blind controller / power supply, a 
potentiometer and a digital indicator. The transducer senses 
the gas flow and sends a signal to the power supply. This 
signal and one from the potentiometer are compared. If there 
is an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 

imbalance. The accuracy is ± 1.2%. 

matheson· 

TRANS-2-BUTENE 

Shipping Regulations 

trans-2-Butene is classified by the Department of Transpor­
tation as a flammable, compressed gas and is shipped with the 

required " Red Gas Label ". 

Commercial Preparation 

trans-2-Butene is produced by both thermal and catalytic 
cracking of petroleum and natural gas fractions and by catalytic 
dehydrogenation of butane, followed by separation and purifi­
cation processes. trans-2-Butene can also be obtained by 
heating 1-butene in a quartz tube at 550 °C (87% conversion) 
or in a limestone-filled porcelain tube at 420 °C (20% conver­

sion). 

Chemical Properties 

trans-2-Butene is a member of the alkene or olefin series of 
hydrocarbons. The alkenes, being unsaturated, will undergo a 
wide variety of addition reactions. Some of the general reac­

tions of alkenes are as follows: 
(a) The alkenes combine with hydrogen halides forming alkyl 

halides, the descending order to reactivity being HI , HBr, HCI. 
Normal addition follows Markownikoff's rule, the halogen atom 
becoming attached to the carbon carrying the fewest hydrogen 
atoms. Peroxides reverse the direction of the addition of hy­

drogen bromide to alkenes. 
(b) The alkenes combine with halogens; the order of de­

creasing addition rate being chlorine, bromine, iodine. At higher 
temperatures, substitution on the carbon adjacent to the doubly 
bonded carbon atoms can occur. 

(c) The alkenes are hydrogenated to the corresponding 
alkanes in the presence of suitable catalysts (platinum, palla­

dium, Raney nickel). 
(d) The alkenes combine with concentrated sulfuric acid 

forming alkyl hydrogen sulfates which, on hydrolysis , yield 
alcohols. The method is a convenient one for the hydration of 

double bonds. 
(e) With positive halogen compounds (like N-bromosucci­

nimide) the alkenes are halogenated at the alpha carbon (allylic 

halogenation). 
(f) With hypochlorous acid, the alkenes give chlorohydrins. 

(g) In the presence of aluminum chloride, the alkenes com­
bine with acyl halides giving halogeno ketones. 

(h) The alkenes combine with carbon monoxide and hydro­
gen in the presence of cobalt under high pressure to form 

aldehydes. 
(i) The alkenes are readily oxidized by a variety of oxidizing 

agents, such as potassium permanganate, hydrogen peroxide, 

perbenzoic acid and others. 
(j) The alkenes can be polymerized to higher alkenes under 

suitable conditions, the polymerizat ion being catalyzed by alu­
minum chloride or boron trifluoride. 

(k) At elevated temperatures and pressures, and in the 
presence of sulfuric acid or other catalysts, alkanes may add 

to alkenes. 
{I) The alkenes may be isomerized by heating alone or in 

the presence of catalysts. 
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Thermodynamic and Detailed Physical Data 

Molecular Structure 

As described for 1-butene, the double bond in trans-2-butene 
occurs by trigonal hybrid1zatIon. As before, the double bond 
consists of an a-bond and a ;-;-bond. In the case of trans-2-
butene, however the subst1tuents on each of the ethylenic 
carbon atoms are different (in 1-butene one carbon atom has 
the same subst1tuents hydrogen) As a result, geometrical 
isomerism can occur with trans-2-butene but not with 1-butene. 
In the cIs isomer of trans-2-butene both methyl groups are on 
the same side of the double bond, while in the trans form the 
methyl groups are on opposite sides of the double bond: 

CH3 CH3 

I 
/C=C 

CH3 t 
C=C 

/ \ 
H H H CH3 

CIS trans 

Both forms are quite stable since interconversion occurs 
only at relatively high temperatures or by irradiation with light 
of suitable wavelength. 

Infrared Spectra 

See Figure 2 for infrared spectra of gaseous trans-2-butene. 

Vapor Pressure 

The vapor pressure of trans-2-butene between -62 °C and 
49 C is represented by the following Antoine vapor pressure 
equation 

B 
log,cP = A - -­

t + c 

in which P = mmHg and t = C, and the constants A B and 
C have the values of 6.869 52 960 8 and 240 0 , 1' I 

S 
· , . , respec Ive y 

Figure 3 for the vapor pressure curve above 101 325. 
k~ . 

The vapor pressure of trans-2-butene above 101 .325 kP 
1s shown below: a 

Temperature, Vapor Pressure 
C kPa bar atm 

0 88 101 325 1.01 3 25 
10 

1.00 
142 1.42 1.40 

20 200 2.00 
40 366 

1.97 
3.66 3.61 

60 627 6 27 
80 

6.19 
1 000 10.00 

100 1 531 
9.87 

154 85 
15.31 15.11 

4 154 41.54 41.00 

S Figure 4 for the vapor pressure of trans-2-buten 
101 325 kPa For comparison the e below 
2-but ne is included . vapor pressure curve of cis-
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Latent Heat of Vaporization, .:lHv (4) 

Temperature, °C 

-40 
-20 

REFERENCES 

0.88 
20 
25 
40 
60 
80 

.:lHv, kJ/kg 

451 .45 
432.63 
405.60 
392.46 
384.09 
369.03 
342.67 
309.20 

TRANS-2-BUTENE 

Thermodynamic Properties of trans-2-butene as Ideal Gas 
@ 25 °C 

Heat Capacity, ci 
Entropy, S0 

Free Energy Function , 
(F~ - Hg)/ T 

Enthalpy Difference, H~98 - Hg 
Enthalpy of Formation, 6Hf 
Free Energy of Formation, 6Ff 

87 .822 J (mol- °K) 
296.4 78 J/(mol, °K) 

-237.651 J / (mol- °K) 
17.531 kJ / mol 

-11.17 kJ / mol 
62.97 kJ / mol 

' For extensive tabulations of cis-2-butene, see W. Braker and A. L. Mossman, The Matheson Unabridged Gas Data Book, 1974 . Matheson. East 

Rutherford, New Jersey. 
2 W. Braker, A. L. Mossman, and D. Siegel. Effects of Exposure to Toxic Gases-First Aid and Medical Treatment, 2nd edition , 1977, pp. 11-16. 

Matheson, Lyndhurst, New Jersey. 
3 K. H. Hachmuth, A.I.Ch.E. Trans 42, 974-982 (1946). 

4 R. W. Gallant, Physical Properties of Hydrocarbons , 1968, Volume 1, p. 14. Gulf Publishing Co , Houston, Texas. 

5 The Sadtler Standard Spectra . 19 72. Sadlier Research Laboratories, Inc., Philadelphia, Pennsylvania 
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CARBON DIOXIDE 
(Synonym: Carbonic Anhydride) 

{Formula: CO
2
) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 

One Mole of CO 
Vapor Pressure (a 21 . 1 C 

Specific Volume (a 21.1 °C, 101 325 kPa 

Sublimation Point 0- 1 01 .325 kPa 
Triple Point 

Temperature 
Pressure 

Absolute Density, Gas 0 101 .325 kPa@ O C 
Relative Density, Gas (a 101.325 kPa@, O ° C (Air = 1) 
Density L1qu1d 0- 25 C, 6 430 kPa 
Critical Temperature 
Critical Pressure 

Critical Volume 
Critical Density 

Critical Compress1b1l1ty Factor 

Latent Heat of Fusion (a - 56.6 C; 518 kPa 

Latent Heat of Sublimation (a, - 78.45 °C, 101.325 kPa 

Molar Specific Heat, Gas 0 101 .325 kPa QI 20 °c 
(<1 Constant Pressure 

(a Constant Volume 

0.044 011 kg 

0.044 01 1 kg 

5 824 kPa; 58 .24 bar ; 844. 7 psia; 57.5 
atm 

547 dm3 / kg ; 8.76 ft3 / lb 

194.70 ° K; -78.4 ° C ; -109.2 ° F 

216.55 ° K; -56.6 ° C ; -69.9 ° F 

517.97 kPa; 5. 18 bar ; 5. 11 2 a tm; 75. 13 
psia 

1.977 0 kg / m 3 

1.53 
0. 71 3 kg/I 

304.19 ° K ; 31 .0 ° C ; 87.9 ° F 

7 381.5 kPa; 73.82 bar; 72.85 a tm ; 

1 070.6 psia 

2.137 dm3 / kg 

0.468 kg / dm3 

0.274 

7.950 kJ / mo l; 180.64 kJ / kg; 43.17 
kcal / kg 

25.23 kJ / mol; 0 .573 kJ / kg; 6.03 k cal/ 
mol 

37.564 kJ / (kmol- oK ); 37.564 J/(mol, 
°K); 0.204 kcal/ (kg- ° C) 

Sp c1f1c Heat Ratio, Gas 0 101 325 kPa, Cp/Cv@ 20 oc 
V1scos1ty, Gas 0 26.85 C, 101 325 kPa 

28.541 kJ / (kmol. oK); 28.54 1 J /(mol-
0K); 0.155 kcal/(kg. ° C) 

1.316 

0.015 01 mPa -s; 0 .01 5 0 1 m N -s/m 2 ; 

0.015 01 cP 
Thermnl Conduct1v1ty, Gas (a 101 .325 kPa @ 26.85 oc 

Surface Tension (a -52.2 C 

Solubility In Water (a 101 325 kPa (a o 0c 

Description 

Car on d1ox1de is a nonflammable colorl 
sl htl d ' ess, odorless 

ig Y c1 gas It is approximately one and one-hal , 
h a Y as air On volume of CO will d I . f times as 

ISSO ve in appr I 
on volume of water at atmospheric P ox1ma ely 
t ressure and 15 oc 1 ugh cone ntrat1ons II has an acidic last CO · n 
DOT approved, high pressure steel cylind:rs as is shipped in 
its own vapor pressure of approximately 5 727 kaP l1qu1d under 
at 21 1 c a (830 psIg) 
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o.001 66 W / (m . oK); 39 .6 x 1 o-6 cal • 
cm / (s -c m2. °C) 

16-54 mN / m ; 16.54 dyn /cm 
0.759 cm3 / 1 cm 3 water 

Specifications 

Matheson suppl'e 
ificat' . 1 s several grades of carbon dioxide. Spec-

ions are given below. 

1 - Research Grade 

This grade of carbo d' . . . 
contain· n ioxide is available in small cylinders 

ing up to 100 lit 
analysis is s r ers, and Pyrex liter flasks. An actual 
dioxide has upp I:d with each flask. Research Grade carbon 

a minimum puri ty of 99.995 min. 

2. Aquarator Grade 

This grade is purified, tested and approved for use with the 
Aquarator manufactured by Prec1s1on Scientific Company. 

3. Coleman Instrument Grade 

This grade has a minimum purity of 99.99 mole % and Is 
specifically suitable for use with the Coleman Nitrogen Ana­

lyzer. 

4. Anaerobe Purity Grade 

This grade is an oxygen-free material tested and certified 
suitable for use by anaerobists. 

5. Bone Dry Grade 

The Bone Ory Grade of CO2 has a minimum purity of 99.8 

mole %. 

6. Commercial Grade 

This grade has a minimum purity of 99.5%. 

Uses 

The uses of CO2 are many. (See reference 1 for detailed 
uses of CO2). Some of the uses listed for CO2 are as follows: 

Refrigeration 

Some liquid CO2 is used as a refrigerant in mechanical 
refrigerating systems and some liquid is expanded to provide 
rapid cooling for special applications. However, the bulk of 
refrigeration uses employing CO2 uti lize Ory Ice as a refriger­
ating agent. The largest and most important use of Ory Ice Is in 
food preservation in distribution. 

Carbonation 

A substantial volume of CO2 is used for carbonating bever­

ages. 

lnerting 

CO2 is used as an inerting agent in fire extinguishers. in inert 
atmospheres. in canned food products, to prevent oxidation in 
the handling and transfer of dangerous flammable materials, 
for the inerting of flammable materials during their manufactur­

ing processes and for shielded arc welding. 

Other Uses 

CO2 Is used extensively as a neutralizing agent for pH con­
trol, in cement curing and in many other commercially important 

chemical applications. 
CO2 is also used in aerosol packaging, for the operation of 

equipment where ordinary power is not available or suitable, 
for pressure spraying in packaging, for the transfer of hazard­
ous and flammable liquids and as a diluent with nitrous oxide 

In the manufacture of whipped cream. 

Toxicity (2) 

Carbon dioxide is generally regarded as a simple asphyxiant. 
Symptoms result only when such high concentrations are 

matheson· 

CARBON DIOXIDE 

reached that there Is insufficient oxygen In the atmosphere to 
support life . The signs and symptoms are those which precede 
asphyxia, namely, headache, dizziness. shortness of breath, 
muscular weakness, drowsiness, and ringing in the ears. Ten 
percent carbon d1ox1de in arr can be endured for only a few 
minutes. Twelve to fifteen percent soon causes unconscious­
ness. Twenty-five percent may cause death after several hours 
of exposure. The 1979 ACGIH has recommended a Threshold 
Limit Value (TLV) of 5000 ppm (9000 mg m3

) for carbon 
dioxide (concentration in air to which nearly all workers may 
be continuously exposed without adverse affects). The Short 
Term Exposure Limit establ ished (STEL) Is 15,000 ppm 
(18,000 mg / m 1

) . 

Contact of carbon dioxide snow with the skin may cause a 
burn. 

First Aid Treatment (2) 

Workers who have inhaled very high concentrations of car­
bon dioxide and show any of the symptoms described above 
should be removed at once to an uncontaminated atmosphere 
and inhale fresh air or oxygen. If the exposure was severe 
enough to cause loss of consciousness. oxygen should be 
administered. If breathing has stopped, start art1fic1al respIra­
t1on and call a physician at once. 

Precautions in Handling and Storage 

1. Do not place cylinders where they may become part of 
an electric c1rcu1t. When electric arc welding, precautions must 
be taken to prevent striking an arc against a cylinder. 

2. Do not discharge CO2 in confined or poorly ventilated 
areas, since displacement of air can cause asphyx1at1on 

3. Use check valves or traps to prevent suckback If suck­
back occurs, advise the supplier 1mmed1ately 

4 . Spillage of l1qu1d CO,. on the skin can cause frostbite 
Wear protective clothing and gloves when handling l1qu1d CO, 

5. If it becomes necessary to heat a cylinder of CO . 11 
should be done only In a thermostated water or oil bath with 
the temperature controlled to a maximum of 51.7 °C (125 F). 

When a cylinder is heated a suitable spring-loaded safety 
device shou ld be installed on the discharge line 

6. Do not store CO,. cylinders in sub-surface or closed 
areas. CO., Is heavier than air and leaking gas could cause 

suffocation . 
In addition, the general rules listed In Appendix I should be 

observed. 

Leak Detection 

CO2 leaks can be detected by painting suspected areas with 
soap water solution, or by holding a squeeze bottle containing 
aqueous ammonia in the area (leaks will be indicated by for­
mation of a white ammonium carbonate cloud). The Matheson 
Leak Detectors Model 801 6 and 801 7 provide a more sensItIve 

method of leak detection. 

Analytical Detection 

The Matheson-Kitagawa Toxic Gas Detector Model 8014K 
Is available for determination of CO? concentrations In arr 
Using either the high range detector tube Model 1 26Sa (0 1 -
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CARBON DIOXIDE 

2 6 ) or the low range detector tube Model 126Sb (100-7000 
ppm), concentrations of carbon d1ox1de in the atmosphere 
produce a length of the stain In the detector tube which Is read 
dir ctly off the detector tube. 

Th re are numerous volumetric. t1trimetric, and gas chro­
matographic procedures available for determination of CO2. 

Disposal of Leaking Cylinders 

If I becomes necessary to d spose of a leaking cylinder of 
carbon d1ox1de, the procedure described In Appendix II-C 
should b followed 

Materials of Construction 

Dry CO Is a relatively inert gas and any common or com­
m rc1ally available metal may be used. However, piping sys­
I ms or vessels to contain CO2 should be designed to have a 
working pressure as spec1fIed by compelent engineers using 
a sat ty factor conforming to the ASME code for pressure 
piping When carbon d1ox1de is lo be handled in aqueous 
syst ms It will form the weak acid, carbonic acid Consequently 
mat rial r sIstant to this acid will have lo be chosen. 

Cylinder and Valve Description 

CO 1s shipped in DOT approved cylinders of the high pres-
ure type having a minimum rated service of 12 410 kPa (1 800 

p g) Cyl1nd rs of COz are equipped with valves having a 
Compr ss d Gas Assoc1at1on (CGA) valve outlet connection 
No 320 w1lh an outlet thread size designated as 0.825 inch-
14 thr ads p r inch right-hand external with a flat face seating 
gamst a washer. See Figure 1 for an illustration of this valve 

outl t and its mating connection. Lecture bottles have a special 
1 inch-32 threads per inch, female outlet and 911e inch-18 

thr ads p r inch male dual valve outlet. 

Ftg, 1. CONNECTION 320 a25u_14 RH EXT. used with Flat Seat 
nd W h r 

S fety D vices 

Th only typ of safety device permitted in CO cylinders. 
for mdustn I purpos s, 1s the frangible disc type. The frangible 
d1 c I contain d in a sp c1al fitting and Is an integral part of 
th cyhnd r valv Th frangible disc will burst at a pressure 
not c ding th minimum required hydrostatic test pressure 
of th cylmd r which 1s substantially below the bursting pres-
ur of the cylinder Bursling of the frangible disc resulls in the 

d1 Cllar of th ntir, cylinder contents. 

Cylind r Contents 

Th M th son Cyhnd r Scale Model 851 o Is recommended 
lo d t rminin cyhnd r contents by weight. 
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Recommended Controls 

Automatic Pressure Regulators 

1. Single Stage Regulators 

The single stage regulator will reduce cylinder pressure in 
one step to delivery pressure in a par~icular_ range depending 
upon the design of the regulator and its spring load. A single 
stage regulator will show a slight variation in delivery pressure 
as cylinder pressure falls. Since carbon dioxide is a liquefied 
gas at room temperature, the cylinder pressu·re will remain 
constant as long as any liquid remains in the cylinder. There­
fore, a single stage regulator will give a steady delivery pres­
sure, and tank pressure will not fall until approximately 80% of 
the cylinder content has been discharged. Above the critical 
temperature of 31.0 °C, carbon dioxide will convert completely 
to a gas and the discharge of gas will show a steady drop in 
pressure. The following single stage regulators are available 
from Matheson and are recommended for use with carbon 
dioxide: 

Model No. 
Delivery Pressure 

kPa bar(g) psig 

1 L-320 28-550 0.28-5.5 4-80 
1 H-320 69-1 240 0 .69-12.4 10-180 
2-320 340-4 480 3.4-44.8 50-650 
3320 (for lecture bot- 28-410 0.28-4.1 4-60 

ties) 

These regulators are for use with the Coleman Instrument 
Grade, Bone Dry Grade, and Commercial Grade of carbon 
dioxide. 

The following single stage regulators are recommended for 
use with the Research Purity Grade, Aquarator Grade and 
Anaerobe Purity Grade of carbon dioxide: 

Model No. 

19-320 
3500-320 

Delivery Pressure Range 
kPa bar (g) psig 

28-340 
28-520 

0 .28-3.4 
0.28-5.2 

4-50 
4-75 

2. Two Stage Regulators 

This type of regulator performs the same function as a single 
stage regulator. However, greater accuracy in the control of 
delivery pressure is maintained and the delivery pressure does 
not vary as cylinder pressure falls. The following two stage 
regulators are available from Matheson for use with carbon 
dioxide with Coleman Instrument Grade, Bone Dry Grade and 
Commercial Grade: 

Model No. Delivery Pressure Range 
kPa bar(g) psig 

8L-320 14-104 0 .14-1 .04 2-15 
8-320 28-340 0 .28-3.4 4-50 

8H-320 69-690 0 .69-6.9 10-100 
9-320 138-1720 1.38-17.2 20-250 

The following two stage regulators are recommended for 
use with the other grades of carbon dioxide: 

matheson 

Model No. 

3800-320 
3104-320 

Delivery Pressure Range 
kPa bar (g) psig 

28-620 0 .28- 6.2 4-90 
28-690 0 .28-6.9 4-100 

3_ Low Pressure Regulator 

Accurate low pressure regulation of carbon dioxide can be 
obtained by using a Matheson Model 70 regulator in series 
with a Model 1 L-320 regulator. The Model 70 regulator has an 
oversize pancake body of die cast aluminum with a Buna N 
diaphragm. When the two regulators are used in series, they 
are connected together with a heavy duty hose and the proper 
fitting which are available. The delivery pressure range of this 
regulator is 3 .4-34.5 kPa (0 .5-5.0 psig). 

Manual Controls 

Manual needle valves for direct connection to the cylinder 
valve outlet are available. Those types of controls are mainly 
used for intermittent flows or where it is desired to control the 
flow of gas directly from the cylinder, but these types of 
controls require close supervision. They should not be used as 
pressure controls because dangerous pressures can develop 
if a line or system becomes plugged . Manual needle valves 
Model 50-320 or Model 52-320 with gauge to indicate tank 
pressure are recommended for use with carbon dioxide. These 
valves can be equipped with a serrated hose end , ¼ " com­
pression fitting , or ¼ " NPT male or female outlets. The Mo~el 
31 B or Model 30AR needle valve is recommended for use with 
lecture bottles. These needle valves are for use with the Cole­
man Instrument, Bone Dry, and Commercial Grades of carbon 

dioxide. 
Manual control of the other grades of carbon dioxide can be 

obtained with needle valve Model 4351 -320. 

Flowmeters 

In all cases where accurate flows of definite values must be 
known or reproduced it is recommended that Matheson Series 
7600 or 7200 laboratory brass or stainless steel flowmeter 

units be used. 
Electronic mass flowmeters, such as Matheson Series No. 

8116 and No. 8160, should be used where accurate readings 
are required . Calibration is unaffected by temperaturn and 
pressure changes and flow rates may be recorded from instru­
ment' s electrical output. 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 stainless steel and 
Series 8260 of type 316 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera­
ture changes. These mass flow controllers consist of a trans­
ducer, a control valve, a blind controller / power supply, a 
potentiometer and a digital indicator. The transducer sens~s 
the gas flow and sends a signal to the power supply. This 
signal and one from the potentiometer are compared . If there 
is an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 
imbalance. The accuracy is ± 1.2%. 
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CARBON DIOXIDE 

Shipping Regulations 

CO Is shipped in high pressure steel cylinders as a non­
llammatJle corrpressed gas, taking a DOT Green Label 

Commercial Preparations 

CO 1s recovered from many different sources. It Is obtained 
a off-gas s from fermentation processes, limestone kiln 
ga , s. ratural CO wells, combustion gases from coke ovens, 
burning of natural gas and various oils, as well as gas streams 
from chemical and petrochemical operations. CO? is purified 
and I qu lied by at least seven different processes 

Chemical Properties 

CO 1s not a chemically active compound as such and high 
t mneratures are generally required to promote its reactions. 
Aqu ous solutions of CO are ac1d1c and many reactions occur 
r ad1 y CO may be reduced by several means but the most 
popular method Is the reaction with hydrogen CO? + H2 -. 

CO H O Carbon d1ox1de Is stable under normal conditions 
but at t mp ratures above 1 700 °C 11 dissociates into oxygen 
and carbon monoxide to an extent (15 8% at 2227 C) accord­
ing o th following equation· 

2CO 2CO + 0 

Thermodynamic and Detailed Physical Data 

Molecular Structure 

Tho structure of the carbon d1ox1de molecule Is described as 
1nvolvin r sonance among the structures 

0 C + + 
O·•• 0 C: :O· ...... 0 C 0. 

ach of which mak s about equal contribution. The molecule 
long to point group D , with C O bond distance of 1 16 
10' m(116A)andan0 C Obondangleo/180°.· 

Infrared Spectrum 

Set> F, ure 2 for the infrared spectrum of gaseous carbon 
0 Id 

Vapor Pressure 

Th vapor pressure of solid carbon dioxide between 1 33-
1 9 8 kPa 1s repres nted by the following equation (3) · 

B B 
lo, p A -ort =----

1 C A - log, p C 

rn which p mmHg and t 
C and the constants A, B, and C 

REFERENCES 

F r 

have the values of 9.810 66, 1 347.786 and 273.0, respec­

tively. 
Some vapor pressure values calculated by this equation are 

sh.own below. 

Temperature, °C 
Vapor Pressure 

kPa mbar mmHg == tor 

-120.03 1.333 13.3 10 
-111 .27 4.000 40.0 30 
-102.56 10.67 106.7 80 
-93.53 26.66 266.6 200 
-83.48 66.66 666.6 500 
- 78.51 101 .325 1 013.25 760 
- 76.43 119.99 1 199.9 900 
-69.86 199.98 1 999 .8 1 500 

For additional vapor pressure values of the saturated solid 
see Table 1. · 

For the vapor pressure of the saturated liquid, see Table 2. 
For vapor pressure curve, see Figure 3 . 

Latent Heat of Vaporization, .:1Hv(4) 

Temperature, °C 

-56.57 
25.00 

.:lHv, kJ / kg 

0.369 
0.121 

For add1t1onal ~Hv values, see Table 2. 

Thermodynamic Data 

For thermodynamic properties of the saturated solid and 
vapor, see Table 1; for those of the saturated liquid and vapor, 
see Table 2; for those of the superheated vapor, see Table 3; 
for density, see Table 4; for compressibility factors, see Table 
5. 

Thermodynamic Properties of Carbon Dioxide as Ideal Gas 
@ 25 °C 

Heat Capacity, c~ 

Entropy, S0 

Free Energy Function, 
(F~ga - H~98)/ T 

Enthalpy, H0 

Enthalpy of Formation ~H0 

' f 

Free Energy of Formation LiFo 
' I 

37.129 J / (mol- °K) 
0.844 kJ / (kg, °K) 

213.685 J / (mol, °K) 

4.855 kJ / (kg, °K) 

-213.685 J/ (mol- °K) 
-4.855 kJ / (kg, °K) 

9.364 kJ / mol 
0.213kJ/ kg 

-393.522 kJ / mol 

-8.941 kJ / kg 

-394.405 kJ / mol 
-8.962 kJ / kg 

lions ot thermodynamic and ph 1 ys1ca properties of ca b 
D1t Boo 1974. Matheson East Ruth rf d r on d1ox1de, see W. Braker and A L. Mossman, The Matheson 

e or , New Jersey 
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w Braker and A. L. Mossman, Effects of Exposure to Toxic Gases-First Aid and Medical Treatment, 2nd edition. 1977, pp 138-140. 

Matheson, Lyndhurst, New Jersey 

, The Sadtter Standard Spectra, 1972. Sad tier Research Laboratories, Inc Philadelphia, Pennsylvania 

, B. J. Zwolinski, et al; Selected Values of Properties of Chemical Compounds, 1968, Volume 1, Texas A & M University. College Station Texas 

so. M. Newitt, et al., In Thermodynamic Functions of Gases, F Din, editor, 1962. Volume 1. p 123. Butterwork Inc Washington, D C 

6 See reference 5, pp. 1 28- 1 34 

1 J. Hilsenrath, el al., Tables of Thermal Properties of Gases. 1955, pp 155-160. Natl Bur Stand C1rc 564. U S Government Printing Office. 

Washington, D. C. 

H Ibid., pp. 149-154. 

Table 1. THERMODYNAMIC PROPERTIES OF THE SATURATED SOLID AND VAPOR (5) 

Temperature Pressure 

OK I OF kPa atm 

143.15 -202.00 0.308 03 0.003 
148.1 5 -193.00 0.650 51 0 .006 
153.1 5 -184.00 1.30811 0.012 
158.15 -175.00 2.510 83 0.024 
163.15 -166.00 4.617 38 0 .045 
168.1 5 -157.00 8.17288 0.080 
173.15 -148.00 1 3.972 7 0.137 
178.1 5 -139.00 23.142 6 0.228 
183.1 5 -130.00 37 .267 3 0.367 

Entropy kJ/ 
(kg• °K) Enthalpy kJ/kg 

Solid Vapor Solid I Vapor 

I 
041.216 5.411 92.4 79 I 693.121 
421.253 5 .290 97.805 695.967 
911.289 5.176 1103.211 698.644 
781.324 5.07 4 108. 709 701 .824 
571.359 4.978 114.290 704.753 
661 .393 4.889 119.972 707.765 
9 1.427 4.805 125.758 710.778 
4 1 .461 4.727 131 .654 713.665 
8 1.494 4.655 137.654 716.636 

u 1ma-

Latent 
Heat of 

S bl' 
tion kJ / 

kg 

600.642 
598.162 
595.433 
593.115 
590.463 
587.793 
585.020 
582.011 
578.982 

Specific Volume 
dm3 / kg 

Solid I Vapor 

0.615 87 815 
0 .617 42 987 
0.619 22 099 
0 .621 11 882 
0 .623 6 650.8 
0.625 3 872 3 
0.627 2 326 7 
0.629 1 440.0 
0.632 917 25 

Density kg/ dm3 

Solid Vapor 

1 626 0.000 011 
1 621 0.000 023 
1 .616 0 .000 045 
1 610 0.000 084 
1 605 0 000 150 
1.600 0 000 258 
1 .595 0.000 430 
1 .590 0.000 694 
1 582 0.001 090 

188.1 5 -121.00 58.474 7 0.577 1 1.527 4.587 143. 779 719.439 575.660 0.635 597 77 1 575 0.001 673 

193.1 5 -112.00 89.622 0 0.884 5 1.560 4 .520 150.038 721.907 571.869 0.639 397 67 1 565 0 002 515 

198.1 5 -103.00 134.560 1.328 1.592 4.458 156.444 724.501 568.057 0.643 269.68 1 555 0 003 708 

203.1 5 -94.00 198.090 1.955 1.624 4.399 162.992 726.593 563.601 0.647 185.68 1 .546 0.005 386 

208.1 5 -85.00 287.054 2 .833 1.656 4.340 1169.686 728.183 558.497 0.652 129.52 1.534 0.007 721 

213.15 - 76.00 409.758 4 044 1.689 4.279 176.548 728.602 552 05410.657 91 .228 1 .522 0.010 962 

216.55 • -69.881517.973 I 5 112 1.720 4.247 1181.318 1728.476 1547.158 0.661 72 220, 1.51310.013 847 

* Triple point. 

matheson· 125 
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Table 3. THERMODYNAMIC PROPERTIES OF SUPERHEATED CARBON DIOXIDE (6) 
H, ENTHALPY, kJ/kg; S, ENTROPY, kJ/(kg. °K); V, SPECIFIC VOLUME, dm3 /kg 

kPa atm 
Temperature, °K 

193.15 213.15 233.15 253.15 273.15 293.15 313.15 333.15 353.15 373.15 

5.066 0.5 H 723.665 739.104 754.919 770.986 787.345 804.081 821.152 838.641 856.423 874.582 
s 4 .634 2 4. 710 3 4.781 1 4 .846 7 4.908 7 4 .968 1 5.024 6 5 .078 5 5 .130 0 5 .179 8 
V 710.94 788.73 864.30 939.82 1 015.08 1 090.21 1 165.22 1 240.13 1 314.98 1 389.77 

101 .325 1 H 737.597 753.789 770.149 786. 718 803.579 820.733 838.206 856.172 874.414 
s 4 .573 9 4.646 3 4.712 9 4 .775 6 4.835 4 4.892 4 4 .946 7 4 .998 6 5.048 4 
V 390.59 429.45 467.83 505.81 543.65 581 .36 618 .98 656.54 694 .05 

303.98 3 H 731.698 749.354 766.802 784.082 801 .529 819.144 836.967 855.00 873.410 
s 4 .344 7 4.424 2 4.495 7 4.561 8 4.623 3 4.681 5 4 .736 7 4 .789 0 4.839 6 
V 125.54 139.65 153.09 166.24 179.23 192.10 204.88 217.58 230.23 

506.63 5 H 744.794 763.287 781.362 799.353 817.386 835.545 853.829 872.448 

1 013.25 1 10 

s 4.312 4 4.388 6 4.457 6 4 .521 2 4.580 6 4.637 1 4.690 3 4.7 41 3 
V 81.63 90.14 98.31 106.34 114.25 122.05 129. 78 137.47 
H 754.208 774.375 793.788 812 .909 831.905 850.858 869.937 
s 4.230 0 4.307 0 4.375 6 4.438 8 4.497 8 4 .553 0 4 .605 7 
V 42.77 47.29 51.63 55.82 59.90 63.93 67.90 

2 026.5 20 H 758.476 781 .446 803.202 824.039 844.415 864.582 
s 4.132 1 4.212 3 4.283 6 4 .348 0 4.407 4 4.463 1 
V 21.58 24.14 26.54 28.79 30.96 33.09 

4 053 40 H 751.990 780.902 806.131 829 .813 852.448 
s 4 .000 7 4 .101 6 4 .179 0 4.246 3 4 .306 2 
V 10.07 11. 72 13.16 14.47 15.69 

6 080 60 H 754.292 785.546 813 .035 838.474 
s 3.940 1 4.050 1 4.131 3 4 .198 6 
V 6 .538 7 .855 8.918 9 .868 

8 106 80 H 711 .657 758.852 792.868 822.282 
s 3 .777 7 3 .932 1 4 .056 0 4 .115 8 
V 3.440 5 .106 6 .112 6 .948 

10 133 100 H 622 .161 721.656 768.726 804 .248 
s 3.491 5 3 .804 1 3 .944 7 4.044 7 
V 1.555 3 .383 4.418 5 .216 

20 265 200 H 582.455 637.265 686.343 730.485 
s I 3 .320 8 3 .494 9 3.640 1 3 .761 0 
V 1.190 1 .381 1 .660 2.04 1 

30 398 300 H 573.836 619.148 659.859 698.519 
s 3.246 8 3.377 7 3.497 8 3 .608 3 
V 1.092 1 .199 1 .335 1.500 

40 530 400 H 

I 

570.739 612.203 649.440 685.2 14 
s 3.209 1 3.332 1 3.440 0 3 .537 6 
V 1.043 1 .121 1.210 1.312 

50 663 500 H 570.405 609.567 645.005 678.812 
s 

I 
, 3 .1757 3 .291 6 3 .396 6 3.491 5 

V 1.005 1 .067 1 .137 1 .215 

393.15 413.15 

893.075 911 .777 
5 .227 9 5 .275 2 
1 464 .55 1 539.22 
892.907 911 .610 
5 .096 5 5 .144 6 
731.54 769.03 
892.071 910.982 
4 .877 7 4 .935 0 
242.86 255.49 
891 .276 910.271 
4.790 3 4 .837 5 
145.13 152.79 
889.142 908.472 
4 .655 5 4.703 2 
71.84 75.76 
884 .539 904.539 
4.515 8 4.565 6 
35.18 37.24 
874.247 895 .460 
4 .364 3 4.417 9 
16.86 17.99 
862.364 885.125 
4 .263 1 4 .320 4 
10 .76 11 .60 
849.017 873.954 
4 .184 8 4 .245 1 
7 .697 8 .391 
834.666 862 .11 3 
4 .122 5 4 .185 7 
5 884 6 .481 
771.781 811 .194 
3 .867 7 3 .960 2 
2.454 2 .837 
736.677 775.044 
3 .7100 3 .805 8 
1 .690 1.900 
720.987 757 .388 
3 .630 5 3 .721 3 
1.430 1.564 
712.661 747.346 
3 .582 8 3 .671 5 
1.301 1.395 

423.15 

9 21.233 
5 .298 2 
1 576 .70 
92 1.108 
5 .166 8 
787.76 
920.480 
4 .958 0 
261 .80 
919 .852 
4 .860 6 
156.61 
9 18 .221 
4.726 2 
77.72 
914.581 
4.589 4 
38.27 
905.836 
4.443 0 
18.55 
896.129 
4 .346 3 
12.00 
885.795 
4 .272 3 
8.722 
875 .084 
4 .21 3 7 
6. 763 
830.398 
4 .002 0 
3.011 
794 .374 
3.852 2 
2.009 
776 .006 
3.766 0 
1.638 
765.212 
3.7 15 0 
1.445 
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Table 4. DENSITY OF GASEOUS CARBON DIOXIDE (7) 

Tempera- Unit: kg/ m3 

Pressure, kPa ture, C 
10.1 101.3 405.3 709.3 1 013.2 4 053.0 7 092.8 10 132.S 

-3 0.19879 2.00072 8.18023 14.6496 21.4465 
27 0 17886 1. 79670 7.29829 12.9764 18.8448 93.947 
77 0 15328 1.53692 6.20343 10.9561 15. 7982 70.134 139.276 235.500 127 0.13410 1.34317 5.40294 9.50838 13.6591 57.968 107.944 164.427 227 0 10727 1.07331 4.30314 7.54680 10.8043 44.140 78.779 114.541 327 0 08939 0.89414 3.57916 6.26788 8.96036 36.057 63.371 90. 752 527 0.06704 0.67036 2.68042 4.68925 6.69630 26.672 46.426 65.903 727 0.05364 0.53622 2. 14346 3.74859 5.35154 21.257 36.924 52.331 927 0 04469 0.44651 1. 78602 3.12327 4.45833 17.698 30. 730 43.549 1227 0.03576 0.35746 1.42878 2.49853 3.56671 14.159 24.596 34.872 

Table 5. COMPRESSIBILITY FACTORS FOR CARBON DIOXIDE, Z = PV / RT (8) 
Temperature, 

C Pressure, kPa 

- 23 
27 

127 
327 
527 
727 
977 

1227 

40,5 

0.99634 
0 99800 
0.99927 
0 99990 
1 00004 
1 00008 
1 00010 
1.00010 

101 .3 

0.99085 
0.99501 
0.99817 
0.99975 
1 .00011 
1.0002 
1.0002 
1.0002 

405.3 709.3 

0.9629 0.9337 
0.9798 0.9644 
0.99267 0.98714 
0.99903 0.99832 
1.00046 1.00081 
1.0008 1.0015 
1.0010 1.0017 
1.0010 1 .0018 

1 013.2 4 053 7 092.8 10 132.5 

0.9022 
0.9486 0. 7611 
0.9185 0 .9252 0 .8697 0.8155 
0 .99763 0 .9916 0 .9874 0.9850 
1.00118 1.0054 1.0108 1.0172 
1.0022 1.0092 1 .01 67 1.0248 
1.0025 1.0102 1 .01 81 1.0263 
1.0025 1.0100 1 .01 76 1.0253 
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CARBON MONOXIDE 
(Formula: CO) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of CO 

Spec1f1c Volume @ 21 1 C, 101 325 kPa 
8011tng Point @ 101.325 kPa 
Triple Point 

Temperature 
Pressure 

Trans1t1on Point, Solid I-Solid II 
Temperature 
Pressure 

Absolute Density, Gas@, 101 .325 kPa@ o °C 

Relative Density, Gas @) 101 325 kPa (Air = 1) 
Density, Liquid a -191.5 C 
Critical Temperature 
Critical Pressure 

Critical Volume 
Cr,t1cal Density 

Critical Compress1b1lity Factor 

Latent Heat of Transition (11; -211.6 °c 

Lat nt Heat of Fusion a) - 205 1 °C 

Latent Heat of Vaporization a) -191.5 °c 

Flammable L1m1ts In Air 
Auto1gnit1on Temperature 

H at of Combustion, Gas@, 25 °Cat Constant Pressure 
Net, to form CO (gas) 

A fract1v Index, Gas White Light a O oc , 101 .325 kPa 
01 I c ine Constant, Gas a 101 .325 kPa @ 27 °c 
D1pol Moment, Gas 

Mal r Sp c1f1c Heat, Gas (a 101 325 kPa@ 25 oc 
0 Constant Pressure 

(i1 Constant Volume 

Sp c1t1c Heat Ratio, Gas a 101 .325 kPa, Cp/ Cv @ 25 o 
V1scos1ty, Gas a 1 o 1 .325 kPa @ 0 cc C 

Therm I Conduct1v1ty, Gas a 1 01 .325 kPa@ 0 oc 

Solu 1hty in Water a o oc a CO . 
kPa a partial pressure of 101 .325 
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0.028 010 4 kg 

0.028 010 4 kg 
861.5 dm3 / kg ; 13.8 ft3 /l b 

81.63 °K; -191.5 °C; -312.7 °F 

68.14 °K; -205 .1 °C; -337.0 °F 

15.3 kPa; 153 mbar; 115.14 mmHg 

61 .55 °K ; -211 .6 ° C; -348.9 °F 

0.937 kPa; 9.37 mbar; 28.12 mmHg 
1.250 4 kg / m3 

0.967 
0.789 kg / I 

132.92 °K; -140.2 °C; -220.4 °F 

3 499 kPa; 34 .99 bar; 34.529 atm· 
507.4 psia ' 

3 .322 dm3 / kg 

0 .301 kg/ dm3 

0.295 

633.04 J/ mol; 22.6 kJ /kg; 151 .3 cal / 
mol 

835.54 J / mol; 29.83 kJ / kg; 199 _ 7 cal / 
mol 

6.040 kJ / mol; 0 .2 16 kJ /kg; 1 443_6 
cal/mol 

12-5 - 74.2% (by volume) 

925.2 °K: 652 °C; 1 206 ° F 

282.989 kJ / mol; 10.103 kJ / kg ; 67.636 
kcal / mol; 4 346.5 Btu / lb 

1.000 340 
1.002 9 
3 · 7 4 X 1 o-3° C · m; 0 . 11 2 D 

29.204 kJ / (kmol- oK); 29.204 J / (mol -
0K); 1.043 kJ / (kg. ° K) 

20.794 kJ / (kmol, oK); 20.794 J / (mol-
0K); 0.7 42 kJ / (kg. ° K) 

1.404 
0·016 57 mPa -s; 0.016 57 mN-s/ m2 ; 

0.016 57 cP 
0·023 2 W/ (m- °K); 55.49 X 10- 5 cal, 

cm/(s-cm2
• ° C) 

3.537 cm3 / 100 cm3 water 
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Description 

carbon monoxide is a toxic, flammable, colorless. and odor­
less gas. It is slightly lighter than air. It is shipped as a non lique­
fied gas in high pressure steel cylinders at a maximum pressure 
of 11380 kPa (1 650 psig) at 21.1 ° C, under special DOT 

permit. 

Specifications 

Matheson supplies five grades of carbon monoxide with 
specifications as follows: 

1. Research Purity Grade 

This grade is the highest purity and is available in Pyrex liter 
flasks as well as in small cylinders. 

2. Matheson Purity Grade 

This grade has a minimum purity of 99.99 mole %. 

3. Ultra High Purity Grade 

This grade has a minimum purity of 99.8 mole %. 

4. C. P. Grade 

This grade has a minimum purity of 99.5 mole %. 

5. Technical Grade 

This grade has a minimum purity of 99.0 mole %. 

Uses 

Probably the largest amount of carbon monoxide is util ized 
in fuel gas mixtures with hydrogen and other gases for industrial 
and domestic heating and for the reduction of ores. An example 
of its application is the Mond process for the recovery of nickel 
from ores containing iron, cobalt and copper. Smaller but 
substantial amounts are used in the manufacture of a variety of 
chemicals, such as acids, esters and alcohols, from which 
numerous other derivatives are manufactured, such as higher 
esters, ketones, aldehydes and glycols. Carbon monoxide is 
used in the manufacture of metal carbonyls (especially iron 
carbonyl) for conversion by thermal decomposition into pow­
dered metals of high purity which are molded into complex 
articles by powder metallurgy. Carbon monoxide is also used 
in the manufacture of special catalysts by reacting metals to 
form carbonyls followed by decomposition of the carbonyls; 
the resulting metal catalysts are used in the synthesis of 
hydrocarbons or oxygenated compounds and in the hydrogen­
ation of fats and oils. 

Effects in Man and Toxicity (2)(3) 

Acute Effects 

Carbon monoxide is classified as a chemical asphyxiant, 
producing a toxic action by combining with the hemoglobin of 
the blood to form a relatively stable carboxyhemoglobin. It thus 
prevents the hemoglobin from taking up oxygen to form oxy­
hernoglobin, and consequently the body is deprived of its 
needed oxygen. Since the affinity of carbon monoxide for 
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hemoglobin is about 200-300 times that of oxygen, only small 
amounts of carbon monoxide in the air will consequently cause 
toxic reactions to occur. 

Carbon monoxide in excess of 50 ppm will produce symp­
toms of poisoning 1f breathed a sufficiently long time As little 
as 200 ppm will produce slight symptoms (slight headache. 
discomfort) in several hours. A concentration of 400 ppm will 
produce headache and discomfort within two to three hours. 
With moderate exercise, 1 000-2 000 ppm will produce slight 
palpitation of the heart 1n 30 minutes, a tendency to stagger in 
1 112 hours, and confusion of the mind, headache. and nausea 
in 2 hours. A concentration of 2 000-2 500 ppm will usually 
produce unconsciousness in about 30 minutes. Its effects at 
higher concentrations may be so sudden that a man has little 
or no warning before he collapses. These effects are summa­
rized in the following table (1 ): 

Concentration 
Effect (ppm) 

Permissible for an exposure of 8 hours 50 
Concentration which can be inhaled for 400-500 

1 hour without appreciable effect 
Concentration causing a just appreciable 600-700 

effect after 1 hour of exposure 
Concentration causing unpleasant but 1 000-2 000 

not dangerous symptoms after 1 hour 
of exposure 

Dangerous for exposure of 1 hour 1 500-2 000 
Fatal in exposures of less than 1 hour 4 000 and above 

The concentration, exposure time and physical activity of the 
individual will determine the percentage conversion of hemo­
globin to carboxyhemoglobin. The effects produced depend on 
the degree and duration of saturation of blood with carbon 
monoxide. The symptoms caused by various amounts of car­
boxyhemoglobin in the blood are given in the following table: 

Blood Saturation 
% Carboxyhemo­

globin 

0-10 
10-20 

20-30 
30-40 

40-50 

50-60 

60-70 

70-80 

Symptoms 

No symptoms. 
Tightness across forehead, possibly 

slight headache. 
Headache and throbbing in temples. 
Severe headache, weakness, dizzi­

ness, d imness of vision, nausea, 
vomiting , collapse. 

Same as previous item but with more 
possibility of collapse and syncope, 
increased respiration and pulse. 

Syncope, increased respiration and 
pulse, coma with intermittent convul­
sions. 

Coma with intermittent convulsions, 
depressed heart action and respira­
tion , possibly death. 

Weak pulse and slow respiration, res­
piratory failure, and death. 
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Chrome Effects 

The effects of prolonged exposure to low concentrations of 
carbon monoxide are similar to the acute effects. Claims of 
permanent harmful effects from prolonged exposure to low 
concentrat

0

ons of carbon monoxide have been made, but t~ey 
are not readily substantiated. There are several reports wh_ich 
indicate the absence of any signs of chronic carbon monoxide 

poisoning. . 
Carbon monoxide Is a chemical asphyx1ant and not a poison. 

Concentrations producing physiological effects are indicated 
In the above table. Carbon monoxide Is not detectable by odor. 
The symptom of headache should be taken as a warning that 
a dangerous concentration Is being inhaled. 

The 1979 ACGIH has adopted a Threshold Limit Value (TLV) 
of 50 ppm (55 mg/m ) for carbon monoxide (average concen­
tration in a,r to which nearly all workers may be repeatedly 
exposed during an 8-hour day without harmful effects). The 
tentative Short Term Exposure Level (STEL) has been set at 
400 ppm (440 mg/m ). 

First Aid Treatment (3) (4) 

R&move the vIctIm immediately to an uncontaminated atmo­
sphere If he Is breathing, administer pure oxygen by the best 
method available (an oronasal mask Is usually best). If breath­
ing Is weak or has stopped, start art1f1c1al respIratIon immedi­
ately and administer pure oxygen simultaneously (if 11 is readily 
ava1labl ) but do not delay art1f1c1al respIratIon until a source of 
111s found 

Oxy en at greater than atmospheric pressure is more effi­
cwnt as an antidote, the optimum range of pressures being 2 
to 2 5 aim A special mask or, preferrably, a compression 
chamber to utilize oxygen at these pressures, is required. 

Medical Suggestions 

Avoid stimulant drugs, including carbon dioxide. The addition 
of 5- 7 carbon d1ox1de to oxygen, to serve as a respiratory 
t1rnulant , 1s a now regarded as more hazardous than beneficial. 

Do not inJ ct methylene blue Insure absolute rest In bed for at 
I ast 48 hours Watch for late neurological and/or cardiac 
cornpl1callons 

Precautions in Handling and Storage 

Tht> maier hazards resulting from the handling of carbon 
monoxide stem from Its extreme flammability and toxicity. This 

as should, therefore, be handled In well-ventilated areas, 
pr f ra ly a hood. Systems carrying this gas should be thor­
oughly ch ck d for leaks The gas should never be handled in 
an ar a wh r th gas may diffuse to an open flame. excessive 
h at. or spark 

Do not star reserv stocks of carbon monoxide with cylin­
ders containing oxygen, or other highly ox1d121ng or flammable 
mat r1als Carbon monox1d detectors should be installed In 
indoor ar as wh n th gas Is used regularly Ground all lines 
amj CQU1pm nt us d with carbon monoxide 

In add1t1on. th general rules listed In Appendix I should be 
o s rv d 

Leak Detection 

Equ1pm nt to contain carbon monox de should be pretested 
for I a s with an inert gas (such as nitrogen) Leaks which may 
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later develop during the actual operation may be detected by 

I . soap water to the suspected area; leaks will b app yIng . e 
indicated by bubble formation . 

Analytical Detection 

The concentration of carbon monoxide in the atmosphere 
can be determined with the Matheson-Kitagawa Toxic Gas 
Detector System Model 8014K. Detector tube numbers and 
measurable concentrations are shown below: 

Model 
No. 

100 
106SA 
106SB 
106S 

Measurable Concentration (ppm) 

10-1 000 (NIOSH Certified) 
10-100/ 100-1000 
10-100/ 100-1000 (in the presence of ethylene) 
10-250 (NIOSH Certified) 

Carbon monoxide can be determined quantitatively by means 
of an iodine pentoxide method (1) by a palladous chloride 
method (1) or by gas chromatography. 

Materials of Construction 

Corrosion by pure carbon monoxide at low pressures (less 
than 3 450 kPa (500 psig) can be considered negligible How­
ever, any piping and vessels containing carbon monoxide 
should be adequately designed to meet ASME standards, and 
be approved by competent engineers. 

At higher pressures, however, pure carbon monoxide will 
react with iron, nickel , and certain other metals forming car­
bonyls which are usually low boiling liquids or vapors. Pressure 
favors the reaction, and in the case of iron, it appears to be 
catalyzed by water vapor. Steel cylinders, in which the gas has 
been stored for long periods under pressure, may be found to 

contain quantities of iron carbonyl. The carbon monoxide may 
be freed from the carbonyl by passing it over activated charcoal 
or through a heated tube containing refractory material. The 
decomposition temperature of the iron carbonyl at 1 aim is 
about 180°C. 

The presence of small amounts of sulfur compounds cor­
rodes steel appreciably more than sulfur-free carbon monox­
ide. Only very highly alloyed chrome steels are sufficiently 
corrosion-resistant to carbon monoxide containing small 
amounts of sulfur-containing impurities (5) . The book " Design 
of High Pressure Plant, and Properties of Fluid at High Pres­
sure " by W. M. Newitt (6) states that iron and alloy steels are 
attacked by carbon monoxide; for this reason high pressure 
plant equipment for handling carbon monoxide is frequently 
lined with copper 

Matheson supplies all grades of carbon monoxide as sulfur­
free material. It is strongly recommended, however, that cor­
rosion tests be made with samples of materials of construction 
to determine if the high pressure use of carbon monoxide 
under actual conditions will be detrimental to the material 
chosen. 

Cylinder and Valve Description 

Carbon monoxide is packaged in DOT approved, high pres­
sure steel cylinders, having a minimum service pressure of 
12 410 kPa (1 800 psig) These cylinders may be filled to a 
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OUTLET COI\NEf'Tl()N 

) ,-, 
82S" 830" 

13, 16" 13 '16' 

,_I_ 

F. 1 CONNECTION 350 .825 11-14 LH EXT. accepting Round 19. . 
Shaped Nipple 

maximum pressure of 11 380 kPa (1 650 psIg) . The cylinder 
valve outlet designated as the standard for carbon monoxide 
by the Compressed Gas Association (CGA) has a 0 .825 inch 
left-hand external thread accepting a round-shaped nipple. It 
is designated as a standard No. 350 valve. Lecture bottles 
have a special 5/rn inch-32 threads per inch female valve outlet 
and 9/16 inch-1 8 threads per inch male dual valve outlet. Figure 

1 shows a standard valve outlet and mating connection for 
carbon monoxide. 

Safety Devices 

Carbon monoxide safety devices are incorporated in the 
cylinder valve . The device consists of a frangible disc backed 
up with a fusible metal having a melting point of 1 00 °C 
(212°F) . 

Recommended Controls 

To reduce the high cylinder pressure of carbon monoxide to 
a safe working value consistent with a system's design , the 

following types of controls are recommended . 

Automatic Pressure Regulators 

1. Single Stage Regulators 

A single stage regulator will reduce cylinder pressure in one 
single stage to a delivery pressure in a particular range, de­
pending upon the design of the regulator and its spring load. 
A single stage regulator will show a slight variation in delivery 
pressure as cylinder pressure falls. The following Matheson 
single stage regulators are recommended for use with carbon 
monoxide: 

Delivery Pressure 
Model No. kPa bar(g) psig 

1 L-350 28-550 0 .28-5.5 4-80 

1 H-350 69-1 240 0.69-12.4 10-180 

2-350 340-4 480 3.4-44.8 50-650 

3-350 690-10 340 6 .9-103.4 100-1 500 

3320 (for lee- 28-410 0 .28-4.1 4 .1-60 

lure bottles) 

2. Two Stage Automatic Regulators 

This type of regulator performs the same function as a sin~le 
stage regulator. However, greater accuracy in control of deliv­
ery pressure is maintained and the delivery pressure does not 
vary as cyl inder pressure falls. The fol lowing Matheson two 
stage regulators are recommended for use with carbon mon­
oxide: 

~atheson~ 

Model No. 

8L-350 
8-50 
SH-350 
9-350 
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Delivery Pressure Range 
kPa bar (g) psig 

14-104 0 14-1 .04 2-15 
28- 340 0.28-3.4 4-50 

69-690 0 69-6 9 10-100 

138-1720 1.38- 17.2 20-250 

3. Low Pressure Regulator 

Accurate low pressure regulation of carbon monoxide can 
be obtained by using a Matheson Model 70 regu lator In series 
with a Model 1 L-350 regu lator. The Model 70 regulator has an 
oversize , pancake body of die cast aluminum, a Buna N dia­
phragm, rubber seat, and a brass needle valve outlet, ' , 11 NPT 
male, and hose connection. The delivery pressure range of th is 
unit is 3.4-34.5 kPa (0.5-5.0 psig). 

4. High Purity Regulators 

Matheson single stage regulators Model 19-350 and Model 
3500-350 are recommended for use with the Research Purity, 
Matheson Purity, and Ultra High Purity Grades of carbon mon­
oxide. 

The Model 1 9-350 regulator is constructed of brass and has 
a German silver alloy diaphragm (65°0 copper, 1 7°o zinc, 1 8°0 
nickel) plus a nylon seat and aluminum gaskets. The Model 19 
regulator can be supplied with test results from helium leakage 
rate equipment. The regulator is provided with a diaphragm 
packless outlet valve (FF4373P) wi th 114

11 Gyrolok tube f1tt1ng. 
The Model 19 regu lator has two 2' 2 11 gauges , a delivery 
pressure gauge 0-690 kPa (0- 1 00 psig) and a cylinder pres­
sure gauge of 0-20 680 kPa (0-3 000 psig). It has a delivery 
pressure range of 28-340 kPa (4-50 ps1g). 

The Model 3500-350 stainless steel regulator has a body of 
316 stainless steel, a 316 stainless steel diaphragm, a Tefzel 
seat and Teflon gaskets. The Model 3500-350 has a delivery 
pressure range of 28-520 kPa (4-75 psig). It can be supplied 
with a hel ium leak rate certification, the maximum acceptable 
leak rate being 2 x 10 ' 0 cm3 per second inboard. 

Two stage regulators Model 3800-350 and Model 3104-
350, with delivery pressure ranges of 28-620 kPa and 28-
690 kPa (4-100 psig), respectively, can be supplied for the 
same high purity grades. 

Manual Controls 

Manual needle valves for direct connection to the cylinder 
valve outlet are available. These types of controls are mainly 
used for intermittent flows or where it is desired to control the 
flow of gas directly from the cylinder, but these types of 
controls requi re close supervision. They should not be used as 
pressure controls, because dangerous pressures can develop 
if a line or system becomes plugged. Manual needle valves 
Model 50-350 or Model 52-350 with gauge to indicate tank 
pressure are recommended for use with carbon monoxide. 
These va lves can be equipped with a serrated hose end. 1

'4 
11 

compression fitting, or ¼ 11 NPT male or female outlets The 
Model 30AR or Model 31 B needle valve is recommended for 
use with lecture bottles of the C.P. and Technical Grades of 
carbon monoxide. 

Manual control of high purity grades of carbon monoxide 
can be obtained with needle valve Model 4351-350. 
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Flowmeters 

In all cases where accurate flow of a definite value must be 
known or reproduced, 111s recommended that Matheson Series 
7600 or 7200 brass flowmeter units be used. 

Electronic mass flowmeters, such as Matheson Series No. 
81 1 6 and No 81 60, should be used where accurate readings 
are required Cal1brat1on Is unaffected by temperature and 
pressure changes, and flow rates may be recorded from the 
instrument's electrical output. 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 stainless steel and 
Series 8260 of type 316 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera­
ture changes These mass flow controllers consist of a trans­
ducer, a control valve, a blind controller / power supply, a 
potentiometer and a d1g1tal indicator. The transducer senses 
the gas flow and sends a signal to the power supply. This 
signal and one from the potentiometer are compared. If there 
,s an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 
imbalance The accuracy ,s ± 1.2%. 

Shipping Regulations 

Carbon monoxide ,s shipped in high pressure steel cylinders 
as a flammable compressed gas, taking a DOT " Red Gas 
Label ' Cylinders are filled to a maximum of 10 340 kPa (1 500 
psIg) in accordance with present DOT regulations. 

Commercial Preparations 

Carbon monoxide can be prepared in a number of ways, as 
follows· 

1 Carbon and oxygen combine at temperatures above 
650 °C to form only the monoxide 

2 Carbon d1ox1de may be passed over hot coke. The dioxide 
Is r duced to the monoxide. 

3. Steam and hot coke will react to form carbon monoxide 
and hydrogen, in the water gas reaction 

4 Formic ac,d ,s dehydrated by sulfuric acid or phosphoric 
acid to yield carbon monoxide. 

5 Carbon monoxide ,s obtained by decompos1t1on of methyl 
formate using sodium methylate solution as a catalyst at about 
60-100 C 

6 Incomplete combustion of natural gas with oxygen or 
r forming with steam ,s commonly employed for the manufac­
tur of commercial quant1t1es of carbon monoxide. 

Chemical Properties 

Carbon monoxide ,s stable with respect to decomposition 
into carbon and oxygen. At 400-700 C almost any surface is 
suff1c1 ntly active to cause d1sproportionat1on Above 800 °c 
the equ,llbnum favors the formation of carbon monoxide. Car­
bon monox,d reacts reversibly with steam to give carbon 
d1ox1d and hydrogen. 

At temperatures of 300-1500 C, carbon monoxide reduces 
many metal oxides (like those of cobalt, copper, iron, lead 
manganese, molybdenum, nickel, silver and tin) to lower metal 
o 1d s, m tats, or metal carbides. 
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The alkali and alkaline earth metals and some of the heavy 
metals combine with carbon monoxide, the former giving salts 
and the tatter carbonyls. 

Carbon monoxide reacts with chlorine and bromine under 
the influence of tight or a charcoal catalyst to give phosgene 
and carbonyl bromide, respectively. Carbon monoxide reacts 
slowly with liquid sulfur and rapidly with the vapor to give 
carbonyl sulfide. Aqueous bases absorb carbon monoxide 
forming formate salts. 

Carbon monoxide reacts with Grignard reagents giving a 
variety of products-acyloins, alpha-diketones, and oletins 
being isolated. 

Sodium alkyls react with carbon monoxide producing ke­
tones, tertiary alcohols and other compounds. 

Hydrogenation of carbon monoxide gives a variety of prod­
ucts, depending on the catalyst and conditions used: methane, 
benzene, paraffins, olefins, paraffin waxes, hydrocarbon high 
polymers, methanol, higher alcohols, ethylene glycol, glycerol 
and other oxygenated compounds being obtained . 

Carbon monoxide adds to alcohols and , depending on the 
catalyst and conditions used, gives either formate esters or 
carboxylic acids and their esters. 

Thermodynamic and Detailed Physical Data 

Molecular Structure 

The carbon monoxide molecule is considered to be a reso­
nance hybrid involving the three structures depicted: 

+ .. -
:C:O : :C::6 : 

+ 
:C ::: O : 

All three structures make about equal contributions to the 
normal state of the molecule. 

The carbon monoxide molecule is stabilized by its very large 
resonance energy (58 kcal / mot). 

The interatomic distance, 1 .13 A of :C::b : is c ompatible with 
+ .. + 

the resonating structure. For :C :() : and :C ::: O :, the intera-

tomic distances are 1.25 x 10- 10 m (1 .25 A) and 1.1 o x 10-10 
m (1 .10 A), respectively. 

Infrared Spectrum 

See Figure 2 for the infrared spectrum of gaseous carbon 
monoxide. 

Vapor Pressure (7) 

The vapor pressure of liquid carbon monoxide is represented 
by the following equation: 

B 
log10P = A - - -

t + C 
or 

B 
t =----- C 

A - log,op 

in which P = mmHg and t = 0 c , and the constants A, B, and 
C have the values of 6 .69422 , 291.743 , and 267.996, respec­
tively. 

Some calculated vapor pressure values are shown below. 
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Vapor Pressure 

Tempera- mmHg = 
ture, °C kPa mbar torr 

- 203.43 20.00 200.0 150 

-200.09 33.33 333.3 250 
-196.70 53.33 533.3 400 
-192.20 93.33 933.3 700 

- 191.49 101 .3 25 1 013.25 760 

- 191.04 106.66 1 006.6 800 

- 189.02 133.32 1 333.2 1 000 

-185.07 199.98 1 999.8 1 500 

For additional vapor pressure data, see Table 1. 

Thermodynamic Data 

Thermodynamic properties of the saturated liquid and vapor 
are listed in Table 1, those tor the superheated vapor in Table 
2, and compressibility factors are shown in Table 3 . 

Thermodynamic Properties of Carbon Monoxide As Ideal 
Gas @ 25 °C (8) 

Heat Capacity, C~ 

Entropy, S0 

Free Energy Function, 
(F~9e - H~ge)/T 

Enthalpy, H0 

Enthalpy of Formation, AHf 

Free Energy of Formation, .:1Ff 

matheson 

29.142 J / (mol - °K) 
1 .040 kJ / (kg, °K) 
6 .965 cal / (mol - °C) 

197.543 J / (mol • °K) 
7 .052 kJ / (kg, °K) 

47.214 cal / (mof, °C) 
-197.543 J/ (mol - °K) 

- 7 .052 kJ / (kg- °K) 
- 47 .214 cal / (mol, °C) 

8 .669 kJ / mol 
0 .309 kJ / kg 

- 110.529 kJ / mol 
- 3 .946 kJ / kg 

- 137.164 kJ / mol 
- 4 .897 kJ / kg 
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Table 1. THERMODYNAMIC PROPERTIES OF SATURATED CARBON MONOXIDE (10) 
Temperature I Entropy J/(mol, K) Enthalpy kJ/ mol Latent Specific Volume 

Density kg/dm3 
Pressure Heat of dm3 / kg 

K C kPa Vapori-
Liquid Vapor Liquid Vapor zation Liquid Vapor Liquid Vapor 

kJ/ mol 
68 14 • 205 01 · 15.4 73 358 170.21 3.400 9.993 6.593 1.182 1 277.7 0.846 0.000 783 72 42 - 200 73 30.4 76 977 165.665 3.654 1 0.119 6.465 1.207 681.18 0.829 0.001 47 7 01 197 14 50.7 79 898 162.469 3 871 10.147 6.276 1.232 7 72 - 193 43 81 1 431 .98 0.812 0.002 32 82.768 159.4 73 4.094 10.209 6.115 1.253 279.18 0.798 0.003 58 81 63 - 191 52 101 .325 84 .199 158.164 4 210 10.246 6.036 1 267 227.06 0.789 0.004 40 85 3 - 187 79 152 0 86.977 155.603 4.442 10.300 5.858 0 60 182 55 253 3 1.289 153.87 0.776 0.006 50 90 525 152.323 4.754 10.352 5.598 1.328 95.286 0.753 0.010 50 11 177 04 405 3 94 270 149.369 5.103 10.399 5.296 1.385 59.799 0.722 0.016 72 101 46 171 69 608.0 98 224 147.139 5.494 10.457 4.963 1.439 40.414 0.024 74 105 9 - 167 46 810.6 100 839 0.695 145.415 5.770 10.481 11 2 13 161 02 1 216 104 684 143.059 

4. 711 1.485 30.988 0.673 0.032 27 
117 2 1 - 155 94 1 621 

6.183 10.486 4.303 1.582 20.707 0.632 0.048 29 107.470 141 135 6.503 10.449 3.946 1.674 0.065 14 125 7 - 147 18 2 533 15.351 0.597 113 834 136 055 7.337 10.137 2.800 1.939 0. 117 20 132 2 .. - 140 23 · • 3 499 8.533 0.516 I 125 018 125.018 8.799 8.799 0.000 3.322 3.322 0.301 0.301 • T rIpl ' Point , · · Critical Point 
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Table 2. THERMODYNAMIC PROPERTIES OF SUPERHEATED VAPOR 
H, ENTHALPY, KJ/MOL (11 ); S, ENTROPY, J/(MOL- °K) (12); SPECIFIC VOLUME, 

DM 3 / KG (13) 
- Pressure, Temperature , °C 

kPa -180 -140 -100 -50 -25 o 25 I 50 I 100 I 200 300 I 400 

101.325 H 10.645 11.906 13.098 14.570 15.302 16.032 16.7621 17 .4921 18.953 
S 162.691173.987181.824189.301192.405195.209197.761200.112204 309 

I 
506.6 

1 013.2 

2 533 

5 066 

10 132 

20 265 

30 398 

40 530 

50 662 

101 325 

V 2 
H 
s 
V 
H 
s 
V 
H 
s 
V 
H 
s 
V 
H 
s 
V 
H 
s 
V 
H 
s 
V 
H 
s 
V 
H 
s 
V 
H 
s 
V 

101.325 H 
s 
V 

506.6 H 
s 
V 

1013.2 H 

2 533 

5 066 

10 132 

20 265 

s 
V 
H 
s 
V 
H 
s 
V 
H 
s 
V 
H 
s 
V 

62.4 

matheson~ 

384.5 504.5 652.3 726.2 799.7 873.1 946.5 1 093 
11.699 12.969 14.06 15.252 15.994 16.731 17.464 18.932 

159.327 167.887 175.715 178.883 181.736 184.314 186.673 190.887 
73.11 98.86 129.7 144.6 159.4 174.4 189.2 218.8 
11 .404 12.823 14.434 15.197 15.949 16.694 17.433 18.908 

152.122 161.486169.690172.937 175.841178.439180.820 185.054 
34.70 48/ 48 64 / 30 71.94 79.54 87 .07 94 .57 109.5 
10.598 12.500 14.262 15.064 15.839 16.598 17.349 18.843 

139.917 152.523161.507164.912167.887170.540172 954177 .247 
10.67 18.17 25.12 28.37 31.56 34 .69 37 .81 43.95 

7.752 11.936 13.985 15.064 15.644 16.432 17.206 18.734 
116.039 144.582 155.046 158.657 161.762 164.519 167 .009 171.398 

1.94 8.08 12 .13 13.91 15.62 17.29 18.91 22.11 
7.500 10.730 13.651 14.328 15.211 16.064 16.899 18.527 

112.027133.645147.147151.239154.624157.611160.297164 .979 
1.67 3.30 5.82 6 .83 7.78 8 .68 9 .56 11 .25 

9.969 12.704 13.748 14.721 15.652 16.546 18.260 
124.930 138.888 143.323 14 7.059 150.310 153.189 158.118 

2.09 3.07 3.58 4 .08 4 .56 5 .02 5.92 
12.438 13.529 14.427 15.477 16.391 18.139 21 .505 24.793 28.015 

134.281 138.909 142.733 146.063 149.005 154.026 162.013 168.297 173.594 
2.36 2.67 2.99 3 .30 3 .61 4 .21 5.38 6 .51 7.60 

12.401 13.479 14.478 15.432 16.353 18.123 21.992 24.856 28.203 
131.336135.917139.733143.080146.051151 .300159.197165.565170.942 

2.05 2.27 2.50 2.72 2 .95 3.39 4.27 5.13 5 .96 
12.473 13.546 14.539 15.486 16.403 18.172 21.592 24.954 28.337 

129.152 133.708 137.516 140.829 143.783 148.863 156.979 163.406 168.833 
1.88 2.05 2.22 2.39 2.57 2 .92 3.62 4 .31 4.98 

13.374 14.428 15.410 16.341 17.242 18.985 22.389 25.809 29.308 
122.667127.148130.913134 .168137072142076150.151 156.691 162.306 

1.50 1 .59 1.67 1.75 1 .83 2 .00 I 2.34 2 .68 3.01 
20.420 24.888 27 .950 

I 211 .888 219.001 221 .919 
1 387 1 680 1 973 

21.885 24.881 27 .950 
197.891 203.619 208.547 
277.8 336.6 395.4 

21.872 24.874 27.950 
192.087 197.828 202.769 
139.2 168.7 198.2 

21.834 24.855 27.950 
184.339 190.117 195.083 

56.1 68.0 79.9 
21.724 24 .811 27.955 

178.611 184.44 7 189.460 
28.3 34.4 40.4 
21 .679 24.796 27.962 

172.452 178.418 183.494 
14.5 1 7 . 7 20. 7 
21.556 24.771 28.012 

165.933 172.084 177.184 
7.64 9 .28 10.9 
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Table 3. COMPRESSIBILITY FACTORS FOR CARBON MONOXIDE {14) 
Tempera-
lure C 101.325 405.3 

- 73 0.997 30 0.989 27 
23 0.998 92 0.995 72 
27 0.999 66 0.998 66 

127 1.000 23 1.000 95 
227 1.000 40 1.001 63 
327 1.000 45 1.001 80 
427 1.000 45 1.001 80 
527 1.000 43 1.001 74 
627 1.00041 1 .001 65 
727 1.000 39 1.001 55 
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709.3 

0.981 31 
0.992 61 
0.997 72 
1.001 69 
1.002 86 
1.003 16 
1.003 16 
1.003 04 
1.002 88 
1.002 71 

Pressure, kPa 
1 013.2 

0.973 44 
0.989 55 
0.996 83 
1.002 45 
1.004 11 
1.004 53 
1.004 52 
1.004 35 
1.004 12 
1.003 88 

4 053 

0.963 2 
0 .990 7 
1 .011 3 
1 .01 7 2 
1.018 6 
1.018 3 
1.017 5 
1.016 6 
1.015 6 

7 093 

0 .98 9 6 
1.022 5 
1.031 4 
1.033 2 
1.032 5 
1.030 9 
1.0 29 1 
1.02 7 3 

10 133 

0.993 5 
1.035 9 
1.046 9 
1.048 5 
1.047 0 
1.044 5 
1.041 8 
1.0391 
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CARBON TETRAFLUORIDE 
(Synonyms: Tetrafluoromethane; Freon-14® ) 

(Formula: CF4) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
one Mole of CF 4 

Specific Volume @ 21 .1 °C, 101 .325 kPa 
Boiling Point @ 101 .325 kPa 
freezing Point@ 101 .325 kPa 
Absolute Density, Gas@ 101 .325 kPa@ o °C 
Relative Density, Gas @ 101 .325 kPa@ 0 °C (Air = 1) 
Density, Liquid @ - 80 °C 
Critical Temperature 
Critical Pressure .. 

Critical Volume 
Critical Density 
Critical Compressibility Factor 
Latent Heat of Fusion @ -186.8 °C 

Refractive Index, Liquid, n0 @ - 73.3 °C 
Molar Specific Heat, Gas @ 101 .325 kPa @ 25 °C 

@ Constant Pressure 

@ Constant Volume 

Specific Heat Ratio, Gas@ 101 .325 kPa, Cp / Cv@ 25 ° C 
Specific Heat, Liquid @ -100 °C . 

Viscosity, Gas@ 101.325 kPa@ 25 °C 

Viscosity, Liquid @ -60.0 °C . 
Thermal Conductivity, Gas@ 101.325 kPa@ 25 °C 

Thermal Conductivity, Liquid @ -60.0 °C 

Surface Tension@ - 80.0 °C .. 
Dielectric Constant, Gas 24.5 °C, 50.7 kPa 
Solubility In Water @ 25 °C, 101 .325 kPa 

Description 

Carbon tetrafluoride is an inert, colorless, nonflammable gas. 
It is shipped by Matheson in steel cylinders as a nonliquified 
gas, in 1 A cylinders at a pressure of 13 800 kPa (2 000 psig) 
at 21.1 cc, but in all other cyl inders at a pressure of 3 44 7 
kPa (500 psig) at 21 .1 cc. 

m atheson 

0 .088 005 kg 
0 .008 005 kg 
274. 7 dm3 / kg ; 4.4 ft3 / lb 
145.1 5 °K; -1 28.0 °C; - 198.4 °F 
86.35 °K; - 186.8 °C; -304.2 °F 
3 .946 kg / m3 

3 .05 
1 .317 kg / I 
227.59 °K; -45.6 °C; -50.0 °F 
3 739 kPa; 37.4 bar; 36.9 atm; 542.3 

psia 
1.590 dm3 / kg 
0 .629 kg/ dm3 

0 .276 
699.60 J / mol ; 7 .609 kJ / kg ; 1.90 kcal / 

kg 
1 .1 51 

61 .271 kJ / (kmol- °K); 61 .271 J / (mol• 
°K); 0 .696 kJ / (kg• °K); 0.166 4 kcal / 
(kg· °C) 

52 .949 kJ / (kmol- °K); 52 .949 J / (mol • 
°K); 0 .602 kJ / (kg- °K); 0 .143 8 kcal / 
(kg· °C) 

1 .157 
98.313 kJ / (kmol- °K); 98.313 J / (mol-

0K) ; 1 .117 kJ / (kg- °K); 0 .267 kcal / 
(kg· °C) 

0.0170 mPa-s; 0 .0170 mN-s/ m2
; 

0.017 0 cP 
0 .170 mPa; 0 .170 mN. s/ m2

; 0 .170 cP 
0 .017 99 W/ (m- °K); 43.0 X 10 6 cal ­

cm / (s• cm2 • ° C) 
0.071 96 W/ (m- °K); 172 X 10 6 cal• 

cm / (s-cm2 • ° C) 
6.4 mN / m; 6 .4 dyn / cm 
1.000 6 
0 .001 5% (by weight) 

Specifications 

Carbon tetrafluoride has a minimum purity of 99. 7 mole%. 

Uses 

Carbon tetrafluoride 1s chiefly of interest as a low tempera­
ture refrigerant, and possibly as a gaseous insulator. 
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CARBON TETRAFLUORIDE 

Effects In Man and Toxicity (2) 

lnhalatron of high concentrations of carbon tetrafluoride can 
cause such symptoms as dizziness, d1sorientatIon, incoordi­
na ,on, narcosis, nausea or vomiting There appear to be no 
Irr versIble etfects once the oxygen defIcIency has been cor­
r ct d Carbon tetrafluoride does not have odor warning prop-
rt s 
Skin contact with the l1qu1d form of carbon tetrafluoride can 

caus skin 1rritahon or frostbite 
Carbon t trafluoride Is relatively nontoxic according to the 

rating system devised by the Underwriters· Laboratories, Chi­
cago, Illinois 

First Aid Treatment (2) 

Inhalation 

If th subJ ct ,s conscious and becomes aware of any of the 
symptoms cited above he should go to an uncontaminated 
area and inhale fresh air or oxygen. In the event the subJect Is 
ov rcome by a massive exposure, he should be carried to an 
uncontaminated area and given art1f1c1al respiration if needed 
and oxyg n simultaneously Treat symptomatically thereafter. 

Skin Contact 

In cnse of skin contact with l1qu1d carbon tetrafluoride, frost­
bit may dfwelop If frostbite occurs, cover the frostbitten part 
with a warm hand or woolen material If the fingers or hand are 
frostb11t n, have the vIct1m hold his hand in his armpit, next to 
his body Then place the frostbitten part in warm water, about 
42 C (108 F) If warm water Is not available. or Is impractical 
to u , wrap the affected part gently in blankets Let the 
c1rculal1on re-establish itself naturally. Encourage the vIct1m to 
'X rc,s the affected part while 11 Is being warmed 

Precautions in Handling and Storage 

Th g n ral rules listed in Appendix I should be observed 

Leak Detection 

L aks of carbon tetrafluoride in lines and equipment may be 
c1 I ct d by applying soap water solution to the suspected 
points L aks will b indicated by bubble formation Also, the 
Math on L ak Detector Model 8016 and 8017 are ideal for 
mort s ns1t1v d tect1on of carbon tetrafluoride leaks 

Disposal of Leaking Cylinders 

ror disposal proc dure see Appendix 11-C 

Materials of Construct,on 

Sine carbon t tr 11 uoride Is noncorrosive, common struc­
tural m tals may be used Systems should be adequately 

1 r d to w11hstand th pressures to be encountered. 

Cylinder and Valve Description 

Carbon t trafluond Is 5h1pped In DOT approved, high pres-
sur t 'I cylinders Cylinders of carbon tetrafluoride are 

QUIil d with brass valves having Compressed Gas Associa-
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( OUTLET 

825' 
IJ 16' 

CONNECTION 

Fig. 1. CONNECTION 320 .825"-14 RH EXT. used with Flat 
Seat and Washer. 

lion (CGA) cylinder valve outlet connection No. 320, the ap­
proved CGA alternate. The valve outlet has a thread size of 
0.825 inch with right-hand external threads with a flat seat and 
using a washer as a seal (see Figure 1 for an illustration) 
Lecture bottles have a special 5/,s inch-32 threads per inch 
female outlet and a 9

/16 inch- 1 8 threads per inch, male dual 
outlet. 

Safety Devices 

Cylinders of carbon tetrafluoride have frangible discs as 
safety devices. They should, therefore, be stored away from 
sources of heat to prevent the development of pressures ca­
pable of rupturing the disc. 

Recommended Controls 

Automatic Pressure Regulators 

In order to reduce the cylinder pressure of carbon tetrafluo­
ride to a safe working pressure consistent with a system's 
design, the following automatic regu lators are recommended 
for use. 

1. Single Stage Regulators 

A single stage regulator will reduce cylinder pressure in one 
stage to a delivery pressure in a particular range depending 
upon the design of the regulator and its spring load. A single 
stage regulator will show a sl ight variation in a delivery pressure 
as the cylinder pressure falls. The following single stage regu­
lators are available from Matheson for use with carbon tetra­
fluoride. 

Model No. 

1 L-320 
1 H-320 
2-320 
3320 (for lecture 

bottles) 

Delivery Pressure Range 
kPa bar (g) psig 

28-550 0.28- 5.5 4-80 
69-1 240 0.69-12.4 10-1 80 

340- 4 480 3 .4-44.8 50-650 
28-410 0.28- 4 .1 4 - 60 

2. Two Stage Regulators 

. This type of regulator performs the same function as the 
single stage regulator. However, greater accuracy and control 
of delivery pressure · · • . 
d is maintained, and the delivery pressure 

oes not vary as cylinder pressure falls. The following two 
stage regulators are available from Matheson: 

matheson 

Model No. 

SL-320 
8-320 
SH-320 
9-320 

Delivery Pressure Range 
kPa bar (g) psig 

14-104 
28-340 
69-690 

138-1720 

3. Low Pressure Regulator 

0.14-1.04 
0.28-3.4 
0.69-6.9 
1 .38-17.2 

2-15 
4-50 

10-100 
20-250 

For sensitive, accurate low pressure control, Matheson has 
available Model 70 regulators. These regulators have an alu­
minum body, an oversized Buna N rubber diaphragm, rubber 
seat and brass needle valve outlet, ¼" NPT male, and hose 
connection. The Model 70 regulator is used in series with the 
Model 1 L-320 regulator; inlet pressure must not exceed 1 724 
kPa (250 psig). This combination will provide a delivery pres­
sure range of 3.4-34.5 kPa (0.5-5.0 psig). 

Manual Controls 

Manual needle valve Model 50-320 or Model 52-320 with 
tank gauge, manufactured from brass bar stock, is available 
for direct connection to the cylinder valve outlet. Either valve 
may be equipped with a variety of outlets, such as a serrated 
hose end, ¼" compression fitting , or ¼" NPT male or female 
pipe. It should be used only where manual flow contro l is 
needed and should not be used as a pressure control since it 
will not prevent pressure from building up if a system becomes 
clogged or if the system itself is closed . Needle valve Model 
30AR or Model 31 B is recommended for use with lecture 

bottles. 

Flowmeters 

Matheson Series 7600 or 7200 laboratory brass flowmeter 
units are recommended for use where defin ite flow rates must 
be known. 

Electronic mass flowmeters, such as Matheson Series No. 
8116 and No. 8160, should be used where accurate reading 
are required . Calibration is unaffected by temperature and 
pressure changes, and flow rates may be recorded from the 
instrument's electrical output. 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 stainless steel and 
Series 8260 of type 316 stainless steel or monel are designed 
to control the flow of gas regard less of pressure and tempera­
ture changes. These mass flow controllers consist of a trans­
ducer, a control valve, a blind controller / power supply, a 
potentiometer and a digital indicator. The transducer senses 
the gas flow and sends a signal to the power supply. This 
signal and one from the potentiometer are compared. If there 
is an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 
imbalance. The accuracy is ± 1 .2%. 

Shipping Regulations 

Carbon tetrafluoride is classified by the DOT as a nonflam­
mable compressed gas and is shipped with the requ ired 
Green Label ". 
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CARBON TETRAFLUORIDE 

Commercial Preparations 

Carbon tetrafluoride Is obtained by the direct fluorination of 
carbon in a metal tube in the presence of small amounts of 
m rcury salts as explosion inh1b1tors It Is also obtained by an 
electrochemical process from acetic acid dissolved in liquid 
hydrogen fluoride In the laboratory, 11 has been prepared from 
carborundum and fluorine, and from carbon dioxide, carbon 
monoxide, or phosgene and sulfur tetrafluoride. 

Chemical Properties 

Carbon tetrafluoride Is extremely stable, reacting only slightly 
ven at the temperature of a carbon arc Carbon tetrafluoride 

rf!Acts with carbon d1ox1de at temperatures above 1 000 °C 
giving carbonyl fluoride Carbon tetrafluoride Is resistant to 
oxId1zing and reducing agents except under very drastic con­
d1t1ons 

Thermodynamic and Detailed Physical Data 

Molecular Structure 

Th <;arbon tetrafluoride molecule has regular tetrahedral 
symm try (point group T.,), and a symmetry number of 12. It 
has a C F bond distance of 1.320 x 1 O 10 m (1 320 A) and 
an F C F bond angle of 109 4 7 

Infrared Spectrum 

S £• F,gure 2 for the infrared spectrum of gaseous carbon 
t rafluoride 

Vapor Pressure 

Th vapor pressure of liquid CF4 up to slightly above the 
boiling point Is shown below (3) 

Temperature. Vapor Pressure 

C kPa mbar mmHg = 
torr 

180 65 0 .200 2 000 1 .5 
170 0 1 093 10.93 8.2 
1 32 3 266 32.66 24 5 
158 80 5 333 53.33 40 0 

REFERENCES 

Temperature, 
Vapor Pressure 

oc kPa mbar mmHg::: 

torr 
-155.40 7.999 79.99 60.0 
-150.70 13.33 133.3 100.0 
-143.60 26.66 266.6 200.0 
-138.69 44.22 442.2 331.7 
-133.19 68.97 689.7 517.3 
-129.69 89.65 896.5 672.4 
- 127.98 101.5 1 015 761.4 
-127.29 106.5 1 065 798.9 

The vapor pressure up to the boiling point corresponds 1 
the following equation (3): 

0 

701 .73 
loQ,oP = 5.044 20 - T + 1 .7510910 T-0 007 671 ST 

in which p = mmHg and T = °K. 
For additional vapor pressures below 760 mmHg and for 

vapor pressure data above 760 mmHg, see Table 1. 

Latent Heat of Vaporization, AHv (4) 
@ -128.0 °C 135.95 kJ/ kg 

For additional 6Hv values, see Table 1. 

Thermodynamic Data 

The thermodynamic properties of the saturated liquid and 
vapor and of the superheated vapor are listed in Table 1 and 
2, respectively . 

Thermodynamic Properties of Carbon Tetrafluoride As Ideal 
Gas @ 25 °C (5) 

Heat Capacity, c~ 
Entropy, S0 

Free Energy Function (H -
H~gs)/T 
Enthalpy, H0 

Enthalpy of Formation, AHr 
Free Energy of Formation, AFr 

61 .053 J / (mol- °K) 
261.308 J / (mol- °K) 

-261.308 J/ (mol -°K) 

12.732 kJ / mol 
-933.199 kJ / mol 
-888.539 kJ / mol 

For xt rs,v t ulallons ot th thermodynamic and physical properties of carbon tetrafluor' 
Un br d C1 G s D:ita Book, 1975, Matheson East Rutherlo d N ide, see W. Braker and A. L. Mossman, The Matheson 

' r . ew Jersey 
W Br " r A L Mos m n, and D Siegel, Effocts of Exposure To Toxic Gase F 

1 3 lh on L ndhur:;t N w J rsey s- " st Aid and Medical Treatment, 7 9 77, 2nd edition , pp. 119-

'I nz I and f Mohry Z Anorg Chem 210. 257 (1933). 

G Km nd K K K II y Bur Mmt>s Bull 592 (1961) 

JANAF Th rno h,rmcal T: bl s. 2nd d1t1on 1971 D R 
· Stull and H Prophet 

St nd NSROA NBS 37 U S GoVPrnment Pnnt Off , proiect directors, Nall Bur. Stand. Ref. Data Ser .. Natl Bur 
ing ice Washington □ c 

r, 14 Bu F 1-t 1 1 E I dJPont de Nemours & Co Inc w ·1 , 
T , . 1 mInglon Dela 

dt r St nd rd Sp tra 1 72 Sadtler Research L b , ware 
a oratories, Inc . Philadelphia, Pennsylvania 
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Table 1. THERMODYNAMIC PROPERTIES OF SATURATED CARBON TETRAFLUORIDE (6) 
Entropy Enthalpy \ Latent Heat of I Specific Volume 

I Density 
Pressure Tempera- J/(mol 0 °K) kJ / mol Vaporization dm3 / kg kg / m3 

ture, °C kPa bar Liquid Vapor Liquid I Vapor kJ / mot \ Liquid \ Vapor Liquid ·,· Vapor 

-145.56 23.9 0 .239 130.789 230.317 8 .608 8 I 21 .308 4 12.699 6 0.579 I 499.5 1 126 I 2 001 8 

-134.44 62.4 0 .624 137.122 225.457 9.453 6 21.7090 12.255 4 0.599 205.2 1 669 4 .872 2 

-123.33 139 1.39 143.382 221.701 10.364 2 22.096 4 11 .7322 0.622 97 .52 1 607 10.255 

-112.22 274 2.74 149.642 218.718 11 .340 9 22.457 1 11 .1162 0 648 51.61 1 542 19 374 

-101.11 489 4.89 155.865 216.251 12.386 9 22 .775 8 10.388 9 0 .679 29.60 1 472 33.781 

-90.00 810 8 .10 161 .977 214.042 13.496 0 23.033 5 9 .537 5 0 .717 17.99 I 1 395 55.606 

-78.89 1 260 12.6 168.052 211.980 14.668 6 23.201 1 8.532 5 0 .765 11 .34 1 308 88.212 

-67.78 1 870 18.7 174.091 209.660 15.922 5 23.225 4 7.302 9 0 .830 7 .242 1 204 138.13 

-56.67 2 680 26.8 180.572 206.531 17.346 7 22.969 7 5 .623 0 0 .937 1 4.483 1 067 222.13 

- 45.66 3 745 37.45 94.564 94.564 20.586 3 20.586 3 0 .000 1.599 1.599 625.68 625.68 

Table 2. THERMODYNAMIC PROPERTIES OF SUPERHEATED CF4 VAPOR (6) 
H, ENTHALPY, kJ/mol; S, ENTROPY, J / (mol- °K); V, SPECIFIC VOLUME, dm

3 
/ kg 

Pressure kPa 

101 .325 

690 

1 380 

H 
s 
V 

H 
s 
V 

H 
s 
V 

-123.3 

22.135 
224.499 
135.4 

-73.3 

24.441 
237.755 
183.8 

24.027 
220.412 

24.66 

23.417 
212.496 

10.63 

-17.8 

27.383 
250.679 
236.6 

27 .109 
233.999 

33.45 

26.766 
227 .261 

15.91 
-----------

2 070 

3 450 

----
4 140 

-----
4 830 

6 890 

H 
s 
V 

H 
s 
V 

H 
s 
V 

H 
s 
V 

H 
s 
V 

24.382 
209.586 

3.103 

22.384 
200. 161 

1.610 
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29.007 
226.046 

5.225 

28 .203 
221.001 

3.421 

26.391 
222.806 

10.03 

25.516 
215.957 

5.244 

24.991 
212. 790 

4.015 --
33.195 

238.418 
6.792 

32.684 
234.257 

4.663 

Temperature, °C 
-37.8 93.8 143.9 260.0 371.1 

30.709 
262.462 
289.0 

30.511 
246.040 

41.72 

30.274 34 .070 
239.670 250.900 

20.43 24.69 

30.031 22.894 
235.693 247.108 

13.33 16.33 

29.529 33.544 
230.170 242 .063 

7.654 9.652 

29.270 33.369 37.638 46.808 56.673 

227.997 240.148 250.974 270.231 287.022 

6.236 7.985 9.564 12.52 15.32 

37 .512 46.735 56.633 
249 .391 268.759 285.623 

8.197 10.77 13.22 

37 .144 46.527 56.515 

245.598 265.297 282.309 
5.730 7 .642 9.414 
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CARBONYL FLUORIDE 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of COF2 
Specific Volume@ 21 
Vapor Pressure@! 21 .1 

°C, 101.325 kPa 

C 

Boiling Point @ 101.325 kPa 

Triple Point 
Temperature 

Pressure 
Absolute Density, Gas @ 101 325 kPa @ 20 °C 
Relative Density, Gas @:, 101 325 kPa (Air = 1)@ 20 °C 

Density, Liquid @ -114 ° C 

0.066 007 kg / kmol 

0 .066 007 kg 
355.8 dm3 / kg ; 5 .7 ft3/lb 
5 620 kPa; 56.2 bar 814. 7 psia; 55.44 

atm 
188.58 °K; -84.6 °C -120.2 °F 

161.89 °K;-111.3 °C; -168.3 °F 

12.52 kPa; 125 mbar; 93.9 mmHg 

2.764 kg /m3 

2.29 

1.139 kg / I 

Critical Properties calculated as described by Reid and Sherwood 

(2) 
Critical Temperature 
Critical Pressure 

Critical Volume 
Critical Density 
Critical Compressibility Factor 

Latent Heat of Fusion a1 -111 3 ° C 
Latent Heat of Vaporization @, -84.6 °C 
Dipole Moment 

Molar Specific Heat, Liquid @ -85.2 ° C 

Viscosity, Gas@ 101 .325 kPa@: 20 °C 

Thermal Conductivity, Gas 0- 101 .325 kPa @ 25 ° C 

Description 

Carbonyl fluoride Is a colorless, pungent, toxic gas It is 
shipped as a liquefied gas under its own vapor pressure of 
5516 kPa (800 psig) at 21 1 c 

Specifications 

Carbonyl fluoride has a minimum purity of 97%. 

Uses 

Carbonyl fluoride 1s an important intermediate for the prep­
aration of organic fluorine compounds. 

Effects in Man and Toxicity (3) 

The 1979 ACGIH has established a Threshold L1m1t Value 
{TLV) of 5 ppm {15 mg/m ) for carbonyl fluoride .. The con-

• 1979 ACGIH Notice of Intent to Change to 2 ppm (5 
m ) mg, 
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295.95 ° K; 22.8 °C 73.0 °F 

5 760 kPa; 57.6 bar; 56.8 atm; 834. 7 
psia 

1 .821 dm3 / kg 

0.549 kg/dm3 

0 .281 

24 300 J / kg; 24.3 kJ /kg; 5 .8 kcal/kg 

66 220 J / kg; 66.2 kJ /kg; 15.8 kcal/kg 
3.17 x ,o- 3o C-m; 0 .951 D 

108.5 kJ/(kmol-K); 108.5 J/(mol- ° K); 
25.9 cal/(mol- °C) 

0 .017 3 mPa-s; 0.017 3 mN-s/m2; 
0 .017 3 cP 

0.0153 6 W /(m-°K); 37 x 10- s cal­
cm/(s-cm2- °C) 

centration that produces acute effects varies with the time of 
exposure; 50 ppm may be fatal if inhaled for 30-60 minutes. 
Less severe exposures cause irritation of the nose and eyes, 
smarting of the skin, some degree of conjunctiva! and respira­
tory irritation. More severe exposures can lead to severe irri­
t_ation of the eyes and eyelids and to inflammation and conges­
tion of the_lungs and circulatory (cardiovascular) collapse. Skin 
contact with the liquid or vapor can cause severe burns. 
. Ca~bonyl fluoride is readily detectable in air by its sharp, 
irritating odor. 

The LCso of carbonyl fluoride in the rat by inhalation is 360 
ppm/1 hour. 

First Aid Treatment 

Speed in removing the patient from the contaminated atmo-
sphere or removing th . . . e vapor or l1qu1d from the skin or eyes is 
essential. FirSt aid muSt be started immediately in all cases of 
contact wi th the gas in any form . All affected persons should 

mathesone 

be referred to a physician, no matter how slight the injury, and 
the physician given a detailed account of the accident. 

Inhalation 

In minor exposures, remove the victim to an uncontaminated 
atmosphere and administer as quickly as possible 1 00% oxy­
gen. It has been found helpful to expose even borderline cases 
to 1 00% oxygen at half hour intervals for 3-4 hours. In severe 
exposures, the worker must be carried at once into an uncon­
taminated atmosphere. A physician should be called 1mmed1-
ately and the administration of 100% oxygen should be started 
at once. The victim should receive oxygen under positive 
pressure (<4 cm) for half hour periods for at least 6 hours until 
breathing is easy and the color of the skin and mucous mem­
branes is normal. He should be kept comfortably warm, but not 
hot. Under no circumstances should the patient be permitted 
to return home or to work following a severe exposure until 
examined and discharged by a physician who is aware of the 
nature of the exposure. Mild analgesics and sedatives (such as 
aspirin or sodium bromide) may be given if thought to be 
desirable by the physician, but med1cat1on Is usually unneces­
sary when adequate oxygen has been administered immedi­
ately after exposure. Morphine and barbiturates should never 
be given because of their depressant effect on respiration. 
Cardiac and respiratory stimulants are not recommended . 

Artificial respiration should not be given unless breathing has 
ceased. 

Contact with Eyes 

If the eyes have been contacted by carbonyl fluoride, they 
should be flushed with water for at least 1 5 minutes. This may 
have to be repeated several times. Ice compresses should be 
applied when not irritating. Pain can be relieved by 2 or 3 
drops of 0 .5% tetracaine {pontocaine). An ophthalmologist 
should be consulted for more definite treatment. Ophthalmol­
ogists may be interested in a method of treatment for chemical 
burns of the eye described by R. S. McLaughlin in the American 
Journal of Ophthalmology, 29: 1355 (1946). 

Contact with Skin 

Workers who have had skin contact with carbonyl fluoride 
should be subjected to a drenching shower of water. The 
clothing should be removed as rapidly as possible while the 
victim is in the shower, and medical assistance obtained im­
mediately. It is essential that the affected area be washed with 
copious quantities of water for a sufficient period of time to 
remove all acid from the skin. Following this an iced aqueous 
or alcohloic solution of 0.13% (1 :750) of benzalkonium chlo­
ride, an iced 70% alcohol solution or an ice cold saturated 
solution of magnesium sulfate (Epsom salt) should be applied 
to the affected part for at least 30 minutes. If the burn Is In 
such an area that it is impractical to immerse the part, then the 
iced solution should be applied with saturated compresses, 
which should be changed at least every two minutes. The 
physician should be available by then to administer further 
treatment before the completion of the iced solution treatment. 
If, however, a physician is not available by that time , the 
treatment with one of the iced solutions should be continued 
for 2-4 hours. It is then permissible to apply a generous quantity 
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of paste made from powdered magnesium oxide and glycerine, 
freshly prepared The paste Is prepared by adding U S. P. 
glycerine to U. S. P. magnesium oxide to form a thick paste 
This paste should be applied dally for several days. Olis and 
greases should not be applied except under order by a physi­
cian. 

The development of severe burns has also been prevented 
by infiltrating the skin and subcutaneous tissues with 1 0°o 
calcium gluconate solution along with a local anesthetic. 

Precautions in Handling and Storage 

1. Employees should be instructed in appropriate handling 
and safety procedures and to avoid contact with carbonyl 
fluoride at all times. 

2. Adequate emergency showers and wash-up facil1t1es 
should be available in areas where carbonyl fluoride Is used 

3 . Eye-wash fountains should be placed in accessible loca­
tions and workers instructed in their use. 

4 . A hose mask, air-line mask or a self-contained breathing 
apparatus should be conveniently located in case of emer­
gency, but in areas less likely to become contaminated 

5. Workers handling carbonyl fluoride should use full cover­
age of clothing at all times: rubber shoes soled with neoprene 
or an equally resistant material, or rubbers made of the same 
materials; a hat or protective head covering, a full mask and 
or chemical goggles with plastic lenses; gauntlet-type gloves 
made of neoprene, plasticized polyvinyl chloride (0 .028 inch 
thick) or an equally resistant material. 

6 . Leaking cylinders should be removed to the outdoors or 
to an isolated, well-ventilated area, and the contents trans­
ferred to other suitable containers or disposed of in a safe 
manner. 

7. All spillage should be flushed promptly with water. Exces­
sive quantities of carbonyl fluoride should be neutralized with 
soda ash or lime before admitting wastes to drains and sewers 

8. Waste disposal of carbonyl fluoride and materials contain­
ing it depends to a great extent upon local conditions. All local, 
state and federal regulations regarding health and pollution 
must be followed . 

9. When carbonyl fluoride Is discharged from the cylinder 
into liquids, the delivery tube should not extend below the 
surface of the l1qu1d without the proper safeguards to prevent 
suckback. A check valve or trap should be inserted between 
the liquid and the cylinder. If suckback into the cylinder occurs, 
danperous pressures may be formed within the cylinder. 

lri addition, the general rules listed in Appendix I should be 
observed. 

Leak Detection 

Equipment to contain carbonyl fluoride should be pretested 
for leaks with dry compressed air or an inert gas like nitrogen. 
Leaks of carbonyl fluoride will be self evident since 1t fumes in 
moist air. Small leaks of carbonyl fluoride may be detected by 
holding an open bottle of concentrated aqueous ammonia near 
the suspected site of the leak. Leaks at the cylinder valve may 
be eliminated by tightening the stem, packing nut, or outlet 
cap. If a cylinder leak Is such that it cannot be stopped by 
ordinary methods, call the supplier immediately, meanwhile, 
the cylinder should be removed from the storage or use area 
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and exhausted into a caustic absorption system following the 

disposal procedure described in Appendix 11-D. 

Materials of Construction 

Carbony. f1uoride when used in anhydrous equipment with 
anhydrous reagents 1s not corrosive to ordinary metals. In the 
presence of moisture, however, corrosive conditions will de­
velop rapidly, in which case copper, monel or nickel reactors 
and Imes may be used . Piping and vessels to contain carbonyl 
fluoride should be adequately designed to withstand the pres­

sures to be encountered. 

Cylinder and Valve Description 

Carbonyl fluoride 1s shipped DOT approved, high pressure, 
steel cylinders equipped with valves having the Compressed 
Gas Association (CGA) cylinder valve outlet No 660, the 
approved alternate standard The valve has a thread size of 
26 .16 mm (1 .030 inches) with right-hand external threads with 

CON'IIECTIO~ 

II ✓ 

1 030 

Fig. 1. CONNECTION 660 030"-14 RH EXT. using Flat 
Seat with Washer 

a flat seat and using a Teflon washer as a seal (see Figure 1 
for an 1llustration of this valve outlet and its mating connection). 

Safety Devices 

No safety devices are permitted to be used on cylinders of 
carbonyl fluoride. 

Recommended Controls 

Automatic Pressure Regulator 

Matheson supplies a single stage regulator designated as 
Model B 1 5-660 for use with carbonyl fluoride This regulator 
will deliver from 28-340 kPa (4-50 ps1g). It has a single gauge 
indicating delivery pressure only The regulator 1s brass chem­
ically coated with nickel and has internal parts of monel. The 
diaphragm 1s Kel-F backed with silver-plated nickel-silver allo 
the seat 1s Kel-F and the gasket is Teflon. The needle valve:~ 
the outlet 1s monel. A _ monel check valve Model 402V is 
recommended for use with this regulator to prevent suckback 
o f foreign materials into the regulators. 

Manual Controls 

For manual flow control, Matheson has available a monel 
nuedle valve Model 55A-660 for direct conn 1· 

I 
· ec ,on to the 

cy inder valve outlet. This valve may be equipped th 
of outlets, such as a serrated hose end ' ,, c w1 a variety 

, " NPT · • ompress1on fitting 
o r 4 male o r fema e pipe. The valve is suitable lo; 
int rm,ttent flow control but does not cont I ' ro pressure Thus, 
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it will not prevent pressure from building up if the system 
becomes clogged or if the system itself is closed . 

Flowmeters 

Matheson Series 7600 laboratory monel flowmeter units with 
150 mm tubes and floats are recommended for use where 

definite flow rates must be known. 

Shipping Regulations 

Carbonyl fluoride is classified as a "Class A" poison and is 
shipped under the Dot required "Poison Gas Label " . 

Chemical Preparation 

Carbonyl fluoride is prepared by fluorination of phosgene 
with sodium fluoride in acetonitrile , by fluorination of phosgene 
with a mixture of antimony trifluoride and antimony pentafluor­
ide, or by fluorination of carbon monoxide by silver{II) fluoride. 

Chemical Properties 

Carbonyl fluoride fluorinates carbonyl compounds; thus. cy­
clohexanone and benzophenone give gem-difluorides. It reacts 

with perfluoroolefins in the presence of a metal fluoride to give 
perfluoroacyl fluorides. It reacts with alcohols and amines to 
give esters and amides, respectively, of fluorocarbonic acid, 
and with trifluoromethyl hypofluorite at 250-300 ° C to give 
perfluorodimethyl peroxide. Carbonyl fluoride is hydrolyzed 
rapidly by water to give carbon dioxide and hydrogen fluoride. 

Thermodynamic and Detailed Physical Data 

Molecular Structure 

The planar COF2 molecule has C2v symmetry and a symmetry 
number of two. The C- F and C=O bond distances are 1.312 
x 10-10 m and 1.174 x 10- 10 m, respectively . The F-C-F 
bond angle is 108 ° and the F-C-O bond angle is 126.02 °. 

Infrared Spectrum 

See Figures 2, 3, and 4 for the infrared spectrum of gaseous 
carbonyl fluoride. 

wave length in µm 

Fig. 2. Infrared spectrum of COF2 in the 250-1 300-cm- • 
region (6). 
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Fig. 4. Infrared spectrum of COF2 in the 2 300-4 200-cm- 1 

region (6). The cells used for the above infrared absorption 
measurements were of fluorothene, and 10 cm long. Windows 
of NaCl, KBr, AgCI, and KRS-5 were used, in the appropriate 
regions. Pressures are as indicated, in inHg. 

Vapor Pressure 

The vapor pressure of liquid carbonyl fluoride from - 111 .3 
0 c to -84.0 °C is shown below. (Also, see Figure 5). 

Vapor Pressure 
mmHg = 

Temperature, °C kPa mbar torr 

-111.3 12.52 125.2 93.9 
-109.6 14.61 146.1 109.6 

-104.2 23.81 238.1 178.6 

-98.2 38.65 386.5 289.9 
-93.7 54.21 542.1 406.6 
- 90.3 69.35 693.5 520.2 

- 87.4 84.16 841 .5 631.2 

-85.0 99.00 990.1 742.6 
- 84.6 101.325 1 013.25 760.0 

-84.0 105.16 1 051 .5 788.7 

REFERENCES 

CARBONYL FLUORIDE 

The vapor pressure of liquid COF . from the triple point 
( -111 .3 °C) to its normal boiling point ( - 84 .6 °C) IS repre­

sented by the following equation (4): 

1 682 .174 8 
log,0 p = 31 .086 907 ------ - 8.475 432 log ,(,T 

T 

in which p = mmHg and T = °K . 
The vapor pressure of solid COF2 from - 143 2 C to 

-111 .3 °C is represented by the following equation (4): 

3017.1338 
log 10 p = 80.946 550- T -27 .311 382 log,o T 

in which p= mmHg and T= ° K 

Thermodynamic Properties of Carbonyl Fluoride as Ideal 
Gas @ 25 °C (5) 

Heat Capacity, C~ 

Entropy, S0 

Free Energy Function, (F~9e -

H~ge)/T 

Enthalpy, H0 

Enthalpy of Formation, A Hf 

Free Energy of Formation 
A Ff 

47.254 J / (mol- Kl 
0 .716 kJ / (kg- ° K) 

258. 784 J (mol • ° K) 
3 .921 kJ / (kg• K) 

- 258.784 J / (mol, ° K) 
- 3 .921 kJ / (kg- °K) 

- 11 .11 7 kJ mol 
- 168.4 kJ / kg 
-638.897 kJ / mol 

- 9 .679 2 kJ kg 

-623.357 kJ / mol 
- 9 443.8 kJ / kg 

' For extensive tabulations of thermodynamic and physical properties of carbonyl fluoride, see W. Braker and A L. Mossman, The Matheson 

Unabndged Gas Data Book , 1975, Matheson, East Rutherford , New Jersey. 
2 R. C. Reid and T. K. Sherwood, The Properties of Gases and Liquids , 2nd ed1t1on , 1966, pp. 6- 44, McGraw-Hill Book Co , Inc , New York , New 

York 
3 W. Braker, A. L. Mossman, and D. Siegel , Effects of Exposure to Toxic Gases-First Aid and Medical Treatment, 2nd edition, 79 77, pp 83-87, 

Matheson, Lyndhurst, New Jersey. 
' E. L. Pace and M. A. Reno. J . Chem. Phys. 48, 1231-1 235 (1968). 
5 JANAF Thermochemical Tables, 2nd edition, 1971 , D R Stull and H. Prophet . proJect directors, Nall Stand. Rel Data Ser, Nall. Bur Stand 

NSRDS-NBS 37, U. S. Government Printing Office, Washington, D. C. 
6 A. H. Nielsen , et al., J Chem. Phys. 20. 596- 604 (1952). 
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CARBONYL FLUORIDE 
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CARBONYL SULFIDE 
(Synonym: Carbon Oxysulfide) 

(Formula: COS) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of COS 
Specific Volume @ 21.1 °C, 101 .325 kPa 
Vapor Pressure @ 21 .1 ° C 

Boiling Point @ 1 01 .325 kPa 
Triple Point 

Temperature 
Pressure 

Absolute Density, Gas@ 101 .325 kPa@ 20 ° C 
Relative Density, Gas@ 101.325 kPa (Air = 1)@ 20 °C 
Density, Liquid @ Saturation Pressure@ -80 °C 
Critical Temperature 
Critical Pressure 

Critical Volume 
Critical Density 
Critical Compressibility Factor 
Latent Heat of Fusion@ -138.8 °C 

Flammable Limits in Air 
Dipole Moment 
Molar Specific Heat, Gas@ 10 1.325 kPa@ 25 °C 

@ Constant Pressure 

@ Constant Volume 

Specific Heat Ratio, Gas@ 101.325 kPa, Cp/ Cv@ 25 ° C 
Viscosity , Gas@ 101.325 kPa@ 0 °C 

Thermal Conductivity, Gas @ 101.325 kPa@ 25 °C 

Surface Tension@ -69.5 ° C 
Solubil ity in Water @ 1 01 .325 kPa @ 0 ° C 

Description 

Carbonyl sulfide Is a colorless, flammable , toxic gas, having 
an unpleasant odor similar to rotten eggs. It is shipped as a 
liquefied gas under its own vapor pressure of 11 03 kPa (160 

psig) at 21.1 °C. 

Specifications 

Matheson carbonyl sulfide has a minimum purity of 97 .5 

mole %. 
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Uses 

0.060 070 kg 
0.060 070 kg 
402.0 dm3 / kg; 6.44 ft3 / lb 
1 204.5 kPa; 12.05 bar; 17 4. 7 ps1a; 

11.89 atm 
223.0 °K; 50.2 °C; -58.3 °F 

134.30 °K ; -138.8 °C; -217.9 °F 
0.101 325 kPa; 1.013 25 mbar; 0. 760 

mmHg 
2.527 kg / m3 

2.10 
1.238 kg / I 
375.15 ° K; 102 .0 ° C; 215.6 °F 
5 877 kPa; 58. 77 bar; 58.0 atm; 852.4 

psia 
2.331 dm3 / kg 
0.44 kg / dm3 

0.264 
78 660 J / kg; 78.66 kJ / kg; 18.80 kcal / 

kg 
12-29% (by volume) 
2.385 X 10 3° C-m; 0.715 D 

42.752 kJ / (kmol • ° K); 42 .752 J / (mol -
0K); 10.218 cal / (mol- °C) 

34.438 kJ / (kmol • ° K); 34.438 J / (mol • 
° K) ; 8.209 cal / (mol• ° C) 

1.241 
0.011 66 mPa; 0.011 66 mN. s/ m2

; 

0.011 66 cP 
0.010 88 W / (m- ° K): 26 X 10 6 cal• 

cm / (s-cm2 
• °C) 

24.06 mN/ m; 24.06 dyn/ cm 
1 .333 cm3 / 1 cm 3 water 

Carbonyl sulfide is particularly useful in the synthesis of 
thioacids , S-trisubstituted carbinols, substituted thiazoles and 
substituted thiocarbam1c acids (salts) . High yields are obtained 
in the synthesis of subslttuted th1azoles. 

Effects in Man (2) 

Carbonyl su lfide Is only slightly 1rntating to the lungs. It acts 
principally on the central nervous system, with death resulting 

149 



CARBONYL SULFIDE 

A bb t showed some ill rna1nly from respiratory paralysis. a I s d 
1 300 Ppm convulsions an effects at er , hour exposure to , 90 

death following an exposure of 1 hour to 3 200 ppm, 
seconds to 2 900 ppm and 35 minutes to 1 200 ppm. Sixteen 

d Perceptible effects. minutes exposure to 900 ppm cause no 
Experience with exposure of human beings has not been 

r corded It Is probable that the effects can be assigned to the 
action of hydrogen sulfide resL;lting from partial decomposition 
in the lungs and after absorption into the blood stream. 

Tox1c1ty 

Toxic exposures are indicated in the above section Carbonyl 
s ilf1de Is considered to be a general poison in that 11 shows 
both mild irritant effects and systemic poisoning. Symptoms 
such as headache, giddiness, vertigo, and confusion should be 
akr>n as a warning that a dangerous concentration is being 

inhaled Th disagreeable odor of carbonyl sulfide is not con­
s1d r d o b a reliable warning property because of the 
t hhood of olfactory fr\t1gue. 

First Aid Treatment 

Inhalation 

R mov he vIct m to an uncontaminated atmosphere Keep 
h m warm and at rest If he Is breathing and conscious, recovery 
Is )([) ct d to b rapid If breathing is weak or has ceased, 

v art1f1c1at resp1rat1on and oxygen at once Give oxygen until 
cornpl , ,, yr covered Otherwise treatment Is symptomatic and 
u r,ort1v 

Contact with Eyes 

l•riqat yes with water for at least 15 minutes ConJunct1v1t1s 
r 11r>vAd by 1nst1llino 1 drop of olive oil in each eye and 

me y '1 or '1 drops of epinephrine sulfate (1 1 000) at 
frc, u n 1 in '\1Is (e g, 5 minutes). Occasionally local anes­
"' •,c and '->c,• and cold compresses are necessary to control 
•, t aIn Talc. • v1ct1m promptly to an eye specIal1st for definite 

Con act with Mucous Membranes of Nose 

~• , , w••h :it r for at I ast 1 5 minutes. 

Dr'?caut1onc; m Handling and Storage 

~·• o•ivl sulf1do does not adequately warn the user of 
nc. 11 sriou'd be stored and used in a well-ventilated 
1
1 • a1 Iv a hood) away from any sources of heat, sparks 

or oo n 1ta,11ps Never use flames to detect flammable gas 
a us o water solution. Do not use carbonyl sulfide 
•ound na•1rn10 motors or other non-explosive-proof equIp­

m n Do no• s•or reserve stocks of carbonyl sulfide cylinders 
w11h c li11d r con ainmg oxyqen, chlorine or other highly oxi­

z n or lammat1I mat na1s A check valve or trap of ade­
,z 1

0 • •l<P 'h total volume of the l1qu1d should be used 
v n• uc s c 0 1 ma rials ,n o the cylinder. 

d• 10" • .., a n ral rules listed in Appendix I should be 
·~ C1 
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Leak Detection 

Never use a flame to detect carbonyl sulfide leaks; use soap 
water solution. Leaks will be evident by the formation of bub-

bl If leak appears around the cylinder valve stem, the valve 
es. a k . d 

packing nut should be tightened. _If lea s persist, o not attempt 
to fix them without first contacting the supplier. Remove the 
cylinder to an isolated area (preferably a hood) or out-of-doors 
where the gas can be safely bled off. 

Analytical Detection 

Methods for the quanti tative determination of carbonyl sulfide 
have been described (see Reference 3). 

Disposal of Leaking Cylinders 

Put on appropriate gas mask and transport the leaking 
cylinder to a safe out-of-doors area. Post warnings to prevent 
persons from approaching the cylinder with lit cigarettes or 
open flames or sparks. Proceed with disposal of the gas as 
described in Appendix II-D, using alcoholic potassium hydrox­
ide or alkaline hypobromite as the absorbing solution. 

Carbonyl sulfide can also be disposed of by burning. 

Materials of Construction 

Since carbonyl sulfide is noncorrosive no special materials 
of construction are required, provided the system is dry. Mois­
ture will slowly decompose carbonyl sulfide into carbon dioxide 
and hydrogen sulfide which will create corrosion problems, 
requiring the use of stainless steel or aluminum. Piping or 
vessels should be adequately designed to withstand the pres­
sures to be encountered. 

Cylinder and Valve Description 

Carbonyl sulfide is shipped in DOT approved cylinders. 
Matheson uses the standard hydrogen sulfide valve outlet for 
carbonyl sulfide service. It is designated as Compressed Gas 
Association (CGA) No. 330, and is 0 .825 inches in diameter. 
with left-hand external threads, with a flat seat and washer 
Figure 1 illustrates the valve outlet and mating connection. 

j OlJTLET 

L.,v.-. If 
825" 

t3 •16' 

I 

CONNECTION 

Fig. 1. CONNECTION 330 .825"-14 LH EXT. used with Flat Seat 
and Washer 

Lecture bottles are equipped with a 5/,s"-32 threads per inch 
female valve outlet. 

Safety Devices 

Cylinders of carbonyl sulfide have a safety device of fusible 
metal, melting at approximately 73.9 ° C (1 65 °F). Cylinders 

over 76.2 cm (30 inches) long require this device in both ends 
of the cylinder. 

matheson· 
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Recommended Controls 

Automatic Pressure Regulator 

Single stage regulator Model 11-330 is recommended for 
use with carbonyl sulfide cylinders. The regulator Is con­
structed of an anodized aluminum body with type 316 stainless 
steel internal parts, plus a diaphragm of FEP Teflon on Viton 
and a Kel-F seat. No cylinder pressure gauge Is necessary 
since It would not indicate cylinder content but only vapor 
pressure, which will remain constant as long as any l1qu1d 
remains in the cylinder. Cylinder content should be determined 
by weighing. The delivery pressure range of this regulator Is 
28-550 kPa (4-80 psig). 

Sensitive, and accurate control at low pressures can be 
obtained with Model 71 low pressure regulators. These regu­
lators have oversized pancake bodies of aluminum with type 
303 stainless steel internal parts, and Teflon seats. The Model 
71 and Model 71 A have Teflon coated Butyl rubber dia­
phragms. The delivery pressure range of Models 71 and 71 A 

are 3.4-55 kPa (0.5-8 psig) and 34.5-83 kPa (5-12 psIg), 
respectively . 

To prevent suckback of foreign materials into a regulator, a 
stainless steel check valve is recommended for use with either 
of the above regulators. 

Manual Controls 

Series 61-330 stainless steel needle valves are recom­
mended for use with carbonyl sulfide. This type of valve may 
be equipped with a variety of outlets. such as a hose connec­
tion, 'I• 11 tube fitting or ¼ 11 NPT male or female pipe. This type 
of valve is suitable for intermittent flow control but does not 
control pressure . Thus, 1t will not prevent pressure from building 
up 1f the system becomes clogged or if the system itself Is 
closed. 

Stainless steel needle valve Model 32S or Model 59 is 
recommended for use with lecture bottles. 

Flowmeters 

Matheson Series 7600 laboratory stainless steel flowmeter 
units with 150 mm tubes and floats or Matheson 7200 labora­
tory stainless steel flowmeter units with 65 mm tubes with a 
single float are recommended for use where definite flow rates 
must be known. 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 stainless steel and 
Senes 8260 of type 31 6 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera­
ture changes. These mass flow controllers consist of a trans­
ducer, a con trol valve, a blind controller /power supply, a 
potentiometer and a digital indicator. The transducer senses 
the gas flow and sends a signal to the power supply. This 
signal and one from the potentiometer are compared. If there 

Is an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 
imbalance. The accuracy is ± 1 .2%. 

~ atheson· 

CARBONYL SULFIDE 

Shipping Regulations 

Carbonyl sulfide Is shipped in low pressure steel cylinders 
as a flammable. compressed gas, taking a DOT Red Gas 
Label "'. 

Chemical Preparation 

Carbonyl sulfide may be obtained by direct reaction of car­
bon monoxide with sulfur at the bo1l1ng point of the latter, by 
reaction of water vapor with carbon disulfide below 400 C. by 
hydrolysis of ammonium or potassium thiocyanate with dilute 
sulfuric acid at 50-75 ~c. or by decomposItIon of certain 
th1ocarbonates and th1ocarbamates with acid. 

Chemical Properties 

Carbonyl sulfide burns readily and forms an explosive mix­
ture with oxygen. On ox1dat1on with bromine water or acid 
permanganate, carbonyl sulfide gives carbon dioxide and sul­
furic acid. Carbonyl sulfide Is reduced by hydrogen giving 
carbon monoxide and hydrogen sulfide. Carbonyl sulfide and 
water react slowly giving carbon d1ox1de and hydrogen sulfide 
Carbonyl sulfide undergoes thermal decompos1t1on by either of 
2 reactions: 

2 COS --+ 2CO + 2S 

2 COS --+ CO2 + CS 

D1ssoc1atIon by the first reaction is rapid and reaches a 
maximum of 64% at 900 °C; d1ssoc1atIon by the second reac­
tion is slow and reaches a maximum at 600 °C. Carbonyl 
sulfide is decomposed to an appreciable extent by alkalis to 
the alkali sulfide and carbonate. Carbonyl sulfide Is used In the 
synthesis of thioac1ds and of S-tnsubst1tuted carbinols by 
means of Grignard compounds (2). 

For a review of the chemistry of carbonyl sulfide see Refer­

ence 3. 

Thermodynamic and Detailed Physical Data 

Molecular Structure 

The COS molecule Is linear, with bond distances of 1 1 6 x 
1 o 10 m and 1 56 x 1 O 10 m for C- O and C=S, respectively 
These 1nteratomic distances are in agreement with the dis­
tances calculated from the following three resonance struc­

ture: 

+ + 
() :: C::S.-. 0 .. c·s ...... : 0 C S 

The COS molecule has C v symmetry and has a symmetry 
number of one 

Infrared Spectrum 
... 

See Figure 2 for the infrared spectrum of gaseous carbonyl 

sulfide. 

~ 
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vapor Pressure 

The vapor pressure of liquid COS in the temperature of 

111 .0 oc to -49.0 °C is represented by the following equation 

(4): 

1 318
·
260 

- 0.014 778 4T log10p = 10.153 09 - T 

+ 0.000 018 838T2 

in which P = cmHg and T = oK. 
some calculated vapor pressure values are listed below: 

Temperature, Vapor Pressure 
oc kPa mbar mmHg == torr 

-111 .0 1.769 17.7 13.27 

-101.0 4.254 42.5 .91 
-91.0 9.310 93.1 69.83 

-281.0 18.572 185.7 139.30 
-71.0 34.290 342 .9 257.20 
-61.0 59.302 593.0 444.80 
-50.0 101 .538 015.4 761.60 

Vapor pressure from -40 to 60 °C are shown below (5). 

Vapor Pressure 
Temperature, °C kPa bar 

-40 151.99 1.52 
-20 314.11 3.14 

0 618.08 6.18 
20 1 155.1 11 .6 
40 1 824 18.2 
60 2 736 27.4 

See Figure 3 for vapor pressure curve. 

Latent Heat of Vaporization, .:1Hv 
Temperature, °C 

-70.0 
-60.0 
- 50.2 
-40.0 
-30.0 
- 20.0 

.:1Hv,kJ/kg 

321.58 
314.34 
308.07 
302 .08 
293.38 
284.93 

Thermodynamic Properties of Carbonyl Sulfide as Ideal Gas 
@ 25 °C (8) 

Heat Capacity, c~ 

Entropy, $ 0 

Free Energy Function, (R98 _ 

H~se)/ T 

Enthalpy, H0 

Enthalpy of Formation, .:1Hr 

Free Energy of Formation 
.:1Fl' ' 

41 .497 J/(mol- °K) 
0 .691 kJ / (kg, °K) 

231.471 J/ (mol, °K) 
3.853 kJ / (kg- °K) 

-231.471 J / (mol- °K) 
- 3.853 kJ / (kg, °K) 

9.927 kJ/ mol 
165.257 kJ/ kg 

- 138.407 kJ/ mol 
- 2 304.095 kJ / kg 

-165.640 kJ / mol 
- 2 757.450 kJ / kg 

CARBONYL SULFIDE 

REFERENCES 
' For extensive tabulations of the thermodynamic and physical properties of carbonyl sulfide, see W Braker and A L. Mossman, The Matheson 

Unabndged Gas Data Book, 1975, Matheson, East Rutherford, New Jersey. 
2 W . Braker, A. L. Mossman , and D. Siegel , Effects of Exposure to Tox,c Gases-F,rst A,d and Medical Treatment, 2nd edition, 1977, pp 30-32, 

Matheson, Lyndhurst, New Jersey. 
3 R. J . Ferm, Chem. Rev. 5 7, 621-640 (1957). 
4 J . D. Kemp and W. F. Giauque, J . Amer. Chem. Soc. 59, 79 (1937). 
5 P. Macaluso in Kirk-Othmer's Encyclopedia of Chemical Technology, 1969, Volume 19, p 372, John Wiley & Sons, h)C., New York, New York 
6 JANAF Thermochemical Tables , 2nd edition, 1971, D. R. Stull and H. Prophet, proJect directors, Natl. Stand. Ref. Data Ser, Natl. Bur Stand . 

NSRDS-NBS 37, U. S. Government Printing Office. Washington. D. C. 
7 The Sadtler Standard Spectra, 1972, Sadlier Research Laboratories, Inc., Philadelphia, Pennsylvania 
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CHLORINE 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of Cl2 
Vapor Pressure @ 21 .1 ° C 
Specific Volume @ 21 .1 °C, 101 .325 kPa 
Bolling Point @ 1 01 .325 kPa 
Triple Point 
Absolute , Density, Gas @ 20°C, 101.325 kPa 
Relative Density, Gas@ 101.325 kPa@ 20 °C (Air = 1) 
Density, Liqu id@ Saturation Pressure@ -40 °C 
Critical Temperature 
Critical Pressure 

Critical Volume 
Critical Density 
Critical Compressibility Factor 
Latent Heat of Fusion @ -100.98 °C 

Latent Heat of Vaporization @ -34.05 °C 

Molar Specific Heat, Gas @ 10 1.325 kPa, 25 °C 
@ Constant Pressure 

@ Constant Volume 

Specific Heat Ratio, Gas @ 101.325 kPa , @ 25 °C, Cp / Cv 
Specific Heat, Liquid @ - 30 °C 

Viscosity, Gas@ 101.325 kPa@ 20 °C 

Viscosity, Liquid@ O °C 

Thermal Conductivity , Gas@101.325 kPa@ 26.7 °C 

0.070 906 kg 
0 .070 906 kg 
689.0 kPa. 7 .0 bar; 6 8 atm, 100.0 psia 
337.1 dm kg, 5.4 ft lb 
239 10 °K; -34.05 C , -29.3 °F 
172.17 ° K; -100.98 °C , -149 8 °F 
2.980 0 kg m"'. 2 980 0 g / 
2.473 
1.574 kg / 
417.15 °K, 144 °C; 291 2 ° F 
7 710 kPa: 77 1 bar: 1 118.4 ps1a: 76 1 

atm 
1 .745 dm3 kg 
0 .573 kg / dm3 

0 .276 
90 .341 kJ / kg; 21 .952 kcal kg ; 39 .514 

Btu / lb 
287 .84 kJ / kg ; 68 .8 kcal / kg; 123.8 

Btu / lb 

35.317 J / (mol- ° K), 0.498 kJ (kg - °K): 
8.441 cal/(mol • °C) 

27.004 J / (mol • °K), 0 .381 kJ /(kg • ° K), 
6.454 cal/(mol • °C) 

1.308 
0.926 3 kJ / (kg. °K) : 0.221 kcal / (kg • 

°C); 0 .221 Btu / (lb , " F) 
0.013 27 mPa,s; 0 .013 27 mN•s/ m2

; 

0.013 27 cP 
0 .385 mPa. s; 0 .385 mN. s / m2

; 0.385 

cP 
0 .008 8 W / (m- ° K); 21 X 10 6 cal • 

cm / (s-cm2 - °C); 5 1 X 10 3 Btu•ft/(h• 
ft2. ° F) 

1.000 713 Refractive Index, Gas@ 101 .325 kPa@ 25 °C 
Surface Tension@ 0 °C 
Solubility in Water @ Total Pressure of 10 1 .325 kPa @ 0 °C 

21.90 mN/ m; 21 90 dyn / cm 
4 .610 cm 3 / 1 cm3 of water 

Description 

Liquid chlorine is a clear amber-colored liquid about 1 .5 
times as heavy as water. Gaseous chlorine 1s greenish-yellow, 
about 2.5 times as heavy as air. Chlorine has a disagreeable 
and suffocating odor with an irritating effect on the nose and 
throat. Chlorine is not flammable. It 1s shipped in steel cyl inders 
under its own vapor pressure of 590 kPa (85 ps1g) at 21 .1 °C. 

~atheson· 

Specifications 

Matheson supplies three grades of chlorine. 

1 . Research Grade 

This grade has a minimum puri ty of 99 .96 mole % (l1qu1d 
phase) 
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CHLORINE 

2. Ultra High Purity Grade 

This grade of chloride has a minimum purity of 99.9 mole 

% 

3. High Purity Grade 

This grade has a minimum purity of 99 5 mole % (liquid 
phase) 

Uses 

The uses of chlorine are numerous; some of the most Impor­
tan ones are the following: 

1 Water purification 
2 . The sanitation of industrial wastes, sewage, and swim­

ming pools 
3 The bleaching of pulp and textiles 
4 The manufacture of carbon tetrachloride, chloroben­

zencs, ethylene oxide and glycol, synthetic glycerine, tetraethyl 
lead. vinyl chloride, trichloroethylene, perchloroethylene, and 
in lhe reaction with numerous other organic compounds 

5 The manufacture of chloride of lime 
6. The manufacture of phosgene 

Toxicity (2) 

A concentration of 1000 ppm by volume in a,r Is rapidly fatal 
after a few deep breaths . Exposure to a concentration of 40-
60 ppm by volume in air for 30-60 minutes is highly dangerous. 
The least amounts required to cause IrntatIon of the throat and 
to cause coughing are 15 and 30 ppm, respectively. The 
maximum amount that can be inhaled for 1 hour without serious 
disturbances 1s 5 ppm. 

Chlorine vapor Is so irritating that concentrations of 3-5 ppm 
by volume in air are readily detectable. The 1979 ACGIH has 
established a Threshold L1m1t Value (TLV) of 1 ppm (3 mg/ m3 ) 

for chlorine 

The greenish-yellow color of chlorine becomes visible at high 
cone ntratIons (2-3%) 

Th effects of different concentrations of gaseous chlorine 
r shown in Table 1 • 

Table 1. EFFECTS OF DIFFERENT CONCEN­
TRATIONS OF CHLORINE IN MAN 

Effect 

M1n1mum concentration causing slight symp­
toms aft r several hours 

Minimum concentration detectable by odor 
Ma 1murn concentration that can be breathed 

tor 1 hour without damage 
Minimum cone ntrat1on causing thorat Irnta-

tIon 
M1111mum concentration causing coughing 
Concentration dangerous ,n 30 minutes 
Concentration llke'y to be fatal after a few 

d p br aths 

Chlorine 
(ppm) 

35 
4 

15 

30 
40-60 

1 000 

S in contact with the vapor or liquid may result in ulcerati 
and n crosrs . on 
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Chronic Toxicity 

Low concentrations of chlorine gas in the air may have a 
minor irritating effect or may produce slight symptoms after 
several hours exposure, but careful examination of persons 
repeatedly exposed to such conditions reportedly have shown 

no chronic effect. 

First Aid and Suggested Medical Treatment (2} 

The following suggested treatments should be administered 

at once. 

Inhalation 

Remove patient from contaminated area to an uncontami­
nated one. If breathing has not ceased, the patient should be 
kept warm in a recumbent position (on his back, with head and 
back elevated) and observed for signs and symptoms of pul­
monary edema. If breathing has ceased, artificial respiration 
should be started immediately, preferably by the mouth-to­
mouth method. In either case, oxygen administration should be 
started as soon as possible. Stimulants will rarely be necessary 
where adequate oxygenation is maintained and any such drugs 
which may be required should be given only by the attending 
physician . Sodium bicarbonate may be given orally or intrave­
nously to combat acidosis. Codeine is indicated for depression 
of cough reflex. Venesection is indicated (280-560 ml) when 
there is evidence of right heart embarrassment and niketh­
amide has been used as a medullary respiratory stimulant. 

Contact with Skin or Mucous Membranes 

If the patient has inhaled chlorine in addition to getting it on 
his skin or mucous membranes, first aid for inhalation should 
be given first. 

If chlorine liquid or vapor has contaminated the skin or 

clothing, the person should get under a shower of water im­
mediately and remove all contaminated clothing while under 
the shower. The affected areas of the skin should be washed 
with copious quantities of water, followed by large quantities of 
soap and water. Never attempt to neutralize the chlorine with 
chemicals. No salves or ointments should be applied for 24 
hours. 

Contact with Eyes 

If gaseous or liquid chlorine contacts the eyes, they should 
be flushed immediately with copious quantities of running water 
for at least 15 minutes, while holding the eyelids wide apart 
during this time to insure contact of water with all accessible 
tissues of the eyes and lids. Call a physician preferably an eye 
specialist, at once. If a physician is not im~ediately available, 
the eyes should be irrigated for a second 1 5-minute period . 
After _the first irrigation period is complete, it is permissible to 
instill into the eye 2 or 3 drops of 0 .5% tetracaine hydrochloride 
(Pontocaine) or some other equally effective aqueous topical 
anesthetic. No oils or oily ointment should be instilled unless 
perscribed by the physician. 

Precautions in Handling and Storage 

1 Smee chlo · · · · · . rrne 1s an irritant to mucous membranes (par-
ticularly in the respiratory tract, in a lesser degree to the skin) 

matheson~ 

and to the eyes, all personnel working with chlorine should be 
thoroughly acquainted with the proper methods of handling 
chlorine, the use of a gas mask and procedures to be followed 
In an emergency. Each person liable to exposure should be 
provided with a gas mask of a design approved for chlorine 
service by NIOSH. All gas masks should be inspected fre­
quently and the instructions accompanying a mask, concerning 
its care and use, should be followed implicitly It should be 
noted that gas masks of the cannister type do not supply 
oxygen but merely absorb the chlorine present in the air 
breathed. When the chlorine content of the air is greater than 
1 % a fresh air hose mask or oxygen supply mask is necessary. 
All personnel who may be required to use gas masks should 
be familar with their application and use. Gas masks should be 
located outside the probable area of contamination so that they 
may be reached in case of emergency and should be available 
in areas where chlorine is being stored or transported. An 
instant-acting safety shower and an eye-wash bath should be 
available. 

2. If leaks develop in chlorine lines, they must be given 
prompt attention because they will become progressively 
worse. When a leak develops, the contaminated area should 
first be cleared of all personnel. Only specially trained and 
equipped personnel should be permitted In the area until the 
danger is cleared. 

3. Work should be done in a well-ventilated area, preferably 
a hood with forced ventilation. 

4. A chlorine cylinder should never be directly connected to 
a vessel containing a liquid since suckback may occur causing 
a violent reaction within the cylinder. To prevent suckback, a 
trap, check valve or vacuum break should be inserted into the 
line. The trap should be of adequate size to take the total l1qu1d 
volume sucked back. 

5. The rate of gas flow can be increased by improving air 
circulation about the container or by increasing the temperature 
of the room if it is below normal. Never apply heat directly to 
the cylinder for any reason . Do not manifold cylinders to 
increase output unless check valves have been inserted at the 
cylinder outlets to prevent exchange of material from one 
cylinder to another, causing a cylinder to become overfull If 
the rate of discharge must be increased, liquid should be 
withdrawn by inverting the cylinder and then vaporizing the 

liquid. 
6 . Hoisting of cylinders is not recommended. If hoisting 

cannot be avoided, always use a lifting clamp, cradle, or 
carrier-never use a lifting magnet, rope, or chain sling. 

7 . Do not store chlorine cylinders near cylinders of hydro­
gen, acetylene, ammonia, fuel gases, ether, turpentine, hydro­
carbons, organic matter, or finely divided metals. 

8 . Never mix chlorine and another gas in the cylinder 
9 . Do not store chlorine cylinders near elevators or gang­

ways or in locations where heavy objects may fall and strike 
them. 

10. The amount of chlorine remaining in a cylinder should 
be determined by weight, since the cylinder pressure will 
remain constant as long as liquid remains in the cylinder 

11 . Open cylinder valves slowly. The use of large wrenches 
or pipe wrenches will damage the valve. One complete turn of 
the valve stem in a counterclockwise direction opens the valve 

CHLORINE 

sufficiently to permit maximum discharge Do not use a wrench 
longer than 6 inches on the cylinder valve. 

In addition, the general rules listed in Appendix I should be 
observed. 

Leak Detection 

Chlorine leaks may be located by means of an atomizer or 
squeeze bottle with aqueous ammonia. A white cloud will show 
the location of the leak. Every effort should then be made to 
repair the leak Notify the supplier rf leaks that are not reparable 
appear In the cylinder Never put water on a chlorine leak since 
the mixture of water and chlorine may increase the rate of 
corrosion, and possibly make the leak larger. 

Leaks around valve stems can be stopped by tightening the 
packing gland nut The nut should be turned clockwise as 
viewed from above. If the leak cannot be stopped, the chlorine 
should be absorbed in a caustic soda or sodium carbonate 
solution 

A leaking container cannot be shipped; contact the supplier 
for instructions for returning 11. In case of emergency, contact 
the supplier immediately . 

Analytical Detection 

The concentration of chlorine in air can be determined with 
Matheson-Kitagawa Toxic Gas Detector Model 8014K Con­
centrations of 1 -40 ppm of chlorine are measurable with the 
Model 1 09S detector tube The chlorine concentration in air Is 
read directly from the tube after sampling . 

Chlorine can be determined by indirect titration with sodium 
th1osulfate The sample Is introduced into excess aqueous 
potassium iodide and the liberated 1od1ne Is then titrated with 

standard sodium th1osulfate solution 

Disposal of Leaking Cylinders 

Leaks in cylinders containing chlorine which can not be 
corrected will require special handling The procedure de­
scribed in Appendix 11-0 can be used for disposal of chlorine. 

Materials of Construction 

Extra heavy black iron or steel pipe is recommended for dry 
liquid or gaseous chlorine, although copper and other materials 
that will withstand high pressure can be used Steel, cast iron, 
wrought iron, most copper alloys, most nickel alloys, certain 
stainless steels and lead are common materials of construction 
Pipe threads should be clean and sharp Drop forged steel 
fittings should be used throughout the system and standard 
ammonia type flange unions are desirable. 

Teflon tape Is recommended as a thread sealant. Litharge 
and glycerine is a satisfactory pipe dope, but causes difficulty 
in making repairs where fittings have to be removed Gaskets 
should be made of asbestos composition or lead containing 
3% antimony Rubber gaskets should never be used in liquid 
chlorine lines. 

Drop forged steel globe or needle valves of a type specifically 
designed for liquid chlorine service are recommended. Valves 
with special brass or nickel alloys of sturdy design can also be 
used . 
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L quid chlorine Imes must be protected with an expansion 

chamber between all shut-off valves. 
Moist chlorine ,s very corrosive to all of the common materials 

o construction. At low pressures, wet chlorine can be handled 
in chemical stoneware, glass or porcelain equipment, and by 
c rtaIn special al oys and plastic compositions The noble 
m tals platinum and s1!ver are resistant , as is tantalum which is 
resistant to both wet and dry chlorine at temperatures below 
150 C High s1lIca iron, monel metal and Hastelloy C also have 
good resistance to moist chlorine. 

Cylinder and Valve Description 

Chlorine 1s shipped In steel cylinders, which comply with 
DOT spec1ficat1ons. They have a minimum sercIve pressure of 
3 420 kPa (496 ps1g) The chlorine cylinder valve outlet des­
ignated as the alternate standard by the Compressed Gas 
Assoc1at1on (CGA) Is valve outlet No 660. This outlet has a 
thr ad size of 1 030 inches diameter and Is right-handed with 
e ternal threads The mating connection seats on a flat washer. 
Figure 1 illustrates the valve outlet and mating connection used 
in lh1s service 

TUT 

I 030 
I 

CONN CTIC 

Fig 1 CONNECTION 660 1 030"-14 RH EXT. using Flat Seat with 
Wa her 

Th lecture bottle containing one pound of chlorine is 2 
inches in diameter and 15 inches long and is equipped with a 
Teflon-packed monel valve having a special outlet designated 
as , inch-32 threads per inch female. 

Safety Devices 

Cylinders containing chlorine have, as a safety device, a 
fus1bl, metal plug, melting at approximately 73.9 °C (165 °F). 
Cylinders over 55 inches long, exclusive of the neck, require 
this d vice in both ends 

Recommended Controls 

Math son _uppl1es single stage regulators Model H15-660 
(without cylinder pressure gauges) and Model H15C-660 (with 
cyhnd r pressure gauges) for use with the Research Purity 
Grade and Ultra High Purity Grade of chlorine. Each of these 
r ulators has a nickel coated brass body, with internal parts 
constructed of monel. Kel-F and Teflon are used for critical 
s aling and s at1ng surfaces, and a protective barrier for the 
m tat d1 phragm constructed of chemically deposited pure 
nick! or nick I-silver alloy. Both types of regulators are sup­
plr d w1tt, an alu~in,~m-s1l1con bronze diaphragm packless 
outl t valve with a • monel Gyrotok tube fitting Both these 
r gulators hfwe delivery pressure ranges of 28-340 kPa (4-
50 ps1y) 

A ch ck alve should be installed in the outlet to prevent 
suckb ck of foreign materials into the regulator. 
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Matheson supplies regulator Model 81 5-660 (without cylin­
der pressure gauge) or Model 81 5C~660 (with cylinder pres­
sure gauge) for use with High Purity Grade chlorine. This 
regulator has a chemically coated nickel body, with internal 
parts of monel. The diaphragm, is Kel-F backed with silver 
plated nickel-silver alloy and the seat is of Kel-F. The needle 
valve on the outlet end Is of monel. The delivery pressure range 
of the regulator is 28-340 kPa (4-50 ps1g). 

To prevent suckback of foreign materials into the regulator, 
a Model 401 E monel check valve is recommended. 

Manual Controls 

Monel needle valve Model 55A-660 can be supplied for all 
grades of chlorine where noncritical manual flow control of the 
liquid or gas is required. This valve is furnished with a¼" tube 
fitting. Lecture bottles of the Ultra High Purity and High Purity 
grades utilize a monel needle valve Model 60L. 

Flowmeters 

Matheson Series 7600 laboratory monel flowmeter units with 
150 mm tubes and floats are recommended for use where 
definite flow rates must be known. 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 31 6 stainless steel and 
Series 8260 of type 316 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera­
ture changes. These mass flow controllers consist of a trans­

ducer, a control valve, a blind controller/ power supply, a 
potentiometer and a digital indicator. The transducer senses 
the gas flow and sends signal to the power supply. This signal 
and one from the potentiometer are compared. If there is an 
imbalance, the power supply generates a signal for the control 
valve to reduce or increase the flow to correct the imbalance. 
The accuracy is ± 1.2%. 

Shipping Regulations 

Chlorine is shipped under DOT regulations as a nonflamma­
ble compressed gas, taking a DOT "Chlorine Label ". 

Commercial Preparation 

Chlorine is produced commercially by electrolysis of solu­
tions of sodium chloride, potassium chloride, or magnesium 
chloride. 

Chemical Properties 

Some of the more important reactions of chlorine are listed 
below: 

1 · Reacts with practically all metals and many nonmetals to 
form the corresponding chlorides. 

2. Reacts with excess phosphorus, forming phosphorus tri-
chlorrde; also reacts with arsenic, antimony and silicon . 

3. Phosphorus halides combine with excess chlorine. 
4. Combines with hydrogen, forming hydrogen chloride. 
5. Combines with water in two ways: 

matheson 
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6. Chlorinates hydrocarbons. 
7. Adds to olefins and acetylenes. 
8 . Reacts with hydrogen sulfide giving sulfur and hydrogen 

chloride. 
9 . Combines with carbon monoxide, forming phosgene. 
10. Combines with sulfur dioxide, forming sulfuryl chloride. 

Thermodynamic and Detailed Physical Data 

Molecular Structure 

The homopolar chlorine molecules has O.,h symmetry and a 
symmetry number of two. The interatomic Cl-Cl bond distance 
is 1 .986 x 10- 10 m (1 .986 A). 

Infrared Spectrum 

The chlorine molecule is not infrared active but is Raman 
active. 

It shows a fundamental vibrational frequency of 561 .1 cm 1 

Vapor Pressure 

The vapor pressure of liquid chlorine from -93.6 °C to 
-1 7.4 °C is represented by the following Antoine vapor pres­
sure equation (3): 

B B 
log, oP = A - -- or t = ---- - C 

C + t A - log ,op 

in which p = mmHg and t = °C, and the constants, A, B, and 
C have the values of 6.93180, 859.174, and 246.14, respec­
tively. 

Some calculated vapor pressure values are shown below. 

Temperature, Vapor Pressure 

oc kPa mbar 
mmHg = 

torr 

-93.6 2.67 26.7 20 
-84.9 5 .33 53.3 40 
- 75.3 10.67 106.7 80 
-71.9 13.33 133.3 100 

-60.6 26.66 266.6 200 
-47.7 53.33 533.3 400 
-39.3 79.99 799 .9 600 
-34.0 1 01 .325 1 013.25 760 

-32.9 106.66 1 066.6 800 
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Temperature, 

C kPa 

133.32 
199 98 

Vapor Pressure 

mbar 
mmHg = 

torr 

-27.6 
-17.4 

1 333.2 
1 999.8 

1 000 
1 500 

Vapor pressures from - 1 7.4 °C to 144 0 C (critical tem­
perature) may be calculated by the following equation (4); 

056 66 
I09 t0P = 4 .596 15 - ---- - 0 069 5 log, 0T 

T 

in which p = atm and T = °K. 
Some calculated vapor pressure values are shown below. 

Temperature, Vapor Pressure 
oc kPa bar atm 

- 10.0 262 2.62 2 .586 
0 .0 367 3 .67 3 .619 

10.0 501 5.01 4 946 
20.0 670 6.7 6 613 
30.0 859 8.59 8.478 
60.0 1 799 17.99 17 752 

100.0 3 904 39.04 38.531 
120.0 5 420 54.20 53.490 
144.0 7 707 77.07 76.060 

For additional vapor pressure values see Table 2 and Figure 
2 . 

Viscosity (5) 

For viscosity of liquid and gaseous chlorine, see Figure 3 

Thermodynamic Properties of Chlorine as Ideal Gas @. 25 
°C (6) 

Heat Capacity, C 0
p 

Entropy, S0 

Free Energy Function, F0n 8 -

H ?%/T 
Enthalpy, H0 

Enthalpy of Formation, L'.1H, 
Free Energy of Formation, C1F~ 

33.936 J / (mol • K) 
0.479 kJ / (kg. °K) 

222 .961 J / (mol• K) 
3.144 kJ / (kg- °K) 

-222.961 J / (mol- °K) 
-3 144 kJ / (kg. °K) 

9 180 J/ mol 
129.467 kJ / kg 

0 .000 J / mol 
O 000 J / mol 

For the thermodynamic properties of saturated and super­
heated chlorine, see Tables 2 and 3. 
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REFERENCES . . ·n see W Braker and A. L. Mossman, The Matheson Unabridged 
' For extensive tabutallons of the thermdynamic and physical properties of chlorr e. · 

Gos Data Boo/< 19 75 Matheson East Rutherford, New Jersey. . . 
' ' t r Gases-First Aid and Medical Treatment, 2nd ed1t1on, 1977, pp. 38-42, w Braker A L Mossman and D Siegel, Effects of Exposure o , ox1c 

Matheson, Lyndhurst. New Jersey . . 
d 1968 Thermodynamics Research Center, Texas A & M University B J ZNohnsk1, et al, Selected Values of Properties of Chemical Compoun s, , , 

College Stallol', Texas 

• Chlorine Handbool< , 1950, p. 33, Diamond Alkali Company, Cleveland, Ohio. 

Ibid, p 41 

h I -r- bl 2 d d t· l97/ o R Stull and H Prophet proiect directors, Natl . Stand. Ref. Data Ser., Natl. Bur. Stand , JANAF Thermoc emica ,a es, n e 1 10n, . . , 

NSRDS - NBS 37, U S Government Prrntrng Office. Washington, DC 

S reference 4, p 34 

Table 2. THERMODYNAMIC PROPERTIES OF SATURATED CHLORINE (7) 
Temperature Pressure Entropy kJ / (kg Kl Enthalpy kJ / kg Latent Specific Volume Density 

-1- -I- Heat of 
Vaporiza-

I/ kg dm3 / kg C F kPa bar L1qu1d Vapor Liquid Vapor lion kJ/ kg / I kg / m3 

kg Liquid Vapor 

- 40 0 - 40 77.8 0778 1.819 3 06o'233.91 524.65 290.74 0.636 344.98 1.574 2.899 -28 9 - 20 126 1.26 1.860 3 027 244.83 529.81 284.98 0.647 220.72 1.546 4 .531 - 17 8 0 202 2.02 

I 
1.903 2 995 255.76 534.60 278.84 0.659 152.84 1.517 6 .826 67 20 295 2.95 1.944 2.966 266.68 538.99 272.31 0.672 100.88 1.487 9.913 4 4 40 422 4.22 1.982 2.938 277.61 543.06 265.45 0 .687 72 .32 1.456 13.827 15 6 60 589 5.89 2.017 2.911 288.53 546.68 258.15 0.702 52.87 1.424 18.913 26 7 80 804 8.04 2.050 2.885 299.46 549.98 250.52 0.719 39.43 1.390 25.360 37.8 100 1 083 10.83 2.082 2.859 310.24 552.08 241.84 0.737 29.57 1.356 33.813 48.9 120 1 399 13.99 2.114 2,835 321 .03 553.05 232.02 0.758 23.10 1.320 43.288 60 0 140 1 796 17 96 2.146 2.811 331 .81 553.52 221.71 0.781 18.00 1.280 55.569 71 1 160 2 269 22 69 2.179 2 788 342.97 552.70 209.73 0.807 14.16 1.239 70.624 82 2 180 2 824 28 24 2.218 2 772 355.24 552.29 197 .05 0.838 11 .24 1.194 88.988 93 3 200 3 467 34 67 2 267 2 763 369.31 551.33 182.02 0.875 8 .98 1.143 111 .40 104 4 220 4 207 42 07 2.322 2 758 385.88 550.68 164.80 0 .920 7.19 1.088 139.17 115 6 240 5 048 50 48 2.382 2 753 406.08 550.43 144.35 0 .976 5.59 1.025 178.98 126 7 260 5 995 59 95 

I 
432.32 550.19 117 .87 1.054 4.32 0.949 231.48 264 4 280 7 055 70 55 I 468.33 547.73 79.40 1.228 3.12 0 .814 321 .02 144 0 291 7 956 79 56 507,52 507.52 0.00 1.744 1.744 573.30 0 .573 
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Table 3. THERMODYNAMIC PROPERTIES OF SUPERHEATED CHLORINE VAPOR (5) 
H, ENTHALPY, KJ/KG; S, ENTROPY KJ/(KG °K); SPECIFIC VOLUME, DM3 /KG 

Pressure, kPa -17.8 10.0 Temperature, C 
37.8 65.6 93.3 148.9 204.4 

68.9 

101 .325 

H 536.48 550.66 564.84 579.25 593.43 621.79 650.14 s 3.120 3.169 3.213 3.253 3.288 3.358 3.416 
V 429.0 477.0 525.0 573.0 621.0 716.4 811.0 
H 536.02 550.20 564.61 578.79 592.96 621.56 650.14 s 3.073 3.122 3.166 3.206 3.243 3.310 3.368 
V 290.0 323.4 356.4 389.4 422.3 487.1 552.4 

172 H 535.09 549.26 563.44 577.86 592.27 621.09 649.91 s 3.008 3.058 3.102 3.142 3.179 3.248 3.306 
V 168.4 187.9 207.6 227.2 247.1 185.9 324.1 

276 H 547.87 562.28 576.69 591.34 620.39 649.68 s 3.001 3.045 3.085 3.121 3.193 3.251 
V 115.6 128.3 141.0 153.6 178.2 202 .3 

413 H 545.55 560.42 575.30 589.94 619.70 649.45 
s 2.950 2.994 3.034 3.070 3.141 3.204 
V 75.48 84.21 92.95 101.6 118.3 134.6 

551 H 558.56 573.67 588.78 618.76 648.98 
s 2.954 2.996 3.031 3.105 3 .170 
V 62.15 68.92 75.59 88.40 100.8 

827 H 555.54 570.88 586.46 617.14 647.82 
s 2.900 2.940 2 .978 3.055 3.123 
V 40.05 44.81 49.53 58.41 66.79 

103 H 568.09 584.13 615.51 646.66 
s 2.898 2.938 3.018 3.087 
V 32.70 36.41 43.38 49 .77 

1 379 H 564.37 581 .81 614.1 2 645.26 
s 2.863 2 .905 2.988 3 .062 
V 28.76 31 .01 34.31 39.50 

1 655 H 560.19 579.02 612.26 643.87 
s 2.833 2 .876 2.958 3 .040 
V 20.45 23.21 28.23 32.62 

1 930 H 555.31 575.53 610.16 642.24 
s 2.807 2.851 2 .936 3.021 
V 16.87 19.41 23.86 27.67 

2 414 H 569.26 606.45 639.45 
s 2.813 2.904 2.993 
V 14.75 18.57 21 .86 

2 758 H 564.37 603.66 637.36 
s 2.791 2.888 2.976 

V 12.40 15.92 18.87 
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CHLORINE TRIFLUORIDE 
(Formula: CIF~ 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of CIF 3 

Spec1f1c Volume, Gas@ 21 1 °C, 1 o1.325 kPa 

Vapor Pressure @ 21.1 °C 

Boiling Point @ 101 .325 kPa 

Triple Point 
Trans1t1on Point 

0.092 448 kg 

0.092 448 kg 
262.2 dm3 /kg; 4 .2 ft3 /lb 
148.2 kPa; 1.48 bar; 21 .5 psia; 1.46 

atm 
284.90 °K; 11.75 °C; 53 .2 ° F 

196.83 °K; - 76.3 °C; -105.4 °F 

190.47 °K; -82.7 °C; -116.8 °F 

3.863 kg/m3 

Absolute Density, Gas @, 20.0 °C, 101 .325 kPa . 
P @ 20 O 0 c (Air == 1) Relative Density, Gas @ 101 .325 k a • 

3.21 
1.885 3 kg// 

Density, Liquid @, 0 °C 

Critical Temperature 

Critical Pressure 

Critical Volume 
Critical Density 
Cnt1cal Compressib1l1ty Factor 

Latent Heat Fusion {Ji, - 76.3 °C 

Heat of Transition 0 -82.7 °C 

Trouton s Constant 
Spec1f1c Conductivity, Liquid @ 25.0 °C 

Dielectric Constant 
Gas (a 46 2 °C 
Liquid (a 25.0 ° C 

Dipole Moment, Gas 

447.15 °K; 174.0 °C; 345.2 °F 

5 776 kPa; 57.76 bar; 57.0 atm; 837.7 

psia 

1.91 dm3 /kg 

0.524 kg/dm3 

0.274 

82 340 J/kg; 82.34 kJ/kg; 1819.3 cal/ 

mol 

16 320 J /kg; 16.32 kJ / kg; 360.5 cal/ 

mol 

23.1 
3.9 X 10- 9 n- 1 /cm 

1.002 825 

4.304 

2.168 x 10- 3° C,m; 0.65 D 
Spec1f1c Heat, Gas @. 101 .325 kPa @ 25.0 °C @ Constant 

Pressure 

Spec1f1c Heat, Liquid @.! -46.2 °C 
V1scos1ty, Gas (fr 101.325 kPa@ 20 °C 

Viscosity, Liquid 0 11 . 75 °C 

Surface Tension (a O O C 

Thermal Conductivity, Gas@ 101.325 kPa@ 20.0 °C 

Description 

Chlorine trifluoride is a corrosive, colorless gas at room 
temperature and pressure. It has somewhat of a sweet odor 
and 1s highly irritating even at low concentrations. Chlorine 
trifluoride 1s easily liquefied lo a yellow-green liquid at low 
pressures and atmospheric temperatures It freezes to a white 
solid 

Chlorine trifluoride 1s the most reactive compound of the 
halogen fluorides. It 1s a powerful ox1diz1ng agent causing 
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0.726 kJ/(kg,°K) 

1.224 kJ/(kg. °K) 

0.011 66 mPa-s; 0.011 66 mN-s/m2
; 

0.011 66 cP 

0.478 mPa,s; 0.478 mN,s/ m 2 ; 0 .478 
cP 

26.7 mN/m; 26.7 dyn/cm 

9.77 X 10- 3 W/(m, ° K); 24 X 10- 6 cal, 

cm/(s-cm2
, °C) 

immediate ignition of many organic compounds, ignites many 
metals at elevated temperatures, and reacts violently with water 
or ice. It is shipped as a liquefied gas under its own vapor 
pressure of 48 kPa (7 psig). 

Specifications 

Chlorine trifluoride has a minimum purity of 98.0% and 
contains a maximum of 2.0% hydrogen fluoride as an impurity. 

matheson' 

Uses 

Chlorine trifluoride is of interest as a propellant for rockets 
and missiles. It has the ability to start reaction immediately on 
contact with fuels (hypergol1city). It has also been used in an 
oil well tubing cutter. It has been used for cutting pipe in oil 
wells as far as two miles below the surface. 

Effects in Man and Toxicity (2) 

Chlorine trifluoride is a pulmonary irritant and can cause 
pulmonary edema. It can cause severe chemical and thermal 
burns. Exposure to high concentrations is usually fatal, respi­
ratory damage and pulmonary edema being the cause of death. 
Prolonged exposure to as little as 5-1 0 ppm causes irritation 
of the eyes and nasal and buccal mucosa. Contact of the skin 
with chlorine trifluoride causes severe burns in 0.2 second, 
and an exposure for as long as 0.6 second can result in thermal 
burns comparable with those produced by the oxyacetylene 
flame. 

The lowest toxic concentration of chlorine trifluoride in hu­
mans by inhalation is reported to be 25 ppm/ 5 minutes. 

The 1979 American Conference of Governmental Industrial 
Hygienists (ACGIH) has recommended a Threshold Limit Value 
of 0.1 ppm (0.4 mg / m3

) for chlorine trifluoride (i.e., concentra­
tion in air to which nearly all workers may be repeatedly 
exposed during a normal 8-hour working day without adverse 
affects.) 

First Aid Treatment (2) 

The first aid treatment to be followed is that described for 
hydrofluoric acid and fluorine-containing compounds which 
form hydrofluoric acid on hydrolysis by moisture. 

Precautions in Handling and Storage 

1. Since chlorine trifluoride is so extremely corrosive to 
human tissue and the eyes, personnel , when handling equip­
ment which contains or has recently contained chlorine trifluo­
ride, should wear rubber gloves, safety glasses, a face shield 
and a protective apron which will serve for normal use and will 
protect for limited contact with splashes. 

2. Work should be done in a well-ventilated area, preferably 
a hood with forced ventilation . 

3. In removing the contents from a cylinder, attach a suitable 
needle valve to the valve outlet so that uniform rates of flow 
can be controlled. Dry nitrogen may be used to pressurize the 
cylinder in order to transfer the liquid, since suckback may 
occur causing a violent reaction within the cylinder. To prevent 
suckback, a trap, check valve or vacuum break should be 
inserted in the line. The trap should be of sufficient size to take 
the total liquid volume that can be sucked back. 

4. An instant-acting safety shower should be available, as 
well as filled buckets of sodium bicarbonate to absorb spillage 
as well as combat any secondary fires. 

5. An air-line respiratory or oxygen mask should be kept 
close by the operation site, in an area that is not likely lo 
become contaminated, to be used in case of emergency where 
dangerous concentrations may exist. 

In addition, the general rules listed in Appendix I should be 
observed. 
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CHLORINE TRIFLUORIDE 

Materials of Construction 

Chlorine trifluoride can be used with a variety of metals due 
to the formation of a passive metal fluoride film which protects 
the metal from further corrosion Mone! and nickel are preferred 
materials of construction However, metals such as copper, 
brass and steel may be used . Highly fluorinated polymers such 
as Kel-F and Teflon are resistant to the l1qu1d and vapor at 
ordinary temperatures under normally static conditions only. 
Their use in flow conditions is not recommended . Materials 
suitable for gaskets are soft copper, 2S aluminum, lead and 
Teflon either plain or impregnated with a high percentage of 
calcium fluoride. Braided copper backed with Teflon can be 
used for valve packings. A pipe thread sealant, 1f needed, 
should be Teflon tape. 

It is of utmost importance that all equipment used in chlorine 
trifluoride service be thoroughly cleaned to remove grease, 
scale, pipe dope or other contaminants. All equipment should 
be disassembled, degreased and reassembled with proper 
packing before use. Degreasing and cleaning should be done 
with a nonaqueous solvent such as acetone, trichlorethylene 
or carbon tetrachloride. After cleaning, the system should be 
thoroughly purged with a stream of nitrogen. Since the corro­
sion resistance of the materials of construction recommended 
depend on the formation of a passive fluoride film, a passivat1ng 
procedure should be used after the cleaning and drying of the 
system as mentioned above. This procedure consists of evac­
uating the dry nitrogen from the system and slowly bleeding a 
small amount of chlorine trifluoride vapor into the system. 
Because of the very low vapor pressure of chlorine trifluoride, 
it is recommended that the vapor be left 1n the system for about 
an hour to ensure that a passive fi lm has been built up. The 
system can then be vented and 1s ready for use. 

Cylinder and Valve Description 

Chlorine trifluoride cylinders are equipped with the Com­
pressed Gas Association (CGA) connection No. 670, the ap­
proved standard. The valve outlet has a thread size of 1.030 
inches, left-handed with external threads. The mating connec­
tion seats on a flat washer. Figure 1 illustrates the valve outlet 
and the mating connection used in the service. 

CONNECTION 670 1.030"-14 LH EXT using Flat Seat with Washer 

CONNE~TION 

OUTLET 

~,gure 1 

The lecture bottle 1s equipped with a Teflon-packed monel 
valve having a special outlet designated as 51,5"-32 threads to 
the inch, female. 

Safety Devices 

Since chlorine trifluoride cylinders are not equipped with 
safety devices, care must be taken to see that the cylinders 
are not heated. Direct appl1cat1on of heat must always be 
avoided. 
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CHLORINE TRIFLUORIDE 

Recommended Controls 

Manual Controls 

Matheson provides a manual needle valve, Model 55A-670, 

for direct connection to the valve outlet of the cylinder of 
chlorine trifluoride. This needle valve is provided with co~­
press1on fitting or 1 • " male or female NPT A Model 60L need e 
valve 1s recommended for use with lecture bottles. 

Shipping Regulations 

Chlorine trifluoride 1s shipped in steel cylinders as a corrosive 
liquid , taking a White Label , complying with the DOT regu­

lations 

Chemical Preparation 

Chlorine trifluoride 1s obtained by passing a mixture of slightly 
more than 3 moles of fluorine per 1 mole of chlorine through a 
nickel or monel tube at 290 °C, or by the reaction of CIF with 
F 

Chemical Properties 

Chlorin& trifluoride can raise metals to their highest valence 

states Chlorine trifluoride 1s a powerful ox1d1zing and fluorinat­
ing agent. fl reacts with almost all elements except the the inert 
gases, nitrogen, and a few metals Nickel is unattacked up to 

400 C Bromine and 1od1ne react with chlorine trifluoride to 
give bromine trifluoride and iodine pentafluonde, respectively. 
Chlorine trifluoride converts oxides to fluorides and oxyfluor-
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ides, forms metal fluorides frnm other halides salts, and oxi­
dizes such materials as ammonia, hydrazine, carbon monoxid 
sulfur dioxide and ammonium salts. It reacts violently with Wat e, 

. er 
or ice. Chlorine trifluoride reacts with organic compounds 
giving a complex mixture of organic degradation products. 

Thermodynamic and Detailed Physical Data 

Molecular Structure 

The CIF3 molecule has a planar distorted T st_ructure, with 
c2v symmetry and a symmetry number of two. The CI-F bond 
distance of the two long-bonded (axial) F atoms (denoted F' 

10 ° . 
and F3

) is 1 .698 x 10 m (1 .698 A), while that of the short-
bonded (equatorial) F atom (denoted F2

) is 1 .598 x 10-10 m 
(1.598 A). The F1-CI-F2 and F2-CI-F3 bond angles are 87.48' 
while the F3-CI-F' bond angle is 185.03° (3) (4). ' 

Infrared Spectrum 

The infrared spectrum of gaseous chlorine trifluoride is 
shown in Figure 2. 

Vapor Pressure (5) 

The vapor pressure of liquid CIF3 between -60.0 and 30.0 
°C is represented by the following Antoine vapor pressure 
equation: 

B B 
log,0 p = A ---ort =------ C 

C + t A - log,op 

E 
431 

442 

328 

500 
FREQUENCY 300 cm-, 

Fig. 2. Infrared spectrum of gaseous c1 F . 1 0 cm th 
1 

. 
curve B obtained at 0 .267 kPa (2 mm Hg) pre' ssu e pa Cength nickel cell, with AgCI or polyethylene windows· A background; 

r , curve at 1 333 kP ' ' 
at 19 332 kPa (145 mmHg), curve Fat 60 00 kPa ,450 H · a (10 mm Hg), curve D at 2.266 kPa (17 mmHg), curve E 
the 702 cm ' band; X indicates HF impurity (6) mm g), curve G (inset) obtained at 0.267 kPa (2 mmHg) shows detail of 
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in which p = mmHg and t = °C and the constants A, B, and c 
have the values of 7.367 11, 1 096.917, and 232.75, respec­
tively . 

Some calculated vapor pressure values are shown below. 

Temperature, Vapor Pressure oc kPa mbar mmHg = torr 
-60.0 1.39 13.9 10.4 
- 40.0 6.33 63.3 47.5 
-20.0 21.69 216.9 162.7 

0 .0 60.14 601.4 451 .1 
11.55 1 01 .325 1 013.25 760.0 
20.0 141.9 1 418.9 1 064.2 
30.0 207.6 2 076.2 1 557.3 

For additional vapor pressure values, see Figure 3 . 

Latent Heat of Vaporization , AHv 

Temperature, °C 

0 .0 

REFERENCES 

iiHv, kJ / kg 

309. 70 

CHLORINE TRIFLUORIDE 

Temperature, C 

11 55 
20.0 

.lHv, kJ / kg 

297 80 
291 83 

Thermodynamic Properties of Chlorine Trifluoride as Ideal 
Gas @ 25 °C (3) 

Heat Capacity, C , 

Entropy, S 

Free Energy function , (F ~8 -

H0,9a) T 

Enthalpy, H 0 

Enthalpy of Formation, ..lH 1 

Free Energy of Formation , ~F~ 

63 848 J ' (mol, ° K) 

0 691 (kJ (kg· K) 

281 495J (mol- " K) 
3 .045 kJ (kg· K) 

- 281 .495 J (mol, K) 

- 3 045 kJ (kg- K) 

13 648 kJ mol 
147 630 kJ kg 

- 1 58 866 kJ mol 
-1 718 5 kJ kg 

-118 901 kJ mol 
-1 286 .1 kJ kg 

' For extensive tabulations of the thermodynamic and physical properties of chlorine trifluoride, see W Braker and A. L Mossman, The Matheson 

Unabridged Gas Data Book, 1975, Matheson, East Rutherford, New Jersey. 
2 

W. Braker, A. L. Mossman, and D. Siegel, Effects of Exposure to Toxic Gases- First Aid and Medical Treatment. 2nd edition, 1 977 , pp, 4 7-51, 
Matheson, Lyndhurst, New Jersey. 
3 

JANAF Thermochemical Tables , 2nd edition, 1971 , D.R. Stull and H. Prophet, proJect d1reclors, Natl Stand Ref Data Ser , Natl Bur Stand. 
NSRDS - NBS 37, U. S. Government Printing Office, Washington, D.C. 

• Advances in Fluorine Chemistry, M. Stacey, J. C. Tallow, and A. G. Sharpe, editors, 1965, Volume 4, p 240, Butterworth Inc , Washington, DC 
5 

J . W. Grisard , H. A. Bernhardt, and G. D. Oliver, J. Amer Chem. Soc. 73, 5725-5727 ( 1951) 
6 H. Selig, H. H. Claassen, and J. H. Holloway, J Chem. Phys 52, 3517-3521 (1970) 
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FIG. 3 
CHLORINE TRIFLUORIDE 

VAPOR PRESSURE vs TEMPERATURE, 

40 60 80 100 120 140 160 180 200 220 
TEMPERATURE °C 

CHLORODIFLUOROMETHANE 
(Synonym: Freon-22®) 

(Formula: CHCIF2) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of CHCIF2 
Specific Volume, Gas @ 21.1 °C, 101 .325 kPa 
Vapor Pressure @ 21 .1 °C 
Boiling Point@ 101.325 kPa 
Transition Point 
Melting Point 
Absolute Density, Gas@ 101 .325 kPa@ 20.0 °C 
Relative Density, Gas@ 101 .325 kPa @ 20.0 °C (Air = 1) 
Density, Liquid @ Saturation Pressure @ -40. 7 °C 
Critical Temperature 
Critical Pressure 

Critical Volume 
Critical Density 
Critical Compressibility Factor 
Latent Heat of Fusion@ -157.4 °C 

Latent Heat of Vaporization @ -40.7 °C 

Refractive Index @ 21 .1 °C, n0 

Liquid 
Vapor (101 .325 kPa) 

Relative Dielectric Strength (Nitrogen 1) 

Dielectric Constant 
Liquid @ 23.9 °C 
Vapor @ 25.6 °C (51 kPa) 

Dipole Moment 
Molar Specific Heat, Gas@ 101.325 kPa@ 25.0 °C 

@ Constant Pressure 

@ Constant Volume 

0.086 47 kg 
0.086 47 kg 
274.7 dm3 /kg, 4.4 ft3/lb 
949 kPa; 9.49 bar; 137.7 ps1a, 9.37 atm 
232.49 °K: -40.7 °C; -41.19 °F 
59.15 °K; -214.0 °C; -353.2 °F 
115. 72 °K; -157.4 °C; - 251 .4 °F 
3.74 kg/m3 

3.11 
1.413 kg/I 
369.15 °K; 96.0 °C; 204.8 ° F 
4 977 kPa; 49.77 bar; 49.12 atm; 721.9 

ps1a 
1.905 dm3 / kg 
0.525 kg/dm3 

0.267 
47 700 J / kg; 47.70 kJ/kg; 11 .40 kcal/ 

kg 
233 840 J/kg; 233 84 kJ/kg; 55.89 

kcal/kg 

1.259 
1.000 73 
1.3 

6.11 
1.003 5 
4.9 X 10 3° C- m; 1.48 D 

57.524 kJ/(kmol- ° K); 57.524 J / (mol-
0K); 0.159 cal/(mol • °C) 

49.130 kJ / (kmol - °K); 49.130 J /(mol -
0K); 0.136 cal.(mol-°C) 

Specific Heat Ratio, Gas@ 101 .325 kPa@ 25.0 °C, Cp/Cv 
Molar Specific Heat, Liquid@ -40 °C 

1 .1 71 
94.788 kJ / (kmol- ° K); 94.788 J/(mol-

0K): 22 .655 cal/(mol- °C) 

Viscosity , Gas@ 101.325 kPa @ 0.0 °C 

Thermal Conductivity, Gas@ 101 .325 kPa@ 25.0 °C 

Surface Tension @ -40 °C 
Solubility in Water@ 101 .325 kPa@ 25.0 °C 
Solubility of Water in CHCIF2 @ 4.4 °C 

Description 

Chlorodifluoromethane is a colorless, nonflammable, non­
toxic gas. In concentrations up to 20% by volume chlorodifluo-

matheson~ 

0.012 1 mPa-s; 0 .0122 mN-s/m2
; 

0.0122 cP 
0.011 7 W/(m- ° K): 28 X 10 6 cal-

cm / (s-cm2. C) 
18.5 mN/m: 18.5 dyn/cm 
0.30% (by weight) 
0.069% (by weight) 

romethane is odorless; 1n higher concentrations, its odor 1s 
mild and somewhat ethereal. It is shipped in steel cylinders as 
a liquefied gas under its own vapor pressure of 850 kPa (1 23 
ps1g) at 21 1 C. 
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CHLORODIFLUOROMETHANE 

Spec1 f1cat1ons 

Chlorod1fluoromethane has a minimum purity of 99 9 mole 

Uses 

Chlorod.fluoromethane Is used as a low-temperature refrig­
erant down to - 101 °C, in industrial and commercial systems 
employing reciprocating type compressors It is used as an 
intermediate in the production of Teflon. It Is also used in 
aerosol prepellant formulations. 

Effec ts In Man (2) 

lnhalatron of high concentrations of chlorod1fluoromethane 
can cause suet, symptoms as dizziness, disorientation, incoor­
d1nat1on, narcosis, nausea or vomiting There appear to be no 
IrreversIble effects once the oxygen deficiency has been cor­
rected Skin contact with liquid chlorod1fluoromethane can 
cause skin 1mtat1on or frostbite. 

Tox1c1ty (2) 

Chlorod1fluoromethane is relatively nontoxic according to the 
rating system devised by the Underwriters Laboratories Chi­
cago, l'lino1s It falls into Group 5A or 6 In this system. Group 
SA includes those gases or vapors which are much less toxic 
than those in Group 4 but more toxic than those in Group 6. 
Group 4 includes those gases or vapors which in concentra­
tions of about 2-2.5% for durations of exposure of about 2 
hours are lethal or produce serious injury Group 6 contains 
those gases or vapors which in concentrations up to at least 
20 o by volume in air for durations of exposure for about 2 
hours do not appear to produce injury The relatively nontoxic 
carbon dioxide is classified as a Group 5A gas by Underwriters ' 
~aboratore1s. The 1979 ACGIH has established a Threshold 

,m1t Value of 1000 ppm (3500 mg / mJ) for chlorodifluoro­
mett1an . 

First Aid Treatment (2) 

Inhalation 

If the subject is conscious and becom 
symptoms cited above he should es aware of any of the 
area ancJ inhale fresh air or oxyge io t~o an uncontaminated 
ov rcome by a massive expos "i, n e event the subJect is 
uncontaminated area and g1venuret f e should be carried to an 
and oxyg n simultaneously Tre:; I ic1al respiration (1f needed) 

symptomatically thereafter. 

Skin Contac t 

I.. .1 of skin contact with Ii uI 
frostbit may develop If frostbi te ! d chlorod1fluoromethane 
part with a warm hand or wool curs. cover the frostbitten 

en material If the f 
ar frostb11ten, have the victim hold h h . ingers or hand 
to his body Then place the frostb,:~e and in his armpit, next 
about 42 C (108 F) If n part in warm water 

. warm water I t . ' 
imprac tical to use wrap the ff s no available, or is 
Lei th c1rculat1on· re-establ ha ected part gently in blankets 

is itself natural! E . 
icllm to ex rc1se the affected y, ncourage the 

part while it is being warmed 
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Precautions in Handling and Storage 

The general rules listed in Appendix I should be ob 
. . served i 

the handling and storage of chlorod1fluoromethane. n 

Leak Detection 

Leaks of chlorodifluoromethane may be detected by a 
1 

• 

soap water solution to suspected points · leaks will b . PP Ying 
. ' e Ind1cated 

by bubble formation. Leaks of chlorodifluoromethan . 
f . d . 'bl e in dark 

con ine or InaccessI e spaces or locations may b 
1 

• 

by means of a halide torch or lamp The Math e ocated 
Detectors Model 8016 and 8017 are u~eful for mo eson Leak 
leak detection. re sensitive 

Disposal of Leaking Cylinders 

Cylinders of chlorodifluoromethane which devel 1 . op eaks that 
cannot be readily corrected should be treated as d • . 
Appendix 11-C. escribed in 

Materials of Construction 

Most of the commonly used metals (steel cast · b . , iron. rass 
copper,_ tin, lead, aluminum) may be used satisfactorily with 
chlorod1fluoromethane under normal conditions f o use. At high 
temperatures some of the metals may act a catalysts for the 
breakdown of the compound . The tendency of metals to . 
mote thermal decomposition of chlorodifluoromethane is inp;hoe 
following approximate order: silver > brass > bronze > alumi­
num > 1 340 steel > copper > nickel > 18 8 sta· I • - In ess steel> 
inconel _(least decomposition). Magnesium alloys and aluminum 
cont_ain1ng more than 2% magnesium are not recommended f 
use in systems containing chlorod ifluoromethane where wat~r 
may be present. r 

In general, gasket materials should not contain natural rub 
ber. Neoprene or lsoprene rubber, pressed fibers (includin~ 
asbestos) with a number of insoluble binders, and metallic 
gaskets may be used. 

Cylinder and Valve Description 

Chlorodifluoromethane is shipped in DOT 
pressure steel I' . approved, low 
1 655 kP cy inders, having a rated service pressure of 

fl 
a (240 psig) or more. Cylinders containing chlorodi-

uoromethane are · . equipped with brass valves with Com-
pressed Gas Assa · t' (C cia ion GA) outlet connection No 660 the 
approved alternat • · · · . e connection . The valve outlet has a thread 
size of 1 030 inches ·th . 
w,·th a fl t. wi right-hand external threads used 

a seat and wa h ( • ' s er see Figure 1 ). Lecture bottles have 
OUTLET 

CONN ECTIQ~t 

1 035" 

L 
Fig. 1. CONNECTION 66 
Washer O 1 030 " - 14 RH EXT. using Flat Seat with 

a special 5/,s inch-32 th . 
inch-1 8 threads . reads per inch female outlet and a 9/,s 

per inch male dual valve outlet. 

Safety Devices 

Cylinders con taining chlorodifluoromethane have fusible 
metal plugs, melting at about 7 4 °C as safety devices. Cylinders 
over 30 inches long (exclusive of the neck) req uire this device 
in both ends of the cylinder. 

Recommended Controls 

Automatic Pressure Regulators 

Automatic reg ulator Model 1 P-660 or Model 1 L-660 Is rec­
ommended for use with chlorodi fluoromethane These regula­
tors are manufactured with brass bodies. Their delivery pres­
sure ranges are 28-240 kPa (4-35 ps1g) and 28-550 kPa (4-
80 psig), respect ively. No cylinder pressure gauge Is necessary 
since it wil l not indicate cylinder content bu t only vapor pres­
sure which wi ll remain constant as long as any liquid remains 
In the cyli nder. Cyli nder content Is determined by weight. To 
prevent suckback of foreign materials, a check valve Is rec­
ommended fo r use with the regulator. 

Matheson regulator Model 70-660 will provide accurate low 
pressure regulation in the delivery pressure range of 3 4-34.5 
kPa (0.5-5.0 psig). Regulator Model 3321, with a delivery 
pressure range of 28-41 0 kPa (4-60 psig), is recommended 
for use with lecture bottles. 

Manual Controls 

Matheson needle valve Model 50-660. a brass bar stock 
valve, is avai lable for di rect connection to the cylinder valve 
outlet. Th is valve may be equipped with a variety of outlets, 
such as a serrated hose end, 114" compression fi ttings, or 1

1• " 

NPT male or female pipe. The valve Is used to provide inter­
mittent flow of gas or to control the flow of gas directly from 
the cylinder , but this requires close supervision. It should not 
be used as a pressure control. since dangerous pressures can 
develop if a line or the system itsel f becomes clogged. A Model 
31 B manual needle valve is recom mended for use with lecture 

bottles. 

Flow meters 

Matheson Series 7600 laboratory brass flowmeter units with 
150 mm tubes and floats or Matheson 7200 laboratory brass 
flowmeter units wi th 65 mm tubes with a single float are 

recommended fo r use where: defin ite flow rates must be known. 
Electronic mass flowmeters, such as Matheson Series No 

8116 and No. 8160, should be used where accurate readings 
are required . Calibration is unaffected by temperature and 
pressure changes and flow rates may be recorded from the 
instrument's electrical output. 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 3 16 stainless steel and 
Series 8260 of type 316 stain less steel or monel are designed 
to control the flow of gas regard less of pressure and tempera­

ture changes. These mass f low controllers consist of a trans­
ducer, a control valve, a blind controller / power supply , a 
potentiometer and a d1g1tal indicator. The transducer senses 
the gas flow and sends a signal to the power supply. This 

Matheson· 
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signal and une from the potentiometer are compared. If there 
Is an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 
imbalance. The accuracy is ± 1 2%. 

Shipping Regulations 

Chlorod1fluoromethane Is class1f1ed by the DOT as a non­
flammable compressed gas and Is shipped with the required 

Green Label . 

Chemical Preparation 

Chlorod1fluoromethane is prepared by treating chloroform 
with anhydrous hydrogen fluoride In the presence of a small 
amount of antimony chloride at elevated temperatures and 
pressures 

Chemical Properties 

Chlorod1fluoromethane is comparatively thermally stable 
The rate of hydrolysis of chlorod1fluoromethane in water Is less 
than O 000 01 kg I water year: In the presence of steel. the 
;·ate Is about O 000 1 kg I water year; under alkaline cond1-
t1ons. chlorod1fluoromethane tends to be hydrolyzed more rap­
idly Pyrolysis of chlorod1fluoromethane resul ts In the formation 
of polytetrafluoroethylene (Teflon) 

Thermodynamic and Detailed Physical Data 

Molecular Structure 

The CHCIF, molecule belongs to point group C, and has a 
symmetry number of one The C H bond distance is 1 .09 x 
1 0 ' m (1 09 A) and the C Cl and C F bond distances are 
1.74 X 10 " 1 m (1 74 A ) and 1.35 X 10 ,c m (1 35 A ). 

respectively . The H C Cl . Cl C F, and F C- F bond 
angles are 1 07 . 11 0.5 and 107 , respectively (3). 

Infrared Spectrum 

See Figure 2 for the infrared spectrum of gaseous chlorod1-

fluoromethane. 

Vapor Pressure 

The vapor pressure of liquid chlorod1fluoromethane between 
- 87 .2 and 37 8 °C is shown below. 

Tempera- Vapor Pressure 

ture, C kPa mbar mmHg = torr 

- 87 .2 6.11 61 .1 45.8 
- 73 .7 16.53 165.3 124 0 
- 45.6 80 49 804 .9 603 7 
-17.8 266 5 2 665 1 999 1 

10.0 680 7 6 807 5 105 6 

37 8 1 452 0 14 520 10 891 

For add1t1onal vapor pressure values , see Table 1 and Figure 

3 . 
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--­Thermodynamic Data 

The thermodynamic properties of saturated CHCIF2 liquid 

and vapor are shown in Table 1, while those for the super. 
heated vapor are shown in Table 2. 

Thermodynamic Properties of Chlorodifluoromethane as 
Ideal Gas @ 25 °C (3) 

Heat Capacity, C~ 

Entropy, S0 

Free Energy Function , (F~9s 

H~9s)/T 

Enthalphy, H0 

Enthalpy of Formation , AHf 

Free Energy of Formation, AFf 

57.124 J/ (mol .°K) 
0 .661 kJ/(kg.°K) 

280 855 J/ (mol ,°K) 
3 248 kJ/(kg.°K) 

-280.855 J/(mol,°K) 

-3.248 kJ/(kg,°K) 
12.414kJ/mol 
0.144 kJ/kg 

-481.578 kJ/mol 
-5 .569 kJ/kg 

-450 483 kJ/mol 
-5.210 kJ/kg 

~atheson· 
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Table 1. THERMODYNAMIC PROPERTIES OF SATURATED CHCIF2 LIQUID AND VAPOR (4) 

Temperature Pressure 

cc 
I 

OF kPa atm 

-101 .1 -150 1.873 0.018 5 
- 75.6 - 140 3.081 0.030 4 
-90.0 -130 4 .899 0 .048 4 

-84.4 1-120 7.552 0.074 5 
-78.9 -110 11 .319 0. 111 7 
- 73.3 - 100 16.536 0 .163 2 
-67.8 -90 23.600 0.232 9 
-62.2 - 80 32.972 0.325 4 
-56.7 -70 45.176 0.445 8 
- 51.1 - 60 60.798 0.600 0 
-45.6 -50 80.489 0.794 4 
- 40.0 - 40 104.952 1.036 
- 34.4 - 30 134.951 1.332 
-28.9 -20 171 .300 1.691 
- 23.3 - 10 214.854 2. 120 
- 17.8 0 266.531 2.630 
- 12.2 10 327.253 3.230 

- 6.7 20 398.014 3.928 
- 1.1 30 479.813 4.735 

4 .4 40 573.685 5.662 
10.0 50 680.699 6.718 
15.6 60 801.929 7.914 
21.1 70 938.583 9.263 
26.7 80 091.65 10.77 
32.2 90 262.36 12.46 
37.8 100 452.04 14.33 
43.3 110 661.91 16.40 
48.9 120 1 893.30 18.68 
54.4 130 2147.72 21.20 
60.0 140 2 426.54 23.95 
65.6 150 2 731.63 26.96 
71. 1 160 3 064 .93 30.25 
76. 7 1 70 3 428.49 33.84 
82.2 180 3 825.07 37.75 
87.8 190 4 258 13 42.02 
93.3 200 14 732 28 46.70 
96.0 204.81 4 977 39 49.12 

Matheson 
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Entropy 

I 
Enthalpy I 

Latent Specifh .. Volume Density 
kJ / (kg • K) kJ / i<g Heat of dm3 / kg kg / dm3 

Vaporiza-
liquid I Liquid Vapor Liquid Vapor lion Vapor liquid Vapor 

kJ / kg 
I 

-0.299 1 .234 I -60.375 203.437 263.812 0.635 5
1 

8 817 1.574 0.000 113 
-0.269 1.202 
-0.240 1.173 
-0.212 1.146 
-0.184 1.122 
- 0.156 1 .099 
-0.129 1 .079 
- 0 .103 1.060 
-0.077 1 .043 
-0.051 1.027 
-0.025 11.013 

0.000 0.999 
0.025 0.987 
0.050 0.976 
0.074 0.965 
0.099 0.955 
0.123 0.945 
0.147 0.936 
0.170 0 .928 
0.194 0.920 
0.217 0.912 
0.240 0.905 
0.263 0.898 
0.286 0.891 
0.309 0.884 
0.332 0.877 
0.355 0.870 
0.378 0.862 
0.402 0.855 
0.425 0.84 7 
0.449 0.838 
0.474 0.827 
0.500 0.815 
0 .529 0.800 
0.561 0.780 
0.605 0.744 
0 .670 0.670 

- 55.147 206.134 261.281 0.641 2 5 527 1 560 
-49.889 208.846 258.735 0.647 1 I 3 581 I 1 545 
-44.594 211.5701256.164 0.653 1 2 390 1 531 
-39.250 214.304 253.554 0.659 3 1 638 1 .517 
- 33.853 21 7 .035 250.888 0.665 7 1 1 51 1 502 
-28.395 219.762 248 157 0.672 4 826 2 1.487 
-22.868 222.472 245.340 0.679 3 605.2 1.472 
-17.268 225.164 242 .432 0.686 4 451 5 1457 
- 11 .592 227.828 239.420 0.693 8 342 4 1 441 
-5.837 230.454 236.291 0.701 4 263 6 1 426 

0.000 233.041 
5.920 235.577 

11.927 238.058 
18.017 240.4 75 
24.195 242.823 
30.459 245.094 
36.812 24 7 .281 
43.256 249.375 
49.794 251.370 
56.426 253.255 
63.160 255.019 
70.003 256.651 
76.960 258.134 
84.047 259.452 
91.274 260.581 
98.663 261 .495 

106.238 262.155 
114.035 262.513 
122.098 262.501 
130.501 262 .029 
139.346 260.949 
148.808 259 .03 1 
159.219 255.846 
171.337 250.421 
187 .959 239.076 
212.289 212.289 

233.041 0.709 4 205 7 1 410 
229.657 0.717 6 162.6 1.394 
226.131 0.726 3 
222.458 0.735 3 
218.628 0.744 8 
214 635 0.754 6 
210 469 0 765 0 
206 119 0 .776 0 
201.576 0 .787 7 
196 829 0 800 0 
191.859 0.8131 
186.648 0.827 2 
181 .174 0.8423 
1 75.405 0.858 6 
169.307 0.876 4 
162.832 0.895 8 
155 917 0.917 3 
148478 0.941 4 
140 403 0 .969 
131 528 1 .000 
121 603 1 038 
110223 1 084 
96627 1.144 
79 084 1.232 
51 117 1.401 

0 000 1 .905 6 

130.0 1.377 
105 0 1.360 
85 67 1.343 
70 48 1 .325 
58 45 1.307 
48.82 1.288 
41 .05 1 .269 
3471 1.250 
2951 1.230 
2520 1.209 
21 61 1.187 
18.60 1.165 
16 04 1 .141 
13.87 1.116 
1201 1.090 
10.40 1.062 

9 00 1.032 
7 77 1.000 
6 .68 0 .963 
5 .70 0.922 
4 79 0 .874 
3 .92 0 .812 
2 96 0.714 
1 905 6 0 .524 8 

0 000 181 
0 000 279 
0 000 418 
0 000 610 
0 000 869 
0 001 21 
0 001 65 
0 .002 22 
0002 92 
0 003 79 
0 004 86 
0 .006 15 
0 .007 69 
0.009 52 
0.011 67 
0 014 19 
0 01 7 11 
0.020 48 
0 024 36 
0 028 81 
0 033 89 
0 039 68 
0 046 27 
0 053 77 
0 062 32 
0 072 08 
0 083 26 
0 .096 14 
0.111 1 0 
0.128 68 
0.149 69 
0 175 49 
0 .208 60 
0.254 92 
0 337 67 
0 .524 77 
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Table 2. THERMODYNAMIC PROPERTIES OF SUPERHEATED CHCIF2 VAPOR (4) 
M, ENTHALPY, kJ / kg; S, ENTROPY, kJ / (kg. °K); V, SPECIFIC VOLUME, dm3 /kg 

kPa 

3.4 

34 4 

207 

345 

689 

1 379 

2 068 

174 

H 
s 
V 
H 
s 
V 
H 
s 
V 
H 
s 
V 
H 
s 
V 
H 
s 
V 
H 
s 
V 

-17.B 

248 745 
1.424 
7 117 

248 099 
1 166 

236 1 
244 243 

0 983 
112.4 

10.0 

265.767 
1.487 
7 893 

265.258 
1.230 

263.9 
262.339 

1 050 
126 8 
259.872 

0.995 
74.02 

37.8 

283.675 
1.547 
8 668 

283.272 
1.290 

291.3 
280.997 

1. 113 
140.7 
279.107 

1.060 
82.85 

274.077 
0.981 

39.33 
262.081 

0.886 
17.20 

Temperature, °C 
65.6 93.3 148.9 

302.447 
1.605 
9 443 

302.124 
1.349 

318.4 
300.304 

1.173 
154.4 
298.811 

1.120 
91 .36 

294.911 
1.045 

44 .04 
286.215 

0.960 
20.22 

275.695 
0.897 

12.06 

321.788 
1.404 

345.2 
320.301 

1.229 
167.8 
319 .090 

1.178 
99.67 

315 .963 
1.105 

48.51 
309.230 

1.025 
22.85 

301 .675 
0.971 

14.21 

341 .760 
1.354 

372.0 
340.998 

1.284 
181 .2 
339.991 

1.233 
107.8 
337.418 

1.162 
52.83 

331.990 
1.085 

25.28 
326.128 

1.035 
16.06 

176.7 

361.536 
1.286 

115.9 
359.370 

1.215 
57 .04 

354.868 
1 .141 

27.59 
350.109 

1.094 
17.75 

204.4 

381 .866 
1.267 

61 .18 
378.042 

1.194 
29 .81 

374 .063 
1 .149 

19.34 

232.2 

401 .614 
1.245 

31 .97 
398.209 

1.201 
20.87 

CI: 
0 
a. 
<t: 
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CHLOROPENTAFLUOROETHANE 
(Synonym: Genetron-1 lS®) 

(Formula: CCIF2CF3 or C2CIFs) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 

One Mole of C CIF5 

Specific Volume (a 21 1 C, 101.325 kPa 

Vapor Pressure @ 21 .1 °C 

Boding Point @ 101 .325 kPa 

Triple Point 
Temperature 
Pressure 

Absolute Density, Gas@., 101.325 kpa@) 20 °C 
Relative Density, Gas (fv 101 .325 kPa (Air = 1)@ 20 ° C 

Density, L1qu1d (a -20 " C 
Crit ical Temperature 

Critical Pressure 

Critical Volume 
Critical Density 
Critical Compress1b1lity Factor 

Latent Heat of Fusion @; -99.4 °C 

Refractive Index, L1qu1d, n0 @ 25 °C 
Relative Dielectric Strength (Nitrogen = 1) 

Dielectric Constant, Gas@, 27 4 °C, 50.7 kPa 
Dipole Moment, Gas 
Surface Tension 0 25 C 
Solub1l1ty in Water@, 101.325 kPa@ 25 °C 

Description 

Chloropentafluoroethane is a colorless, nonflammable gas at 
normal temperatures and pressures, with a mild and somewhat 
ethereal odor II Is readily liquefied and Is shipped in steel 
cylinders as a liquefied gas under its own vapor pressure of 
703 kPa ( 1 02 ps1g) at 21 1 C 

Specifications 

Chloropentafluoroethane as supplied by Matheson has a 
minimum purity of 98%. 

Uses 

Chloropentafluoroethane Is used as a refrigerant 
Pell t 1 , as a pro-

an in aeroso s and as a chemical intermediate. 

Effects in Man and Toxicity (2) 

Inhalation of high concentrations of gas can cause such 
symptoms as d1zz1ness, d1sorientat1on, mcoord1nation 
cos1s, nausea or vomiting. , nar-

176 

0.154 467 kg 

0.154 467 kg 
149.8 dm3 /kg; 2.4 ft3 /lb 

804.6 kPa; 8.05 bar; 116.7 psia; 7.94 

aim 
234.03 °K ; -39.1 °C; -38.4 ° F 

173.70 °K; -99.4 °C; 14 7.0 °F 
2.32 kPa; 23.2 mbar; 17.4 mmHg 

6.68 kg /m3 

5.545 

1.526 kg /I 
353.15 ° K; 80.0 °C; 176.0 ° F 

3 160 kPa; 31.6 bar; 31.16 atm; 45i_9 

psia 
1.631 dm3 /kg 

0.613 kg/dm3 

0.271 

12.16 kJ/kg; 1 878.2 J/mol; 448.9 
cal/mol 

1.214 

2.54 

1.001 8 
1.735 X 10-3° C,m; 0.52 D 

7.0 mN/m; 7.0 dyn/cm 
0.006% (by weight) 

Skin contact with liquid chloropentafluoroethane can cause 
skin irritation or frostbite. 

According to the rating system devised by the Underwriters' 
~aboratories, Chicago, Illinois, chloropentafluoroethane falls 
into groups 5A or 6 in this system. Group 5A includes those 
gases or vapors which are much less toxic than Group 4 but 
more toxic than Group 6 G 4 • · . . . roup includes those gases or 
vapors which, In concentrations of about 2-2.5% for durations 
of_ exposure of about 2 hours, are lethal or produce serious 
inJury. Group 6 contains those gases or vapors which in con­
centrations up to at least 20% by volume in air for durations of 
exposure for about 2 hours do not appear to produce injury. 
The relatively nonto · b • . . . . xIc car on dIox1de Is class1f1ed as a Group 
5A gas by Underwriters' Laboratories. 

First Aid Treatment (2) 

INHALATION 

If the subject is · conscious and becomes aware of any of the 
above symptoms, he should go to an uncontaminated area and 

matheson· 

inhale fresh air or oxygen . In the event the subject Is overcome 
by a massive exposure, he should be carried to an uncontam­
inated area and given artificial respiration if necessary and 
oxygen simultaneously. Treat symptomatically thereafter. 

SKIN CONTACT 

In case of skin contact with the low boiling liquid members of 
this group, frostbite may develop. If frostbite occurs , cover the 
frostbitten part with a warm hand or woolen material. If the 
fingers or hand are frostbitten, have the victim hold his hand in 
his armpit, next to his body. Then place the frostbitten part in 
warm water, about 42 °C (108 °F). If warm water is not 
available, or is impractical to use, wrap the affected part gently 
in blankets. Let the circulation re-establish itself naturally. 
Encourage the victim to exercise the affected part while it is 
being warmed. 

Precautions in Handling and Storage 

The general rules listed in Appendix I should be observed in 
the handl ing and storage of chloropentafluoroethane. 

Leak Detection 

Leaks of chloropentafluoroethane may be detected by ap­
plying soap water solution to suspected points; leaks will be 
indicated by bubble formation . Leaks of chloropentafluoro­
ethane in dark, confined or inaccessible spaces or locations 
may be located by means of a halide torch or lamp. The 
Matheson Leak Detectors Model 8016 and 801 7 provide a 
more sensitive means of leak detection. 

Disposal of Leaking Cylinders 

Cylinders of chloropentafluoroethane that develop leaks 
which can not readily be corrected shou ld be handled by the 
procedure described in Appendix I1-C. 

Materials of Construction 

Most of the commonly used metals (steel, cast iron, brass, 
tin, lead, aluminum) may be used satisfactori ly with chloropen­
tafluoroethane under normal conditions of use. At high tem­
peratures, some of the metals may act as catalysts for the 
breakdown of the compound. The tendency of metals to pro­
mote thermal decomposition of chloropentafluoroethane is in 
the following approximate order: silver > brass > bronze > 
aluminum > 1 340 steel > copper > nickel > 1 8-8 stainless 
steel > inconel (least decomposition). Magnesium alloys and 
aluminum containing more than 2% magnesium are not rec­
ommended for use in systems containing chloropentafluoro­
ethane where water may be present. 

In general, gasket materials should not contain natural rub­
ber. Neoprene, or lsoprene rubber, pressed fibers, including 
asbestos, with a number of insoluble binders, and metallic 

gaskets may be used. 

Cylinder and Valve Description 

Chloropentafluoroethane is shipped in DOT approved, low 
pressure steel cylinders, having a rated service pressure of 
1 550 kPa (225 psig) or more. Cylinders of chloropentafluo­
roethane are equipped with brass valves with Compressed Gas 
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Association (CGA) outlet connection No. 660. the approved 
alternate connection . The valve outlet Is 1 030 inches In d i­
ameter, with right-hand external threads, used with a flat seat 
and washer (see Figure 1 for an illustration) Lecture bottles 

OUTLET CONNECTION ~,,,,.,..,,, 
1.030" 

' ~ 

Fig. 1. CONNECTION 660 1.030 11-14 RH EXT. using Flat Seat with 

Washer 

have a special 51, e inch-32 threads per inch female outlet and 
a 9/,s inch-18 threads per inch male dual valve outlet. 

Safety Devices 

Cylinders of chloropentafluoroethane contain fusible metal 
plugs , melting at about 73.9 ° C (165 ° F) as safety devices. 
Cylinders over 30 inches long (exclusive of the neck) require 
this device in both ends of the cylinder . 

Recommended Controls 

Automatic Pressure Regulators 

Automatic regulators Model 1 L-660 and Model 1 P-660 are 
recommended for use with chloropentafluoroethane. These 
regulators are constructed of a brass body , brass internal 
parts , and neoprene diaphragm and neoprene seat. The Model 
1 L-660 regulator has a delivery pressure range of 28-550 kPa 
(4-80 psig) and has a cylinder pressure gauge. The Model 1 P-
660 regulator has a delivery pressure range of 28-240 kPa 
(4-35 psig) and does not have a cylinder pressure gauge. No 
cylinder pressure gauge is requ ired in the case of chloropen­
tafluoroethane. since it would not indicate cylinder content but 
only vapor pressure which will remain constant as long as any 
liquid remains in the cylinder. Cylinder content should be 
determined by weight. A check valve is recommended for use 
with the regulator to prevent suckback of foreign material into 

the regulator. 
Regulator Model 3321 with a delivery p ressure range of 28-

41 O kPa (4-60 psig) Is recommended for use with lecture 

bottles . 
Low pressure regulation can be obtained with Matheson 

Model 70 regulators. The regulators are constructed of alumi­
num bodies, Buna N rubber oversize diaphragms, and rubber 
seats. The regulators have brass needle valves, '·• 11 NPT male, 
and hose connections . 

Regulator Models 70B, 70 and 70A have delivery pressure 
ranges of 0.5-3.0 kPa (2-12" water column), 3.4-34 5 kPa 
(0.5-5 psig), and 34.5-69 kPa (5- 10 ps1g), respectively . 

Manual Controls 

Matheson needle valve Model 50-660, a brass bar stock 
valve, is avai lable for di rect attachment to the cylinder valve 
outlet. This valve may be equipped with a variety of outlets ( 114 

11 

compression fitting or 1
14 inch NPT male or female pipe), but is 
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usually supplied with a serrated hose end . It should be used 
only where manual flow control is needed and should not be 
used as a pressure control since it will not prevent pressure 
from building up if a system becomes clogged or if the system 
itself is closed. A Model 31 B manual needle valve is recom­
mended for use with lecture bottles. 

Flowmeters 

Matheson Series 7600 laboratory brass flowmeter units with 
150 mm tubes and floats or Matheson 7200 laboratory brass 
flowmeter units with 65 mm tubes with a single float are 
recommended for use where definite flow rates must be known. 

Electronic mass flowmeters, such as Matheson Series No . 
8116 and No. 8160, should be used where accurate readings 
are required. Calibration is unaffected by temperature and 
pressure changes, and flow rates may be recorded from the 
instrument's electrical output. 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 stainless steel and 
Series 8260 of type 316 stainless steel or monel are designed 
to control the flow of gas regardless of pressure or temperature 
changes. These mass flow controllers consist of a transducer, 
a control valve, a blind controller/ power supply, a potentiom­
eter and a digital indicator. The transducer ser:ises the gas flow 
and sends a signal to the power supply. This signal and one 
from the potentiometer are compared. If there is an imbalance, 
the power supply generates a signal for the control valve to 
reduce or increase the flow to correct the imbalance. The 
accuracy is ± 1 .2%. 

Commercial Preparations 

A number of fluorination procedures are described for the 
preparation of chloropentafluoroethane; generally, other fluo­
rocarbons are also formed: (1) fluorination of 1, 1, 1-trichloro-
2,2,2-trichloroethane with hydrogen fluoride at 450 °C over 
aluminum fluoride catalysts: (2) fluorination of 1, 1,2-trifluoro­
ethane with hydrogen fluoride at 346 °Cover aluminum fluoride 
catalyst; (3) passage of perchloroethylene, chlorine, and hy­
drogen fluoride over aluminum trifluoride. 

Chemical Properties 

Chloropentafluoroethane is chemically stable, does not de­
compose at high temperatures, and does not attack metals 
except at elevated temperatures. 

Shipping Regulations 

Chloropentafluoroethane is shipped in steel cylinders as a 
nonflammable, compressed gas, taking a nonflammable DOT 
Label. 

See Tables 1 and 2 for thermodynamic properties of the 
saturated liquid and superheated vapor, respectively. 

Thermodynamic and Detailed Physical Data 

Entropy, Ideal Gas 
@ - 39.1 °C 331.71 J / (mol, °K) 

79.28 cal/(mol- °K) 

~atheson· 

Entropy, Ideal Gas 
@ 25 °C 

Entropy, Liquid@ -39.1 °C 

Infrared Spectrum 

357.73 J / (mol, ° K) 
85.5 cal (mol- °K) 

248.03 J (mol -° K) 
59.28 cal/(mol -° K) 

See Figure 2 for the infrared spectrum of gaseous chloro­
pentafl uoroethane . 

Vapor Pressure (4) 

The vapor pressure of liquid C2CIF5 from the triple point 
(173.70 °K) to the boiling point (234.03 °K) is expressed by 
the following equation: 

823.225 
log10p = 36.185 941 - ---- - 11 .510 21 log, 0 T 

T 
+ 0 .007 503 762T 

in which p = mmHg, and T = °K. 
Some vapor pressure values calculated by this equation are 

tabulated below. 

REFERENCES 

CHLOROPENTAFLUOROETHANE 

Temperature, 
Vapor Pressure 

mmHg = nK kPa mbar 
torr 

177 .838 3.125 31.25 23.44 

182 830 4 .72 47.2 35.40 
190.728 8 60 86 0 64.53 

208.066 26.69 266.9 200.22 

21 7 131 44 37 443 7 332.80 
225.342 67 47 674 7 506.08 

233.303 98 04 980.4 735.34 

233 925 100.82 1 008.2 756.18 
See Figure 3 for vapor pressure curve 

Latent Heat of Vaporization, 11Hv 
Temperature, °K .iHv, kJ / kg 

193 15 
213.15 
234 03 
253 15 
273 15 

140 46 
132.47 
125 65 
119.37 
11 0.58 

1 For extensive tabulations of thermodynamic and physical properites of ch loropentafluoroethane, see W Braker and A L. Mossman The 

Matheson Unabridged Gas Data Book, 19 75, Matheson, East Rutherford , New Jersey 
2 w. Braker, A. L. Mossman, and D. Siegel, Effects of Exposure to Toxic Gases-First Aid and Medical Treatment. 2nd edi tion. 19 77. PP- 119-

1 23. Matheson. Lyndhurst , New Jersey. 
J The Sadtler Standard Spectra, 1972, Sadtler Research Laboratories, Inc , Philadelphia, Pennsylvania. 
4 J G. Aston, P E. Wills, and T. P. Zolki, J Amer Chem Soc. 77, 3939 (1955) 
5 Thermodynamic Pr_operties of Monochloropentafluoroethane. Tech. Bull T-115. 1958, E I duPont de Nemours & Co . Wilmington Delaware 
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Table 2. THERMODYNAMIC PROPERTIES OF SUPERHEATED C2C1 F5 VAPOR (5) 
H, ENTHALPY, kJ / kg; S, ENTROPY, J/ (kg. °K); V, SPECIFIC VOLUME, dm3 / kg 

PRESSURE 
kPa atm 

\ H 
3.447 0.034 S 

V 

H 
6.895 0.0 68 S 

20 684 
l ~ 

0.204 S 
V 

H 
41 369 0.408 S 

1 V 
H 

55. 1 58 0 544 S 
V 

H 
68.948 0.680 S 

V 

H 
103.421 1 .021 S 

V . 
H 

137895 1.361 S 
V 

H 
206.843 2.04 1 S 

V 
f 

H 
275.790 2.722 S 

V 
~ 

H 
413 685 4.083 S 

V 
+ 

H 
55 1.581 I 5.444 s 

V 

TEMPERATURE, °K 
188.71 1 210.93 233.15 ! 255.37 277.59 299.82 322.04 344.26 
100.044 11 3.433 127.635 142.581 158.225 174.542 191.464 208.968 
592.873 659.398 724.250 785.337 843.913 900.815 954 .789 1 007.507 

2 937 2 825 3 633 3 980 4 328 4 675 5 022 5 368 

366.48 

226.982 
1 057.715 

5 715 

388.71 410.93 4 22.04 

245.508 264.452 274.075 
107.086 1 155.621 1 178.214 

6 062 6 41 1 6 580 

99.9741 113.386 
555.635 622.579 

1 465 1 640 

1 1 113.177 
563. 166 

1542 9 

I 

+ 

+ 

+ 

~ 

I-

I 

127.589 142.535 
687.013 748 099 

1 8 14 1 988 

127.403 142 .372 
627. 182 688.268 
601 .5 659.9 

127. 147 142.233 
589. 107 650.612 
298.4 331.2 

126.961 141.977 

572.790 1634.7 13 
222 6 244.9 

126.798 141.8 14 
560.656 622. 161 
177 1 195. 1 

158.178, 174.4731 19 1.418 
806.675 863. 159 9 17.970 

2 1 62 2 335 2 509 

158.016 r 174.287 1191 .278 
747.262 804 .165 858.557 
718.5 776.6 834 .7 

157.899 
709.188 
357.4 

157.853 
693.707 
267.2 

174.2 17 191.162 
766.509 820.901 
386.7 416 .0 

174. 171 
750.610 
289.3 

19 1.093 
805.420 
3 11.4 

157.690 174.054 
681 .155 738.476 

190.976 
793.286 
248 .5 213.0 230.8 

141 .349 157.225 173.682 
599.567 658.980 7 16 .301 

190.651 
770.693 
164.8 1287 140.8 152.9 

140 954 
583.250 

95 5 

1
140.187 
559.401 

62.2 

t 

156.923 173.404 190.325 
642 662 699.983 754.375 
104.8 1 13.9 122.9 

156 226 172. 776 189.930 
619.232 676.553 731.363 

68.6 74.9 8 1 .1 

155.482 172. 195 189.396 
601.659 664.001 7 14 627 

50.5 55 3 60.1 
I 

153 994 170,777 188 .094 
576.137 634.713 690.360 

32.3 35.8 39 1 I 
+ I 1 69.243 + 186. 769 

6 15.8851672.369 
26.0 28.6 

208.921 I 226.935 
970.270 1 020 89611 

2 683 j 2 857 

208.805 226. 796 
911.275 961 483 
892 .7 950 8 

208.71 2 
873.619 
445.2 

208.642 
857.720 
333.4 

226.703 
924.246 

474 5 I 
226 .633 
908.765 
355.3 

245.485 
069.430 

3 030 

264.406 
117.546 

3 204 

245.345 264 .313 
010.854 1 058.134 

1 009 1 067 

245.229 264 .220 
973.198 1 020 896 
503.6 532.7 

245.182 264.150 
957.299 1 004997 
377.3 399 .2 

274.052 
140 140 

3 291 

273.982 
081 .146 

1 096 

273 .866 
1 043.490 

547 2 

273.820 
1 028.009 

410 1 

208.572 
845 .586 
266 3 

226 .564 1 
896 631 
283 9 l 

245.113 
945.584 
301 .5 

264 .103 l 273 750 
992 863 1 01 5 875 
319 0 327.7 

208 224 
823.4 11 
176.7 

208 014 
807 .094 
132.0 I 

207 526 
784 500 
87 2 

226 .378 
874.038 
188.6 

226.192 
858 138 
141 0 } 

225 750 
835 545 

93.3 

244.834 
923.827 
200 4 

244 694 
907 510 
149 8 

244.299 
899.560 

99.3 

206 992 I 225 21 5 243.904 
768.1821 8 19 227 I 868.598 

64 8 I 69 5 ' 74.0 
I 

205 969 
743 9 15 
42 4 

204 830 
726 761 

31.2 

224 286 + 243.1371 
795 797 845.586 

45 6 48.8 
r 

223.333 
778.224 , 

33.7 

242.207 
828.432 

36.1 

263 91 7 
970.688 
212 2 

263 801 
954 789 
158 8 , 

+ 

263.406 1 
932 195 
105 3 

263 104 
916 296 

78 6 

262 128 
893.702 

51.9 

261.314 
876 548 

38 .5 

+ 

273 587 
993 700 
218 1 

273.378 
978 219 
163 2 

272 959 
956 044 
108 3 

272.657 
940.145 

80.9 

271.937 
916 714 

53 5 

271 123 
899 560 

39 8 
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Table 2-Continued 
PRESSURE ' 

kPa I atm 

689.476 6 805 ~ 
j V 

H 
1 034.214 I 10.21 s 

V 

1 378.951 I 13.61 I ~ 
V 

1 723. 689 / 1 7.011 j 
2068.427 /20.41 J e 
2 757.903 I 27.22 I ~ v+ 

H 
3 1 23 _325 / 30_82 I s 

V 

H 
3447.318 134.o2 I s 

V 

188.71 j 210.93 

1 

~ 
I 
... i 

-r 

233.15 I 255.37 

;-

.. 

i 

277.59 

-t 
.. 

TEMPERATURE, °K 
299.82 1 322.04 344.26 

167 778 185 421 203 807 
600 404 657 .725 712.117 

20.0 22.3 24 .4 

+ 

i 

182.027 
627.600 

13.8 

177.773 
602.496 

9.38 

l 

200.809 
684 .084 

15.4 

531 
072 

487 
173 

373 
487 

366.48 

222 310 
764.835 

26.5 

219.706 
737.639 

17.0 

217.010 
716.719 

1 2.1 

214 .035 
698.310 

9.21 

210.455 
681 .155 

7.25 

201 .948 
648 .520 

4.67 

1 96 .601 
629 .274 

3.71 

191.139 
604.588 

3 .03 

(') 
:I: 
r 
0 
::0 
0 
""C 
m 
z 
-i 
)> ,, 
r 

388.71 410.93 422.04 
C 
0 

241 277 260 570 270 403 ::0 
0 814.625 863 159 886 171 m 28.5 30.5 31.5 -i 

238.930 258.664 268.404 :I: 
788.266 837.637 1 861 .067 l> 

18.4 19 9 20.5 z 
236.535 256 526 266 544 m 
768.601 817 .972 842.239 

1 3.4 14.5 15.1 
234 .095 254.108 264.452 
751.446 802.073 826 .758 

10.3 12.0 12.3 --
231 .282 251.784 262 .174 
735.966 787.847 812 533 

8.25 

1 
9.13 9 .55 -

224.936 246.972 257.688 
709.188 762 .743 789.102 

5.64 6.44 6 .81 

221.450 t 241 .765 
-

255.084 
695.38 1 751.446 778 .224 

4.72 5.49 5 .84 
~ 

218.172 241 091 252 .528 
681.992 741 .405 769.438 

4 .05 4 .82 5.15 

... 
VAPOR PRESSURE-kPa _. o 
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CHLOROTRIFLUOROETHYLENE 
(Synonym: Genetron-1113®, CTFE) 

(Formula: CF2 =CCIF or C2CIF
3
) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of C CIF 
Specific Volume @, 21 .1 °C, 1 01 .325 kPa 

Vapor Pressure @, 21.1 °C 

Boiling Point @, 101.325 kPa 
Melting Point @ 101.325 kPa 
Absolute Density, Gas @ 20 °C 
Relative Density, Gas @ 20 °C, 1 01.325 kPa (Air = 1) 

Density, L1qu1d @ -40 °C 

Critical Temperature 
Critical Pressure 

Critical Volume 
Critical Density 
Critical Compressibility Factor 
Latent Heat of Fusion@ -158.2 °C 

Flammable L1m1ts in Air 

Dipole Moment, Gas 

0.116 470 kg 
0.116 4 70 kg 
206 dm3 / kg; 3 .3 ft3 / lb 
528.8 kPa; 5.29 bar; 76. 7 psia; 5 .22 

atm 
244.79 °K; -28.4 ° C; -19.0 ° F 

114.99 °K; -158.2 ° C; -252.7 °F 

4.976 kg / m3 

4.13 

1.467 kg / I 

378.95 °K; 105.8 ° C; 222 .4 ° F 

4 063 kPa; 40.63 bar; 589 .3 psia; 40.1 

atm 
1.82 dm3 / kg 

0.550 kg / dm3 

0.273 

47.67 kJ / kg; 5 552.6 J / mol; 1 327.1 

cal/mol 
8.4-38. 7% (by volume) 

2.03 x 10- 3o C.m; 0 .61 0 
Molar Specific Heat, Gas @ 25 °C, 101.325 kPa @ Constant 

Pressure 
Molar Spec1f1c Heat, Liquid @ -28.4 °C 

Viscosity, Gas @ 101 .325 kPa@ 20 °C 

Thermal Conductivity @ 101 .325 kPa @ 20 °C 

Description 

Chlorotrifluoroethylene (CTFE) Is a flammable I I , co or ess gas 
at room temperature and pressure with a faint ethereal odor. It 
is very reactive and must be stabilized with an inhibitor, tribu­
tylam1ne As shipped, it contains 1.0% by weight of the inhibi­
tor. It is shipped in steel cylinders as a liquefied gas under its 
own vapor pressure of 430 kPa (62 psig) at 21 .1 oc. 

Specifications 

CTFE has a minimum purity of 99_0%. 

Uses 

CTFE has been used in polymerization reactions a d 
chemical intermediate It Is the monome f n as a 
known as Kel-F ® r O an inert plastic 
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85.994 J (mol- ° K) 

122.424 J / (mol - ° K) 

0.013 2 mPa-s 0 .013 2 mN-s/ m2 ; 

0.013 2 cP 

0.010 62 W / (m. °K); 25.4 x 1 o 6 cal­
cm/s cm 2 

• °C) 

Effects In Man and Toxicity (2) 

. Limited experience with animals indicates that exposure to 
high concentrations of vapors of CTFE may produce pulmonary 
damage, irritation and edema. Contact with the liquid state of 
CTFE may produce frostbite. 

No _quantitative toxicity data are available for CTFE. Based 
on animal experiments, CTFE is considered to be comparatively 
of moderate toxicity. 

First Aid Treatment (2) 

Inhalation 

Remove the vict' t . . . Im o an uncontaminated atmosphere ad-
miniSler oxygen, and observe for premonitory signs of del~yed 
pulmonary edema S b . · u sequent treatment is symptomatic and 
supportive. 

Skin Contact 

In case of skin contact with liquid CTFE, frostbite may 
develop. If frostbite occurs, cover the frostbitten part with a 
warm hand or woolen material. If the fingers or hand are 
frostbitten, have the victim hold his hand in his armpit, next to 
his body. Then place the frostbitten part in warm water, about 
42°C (1 08 °F). If warm water is not available or Is impractical 
to use, wrap the affected part gently in blankets. Let the 
circulation re-establish itself naturally. Encourage the victim to 
exercise the affected part while it is being warmed. 

Precautions in Handling and Storage 

The hazards involved in the handling and use of CTFE are 
due to its flammability and toxicity. Store and use CTFE cylin­
ders in well-ventilated areas away from heat and all sources of 
ignition such as flames and sparks. Never use flames to detect 
CTFE leaks; use soapy :--,'ater. Do not use CTFE around spark­
ing motors or other non-explosionproof equipment. Do not 
store reserve stocks of CTFE cylinders containing oxygen. 
chlorine or other highly oxidizing or flammable materials. 
Ground all lines and equipment containing CTFE. In addition, 
the general rules listed in Appendix I should be observed . 

Leak Detection 

Never use a flame to detect CTFE leaks, use soapy water. 
Leaks will be evident by the formation of bubbles. A halide leak 
detector has been used satisfactorily in the detection of CTFE 
leaks and for monitoring an area for long-term exposure. 

Disposal of Leaking Cylinders 

For disposal procedure see Appendix II-A. 

Materials of Construction 

Since CTFE is non-corrosive, no special materials of con­
struction are required, provided the system is dry. However, 
any piping and vessels should be adequately designed to 
withstand the pressures to be encountered. 

Cylinder and Valve Description 

CTFE is shipped in DOT approved low pressure steel cylin­
ders. The assigned standard cylinder valve outlet is Com­
pressed Gas Association (CGA) connection No. 510. The ap­
proved alternate connection is the CGA No. 660. The valve is 
of brass construction having an outlet of thread size 1 .030 
inches diameter with right-hand external threads, with a con­
nector having a flat seat and washer. (See Figure 1 for an 
illustration of this cylinder valve outlet and its mating connec­

tion). 

OUTLET CONNECTION 

-r 7 
885' 880' 
7 8" 7 ·B 

_j__ j 

Fig. 1. CONNECTION 510 .885"-14 LH INT. accepting a Bullet 

Shaped Nipple 
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CHLOROTRIFLUOROETHYLENE 

Lecture bottles have a special 5/,s"-32 threads per inch 
female valve outlet and a 91, s "-18 threads per inch male dual 
valve outlet. 

Safety Devices 

CTFE cylinders have a safety device of the fusible metal 
type, melting at approximately 73.9 °C (165 °F). 

Recommended Controls 

Automatic Pressure Regulator 

Matheson supplies single stage regulator Model 1 P-660 for 
CTFE service. The regulator has a brass body, with brass 
internal parts, neoprene diaphragm, and neoprene seat. It has 
a delivery pressure range of 28-240 kPa (4-35 ps1g). No 
cylinder pressure gauge is necessary in this regulator since it 
would not indicate cylinder content but only vapor pressure 
which will remain constant as long as any liquid remains in the 
cylinder. Cylinder content should be determined by weighing. 

Matheson regulator Model 70-660 will provide accurate low 
pressure regulation in the delivery pressure range of 3 4-34 .5 
kPa (0.5-5.0 psig). This regulator has an oversize pancake 
body of die cast aluminum with a Buna N diaphragm. 

A check valve Is recommended for use with either regulator 
to prevent suckback of foreign materials. 

Manual Controls 

Matheson needle valve Model 50-660, a brass bar stock 
valve, is available for direct connection to the cylinder valve 
outlet . This valve may be equipped with a variety of outlets, 
such as a serrated hose end, ' •4 " NPT male or female pipe It 
is used for intermittent flow control directly from the cylinder, 
but it requires constant attention by the user. It should not be 
used as a pressure control since dangerous pressures can 
develop if a line or the system itself becomes clogged . Needle 
valve Model 31 Bis recommended for use with lecture bottles. 

Flowmeters 

Matheson Series 7600 laboratory brass flowmeter units with 
1 50 mm tubes and floats or Matheson 7200 laboratory brass 
flowmeter units with 65 mm tubes with a single float are 
recommended for use where definite flow rates must be known. 

Electronic mass flowmeters, such as Matheson Series No. 
8116 and No. 8160, should be used where accurate readings 
are required. Calibration is unaffected by temperature and 
pressure changes and flow rates may be recorded from the 
instrument's electrical output. 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 stainless steel and 
Series 8260 of type 316 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera­
ture changes. These mass flow controllers consist of a trans­
ducer, a control valve, a blind controller / power supply, a 
potentiometer and a digital 1nd1cator. The transducer senses 
the gas flow and sends a signal to the power supply This 
signal and the one from the potentiometer are compared. If 
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CHLOROTRIFLUOROETHYLENE 

there Is an imbalance, the power supply generates a signal for 
the control valve to reduce or increase the flow to correct the 
imbalance The accuracy Is ± 1 2%. 

Shipping Regulations 

CTFE rs shipped under DOT regulations as a flammable, 
hquef1ed compressed gas. taking a Red Gas Label ' 

Chemical Preparation 

CTFE ,:, prepared from 1, 1 ,2-tnchloro-1 ,2 ,2-trifluoroethane 
(Fr on-113 R) by dechlorination with zinc in ethyl alcohol. 

Chemical Properties 

CTFE exh1b1ts typical ethylen1c properties. 
1. It adds bromine and chlorine directly. 
2 It adds fluorine directly at O Corby reaction with antimony 

pentafluoride at 95 °C 
3 It adds hydrogen bromide and hydrogen chloride readily . 
4 It decolorizes potassium permanganate 
It hydrolyzes slowly in contact with water and more rapidly 

in 10% sodium hydroxide solution at 60 C CTFE undergoes 
further add1t1on and condensation with many other reagents . It 
undergoes polymerization (for this purpose the 1nh1b1tor should 
b removed) giving a dimer, a low molecular weight polymer, 
or a high molecular weight polymer depending on the reaction 
cond1t1ons It may also be copolymerized The inh1b1tor may be 
removed by fractional d1st1llat1on in a nitrogen atmosphere or 
by washing with cold dilute hydrochloric acid Once the 1nh1b-
1tor has been removed, CTFE should be used promptly and 
kept free from contact with atmospheric oxygen. 

Thermodynamic and Detailed Physical Data 

Molecular Structure 

CTFE has D ., symmetry, a symmetry number of four, and 
the following bond distances and angles C F and C=C: 
1313X 10 ' 0 m(1 .313A),F-C-F 114 <_ 

Infrared Spectrum 

See Figure 2 for the infrared spectrum of gaseous CTFE. 

Vapor Pressure (3) 

The vapor pressure of liquid CTFE over the temperature 
rang - 67 0 °C to - 11 .0 °C Is shown in the following table. 

Tempera- Vapor Pressure 
ture, C kPa mbar mmHg :a torr 

- 66 8 12.964 129 6 97 24 
- 52 5 30.820 308.2 231 17 
- 44 6 46 976 469.8 352 35 

40 7 57 045 570.4 427 87 
3 7 0 68 450 684.5 513.42 

- 33 1 81 927 819.3 614.50 
30 3 93 112 931 .1 698 40 

- 28 4 101 408 1 014. 1 760.62 
- 26 5 110.019 1 100 2 825 21 
- 23 0 127. 151 1 271 5 953.71 
- 19 0 150 174 1 501 .7 1 126.4 
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Tempera- Vapor Pressure 

ture, °C kPa mbar mmHg = torr 

-15.6 171.629 716.3 287.3 
-10.9 205.410 2 054.1 540.7 

These data are represented by the following Antoine vapor 
pressure equation (3): 

850.649 
log10 p = 6.901 99 - ---­

t + 239.91 

in which p = mmHg and I = °C. 
The vapor pressure from the bolling point ( -27 .9 °C) to the 

critical point (105.8 °C) is shown below (4); 

Temperature, Vapor Pressure 
oc kPa bar 

-28.9 101.325 1 .01 3 25 
-11 .1 202.650 2.03 

15.5 506.625 5.07 
40.0 1 013.250 10.1 
71 .1 2 026.500 20.3 

91 .9 3 039.750 30.4 

105.8 4 063 132 40.6 

See Figure 3 for vapor pressure curve. 

REFERENCES 

CHLOROTRIFLUOROETHYLENE 

Latent Heat of Vaporization, AH. 
Temperature °C AH., kJ / mol 

-100.0 25 34 

-80.0 24 .30 

-60.0 22 .86 
-40.0 21 .40 
-28.4 20.77 (3) 

0.0 19.94 

Thermodynamic Properties of CTFE as Ideal Gas @, 26.8 C 
(5) 

Heat Capacity, cg 
Entropy, S0 

Free Energy Function, 
(Pr - E~,)/T 

Enthalpy Function, (H°-Eg)/T 
Standard Enthalpy of Forma­

tion, H7 (6) @ 25.0 °C 
Free Energy of Formation, AF'i' 

(6)@ 25.0 °C 
Enthalpy Difference, H0 -Hg (6) 

@ 25.0 °C 
Entropy, Ideal Gas, S0 @ -28.4 

oc 
@ 25 °C (6) 

Entropy, Liquid, S (3) @ - 28.4 
oc 

84.167 J (mol - °K) 
322.9 J / (mol- ° K) 

-265.3 J/ (mol - ° K) 

57 .65 J / mol 
-555 .22 kJ / mol 

-523.84 kJ / mol 

17.138 kJ / mol 

306.19 J / (mol- ° K) (3) 

322.00 J/ (mol- ° K) 
220.66 J / (mol- ° K) 

1 For extensive tabulations of the thermodynamic and physical properties of chlorotrifluoroethylene , see W. Braker and A. L Mossman, The 

Matheson Unabndged Gas Data Book, 1975 , Matheson. East Rutherford , New Jersey. 
2 w. Braker, A. L. Mossman. and D. Siegel, Exposure To Toxic Gases-First Aid and Medical Treatment, 2nd edition. 1977, pp. 103-105, 

Matheson, Lyndhurst, New Jersey. 
3 G. D Oliver, J. W. Grisard, and C. W. Cunningham, J. Amer. Chem. Soc. 73, 571 (1951 ). 
• Chemical Engineers · Handbook, R. H. Perry, C.H. Chilton, and S. D. Kirkpatrick, editors, 4th ed ition, 1963, p. 3-59, McGraw-Hill Book Co , Inc 

New York, New York. 
5 D. F. Mann, N. Acquista, and E. K. Plyler, J . Chem . Phys. 21, 1949 (1953) . 
6 D. o. Wagman, et al, Selected Values of Chemical Thermodynamic Properties, Natl Bur Stand. Tech Note 270-3 . 1968, U S Government 

Printing Office, Washington, D. C. 
7 The Sadtler Standard Spectra, 19 72. Sad tier Research Laboratories, Inc., Philadelphia, Pennsylvania 
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CHLOROTRIFLUOROMETHANE 
(Synonym: Freon-13® , Genetron-13® , lsotron-13®) 

(Formula: CCIF3) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of CCIF3 
Specific Volume @ 21 .1 °C, 101 .325 kPa 
Vapor Pressure @ 21.1 °C 

Boiling Point @ 101 .325 kPa 
Freezing Point In Air @ 1 01 .325 kPa 
Absolute Density, Gas @ 101 .325 kPa, 20 °C 
Relative Density , Gas@ 101 .325 kPa@ 20 °C (Air = 1) 

Density, Liquid @ -40 °C 
Critical Temperature 
Critical Pressure 

Critical Volume 
Critical Density 
Critical Compressibility Factor 
Refractive Index, Liquid, n0 @ -73.3 °C 
Molar Specific Heat, Gas @ 1 01 .325 kPa @ 25 °C 

@ Constant Pressure 

@ Constant Volume 

Specific Heat Ratio, Gas@ 101 .325 kPa, Cp/ Cv@ 25 °C 
Molar Specific Heat, Liquid @ -40 °C 
Viscosity, Gas@ 101.325 kPa@ 25 °C 

Viscosity, Liquid @ -40 °C 

Thermal Conductivity, Liquid @ -60 °C 

Surface Tension@ -73.3 °C 
Relative Dielectric Strength (Nitrogen = 1) 
Dielectric Constant Gas @ 29.0 °C, 50. 7 kPa 
Solubility in Water @ 25 °C, 101 .325 kPa 

Description 

Chlorotrifluoromethane is a colorless, nonflammable , non­
corrosive gas. In concentrations up to 20% (by volume), it is 
odorless: in higher concentrations , it has a mild, ethereal odor 
simi lar to that of carbon tetrachloride. It Is shipped as a liquefied 
gas under its own vapor pressure of 3 163 kPa (458 psig) at 

21.1 °C. 

Specifications 

Chlorotrifluoromethane has a minimum purity of 99.0%, the 
balance being other halocarbons and traces of air. 

matheson® 

Uses 

0 104 459 kg 
0 .104 459 kg 
218.5 dm3 kg ; 3 .5 ft3 / lb 
3 263.9 kPa; 32 .64 bar; 473.4 ps1a ; 

32 .2 atm 
191 .75 °K; -81.4 °C , -114.5 °F 
92 .15 °K; - 181 0 °C ; -293 .8 ° F 
4 349 kg / m3 

3 .61 
1.347 kg / dm3 

302 .0 °K; 28.8 °C; 83.9 °F 
3870.6 kPa; 38.71 bar; 38 .2 atm; 561 4 

psia 
1.730 4 dm3 / kg 
0 .578 kg / dm3 

0.279 
1.199 

67.655 kJ / (kmol- °K); 67 .655 J / (mol-
0K); 16.170 cal / (mol- °K) 

59.342 kJ / (kmol- °K); 59.342 J / (mol, 
° K); 14.183 cal/(mol -°C) 

1.140 
104.458 J / (mol • ° K) 
0 .014 40 mPa-s; 0.014 40 mN-s/ m2

; 

0 .014 40 cP 
0 .290 mPa-s; 0.290 mN-s/ m2

; 0.290 
cP 

0 .088 28 W / (m, ° K); 210.994 X 10 6 

cal· cm / (s. cm2
• °C) 

17.0 mN / m; 17.0 dyn / cm 
1.65 
1.001 3 
0 .009% (by weight) 

Chlorotnfluoromethane Is used as a low- temperature refri g­

erant. 

Effects in Man and Toxicity (2) 

Inhalation of high concentrations of gaseous chlorotnfluoro­
methane can cause such symptoms as dizziness, disorienta­
tion , incoordination, narcosis, nausea or vomiting. There ap­
pear to be no irreversible effec ts once the oxygen def1c1ency 

has been corrected . 
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CHLOROTRIFLUOROMETHANE 

Skin contact with liquid chlorotrifluoromethane can cause 
frostbite. 

Chlorotrifluoromethane Is classified as a Group SA or 6 gas 
according to the rating system devised by the Underwriters· 
Laboratories, Chicago, Illinois Group SA includes those gases 
or vapors which are much less toxic than Group 4 but more 
toxic than Group 6. Group 4 includes those gases or vapors 
which, in concentrations of about 2-2 .5% for durations of 
exposure of about 2 hours, are lethal or produce serious injury. 
Group 6 contains those gases or vapors which, in concentra­
tions up to at least 20% by volume in air for durations of 
exposure for about 2 hours, do not appear to produce injury. 
The relatively nontoxic carbon d1ox1de is classified as a Group 
SA gas by Underwriters' Laboratories. 

First Aid Treatment (2) 

Inhalation 

If the subiect Is conscious and becomes aware of any of the 
above symptoms, he should go to an uncontaminated area and 
inhale fresh air or oxygen. In the event the subject is overcome 
by a massive exposure, he should be earned to an uncontam­
inated area and given artif1c1al respIratIon 1f needed and oxygen 
simultaneously. Treat symptomatically thereafter. 

Skin Contact 

In case of skin contact with liquid CCIF3 , frostbite may 
develop. If frostbite occurs, cover the frostbitten part with a 
warm . hand or woolen material If the fingers or hand are 
frostbitten. have the victim hold his hand in his armpit, next to 
his body. Then place the frostbitten part in warm water about 
42 C (108 °F). If warm water Is not available or is imp;actical 
to use, wrap the affected part gently in blankets. Let the 
circulation re-establish itself naturally. Encourage the victim to 
exercise the affected part while It is being warmed. 

Precautions in Handling and Storage 

The general rules listed in Appendix I should be observed. 

Leak Detection 

Leaks of chlorotrifluoromethane may be detected by apply­
ing soap water solution to suspected points; leaks will be 
indicated by bubble formation . Leaks of chlorotrifluoromethane 
in dark, confined or inaccessible spaces or locations may be 
located by means of a halide torch or lamp. The Matheson 
Model 8016 and 8017 Leak Detector provides a more sensitive 
means of leak detection. 

Disposal of Leaking Cylinders 

For disposal procedure see Appendix 11-C. 

Materials of Construction 

Most of the commonly used metals (steel, cast iron, brass 
copper, tin, lead, aluminum) may be used satisfactorily with 
chlorotrifluoromethane under normal cond1t1ons of use At h h 
temperatures, some of the metals may act as catalyst~ for ;~e 
breakdown of the compound The tendency of the metals to 
promote thermal decomposition of chlorotrifluoromethane is in 
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the following approximate order: silver > brass > bronze > 
aluminum > 1340 steel > copper > nickel > 18-8 stainless 
steel > inconel (least decomposition). Magnesium alloys and 
aluminum containing more than 2% magnesium are not rec­
ommended for use in systems containing chlorotrifluoro­
methane where water may be present. 

In general, gaskets should not contain natural rubber. Neo­
prene or lsoprene rubber, pressed fibers , including asbestos 
with a number of insoluble binders, and metallic gaskets ma; 
be used. 

Cylinder and Valve Description 

Chlorotrifluoromethane is shipped in DOT approved steel 
cylinders. Cylinders containing chlorotrifluoromethane are 
equipped with brass valves with Compressed Gas Association 
(CGA) outlet connection No. 320, the approved alternate con­
nection. The valve outlet has a thread size of 0.825 inch, with 
right-hand external threads used with a flat seat and washer 
(see Figure 1 for an illustration). Lecture bottles have a special 

/ OUTLET 

T 
830' 

13/16" 

l_ 

CONNECTION 

Fig. 1. CONNECTION 320 .825"-14 RH EXT. used with Flat Seat and 
Washer 

5
/15 inch-32 threads per inch female outlet and a o/16 inch-18 
threads per inch male dual valve outlet. 

Safety Devices 

. Cylinders containing chlorotrifluoromethane have frangible 
discs as safety devices. Cylinders should, therefore, be stored 
away from sources of heat to avoid developing pressures 
capable of rupturing the disc. 

Recommended Controls 

To reduce the high cylinder pressure of chlorotrifluoro­
met_hane to a safe working value consistent with a system 's 
design, the following types of controls are recommended. 

Automatic Pressure Regulators 

1- Single Stage Regulators 

A single stage regulato ·11 d . r w1 re uce cylinder pressure in one 
stage to a delivery . . 

pressure in a particular range depending 
upon the design of the regulator and its spring lo~d A single 
stage regulator will sho • • . · 

. w a vanat1on In delivery pressure as 
cylinder pressure falls Th f . 

· e ollowing Matheson single stage 

m
regtuhlators are recommended tor use with chlorotrifluoro­

e ane: 

Model No. 

1 P-320 
1 L-320 

Delivery Pressure Range 
kPa bar (g) psig 

28-240 
28-550 

0.28-2.4 
0.28- 5.5 

4-35 
4-80 

matheson~ 

Model No. 

1 H-320 
2-320 
3320 (with lecture 

bottles) 
3321 (with lecture 

bottles) 

Delivery Pressure Range 
kPa bar (g) psig 

69-1 240 0 69-12.4 10-180 
340-4 480 3.4-44.8 50-650 

28-410 0 .28-4.1 4-60 

28-410 0.28-4 .1 4-60 

2. Two Stage Regulators 

This type of regulator performs the same function as a single 
stage regulator. However, greater accuracy in control of deliv­
ery pressure is maintained and the delivery pressure does not 
vary as cylinder pressure falls. The following two stage regu­
lators are recommended for use with chlorotrifluoromethane . 

Delivery Pressure Range 
Model No. kPa bar(g) psig 

8L-320 14-104 0.14-1.04 2-15 
8-320 28-340 0.28-3.4 4-50 
8H-320 69-690 0.69-6.9 10-100 
9-320 138-1720 1.38-17.2 20-250 

To prevent suckback of foreign materials a check valve is 
recommended for use with the above regulators. 

3. Low Pressure Regulators 

Matheson Model 70 regulators are available for low pressure 
regulation . These regulators are constructed aluminum bodies, 
oversize Buna N rubber diaphragms, rubber seats, and brass 
needle valve outlets. The following low pressure regulators are 
available: 

Model 
No. kPa 

Delivery Pressure Range 
bar (g) psig 

70B 0.5-1.7 0.005-0.017 2-12 inches water 
70 3.4-34.5 0.034-0.345 column 

0.5-5 psig 
70A 34.5-69 0 .345-0.69 5-10 psig 

When the Model 70 regulator is used in series with the 
Model 1 L-320 regulator (inlet pressure must not exceed 1724 
kPa (250 psig)) a delivery pressure range of 3.4-34.5 kPa 

(0.5-5 psig) is obtainable. 

Manual Controls 

Matheson needle valve Model 50-320, a brass bar stock 
valve, is available for direct connection to the cylinder valve 
outlet. This valve may be equipped with a variety of out lets, 
such as a serrated hose end, ¼ " compression fitting or ¼ " 
NPT male or female pipe. It is used for intermittent flow control 
directly from the cylinder , but it requires constant attention by 
the user. It should not be used as a pressure control since 
dangerous pressures can develop if a line or the system itself 
becomes clogged. Needle valve Model 31 B is recommended 
for use with lecture bottles. 
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CHLOROTRIFLUOROMETHANE 

Flowmeters 

Matheson Series 7600 laboratory brass flowmeter units with 
150 mm tubes and floats or Matheson 7200 laboratory brass 
flowm t r units with 65 mm tubes with a single float are 
r commended for use where def1n1te flow rates must be known. 

Electronic mass flowmeters, such as Matheson Series No. 
8116 and No 8160, should be used where accurate readings 
ar requIr d Cal1brat1on Is unaffected by temperature and 
pr ssure changes. and flow rates may be recorded from the 
instrument s electrical output. 

Electronic Mass Flow Controllers 

Th Matheson Series 8240 of type 316 stainless steel and 
S ri s 8260 of type 316 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera­
ture changes These mass flow controllers consist of a trans­
due r, a control valve, a blind controller / power supply, a 
potentiometer and a dIgItal indicator. The transducer senses 
th gas flow and sends a signal to the power supply This 
signal and th one from the potentiometer are compared If 
th re Is an imbalance, the power supply generates a signal for 
the control valve to reduce or increase the flow to correct the 
imbalance The accuracy Is ± 1 2% 

Shipping Regulations 

Chlorotrifluoromethane Is class1f1ed by the DOT as a non­
lammablc compressed gas and Is shipped with the required 
Gr n Label 

Commercial Preparation 

Chlorotr1fluoromethane Is prepared by d1sporport1onation of 
dIchlorod1fluoromethane In the vapor phase in the presence of 
aluminum chlorid or bromide, and by fluonnat1on of carbon 
t trachlond with hydrogen fluoride under a variety of condi­
tions 

Chemical Properties 

Chlorotrifluoromethane Is resistant to ox1d1Z1ng agents and is 
th rmally stable at moderat ly high temperatures. 

Thermodynamic and Detailed Physical Data 

Molecular Structure (3) 

Chlorotnfluoromethane has C v symmetry, a symmetry num­
b r of thr , C F and C Cl bond distances of 1 328 x 1 o 10 

rn (1 328 A) and 1 751 10 10 m (1 751 A), respectively and 
F C F and F C Cl bond angles of 108.5 ± o 5 , and 
11 0 33 re p ctively 
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Infrared Spectrum 

See Figure 2 for the infrared spectrum of gaseous chlorotri­

fluoromethane. 

Vapor Pressure (4) 

Temperature, Vapor Pressure 
oc kPa bar psia 

-127.9 3.307 0.033 0.479 7 
-100.5 32.221 0.322 4.674 
-81.5 100.82 1.008 14.623 
-57.9 305.99 3.06 44.38 

-26.2 947.62 9.48 137.44 

0.0 1 971 .2 19.7 285.9 

26.9 3 708.7 37.1 537.9 

See Figure 3 for vapor pressure curve. 

Latent Heat of Vaporization, AHv 
Temperature, °C AHv, kJ / kg 

-125.0 
-81.4 
-60.0 
-40.0 
-20.0 

0.0 
20.0 

Thermodynamic Data 

167.455 
149.557 
137.891 
124.669 
108.635 
88.248 
56.635 

See Tables 1 and 2 for the thermodynamic properties of the 
~aturated liquid and vapor and the superheated vapor, respec­
tively. 

Thermodynamic Properties of Chlorotrifluoromethane as 
Ideal Gas @ 25 °C (3) 

Heat Capacity, ci 

Entropy, s0 

Free Energy Function 
(Piga - H3ga)/ T 
Enthalpy, H0 

Enthalpy of Formation, A~ 

Free Energy of Formation, AP,' 

66.885 J / (mol- °K) 
0.640 kJ / (kg. °K) 

285.240 J / (mol- °K) 
2.731 kJ / (kg-°K) 

-285.240 J / (mol, °K) 
-2.731 kJ/ (kg, °K) 
13.782 kJ / mol 
0.132 kJ / kg 

- 707.933 kJ/mol 
-6.777 kJ/kg 

-667.390 kJ / mol 
-6.389 kJ / kg 
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Table 1. THERMODYNAMIC PROPERTIES OF THE SATURATED LIQUID AND VAPOR 
(5) 

Temperature Pressure 
Entropy Enthalpy Latent Specific Volume Density kg / dm3 

J /(kg • °K) kJ / kg Heat of dm3 /kg 

tt"'· OK OF kPa bar Liquid Vapor Liquid Vapor tion Liquid t Vapo, 
Liquid Vapor 

3.o l 

J/ kg 

11.692 )0 000 26 
144.26 -200 0.030 -417 .60 752.70 - 78.641 90.188 168.829 0.590 9 3 833 

149.82 -190 5.1 0.051 -388.61 725.1 7 -74.378 92.485 166 863 0 .597 7 2 305 1 .673 1 0 000 43 

155.37 -180 8.5 0.085 -360.28 700.74 -70 049 94.802 164.851 0 .604 6 1 446 1 654 0 0.000 69 

160.93 -170 13.5 0.135 -332.46 679.06 -65.652 97.134 162.786 0 .611 9 940.7 1 634 3 0.001 06 

166.48 -160 20.7 0.207 -305.14 659.77 -61 .172 99 470 160.642 0 .619 3 632.6 1 614 7 0.001 58 

172.04 -150 30.7 0.307 -278.19 642.58 -56.607 101 .806 158.413 0 .627 1 438 0 1 .594 6 0 002 28 

177.59 -140 44.3 0.443 -251.58 627.22 -51.947 104 .128 156.075 0 .635 1 311 2 1 .574 6 0 .003 21 

183.15 -130 62.5 1 0.625 -225.27 1613.50 -47.189 106.429 153.618 0 .643 6 226.3 1.553 8 0.004 42 

188.71 -120 86.0 0 .860 - 199.24 601.12 -42.333 108.698 151.031 0.652 4 167.9 1 .532 8 0.005 96 

194.26-110 116.0 1 .16 -173.47 589.99 -37.379 110 929 148.308 0 661 5 127.0 1.511 7 0 .007 87 

199.82 -100 154.0 1.54 -147 .95 579.90 -32 .324 113.110 145.434 0 .671 2 97.58 1 489 6 0.01 0 25 

205.37 -90 200.0 2 .00 -122.67 570.74 -27.170 115.234 142 404 0.681 4 76.11 1 467 6 0 013 14 

210.93 -80 256.0 2 .56 -97.61 562.37 -21.922 117.291 139.213 0 .692 1 60.16 1 .444 9 0.01 6 62 

216.48 1 -70 324.0 3.24 

I 
-72.84 1554.71 -16.580 119.274 135.854 0.703 5 48.11 1 .421 5 0.020 79 

222.04 -60 404.0 4.04 -48.33 547.60 -1 1.146 \121 .171 132.317 0.715 5 38.88 1 .397 6 0 .025 72 

227.59 -50 498.0 4 .98 -24.06 540.95 -5.618 122.972 128.590 0 .728 5 31.72 1 372 7 0.031 53 

233.15 -40 607.0 6.07 0.00 534.72 0.000 1 24.669 124.669 0.742 3 26.09 1 .34 7 2 0 038 33 

238.71 -30 733.0 7.33 23.81 528.77 5. 711 1 26.245 120.534 0 757 3 21 .61 1 320 5 0 046 28 

244.26 -20 

I 1 

877 .0 8.77 
I 

47.40 523.00 11 .518 127.686 116.168 0 .773 6 18.02 1.292 7 0 .055 49 

249.82 -10 040 10.40 70.84 517.31 1 7.429 128.976 111.547 0 .791 4 15.10 1 263 6 0.066 22 

255.37 0 1 224 12.24 94.10 511.66 23.456 130.088 106.632 0 .811 1 12.70 1 .232 9 0 078 74 

260.93 10 1 431 14.31 11 7 .28 505.80 29.613 130.994 101 .381 0 .833 2 10 72 1.200 2 0 .093 28 

266.48 20 1 661 16.62 140.50 499.70 35.929 131 .652 95.723 0.858 4 9 .062 1.165 0 0 110 35 

272.04 30 11 918 19.18 163.85 493.04 42.444 132.001 I 89.557 0 .887 5 7.659 1 126 8 0 130 56 

277.59 40 2 203 22.03 187 .61 485.60 49.225 131.947 82.722 0 .922 2 6.459 1 084 4 0 154 82 

283.15 50 2 518 25.18 212.05 476.81 56.382 131.347 74.965 0.965 1 5.415 1.036 2 0 184 67 

288.71 60 2 866 28.66 237.99 465.80 64.138 129.911 65.773 1 .021 8 4.483 0 .978 7 0 .233 06 

294.26 70 3 251 32.51 267.06 450.37 73.029 126.970 53.941 1 105 4 3 .612 0 .904 7 0 276 86 

299.82 80 3 683 136.83 307.02 421.37 85.412 119.697 34.285 1.278 0 2 659 0.782 5 10 376 08 

302.00 83.93 3 870 38.70 364.22 364.22 102.908 102.908 0 .000 1.730 8 1 .730 8 0 577 8 0.577 78 
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Table 2. THERMODYNAMIC PROPERTIES OF SUPERHEATED CC1F3 VAPOR (5) 
H, ENTHALPY, kJ/kg; S, ENTROPY, J/(kg. °K); V, SPECIFIC VOLUME, dm3 /kg 

Temperature, K 
149 82 I 172.04 I 199.82 I 227.59 I 255.37 

kPa I psia 

2 965 

I 

20.684 1 

t 
I 

52 814 

100 112 

t-
199.879 

H 
043 S 

V 

H 
3 .00 S 

V 

H 
7 .66 S 

V 

H 
14.52 S 

V 

H 
28.99 S 

i -"-~ 
497.801 I 72 2°-J 

H 
1 039.94 j 150.83 ~ 

2 056.98 1298.34 ; 

I H 
3 053.34 + 442.85 ~ 

H 
4 163.67 603 .89 S 

V 
-
H 

5 1432~ 4596 1 ~ 

6 1 3 7 921890 2 31 ~ 
6 388 68 926.60 S 

V 

283.15 310.93 

92 559 /102.531 1116. l 06 l 30 820 146 603 163 408 181.190 
769 0191830.942 903 744 972 780 1038050 1 100810 1 160.642 

3 982 4 577 5 320 6 061 6 803 7 544 8 284 

338. 71 366.48 I 394.26 422.04 I 449.82 I 477.59 

102.066115757130.564 146417 163269 181051 .. 
675.298 _748.936./817.972 883.661 946 421 1 006 252 

1654. 7 764 0 1872.5 980.6 1 088 1 196 

199.739 
l 063 991 
1 303 

J. 

+ 

' 

t 

1115 153 130.099 146.068 162.990 ' 180.842 199.554 
671.950 742.242 808.349 871 .109t 931 .358 988.679 
295.5 339.0 + 381 .9 424.5 466.9 509.2 

114.200 129.425 145 533 162.572 180.516 199.275 
617.977 689.105 756.049 819.227 879.4 77 937.216 
153.0 176.6 199.8 222.6 245.2 267. 7 

- --1-

t 

+ + 

~ 127.914 144.418 161.712 179.796 198.693 218.335 
629.274 I 697.891 761.906 822.993 881.150

1

936. 798 
86.26 ~ 98.42 · I ~ 10.2 + 121 .8 133.284 144_ 7 

122.963 140.83~~ 58.992 177.6~196.927 216.871 l 237.442 I 
540.991 615.0481 682.410 745.170 804.583 861.067 915.459 

31 .72 I 37.44 42.10 + 47.71 t 52_57 57.33 62.03 

+ 

- t --

~ 

+ --

-+-

133.214 153.553 173.473 1 193.603 214.105 235.11~ -
534.291 609.609 676.9~1 I 738.a94 797.052_ 852.281 

15.81 18.95 21.7~24.30 26.76 29.15 

140.420 j 164 547 186.816 208.665 23-0-.6- 0- 8-;-2-5-2. 783 
519.653 600.822 669.440 731.363 789.102 843.494 ~-

I 7.810 9 .795 1 11.41 12.86 14.22 15.51 -+ 
T - - T / 153.390

1 
179.308 202.947 225.982248.925 271.983 

540.991 620.906 688.268 748.518 805.002 857 .720 
5.631 7.048 8.197 9.227 10.18 11 .~ 

132_261 169.405 195.997 220.566 244.485 268.~~ ~ I 
·+ 

+ 
458.14~ I 573.208 648.520 713.372 771 .948 826 .340 

2.89~ 4 .576 5 .606 6.~1 .242 7.960 I 
--I-- 158.690

1

189.303 215.~~: l~~? -487 254 _91 ~ 1 
530.531 617.558 686.594 1747 .681 803.7461856.046 

VAPOR PRESSURE-kPa 

3 .221 4 .239 5.019 5 . 700 6 .324 6 .911 

145.719 181.957 210.316 236.349 261.500 286.325 
484.089 587.015 661 .909 725.506 783.245 836.800 

2 .285 3 .296 4 .027 4 .645/ 5 .200 5 . 718 

142.465 180.051 208.968 235.303 260.640 285.581 
472. 792 579.902 656.051 720.485 778.642 832.616 

2 . 110 3.103 3.827 4.432 4 . 976 5.475 
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CYANOGEN 
(Synonyms: Dicyan; Oxalonitrile) 

(Formula: N==C-C==N or C2N2) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of C2N2 

Specific Volume @ 21 1 
Vapor Pressure@ 21.1 

C, 101 .325 kPa 
C 

Boiling Point a 101.325 kPa 
Freezing Point 

Absolute Density, Gas@ 101.325 kPa@ 20 °C 
Relative Density, Gas @, 101 325 kPa @ 20 °C 
Density, L1qu1d @, -40 C 

Critical Temperature 
Critical Pressure 

Critical Volume 
Critical Density 
Critical Compressibility Factor 

Latent Heat of Fusion a -27.9 °C 
Flammability L1m1ts In Air 

Molar Specific Heat, Gas @ 101 .325 kPa @ 25 °C 
(a Constant Pressure 

a Constant Volume 

0.052 035 kg 

0.052 035 kg 
462 dm3 /kg; 7.4 ft3 /lb 
515.7 kPa; 5.16 bar; 74.8 

atm 

psia; 5.09 

251 .98 °K; -21.17 °C; -6.1 °F 

245.25 °K; -27.9 °C; -18.2 °F 

2.189 kg/m3 

1.817 
0.989 6 

400.15 °K; 127.0 °C; 260.6 °F 

5978 kPa; 59. 78 bar; 59.0 atm; 867.1 
psia 

3.844 dm3 /kg 
0.260 kg/dm3 

0.275 

8.109 kJ/mol; 155.83 kJ/kg 
6-32% (by volume) 

58.338 kJ/(kmol-°K); 58.338 J/(mol-
0K); 13.943 cal/(mol - °C) 

S~ecif1c Heat Ratio, Gas@ 101 325 kPa@ 25 °C, Cp/ Cv 
V1scos1ty, Gas (a 101 325 kPa@. 20 c 

50.024 kJ/(kmol- °K); 50.024 J/(mol. 
°K); 11 .956 cal/(mol- °C) 

1.166 

0.010 70 mPa-s; 0.010 70 mN-s/m2 ; 

0.010 70 cP 
Thermal Conductivity, Gas a 101.325 kPa@ 25 °C 

Surface Tension@ -56.2 °C 
Trouton·s Constant 
Heat of Dissociation 
Heat of Combustion 
Dipole Moment 

Flame Temperature / Oi 

Solubility In Water ([z 101.325 kPa@ 20 ° c 

Description 

Cyanogen is a colorless, flammable, toxic gas at room tem­
p r lure and atmospheric pressure with a characteristic al­
mond-like odor. It ,s shipped in cylinders as a liquefied gas 
und r its own vapor pressure of 414 kPa (60 ps1g) at 21 1 C. 

Specifications 

Cyanogen has a minimum purity of 98 5% by vol ume. 
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Uses 

0.014 66W /(m. °K); 35.04 x 1 0 - 5 cal. 
cm/(s • cm 2 

• °C) 

21.98 mN/m; 21.98 dyn/cm 
22.94 

502-544 kJ / mol; 120-130 kcal/mo! 
1 096 kJ/mol; 261.94 kcal / mol 
1.27 X 1 o -30 C. m; 0.38 D 
4 640 °K; 4 367 °C; 7 893 °F 

450 cm3 C2N2/ l 00 cm3 H20 

h 
Cyanogen is of interest as a gas for welding and cutting 

eat-resistant metals k , as a roe et and missile propellant when 
mixed with an oxidizing t a f . agen such as ozone or fluorine gas 
s a um1gant, and as an intermediate in many organic chemical 

syntheses. 

Toxicity 

Cyanogen is a highl • Y poisonous gas, having a toxicity com-
parable to that of hydrogen cyanide. The 1979 American 

Conference of Governmental Industrial Hygienists (ACGIH) has 
established a Threshold Limit Value (TLV) of 1 0 ppm (20 mg/ 
rn3) for cyanogen (concentration in air to which nearly all 
workers may be repeatedly exposed, day after day, without 

adverse effects). 

Effects in Man (2) 

11 is believed that cyanogen is converted in the body partly to 
hydrocyanic acid and partly to cyanic acid (HOCN). Exposure 
to 16 ppm for 6-8 minutes produced eye and nasal irritation. 
The odor was not detected at these concentrations nor at 50-
250 ppm. Effects observed during exposures included as­
phyxiation, lacrimation, upper respiratory tract irritation, in­
coordination, tremors and prostration. 

Cyanogen is not readily detectable by odor except in high 
concentrations, when it becomes pungent. 

First Aid Suggestions (3) 

Cyanogen is closely allied to hydrogen cyanide in its physi­
ological action so that the first aid procedures developed in the 
event of exposure to hydrogen cyanide are being presented. 
The first aid suggestions which follow are believed to be 
common practice in industry. Their adoption in any specific 
case should be subject to prior endorsement by a competent 
medical advisor. Speed in removing the victim from the contam­
inated atmosphere and in removing contaminated clothing is 

essential. 
(a) Rescuers entering a contaminated area must be ade­

quately protected with self-contained breathing apparatus and 

protective clothing. 
(bl Carry victim to a room free of gas and have him lie down. 

Do not permit the victim to exert himself. 
(c) Remove contaminated clothing but keep the patient cov­

ered and comfortably warm. 
(d) Summon a physician for anyone exposed to cyanogen 

vapors. 
(e) If cyanogen is inhaled, break an amyl nitrite pearl in a 

cloth and hold it lightly under the nose of the victim (but away 
from the person giving first aid) for 15 seconds. Repeat five 
times at about 1 5 second intervals. 

(fl Use artificial respiration if breathing has stopped, prefer-

ably by the Holger-Nielsen method. 
(g) Antidote. Note to Physicians: The Nitrite-Thiosultate reg­

imen is a specific antidote for cyanide poisoning. The following 
procedure has been found to be very effective. It should be 
administered only under the direction of a physician . 

1. Load two syringes without delay, one with 10 cc of a 3% 
solution of sodium nitrite and the other with 50 cc of a 25% 
solution of sodium thiosulfate. Only a specially prepared intra­
venous solution in ampules should be used. 

2. Stop administration of amyl nitrite and inject intravenously 
10 cc of 3% sodium nitrite at the rate of 2.5-5 cc per minute. 

3. Inject by the same needle and vein, or by a large needle 
and a new vein, 50 cc of 25% sodium thiosulfate solution. 

The patient should be watched for at least 24-48 hours. If 
signs of poisoning reappear (giddiness, headache, fatigue, loss 
of appetite and nausea). injection of both sodium nitrite and 
sodium thiosulfate should be repeated, but each in one-half the 
original dose. Even if the patient looks perfectly well, the 
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medication may be given for prophylactic purposes, two hours 
after the first inJectIons. 

Users of cyanogen should have readily available for the 
doctor a kit containing the following items: 

1 2 pearls of amyl nitrite 
1 sterile syringe, 1 0 cc 
1 sterile syringe, 50 cc 
2 ampules of sodium nitrite (10 cc, 3% solution) 
2 ampules of sodium thiosulfate (50 cc. 25% solution) 

Precautions in Handling and Storage 

(a) In view of the lethal nature of cyanogen, the handling of 
cyanogen should be undertaken only after the properties of 
cyanogen, ,ts toxicity and the proper safety and emergency 
measures have been thoroughly reviewed. 

(b) Self-contained breathing apparatus should be instantly 
available for use In emergencies. 

(c) Cyanogen should be handled only in a well-ventilated 

area, preferably a hood. 
(d) Cyanogen should never be handled by one person A 

second person, stationed at a safe distance, should also be 

present. 
(el Workers handling cyanogen should wear rubber gloves, 

rubber protective clothing and rubber-soled shoes at all times 
(fl Adequate emergency showers and wash-up facil1t1es 

should be available for use when working with cyanogen. 
(g) Open flames or electrical equipment which Is not explo­

sion-proof must be avoided. 
(h) Cyanogen should be handled only in small amounts, 

preferably not over one pound at one time. 
(i) Waste disposal of cyanogen, and materials containing it, 

depends to a great extent on local cond1tIons. All local, state 
and federal regulations regarding health and pollution must be 

followed. 
(j) Store full and empty cylinders separately and away from 

oxidizing gases. 
In addition, the general rules listed in appendix I should be 

observed. 

Leak Detection 

Equipment to contain cyanogen should be pretested for 
leaks with dry nitrogen. The presence of cyanogen in a,r may 
be detected with moist methyl orange-mercuric chloride test 
papers (color changes from orange to pink to red at relatively 
low concentrations of cyanogen) Hydrogen cyanide gas de­
tectors are also available for sensItIve and accurate on-the­
spot testing . The Matheson-Kitagawa Toxic Gas Detector 
Model 8014K Is available for accurate detection of hydrogen 
cyanide. Using a Model 8014-112SB direct-reading HCN de­
tector tube (2-1 00 ppm) hydrogen cyanide can be detected 
quickly. Readings are read directly off the tube. 

Disposal of Leaking Cylinders 

Leaks in cylinders containing cyanogen which cannot be 
corrected by normal procedures can be disposed of as follows 
Put on self-contained breathing equipment. It the cylinder 1s 
not already ,n a hood, transport It to one Attach a suitable 
regulator to the cylinder. Attach a long piece of flexible tubing 
to the outlet of the regulator. Extend the tree tube end into a 
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CYANOGEN 

dilute solution containing excess sodium hydroxide and excess 
sodium hypochlonte contained in an iron or steel drum or other 
suitable vessel The rate of introduction of cyanogen into the 
solutron Is adJusted to a slow to moderate rate. When all of the 
gas has been introduced, remove the flexible tubing, close the 
opening of the drum, and let stand 24 hours. The solution Is 
now ready for disposal, the cyanogen having been oxidized to 
sodium cyanate 

Materials of Construction 

Glass-lined equIpm£:nt Is satisfactory for conveying or proc­
essing cyanogen . Stainless steel, monel and inconel are also 
satisfactory up to at least 65 °C 

Cylinder and Valve Description 

Cyanogen 1s shipped in DOT approved steel , cylinders. Cyl­
inders are equipped with Compressed Gas Association (CGA) 
No 660 valve outlet connection, the approved alternate. The 
valve outlet has a thread size of 1 .030 " diameter with right­
hand external threads, with a connector having a flat seal and 
washer (see Figure 1 for an illustration of this valve outlet and 
its mating connection) 

C.O'INE TIO 

1 CJO 1 OJ!, 
1 1 

F19. 1. CONNECTION 660 1 030"-14 RH EXT. using Flat Seat with 
W sher 

Safety Devices 

Cylinders of cyanogen are not equipped with safety devices. 
They should, therefore, be stored away from sources of heat 
to prevent dangerous hydrostatic pressure from developing 
within the cylinder. 

Recommended Controls 

Automatic Pressure Regulators 

Regulator Model 19C-660, a diffusion-resistant metal dia­
phragm regulator, Is recommended for use with cyanogen. It is 
a brass construction wi th a German si lver diaphragm plus a 
packless control valve It has a delivery pressure range of 28-
340 kPa (4 - 50 ps1g). 

Manual Controls 

Matheson stainless steel needle valve Model 61 A-660 is 
recommend d for use with cyanogen. It should be used only 
when intermittent flows are required. 

Flowmeters 

Matheson Series 7600 laboratory stainless steel flowmeter 
units with 1 50 mm tubes and floats or Matheson 7200 labora-
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tory stainless steel flowmeter units with 65 mm tubes with a 
single float are recommended for use where definite flow rates 
must be known . 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 stainless steel and 
series 8260 of type 316 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera­
ture changes. These mass flow controllers consist of a trans­
ducer, a control valve, a blind controller / power supply, a 
potentiometer and a digital indicator. The transducer senses 
the gas flow and sends a signal to the power supply. This 
signal and one from the potentiometer are compared. If there 
is an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 
imbalance. The accuracy is ± 1 .2% 

Shipping Regulations 

Cyanogen is classified by the DOT as a " Class A" poison 
and Flammable gas and is shipped under the required " Poison 
Gas Label " and " Red Gas Label ". 

Chemical Preparation 

On a laboratory scale, the addition of an aqueous solution of 
potassium cyanide to a concentrated solution of copper sulfate 
at 60-100 °Chad been widely used. Other methods (4) involve 
air oxidation of hydrogen cyanide over a silver catalyst at 300-

600 °C, passage of hydrogen cyanide into a mixture of cop­
per(II) oxide at ambient temperatures, by the reaction of hydro­
gen cyanide and chloride over a surface-active material (such 
as activated carbon) at temperatures over 700 ° C, by dehydra­
tion of ammonium oxalate, oxamide, or glyoxime, or by elec­
trolysis of aqueous hydrogen cyanide. 

Chemical Properties 

Water dissolves four volumes of cyanogen. The solution, on 
standing, gradually decomposes into ammonium oxalate and 
formate, hydrogen cyanide and urea, while at the same time 
brown amorphous azulmic acid separates. Cyanogen is hydro­
lyzed in concentrated hydrochloric acid or concentrated acetic 
acid principally to oxamide; in the latter, hydrolysis urea is also 
formed. Cyanogen brought into contact with an aqueous solu­
tion of a carboxylic acid or a phosphorous-containing acid at 
50 to 90 °C forms cyanoformamide. Oxamide and ammonium 
oxalate are obtained in low yields when cyanogen is passed 
into aqueous solutions of sulfuric or phosphoric acid which 
contain zinc, cadmium, magnesium and mercury compounds. 
Almost complete conversion to oxamide is realized when cyan­
ogen is sparged at 40 °C into a 25% sulfuric acid solution 
containing mercury(II) oxide. The products obtained from the 
reaction of cyanogen with reducing acids depend on the acid 
and the conditions employed. In the absence of air, cyanogen 
and sulfurous acid react at room temperature to give hydrogen 
cyanide and sulfuric ac id. In the presence of refluxing hydriodic 
acid,_ cyanogen is converted into glycine, ammonium iodide 
and iodine. Cyanogen is hydrolyzed in dilute potassium and 
sodium hydroxide solutions to the corresponding cyanide and 
cyanate. Cyanogen reacts with potassium amide in liquid am-

~atheson· 

·a to form potassium cyanide and potassium cyanamide. moni . . . 
Sodium amide forms sodium cyanam1de and ammonium cya-

nide. 
Cyanogen and liquid hydrogen _sulfide ~eact in equimol~r 

quantities to form thiocyanoform~m1de, and in a 2: 1 molar ratio 
t form dithiooxamide. The latter Is also formed when cyanogen 
i~ sparged into an aqueous solution of sodium hydrogen sulfide. 

Cyanogen polymerizes to paracyanogen when heated to 300 
oc or by exposure to ultraviolet light. Paracyanogen is recon­

verted to cyanogen at about 800 °C. 
A comprehensive study was made by Welcher, et al. (5), on 

the stability of pure cyanogen to heat, pressure, chemical 

dditives and severe mechanical shock. Pure cyanogen re­
:ained unchanged after 18-23 days at 65 ° C and contained 
only small quantities of solid decomposition products after 
storage for 1 00 days under similar conditi~ns. 

Cyanogen reacts with a variety of mganic compoun_ds ~uch 
as: aliphatic, aromatic and heterocycl1c amines and d1amines, 
h drazine and hydroxlamine and derivatives, hydrazoic acid 
a~d diazoalkanes, guanidines and thioureas, Grignard and 
related reagents , phenols, thiols and thiophenols, alcohols and 
glycols, and compounds containing active hydrogen or ~arb~n 
aldehydes. The products of the above reactions are given in 

the review article cited , as well as original references. 

Thermodynamic and Detailed Physical Data 

Molecular Structure 

The cyanogen molecule is symmetrical and linear, having a 
symmetry number of two and belonging to point group D00h. 
The C==N bond distances are 1 .15 x 1 o· 1° m (1. 15 A) and the 
C- C bond distance is 1.380 x 10· 10 m (1.380 A). 

Infrared Spectrum 

See Figure 2 for the infrared spectrum of gaseous cyanogen. 

Vapor Pressure (6) 

For vapor pressure data above and below 101 .325 kPa, see 

the following table. 

Vapor Pressure 

Tempera- bar 
mmHg = 

kPa torr ture, °C 

-95.8 0 .13 0 .001 3 1 

- 83.2 0 .67 0 .006 7 5 

- 76.8 1.32 0 .013 2 10 

- 70.1 2.63 0 .026 3 20 

- 62.7 5.37 0 .053 7 40 

-57.9 8.00 0 .080 0 60 

- 51.8 13.2 0 .132 100 

- 42.6 26 .3 0 .263 200 

- 33.0 53.7 0 .537 400 

- 21.0 101 .325 1.013 25 760 

- 4.4 202.6 2.026 1 520 

21 .4 506.6 5 .066 3 800 

44.6 1 013.2 10.132 7 600 

72.6 2 026 .5 20 .265 15 200 

91 .6 3 039 .8 30.398 22 800 

106.5 4 053.0 40.530 30.400 
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CYANOGEN 

Tempera­
ture, "C kPa 

5 066.2 
5 978 2 

Vapor Pressure 

bar 
mmHg;::;: 

torr 

38.000 
44 840 

Compressibility Dsta (9) 

See Table 1 for data. 

118 2 
127.0 
(CT.) 

50 662 
59 782 

(C.P) 
See Figure 3 for vapor pressure curve 

Table 1. COMPRESSIBILITY DATA FOR 

Latent Heat of Vaporization, 4Hv (calculated) (7) 
Temperature, C 4Hv, kJ/ mol 

-28 0 
-21.2 

0.0 
20.0 
40 0 

24.899 
24 .1 75 
22 476 
21.518 
19.100 

Thermodynamic Properties of Cyanogen As Ideal Gas @ 25 
C (8) 

Heat Capacity, C~ 
Entropy, S0 

Free Energy Function, 
(F~ga - H~ga)/ T 

Enthalpy of Formation, .iHr 
Free Energy of Formation, dFr 

REFERENCES 

56 748 J/ (mol -°K) 
241 .463 J/ (mol- °K) 

-241 463 J/(mol- °K) 

309 072 kJ/ mol 
297 554 kJ / mol 

CYANOGEN (11) 
Pressure kPa 

Tempera-
137.9 275.8 413.7 689.5 ture, °C 

-6.7 0.998 1 
-1 .1 0.998 2 

4.4 0.998 3 0.996 6 
10.0 0.998 4 0.996 7 
15.6 0.998 5 0.996 9 0.995 3 
21.1 0.998 6 0.997 1 0.995 5 
26.7 0.998 6 0.997 2 0.995 7 
32.2 0.998 7 0.997 3 0.995 9 0.993 0 
37.8 0.998 7 0.997 5 0.996 1 0.993 4 
43.3 0.998 8 0.997 6 0 .996 3 0 .993 7 
48.9 0.985 1 0.969 3 0.952 0 0.910 9 

' For cxlcns1ve labulat1ons ol the thermodynamic and physical properties of cyanogen, see W. Braker and A. L. Mossman, The Matheson 
Unabndged Gas Data Book. 1975, Matheson, East Rutherford, New Jersey. 

' W Braker, A L Mossman. and D Siegel. Effects of Exposure to Toxic Gases- First Aid and Medical Treatment 2nd edition, 1977, pp. 32-38, Matheson Lyndhurst, New Jersey. 
1 

w Braker and A L. Mossman, Matheson Gas Data Book, 5th edition, 1971, pp. 155-156, Matheson, East Rutherford, New Jersey. 
• T K Brotherton and J. W. Lynn, Chem Rev 59, 844-850 (1959). 

~ R P Welcher, et at, Ind Eng Chem 49, 1755 (1957) 

Chem,ca/ Engineers Handbook, 4th edition, R. H. Perry, C. H Chilton, and S. D. Kirkpatrick, editors, 1963, pp. 3-50, 3-59, McGraw-Hill Book Co , Inc , New York. New York . 

' R C Reod aod T K. She~ood The P,ope,tie, of Ga,e,and Uq,id,. 2od ed,tioo. 1966. pp. 148-149. McGmw-Hill Book Co • loc .. New Yo,k. New York 
8 

JANAF Thermochem1c~I Tables, 2nd edition, 1971, D R Stull and H Prophet, pro1ect directors, Natl. Stand. Ref. Data Ser., Natl. Bur. Stand. 
NSRDS-NBS 37, U S Government Printing Office, Washington, D. C. 

See reference 3, p 159. 

' The Sadtler Standard Spectra, 19 72, Sad tier Research Laboratories, Inc., Philadelphia, Pennsylvania. 
" See reference 3, p 159 
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CYANOGEN CHLORIDE 
(Formula:CICN) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of CICN 

Specific Volume@ 21 1 oc, 101 _325 kPa 
Vapor Pressure @! 21 1 °C 

8011ing Point @ 1 01 325 kPa 
Freezing Point 

0.061 471 
0.061 471 

393.3 dm3 /kg; 6.3 ft3 /lb 

1 987 kPa; 19.9 bar; 34.4 p · 2 s1a; .34 
atm 

Abso~ute Density, Gas @ 101 .325 kPa @ 20.0 oc 
Relative D_ens1ty, Gas @ 101 .325 kPa, 20.0 oc (Air = 1) 
Density, L1qu1d @, 13 o c 

286.15 °K; 13.0 °C; 55.4 °F 

266.65 °K; -6.5 °C; 20.3 °F 
2 .603 4 kg/m3 

2.16 

1.196 kg/I 
Critical Temperature 
Critical Pressure 

Critical Volume 

Critical Density 

Critical Compressibility Factor 
Latent Heat of Fusion @; _ 6 5 oc 
Molar Specific Heat, Gas @ 101 .325 kPa @ 25 oc 

@ Constant Pressure 

<L Constant Volume 

448.5 °K; 175.4 °C; 347.6 °F 

5 988 kPa; 59.9 bar; 59.1 atm; 868_5 
psia 

2.757 dm3/kg 
0.363 kg/dm3 

0.273 

9.372 kJ / mol; 152.5 kJ/kg 

47.083 kJ/(kmol, oK)· 47 083 J/( I 
oK) , · mo. 

38. 769 kJ/(kmol- oK)· 38 769 J / ( I oK) , · mo. 

~pecific Heat Ratio, Gas @ 101 .325 kPa 25 o 

•scosity, Gas @ 101 .325 kPa @ 20 oc , C, Cp/Cv 1.214 

0.009 77 mPa-s; 0.009 77 mN-s/m2· 

hermal Conductivity, Gas@101.325 kPa@ 20 oc 

Solubility In Water@ 101.325 kPa@ 20 oc 

Description 

Cyanogen chloride is a colorless 
irritating odor producing I , very toxic gas, having an 

I 
acnmat1on It is sh· d 

cy Inders as liquefied gas und .1 · ippe in steel 
kP er I s own vapor pre ~ 

a (20 ps1g) at 21.1 "C s_,ure of 136 

Effects in Man (2) 

At low concentrations (1 -20 
highly irritating and ca s ppm) cyanogen chloride is 

u es severe lachry t 
can cause both acute and d I d ma ory effects and 
edema. e aye pulmonary Irritat1on and 

Cyanogen chloride has a sharp irritatin 
1 ppm by volume in air. , g odor, detectable at 

Toxicity (3) 

The effects of varying concentrations 
in air on man are shown m the f II . of cyanogen chloride 

0 owing table. 

202 

0.009 77 cP ' 

0.009 08 W /(m. oK); 21. 7 x 1 o-s cal. 
cm/(s-cm2, °C) 

2 500 cm3 /100 cm3 water 

Concentration 
(ppm) Response 

159 
48 
20 

2 

Fatal after 10 minutes 
Fatal after 30 minutes 
Intolerable concentration 1 minute expo-

sure ' 

Intolerable concentration 1 0 minute ex-
posure ' 

Lowest irritant concentration 1 0 minute 
exposure 

In the event a person has b 
exposure was prolonged it i een trapped in an area so that the 
and pulmonary ede , s possible that both cyanide effects 
of less than o 5 PP m_a may develop. A Threshold Limit Value 

· m is suggested. 

First Aid Suggestions (4) 

Summon a physician for an o 
cyanogen chlorid Y ne who has been exposed to 

e vapor. Prior to the physician 's arrival, first 

~atheson· 

aid must be started immediately. The first aid suggestions 
which follow are those believed to be common pract· · . . . ice m 
industry. Their adoption in any specific case should be subject 
to prior endorsement by a competent medical advisor. 

If the patient is conscious, first aid and medical treatment 
should generally be directed toward the relief of any pulmona 

Th 
. ry 

symptoms. . e patient should immediately be put at bedrest 
with head slightly elevated and a medical examination carried 
out as quickly as possible. Oxygen should be administered if 
there is any dyspnea or evidence of pulmonary edema. In 
cases of long exposures (with symptoms of both the cyanide­
type effects and pul~o~ary edema), ccmbined therapy, with 
oxygen plus amyl nitrite inhalations and artificial respiration, is 
recommended. 

Precautions in Handling and Storage 

(a) Cyanogen chloride should be handled only in a well­
ventilated area, preferably a hood with forced ventilation. 

(b) Self-contained breath ing apparatus should be available 
in convenient locations in emergencies. 

(c) Areas in which cyanogen chloride is being handled should 
be provided with enough exits to permit personnel to leave 
quickly in case of trouble. 

(d) An acid-gas and organic vapor mask, NIOSH-approved, 
are recommended for respiratory protection in concentrations 
of up to 2% cyanogen chloride. Where the cyanogen chloride 
concentration may at any time exceed 2% or where oxygen 
may be deficient, self-contained breathing apparatus must be 
used . 

In addition, the general rules listed in Appendix I should be 

observed . 

Leak Detection 

Equipment to contain cyanogen chloride should be pretested 
for leaks with dry compressed air or an inert gas such as 
nitrogen. The pungent odor of cyanogen chloride is detectable 
in concentrations as low as 1 ppm. A colorimetric method is 
described for the determination of cyanogen chloride in the 
atmosphere. Leaks at the cylinder valve may be eliminated by 
tightening the stem, packing nut or cap. If a cylinder leak is 
such that it cannot be stopped by ordinary methods, the 
supplier should be called immediately; in the meantime, the 
cylinder should be removed from the storage or use area and 
exhausted into a caustic absorption system, or the cylinder 
should be moved outdoors to a location where it can gradually 
lose its contents without damage or hazard. 

Materials of Construction 

Cyanogen chloride, when used in anhydrous equipment with 
anhydrous reagents, is not corrosive to ordinary metals under 
normal conditions of use (room temperature and atmospheric 
pressure). In the presence of moisture, however, corrosive 
conditions will develop rapidly, in which case monel, tantalum, 

or glass or glass-lined equipment may be used . 
Piping and vessels to contain cyanogen chloride should be 

adequately designed to withstand the pressures to be encoun­
tered. 

CYANOGEN CHLORIDE 

Cylinder and Valve Description 

Cyanogen chloride Is shipped in DOT approved steel cylin­
ders, which are equipped with valves having Compressed Gas 
Association (CGA) cy linder valve outlet No. 660, the approved 
alternate. The valve outlet has a thread size of 1.030 inches, 
with right-hand external threads with a flat seat and using a 
washer as a seal (see Figure 1 for an illustration of this valve 
outlet and its mating connection). 

OUTLET CONNEL ~101" 

,, 

Fig. 1. CONNECTION 660 1.030"-14 RH EXT. using Flat Seat with 

Washer 

Safety Devices 

No safety devices are permitted to be used on cylinders of 
cyanogen chloride. 

Recommended Controls 

Automatic Pressure Regulators 

Single stage regulator Model 3455-660 is recommended for 
use with cyanogen chloride. The body, diaphragm, inlet fitting, 
and gauge are constructed of 316 stainless steel and the seats 
and gaskets are Teflon. It has a 303 stainless steel outlet 
packless valve. It has a delivery pressure range of 0-138 kPa 
(0-20 psig). 

Manual Controls 

Matheson supplies a needle valve Model 61 A-660 of 303 
stainless steel for manual flow control. This valve is equipped 
with a ¼" tube fitting. The valve is suitable for manual flow 
control under close supervision, but it should not be used as a 
pressure control since dangerous pressures can develop if a 
system becomes clogged or if the system itself is closed 

Flow meters 

Matheson Series 7600 laboratory stainless steel flowmeter 
units with 1 50 mm tubes and floats or Matheson 7200 labora­
tory stainless steel flowmeter units with 65 mm tubes with a 
single float are recommended for use where definite flow rates 

must be known. 
Electronic mass flowmeters, such as Matheson Series No. 

8116 and No. 8160, should be used where accurate readings 
are required. Calibration is unaffected by temperature and 
pressure changes and flow rates may be recorded from the 
instrument's electrical output. 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 stainless steel and 
Series 8260 of type 316 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera­
ture changes. These mass flow controllers consist of a trans-
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CYANOGEN CHLORIDE ~=-=~~~----~~~====~---d I um sulfate. Cyanogen chloride reacts with ammonia in th 
due r a control valve, a blind control er/ power supply, a 
pol ntIometer and a d1g1tal ,nd1cator The transducer sens~s 
he gas flow and sends a signal to the power supply. This 

sI nal and one from the potentiometer are compared . If there 
Is an imbalance the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 

1mbalanc The accuracy Is ± 1 2%. 

Shipping Regulations 

Cyanogen Is classIfled by the DOT as a · Class A' poison 
and Is sh pp d under the required Poison Gas Label " 

Chemical Preparation 

Cyar.ogen chlor de 1s prepared by treating hydrocyanic acid 
or an alkali meta cyanide with chlorine in aqueous solutions at 
low t mperatures or in an inert med ium, such as carbon tetra­
chloride or ethyle'1e chloride, or by chlorinating an aqueous 
suspensIori of potassium zinc cyanide. 

Chemical Properties 

In th presence of alkali, cyanogen chloride is hydrolyzed to 
th m tal chloride and rretal cyanate. Cyanogen chloride 
r acts with ole'ins giving cyanoolefins, cyanoalkanes. w­
chloro-cyanoalkanes, and other products, depending on the 
catalyst and reaction cond l ions Polymerization of cyanogen 
chlorid to cyanunc chloride Is favored by the presence of 
hydro en chloride And thus Is favored by the presence of 
moIstur b caus of partial hydrolysis. Chlorine also favors 
polym nzat1on to cyanuric chloride. Cyanogen chloride reacts 
qu nt1tat1vely on heating with aqueous solutions of hydrogen 
1od1d sulfur dIoxIde, and hydrogen sulfide giving hydrogen 
cyanid • nd hydrogen chloride AS well as iodine sulfuric acid , 
and sul fur respectively In the presence of alkaline reducing 
ag nts, such as sodium sulfite and sodium hydroxide, cyano­
g n chlorid 9Iv s sodium cyanide, sod um chloride, and so-

Temperature, C Reported Values (5) 
kPa mbar 

76 7 0 133 1 333 
1 4 0 667 6.666 

53 8 1.333 13.33 
4 1 2.666 26 66 
37 5 5 333 53 33 
32 1 7 999 79.99 
24 9 13 33 133.3 
14 1 26 6 266.6 

- 23 53 3 533.3 
00 59 33 593.3 
20 64 53 645.3 
40 70 26 702.6 

0 76 39 763 9 
80 82 79 827.9 

10 0 89 86 898 6 
15 40 1 01 325 1 013 25 
20 0 
40 0 
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. . . 'd e ~ 
or in aqueous solution giving cyanam1 e and ammonium hi 

C O· 
ride. Cyanogen chloride reacts w ith hydrazine (1 :2 molar rati 

· . h' fl d' o) in aqueous solution, giving _ c 1e Y sym- 1aminoguanidine hy. 
drochloride. Aqueous ~olutIons of cy_anogen chloride are not 
precipitated by silver . nitrate. Alc_ohohc solutions of cyanogen 
chloride decompose In a short time giving diethyl carbonat 
ethyl carbamate, a little ethyl chloride and ammonium chlorid:· 
Cyanogen chloride does not react with alcohol-free sodium 
ethoxide; however. in the presence of absolute alcohol, ther 
is formed at -1 O °C diethyl iminocarbonate, while at roo~ 
temperature this same com_pound is fmmed along with triethyl 
cyanurate. Cyanogen chloride reacts with methylamine to give 
methylcyanamide and sym-dimethylguanidine. Cyanogen chlo­
ride also reacts with aniline , phenylhydrazine, d iazoethane and 

diazomethane. 

Thermodynamic and Detailed Physical Data 

Molecular Structure 

The cyanogen chloride molecule is linear, with C,.v symmetry 

having a symmetry number of one. The CI- C and C=N bond 
distances are 1.631 x 10- 10 m (1 .631 A) and 1.162 x 10- 11 

m (1 .162 A). respectively. The CI- C=N bond angle is 180°. 

Vapor Pressure 

The vapor pressure of liquid cyanogen chloride from -5.0 
°C to 40.0 °C is represented by the following equation (5): 

log10p = 7.840-1 418.953T 

in which p = mmHg and T = °K. 
Some calculated vapor pressures are compared with re­

ported values (5) in the following table . 

Vapor Pressure 
Calculated Values 

mmHg kPa mbar mmHg 

1 
5 

10 
20 
40 
60 

100 
200 
400 53.20 532 .0 399 
445 (6) 59.06 590.6 44.3 
484 (6) 64.26 642 .6 482 
527 (6) 69.99 699 .9 525 
573 (6) 76.13 761 .3 571 
621 (6) 82 .79 827.9 621 
674 (6) 89.86 898 .6 674 
760 101 .86 1 018 .6 764 

133.1 9 1 331 9 999 
271 .58 2 715 .8 2 037 

Matheson 
~ 

Latent Heat of Vaporizat ion, AHv 
Temperature, °C AHv, kJ/ mol 

-8.0 27.677 
0 .0 27 .150 

10.0 26.623 
13.0 26.359 
20.0 
30.0 

25.832 
25 .041 

Thermodynamic Properties of Cyanogen Ch loride As Ideal 
Gas @ 25 °C (7) 

Heat Capacity, C~ 

Entropy, S0 

Free Energy Function , (F~se-

H~ga) / T 
Enthalpy, H0 

Enthalpy of Formation AH~ 
Free Energy of Formation, AF~ 

Compressibility Data 

45 .271 J / (mol- °K) 
236 .224 J / (mol- °K) 

- 236.224 J / (mol- °K) 

10.686 kJ / mol 
137 .946 kJ / mol 
130.997 kJ / mol 

See Table 1 for compressibility data for cyanogen ch loride. 

REFERENCES 

Table 1. 

Tempera-
ture, °C 

-6.7 
-1 .1 

4.4 
10.0 
15.6 
21 .1 
26.7 
32.2 
37.8 
43.3 
48.9 

CYANOGEN CHLORIDE 

COMPRESSIBILITY DATA FOR 
CYANOGEN CHLORIDE 

Pressure, kPa 
137.9 275.8 413.7 551 .6 

(20 ps,a) (40 psia) (60 psia) (80 ps1a) 

0.983 8 
0.984 8 
0.998 5 
0.998 6 
0.998 6 
0.998 7 
0.998 8 0.997 5 
0.998 8 0.997 6 
0 .998 9 0.997 7 0.996 5 
0.998 9 0.997 8 0.996 7 
0.999 0 0.997 9 0.996 8 0.994 6 

' For extensive tabulations of the thermodynamic and physical properties of cyanogen chloride, see w Braker and A L Mossman, The Matheson 

Unabridged Gas Data Book, 1975, Matheson, East Rutherford, New Jersey. 
2 W Braker, A. L. Mossman. and D. Siegel, Effects of Exposure to Toxic Gases-First Aid and Medical Treatment, 2nd edition, 19 77, pp 32- 38. 

Matheson. Lyndhurst, New Jersey. 
3 F. A. Patty, Industrial Hygiene and Toxicology, 1962, Volume 11 , pp. 2005-2007, lnterscience Publishers. New York, New York 

• W. Braker and A. L. Mossman, Matheson Gas Data Book, 1971 , 5th edition, p. 161 , Matheson, East Rutherford, New Jersey 
5 Chemical Engineers' Handbook, R. H. Perry, C. H. Chilton, and S. D. Ki rkpatrick, editors , 1963, 4th edition, p 3-1 07, McGraw-Hill Book Co , 

Inc., New York, New York . 
6 A. Klemenc and G. Wagner, Z. Anorg . Chem. 235, 427 (1938). 

' JANAF Thermochemical Tables, 2nd edition, 1971, D. R. Stull and H. Prophet, project directors. Natl Stand. Ref Data Ser .. Natl Bur Stand .. 

NSRDS-NBS 37, U. S. Government Printing Office , Washington, D. C. 
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CYCLOBUTANE 
(Synonym: Tetramethylene) 

(Formula: C4H
8

) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of C4He 
Specific Volume @, 21 1 °C, 101.325 kPa 
Vapor Pressure (_a, 21.1 °C 

Bo,hng Point @ 101 325 kPa 
Triple Point 

0 .056 108 kg 
0 .056 108 kg 
430.7 dm3 / kg ; 6.9 ft3 / lb 

158.6 kPa; 1 .59 bar; 23.0 psia; 1 .56 
atm 

Absolute Density, Gas@, 101.325 kPa@ 20 °C 
Relative Density , Gas@ 101 .325 kPa@ 20 °c (Air = 1) 
Density, L1qu1d @., Saturation Pressure @ 25 °C 
Critical Temperature 

285.66 °K; 12.5 °C; 54.5 °F 
182.42 °K; -90.7 °C; -131.3 °F 
2.405 kg / m3 

1.996 
0.689 kg / dm3 

Critical Pressure 

Critical Volume 
Critical Density 
Critical Compressibility Factor 
Latent Heat of Fusion @, - 90. 7 ° C 

457.99 ° K; 184.8 ° C; 364. 7 ° F 

5 046 kPa; 50.46 bar; 49.8 atm; 731 .9 
psia 

3. 700 dm3 / kg 
0.270 kg / dm3 

0 .275 

Molar Spec1f1c Heat, Gas @, 101.325 kPa @ 25 °C @ Constant 
Pressure 

1 088.26 kJ/mol; 19.4 kJ / kg 

Molar Spec1f1c Heat, Liquid @ 12 °C 
Viscosity, Gas @. 101 .325 kPa @ 12.5 °C 

75.14 J/ (mol- °K) 
106.32 J/ (mol, °K) 

Thermal Conductivity, Gas@. 101 .325 kPa@ 25 °C 

Refractive Index Liquid @- Saturation Pressure, n
0 

@ 25 °c 

0.008 30 mPa-s; 0.008 30 mN,s / m 2 ; 

0.008 30 cP 

0.014 81 W / (m. °K) 35.4 x 1 o-6 cal. 
cm / (s-cm2 -°C) 

1.362 

Description 

Cyclobutane is a colorless, flammable , nontoxic gas. 

Uses 

Cyclobutane 1~ primarily for phys,cochemical studies of the 
four-membered nng. 

Tox1c1ty 

~yclobutane is considered to be nontoxic. In high concen­
trations. 1t may produce slight anesthetic effects. 

Precautions in Handling and Storage 

The hazards associated with the handling of cyclobutane are 
due to its extreme flammability Store and use cyclobutane in 
a well-ventilated area away from heat and all ignition sources 
such as flames and sparks Never use a flame to detect 
cyclobutane leaks, use soapy water. Do not use cyclobutane 
around sparking motors and other non-explosion-proof equip­
ment. Do not store reserve stocks of cyclobutane cylinders 
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wi~h. ~ylinders containing oxygen, chlorine, or other highly 
~x,dizing or flammable materials. Ground all equipment and 
lines used with cyclobutane. 

In addition, the general rules listed in Appendix I should be 
observed. 

Leak Detection 

All_ fittings and valves should be painted with soap water 
solutio_n to detect leaks which will be indicated by bubble 
formation. Never use a flame to detect leaks. 

Disposal of Leaking Cylinders 

Cyli
nd

ers of cyclobutane which develop leaks that can not 
be corrected by normal procedures may be disposed of by the 
procedure described in Appendix II-A. 

Materials of Construction 

Since cyclobutane · . 
. is a noncorrosive gas, any common or 

commercially availabl t I 
e me a may be used. However piping systems or vessels t t • ' 

o con ain cyclobutane should be designed 

matheson· 

to have a working pressure as specified by competent engi­
neers using a safety factor conforming to the ASME code for 
pressure piping. 

Shipping Regulations 

Cyclobutane is c lassified by the DOT as a flammable, com­
pressed gas and is shipped with the required " Red Gas Label ". 

Chemical Preparation 

The preparation of cyclobutane has always been effected 
through intermediates that are difficu lt to prepare. Thus, it has 
been obtained by hydrogenation of cyclobutene over nickel 
catalysts at 1 00 °C; by converting cyclobutyl bromide to cyclo­
butylmagnesium bromide, fol lowed by hydrolysis of the latter 
with water; by Huang-Minion reduction of cyclobutanone, with 
hydrazine and potassium hydroxide in ethylene glycol; from 
cyclobutanecarboxylic acid via a Hundsdiecker reaction. 

Chemical Properties 

Cyclobutane is considerably more reactive than butane, but 
less reactive than cyclopropane. It is inert to permanganate or 
to ozone and is stable at ambient temperatures to bromine and 
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CYCLOBUTANE 

hydrogen iodide. The ring can be opened by hydrogenation, 
but this requires more drastic conditions (N1 catalyst, 200 °C) 
than is required to open the cyclopropane ring (N1 catalyst, 
120 °C). 

Thermodynamic and Detailed Physical Data 

Molecular Structure 

The cyclobutane ring is a strained one, with C-C and C- H 
bond lengths of 1 .568 x 1 0 10 m (1 .568 A) and 1 .096 x 
1 0 - 10 m (1 .096 A) , respectively, and H- C-H bond angles of 
114 °. various physical measurements suggest that the equilib­
rium configuration for cyclobutane is one with a nonpla~ar 
skeleton (02d symmetry), but that the barrier hindering inve:s,on 
of the molecule is sufficiently low so that even at ordinary 
temperatures an appreciable number of the molecules obey 
0 4 h selection rules . 

Infrared Spectrum 

For the infrared spectra of gaseous and liquid cyclobutane 
see Figure 1 . 

,ooo 

CYCL08UTANf 
ROO" T[,,.,IRATlllll 

(QI 7H •ia "1J , .s c"'- Cf LL 
ID) 9 
(C) LIQUI• - 0 .Z, ••• 
(cl) HO - 111 t .t. <WI. 

L.ir ....... · )1000 «"'•I 
ca,. 1000 - 1400 
NKI • 1♦00 • 1oo 
Kllr (TOO 

20 
FIUQUfNCY (CM· 1J 

· 700 s&"o aoo 
600 

Fig. 1. Infrared spectra of cyclobutane. The optics used were as indi~~ted in the figure, except that for the liquid sp.ectrum NaCl 

optics were used below 1 400 cm- 1 and CaF2 optics above 1 400 cm <2 >-
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CYCLOBUTANE 

Vapor Pressure (2) 

The vapor pressure of liquid cyclobutane from -60 °C to 
12 5 °C Is represented by the following equation: log,oP = 

1 912.146 
24.669 07 - T - 6 892 57 log,0 T + 0.002 913 9T 

m which p = cmHg and T = K 
Vapor pressure values obtained by this equation correspond 

very close to the following experimental values. 

Temperature, Vapor Pressure 

C kPa mbar 
mmHg = 

torr 

-59 93 2.497 24.97 18 73 
-56.13 3.242 32.42 24 32 
-49.00 5.172 51.72 38 79 
-45.92 6 302 63 02 47.27 
-33 86 12 711 127 11 95.34 
-27.26 18 025 180 25 135.20 

20.42 25.382 253.82 190.38 
-15 82 31 541 315.41 236.58 
-10 31 40 475 404 75 303.59 
-3 06 55 229 552 29 414.25 

REFERENCES 

Temperature, 
oc kPa 

5.30 77.235 

12.20 1 00.15 

12.51 101 .32 

Latent Heat of Vaporization, 
.:1Hv 

Temperature, 0 c 
-10 

0.0 
12.5 
20.0 

Vapor Pressure 

mbar mmHg == 
torr 

772.35 579.31 
1 001 .5 751.22 
1 013.2 760.00 

.:1Hv, J /mol 

26.121 
25.397 
24.188 
22.979 

Thermodynamic Properties of Cyclobutane As Ideal Gas @ 
25 °C (2) 

Heat Capacity, C~ 
Entropy, S0 

Free Energy Function, (F~96-

HS)/ T 
Enthalpy Function (H~98-HS)/T 

72.22 J / (mol- °K) 
265.39 J / (mol- °K) 
219.12 J / (mol- °K) 

46.32 J / (mol- °K) 

' For f xte n•.rve tabulations of the thermodynamic and physical properties of cyclobutane, see w. Braker and A. L. Mossman, The Matheson 
Unabr1dgcd Gas Dara Book, 19 75, Matheson, East Rutherford, New Jersey 

G W RathJcns, Jr , et al, J Amer Chem Soc. 75, 5634 (1953) 
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CYCLOPROPANE 
(Synonym: Trimethylene) 

(Formula: C3Hs) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of C3Hs 
Specific Volume @ 21.1 °C, 
Vapor Pressure@ 21.1 °C 

Boiling Point @ 1 01 .325 kPa 
Freezing Point 

101 .325 kPa 

Absolute Density, Gas@ 101.325 kPa@ 20 °C 
Relative Density, Gas@ 101.325 kPa@ 20 °C (Air = 1) 
Density, Liquid @ -40 °C 
Critical Temperature 
Critical Pressure 

Critical Volume 
Critical Density 
Critical Compressibility Factor 
Latent Heat of Fusion @ -1 27.4 °C 
Flammable Limits in Air 
Autoignition Temperature 

0.042 081 kg 
0.042 081 kg 
574.3 dm3 / kg; 9 .2 ft3 / lb 
618.4 kPa; 6 .18 bar; 89.65 psia; 6 .1 0 

atm 
240.35 °K; -32.8 °C; -27 .0 °F 
145.73 °K; -127.4 °C; -261.3 °F 
1.751 kg / m3 

1.453 
0 .689 kg /I 
397.81 °K; 124.7 °C; 256.4 °F 
5 495 kPa; 54.95 bar; 54.23 atm; 797 

psia 
4 .040 dm3 / kg 
0 .248 kg / dm3 

0.282 
5.443 kJ / mol; 129.3 kJ / kg 
2.4-10.4% (by volume) 
771 °K; 497.8 °C; 928 °F 

Molar Specific Heat, Gas @ 101.325 kPa @ 25 °C @ Constant 
57 .559 kJ / (kmol, °K); 57.559 J / (mol• 

OK) 
Pressure 

Molar Specific Heat, Liquid @ - 53 °C 

Viscosity, Gas@ 101.325 kPa@ 20 °C 

Thermal Conductivity, Gas@ 101 .325 kPa@ 25 °C 

78.199 kJ,(kmol, °K); 78.199 J / (mol• 
OK) 

0.008 74 mPa-s; 0 .008 74 mN ,s/m2
; 

0.008 74 cP 
0.015 61 W/ (m- °K); 37.3 X 10 6 cal• 

cm/(s-cm2 -°C) 

Heat of Combustion, Ideal Gas@ 25 °C and Constant Pressure 
Gross, to form H20 (liq) + C02'gas) 2 091 .37 kJ / mol 

1 959 .33 kJ / mol Net, to form H20(gas) + C02(gas) 

Description 

Cyclopropane is a flammable, colorless gas at room temper­
ature and pressure, with a characteristic odor resembling pe­
troleum ether. It is readily liquefied. It dissolves in 2 . 7 volumes 
of water at 1 5 °C, and is freely soluble in ethyl alcohol and 
ether. It is readily absorbed by concentrated sulfuric acid. It is 
shipped as a liquefied petroleum gas in steel cylinders under 
its own vapor pressure of 517 kPa (75 psig) at 21.1 °C. 

Not considering ethylene as a cycloalkane (cycloethane), 
cyclopropane is the smallest member of this class of non­
benzenoid carbocyclic compounds, known as cycloalkanes or 
al1cyclic compounds. Cyclopropane resembles the olefins in 
reactivity. It is not as reactive as ethylene but it is more reactive 
than cyclobutane, the reactivity being associated with ring 

strain and C- C bond strengths. 

Specifications 

Cyclopropane as supplied by Matheson has a minimum purity 

of 99.0%. 

Uses 

Cyclopropane has attained importance as an inhalation an­
esthetic. It has been used to a limited extent in organic synthe­

sis. 

Toxicity 

Cyclopropane is a general anesthetic. A Threshold Limit 
Value of 400 ppm is suggested for cyclopropane (concentra­
tion in air to which nearly all personnel may be repeatedly 
exposed, day after day, without adverse effects) . 
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CYCLOPROPANE 

Effects In Man (2) 

Cyclopropane Is a general anesthetic and depending on the 
concentration and time of exposure, symptoms such as rapid 
respIratIon d1min1shed mental alertness, muscular incoordi­
nat1on, nausea, vomItIng and loss of consciousness may occur. 

Contact of the l1qu1d form of cyclopropane with the skin can 
cause frostbite. 

First Aid Treatment (2) 

Inhalation 

If the subiect is conscious and becomes aware of any of the 
above symptoms, he should go to an uncontaminated area and 
inhale fresh air or oxygen In the event the subJect is overcome 
by a massive exposure, he should be earned to an uncontam­
inated area and given art1fi c1al respiration 1f needed and oxygen 
simul taneously. Treat symptomatically thereafter. 

Skin Contact 

In case of skin contact with the liquid form of cyclopropane, 
fros tbite may develop If frostbite occurs , cover the frostbitten 
part with a warm hand or woolen material. If the fingers or hand 
are frostbitten, have the victim hold his hand in his armpit, next 
to his body Then place the frostbitten part in warm water 
about 42 C (108 °F) If warm water is not available or i~ 
1mpract1cal to use, wrap the affected part gently in blankets. 
Let _the c1rculat1on re-establish itself naturally. Encourage the 
v,ct,m to exercise the aHected part while it is being warmed. 

Precautions in Handling and Storage 

The hazards associated with the handling of cyclopropane 
are due to ,ts extreme flammab1l1ty. Store and use cyclopropane 
in a well-ventilated area away from heat and all ignition sources 
such as flames and sparks Never use flames to detect cyclo­
propane leaks, use soapy water. Do not use cyclopropane 
around spark ing motors and other non-explosion-proof equip­
ment. ~o not store reserve stocks of cyclopropane cylinders 
with cylinders containing oxygen, chlorine or other highly oxi­
dizing or flammable materials Ground all equipment and lines 
used with cyclopropane. 

In add1t1on, the general rules listed in Appendix I should b 
observed. e 

Leak Detection 

All fi tt ings and valves should be painted with s 
sol r I d oap water 

u ion o elect leaks which will be indicated by bubble 
formation. Never use a flame to detect leaks. 

Disposal of Leaking Cylinders 

Cylinders of cyclopropane which develop leaks that c 
be corrected by normal procedures may be disposed of ban~ot 
procedure described in Appendix II-A Y e 

It is also possible to absorb the cycl~propane by int d 
it at a moderate rate, into concentrated sulfuri~ acid. ro uc,ng 

Materials of Construction 

systems or vessels t~ contain cyclopropane should be de­
signed to have a working pressure as specified by compet 

· · f t f t f · ent engineers using a_ sa e y ac or con ormIng to the ASME c d . . o e 
for pressure piping . 

Cylinder and Valve Description 

DOT approved cylinders con_taining cyclopropane are usually 
of the low pressure type having a rated service pressure of 
1 034 kPa (150 psig) or more. Cylinders of cyclopropane 
equipped with valves having Compressed Gas Associat~~ 
(CGA) valve outlet No. 51 0, the approved standard connection 
with a thread size of 0.885 inch diameter, left-hand internal 
threads accepting a bullet-shaped nipple. (See Figure 1 for an 

OUTLET 
CON~E.'T'ON 

Fig. 1. CONNECTION 510 .885"-14 LH INT . accepting a Bullet 
Shaped Nipple 

illustration of the valve outlet and its mating connection). This 
~alv~ 1s sta~dard for all liquefied petroleum gases. Valves used 
in th,~ service ~Y Matheson are of the diaphragm type and 
contain no packing. 

Lecture bottles have a special 5/,s "-32 threads per inch 
female outlet, and a 9/,s"-18 threads per inch male dual valv 
outlet. e 

Safety Devices 

A number of different safety devices are permitted on cylin­
ders containing cyclopropane. The most commonly used safety 
de~ice, which 1s used by Matheson, is the spring-loaded safety 
relief valve. It cylinder pressure becomes dangerously high 
~~saually due_to overheating) the device will open at about 2 586 

(375 ps,g) and release gas until the pressure again returns 
to a safe level. 

Recommended Controls 

Automatic Pressure Regulator 

Matheson supplies single stage regulator Model 1P-510 tor 
cyclopropane service Th 1 · e regu ator has a delivery pressure 
range of 28-240 kPa (4 35 . 
brass i t 

1 
- ps,g)_ It has a brass body with 

seat Nn er~_a parts plus a neoprene diaphragm and neoprene 

SI
.nee . . 

1
° cy inldder pressure gauge is necessary in this reoulator 

1 wou not · d ' ~ . in icate cylinder content but only vapor 
pressure which will r . 
remains in th . ema1n constant as long as any liquid 
b . . e cyhnder. Cylinder content should be determined 
,; wthei_s,gphing . The Matheson Cylinder Scale Model 851 0 is ideal 

urpose. 
Accurate low pres . 

obtained with Math sure regulation of cyclopropane may be 
The regulator has eson _low pressure regulator Model 70-510. 
(0 5_5 . ) . a delivery pressure range of 3.4-34.5 kPa 

· psig · It is constructed t • 
die cast al . 0 an oversize pancake body of 

uminum and a Buna N dia h Since cyclopropane is a noncorrosive gas an 
commerc,ally available metal may be used ,H Y common or 

owever, piping 
To prevent suckback . P ragm. 

recommended f of foreign materials, a check valve is 
or use wi th the above recommended regulators. 

210 

Manual Controls 

Matheson needle valve Model 50-510, a brass bar stock 
valve, is available for direct connection to the cylinder valve 
outlet. This valve may be equipped with a variety of outlets, 
such as serrated hose end , ¼ " compression fitting or ¼" NPT 
male or female pipe. It is used mainly for intermittent flow 
control directly from the cylinder, but it requires constant 
attent ion by the user. It will not effectively control pressure and 
should not be used where pressure control is necessary. Brass 
needle valve Model 31 B is recommended for use with lecture 
bottles. 

Flowmeters 

Matheson Series 7600 laboratory brass tlowmeter units with 
1 50 mm tubes and floats or Matheson 7200 laboratory brass 
flowmeter units with 65 mm tubes with a single float are 
recommended for use where definite flow rates must be known. 

Electronic mass flowmeters, such as Matheson Series No. 
8116 and No. 8160, should be used where accurate readings 
are required. Calibration is unaffected by temperature and 
pressure changes and flow rates may be recorded from the 
instrument's electrical output. 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 31 6 stainless steel and 
Series 8260 of type 316 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera-
ture changes. These mass flow controllers consist of a trans-
ducer, a control valve, a blind controller/ power supply, a 
potentiometer and a digital indicator. The transducer senses 
the gas flow and sends a signal to the power supply. This 
signal and one from the potentiometer are compared . If there 
is an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 
imbalance. The accuracy is ± 1 .2%. 

Shipping Regulations 

Cyclopropane is shipped under DOT regulations as a flam-
mable, liquefied compressed gas, taking a " Red Gas Label " . 

Chemical Preparation 

Cyclopropane is prepared by treating 1 ,3-dichloropropane 
in ethyl alcohol with zinc in the presence of catalysts . 

Chemical Properties 

Bromine and iodine convert cyclopropane into the corre-
sponding 1 ,3-dihalopropanes. Thermal chlorination gives 
chiefly chlorocyclopropanes contam inated with some allyl chlo-
ride. This impurity may be avoided by photochemical reactions. 
Iodine bromide reacts slowly with cyclopropane. Hydrogen 
halides c leave the cyclopropane ring giving propyl hal ides. 
Cyclopropane is inert to ozone and cold potassium perman-
ganate solution . Pyrolysis of cyclopropane at 400-500 °C 
gives chiefly propylene; higher temperatures result in the for-
mation of hydrogen , ethylene, saturated hydrocarbons and 
carbon . Lower temperatures can be used to convert cyclopro-
pane to propylene if metall ic catalysts are employed . Cyclopro-
pane can be catalytically reduced to propane. 
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CYCLOPROPANE 

Thermodynamic and Detailed Physical Data 

Molecular Structure 

The three carbon atoms of the cyclopropane ring lie in a 
plane, and the angle strain Is considerable since each carbon 
valence angle Is deformed 49.5° from its normal value (109.5°). 
Some relief from the strain Is achieved by distortion of the 
H- C Hand H- C· C bond angles. The C-C and C-H bond 
distances are 1 53 x 1 O 10 m (1 .53 A) and 1 .090 x 1 O 10 m 
(1 090 A), respectively. The C-C- C and H-C-C bond 
angles are 60° and 116-118° , respectively. The cyclopropane 
molecule has 0 1h symmetry. 

Infrared Spectrum 

See Figure 2 for the infrared spectrum of gaseous cyclopro­
pane 

Vapor Pressure 

The vapor pressure of liquid cyclopropane from -84.55 °C 
to - 32.80 °C Is shown below (3) 

Temperature, Vapor Pressure 

C kPa mbar mmHg = 
torr 

- 84.55 6.159 61.6 46.2 
- 74 85 12 052 120.5 90.4 
- 67.35 19 052 190.5 142.9 
- 59.45 29.184 291 .8 218.9 
- 52 75 41 . 703 417.0 312.8 
- 4715 55.209 55.21 414.1 

38 15 83 060 830.6 623.0 
- 34 25 98 099 981 .0 735.8 
- 32.80 101 325 1 013.25 760.0 

The vapor pressure of liquid cyclopropane from 3.0 °c to 
124 6 C 1s listed in the following table (4). 

REFERENCES 

Temperature, °C 
Vapor Pressure 

kPa bar 

3.00 241.2 2.41 
10.92 406.3 4 .06 
16.78 537.0 5.37 
32.42 792.4 7.92 
43.28 1 231 .1 12.31 
52.42 1 545.2 15.45 
61.32 1 688.1 16.88 
71.42 2 261.6 22.62 
81.19 2 613.2 26.13 
91.10 3 052.9 30.53 

101 .31 3 459.2 34.59 
11 0.02 4 152.2 41.52 
124.65 4 586.0 45.86 
150.34 (C.T.) 5 494 .9 54.95 (C.P.) 

For additional vapor pressure data, see Figure 3 and Table 
1 . 

Latent Heat of Vaporization, 4Hv 

Temperature, °C 

-73.15 
-53.15 
-32.80 
-13.15 

6.85 
26.85 

4Hv, kJ/mol 

21.959 
20.997 
20.054 
19.068 
17.964 
16.737 

Thermodynamic Properties of Cyclopropane as Ideal Gas 
@ 25 °C 

Heat Capacity, cg 
Entropy, S0 

56.066 J / (mol, °K) (5) 
237 .82 J/ (mol- °K) (6) 

For extensive tabulations of thP thermodynamic and physical P rt· f 
U rope ies o cyclopropane see W 8 k d 

nabndged Gas Data Book, 19, ,v1atheson East Ruthe f d N ' · ra er an A. L. Mossman, The Matheson • r or , ew Jersey 
W Braker, A L. Mossman, and D. Siegel, l ·0sure to Toxic Gases-First.Aid and . 

Lyndhurst, New Jersey Medical Treatment, 2nd edition, 1977, pp. 11-16, Matheson, 

• G G Haselden and P Snowden, Trans Faraday Soc 58, 1515 (1962) 
H S Booth and W C Moms, J Phys Chem. 62 , 875 (1958). . 
K A Kobe and R Pennington, Petrol Refiner 29, 93 (1950). 
R A Ruehrwem and T M Powell J Amer Chem S 68 ' . · oc , 1 063 (1946) 
Tht> Sadtler Standard Spectra, 19 72 Sad lier Research Lab t . . 
D C -K Lin and J J McKetta J Ch~m Eng D t 16 ora ones, Inc., Philadelphia, Pennsylvania. 

· · · aa , 416(1971) 
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CYCLOPROPANE 

Table 1. THERMODYNAMIC PROPERTIES OF SATURATED CYCLOPROPANE LIQUID AND 
VAPOR (8) 

Temperature Pressure Entropy J/ (mol • 
Enthalpy J/ mol Latent Specific Volume Density kg / dm3 

OK) Heat of Va- dm3 / kg 
OK OF kPa 

I 
atm liquid Vapor liquid Vapor 

ponzation 
liquid Vapor liquid Vapor 

J/ mol 

291 .67 65.33 605.291 5 .974 0 .000 59.669 0.0 17 401 .3 17 401 .3 I 1 .593 77 910 0 .628 0 .012 84 
297.22 75.33 706.437 6.972 1.620 58.982 508.6 17 557.8 17 049.2 1.614 69 919 0 .620 0 014 30 
302.78 85.33 819.442 8.087 3.416 58.507 1 036.8 17 714.3 16 677.5 1.635 62.178 0 .612 0 .016 08 
308.33 95.33 944.995 9.326 5.176 58.049 1 574.8 17 880.6 16 305.8 1.658 54 .912 0 .603 0 018 21 
313.89 105.33 1 083.99 10.70 6.937 57.627 2 142.1 18 046.9 15 904.8 1.683 48 294 0.594 0 .020 71 
319.44 115.33 1 237.26 1 2 .21 8.715 57.239 2 709.5 18 213.1 15 503.6 1.710 42 376 0 .585 0 .023 60 
325.00 1 25.33 1 405.70 13.87 10.564 56.940 3 296.4 18 369.6 15 073.2 1.739 37 .157 0 .575 0 .026 91 
330.56 1 35.33 1 590.14 15.69 12.360 56.606 3 912.6 18 535.9 14 623.3 1.770 32 581 0 .565 0 .030 69 
336.11 145.33 1 791 .67 17.68 14.1 73 56.289 4 548.4 18 702.2 14 153.8 1.804 28.586 0.554 0 .034 98 
341 .67 155.33 2 011.20 19.85 16.004 55.989 5 184.2 18 839.2 13 655.0 1.842 25.102 0.543 0 .039 84 
347.22 165.33 2 249.90 22.20 17 818 55.637 5 829.8 18 956.5 13 126.7 1.883 22 .056 0.531 0 .045 34 
352 .78 175.33 2 508.86 24 .76 19.596 55.21 5 6 465.6 19 034.8 12 569.2 1.930 19.390 0.518 0 .051 57 
358.33 185.33 2 789.41 27.53 21 .375 54.739 7 140.5 19 093.5 11 953.0 1.981 17.037 0.505 0 .058 70 
363.89 195.33 3 092 .71 30.52 23.258 54.281 7 835.0 19 122.8 11 287.8 2.040 14.958 0.490 0 .066 85 
369.44 205.33 3 420.28 33.76 25.125 53.700 8 549.0 19 103.3 10 554.3 2.109 13.104 0.474 0 .076 31 
375.00 215.33 3 773.64 37.24 27.150 53.067 9 331 .5 19 054.3 9 722.8 2.190 11 .424 0.457 0 .087 54 
380.56 225.33 4 154.30 41 .00 29.280 52.274 10 163.0 18917.4 8 754.4 2.290 9 .889 0 .437 0.101 12 
386.11 235.33 4 564.19 45.05 31.727 51 .324 11141 .1 18 71 2.0 7 570.9 2.423 8.434 0.413 0 .11857 
391 .67 245.33 5 005.18 49.40 34.668 49.915 12 334.5 18311.0 5 976.5 2.621 6.979 0 .382 0 .143 29 
397.22 255.33 5 479.26 54 .08 40.654 48.031 14 770.1 17 694.7 2 924.6 3 .093 5.128 0 .323 0 .195 01 

Table 2. THERMODYNAMIC PROPERTIES OF GASEOUS CYCLOPROPANE AT 291.67 °K 
(65.33 °F) AND 475.00 °K (395.33 °F)(8) 

REFERENCE STATE: ENTHALPY = 0 AND ENTROPY = 0 FOR THE SATURATED LIQUID 
AT 291.67 °K AND 605.3 kPa (6.053 bar) 

Pressure Temperature, 291.67 °K Pressure Temperature, 475.00 °K 

Enthalpy 
Entropy Specific 

Enthalpy Entropy J/ Specific Vol-kPa atm J/ mol J / (mol • Volume kPa atm J/ mol (mol• °K) ume dm3 / kg OK) dm3 / kg 

34.474 0.340 18 164.2 85.304 662 .5 34.474 0 .340 31 555.1 120.218 2 718. 7 
68.948 0 .680 18 134.9 79.477 826.5 137.90 1.361 31 506.2 108.616 677.3 

103.42 1.021 18 095.8 76.026 548.2 413.69 4 .083 31 359.5 99.249 223.5 
137.90 1.361 18 066.4 73.578 408.8 689.48 6 .805 31 212 .7 94.777 132.3 
172.37 1. 701 18027.3 71.642 325.1 965.27 9 .526 31 066.0 91.748 93.83 
206.84 2 .041 17997.9 70.057 269.3 1 378.95 13.61 30 850.8 88.456 64.61 
275.79 2 .722 17919.7 67.486 199.5 2 068.43 20.41 30 498.7 84.547 41 .92 
344.74 3 .402 17 831.7 65 .444 157.4 2 757.90 27 .22 30 136.8 81.607 30.55 
413.69 4 .083 17 743.6 63. 701 129.3 3 447.38 34.02 29 755 .3 79.177 23.71 
482.63 4 .763 17 636.0 62.152 109.1 4 136.85 40.83 29 364.0 77 .047 19.15 
551.58 5.444 17 508.9 60.743 93.83 5 515.81 54.44 28 503.3 73 .279 13.43 

6 894.76 68.05 27 427 .3 69 .599 9.976 
8 273.71 81.66 26 273.1 66.096 7.610 

10 342.1 102.1 25 255 .8 62 .785 5.386 
13 789.5 136.1 22 869 .1 56.447 3 .593 
17 236.9 170.1 21 538.8 52 .662 2.932 
20 684.3 204 .1 20 873.7 50.408 2.628 
24131.6 238.2 20 472 .7 48 .788 2.447 
27 579.0 272 .2 20 228.1 47 .538 2 .325 
31 026.4 306.2 20 061 .8 46.499 2.236 
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VAPOR PRESSURE vs TEMPERATURE 
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DEUTERIUM 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of D2 
Specific Volume@ 21 .1 °C, 101.325 kPa 
Boiling Point@101.325 kPa, Normal Deuterium, 66.7% o-D2 
Equilibrium Deuterium, 97 .8° o-D2 

Triple Point 
Normal Deuterium, 66. 7% o-D2 
Temperature 
Pressure 

Equilibrium Deuterium, 97.8% o-D2 
Temperature 
Pressure 

Absolute Density, Gas@ 101 .325 kPa@ o 0 c 
Density, Liquid, Equilibrium Deuterium @ -252.8 ° C 

Critical Temperature 
Normal Deuterium 
Equilibrium Deuterium 

Critical Pressure 
Normal Deuterium 

Equilibrium Deuterium 

Critical Volume Equilibrium Deuterium 
Critical Density Equilibrium Deuterium 
Critical Compressibility Factor Equilibrium Deuterium 
Latent Heat of Fusion, Equilibrium Deuterium@ - 254.5 °C 

Flammability Limits in Air 
Molar Specific Heat, Gas @ 101 .325 kPa @ 25 °C 

@ Constant Pressure 

@ Constant Volume 

Specific Heat Ratio, Gas @ 101 .325 kPa @ 25 °C, Cp / Cv 
Viscosity, Normal Deuterium @ 101 .325 kPa@ 0 °C 

Viscosity, Liquid, Equilibrium Deuterium @ -252.8 °C 

Thermal Conductivity, Normal Deuterium @ 101 .325 kPa@ 0 °C 

Thermal Conductivity, Liquid, Equilibrium Deuterium@ 

-252.8 °C 

Surface Tension , Equilibrium Deuterium@ -252.8 °C 
Refractive Index, Normal Deuterium @ 1 01 .325 kPa, no 25 °C 
Dielectric Constant, Equilibrium Deuterium @ -252.8 °C 

0 .004 032 kg 
0 .004 032 kg 
5 987 dm3 / kg ; 95.9 ft3 / lb 
23.654 °K; - 249.5 °C; -417.1 °F 
23 .626 °K; -249 .5 °C; -417.1 °F 

18.72 °K; -254.4 °C; -426.0 °F 
17.13 kPa; 171.3 mbar; 128.5 mmHg 

18.62 °K; -254.5 °C; -426.2 °F 
1 7 .13 kPa; 1 71 .3 mbar; 1 28.5 mm Hg 

0.180 kg / m3 

0.169 kg / I 

38.34 °K; - 234.8 °C; -390.7 °F 
38.25 °K; -234.9 °C; -390.8 °F 

1 664.8 kPa; 16.65 bar; 241.5 psia; 

16.43 atm 
1 649.6 kPa; 16.50 bar; 239.2 psia; 

16.28 atm 
14.955 3 dm3 / kg 
0.066 8 kg / dm3 

0.312 
196.94 J / mol; 4 7 .07 cal / mol 
5-75% (by volume) 

29.204 J / (mol- °K); 6 .980 cal/(mol • 
oc) 

20.878 J / (mol • °K); 4 .990 cal/(mol­
oc) 

1.40 
0.0101 mPa-s; 0 .0101 mN-s/ m

2
; 

0 .010 1 cP 
0 .040 mPa-s; 0 .040 mN-s / m2

; 0 .040 

cP 
0.1289 W / (m • °K); 308.0 x 1 o-6 cal• 

cm/(s-cm2 
• °C) 

1 264 W/ (m- °K); 3.021 cal,cm/(s-
cm2- °C) 

3.72 mN / m; 3 .72 dyn-cm 
1.000 126 5 
1.275 

Description 
Deuterium, a heavier stable isotope of ordinary hydrogen, is 

a colorless, odorless, nontoxic, flammable gas. It is shipped in 

high pressure steel cylinders at varying pressures depending 

on the quantity packaged . 
Like molecular hydrogen, the diatomic deuterium molecule 
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DEUTERIUM 

shows ortho and para isomerism. At room temperature, deu­
terium exists as a 2: 1 equilibrium mixture of ortho-para isomers. 
This Is referred to as normal deuterium. Decreasing the tem­
perature favors conversion to ortho deuterium. For example, at 
20 4 °K the equilibrium mixture contains 97.8% ortho deute­
rium This 1s referred to as equilibrium deuterium. 

Spec1f1cations 

Matheson supplies a C.P grade of deuterium. This grade 
has a minimum IsotopIc purity of 99.5% 

Uses 

Deuterium Is used in tracer applications, in reaction rate 
studies, and exchange reaction studies, 1 e., reactions in which 
one or more deuterium atoms trade places with light hydrogen 
atoms in some 10n or molecule. 

Toxicity 

Deuterium is nontoxic but can act as an asphyxiant by 
d1splac1ng the necessary amount of air required to support life. 

Precautions in Handling and Storage 

The major hazards associated with the handling of deuterium 
1s tlammab1l1ty. The following specific rules apply when han­
dl1rg deuterium: 

1 Never use cylinders of deuterium in areas where flames, 
excessive heat or sparks may occur 

2 Utilize only explosion-proof equipment and spark-proof 
tools in areas where deuterium Is handled. 

3 Ground all equipment and lines used with deuterium. 
4 Never use a flame to detect gas leaks-use soapy water. 
5. Do not store reserve stocks of deuterium with cylinders 

containing oxygen. or with other highly ox1d1zing or combust­
able materials 

6 Do not place cylinders where they may become part of 
an electric cIrcu1t When electric welding , precautions must be 
taken to prevent striking an arc against a cylinder. 

In add1t1on the general rules listed in Appendix I should be 
observed 

Leak Detection 

Equipment to contain deuterium should be pretested with 
dry nitrogen 

Disposal of Leaking Cylinders 

Cylinders of deuterium which develop leaks that can not be 
corrected by normal methods may be disposed of according to 
the procedure described in Appendix II-A 

Materials of Construction 

Since deuterium is noncorrosive. no special materials of 
construction are required. However any pIpI·ng , or vessels 
containing deuterium should be designed b Y competent engi-
neers. using a safety factor conforming with the ASME code 
for pressure piping 

The handling of deuterium at elevated pressures and tem­
peratures poses serious equipment problems. since possible 
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deuterium embrittlement adds difficulties to normal equipment 

design. 

Cylinder and Valve Description 

Deuterium is packaged in DOT approved, high pressure steel 
cylinders. The cylinder valve outlet used by Matheson is a No. 
350 connection, which is designated as standard for deuterium 
by the Compressed Gas Association (CGA). This valve outlet 
has a thread size of 0.825 inch diameter, with left-hand external 
threads accepting a round-shaped nipple. (See Figure 1 for an 

OUTLET 

830" 
13 15·· 

CONNE "T luN 

J_ 

Fig. 1. CONNECTION 350 .825"-14 LH EXT. accepting Round 

Shaped Nipple 

illustration of the valve outlet and its mating connection). Lec­
ture bottles have a special 5/,s "-32 threads per inch female 
outlet and a 9/,s"-18 threads per inch male dual valve outlet. 

Safety Devices 

Matheson cylinders (except lecture bottles) containing deu­
terium have safety devices of the frangible disc type, backed 
up with fusible metal, melting at approximately 100 °C (212 
°F). The safety device is an integral part of the cylinder valve 
and is situated opposite and slightly below the valve outlet. 

Recommended Controls 

Automatic Pressure Regulators 

1. Single Stage Regulators 

A single stage regulator will reduce cylinder pressure in one 
stage to a delivery pressure in a particular range, depending 
upon the design of the regulator and its spring load . A single 
stage _regulator will show a slight variation in delivery pressure 
as cylinder pressure fal ls. The following recommended single 
stage regulators are available from Matheson for use with 
deuterium: 

Model No 

1 L-350 
1 H-350 

3320 (for lecture bot­
tles) 

2. Two Stage Regulator 

Delivery Pressure Range 
kPa bar (g) psig 

28-550 
69-1 240 
28-410 

0.28-5.5 
0.69-12.4 
0.28-4.1 

4-80 
10-180 
4-60 

. This type of regulator performs the same function as the 
single stage regulate H r. owever, greater accuracy and control 
of del ivery pressu · • . re Is maintained, and the delivery pressure 
does not vary as c I d Yin er pressure falls. Automatic regulator 
Model 8-350 is r . ecommended. The delivery pressure range of 
th1s regulator is 28-340 kPa (4-50 psig). A Model 9-350 
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regulator is also avai lable. It has a delivery pressure range of 
138-1 724 kPa (20-250 psig). 

Manual Controls 

Manual needle valves for direct attachment to the cylinder 
valve outlet are available. These types of controls are used 
mainly where intermittent flows are necessary, or where it is 
desired to control the flow of gas directly from the cylinder. 
This type of needle valve will allow control of extremely low 
flow rates, up to relatively large flow rates. However, pressure 
cannot be controlled with such a valve, and if a line or system 
becomes plugged, dangerous pressure can build up. The fol­
lowing manual type valves are recommended for use with 
deuterium: Model 50-350 or Model 52-350 with gauge to 
indicate tank pressure. These valves can be supplied with 
serrated hose-end, ¼ " compression fitting, or¼" NPT male or 
female outlets. Models 30AR and 31 Bare available for lecture 

bottle controls. 

Flowmeters 

Matheson Series 7600 laboratory brass flowmeter units with 
150 mm tubes and floats or Matheson 7200 laboratory brass 
flowmeter units with 65 mm tubes with a single float are 
recommended for use where definite flow rates must be known. 

Shipping Regulations 

Deuterium is shipped in high pressure steel cylinders as a 
flammable compressed gas, taking a DOT " Red Gas Label". 

Commercial Preparation 

Deuterium is prepared by electrolysis of heavy water (D20) 

which gives deuterium and oxygen. 

Chemical Properties 

Three isotopes of hydrogen are known. They have mass 
numbers of 1, 2 and 3, and are cal led hydrogen, deuterium 
(stable isotope), and tritium (unstable isotope), respectively. 

Chemically, deuterium enters into all the reactions charac­
teristic of ordinary hydrogen and forms completely equivalent 
compounds. Deuterium's larger mass and lower zero point 
energy (i.e. , energy at absolute zero) give much different rates 
of reaction and different positions of equilibrium points in the 
same reaction. In general, deuterium reacts more slowly and 
less completely than ordinary hydrogen, and these properties 
characterize the behavior of corresponding compounds, as 

well as the elements themselves. 

Thermodynamic and Detailed Physical Data 

Infrared Spectrum 
Diatomic molecules have only one vibration along the chem­

ical bond. In the homopolar D-D molecule (Dxh symmetry), the 
vibration is not infrared active but is Raman active. The ob­
served fundamental vibrational frequency of 0 2 is 2 993.44 
cm - 1 • 

Vapor Pressure (2) 

The vapor pressure of normal deuterium (66. 7% o-02) and 
of equilibrium deuterium (97 .8% o-D2) are shown in the follow-
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ing table. The vapor pressure values have been calculated from 
the Antoine vapor pressure equation log,o p = A - B (C + t), 
in which p = mmHg and t = °C, and the constants A, B, and 
C have the values of 6.128 25, 83.525 1 and 275 16 for 
normal deuterium, and 6.044 68. 79.588 and 274.680 for 
equilibrium deuterium. 

Tempera- Tempera- Vapor Pressure 

ture, °K ture, °K 
Normal Deu- Equilibrium kPa mbar mmHg 

terium Deuterium 

17.703 17.690 10.67 106 7 80 

18.167 18.147 13.32 133.3 100 

19.068 19.043 20.00 200.0 150 

19.758 19.730 26.66 266.6 200 

20.325 20.295 33 33 333.3 250 

20.811 20.779 40.00 400.0 300 

21.621 21.589 53.33 533.3 400 

22.290 22.258 66.66 666.6 500 

22.866 22.835 79.99 800 0 600 

23.375 23.345 93.33 933.3 700 

23.470 23.440 95.99 960.0 720 

23.563 23.534 98.66 986.6 740 

23.609 23.580 99.99 1 000 750 

23.654 23.626 101 .325 1 013 760 

23.699 23.671 102.66 1 027 770 

23.744 23.716 103.99 1 040 780 

23.832 23.804 106.66 1 067 800 

24.249 24 .223 119.99 1 200 900 

24.634 24.610 133.32 1 333 1 000 

25.328 25.308 159.99 1 600 1 200 

26.230 26.210 199.98 2 000 1 500 

The vapor pressure of normal deuterium from its boiling 

point to its c rit ical point is shown below (3). 

Temperature, °K 
Vapor Pressure 

kPa bar atm 

23.57 101 .325 1 013 1.000 0 

29.00 374.78 3.75 3.698 8 

29.85 442.22 4.42 4 .364 4 

30.90 534.46 5.34 5 .274 7 

31.95 641 .03 6.41 6.326 5 

32.89 748.74 7.49 7 .389 5 

33.91 882.76 8.83 8.712 2 

35.00 1 038.89 10.39 10.253 

35.79 1 167.87 11.68 11 .526 

36.65 1 323.51 13.24 13.062 

37.49 1 482.99 14.83 14.636 

37.81 1 556.05 15.56 15.357 

37.93 1 578.14 15.78 15.575 

37.97 1 584.62 15.85 15.639 

37.99 1 590.90 15.91 15. 701 

38.02 1 596.27 15.96 15.754 

38.06 1 603.87 16.04 15.829 

38.19 1 628.39 16.28 16.071 

38. 34 (C.T.) 1 663.908 16.64 16.421 5 

Latent Heat of Vaporization, Equilibrium Deuterium 

@ -249.5 °C 1 229.80 J / mol ; 293.93 cal / mol 
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Thermodynamic Properties of Normal Deuterium As Ideal 
Gas (fz, 25 C (4) 

Heat Capacity, c~ 
Entropy, S0 

REFERENCES 

29.196 J/(mol- °K) 
144.858 J/ (mol, °K) 

Free Energy Function, (G~-Hg )/ T 

Enthalpy Function (H~-Hg )/ T 
Gibbs Energy of Formation, ~G? 
Enthalpy of Formation ~H? @ 0 

OK 

-116.186 J / (mol.oK) 

28.740 J / (mol.oK) 
0.000 kJ / mol 
0.000 kJ / mol 

For extensive tabulations of the thermodynamic and physical properties of deuterium, see W. Braker and A. L. Mossman, The Matheson 

Unabndged Gas Data Book 19 75, Matheson, East Rutherford, New Jersey. 
2 B J Zwolinski. et al, Selected Values of Properties of Chemical Compounds, 1968, Volume 1, Thermodynamic Research Center, Texas A & M 

University, College Station, Texas. 
3 A S Friedman, D White, and H S Johnson, J. Amer. Chem. Soc. 73, 1320-1311 (1951 ). 

• E. C Kerr, et al , J Amer Chem. Soc. 73, 282-284 (1951 ). 
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PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One mole of B2Hs 
Boiling Point @ 101.325 kPa 
Freezing Point 
Absolute Density, Gas@ 101 .325 kPa@ O °C 
Relative Density, Gas@ 101.325 kPa@ 0 °C (Air = 1) 
Density, Liquid @ Saturation Pressure @ -33.0 °C 

Critical Temperature 
Critical Pressure 

Critical Volume 
Critical Density 
Critical Compressibility Factor 
Latent Heat of Fusion @ -164.9 °C 
Flammability Limits in Air 
Autoignition Temperature 
Molar Specific Heat, Gas @ 1 01 .325 kPa @ 25 °C 

@ Constant Pressure 
@ Constant Volume 

Specific Heat Ratio, Gas@ 101 .325 kPa@ 25 °C, Cp/ Cv 
Molar Specific Heat, Saturated Liquid @ -103.1 °C 
Viscosity, Gas@ 101 .325 kPa@ 20 °C 

Viscosity , Liquid@ -109.2 °C 
Surface Tension @ 121 .6 °C 

Description 

Diborane is a colorless, flammable , toxic gas, with a sickly 
sweet odor. Undiluted diborane is received in cylinders con­
taining 5 lb of diborane, refrigerated in dry ice. Because of its 
instability, no more than 0 .100 kg (0.22 lb) per cylinder is 
shipped, pressurized with a diluent gas such as hydrogen, 

argon, nitrogen, or helium. 

Specifications 

Diborane used for the preparation of gas mixtures has a 

purity of at least 96%. 

Uses 

Catalyst for ethylenic, styrene, acryl ic, and vinyl polymeri­
zation ; rubber vulcanizer; reducing agent; flamespeed accel­
erator; intermediate for preparation of boron hydrides of higher 
molecular weight; for conversion of olefins to trialkyl boranes 

and primary alcohols; as a doping gas. 

Effects in Man and Toxicity (2) (3) 

Inhalation of small quantities of diborane may cause head­
ache, nausea, weakness, tremors, convulsions, general lassi-
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0 .027 668 kg 
0 .027 668 kg 
180.31 °K; -92.8 °C; -135.1 °F 
108.29 °K ; -164.9 °C; -264.8 °F 
1.247 5 kg / m3 

0 .965 
0.341 kg /I 
289.85 °K; 16.7 °C; 62 .1 °F 
4 004 kPa; 40.04 bar; 580.8 psia; 39.52 

atm 
6 .04 dm3 / kg 
0.166 kg / dm3 

0 .278 
4 473.1 J / mol ; 1 068.1 cal / mol 
0 .9-98.0% (by volume) 
311-325 ° K; 38-52 °C; 100-125 °F 

2 065.1 J / (kg- °K) 
1 751.6 J / (kg • °K) 
1.179 
75.65 J / (mol -K) 
0 .007 85 mPa-s; 0.007 85 mN-s/ m2; 

0 .007 85 cP 
0 .177 mPa-s; 0.177 mN-s/ m2 0.177 cP 
18.6 mN / m; 18.6 dyn/ cm 

tude, t ightness of chest, coughing , respiratory difficulties, pul­

monary edema and hemorrhage. 
Diborane is an extremely toxic gas. Based on animal exper­

iments, diborane toxicity appears to be comparable to phos­
gene, chlorine, fluorine , and arsine. The LCso in humans by 
inhalation has been found to be 159 ppm / 15 minutes. The 
1 979 ACGIH has established a Threshold Limit Value (TL V) of 
0.1 ppm (0.1 mg/ m3

) for diborane in air. 

First Aid Treatment (2) 

Remove the victim promptly to an uncontaminated atmo­
sphere. Keep the victim warm (not hot) and quiet. Administer 
pure oxygen. If breathing is difficult or has stopped, give 
artificial respiration with simultaneous administration of oxy-

gen. 
Summon a physician immediately for anyone exposed to 

diborane. 

Suggestions For Medical Treatment 

Use intermittent positive pressure oxygen for pulmonary 

edema. If muscle spasm or muscle tremor is present, use 
barbituates to prevent convulsions. Treat anemia (1f severe) by 
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transfusion. Treatment otherwise Is symptomatic and suppor­
tive 

Precautions in Handling and Storage 

Gas mixtures containing d1borane should be handled only in 
a well-ventilated area, preferably a hood with forced ventilation, 
or in an area with a high normal air flow with provision for 
emergency ventilation at 30-60 air changes per hour. Only 
NIOSH-approved oxygen-generating apparatus or self-con­
tained air supplied masks should be employed in diborane 
atmospheres. Air-supplied masks depending on a remote air 
supply should never be used unless the user is assured of 
escape from the contaminated area in the event of air-supply 
failure. Industrial gas masks should be used only for escape, 
and the wearer must immediately leave the contaminated area 
as soon as he smells d1borane (inhalation of diborane tempo­
rarily deadens the olfactory senses so that concentrations 
above normal threshold concentration for smell can no longer 
be detected) Additional respiratory protective devices should 
be located in a convenient area near where diborane is being 
used for emergency use 

Do not store reserve stocks of d1borane gas mixtures with 
cylinders containing oxygen or other highly oxidizing or flam­
mable materials. 

Ground all lines and equipment used with diborane or dibor­
ane mixtures containing flammable gas dlluents. 

In addition, the general rules listed in Appendix I should be 
observed. 

Leak Detection 

Never use a flame to detect diborane leaks. The system 
should be pretested for leaks with nitrogen 

Disposal of Leaking Cylinders 

Cylinders containing d1borane which develop leaks that can­
not be corrected normally may be disposed of as follows. 
Transfer the cylinder to a hood after donning an appropriate 
gas mask and neoprene gloves. Attach an appropriate regula­
tor, with a long piece of flexible tubing attached to the outlet, 
to the cylinder valve outlet. Crack the cylinder valve and adjust 
a moderate rate of flow of diborane and introduce the gas into 
the bottom of a tall vessel containing water. Dlborane is hydro­
lyzed by water to ultimately give hydrogen and boric acid. 

Materials of Construction 

D1borane does not attack any of the common metals of 
construction . Rubber and some greases and lubricants are 
attacked by it. Saran, polyethylene, Kel-F, Teflon, asbestos, 
graphite, and high-vacuum silicone grease are satisfactory. 
The design of diborane (undiluted) piping and equipment is 
highly specialized and must be handled by experienced engi­
neers and safety and fire protection specialists. 

Cylinder and Valve Description 

D1borane gas mixtures are shipped in DOT approved, high 
pressure, steel cylinders The cylinder valve outlet Is the CGA 
standard, No. 350, which has a 0.825 inch left-hand external 
thread accepting a round-shaped nipple It Is commonly known 
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OUTLET CONNECTION 

T 
830' 

13 16' 

l_ 

F. 1 CONNECTION 350 .825"-14 LH EXT. accepting Round 19. · 
Shaped Nipple 

as a standard hydrogen valve. Figure 1 shows a standard valve 
outlet and mating connection for diborane mixtures. 

Safety Devices 

Cylinders containing diborane gas mixtures are not equipped 
with safety devices. They should, therefore, be stored away 
from sources of heat to avoid the development of dangerous 
pressures within the cylinder. 

Recommended Controls 

High Purity Regulator Model 3503-350 is recommended for 
use with diborane gas mixtures. All parts in the gas stream, 
including the diaphragm, are of type 316 stainless steel. It has 
a Tefzel seat, a Model 4374 stainless steel diaphragm packless 
outlet valve, stainless steel delivery and cylinder pressure 
gauges, and Teflon gaskets. The helium leakage rate is certi­
fied not to exceed 2 x 10- 10 cm3 per second inboard. The 
delivery pressure range is 0-170 kPa (0-25 psig). The use of 
a Matheson Model 4 77 4-350 Cross Purge is recommended for 
use with diborane mixtures. 

Shipping Regulations 

Diborane is presently classified by the DOT as a " Class A" 
poison flammable gas. In mixtures with nitrogen, helium, or 
argon it is shipped under required " Poison Gas and Green 
Labels" . Mixtures of diborane and hydrogen are shipped under 
the required "Poison Gas and Red Gas Labels". 

Chemical Preparation 

Diborane is prepared by treating boron trichloride with lithium 
aluminum hydride in anhydrous diethyl ether and by treating 
boron trichloride with lithium hydride, sodium borohydride, or 
sodium trimethoxyborohydride in diethyl ether solution. 

Chemical Properties 

Diborane decomposes very slowly at room temperature to 
give hydrogen and higher boranes. The decomposition is ac­
celerated at elevated temperatures. Lower pyrolysis tempera­
tures favor the formation of tetraborane(1 0) and 
pentaborane(11) while higher temperatures favor the formation 
of pentaborane(9) and decaborane(14). Thus, relative yields of 
products can be preselected by adjustment to appropriate 
conditions. Diborane may remain for several days with air or 
oxygen at room temperature without inflaming; its ignition 
temperature is only slightly above room temperature. Diborane 
is hydrolyzed instantaneously by water at room temperature to 
ultimately give hydrogen and boric acid. Ammonia gives a 
stoichiometric compound with diborane: B2H

6
• 2NH

3
. Diborane 
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reacts with hydrocarbons or organoboron compounds to give 
alkyl and aryl boron compounds . Diborane reacts with metal 
alkyls to form metal borohydrides. Oiborane reacts with strong 
electron pair donors to form borane addition compounds, e.g., 

(CH3hN:BH3, (CH3hO:8H3, CsHsN:BH3 
For detailed review of the chemistry of diborane, Reference 4 
should be consulted . 

Thermodynamic and Detailed Physical Data 

Molecular Structure 

The hydrogen-bridge structure of diborane, depicted below, 
has been established from its infrared, ultraviolet, and Raman 
spectra and confirmed by electron diffraction studies (5). 

Hb H,Hb = bridge hydrogen 

"'-/ 
B 

/ 
H,H, = terminal hydrogen 

Parameters for this bridge model are as follows (6): bond 
distances: 

10 B- B = 1. 775 ± 0.004 A (1. 775 ± 0.004 x 1 0 m); B-H, 
= 1.196 ± 0.016 A (1.196 ± 0 .016 x 10- 10 m); B- Hb = 

1 339 ± 0.013 A (1 .339 ± 0 .013 X 10- 10 m); H,-B- H, bond 
· 1 - 120 2 + 1 6° These constants agree well with those ang e - . - . . 

reported by Hedberg and Schomaker (5). Diborane has D2h 
symmetry and a symmetry number of four (6). 

Infrared Spectrum 

The fundamental vibrational frequencies (in cm 1) for the 
bridged B2H6 molecule are as follows (6): 111 : 2 532; 112: 2 109; 

· 1 184· II · 788· 115 · 2 612· 110 : 2 600; 117 : 919; Vs: 1 755; Vg: V3 . 1 4· , • 1 

942. II . 950· II . 1 026· 111 2: 584; 1113: 1 905; 1114: 973; 111 ~: 1 10 • t 1 1 • I 

368; 1115: 2 615; 1117: 1 601 ; 1119: 1 174. 
The 115, 1111 , and 1113-1118 vibrations are infrared active, while 

the remaining vibrations are Raman active. 

Vapor Pressure 

The vapor pressure of liquid diborane up to its boiling point 
is shown below (7) . 

Temperature, °K 
Vapor Pressure 

kPa mbar mmHg 

111 .77 0 .154 6 1.55 1 .16 

11 6.19 0 .307 9 3 .08 2.31 

123.49 0.814 6 8 .15 6.11 

140.48 5.230 52.3 39.23 

154.14 1 7 .467 174.7 131.01 

DIBORANE 

Vapor Pressure 
Temperature, ° K 

kPa mbar mmHg 

173.14 65.409 654.1 490.61 

175.64 75.936 759.4 569.57 

180.31 (calculated) 101 .325 1 013.25 760.00 

The vapor pressure of diborane above its boiling point is 
shown below (8). 

Temperature, °K 
Vapor Pressure 

kPa bar atm 

199.88 268.917 2.69 2.654 

208.82 390.203 3.90 3.851 
218.58 560.631 5.61 5.533 

229.80 819.922 8.20 8.092 

239.81 1 123.90 11 .24 11.092 

249.84 1 489.17 14.89 14.697 

288.42 3 661 .07 36.61 36.132 

289.85 (C.T.) 4 004.36 40.04 39.52 (C.P.) 

These data as well as those below the boiling point may be 
represented by the following equation: 

log,0p = 8 .125 1 - 870.68/ T - 0.002 339T 

in which p = mmHg and T = ° K. 

Latent Heat of Vaporization, AHv calculated (9) 

AHv 
Temperature, °K 

kJ/mol kcal/mol 

173.15 14.619 3.494 
180.31 14.276 3.412(7) 

193.15 13.619 3 .255 
213.15 12.468 2.980 

233.15 11 .117 2.657 

253.15 9.422 2.252 
273.15 6.987 1.670 

Thermodynamic Properties of Diborane As Ideal Gas @ 25 
°C (6) 

Heat Capacity, cg 
Entropy, S0 

Free Energy Function, (F~gs-
H~gs)/ T 

Enthalpy Difference, H29e-H8 
Enthalpy of Formation, 6H? 
Free Energy of Formation, 6F? 

58.099 J / (mol, °K) 
233.086 J / (mol- °K) 

-233.086 
12.150 kJ / mol 
41 .003 kJ / mol 
91 .801 kJ / mol 

For the thermodynamic properties 
liquid and vapor, see Table 1. 

of saturated diborane 
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1. THERMODYNAMIC PROPERTIES OF SATURATED DIBORANE LIQUID AND VAPOR (10) 

Pressure Entropy J /(mol• °K) 
Enthalpy Function H- Late nt 

Specific Volume m3 /kg Density kg/m3 

Eg/T J /(mol• ° K) Heat o f Va-

kPa Bar atm Liquid Vapor Liquid Vapor 
porization 

Liquid Vapor Liqu id Vapor 
kJ/ kg 

1.694 0.017 0.016 72 103.123 229.986 -93.229 33.636 596.1 0 .002 08 22 989 481 .7 0 .043 5 
4.985 0.050 0.049 20 108.951 223.631 -80.976 33.702 580.3 0.002 12 8 .333 471.5 0.120 

12.447 0.124 0.122 84 114.223 218.062 - 70.527 33.732 565.2 0.002 17 3.571 461 .2 0 .280 
27.285 0.273 0 .269 28 119.118 214.271 -61.441 33.71 2 550.3 0 .002 22 1.724 450.6 0.580 
53.887 0 .539 0.531 82 123.759 210.802 -53.412 33.630 534.8 0 .002 27 0.909 439.9 1.10 
97.767 0.978 0.964 89 128.231 207.928 -46.217 33.4 79 518.5 0 .002 33 0.526 428.8 1.90 

165.413 1.65 1 .632 5 132.599 205.539 -39.691 33.255 500.9 0 .002 40 0.323 417.4 3.10 
264.083 2.64 2.606 3 136.896 203.560 -33.711 32.957 481.9 0.002 47 0.208 405.7 4.80 
401 .592 4 .02 3.963 4 141.164 201.924 -28.178 32.581 461 .2 0.002 54 0 .141 393.4 7.10 
586.125 5.86 5.784 6 145.436 200.568 -23.017 32.120 438.4 0 .002 63 0.097 380.4 10.3 
826.234 8.26 8 .154 3 149.733 199.455 -18.159 31.561 413.3 0 .002 73 0.069 366.7 14 .4 

1 130.79 11.31 11 . 1 60 154.126 198.548 -13.540 30.877 385.3 0.002 84 0.050 351 8 20 0 
1 509.44 15.09 14.897 158.682 197. 790 -9.086 30.025 353.4 0 .002 98 0.037 335.2 27.2 
1 972.80 19.73 19.470 163.527 197.142 -4.693 28.920 315.9 0.003 16 0 .027 316.1 37.1 
2 533.63 25.34 25.005 168.975 196.527 -0.169 27.386 268.9 0 .003 42 0 .020 292.6 51.0 
3 207.85 32.08 31 .659 175.841 195.820 4.961 24.938 202.2 0.003 85 0 .014 260.0 73 .3 
4 004 .36 40.04 39.520 193.782 193.782 15.305 15.305 0 .000 0.006 03 0 .006 165.8 165.8 
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DIBROMODIFLUOROMETHANE 
(Synonym: Freon-12B2®) 

(Formula: CBr2F2) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of CBr.,F,. 
Vapor Pressure ~ 21.1 °C 
Boiling Point @ 101 325 kPa 
Freezing Point 
Absolute Density, Gas@101 325 kPa@ 40 °C 
Relative Density, Gas @ 101 325 kPa @ 40 °C (Air = 1) 

Density, L1qu1d@ 15 °C 
Critical Temperature 
Critical Pressure 

Critical Volume 
Critical Density 
Critical Compressibility Factor 
Dipole Moment 
Molar Specific Heat, Gas @ 101 .325 kPa@ 25 °C 

(µ Constant Pressure 
(µ Constant Volume 

Specific Heat Ratio, Gas@101.325 kPa@ 25 °C, Cp/Cv 
Viscosity, Gas@ 101 325 kPa@ 23.9 °C 

Viscosity, Liquid @ 23.9 °C 
Thermal Conductivity, Gas@ 101 325 kPa@ 23.9 °C 

Thermal Conductivity, Liquid @ 21.1 °C 

Surface Tension @ 20 °C 

Description 

D1bromod1fluoromethane is a colorless, nonflammable, non­
toxic liquid at temperatures below 24 5 C. It 1s shipped as a 
liquid in small cylinders and lecture bottles 

Specifications 

There are no purity specifications of dibromod1fluoromethane 
but 11 conforms to the military specification MIL-D-4540 (USAF). 
This specification calls for the following requirements: 

Item 

Spec1f1c Gravity@: 15 ° / 15 °C 
Index of refraction, n'" 
D1st1llat1on range, 1 atm (to 95%) 
Nonvolatile residue 
Free bromine and hydrobromic acid 
Sodium iodide in acetone test 
Cloud point 
Suspended matter 
Sediment 
Color 
Odor. initial residual 
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Requirement 

2 270-2.310 
1 396 0-1.404 0 
21 0-32 0 C (max.) 
0.02 g/100 ml (max.) 
to pass test 
to pass test 
0 °C (max) 
none 
none 
colorless 
none 

Uses 

0.209 82 kg 
0.209 82 kg 
82.7 kPa; 0 .83 bar; 12 psia; 0.82 atm 
297.05 °K; 23.9 °C; 75.0 °F 
133.05 °K; -140.1 °C; -220.2 °F 

8.171 kg / m3 

7.244 
2.462 kg /I 
471.35 °K; 298.2 °C; 388.8 °F 
5 330 kPa; 53.30 bar; 773.0 psia; 52.6 

atm 
0.957 dm3 / kg 
1.045 kg / dm3 

0.273 
2.27 X 10 3° C-m; 0 .68 D 

381.869 J/ (kg- °K) 
342.184 J/ (kg- ° K) 
1.116 
0.015 9 mPa-s; 0.015 9 mN-s/m2

; 

0.015 9 cP 
0.47 mPa-s; 0.47 mN-s/m2; 0.47 cP 
0.007 55 W / (m. °K); 18.04 x 1 o- 6 cal. 

cm / (s-cm2 • °C) 
0.1159 W/ (m- °K); 277 x 10- 6 cal­

cm/(s-cm2 • °C) 
17.8 mN/m; 17.8 dyn/cm 

D1bromodifluoromethane is useful as a fire extinguishing 
agent. 

Toxicity 

Dibromodifluoromethane has comparatively low toxicity. The 
approximate lethal concentration of dibromodifluoromethane 
for rats after 15 minutes exposure to the vapors is 54 000 
ppm. The vapors exposed to 800 °C for one second tested on 
rats show an approximate lethal concentration of 1 850 ppm 
after 15 minutes exposure. It is classified by the Underwriters' 
Laboratories system of comparative toxicity as a Group 4 gas. 
This category includes those gases and vapors which in con­
centrations of about 2-2.5% for durations of exposure of about 
2 hours are lethal or reproduce serious injury. The 1979 ACGIH 
Threshold Limit Value (TLV) for dibromodifluorometh­
ane has been set at 100 ppm (860 mg / m3 ) . 

First Aid Treatment 

Inhalation 

Remove the victim to an uncontaminated atmosphere, ad­
minister oxygen, and observe for premonitory signs of delayed 

matheson· 

pulmonary edema. Subsequent treatment is symptomatic and 
supportive. 

Precautions in Handling and Storage 

The general rules listed in Appendix I should be observed. 

Leak Detection 

Leaks of dibromodifluoromethane may be detected by apply­
ing soap water solution to the suspected points; leaks will be 
indicated by bubble formation . Leaks of dibromod1fluoro­
methane in dark, confined or inaccessible spaces or locations 
may be located by means of a halide torch or lamp. The 
Matheson Leak Detector Model 8016 and 8017 is useful for 
leak detection . 

Materials of Construction 

Dry or wet dibromodifluoromethane does not affect copper 
or stainless steel at room temperature. Dry dibromodifluoro­
methane does not corrode aluminum, but wet dibromodifluo­
romethane causes pitting . 

Cylinder and Valve Description 

Oibromodifluoromethane is shipped in DOT approved, low 
pressure, steel cylinders . Cylinders containing dibromodifluo­
romethane are equipped with brass valves with the alternate 
standard Compressed Gas Association (CGA) outlet connec­
tion No. 660. The valve outlet has a thread size of 1 .030 
inches, with right-hand external threads with a flat seat and 
washer (see Figure 1 ). Lecture bottles have a special 5/ ,s inch-
32 threads per inch, female outlet. 

OUTLET CON'IECTIOr-J 

Fig. 1. CONNECTION 660 1 .030"-14 RH EXT. using Flat Seat with 

Washer 

Safety Devices 

No safety devices are required to be used in cylinders 
containing dibromodifluoromethane. Cylinders containing di­
bromodifluoromethane should , therefore, not be heated above 
51.7 °C (125 °F) where dangerous hydrostatic pressures may 

build up 

Recommended Controls 

Because of the low pressure, it is recommended that the 
cylinder valve be used either with a hose end with CGA con­
nection No. 660, or with a flare fitting with connection CGA 
No. 660. 

Shipping Regulations 

Dibromodifluoromethane is shipped as a nonflammable liquid 
chemical in low pressure steel cylinders. No DOT label is 

required . 

DIBROMODIFLUOROMETHANE 

Commercial Preparation 

Dlbromod1fluoromethane 1s obtained by vapor phase brom,­
nation of difluoromethane at elevated temperatures 

Thermodynamic and Detailed Physical Data 

Molecular Structure 

CBr2F has C?v symmetry, and a symmetry number of two. 
The C- F bond distance 1s 1 .33 x 10 ' 0 m (1 .33 A), the C-Br 
distance 1 .91 x 10 10 m (1 .91 A). 

Infrared Spectrum 

See Figure 2 tor the infrared spectrum of gaseous d1bromo­
difluoromethane. 
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Fig. 2. Spectrum of Gaseous CBr2F2 in the region below 
1 000 cm- 1 obtained with a Beckman IR-2 spectrophotometer 
(KBr optics) (2). 

Vapor Pressure (3) 

The vapor pressure of dibromodifluoromethane between 
221.75 °Kand 284.35 ° K 1s shown below: 

Temperature, Vapor Pressure 
OK kPa mbar mmHg 

221 .75 2.67 26.7 20 

230.65 4.60 46.0 34.5 

244.05 10.07 100.7 75 5 

266.35 30.93 309.3 232 

273.15 50.80 508.0 381 

284.35 64.53 645.3 484 

These data are represented by the vapor pressure equation 
log, 0 p = 7.567 - 1 387 / T, in which p = mmHg and T = °K. 

See Figure 3 for vapor pressure c urve. 

Latent Heat of Vaporization , '1Hv 
6.Hv 

Temperature, °K kJ/ kg kcal / kg 

273.15 133.206 31 .837 

297.05 126.625 30.264 (3) 

303.15 125.030 29.883 

323.15 119.047 28.453 

348.15 111 .073 26.547 

373.15 101 .897 24.354 
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DIBROMODIFLUOROMETHANE 

Thermodynamic Properties of Dibromodifluoromethane as 

Ideal Gas @ 25 °C (4) 

Heat Capacity, C~ 77.195 J/(mol • °K) 

REFERENCES 

Entropy, 5° 
Free Energy Function, (F~9s 

HZ)/ 298 
Enthalpy Difference, H~9s - HZ 

---325.180 J/ (mol. oKl 
-270.496 J/ (mol, oK) 

16.267 kJ / mol 

' For extensive tabulations of the thermodynamic and physical properties of dibromodifluoromethane, see W. Braker and A L M · · ossman, The 

Matheson Unabridged Gas Data Book , 1975, Matheson, East Rutherford, New Jersey. 

2 C. E. Decker. et al. , J Chem. Phys , 21, 1781-1783 (1953). 
3 N Davidson , J Amer Chem. Soc 73, 467 (1951 ). 

• E Gelles and K S Pitzer, J. Amer. Chem Soc. 75, 5259-5267 (1953). 
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1 2-DIBROMOTETRAFLUOROETHANE 
' (Synonym: Fluorocarbon-114B2®) 

(Formula: F2BrCCBrF2 or C2Br2F4) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 

One Mole of C2BrF4 
Vapor Pressure @ 21.1 °C 
Boiling Point 101 325 kPa 

Melting Point 
Absolute Density, Gas @ 101 325 kPa @ 50 °C 
Relative Density, Gas @ 101 .325 kPa @ 50 °C (Air = 1) 

Density, Liquid @ 21.1 °C 
Critical Temperature 
Critical Pressure 

Critical Volume 
Critical Density 
Critical Compressibility Factor 
Molar Specific Heat, L1qu1d @ 10 °C 
V1scos1ty, Liquid@ 21.1 °C 
Thermal Conduct1v1ty, Liquid @ 25 °C 

Surface Tension @ 26. 7 °C 
Refractive Index, Liquid, n0 @ 25 °C 
Dielectric Constant, Liquid @ 25 °C 

Description 

1 ,2-0ibromotetrafluoroethane 1s a colorless, nonflammable, 
relatively nontoxic liquid at room temperature and atmospheric 
pressure It 1s shipped as a liquid 1n one quart and one gallon 
cans 

Specifications 

1 ,2-Dibromotetrafluoroethane has a minimum purity of 99.5 
mole %. 

Uses 

1 ,2-Dibromotetrafluoroethane is used as a solvent, fire extin­
guishing agent and propellant (mixed with other fluorocarbon 
compounds) in insect1c1dal aerosols 

Precautions in Handling and Storage 

The following rules should be followed in the handling and 
storage of 1 ,2-dibromotetrafluoroethane Since 1,2-dibromo­
tetrafluoroethane 1s relatively nontoxic and a nonflammable 
hqu1d of low vapor pressure, the usual precautions associated 
with the handling of compressed gases are not applicable. 
However, the material should be handled in a well-ventilated 
area and contact with flames or high heat should be avoided 
since decomposition can take place with the formation of toxic 
halogen by-products 
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Toxicity 

0.259 82 kg 
0 .259 82 kg 
37.9 kPa; 0.38 bar; 5.5 psia; 0 .374 atm 

320.41 °K; 47.3 °C; 117.1 ° F 

162.65 °K; -110.5 °C; -166.9 ° F 

9.805 kg/m3 

8.97 
2.175 kg / I 
487.65 °K; 214.5 °C; 418.1 °F 
3 445 kPa; 34.45 bar; 499. 7 psi a; 34.0 

atm 
1.266 dm3 /kg 

0.790 kg / dm3 

0.279 
686.176 J / (kg · °K) 
0.75 mPa,s; 0.75 mN-s/ m 2 0.75 cP 

0.0467W/(m-°K); 111.6 x 10- 6 cal-
cm/(s-cm2-0C) 

17.9 mN/m; 17.9 dyn / cm 

1.367 

2.34 

1,2-Dibromotetrafluoroethane is a volatile liquid and the most 
likely type of exposure would be by inhalation of the vapor. 
From the straight toxicity point of view, the vapors of 1,2-
dibromotetrafluoroethane would be considered low in toxicity; 
in exposure of rats for four hours, a concentration of 50,000 
ppm would be required to kill approximately 50% of the ex­
posed animals. 

There is another aspect to vapor toxicity, however, that is 
important. Many common solvent vapors (for example, those 
from gasoline and methylchloroform) interfere with the ability 
of the heart to speed up when adrenaline is secreted in re­
sponse to anger, fear or exertion or when adrenaline is admin­
istered by injection. Instead of speeding up normally, the heart 
may flutter and stop. 1,2-Dibromotetrafluoroethane possesses 
the ability to affect the heart in this manner, as judged by the 
response of dogs exposed to concentrations of 1 000 ppm and 
above, and challenged by the injection of adrenaline. 

First Aid Treatment 

In the event of a massive exposure to 1 ,2-dibromotetrafluo­
roethane, the subject should go to an uncontaminated area 
and inhale fresh air or oxygen. Concentrations of 1 ,2-dibro­
motetrafluoroethane of 1 000 ppm and above are considered 
to be unsafe for human exposure. 

Transfer of 1,2-dibromotetrafluoroethane from one vessel to 
another must be carried out in such a way that the vapor 

concentration remains below 1 000 ppm wherever people are 
exposed without respiratory protection. In the event of a spill 
of 1,2-dibromotetrafluoroethane, personnel should leave the 
vicinity until all 1,2-dibromotetrafluoroethane vapors have 

cleared away. 

Materials of Construction 

All of the common metals with the exception of zinc appear 
to be suitable for use with 1 ,2-dibromotetrafluoroethane up to 
temperatures of 121 .1 °C (250 °F), especially in a dry system. 
If excess water is present, 1 ,2-dibromotetrafluoroethane can 
be corrosive to many commonly used metals. Under these 
conditions, stainless steel, titanium and nickel are recom­

mended for use. 

Cylinder and Valve Description 

1,2-Dibromotetrafluoroethane is packaged in 1 quart and 1 

gallon cans. 

Shipping Regulations 

1,2-Dibromotetrafluoroethane is shipped as a nonflammable 
chemical. It does not require a DOT shipping label. 

Chemical Preparation 

1,2-Dibromotetrafluoroethane has been prepared by bromi­
nation of 1, 1 ,2,2-tetrafluoroethane, by addition of bromine to 
tetrafluoroethylene, and replacement of the chlorine atoms in 
1,2-dichlorotetrafluoroethane by reaction with hydrogen bro­
mide. 

Chemical Properties 

1,2-Dibromotetrafluoroethane is comparatively thermally sta­
ble. It is hydrolyzed very slowly by water at room temperature. 
When treated with zinc dust in acetic acid at below room 
temperature, 1 ,2-dibromotetrafluoroethane undergoes de­
bromination to give tetrafluoroethylene. 

Thermodynamic and Detailed Physical Data 

Infrared Spectrum 

See Figure 1 for the infrared spectrum of gaseous 1 ,2-
dibromotetrafluoroethane. 

Vapor Pressure (2) 

Temperature Vapor Pressure 
OK OF kPa bar atm mmHg 

227.59 - 50 1.034 0.010 3 0.010 2 7.76 

244.26 - 20 2.965 0.029 7 0.029 3 22.24 

255.37 0 5.792 0.058 0 0.057 2 43.4 

266.48 20 10.687 0.106 9 0.105 5 80.2 

277.59 40 18.271 0.182 7 0.180 3 137.0 

288.71 60 30.337 0 .303 4 0.299 4 227.5 

299.82 80 46.884 0.468 8 0.462 7 351 .7 

310.93 100 72 .395 0.724 0 0.714 5 543.0 

338.71 150 175.816 1.758 1.735 1 318.7 

366.48 200 372.32 3.723 3.674 2 792.6 

394.26 250 703.27 7.033 6.941 5 274.9 

422 .04 300 11 51.4 11 .51 11 .364 8 636.4 
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1 2-DIBROMOTETRAFLUOROETHANE 

Latent Heat of Vaporization, AHv (1 l 

Temperature, C 

0 
25 
50 

AHv, kJ / kg 

115.82 
110.50 
104.73 

Temperature, °C 

75 
100 

Standard Enthalpy of Forma­
tion, Gas @ 25 °C 

.:1Hv, kJ/kg 

98.38 
91 .26 

-3 011 .35 kJ / kg 
- 719.73 kcal / kg 

---

REFERENCES 
d 

. d physical properties of 1,2-dibromotetrafluoroethane, see W. Baker and A. L. Mossman T"--
' For e~tens,ve tabulations of the thermo ynam1c an , ,~ 

Mati,r r,n Unabndged Gas Data Book, 1975, Matheson, East Rutherford, New Jersey. 

Fluorocarbon-11482, Freon Tech Bull . 8-48, E. I duPont de Nemours & Co., Inc., Wilmington, Delaware. 

The Sadtler Standard Spectra, 1972, Sadlier Research Laboratories, Inc., Philadelphia, Pennsylvania. 
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DICHLORODIFLUOROMETHANE 
(Synonym: Freon-12®, Genetron-12®, lsotron-12®, Ucon-12®) 

{Formula: CC'2F2) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of CCl2F2 
Specific Volume @ 21.1 °C 101.325 kPa 
Vapor Pressure @ 21 . 1 °C . 
Boiling Point @ 101 .325 kPa 
Freezing Point 
Absolute Density, Gas@ 101 .325 kPa@ 20 °C 
Relative Density, Gas @ 1 01 .325 kPa @ 20 °C (Air = 1) 
Density, Liquid @ Saturation Pressure @ -45.6 °C 
Critical Temperature 
Critical Pressure 

Critical Volume .. 
Critical Density 
Critical Compressibility Factor 
Specific Heat, Gas @ 1 01 .325 kPa @ 25 °C 

@ Constant Pressure 
@ Constant Volume 

Specific Heat Ratio, Gas@101.325 kPa@ 25 °C, Cp/ Cv 
Viscosity, Gas@ 101.325 kPa@ 4.4 °C 

Viscosity, Liquid @ -40 °C 

Thermal Conductivity, Gas @ 1 01 .325 kPa @ 1 O °C 

Thermal Conductivity, Liquid@ -17 .8 °C 

Surface Tension @ 4.4 °C 
Solubility in Water @ 101 .325 kPa @ 25 °C 
Solubility of Water in Freon-1 2 @ 25 °C 
Dielectric Constant 

Gas@ 29 °c, 50.7 kPa 
Liquid @ 29 °C 

Refractive Index, n0 

Gas @ 26. 7 °C, 1 01 .325 kPa 
Liquid @ 26.5 °C 

0.120 914 kg 
0.120 914 kg 
195.4 dm3 / kg; 3.13 ft3 /lb 
585 kPa; 5 .85 bar; 84.9 psia; 5 . 78 atm 
243.36 °K; -29.8 °C; -21 .6 °F 
115.15 °K; -158.0 °C; -252 .4 °F 
5.056 kg / m3 

4.2 
1.532 kg /I 
384.95 °K; 111 .8 °C; 233.2 °F 
4 125 kPa; 41 .25 bar; 598.3 psi a; 40. 71 

atm 
1. 729 1 dm3 / kg 
0.558 kg / dm3 

0 .279 

615.885 J/ (kg- °K); 
547.267 J/ (kg. °K) 
1.127 
0.011 7 mPa-s; 0 .011 7 mN-s/ m2; 

0.011 7 cP 
0.398 mPa-s; 0 .398 mN-s/ m2

; 0.398 
cP 

0.009 34 W / (m. °K); 22 .3 x 10 6 cal, 
cm/ (s • cm2 

• °C) 
0 .090 W/ {m, °K); 215.1 X 10 6 cal• 

cm/ (s • cm2 
• °C) 

11 .8 mN / m; 11 .8 dyn/cm 
0.028% (by weight) 
0.009% (by weight) 

1.001 6 
2.13 

1.001 0 
1.285 

Relative Dielectric Strength Gas @ 101 .325 kPa @ 23.0 °C 
(Nitrogen = 1) 2.4 

Description 

Dichlorodifluoromethane is a colorless, nonflammable, rela­
tively nontoxic gas at room temperature and atmospheric pres­
sure. In concentrations of less than 20% (by volume), it Is 

odorless; in higher concentrations, its odor is mild and some­
what ethereal and similar to that of carbon tetrachloride. Cyl­
inders, truck cargo tanks, portable tanks, single-unit tank cars 
and ton multi-unit tanks are variously authorized for shipment 
of CCl2F2. It is readily liquefied and is reshipped in steel 

cylinders as a liquefied gas under its own vapor pressure of 

484 kPa (70.2 psig). 

Specifications 

Oichlorodifluoromethane has a minimum purity of 99.0 mole 

%. 

Uses 

Dichlorodifluoromethane is used as a refrigerant and as a 
propellant in aerosols. 
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. . f d' hi as lo 
romote thermal decompos1t1on o 1c orodifluorometha Tox1c1ty and Effects in Man (2) 

D1chlorod1f,uoromethane is practically nontoxic. It shows no 
t t ons up to at least 

toxic effects In guinea pigs in concen ra 1 

20 (by vol ) for 2 hours exposure h 
lnha atIon of high concentrations of gas can. ca~se sue 

· d1nallon nar-symptoms as dizziness, d1sonentatIon, 1ncoor , . 
to be no 1rrevers1ble cos1s, nausea or vomItIng. There appear 

effects once the oxygen def1cIency has been corrected. 
Contact with liquid d1chlorod1fluoromethane can cause froSt-

bIte 
The 1979 ACGIH has established a 1 000 ppm (4950 mg/ 

m ) Threshold L1m1t Value (TLV) for dichlorodifluoromethane in 

air 

First Aid Treatment 

Inhalation 

If the subiect Is conscious and becomes aware of any of the 
symptoms cited above, he should go to an uncontaminated 
area and inhale fresh air or oxygen. In the event the subject is 
overcome by a massive exposure, he should be carried to an 
uncontaminated area and given art1f1c1al respiration if neces­
sary and oxygen simultaneously Treat symptomatically there­
after 

Skin Contact 

In case of skin contact with l1qu1d dichlorodifluoromethane, 
frostbite may develop If frostbite occurs, cover the frostbitten 
part with a warm hand or woolen material. If the fingers or hand 
are frostbitten, have the vIctIm hold his hand in his armpit, next 
to his body Then place the frostbitten part in warm water, 
about 42 C (108 F). If warm water Is not available or Is 
1mpract1cal to use wrap the affected part gently in blankets. 
Let the cIrculatIon re-establish itself naturally. Encourage the 
victim to exercise the affected part while It is being warmed. 

Precautions in Handling and Storage 

The general rules listed in Appendix I should be observed. 

Leak Detection 

Leaks of d1chlorod1fluoromethane may be detected by apply­
ing soap water solution to suspected points; leaks will be 
indicated by bubble formation Leaks of dichlorodifluoro­
methane in dark, confined or inaccessible spaces or locations 
may be located by means of a halide torch or lamp. The 
Matheson Leak Detector Models 8016 and 801 7 may also be 
used to detect leaks of d1chlorodifluoromethane. 

Disposal of Leaking Cylinders 

Cylinders containing d1chlorodifluoromethane which develop 
I aks that cannot be corrected normally may be disposed of in 
the manner described in Appendix 11-C. 

Materials of Construction 

Most of the commonly used metals (steel cast iron b , , rass, 
copper, tin, lead, aluminum) may be used satisfactorily with 
d1chlorod1fluoromethane under normal conditions of use. At 
high temperatures, some of the metals may act as catalysts for 
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p . . ~, 
in the following approximate order: s1lv~r > brass > bronze> 
aluminum > 1340 steel > copper > nickel > 18-8 stainl 

T ) M ess steel > inconel (least decompos1 10n . agnesium alloys a 
aluminum containing _more than 2% mag_nesium are not re: 
ommended for use in systems containing dichlorodifluoro­
methane where water may be present. 

In general, gasket materials should not contain natural rub­
ber. Neoprene or lsoprene ru_bber, pres~ed fibers, includng 
asbestos, with a number of insoluble binders, and metallic 
gaskets may be used. 

Cylinder and Valve Description 

Dichlorodifluoromethane is shipped in DOT approved, low 
pressure steel cylinders, having a rated service pressure 01 
1 550 kPa (225 psig) or more. Cylinders of dichlorodifluoro­
methane are equipped with brass values with the approved 
alternate Compressed Gas Association (CGA) outlet connec. 
tion No. 660. The valve outlet is 1 .030 inches in diameter, wilh 
right-hand external threads, used with a flat seat and washer 
(see Figure 1 for an illustration). Lecture bottles have a specia1 
s;, 6 inch-32 threads per inch, female outlet and a 91, 6•.1s 
threads per inch male dual valve outlet. 

OUTLET 

-.J'llll ✓v-/ 

1030' 
1" 

CONNECTIO~' 

1.035" , .. 

Fig. 1. CONNECTION 660 1.030"-14 RH EXT. using Flat Seat w11h 
Washer 

Safety Devices 

Cylinders of dichlorodifluoromethane contain fusible metal 
plugs, melting at about 73.9 °C (165 °F), as safety devices. 
Cylinders over 30 inches long (exclusive of the neck) require 
this device in both ends of the cylinder. 

Recommended Controls 

Automatic Pressure Regulators 

Regulators Model 1 P-660 and Model 1 L-660 are recom­
mended for use with dichlorodifluoromethane. The regulators 
have delivery pressure ranges of 28-240 kPa (4-35 psig) and 
28-550 kPa (4-80 psig), respectively. They are constructed of 
brass bodies with neoprene rubber diaphragms and neoprene 
seats. Regulator Model 1 L-660 has a cylinder pressure gauge 
while the Model 1 P-660 regulator does not have one. No 
cylinder pressure gauge is really necessary since it will not 
indicate cylinder content but only vapor pressure which will 
remain constant as long as liquid remains in the cylinder. 
Cylinder contents are determined by weight. To prevent suck· 
back of foreign materials into the regulator, a check valve 15 

recommended for use with the regulator. 
Satisfactory low pressure regulation over the ranges 2-15 

inches water column to 3.4-34 .5 kPa (0.5- 5.0 psig) can be 

matheson 

obtained with Matheson Model 70 low pressure regulators, 
Models 708 and 70, respectively. The regulator has an over­
size, pancake body of die cast aluminum with a Buna N 

diaphragm. 

Manual Controls 

Matheson needle valve Model 50-660, a brass bar stock 
valve, is available for direct connection to the cylinder valve 
outlet. This valve may be equipped with a variety of outlets, 
such as a serrated hose end, ¼" compression fitting, or 1, 4 " 

NPT male or female pipe. It should be used only where manual 
flow control is required, but it requires close supervision. It 
should not be used as a pressure control since dangerous 
pressures may develop if the system becomes clogged or is 
closed. A Model 31 B manual needle valve is recommended for 
use with lecture bottles. 

Flowmeters 

Matheson Series 7600 laboratory brass flowmeter units with 
150 mm tubes and floats or Matheson 7200 laboratory brass 
flowmeter units with 65 mm tubes with a single float are 
recommended for use where definite flow rates must be known. 

Electronic mass flowmeters, such as Matheson Series No. 
8116 and No. 8160, should be used where accurate readings 
are required. Calibration is unaffected by temperature and 
pressure changes, and flow rates may be recorded from the 
instrument's electrical output. 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 stainless steel and 
Series 8260 of type 31 6 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera­
ture changes. These mass flow controllers consist of a trans­
ducer, a control valve, a blind controller/power supply, a 
potentiometer and a digital indicator. The transducer senses 
the gas flow and sends a signal to the power supply. This 
signal and one from the potentiometer are compared. If there 
is an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 

imbalance. The accuracy is ± 1 .2%. 

Shipping Regulations 

Dichlorodifluoromethane is classified by the DOT as a non­
flammable compressed gas and is shipped with the required 
·Green Label ". 

Commercial Preparation 

Dichlorodifluoromethane is obtained by fluorination of car­
bon tetrachloride with hydrogen fluoride in the presence of a 
catalyst (partially fluorinated antimony pentachloride). 

Chemical Properties 

Dichlorodifluoromethane is thermally stable. It is nonflam­
mable in any mixture with air and will not explode or propagate 
a flame. It is hydrolytically stable; its hydrolysis rate in water in 
the presence of steel being only 0 .010 kg / I/ year. It is noncor­
rosive under normal conditions to all common metals of con­
struction, but it is corrosive at elevated temperatures. Dichlo-

Matheson~ 
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DICHLORODIFLUOROMETHANE 

rod1fluoromethane undergoes disproport1onatIon in the pres­
ence of aluminum halides at 1 00-175 C into chlorotrifluoro­
methane and carbon tetrachloride Olchlorod1fluoromethane 
does not react with most metals below temperatures of 200 C 
or with acids or ox1d1z1ng agents. Dichlorodifluoromethane 
reacts very slowly with alkali in the presence of water but can 
be decomposed with molten alkali metals It reacts vigorously 
with molten aluminum 

Thermodynamic and Detailed Physical Data 

Molecular Structure 

CCl7F7 has point group C7v symmetry and a symmetry num­
ber of two. The C-CI and C- F bond distances are 1 77 A 
(1 . 77 x 1 O 10 m) and 1 33 A (1 33 x 10 10 m), respectively 
The F-C-F and CI-C-CI bond angles are 1 09 5 ± 3 and 
108.5 ± 2 ° , respectively (1). Gaseous CCl?F? has a dipole 
moment of 1. 7 x 1 O 3° C. m (0 51 D) . 

Infrared Spectrum 

See Figure 2 for the infrared spectrum of gaseous dIchloro-
difluoromethane. 

Vapor Pressure (3) 

Temperature Vapor Pressure 
OK OF kPa bar atm mmHg 

172.04 - 150 1.059 0.010 6 0.010 5 7 94 

199.82 -100 9 846 0 098 5 0 .097 2 73 85 

227 .59 -50 49.07 0 490 0 484 368.0 

255.37 0 164 .50 1.645 1 623 1 233 3 

283.15 50 423.30 4.233 4 178 3 175.0 

310.93 100 909 .20 9 092 8 973 6 819.0 

338.71 150 1 718.9 17 19 16 965 12 893.0 

366.48 200 2 965.4 29 65 29.266 22 242 0 

385.15 233.6 4 115 5 41 16 40 62 30 869.0 

(C.T.) (C p) 

The vapor pressure of liquid CCl;,F2 between 203 15 °Kand 
384.65 °K is represented by the following equation (4) 

181 6.5 
log, 0 p = 31.631 5 - T 

- 10.859 log10 T + 0 007 175T 

in which P = atm and T = K 
See Table 1 and Figure 3 for additional vapor pressure data. 

Latent Heat of Vaporization, 
J1Hv @ -29.8 °C 

Thermodynamic Data 

165 133.0 J/ kg, 
39.47 kcal / kg 

See Tables 1 and 2 for the thermodynamic properties of 
saturated and superheated d1chlorodlfluoromethane, respec-

tively. 
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DICHLORODIFLUOROMETHANE 

Thermodynamic Properties of Dichlorodifluoromethane as 

Ideal Gas @ 25 ° C (5) 

Heat Capacity, C~ 72.412 J / (mol, °K) 

Entropy, S0 300.876 J / (mol- °K) 

Free Energy Function, 
(F~98 - H~ga) / 298 -300.876 J/(mol, °K) 

Enthalphy Difference, 
H~gs - Hg 14.866 kJ mol 

Enthalpy of Formation, .i H? -491 .620 kJ mol 

Free Energy of Formation, ~ Ff -452.717 kJ mol 

REFERENCES 
1 For extensive tabulations of the thermodynamic and physical properties of dichlorodifluoromethane. see W Braker and A L Mossman. The 

Matheson Unabridged Gas Data Book. 1975, Matheson, East Rutherford, New Jersey 

2 w. Braker, A. L. Mossman, and D. Siegel , Effects of Exposure to Toxic Gases-First Aid and Medical Treatment. 2nd edition, 1977, pp. 119-

123, Matheson, Lyndhurst, New Jersey. 

3 Thermodynamic Properties of Freon-12 Refrigerant, Tech. Bull. T-12, 1956, E. I. duPont de Nemours & Co , Inc., Wilmington. Delaware 

• W. K . Gilkey, F. W . Gerard, and M. E. Bixler, Ind. Eng. Chem. 23,364 (1931). 

5 JANAF Thermochemical Tables, 2nd edi tion, 1971 , D. R Stull and H. Prophet, proiect directors. Natl Stand Ref Data Ser . Natl Bur Stand .. 

NSRDS-NBS 37, U.S. Government Printing Office. Washington. D. C. 

6 The Sadtler Standard Spectra. 19 72. Sadlier Research Laboratories, Inc., Philadelphia, Pennsylvania 
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Table 1. THERMODYNAMIC PROPERTIES OF SATURATED CCl2F2 LIQUID AND VAPOR (3) 
I I I Entropy I Enthalpy Latent Specific Volume Density Temperature I Pressure 

J / (KG • K) kJ / KG Heat of M3 / KG KG/ M3 

kPa Vaporiza-

I K I OF ba, j aim Loq,;d Vapo, L,q,;d Vapo, Uoo Liquid Vapor Liquid Vapor 

1.059 t 
kJ / KG 

172.04 - 150 0 .0106 0 .010 4 5 --+ - 261 .998 t 866.548 - 5 2 .758 141.412 194.170 0 .000 597 11 .1 53 1 675 0 0.089 66 
177 59 - 140 1.767 0 .017 7 0.017 44 -234 8 19 845.503 - 48.004 143.8 74 191.878 0.000 603 6 .896 1 658.4 0.1 4 5 01 
188. 71 - 120 4 .430 0 .044 3 0 .043 68 - 182 937 8 0 9 .981 - 38 .504 148.885 187.389 0 .0 00 6 13 2 .918 1 6 13.3 0.454 9 6 
199.82 - 100 

I 
9 .846 0 .098 5 0 .097 17 - 133 .909 7 8 1.697 -28 .977 153.990 18 2 .967 0 .00 0 623 1 .384 1 60 5 .1 0.722 54 

210.93 -80 19.862 0 .199 0 .1 96 0 - 87 .287 759.103 -1 9 .398 159.148 178.546 0.0 0 0 63 5 0 .720 0 1 574.8 1.388 9 
222.04 - 60 36.937 0 .369 0 .364 6 - 4 2 .7 3 5 7 4 1 . 1 54 - 9 .744 164.322 174.066 0.0 00 647 0.404 4 1 545.6 2.472 8 
233 .1 5 - 40 64 .174 0.642 0.633 3 0.000 726.886 0.000 169.482 169.482 0 .000 659 0 .241 9 1 517.5 4 .133 9 
244 .26 -20 105.262 1.053 1 .039 41 .133 715.548 9 .846 174.589 164.743 0.000 673 0 .152 5 1 485.9 6 .55 7 4 
255 .37 0 164.433 1.645 1.623 80.84 7 706.594 19.806 179.612 1 59.806 0.000 689 0.100 4 1 451.4 9 .960 2 
266.48 20 246.391 2 .464 2 .432 1 19 .307 699.523 1 29 .899 184.526 154.627 0 .000 70 5 0.068 6 1 4 18.4 14.57 7 
277.59 40 356.259 3 .563 3 .516 156.703 693.958 40.1 50 189.293 149.143 0 000 7 23 0 .048 3 1 .383 .1 20.704 
288.71 60 499.408 4.994 4.929 193.217 689.481 50.594 193.880 143.286 0 .000 744 0 .034 9 1 344.1 28.653 
299.82 80 681 .685 6 .817 6.728 229 .078 685.841 61.284 198.233 136.949 0.000 766 0 .025 7 1 305 .5 38.911 
310.93 100 909 .189 9.092 8 .973 264 .542 682.620 72.290 2 0 2 .294 130.0 04 0 .000 79 2 0 .01 9 2 1 262 .6 52 .08 3 
322.04 120 1 188.31 11.88 11 .728 299 .909 679.523 83.7 1 0 205.969 122.259 0 .000 822 0 .014 6 1 216.5 68.493 
333.15 140 1 525.95 15.26 15.060 335 .578 676.093 95.679 209.123 1 13.444 0 .000 858 0 .011 1 1 165.5 9 0.090 
344.26 160 1 929.29 19.29 19.041 372 .071 671 .658 108.396 211 .538 103.142 0 .000 902 0 .008 49 1 108.6 117 .7 86 
355.37 180 2 406.27 24 .06 23.748 410 .195 665.256 122.177 212.828 90 .651 0 .000 959 0.006 45 1 042.8 1 1 5.039 
366.48 200 2 965.37 29.65 29.266 451.418 654.838 137.614 212.171 74 .557 0 .001 04 0 .004 79 961.54 208 .768 
377.59 220 3 615.82 36 .16 35.685 499 .695 633.834 156.310 206.959 50 .649 0 .001 18 0 .003 3 2 847 .46 301 .205 
385.15 233.6 4 115.48 41 .16 40.617 568 .606 568.606 183.306 183.306 0 .000 0 .0 01 79 0 .0 0 1 79 558.6 6 558.66 

Table 2. THERMODYNAMIC PROPERTIES OF SUPERHEATED CCL2F2 VAPOR {3) 
H, ENTHALPY, kJ / KG; S, ENTROPY, J / (KG. ° K); V, SPECIFIC VOLUME, M

3 
/ KG 

Pressure 

kPa I bar atm 199.82 222 .04 233.15 255.37 277.59 

6 894 7 6 0 069 0 068 , ~ 
154 1 18 165.321 171 156 183 271 195 944 

806 633 859 770 885418 934 998 982 571 

V 19808 2 205 4 2.317 3 2 540 5 2 763 3 
-

H 181 878 194 853 

209 133 222 805I36 921 
1028260 1 072 276 1 114 618 
2.985 7 3 207 9 3 4300 

---+-::=LU, , ... w. , 236 324 I 250 940 I 265 912 I I I 

299.82 I 322.04 
-+---

Temperature• K 

344.26 I 366.48 I 388.71 I 4 t0.93 I 433.15 455.37 I 477 .59 I 499.8 2 \ 522.04 \ 533. 15 I 5 38 .71 

222 091 ------
955 207 

68 948 I o 689 I o _ 680 I s 772 827 821 .528 

V 0 248 5 0 271 9 

DUU.V, V , v, • ~v~ I 955 207 I 996 336 I 1 036.QOQ 

' I I I 1 · V<Jvv lvv" v !03404 103630 I 0.3855 I 
I ,..,,.,..,l,..,ri-,7na 'J0 1 7,., l?~nrnn l~:JU.0/J .:::0000,c:: 

181 130 194 270 ZU/ /~O 

912 489 
0.317 8 0.340 4 

221 712 236 010 
H 

101.325 I 101311.000 \s 
V 

H 

137 895 1 379 1361 s 
V 

--
H 

215 190 I 2 150 2 722 s 
\I 

744.250 793 579 840/440 

0 167 1 0.183 4 0 199 4 

180.2611193601 207 266 
270 568 7/0 651 817 972 
0 121 0 0 133 4 0 145 4 

1909481205195 
715.966 765 337 
0 064 04 0 .070 58 

885 209 928 137 969 391 1 009 139 
_ 0 246 2 0 261 6 

, -· --- I . .,.,. I 250 _311 265 419 280.784 
94 7 634 987 508 1 025 917 
01803 01917 0.2030 

0 215 2 0.230 7 

221 282 235 652 
863.076 906 213 
0.157 2 0 168 8 

l 
--
219 613 234 276 
811 738 855 754 
0 076 84 0 082 92 

249 208 264 422 279 912 295 669 
897761 938053 976.838 1014160 
0 088 87 0 094 74 0 100 5 0.106 3 

--+---+-1----+----+----1----+- I 202 .994 --
H 

217 .872 232 854 248.018 263 404 279 024 294 886 
867 594 908.346 947 425 985 039 
0 058 39 0 062 42 0.066 39 0 070 31 4 13 685 I 4 1 31 I 4 083 I s 

V 

-- H 

551 581 5 516 5444 1 s 

732 074 
0 045 55 

200 637 
706 468 
0 032 96 

779.939 
0 050 01 
--
216 045 
756 049 
0.036 56 

246.800 262.365 278 124 294 091 
845461 886 715 926 128 963 952 
0 043 13 0 046 25 0.049 30 0 052 30 

824 917 
0 054 27 --
231 380 
802 073 
0.039 92 

I 
I 

I 
t 

V 
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r 
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H 
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V 

H 
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-+-
H 
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V 
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H 
s 
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DICHLOROFLUOROMETHANE 
(Synonym: Freon-21 ® ) 

(Formula: CHCl2F) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of CHCl2F 
Specific Volume @ 21 .1 °C, 101 .325 kPa 
Vapor Pressure @ 21 .1 °C 

Boiling Point @ 101.325 kPa 
Freezing Point 
Absolute Density, Gas@ 101.325 kPa@ 25 °C 
Relative Density, Gas@ 101 .325 kPa@ 25 °C (Air = 1) 

Density, Liquid @ -40 °C 
Critical Temperature 
Critical Pressure 

Critical Volume 
Critical Density 
Critical Compressibility Factor 
Specific Heat, Gas@ 101.325 kPa@ 25 °C 

@ Constant Pressure 
@ Constant Volume 

Specific Heat Ratio, Gas@ 101 .325 kPa@ 25 °C, Cp/ Cv 
Viscosity, Gas@ 101.325 kPa@ 25 °C 

Viscosity, Liquid @ 0 °C 
Thermal Conductivity, Gas@ 101.325 kPa@ 25 °C 

Thermal Conductivity, Liquid @ 0 °C 

Surface Tension@ O °C 
Solubility In Water@ 101.325 kPa@ 25 °C 

Dielectric Constant 
Gas@ 30 °C, 50.7 kPa 
Liquid @ 28 ° C 

Refractive Index, Liquid, n0 @ 25 °C 
Relative Dielectric Strength (Nitrogen = 1) 

Description 

Dichlorofluoromethane is a colorless, practically odorless, 
nonflammable, relatively nontoxic gas at room temperature and 
atmospheric pressure. Cylinders, truck cargo tanks, portable 
tanks, single-unit tank cars and ton multi-unit tanks are var­
iously authorized for the shipment of CHClzF. It is readily 
liquefied and is reshipped in steel cylinders as a liquefied gas 
under its own vapor pressure of 58 kPa (8.4 psig) at 21 .1 °C. 

Specifications 

Dichlorofluoromethane has a minimum purity of 99.0%. 

matheson 

Uses 

0 .102923kg 
0 .102 923 kg 
218.5 dm3 / kg ; 3.5 ft3 / lb 
159.2 kPa; 1 .59 bar; 23 .1 psIa; 1 .57 

atm 
282 .07 ° K; 8 .9 °C; 48.1 ° F 
138.15 ° K; -135.0 °C; -211.0 °F 

4 .232 kg / m3 

3 .572 
1.514 kg / I 
451 .65 ° K; 178.5 °C; 353.3 ° F 
5167.6 kPa; 51 .68 bar; 749.5 psia; 51 .0 

atm 
1 .914 dm3 / kg 
0 .522 kg / dm3 

0.27 

619.650 J / (kg. ° K) 
538.899 J / (kg- ° K) 
1.150 
0 .011 5 mPa-s; 0 .011 5 mN-s/ m2

; 

0.011 5 cP 
0.41 mPa-s; 0.41 mN-s/ m2

; 0.41 cP 
0.009 62 W / (m- ° K), 23.0 x 10 6 cal• 

cm/(S•Cm2 -° C) 
0.123 01 W / (m. ° K) ; 294.0 x 10- 5 cal. 

cm / (S· cm2 
• °C) 

23 .6 mN / m; 23 .6 dyn/ cm 
0 .95% (by weight) 

1.003 5 
5.34 
1 .354 
1 .85 

o,chlorofluoromethane is used as a refrigerant , as an aerosol 

propellant and as a solvent. 

Toxicity and Effects in Man (2) 

Dichlorofluoromethane is relatively nontoxic. It 1s classi fi ed 
by the Underwriters· Laboratories as between Groups 5a and 
b, much less toxic than Group 4 and somewhat more toxic than 
Group 6 . Group 4 includes those gases and vapors which in 
concentrations of 2-2.5% for durations of exposure of 2 hours 
are lethal or produce serious injury . Group 6 includes those 
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gases or vapors which in concentrations somewhat lower than 
20% by volume for durations of exposure of 2 hours do not 
appear to produce harmful effects. 

Inhalation of high concen trations of gas can cause such 
symptoms as dizziness, d1sonentatIon, 1ncoordinatIon, nar­
cosis, nausea, or vomiting . There appear to be no 1rrevers1ble 
effects once the oxygen def1c1ency has been corrected 

The 1979 ACGIH has established 1 000 ppm (4200 mg / m
3

) 

Threshold L1m1t Value (TLV) · for d1chlorofluoromethane in air. 

First Aid Treatment 

Inhalation 

If the subJect Is conscious and becomes aware of any of the 
symptoms ci ted above. he should go to an uncontaminated 
area and inhale fresh air or oxygen In the event the sub1ect is 
overcome by a massive exposure, he should be carried to an 
uncontaminated area and given art1fic1al respiration and oxygen 
simultaneously Treat symptomatically thereafter. 

Precautions in Handling and Storage 

The general instructions listed in Appendix I should be ob­
served. 

Leak Detection 

Leaks of d1chlorofluoromethane may be detected by applying 
soap water solution to suspected points. leaks will be indicated 
by bubble formation Leaks of d1chlorofluoromethane in dark, 
confined or inaccessible spaces or locations may be located 
by means of a halide torch or lamp. The Matheson Leak 
Detector Models 8016 and 801 7 provide more sens1tIve leak 
detection. 

Disposal of Leaking Cylinders 

Cylinders containing d1chlorofluoromethane that develop 
leaks which cannot be corrected normally may be disposed of 
according to the procedure described In Appendix 11-C. 

Materials of Construction 

Most of the commonly used metals (steel , cast iron. brass, 
copper. tin, lead. aluminum) may be used sat1sfactonly with 
d1chlorofluoromethane under normal conditions of use. At high 
temperatures, some of the metals may act as catalysts for the 
breakdown of the compound The tendency of metals to pm­
mote thermal decompos1t1on of d1chlorofluoromethane is in the 
following approximate order silver> brass > bronze > alumi­
num > 1 340 steel > copper > nickel > 18-8 stainless steel > 
1nconel (least decompos1t1on) Magnesium alloys and aluminum 
containing more than 2°0 magnesium are not recommended for 
use in systems containing d1chlorofluoromethane where water 
may be present 

In general, gasket materials should not contain natural rub­
ber. Neoprene or lsoprene rubber, pressed fibers, including 
asbestos, with a number of insoluble binders, and metallic 
gaskets may be used. 

• 1979 ACGIH Notice of Intent to Change to 1 o ppm (40 
mg / m3). 
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Cylinder and Valve Description 

Olchlorofluoromethane is packaged in DOT approved steel 
cylinders. Cylinders containing dichlorofluoromethane are 
equipped with brass valves with the approved alternate Com­
pressed Gas Association (CGA) outlet connection No. 660 
The valve outlet has a thread size of 1 .030 inches, with right­
hand external threads, with a flat seat and washer (see Figure 
1 ). Lecture bottles have a special 5/,s inch-32 threads per inch, 
female outlet and a 9/15

11-1 8 threads per inch male dual valve 

outlet. 

OUTLET CONNECTION 

_;,;111.;.,./ I 
1030"" 

1·· 

,, 

Fig. 1. CONNECTION 660 1 .030"-14 RH EXT. using Flat Seat with 

Washer 

Safety Devices 

No safety devices are required to be used in cylinders 
containing dichlorofluoromethane. Cylinders containing di­
chlorofluoromethane should not be heated in excess of 51 .7 
°C (125 °F) where dangerous hydrostatic pressures are built 
up. 

Recommended Controls 

Automatic Pressure Regulators 

Single stage regulator Model 1 P-660, having a delivery pres­
sure range of 28-240 (4-35 psig) is recommended for use 
with dichlorofluoromethane. 

For low pressure control, regulator Model 70-660, having a 
delivery pressure range of 3 .4-34.5 kPa (0.5-5.0 psig), is 
available. 

Manual Controls 

Matheson needle valve Model 50-660, a brass bar stock 
valve, is available for direct connection to the cylinder valve 
outlet. This valve may be equipped with a variety of outlets, 
such as a serrated hose end, ¼ " compression fitting, or ¼" 

NPT male or female pipe. A Model 31 B manual needle valve is 
recommended for use with lecture bottles. 

Flowmeters 

Matheson Series 7600 laboratory brass flowmeter units with 
150 mm tubes and floats or Matheson 7200 laboratory brass 
flowmeter units with 65 mm tubes with a single float are 
recommended for use where definite flow rates must be known. 

Electronic mass flowmeters, such as Matheson Series No. 
8116 and No. 8160, should be used where accurate readings 
are required. Calibration is unaffected by temperature and 
pressure changes, and flow rates may be recorded from the 
instrument's electrical output. 

m atheson· 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 stainless steel and 
series 8260 of type 316 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera­
ture changes. These mass flow controllers consist of a trans­
ducer, a control valve, a blind controller / power supply, a 
potentiometer and a digital indicator. The transducer senses 
the gas flow and sends a signal to the power supply. This 
signal and one from the potentiometer are compared . If there 
is an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 
imbalance. The accuracy is ± 1.2%. 

Shipping Regulations 

Dichlorofluoromethane is classified as a nonflammable 
chemical and does not require DOT labelling. 

Commercial Preparation 

Dichlorofluoromethane is obtained by treating chloroform 
with anhydrous hydrogen fluoride in the presence of antimony 
chloride at elevated temperatures and pressures. 

Chemical Properties 

The rate of hydrolysis of dichlorofluoromethane in water 
alone at 30 °C (86 °F} at atmospheric pressure is less than 
0 .000 01 kg / I water / year; under the same conditions but in 
the presence of steel, the rate of hydrolysis is 0 .005 2 kg / I 
water / year. At saturation pressure at 50 °C (122 ° F) in the 
presence of steel , the rate of hydrolysis of dichlorofluoro­
methane in water is 0.009 kg / I water / year. Under neutral or 
acidic conditions the presence of hydrogen in the molecule has 
little effect on its hydrolytic stability. However, under alkaline 
conditions, dichlorofluoromethane tends to be hydrolyzed more 
rapidly. Dichlorofluoromethane in the presence of aluminum 
bromide or chloride is disproportionated into chlorodifluoro­

methane and chloroform. 

Thermodynamic and Detailed Physical Data 

Molecular Structure (1) 

The CHCl2F molecule has Cs point group symmetry and a 
symmetry number of one. The C-H , C-CI, and C-F bond dis­
tances are 1.09 A (1.09 x 10- 10 m), 1.75 A (1.75 x 10 

10 
m), 

and 1.367 A (1 .367 x 10- 10 m), respectively . The CI-C-CI , F­
C-CI , and H-C-CI bond angles are 112.2°, 109°, and 109. 75°, 

respectively . 

Infrared Spectrum 

See Figure 2 for the infrared spectrum of gaseous dichloro­
fluoromethane . 

Vapor Pressure (3) 

The vapor pressure of liquid CHCl,.F at various temperatures 
is shown below. 
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DICHLOROFLUOROMETHANE 

Tempera- Vapor Pressure 
ture, K kPa bar atm mmHg 

199.82 0.893 0 .008 9 0.008 8 6.7 

210.93 2 213 0.002 1 0 .021 8 16.6 

222.04 4 826 0 .048 3 0.047 6 36.2 

233.14 10.346 0 .103 0.102 1 77.6 

255 37 31 717 0 317 0.313 0 237.9 

277.59 84 460 0.845 0.833 6 633.5 

293.15 155.134 1.55 1.531 1 163.6 

298.15 182 692 1 83 1.803 1 370.3 

310.93 275 804 2.76 2 722 2 068.7 

333.15 523.957 5.24 5 171 3 930.0 

355.37 882 594 8 83 8. 711 6 620.0 

377.59 1 447.88 14.48 14.29 10 860.0 

399.82 2 240.35 22.40 22.11 16 804.0 
422.04 3 309.33 33.09 32 66 24 822.0 
451 .65 5 167 58 51 .68 51.00 38 760.0 
For add1t1onal vapor pressure data, see Table 1. 

Latent Heat of Vaporization, i:iHv (1) 

Temperature, °C '1Hv, kJ/ kg 

-40 266.3 
0 246.7 

For add1t1onal ~Hv values, see Table 1. 

Thermodynamic Data 

Thermodynamic properties of CHCl2F in the saturated liquid 
and vapor state, in the ideal gas state, and in the superhated 
vapor state are listed in Tables 1, 2 and 3, respectively. Specific 

REFERENCES 

heat data for CHC12F at 101 .325 kPa (1 atm) are listed in Table 

4 . 

Table 4. SPECIFIC HEAT GASEOUS 
CHCl2F AT 101.325 kPa (1 atm) AT 
CONSTANT PRESSURE (Cp) AND 

CONSTANT VOLUME (Cv) AND THE RA TIO 
Cp/Cv calculated (8) UNIT: J/(kg. °K) 

Temperature, Cp Cv Ratio Cp/ Cv OK 

273.15 598.312 516.724 1.158 
298.15 619.650 538.899 1.150 
300 620.069 539.318 1.150 
400 693.289 612.538 1.132 
500 753.120 672 .369 1.120 
600 802.910 722.158 1 .112 
700 840.984 760.233 1.106 

Thermodynamic Properties of Dichlorofluoromethane as 
Ideal Gas @ 25 °C (4) 

Heat Capacity, C~ 
Entropy, S0 

Free Energy Function, (F~98 -

H~ga)/ 298 
Enthalpy Difference, H~9a - Hg 
Enthalpy of Formation, i:iHr 
Free Energy of Formation, i1Fr 

60.994 J / (mol- °K) 
293.169 J / (mol- ° K) 

-293.169 J / (mol- °K) 

13.293 kJ / mol 
-283.257 kJ / mol 
-252.810 kJ / mol 

' For extensive tabulations of the thermodynamic and physical properties of dichlorofluoromethane, see w. Braker and A. L. Mossman, The 

Matheson Unabndged Gas Data Book, 19 75, Matheson, Easl Rutherford, New Jersey. 
1 

W Braker, A L Mossman , and D Siegel, Effects of Exposure to Toxic Gases-F,rst Aid and Medical Treatment, 2nd edition, 1977, pp. 119_ 
1 23. Matheson, Lyndhurst, New Jersey 

Freon Fluorocarbons, Freon Tech Bull 8-2, 1964, E. I dePont de Nemours & co I w·1 · • ., nc., 1 mington, Delaware. 
JANAF Thermochemical Tables. 2nd edition, 1971, D. R. Stull and H Prophet proJ·ect d' t N I S · , 1rec ors, at . land. Ref. Data Ser., Natl. Bur. Stand., 

NSRDA-NBS 37, U S Government Printing Office, Washington, D C. 

~ The Sadtler Standard Spectra. 1972, Sadlier Research Laboratories Inc Ph'I d I h. p . , .. 1 a e p 1a, ennsylvania. 
Thermodynamic Properties of Freon-21, Tech. Bull. T-21, 1939 E. 1 duPont de N & C . . • emours o., Inc., Wilm1ngton, Delaware. 
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Table 1. THERMODYNAMIC PROPERTIES OF SATURATED CHCl2F LIQUID AND VAPOR 
(6) 

Temperature Pressure Entropy J/ (kg, °K) Enthalpy kJ / kg 
Latent Heat Specific Volume Density kg/ dm3 

of Vapori- dm3 / kg 

OK OF kPa atm Liquid Vapor Liquid Vapor 
zation kJ / Liquid Vapor Liquid Vapor 

kg 

233.15 -40 9.363 0.092 4 0.000 1 142.232 0.000 266.288 266.288 0 .660 5 2 003.3 1.514 0 .000 50 

238. 71 -30 13.01 7 0.128 5 23.012 1 127.588 5.486 269.078 263.592 0.665 5 1 473.9 1.503 0 .000 68 

244.26 -20 17.775 0.175 4 45.606 1 114.199 10.948 271.870 260.922 0 .671 1 1 102.5 1.490 0 .000 91 

249.82 - 10 23.877 0.235 6 67.781 1 101 .647 16.434 274.680 258.246 0 .676 7 838.41 1.478 0.001 19 

255.37 0 31 .592 0.311 8 89.538 1 090.350 21 .943 277.469 255.526 0 .682 3 646.1 3 1.466 0.001 55 

258.15 5 36.149 0.356 8 100.416 1 084.911 24.709 278.864 254.155 0 .684 8 570.09 1.460 0 .001 75 

260.93 10 41.217 0.406 8 11 0.876 1 079.890 27.452 280.258 252.806 0.688 0 504 .73 1.454 0.001 98 

266.48 20 53.083 0.523 9 132.214 1 070.686 33.030 283.071 250.041 0 .694 2 399.04 1 .441 0 .002 51 

272.04 30 67.520 0.666 4 152.716 1 061 .899 38.609 285.860 247 .251 0 .700 4 319.13 1.428 0 003 13 

277 .59 40 84.943 0.838 3 173.218 1 053.950 44 .257 288.673 244.416 0.706 7 257 .83 1 .415 0.003 88 

283.15 50 105.70 1.043 193.719 1 046.837 49 .952 291 .462 241.510 0.712 9 210.38 1.403 0 .004 75 

288.71 60 130.31 1.286 213.802 1 040.142 55.740 294.275 238.535 0.719 8 173.11 1 .389 0.005 78 

294.26 70 1 59.13 1 .570 233.886 1 033.866 61.575 297.041 235.466 0. 726 7 143.58 1.376 0 .006 97 

299.82 80 192.78 1.903 253.550 1 028.427 67.479 299.807 232.328 0.734 2 120.05 1 .362 0.008 33 

303.15 86 215.32 2.125 265.266 1 025.080 71.035 301 .434 230.399 0 .738 5 108.19 1.354 0 .009 24 

305.37 90 231.53 2.285 272.797 1 023.406 73.429 302.503 229.074 0.741 6 1 01 .07 1.348 0.009 89 

310.93 100 276.07 2 .725 292.462 1 018.386 79.449 305.176 225.727 0 .749 1 85.59 1.335 0.001 68 

316.48 110 326.81 3.225 311.708 1 014.202 85.516 307.803 222.287 0.757 3 72 .98 1 .321 0.013 70 

322.04 120 384.38 3.794 330.954 1 010.018 91.723 310.383 218.660 0.765 4 62.49 1 .307 0 .016 00 

327.59 130 449.19 4.433 350.201 1 006.252 97 .929 312.893 214.964 0 .774 1 53.83 1.292 0.018 58 

333.1 5 140 522.07 5 .152 369.029 1 002 .486 104.275 315.334 211 .059 0 .782 8 46.55 1.277 0 .021 48 

338.71 150 603.36 5.955 387.857 999.139 11 0.690 317.705 207.015 0 .792 2 40.43 1 .262 0.024 74 

344.26 160 693.61 6.845 406.685 996.210 117.222 320.053 202 .831 0.801 6 35.25 1.248 0.028 37 
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Table 2. THERMODYNAMIC PROPERTIES OF SUPERHEATED CHCl 2F VAPOR (6) 
H, ENTHALPY, kJ/kg; S, ENTROPY, J/(kg. °K); V, SPECIFIC VOLUME, dm /kg 

Pressure i Temperature, K 
kPa atm 233.15 244 26 255.37 266.48 277.59 299.82 322.04 344 26 366.48 388.71 410.93 433 15 

+ 455 37 477 59 

H 266.312 272030 277 .864 2837681 289835 302 .387 315450 329025 343111 357732 
82740082 ' s . 1 152.2741 1765411 19955311 222146!124474011 288.2541 3300941 370678,'1410.426].1449.338 

, V : 2 268 6 '2 377.3 2 486.5 2 595 1 12 704 4 2 921.6 '3 139 5 i3 356 8 3 574 0 '3 791 2 

i H 
48 2630.476 1 S 

, v 
+ 

H 
96 527,0 953 s 

V 

H 
137 89511 361 s 

+ i V 

H 
206.843'2 .041 s 

V 

H 
275. 790 2 722 s 

V 

H 
344. 738 3.402 s 

V 

H 

"36~4083D 

482.63314.763 ~ 
V 
-
H 

551.581/5.4441 s 
V 
-

620.52816.1241 ~ 

689 4 7616 sos \ ; 

758.423
1
7 .485

1 
e 

+ 

j-

283 141 289 231 1 301 .852 314 .962 328 537 342 693 357 360 372 492 
1 078 6351 1008101 144.324 1 186 582 1 227.5861 267 334 1 306 245 1 343 901 

439 6 458.5 I 496 .4 534 1 s11 .8 609 s 646.8 684 s 
+ t -4- + t-

301 .201 314335 328002 342158 356849 372051 1 387787 
1 087.0031129262,1170.68312104311 249.342i'1287417113246541 

245.4 264 6 283 7 302 8 321.8 340 7 359 6 

l ~ + 

300.620 313 800 327 514 341 717 356 477 371 679 387 415 
1 057 297 1 099 555' 1 140 977 1 180 725 1 219 6361 258 .1 29 1 295 366 

1701 1837 1973 2108 2242 2375 2509 
t + ~ 

+ + 

-t 

I 312 893 326 654 340 949 355.756 371 004 386.811 

I 
106524611066681146834118574612242381 261476 

1 20 8 130 0 1 39 2 148 3 1 57 3 1 66 3 

t 311940 32581~ 340182 355.0591 370354 386206 
1 040.142. 1 081 564]1 122.149 1 161.4 78 1 199 971 1 237 209 

8927t 96 .33 103.4 110.3 117.2 124 .0 

310.964 324.934 339.369 354.292 369.703 385 602 
1 020 059 1 061.8991 1 02.902 '1 142 232 1 180 72511 218 381 

I 70.36 76.16 81 .84 87 46 93 08 98 64 

62 .62 67.48 72.29 77 04 81 .72 86 34 90.96 

1 324. 02-; 338.555 353 571 369. 029 384 97 4 401 .362 41 8 307 
I 1 045 .582 1 o86.585t1 26.333t1 64.826f1 202.900 1 239 119\1 216.1 20 

--+ -l-- --+- -+ -+ + --+ 
323121 337742 352827 368308 384347 1 400781 \ 417772 

1 031 .356 1 072.778 1 112.526 1 151.4371 189.093 1 226.3301 262.731 

~ t 52.98 57.23 61.41 t 65.55 69.61 73.60 77.60 

1 018 804 1 060.226 11 100.3921 139.303 1 1 77.37811 21 4 .6 15\1 251 .01 6 
I 322 121 336.ss2 3s2.060 367.634 383.696 400.200 417.238 
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DICHLOROSILANE 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 

One Mole of SiH2Cl2 
Spec1f1c Volume @, 21 .1 °C, 101.325 kPa 

Vapor Pressure @ 20 °C 

8011ing Point @, 101 .325 kPa 

Melting Point 
Absolute Density, Gas@) 101 .325 kPa@ 25 ° C 
Relative Density, Gas (a; 101.325 kPa @ 25 °C (Air = 1) 

Relative Density, L1qu1d (H20 = 1) @ 25 °C 

Critical Temperature 

Critical Pressure 

Critical Volume 

Critical Density 
Critical Compressib1l1ty Factor 

Flammable L1m1ts In Air 

Dipole Moment, Gas 
V1scos1ty, Gas@ 101 325 kPa@) 20 ° C 

Autoignition Temperature 

Description 

01chloros1lane 1s a colorless, flammable, toxic gas at room 
temperature and atmospheric pressure It has an irritating odor 
and 1t fumes in moist air, being hydrolyzed to hydrochloric acid 
and a mixture of polymeric siloxanes It 1s shipped as a liquefied 
gas in low pressure steel cylinders at a pressure of 66 kPa 
(9 6 ps1g) at 20 C 

Uses 

D1chloros1lane 1s used chiefly for the depos1t1on of epitaxial 

silicon 

Toxicity 

01chloros1lane 1s rapidly hydrolyzed by moisture to give hy­
drochloric acid and a mixture of polymeric s1loxanes 
(-S1H 0-)n. Exposure to d1chloros1lane should therefore be con­
sidered as s1m1lar to exposure to hydrogen chloride. Dlchloro­
silane 1s, consequently, considered a highly toxic gas. It is 
severely irritating to the upper respiratory tract and corrosive 
to the eyes, skin and mucous membranes Work would prob­
ably be possible in concentrations of 1 0-50 ppm of d1chloro­
s1lane in air, but not for more than one hour. Work would 
probably be 1mposs1ble in concentrations of 50-100 ppm of 
d1chloros1lane in air. The 1 979 American Conference of Gov­
ernmental Industrial Hygienists (ACGIH) has recommended a 
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0.101 010 kg 

0.101 010 kg 
239.1 dm3 /kg; 3.83 ft

3 
/lb 

167 .2 kPa; 1 .67 bar; 24.2 psi a; 1 .65 

atm 
281.35 °K; 8.2 °C; 46.8 °F 
151.15 ° K; -122.0 ° C; -187.6 °F 

4.168 kg/m3 

3.52 
1.22 kg // 
449.15 ° K ; 176.0 °C; 348.8 °F 

4 676 kPa; 46. 76 bar; 678.2 psia; 46.15 

atm 

2.158dm3/kg 
0.463 kg/dm3 

0.273 
4.1 - 98.8% (by volume) 

3. 9 X 10- 3o C · m; 1 . 1 7 D 
0.0163 mPa-s; 0.0163 mN,s/ m2

; 

0.016 3 cP 

373.15 °K; 100.0 °C; 212 °F 

Threshold Limit Value (TLV) of 5 ppm (7 mg / m3
) for hydrogen 

chloride. This TLV should also be followed for dichlorosilane. 
However, dichlorosilane provides adequate warning for prompt 
voluntary withdrawal from contaminated atmospheres. 

First Aid Treatment (2) 

The suggestions given are those recommended for hydrogen 
chloride. In the event that a worker is overcome by dichlorosi­
lane, certain first aid measures should be taken, prior to the 
physician 's arrival. Those presented herein are based upon 
what is believed to be common practice in industry. Their 
adoption in any specific case should be subject to prior en­
dorsement by a competent medical advisor. 

(a) Remove victim as quickly as possible to fresh air. 
(b) If breathing has stopped, artificial respiration should be 

administered. Oxygen may be given but only by experienced 
personnel. 

(c) Keep victim comfortably warm, but not hot. 
(d) Summon a physician as soon as possible. 

Eye Contact 

Contact of the eyes with dichlorosilane gas rapidly causes 
severe 1rritat1on of the eyes and eyelids. If the eyes are exposed 
to hi_gh concentrations of dichlorosilane, they should be im­
mediately irrigated with copious quantities of running water for 

matheson 

at least 1 5 minutes. The eyelids should be held apart during 
the irrigation to insure contact of water with all accessible 
tissues of the eyes and eyelids. Medical attention should then 
be obtained at once. 

Skin Contact 

D1chlorosilane has a corrosive action on the skin and mucous 
membranes. It will cause severe burns. Exposure to high con­
centrations may also result in dermatitis. Workers who have 
been exposed to a high concentration of dichlorosilane should 
be subjected immediately to a drenching shower of water. Their 
clothing should be removed as rapidly as possible while they 
are in the shower, and medical aid should be summoned as 
soon as possible. It is essential that all affected body surfaces 
be washed with copious quantities of running water for a 
sufficient time to remove all dichlorosilane. 

Precautions in Handling and Storage 

(a) Workers who handle dichlorosilane should wear protec­
tive clothing such as rubber or plastic aprons, rubber gloves 
and suitable gas-tight chemical safety goggles. Woolen outside 
clothing or other acid resistant fabrics are recommended for 
workers handling dichlorosilane. 

(b) Instant-acting showers should be available in the event of 
an emergency. 

(c) Special eye-washing fountains or similar equipment 
should be available for eye irrigation. 

(d) Proper respiratory equipment must be provided and per­
sonnel wearing such equipment must be carefully instructed in 
its operation and limitations. 

(e) Precautions should always be taken to prevent suckback 
of foreign materials into the cylinder by using a check valve, 
vacuum break, or trap, since such a suckback may cause the 
development of dangerous pressures. The cylinder valve 
should be closed after each use. 

(f) Ground all lines and equipment used for dichlorosilane. In 
addition, the following general rules should be observed. 

(1) Never drop cylinders or permit them to strike each other 
violently. 

(2) Cylinders should be assigned to a definite area for stor­
age. The area should be dry, cool, well-ventilated, and prefer­
ably fire-resistant. Keep cylinders protected from excessive 
temperature rise by storing them away from radiators or other 
sources of heat. Storage conditions should comply with local 
and state regulations. 

(3) Cylinders may be stored in the open, but in such cases 
should be protected against extremes of weather and from the 
dampness of the ground to prevent rusting. During the summer, 
cylinders stored in the open should be shaded against the 
direct rays of the sun in those localities where extreme tem­
peratures prevail. 

(4) The valve protection cap should be left in place until the 
cylinder has been secured against a wall or bench, or placed 
in a cylinder stand, and is ready to be used . 

(5) Avoid dragging. rolling or sliding cylinders, even for a 
short distance. They should be moved by means of a suitable 
hand truck . 

(6) Never tamper with safety devices in valves or cylinders. 

DICHLOROSILANE 

(7) When returning empty cylinders, close the valve before 
shipment, leaving some positive pressure in the cylinder Mark 
or label the cylinder EMPTY. Do not store fu ll and empty 
cylinders together. 

(8) No part of a cylinder should be subJected to a temperature 
higher than 73.9 °C (125 °F). A flame should never be permit­
ted to come in contact with any part of a compressed gas 
cylinder. Temperatures 1n excess of 73.9 C (125 F) may 
cause a cylinder to become liquid full and create dangerous 
hydrostatic pressures. 

(9) Cylinder content of liquefied gases 1s determined by 
weight : the cylinder content of nonl1quef1ed gases by gauge 
pressure. 

(1 0) Before using, read all data sheets and label information 
associated with the use of the gas concerned. 

General Precautions in Using Gases 

(1) Close off main cylinder valve when not in use. 
(2) Use needle valve or auxiliary cut off valve in the line. Do 

not rely purely on the cylinder valve. 
(3) Turn over cylinders in reasonable time. Corrosive gases 

should be three months or less. 
(4) Always use gases in areas where adequate ventilation 1s 

provided. 
(5) Keep cylinders in outside storage, or have manifolds 

piping low pressure gas into building . 
(6) Use the smallest practical size cylinder for your gas 

applications. 

Leak Detection 

Large leaks of dichlorosilane will be evident by the formation 
of dense white fumes on contact with the atmosphere Small 
leaks of dichlorodilane may be detected by holding an open 
bottle of concentrated ammonium hydroxide solution near the 
site of the suspected leak (formation of dense white fumes). 
Wet blue litmus paper will turn pink when exposed to a d1-
chlorosilane leak. 

Cylinder valve leaks can usually be corrected by tightening 
the valve packing nut (turn clockwise as viewed from above). 
If valve leaks persist or leaks appear at any portion of the 
cylinder, advise the supplier immediately. 

Disposal of Leaking Cylinders 

Acid gases are corrosive and toxic , and in the case of 
dichlorosilane, also flammable. Therefore, put on appropriate 
protective equipment (face shield, rubber gloves, breathing 
equipment) before transporting the leaking cylinder to a safe 
out-of-doors area or hood with forced vent1lat1on . Post warnings 
1n area to prevent persons from approaching the cylinders with 
lit cigarettes or open flames. Then proceed as follows (3): 

(1) Using the Compressed Gas Assoc1at1on CGA-678 fitting, 
attach the cylinder to a vacuum/ nitrogen manifold . A vacuum 
steam or water ejector 1s ideal for scrubbing the d1chlorosilane 
fumes. A mechanical vacuum pump can be used provided a 
water bubbler is installed between the cylinder and pump. A 
branch and valve for introducing nitrogen should be included 
in the line from the cylinder to the bubbler or between the 
cylinder and vacuum steam eJector. 
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(2) Evacuate the cylinder 
(3) Valve off the vacuum between the cylinder and bubbler 

or eJector 
(4) Fill the cylinder with nitrogen 
(5) Repeat steps 2, 3 and 4 several times to remove all the 

d1chloros1lane 
(6) Close the cylinder valve and detach cylinder from mani-

fold . 
(7) Open the cylinder valve to vent any nitrogen remaining. 
(8) Unscrew cylinder valve from cylinder body 
(9) Flush out cylinder with water 
( 1 0) Tag cylinder and valve as defective and return to the 

supplier according to dIrectIons. 

Materials of Construction (3) 

Steel has been found to be a satisfactory construction ma­
terial for handling dry d1chloros1lane. To give added safety 
during material transfer in large-scale production, forged steel 
valves are preferred over cast steel valves. In the presence of 
moisture , however, d1chlorosilane Is rapidly hydrolyzed to cor­
rosive hydrochloric acid. Hence, thorough inert gas purging 
must be done pnor to Introduct1on of the gas into the system. 

Cylinder and Valve Description 

D1chloros1lane ,s shipped in DOT approved low pressure 
steel cylinders Matheson uses stainless steel valves with the 
approved alternate Compressed Gas Assoc1at,on (CGA) cylin­
der valve outlet connection No 678 on all cylinders of dichlo­
ros,lane This cylinder valve outlet has a thread size of 1 .030 
inches diameter, having left-hand external threads. See Figure 
1 for an 1llustrat1on of this valve outlet and ,ts mating connec­
tion 

OUTLET CONNECTION 

1 035 

WASHER 

Fig. 1 CONNECTION 678 1 030"-14 LH EXT (Short Nipple) using 
Flat Seat with Washer 

Safety Devices 

The valves on all cylinders of d1chlorosilane contain a built-in 
fusible metal plug, melting about 72 8 C (163 F) The plug is 
protected from the cylinder contents by a frangible metal disc 
rated at 1 720 kPa (250 °F). 

Recommended Controls 

Automatic Pressure Regulator 

Single stage regulator Model 3455-678, having a delivery 
pressure range of 0-138 kPa (0-20 ps,g), ,s recommended for 
use with d1chlorosilane It has a delivery pressure gauge which 
indicates both vacuum up to 30 inches and delivery pressure 
up to 21 0 kPa (30 ps,g) All metal parts of the regulator in the 
gas stream, including the diaphragm, are type 316 stainless 
steel . The seat ,s Kalrez and gaskets are Teflon The inlet ,s a 

248 

standard 11," Gyrolok or optional % " Gyrolok tube connection. 

11 has a diaphragm packless outlet valve with ¼ " Gyrolok tube 
fitting. The maximum inlet pressure 1s 2 760 kPa (400 psig). 

A stainless steel check valve is recommended for use to 
prevent suckback into the regulator and cylinder. 

It Is also recommended that a stainless steel cross purge 
assembly Model 4 77 4 be inserted between the regulator and 

the cylinder. 

Flowmeters 

Matheson Series 7600 laboratory stainless steel flowmeter 
units with 150 mm tubes and floats or Matheson 7200 labora­
tory stainless steel flowmeter units with 65 mm tubes with a 
single float are recommended for use where definite flow rates 

must be known. 
Stainless steel electronic mass flowmeters, such as Mathe­

son Series No. 8160, should be used where accurate readings 
are required. 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 stainless steel and 
Series 8260 of type 31 6 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera­
ture changes. These mass flow controllers consist of a trans­
ducer, a control valve, a blind controller / power supply, a 
potentiometer and a digital indicator. The transducer senses 
the gas flow and sends a signal to the power supply. This 
signal and one from the potentiometer are compared. If there 
Is an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 
imbalance. The-accuracy is ± 1.2% . 

Shipping Regulations 

D1chlorosilane is classified by the DOT as a flammable liquid 
and is shipped with the required " Red Label". 

Commercial Preparation 

Dichlorosilane (as well as trichlorosilane) is produced by the 
reaction of a mixture of hydrogen and hydrogen chloride with 
silicon at high temperatures (4). It is also prepared (15% yield) 
~Y disproportionation of trichlorosilane by heating to 300-400 
C in the presence of acid catalysts of the metallic halide type, 

e.g., aluminum chloride, ferric chloride and boron trifluoride 
(5). 

Chemical Properties 

Hydrolysis of dichlorosilane by water gives hydrochloric acid 
and a mixture of polymeric siloxanes, the simplest of which is 
the tetramer (SiH2O). (6). Dichlorosilane forms a solid 1: 1 
adduct with trialkylamines and pyridine e g s·1H Cl . N(CH ) 
(7) T . . . , · . , 2 2 3 3 

. · reatment of d1chloros1lane with antimony trifluoride yields 
difluorosllane (8). Dichlorosilane deposits uniform layers of 
epitaxial silicon of excellent crystal quality at a temperature of 
about 1 000 °C, the deposition rate at 1 1 00 °C being much 
gr_eater than that of trichlorosilane or silicon tetrachloride at 
this temperature· also d. hi . . .. . , Ic oros,lane s1gn1f1cantly lowers the 
processing time from that required with silane and greatly 
reduces the raw material cost (3). 
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Thermodynamic and Detailed Physical Data 

Molecular Structure (9) 

The tetrahedral SiH2Cl2 molecule has C2v point group sym­
metry, with a symmetry number of two. The Si-H bond distance 
is 1.48 A (1 .48 x 10- 10 m) and the Si-Cl bond distance is 2.05 
A (2 .05 x 1 0 - 10 m); all angles are approximately 11 O 4 7° . 

Infrared Spectrum (9) 

Dichlorosilane has nine infrared active vibrations, the fun­
damental frequencies (in cm - ') and assignments (in parenthe­
ses) of which are as follows: 2 200 (111 ); 953 {112); 531 (1•3); 188 
(1•4); 710 (11~ ); 2 200 (115); 610 (111); 877 (1•8); 592 (1•9). 

Vapor Pressure (3) 

Vapor pressure data up to 1 01 .325 kPa (1 aim) are shown 
below: 

Temperature, Vapor Pressure 
OK kPa mbar mmHg 

202 .65 1.333 13.3 10 

237.15 13.332 133.3 100 

253.15 31 .997 320.0 240 

257 .15 39.997 400.0 300 

265.15 55.329 553.3 415 

273.15 81 .327 813.3 610 

281.35 1 01 .325 1 013.25 760 

REFERENCES 
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Vapor pressure data above 101 325 kPa are shown below. 

Temperature, Vapor Pressure 
OK kPa bar atm 

281 35 101 325 1 .01 3 1 00 

293.15 167.186 1.67 1 65 

313.15 303 975 3 .04 3 00 

333.15 526.890 5.27 5 20 
373 15 1 276.695 12.8 12 60 

449.15 4 676.149 46.8 46.15 

See Figure 2 for vapor pressure curve. 

Latent Heat of Vaporization, 
'1Hv(3) @, 8.2 °C 

269.64 KJ / kg; 
64.44 kcal · kg 

Thermodynamic Properties of Dichlorosilane As Ideal Gas 
@ 25 °C (9) 

Heat Capacity, C~ 
Entropy, S0 

Free Energy Function, (F~98 -

H~se)/298 
Enthalpy Difference Hg - H~ss 
Enthalpy of Formation, '1Hf 
Free Energy of Formation, '1Ff 

62.053 J (mol - °K) 
286.596 J (mol- K) 

- 286. 596 J (mol - K) 

- 13.364 kJ / mol 
-313.800 kJ / mol 
-288.315 kJ / mol 

' For extensive tabulations of the thermodynamic and physical properties of dichlorosilane, see W Braker and A L Mossman. The Matheson 

Unabridged Gas Data Book, 1975, Matheson, East Rutherford, New Jersey 
' W. Braker and A. L. Mossman, Effects of Exposure to Toxic Gases-First Aid and Medical Treatment, 1st edition, 1970, pp. 71-73, Matheson, 

East Rutherford, New Jersey. 
1 01chlorosilane, Tech . Bull. No. F-43495A. 1971, Union Carbide Corporation, New York, New York 
• F. G. A. Stone, Hydrogen Compounds of the Group IV Elements, 1962, p 15, Prentice-Hall, Inc Englewood Cliffs, New Jersey 
5 C E. Erickson and G. H Wagner, U. S. Patent 2. 627, 451 ( 1953) and U S Patent 2, 735, 861 ( 1956) 
6 C H. Van Dyke in Kirk-Othmer"s Encyclopedia of Chemical Technology, 1969, Volume 18, p 184. John Wiley & Sons, Inc., New York , New 

York. 
7 Ibid., pp. 184-186. 
8 H. J. Emeleus and A. G. Maddock, J Chem Soc 1944, 293 
9 JANAF Thermochemical Tables , 2nd ed1t1on, 1971 . D R Stull and H Prophet, proJect directors, Natl Stand Ref Data Ser, Natl Bur Stand . 

NSRDS-NBS 37. U. S. Government Printing Office, Washington , D. C. 



10,000 

a, 
a. 
.:,e. 

I 
w 
a: 
:::) 
Cl) 
Cl) 
w 
a: 
a. 
a: 
0 a. 
< > 

9 

8 

7 

6 

5 

4 

3 

? 

1000 
9 
g 

7 

6 

5 

4 

'l 

2 

100 
9 

8 

7 

6 

5 

4 

3 

2 

10 

~J: f-.i: u t t J 1 L ~ ~-

f t ff 1 .f.;:.;: 
..1.::±:- ~ '. -r- ' 

Tf =- ·trl.+ UI 6= . 

H 
,._;: -~ :11 l::==: .--'-- + ' + + -UJ :t 1-+-W t- fl ~1-+-t -1-

1U t t + tH-r 
H+-

n ! =u-t=E #-It 
..... +- . 

t- i::--:---: -

ln a# 
,-. ........... ~~ ~ 

14-.._.. -1- + .j.._ >---

t .t + + 
>-H+t 17: H 

~-118+ t-t + .. tt-"-+ 

ti:-+ : :::t:t t- J. +--

. .. .. -H .. t-. . + 
I I +P+ -+ -1-H 

J. 1---rr--,_ ._.. __ 
: 

I 

I 
n i: f f 

- f i ... . 

fl -;: ! t. : ·Hf ·-1 1: : 
~ 

tt }t -t-fH" :f: r-_;: 

f Jt ri:itt" tttt ~ 
-~ #U- t -t-+-t-t-
.. 

:.# -F{f f* ·-t-
- .. 

-1- t j 

:JH- Y=: +1 l-Li-
fHf H f t -tfi-L. 

J •-i-

tHf IL, f j-
t--t-t-t-

± --1- j T • 

t + t : f- t u q-+ =+ +- -
L±:t * + -~ - -

7 I I I I -, I I I 

--~ ~t 
>-+-
>- +- ·-t- ..... w 

~ + .......... 
I 

i: l t :f: l + t t . f - ::i.. . 
If £ . f r rt: !. 

:-f_ ! J IJJ.: ,._: ; L r. 

f -!-
~ + t rff . + 1:l f 
~. LI- ~ JJ. lfil~ t-

~ H 81 -r:::t::j_: 

~ ::.-r• ---t--+- • · -
~ +-+-· 

~ n t I-: . · l l E 
.j. + t f-
d-t UU- llil ~+ 
.. u .. t--1- ttii : I=f:1 t t .. :-H ~ 

i + t ·L El tff + i ~+--
+ 

--+-- · -+-t-

f F ·m-+- :i .. ....... m ,w~ ~ 

1t 
, .... ~,__L I +-< 

' ·- •-- L W-..J 
rtt •- + I 

•~•--~ r • I 

I I 

= 
C -

~ 
-

:-:7 -u-= 
~ 

-
----r-~ ,-

·- -- -• 
l 

, . 
I ·1 I 

I I 

I t j I 

I 
, 

I 
, 

i' 

I 1 .. 

I ' 
I • 

-:: :I ~ :..._ !_ 

# ...-J:-: 

~ ~ - ,: -
..... •- ~ 

~ 
, _ 

- --
I-

- •·. ~- ~ 
,_ 

I-+-+-

- !±:: I- -
-j-~--

---l--

+- J 

I 
i 

I I 

·- 1'-
I J 

L '-L BP 
: ' r ; ,_ 

l 

--i ,:.+--, f-E ..... -+->-

1-+i+-}~ ·- -~ 
-

-l- -!- ,_ ,- ·--- -- ~-~ 

l ; I I 

i+±-/+--
-ft. '-'--

, , 
p - -

.l=t:: 
La 

' h i ~ . FIG. 2 
. .i--:: _,_ t:t:: DICHLOROSILANE 

.n1- : -t ~. --

:: VAPOR PRESSURE vs TEMPERATURE .. + + ' -+-+-I- .___ 

--r±:i.--+- -l- t t--
. l .I. .._ +..i . . t--

+:J1 -+h +-
I I ,-~u 
~ I 

I 
I 

. ·- f-l-
I I 

I i 
I 

-100 -80 -60 -40 -20 0 20 40 60 80 100 120 140 
TEMPERATURE °C 

CPj 
'-1- >-........ ,.. ... ,._ 
~~= -

1-1-

,_ 

160 180 

1,2-DICHLOROTETRAFLUOROETHANE 
(Synonym: Freon-114®, Genetron-114®, lsotron-114®, Ucon-114® ) 

(Formula: CCIF2CCIF2 or C2Cl2F4) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of C2Cl2F 4 

Specific Volume @ 21.1 °C, 101.325 kPa 
Vapor Pressure@ 21.1 °C 

Boiling Point @ 101.325 kPa 
Freezing Point 
Absolute Density, Gas@ 101 .325 kPa@ 25 °C 
Relative Density, Gas@ 101.325 kPa@ 25°C (Air = 1) 
Density, Liquid @ Saturation Pressure @ o °C 
Critical Temperature 
Critical Pressure 

Critical Volume 
Critical Density 
Critical Compressibility Factor 
Specific Heat, Gas @101.325 kPa@ 25 °C 

@ Constant Pressure 
@ Constant Volume 

Specific Heat Ratio, Gas@ 101 .325 kPa @ 25 °C Cp / Cv 
Specific Heat, Liquid @ O °C 
Viscosity, Gas@ 101.325 kPa@ 25 °C 

Viscosity, Liquid @ 0 °C 

Thermal Conductivity, Gas@ 101 .325 kPa @ 25 °C 

Thermal Conductivity, Liquid @ 0 °C 

Surface Tension @ O °C 
Solubility in Water @ 101 .325 kPa @ 25 °C 
Solubility of Water in C2 Cl 2 F4 @ 30 ° C 
Dielectric Constant 

Gas @ 26.8 °c, 50. 7 kPa 
Liquid @ 25°C 

Refractive Index, Liquid, no @ 25 °C 
Relative Dielectric Strength (Nitrogen = 1) 

Description 

1,2-Dichlorotetrafluoroethane is a colorless, odorless, non­
flammable, relatively nontoxic gas at room temperature and 
atmospheric pressure. Cylinders, truck cargo tanks, portable 
tanks, single-unit tank cars and ton multi-unit tanks are var­
iously authorized for shipment of C7Cl2 F4 . It is read ily liquefied 
and is reshipped in steel cylinders as a liquefied gas under its 
own vapor pressure of 89 kPa (12.9 psig) at 21.1 °C. 

matheson· 

0.170 922 kg 
0.170 922 kg 
143.6 dm3 / kg; 2 .3 ft3 / lb 
190.3 kPa; 1.88 atm; 1.90 bar; 27 .6 

psia 
276.92 °K; 3 .8 °C; 38.8 °F 
179.15 °K; -94.0 °C; -137.2 ° F 
7 .027 kg / m3 

5.93 
1.529 kg / I 
418.85 °K; 145. 7 °C; 294.3 °F 
3 262 .7 kPa; 32.63 bar; 473.2 psia; 

32 .2 atm 
1.720 dm3 / kg 
0 .581 kg / dm3 

0.275 

661 .072 J / (kg • ° K); 
612.119 J / (kg. °K) 
1.080 
999.98 J / (kg -K) 
0.011 8 mPa-s; 0 .011 8 mN-s/ m2; 

0.011 8 cP 
0.485 mPa-s; 0.485 mN, s / m2; 0.485 

cP 
0.01109W/ (m. °K);26.5 X 10 6 cal­

cm / (s • cm2 • °C) 
0 .092 88 W / (m- °K); 222.0 x 10 6 cal-

cm / (s- cm2 • °C) 
26 .1 mN / m; 26 .1 dyn/ cm 
0.01 3% (by weight) 
0.011 % (by weight) 

1.002 1 
2.26 
1.288 
3.34 

Specifications 

1 ,2-Dichlorotetrafluoroethane has a minimum purity of 95.0 
mole %. 

Toxicity and Effects in Man (2) 

1 ,2-Dichlorotetrafluoroethane has a very low degree of tox­
icity. It is classified by the Underwriters ' Laboratories in Group 
6, a category which includes those gases or vapors which ,n 
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1,2-DICHLOROTETRAFLUOROETHANE 

concentrations up to at least 20% by volume for durations of 
exposure of the order of 2 hours do not appear to produce 
injury 

Inhalation of high concentrations of gas can cause such 
symptoms as dizziness, disorientation, incoordination, nar­
cosis, nausea, or vomiting. There appear to be no irreversible 
effects once the oxygen def1c1ency has been corrected. 

The 1979 ACGIH has established a Threshold Limit Value 
(TLV) of 1 000 ppm (7 000 mg/m ) for 1,2-dichlorotetrafluo­
roethane in air. 

First Aid Treatment 

Inhalation 

If the subject is conscious and becomes aware of any of the 
symptoms cited above, he should go to an uncontaminated 
area and inhale fresh air or oxygen. In the event the subject 1s 
overcome by a massive exposure, he should be carried to an 
uncontaminated area and given art1fic1al resp1rat1on and oxygen 
simultaneously. Treat symptomatically thereafter. 

Precautions in Handling and Storage 

The general rules listed in Appendix I should be observed. 

Leak Detections 

Leaks of 1 ,2-dichlorotetrafluoroethane may be detected by 
applying soap water solution to suspected points; leaks will be 
indicated by bubble formation. Leaks of 1 ,2-dichlorotetrafluo­
roethane in dark, confined , or inaccessible spaces or locations 
may be located by means of a halide torch or lamp. The 
Matheson Leak Detector Model 8016 and 8017 provides a 
more sens1t1ve means of leak detection. 

Disposal of Leaking Cylinders 

Cylinders containing 1 ,2-dtchlorotetrafluoroethane which de­
velop leaks that cannot be corrected normally may be disposed 
of by the procedure described in Appendix 11-C. 

Materials of Construction 

Most of the commonly used metals (steel, cast iron, brass, 
copper, tin, lead, aluminum) may be used sat,sfactonly with 
1 ,2-dichlorotetrafluoroethane under normal condi tions of use. 
At high temperatures some of the metals may act as catalysts 
for the breakdown of the compound . The tendency of metals 
to promote thermal decompos1t1on of Freon-114 is in the fol­
lowing approximate order: silver > brass > bronze > aluminum 
> 1340 steel > copper > nickel > 18-8 stainless steel > 
1nconel (least decompos1t1on). Magnesium alloys and aluminum 
containing more than 2% magnesium are not recommended for 
use in systems containing 1 ,2-d,chlorotetrafluoroethane where 
water may be present. 

In general gasket materials should not contain natural rubber. 
Neoprene or lsoprene rubber, pressed fibers , including asbes­
tos. with a number of insoluble binders, and metallic gaskets 
may be used. 

Cylinder and Valve Description 

1 ,2-dichlorotetrafluoroethane ,s packaged in DOT approved 
steel cylinders Cylinders containing 1 ,2-dichlorotetrafluoro-

ethane are equipped with brass valves with the approved 
alternate Compressed Gas Association (CGA) outlet connec­
tion No. 660. The valve outlet has a thread size of 1 .030 
inches, with right-hand external threads, usedd with a flat-seat 
and washer (see Figure 1 ). Lecture bottles have a special 5/,s 

inch-32 threads per inch, female outlet and a 9/,s"-18 threads 
per inch male dual valve outlet. 

OUTLET 

..N / l l l'J\I 

' \ ,,, -

1030" 
1" 

CONNECT IO~• 

1 035" 
1" 

l 
Fig. 1. CONNECTION 660 1.030"-14 RH EXT. using Flat Seat with 

Washer 

Safety Devices 

No safety devices are required to be used in cylinders 
containing 1 ,2-dichlorotetrafluoroethane. The c ylinders 
should, therefore, not be excessively heated to the point where 
dangerous hydrostatic pressures are built up. 

Recommended Controls 

Automatic Pressure Regulators 

Matheson Model 70 low pressure regulators provide satis­
factory low pressure control. These regul~tors have oversize, 
pancake bodies of die cast aluminum with Buna N diaphragms. 
The following models are available: 

Delivery Pressure Range 
Model 

kPa mbar (g) psig 
No. 

708-660 0.5-2.99 5-29.9 2-1 2 inches water col-
umn 

70-660 3.4-34.5 34-345 0 .5- 5.0 psig 
70A-660 34 .5-68.9 345-689 5- 1 O psig 

Manual Controls 

Matheson needle valves Model 50-660, a brass bar stock 
valve, is available for direct connection to the cylinder valve 
outlet. This valve may be equipped with a variety of outlets, 
such as a serrated hose end, ¼" compression fitting, or ¼ " 
NPT male or female pipe. A Model 31 B manual needle valve is 
recommended for use with lecture bottles . 

Flowmeters 

Matheson Series 7600 laboratory brass flowmeter units with 
150 mm tubes and floats or Matheson 7200 laboratory brass 
flowmeter units with 65 mm tubes with a single float are 
recommended for use where definite flow rates must be known. 

Electronic mass flowmeters, such as Matheson Series No. 
8116 and No. 8 160, should be used where accurate readings 
are required . Calibration is unaffected by temperature and 
pressure changes, and flow rates may be recorded from the 
instrument output. 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 stainless steel and 
series 8260 of type 316 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera­
ture changes. These mass flow controllers consist of a trans­
ducer. a control valve, a blind controller/ power supply, a 
poteniometer and a digital indicator. The transducer senses 
the gas flow and sends a signal to the power supply. This 
signal and one from the potentiometer are compared . If there 
is an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 
imbalance. The accuracy is ± 1 .2% . 

Shipping Regulations 

1 ,2-Dichlorotetrafluoroethane is not classified by the DOT as 
a compressed gas, and requires no special label. 

Commercial Preparations 

1 , 2-Dichlorotetrafluoroethane is obtained by treating hex­
achloroethane with anhydrous hydrogen fluoride in the pres­
ence of small amounts of antimony chloride under high pres­

sure. 

Chemical Properties 

1 ,2-Dichlorotetrafluoroethane is comparatively thermally sta­
ble. Its rate of hydrolysis in water at 30 ° C and 1 aim 1s less 
than 0 .000 005 kg / I water / year; under similar conditions but 
in the presence of steel, the rate is 0.001 4 kg / I water / year. 
At saturation pressure and 50 °C in the presence of steel , the 
rate of hydrolysis in water is 0.003 kg / I water / year. 

Thermodynamic and Detailed Physical Data 

Molecular Structure (3) 

The C2C'2F4 molecule has C, symmetry, with C- C, C-CI, 
and C-F bond distances of 1.54 A (1 .54 x 10- 10 m), 1.75 A 
(1.75 x 10-10 m), and 1.33 A (1.33 x 10- 10 m), respectively . 

Infrared Spectrum 

For infrared spectrum of gaseous 1 ,2-dichlorotetrafluoro-

ethane, see Figure 2. 

Vapor Pressure (4) 

Temperature Pressure 
OK OF kPa bar atm mmHg 

233.15 -40 13.141 0 .131 0.130 98.6 

244.26 - 20 23.925 0 .239 0 .236 179.5 

255.37 0 41 .01 7 0.410 0.405 307.7 

266.48 20 66.783 0 .668 0.659 500.9 

273.15 32 87 .529 0 .875 0.864 656.5 

277 .59 40 103.959 1.040 1 .026 779.8 

288.71 60 155.642 1.556 1 .536 1 167 

293.15 181 .118 1 .811 1 .787 ◄ 358 68 I 

298.15 77 213.469 2 .134 2 .107 1 601 

299.82 80 225.176 2.353 2 .222 1 689 

310.93 100 316.131 3 .161 3.120 2 371 

1 ,2-DICHLOROTETRAFLUOROETHANE 
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1 2-DICHLOROTETRAFLUOROETHANE ' 
Add1t1onal vapor pressure data are shown In Table 1 and 

Figure 3. 

Latent Heat of Vaporization, 4Hv (4) 

Temperature, °K 

273.15 
276.92 

Thermodynamic Data 

4Hv, kJ / kg 

137.32 
136.06 

Temperature, K 

233.15 
253.15 

iiHv, kJ / kg 

148.91 
143 51 

See Tables 1 and 2 for the thermodynamic properties of 
saturated and superheated 1,2-dichlorotetrafluoroethane, re­
spectively. 
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Table 1. THERMODYNAMIC PROPERTIES OF SATURATED C2Cl2F4 
LIQUID AND VAPOR 

(4) 

Pressure Entropy J / (kg• K) Enthalpy kJ/ kg Latent Specific Volume 
Density kg / dm3 

Temperature 

Heat of dm3 / kg 

I 
Vaporiza-K F kPa aim Liquid Vapor Liquid Vapor lion kJ / Liquid Vapor Liquid Vapor 

kg 
185.93 - 125 0 400 0 003 9 -181 .920 679.523 -38.046 122.127 160.173,0 .572 2 22 436 1.748 0.000 045 199.821-100 1 365 0 013 5 -126.1 48 659.3 15 -27.289 129.664 156 953 0.582 8 7 107 1.716 0.000141 213.71 - 75 3 868 0.038 2 - 72.467 1646.679 -16.190 137.505 1 53 695 0.594 2 2 677 1.683 0.000 374 227.59 50 9.501 0.093 8 -20 418 639.985 / -4.709 145.608 150.317 0.606 4 1 158 1.649 0.000 864 233.151 -40 13 141 0 129 7 0.000 638.688 0.000 148.913 148.913 0.611 5 855.6 1.635 0.001 1 7 241 48 -25 29 719 0204 5 30.334 637 893 7.199 153.929 146.730 0.619 5 560.2 1.614 0.001 79 255.37 0 41 01 7 0 404 8 80.082 639 441 19.572 162.421 142.849 0.633 8 296.8 1.578 0.003 37 269.26 25 74.891 0.739 1 1 29 035 643. 708 32.433 171 .023 138.590 0.649 3 169.3 1.540 0.005 91 283 15 50 127.787 1.261 1 77 234 650.11 0 45.787 179.680 133.893 0.666 2 102.7 1.501 0.009 74 297 04 75 205 926 2.032 224 764 658 018 59.624 188.324 128.700 0.685 1 65.44 1.460 0.015 28 310.93 100 316 131 3.120 271 541 667 013 73.920 196.894 122.974 0.706 2 43 44 1 .416 0.023 02 324 82 125 465 686 4 596 317.524 676.678 88.647 205.311 11 6.664 0. 730 1 29.48 1.370 0.033 92 338 71 150 662 269 6 536 362.711 686 594 103.782 213.489 109.707 0.757 8 20.96 1.320 0 .047 70 352.59 175 914 072 9 021 407 061 696.343 

119.311 221.308 101.997 0.79061 15.03 I 1.255 0 066 53 
366 48 200 1 230.14 12 14 450 742 705.381 

135.269 228.590 I 93.321 0.830 8 10.90 1.204 0 .091 78 
380.37 225 1 621.29 16 00 494.047 712.954 

151 .765 235.036 83.271 0.882 7 7.91 1.133 0 .126 45 
394.26 250 2 102 02 20 75 537 853 717 472 

169.175 240.008 70.833 0.956 2 5.65 1.046 0 .17704 
408 15 275 2 695 95 26.61 585 551 714.502 188.924 241 .566 52.642 1 .084 9 3.79 0.922 0 .264 10 
418 71 294 3 253 95 32.11 650 4861675.130 216.534 226.866 10.332 1 .524 9 1 .94 0.655 8 0 .514 57 
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1 1-DIFLUOR0-1-CHLOROETHANE 
' (Synonym: Genetron-1428®) 

(Formula: H3CCCIF2 or C2H3CIF2) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 

One Mole of C2H3CIF? 
Spec1f1c Volume @ 21 .1 °C, 101 .325 kPa 

Vapor Pressure@ 21.1 °C 

Boiling Point @ 1 01 325 kPa 

Freezing Point 
Absolute Density, Gas@ 101.325 kPa@ 0 °C 
Relative Density, Gas@ 101.325 kPa@ 0 ° C (Air = 1) 

Density, Liquid @ Saturation Pressure @ 0 °C 

Critical Temperature 

Critical Pressure 

Critical Volume 

Critical Density 
Critical Compressibility Factor 
Fl~•mmab11ity L1m1ts In Air 

Specific Heat, Gas @, 1 01 .325 kPa @ 25 °C 

@, Constant Pressure 
(ft, Constant Volume 

Specific Heat Ratio, Gas@ 101 .325 kPa@, 25 ° C, Cp/ Cv 

Viscosity, Gas@101.325 kPa@ 25 °C 

V1scos1ty, Liquid@ -20.9 ° C 

Thermal Conduct1v1ty, Gas@, 101.325 kPa@, 25 ° C 

Solubility in Water @. 101.325 kPa@ 21 .1 °C 

Solubility of Water in C2 H 3CIF2 @ 21.1 ° C 
Auto1gn1t1on Temperature 

Description 

1, 1-Difluoro-1-chloroethane Is a colorless. flammable, rela­
tively nontoxic gas at room temperature and atmospheric pres­
sure. Cylinders, truck cargo tanks, portable tanks. single-unit 
tank cars and ton mult1-un1t tanks are variously authorized for 
shipment of C H iCIF,. It is readily liquefied and Is reshipped in 
steel cylinders as a l1quef1ed gas under its own vapor pressure 
of 207 kPa (30 ps1g) at 21 . 1 C 

Specification:; 

1. 1-0ifluoro-1-chloroethane has a minimum purity of 98 .0%. 

Uses 
1 . 1-Difluoro-1 -chloroethane Is used as a refrigerant, as a 

solvent and as an aerosol propellant when mixed with non­
flammable halogenated hydrocarbons 
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0 .1 00 496 kg 
0.100 496 kg 

224.7 dm3/kg; 3.6 ft3 / lb 
308.2 kPa; 3.08 bar; 44. 7 psia; 3.04 

atm 
263.14 ° K; -10.0 ° C ; 14.0 °F 

142.35 ° K; -130.8 °C; -203.4 °F 

4.508 5 kg / m3 

3.49 

1.171 kg / I 
410.25 ° K; 137.2 ° C ; 278.8 °F 

4 123 kPa; 41 .23 bar; 598.0 psia; 40.69 

atm 
2.299 dm3 /kg 

0.435 kg / dm3 

0.279 
9.0 -14.8% (by volume) 

848.515 J / (kg- °K) 
766.090 J /(kg • °K) 
1.108 

0 .010 99 mPa-s; 0.010 99 mN-s/ m2
; 

0.010 99 cP 

0.453 mPa-s; 0.453 mN-s / m 2
; 0.453 

cP 

0.011 84 W /(m . ° K); 28.3 x 10- 5 cal-
cm/(s-cm2- 0C) 

0.19% (by weight) 

0 .048% (by weight) 

905 °K; 632 °C; 1 1 70 ° F 

Toxicity (2) 

1 , 1-Difluoro-1-chloroethane is relatively nontoxic. Its esti­
mated grouping via the rating system devised by the Under­
writers· Laboratories is probably Group 5A, a category con­
taining gases or vapors much less toxic than Group 4 but more 
toxic than Group 6. Group 4 includes those gases or vapors 
which in concentrations of about 2-2.5% for durations of 
exposure of about 2 hours are lethal or produce serious injury. 
Group 6 contains those gases or vapors which in concentra­
tions up to at least 20% by volume in air for durations of 
exposure of 2 hours do not appear to produce injury. It should, 
however, be used in adequately ventilated areas since escape 
of gas may produce an oxygen deficiency and cause suffoca­
tion. By analogy to other chlorofluoroalkanes a Threshold Limit 
Value of about 500 ppm is suggested for 1: 1-difluoro-1-chlo-

matheson· 

roethane (concentration in air to which nearly a ll workers may 
be repeatedly exposed, day after day, without adverse affects). 

Contact with the liquid may cause frostbite. 

First Aid Suggestions (2) 

Summon a physician immediately for any person overcome. 
Persons overcome by exposure to 1, 1-difluoro-1-chloroethane 
should be removed to fresh air and treated for suttocat ion , 1.e., 
by artificial respiration produced manually or by a pulmotor 
These measures are believed to be common in industry but 
their adoption specifically shou ld be subject to endorsement 
by a competent medical advisor. 

Skin Contact 

In case of skin contact with liqu id 1 , 1-difluoro-1-chloro­
ethane, frostbite may develop. If frostbite occurs , cover the 
frostbitten part w ith a warm hand or woolen material. If the 
fingers or hand are frostb itten, have the vict im hold his hand in 
his armpit, next to his body. Then place the frostbitten part In 
warm water, about 42 °C (108 °F). If warm water is not 
available, or is impractical to use, wrap the affected part gently 
in blankets. Let the circulation re-establish itself natural ly. 
Encourage the victim to exercise the affected part while it is 

being warmed. 

Precautions in Handling and Storage 

The hazard involved in the handling of the material is due to 
its flammability. Ground all equipment and cylinders of the gas 
before use. Store and use cylinders in well-vent ilated areas 
away from heat and all sources of ignition such as flames and 
sparks. Never use flames to detect leaks, use soap water 
solution. Do not use the gas around sparking motors or other 
non-explosion-proof equipment. Do not store reserve stocks of 
cylinders w ith cylinders containing oxygen, chlorine, or other 

highly oxidizing and flammable materials. 
In addit ion , the general rules listed in Appendix I should be 

observed. 

Leak Detection 

Leaks of 1 . 1-difluoro-1-chloroethane may be detected by 
applying soap water solution to suspected points; leaks will be 

indicated by bubble formation. 

Disposal of Leaking Cylinders 

Cylinders conta ining 1, 1-difluoro-1-chloroethane wh ich de­
velop leaks that can not be corrected normally may be disposed 

of by the procedure described in Appendix II-A . 

Materials of Construction 

Most of the commonly used construction metals , such as 
steel, cast iron, brass, copper, tin, lead , and aluminum, can be 
employed with 1, 1-difluoro-1-chloroethane under normal con­
ditions of use. However, contact with hot metals may cause 
decomposition and lead to toxic by-products and cause cor­

rosion, especially if moisture is present. 
Piping and vessels to contain 1 , 1-difluoro-1-chloroethane 

should be adequately designed to withstand the pressures to 

be encountered. 

matheson· 

1, 1-DIFLUOR0-1-CHLOROETHANE 

Cylinder and Valve Description 

1,1-Difluoro-1-chloroethane is packaged in DOT approved, 
low pressure, steel cylinders. Cylinders containing 1, 1-difluoro-
1-chloroethane are equipped with brass valves with the alter­
nate Compressed Gas Assoc1atIon (CGA) outlet connection No. 
660. The valve outlet has a thread size of 1 .030 inches, with 
right-hand external threads, with a flat seat and washer (see 
Figure 1 ). Lecture bottles have a special 51,s inch-32 threads 
per inch, female outlet and a 9 ',6" -18 threads per inch male 

dual valve outlet. 

OUTLET CONNECTIO" 

,, 

Fig. 1 . CONNECTION 660 1 .030"-14 RH EXT using Flat Seat with 
Washer 

Safety Devices 

Cyl inders containing 1, 1-difluoro-1-chloroethane have fusi­
ble metal plug safety devices melting point 73.9 °C (165 °F). 
Cylinders over 30 inches long, exclusive of the neck, require 
th is device in both ends of the cylinder. 

Recommended Controls 

Automatic Pressure Regulators 

Single stage regulator Model 1 P-660 Is recommended for 
use with 1 . 1-difluoro-1-chloroethane. The regulator has a brass 
body, fabric-reinforced neoprene rubber diaphragm, and neo­
prene seat. Its delivery pressure range is 28-240 kPa (4-35 
psig). No cy linder pressure gauge Is necessary since It would 
not indicate cylinder content but only vapor pressure which will 
remain constant as long as any liquid remains tn the cylinder 
Cyl inder content should be determined by weighing 

Regulator Model 3321 with a delivery pressure range of 28-
41 O kPa (4-60 psig) is recommended for use with lecture 

bottles. 
Satisfactory low pressure regulation may be obtained with 

Matheson Model 70 low pressure regulators, which have over­
size, pancake bodies of die cast aluminum and Buna N dia­
phragms. These are available tn three pressure ranges: 

Model No. 

708-660 

70-660 
70A-660 

Delivery Pressure Ranges 
kPa mbar (g) psig 

0.5-3.0 5-30 2-12 inches water 

3.4-34.5 34-345 
34.5-68.9 345-689 

column 
0.5-5.0 psIg 
5-1 o psig 

To prevent suckback of foreign materials, a check valve Is 
recommended for use with the above regulators. 

Manual Controls 

Matheson needle valve Model 50-660, a brass bar stock 
valve, is recommended for direct connection to the cylinder 
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1 1-DIFLUOR0-1-CHLOROETHANE , 

valve outlet. This valve may be equipped with a variety of 
outlets, such as a serrated hose end, '1•" compression fitting, 
or '•" NPT male or female pipe It should be used only where 
manual flow Is needed but this requires close superv1s1on. It 
should not be used as a pressure control since 11 will not 
prevent excessive pressure from developing if the system 
becomes clogged or 1s closed A Model 31 B manual needle 
valve Is recommended for use with lecture bottles. 

Flowmeters 

Matheson Series 7600 laboratory brass flowmeter units with 
1 50 mm tubes and floats or Matheson 7200 laboratory brass 
flowmeter units with 65 mm tubes with a single float are 
recommended for use where definite flow rates must be known. 

Electronic mass flowmeters, such as Matheson Series No. 
8116 and No. 81 60, should be used where accurate readings 
are required. Cal1brat1on Is unaffected by temperature and 
pressure changes, and flow rates may be recorded from the 
instrument"s electrical output. 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 stainless steel and 
Ser es 8260 of type 316 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera­
ture changes. These mass flow controllers consist of a trans­
ducer, a control valve, a blind controller /power supply. a 
potentiometer, and a digital indicator. The transducer senses 
the gas flow and sends a signal to the power supply. This 
signal and one from the potentiometer are compared. If there 
Is an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 
imbalance. The accuracy Is ± 1.2%. 

Shipping Regulations 

1, 1-Difluoro-1-chloroethane Is classified by the DOT as a 
flammable compressed gas and Is shipped with the required 
Red Gas Label . 

Commercial Preparation 

1, 1-Difluoro-1-chloroethane Is obtained by chlorinating 1, 1-
difluoroethane In the presence of ultraviolet light followed by 
fract1onat1on 

REFERENCES 

Chemical Properties 

1 l -Olfluoro-1-chloroethane may be chlorinated in ultraviolet 
ligh; to higher ch lorinated derivatives ._ Dehydrohalogenation 
yields polymerizable unsaturated matenal_s. The presence of 2 
fluorine atoms on the same carbon atom imparts considerable 

resistance to hydrolysis. 

Thermodynamic and Detailed Physical Data 

Molecular Structure (1) 

1 1-Difluoro-1-chloroethane has C3v symmetry, with the fol­
lowing approximate bond distances: C-C 1 .45 A (1 .45 x 

10-,o m); C-F 1.33 A (1.33 x 10-•o m); C- H 1 .09 A (1.09 

X 10-•0 m)(1). 

Infrared Spectrum 

see Figure 2 for the infrared spectrum of gaseous 1, 1-

difluoro-1-chloroethane. 

Vapor Pressure 

@O °F 

@ 20 °F 

149.9 kPa; 1 .5 bar; 
21 . 7 psia; 1 .179 aim 

299.1 kPa; 2.99 bar; 
43.4 psia; 2.952 atm 

For additional vapor pressure data, see Table 1. 

Latent Heat of Vaporization, aHv (3) 

Temperature, °F aHv, kJ / kg 
217.78 
205.56 

0 

20 

For additional ~Hv values, see Table 1. 

Thermodynamic Data 
See Table 1 for the thermodynamic properties of saturated 

1 , 1-difluoro-1-chloroethane. 

Thermodynamic Properties of 1, 1-Difluoro-1-chloroethane 
As Ideal Gas @ 25 °C (4) 

Heat Capacity, C~ 
Entropy, S0 

Free Energy Function 
(G~ga - HZ)/ 298 

Enthalpy Difference, H398 - Hg 

82.592 J / (mol- °K) 
306.855 J / (mol- °K) 

-253.258 J /(mol- °K) 
15.983 kJ / mol 

' For extensive tabulations of the thermodynamic and physical properties of 1, 1-difluoro-1-chloroethane, see w. Braker and A . L. Mossman. The 
Mitheson Unabridged Gas Data Book, 1975, Matheson. East Rutherford, New Jersey. 

W Braker, A L. Mossman, and D. Siegel, Effects of Exposure to Toxic Gases-First Aid and M d. 1 T - -
119

_ 
e rca reatment, 2nd edItIon, 19 77, pp. 

123 Matheson Lyndhur&t, New Jersey 

L Riedel Bull Intern Inst Refflg 23, 1-5 (1942) 

• B J Zwohnsk1, et al. Selected Values of Properties of Chemical Compounds, 1968, Volume 1, Thermodynamics Research Center, Texas 
A & M U111vers1ty. College Station, Texas. 

The Sadtler Standard Spectra 19 72 Sadlier Research Laboratories Inc Philadel h" p 
• · P Ia, ennsylvania. 
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1, 1-DIFLUOR0-1-CHLOROETHANE 

Table 1. THERMODYNAMIC PROPERTIES OF SATURATED H3CCCIF2 (3) 

Entropy kJ/ Enthalpy kJ / kg 
Latent Specific Volume m3 

/ Density kg / m3 

Temperature Pressure (kg, K) Heat of kg 

K OF kPa aim Liquid Vapor Liquid Vapor 
Vaporiza- Liquid Vapor Liquid Vapor 
tion kJ/ kg 

222 04 -60 7 498 0.074 3.888 5.049 346.561 593.961 247.400 0.000 769 2.414 1 300.4 0.414 2 

224 82 -55 10 335 0.102 3 915 5.039 352.418 597.726 245.308 0.000 775 1.787 1 290.3 0.559 6 

227.59 -50 14 084 0.139 3 941 5.031 358.234 601 .408 243.174 0.000 781 1.343 1 280.4 0.7446 

230.37 - 45 18 846 0.186 3 967 5.023 364.092 605.048 240.956 0.000 788 1.024 1 269.0 0.976 6 

233 .15 - 40 24 825 0.245 3 993 5.017 369.949 608.646 238.697 0.000 794 0.791 1 259.4 1.264 

235 .93 -35 32 323 0 .319 4 .018 5.010 375.849 612.203 236.354 0.000 801 0.620 1 248.4 1 .613 

238.71 -30 41 442 0.409 4 .043 5.004 381.790 615.717 233.927 0.000 808 0.491 1 237.6 2.037 

241 .48 -25 52.689 0.520 4 067 4 .999 387.773 619.190 231.417 0.000 815 0.393 1 227.0 2.545 

244.26 -20 66 165 0 .653 4 091 4.994 393.798 622.621 228.823 0.000 822 0 .317 1 216.5 3.155 

247.04 -15 82 276 0 .812 4 115 4 991 399.865 626.052 226.187 0.000 830 0 .259 1 204.8 3 .861 

249.82 - 10 101 426 1.001 4 138 4.987 406.015 629.483 223.468 0.000 838 0 .213 1 193.3 4 .695 

252.59 -5 123 819 1.222 4 161 4.984 412.166 632.830 220.664 0.000 846 0.177 1 182.0 5.650 

255.37 0 149.860 1.479 4.184 4 981 418 400 636.177 217.777 0.000 854 0.148 1 171.0 6.757 
258.15 5 180.055 1.777 4.207 4.979 424 676 639.524 214.848 0.000 863 0.124 1 158.7 8 .065 
260.93 10 214.708 2.119 4.229 4.977 430.994 642.830 211 .836 0.000 872 0.105 1 146.8 9.524 
263.71 15 254.326 2 510 4.252 4.976 437.395 646.135 208.740 0.000 881 0.090 1 1 35.1 11.111 
266.48 20 299.111 2 952 4 274 4.975 443.922 649.482 205.560 0.000 890 0.077 1 123.6 12.987 
269.26 25 349.774 3 452 4 296 4.974 450.449 652.788 202.339 0.000 900 0.066 1 111 .1 1 5. 1 52 
272.04 30 406.617 4.013 4 317 4 974 457 060 656.093 199.033 0.000 911 0.057 1 097. 7 17.544 
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1, 1-DIFLUOROETHANE 
(Synonyms: Ethylidene Fluoride; Genetron-152A®) 

(Formula: H3CCHF2 or C2H4F2) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 

One Mole of C 2H4F2 
Specific Volume @ 21 .1 °C, 101 .325 kPa 

Vapor Pressure @ 21 . 1 ° C 

Boiling Point@ 101.325 kPa 

Freezing Point 
Absolute Density, Gas@ 101 .325 kPa@ 25 ° C 
Relative Density, Gas @ 101 .325 kPa @ 25 °C (Air = 1) 

Density, Liquid @ Saturation Pressure @ -26.0 °C 

Critical Temperature 

Critical Pressure 

Critical Volume 
Critical Density 
Critical Compressibility Factor 

Flammability Limits in Air 
Specific Heat Gas@ 101.325 kPa@ 25 °C 

@Constant Pressure 
@ Constant Volume 

Specific Heat Ratio, Gas@ 101.325 kPa@ 25 °C, Cp/ Cv 

Viscosity, Gas@ 101 .325 kPa@ 25 ° C 

Viscosity, Liquid @ -30.6 °C 

Thermal Conductivity, Gas@101.325 kPa@ 25 °C 

Surface Tension@ 20 °C 
Solubility in Water @ 101 .325 kPa @ O °C 

0.066 051 kg 
0 .066 051 kg 

365.2 dm3 / kg; 5 .85 ft3 / lb 
535.7 kPa; 5 .36 bar; 77 .7 psia; 5 .29 

atm 
248.45 ° K ; -24.7 ° C; -12.5 ° F 
156.15 ° K ; -117.0 ° C ; -178.6 ° F 

2. 701 4 kg / m3 

2 .28 
1 .012 kg / I 

386.65 ° K; 113.5 ° C, 236.3 ° F 

4 496 kPa; 44.96 bar; 652.1 psia; 44 .37 

atm 
2.742 dm3 / kg 
0 .365 kg / dm 3 

0 .253 

5 .1-17.1 % (by volume) 

1 059.389 J / (kg. ° K) 
933.450 J / (kg- °K) 
1.135 

0 .008 87 mPa-s; 0 .008 87 mN-s/ m 2
; 

0.008 87 cP 

0.369 mPa-s; 0 .369 mN-s/ m 2; 0 .369 

cP 
0.011 84 W / (m. ° K); 28.3 x 1 O 6 cal. 

cm / (S· cm2 
• °C) 

11 .25 mN / m; 11 .25 dyn /cm 
0.54% (by weight) 

Refractive Index, Liquid @ Saturation Pressure, n0 @ 25 ° C 1.25 

Description 

1, 1-Difluoroethane is a colorless, flammable, relatively non­
toxic gas at room temperature and atmospheric pressure. 
Cylinders, truck cargo tanks, portable tanks, single-unit tank 
cars, and ton multi-unit tanks are variously authorized for 
shipment of H3CCHF2 . It is readily liquefied and is reshipped in 
steel cylinders as a liquefied gas under its own vapor pressure 
of 434 kPa (63 psig) at 21 .1 °C. 

Specifications 

1, 1-Difluoroethane has a minimum purity of 98.0%. 

Uses 

1, 1-Difluoroethane is used in the formulation of aerosol dis­
persants, as a low temperature solvent and in refrigeration 
systems where its flammability is not a major factor. 

matheson~ 

Toxicity and Effects in Man (2) 

The toxicity of 1, 1-difluoroethane 1s very low Its estimated 
grouping via the rating system devised by the Underwriters' 
Laboratories is probably Group 6 a category which includes 
those gases and vapors which 1n concentrations up to at least 
20% by volume for durations of exposure of 2 hours do not 
appear to produce inJury. Inhalation of high concentrations of 
gas can cause such symptoms as dizziness, d1sorientat1on, 
incoordination. narcosis, nausea or vom1t1ng . There appear to 
be no irreversible effects once the oxygen deficiency has been 
corrected. 

Contact with the liquid state may cause frostbite . 

First Aid Treatment (2) 

Inhalation 
If the subJect is conscious and becomes aware of any of the 

symptoms cited above, he should go to an uncontaminated 
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1 1-DIFLUOROETHANE 

area and inhale fresh air or oxygen. In the event the subJect 1s 
overcome by a massive exposure, he should be carried to an 
uncontaminated area and given art1f1c1al respiration and oxygen 
s1multaneousry Treat symptomatically thereafter. 

Skin Contact 

In case of skin contact with liquid 1, 1-difluoroethane, frost­
bite may develop. If frostbite occurs, cover the frostbitten part 
with a warm hand or woolen material. If the fingers or hand are 
frostbitten, have the v1ctIm hold his hand in his armpit, next to 
his body Then place the frostbitten part In warm water, about 
42 °C ( 108 °F) If warm water 1s not available, or Is impractical 
to use, wrap the affected part gently in blankets. Let the 
c1rculatIon re-establish itself naturally. Encourage the vIctIm to 
exercise the affected part while 11 Is being warmed. 

Precautions in Handling and Storage 

The hazard involved In the handling of the material Is due to 
its flammab1lity Ground all equipment and cylinders of the gas 
before use. Store and use cylinders in well-ventilated areas 
away from heat and al sources of ignition such as flames and 
sparks Never use flames to detect leaks, use soap water 
solution. Do not use the gas around sparking motors or other 
non-explosion-proof equipment. Do not store reserve stocks of 
cylinders with cylinders containing oxygen. chlorine or other 
highly ox1d1zing and flammable materials . 

In add1t1on, the general rules listed In Appendix I should be 
observed 

leak Detection 

Lc3k~ of 1, 1-difluoroethane may be detected by applying 
soap water solution to suspected points, leaks will be indicated 
by bubble formation. 

Disposal of leaking Cylinders 

Cylinders containing 1, 1-d,fluoroethane which develop leaks 
that cannot be corrected normally may be disposed of by the 
procedure outlined in Appendix II-A 

Materials of Construction 

Mo t of the commonly used construction metals, such as 
st I, cast iron, brass, copper, tin, lead or aluminum can be 

mployed with 1, 1-difluoroethane under normal cond1t1ons of 
us• However, contact with hot metals may cause decomposi­
tion and lead to toxic by-products and cause corrosion, espe­
cially if moisture Is present 

P1p1ng and vessels should be adequately designed to with­
stand the pressures to be encountered 

Cylinder and Valve Description 

1, 1-0ifluoroethane Is packaged In DOT approved, low pres­
sur t I cyhnd rs. Cylinders containing 1, 1-difluoroethane 
ar equipped with brass valves with the approved alternate 
Compressed Gas Association (CGA) outlet connection No 
660 Tt, valv outlet has a thread size of 1 .030 inches, with 
right-hand external threads, with a flat seat and washer (see 
F1 ure 1) Lecture bottles have a special rn inch-32 threads 
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OUTLET 

I 
1035" 

1" 

1 

CONNECTIO~' 

Fig. 1. CONNECTION 660 1 .030"-14 RH EXT. using Flat Seat with 

Washer 

per inch, female outlet and a 9/16-18 threads per inch male dual 

valve outlet. 

Safety Devices 

Cylinders containing 1 , 1-difluoroethane have fusible metal 
plug safety devices, melting at about 73.9 °C (165 °F). Cylin­
ders over 30 inches long (exclusive of the neck) require this 
device in both ends of the cylinder. 

Recommended Controls 

Automatic Pressure Regulator 

Single stage regulator Model 1 P-660 is recommended for 
use with 1, 1-difluoroethane. The regulator has a brass body 
neoprene rubber diaphragm and neoprene seat. Its delivery 
pressure range is 28-240 kPa (4-35 psig). No cylinder pressure 
gauge is necessary since it would not indicate cylinder content 
but only vapor pressure which will remain constant as long as 
any liquid remains in the cylinder. Cylinder content should be 
determined by weighing. 

Regulator Model 3321 with a delivery pressure range of 28-
410 kPa (4-60 psig) is recommended for use with lecture 
bottles. 

Satisfactory low pressure regulation may be obtained with 
Matheson Model 70 low pressure regulators, which have over­
size, pancake bodies of die cast aluminum and Buna N dia­
phragms. These are available in three pressure ranges: 

Model No. 

708-660 

70-660 
70A-660 

Delivery Pressure Range 
kPa mbar (g) psig 

0.5-3.0 5-30 2-12 inches water 
column 

3.4-34.5 34-345 0.5-5.0 psig 
34.5-68.9 345-689 5-1 O psig 

To prevent suckback of foreign materials, a check valve is 
recommended for use with the above regulators. 

Manual Controls 

Matheson needle valve Model 50-660 a brass bar stock 
valve is recommended for direct conne;tion to the cylinder 
valve outlet. This valve may be equipped with a variety of 
outlets, such as a serrated hose end, ¼" compression fitting, 
or 

1
' 4 " NPT male or female pipe. It should be used only where 

manual flow is needed, but this requires close supervision. It 
should not be used as a pressure control since it will not 
prevent excessive pressure from developing if the system 

matheson 

becomes clogged or Is closed. A Model 31 B manual needle 
valve Is recommended for use with lecture bottles 

Flow meters 

Matheson Series 7600 laboratory brass flowmeter units with 
1 50 mm tubes and floats or Matheson 7200 laboratory brass 
flowmeter units with 65 mm tubes with a single float are 
recommended for use where definite flow rates must be known 

Electronic mass flowmeters, such as Matheson Series No. 
8116 and No. 8160, should be used where accurate readings 
are required. Calibration is unaffected by temperature and 
pressure changes, and flow rates may be recorded from the 
instrument's electrical output. 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 stainless steel and 
Series 8260 of type 316 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera­
ture changes. These mass flow controllers consist of a trans­
ducer, a control valve, a blind controller/power supply, a 
potentiometer and a digital indicator. The transducer senses 
the gas flow and sends a signal to the power supply. This 
signal and one from the potentiometer are compared. If there 
is an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 
imbalance. The accuracy is ± 1 .2%. 

Shipping Regulations 

1, 1-Difluoroethane is classified by the DOT as a flammable 
compressed gas, taking a " Red Gas Label" . 

Commercial Preparation 

1 , 1-Difluoroethane is obtained by the addition of hydrogen 
fluoride to acetylene in liquid hydrogen fluoride with boron 

trifluoride as a catalyst. 

Chemical Properties 

1, 1-Difluoroethane is very stable toward hydrolysis It may 
be chlorinated in sunlight to give isomeric monochloro deriva­
tives and some more highly chlorinated products. Dehydro­
fluorination yields polymerizable unsaturated products. 

Thermodynamic and Detailed Physical Data 

Infrared Spectrum 

See Figure 2 for the infrared spectrum of 1, 1-difluoroethane. 

Vapor Pressure (3) 

The vapor pressure of liquid H3CCHF2 between 180.1 5 ° K 
and 265.1 5 °K is represented by the following Antoine vapor 

pressure equation : 

B B 
log1 0 p = A - C + tort = A - log10 p - C 

in which t = °C and p = mmHg and the constants A, B, and C 
have the values of 7.030, 910.0, and 244.0, respectively . 
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1, 1-DIFLUOROETHANE 

Some vapor pressure values calculated by this equation and 
For vapor pressure values at higher temperatures s T , ee abl 

1 and Figure 3. e some additional literature values are shown below: 

Tempera- kPa bar atm mmHg 
ture, K 
180 15 1.333 0.013 0 .01316 10 
1 88.1 5 2.666 0.027 0 .026 3 20 
197.15 5.333 0.053 0 .052 6 40 
202.15 7.999 0.080 0.078 9 60 
206 15 10.666 0.107 0.105 3 80 
210.15 13.332 0.133 0.131 6 100 
221 .55 26.664 0.267 0.263 2 200 
229.05 39.997 0.400 0.394 7 300 
233. 15 51 .270 0.513 0 .506 385(4) 
234.65 53.329 0.533 0.526 3 400 
239 25 66.661 0.667 0.657 9 500 
243.15 79.993 0.800 0.789 5 600 
246 55 93.326 0.933 0.921 0 700 
248 45 101.325 1.013 1.000 0 760 
249.65 106.658 1.067 1.052 6 800 
252 45 119.990 1.200 1.184 2 900 
253.15 124.934 1.249 1.233 937(4) 
255.15 133.322 1.333 1.315 8 1 000 
259 15 159.987 1 600 1.578 9 1 200 
265 15 199.984 2.000 1.973 7 1 500 

EFERENCES 

Latent Heat of Vaporization, 
.:1Hv @ -24.7 °C 

321 .92 kJ / kg; 
76.94 kcal / kg 

For additional 6Hv values, see Table 1. 

Thermodynamic Data 

For the thermodynamic properties of saturated 1 1-di'fl , uoro-
ethane, see Table 1. 

Thermodynamic Properties of 1, 1-Difluoroethane as Id 
Gas @ 25 °C (3) eal 

Heat Capacity, C~ 
Entropy, S0 

Free Energy Function, 
(G~ga - Hg)/298 

Enthalpy Function, 
(H~9e - Hg)/298 

Enthalpy Difference, H~ga - Hg 

67.906 J / (mol. °K) 
282.504 J / (mol. °K) 

-235.601 J / (mol. °K) 

46.861 J / (mol- °K) 

13.975 kJ / mol 

for extensive tabulations of the thermodynamic and physical properties of 1, 1-difluoroethane, see w. Braker and A 
1abr dg d G o t a L. Mossman, The Matheson 

1 e as a a oak, 19 75, Matheson, East Rutherford , New Jersey. · 

W. Braker and A L Mossman, and D Siegel, Effects of Exposure to Toxic G _ - - . 
119-1 23, Matheson, Lyndhurst. New Jersey ases First Aid and Medical Treatment, 2nd edition, 1977, PP 

t3 J Zwol1nsk1 , et al , Selected Values of Properties of Chemical Compounds 19 . 
C 011 ·ge Station, Texas ' 68· Thermodynamics Research Center. Texas A & M Universily, 

• W H Mears. et al . Ind Eng Chem. 4 7, 1449-1 454 (1955). 

The Sadtler Standard Spectra, 1972, Sadtler Research Laboratories Inc Philad I h' P . 
' ·· e P 1a, ennsylvania. 
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1, 1-DIFLUOROETHANE 

Table 1. THERMODYNAMIC PROPERTIES OF SATURATED H3CCHF2 LIQUID AND VAPOR 
(4) 

Temperature, 
Pressure Enthalpy kJ/mol Latent Heat of Specific Volume Density kg / dm3 

OK kPa atm Liquid Vapor 
Vaporization dm3 / kg Liquid Liquid 

kJ / mol 

233.15 51 .270 0.506 0.000 21.882 21.882 0.959 9 1.041 8 

253.15 124.934 1.233 1.791 23.054 21.263 1.000 7 0.999 3 

273.15 267.093 2.636 3.598 23.974 20.376 1.044 6 0.957 1 

293.15 514. 731 5.080 5.607 24.937 19.330 1 .096 1 0.912 3 

313.15 912.128 9.002 7.950 25.690 17.740 1 .167 3 0.856 7 

333.15 1 330.678 14.902 10.502 26.234 15.732 1 .252 1 0.798 7 

353.15 2 442.130 23.292 13.472 26.359 12.887 1.388 3 0.720 3 

373.15 3 597.04 34.69 16.945 25.522 

386.65 4 495.79 44.37 23.012 23.012 
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1, 1-DIFLUOROETHYLENE 
(Synonyms: Vinylidene Fluoride; Genetron-1132A® ) 

(Formula: H2C:CF2) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of H2C:CF2 
Specific Volume @ 21.1 °C, 101 .325 kPa 
Vapor Pressure @ 21 .1 °C 

Boiling Point @ 1 01 .325 kPa 
Freezing Point 
Absolute Density, Gas@ 101.325 kPa@ 25 °c 
Relative Density, Gas@ 101 .325 kPa@ 25 ° C 
Density, Liquid @ Saturation Pressure@ -60 °C 
Critical Temperature 
Critical Pressure 

Critical Volume 
Critical Density 
Critical Compressibility Factor 
Flammability Limits In Air 

0 .064 035 kg 
0 .064 035 kg 
37 4.6 dm3 / kg ; 6 tt3 /lb 
3571 .5 kPa; 35.7 bar; 532.7 ps,a; 

35.25 atm 
187.45 °K; -85.7 °C; -122.3 ° F 
129.1 5 ° K; -144.0 °C; -227.2 ° F 
2 .619 kg / m3 

2.21 
1.040 kg / I 
302.85 °K; 29.7 °C; 85.5 °F 
4 458.3 kPa; 44 .58 bar; 646.6 psia; 

44.0 atm 
2.405 dm3 / kg 
0.416 kg / dm3 

0.273 
5.5-21.3% (by volume) 

Molar Specific Heat, Gas @ 101.325 kPa @ 25 °C @ Constant 
60.1 24 J / (mol • ° K) ; 0 .224 kcal / (kg • 

cc) 
Pressure 

Specific Heat, Liquid @ -1 00 °C 
Viscosity , Gas@ 101 .325 kPa@ 25 °C 

Viscosity, Liquid @ -100 °C 

Thermal Conductivity, Gas@ 101.325 kPa@ 25 °C 

Surface Tension @ -100 °C 
Solubility in Water @ 1 01 .325 kPa @ 25 °C 
Autoignition Temperature 

Description 

1, 1-Difluoroethylene is a colorless, flammable, nontoxic gas 
at room temperature and atmospheric pressure. It has a faint 
ethereal odor. Cylinders, truck cargo tanks, portable tanks, 
single-unit tank cars and ton multi-unit tanks are variously 
authorized for shipment of H2C:CFi. It is reshipped in steel 
cylinders as a liquefied gas under its own vapor pressure of 

3570 kPa (517 psig) at 21 .1 °C. 

Specifications 

1 , 1-Difluoroethylene has a minimum purity of 99.0%. 

Uses 

1, 1-Difluoroethylene is used for the preparation of polymers 
and copolymers, and as an intermediate in organic synthesis. 
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Toxicity 

991.61 J / (kg. ° K) 
0 .012 45 mPa-s; 0 .012 45 mN-s/m2

; 

0.012 45 cP 
0.230 mPa.s; 0.230 mN-s/ m2

; 0.230 

cP 
0 .013 6 W / (m.°K); 32.5 X 10 6 cal -

cm/(s• cm7
• °C) 

22 .0 mN / m; 22.0 dyn / cm 
6 .3 cm3 / 0 .1 kg 
913 ° K; 640 °C; 1 184 °F 

Rats exposed for 19 hours to an 80% concentration by 
volume of 1 , 1-difluoroethylene and 20% oxygen showed no 
loss of reflexes. 1, 1-Difluoroethylene appears to have no sub­

stantial toxicity. 

Precautions in Handling and Storage 

The hazards associated with the use of 1 , 1-difluoroethylene 
stem mainly from its flammability. Store and use 1, 1-difluoro­
ethylene cylinders in well-venti lated areas away from heat and 
all sources of ignition such as f lames and sparks. Never use 
flames to detect flammable gas leaks, use soapy water. Do not 
use 1 , 1-difluoroethylene around sparking motors or other 
nonexplos1on-proof equipment. Do not store reserve stocks of 
1, 1-difluoroethylene cylinders with cylinders containing oxy­
gen, chlorine, or other highly oxid1z1ng or flammable materials. 
Ground all lines used with 1, 1-d,fluoroethylene. 
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In add1tron, the general rules given in Appendix I should be 
observed 

Leak Detection 

Leaks of 1, 1-difluoroethylene in lines or equipment may be 
detected by painting the suspected sites with soap water. 
Leaks will be indicated by bubble formation. 

Never use a flame to detect leaks. 

Disposal of Leaking Cylinders 

Cylinders containing 1, 1-difluoroethylene which develop 
leaks that cannot be corrected normally may be disposed of by 
the method described 1n Appendix II-A. 

Materials of Construction 

Since 1, 1-difluoroethylene 1s a noncorrosive gas. any com­
mon or commercially available metal may be used However, 
p1p1ng systems or vessels to contain 1, 1-difluoroethylene 
should be adequately designed to withstand the pressures to 
be encountered 

Cylinder and Valve Description 

1. 1-Difluoroethylene is shipped 1n DOT approved steel cyl­
inders The cylinder 1s equipped with valves having the ap­
proved alternate Compressed Gas Association (CGA) valve 
outlet No. 320 which has a thread size of o 825 inch diameter, 
right-hand external threads, with a flat seat using a washer as 
a seal (see Figure 1 ). Lecture bottles have a special 5/1s inch-
32 threads per inch female outlet and a 9116 "-18 threads per 
inch, male dual valve outlet 

Fig. 1 CONNECTION 320 825"-14 RH EXT. using Flat Seat with 
Wash r 

Safety Devices 

Cylinders of 1 1-difluoroethylene have frangible discs as 
safety devices. Cylinders should, therefore, be stored away 
from sources of heat to avoid developing pressures capable of 
rupturing the disc. 

Recommended Controls 

To reduce the high cylinder pressure of 1, 1-difluoroethylene 
to a safe working value consistent with a system s design, the 
following types of controls are recommended 

Automatic Pressure Regulators 

1 Single Stage Regulators 

A single stage regulator will reduce cylinder pressure in one 
stage to a delivery pressure in a particular range, depending 
upon the design of the regulator and its spring load A single 
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stage regulator will show a variation in delivery pressure as 
cylinder pressure falls. The following Matheson single stage 
regulators are recommended for use with 1, 1-difluoroethylene: 

Delivery Pressure Range 

Model No. 

1 P-320 

kPa bar (g) psig 

1 L-320 
1 H-320 
2-320 
3321 (with lecture 

bottles) 

28-240 
28-550 
69-1240 

340-4480 
28-410 

2. Two Stage Automatic Regulators 

0.28-2.4 4-35 
0 .28-5.5 4-80 
0 .69-12.4 10-180 

3 .4-44.8 50-650 
0.28-4.1 4-60 

This type of regulator performs the same function as a single 
stage regulator. However, greater accuracy in control of deliv­
ery pressure is maintained and the delivery pressure does not 
vary as cylinder pressure falls . The following Matheson two 
stage regulators are recommended for use with 1 , 1-difluoro­
ethylene: 

Delivery Pressure Range 
Model No. kPa bar (g) psig 

8L-320 14-104 0 .14-1.04 2-15 
8-320 28-340 0.28-3.4 4-50 
8H-320 69-690 0 .69-6.9 10-100 
9-320 138-1720 1.38-17.2 20- 250 

To prevent suckback of foreign materials, a check valve is 
recommended for use with the above regulators. 

Manual Controls 

Matheson needle value Model 50-320, a brass bar stock 
valve, is recommended for direct connection to the cylinder 
valve outlet. This valve may be equipped with a variety of 
outlets, such as a serrated hose end, ¼" compression fitting, 
or ¼ " NPT male or female pipe. It should be used only where 
manual flow is needed, but this requires close supervision . It 
should not be used as a pressure control since it will not 
prevent excessive pressure from developing if the system 
becomes clogged or is closed. A Model 31 B manual needle 
valve 1s recommended for use with lecture bottles. 

Flowmeters 

Matheson Series 7600 laboratory brass flowmeter units with 
150 mm tubes and floats or Matheson 7200 laboratory brass 
flowmeter units with 65 mm tubes with a single float are 
recommended for use where definite flow rates must be known . 

Electronic mass flowmeters, such as Matheson series No. 
8116 and No. 8160, should be used where accurate readings 
are required. Calibration is unaffected by temperature and 
pressure changes, and flow rates may be recorded from the 
instrument's electrical output. 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 stainless steel and 
Series 8260 of type 316 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera­
ture changes. These mass flow controllers consist of a trans-
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ducer, a control valve, a blind controller / power supply, a 
potentiometer and a digital indicator. The transducer senses 
the gas flow and sends a signal to the power supply. This 
signal and one from the potentiometer are compared. If there 
is an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 
imbalance. The accuracy is ± 1 .2%. 

Shipping Regulations 

1, 1-Difluoroethylene is shipped in high pressure steel cylin­
ders as a flammable compressed gas, requiring DOT " Red Gas 

Label ". 

Commercial Preparation 

U.S. 2,734,090 (2) describes the preparation of 1,1-di­
fluoroethylene in 43% yield by passing a mixture of 6 moles of 
hydrogen and 33 moles of CF2CICHr CI over nickel wire at 
490-500 °C with a contact time of 10 seconds. It has also 
been obtained by dehydrochlorination of 1-chloro-1 , 1-di­

fluoroethane (3). 

Chemical Properties 

1, 1-Difluoroethylene exhibits the general properties of ole­
fins. It undergoes polymerization and copolymerization . It is 
shipped without an inhibitor since inhibition was found to be 
unnecessary under normal cylinder storage conditions. 

Thermodynamic and Detailed Physical Data 

Molecular Structure (1) 

1, 1-Difluoroethylene has 0 2h symmetry and a symmetry num­
ber of four. with the following approximate bond distances and 
bond angle: C-F 1.313 A (1 .313 x 10- 10 m); C = C 1.313 A 
(1 .313 x 10- 10 m); F-C-F 114°. 

Infrared Spectrum 

See Figure 2 for the infrared spectrum of gaseous 1 .1-

difluoroethylene. 

Vapor Pressure (4) 

Vapor pressure values above 1 atm have been calculated by 
the formula log, 0P = A - 8 / T, in which P = lbf/ in2 absolute 
(psia) and T = °K, and the constants A and B have the values 

of 5.463 and 805, respectively. 
The following values have been calculated by this equation: 

Tempera- Vapor Pressure 
ture, ° K kPa bar psia mmHg 

223.1 5 495.04 4 .95 71.8 3 716 

233.1 5 706.02 7.06 102.4 5 297 

253.15 1 323.79 13.24 192.0 9 956 

273.15 2 262.86 22 .63 328.2 16 948 

283. 15 2 875.11 28.75 417 .0 21 584 

293.15 3 594.93 35.95 521.4 26 980 

298.15 3 996.89 39.97 579.7 29 944 

302.85 4 401 .61 44.02 638.4 32 984 

303.25 4 433.33 44.33 643.0 33 288 

For vapor pressure curve, see Figure 3 . 
Vapor pressure data below 1 aim are listed below (5). 
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1, 1-DIFLUOROETHYLENE 

Tempera­
ture, K 

133 15 
143 15 
153 15 
163 15 
1 73 15 
183.15 
187 45 

kPa 

0 689 5 
2 689 
7 584 

19 305 
41 369 
77 221 

101 325 

Vapor Pressure 
mbar psia 

6 93 0.10 
26.9 
75.8 

193.0 
413 7 
772.2 

1 013.25 

0.39 
1 10 
2 80 
6 00 

11 .20 
14.696 

Latent Heat of Vaporization, AHv (3) 

Temperature, K AHv, kJ / kg 

271 12 
257 32 

153 15 
173 15 

REFERENCES 

mmHg 

5.2 
20.1 
57.0 

145.2 
310.2 
579.1 
760.0 

Temperature, °K 

193.15 
213.15 

Thermodynamic Data 

AHv, kJ / kg 

243.51 
230.12 

Thermodynamic Properties of 1, 1-Difluoroethylene As Ideal 
Gas @ 25 °C (1) 

Heat Capacity, C~ 
Entropy, S0 

Enthalpy Difference, H~gs - Hg 
Enthalpy, H~gs 
Enthalpy of Formation, AHf 
Free Energy of Formation, A Ff 

57.61 J/ (rnol, °K) 
266. 1 0 J / (rnol . °K) 

12.468 kJ / rnol 
17.55 kJ / rnol 

-328.86 kJ / rnol 
-305.43 kJ / rnol 

' For E!)(trn ,Ive tabulations of the thermodynamic and physical propert ies of 1, 1-difluoroethylene, see W. Braker and A. L. Mossman, The 

Matheson Unabridged Gas Data Book , 1975, Matheson, East Rutherford, New Jersey 

Chemical Abstracb 50, 9441 h 

R Mantell and W S Barnhart, U S. Patent 2,774,799 (Dec 18, 1956 to M W. Kellogg Co.) 

• M H Me,1rs et al . Ind Eng Chem 4 7, 1449-1454 (1955) 

R W Gallant Physical Properties of Hydrocarbons, 1968, Volume 1, pp 202-209, Gulf Publishing Co., Houston. Texas. 

Thv Sadl/N Standard Spectra 19 72. Sad tier Research Laboratories, Inc , Philadelphia, Pennsylvania. 

272 matheson· 

«I 
a. 
~ 

I 
UJ 
a: 
::> 
Cl) 
Cl) 
UJ 
a: 
a. 
a: 
0 
a. 
< > 

~ - t 

~ - ::t 

+- •• 

I : ! . )l"f : : . : : '. . 1 · 
1000~-,-,, -1'-,~-1"---t-t-r_--r_-t-r-r_-+....:r.-=1~=~.-+--r--r_-+4-t--+-r--r-+---...-+-+---➔-t--~-1-~~~-~--i-+~~-----4--~-1-.;...___,--,-.j........~--.-l 

9 t---r-j_-:_.t--_=1~.t ":t--:,t....1...- -+-t-t-----t-_ -t--_t-_j"..=1;==-r-.--+--+-r-+--+--+-+---:-++-++=:~+~,::"+-,t:---++-+ -4---t-l-+:- ,--+;-l-++J/--1---1--l :--+-:-+~--.-+.- :i-+--,t--+--+--, -+-,+-+-+,-I-~--+~, -+~-+-...;i~: -+~-.-l•t· 

8 ~+ -- - 1--+- t + - t - +--+- + - - + t +-- -+-t t +- ,. t f + -t- + + • \ , - f -t l-

7 H- - r--- ·----- + ---t - • • t + --,-- -r---+ I - + - -t- + 1- .... - +- .... + .. .... .... + --r- r + 

~ ft__ --- t f ~~~ l - ilt: = ::::t ! :- --f:t i f 1 : ~ : "t H i t r t 
__, I -+-t--+-+-+--< ____ +-+_ -c-- • I ----1:.+t::._.j::.±:t::j:::-p::::j:+ --- f - - 7 +;- - : I : i t ± -+ ! t t ' I f t ; t t 

t ..t.::t=t.::::-+~-~ -- - ➔ --- + + + , .... : - +- ~ ! ; -+ -:- ~ :- + ! t . • t ~ ; :- +-+-

3 

2 

1 

I 

I 

~- ~-
~+-l-+--+--+-+-+--+-+-+---,-+-f--+-4~-+--+-t--+-t-¾-1-+---t-t-t-+--a~~~~~~ 

,__ -~ 
t I 

+-

'+ 

-f----+- --f---

+---
: t-+--

i-+--t--t-i-+--+---+---t-t-+-t--t-i~--+----i---+-+- +-+-+-l-+--+-t-t--+-+-1-+---t--+- -t---

->- +­. 

-200 -180 -160 -140 -120 -100 -80 -60 -40 
TEMPERATURE °C 

t t t 

-20 0 20 

-t •• I 
t • I 

t 

+ • +-

t ~ ii 
+ ' 1 ; 

40 60 

t 

+­
+-

80 



DIMETHYLAMINE 
(Formula: (CH3)2NH) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molec ular Weight 
One mole of (CH3hNH 
Spec1f1c Volume @ 21 1 ° C, 101 .325 kPa 

Vapor Pressure @ 21 1 ° C 

Boiling Point @J 101 .325 kPa 

Freezing Point 
Absolute Density, Gas @ 101 .325 kPa 

(a, 25 C 
Relative Density, Gas @ 101 .325 kPa 

@. 25 C (Air = 1) 

Density L1qu1d @ Saturation Pressure 
(a O .,C 

Critical Temperature 

Critical Pressure 

Critical Volume 

Critic al Density 
Critical Compressibility Factor 

Latent Heat of Fusion 
(a -92.2 °C 

Flammable L1m1ts In Air 

Dipole Moment 
Molar Specific Heat, Gas @ 101 .325 kPa @ 25 °C 

@. Constant Pressure 

(it Constant Volume 

Spec 1f1c Heat Ratio , Gas@ 101 .325 kPa@ 25 ° C, Cp/ Cv 
Molar Spec 1f1c Heat, Liquid 

@ - 12.4 °C 

V1 scosIty , Gas @. 101 325 kPa 

QL 20 C 

V1scosI ty, Liquid @ 1 5 °C 

Thermal Conduc t1v1ty, Gas @- 101 325 kPa 

(a 25 C 

Surface Tension a, 15 ° C 

Solub1l1ty In Water @, 101 .325 kPa 

(a 60 C 
Auto ign1t1on Temperature 

0 .045 085 kg 

0.045 085 kg 
536.9 dm3 / kg; 8.6 ft3 / lb 
179.3 kPa; 1. 79 bar; 26.0 psi a; 1. 77 

atm 
280.03 °K; 6.9 ° C; 44.4 ° F 
180.96 ° K; -92.2 °C; -133.9 ° F 

1.844 kg / m3 

1.557 

0.678 6 kg/I 
437.80 °K; 164.6 ° C; 328.4 ° F 

5 309.4 kPa; 53.1 bar; 770.1 psia; 52.4 
atm 

4.148 dm3 / kg 

0.241 kg / dm3 

0.280 

131.943 kJ / kg; 31.514 kcal / kg 
2.8-14.4% (by volume) 
3.369 X 1 o - JO C .m; (1 .01 D) 

72.040 kJ / (kmol- °K); 72.040 J / (mol-
0K); 17 .218 cal / (mol, °C) 

62 .698 kJ / (kmol, °K); 62 .698 J / (mol, 

°K); 14.985 cal/(mol, ° C) 

1.149 

135.440 kJ / (kmol- °K); 135.440 J / 
(mol, °K); 32 .371 cal / (mol, ° C) 

0.007 55 mPa-s; 0.007 55 mN-s / m 2
; 

0.007 55 cP 

0.207 mPa,s; 0.207 mN-s/ m 2
; 0 .207 

cP 

0.014 23 w / (m. ° K): 34.0 x 1 o-6 cal. 
cm / (S· cm2

• °C) 

17.61 mN/ m; 17.61 dyn / cm 

23. 7% (by weight) 

Refractive Index Liquid @, Saturation Pressure, n0 @ 25 °c 
675 ° K; 402 ° C; 755.6 ° F 
1.356 6 

Description 

D1methylamme Is a fl ammable, alkaline, colorless gas at room 
temperature and atmospheric pressure It has a characteristic 
fishy odor in lower concentrations. In higher concentrations 
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<1 00-500 ppm) the fishy odor is no longer detectable and the 
odor is more like that of ammonia. It is readily liquefied and is 

shipped in steel cylinders as a liquefied gas under its own 
vapor pressure of 78 kPa (11 .3 psig) at 21 .1 °c . 
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Specifications 

Dimethylamine has a minimum purity of 99.0%. 

uses 

0imethylamine has been used as a dehairing agent in tan­
ning; as an acid gas absorbent; in dyes; as a flotation agent; as 
a gasoline stabilizer; in pharmaceuticals; in rubber accelera­
tors; in soaps and cleaning compounds; in the treatment of 
cellulose acetate rayon; in organic syntheses; and as an agri­
cultural fungicide. 

Effects in Man (2) 

Exposure to the vapors of these amines produces eye irri­
tation with lacrimation, conjunctivitis and corneal edema. In­
halation of higher concentrations (more than 1 00 ppm) of these 
amines causes irritation of the mucous membrane of the nose 
and throat and lung irritation with respiratory distress and 
cough. The vapors may also produce primary skin irritation and 
dermatitis. Direct local contact with the liquid amines produces 
severe and sometimes permanent eye damage or skin burns. 

Acute Toxicity (2) 

No definite human toxicity data are available, although the 
above described physiological effects from relatively low con­
centrations of vapor have been recorded . 

Though these amines are readily detectable in air by odor. 
the olfactory sense may become fatigued on continuous inha­
lation. Odor then is no longer a reliable warning property of the 
presence of dangerous concentrations of these vapors. 

The 1979 ACGIH has established a Threshold Limit Value 
(TLV) of 10 ppm (18 mg / m3

) for dimethylamine in air. 

First Aid Suggestions (2) 

Summon a physician for anyone overcome or injured by 

dimethylamine. 
Prior to the physician 's arrival first aid should be started at 

once. Those presented herein are based on what is believed to 
be common practice in industry. Their adoption in any specific 
case should be subject to prior endorsement by a competent 

medical advisor. 

Inhalation 

Inhalation causes irritation of the nose and throat, followed 
by violent sneezing, burning sensation of the throat, coughing, 
constriction of the larynx and difficulty in breathing , pulmonary 
congestion. edema of the lungs, and conjunctivitis . Workers 
overcome by the gas should be removed to fresh air at once 
and given oxygen therapy until the arrival of a physician . 

If breathing has stopped, artificial respiration and oxygen 
should be administered. It may be necessary to introduce a 
tube into the throat if the larynx is closed . The patient should 
be kept warm and quiet. No alcoholic stimulant should be 
administered. Oxygen and antispasmodic drugs may help to 

rel ieve coughing . 

Skin and Mucous Membranes 

Strip contaminated clothing from the body and fl ood the 
affected area of the body with large quantities of water. 

Use no ointments on the skin or mucous membranes during 
the first 24 hour period after the inJury. Do not cover the injured 
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area with clothing or a dry dressing. During the first 24 hours 
the area may be covered with a dressing and kept moist with 
physiological salt solution (0.9°o sodium chloride.) Dermatitis 
Is produced from contact of dimethylam1ne with the skin For 
persistent cases of skin irritation a physician should be con­

sulted. 

Eyes 

1. Immediately flush the eyes thoroughly with water, holding 
the lids wide open. Continue irrigation for at least 1 5 minutes 

2 After the 1rngation is completed , instill 2 or 3 drops of a 
0 .5% pontocame solution. This relieves the pain 

3 . After the pain disappears (may require a few minutes), 
flush the eyes with water, or preferably physiological salt 

solution (0.9% NaCl). 
4 . Then drop in each eye 1 drop of fluorescein (eyesta1n) 

and wash the eye for 2 minutes with water. If the eye has been 
injured , a green stain will appear over the injured area. 

5 . If the eye ball stains green anywhere, put 1 more drop of 
pontocaine in the eye, wash the eye for 1 5 minutes (as shown 
under item 3) and restain with a drop of fluorescein (item 4). 

6 . Again wash tor 2 minutes (item 3). If the eye still stains 
green, take the patient to an eye specialist. 

After items 1 through 6 have been completed , the patient 
should be taken to an eye specialist without delay. 

Do not apply eye pads or pressure, as gluing of the lids to 

the eye ball will occur. 

Nose and Throat 

Irrigate nose and mouth with water continuously tor 1 5 
minutes. If the patient can swallow, encourage him to drink 
large quantities of ½% citric acid solution or lemonade. Sum­

mon a physician immediately. 

First Aid Supplies 

In addition to emergency protective equipment , 11 Is recom­
mended that dimethylamine users keep 112% citric acid available 
in clean, accessible cabinets in an area not likely to be contam-

inated. 

Precautions in Handling and Storage 

The hazards in the handling of dimethylamine are due to its 
toxicity and extreme flammability . Store and use dimethylam1ne 
in a well-ventilated area away from heat and all ignition sources 
such as flame and sparks. Never use flames to detect dimeth­
ylamIne leaks. Do not use dimethylamine around sparking 
motors and other non-explosion-proof equrt,ment. Do not store 
reserve stocks of dimethylamine cylinders with cylinders con­
taining oxygen, chlorine or other highly oxidizing or. flammable 
materials. Further spec1f1c precautions are as follows: ' _ 

1 . Anyone working with dimethylamine should wear rubber 
gloves, chemical safety goggles and a rubber or plastic apron. 

2 . A gas mask, approved by NIOSH, showers and an eye­
bath should be conveniently located for emergency use. 

3 . Withdrawal of gas should be performed in a well-venti­

lated area or in a hood . 
4 . Manifolded cylinders of dimethylamine should have check 

valves at the cylinder outlets to prevent the exchange of ma­
terial from one cylinder to another; exchange could cause a 

cylinder to become overfull. 
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5 A trap or check valve should be used to prevent suckback 
of foreign materials into the cylinder. This can cause an ex­
tremely corrosive cond1t1on to form within the cylinder, aside 
from the poss1b1l1ty of having a violent reaction occur within the 
cylinder. Any accidental suckback should be reported imme­
diately to the supplier 

6 . Ground all equipment and lines used with dimethylamIne. 
In addition, the general rules listed in Appendix I should be 

observed 

Leak Detection 

Never use flames to detect dimethylamine leaks. Leaks can 
be detected by passing an open bottle or a squeeze bottle 
containing hydrochloric acid In the vIcInIty of the suspected 
leak Wet red litmus or phenolphthalein paper will undergo a 
color change with dimethylamine and is of aid in detecting 
small leaks. 

Serious leaks which cannot be stopped should be doused 
with water which will dissolve the d1methylamine and prevent 
the atmosphere from becoming contaminated . 

Cylinder valves may develop leaks through the packing which 
can be stopped by tightening up on the packing nut, by turning 
It counter clockwise as viewed from above. Leaks through the 
valve outlet that cannot be controlled should be stopped by 
plugging the outlet with a " pipe plugs. If leaks persist, contact 
the supplier for information on how to remedy the problem. 

Disposal of Leaking Cylinders 

Cylinders containing dimethylamine which develop leaks that 
cannot be stopped may be disposed of by the procedure given 
in Appendix 11-8. 

Materials of Construction 

Iron and steel are recommended for all equipment coming in 
contact with d1methylamine Copper, tin, zinc, and their alloys 
are attacked by moist dimethylam1ne and should not be used. 
Piping should be rigid steel except where short connections 
are required such as between cylinders and manifold or pipe 
lines. 

For permanent installations, tongue and groove, flanged 
fittings with lead or asbestos composItIon gaskets are recom­
mended. In order to reduce maintenance all joints should be 
welded wherever possible . 

Cylmder and Valve Description 

Cylinder valves are made of forged steel and are of the 
packed type The valve outlet designated as alternate standard 
for d1methylamine by the Compressed Gas Association (CGA) 
1s connection No. 240 The thread spec1f1callons are %"-18 
NGT-RH-INT accepting tapered threaded pipe. (See Figure 1 
for the drawing and specifications of this valve outlet and its 
mating connection). Lecture bottles have a special 51, 6 "-32 
threads per inch, female valve outlet. 

Cylinders containing 1 5 lb or more d1methylamine are 
equipped with goose neck dip-tubes Withdrawal of vapor is 
accomphshed by placing the cylinder in its normal vertical 
pos1tIon On occasion, a full cylinder standing In the sun will 
heat up and cause the liquid to expand and cover the end of 
the dip-tube. In this case, It Is necessary to allow the cylinder 
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OUTLET 

3/8" NGT 
670 " 

11 16" 

CONNECTION 

Fig. 1. CONNECTION 240 3/ 8"-NGT RH INT. IPS accepting Tapered 
Threaded Pipe 

to cool before the vapor can be withdrawn or the cylinder 
should be placed in a horizontal position with the valve outlet 

facing down. 
To withdraw liquid the cylinder should be placed in a hori­

zontal position with the valve outlet facing up. 

Safety Devices 

Since no safety devices are used in dimethylamine cylinders, 

extra precautions should be used to prevent cylinders from 
being exposed to heat, which could cause uncontrolled hydro­
static pressure build-up. 

Recommended Controls 

Automatic Pressure Regulators 

Single stage regulator Model 13-240 is available for dimeth­
ylamine service. This regulator has an anodized aluminum body 
with 316 stainless steel internal parts plus an FEP Teflon on 
Viton diaphragm and a Teflon seat. The delivery pressure range 
is 28-240 kPa (4-35 psig). 

For sensitive low pressure control, Matheson low pressure 
regulator Model 71-240, which has an oversize pancake body 
of aluminum with stainless steel internal parts plus a Teflon­
faced diaphragm and Teflon seat, will afford accurate low 
pressure control over the delivery pressure range 3.4-34.5 
kPa (0.5-5.0 psig). 

Manual Controls 

Matheson needle valve Model 61-240, a 303 stainless steel 
valve, is available for direct connection to the cylinder valve 
outlet. It is suitable for manual flow control of the liquid or vapor 
phase. The valve can be equipped with a variety of outlets, 
such as a serrated hose end, ¼" compression fitting, or ¼" 
NPT male or female pipe. Needle valve Models 59 or 32S is 
recommended for use with lecture bottles . 

Flowmeters 

Matheson Series 7600 laboratory stainless steel flowmeter 
units with 150 mm tubes and floats or Matheson 7200 labora­
tory stainless steel flowmeter units with 65 mm tubes with a 
single float are recommended for use where definite flow rates 
must be known. 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 stainless steel and 
Series 8260 of type 316 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera­
ture changes. These mass flow controllers consist of a trans­
ducer, a control valve, a blind controller / power supply, a 
potentiometer and a digital indicator. The transducer senses 
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the gas flow and sends a signal to the power supply. This 
signal and one from the potentiometer are compared. If there 
is an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 
imbalance. The accuracy is ± 1 .2% . 

Shipping Regulations 

Dimethylamine is classified by the DOT as a flammable, 
compressed gas and is shipped with the required " Red Gas 
Label" . 

Commercial Preparations 

Dimethylamine is produced by the interaction of methanol 
and ammonia over a catalyst at high temperatures. Mono-, 
di-, and tri-methylamines are all produced by this process . 
Yields are regulated by the conditions employed. 

Chemical Properties 

Dimethylamine (like ammonia) dissolves in water to give an 
alkaline solution and forms salts with acids. Dimethylamine can 
react with acetic anhydride or acetyl chloride (acylation) or 
with benzenesulfonyl chloride (Hinsberg test) forming the cor­
responding substituted amide. Dimethylamine reacts with ni­
trous acid giving N-nitrosodimethylamine. Treating dimethyl­
amine with esters gives N,N-dialkylamides. Dimethylamine 
reacts with formaldehyde giving a hydroxymethyl derivative 
which may react with another molecule of dimethylamine to 
yield bis(dimethylamino)methane. The hydroxy group in naph­
thols is replaceable by a dimethylamino group (Bucherer re­
action). Dimethylamine reacts with carbon disulfide forming a 
dimethylamine salt of dimethyldithiocarbamic acid. Dimethyl­
amine undergoes ox idation and gives a variety of products 
depending on the oxidizing agent used. The N-hydrogen atom 
is replaceable by chlorine, bromine, or iodine giving N-halod i­
methylamines. Dimethylamine reacts with cyanic and thio­
cyanic acid giving a substituted urea and thiourea, respectively . 
With substituted isocyanates, dimethylamine gives the unsym­
metrical urea and thiourea, respectively; nitriles afford N-sub­
stItuted amidines; cyanamides and substituted cyanamides 
yield substituted guanidines; and dicyandiamide and its sub­
stitution products yield biguanides. Dimethylamine adds to 
quinones and epoxides. Alkylmagnesium halides react with 
dimethylamine forming dimethylaminomagnesium halides and 
an alkane. Dimethylamine reacts readily with nonmetallic oxy­
and sulfochlorides, viz, sulfur monochloride, sulfur dichloride, 
phosphorus trichloride, boron trichloride, etc. 

Thermodynamic and Detailed Physical Data 

Molecular Structure (3) 

The structural parameters calculated from microwave spec­
tra are as follows: bond distances: C-N 1 .466 A (1 .466 x 
10- 10 m); N-H 1.022 A (1.022 x 10-• 0 m); verage C-H 1 .09 A 
(1 .09 x 1 o-•o m); bond angles: C-N-C 112.2° ; H-N-C 108.8° . 

Infrared Spectrum 

See Figure 2 for the infrared spectrum of gaseous dimeth­
ylamine . 9 
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DIMETHYLAMINE 

Vapor Pressure (4) 

Vapor pressure up to 1 01 .325 kPa (1 aim) are shown below: 

Temperature, 
OK 

191.38 
213.79 
222.07 
232 13 
242 07 
249 62 
254 44 
262.97 
270 17 
275.92 
277 67 
279 95 
280 01 
280 03 

REFERENCES 

Vapor Pressure 
kPa mbar 

0.647 9 6.5 
1.958 4 
3.779 6 
7.775 3 

14.743 8 
22.940 0 
33.265 0 
46.396 7 
65.486 3 
84 859 7 
91.516 7 

100.970 4 

101.1325 
1 01 .325 0 

19.6 
37.8 
77.8 

147.4 
229.4 
332.7 
464.0 
654.9 
848.6 
915.2 

1 009. 7 
1 011 .3 
1 013.25 

mmHg 

4.86 
14.69 
28.35 
58.32 

110.58 
1 72 .13 
249.54 
348.06 
491.22 
636.50 
686.45 
757.37 
758.62 
760.00 

For vapor pressure values above 1 01 .325 kPa, see Figure 
3. 

Latent Heat of Vaporization, 6 Hv (1) 

Temperature, °K 

243.15 
253.15 
263.15 
273.15 
280.03 
288.15 
298.15 
313.15 

6 Hv, kJ/mol 

28.67 
28.11 
27.53 
26.92 
26.50 
26.40 
25.30 
24.23 

Thermodynamic Properties of Dimethylamine As Ideal Gas 
@ 25 °C 

Heat Capacity, C~ 
Entropy, S0 

Enthalpy Difference, 
H~ga - H~13 

69.036 J / (mol- °K) 
288.780 J / (mol-°K) 

1 .672 kJ / mol 

' For extensive tabulations of the thermodynamic and physical properties of dimethylamine, see W. Braker and A. L. Mossman, The Matheson 
Unabridged Gas Data Book, 1975, Matheson, East Rutherford, New Jersey. 

W Braker. A L Mossman, and D. Siegel, Effects of Exposure to Toxic Gases-First Aid and Medical Treatment, 2nd edition, 1977, pp. 51-55, 
Matheson. Lyndhurst, New Jersey 

J E Wollrab and V W Laurie, J Chem Phys 48, 5058-5066 (1968) 

• J . G Aston, M L Eidinoff, and W S. Forster, J Amer. Chem. Soc. 61, 1539 (1939). 
s K . A Kobe and R H Harrison, Petrol Refiner 33, 161 (1954). 

E The Sadtler Standard Spectra, 19 72, Sadlier Research Laboratories, Inc., Philadelphia, Pennsylvania. 

278 
matheson· 

ro 
a. 
~ 

I 
UJ 
a: 
:::> 
Cl) 
Cl) 
UJ 
a: 
a. 
a: 
0 
a. 
<( 
> 

4 -+-+-t ' . . 
+ + -+ 
+ +- t 

3 -1-i ± 
-+ + +-

2 

: =r :i--
+- + ➔ 
~ + ➔ 

• t 

1000 -+ ~ t -+ t t-

4 

+ t t 
3 ft+-

100 
9 +++ 
8 

+-

-+ -+ + 

' • t 
-t l l 

4 q +~++ .::~ ,_~·t-...::~:rr ~~:i:t ,- ~~.,.-l-: ~: ;=:ft--l-•-+-t ~·::..: ..,. 
; :t + - • .::: #c--+-,e--t-+-i---i-- i:=;=t t WI t ,-'-+ t I I . t t • • ' l t t • t 

• • 1 • t- ,_ i ..... r1- +-- tT 

:_: ~-' : . - -:_: :, i+ t-~-+-1--·+-~ t !- ;=:- : :+ f l . : : . :-~ ~ i ~; t H ! ~ t ~;- ~ ~ : 
+-+> r:-:i ~- ••r, + 
+- + t t r ...., t t -t t- t -t t t ♦ I + -t -+-

10 t / -l + 1 + -l- -1---r-

9 + 
B W-+-~~ +-H-t- ,-H 
7 I ~ l-l-+-'--,--t--t-rt 
6 - --~ I 

5 __ _ -t--t--!--

3 
1---t-t- ·-I--+--

t--t-- · -t----

t 

-+ 

____ 
t-i---- -

' I 

t-

__±_ 
·+ 

t +-+- -+ + + t >--4- 1-t+ 
+--

-t-+--+- ~ 

+- r . + + 
• I 

~ .. ~ . · 1-

t: 

-60 -40 -20 0 20 40 60 ~ 100 1W 140 160 1~ 200 2W 
TEMPERATURE °C 



DIMETHYL ETHER 
(Synonym: Methyl Ether) 

(Formula: (CH3hO) 

PHYSICAL PROPERTIES (1) 

Molar Mass 

Molecular Weight 
One Mole of (CH3tO 

Spec1f1c Volume @ 21 .1 °C, 101 .325 kPa 
Vapor Pressure @ 20 °C 

Boiling Point @ 101 .325 kPa 
Freezing Point 
Absolute Density, Gas@ 101.325 kPa@ 25 °C 

Relative Density, Gas @ 101.325 kPa@ 25 ° C (Air = 1) 
Density, L1qu1d @ Saturation Pressure@ 25 °C 
Critical Temperature 

Critical Pressure 

Critical Volume 

Critical Density 

Critical Compressib1l1ty Factor 
Latent Heat of Fusion @ - 141 .5 ° c 

Flnmmab1l1ty L1m1ts In Air 

Molar Spec1f1c Heat, Gas @ 101 .325 kPa 

0 Constant Pressure 

@. Constant Volume 

0.046 069 kg 

0.046 069 kg 

524.4 dm3 / kg; 8.4 ft 3 / lb 

530.9 kPa; 5.31 bar; 77 psia; 5.24 atm 

248.31 ° K; -24.8 °C; -12. 7 ° F 

131.66 °K; -141 .5 ° C; -222.7 ° F 

1.918 55 kg / m3 

1.621 
0.661 2 kg /I 

400.05 ° K; 126.9 ° C; 260.4 ° F 

5 268.9 kPa; 52.7 bar; 764.2 psia; 52.0 

atm 

3.683 dm3 / kg 

0.271 kg / dm3 

0.269 

107.27 kJ / kg; 25.62 kcal / kg 
3.4-18.0% (by volume) 

65.690 kJ / (kmol- ° K); 65.690 J / (mol, 
OK); 

59 .180 kJ / (kmol- ° K); 59.180 J / (mol, 
OK) 

Spec1f1c Heat Ratio, Gas @ 1 01 .325 kPa @ 25 ° C, Cp/ Cv 
Molar Spec1f1c Heat, Liquid@ -27. 7 °C 

1 . 11 

103.142 kJ / (kmol- ° K); 103.142 

Viscosity, Gas @ 101 .325 kPa@ 22.9 °C 

Thermal Conductivity, Gas@101.325 kPa@ 25 °c 

Surface Tension @ -40 °C 

Solubility In Water@ 101 .325 kPa @ 18 °c 
Auto1gn1t1on Temperature 

J / (mol- °K); 24.652 cal / (mol - °C) 
0 .008 99 mPa,s; 0.008 99 mN ,s / m?; 

0.008 99 cP 

0 .015 52 W/ (m- °K); 37.1 x 10- s cal-
cm/(s-cm2, °C) 

21.0 mN/ m; 21 .0 dyn/cm 
7% (by weight) 

Refractive Index, Liquid @ Saturation Pressure, n0 @ 25 ° c 
623 °K; 350 ° C; 662 ° F 
1.298 4 

Description 

Dimethyl ether Is a flammable, colorless gas with a slight 
et_hereal odor at room temperature and atmospheric pressure. 
It 1s shipped as a l1quef1ed gas under its own vapor pressure of 
430 kPa (62.3 psIg) (ii 20 °c 

Specifications 

Dimethyl ether has a typical purity of 99 87%. 

Uses 

Dimethyl ether finds commercial use as a refrigerant. It has 
also been used as a solvent, as an extraction agent. as a 
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prop_ellant in aerosols, and as a fuel for welding, cutting, and 
brazing. 

Dimethyl ether readily forms complexes with inorganic com­
pounds, e.g., boron trifluoride. It is an excellent methylating 
agent, e.g., for conversion of aniline into dimethylaniline in the 
dye industry. 

Toxicity and Effects In Man (2) 

The principal physiological effect of dimethyl ether is that of 
anesihesia , but the anesthetic effect is much less (about ' "d) 
than that produced by diethyl ether. Concentrations of 5-20% 
by volume cause such symptoms as intoxication incoordina-
tIon, blurring of vis· . ' ion , anesthesia, headache, dizziness, exci-

talion and unconsciousness, depending on the duration of 
exposure. 

Exposure of the eyes or mucous membranes to the liquid or 
concentrated vapor is irritating and should be avoided. 

Contact of the liquid or concentrated vapor with the skin car 
cause frostbite. 

Dimethyl ether has a low order of inhalation toxicity. It is not 
known to possess adequate warning properties . Concentra­
tions which produce any of the above mentioned symptoms 
should be considered excessive . 

First Aid Treatment (2) 

Inhalation 

If the victim feels dizzy or sick or has a headache or blurred 
vision, he should go to an uncontaminated area and inhale 
fresh air. 

Eyes 

In case of contact with the eyes, wash them with copious 
quantities of water for at least 15 minutes. A physician, pref­
erably an eye specialist , should be called at once. 

Skin Contact 

In case of skin contact with the liquid or concentrated vapor, 
frostbite may develop . If frostbite occurs, cover the frostbitten 
part with a warm hand or woolen material. If the fingers or hand 
are frostbitten, have the victim hold his hand in his armpit, next 
to his body. Then place the frostbitten part in warm water, 
about 42 °C (1 08 ° F). If warm water is not available, or is 
impractical to use, wrap the affected part gently in blankets. 
Let the circulation re-establish itself naturally. Encourage the 
victim to exercise the affected part while it is being warmed . 

Precautions in Handling and Storage 

The hazards due to the handling of dimethyl ether stem 
mainly from its extreme flammability . Store and use dimethyl 
ether cylinders in well-ventilated areas away from heat and all 
sources of ignition such as flames and sparks. Never use 
flames to detect flammable gas leaks. Do not use dimethyl 
ether around sparking motors or other non-explosion-proof 
equipment. Do not store reserve stocks of dimethyl ether 
cylinders with cylinders containing oxygen, or other highly 
oxidizing or flammable materials. Ground all equipment and 
cylinders before use. 

In addition, the general rules listed in Appendix I should be 
observed. 

Leak Detection 

Lines and equipment to contain dimethyl ether should be 
pretested for leaks with nitrogen, using soapy water to detect 
leaks. 

Disposal of Leaking Cylinders 

For disposal procedure see Appendix II-A. 

Materials of Construction 

Since dimethyl ether is noncorrosive, any common or com­
mercially available material may be used. However, piping 
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DIMETHYL ETHER 

systems or vessels to contain dimethyl ether should be ade­
quately designed to withstand the pressures to be encountered. 

Cylinder and Valve Description 

Cylinders of dimethyl ether are of the low pressure type 
having a rated service pressure of 1 034 kPa (150 ps,g) or 
more. Cyl inders of dimethyl ether are equipped with valves 
having the approved standard Compressed Gas Assoc1atIon 
(CGA) valve outlet No. 510, with a thread size of 0 .885 inch 
diameter-1 4 threads per inch, left-hand internal threads, ac­
cepting a bullet-shaped nipple. (See Figure 1 for an illustration 
of the valve and its mating connection .) 

Lecture bottles have a special 51,e"-32 threads per inch, 
female valve outlet and a 91,e"-18 threads per inch, male dual 
valve outlet. 

OUTLET CONNECTION 

Fig. 1. CONNECTION 510 .885"-14 LH INT. accepting a Bullet Shaped 
Nipple 

Safety Devices 

Cylinders of dimethyl ether have spring-loaded safety rel ief 
devices. These devices wil l function when the cylinder is ov­
erheated and release gas until the pressure returns to a safe 
level. 

Recommended Controls 

Automatic Pressure Regulator 

Single stage regulator Model 1P-510 is recommended for 
dimethyl ether service. The regulator has a brass body with 
brass internal parts plus a neoprene rubber diaphragm and 
neoprene seat. It has a delivery pressure range of 28-240 kPa 
(4-35 ps1g). It contains a delivery pressure gauge and a needle 
valve for accurate flow control. The tank gauge is omitted 
because, in the case of dimethyl ether, the pressure is no 
indication of cylinder content; the vapor pressure will remain 
constant as long as any liquid remains in the cylinder. Cylinder 
contents shou ld be determined by weighing. 

Regulator Model 3321 with a delivery pressure range of 28-
41 O kPa (4-60 psig) is recommended for use with lecture 
bottles. 

For low pressure regulation, Matheson supplies a Model 70 
regu lator which has an oversize pancake body of d ie cast 
aluminum and Buna N diaphragm. Three p ressure ranges are 
available as follows: 

Model No. 

70B-510 

70-510 
70A-510 

Delivery Pressure Range 
kPa mbar (g) psig 

0.5-0.30 

3.4-34.5 
34.5-68.9 

5-30 

34-345 
345-689 

2-12 inch water col­
umn 

0 .5-5.0 psig 
5-1 O psig 
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Manual Controls 

Matheson manual needle Model 50-51 0, a brass bar stock 
valve, 1s available for direct connection to the cylinder valve 
outlet. This valve may be equipped with a variety of outlets, 
such as a serrated hose end, ¼" compression fitting, or ¼" 
NPT male or female pipe. This valve 1s used mainly for inter­
mittent flow control but this requires close supervision. It should 
not be used as a pressure control since dangerous pressures 
may develop 1f a system or line becomes plugged. A Model 
31 8 needle valve 1s recommended for use with lecture bottles. 

Flowmeters 

Matheson Series 7600 laboratory brass flowmeter units with 
150 mm tubes and floats or Matheson 7200 laboratory brass 
flowmeter units with 65 mm tubes with a single float are 
recommended for use where definite flow rates must be known. 

Electronic mass flowmeters, such as Matheson Series No. 
8116 and No. 8160, should be used where accurate readings 
are required. Calibration is unaffected by temperature and 
pressure changes, and flow rates may be recorded from the 
instrument's electrical output. 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 stainless steel and 
Series 8260 of type 316 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera­
ture changes. These mass flow controllers consist of a trans­
ducer. a control valve, a blind controller / power supply, a 
notent1ometer and a digital indicator. The transducer senses 
1, 1e gas flow and sends a signal to the power supply. This 
signal and one from the potentiometer are compared. If there 
1s an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 
imbalance. The accuracy is ± 1 .2%. 

Shipping Regulations 

Dimethyl ether 1s classified by the DOT as a flammable 
compressed gas and is shipped under the required " Red Ga~ 
Label '' 

Commercial Preparation 

Dimethyl ether is prepared by the dehydration of methanol 
with sulfuric acid or by dehydration over alumina at high pres­
sures and temperatures. 

Chemical Properties 

Dimethyl eth_er 1s not attacked by boiling alkalis. Halogena­
t1on gives a series of halogen substituted ethers. Dimethyl ether 
1s cleaved by hydriod1c acid at temperatures of 1 oo 0 c. At low 
temperatures, dimethyl ether forms a series of addition com­
pounds with the halogens and halogen hydrides. It forms an 
add1t1on compound with boron trifluoride. Dimethyl ether reacts 
with oleum to give dimethyl sulfate. It can be oxidized catal ti-
cally to formaldehyde. Y 

Dimethyl ether reacts with carbon monoxide to give acetic 
anhydride and (or) methyl acetate. It reacts with acetic acid to 
give methyl acetate. II reacts with phthalic anhydride to give 
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dimethyl phthalate. It methylates phenol to give anisole. Di­
methyl ether reacts with hydrogen cyanide to form acetonitril e. 

Thermodynamic and Detailed Physical Data 

Infrared Spectrum 

See Figure 2 for the infrared spectrum of gaseous dimethyl 
ether. 

Vapor Pressure (3) 

Vapor pressure data below 1 01 .325 kPa (1 atm) are shown 
below. The values have been calculated by the following An­
toine vapor pressure equation: 

B B 
log,op = A - -C-- or t = ----- - C 

+ t A - log, 0 p 

in which p = mmHg and t = °C, and the constant A, B, and c 
have the values of 7.316 46, 1 025.56, and 256.05, respec-
tively. 

Temperature, Vapor Pressure 
OK kPa mbar mmHg 

179.45 1.333 13.3 10 
187.55 2.666 26.7 20 
196.55 5.333 53.3 40 
203.28 7.999 80.0 60 
206.55 10.659 106.6 80 
210.01 13.324 133.3 100 
221 .59 26.659 266.6 200 
229.13 39.993 400.0 300 
234.64 53.327 533.3 400 
239.21 66.652 666.6 500 
243.08 79 .986 799.9 600 
246.47 93.320 933.2 700 
248.31 101.325 1 013.25 760 

Vapor pressure data above 101 .325 kPa (1 aim) are listed 
below (4). 

Temperature, °K Vapor Pressure 
kPa bar atm 

273.15 255.339 2.55 2.52 
282.40 362 .744 3.63 3.58 
289 .95 464 .069 4 .64 4.58 
296.90 571.473 5.71 5.64 
306.70 758.924 7.59 7.49 
319.28 1 044.661 10.4 10.31 
329.17 1 328.371 13.3 13.11 
337.83 1 616.134 16.2 15.95 
353.25 2 243.336 22.4 22.14 
363.40 2 715.510 27.2 26.80 
373.05 3 256.586 32.6 32.14 
383.72 3 933.437 39.3 38.82 
389.97 4 398.518 44.0 43.41 
395.35 4 830.163 48.3 47.67 
400.05 (CT.) 5 268.900 52.7 52.00 (C.P.) 

See Figure 3 for vapor pressure curve. 

Latent Heat of Vaporization, aHv (1) 

Temperature, °K 

203.15 
223.15 
243.15 
248.31 
253.15 
273.15 
293.15 

313.15 
333.15 

REFERENCES 

aHv, kJ/kg 

516.146 

494.660 
475.508 
467.1 00 
461 .029 
436.037 
411 .935 

377.510 
342.384 

DIMETHYL ETHER 

Thermodynamic Properties of Dimethyl Ether As Ideal Gas 
@ 25 ° C (5) 

Heat Capacity, C~ 64.392 J / (mol, °K); 
15.39 cal/(mol -°K) 

Entropy, S0 266.270 J / (mol- °K); 
63.64 cal / (mol -° K) 

Enthalpy Difference, H~98 - Hg 14.083 kJ / mol; 
3.366 kcal / mol 

Enthalpy of Formation, aHf - 184.054 kJ / mol; 
-43.99 kcal / mol 

Gibbs Energy of Formation, aGf - 112.675 kJ / mol; 
-26.93 kcal / mol 

1 For extensive tabulations of the thermodynamic and physical properties of dimethyl ether, see W. Braker and A. L. Mossman, The Matheson 

Unabridged Gas Data Book, 1975, Matheson, East Rutherford , New Jersey. 
2 w. Braker, A. L. Mossman . and D. Siegel, Effects of Exposure to Toxic Gases-First Aid and Medical Treatment , 2nd edition, 1977, pp. 7-11, 

Matheson , Lyndhurst, New Jersey. 
3 B. J. Zwolinski, et al., Selected Values of Properties of Chemical Compounds, 1968, Volume 1, Thermodynamics Research Center, Texas 

A & M University, College Station, Texas. 

• E. Cardosa and A. Bruno, J. Chem. Phys. 20, 347 (1963). 
5 o. o. Wagman, et al. , Selected Values of Chemical Thermodynamic Properties, 1968. p. 140, Nat l. Bur. Stand. Tech. Note 270-3. U S. 

Government Printing Office. Washington, D. C. 
6 The Sadtler Standard Spectra, 1972, Sadlier Research Laboratories, Inc., Phi ladelphia, Pennsylvania. 
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2,2-DIMETHYLPROPANE 
(Synonyms: Neopentane; Tetramethylmethane) 

(Formula: C(CH3 )4 ) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of C(CH 3 )4 

Specific Volume @ 21.1 °C, 101 .325 kPa 
Vapor Pressure @ 21.1 °C 

Boiling Point @ 101 .325 kPa 
Freezing Point 
Absolute Density, Gas @ 101 .325 kPa 25 °c 
Relative Density, Gas @ 101 .325 kPa @ 25 °c (Air = 1) 
Density, Liquid @ Saturation Pressure @ 25 °C 
Critical Temperature 
Critical Pressure 

Critical Volume 
Critical Density 
Critical Compressibility Factor 
Latent Heat of Fusion @ - 16.6 °C 
Flammability Limits In Air 
Molar Specific Heat, Gas @ 101.325 kPa @ 15.6 °C 

@ Constant Pressure 

@ Constant Volume 

0.072 151 kg 
0.072 151 kg 
330.8 dm3 / kg 5.3 ft3 / lb 
149.6 kPa; 1 .50 bar; 21. 7 psia; 1 .48 

atm 
282.65 °K; 9.5 °C; 49.1 °F 
256.60 °K; -16.6 ° C ; 2.2 ° F 
2.951 kg / m3 

2.49 
0.585 1 kg / I 

433 .75 °K; 160.6 °C; 321.1 °F 
3 198.8 kPa; 31.99 bar; 464.0 psia ; 

31.57 atm 
4.200 dm3 / kg 
0.238 kg / dm3 

0.269 
45.129 kJ / kg ; 10.786 kcal / kg 
1 .4-7 .5% (by volume) 

118.156 kJ / (kmol- °K); 118.1 56 J / 
(mo(- °K) 28.240 cal / (mol- ° C) 

109.854 kJ / (kmol- °K); 109.854 J / 

Spec1f1c Heat Ratio , Gas @ 101 .325 kPa @ 15.6 °C, Cp/ Cv 
Molar Specific Heat, Liquid @ 25 °C 

(mo(. °K); 26.256 cal / (mol -°C) 
1.076 

170.7 J / (mol- °K); 40.8 cal / (mol- °K) 
0.007 00 mPa-s; 0 .007 00 mN-s/ m2 ; 

Viscosity, Gas @ 101 .325 kPa @ 20 °C 

Viscosity, Liquid @ o °C 

Thermal Conductivity, Gas @ 101 .325 kPa @ 25 °C 

Autoignition Temperature 
Refractive Index, Liquid @ Saturation Pressure, n0 @ 6 °c 
Heat of Combustion, Gas @ 25 °C and Constant Pressure 

Gross, to form H2O (liq) + CO2 (gas) 
Net, to form H2O (gas) + CO2 (gas) 

0.007 00 cP 
0.328 mPa-s; 0 .328 mN-s / m2; 0 .328 

cP 

0.014 86 W / (m. °K); 35.5 x 1 o-6 cal. 
cm/ (s-cm2-°C) 

729.3 ° K; 456.2 °C; 853 °F 
1.34 7 6 

Heat of Combustion, Liquid @ 25 °C and Constant Pressure 
Gross, to form H2O (liq) + CO2 (gas) 

3 516.6 kJ / mol 
3 252.5 kJ / mol 

3 494.3 kJ / mol 
3 230.1 kJ / mol 

Net, to form H2O (gas) + CO2 (gas) 

Description 

2 ,2-Dimethylpropane 1s a colorless, flammable, relatively 
nontoxic gas at room temperature and atmospheric pressure. 
It 1s easily liquefied and is shipped as a liquefied gas in low 
pressure cylinders under its own vapor pressure of 48 kPa (7 
psig) at 21.1 °c. 
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Specifications 

Matheson supplies two grades of 2,2-dimethylpropane. 

1. Research Grade 

This_grade is of the highest purity that is available . A typical 
lot purity of this material is 99.87 mole % as determined by 

freezing point. This material is supplied with a statement of 

purity. 

2. C.P. Grade 

This grade has a minimum purity of 99 mole %. 

Uses 

2,2-Dimethylpropane is used as the raw material in the 
production of isobutylene, which in turn is used to manufacture 
synthetic Butyl rubber. 

It has been used in halogenation reactions and in photocon­
ductivity and molecular rearrangement studies. 

Toxicity and Effects In Man (2) 

2,2-Dimethylpropane has some degree of anesthetic action 
and is mildly irritating to the mucous membranes and/ or can 
act as a simple asphyxiant. Thus, depending on the concentra­
tion and time of exposure, symptoms such as rapid respiration, 
air hunger, diminished mental alertness, muscular incoordina­
tion, faulty judgment, emotional instability, rapid fatigue, nau­
sea, vomiting, prostration and loss of consciousness, convul­
sions and f inally deep coma and death may occur. 

Contact of liquid 2,2-dimethylpropane with the skin can 
cause frostbite . 

2,2-Dimethylpropane has a low order of inhalation toxicity. 
Its vapors do not provide adequate warning of hazardous 

concentrations. 

First Aid Treatment 

Inhalation 

If the subject is conscious and becomes aware of any of the 
symptoms cited above, he should go to an uncontaminated 
area and inhale fresh air or oxygen. In the event the subject is 
overcome by a massive exposure, he should be carried to an 
uncontaminated area and given artificial respiration and oxygen 
simultaneously. Treat symptomatically thereafter. 

Skin Contact 

In the case of skin contact with liquid 2,2-dimethylpropane, 
frostbite may develop. If frostbite occurs, cover the frostbitten 
part with a warm hand or woolen material. If the fingers or hand 
are frostbitten, have the victim hold his hand in his armpit, next 
to his body. Then place the frostbitten part in warm water, 
about 42 °C (108 ° F). If warm water is not available, or is 
impractical to use, wrap the affected part gently in blankets. 
Let the circulation re-establish itself naturally. Encourage the 
victim to exercise the affected part while it is being warmed. 

Precautions in Handling and Storage 

The hazards due to the handling of 2,2-dimethylpropane 

stem mainly from its extreme flammability. Store and use 2,2-
dimethylpropane cylinders in well-ventilated areas away from 
heat and all ignition sources such as flames and sparks. Never 
use flames to detect flammable gas leaks, use soap water 
solution. Do not use 2,2-dimethylpropane around sparking 
motors or other non-explosion-proof equipment. Do not store 
reserve stocks of 2 ,2-dimethylpropane cylinders with cylinders 

matheson 

2,2-DIMETHYLPROPANE 

containing oxygen, chlorine, or other highly oxidizing or f lam­
mable materials. Ground all lines and equipment used with 2 ,2-
dimethylpropane. 

In addition, the general rules listed in Appendix I should be 

observed. 

Leak Detection 

All fittings and joints should be painted with soap solution to 
detect leaks, which w ill be indicated by bubble formation. 
Never use a flame to detect leaks. 

Disposal of Leaking Cylinders 

Cylinders of 2,2-dimethylpropane which develop leaks that 
cannot be corrected normally may be d isposed of by the 
procedure described in Appendix II-A. 

Materials of Construction 

Since 2 ,2-dimethylpropane is a noncorrosive gas any com­
mon or commercially available metal may be used. However, 
piping systems or vessels to contain 2 ,2-dimethylpropane 
shou ld be designed to have a working pressure as specified by 
competent eng ineers using a safety factor conforming to the 

ASME code for pressure piping . 

Cylinder and Valve Description 

DOT approved cylinders containing 2,2-dimethylpropane are 
usually of the low pressure type having a rated service pressure 
of 1 034 kPa (150 psig) or more. Cylinders of 2,2-dimethylpro­
pane are equipped with valves having the approved standard 
Compressed Gas Association (CGA) valve outlet No. 510, 
having a thread size of 0.885 inch d iameter-14 threads per 
inch, left-hand internal threads accepting a bullet-shaped nip­
ple. See Figure 1 for illustration of the valve outlet and mating 
connection. This valve outlet is standard for all liquefied petro­
leum gases. Valves used in this service by Matheson are of the 
diaphragm type and contain no packing. They are therefore 
relatively leak-free and require no packing adjustments . Lec­
ture bottles have a special 5/,s "-32 threads per inch, female 
outlet and a 9/16 "-18 threads per inch male dual valve outlet. 

QIH l T 

88S 
'8 

0 
, 6 

I. 

I CL ll 

Fig. 1. CONNECTION 510 .885"-14 LH INT. accept ing a Bullet Shaped 

Nipple 

Safety Devices 

A number of different safety devices are permitted on cylin­
ders conta ining 2,2-dimethylpropane. A frangible disc is al­
lowed in cylinders having a minimum required test pressure of 
20 684 kPa (3 000 psig) or higher , and is required in only one 
end of the container. A 73.9 °C (165 °F) fusible metal may be 
used. However, when cylinders are over 30 inches long (exclu­
sive of the neck) this device is required on both ends. A 
frangible disc backed up with 73.9 ° C (165 ° F) fusible metal is 
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2,2-DIMETHYLPROPANE 

permitted in cylinders having a minimum required test pressure 
of 20 684 kPa (3 000 ps1g) or higher; when cylinders are over 
30 inches long (exclusive of the neck) this device Is required 
at both ends. The most commonly used safety device, which is 
employed by Matheson, Is the spring-loaded safety relief valve. 
If cylinder pressure becomes dangerously high, usually due to 
overheating , the safety relief device will open (at approximately 
2 586 kPa (375 ps1g) and release 2,2-dimethylpropane gas 
unti l the pressure again returns to a safe level. 

Recommended Controls 

Manual Valves 

Matheson needle valve Model 50-510, a brass bar stock 
valve, Is available for direct connection to the cylinder valve 
outlet It can be equipped with a variety of outlets. When the 
pressure of 2,2-dimethylpropane is raised by the controlled 
apphcat1on of heat (no greater than 51.7 °C (125 °F)), it is 
suggested that a Model 70 low pressure regulator be used to 
reduce and control pressure at a constant value. Matheson 
Model 70 regulator Is available with 3 delivery pressure ranges 
as follows: 

Model No. 
Delivery Pressure Range 

kPa mbar (g) psig 

708-510 

70-510 
70A-510 

0 5-3 0 

3 4-34.5 
34 5- 68 9 

5-30 

34-345 
345-689 

2-12 inch water col­
umn 

0.5-5.0 psIg 
5-1 O psIg 

A Model 31 B needle valve is recommended for use with 
lecture bottles 

Flow meters 

Metheson Series 7600 laboratory brass flowmeter units with 
150 mm tubes and floats or Matheson 7200 laboratory brass 
flowmeter units with 65 mm tubes with a single float are 
recommended for use where definite flow rates must be known . 

Electronic mass flowmeters, such as Matheson Series No. 
8116 and No 8160, should be used where accurate readings 
are required . Calibration is unaffected by temperature and 
pressure changes, and flow rates, may be recorded from the 
instrument's electrical output. 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 stainless steel and 
Series 8260 of type 316 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera­
ture changes These mass flow controllers consist of a trans­
ducer, a control valve, a blind controller / power supply, a 
potentiometer and a digital 1nd1cator. The transducer senses 
the gas flow and sends a signal to the power supply. This 
signal and one from the potentiometer are compared . If there 
Is an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 
imbalance. The accuracy Is ± 1 .2%. 

Shipping Regulations 

2 ,2-Dimethylpropane Is classified by the DOT as a flammable 
liquid requiring a Red Label · 
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Commercial Preparation 

2,2-D1methylpropane has been prepared synthetically by a 
number of different methods, but the present relatively small 
commercial quantities are obtained by fractionation of the liquid 
hydrocarbon mixtures recovered after separation of butanes 
from natural gas. 

Chemical Properties 
2,2-Dimethylpropane is a branched chain hydrocarbon of 

the alkane family and it undergoes the reactions typical of this 
group of hydrocarbons. 

Thermodynamic and Detailed Physical Data 

Infrared Spectrum 

See Figure 2 for the infrared spectrum of 2 ,2-dimethylpro­

pane. 

Vapor Pressure 

Vapor pressure values between 213.15 ° K and 328.15 ° K 
have been calculated by the following Antoine vapor pressure 

equation (3): 

B 
log,o p = A - ---

C + T 

in which p = mmHg and t = °C, and the constants A. B, and 
C have the values of 6 .738 12, 950.84, and 237 .0 , respec­
tively . Some calculated vapor pressure values are shown be-

low: 

Temperature, Vapor Pressure 
OK kPa bar mmHg 

213.15 3 .093 0.031 23.2 

233.15 10.879 0 .109 81 .6 

253.1 5 30.290 0.303 227.2 

273.15 70.967 0.710 532.3 

282 .653 1 01 .325 1 .01 3 25 760.0 

293.15 145.640 1.456 1 092 

3 13.15 210.449 2 .104 1 578 

328.15 404 .366 4 .044 3 033 

2,2-DIMETHYLPROPANE 

Vapor pressures between 323 15 Kand 433.75 K (critical 

temperature) are shown below (4): 

Temperature, Vapor Pressure 
OK kPa bar atm 

323.15 355.549 3 .56 3 .509 

330.15 426.984 4 .27 4 .214 

348.15 658.005 6.58 6.494 

373.15 1 117.919 11 .2 11 .033 

398.15 1 779.774 17.8 1 7 .565 

423.15 2 702.642 27 .0 26.673 

431 .15 3 069.540 30.7 30 294 

433 75 3 199.033 32 .0 31 .572 

For additional data, see Table 1. 
See Figure 3 for vapor pressure curve. 

Latent Heat of Vaporization, AHv (1) 

Temperature, °K 

213.15 
233.15 
253.15 
273.15 
282.65 
298.15 

Thermodynamic Data 

AHv, kJ / kg 

364.080 
350.992 
337.432 
322.926 
315.357 (5) 
301 .845 (5) 

See Table 1 for the thermodynamic properties of saturated 
2 ,2-dimethylpropane, and Table 2 for the thermodynamic prop­
erties of gaseous 2,2-dimethylpropane. 

Thermodynamic Properties of 2,2-Dimethylpropane As Ideal 

Gas @ 25 °C (5) (6) 

Heat Capacity, cg 
Enthalpy, H0 

Enthalpy of Formation, AHf 
Free Energy of Formation, AFf 

243.174 J / (mol -° K) 
2 .931 kJ / mol 

-166.0 kJ / mol 
-15.23 kJ / mol 

REFERENCES 
1 For extensive tabulations of the thermodynamic and physical properties of 2,2-dimethylpropane, see W Braker and A . L. Mossman, The 

Matheson Unabndged Gas Data Book , 1975, Matheson. East Rutherford , New Jersey 
2 w. Braker, A L. Mossman and D Siegel. Effects o f Exposure to Toxic Gases-Ftrs t Aid and Medica l Trea tment, 2nd edition , 1977, PP 11 -1 6 , 

Matheson, Lyndhurst , New Jersey 
3 R. R. Dreisbach, Physical Properties of Chemical Compounds, 1959 , Volume 2 , p 18. Adv. in Chem Ser No 22, American Chemical Society, 

Washington, D. C 
" J . A. Beattie, D. R. Douslin, and S. W. Levine, J Chem Phys 19, 948 (195 1) 

s C. E. Miller and F. D. Rossini, Physical Constants of Hydrocarbons, C, to C ,a. 1961 , Amer ican Petroleum Institute , New York, New York 

6 K A Kobe and R Pennington, Petrol Refiner 29, 93 (1 950) 
7 p p Dawson, Jr , J J. McKetta, and I H Silverberg, J Chem Eng Data 18, 76- 78 \ 1973) 

" The Sadtler Standard Spectra, J 972, Sadlier Research Laboratories, Inc., Ph1ladelph1a, Pen'lsylvania 
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2,2-DIMETHYLPROPANE 

Table 1. THERMODYNAMIC PROPERTIES OF SATURATED NEOPENTANE (7) 

Temperature Pressure Entropy J / (kg,K) 

Liquid / Vapor 

Enthalpy kJ / kg 

Liquid I Vapor 

Latent / 
Heat of 

Vaporiza­
tion kJ/ kg 

Specific Volume / 
m 3 / kg Density kg / m3 

K F kPa 

344.44 160 33 604 050 
352 78 175 33 729.879 
361 11 190 33 873.979 
369.44 205.33 1 037.80 
377 78 220.33 1 223.20 
386 11 235 33 1 432.04 
394 44 250 33 1 666.46 
402 78 265.33 1 927. 70 
411 11 280.33 2 219.35 
419.44 295 33 2 544.72 
427 78 310 33 2 907.52 
433.33 320 33 I 3 1 72 48 

290 

atm 

5.962 0 .000 
7.203 71.965 
8 .626 134.306 

10.24 197.066 
12.07 259.826 
14.13 323.005 
16.45 386.602 
19.02 451 .035 
21 .90 518.816 
25.11 I 590.362 
28.70 677.808 
31 .31 802.073 

762. 743 
779.898 
796.634 
8 13.788 
830.942 
847.678 
862.741 
876.130 
887. 426 
892.44 7 
888.682 
876.130 

0.000 262.802 
25.1 97 274.935 
47.79 1 286.953 
71.105 298.970 
95 .000 3 10. 732 

119 .639 322.145 
144.999 332.814 
171 .265 342. 4 14 
199.577 351 .084 
229.980 356.732 
268.032 358.313 
322 .679 1354.687 

Liquid Vapor 

262.802 0.001 90 0.054 
249. 738 I 0.00 1 94 0.04 6 
239 .162 0.001 99 0 .038 
227.865 0 .002 04 0 .032 
215.732 0 .002 10 0 .026 
202.506 0 .002 17 0 .022 
187.815 0 .002 25 0.018 
17 1.149 0.002 35 0 .01 5 
151.507 0 .002 48 0.01 2 
126.752 0.002 66 0 .009 9 

90.281 0 .002 97 0.007 5 
32.008 0.003 65 1 0 .005 

Table 2. THERMODYNAMIC PROPERTIES 
OF GASEOUS NEOPENTANE AT 344.44°K 

(620 °R) (7) 
P, Pressure, kPa; H, Enthalpy, kJ / kg; S, En­
tropy, J / (kg • °K); V, Specific Volume, m3 / kg 

p H s V 

34.474 281.49 1 131. 772 1.142 4 
68.948 280.56 1 049.766 0.566 8 

103.421 279.63 1 001.231 0.374 8 
137.895 278.47 966.086 0.278 8 
172.369 277.54 938.053 0.221 2 
206.843 276.38 915.041 0.182 7 
241 .317 275.45 894.958 0 .155 2 
275.790 274.28 877.385 0 .134 6 
344 .738 272.19 847.260 0 .105 6 
413.685 269.87 821.319 0.086 3 
482.633 267.54 798.726 0.072 4 551 .581 264.99 778.224 0 .061 8 

Liquid Vapor 

526.3 18.52 
5 15 .5 21.74 
502.5 26.32 
490.2 3 1 25 
476.2 1 38.46 
460.8 45.45 
444.4 I 55.56 
425.5 66.67 
403.2 83.33 
375.9 1 01 .01 
336.7 133.33 
274.0 188.68 
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ETHANE 
(Synonyms: Methylmethane; Dimethyl; Ethyl Hydride) 

(Formula: H3CCH3 or C2H6
) 

PHYSICAL PROPERTIES (1} 

Molar Mass 
Molecular Weight 
One Mole of C H6 
Spec1f1c Volume @ 21.1 

Vapor Pressure @ 21 1 

C, 101 .325 kPa 

C 

Bolling Point @: 101 .325 kPa 
Tnple Point 
Absolute Density, Gas@ 101.325 kPa@ 25 DC 
Relative Density, Gas @., 101 .325 kPa @ 25 °C (Air = 1) 

Density, Liquid @, Saturation Pressure@ -88.6 DC 
Cnt1cal Temperature 
Critical Pressure 

Cnt1cal Volume 
Cnt1cal Density 

Critical Compressibility Factor 
Latent Heat of Fusion @. -183.3 DC 
Flammability Limits In Air 

Molar Specific Heat, Gas@; 101 .325 kPa @ 26.8 DC 
@. Constant Pressure 

~1 Constant Volume 

0.030 070 kg 

0.030 070 kg 

799.1 dm3 /kg; 12.8 ft3 / lb 

3 845.2 kPa; 38.45 bar; 557. 7 psia; 
37.95atm 

184.52 DK; -88.6 °C; -127.5 °F 

89.88 °K; -183.3 °C; -297.9 ° F 

1.242 0 kg/m3 

1.048 
0.546 5 kg/I 

305.50 °K; 32.4 °C; 90.2 ° F 

4 914.3 kPa; 49.1 bar; 712 .8 psi a; 48.5 

atm 
4.713 dm3 /kg 
0.212 2 kg/dm3 

0.274 

95.09 kJ/kg; 22.73 kcal/kg 
3.0-12.5% (by volume) 

53.346 kJ/(kmol, DK); 53.346 J / (mol -
0K); 12.750 cal/(mol- ° C) 

44. 769 kJ/(kmol- °K); 44. 769 J / (mol -
0K); 10.700 cal/(mol- ° C) 

Specific Heat Ratio, Gas @, 101 .325 kPa @ 26.8 DC, Cp/Cv 
Viscosity, Gas (w 101 .325 kPa @ O DC 

1.192 

0.008 52 mPa,s; 0 .008 52 mN-s / m2 ; 

0.008 52 cP 
Viscosity, Liquid @ -100 DC 

Thermal Conductivity, Gas@ 101.325 kPa@ 25 DC 

Surface Tension @ -100 C 

Solubility In Water @. 101 325 kPa (total pressure)@ o DC 

Auto1gnit1on Temperature 

Refractive Index, Liquid, n0 @. 37.9 DC, 6.9 bar 

Description 

Pure ethane is a colorless, odorless, flammable. nontoxic 
gas at room temperature and atmospheric pressure. It Is 
shipped in high pressure cylinders as a liquefied gas under its 
own vapor pressure of 3 7 44 kPa (543 ps1g) at 21 . 1 °C. 

Specifications 

Matheson supplies three grades of ethane. Their specifica­
tions are as follows 

292 

0 .192 mPa,s; 0.192 mN-s/ m 2
; 0.192 

cP 

0 .021 01 W /(m. °K); 48.1 x 1 o- 6 cal­
cm/ (s • cm2 • °C) 

18.0 mN/m; 18.0 dyn / cm 

0.098 2 cm3 / 1 cm3 water; 0.01 3 2 kg / 
100 kg water 

745.4 °K; 472.2 DC; 882 ° F 
1.004 7 

1. Research Grade 

This grade 1s of the highest purity available. It has a minimum 
purity of 99.96 mole % in the liquid phase. 

2. C.P. Grade 

This grade has a minimum purity of 99.0 mole %. 

3. Technical Grade 

This grade has a minimum purity of 95.0 mole %. 

Uses 

Ethane possesses marked antiknock qualities which permits 
the use of motors of high compression ratios. It Is commonly 
used as a raw material for the manufacture of halogenated 
ethanes. 

It has been used as a refrigerant for extremely low temper­
ature refrigerating systems. 

Toxicity 

Ethane is not considered a toxic gas. It acts as a simple 
asphyxiant, and in higher concentrations its action is anes­
thetic. No definite symptoms have been observed in concentra­
tions up to 5%. 

Precautions in Handling and Storage 

The major hazard in the handling and storing of ethane stems 
from its extreme flammability. Therefore, the following precau­
tions should be observed when handling this gas: 

1. Keep ignition sources away from the cylinder. 
2. Never use a flame to detect flammable gas leaks-use 

soapy water. 
3. Do not store reserve stocks of ethane with cylinders 

containing oxygen, chlorine, or other oxidizing or flammable 
materials. 

4. Never store cylinders of ethane in an area where leakage 
can cause the gas to diffuse and be ignited by an ignition 
source such as ·a spark from a motor. 

5. Ground all lines and equipment used with ethane. 
Aside from these specific precautions to be observed when 

handling ethane, the general rules listed in Appendix I should 
be observed. 

Leak Detection 

Connections or piping suspected of leaks should be painted 
with soapy water. Bubbling will indicate the point of leakage. 
Under no circumstances should a flame be used to detect a 
leak. 

Disposal of Leaking Cylinders 

Cylinders containing ethane which develop leaks that cannot 
be corrected normally may be disposed of by the procedure 
described in Appendix II-A. 

Materials of Construction 

Since ethane is a noncorrosive gas any common or com­
mercially available metal may be used. However, piping sys­
tems or vessels to contain ethane should be designed to have 
a working pressure as specified by competent engineers using 
a safety factor conforming to the ASME code for pressure 
piping. 

Cylinder and Valve Description 

The approved standard cylinder valve outlet used in ethane 
service is designated as Compressed Gas Association (CGA) 
No. 350. The valve outlet thread size is 0.825 inch diameter 
left-hand, 14 threads per inch, with external threads accepting 
a ball-shaped nipple. The valve outlet and mating connection 
are shown in Figure 1. Valves used by Matheson for ethane 
service are of the packless diaphragm type eliminating the 
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Fig. 1. CONNECTION 350 825"-14 LH EXT accepting Round Shaped 
Nipple 

problem of leakage through packing. A special valve is used 
on lecture bottles and the outlet thread size is ~15"-32 threads 
per inch, female and 9% "-18 threads per inch male. 

Safety Devices 

Safety devices used on DOT approved cylinders and ap­
proved by the Bureau of Explosives for ethane are as fol­
lows· 

1. A frangible disc. This is incorporated into the valve and Is 
required in one end of the cylinder only With this device total 
gas contents are discharged if the cylinder pressure becomes 
dangerously high enough to burst the disc. This is the most 
commonly used device In service. 

2. A frangible disc backed up by a 73.9 C (165 F) melting 
fusible metal. This device is permitted only in cylinders having 
a minimum required test pressure of 20 684 kPa (3000 ps1g) 
or higher; when cylinders are over 30 inches long (exclusive of 
the neck) this device is required at both ends. 

3. A safety relief valve . This device Is of the spring-loaded 
type and is required in one end of the cylinder only regardless 
of length. 

Recommended Controls 

Automatic Pressure Regulators 

The regulators recommended for use with ethane apply to 
all three grades of ethane (with the exception of the Model 2-
350 regulator, which Is recommended only for the C.P. and 
Technical Grades. Since Research Purity Grade ethane is not 
supplied in lecture bottles, the lecture bottle controls indicated 
apply only to the C.P. and Technical Grades. 

The following types of automatic regulators are available for 
use with ethane: 

1. Single Stage Regulators 

The single stage regulator will reduce cylinder pressure In 
one stage to a delivery pressure In a particular range depending 
on the design of the regulator and its spring load. These 
regulators will show a slight variation In delivery pressure as 
cylinder pressure falls . The following single stage regulators 
are available for use with ethane 

Model No. 
Delivery Pressure Range 

kPa bar(g) psig 

1 P-350 28- 240 0 28-2.4 4-35 
1 L-350 28-550 0 28-5.5 4 - 80 
1 H-350 69-1 240 0 .69-12.4 10-180 
2-350 340-4 480 3.4-44.8 50-650 
3320 (for lecture 28- 410 0 28-4.1 4-60 

bottles only) 
3321 (for lecture 28-410 0 28-4 .1 4-60 

bottles only) 
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ETHANE 

Low Pressure Regulator 

A low pressure Matheson type 70 regulator may be used in 
series with any of the above regulators set to a pressure of 
approximately 50 psIg. The following type 70 regulators are 
available with delivery pressures as indicated. 

Model Delivery Pressure Range 
No. kPa mbar (g) psig 

70B 0.5-3.0 5-30 2-1 2 inches water col-
umn 

70 3.4-34 5 34-345 0 .5-5.0 psig 
70A 34.5-69 345-690 5-10 psig 

2. Two Stage Regulators 

These regulators will show no change in delivery pressure 
as cylinder pressure falls Since ethane Is a liquefied gas and 
the vapor pressure will remain constant until the liquid phase 
disappears, no real advantage may be gained in using a double 
stage regulator, except that greater service life may be ex­
pected, and delivery pressure may be maintained constant 
when the liquid phase has been dissipated. Also, ethane will 
convert completely to a gas above its critical temperature of 
32 2 °C (90 F) in which case a two stage regulator will provide 
greater accuracy in delivery pressure as the cylinder pressure 
falls under these conditions. Matheson two stage regulators 
recommended for ethane are as follows: 

Model No. Delivery Pressure Range 
kPa bar (g) psig 

8L-350 14-104 0.14-1.04 2-15 
8-350 28-340 0 .28-3.4 4-50 
8H-350 69-690 0 .69-6.9 10-100 
9-350 138-1720 1.38- 17.2 20-250 

Manual Controls 

Manual flow controls are available in the form of needle 
valves to attach directly to the cylinder valve outlet. Matheson 
needle valve Model 50-350 or needle valve Model 52-350 with 
tank gauge may be used for all cylinder sizes except lecture 
bottles These valves may be equipped with a variety of outlets, 
such as a serrated hose end, 1

'•" compression fitting, or ¼" 
NPT male or female pipe Models 30 AR and 31 Bare available 
for direct attachment to lecture bottles. Needle valves are 
recommended for manual flow control but require constant 
superv1s1on They should not be used as pressure controls 
since dangerous pressures may develop if a line or system 
becomes plugged. 

Flowmeters 

Matheson Series 7600 laboratory brass flowmeter units with 
1 50 mm tubes and floats or Matheson 7200 laboratory brass 
units with 65 mm tubes with a single float are recommended 
for use where definite flow rates must be known . 

Electronic mass flowmeters, such as Matheson Series No 
8116 and No. 8160, should be used where accurate reading~ 
required Calibration Is unaffected by temperature and pres­
sure ~hanges, and flow rates may be recorded from the instru­
ment s electrical output 
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Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 31 6 stainless steel and 
Series 8260 of type 316 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera­
ture changes . These mass flow controllers consist of a trans­
ducer, a control valve, a blind controller /power supply, a 
potentiometer and a digital indicator. The transducer senses 
the gas flow and sends a signal to the power supply. This 
signal and one from the potentiometer are compared. If there 
is an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 
imbalance. The accuracy is ± 1 .2%. 

Shipping Regulations 

Ethane is shipped as a flammable compressed gas, taking a 
" Red Gas Label ". 

Commercial Preparation 

Ethane is obtained as a petroleum product from the cracking 
of light petroleum fractions. 

Chemical Properties 

Ethane is a relatively inert saturated hydrocarbon . It is of 
minor importance chemically . None of the C-H or C-C bonds 
are attacked at ordinary temperatures by sulfuric acid or by an 
oxidizing agent such as bromine (in the dark), oxygen, or 
potassium permanganate. Ethane is similarly stable under or­
dinary conditions to reducing agents such as hydrogen in the 
presence of such catalysts as platinum, palladium or nickel. It 
can be chlorinated under appropriate conditions to give ethyl 
chloride. Ethane is attacked by oxygen at elevated tempera­
tures and, if oxygen is in excess, complete combustion occurs 
to carbon dioxide and water. 

The conversion of ethane to ethylene is highly endothermic 
and requires a greater heat input than cracking propane. 

Thermodynamic Data 

The thermodynamic properties of saturated ethane, super­
heated vapor, and compressibility data are shown in Tables 1, 
2 and 3, respectively. 

Thermodynamic and Detailed Physical Data 

Molecular Structure 

Ethane has 0 3d symmetry, a symmetry number of six, and 
the_~~llowing bond distances and angle: C-H 1 .09 A (1 .09 x 
1 O m); C-C 1.55 A (1.55 x 10- 10 m)· H-C-H 109.5° 
(1 ). ' 

Infrared Spectrum 

s F' ee igure 2 for the infrared spectrum of gaseous ethane. 

Vapor Pressure (2) 

@ -88.6 °c 
@32.4 cc 

101.325 kPa 
4 914 kPa 

3
_ For additional vapor pressure data, see Table 1 and Figure 

Matheson· 
'--.._) 

Latent Heat of Vaporization, .:1Hv 

@ -88.6 cc 14.715 kJ / mol; 
489.4 kJ/kg; 

3 517.0 cal/mol 

For additional t.Hv data, see Table 1. 

REFERENCES 

ETHANE 

Thermodynamic Properties of Ethane As Ideal Gas @ 25 cc 
(3) 

Heat Capacity, c~ 
Entropy, S0 

Enthalpy Difference, H~gs - H8 
Enthalpy of Formation, .:1H? 

52.635 J / (mol- °K) 
229.492 J / (mol- °K) 

11 .950 kJ / mol 
-84.683 kJ / mol 

1 For extensive tabulations of the thermodynamic and physical properties of ethane, see W. Braker and A L. Mossman, The Matheson Unabridged 

Gas Data Book, 1975, Matheson, East Rutherford, New Jersey. 
2 H. E. Tester, Thermodynamic Functions of Gases , F. Din, editor, 1961, Volume 3, p 194, Butterworth, Inc., Washington, 0 . C 
3 o. o. Wagman, et al., Selected Values of Chemical Thermodynamic Properties, 1968, Natl Bur. Stand. Tech . Note 270-3. U S. Government 

Printing Office, Washington, 0 . C. 

' The Sadtler Standard Spectra, 7 972, Sad tier Research Laboratories, Inc .. Philadelphia, Pennsylvan ia. 
5 See reference 2, pp. 199-201, 202-205, 21 2-21 5. 
6 See reference 2, p . 179. 
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Fig. 2. Infrared spectrum of gaseous ethane over the frequency range 3 800-450 cm 1 · 1 0 cm path length cell, with KBr 
windows; cell pressure: 8 _0 kPa (60 mmHg) (4). 

Table 1. THERMODYNAMIC PROPERTIES OF SATURATED ETHANE LIQUID AND VAPOR (12) 
Temperature Pressure Entropy J / (mol• K) Enthalpy kJ / kg Latent Heat Specific Volume m3 / kg Density kg / m3 

K OF kPa atm Liquid Vapor Liquid Vapor of Vaporiza-
Liquid Vapor Liquid Vapor tion kJ / kg 

89.88 (T.P.) -297.89 77.278 278.278 1 78.896 779.711 600.815 1 518.5 658 5 
90 - 297 .67 77_362 277.984 1 79 172 779_571 600.399 1 525_ 1 655.7 

100 -279.67 0_007 09 0 000 07 84.558 262.416 201 893 790.050 588 157 1 556.0 642.7 
110 -261 .67 0.077 01 0.000 76 91.086 248.572 224.658 800.734 576.076 1 587.0 630 1 
120 -243.67 0.350 6 0.003 46 97.069 238.446 247.493 811.728 564.235 1 618.2 618 0 
130 -225.67 1.289 0.012 72 102.591 230.455 270.438 823.124 552.686 1 649.8 606.1 
140 -207.67 3.835 0.037 85 1 07.738 224.053 293.548 835.061 541.513 1 681.4 594.7 
150 - 189.67 9.687 0.095 6 112.592 218.906 316.855 847.234 530.379 1 713.3 4.265X 10' 583.7 0 234 5 
160 -171 .67 21.481 0 212 0 117.152 214. 723 3 40.397 859.551 519 154 1 745 6 2 042x 10' 572.9 0.489 7 
170 -153_67 42.921 0.423 6 121.462 211.251 364_ 189 871 _681 507_492 1 778.8 1_077x 10'; 562_2 0_928 1 
180 -135.67 78.811 0.777 8 125.562 208.238 388.247 883.203 494.956 1 813.4 6.142x10~ 551 5 1 628 
184 52 (B .P.) -127.53 101.325 1.000 127.319 207.066 399.267 888.630 489 363 1 829.7 4.90X10' 546 5 2 041 
190 - 117.67 134.762 1 330 1 29.494 205.601 412.584 893.804 481.220 1 850.0 3.80X 10 540 5 2 632 
200 -99.67 217.464 2.146 133.302 203.342 437 226 903.170 465 944 1.889 9 2 45 X 1 0 " 529 1 4 082 
210 -81.67 334 069 3.297 136.984 201.376 462.244 912.103 449.859 1 934 5 1.61x10 516 9 6 211 
220 -63.67 492 237 4 .858 140.541 199.702 487_ 791 920_773 432.982 1 984 7 1.11X10 503 9 9 091 
230 -45 67 700 358 6 912 144 056 198 238 514 019 928 590 414 571 2 041 9 78 417 489 7 12 75 
240 -27 67 967.755 9 551 14 7 528 196.899 541 068 935.130 394 062 2 107 1 56 934 474 6 17 56 
250 -9.67 1 302.03 12.85 150.959 195.560 569.090 939.627 370 537 2 182 2 42 168 458 3 23 71 
260 8.33 1713.41 16.9 1 154.390 194.221 598.409 942.674 344 265 2 271 7 31 600 440 2 31 65 

270 26.33 2 208.88 21.80 157.904 192 84 1 629 396 942.631 313 235 2 381 4 23 788 419 9 42 04 
280 44 33 2 801.64 27.65 161 .544 191 .376 662.679 940.544 277 865 2 522.4 17 865 396 4 55 98 
290 62 33 3 510.91 34 65 165.435 189 242 699 841 929 511 229 670 2 743 3 12 966 364 5 77 12 
300 80 33 4 366.09 43 09 171.167 184 849 755 055 891.747 136 692 3 162 3 8 390 316 2 119 2 
305 5 (C P.) 90.23 4 914.26 48 5 178 490 835 340 0 000 4 713 0 212 18 
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Table 2. THERMODYNAMIC PROPERTIES OF ETHANE AS REAL GAS (5) 
ENTHALPY, H, KJ / MOL; ENTROPY, S, J/ (MOL- ° K) ; SPECIFIC VOLUME, V, DMJ / KG 

200 220 240 260 280 300 
Temperature, K 

320 340 360 I 380 400 

101 .325 

t 
H 27.391

1 
28.269 , 29221 3 .141 31139 ' 32182 33273 1 34413 , 35602 36841 38 .130 ' 39469 40859 1 42.299 43788 45 3 26 

1 Is 121 o 3751214 .559 218 543 222 363 1225 oe2 229 664 1233 .187 236 643 240 036 243 383 246 688 249 961 253 191 256 387 1259 558, 262 696 
V 531 .8 588 .5 644 9 i 701 0 756 8 !812.4 867.8 1923.1 978 3 1 033 1 1 088 1 143 1 198 1 253 1 308 1 363 

420 440 460 480 500 

202 650 

t 

+H 2721t 28131 29078 30.054 ,. 31.065 32118 ~ 33216 34362+ 35.557 36.801 38.094 39.436 + 40828 42271 +- 43.762 45303 
2 /s 203 961 / 208 .343f 212 451 215_3541220.104 223 739 221 292 230.769 /234.178 237.538 240 852 244 133 [241 310 250.575 253.741 255 893 

V 258 0 287 9 317 3 346 2 374 8 403 1 1431 .2 459 3 487 1 514 9 542 6 570 2 597 8 625.4 653.0 680 5 
+- ~ + t ♦ + ' + -· 

27.990 28.968t 29966 309901 32054 33.161 [ 34.313 355131 36761 38.059 39403 40798 42243 43737 45281 
204 5311 208 781 212 778_216 581 220.255 223.831 227.334 1230 761 234 128 237 450 _240 735 243 982 247 191 250.370 253 517 

H 
3 S 303 975 

V 
+ 

506 625 
H 

5 S 
V 

+ 

1 013 2501 
H 

10 S 
V 

2533.125 H 
25 S 

V 
I 

5 066 250 
H 

50 S 
I V 
+-

H 
1 0 1 32 500 1 00 S 

V 

H 
1 5 1 98 7 50 1 50 S 

../ 4~ 
H 

20 265.000 2001 ~ 

!5 331 25j 250 ~ 
-~ +-~ -

H 
:0 397 .500 300 S 

- ~ 
5 463. 750 

350 ~I 
H 

0 530 000 400 s 
V 

H 
5 596 250 4 50 s 

V 
- - - -

H 
0 662.500 500 s 

V 

1187.7 2079 227.8 247.4 266.7 2857 3046 3233 3420 J3607 3792 3977 4162 4347 4531 

28.739f 29.783 30 838 +- 31 923 f 33.049 34 216 35 426 36 683 37 987 39 340 40.740 42 189 43 688 45 .237 
. 203.887 208 033 211 936 ,215.690 219.329 222.873 226 333 229 726 233 074 236.375 1239 631 242.851 246 040 249 195 
1202 1331 1454 157.4 1692 

1
180.9 1924 2038 215.1 226.4 2376 2488 2600 271.1 ~ +- +- j j t -

29278 30 4 32 3 1.589 32765 33969 35207 36 489 37815 1 39186 40601 42062 43570 45125 

l 1200.887 205 167 209.160 21 2 948 216 601 220 150 223.614 227 .011 230 350 233 639 236 889 240 099 243 270 
6171 6865 7518 8184 8803 9410 100.1 106.0 1118 1176 123.3 1290 1347 

t +- 28 852 39.40 1 31 805 33 166 34 522 35 .889 37 288 38 713 40 177 41 681 43 222 44.800 
193 263 198.614 203 146 207 .271 211 163 214 869 218 ,4381221.910 225 317 228656 231 940 235170 

t ~ +-

I 
t ~ +-

I 
~ ~ + 

I I I 

r r r 
-1 1 

I + +- -

I 
I 1 T --

I 
-+· -L- --, 

- -- I-- -

-

21 28 25 .52 28 .98 32 10 35 02 37.80 40 46 43 .03 45 55 48 03 so 47 52 88 

29.373 31.457 33 168 34766T 36324 37 .874 ( 39433 41 01 4

1
42621 44250 I / / 191339 197.669 202568 206.890 2 10.886 21 4 664 218 296 221 .811 225229 228.576 I - - . 

1 1012 1294 t 1509 16.90 1855 20.10 24 .34 25.6, +-

I 
t 

I 
t 

~ .. 

~ 

~ 

~ 

-+ 

I 
+ 

-+ 
~ 

- --

- -

-

21 .57 22 .98 

37 876 39 6S3 
I 

24 106 26 860 296 94 7 32.086 34.162 36.063 _ _ -- - - - 41 .420 4 3 1 i 
172103 181042 189150 195.635 200_953 205589 209 .811 2 13751 J217509 22111 

3 08 3 92 5.27 6 .60 7 78 882 r 9 .75 10.63 t 1144 12 .2. -
23 630 25 671 27.876 30.157 32 .370 3 4 .472 36 471 38 408 40.3 10 4 2 1 I 

169 853 176 037 182 372 188.523 194.158 1 99 263 203 944 208.276 2 12.321 2161! 2 73 3 06 3 .53 4 .14 4 81 5 50 6 .16 6 78 7 .38 7.9! 
23 49) 25 33/ 27.268 

~ --29.298 31.369 33.434 35.465 37 4 59 39.430 41.31 1 68 1 71 173.741 179.280 184.765 190.088 1 95 11 6 199.836 204 275 208.467 21 2 .4! 2 55 2 .76 3 .03 3 .37 3 77 4 20 4 .65 510 5 .55 5 _9; - - - ~ 

23.473 25.2 10 27.020 28.904 30.852 32.834 34.823 36.813 38 798 40 7 166 925 172. 189 177.359 182.452 1 87.448 192.292 196.916 201 .334 205 555 209 .5! 2 45 2 .61 2 .81 3.04 3 .31 3 .61 3 .9 ?, 4 26 4 59 4 .9: - ~ ..,_ ~--23 518 2 5 193 26.924 28.723 30.586 32.497 34.437 36 391 38.357 40 3. 165.912 17 1 001 175.945 180. 799 185.577 190.238 194.749 199 096 203.292 207 .3 : 2 .38 2 .52 2 67 2 .85 3 .05 3 .27 3 .51 3 76 4 03 4 .2! - I- --23.5991 25 .234 26.913 28 648 30.450 32 .310 34 207 36 131 3 8 0 76 40.0 165 051 170 .004 174.8 20 179.523 184 .138 188.665 193.067 197.338 201 4 8 9 20 5 51 
2 .33 2 .44 2. 57 2 7 1 2 .87 3.05 3 24 3 44 3.6 5 3.8 --i - - - ~--23.707 25.314 26 .958 27. 141 30.400 3 2 22 1 34 086 35 979 37 900 39 .81 

164.285 169.155 173.858 178.456 182.971 187 .398 191 711 195908 199.9 99 203.91 2 .28 2.3 8 2 .49 2 .61 ~ 2 .75 2.89 3 05 3 22 3 .39 3 _5 ; 
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ETHYLACETYLENE 
(Synonym: 1-Butyne) 

(Formula: CH3CH2C:CH) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of CH3CH2C:CH 
Specific Volume @ 21.1 °C, 101.325 kPa 
Vapor Pressure @ 21 .1 °C 
Boiling Point @ 1 01 .325 kPa 
Triple Point 
Absolute Density, Gas@ 101 .325 kPa@ 25 °C 
Relative Density, Gas@ 101 .325 kPa@ 25 °C (Air = 1) 
Density, Liquid @ Saturation Pressure @ 8.1 °C 
Critical Temperature 
Critical Pressure 

Critical Volume 
Critical Density 
Critical Compressibility Factor 
Latent Heat of Fusion@ -125.7 °C 

Molar Specific Heat, Gas@ 101 .325 kPa @ 15.6 °C 
@ Constant Pressure 

@ Constant Volume 

Specific Heat Ratio, Gas@ 101.325 kPa @ 15.6 °C, Cp/ Cv 
Molar Specific Heat , Liquid @ 6.8 ° C 

Viscosity, Gas @ 101.325 kPa@ 20 °C 

Viscosity, Liquid @ O °C 

Thermal Conductivity, Gas @) 101 .325 kPa@ 25 °C 

Thermal Conductivity, Liquid @ 0 °C 

Surface Tension @ O °C 
Heat of Combustion , Gas @ 25 °C and Constant Pressure 

Gross, to form H20 (liq) + CO2 (gas) 
Net, to form H20 (gas) + CO2 (gas) 

0 .054 092 kg 
0.054 092 kg 
449.5 dm kg, 7.2 ft 3/ lb 
159.9 kPa; 1 .6 bar, 23 .2 psia; 1 .58 atm 
281 .22 K, 8 .1 C, 45.5 F 
14744 °K;-125.7 C;-1943 F 
2.282 kg / m 3 

1.93 
0.670 kg / I 
463.70 ° K; 190.6 C, 375 .0 F 
4 863.6 kPa; 48 .64 bar, 705.4 psIa , 

48.0 atm 
4 .001 dm / kg 
0.249 9 kg dm 3 

0 .273 
6 029.3 J / mol: 111 .5 kJ kg; 1 441 .0 

cal mol 

79.5 kJ / (kmol -° K); 79.5 J (mol • K); 
19.00 cal (mol - C) 

71.2 kJ (kmol- K) . 71.2 J (mol-K), 
17 .02 cal (mol - C) 

1 .11 7 
132.42 kJ (kmol- K); 132.42 J (mol-

0K); 31 .65 cal mol- °C) 
0.007 27 mPa-s, 0 007 27 mN-s / m"; 

0 .007 27 cP 
0.248 mPa-s, 0 .248 mN-s / m"; 0.248 

cP 
0 .013 6 W / (m- °K); 32.5 X 10 E cal­

cm / (s -cm2-0C) 
0.133 9 W / (m- ° K); 32.0 X 10 6 cal-

cm / (s-cm2• C) 
20.5 mN m, 20 5 dyn /cm 

2 596. 76 kJ / mol 
2 464.71 kJ / mol 

Description Specifications 

Ethylacetylene is a colorless, flammable, relatively nontoxic 
gas at room temperature and atmospheric pressure. with an 
odor resembling that of acetylene. It 1s shipped as a liquefied 
gas under its own vapor pressure of 59 kPa (8.5 ps1g) at 2 1 .1 

C. 
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Ethylacetylene has a minimum purity of 95 0 ° 

Uses 

Ethylacetylene is used chiefly 1n organic synthesis . 
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ETHYLACETYLENE 

Toxicity 

The toxic ity of ethylacetylene has not been thoroughly inves­
tigated It probably has some anesthetic actIvIty and can act as 
a simple asphyx1ant by displacing the necessary amount of 
oxygen to support life. 

Precautions in Handling and Storage 

The hazards In handling ethylacetylene are mainly due to its 
flammability. Store and use cylinders of ethylacetylene in well­
ventilated areas away from heat and all sources of ignition such 
as flames and sparks. Never use flames to detect flammable 
gas leaks, use soapy water. Do not store reserve stocks of 
cylinders of ethylacetylene with cylinders containing oxygen, 
chlorine, or other highly oxId1zing or flammable materials. 
Ground all lines and equipment used with ethylacetylene. 

In add1t1on, the general rules listed in Appendix I should be 
observed. 

Leak Detection 

Leaks In lines and equipment containing ethylacetylene may 
be detected by applying a soap water solution to the suspected 
points; leaks will be 1nd1cated by a bubble formation . 

Disposal of Leaking Cylinders 

Cylinders containing ethylacetylene which develop leaks that 
cannot be corrected normally may be disposed of by the 
procedure described in Appendix II-A. 

Materials of Construction 

Steel and stainless steel are satisfactory for handling 
ethylacetylene Copper or metals capable of forming explosive 
acetyl1des should not be used with ethylacetylene either in 
process lines or in control equipment. 

Cylinder and Valve Description 

Ethylacetylene Is packed In DOT approved, low pressure 
steel cylinders Cylinders of ethylacetylene are equipped with 
valves having Compressed Gas Association (CGA) valve outlet 
connection No. 510, the approved standard, which has a 
thread size of 0 .885 inch diameter, with left-hand internal 
threads accepting a bullet-shaped nipple (see Figure 1 ). Lee-

Fig. 1. CONNECTION 510 885"- 14 LH INT. accepting a Bullet Shaped 
Nipple 

lure bottles have a special ~ 16 inch-32 threads per inch female 
outlet and a 91

1 b inch-1 8 threads per inch male dual valve outlet. 

Safety Devices 

Cylinders of ethylacetylene have, as safety devices, spring­
loaded safety relief valves This type of device will release gas 
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if the cylinder pressure becomes excessive, and will close 
when the pressure is restored to a safe value. 

Recommended Controls 

Manual Controls 

Matheson needle valve Model 61-510, of stainless steel , is 
available for direct attachment to the cylinder valve outlet. This 
valve may be equipped with a variety of outlets, such as a 
serrated hose end, ¼" compression fitting, or ¼ " NPT male or 
female pipe. A Model 32 manual needle valve can be supplied 
for use with lecture bottles. 

Flowmeters 

Matheson Series 7600 laboratory stainless steel flowmeter 
units with 150 mm tubes and floats or Matheson 7200 labora­
tory stainless steel flowmeter units with 65 mm tubes with a 
single float are recommended for use where definite flow rates 
must be known. 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 stainless steel and 
Series 8260 of type 316 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera­
ture changes. These mass flow controllers consist of a trans­
ducer, a control valve, a blind controller / power supply, a 
potentiometer and a digital indicator. The transducer senses 
the gas flow and sends a signal to the power supply. This 
signal and one form the potentiometer are compared. If there 
is an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 
imbalance. The accuracy is ± 1 .2% . 

Shipping Regulations 

Ethylacetylene is classified by the DOT as a flammable liquid, 
and is shipped with the required " Red Label " . 

Commercial Preparations 

Ethylacetylene is prepared by reacting sodium acetylide with 
diethyl sulfate. It may also be obtained by treating 1 ,2- or 1, 1-
dibromobutane with alcoholic potassium hydroxide. 

Chemical Properties 

Ethylacetylene exhibits the typical properties of acetylenes. 
For more complete data see the chemical properties of acety­
lene, contained in the Matheson Unabridged Gas Data Book. 

Thermodynamic and Detailed Physical Data 

Molecular Structure 

The atomic parameters for this linear molecule are as follows 
(2): - C- C= 1.462 A (1 .462 x 10- 10 m); - C= C- 1.207 A 
(1.207 x 10- 10 m); = C- H 1.06 A (1 .06 x 10- 10 m);-C- C-
1.54 A (1 .54 x 10- 10 m); methylene C- H 1 .1 A (1 .1 x 10- 10 

m); methyl C- H 1.09 A (1.09 x 10- 10 m). 
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Infrared Spectrum 

See Figure 2 for the infrared spectrum of gaseous ethyla­

cetylene. 

Vapor Pressure 

Vapor pressure values between 194.40 and 282.71 °K are 

listed below (2). 

Temperature, Vapor Pressure 
OK kPa mbar mmHg 

194.40 0 .523 5.2 3 .92 

204.25 1 .232 12.3 9.24 

214.44 2.738 27.4 20.54 

224.48 5.552 55.5 41.64 

236.75 11 .952 119.5 89.65 

249.30 23.974 239.7 179.8 

258.72 38.314 383.2 287.4 

267.32 56.847 568.5 426.4 

275.88 81 .807 818.1 613.6 

281 .22 101 .304 1 013.0 759.8 

282.71 107.346 1 073.5 805.2 

Temperature, Vapor Pressure 

K kPa bar atm 

293.1 5 153.102 1.53 1 .511 

298.1 5 179.953 1.80 1 .776 

313.15 279.252 2 79 2 .756 

333 15 482 .611 4 .83 4 .763 

353 15 813.538 8 .14 8 .029 

373.15 1 241 .029 12.4 12.25 

393 .15 1 702.969 17.0 16.81 

413.15 2 507.719 25.1 24.77 

433.15 3 378.378 33.8 33 34 

453.15 4 309.251 43 .1 42.53 

See Figure 3 for vapor pressure vs. temperature curve. 

Latent Heat of Vaporization , ~Hv (2) 

Temperature, °C 

-10.6 
3 .8 
8 .2 

~Hv, kJ / kg 

476.99 
458.54 
453.56 

Values above 101 .325 kPa (1 aim) are Vapor pressure Thermodynamic Properties of Ethylacetylene As Ideal Gas 

shown below (3). 

Temperature, 
OK 

281 .23 
283.15 

Vapor Pressure 
kPa bar 

1 01 .325 
113.788 

1.013 
1 .14 

atm 

1.000 
1 .123 

Heat Capacity, C~ (1) @ 25 oc 81 170 J / (mol~ oK) 
Entropy, 5 ° (2) @ 8 .1 °C 291 .28 J / (mol- K) 
Enthalpy of Formation, ~Hf (4) 165.18 kJ / mol 

@ 25 °C 
Free Energy of Formation, 6Ff 202.09 kJ / mol 

(4) @ 25 °C 

REFERENCES B k d A L. Mossman, The Matheson . b 1 1. of the thermodynamic and physical properties of e thylacetylene. see W. ar er an 1 For extensive ta u a ions 

d d G D ta Book 19 75 Matheson East Rutherford . New Jersey 
Unabn ge as a • ' ' 5287 5291 (1950) 

I d G W Moessen J Amer Soc 72. -
, J . G. Aston, S . V. R. Mastrange o, an . . , . I 1 21 Gulf Publishing Co., Houston , Texas 

1 R. W. Gallant. Physical Properties of Hydrocarbons, 1968, Vo ume . p. C, 196 t P 29 American Petroleum Institute , New York , New York 
• C. E. Miller and F . o. Rossini , Physical Cons tants of Hydrocarbons, C, to ,o, , • 
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ETHYL CHLORIDE 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of C2H5 CI 
Specific Volume @ 21 .1 °C, 101.325 kPa 
Vapor Pressure @ 21 .1 °C 

Boiling Point@ 101 .325 kPa 
Freezing Point 

Absolute Density, Gas@ 101.325 kPa@ 25 °C 
Relative Density, Gas @ 101.325 kPa@ 25 °C (Air = 1) 
Density, L1qu1d @ Saturation Pressure @ 25 °C 
(For additional l1qu1d density values, see Table 1.) 
Critical Temperature 
Critical Pressure 

Critical Volume 
Critical Density 
Critical Compressibility Factor 
Latent Heat of Fusion @ -136.4 °C 

Flammable Limits In Air 

0.064 515 kg 
0.064 515 kg 
374.6 dm3 /kg; 6 ft3 / lb 
137.9 kPa; 13.8 bar; 20.0 psia; 1 .36 

atm 
285.42 °K; 12.3 °C; 54.1 ° F 
136.75 °K; -136.4 °C; -213.5 °F 
2.642 kg/m3 

2.23 
0.890 9 kg/I 

460.35 °K; 187.2 °C; 369.0 ° F 
5268.9 kPa; 52. 7 bar; 764.2 psia; 52 .0 

atm 
3.100 dm3 / kg 
0.3226 kg/dm3 

0.275 

4 451.8 J/mol 69.004 kJ / kg; 1 064.0 
cal/mol 

Molar Specific Heat, Gas @ 101.325 kPa @ 25 °c @ Constant 
Pressure 

3.8-15.4% (by volume) 

65.73 kJ / (kmol-°K); 65.73 J / (mol. ° K) 
15.71 cal/(mol-C 0

) 
Molar Specific Heat, L1qu1d @ 6.8 °C 

Viscosity, Gas@ 101.325 kPa@ 20 °c 

Viscosity, Liquid @ o °C 

Thermal Conductivity, Gas@ 101 .325 kPa@ 25 oc 

Thermal Conductivity, Liquid @ o 0 c 

Surface Tension@ o °C 
Solubrl1ty in Water@ 101 .325 kPa@ o 0 c 
Auto1gnit1on Temperature 
Refractive Index, n0 

Vapor@ 25 °C 
Liquid@ 0 °C 

Dielectric Constant 
Vapor @ 23.5 °C 
Liquid @ 1 70 °C 

Description 

. At room temperature and atmospheric pressure eth I hi 
nde 1s a colorless, flammable gas with a P ' Y c o-

ungent, ethereal 
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102.090 kJ / (kmol- °K); 102.090 J / 
(mol- °K); 24.400 cal / (mol - ° C) 

0.009 50 mPa-s; 0.009 50 mN-s/ m2· 
0.009 50 cP ' 

0.331 mPa-s; 0.331 mN-s/ m2; 0 .331 
cP 

o.011 088 W /(m. oK); 26.5 x 1 o-6 cal. 
cm/(s-cm2.°C) 

0.129 703W/(m.oK);310.0x 10- Bcal-
cm/ (s • cm2 • °C) 

21.5 mN/m; 21.5 dyn / cm 
o.44 7 kg C2HsCI/ 100 kg H O 
792 OK; 519 oc; 966 OF 2 

1.001 
1.379 8 

1.01285 
6.29 

odor. Ethyl chloride ha • 
. s narcotic properties, but over-exposure 

can cause toxic effects It . . . 
t 

1 
• is readily llquefied and is shipped in 

s ee cylinders and drums as 1· 'd a 1qu1 under its own vapor 
pressure of 37 kPa (5.36 psig) at 21 .1 oc. 

Specifications 

Matheson supplies ethyl chloride having a minimum purity of 
997% (liquid phase). 

Uses 

Ethyl chloride is used industrially as a refrigerant, as an 
intermediate in organic synthesis, as a local anesthetic in 
medicine and dentistry, as a solvent for phosphorus, sulfur, 
fats, oils, resins, and waxes, and for the manufacture of tetra­
ethyllead and ethylcellulose. 

Toxicity 

Ethyl chloride has narcotic properties, but over-exposure 
can cause toxic effects. The effects of ethyl chloride in man 
are shown in the following table (2). 

Concentration 
ppm 

40 000 

33 600 
25 000 
20 000 

19 000 
13 000 

Effects 

After 2 inhalations, stupor, irritation of the 
eyes, stomach cramps 

After 30 sec. quickly increasing toxic effect 
Lack of coordination 
After 4 inhalations, dizziness and slight ab­

dominal cramps. 
Weak analgesia after 1 2 minutes 
Slight symptoms of poisoning 

Ethyl chloride is the least toxic of all the chlorinated hydro­
carbons. The 1979 ACGIH has established a Threshold Limit 
Value (TL V) of 1 000 ppm (2600 mg / m3

) for ethyl chloride. 
Because of its very rapid evaporation, ethyl chloride has a 

marked cooli_ng effect on the skin. Continued contact with rapid 
evaporation from the skin can produce frostbite . Aside from 
this it acts only as a mild and temporary irritant to the skin or 

mucous membranes. 
When ethyl chloride is decomposed by heat, hydrochloric 

acid may be one of the decomposition products. This, 1f inhaled, 
is a marked irritant to the respiratory mucous membranes. 

There are no serious health hazards in connection with the 
use of ethyl chloride if good ventilation is provided. 

First Aid Suggestions (3) 

Summon a physician for anyone who has been overcome by 

ethyl chloride . 
Prior to the physician 's arrival first aid measures should be 

taken. Those presented herein are based on what is believed 
to be common practice in industry. Their adoption in any 
specific case should be subject to prior endorsement by a 
competent medical advisor. 

Usually, recovery is prompt, if the victim is quickly removed 
to fresh air. If the exposure has been extreme and extended, 
and the victim is unconscious and breathing has stopped, 
artificial respiration should be started immediately. Oxygen 
should be administered by trained personnel only. 

In case of severe exposure, and especially if ethyl chloride 
may have been decomposed by heat with the formation of 
hydrochloric acid, pulmonary edema may develop. After such 
exposure , inhalation of 100% oxygen is indicated . The patient 
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should breathe 1 00% oxygen under pos1t1ve exhalation pres­
sure tor one-half hour periods every hour for at least 3 hours. 
If there are no signs of lung congestion at the end of this 
period , and 1f breathing is easy and the color is good, oxygen 
inhalation may be discontinued. Throughout this period, the 
patient should be kept comfortably warm, but not hot 

Any stimulants tor shock treatment should be given only by 
the attending physician . Never give anything by mouth to an 
unconscious patient. 

Precautions in Handling and Storage 

Cylinders should be firmly supported to prevent movement . 
The cylinder should be grounded to discharge any static elec­
tricity . All connections should be made tight. Work should be 
done in a well-ventilated area, preferably a hood with forced 
ventilation. The cylinder should never be directly connected to 
a container of liquid, since suckback can occur causing a 
reaction within the cylinder . To prevent suckback, a trap, 
check-valve , or vacuum break should be inserted into the line. 
An air-line or oxygen mask should be kept close by the oper­
ations site, in an area not likely to be contaminated, to be used 
in case of emergency. Because of fire and explosion hazards, 
cylinders of ethyl chloride should be stored and used only 1n 
well-ventilated areas away from heat and all sources of ignition 
such as flames and sparks. Never use flames to detect ethyl 
chloride leaks, use soap water solution. Do not use ethyl 
chloride around sparking motors or other non-explosion-proof 
equipment. Do not store reserve stocks of ethyl chloride cyl­
inders with cylinders containing oxygen, chlorine, other highly 
oxidizing or flammable materials. Safety showers should be 
readily available, and fire-fighting hand operated extinguishers 
of an approved type should be placed in strategic locations. 

In addition, the general rules listed in Appendix I should be 
observed . 

Leak Detection 

All fittings and joints should be painted with soap solution to 
detect leaks, which will be indicated by bubble formation . 
Never use a flame to detect leaks. 

A commercial, explosion-proof combustible gas 1nd1cator 
should be available to determine ethyl chloride vapor concen­
trations in manufacturing buildings or around equipment which 

is to be repaired or to locate sources of small leaks. 

Disposal of Leaking Cylinders 

Cylinders containing ethyl chloride which develop leaks that 
cannot be corrected normally may be connected with the 
appropriate needle valve and the vapor or liquid absorbed in a 
suitable organic solvent, e.g . , methanol , methylene chloride, 
chloroform, carbon tetrachloride, or benzene. The solution can 
then be disposed of or used for recovery of the ethyl chloride. 

Materials of Construction 

Since ethyl chloride 1s a noncorrosive gas, any common or 
commercially available material may be used, provided the 
system is dry; moisture will cause the development of corrosive 
conditions, especially at higher temperatures. Piping systems 
or vessels to contain ethyl chloride should be adequately 
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designed and totally enclosed for processes using ethyl chlo­
ride as an intermediate. Appropriate relief devices should be 
installed to prevent excessive pressure from building up 

Cylinder and Valve Description 

Ethyl chloride ,s shipped in DOT approved, low pressure 
steel cylinders and drums. Cylinders of ethyl chloride are 
equipped with brass valves having Compressed Gas Associa­
tion (CGA) valve outlet No 51 Oas standard , or the No. 300 as 
alternate, with a thread size of 0 885 inch diameter, right-hand 
external threads. accepting a bullet-shaped nipple. (See Figure 
1 for an illustration of this valve outlet and ,ts mating connec­
tion). Lec ture bottles have a special ~,16"-32 threads per inch, 

)t JTLE 

885 
I 8 

roNNECT10ri 

Fig. 1. CONNECTION 510 885"-14 LH INT accepting a Bullet Shaped 
Nipple 

female valve outlet and a 9/16"-18 threads per inch male dual 
valve outlet 

Safety Devices 

No safety devices are used on drums of ethyl chloride. Do 
not store drums near any sources of heat Cylinders are 
equipped with valves having fuse plug safety devices. 

Recommended Controls 

Manual Controls 

Matheson needle valve Model 50-300, a brass bar stock 
valve, 1s available for direct attachment to the cylinder valve 
outlet This valve may be equipped with a variety of outlets, 
such as a serra led hose end, 1 .• " compression f1tt1ng, or 114 

11 

NPT male or female pipe A Model 31 B manual needle valve 
can be supplied for use with lecture bottles. 

Flowmeters 

M atheson Series 7600 laboratory brass flowmeter units with 
150 mm tubes and floats or Matheson 7200 laboratory brass 
flowmeter units with 65 mm tubes with a single float, are 
recommended for use where definite flow rates must be known. 

Electronic mass flowmeters. such as M atheson Series No. 
8116 and No 8160, should be used where accurate readings 
are required. Calibration 1s unaffected by temperature and 
pressure changes, and flow rates may be recorded from the 
instrument's electrical output 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 stainless steel and 
Series 8260 of type 316 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera­
ture changes These mass flow controllers consist of a trans-
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ducer, a control valve. a blind controller / power supply, a 
potentiometer and a digital indicator. The transducer senses 
the gas flow and sends a signal to the power supply. This 
signal and one from the potentiometer are compared. If there 
is an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 
imbalance. The accuracy is ± 1 .2%. 

Shipping Regulations 

Ethyl chloride is classified by the DOT as a flammable liquid 
and is shipped with the required " Red Label ". 

Commercial Preparations 

Ethyl chloride is obtained as a by-product in the manufacture 
of chloral. It is also obtained by passing hydrogen c hloride into 
a mixture of ethyl alcohol and zinc chloride and by treating 
ethylene with hydrogen chloride at -80 °C in the presence of 
aluminum chloride and ethyl chloride as a solvent. It may also 
be prepared by treating ethyl alcohol with phospho rus trichlo­
ride or thionyl chloride. It is also prepared by vapor phase 
hydrochlorination of ethylene at 125-250 °C under a variety 
of catalytic conditions. 

Chemical Properties 

In the series of normal saturated alkyl chlorides, bromides, 
and iodides, the methyl compound 1s the most reactive and the 
reactivity remains essentially constant from the ethyl homolog 
on. Also. in the same series, the iodide is more reactive than 
the corresponding bromide which in turn is more reactive than 
the chloride. In general, the alkyl halides react with magnesium 
(Grignard), reducing agents, sodium (Wurtz), sodium alkoxides 
(Williamson), alcoholic potassium hydroxide (formation of al­

kenes), and silver hydroxide (alcohol formation). They also 
react with the sodium derivatives of malonic and acetoacetic 
esters, with potassium hydrosulfide, ammonia, lithium, zinc, 
metal cyanides, and with salts of carboxylic acids. However, n­
and sec-alkyl halides are hydrolyzed less readily than tert-alkyl 
halides. 

Thermodynamic and Detailed Physical Data 

Molecular Structure 

Ethyl chloride is a polar, nonlinear molecule o f D3 d symmetry, 
having the following interatomic distances: C- C: 1 .54 A (1 .54 
x 10-

10 
m); C- H: 1.09 A (1 .09 x 10- 10 m); C- CI: 1.75 A 

(1 .75 X 10- 10 m) (1 ). 

Infrared Spectrum 

See Figure 2 for the infrared spectrum of gaseous ethyl 
chloride . 

Vapor Pressure 

Vapor pressure values up to 101 .325 kPa (1 aim) (760 

mmHg) have been calculated by the following Antoine vapor 
pressure equation (4): 

log10P = A --
8
- ort = B - C 

C + t A - log1 0P 
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ETHYL CHLORIDE 

,n which p = mmHg and t = °C , and the constants A , B , and 
C have the values of 6.949 14, 1 01 2 . 771 and 236 67 re­

spectively . 
The following vapor pressures have been calculated by the 

above equation. 

Temperature, Vapor Pressure 
OK kPa mbar mmHg 

206.7: 1.333 13.3 10 

215.79 2.666 26.7 20 

221 .56 4 .000 40.0 30 

225.89 5.333 53.3 40 

229.38 6 _666 66.7 50 

232.34 7.999 80.0 60 

237.19 10.666 106.7 80 

241 .1 2 13.332 133.3 100 

248.67 19.998 200.0 150 

254 .37 26.664 266.6 200 

259.01 33.331 333.3 250 

262.95 39.996 400 0 300 

269.46 53.328 533.3 400 

274.77 66.661 666.6 500 

279.29 79.993 800.0 600 

283.25 93.326 933.3 700 

285.42 101 .325 1 d 1 3 .25 760 

Vapor pressure values above 101 .325 kPa (1 aim) are listed 

below (5). 

Temperature, Vapor Pressure 
OK kPa bar mmHg 

286.79 106.658 1.07 800 

292.93 133.321 1.33 1 000 

304.90 199.983 2 .00 1 500 

337.15 506.625 5 .07 3 800 

365.75 1 013.250 1 0 .1 7 600 

400.45 2 026.500 20.3 15 200 

422 .65 3 039.750 30.4 22 800 

440.15 4 053.000 40.5 30 400 

453.65 5 066.250 50.7 38 000 

460.35 (C.T.) 5 268.900 52 .7 39 520(C .P) 

For add1t1onal vapor pressure data, see Figure 3 . 

Latent Heat of Vaporization, ~Hv (1) 

Temperature, °C 

0 
12.3 
20 

~Hv, kJ / kg 

392.05 
382 .11 
375.66 
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Thermodynamic Properties of Ethyl Chloride As Ideal Gas 
@, 25 °C (4 ) 

Heat Capacity, c~ 
Entropy, S 0 

REFERENCES 

62. 760 J/(mol -°K) 
275 934 J/(mol . °K) 

Enthalpy Difference, H~9s - Hg 
Enthalpy of Formation, JiH~ 
Gibbs Energy of Formation, AG~ 

13.292 kJ / mo/ 
-107.529 kJ / mol 
-55.64 7 kJ / mol 

' For extensive tabulations of the thermodynamic and physical properties of ethyl chloride, see W. Braker and A. L. Mossman, The Matheson 
Unabndged Gas Data Book, 19 75. East Rutherford, New Jersey. 

K B Lehmann and F Flury, Toxicology and Hygiene of Industrial Solvents, 1934, translated by E. King and H. F. Smyth. Jr, Williams and 
Wilkins, Baltimore, Maryland. 

· Data Sheet SD-50, Manufacturing Chemists · Association, Inc., Washington, D. C. 

• B J Zwolinski, et al., Selected Values of Properties of Chem,cal Compounds, 1968, Thermodynamics Research Center, Texas A & M Universily, 
College Station, Texas 

Chemical Engmeers Handbook, 4th edition, R H. Perry, C. H. Chilton, and S. D Kirkpatrick, editors, 1963, p. 3-60, McGraw-Hill Book Co , 
Inc , New York, New York 

' The Sadtler Standard Spectra, 1972, Sadl ier Research Laboratories, Inc., Philadelphia, Pennsylvania. 
See reference 5, p 3-164 . 
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ETHYLENE 

PHYSICAL PROPERTIES (1) 

Molar Mass 

Molecular Weight 
One Mole of C2H4 

Specific Volume @ 21 .1 °C, 101.325 kPa 

Boiling Point @ 101.325 kPa 
Tnple Point 

Temperature 
Pressure 

Absolute Density, Gas@ 101.325 kPa@ o °C 
Relative Density, Gas @, 101 .325 kPa@ o 0 c (Air = 1) 
Density, Liquid @ Saturation Pressure @ -103. 7 °C 

Critical Temperature 
Cnt1cal Pressure 

Critical Volume 

Cnt1cal Density 

Cnt1cal Compressibility Factor 

Latent Heat of Fusion @ -169.2 
Flammability Limits in Air 

Specific Heat, Gas@ 100 kPa (0.987 atm)@ 25 °C 
@, Constant Pressure 

@ Constant Volume 

Spec1f1c Heat Ratio, Gas@ 100 kPa@ 25 ° c, Cp/Cv 
Specific Heat, L1qu1d @ -166.5 °C 
V1scos1ty, Gas @, 101 .325 kPa@ o °C 

V1scos1ty, Liquid @ -170.0 ° C 

Thermal Conductivity, Gas@ 101 .325 kPa@ o 0 c 

Thermal Conduct1v1ty, Liquid @ -160.0 °C 

Surface Tension @, - 120 °C 

0.028 054 kg 

0.028 054 kg 

861.5 dm3 / kg ; 13.8 ft3 / lb 

169.44 ° K; -103.7 ° C; -154.7 ° F 

104.00 °K; -169.2 ° C; -272.5 ° F 

0.1 kPa; 1 .0 mbar; 0. 76 mmHg 

1.261 kg / m3 

0.975 
0.568 4 kg / I 

283.05 ° K; 9.9 ° C; 49.8 ° F 

5120 kPa; 51.2 bar; 742.1 psia; 50.5 
atm 

4.420 dm3 / kg 
0.266 2 kg / dm3 

0.270 

119.44 kJ / kg; 28.54 7 kcal / kg 
3.1-32.0 % (by volume) 

1.548 kJ/(kg- ° K) 
1.244 kJ / (kg- ° K) 

1.244 

2.464 4 kJ / kg- ° K 

0 .009 2 mPa-s; 0.009 3 cP 

0.715 mPa-s; 0.715 cP 

0 .01 7 78 W / (m- ° K); 42 .5 x 10- 5 cal. 
cm/(s • cm2 · ° C) 

0 .26987 W / (m- ° K); 645.0 x 10- 5 cal-
cm/(s- cm2 · °C) 

Solubility in Water @ 101 .325 kPa (partial pressure of c H ) @ o oc 2 4 

19.8 mN /m; 19.8 dyn / cm 

Auto1gnit1on Temperature 

Heat of Combustion, Gas@ 25 °C and Constant Pressure 
Gross, to form H 2O(11q) + CO2(gas) 

Net, to form H2O(gas) + CO2(gas) 

Description 

Ethylene Is a highly flammable colorless, nontoxic gas with 
a characteristic sweet odor and taste It Is shi.pped 
I
. 1· as a non-
Ique 1ed gas at 8274 kPa (1 200 psIg) at 21.1 °c. 

Specifications 

Matheson supplies three grades of ethylene wh1,-h 1- t 
below - are 1s ed 
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0.226 cm3 C2H4 / 1 cm3 H20 
763° K; 490.0 ° C; 914 °F 

1 41 o.9 7 kJ / mol; 337.23 kcal/mo! 
1 322-98 kJ / mol; 316.20 kcal/mo! 

1 • Research Grade 

This grade has a minimum purity of 99.98 mole %. 

2. C. P. Grade 

This grade has a minimum purity of 99.5 mole %. 

3. Technical Grade 

This grade ha · · s a minimum purity of 98.0%. 

matheson 

Uses 
Ethylene is used for accelerating the ripening of bananas. 

and maturing the color of citrus fruits . It Is also used to increase 
the growth rate of seedlings, vegetables, and fruit trees; in 
oxyethylene welding and cutting of metals; In the manufacture 
of mustard gas, ethylene oxide, ethylene glycol, ethyl alcohol, 
polyethylene, polystyrene, and other plastics; in organic syn­
thesis; and as an inhalation anesthetic. 

Toxicity (2) 

Except for its flammability and its property of causing as­
phyxiation by lowering the oxygen content of the atmosphere, 
ethylene is not hazardous. Ethylene mixed with oxygen Is used 
as an anesthetic. Its maximum permissible limit in workroom 
air should not exceed 5 500 ppm, 20% of the lower flammable 

limit. 

Precautions in Handling and Storage 

The hazards in handling of ethylene are due chiefly to its 
extreme flammability . Ground all equipment and cylinders of 
ethylene before use. Store and use ethylene cylinders in well­
ventilated areas away from heat and all sources of ignition such 
as flames and sparks. Never use flames to detect ethylene gas 
leaks, use soap water solution . Do not use ethylene around 
sparking motors or other non-explosion-proof equipment . Do 
not store reserve stocks of ethylene cylinders with cylinders 
containing oxygen, chlorine, or other highly ox1d1zing or flam­

mable materials. 
In addition, the general rules listed in Appendix I should be 

observed. 

Leak Detection 

All fittings and joints suspected of leaks should be painted 
with soap water solution; leaks will be indicated by bubble 
formation. Do not use a flame to detect leaks. 

Disposal of Leaking Cylinders 

Cylinders containing ethylene which develop leaks that can­
not be corrected normally may be disposed of by the procedure 

described in Appendix II-A. 
Alternatively, it can be dissolved in a cold organic solvent. 

e.g ., alcohol, acetone, or benzene, and subsequently re­
covered by warming or It can be absorbed in 95% sulfuric acid 
by which it is mainly converted into a mixture of diethyl sulfate 
and ethyl hydrogen sulfate, which can then be transferred to 
the plant disposal unit for neutralization and disposal. 

Analytical Detection 

Matheson has available a manually operated · Toxic Gas 
Detector" Model 8014K which provides accurate, dependable 
and reproduc ible results in determining concentrations of eth­
ylene in the range of O. 1 -1 00 ppm with the 1 088 detector 
tube. A color stain is produced in the detector tube which 
varies in length according to the concentration of ethylene 
present, the length being measured against a calibration chart 

which Is supplied . 
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Materials of Construction 

Since ethylene is a noncorrosive gas. any common or com­
mercially available metal may be used. However, piping sys­
tems, or equipment to contain ethylene should be designed to 
have a working pressure as specified by competent engineers, 
using a safety factor conforming to the ASME code for pressure 

piping. 

Cylinder and Valve Description 

Ethylene Is supplied in DOT approved, high pressure steel 
cylinders. Research Grade, C. P. Grade, and Technical Grade 
ethylene cylinders are equipped with valves having Com­
pressed Gas Association (CGA) approved standard valve outlet 
No. 350 with a thread size of 0 .825 inch diameter, left-hand 
external threads accepting a round shaped nipple (see Figure 

1 for illustration). 

OUTLET 

T 
830. 

13 16' 

CONNECT C.1N 

J -

Fig. 1. CONNECTION 350 .825"-14 LH EXT. accepting Round Shaped 

Nipple 

Lecture bottles have a special ~116 inch-32 threads per inch, 
female outlet and a 91, s inch-18 threads per inch male dual 

valve outlet. 

Safety Devices 

Industrial cylinders containing ethylene have safety devices 
of the frangible disc type. This device is required in only one 

end of the cylinder. 

Recommended Controls 

In order to reduce the cylinder pressure of ethylene to a safe 
working value consistent with a system's design, the following 

types of controls are recommended. 

Automatic Pressure Regulators 

1. Single Stage Automatic Regulators 

A single stage regulator will reduce cylinder pressure in one 
stage to a delivery pressure in a particular range, depending 
upon the design of the regulator and its spring load. A single 
stage regulator will show a slight variation In delivery pressure 
as cylinder pressure falls. The following Matheson single stage 
regulators are recommended for ethylene: 

Model No. 

1 L-350 (for all 
grades) 

1 H-350 (for all 
grades) 

Delivery Pressure Range 
kPa bar (g) psig 

28-550 

69-1240 

0 .28- 5.5 

0 .69-12.4 

4-80 

10-180 
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Delivery Pressure Range 
Model No. 

2-350 (for C P 
and Technical 
Grades) 

kPa bar (g) psig 
340-4 480 3 4-44.8 50-650 

3-350 (for C P. 690-10 340 
and Technical 
Grades) 

3320 {for lecture 
bottles con­
taining C P. 
and Technical 
Grades) 

28-410 

6.9-103.4 100-1 500 

0.28-4 1 4-60 

2. Two Stage Automatic Regulators 

This type of regulator performs the same function as a single 
stage regulator However, greater accuracy in control of deliv­
ery pressure 1s maintained and the delivery pressure does not 
vary when cylinder pressure falls. The following Matheson two 
stage regulators are recommended for ethylene: 

Model No. 
Delivery Pressure Range 

kPa bar(g) psig 
8L-350 14-104 0.14-1 .04 2-15 
8-350 28-340 0.28-3.4 4-50 
8H-350 69-690 0.69-6.9 10-100 
9-350 138-1720 1.38-17.2 20-250 

3. Low Pressure Regulator 

Accurate delivery pressures, ranging from 2 inches water 
column to 1 0 ps1g, can be obtained from Matheson Model 70 
low pressure regulators This regulator has an oversize, pan­
cake body of die cast aluminum and a Buna N diaphragm. The 
following models are available. 

Model Delivery Pressure Range 
No. kPa mbar (g) psig 
708 0 5-3.0 5-30 2-1 2 inches water col-

umn 
70 3 .5-34.5 34-345 0 .5-5.0 psig 
70A 34 .5-68.9 345-689 5-10 psig 

Model 70 regulators are rated for a maximum inlet pressure 
of 1 720 kPa (250 psig). Excellent results are obtained by 
reducing the high cylinder pressure of ethylene to 1 70-550 
kPa (25-80 ps1g) with a pressure regulator, such as Matheson 
Model 1 L-350, and delivering this pressure to the Model 70 
regulator When so used, the two regulators can be connected 
with a heavy duty hose and the proper fittings, which are 
available as a unit. 

Manual Controls (for all grades) 

Manual needle valves Models 50-350 and 52-350 with tank 
gauge are available for direct attachment to the cylinder valve 
outlet These valves can be equipped with a variety of outlets 
such as a serrated hose end, 11

• 
11 compression fitting, or •1. ,; 

NPT male or female pipe. These types of controls are used 
chiefly when intermittent flows are necessary, or to control the 
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flow of gas directly from the cylinders but they require close 
supervision. They should not be used as pressure controls 
since dangerous pressures can develop if a line or system 
becomes clogged. 

Models 30AR and 31 Bare recommended for use with lecture 
bottles containing C.P. and Technical Grades. 

Flow meters 

Matheson Series 7600 laboratory brass flowmeter units with 
1 50 mm tubes and floats or Matheson 7200 laboratory brass 
flowmeter units with 65 mm tubes with a single float are 
recommended for use where definite flow rates must be known. 

Electronic mass flowmeters, such as Matheson Series No. 
8116 and No. 81 60, should be used where accurate readings 
are required. Calibration is unaffected by temperature and 
pressure changes, and flow rates may be recorded from the 
instrument's electrical output. 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 stainless steel and 
Series 8260 of type 316 stainless steel or monel are designed 
to control the flow of gas regardless of pressure or temperature 
changes. These mass flow controllers consist of a transducer, 
a control valve, a blind controller / power supply, a potentiom­
eter and a digital indicator. The transducer senses the gas flow 
and sends a signal to the power supply. This signal and one 
from the potentiometer are compared . If there is an imbalance, 
the power supply generates a signal for the control valve to 
reduce or increase the flow to correct the imbalance. The 
accuracy is ± 1 .2%. 

Shipping Regulations 

Ethylene is shipped in high pressure steel cylinders as a 
flammable, compressed gas taking a DOT " Red Gas Label ". 

Chemical Preparations 

(a) Ethylene is obtained in the cracking of petroleum gas. 
{b) Ethylene is produced by passing ethyl a lcohol vapors 

over dehydrating catalysts at 360-4 70 °C. 

(c) In the laboratory, ethylene may be conveniently prepared 
by the action of sulfuric or phosphoric acid on ethyl a lcohol at 
170-220 °C. 

(d) Ethylene may be obtained by the pyrolysis of ethane 
above 500 °C with or without a catalyst. 

(e) Small quantities of ethylene may be prepared by treating 
an alcoholic solution of ethylene bromide with zinc or zinc­
copper couple. 

Chemical Properties 

Ethylene undergoes the following reactions: 

(a) Under high temperatures and pressures, it is polymerized 
to polyethylene. 

(b) On catalytic hydrogenation , it forms ethane. 
(c) It combines with halogen acids forming alkyl halides. 
(d) It combines with sulfuric acid forming ethyl hydrogen 

sulfate, which, on hydrolysis, yields alcohol. 

(e) It combines with chlorine, bromine, and iodine as well as 
iodine monochloride forming dihalides. 

matheson~ 

(f) It reacts with hypohalous acid yielding_ halohydrins. 
(g) Careful oxidation with dilute potassium permanganate 

yields ethylene glycol. . 
{h) On catalytic oxidation , it yields ethylene oxide. 
(i) With ozone, it forms an ozonide. . 
(j) With sulfur monochloride, it forms mustard gas, d1-{2-

chloroethyl) sulfide. . 
{k) It reacts with acyl halides in the presence of aluminum 

chloride to give 2-chloroethyl ketones. . . 
(I) Ethylene is used in the Prins reaction with formaldehyde 

in acetic acid to produce 1 ,3-propanediol diacetate, which can 
be hydrolyzed to 1 ,3-propanediol which was previously avail­
able mainly by fermentation of glycerol. 

Thermodynamic and Detailed Physical Data 

Molecular Structure 

The ethylene molecule is planar, with o~h _symmetry and a 
symmetry number of four. The C= C bond distance 1s 1.337 
A (1 _337 x 1010 m), the C- H bond distance 1

0

.086 A {1 .086 
X 1 0 - 10 m). The H-C- H bond angle IS 117 .37 ' the H- C-C 
bond angle is 1 21 .32° (1 ). 

Infrared Spectrum 

See Figure 2 for the infrared spectrum of gaseous ethylene. 

Vapor Pressure 

Vapor pressure up to 101 .325 kPa (1 atm) is listed below 

(3). 

Vapor Pressure 

Temperature, °K kPa mbar mmHg 

104.85 0.133 1.33 

114.85 0 .667 6 .67 5 

119.95 1.333 13.3 10 

125.55 2.666 26.7 20 

131 .85 5 .332 53.3 40 

135.85 7.998 80.0 60 

141 .35 13.330 133.3 100 

149.75 26.660 266.6 200 

159.25 53.320 533.3 400 

169.45 (B .P.) 101 .325 1 013.25 760 

Vapor pressure above 101 .325 kPa (1 atm) is shown below 

(4) . 

Vapor Pressure 

Temperature, °K kPa bar atm 

169.45(8.P.) 101 .325 1.013 25 1 

182.35 202.650 2 .03 2 

202 .05 506.625 5 .07 5 

220.35 1 013.250 10.1 10 

244.05 2 026.500 20.3 20 

258.95 3 039.750 30.4 30 

271 .65 4 053.000 40.5 40 

282 .05 5 066.250 50.7 50 

283.05 (C.T.) 5 116.913(C.P.) 51 .2 50.5 
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For additional vapor pressure data. see Table 1 and Figure 
3 

Latent Heat of Vaporization, 
.iHv@, -103.7 C 13.558 kJ/ mol; 

3 240 kcal. mol 

For additional t!Hv data, see Table 1 . 

Thermodynamic Properties of Ethylene As Ideal Gas @ 25 
C (5) 

Heat Capacity, C~ 
Entropy, S0 

42 886 J / (mol- °K) 
219.225 J/ (mol- °K) 

Gibbs Energy Function, (G~gs 
- H~gs)/ 298 
Enthalpy Difference, H~gs - H8 
Enthalpy of Formation, AHf 
Gibbs Energy of Formation, AGf 

Thermodynamic Data 

-219.225 J / (mol- °K) 

10.519 kJ / mol 
52.467 kJ / mol 
68.358 kJ / mol 

For the thermodynamic properties of saturated ethylene, 
superheated ethylene vapor, and compressibility factors, see 
Tables 1, 2, and 3, respectively . 
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Table 1. THERMODYNAMIC PROPERTIES OF SATURATED ETHYLENE (7) 

Temper- Vapor Pressure Entropy J/ (mol • K) Enthalpy kJ/ mol Latent Specific Volume 
Density kg / dm3 

Heat of Va- dm3 / kg ature, 
porization OK kPa atm Liquid Vapor Liquid Vapor 

kJ / mol 
l1qu1d Vapor liquid Vapor 

104.00 0 .122 0.001 2 - 33.170 120.195 - 4.447 11 .510 15.957 253 707 0 000 004 
110.93 0 .375 0.003 7 - 27.596 114.092 -3.967 11.745 15.712 87 711 0 .000 012 
122.04 1.793 0.017 7 - 22.149 103.293 - 3.206 12.111 15.317 20 514 0.000 05 
133.15 6.140 0.060 6 -16.221 95.898 -2.449 12.482 14.931 6 436 0 .000 16 
144.26 17.124 0.169 - 10.821 90.029 -1.698 12 .853 14.551 2 481 0 .000 40 
155.37 40.733 0.402 -5.845 85.334 -0.950 13.21 2 14.1 62 1 119 0 .000 89 
166.48 84.809 0.837 -1.209 81 .226 - 0.204 13.513 13.717 564.8 0 .001 8 
169.45 1 01 .325 1.000 0 .000 79.981 0 .000 13.558 1 3.558 1.759 478 9 0.568 4 0 002 1 
177.59 159.840 1 .577 2.943 77 .035 0 .561 13. 728 1 3 .1 67 1.796 312.4 0 .556 8 0 .003 2 
188.71 277.387 2.738 7.606 74.417 1.356 13.969 12.613 1.850 186.5 0 .540 4 0 .005 4 
199.82 452.072 4.462 11 .679 71 .847 2.140 14.165 12.025 1.949 117.3 0 .513 1 0 008 5 
210.93 696.072 6.870 16.128 70.121 2.950 14.340 11 .390 1.985 108 1 0 .503 9 0 .009 3 
222.04 023.281 10.099 19.555 67 .716 3 .775 14.4 71 10.696 2.065 53.50 0 484 2 0 018 7 
233.15 1 421 .975 14.034 22.713 65 .215 4 .617 14.530 9 .913 2.165 37.02 0.461 9 0 .027 0 
244 .26 1 998.332 19.722 26.351 63 .185 5.523 14.523 9 .000 2 .286 26.16 0.437 4 0 .038 2 
255.37 2 674.676 26.397 30.249 61.060 6.541 14.412 7.871 2.442 18.79 0 409 5 0 .053 3 
266.48 3 500.779 34.55 34.838 58.583 7.800 14.126 6 .326 2.679 13.23 0 373 2 0 .075 7 
277.59 4 51 3.01 6 44.54 41 .469 54.968 9.698 13.44 7 3.749 3.143 8.68 0 318 1 0 .115 2 
283 .05 5 116.913 50.50 46.529 46.529 11 .204 11.204 0 .000 4 .370 4 .37 0 228 8 0 .228 8 
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Table 2. THERMODYNAMIC PROPERTIES 
H, ENTHALPY, kJ / mol; S, ENTROPY 

I 

Pressure 
kPa atm 

Tem 
I 111.59 188.11 199.82 210.93 222.04 233.15 244.26 255.37 266.48 277.59 288.71 299.82 310.93 322.04 

H I 13,838 7 14 236 5 14 627 7 15 038 6 15.449 5 15 866 8 16.297 3 16.734 2 17 .177 7 17 .634 2 18 .11 0 2 18 .586 3 19.08 I 9 19.590 6 
101 325 1 S1 81 577 83 808 85.920 87 798 89 677 9 1 555 93 316 95 076 96.836 98.480 100 . 123 101 767 103.409 104 936 

V 503 2 537 9 572.3 606.4 640.3 673.8 707.2 740.5 780.2 806 .8 839 .8 872. 7 905.8 938.9 

+I H 1 4 0 7 9 9 1 4 4 9 7 3 ITT 2 7 7 1 5 3516',; 782- 1-i-1-6-_2_7_9_0i-1-6-. 6_6_9_0-;-1-7-. 1_1_9_0-;-1-7-. 5_7_5_5-i---1-8-. 0_5_8_1-;-1-8-. 5_3_4_ 1 1-1-9-. 0- 3- 6---13 1 9. 545 0 

202650 2 S 77 .352 79465 8 1 343 83338 852 16 86977 88738 90.498 92.14 1 93 .785 95 .545 97.189 98.7 15 
V 2616 2796 2975 3 15.1 3324 3495 366.6 383 .6 400 .4 4 17 .2 433.9 450.5 14672 

H - 14 229 9 14 706015156 0 156060"1"6.062 5 16.525 5 16.995 1 17.464 6 17 953 7 18442818 9515 19.473 2 
405 300 4 s 73 126 75 239 77 234 79 230 8 1 108 82 .869 84.746 86.507 88.15 1 89 .794 9 1 555 193.08 1 

V l 133.0 142.8 1523 161 6 170.6 179.7 188 .5 197 .2 205.8 2 14 .4 222.9 ~ 

H - ,:;-:;-51 / 1:;-9408 15.4299 159600 16 .3820 16864 6 17.347 2 17 .849 4 18 .3515188667119.3885 
60 7 950 6 SVHS t 71 248 73 36 1 75.357 77 352 79 .230 81.108 82.869 84.629 86.272 88 033 89 559 

(

090 9776 1044 11 0.9 114.4 11 7 .2 131 .0 135.3 14 1.3 147. 1 1528 

,- >- 14503815.051715 573 4 16 082 1 16.590 7 I 7. 11 2 5 17.634 2 18.155 9 18 .684 1 19 225 4 
1 013 250 10 67 845 70 .309 72 305 74 182 76. 178 78.056 79.8 17 8 1 .695 83.455 8 4 98 I 

l v 5369 58.43 6280 67 .o5 1 1. 11 t 75.o4 78.9 1 8265 86 .28 9 1.02 
H - + i-- - - .,_ -1- - t------+- - -

15 162 5 15.81 4 7 16.440 7 17.040 7 17 .621 1 18 .208 1 18.788 5 

t 

2 026
·
500

[ 
20 I VHS t 65.731 68.3 14 69.371 72.539 74 535 76.4 13 78 174 t _ -- ->- 28.66 3 1 40 34 02 36.39 38.52 40 .70 42 76 

4053 000 40 ~s I 14 _41 9115.4755 16.3 168 11 .105917_8037 
59 040 62 680 65.497 68 .079 70. 192 

_ -f- - - _ 11 .99 14.23 15 .92 17.42 18 .85 

6079 500 60 l sv 1 1 15 1 3 14_11 1 315_5799 15 _5451 
45.777 55.402 60.684 63 .97 1 

j 
t ~ 4 .306 7. 11 5 8 .990 10 .6 1 

8016000 80; 
9 .5475 11.497 4 13 .369 1 14 .888 6 

• o ,,, 500 ,00 ~ I · ~ i 
'"" ,sol ,so I; j . t 

t 
+ 

H 
20 265.000 200 s 

V 

H 
25 3 3 I 2501 250 s 

V 

H 

t 
__j__ 

39.90 8 46.247 55.990 57 .28 1 
->-- -f--

3 .177 4 .057 5 . I 19 6.431 - -
9 .358 4 10.5 19 2 11.901 8 13 .480 0 
38.382 42 .608 47.068 5 1.763 

I 
-- f--

2 .750 3. 122 3 .559 4.306 
- t--

---+ 
9 .071 4 9 .977 9 10 .936 6 11.967 0 
36.152 39 204 42 374 45.543 

- - 12.427 2 .684 2 .872 3. 122 

9 .0 193 9 .84 1 0 10 .682 2 11 .5496 
34 .627 37 326 40. 143 42.960 -- - ~ 2.3 10 2 .435 2 .622 2.747 - f-

9 .0 12 7 9 .769 2 I 0 551 8 11 367 0 
33 .570 36.270 38.852 41 .434 

-- - _,_ 2.185 2 .310 2.435 2.622 

30 39 7 500i 300 

/e 
8.993 2 9 .750 0 1 0 .525 7 11.327 9 
32.513 35 .2 13 37.796 40. 143 
2 .123 2.247 2.3 72 2.435 
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OF SUPERHEATED ETHYLENE (7) 
J(mol- ° K); V , SPECIFIC VOLUME, dm3 / kg 

perature, °K I I 

333.15 344.26 355.37 366.48 377.59 388.71 399.82 410.93 422.04 433.15 1444.26 455.37 466.48 477.59 1488.70 499.82 

20 105 8 20 634 1 21. 18 1 9 2 1 742 7 22.303 6 22 884 0 23 .4 77 5 24 083 9 24 70 3 5 25 329 6 25 9 75 2 26.620 8 27 286 0 27 .964 2 128 65 5 5 29 372 9 
106.579 108 .105 109.63 1 11 1 275 112.800 114 .325 115 735 117.260 118 786 120.3 12 121 721 I 23 246 124 656 I 26 064 I 27 4 73 128 881 
97 1 4 1 004 I 037 1 070 1 102 1 136 1 168 1 200 1 234 I 266 1 299 I 332 1 3 64 1 39 7 1 430 I 462 - - t l- ,-
20.060 2 20 .594 9 21 . 142 7 2 1 710 1 22 271 0 22.857 9 23 457 9 24 064 4 24 683 9 25 3 10 0 25 962 2 26.607 8 27 273 0 27 9 5 1 2 28 64 2 5 29 .3 59 9 
100.358 101 .884 103.410 105 .053 106.697 108.223 

,09 63' ' " "7 "2683 f '325 " 5 735 117 260 11 8 669 120 0 78 12 1 4 86 123 0 17 
483 8 500.4 516.9 533.4 549.9 566 2 583 1 599. 3 615 9 631 8 648 6 664 9 68 1 1 6973 7 14 2 730 4 

-'-- -- -19 995 0 20 529 7 2 1.084 1 21.651 4 22.2 12 3 22.805 7 23 405 7 24.0 1 2 2 24 638 3 25 264 3 25 916 5 26.568 6 27 233 8 27 9 12 1 28 .609 9 29 3 27 2 
94. 724 96 .250 97.776 99.418 1 00.944 102.470 103 996 105.522 107.048 108 574 109 983 I 11 626 11 3 034 11 4 44 3 115.8 5 1 11 7 377 
239.9 248 .3 256.8 265.1 273.4 281.8 290 1 298.5 306 7 3 15. 0 3 23.3 331 6 339 8 3 48 0 3 56 .2 3 64 5 - - - r--- ,.._ - - -
19 .916 7 20.458 0 2 1.0 18 8 2 1.586 2 22. 160 1 22.747 0 23 353 5 23 966 6 24 592 6 25 225 2 25 .870 8 26.523 0 27 194 7 278730 285708 29 294 6 
91 .203 92 .846 94.372 96.015 97.541 99.067 100.476 102 119 103 64 5 105 171 106 697 108 223 109 631 1 11 040 I 12.448 113 .974 
158.6 164.4 170.1 175 7 181 4 186.9 192.5 198.1 203.7 209 .3 2 14 9 220.4 226 .0 231 1 237 0 242 5 

- - - - - - -
19.766 7 20.321 0 20.888 4 2 1.468 8 22.042 7 22.642 7 23.249 2 23.868 7 24 .501 3 25 133 9 25 792 6 26.444 7 2 7 116 5 27 807 7 28 505 5 29 229 4 
86.742 88 .386 89.9 12 9 1.672 93. 198 94.842 96 .250 97.776 99 418 100 944 102 353 10 3. 8 79 105 405 106.813 108 .223 109 631 
93.58 97 14 100.7 104 1 107 6 111 . 1 114 .5 117 9 121 4 124 8 128 2 13 1 6 134 9 138.3 141 6 145.0 - - - - -
19.362 4 19 .949 3 20.549 3 2 1.149 3 21.749 2 22.368 8 22 .994 9 23 627 4 24 266 6 24 9 I 8 7 25 583 9 26.249 I 26.93 3 8 27 625 I 28 336 0 29 066 4 
80.051 8 1 .695 83.338 85.2 16 86.860 88.386 89 .9 12 91 5 55 9 3 197 94 7 24 96.250 97 776 99 185 100 7 10 102. 119 103.527 
44.76 46.70 4 8 .57 50.44 52.3 1 54.19 56.00 5 7.81 59 56 61 37 63 18 64 .92 66 .67 68 42 70 1 1 7 1 85 

- - - - f--

18.482 0 19 .140 6 19.805 8 20.464 5 2 1. 116 7 21.775 3 22.440 5 23. 112 2 23. 784 0 24 462 2 2 5 160 0 25 851 3 26 55 5 6 27 2 73 0 27 996 9 28 746 8 
72.422 74 4 17 76.296 78 174 79.934 8 1.577 83 .220 84 864 86.507 88.1 51 89.677 91 320 92 8 46 94 254 95.78 0 9 7 189 
20. 16 2 1.29 22.4 1 23.60 24 .66 25.72 26 .72 27.78 28.78 29 7 1 3 0 .65 31 59 3 2.52 33 52 3 4 40 35 27 

- - - - - - - - -
17.438 5 18 .227 6 18 .990 6 19 .734 1 20.451 5 21.162 3 21 .873 2 22 571 0 23 275 3 23 986 1 2 4 710 0 25 433 9 26 177 4 26 90 7 8 27 651 2 28 420 8 
66.670 69 .0 18 71.248 73.244 75.122 77.000 78 .760 80.638 82.282 84 043 85.569 87 2 12 88 738 90 264 9 1 79 0 93 .3 16 
11.61 12 .80 13 .67 14.61 , 15.48 16.23 17 .04 17 79 18.48 19 17 19 85 20 9 1 2 1.23 2 1 8 5 22 54 23 16 - - - - - - --- - -
16 192 9 17 .177 7 18 . 103 7 18.945 0 19 .747 1 20 523 2 21 286 2 22 023 2 22 766 6 23 510 1 2 4 266 6 25 0 16 5 25 779 5 2654 2 6 27312 1 28 094 7 
6 1.271 64 .323 66.788 69 .136 71 .365 73.36 1 75 .240 77. 117 78.878 80.756 82.399 84 160 85 .804 8 7 .329 8 8 .855 90 .380 
7.553 8 .551 9 .364 10.18 10 .86 11 .55 12 .17 12.80 13.42 13.98 14.55 15 0 5 15 6 1 16 10 16 79 17 17 

1 8 . 11 6 8 11 8 997 2 
- - - - - - - -

14.888 6 16 .075 5 17.151 6 19 .851 5 20.679 7 21.468 8 22 .264 4 23.040 5 2 3 .829 6 24 6 12 2 25 407 8 26 255 6 26. 973 0 27 781 7 
56.34 1 59 .745 62.797 65.6 14 67.962 70.192 72 .070 74. 182 76061 78.056 7 9 753 81 577 83.220 84 .864 8 6 .50 7 88 15 1 
5.1 19 6 .056 6 805 7.553 8 .177 8.801 9 .304 9 863 10.36 10.86 11 .36 11 86 12.30 12 80 13 17 13 67 

16.408 1 117 .425 5 
---I- -- - - -

13.030 0 14 .171 3 15.325 6 18.397 2 19 .336 3 20 203 7 21 090 6 21 944 9 2 2. 8 12 3 23 666 6 24 .520 9 25 362 2 26. 196 9 27 051 2 
48.946 52 .350 55.637 58.689 6 1.506 63.97 1 66.201 68.431 70 .544 72 656 74 652 76 530 78.409 80 169 81 .8 12 83 .573 
3 .496 3 .87 1 4 181 4 .620 5.058 5 .432 5 .867 6 .242 6 .6 16 6 930 7 .303 7.678 7 99 8 30 8 616 8 926 

- - - - - - - ~ 
12.462 6 13.440 8 14.445 2 15.462 5 16 .453 8 17.425 5 18 .371 1 19.277 6 20.197 1 2 1.090 6 21.997 1 22.884 0 23 784 0 24 .65 1 3 25.479 6 26.405 6 
46.012 48 .829 5 1.646 54.464 57.163 59.745 62 092 64.323 66.553 68.666 70 662 72 774 74 65 2 76 530 7 8 291 !80 05 1 
2.9 34 3 .122 3 371 3 .559 13 .87 1 4.12 1 4 .370 4.680 4.930 5 .308 5 557 5 807 6 056 6 306 6 555 6 741 

14.979 9 115.906 0 -- f--- -- --
12.227 8 13 .108 2 14.027 8 16 .832 0 17.758 1 18.664 6 19.584 2 20.484 1 21 194 9 22 .297 1 23 204 3 24 097 0 24 .990 4 25.896 9 
44. 134 46 .717 4 9 . 181 5 1.763 154.229 56.693 59 .040 6 1 389 63.613 65.8 49 67 845 69 .9 57 7 1 835 73 71 4 75 591 77 352 
2.684 12.872 3 059 3. 184 3 .3 7 1 3 .559 3 682 3 8 71 4 12 1 4 306 4 431 4 .680 4 869 5 055 5 244 5 493 

12. 149 6 112.977 8 14.6930 115.566 9 
- ~- - --

13 .832 1 16.4473 17 .340 7 18 .253 7 19.173 3 20066 7 20 777 5 21 .873 2 2 2 786 2 23.686 1 24 59 2 6 25 .5 12 2 
42.725 145 073 4 7.420 50 003 152.351 54.698 56.811 59. 158 6 1.389 63.501 65 497 67 61 0 69 605 7 1 483 73 244 75 122 
2.5 59 2.684 2 809 2.934 3 .059 3.184 3 .37 1 3 .496 3 622 3 807 3 996 4 121 4 306 4 43 1 4 6 20 4 805 
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Table 3. COMPRESSIBILITY FACTORS FOR ETHYLENE (8) 

Pressure Temperature, °K 
kPa atm 244.26 255.37 266.48 277.59 288.70 299.82 310.93 

344.7 3 .402 0.961 3 0 .966 9 0 .971 2 0 .974 3 0 .977 2 0 .979 8 0 .982 2 
689.4 6 .804 0.921 4 0.932 3 0.940 6 0 .947 8 0.953 9 0 .959 3 0.963 7 

1 034.2 10.207 0.878 9 0 .896 0 0.909 3 0.920 2 0 .930 1 0.938 4 0.945 1 
1 378.9 13.609 0 .833 2 0 .857 2 0 .877 0 0.892 5 0.906 1 0.917 2 0 .926 2 
1 723.7 1 7 .011 0 .816 1 0.842 8 0.863 8 0.881 2 0.895 6 0.907 5 
2 068.4 20.414 0 . 771 6 0 .805 4 0.833 6 0.855 8 0.873 8 0.888 9 
2 413.1 23.816 0.765 3 0.800 7 0.828 1 0.850 4 0.869 4 
2 757 .9 27.218 0.765 4 0.799 5 0 .826 7 0.849 4 
3 102.6 30.620 0 .726 5 0 .768 9 0 .801 3 0.828 2 
3 447.4 34.023 0.683 5 0.736 5 0.775 5 0 .806 5 
3 792.1 37.425 0.633 6 0. 701 6 0.748 2 0.783 9 
4 136.8 40.827 0.663 1 0 . 719 1 0.760 5 
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ETHYLENE OXIDE 
(Synonyms: Epoxyethane; Oxirane) 

(Formula: C2H4Q) 

PHYSICAL PROPERTIES (1) 

Molar Mass 

Molecular Weight 

One Mole of C2H4O 

Spec1f1c Volume (a 21 1 °C , 101 .325 kPa 
Vapor Pressure (a 21 1 C 

Boiling Point 0, 101 325 kPa 
Freezing Point 

Absolute Density, Gas (a 101 .325 kPa@, 20 ° C 

Relative Density, Gas <Jv 101 325 kPa (a 20 °c (Air = 1) 
Density, L1qu1d 0- Saturation Pressure (a 20 ° C 
Critical Temperature 
Critical Pressure 

Critical Volume 
Critical Density 

Critical Compress1b1l1ty Factor 
Latent Heat of Fusion @. -112.5 ° C 
Flammability L1m1ts In Air 

0 .044 054 kg 

0.044 054 kg 

548.1 dm3 / kg; 8 . 78 ft3 / lb 

152 kPa; 1.52 bar; 22 .0 psia; 1.50 atm 

283 .66 ° K; 10.5 °C; 50.9 ° F 

160.65 ° K; -112.5 ° C; -170.5 ° F 
1. 795 kg / m3 

1.49 

0.872 kg / I 

468.95 ° K; 195.8 °C; 384.4 ° F 

7 190 kPa; 1043 psia; 70.97 atm 
3.185 dm3 / kg 

0 .314 kg / dm3 

0 .259 

5 .173 kJ / mol; 1236.42 cal / mol 

3.0-80.0 % (by volume) 
Mt1lar Spec1f1c Heat, Gas @! 101 .325 kPa @ 25 °C @ Constant 

Pressure 

Molar Spec1f1c Heat, Liquid (a 2 .5 ° C 

V1scos1ty , Gas (a 101.325 kPa@ 25 ° C 
Viscosity, Liquid @; O ° C 

Thermal Conduct1v1ty, Gas (a 1 01 325 kPa @; 25 ° C 

Thermal Conduct1v1ty, L1qu1d @,, O C 

Surfac e Tension 0- O C 

Solub1l1ty In Water (a 1 01 325 kPa @. 20 ° C 
Auto1gn1tion Temperature 

Re fractive Index, Liquid, n0 @. 7 C 

Description 

Ethylene oxide Is a colorless, flammable gas at room tem­
perature and pressure It Is easily l1quef1ed and Is shipped in 
drums or cylinders as a l1qu1d under ,ts own vapor pressure of 
50 kPa (7.3 psIg) at 21 1 C It Is mIsc1ble in all proportions 
with water, alcohol , ethyl ether, and most organic solvents 

Specifications 

Ethylene oxide as supplied by Matheson has a minimum 
purity o f 99 7 wt o 

Uses 

The pnnc,pal use of ethylene oxide is in the manufacture of 
ethylene glycol and higher alcohols which find important appli-
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49.40 J / (mol- ° K) 

86.078 J / (mol- ° K) 

0.009 45 mPa-s; 0 .009 45 cP 

0.310 mPa-s; 0.310 cP 

0.01 2 13 W / (m. ° K); 29.0 x 1 o 6 cal. 

cm / (s-cm2- °C) 

0.03897W/ (m- ° K); 93.1 X 10 6 cal-
cm / (s-cm2 • ° C) 

27.5 mN / m; 27.5 dyn / cm 
195 cm 3 / 1 cm 3 water 

702 ° K; 429 °C; 804 °F 
1 .359 7 

cations in automotive antifreeze, explosives, cellophane, poly­
~~ter resins, synthetic fibers and rubbers , and hydraulic fluids . 

e highe_r alcohols. such as di- and triethylene glycol are used 
as plasticizers. humectants, lubricants, and solvents. It is an 
important intermediate in the manufacture of glycol ether sol­
vents, ethanolamines, and nonionic detergents. It is a raw 
material in the manufacture of acrylonitrile and hydroxyethyl­
cellulose · It is also used to form mercaptoethanol thiod1eth­
ylene glycol, and ethylene halohydrins. As a pharmaceutical 
intermediate it Is used In the synthesis of choline thiamine and 
procaine. In the mixtures with carbon dioxide an°d haloge~ated 
hydrocarbon propellant th 1 • . . s, e Y ene oxide finds wide use as a 
fumigant. fungicide, and steri lizing agent. Ethylene oxide finds 
use In organic synthesi·s h • w ere It reacts with amines. alcohols. 
phenols. organic acids and th . . , o er compounds containing active 
hydrogen 

Effects in Man (2) 

Exposure to low concentrations of vapor will cause delayed 
nausea and vomiting. Continuous exposure to even low con­
centrations will result in a numbing of the sense of smell . 
Inhalation of high concentrations of ethylene oxide can produce 
a general anesthetic effect as well as coughing, vomiting , and 
irritation of the eyes and respiratory passages, leading to 
emphysema, bronchitis and pulmonary edema. 

Contact of liquid ethylene oxide with exposed skin does not 
cause skin irritation immediately, but when spilled in or on the 
shoes or on the clothing , delayed skin burns (blisters) can 
occur if the shoes and clothing are not removed promptly. 
Contact of liquid ethylene oxide with the eyes can cause severe 
burns. Rapid evaporation of the liquid on the skin produces an 
effect like frostbite . 

Toxicity (2) 

Serious systemic poisoning from ethylene oxide in man has 
been rare. A few cases have been reported, in which headache, 
vomiting, dyspnea, diarrhea, and lymphocytosis have been 
observed. 

Although ethylene oxide is considered to be an irritant gas, 
neither irritation nor odor can be relied upon to provide warning 
of dangerous concentrations of vapor. Ethylene oxide is re­
ported to cause olfactory fatigue rather rapidly. 

Threshold Limit Value (TLV) 

The 1979 ACGIH has established a Threshold Limit Value 
(TLV) of 50 ppm (90 mg / m3

) for ethylene oxide. · 

First Aid Treatment (2) 

General 

First aid should be started at once in case of contact with 
ethylene oxide . Workers showing symptoms or signs of ethyl­
ene oxide poisoning should be removed at once from the 
contaminated area. A physician should be called immediately 
and notified of the nature of the case and the exact location of 
the victim. 

Frostbite (2) 

In case frostbite develops, cover the frostbitten part with a 
warm hand or woolen material. If the fingers or hand are 
frostbitten , have the victim hold his hand in his armpit. next to 
his body. Then place the frostbitten part in warm water, about 
42 °C (108 °F). If warm water is not available, or is impractical 
to use, wrap the affected part gently in blankets. Let the 
circulation re-establish itself naturally. Encourage the victim to 
exercise the affected part while it is being warmed . 

Eyes 

Should ethylene oxide. as liquid or vapor, contact the eyes, 
the eyes should be irrigated copiously with water for 15 min­
utes. The eyelids should be held apart during the irrigation to 
insure contact of the water with all the tissues of the surface of 
the eyes and lids. Should eye irritation persist, the eyes should 

• 1 979 ACGIH Notice of Intent to Change to 1 0 ppm (20 
mg / m3

). 
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be Irngated for a second 1 5 minute period, and a physician , 
preferably an eye specialist. should be called in attendance. 

Suggestions for Medical Treatment (2) 

Through unpublished reports . 11 has been found that for 
persistent nausea and vom,t,ng resulting from 1nhalat1on of 
ethylene oxide, an intramuscular inJection of sodium pheno­
barbital (2 grains) Is very helpful in controlling such symptoms. 

Specific Actions 

Inhalation 

Mild exposure to ethylene oxide vapors at times produce 
nausea and vomiting. Persons showing such symptoms should 
be placed in bed and given warm water ,n sufficient amounts 
to a,d in washing out their stomachs In severe exposures, 1f 
the victim is breathing , 100°0 oxygen should be administered 
as soon as possible after exposure. The victim should breathe 
1 00% oxygen under positive exhalation pressure for one-half 
hour periods every hour for at least 3 hours. If there are no 
signs of lung congestion at the end of this period , and 1f 
breathing is easy and the color of the sk,n and mucous mem­
branes Is good , oxygen inhalation may be d iscontinued. 
Throughout this time, the vIctIm should be kept comfortably 
warm, but not hot. 

In case breathing has stopped, art1f1c1al respiration should 
be started 1mmed1ately, preferably with simultaneous adminis­
tration of oxygen. 

Skin Contact 

All clothing contaminated with liquid ethylene oxide should 
be removed at once. Clothing, including shoes. should not be 
worn again. Shoes can seldom be decontaminated . All affected 
areas of skin should be washed thoroughly with soap and 
water. 

For skin burns resulting In the formation of blisters, if the 
blisters are evacuated and solid petroleum dressings are ap­
plied, the healing ,s usually quite prompt. The blister formation 
is out of proportion to the actual damage to tissue as the burns 
generally are quite superficial. 

Precautions in Handling and Storage 

The hazards in handling ethylene oxide are due to ,ts flam­
mability and ,ts toxicity . Storage areas and buildings to house 
manufacturing or processing equipment should be adequately 
ventilated to prevent accumulation of ethylene oxide vapors 
Breathing of the vapors and contact of either liquid or vapor 
with the skin or eyes should be avoided Approved personal 
protective equipment (gas-tight chemical safety goggles, rub­
ber gloves and apron, rubber shoes or boots, full-faced indus­
trial gas mask approved by NIOSH) should be provided for all 
individuals handling ethylene oxide. Keep heat, flames, and all 
spark-producing devices away from storage areas. pipelines , 
processing equipment, and cylinders, and from all places 
where ethylene oxide may be present. Ground all cylinders and 
lines and use spark-proof tools. All electrical equipment. mo­
tors, lights, and flashlights used in an area in which ethylene 
oxide Is handled should be explosion-proof. All lines from 
cylinders should be equipped with check-valves, traps, or 
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vacuum breaks to prevent suckback into the cylinder to avoid 
the poss1b1l1ty of undesirable reactions. which might cause a 
violent reaction within the cylinder. Ethylene oxide may rear­
range chemically and or polymerize violently when in contact 
with highly active catalytic surfaces such as anhydrous iron, 
tin , and aluminum chlorides, pure iron and aluminum oxides; 
and alkali metal hydroxides. 

Caution 

Ethylene oxide may polymerize on prolonged storage despite 
an add1t1ve which Matheson incorporates to mInimIze the prob­
lem We recommend using the product within 90 days of the 
filling date indicated on our tag Refrigerated storage will 
prolong shelf life . 

In add1t1on , the general rules listed in Appendix I should be 
observed 

Leak Detection 

Equipment to contain ethylene oxide should be pressure­
tested with nitrogen and be leak-proof prior to use with ethylene 
oxide 

Analytical Detection 

Matheson has available a manually operated Toxic Gas 
Detector Model 8014K which provides accurate, dependable, 
and reproducible results in determining concentrations of eth­
ylene oxide In the range of 5-100 ppm using the Model 122SB 
detector tube. A color stain Is produced in the detector tube. 
The stain varies in length according to the concentration of 
ethylene oxide present; the length, and hence concentration, 
is read directly from the tube 

Materials of Construction 

All equipment and pIpIng to handle ethylene oxide should be 
constructed of steel and properly grounded Do not use copper, 
silver. magnesium, and their alloys as materials of construction . 
All pIpIng and equipment to contain ethylene oxide should be 
designed to have a working pressure of at least 340 kPa (50 
ps1g) with a safety factor conforming to the ASME code. Shut­
off valves and control valves should be of steel or stainless 
steel designed for working pressures of 1 030 kPa (150 ps1g) 
or over Mercury-filled instruments should be provided with 
mercury traps and an inert gas purge which Is free of acetylene 
and carbon d1ox1de All-welded construction Is preferred to 
riveted construction Garlock No. 7021 or the equivalent has 
been found to be a satisfactory material for gaskets Either 
recIprocat1ng or centrifugal pumps may be used If the recip­
rocating type is used, the nonlubricated liquid end should have 
a cast iron or steel cylinder with a liner, piston , and rings of 
cast iron , the valves and rods should be 1 8-8 stainless steel 
Good performance has been obtained with Garlock No 530 
chevron packing or its equivalent. 

All process equipment should be protected with relief valves 
and / or rupture diaphragms All vent lines should extend to a 
safe area outside the building, and manual vents equipped with 
flame arresters 

Cylinder and Valve Description 

Ethylene oxide Is shipped in DOT approved, insulated steel 
drums c ontaining 400 lbs net, and in DOT approved , low 
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pressure steel cylinders. Cylinder valves and their outlet con­
nections are constructed of steel. The outlet connection des­
ignated as standard by the Compressed Gas Association (CGA) 
is No. 51 O. This has a thread size of 0.885 inch diameter with 
left-hand internal threads accepting a bullet-shaped nipple. 
(See Figure 1 for an illustration of the valve outlet and its mating 

01 1T ET CONNECTIOr 

i-
aas·· aao· 
7 R 7 a· 

Fig. 1. CONNECTION 510 .885"-14 LH INT. accepting a Bullet 

Shaped Nipple 

connection .) Lecture bottles have a special 5116 inch-32 threads 
per inch , female valve outlet. 

Drums are equipped with straight dip tubes which extend to 
the bottom o'f the drum for removal of liquid ethylene oxide 
while the drum is in normal position, by pressurization with an 
inert gas such as nitrogen to about 340 kPa (50 psig). Cylinders 
of 10 lb or more are equipped with goose neck dip tubes for 
removal of liquid, when the cylinder is placed in a horizontal 
position with the valve outlet facing upwards. 

If the user requires ethylene oxide vapor from drums, it will 
be necessary to provide a vaporizer of adequate design. A 
water bath heated to a maximum of 50 °C (1 22 ° F) may be 
used to empty small cylinders by increasing the vapor pressure 
of ethylene oxide. 

Safety Devices 

Cylinders of ethylene oxide are equipped with safety devices 
of fusible metal plugs, melting at about 73.9 °C (165 °F). 

Drums have 4 fusible metal plugs as safety devices. In 
add1t1on, each drum has a vapor valve which is equipped with 
a spring-loaded pressure relief valve set at 450 kPa (65 psig). 
This valve Is effective only during loading or unloading and is 
intended to prevent overpressuriz1ng the drum with an inert 
gas. 

Recommended Controls 

Manual Controls 

For manual flow control, Matheson supplies a 303 stainless 
steel needle valve, Model 61-510, for direct attachment to the 
cylinder valve outlet. This valve can be obtained with a serrated 
hose end, 11

• " compression fitting , or 11•" NPT male or female 
pipe outlet. 

Manual needle valve Model 325 is recommended for use 
with lecture bottles. 

Shipping Regulations 

Ethylene oxide Is classified by the DOT as a flammable liquid 
and 1s shipped with the required " Red Label." 

Commercial Preparation 

Ethylene oxide Is usually made by direct oxidation of ethylene 
by oxygen at high temperature in the presence of silver cata­
lysts 

Matheson· 

It is also produced In lesser amounts of the chlorohydr1n 
process, which involves conversion of ethylene in ethylene 
chlorohydrin followed by conversion into ethylene oxide, using 
a milk-of-lime slurry or a solution of sodium hydroxide 

Chemical Properties 

(a) Ethylene oxide reacts with water forming glycol or a 

polyglycol. 
(b) With halogen hydrides, ethylene oxide gives halohydrins. 
(c) With hydrogen cyanide, ethylene oxide gives ethylene 

cyanohyd rin . 
(d) With alcohols, ethylene oxide forms hydroxy ethers and 

monoethers of polyglycols. 
(e) With aldehydes and ketones, ethylene oxide forms cyclic 

acetals and cylic ketals, respectively. 
(f) Ethylene oxide reacts with carboxylic acids forming hy­

droxy esters. 
(g) With ammonia, ethylene oxide gives mono-, d1-, and 

triethanolamines and morpholine. 
(h) Ethylene oxide reacts with the methylene groups in ma­

Ionic and acetoacetic esters to give lactones. 
(1) With sodium acetyl1des, ethylene oxide gives acetylen1c 

alcohols. 
(j) With hydrogen sulfide, ethylene oxide gives thiodiglycol 

and 2-mercaptoethanol, the proportions of each compound 
depe'1ding on the reaction conditions. 

(k) With sodium bisulfite, ethylene oxide forms a hydroxy 

sulfonic acid. 
(I) With Grignard reagents, ethylene oxide gives primary 

alcohols, lengthening the chain by 2 carbon atoms, as well as 
other by-products. 

(m) Thermal decomposition gives ketene, acetaldehyde, 
carbon monoxide, ethane, propane, methane, and hydrogen. 

(n) Ethylene oxide reacts with potassium thiocyanate or 
thiourea in aqueous solution to give ethylene sulfide. 

(o) Phosgene reacts with ethylene oxide to give 2-chloro­
ethyl chloroformate CICH2CH2OCOCI. 

(p) Ethylene oxide reacts with phosphorus oxychloride in 
the presence of aluminum chloride to give Iris (2-chloroethyl) 
phosphate OP(OCH 2CH~Clh, a valuable plasticizer. 

(q) Ethylene oxide reacts with acyl halides In the presence 
of hydrogen chloride as catalyst to give 2-haloethyl esters. 
E.g., acetyl chloride yields 2-chloroethyl acetate. 

Thermodynamic and Detailed Physical Data 

Molecular Structure 

Ethylene oxide is a highly strained three-membered cyclic 
ether and opens readily under mild (acidic) conditions. 

Ethylene oxide has C2v symmetry and a symmetry number of 
two. The atomic parameters are (1 ): bond distances: C-H 
1 .080 2 A (1.080 2 x 1 O 10 m), C-O 1 .436 3 A (1 .436 3 x 
10- 10 m), C-C 1.427 8 A (1.427 8 x 10 10 m); bond angles: 

H-C-H 116.85° , H2-C-C 158.08° , H2-C-O 142.76° . 

Infrared Spectrum 

See Figure 2 for the infrared spectrum of gaseous ethylene 

oxide. 
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Vapor Pressure (3) 

Vapor pressure data up to 101 .325 kPa (760 mmHg) are 
shown below· 

Tempera- Vapor Pressure 
ture, K kPa mbar mmHg 

223 79 4 .523 45.2 33.94 
229 85 6.759 67.6 50.70 
234 92 9.290 92.9 69.68 
239 89 12 495 125.0 93.73 
244 99 16 656 166.6 124.93 
251 31 23 408 234 1 1 75.58 
258 33 33.349 333.5 250.14 
263 33 42.354 423.5 317.68 
268.26 53.032 530.3 397.77 
273 35 66 315 663.2 497.41 
278 80 83.336 833.4 625.07 
283 66 101 .325 1 013.25 760.00 

For vapor pressure data above 1 0 1 .325 kPa ( 1 atm), see 
Table 1 and Figure 3 (vapor pressure curve). 

REFERENCES 

Latent Heat of Vaporization, 6 Hv 

Temperature, °C 

0 
10.5 
20 

6 Hv, kJ / mol 

26.063 
25.527 
25.021 

For 6 Hv data at other temperatures, see Table 1. 

Thermodynamic Properties of Ethylene Oxide As Ideal Gas 
@ 25 °C (4) 

Heat Capacity, cg 
Entropy, S0 

Gibbs Energy Function, (G~gs 
- H~9s)/ 298 

47.903 J / (mol- °K) 
242.906 J / (mol - °K) 

-242.906 J /(mol- °K) 

Enthalpy Difference, H~9s - Hg 10.862 kJ / mol 
Enthalpy of Formation, 6 Hf -52.635 kJ /mol 
Gibbs Energy of Formation, 6 Gf -13.238 kJ / mol 

For the thermodynamic properties of saturated ethylene 
oxide and superheated vapor, see Tables 1 and 2. respectively. 

' For extensive tabulations of the thermodynamic and physical properties of ethylene oxide, see w. Braker and A. L. Mossman, The Matheson 

Unabndged Gas Data Book. 1975, Matheson , East Rutherford, New Jersey. 

W Braker, A L Mossman, and D Siegel, Effects of Exposure to Toxic Gases-First Aid and Medical Treatment 2nd edition 1977 
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Table 1. THERMODYNAMIC PROPERTIES OF SATURATED ETHYLENE OXIDE (6) 

Temper­
ature, 

OK 

294.26 
310.93 
327.59 
344.26 
360.93 
377.59 
394.26 
410.93 
427.59 
444.26 
460.93 
468.93 

Pressure 

kPa atm 

151 .683 1.497 
266.079 2.626 
438.129 4.324 
687.389 6 .784 

1 034.2 10.207 
1 501 .6 14.820 
2 111 .8 20.842 
2 889.6 28.518 
3857.5 38.071 
5 040.0 49.741 
6 458.2 63.738 
7 191 .2 70.972 

matheson~ 

Entropy Enthalpy 
J/ (Mol• °K) kJ / mol 

Liquid Vapor Liquid Vapor 

0 .000 84.659 0 .000 24.916 
4.756 81 .820 1.454 25.418 
9.548 79.664 2 .980 25.951 

14.395 78.042 4 .598 26.513 
19.335 76.935 6.329 27.128 
24.275 76.1 25 8.203 27.783 
29.362 75.442 10.251 28.418 
34.819 74.650 12.525 28.859 
40.735 74.042 15.034 29.278 
46.947 73.047 17. 799 29.381 
53.637 71.388 20.861 29.033 
64.144 64 .144 26.319 26.319 

Latent 
Heat of Specific Volume Density 

Vaporiza- DM3 / KG KG / DM3 

tion 
kJ / Mol Liquid Vapor Liquid Vapor 

24.916 1.136 2 341.2 0 .880 2 0 .002 9 
23.964 1 .162 4 200.5 0.860 2 0.004 9 
22.971 1 .196 1 125.2 0.836 0 0 .008 0 
21 .915 1.239 2 81.53 0 .807 0 0.012 3 
20.799 1.289 7 54.94 0 .775 3 0 .018 2 
19.580 1.348 4 38.02 0 .741 6 0 .026 3 
18.167 1 .416 5 26.68 0 .706 0 0 .037 5 
16.334 1.498 2 18.85 0.667 5 0 .053 0 
14.244 1.610 6 13.37 0.620 9 0.074 8 
11 .582 1. 779 2 9.40 0 .562 0 0 .106 4 

8.172 2.060 1 6.41 0.485 4 0 .156 0 
0.000 3 .183 8 3 .183 8 0 314 1 0 .314 1 
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Table 2. THERMODYNAMIC PROPERTIES OF SUPERHEATED ETHYLENE OXIDE (6) 
H, ENTHALPY, KJ/MOL; S, ENTROPY, J/(MOL- °K); V, SPECIFIC VOLUME, DM3 /KG 
Pressure 

kPa I atm 294.26 

H 25.848 
6 890 j 0 068 s 11 3 . 1 36 

V 8 034 
~ 

H 25.725 
34,450 0 .340 s 99.404 

V 1 593 

101 .325 r 1.000 
H 25 346 
s 89.359 
V 526 5 

f 
H 25 049 

137.093 f 1.361 S 85.930 
V 378.7 

t 

206.804 I 2.041 
H 
s 
V 

+ 

H 
275 807 2.722 s 

V 

H 
413.710 4.083 s 

V 
+ 

H 
551 613 5.444 s 

V 

r ~ .. 
H 

689.41 5 6.804 s 
V 

H 
1 034.224 10.207 s 

V 
+ + 

H 
1 378.932 13.609 s 

V 
+ 

H 
2 068 448 20 414 s 

V 
~ + 

H 
2 757.864 27.218 s 

V .. + 

H 
3 44 7.360 ( 4 .023 s 

V 

H 
4 826.312 47.63 2 s 

161 .241 

1v 
H 

6 205.254 s i 
v, 
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I 

310.93 

26.667 
115.827 

8 496 

26 575 
102.207 

1 688 

26.308 
92.529 

563 8 

26.125 
89 470 

409 4 

25 787 
84 935 

265.5 

Temperature, °K 
360.93 377.59 I 394.26 I 410.93 427.59 4 44 .26 460 .93 477.59 

29.330 30.293 31.286 I 32.340 33.427 34.594 35.700 36.877 
123.772 126.371 128.970 131.587 134.186 136. 785 139.347 141.983 

9 870 10.325 10 787 11 243 11 699 12 155 12 610 13 066 -
29.289 30.262 31.265 32.320 33.406 34.573 36.679 36.857 

110.316 112.933 115.552 118.1 50 120.767 12331tf 25.947 128.583 
1 875 2 0~ 2 1 52 2 244 2 335 2427 2518 2 609 -- --

29 196 30.190 31.204 32.269 33.355 34.532 35.648 36.836 
101 .174 103.846 106.483 109.100 111.736 114.353 116.934 119.606 
663.6 696.1 790.9 822.2 853.4 884.0 -

29.145 30.149 31.173 32.228 33.324 34.512 35.628 

7341~.1 

36.816 
98.501 101 211 103.865 106.667 109.118 111.736 114353 117.026 

494 0 t 509.2 532.8 556.2 579.6 602.7_ --,-6_2_5_.5_-+--6_4_8_6_ 

29 044 30.078 31 .01 2 32.176 33.273 34.4 71 35.597 36. 785 
94.925 97. 709 100.3~82 103.01 7 105.671 108.325 11 0 .943 113.634 

320.9 _e..37 .0 £2.9 368.8 384.5 U00.1 41 5 .5 430.9 

28.941 I 29.996 31.040 32.116 33.181 34.420 35.556 36.754 
92.290 1 95.165 97.874 100.529 103.202 105.874 108.491 111.202 

238.5 250.8 262.9 _1275.0 287.0 298.7 310.5 321.9 

28.716 29.84~0.921 I 31.993 33.122 34.338 35.464 36.713 
88419 91.479 94 .262~ 96.953 99.662 , ~02.372 105.027 107.736 

156.2 164.7 ..j 173.0 181 .2 189.4 -f-297.4 205.3 1213.0 

28 449 29.668 30. 773 31 .880 33.01 7 34.245 35.402 36.662 
85.452 88.769 91 .644 94.354 97.101 99.84 7 102.538 105.321 

114.9 121.5 128.0 134.3 140.6 146.7 152.7 158.5 

28142 29.493 30.630~ 31 .757 32.914 34.153 35.331 36.591 
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FLUORINE 

PHYSICAL PROPERTIES (1) 

Molar Mass 

Molecular Weight 

One Mole of F2 

Specific Volume @ 21.1 ° c, 101.325 kPa 
Cylinder Pressure@ 21 .1 ° c 

Boiling Point@ 101.325 kPa 
Triple Point 

Temperature 
Pressure 

Absolute Density, Gas@ 101 .325 kPa@ 25 °C 

0.037 996 8 kg 

0.037 996 8 kg 

636. 7 dm3 / kg; 10.2 ft3 / lb 

2170 kPa; 21.7 bar; 314.7 psia; 21 .4 
atm 

85.02 ° K; -188.1 ° C; -306.6 °F 

53.34 °K; -219.6 ° C ; -363.3 °F 

0.22 kPa; 2 .2 mbar; 1.66 mmHg 

1.554 kg / m 3 

Relative Density, Gas @ 101.325 kPa@ 25 °C (Air = 1) 

Density, Liquid @ Saturation Pressure @ -188.1 °c 
Critical Temperature 

1.312 

1.507 kg / I 

144.30 ° K; -128.8 ° C ; -199 .0 ° F 

5215 kPa; 52.15 bar; 756.4 psia; 51 .47 Critical Pressure 

Critical Volume 
Critical Density 

Critical Compressibility Factor 

Latent Heat of Fusion @ - 219.6 ° C 

Molar Specific Heat, Gas@ 101 .325 kPa@ 21.1 °C 
@ Constant Pressure 

Cg Constant Volume 

atm 

1.742dm3 / kg 

0.574 kg / dm3 

0 .288 

510.36 J / mol; 121 .98 cal / mol 

31.449 J / (mol- ° C); 7 .516 cal / (mol, 
oc) 

23.165 J / (mol- ° K); 5 .537 cal / (mol, 

] pecif1c Heat Ratio, Gas @ 101.325 kPa@ 21.1 °C, Cp/ Cv 
11scosity, Gas@ 101.325 kPa@ o °C 

oc) 

1.358 

0.021 80 mPa-s; 0 .021 80 cP 

0.275 mPa-s; 0.275 cP 
v iscosity, Liquid@ -192.2 ° c 

Thermal Conductivity, Gas@ 101.325 kt'a@ 0°c 

I ~1er mal Conductivity, Liquid @ -188.1 °C 

Su, face Tension@ -193.2 ° c 

Dielectric Constant, Liquid @ -188.1 °c 

Refractive Index, Gas @ 101 .325 kPa, n
0 

@ 25 ° c 
Refractive Index, Liquid, n0 at -188.1 ° C 

Description 

Fluorine 1s a highly toxic and corrosive pale yellow gas, with 
a sharp, penetrating and characteristic odor It ·Is sh· d . · Ippe as a 
nonl1quef1ed gas at a pressure of 2 070 kPa (300 · ) c . PsIg at21.1 

Flu_onne 1s the most reactive member of the p · d' . erio Ic table 
reacting with practically all organic and inorganic substance~ 
with the exception of metal fluorides in their hi'gh t 

1 es va ence 
states, and a few completely fluorinated organi·c c 

om pounds. 
Specifications 

Fluorine has a minimum purity of 98.0%. 
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Uses 

0.024 763 W / (m. ° K); 59.2 x 10 6 cal­
cm/ (s-cm2. ° C) 

0.159 W / (m • °K); 380.0 x 1 o- s cal. 
cm/ (s, cm 2

• ° C) 

14.81 mN-m; 14.81 dyn/ cm 
1.510 

1.000 187 
1.2 

Fluorine is used for the production of uranium hexafluoride, 
sulfur hexafluoride, boron trifluoride, and the metal fluorides, 
silver difluoride, cobalt trifluoride , and manganese trifluoride, 
the metal fluorides being particularly valuable for the prepara­
tion of fluorocarbons . 

Toxicity and Effects In Man (2) 

Fluorine is a pulm · • onary irritant and can cause pulmonary 
edema. It can cause severe chemical and thermal burns. Ex­
posure to high concentrations is usually fatal, respiratory dam­
age and Pulmonary edema being the cause of death. Prolonged 

exposure to as little as 5-1 0 ppm causes irritation of the eyes 
and nasal and buccal mucosa. On the skin d irect exposure to 
pure fluorine can cause severe burns in 0.2 second, and an 
exposure for as long as 0 .6 second can result in thermal f lash 
burns comparable with those produced by an oxyacetylene 

flame. 
The lowest published toxic concentration in humans by in­

halation is reported to be 25 ppm / 5 minutes. Fluorine provides 
adequate warning of its presence by its sharp, penetrating 

odor. 
The 1979 ACGIH has established a Threshold Lim it Value 

(TLV) of 1 ppm (2 mg / m3
) for fluorine . 

First Aid Suggestions 

Personnel overcome by fluorine should be removed to an 
uncontaminated area and a physician called immediately . Prior 
to the physician 's arrival first aid should be started at once. 
Those presented herein are believed to be common practice in 
industry. Their adoption should be subject to the prior endorse­
ment of a competent medical advisor. It is recommended that 
prior to using fluorine, medical treatment of fluorine and hydro­
fluoric acid burns be discussed with all medical personnel who 
would be called on to administer aid. The recommended first 
aid medicaments should be on hand at all times ,and stored in 
a readi ly accessible safe location. 

Speed in removing the victim from the contaminated atmo­
sphere and in removing fluorine from the skin or eyes is of 
primary importance. All affected persons, should be referred 
to a physician, even when immediate injury seems slight. and 
the physician should be given a detailed account of the acci­
dent. 

Workers who have had contact with fluorine should be sub­
jected immediately to a drenching shower of water. The cloth­
ing should be removed as rapidly as possible, even wh ile the 
victim is in the shower, and medical assistance obtained im­
mediately. It is essential that the exposed area be washed with 
copious quantities of water for a sufficient period of time to 
remove all fluorine from the skin. The exposed areas of the 
skin should then be flushed with 2-3% aqueous ammonia 
solution, followed by liberal rinses of fresh water. Avoid getting 
the ammonia solution in the eyes. Following this, an ice-cold 
saturated solution of magnesium sulfate (Epsom salt) or iced 
70% alcohol should be applied for at least 30 minutes. If the 
burn is in such an area where it is impractical to immerse, then 
the iced alcohol or the iced magnesium su lfate should be 
applied with saturated compresses, which should be changed 
at least every 2 minutes. The physician should be available by 
then to administer further treatment. If, however, a physician is 
not available by that time, it is then permissible to apply a 
generous quantity of thick paste made from powdered U.S.P. 
magnesium oxide and U.S.P. glycerin . Oils and greases should 
not be applied except under instructions from a physician. 

Eye Contact 

If the eyes have been in contact with fluorine, they should be 
irrigated immediately and copiously with clean water for a 
minimum of 1 5 minutes. The eyelids should be held apart 
during the irrigation to insure contact of water with all the 
tissues of the surface of the eyes and lids. A physician, pref­
erably an eye specialist, should be called in attendance at the 
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first possible moment. If a phys1c1an Is not 1mmed1ately avail­
able , InstIII one or two drops of 0 .5% pontocaine solution , or 
an equally effect ive aqueous topical anesthetic , followed by a 
second irr igation for 1 5 minutes. No oi ls or oily ointments 
should be instilled unless ordered by a physician . 

Inhalation 

A worker who is suspected of a possible severe exposure to 
gaseous fluorine should be carried at once into an uncontami­
nated atmosphere. Even in the absence of symptoms, a worker 
must not be permitted to return to work for at least 24 hours 
because of the potential danger of developing severe edema 
of the lungs. A physician should be called immediately and the 
administration of oxygen should be started at once, but by 
trained personnel only. Oxygen administration is most effective 
if expiration is made against a positive pressure 4 cm of water. 
Oxygen inhalation must be continued as long as necessary to 
maintain the normal color of the skin and mucous membranes. 
In cases of severe exposure, the patient should breathe 1 00% 
oxygen under positive exhalation pressure for one-half hour 
periods every hour for at least 3 and preferably 6 hours. If 
there are no signs of lung congestion at the end of th is period , 
and if breathing is easy and the color good, oxygen inhalation 
may be discontinued . Throughout this period the patient should 
be kept comfortably warm but not hot. Under no circumstances 
should a patient be permitted to return home or back to work 
until examined and discharged by a physician who Is aware of 
the nature of his exposure. 

Always have on hand a supply of magnesia paste. 

Precautions in Handling and Storage 

Although fluorine is the most reactive element and recog­
nized as a very dangerous material , it can be handled without 
undue hazards if proper precautions are taken . In order to 
minimize the risks involved, the following measures should be 
observed. 

1 . In handling fluorine under pressure, remote-controlled 
valves should be used, preferably those operated by manually 
actuated extension handles passing through a suitable barri­
cade. 

2. Regulators or double valving should be employed near 
the source of high pressure fluorine in order to faci litate a safe 
reduction of pressure. Regulators or double valving is also 
recommended where large quantities of fluorine are being 
handled, such as with manifolded cylinders in order to minimize 
control failures. 

3. Any equipment to be used for fluorine service should first 
be thoroughly cleaned , degreased and dried, then treated with 
increasing concentrations of fluorine gas so that any impurities 
may be burned out without the simultaneous ignition of the 
equipment. 

4. Clean neoprene gloves must be worn when directly han­
dling equipment which contains fluorine or has recently con­
tained fluorine. This precaution not only affords protection 
against fluorine but also against films of hydrofluoric acid which 
may be formed by escaping fluorine reacting with moisture in 
the air, and may coat externally exposed parts. Neoprene coats 
and boots may be worn to afford overall body protection for 
short intervals of contact with low pressure fluorine. All such 
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protective clothing should be designed and used, however, in 
such a manner that 11 can be shed easily and quickly. 

5. Safety glasses should be worn at all times. Metal frames 
rather than the customary plastic are desirable to el1rrnnate the 
possIb1hty of the frames catching fire. 

6 Avoid repeated bending or excessive vibration of piping 
or equipment Such mechanical actions can result in a flaking 
of the protective fluorine film, resulting in a rupture of the metal 
with or without the occurrence of a fluorine-metal flame. Flak­
ing, furthermore, can be accompanied by dusting with the 
resultant fouling of valves 

7. Any equipment that has contained fluorine must be thor­
oughly purged with a dry inert gas (such as nitrogen) and 
evacuated prior to opening or refilling If the quantity of fluorine 
to be purged Is large, the purge system should include a 
fluorine-hydrocarbon-air burner, scrubber and stack to prevent 
any undue exit hazards A soda lime tower followed by a drier 
should be included in the vacuum line to pick up trace amounts 
of fluorine in order to protect the vacuum pump. 

8 Face shields made of conventional materials, or prefera­
bly chemically-resistant polymers. should be worn whenever 
operators must approach equipment containing fluorine under 
pressure All face shields afford limited, though valuable, pro­
tection against air blasts of fluorine. 

9 All areas containing fluorine under pressure should be 
inspected for leaks at suitable intervals. All leaks should be 
repaired at once but not while the system contains fluorine. 
Ammonia vapor expelled from a squeeze bottle (containing 
ammonium hydroxide) at suspected points may be used to 
detect leaks Filter paper moistened with potassium iodide 
solution 1s a very sensItIve means of detecting fluorine (down 
to about 25 ppm) The potassium iodide paper should be held 
with the aid of 18-24" long metal tongs or forceps. The odor 
of fluorine 1s suff1c1ently strong so that 11 can be detected in 
very low concentrations. Fluorine will also fume readily in air. 

1 0 Adequate ventilation is essential. There should be a 
minimum of 1 0 air changes per hour for enclosed spaces. 
Portable floor level 36" fans are desirable for auxiliary venti­
lation at outdoor 1nstallat1ons or semi-open installations. 

11 Pos1t1ve instant-acting types of safety showers and eye­
washing fountains should be strategically located near the area 
where fluorine is being used. These should be tested at least 
weekly. 

1 2 Air-line hose masks should be located in strategic po­
sItIons for use In emergencies. 

13. All equipment. pipe lines, etc., should be identified by 
d1stinct1ve colors and signs 

1 4 It 1s recommended that personnel work in pairs and 
w1th1n sight and sound of each other, but not in the same 
1mmed1ate working area Only trained and competent personnel 
should be permitted to handle fluorine Frequent checks should 
be made of the operation 

1 5. An alarm system should be provided in order that the 
area may be alerted and cleared 1f needed 

In add1t1on, the general rules listed in Appendix I should be 
observed. 

Leak Detection 

All lines and equipment to contain fluorine should be pre­
tested for leaks with dry nitrogen 
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In addition detection devices are available for continu 
1 ' . . ous y 

monitoring small concentrations of fluorine in air. 

Disposal of Leaking Cylinders 

Cylinders containing fluorine which develop leaks that ca 
. nnot 

be corrected may be treated in the following manner. 

Absorb the fluorine in a large volume of water. Hydrofluoric 
acid, oxygen, and traces of hydrogen peroxide and oxygen 
difluoride are formed. The solution can then be transferred 1 
the plant disposal unit for neutralization and disposal. 

0 

Materials of Construction 

The reaction of fluorine with many metals is slow at room 
temperature and often results in the formation of a metal 
fluoride film (see Passivation Procedure). This film retards 
further attack in the case of certain metals such as brass, iron, 
aluminum, magnesium and copper and hence these metals are 
quite satisfactory for handling fluorine at room temperatures 
Nickel and monel are by far the best materials to use at high 
temperatures. 

Recommended Controls 

Gaseous fluorine has been handled successfully in contact 
with a variety of materials of construction. MathesQn makes 
available the following items which have been tested and rec­
ommended for normal handling of fluorine. All fluorine equip­
ment, except the flowmeters and Hydrogen Fluoride Trap, have 
been passivated with fluorine. 

Valves 

Metering valve Model 940F with ¼" compression inlet and 
outlet connections is recommended. This valve has an alumi­
num-silicon-bronze body, stainless needle stem, and Teflon 
packing. 

Gauges 

Gauges with monel or stainless steel Bourdon tubes passi­
vated for fluorine service should be used. 

Hydrogen Fluoride Trap (Model No. 68-1008) 

_ Commercial fluorine may contain up to 0 .2% hydrogen fluo­
ride and it may be desirable to reduce the hydrogen fluoride 
conc_entration to a negligible amount for certain operations 
(particularly when fluorine is to be used with laboratory glass­
ware). Removal of the hydrogen fluoride can be accomplished 
by passing the fluorine through a sodium fluoride trap. 

A convenient laboratory scale trap complete with sodium 
fluoride. heating coil, ¼" flare connections and thermometer 
well. is available from Matheson . ' 

Prior to use, the trap must be activated by plugging the 
heating coil into a Variac which can be adjusted to heat the 
system to 250 to 300 °C while purging with dry nitrogen. 
Completion of the activation cycle can be determined by hold­

ing filler paper soaked In potassium iodide solution in the exit 
stream. The paper will brown until the unit Is completely reac­
tivated. The absorber, when cooled to room temperature. is 
ready for hydrogen fluoride absorption . The trap is suitable for 
processing 18 to 24 lb of fluorine gas before reactivation is 
necessary_ 

~atheson· 

Flowmeters (Model 7825) 

Flowmeters with stainless steel end fitting constructions, 
Pyrex tubes and Teflon packing are available from Matheson. 

It is recommended that these meters be frequently calibrated 
with dry nitrogen or argon in order to compensate for errors 
introduced by the inevitable slow etching of the glass tube. The 
use of argon for calibration purposes Is advantageous because 
its density is similar to fluorine. 

Barricade and Remote Control Systems (Model No. 68-1009) 

Barricades are necessary to protect the operator from any 
metal ignition which conceivably could occur in any part of a 
system containing fluorine under high pressure. 

Complete barricades with remote valve controls are available 
from Matheson to accomodate different size fluorine cylinders. 
These barricades can be fabricated to fit General Chemical 

fluorine cylinders. 

Pressure Regulating System 

A pressure reducing regulator designated as Model 815F-
679 has been developed by Matheson specifically for fluorine. 
The regulator is degreased and passivated and is ready for 
immediate use in fluorine service. The regulator can be adapted 

for use with a barricade. 
The automatic pressure regulator is used to reduce cylinder 

pressure to a safe value, consistent with system's design. The 
control pressure may be vaned from 28-340 kPa (4-50 psig). 
The control pressure will remain essentially constant, despite 
a drop in cylinder pressure. In cases where the flow is impeded 
or stopped, the regulator will "lock up," preventing build-up of 

dangerous pressures. 

Manual Valves 

Manual needle value Model 55F-679 is available for direct 
connection to the cylinder valve outlet. It is equipped with a¼" 
compression fitting on outlet. It should be used only for inter­
mittent flow control and not as a pressure control. 

Another method of flow control is a system of double valving. 
This system lacks the convenience of the regulator; however, 
it has proven satisfactory for laboratory set-ups. _ 

Double valving should be employed near the source of high 
pressure fluorine in order to facilitate a safe reduction of fl~w. 

A double valving arrangement complete with inlet connection 
to fit the fluorine cylinder valve, Model No. 68-1011 is available 
from Matheson. This double valving arrangement is con­

structed to adapt to the barricade system. 

Blow-Out Traps 
The use of simple blow-out traps of the test tube type 

commonly used in laboratories to warn of the blocking of lines 
or vessels is recommended. They are filled with chlorotnfluo­
roethylene (Kel-F) polymer oil. The head of oil should not 

exceed a nominal six inches. 

Lines and Fittings 

All threaded connections should be back brazed, silver sol­
dered or welded . Flare or compression fittings may be utilized 
whenever "make or break" joints are required. If threaded 
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connections must be used, an aqueous Teflon dispersion pipe 
dope should be applied to the threads after the first two threads 

are engaged. 

Passivation Procedure 

Prior to the placing of any equipment, Imes or fittings 1n 
service, they must be thoroughly cleaned of all foreign matter, 
flushed with a nonaqueous degreasing solvent such as ace­
tone. trichloroethylene or carbon tetrachloride. then thoroughly 
purged with a stream of dry nitrogen. The equipment 1s then 

ready for passivatmg. 
The passivating procedure consists of slowly displacing the 

dry nitrogen in the system by bleeding fluorine into the system 
(at essentially atmospheric pressure, and a nominal rate of 0.1 
to 0.3 mole of fluorine per hour for laboratory sized systems) 
Continue the displacement procedure until a piece of filter 
paper or swatch of cotton held close to the exit by means of 
long metal forceps, begins to burn. The system Is then valved 
off and the working pressure of fluorine Is applied After five to 
ten minutes, passivation is assumed to be complete. The fluo­
rine system is then flushed with dry nitrogen and sealed until 

put into service. 
Passivation may also be achieved by use of chlorine trifluor-

ide in the manner described for fluorine. 

Typical Laboratory Set-Up 

Refer to Figure 1. 
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TYPICAL FLUORINE LABORATORY SET- UP SCHEMATIC 

Figure 1 
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Cylinder and Valve Description 

Fluorine 1s packaged in and shipped in DOT approved high 
pressure cylinders with a minimum service pressure of 6 895 
kPa (1 000 ps1g) for standard steel cylinders and 2 758 kPa 
(400 ps1g) for nickel cylinders. The cylinder is equipped with 
Compressed Gas Association (CGA) standard valve outlet con­
nection No 679. The valve outlet has a thread size of 1 .030 
inches diameter (see Figure 2). 

OUTLET CONNECT IOI'; 

(2J LEAD WASHfRS 

Fig. 2. CONNECTION 679 1 .030" -14 LH EXT. using Small Flat Seat 
with Washer 

Safety Devices 

No safety devices are used on cylinders of fluorine. 

Shipping Regulations 

Fluorine is classified by the DOT as a flammable , compressed 
gas and 1s shipped under a DOT " Red Gas Label. " 

Commercial Preparations 

Elemental fluorine is prepared by electrolyzing a mixture of 
KF dissolved in anhydrous HF. Mixtures containing less than 
30% KF are liquid below O °C, mixtures containing 40-65% 
KF are liquids in the range 50- 100 °C, and the equimolar 
mixture KF . HF is a liquid at 250 °C. Electrolysis of any of 
these liquid mixtures using inert electrodes gives H

2 
at the 

cathode and F.., at the anode. Steel or silver cathodes and 
amorphous carbon or graphite anodes are usually employed in 
the electrolysis. The cells are constructed of steel, copper, or 
monel alloy. The exposed metal parts become coated initially 
with a thin layer of metal fluoride which is impervious to further 
reaction . 

Chemical Properties 

Fluorine 1s the most powerful oxidizing agent known , reacting 
with practically all organic and inorganic substances with the 
exception of metal fluorides in their highest valence state and 
a few pure completely fluorinated organic compounds. Even 
the latter may burn in a fluorine atmosphere if contaminated 
with a combustible material or if subjected to high flow rates of 
fluorine. Hydrogen and fluorine combine with extreme violence 
forming hydrogen fluoride. Oxygen does not ordinarily react 
with fluorine but two oxygen fluorides, OF2 and 0

2
F

2
, are 

known. The halogens form compounds of the type C1 F, C1 F
3

, 

BrF . and IF5 . Carbon as such, or the majority of hydrocarbons, 
on reaction with excess fluorine form carbon tetrafluoride with 
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small amounts of tetrafluorethylene or hexafluoropropene. Ni­
trogen is generally inert toward fluorine and may be used as a 
diluent for vapor-phase reactions. Fluorine will displace other 
halogens from many such halogen-containing compounds. The 
reaction of most organic compounds with fluorine will occur 
explosively. 

For a complete review of the chemical properties of fluorine, 
see Reference 3. 

Thermodynamic and Detailed Physical Data 

Molecular Structure 

The homopolar fluorine molecule, with Dxh symmetry and a 
symmetry number of two, is not infrared active, but is Raman 
active. The fundamental vibrational frequency is 923.1 cm - 1 , 

and the F- F bond distance is 1 .409 A (1 .409 x 1 o- 10 m) (1 ). 

Vapor Pressure (4) 

The vapor pressure of liquid fluorine is shown below. 

Vapor Pressure 
Tempera-
ture, °K kPa mbar mmHg 

53.56 0.223 2 .2 1.67 
59.03 1.179 11 .8 8.84 
65.02 4.704 47.0 35.28 
71 .07 14.561 145.6 109.22 
77.17 37.383 373.8 280.40 
83.06 80.542 805.4 604.12 
85.05 101.735 1 017.4 763.08 
86.60 120.932 1 209.3 907.07 
88.59 149.626 496.3 1 122.29 
89.40 162.638 1 626.4 1 219.89 

Latent Heat of Vaporization, '1Hv 

Temperature, °K 

80 
85.03 
95 

'1Hv, kJ/ kg 

177.515 

166.356 
155.145 

Thermodynamic Properties of Fluorine As Ideal Gas @ 25 
°C (5) 

Heat Capacity, C 0 p 
Entropy, S0 

Free Energy Function 
(Fi9e - Hi9e)/298 

Enthalpy Difference, 
Hise - H~ 
Enthalpy of Formation, H? 
Free Energy of Formation, F? 

31 .338 J / (mol- °K) 
202. 702 J / (mol- °K) 

-202. 702 J / (mol- °K) 

8 .828 kJ / mol 
0 .000 kJ / mol 
0 .000 kJ / mol 
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FERENCES . . nd A L. Mossman, The Matheson Unabndged RE . t bulations of the thermodynamic and physical properties of fluorine, see W. Braker a · , For extensive a 

Gas Data Book, 1975, Matheson, East Rutherford , New Jersey_. . ohn Wiley & Sons, Inc., New York , New York 
2 M B Jacobs, The Analytical Toxicology of Industrial lnorgan,c Poisons, 1967, p. 659, J d dT 1966 Volume 9 , pp. 507- 509, John 

· · M s· d in Kirk-Othmer 's Encyclopedia of Chemical Technology, 2n e I ion, · 3 H. R. Neumark and J. . iegmun , 

. & Sons Inc New York, New York. 
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FLUOROFORM 
(Synonyms: Freon-23®; Trifluoromethane) 

(Formula: CHF
3

) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of CHF3 

Specific Volume @ 21.1 °C, @ 101.325 kPa 
Vapor Pressure @ 21 .1 °C 

Boiling Point@ 101.325 kPa 
Freezing Point 
Absolute Density, Gas@ 101.325 kPa@ 25 °C 
Relative Density, Gas @ 101 .325 kPa @ 25 °C (Air = 1) 
Density, Liquid @ Saturation Pressure@ -80 °c 
Critical Temperature 
Critical Pressure 

Critical Volume 
Critical Density 
Critical Compressibility Factor 
Latent Heat of Fusion @ -155.2 °C 
Dipole Moment 

0.070 014 kg 
0.070 014 kg 
343 .3 dm3 / kg; 5.5 ft3 / lb 
4 480 kPa; 44.8 bar; 649. 7 psia; 44.2 

atm 
191.12 °K; -82.0 °C; -115.6 °F 
117.95 °K; -155.2 °C; -247.4 °F 
2.86 kg / m3 

2.417 
1 .440 kg / I 
298.89 °K; 25.7 °C; 78.3 °F 
4 810 kPa; 48.1 bar; 697.0 psia; 47 .43 

atm 
1 .904 dm3 / kg 
0.525 kg / dm3 

0.259 4 
57 .96 kJ / kg; 13.85 kcal / kg 
5 .4 X 10 3° C,m; 1.62 D 

Molar Specific Heat, Gas @ 101.325 kPa @ 25 °C @ Constant 
Pressure 51.557 J/ (mol- °K); 12.322 cal/(mol, 

CC) 

Molar Specific Heat, Liquid @ -100 °c 

Viscosity, Gas@101.325 kPa@ 25 °C 
Viscosity, Liquid @ -80 °C 
Thermal Conductivity, Gas@ 101 .325 kPa@ 25 °C 

Thermal Conductivity, Liquid @ -80 °C 

Solubility In Water@ 101 .325 kPa@ 25 °C 
Refractive Index, Liquid, n0 @ - 73.3 °C 
Relative Dielectric Strength (Nitrogen = 1) 

Description 

Fluoroform is a colorless, nonflammable, nontoxic gas at 
temperatures above 298.89 °K (25. 75 °C) at atomospheric 
pressure. It 1s shipped in steel cylinders as a liquefied 

d 
-
1 

gas 
~~ - er I s own vapor pressure of 4 380 kPa (635 psig) at 21 _ 1 

Specifications 

Fluoroform has a minimum purity of 98.0%. 

Uses 

Fluo_ reform 1s of interest as a refrigerant and as a · 1 n 1n erme-
d1ate in organic synthesis. 
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84.805 J / (mol• ° K); 20.269 cal / (mol, 
oc) 

0.014 4 mPa,s; 0.014 4 cP 
0.368 mPa-s; 0 .368 cP 
0.015 06 W / (m. °K); 36.0 x 1 o-6 cal, 

cm/ (S • cm 2
• °C) 

0.1757W/ (m. °K);419.9 x 10- 6 ca1. 
cm/(s-cm 2

, ° C) 
0.1 0% (by weight) 
1.215 
1.04 

Toxicity And Effects In Man (2) 

Inhalation of high · concentrations of gas can cause such 
sy~ptoms as dizziness, disorientation, incoordination, nar­
cosis, nausea or vomiting. There appear to be no irreversible 
effects once the oxygen deficiency has been corrected. 

Contact of liquid fluoroform with the skin can cause frostbite. 

First Aid Treatment (2) 

Inhalation 

If the subject is · conscious and becomes aware of any of the 
symptom~ cited above, he should go to an uncontaminated 
area and inhale fresh air or oxygen. In the event the subject is 
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overcome by a massive exposure, he should be carried to an 
uncontaminated area and given artificial respiration and oxygen 
simultaneously. Treat symptomatically thereafter. 

Skin Contact 

In case of skin contact with liquid fluoroform, frostbite may 
develop. If frostbite occurs, cover the frostbitten part with a 
warm hand or woolen material. If the fingers or hand are 
frostbitten, have the victim hold his hand in his armpit, next to 
his body. Then place the frostbitten part in warm water, about 
42 °C (108 ° F). If warm water is not available, or is impractical 
to use, wrap the affected part gently in blankets. Let the 
circulation re-establish itself naturally. Encourage the victim to 
exercise the affected part while it is being warmed. 

Precautions in Handling and Storage 

The general rules listed in Appendix I should be observed. 

Leak Detection 

Leaks of fluoroform may be detected by painting the sus­
pected points with soap water solution. Leaks will be evident 
by the formation of bubbles. In addition, the Matheson Leak 
detector Models 8016 and 8017 provide a more sensitive 

measure of leak detection. 

Disposal of Leaking Cylinders 

Cylinders containing fluoroform which develop leaks that 
cannot be corrected normally may be disposed of by the 

procedure described in Appendix 11-C . 

Materials of Construction 

Since fluoroform is noncorrosive any common construction 
metal may be used with fluoroform under normal conditions of 
use. At high temperatures some metals may act as catalysts in 
the decomposition of fluoroform. 

Cylinder and Valve Description 

Fluoroform is shipped in DOT approved steel cylinders. Cyl­
inders containing fluoroform are equipped with brass valves 
with the alternate standard Compressed Gas Assoc iation (CGA) 
outlet connection No. 320. The valve outlet has a thread size 
of 0 .825 inch, with right-hand external threads , with a flat seat 
and washer (see Figure 1 ). Lecture bottles have a special 

5
/ ,s 

( OUTLE:T 
CONNECTION 

/IN .I~ 

~ 825"" 
~ 1°3/16'' 

r"' 
Fig. 1. CONNECTION 320 .825"-14 RH EXT. used with Flat Seat 

and Washer 

inch-32 threads per inch, female outlet and a 9
/ 1 s inch-1 8 

threads per inch male dual valve outlet. 

Safety Devices 

Cylinders containing fluoroform have frangible discs as 
safety devices. Cylinders should, therefore, be stored away 
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from sources of heat to avoid developing pressures capable of 

rupturing the disc. 

Recommended Controls 

Automatic Regulators 

The following types of automatic pressure regulators are 

available for use with fluoroform : 

1. Single Stage Regulators 

The single stage regulator will reduce cylinder pressure in 
one stage to a delivery pressure in a particular range depending 
on the design of the regulator and its spring load. These 
regulators will show a slight variation in delivery pressure as 
cylinder pressure. The following single stage regulators are 

available for use with fluoroform : 

Delivery Pressure Range 
Model No. kPa bar(g} psig 

1 P-320 28-240 0 .28-2.4 4-35 

1 L-320 28-550 0 .28-5.5 4-80 

1 H-320 69-1 240 0.69-12.4 10-180 

2-320 340-4 480 3.4 -44 .8 50-650 

3320 (for lecture bot- 28-410 0.28-4 .1 4-60 

ties only) 
3321 (for lecture bot- 28-410 0 .28-4.1 4-60 

ties only) 

2. Two Stage Regulators 

These regulators perform the same funct ion as single stage 
regulators . However, greater accuracy in control of delivery 
pressure is maintained since the delivery pressure does not 
vary as cylinder pressure falls. The following two stage regu­
lators are available for use with fluoroform: 

Model No. kPa 

Delivery Pressure Range 
bar (g) psig 

BL-320 14-104 0.14-1 .04 2-15 

8-320 28-340 0 .28-3.4 4-50 

8H-320 69-690 0.69-6.9 10-100 

9-320 138- 1720 1.38-17.2 20-250 

To prevent suckback of foreign materials, a check valve is 
recommended for use with the above regulators. 

Manual Controls 

Matheson needle valve Model 50-320, a brass bar stock 
valve, is recommended for direct connection to the cylinder 
valve outlet. This valve may be equipped with a variety of 
outlets, such as a serrated hose end, '1• " compression fitting , 
or ¼ " NPT male or female pipe. It should be used only where 
manual flow is needed , but this requires close supervision. It 
should not be used as a pressure control since 1t w ill not 
prevent excessive pressure from developing if the system 
becomes clogged or is closed. A Model 31 B manual needle 
valve is recommended for use with lecture bottles. 
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Flowmeters 

Matheson Series 7600 laboratory brass flowmeter units with 
1 50 mm tubes and floats or Matheson Series 7200 laboratory 
brass flowmeter units with 65 mm tubes with a single float are 
recommended for use where definite flow rates must be known. 

Electronic mass flowmeters, such as Matheson Series No. 
8 11 6 and No 81 60, should be used where accurate readings 
are required Cal1brat1on 1s unaffected by temperature and 
pressure changes, and flow rates may be recorded from the 
instrument output 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 stainless steel and 
Series 8260 of type 316 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera­
ture changes These mass flow controllers consist of a trans­
ducer, a control valve, a blind controller /power supply a 
potentiometer and a digital indicator. The transducer sen~es 
the gas flow and sends a signal to the power supply This 
signal and one from the potentiometer are compared If. there 
is an imbalance, the power supply generates a sign~I for the 
control valve to reduce or increase the flow to correct the 
imbalance The accuracy is ± 1 .2%. 

Shipping Regulations 

Fluoroform is classified by the DOT as a nonflammable 
compressed gas and is shipped with the required " Green 
Label 

Commercial Preparation 

Fluoroform has been prepared by the liquid phase exchange 
reaction of chloroform with antimony fluoride-hydrogen fluoride 
at temperatures above 1 25 oc and at high pressures CHCIF 
and CHCl, F in the presence of aluminum chloride . at O o~ 

d1sproport1onate to form chloroform and fluoroform. An electro­
chemical process promises to make fluoroform a commercial 
chemical, starting materials such as acetic acid acetone d 
trimethylamine yield substantial proportions of fi°uorofo , an rm. 

Chemical Properties 

Since it is almost inert, the reactions of fluoroform are rin-
c1pally those of decomposition It reacts with N O ~ 
175 C and with NOF at about 100 oc. Lime at a d~II ;e; h~:~ 
destroys fluoroform, and s1m1lar temperatures are re uir 
rapid reaction with most metals Photoch . I h ~ ed for 
ve I emica c lonnat1on is 

ry sow and photobrominat1on has been unsuccessful Th 
thermal halogenat1on reactions proceed in e II ·. e 
without difficulty xce ent yields 

Thermodynamic and Detailed Physical Data 

Molecular Structure 

Fluoroform has C1v symmetry and 
three, with C F and C H bo d d a symmetry number of 
x 10 ' " m) and 1 098 A (1 09; x i~~a~~es of 1.333_A (1.333 
F- C F and F C H b m), respectively, and 

and angles of 1 08 6 + 0 o 
110 33 o , respectively ( 1 ) . - . 5 and 

Infrared Spectrum 

See Figure 2 for the infrared spectrum of gaseous fluoroform 
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Vapor Pressure 

Vapor pressure data from 145.348 °K to 191 .177 °K are 
shown below (3). 

Temperature, Vapor Pressure 
OK kPa mbar mmHg 

145.348 2 .720 27.2 20.4 

158.080 9.466 94.7 71 .0 

164.201 1 6.451 164.5 123.4 

169.182 23.838 238.4 178.8 

172.824 31.264 312.6 234.5 

176.426 40.329 403.3 302.5 

179.349 49.169 491 .7 368.8 

182.000 58.568 585.7 439.3 

183.882 66.007 660.1 495.1 

185.917 74 .820 748.2 561.2 

187 .889 84.446 844.4 633.4 

189.551 93.219 932.2 699.2 

191.177 102.512 1 025.1 768 .9 

Vapor pressure data from 191 .1 2 ° K (boiling point) to 

298.89 ° K (critical point) are shown below (4). 

Tempera- Vapor Pressure 

ture, °K kPa bar atm 

191.12 101 .325 1.013 1 .000 

203.15 193.733 1.94 1 .912 

213.1 5 313.702 3 .14 3.096 

223.1 5 482.631 4 .83 4 .763 

233.15 706.701 7.07 6.975 

FLUOROFORM 

Tempera- Vapor Pressure 

ture, °K kPa bar atm 

243.15 979.040 9 79 9 .662 

253.15 1 399.62 14.0 13.81 

263.15 1 896.04 19.0 18.71 

273.15 2 413.16 24.1 23.82 

283.15 3 261.65 32.6 32.19 

293.15 4171.55 41 .7 41.17 

298.89 4 805.85 48.1 47.43 

See Figure 3 for vapor pressure curve. 

Latent Heat of Vaporization, AHv 

Temperature, °C 

-120 
- 100 
-82 .0 

AHv, kJ / kg 

263.80 
251 .24 
238.67 

Thermodynamic Properties of Fluoroform As Ideal Gas a 25 

°C (5) 

Heat Capacity, C 0 p 51 041 J / (mol- ° K) 

Entropy, S0 259.542 J / (mol - °K) 

Free Energy Function, 
(F~9s - H~gs)/298 - 259.542 J / (mol- °K) 

Enthalpy Difference, Higa - Hi 11 .564 kJ / mol 

Enthalpy of Formation, AH~ -697 .054 kJ / mol 

Free Energy of Formation, AF~ -662.624 kJ / mol 

REFERENCES 
' For extensive tabulations of the thermodynamic and physical properties of fluoroform , see W Braker and A L Mossman, The Matheson 

Unabndged Gas Data Book, 1975, East Rutherford, New Jersey. 

2 W Braker, A. L. Mossman, and D. Siegel, Effects of Exposure to Toxic Gases-First Aid and Medical Treatment , 2nd ed1llon , 19 77, pp 119 -

123, Matheson, Lyndhurst, New Jersey. 
3 R. H. Valentine, G. E. Brodale, and W. F. Giauque , J. Phys Chem 66, 392 (1962). 

• Freon Fluorocarbons , Tech. Bull. B-2. 1964, E. I. duPont de Nemours & Co .. Inc. Wilmington , Delaware 

5 JANAF Thermochemical Tables, 2nd edition, 1971, D. R. Stull and H Prophet , proJect directors. Nat l Stand Ref Data Ser , Natl Bur Stand . 

NSRDS-NBS 37, U. S. Government Printing Office, Washington. D C. 

6 The Sadtler Standard Spectra, 19 72, Sadlier Research Laboratories, Inc., Philadelphia. Pennsylvania 
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GERMANE 
(Synonyms: Monogermane; Germanium Tetrahydride; Germanomethane) 

(Formula: GeH4) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of GeH4 
Specific Volume @ 21.1 °C, 101.325 kPa 
Boiling Point @ 101 .325 kPa 
Melt ing Point 
Absolute Density, Gas @ 101.325 kPa@ o °C 
Relative Density, Gas@ 101 .325 kPa@ 0 °C (A ir = 1) 
Density, Liquid@ -142 .0 °C 
Critical Temperature 
Critical Pressure 

Critical Volume 
Critical Density 
Critical Compressibility Factor 
Latent Heat of Fusion@ -165.9 °C 
Refractive Index, Gas @ 101 .325 kPa. no @ 0 °C 
Surface Tension@ -88.4 °C 

Description 

Germane is a toxic, flammable , colorless gas, with a char­
acteristic pungent odor at room temperature and atmospheric 
pressure. It is shipped in 0. 1 kg quantities at a pressure of 360 

kPa (52 ps1g) at 21 .1 °C. 

Specifications 

Matheson supplies a Semiconductor Grade of germane. This 

grade has a minimum purity of 99.9%. 

Uses 

Germane is used chiefly for the production of high purity 

germanium, which is used in semiconductors such as transis­

tors . 

Toxicity and Effects In Man (2) 

Like arsine, germane has been shown to be a hemolytic 
agent. The symptoms produced may be similar to those pro­
duced by arsine, i.e ., malaise, difficu lty in breathing, severe 
headache , giddiness, fainting fits, nausea, vomiting and gastri c 
disturbances. Because of properties which are similar to those 
of arsine, it might be anticipated to cause hemolys is and renal 
damage after significant exposure . The 1979 ACGIH has rec­
ommended a Threshold Limit Valve (TLV) of 0.2 ppm (0.6 mg / 

m3 ) for germane. 

First Aid Treatment 

Treatment of germane poisoning is unknown at this t ime; 
however, several guidelines can be proposed, which are based 

Matheson" 
~ 

0.076 662 kg 
0.076 662 kg 
315.3 dm3 / kg; 5.05 ft3 / lb 
184.80 ° K; - 88.4 °C; - 127 .0 °F 
107 .25 °K ; -165.9 °C; - 266.6 °F 
3.420 kg / m3 

2 .645 
1.523 kg/ dm3 

308.0 °K ; 34.8 °C; 94 .7 °F 
5 553 kPa; 55.53 bar; 805.3 psia; 54 .8 

atm 
1.671 dm3 / kg 
0.598 kg / dm3 

0.276 
835.54 J / mol, 199. 7 cal/mol 
1.000 894 
15.80 mN/ m; 15.80 dyn / cm 

on successful treatment of arsine gas poisoning. Usual medical 
supportive measures, such as, oxygen administration, p ressor 
agents, cardiac monitoring , and intensive care unit admission, 
should be undertaken as soon as possible. Mannitol induced 
diuresis should be instituted early. Ready avai lability of a renal 
hemodialysIs unit is strongly recommended. Peritoneal d ialysis 
has been reported to be effective in cases o f arsine poisoning 
In cases of extreme hemolysis, exchange transfusions have 
proved exceptionally helpful, particu larly In cases of severe 
arsine poisoning and this measure should be considered w hen 

faced with this problem. 

Precautions in Handling and Storage 

Germane Is hazardous because of its high toxic ity and flam­
mabi lity. Germane should be used in a well-vent ilated area, 
preferably in a hood with forced ventilation. Personnel handling 
and using germane should have available , for immediate use. 
oxygen generating gas masks of a type approved by NIOSH, 
or approved sel f-contained breathing apparatus. Add1t1onal gas 
masks should be located in convenient areas near w here the 
germane ,s being used, in case of emergency Do not store 
reserve stocks of germane with cylinders containing oxygen or 
other highly ox1d1zing or flammable materials. Ground all lines 
and equipment used w ith germane 

In add ition, the general rules listed in Appendix I should be 

observed . 

Leak Detection 

Piping and equipment should be thoroughly pressure­
checked w ith an inert gas, such as nitrogen, above work ing 

pressures and be completely leak-tight. 
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Materials of Construction 

Piping and accessories leading to equipment for the thermal 
decomposition of germane may be of iron or steel construction 
and should be adequately designed to withstand pressures to 
be encountered 

Cylinder and Valve Description 

Germane Is supplied in DOT approved steel cylinders. Only 
1 size cylinder, 3P, containing O 1 kg is available. The cylinders 
are equipped with valves having Compressed Gas Association 
No (CGA) alternate standard 660 valve outlets. The valve 
outlet has a thread size of 1 .030", with right-hand external 
threads with a flat seat and using a washer as a seal (see 
Figure 1 for an illustration of this valve outlet and its mating 
connection) 

Ol.T.ET CONNECTIO~ 

lll✓h 

1 030 1 035" 
1 1' 

Fig. 1. CONNECTION 660 1 030" -14 RH EXT. using Flat Seat with 
Washer 

Germane mixtures are shipped in DOT approved steel cyl­
inders which are equipped with valves having Compressed Gas 
Association (CGA) No. 350 valve outlets. The valve outlet has 
a thread size of O 825", with left-hand external threads ac­
cepting a round-shaped nipple. 

Safety Devices 

Cylinders containing germane are not equipped with safety 
devices, and therefore should be stored away from sources of 
heat to avoid the development of dangerous pressures within 
the cylinder. 

Recommended Controls 

Automatic Pressure Regulators 

Matheson Model 3501-660 is recommended for use with 
germane. All parts of the regulator, including the diaphragm, in 
the gas stream are of type 316 stainless steel. It is provided 
with a Tefzel seat, a packless outlet valve with stainless steel 
diaphragm, stainless steel delivery pressure and cylinder pres­
sure gauges, and Teflon gaskets. There are no rubber parts. It 
has a delivery pressure range of 0-170 kPa (0-25 psig). 

Single stage regulators Models 3503-350 and 19SM-350, 
each with delivery pressure ranges of 0-170 kPa (0-25 psig), 
and the two stage regulators Models 3803-350 and 3104-350, 
with delivery pressure ranges of 0-1 00 kPa (0-15 psig) and 
28-690 kPa (4-100 ps1g), respectively, are recommended for 
use with germane mixtures. 

Manual Controls 

A Matheson Model 4350-350 brass needle valve is available 
for direct attachment to the cylinder valve outlet of germane 
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mixtures. Needle valves are equipped with a 12" length of"◄' 
d opper tubing to provide for leak-free connection to the O .. C 

apparatus. 

Flowmeters 

Matheson Series 7600 laboratory stainless steel flowmeter 
units with 150 mm tubes and floats or Matheson 7200 labora­
tory stainless steel flowmeter units with 65 mm tubes with a 
single float, of the rotameter type, are recommended for use 
where definite flow rates must be known. 

Electronic mass flowmeters, such as Matheson Series No 
8116 and No. 8160, should be used where accurate readings 
are required .Calibration is unaffected by temperature and pres­
sure changes, and flow rates may be recorded from the instru­
ment's electrical output. 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 stainless steel and 
Series 8260 of type 316 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera­
ture changes. These mass flow controllers consist of a trans­
ducer, a control valve, a blind controller / power supply, a 
potentiometer and a digital indicator. The transducer senses 
the gas flow and sends a signal to the power supply. This 
signal and one from the potentiometer are compared. If there 
is an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 
imbalance. The accuracy is ± 1 .2%. 

Shipping Regulations 

Germane is classified by the DOT as a " Class A .. poison and 
a flammable gas and is shipped under the required " Poison 
Gas Label " and " Red Gas Label". 

Chemical Preparation 

The action of acids (hydrochloric acid or sulfuric acid tn 

water), ammonium chloride or bromide in liquid ammonia, or 
hydrazine hydrochloride in hydrazine on germanium-magne­
sium alloys and calcium germanides gives a mixture of various 
germanes (mostly monogermane), the individual compounds 
being separated by fractional distillation. Monogermane can 
also be prepared by the reaction of germanium tetra-chloride 
or tetra-alkoxides with metal hydrides (e.g ., LiH) or double 
hydrides (e.g., NaBH4 , LiAIH4 , LiAl(Bu-tert)H) in anhydrous 
organic solvents (ethyl ether, tetrahydrofuran, dioxane). Mon­
ogermane can also be obtained in aqueous solution along with 
small amounts of di- and trigermanes by the reaction of a 
solution of germanium dioxide in hydrobromic acid, acetic acid, 
or sulfuric acid with sodium or potassium hydride. 

Chemical Properties 

Germane is similar to silane in its chemical properties, but 
generally less reactive. It is not spontaneously flammable as 
silane. If ignited, it burns to give GeO2 and H2O. It Is more 
stable to hydrolysis than silane, being stable to about 30% 
alkali. At elevated temperatures, germane is decomposed into 
its elements, germanium deposits of the p type being obtained. 
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Germane is less stable thermally than silane, decomposing 
measurably at about 280 °C into germanium and hydrogen, 

• t mperature being over 1 00 °C below the temperature at 
this e K" · t d. f th 

h. h silane decomposes appreciably. 1netIc s u Ies o e 
w IC d h . ·1· 1· t 

Position of germane have been ma e, t e int Ia mg s ep 
decom . b · G H 

d for the homogeneous decompos1t1on eing e • -+ propose · t 
H + H but the subsequent decomposition of GeH2 Is no 

Ge 2 2, d. t th 
clear. Germane reacts with excess oxygen accor mg o e 

equation: 

G rmane reacts with sodium or potassium in liquid ammonia 
givi:g the room-temperature unstable solids NaGeH3 and 

KGeH3, respectively . . . 
For extensive presentation of the chemical properties of the 

germanium hydrides, see Reference 3. 

Thermodynamic and Detailed Physical Data 

Molecular Structure 

G rmane is a tetrahedral molecule with T ct symmetry, with a 
e x 54 10-10 m) and a Ge-H bond distance of 1 .54 ,-,,. (1 . x 

H-Ge-H bond angle of 109.5°. 

Infrared Spectrum (1) 

Germane has four normal modes of vibration (111-114). The 
vibrational frequencies (in cm-') for the four modes are as 
follows· 2 1 06 (11,); 931 (112); 2 114 (113); 81 9 (11.) . All four 
vibrati;ns are Raman active, whereas only 113 and II• are infrared 

active. 
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Vapor Pressure (4) 

Vapor pressure data up to 101 .325 kPa (1 atm) are shown 

below: 

Temperature, 
OK 

110.15 
1 22 .15 
127.85 
133.95 
141 .55 
146.45 
152.85 
161 .95 
172.95 
184.25 

kPa 

0 .133 
0.667 
1.332 
2.665 
5.330 
7.995 

13.331 
26.664 
53.328 

101 .325 

Latent Heat of Vaporization, 
~Hv @ - 88.4 °C 

Vapor Pressure 
mbar mmHg 

1.33 
6 .67 

13.3 
26.7 
53.3 
80.0 

133.3 
266.6 
533.3 

1 013.25 

1 
5 

10 
20 
40 
60 

100 
200 
400 
760 

14.06 kJ / mol; 
3 .36 kcal /mol 

Thermodynamic Properties of Germane As Ideal Gas @ 25 

°C (5) 

Heat Capacity, C~ 

Entropy, S0 

Enthalpy Difference, H~ge - Hg 

Enthalpy of Formation, ~Hf 

Gibbs Energy of Formation, ~Gf 

45.020 J / (mol -° K), 
10. 76 cal/(mol- °C) 

217.024 J / (mol, ° K); 
51.87 cal / (mol- °K) 
10.700 kJ / mol; 

2.567 kcal / mol 
90. 793 kJ/mol; 
21.7 kcal / mol 

113.386 kJ / mol; 
27.1 kcal / mol 

k d A L Mossman The Matheson REFERENCES I properties of germane, see W Bra er an · ' 
' For extensive tabulations of the thermodynamic and phys1ca 

th East Rutherford New Jersey. · 
7
977 pp 60-75, 

Unabndged Gas Data Book, 1975, Ma eson, , T . Gases-First Aid and Medical Treatment, 2nd edition, , 
d D Siegel Effects of Exposure to ox1c 2 w. Braker, A. L . Mossman, an · ' 

Matheson, Lyndhurst, New Jersey. . El men ts of Main Groups I-IV, 19 71, PP 
J E. Wiberg, and E. Amberger, Hydndes of the e 

639-718, Elsevier Publishing Company, Inc , New York, 

. d·t 1973 P 3047 McGraw-Hill Book Co . Inc. New York, New New York. d c H Chilton, e I ors, , · · 
Handbook, 5th edition, R. H. Perry an . • Chemical Engineers 

York. f Chemical Thermodynamic Properties. 1968, Natl. Bur 
s D. D. Wagman, et al. , Selected Values o 

Stand Tech. Note 270-3, U S. Government 

Printing Office, Washington. D. C. 
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HELIUM 
(Synonym: Helium-4) 

(Formula: 4He) 

PHYSICAL PROPERTIES (1) 

Atomic Mass 
Atomic Weight 
One Mole of 4 He 
Specific Volume @ 21 .1 °C, 101 .325 kPa 
Boiling Point @ 101 .325 kPa 
Melting Point @ 2 555 kPa 
Lambda Point, Upper 

Temperature 
Pressure 

Lambda Point, Lower 
Temperature 
Pressure 

Critical Temperature 
Critical Pressure 
Critical Volume 
Critical Density 
Critical Compressibility Factor 
Latent Heat of Fusion @ 1.2 °K, 2 555 kPa 
Abso~ute Density, Gas@ 101 .325 kPa@ o 0 c 
Relat_1ve D_en~ity, Gas @ 101 .325 kPa@ o 0 c (Air = 1) 
Density, L1qu1d @ Saturation Pressure@ 2.173 °K 
Molar Specific Heat, Gas@ 101 .325 kPa@ 25 oc 

@ Constant Pressure 
@ Constant Volume 

0.004 002 6 kg 
0.004 002 6 kg 
6 030.4 dm3 / kg ; 96.6 ft3 /lb 
4.214 4 °K; -268.94 °C; -452.1 °F 
1.2 °K; -272.0 °C; -457.5 °F 

2.173 °K; -271 .0 °C; -455.8 °F 
5.07 kPa; 50. 7 mbar; 38.0 mm Hg 

1. 760 °K; -271.4 °C; -456.5 °F 
3 003 kPa; 30.03 bar; 29.64 atm 
5.20 °K; -268.0 °C; -450.3 °F 
229 kPa; 2 .29 bar; 33.2 psia; 2.261 atm 
14.431 dm3 / kg 
0.069 3 kg / dm3 

0.305 

0.334 7 J / mol; 0.08 cal / mol 
0.178 5 kg/ m3 

0.138 
0 .146 57 kg / I 

S~ecifi_c Heat Ratio, Gas@ 101.325 kPa@ 25 °c, Cp/ Cv 
v1scos~ty, Gas@ 101.325 kPa@ 26.8 °c 
V1scos1ty, Liquid, Helium I @ 3.0 °K 

20.967 J/ (mol- °K) 
12.863 J/ (mol, °K) 
1.63 

0 .020 12 mPa,s; 0 .020 12 cP 
0 .003 3 mPa-s; 0 .003 3 cP 
0 .001 89 mPa-s; 0 .001 89 cP 

Viscosity, Liquid, Helium II @ 1 .2 °K 
Thermal Conductivity, Gas@ 101 .325 kPa @ o oc 

Thermal Conductivity, Liquid , Helium 1@ 2.4 K 

Surface Tension @ 1.0 °K 

0.141 84 W / (m. oK); 345.0 x 1 o - s cal. 
cm/(s • cm 2 • °C) 

0.018 83 W/ (m. oK); 45.0 X 10-s cal-
cm / (s • cm2 • °C) 

Solu~~it~~n Water @101.325 kPa (partial pressure of helium) @ 
o .347 mN / m; 0.347 dyn/cm 

Sonic Velocity 
Gas @ 0 °C, 101 .325 kPa 
Liquid @ 4.00 °K 

R:fracti_ve Index, Gas @ 101.325 kPa, no@ 25 oc 
D_1electr1~ Constant, Gas @ 101 .325 kPa @ 25 oc 
First Ionization Potential 
Minimum Excitation Energy 

Description 

Helium is a colorless, odorless and tasteless gas at room 
temperature an_d atmospheric pressure. It is presarit in dry air 
in a concentration of 5.24 ppm by volume Its pr1·nc· I · 1pa source 
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8-61 cm3 / 1 kg water 

96.99 m/ s 
190 m/ s 
1.000 031 97 
1.000 063 9 
3 .939 x 1 o - 1s J ; 24.586 ev 
3.175 X 10- 1s J; 19.818 eV 

in the United State · f . 
the natural gas s is rom certain natural gas wells in which 

H 
. . may contain up to 9% helium 

el1um is normally su I d . 
pressed into cylind PP ie as a nonliquefied gas com-
psig) at 21.1 oc_ It trs a~ a pr~ssure of_ 1 7 1 70 kPa (2 490 

s available in other size cylinders at lower 
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pressures . It can also be obtained in size 1 H cylinders at a 
pressure of 24 1 30 kPa (3 500 psig) at 21 .1 °C. 

Helium cannot be solidified merely by cooling the saturated 
liquid to absolute zero of temperature (0 °K). It has no triple 
point. To solidify helium at O ° K, a considerable pressure about 
25 atm (2 530 kPa) must be applied. Helium undergoes a 
transition at 2 .173 ° K (lambda point) from a more or less 
normal liquid to another having unique properties. The liquid at 
temperatures above 2.173 °K is called helium I and the liquid 
below this temperature is called helium II. Helium II is a super­
fluid and possesses zero entropy, extremely large thermal 
conductivity, and zero viscosity. 

Specifications 

Five grades of helium are supplied by Matheson. 

1. Research Purity Grade 

This grade of helium is of very high purity (99 .999 9 mole 
% min.) and can be obtained from Matheson in small cylinders 
or Pyrex liter flasks. 

2. Matheson Purity Grade 

This grade of hel ium has a minimum purity of 99.999 9 mole 

%. 

3. Ultra High Purity Grade 

This grade of helium has a minimum purity of 99.999 mole 
%. 

4. Zero Gas Grade 

This grade of helium is certified to contain less than 0.5 ppm 

hydrocarbons as CH4. 

5. High Purity Grade 

This grade of helium has a minimum purity of 99.995 mole 

% . 

Uses 

Helium is used extensively in the welding industry as an inert 
shielding gas for arc welding. It is also extensively used in the 
field of cryogenics. It is used in mixtures with neon and argon 
for electronic tubes and the familiar neon signs. 

Helium has been used extensively in large balloons for upper 
atmosphere and cosmic ray studies . Small hel ium balloons are 
used by weather forecasters to carry meteorological instru­
ments. Helium is used in the missile industry to pressurize 
rocket fuels and force them into rocket engines. 

Helium is used considerably in laboratory and research op­
erations, e.g. , as a leak detector, in " dry boxes", as a temper­
ature standard (helium gas thermometer), as a carrier in gas 

chromatography, etc . 
Gas mixtures of helium and hydrocarbons are used as self­

quenching fill gases for nuclear counters. 
A mixture of helium and oxygen finds use as a breathing gas 

for divers who must work under high pressures. Atmospheres 
containing helium are used for therapy and anesthesia of 
patients suffering from asthma or other obstructive conditions 
in the respiratory passages. 
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Toxicity 

Helium is nontoxic but can act as an asphyxiant by displacing 

the necessary amount of air to support life. 

Precautions in Handling and Storage 

The general ru les listed in Appendix I should be observed. 

Leak Detection 

All fittings and joints suspected of leaks should be painted 
with soap water solution; leaks will be indicated by bubble 
formation. Matheson Leak Detectors Models 8016 and 8017, 
may also be used to detect leaks of helium. 

Disposal of Leaking Cylinders 

For disposal of leaking cylinders containing helium, see 

Appendix 11-C. 

Materials of Construction 

Since helium is inert no special materials of construction are 
required. However, any piping or vessels containing helium 
should be adequately designed by competent engineers, using 
a safety factor conforming with the ASME code for pressure 

piping. 

Cylinder and Valve Description 

Helium is packaged in DOT approved , high pressure steel 
cylinders. The cylinder valve outlet designated as standard for 
helium by the Compressed Gas Association (CGA) has a 0 .965 
inch diameter internal thread, right-hand, accepting a bullet­
shaped nipple. Matheson supplies this standard on all helium 
cylinders. This outlet is designated as connection No. 580 (see 
Figure 1 ). Lecture bottles have a special 51, s inch-32 threads 
per inch, female valve outlet and a 9/,s inch-18 threads per 
inch, male dual valve outlet. 

OUTLET CONNECTION 

Fig. 1. CONNECTION 580 .965"-1 4 RH INT accepting a Bullet 

Shaped Nipple 

Safe'cy Devices 

Cylinders containing helium have safety devices of either the 
frangible disc type or frangible disc backed up with fusible 
metal, melting at approximately 100 °C. Cylinders pressurized 
1 0% in excess of their marked serv ice pressure in accordance 
with present DOT regulations must contain only safety devices 
of the unbacked frangible disc type. These safety devices are 
an integral part of the cylinder valve, situated opposite the 

valve outlet. 

Recommended Controls 
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Automatic Pressure Regulators 

In order to reduce the high cylinder pressure of helium to a 
safe working value consistent with a system 's design, the 
following types of controls are recommended. 

1. Single Stage Automatic Regulators 

Single stage regulators will reduce cylinder pressure in one 
stage to a delivery pressure, in a particular range, depending 
upon the design of the regulator and its spring load. A single 
stage _regulator will show a slight variation In delivery pressure 
as cylinder pressure falls. The following single stage regulators 
are available from Matheson for use with Research Purity 
Grade, Matheson Purity Grade, Ultra High Purity Grade, and 
Zero Gas Grade helium: 

Model No. 

19-580 
3500-580 

Delivery Pressure Range 
kPa bar (g) psig 

28-340 
28-520 

0.28-3.4 
0.28-5.2 

4-50 
4-75 

The following single stage regulators are available for use 
with High Purity Grade helium. 

Model No. Delivery Pressure Range 
kPa bar (g) psig 

1 L-580 28-550 0.28-5.5 4-80 
1 H-580 69-1 240 0 .69-12.4 10-180 
2-580 340-4 480 3.4-44 .8 50-650 
3-580 690-10 340 6 .9-103.4 100-1 500 
4-580 690-17 240 6.9-172.4 100-2 500 
3320 (for lecture 28-410 0 .28-4.1 4-60 

bottles only) 

2. Two Stage Regulators 

This type of regulator performs the same function as a single 
stage regulator. However, greater accuracy and control of th 
delivery pressure is maintained, and the delivery pressure doe: 
not vary as cylinder pressure falls The following two stage 
regulators are available from Matheson for use with the follow­
ing grades of helium: Research Purity Grade, Matheson Purity 
Grade, Ultra High Purity Grade, and Zero Gas Grade. 

Model No. 

3800-580 
3104-580 

Delivery Pressure Range 
kPa bar (g) psig 

28-620 
28-690 

0 .28-6.2 
0 .28-6.9 

4-90 
4 - 100 

_ The following two stage regulators are available for use with 
High Purity Grade Helium. 

Model No. 

8L-580 
8-580 
8H-580 
9-580 
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Deliver Pressure Range 
kPa bar (g) psig 

14-104 
28-340 
69-690 

138-1720 

0 14- 1 .04 
0.28-3 4 
0 .69-6 9 
1.38-17 2 

2-15 
4-50 

10-100 
20-250 

3. Controls For Helium At Special High Pressure 

High Purity Grade helium is also available at a special high 
pressure of 24 1 30 kPa (3 500 psig). The following single 
stage regulators are available for these cylinders. 

Model No. 

3-580 
4-580 
3064-580 
3075-580 

Delivery Pressure Range 
kPa bar (g) psig 

690-10 340 
690-17 240 
172-27 600 

1 380-41 400 

6 .9-103.4 
6.9-172.4 

1.72-276.0 
13.8-41 3.7 

100-1 500 
100-2 500 
25-4 ooo· 

200-6 ooo· 

Conventional equipment should never be used at this high 
pressure. 

4. Low Pressure Regulator 

The above regulators are not satisfactory for accurate deliv­
ery pressures below 34.5 kPa (5 psig). Therefore, an auxiliary 
regulator specifically designed for low pressures is recom­
mended to be_ used i~ series where any of the standard type 
regulators having maximum delivery pressures up to 1 720 kPa 
(250 psig). Matheson has various models known as the Model 
70 regulators which may be obtained with delivery pressures 
ranging from 0.5 kPa (2 inches water column) to 68.9 kPa (10 
psig) as follows: 

For low pr~ssur~ regulation, Matheson supplies the following 
regulators with delivery pressure ranging from 2" water column 
to 69 kPa (1 o psig): 

Model Delivery Pressure Range 
No. kPa mbar (g) psig 

708 0 .5-3.0 5-30 2-1 2 inches water col-
umn 

70 3.4-34.5 34-345 0.5-5.0 psig 
70A 34.5-68.9 345-689 5-1 O psig 

When these regulators are supplied to be used in conjunction 
with a standard regulator, an extra heavy hose is available to 
connect to ~he standard regulator. All Matheson regulators are 
provid:d with needle valves so that accurate flow control can 
be maIntaIned. 

A low pressure High Purity Regulator Model No. 71-S with 
stainless steel diaphragm, for use in series with Model 3500-
~80 regulator, is recommended for use in high purity applica­
tions. It has a delivery range of 3 .5-41 kPa (0.5-6.0 psig). 

Manual Controls 

Manual needle valves for direct attachment to the cylinder 
valve outlet are availabl Th . e. ese types of controls are mainly 
used where intermittent flows are necessary, or where it is 

~~~t~d to control the flow of gas directly from the cylinder. 
fl ype of a needle valve will allow control of extremely slow 
ow rates on up to relatively large flow rates. However pres­

sure cannot be controlled with such a valve, and if a iine or 
system becomes plugged d ' , angerous pressures can build up. 

• Actual delivery pressure will be limited to cylinder gas 
pressure. 

The following manual type valves are recommended for use 
with High Purity Grade helium: Model 50-580 or Model 52-580 
with gauge to indicate tank pressure. The valves are normally 
supplied with hose connection. ¼ " tube fittings or ¼ " NPT 
male or female outlets. A Model 30AR or 31 B needle valve is 
recommended for use with lecture bottles. 

Model No. 4351-580 is recommended as a manual control 
for Matheson Purity. Research Purity and Ultra-High Purity 
helium. 

Flowmeters 

Matheson Series 7600 laboratory brass or stainless steel 
flowmeter units with 1 50 mm tubes and floats or Matheson 
Series 7200 laboratory brass or stainless steel flowmeter units 
with 65 mm tubes with a single float are recommended for use 
where definite flow rates must be known. 

Electronic mass flowmeters, such as Matheson Serres No. 
8116 and 8160, should be used where accurate readings are 
required . Calibration is unaffected by temperature and pres­

sure changes. 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 stainless steel and 
Series 8260 of type 31 6 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera­
ture changes. These mass flow controllers consist of a trans­
ducer, a control valve, a blind controller/ power supply, a 
potentiometer and a digital indicator. The transducer senses 
the gas flow and sends a signal to the power supply. This 
signal and one from the potentiometer are compared. If there 
is an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 
imbalance. The accuracy is ± 1.2%. 

Shipping Regulations 

Helium is shipped in high pressure steel cylinders as a 
nonflammable compressed gas, taking a DOT " Green Label ". 
They are usually filled to a maximum of 1 0% in excess of the 
marked service pressure of the cylinder in accordance with 

present DOT regulations. 

Commercial Preparations 

The primary source of helium is from natural gas wells . It is 
obtained by a liquefaction and stripping operation . A new 
process for recovering helium utilizes the diffusion of helium 
through quartz. Helium is also obtained in small quantities from 
the air by liquefaction, rectification , and selective adsorption 

on charcoal at low temperatures. 

Chemical Properties 

Helium is a monatomic chemically inactive gas. It will not 
react with other elements or compounds under ordinary con­

ditions. 
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Thermodynamic and Detailed Physical Data 

Vapor Pressure (2) 

Vapor pressure of helium from 0.5 ° K to 5 2 ° K (critical 
point) is shown below: 

Tern- Vapor Pressure 
pera-

kPa mbar mmHg 
ture, °K 

0 .5 0 .000 002 2 0 .000 022 0 000 016 3 

0 .6 0.000 037 5 0 .000 375 0 .000 281 

0 .8 0.001 52 0.015 2 0 .011 4 

1.0 0.016 0 0 .160 
1.2 0.083 3 0.833 
1 .4 0.287 2.87 

1.6 0 .759 7.59 

1.8 1.66 16.6 

2.0 3.17 31.7 

2.2 5.40 54.0 
2 .4 8.44 84.4 
2.6 12.50 125.0 

2.8 17.72 177.2 

3.0 24.27 242.7 

3.2 32.30 323.0 

3.4 41 .95 419.5 

3 .6 53.39 533.9 

3.8 66.75 667.5 

4 .0 82.20 822.0 

4 .2 99.90 999.0 

4.4 120.00 1 200. 

4 .6 142.8 1 428. 

4.8 168.4 1 684. 

5.0 197.1 1 971 . 

5 .2 229.2 2 292. 

Latent Heat of Vaporization, .:1Hv 

See Table 1 for 6Hv values. 

Thermodynamic Data 

0.120 
0 .625 
2.155 
5 69 

12.47 
23 .77 
40 47 
63.30 
93 73 

132.95 
182.07 
242.27 
314.70 
400.47 
500.69 
616.54 
749.33 
900.26 

1 071 03 
1 263.21 
1 478.54 
1 718.82 

For the thermodynamic properties of the saturated liquid and 
vapor and for those of real gas helium. see Tables 1 and 2 , 

respectively. 

Thermodynamic Properties of Helium As Ideal Monatomic 
Gas @ 25 °C (4) 

Heat Capacity, C~ 
Entropy, S0 

Free Energy Function, (F~gs 
Hg)/298 

Enthalpy Difference, H~9s - Hg 

20 786 J / (mol- K) 

126.048 J / (mol - °K) 
-105.262 J / (mol • °K) 

6 .198 kJ / mol 
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Table 1. THERMODYNAMIC PROPERTIES OF THE SATURATED LIQUID AND VAPOR (5) 
Pressure Temper- Entropy Enthalpy Heat of Va- Specific Volume Density ature, J / (mol• °K) J / mol porization cm3 / mol kg / dm3 kPa atm OK Liquid Vapor liquid Vapor J / mol Liquid Vapor Liquid Vapor 

24.419 0.241 3.00 9 .430 41 .01 5 21.214 11 5.91 5 94.701 28.359 897.02 32.424 0 320 3 20 10.115 0. 141 1 0 .004 46 39.670 23.415 117.997 94.582 28.758 699.77 0.139 2 0 .005 71 42.151 0 416 3.40 10.767 38.449 25.897 119.798 93.901 29.229 555.16 0 . 136 9 0 .007 20 53.601 0 529 3.60 11 539 37 312 28.739 121.439 92.700 29.775 446.21 66.976 0 661 3.80 12 244 0 .134 4 0.008 97 36.107 31 .741 122.440 90.699 82.479 0 .814 4 00 13 028 
30.406 362.24 0 .131 6 0 .011 04 34.967 35.263 122.960 87.697 31.134 295.63 0 .128 6 0 .013 53 100 312 0 990 4 20 13.849 33.794 39.426 123.240 83.814 120 577 31.975 242.60 0 .125 2 0 .016 49 1 190 4 40 14.706 32.621 43.868 122.680 78.812 32.943 143 578 1.417 4 60 15.690 31.400 199.33 0.121 5 0 .020 08 

169 415 
49.352 121 .359 72.007 34.210 162.97 0.11 7 0 0 .024 55 1 672 4 80 16.763 29.911 55.556 118.037 62.481 36.157 131.57 198 496 1 959 5.00 18.404 28.018 64.042 0 .110 7 0 .030 42 112. 153 48.1 11 39.787 102.75 0 .100 6 0 .038 95 
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Table 2. THERMODYNAMIC PROPERTIES OF REAL GAS HELIUM (6) 
V, Volume, cm3 / mol; S, Entropy, J/(mol- °K); H, Enthalpy, kJ lmol 

Pressure 

I 
Temperature, K 

kPa atm 33.15 88.71 144.26 199.82 255.37 310 93 366 48 I 422.04 477.59 533.15 

101 .325 1.000 H 0. 71 5 5 1 .869 2 3.024 8 4 .179 5 5 334 2 6.488 8 7.643 6 8 798 2 9.955 7 11 .1 09 4 
s 67.741 88.356 98.521 105.337 110.479 114.582 118.015 121 046 123.558 125.852 
V 2 728.6 7 296.3 11 859.0 16421.7 20 981.9 25 537.2 30 109.9 34 657.6 39 230.3 43 803 .0 

3.402 I H 
I ~ t + 

345 0.71361.8711 3 027 6 4.182 3 5 337 0 6.491 6 7 646 4 8 801 9 9 955 7 11 . 1 09 4 
s 57.525 78.157 88.339 95.155 100.297 104.400 107.833 110. 780 11 3.376 115.670 
*5.8 2 152.2 3 493.2 4 835.1 6 186 9 7 518.7 8 858.0 10 199.9 11 539.2 12881 .0 

~ t + + 
1 034 10.207 706 2 1.877 6 3.370 0 4 190 7 5.346 3 6 .500 9 7.655 7 8 810 3 9 .965 0 111187 

S 48.298 69.014 79.196 86 028 191 153 95.273 98 706 101.653 104.232 106.526 
V 273.4 724 9 1 1 72. 7 1 620.2 2 067 5 2 513.7 2 961 .0 3 408.3 3 855.6 4 302.8 

~ ~ + ~ 

2 758 27.218 H 0 .704 3 1.892 5 3.054 6 4 212 1 5.367 7 6 .523 3 7.678 0 8 .832 7 9 .983 6 11 .1374 
s 39.857 60.808 71 .023 77 856 82.997 87.100 90.550 93.497 96.076 98 371 
V 108.5 278.9 447.3 615.4 783.4 951 .0 1 118. 9 1 286.6 1 454.3 1 621 9 

t + t 
4 137 40.827 H 0.701 5 1.904 6 3 070 4 4.228 8 5.385 3 16 540 9 7.695 7 8 .850 3 10.002 2 11 .1 56 0 

s 36.441 57.408 67.640 I 74 490 79.614 183.734 87.167 90.115 92.710 95 .005 
V 76.3 189 7 302.1 414.3 526.5 638.4 750.1 862. 1 973.8 1 085.7 

t 
t 5.412 3 + 

+ 

6 205 61 .24 1 H 0.697 8 1.922 2 3 .093 7 4 254 9 6 .567 9 7.722 7 8 877 3 10.030 1 11 .1 83 9 
s 33.226 53.992 64.241 71 090 76 231 80.351 83.801 86.748 89.327 91 .638 

102.069 1 ~ 55.2 130.2 201.4 280.4 355. 1 429 8 504.5 579.0 653.7 728.1 
t 

10 342 0.699 6 1.958 5 3 .141 1 4 306 0 5.470 9 6 .621 9 8 . 707 1 8 .931 3 10.086 0 11 .239 7 
s 29.340 49.705 59.954 66.820 71 961 76.097 79.514 82.495 85.074 87.385 
V 38.5 82.7 127.9 173 0 217.9 262.9 307.6 352.6 397.3 442.0 

+-

17 237 170.114 H 2.019 1 3 220 3 4 391 6 5.553 8 6 711 3 7 .866 9 9 .021 5 10.179 0 11 .332 8 
s 45.417 55.666 62.533 67.691 71 .827 75 .243 78.224 80.820 83 114 
V 27.5 54.1 81 .2 t 108.4 135.5 162.5 189.5 216.5 243.4 270.4 

272.1831 H I 
~ t 

27 579 2.1121 3.339 3 4 521 0 5.686 8 6 846 2 8 .002 7 19 ,157 4 10.309 3 11.463 0 
s 41.515 51 .697 58 564 63 738 67 875 71 .308 74.289 76.885 79.196 
V 22.5 37 .7 54.7 72.0 89 0 105.9 122.9 139.7 156.7 173.4 

+- t t 

41 368 408.274 H 2.233 1 3.497 5 4 .693 1 5.864 6 7 026 7 8 .181 4 9 .341 6 10.486 1 11 639 8 
s 38.166 48.248 55.130 60.322 64 291 67,892 70.889 73.485 75 796 
V 17.5 28.5 40.0 51 .2 62.7 74 2 85 .7 97.0 108 2 119.7 
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HEXAFLUOROACETONE 
(Synonyms: Hexafluoro-2-propanone; Perfluoroacetone) 

(Formula: F3CCOCF3) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of F3CCOCF3 

Spec1f1c Volume @ 21.1 °C, 101.325 kPa 
Vapor Pressure@ 21 .1 °C 
Boiling Point @ 101.325 kPa 
Freezing Point 
Absolute Density, Gas@ 101.325 kPa@ 25 °C 
Relative Density, Gas @ 101 .325 kPa @ 25 °C (Air = 1) 
Density, L1qu1d @ Saturation Pressure @ 23.4 °C 
Critical Temperature 
Critical Pressure 

Critical Volume 
Critical Density 
Critical Compressibility Factor 
V1scos1ty, Gas@ 101 .325 kPa@ 20 °C 

Description 

At room temperature and atmospheric pressure, hexafluo­
roacetone is a colorless, nonflammable, hygroscopic gas which 
fumes when exposed to moist air HexaflL•oroacetone has a 
musty odor which becomes acrid In the presence of acidic 
1mpuritIes Hexafluoroacetone ,s shipped as a liquefied gas 
under its own vapor pressure of 500 kPa (72.5 ps1g) at 21.1 °C. 

Specifications 

Hexafluoroacetone has a minimum purity of 99.5%. Typically 
the purity exceeds 99 9% 

Uses 

Hexafluoroacetone Is a highly reactive gas which will un­
dergo some of the usual reactions of aliphatic ketones and In 
addition will combine with a variety of active hydrogen com­
pounds to give substituted hydroxyl compounds It can be used 
to prepare such d1versif1ed products as stable fluids, solvents, 
adhesives. monomers, copolymers, and agricultural and phar­
maceutical compounds 

Effects in Man (2) 

The maior effect of acute exposure is lung 1rntat1on, which 
can lead to pulmonary edema. It Is also irritating to the skin, 
eyes, nose and throat, since it reacts with moisture to form a 
highly acidic sesqu1hydrate (pH < 1 .0). 
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0.166 023 kg 
0.166 023 kg 
143.6 dm3 / kg; 2.3 ft3 / lb 
603 kPa; 6.03 bar; 87.5 psia; 5 .95 atm 
245.65 °K; -27.5 °C; -17 .5 °F 
151.15 °K; -122.0 °C; -187.6 °F 
6.821 kg / m3 

5.757 
1 .323 kg/ I 
357.25 °K; 84.1 °C; 183.4 °F 
2 840 kPa; 28.4 bar; 411 .5 psia; 28.0 

atm 
1.747 dm3 / kg 
0.572 kg/ dm3 

0.277 
0.020 6 mPa,s; 0.020 6 cP 

Toxicity (2) 

The approximate LC50 for albino rats is 900 ppm for a 0.5 
hour exposure and 275 ppm for a 3 hour exposure. Respiratory 
impairment was evident at all levels of exposure in the rats. At 
the lethal level, rats developed, in addition, conjunctiva! hem­
orrhage and, at sublethal levels, showed pigmented secretion 
around the eyes and nose. 

Marked cumulative effects on various organs were noted in 
rats subjected to 1 0 repeated 4-hour exposures to sublethal 
concentrations of hexafluoroacetone, with apparently speci fic 
effects on the testes of the exposed rats. 

Odor is not a reliable warning property of dangerous con­
centrations of this gas. 

Threshold Limit Value (TLV) 

The 1979 ACGIH recommends a Threshold Limit Value (TL V) 
of 0.1 ppm (0. 7 mg/ m3

) for hexafluoroacetone. 

First Aid Treatment (2) 

Inhalation 

Remove the victim to an uncontaminated atmosphere im­
mediately. Give oxygen if breathing is labored. If breathing 
ceases, start artificial respiration at once. with simultaneous 
administration of oxygen. Summon medical aid as soon as 
possible. 

Note To Physician 

Observe for premonitory signs and symptoms of pulmonary 
edema. 
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Skin and Eye Contact 

Wash the affected areas with copious quantities of water for 
at least 1 5 minutes. Remove contaminated clothing under a 
drenching shower of water. In case of eye contact, get medical 
attention as soon as possible. 

Precautions in Handling and Storage 

Personnel handling or using hexafluoroacetone shou ld do so 
only in a well-ventilated area, preferably a hood with forced 
ventilation. Personnel who handle the gas should wear protec­
tive clothing such as rubber or plastic aprons, rubber gloves, 
and suitable gas-tight safety goggles. Instant-acting showers 
should be available in the event of an emergency . Special eye­
washing fountains or similar equipment shou ld be available for 
eye irrigation . Ai r- line or oxygen masks or self-contained 
breathing apparatus should be conveniently located for emer­
gency use. 

Suckback may cause a violent reaction within the cylinder 
and may lead to the formation of extremely corrosive condi­
tions; to prevent suckback it is advisable to employ a check 
valve, vacuum break, or trap. 

In addition, the general ru les listed in Append ix I should be 
observed. 

Leak Detection 

Although leaks of hexafluoroacetone in lines and equipment 
may be determined by means of moist blue litmus (the paper 
will turn pink), it is suggested that the apparatus to be used be 
pretested for leaks with dry compressed air on an inert gas 
such as nitrogen . 

Disposal of Leaking Cylinders 

Leaking cylinders containing hexafluoroacetone that cannot 
be corrected normally may be disposed of in the following 
manner. Attach an appropriate regulator with a long rubber 
hose connection to the cylinder. Move the cylinder to a hood 
or safe out-of-doors area and run the contents at a moderate 
rate into a conta iner fil led with a moderate amount of water. 
The solut ion is ready for d isposal after neutralization with 
aqueous sodium hydroxide, or the hexafluoroacetone hydrate 
may be recovered from the solution by distillation. 

When the cylinder is empty , close the cylinder valve, tag the 
cy linder as defective, and return it as per supplier's instruc­
tions, after informing the supplier of the defect. 

Materials of Construction 

All equipment to be used for hexafluoroacetone should be 
clean and dry since hexafluoroacetone hydrates readily in the 
presence of moisture leading to acidic condit ions. Mone!, 
nickel, inconel, stainless steel, copper, and glass- and Hastel­
lory C-lined equipment are satisfactory for handling hexafluo­
roacetone. Stainless steel autoclaves and Hastel loy C-hned 
bombs are satisfactory for high pressure reactions, with copper 
tubing being used for transfer of liquid or gaseous hexafluoro­
acetone. At atmospheric pressure , polyethylene and rubber 
tubing have been used for flexible connections. 
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HEXAFLUOROACETONE 

Cylinder and Valve Description 

Hexafluoroacetone is shipped in steel cylinders, which com­
ply with DOT spec1ficat1ons . They have a minimum service 
pressure of 3 310 kPa (480 ps1g). 

The hexafluoroacetone cy linder valve outlet designated as 
the alternate standard by the Compressed Gas Assoc1at1on Is 
valve outlet No. 660. This outlet has a thread size of 1 030 
inches diameter and is right-hand with external threads The 
mating connection seats on a flat washer. Figure 1 illustrates 
the valve outlet and mating connection used in this service 

OUT .ET CONNECTIOf\l 

1 030' 
1" 

Fig. 1. CONNECTION 660 1 .030 " -14 RH EXT using Flat Seat with 
Washer 

The lecture bottle containing one pound of hexafluoroace­
tone is 2 inches in diameter and 1 5 inches long and Is equipped 
with a Teflon-packed monel valve having a special outlet des­
ignated as 5/,s" -32 thread per inch, female outlet. 

Safety Devices 

Cylinders containing hexafluoroacetone have, as a safety 
device, a fusible metal plug, melting at approximately 73.9 °C 
(165 °F). 

Recommended Controls 

Automatic Pressure Regulator 

Matheson supplies regulator Model 815-660, without cylin­
der pressure gauge, or Model 815C-660, with cylinder pres­
sure gauge, for hexafluoroacetone service. This regulator has 
a chemically coated nickel body, with internal parts of monel. 
The diaphragm is Kel-F backed with silver plated nickel-silver 
alloy and the seat is of Kel-F. The needle valve on the outlet 
end is of monel. The delivery pressure range of the regulator 
is 28-340 kPa (4-50 psig). 

To prevent suckback of foreign materials into the regu lator, 
a monel check valve is recommended. 

Manual Controls 

A monel bar stock needle valve Model 55-660 can be sup­
plied where noncritical manual flow control of the liquid or gas 
Is required. This valve can be supplied w ith a serrated hose 
end, ¼" compression fitt ing, or ¼" NPT male or female pipe 
outlet. The lecture bottle util izes a monel needle valve Model 
33M or 60L. 

Shipping Regulations 

Hexafluoroacetone is classified as a nonflammable gas and 
is shipped under " Green Label. " 
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HEXAFLUOROACETONE 

Chemical Preparation 

Hexafluoroacetone has been prepared by direct fluorination 
of acetone in the vapor phase over a copper wire screen 
packing, followed by fractionation of the mixture of products 
obtained. It has also been prepared by pyrolysis of 
poly(tetrafluoroethylene), followed by KMnO. oxidation of the 
mixture obtained , extraction with ether, d1st1llat1on. and dehy­
dration of the distilled hexafluoroacetone monohydrate over 
phosphorus pentoxide 

Chemical Properties 

Hexafluoroacetone reacts exothermically with water giving 
the gem-diol (CF ,)iC(OH)1 which may react further with water 
through hydrogen bonding Hexafluoroacetone sesquihydrate 
1s ac1d1c (pH < 1 .0) and 1s a good solvent for polymers. 
Hexafluoroacetone reacts with alcohols, ROH, giving hemike­
tals (CF ,), C(OH)OR, which can be methylated With Me7so. + 
K CO , Mel + Ag2O, or diazomethane to give the ketals 
(CF i )C(OMe)OR. Hexafluoroacetone reacts with dry HCN in 
the presence of catalytic amounts of p1peridine giving the 
cyanohydrin (CF ihC(OH)CN, which on sapornfication with sul­
furic acid yields (CFJ)2C(OH)COLH. Condensation of hexa­
fluoroacetone with cyanohydrins of aromatic aldehydes, 
RCH(OH)CN, gives 2,2-bis (trifluoromethyl)-5-aryl-4-oxazolldi­
nones. Hexafluoroacetone reacts with hydroxylamine to form 
(CF ,).,C(OH)NHOH. With primary amides, hexafluoroacetone 
forms add1t1on compounds of the type (CF ), C(OH)NHCOR. 
Hexafluoroacetone reacts with organic compounds containing 
active hydrogen atoms to give the corresponding adducts, e.g., 
with CH (CO Hh, there 1s formed (CF.i) ,C(OH)CH CO ,H Aro­
matic compounds react with hexafluoroacetone in the pres­
ence of Friedel-Crafts catalysts to give tertiary alcohols; 
e g ., with toluene, there 1s formed 4-CH 3C6 H.C(CF ,hOH. 
When phenol and hexafluoroacetone are heated at 1 00 °C 
in the presence of HF in an autoclave, a b1sphenol A derivative, 
4-HOC, H.C(CF 1), C, H.OH-4, 1s formed. Hexafluoroacetone 
reacts with olefins to form alkenols, e.g , with 1sobutylene, 
(CH ) CH CH2 , there is formed (CF ),C(OH)CH C(CH ,) CH,. 
Hydrogen halides, HX, react with hexafluoroacetone to form 
unstable adducts, e.g , with HCI, there is formed 
(CF ) C(OH)CI. Hexafluoroacetone reacts with hydrazoic acid, 
HN , to form (CF ,tC(OH)N . Alkali metal fluorides react with 
hexafluoroacetone to give alkoxides; e.g., with KF, there is 
formed (CF,) -CF(OK). which reacts with acryloyl chloride to 
yield CH CHCO2 CF(CF 1) 1 , which can be polymerized . 
(CF ,)1CF(OK) reacts with ep1bromohydrin to give a dlyc1dyl 
ether. which can be polymerized. Hexafluoroacetone reacts 
with organometallic compounds, e.g., RMgX and HC:CNa, to 
give (CF i) ,CR(OH) and (CF i) ,C(OH)C:CH, respectively. Hexa­
fluoroacetone reacts with ketene to give 2,2-bis(tri­
fluoromethyl)-2-prop1olactone, which decomposes at 350 C 
to form CO., and (CF ,hC.CH;. The prop1olactone can be con­
verted by H1SO. or BF, · EbO into (CF 3)2C:CHCO ,H Pyrolysis 
of hexafluoroacetone at 550 C gives CO and hexafluoro­
ethane while at 625 ° C. trifluoroacetyl fluoride and difluoro­
methylene are formed initially, which give finally carbonyl flu­
oride (CF 3hC:CF., and other products. Hexafluoroacetone has 
been converted to the semicarbazone, 2 ,4-dinitrophenylhydra­
zone and hydrazone derivatives, the latter on oxidation with 
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lead tetraacetate yielding the diazo compound (CF3)iC:N2 . 

Hexafluoroacetone has been reduced with lithium aluminum 
hydride or sodium borohydride or catalytically over copper­
chromium oxide to (CF3hCHOH. Other reactions of hexafluo­
roacetone are described by C. Woolf in the section on per­
chlorofluoroacetones in Kirk-Othmer's "Encyclopedia of 
Chemical Technology," 2nd Edition, Volume 9, pp. 754-767, 
1966. 

Thermodynamic and Detailed Physical Data 

Molecular Structure 

The hexafluoroacetone molecule has Cs symmetry, which 
implies that the two CF3 groups are staggered with respect to 
each other (1) Structural parameters are as follows (1 ): bond 
distances: C-F 1.34 A (1.34 x 1 o-•o m), C-C 1.52 A (1.52 
x 10 10 m), C=O 1.17 A (1.17 x 10- 10 m); bond angles: 
CC F111.4°,C-C-C116°. 

Infrared Spectrum 

See Figure 2 for the infrared spectrum of gaseous hexaflu­
oroacetone. 

Vapor Pressure (3) 

The vapor pressure of HFA between 233.15 °K and 
257.25 °K 1s represented by the following equation: 

1 813.956 
log 10 P - 11.281 636 - T - 0.021 491 03T 

+ (2.288 914 X 10-5T2) 

in which P = atm and T = °K. 

Some vapor pressure data calculated by this equation are 
shown below: 

Temperature, Vapor Pressure 
K kPa bar atm 

233.15 55.1 21 0.551 0.544 
245.65 1 01 .224 1.01 0.999 
253.15 140.639 1 .41 1.388 
273.15 304.684 3.05 3.007 
293.15 584.037 5.84 5.764 
298. 15 676.750 6.77 6 .679 
313.15 1 014.263 10.1 10.01 
333.15 1 671 .863 16.7 16.50 
357.25 (C.T.) 2 840.140 28.4 28.03 (C.P.) 

See Figure 3 for vapor pressure curve. 

Latent Heat of Vaporization, AHv 

Temperature, °C 

-50.0 
- 27.5 
-13.0 

Thermodynamic Data 

Heat Capacity, Ideal Gas, cg@ 
25 °C 

AHv, kJ/kg 

141.869 
131.239 
124.677 

117.880 J / (mol- °K) 
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HEXAFLUOROACETONE 
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HEXAFLUOROETHANE 
(Synonyms: Perfluoroethane; Freon-116®) 

(Formula: F3CCF3 or C
2
F

6
) 

PHYSICAL PROPERTIES (1) 

Molar Mass 

Molecular Weight 
One Mole of C 2F6 

Spec1f1c Volume @ 21.1 °C, 101.325 kPa 
Vapor Pressure @ 21 .1 °C 

Bo11ing Point @ 101 .325 kPa 
Triple Point 

Freezing Point@ 101.325 kPa 

0.138 012 kg 

0 .138 012 kg 

17 4.8 dm3 /kg; 2.8 tt3 /lb 

Absolute Density, Gas@ 101.325 kPa@ 23.9 °C 
Relative Density, Gas@ 101.325 kPa@ 23.9 °C (Air = 1) 

Density, Liquid @ Saturation Pressure@ - 80.0 °c 
Critical Temperature 

3 070 kPa; 30.7 bar; 445 psia; 30.3 atm 

194.95 °K; - 78.2 °C; -108.8 ° F 

173.10 °K; -100.0 ° C ; -148.1 ° F 

172.55 °K; -100.6 °C; -149.1 ° F 
5.734 kg /m 3 

4.823 

1.611 kg/I 

292.85 °K; 19. 7 °C; 67.5 °F 
Critical Pressure 

Critical Volume 

Critical Density 

Critical Compressibility Factor 

Latent Heat of Fusion @ -1 00.6 °C 

2 980 kPa; 29.8 bar; 432.1 psia ; 29.4 
atm 

1.644 8 dm3 /kg 

0.608 kg/dm3 

0.278 

Molar Specific Heat, Gas @ 101.325 kPa @ 25 °c @ Constant 
Pressure 

19.454 kJ/kg; 641. 7 cal/mol 

105.094 J / (mol- ° K) 
Molar Spec1f1c Heat, Gas @ 101 .325 kpa @ 1 o °C @ Constant 

Volume 

Molar Specific Heat, Liquid @ - 78.2 °C 

V1scos1ty, Gas@ 101.325 kPa@ 25 °C 
Viscosity, L1qu1d@ -80°C 

Thermal Conductivity, Gas @) 1 01 .325 kPa @ 25 °C 

Thermal Conduct1v1ty, Liquid @ -80 °c 

Surface Tension @ -80 °C 

Dielectric Constant, Gas @ 23.0 °C 

Refractive Index, Liquid , n0 - 73.3 °C 
Relative Dielectric Strength (N2 = 1) 

Description 

At room temperature and atmospheric pressure, hexafluo­
roethane is an inert, colorless, nonflammable, nontoxic gas 
which is odorless and tasteless. Hexafluoroethane is shipped 
in cylinders or ton containers. It Is reshipped as a nonliquefied 
gas at a pressure of 2 967 kPa (430 psig) at 21 .1 °c . 

Specifications 

Hexafluoroethane has a minimum purity of 99.6%. 

Uses 

Hexafluornethane is chiefly of interest as a propellant and as 
a gaseous insulator 

356 

92 .385 J /(mol- °K) 

131.29 J / (mol- °K) 

0 .014 4 mPa-s; 0.014 4 cP 
0 .525 mPa-s; 0.525 cP 

0 .016 15 W /(m-°K) 38.6 x 10- 5 cal­
cm/{s,cm?. °C) 

0.012 544 W/(m-°K) 30.0 x 10- 6 cal-
cm/(s • cm 2

• °C) 

17.2 mN/m; 17.2 dyn/cm 
1.001 97 
1.206 

2.02 

Effects in Man (2) 

Inhalation of high concentrations of gas can cause such 
symptoms a d' · · • . . . s Izziness, d1sonentat1on, incoordination, nar-
cosis, nausea or vomiting. There appear to be no irreversible 
effects once the oxygen deficiency has been corrected. 

Skin contact with liquid hexafluoroethane can cause frost­
bite. 

Toxicity (2) 

Hexafluoroethane is I t· . . . a re a Ively nontoxic gas according to 
the rating system d · d · Chic . . evise by the Underwriters' Laboratory, 

ago, Illinois. It falls into Group SA in this system which 
also includes the relatively nontoxic carbon dioxide. , 

matheson· 

First Aid Treatment 

INHALATION 

If the subject is conscious and becomes aware of any of the 
symptoms cited above, he should go to an uncontaminated 
area and inhale fresh air or oxygen. In the event the subiect Is 
overcome by a massive exposure, he should be carried to an 
uncontaminated area and given artificial respiration and oxygen 
simultaneously. Treat symptomatically thereafter. 

Skin Contact 

In case of skin contact with liquid hexafluoroethane, frostbite 
may develop. If frostbite occurs, cover the frostbitten part with 
a warm hand or woolen material. If the fingers or hand are 
frostbitten , have the victim hold his hand in his armpit, next to 
his body. Then place the frostbitten part in warm water, about 
42 °C (108 °F). If warm water is not available, or is impractical 
to use, wrap the affected part gently in blankets. Let the 
circulation re-establish itself naturally. Encourage the victim to 
exercise the affected part while it is being warmed. 

Precautions in Handling and Storage 

The general rules listed in Appendix I should be observed. 

Leak Detection 

Ledks of hexafluoroethane in lines or equ ipment may be 
detected by painting the sites of the suspected leaks with soap 
water solution; leaks will be evident by bubble formation. Mi­
nute leaks in pressurized equipment filled with hexafluoroe­
thane may be detected with either a halide torch or a halide 
leak detector. The Matheson Leak Detector Models 8016 and 
801 7 provide a more sensitive means of leak detection . 

Disposal of Leaking Cylinders 

For disposal see procedure described in Appendix 11-C. 

Materials of Construction 

Since hexafluoroethane is noncorrosive, any of the common 
structural metals may be used under ordinary conditions. At 
temperatures of the order of 150 °C, copper, stainless steel, 
and aluminum are resistant to attack by decomposing products. 

Cylinder and Valve Description 

Hexafluoroethane is shipped in DOT approved, high pressure 
steel cylinders. Cylinders of hexafluoroethane are equipped 
with brass valves having the alternate standard Compressed 
Gas Association (CGA) valve outlet connection No. 320. The 
valve outlet has a thread size of 0.825", with right-hand internal 
threads, with a flat seat using a washer as a seal (see Figure 1 

( OUTLET 

N /-i-

~~ 

825' 
13/ 16" 

1 
830. 

13/16" 

CONNECTION 

Fig. 1. CONNECTION 320 .825"-14 RH EXT. used with Flat Seat 

and Washer 

HEXAFLUOROETHANE 

for an illustration). Lecture bottles have a special 51,6" -32 
threads per inch, female outlet and a 9116" -18 threads per inch 
male, dual valve outlet. 

Safety Devices 

Cylinders of hexafluoroethane are equipped with frangible 
discs as safety devices. The frangible disc is required in only 
one end of the cylinder regardless of the length of the cylinder. 
Cylinders of hexafluoroethane should, therefore, be stored 
away from sources of heat to avoid dangerous pressures from 
developing within the cylinder. Frangible discs backed up with 
fusible metal plugs, melting at about 73.9 °C (165 °F) or 100 
°C (212 °F), may also be used as safety devices, but in 

cylinders over 55 inches long, exclusive of the neck, this device 
is required in both ends. 

Recommended Controls 

Automatic Pressure Regulators 

1. Single Stage Regulators 

A single stage regulator will reduce cylinder pressure in one 
stage to a delivery pressure in a particular range, depending 
upon the design of the regulator and its spring load. A single 
stage regulator will show a variation in delivery pressure as 
cylinder pressure falls. The following Matheson single stage 
regulators are recommended for use with hexafluoroethane. 

Model No. Delivery Pressure Range 
kPa bar (g) psig 

1 P-320 28-240 0.28-2.4 4-35 
1 L-320 28-550 0.28-5.5 4-80 

1 H-320 69-1 240 0.69-12.4 10-180 
2-320 345-4 480 3.45-44.S 50-650 

3320 (with lecture 28-410 0.28-4.1 4-60 
bottles) 

3321 (with lecture 0.28-4.1 28-410 4-60 
bottles) 

2. Two Stage Automatic Regulators 

This type of regulator performs the same function as a single 
stage regulator. However, greater accuracy in control of deliv­
ery pressure is maintained and the delivery pressure does not 
vary as cylinder pressure falls . The following Matheson two 
stage regulators are recommended for use with hexafluoro­
ethane: 

Model No. 
Delivery Pressure Range 

kPa bar (g) psig 

8L-320 14-104 0 .14-1 .04 2-15 
8-320 28-340 0 .28-3.4 4-50 
8H-320 69-690 0 .69-6.9 10-100 
9-320 138-1720 1.38-17.2 20-250 

Manual Controls 

Matheson needle valve Model 50-320, of brass bar stock, is 
available for direct attachment to the cylinder valve outlet. This 
valve may be equipped with a variety of outlets (¼" compres-



HEXAFLUOROETHANE 

sion or 1
,4" NPT male or female pipe) but It is usually supplied 

with a serrated hose end. It should be used only where manual 
flow control is needed and should not be used as a pressure 
control since it will not prevent pressure from building up if a 
system becomes clogged or if the system itself is closed. 
Needle valve No. 31 B is recommended for use with lecture 
bottles. 

Flowmeters 

Matheson Series 7600 laboratory brass flowmeter units with 
1 50 mm tubes and floats or Matheson Series 7200 laboratory 
brass flowmeter units with 65 mm tubes with single float are 
recommended for use where definite flow rates must be known. 

Electronic mass flowmeters, such as Matheson Series No. 
8116 and No. 8160, should be used where accurate readings 
are required. Calibration is unaffected by temperature and 
pressure changes, and flow rates may be recorded from the 
instrument output. 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 stainless steel and 
Series 8260 of type 31 6 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera­
ture changes. These mass flow controllers consist of a trans­
ducer, a control valve, a blind controller / power supply, a 
potentiometer, and a digital indicator. The transducer senses 
the gas flow and sends a signal to the power supply. This 
signal and one from the potentiometer are compared. If there 
is an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 
imbalance. The accuracy is ± 1 .2%. 

Shipping Regulations 

Hexafluoroethane is classified by the DOT as a nonflammable 
compressed gas and is shipped with the required " Green 
Label .' ' 

Chemical Preparation 

Hexafluoroethane has been obtained in almost quantitative 
yields by fluorination of ethane with diluted fluorine under 
" cool-flame" conditions. 

Chemical Properties 

Hexafluoroethane is among the most stable of organic com­
pounds. Reaction with quartz does not occur below approxi-

REFERENCES 

mately 600 °C and homogeneous decomposition is not appre­
ciable at 842 °C. 

Thermodynamic and Detailed Physical Data 

Molecular Structure (1) 

Hexafluoroethane has 0 3d symmetry and a symmetry number 
of 6 with C-F and C-C bond distances of 1 .32 A (1 .32 x 

· A 10 > . 10- 10 m) and 1.56 (1 .56 x 10- m, respectively, and a 
c - C-F bond angle of 109.5 ± 1.5° . 

Infrared Spectrum 

See Figure 2 for the infrared spectrum of gaseous hexafluo­
roethane. 

Vapor Pressure (3) 

Temperature, Vapor Pressure 
OK kPa bar mmHg 

212.0 
698.1 

1 835.9 

173.15 
193.15 
213.15 

28.3 
93.1 
24.5 

0 .283 
0 .931 
2.45 

For vapor pressure data from 223.15 °K to 292.85 °K, see 
Figure 3 (vapor pressure vs. temperature curve). 

Latent Heat of Vaporization, ilHv 

Temperature, °K 

183.15 
194.95 
203.15 

ilHv, kJ/kg 

121 .3 
117.03 
113.0 

Thermodynamic Properties of Hexafluoroethane As Ideal 
Gas @ 25 °C (4) 

Heat Capacity, C~ 
Entropy, S0 

Free Energy Function, (G~98 

H~9a/ 298 
Enthalpy Difference, H~98 - Hg 
Enthalpy of Formation, ilHf 
Gibbs Energy of Formation, 

ilGr 

106.407 J / (mol- °K) 
332.076 J / (mol • °K) 

- 332.076 J / (mol- ° K) 

20.255 kJ / mol 
- 1 343.901 kJ / mol 
- 1 258.212 kJ / mol 

' For extensive tabulations of the thermodynamic and physical properties of hexafluoroethane, see W. Braker and A. L. Mossman, The Matheson 
Unabndged Gas Data Book , 1975, Matheson, East Rutherford, New Jersey. 

' w Braker, A L Mossman, and D. Siegel. Effects o f Exposure to Toxic Gases-First Aid and Medical Treatment, 2nd edition, 
1977

, pp. 119-
123, Matheson. Lyndhurst, New Jersey. 
1 

Freon Fluorocarbons, Tech Bull . B-2, 1964 , E I duPont de Nemours & Co., Inc .. Wilmington, Delaware. 
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• JANAF Thermochemical Tables, 2nd edition, 1971 , D R Stull and H Prophet, proJect directors, Natl Stand. Ref. Data Ser., Natl . Bur Stand , 
NSRDS-NBS 37, U. S. Government Printing Office, Washington, D. C. 
s The Sadtler Standard Spectra, 19 72, Sadlier Research Laboratories. Inc .. Philadelphia, Pennsylvania 
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HEXAFLUOROPROPYLENE 
(Synonyms: Perfluoropropylene; Perfluoropropene; Hexafluoropropene) 

(Formula: CF3CF:CF2 or C3F6
) 

PHYSICAL PROPERTIES (1) 

Molar Mass 

Molecular Weight 

One Mole of C3Fs 

Spec1f1c Volume @ 21.1 ° c, 101.325 kPa 
Vapor Pressure @ 21 .1 °c 

Absolute Density, Gas@ 101.325 kPa@ 20 °C 

Relative Density, Gas@ 101.325 kPa@ 20 °C (Air = 1) 
Density, Liquid @ -40 °C 

Critical Temperature 
Cnt1cal Pressure 

Critical Volume 
Critical Density 

Critical Compressibility Factor 

Viscosity, Gas@ 101.325 kPa@ 25 °C 

Thermal Conductivity, Gas@101.325 kPa@ 25 °C 

Description 

At room temperature and atmospheric pressure, hexafluo­
opropylene 1s a colorless, nonflammable gas. It is shipped 

uninh1b1ted as a l1quef1ed gas under its own vapor pressure of 
586 kPa (85 ps1g) at 21.1 °C. 

Specifications 

Hexafluoropropylene has a m1n1mum purity of 99.5% by 
volume. 

Uses 

Hexafluoropropylene is used in the formation of copolymers 
to which it has the potential of adding nonflammable and 
nonoxidizing characteristics. It is also useful as an intermediate 
in organic synthesis. 

Toxicity 

Until complete toxicity data are available, it is recommended 
that hexafluoropropylene be regarded as a moderately toxic 
gas. It 1s not considered toxic in reasonably low concentrations. 

Precautions in Handling and Storage 

The general rules listed 1n Appendix I should be observed. 
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0 .150 023 kg 

0 .150 023 kg 

161.0 dm3 /kg 2 .58 ft3 /lb 

687.4 kPa; 6.874 bar; 99.7 psia; 6.784 
atm 

6.240 kg/m3 

5.18 

1.583 kg / I 

367.1 ° K; 94.0 °C; 201.1 ° F 

2 900 kPa; 29.0 bar; 420.3 psia; 28.6 

atm 

1 .959 dm3 /kg 

0.510 4 kg/dm3 

0 .279 

0.011 9 mPa-s; 0.011 9 cP 

0.011 255 W / (m • ° K); 26.9 x 1 o - s cal. 

cm/ (s • cm2 
• °C) 

Leak Detection 

Leaks of hexafluoropropylene in lines and equipment may be 
detected by applying soap water solution to the suspected 
sites; leaks will be indicated by bubble formation. 

Disposal of Leaking Cylinders 

For disposal procedure see Appendix 11-C. 

Materials of Construction 

Under anhydrous conditions, hexafluoropropylene is not cor­
rosive to common metals of construction. Hexafluoropro­
pylene, in contact with water, will be hydrolyzed slowly and will 
create corrosive conditions. 

Cylinder and Valve Description 

Hexafluoropropylene is shipped in DOT approved steel cyl­
inders. Cylinders of hexafluoropropylene are equipped with 
val~es_ having the alternate standard Commpressed Gas As­
sociation (CGA) connection No. 660, which has a thread size 
of 1.030 inches diameter, with right-hand external threads with 
a flat seat using a washer as a seal (see Figure 1 ). Lecture 
bottles have a special 5/15"-32 threads per inch female outlet 
and a 

9
/ 15"-18 threads per inch male dual valve outlet. 
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OUTLET CONNECTION 

1030"' 
1·· 

Fig. 1. CONNECTION 660 1 .030"-14 RH EXT using Flat Seat with 
Washer 

Safety Devices 

Cylinders of hexafluoropropylene have fusible metal safety 
devices, melting at about 73.9 °C (1 65 °F). 

Recommended Controls 

Automatic Pressure Regulators 

For satisfactory automatic pressure regulation, Matheson 
supplies single stage automatic pressure regulator Model 1 P-
660. This regulator has an aluminum body and neoprene 
rubber diaphragm. It has a delivery pressure range of 28-240 
kPa (4-35 psig). 

For low pressure regulation Matheson supplies a Model 70 
regulator, which is constructed of an aluminum body and a 
Buna N diaphragm. It has an oversized pancake body to allow 
sensitive and accurate low pressure control. Three pressure 
ranges are available: 

Model Delivery Pressure Range 
No. kPa mbar (g) psig 

708-660 0.5-3.0 5-30 2-12 inches water 
column 

70-660 3.4-34.5 34-345 0.5-5.0 psig 

70A-660 34.5-68.9 345-689 5-10 psig 

Manual Controls 

Manual needle valve Model 50-660 is available for direct 
attachment to the cylinder valve outlet. This valve can be 
equipped with a variety of outlets, (¼ " compression fitting or 
¼ " NPT male or female pipe) but is usually supplied with a 
serrated hose end. It should not be used as a pressure control 
since it will not prevent pressure from building up if a system 
becomes clogged, or if the system itself is closed. Matheson 
needle valve Model 31 B is recommended for use with lecture 
bottles. 

Flow meters 

Matheson Series 7600 laboratory brass flowmeter units with 
1 50 mm tubes and floats or Matheson Series 7200 laboratory 
brass flowmeter units with 65 mm tubes with a single float, of 
the rotameter type, are recommended for use where definite 
flow rates must be known. 

Electronic mass flowmeters, much as Matheson Series No. 
8116 and No. 8160, should be used where accurate readings 
are required . Calibration is unaffected by temperature and 
pressure changes, and flow rates may be recorded from the 
instrument output. 
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Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 31 6 stainless steel and 
Series 8260 of type 316 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera­
ture changes. These mass flow controllers consist of a trans­
ducer, a control valve, a blind controller / power supply, a 
potentiometer and a d1g1tal indicator. The transducer senses 
the gas flow and sends a signal to the power supply This 
signal and one from the potentiometer are compared . If there 
1s an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 
imbalance The accuracy 1s ± 1 .2%. 

Shipping Regulations 

Hexafluoropropylene 1s class1f1ed by the DOT as a nonflam­
mable compressed gas and is shipped with the required 
'Green Label." 

Chemical Preparation 

Hexafluoropropylene has been prepared by decompos1t1on 
of Teflon, by pyrolysis of chlorodifluoromethane, and by de­
brom1nation of 1 ,2-dibrornohexafluoropropane. 

Chemical Properties 

Hexafluoropropylene undergoes a variety of addition reac­
tions, many of which have no parallel in the chemistry of 
ethylene. It adds bromine and chlorine readily at room temper­
ature. When heated under pressure with 5% aqueous hydro­
fluoric acid, it forms the low-bo1l1ng isomer of heptafluoropro­
pane. Antimony pentafluonde fluorinates hexafluoropropylene 
into perfluoropropane. It 1s epox1dized by alkaline hydrogen 
peroxide to 1 ,2-epoxyhexafluoropropane. It adds alcohols; for 
examrle, with methanol 1t forms 1-methoxy-1, 1,2,3,3,3-hex­
afluoropropane. It adds hydrogen bromide; at 200 °C in the 
presence of activated carbon and calcium sulfate, it forms 1-
bromo-1 , 1 ,2,3,3,3-hexafluoropropane, whi le irrad1at1on of a 
mixture of hexafluoropropylene and hydrogen bromide gives a 
43:57 mixture of 2-bromo-1, 1,2,3,3,3-hexafluoropropane and 
1-bromo-1 , 1 ,2 ,3,3,3-hexafluoropropane. It reacts with alumi­
num chloride to give a variety of chlorinated subst1tut1on prod­
ucts With phenyllithium it forms (1 ,2,3,3,3-pentafluoropro­
penyl)benzene. It adds rntrosyl chloride to form 1-chloro-2-
nitrohexafluoropropane. When heated to 200 °C. It 1s con­
verted into a mixture of cis and trans pertluoro-1 , 2- and 1 ,3-
dimethylcyclobutanes. It acts as a d1enoph1le and forms ad­
ducts with butadiene, cyclopentad1ene, and anthracene. It adds 
carbonyl fluoride to form perfluoro1sobutyryl fluoride 

Thermodynamic and Detailed Physical Data 

Molecular Structure 

Electron diffraction and Raman and infrared spectroscopy 
indicate the hexatluoropropylene molecule to be linear, with 
C- C and C= C bond distances of 1.52 A (1 .52 x 10 10 m) 
and 1.31 A (1 .31 x 10 10 m), respectively . 

Infrared Spectrum 

See Figure 2 for the infrared spectrum of gaseous hexafluo­
ropropylene. 
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r 
j 

15 14 13 12 11 9 8 7 6 5.0 4.0 

Wave length in µm 
Fig. 2. Infrared spectrum of gaseous hexafluoropropylene (3). 

Vapor Pressure (2) 

Temperature, Vapor Pressure Temperature, Vapor Pressure K kPa bar mmHg OK kPa bar mmHg 
232 45 61.727 0 .62 463 285.25 515.552 5.16 3 .867 
237 59 79.591 0 .80 597 292.90 652.746 
243.04 102.521 

6.53 4 896 
1.03 769 

248.32 128 389 1 28 963 Latent Heat of Vaporization, 
257.28 187.046 1 87 1 403 liHv @ -29.6 

134.503 kJ / kg; 

264 85 251 .843 2.52 
4 822.8 cal / mol 

1 889 
269 85 303.033 3 .03 2 273 Thermodynamic Data 
275 10 369.431 3.69 2 771 Heat Capacity, Ideal Gas, O~@ 
280.15 439 021 4 .39 3 293 25 °C 

116.283 J / (mol • °K) 

REFERENCES 

' For extensive tabulations of the thermodynamic and physical properties f h 11 o exa uoropropylene see W Braker d A 
Matheson Unabndged Gas Data Book. 1975, Matheson, East Rutherford, New Jersey ' · an 

G. H Whipple, Ind Eng Chem 44 , 1664 (1952) 

L Mossman, The 

'E G Young and W S Murray, J Amer Chem Soc. 70, 2814 (1948) 
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PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of H2 
Specific Volume @ 21. 1 °C, 101 .325 kPa 
Boiling Point, Normal H2@ 101.325 kPa 
Boiling Point, 20.4 °K Equilibrium H2 @ 101 .325 kPa 
Triple Point, Normal H2 

Temperature 
Pressure 

Triple Point, 20.4 °K Equilibrium H2 
Temperature 
Pressure 

Absolute Density, Normal H,, Gas @ 101 .325 kPa@ 25 ° C 
Relative Density, Normal H2 Gas@ 101 .325 kPa 

@ 25 °C (Air = 1) 

Density, Saturated Liquid Normal H2 @ 23 °K 
Density , Saturated Liquid Para H2 @ 23 ° K 
Critical Constants, Normal H2 

Critical Temperature 
Critical Pressure 

Critical Volume 
Critical Density 
Critical Compressibility Factor 

Critical Constants, 20.4 °K Equilibrium H2 
Critical Temperature 
Critical Pressure 

Critical Volume 
Critical Density 
Critical Compressibility Factor 

Latent Heat of Fusion , 20.4 ° K Equilibrium H2 @ 13.8 °K 

Flammability Limits In Air 
Molar Specific Heat, Normal H2 Gas @ 101 .325 kPa @ 26.8 °C 

@ Constant Pressure 
@ Constant Volume 

Specific Heat Ratio, Normal H2 Gas @ 101 .325 kPa @ 26.8 ° C, 

Cp/ Cv 
Viscosity, Gas, Normal H2 @ 101 .325 kPa @ 26.8 °C 
Viscosity, Saturated Liquid, Normal H2@ 21 °K 
Viscosity, Saturated Liquid, Para H2 @ 21 °K 
Thermal Conductivity, Gas, Normal H2@ 101 .325 kPa @ 26.8 °C 

Thermal Conductivity, Liquid, Normal or Para H2 @ 21 °K 

Surface Tension, Normal H2 @ 20.38 °K 
Surface Tension, Para H2 @ 20.27 °K 
Solubility In Water @ 101 .325 kPa (partial pressure H 2) @ 20 °C 
Autoignition Temperature 

0 .002 016 kg 
0 .002 016 kg 
11967.4dm3 / kg; 191 .7ft3 lb 
20.384 °K ; -252.8 °C; -423.0 °F 
20.267 °K; -252.9 ° C, -423.2 °F 

13.95 °K; -259.2 ° C; -434.6 °F 
7.075 kPa; 70. 75 mbar; 53.0 mm Hg 

13.83 ° K; -259.3 ° C; - 434.8 ° F 
7.04 kPa; 70.4 mbar; 52.8 mmHg 
0 .082 35 kg / m3 

0 .069 5 
67 . 723 kg / I 
67.477 kg / I 

33 .24 °K; -239.9 ° C; -399.8 ° F 
1 297 kPa; 12.97 bar; 188.1 psia; 12.80 

atm 
32.242 dm3 / kg 
0 .031 0 kg / dm3 

0.305 

32 .98 °K; -240 .2 °C; -400.3 °F 
1 294 kPa; 12.94 bar; 187.7 psia ; 12.77 

atm 
32 .49 dm3 / kg 
0 .030 8 kg / dm3 

0 .309 
58.16 kJ / kg ; 13.90 kcal / kg ; 25.02 

Btu / lb 
4 .0-75.0 % (by volume) 

28.851 J / (mol • ° K) 
20.535 J / (mol • ° K) 

1 .405 
0 .008 957 mPa-s; 0 .008 957 cP 
0.01 2 84 mPa. s; 0 .01 2 84 cP 
0 .012 53 mPa-s; 0 .01 2 53 cP 
0 .181 699W/ (m- °K) ; 434 .3 x 10 6 caJ. 

cm / (S•Cm2
, ° C) 

0 .1 20 8 W / (m • ° K); 288. 7 x 1 0 6 cal. 
cm / (S· cm2

, ° C) 
1.946 X 103 N / m 
1.930 X 103 N / m 
0 .018 2 cm3 

/ 1 cm3 water 
844.3 °K; 571 .2 ° C; 1 060 °F 
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Refractive Index, Normal H2 Gas, n0 @ 20 ° C and 1 01 .325 kPa 
First lonrzatron Potential 

1.000 129 7 

25.0 x 10- 11 J; 15.6 eV 

1.230 Drelectrrc Constant, Liquid @ 20.38 ° K 

Description 

Hydrogen Is a colorless, odorless, flammable gas and the 
lightest gas known It Is usually shipped as a nonllquef1ed gas 
in high pressure 1 A cylinders at 1 5 1 70 kPa (2 200 psig) at 
21 . 1 C at lower pressures in smaller cylinders and lecture 
bottles Prepurifled hydrogen 1s also available at 24 1 30 kPa 
(3 500 psig) at 21 1 C 

The hydrogen atom, consisting of one proton and one elec­
tron , 1s the lightest and simplest atom. The electrons possess 
spin , and the hydrogen molecule Is formed only from two 
hydrogen atoms containing electrons with opposed spins. The 
hydrogen molecules formed exist in two isomeric forms. One 
form 1s designated as orthohydrogen, in which the two atomic 
nuclei are spinning in the same d1rect1on (parallel spin); in the 
other form, designated as parahydrogen, the nuclear spins are 
opposed (ant1parallel spin) At or above room temperature, the 
equ1l1brium compos1tion Is 75 25 ortho-para. Lowering the tem­
perature favors the formation of the para form . Thus, at liquid 
nitrogen temperature (77 4 K) the equIl1brium Is 52:48 ortho­
para , and at the normal boiling point (20.4 ° K), the equilibrium 
composItIon Is O 2 .99 8 ortho-para 

When gaseous hydrogen Is liquefied, the liquid hydrogen 
obtain has the 75 25 ortho-para ratio, and Is referred to as 
normal hydrogen When gaseous hydrogen ,s liquefied, the 
l1qu1d hydrogen Is slowly converted to the para form . This 
conversion occurs rapidly In the presence of certain catalysts. 
While 11 1s possible to prepare essentially pure parahydrogen 
by equ1l1brating on a catalyst at very low temperatures, pure 
orthohydrogen cannot be made In the same manner. The 
isomers have, however, been separated by gas chromatogra­
phy on activated Al O columns at low temperatures, giving 
over 99% pure orthohydrogen. 

Specifications 

Six grades of hydrogen are supplied by Matheson, as fol­
lows: 

1. Research Purity Grade 

This grade of hydrogen Is of the highest purity obtainable 
and 1s available in small cylinders and Pyrex liter flasks. It has 
a minimum purity of 99.999 9 mol 0

0 

2. Matheson Purity Grade 

Thrs grade has a minimum purity of 99.999 9 mol % 

3. Ultra High Purity Grade 

This grade has a minimum purity (on a helium-tree basis) of 
99.999 mol %. 
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4. Prepurified Grade 

This grade is the purest commercial grade available. It has 
a minimum purity of 99.95 mol %. This grade is supplied in 1 A 
cylinders at 1 5 1 70 kPa (2 200 psig), in smaller size cylinders 
at 13,790 kPa (2 000 psig), in lecture bottles at 1 2 240 kPa 
(1 775 psig), and also in very high pressure cylinders at 24 130 
kPa (3 500 psig). 

5. Zero Gas Hydrogen 

This grade is certified to contain less than 0 .5 ppm total 
hydrocarbons as methane. 

6. Extra Dry Grade 

This grade has a minimum purity of 99.9 mol %. 

Uses 

Hydrogen is widely used for the hydrogenation of vegetable 
and animal oils and fats. Hydrogen also finds wide use in the 
metallurgy field because of its ability to reduce metal oxides 
and prevent oxidation of metals in heat treating certain metals 
and alloys. Hydrogen finds some usage in the welding and 
cutting of metals. Hydrogen is extensively used in the synthesis 
of ammonia and in petroleum refining operations. Liquefied 
hydrogen has been used as a primary rocket fuel for combus­
tion with oxygen or fluorine, and as a propellant for nuclear­
powered rockets and space vehicles. 

Toxicity 

Hydrogen is nontoxic but can act as an asphyxiant by dis­
placing the necessary amount of air required to support life. 

Precautions in Handling and Storage 

_ The major hazard associated with the handling of hydrogen 
is flammability. The following specific rules apply when han­
dling hydrogen: 

1 · Never use cylinders of hydrogen in areas where flames, 
excessive heat, or sparks may occur. 

2 . _Utilize only explosion proof equipment, and sparkproof 
tools in areas where hydrogen is handled. 

: · Ground all equipment and lines used with hydrogen. 
· Never use a flame to detect hydrogen leaks-use soapy 

water. 

5. _Do not store reserve stocks of hydrogen with cylinders 
co~taining oxygen, other highly oxidizing or combustible ma­
terials . 

In addition, the general rules listed in Appendix I should be 
observed. 
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Leak Detection 

Leaks of hydrogen in lines and equipment may be detected 
with soapy water. Leaks will be indicated by bubble formation 

Disposal of Leaking Cylinders 

Leaks in cylinders containing hydrogen which cannot be 
corrected normally can be disposed of by the procedure de­
scribed in Appendix II-A. 

Materials of Construction 

Since hydrogen is noncorrosive, no special materials of 
construction are required. However, any piping or vessels 
containing hydrogen should be designed by competent engi­
neers, using a safety factor conforming with the ASME code 
tor pressure piping. 

The handling of hydrogen at elevated pressures and temper­
atures poses serious equipment problems, since possible hy­
drogen embrittlement adds difficulties to normal equipment 
design. 

Cylinder and Valve Description 

Hydrogen Is packaged In DOT approved, high pressure steel 
cylinders. The cylinder valve outlets designated as standard by 
the Compressed Gas Association (CGA) and the one used by 
Matheson, is a left-hand 0.825 inch diameter external thread 
accepting a round-shaped nipple, designated as No. 350 (see 
Figure 1 ). Lecture bottles have a special ::,1 , 6 inch-32 threads 
per inch, female outlet and a 9/ 16 inch-18 threads per inch male, 
dual valve outlet. 

OUTLET 

T 
830' 

13 16" 

l_ 

CONNECTION 

Fig. 1. CONNECTION 350 .825"-14 LH EXT accepting Round Shaped 

Nipple 

Safety Devices 

Matheson cylinders containing hydrogen have safety devices 
of the frangible disc type backed up with fusible metal, melting 
at approximately 100 ° C (212 °F). The safety device is an 
integral part of the cylinder valve, situated opposite the valve 
outlet . 

Recommended Controls 

Automatic Pressure Regulators 

1 . Single Stage Automatic Regulators 

Single stage regulators will reduce cylinder pressure in one 
stage to a delivery pressure, In a particular range , depending 
upon the design of the regulator and ,ts spring load. A single 
stage regulator will show a slight variation in delivery pressure 
as cylinder pressure falls. The following single stage regulators 
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are available for use with Research Purity Grade Hydrogen, 
Ultra High Purity, Matheson Purity and Zero Gas hydrogen. 

Model No. 

19-350 
3500-350 

Delivery Pressure Range 
kPa bar (g) psig 

28-245 
28-520 

0 28-3.45 
0 .28-5,2 

4-50 
4-75 

The following single stage regulators are available for Pre­

purified Grade and Extra Dry Grade hydrogen 

Model No. 

1 L-350 
1 H-350 
2-350 
3-350 
4-350 
3320 (for lec-

ture bottles 
only) 

Delivery Pressure Range 
kPa bar (g) psig 

28-550 0 28-5 5 4-80 

69-1240 0 .69-12 4 10-180 
345-4480 3 45-44 .8 50-650 
690-10340 6.9-103.4 100-1 500 
690-17240 6 9-172.4 100-2 500 

28-410 0 28-4 1 4-60 

The following single stage regulators are available for Pre­
punf1ed Grade Hydrogen at 24 130 kPa (3 500 ps1g). 

Model No. kPa bar(g) psig 

3-350 690-10 340 6 .9-103.4 100-1 500 
4-350 690-17 240 6 .9-172 .4 100-2 500 

3064-350 172-27 600 1.72-276 0 25-4 000 · 

3075-350 380-41 370 13.8-413.7 200-6 ooo· 

2. Two Stage Regulators 

This type of regulator performs the same function as single 
stage regulators . However, greater accuracy and control of 
delivery pressure Is ma1nta1ned , and the delivery pressure does 
not vary as cylinder pressure falls The following two stage 
regulators are available from Matheson for use with Research 
Purity Grade Hydrogen , Ultra High Purity Grade, Matheson 
Purity and Zero Gas hydrogen: 

Model No. 

3800-350 
3104-300 

Delivery Pressure Range 
kPa bar (g) psig 

28-620 
28-690 

0 .28-6 2 
0 .28-6.9 

4-90 
4-100 

The following two stage regulators area available for use 
with Prepurified Grade and Extra Dry Grade hydrogen 

Model No. 
Delivery Pressure Range 

kPa bar (g) psig 

8L-350 14- 104 0.14 - 104 2-15 

8-350 28-340 0 28-3 4 4-50 

8H-350 69-690 0 .69- 6 .9 10-100 

9-350 138- 1720 1 38-17 2 20-250 

· Delivery pressure Is dependent on cylinder gas pressure. 
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3. Low Pressure Regulators 

The above regulators are not satisfactory for accurate deliv­
ery pressures below 34.5 kPa (5 ps1g). Therefore:, an auxiliary 
regulator spec1f1cally designed for low pressures is recom­
mended to be used in series with any of the standard type 
regulators having delivery pressures to 1 720 kPa (250 psig). 
Matheson has Model 70 regulators which may be obtained with 
delivery pressures ranging from 2 inches water column to 69 
kPa (1 O ps1g) as follows: 

Model Delivery Pressure Range 
No. kPa mbar (g) psig 

708 0 5-3.0 5-30 2-12 inches water col-
umn 

70 3.4-34.5 34-345 0.5-5.0 psig 
70A 34.5-68.9 345-689 5-1 O psig 

When these regulators are supplied to be used in conjunc­
tion with a standard regulator, an extra heavy hose is available 
to connect to the standard regulator. All Matheson regulators 
are provided with needle valves so that accurate flow control 
can be maintained 

Low pressure regulator Model 71-S, with stainless steel 
diaphragm, for use with the Model 3500-350 regulator, is 
recommended for use with Ultra High Purity hydrogen. It has 
a delivery range of 3 5-41 .4 kPa (0.5-6.0 psig). 

Manual Controls 

Manual needle valves for direct attachment to the cylinder 
valve outlet are available These types of controls are mainly 
used where intermittent flows are necessary, or where 1t is 
desired to control the flow of gas directly from the cylinder. 
This type of needle valve will allow control of extremely slow 
flow rates on up to relatively large flow rates. However, pres­
sure cannot be controlled with such a valve, and, if a line or 
system becomes plugged, dangerous pressures can build up. 
The following manual type valves are recommended for use 
with Prepurif1ed Grade Hydrogen and Extra Dry Grade hydro­
gen· Model 50-350, and Model 52-350 with pressure gauge to 
indicate tank pressure. These values can be supplied with hose 
connection, ,,. " tube fitting. or '1•" NPT male or female outlets. 
The Models 30AR or 31 B is recommended for use with lecture 
bottles containing these grades of hydrogen. 

Manual control Model 4351-350 1s recommended for use 
with Research Purity Grade hydrogen, Ultra High Purity Grade 
Matheson Purity and Zero Gas hydrogen. ' 

Flowmeters 

Matheson Series 7600 laboratory brass or stainless steel 
flowmeter units with 1 50 mm tubes and floats or Matheson 
Series 7200 laboratory brass or stainless steel flowmeter units 
with 65 mm tubes with a single float are recommended for use 
where definite flow rates must be known. 

Electronic mass flowmeters, such as Matheson series No 
811 6 and No 81 60, should be used where accurate reading; 
are required Cal1brat1on 1s unaffected by temperature and 
pressure changes, and flow rates may be recorded from the 
instrument s electrical output. 
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Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 stainless steel and 
Series 8260 of type 316 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera­
ture changes. These mass flow controllers consist of a trans­
ducer, a control valve, a blind controller/ power supply, a 
potentiometer, and a digital indicator. The transducer senses 
the gas flow and sends a signal to the power supply. This 
signal and one from the potentiometer are compared. If there 
is an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 
imbalance. The accuracy is ± 1 .2%. 

Shipping Regulations 

Hydrogen is shipped in high pressure steel cylinders as a 
flammable compressed gas, taking a DOT " Red Gas Label." 
They are usually filled to the marked service pressure of the 
cylinder. 

Commercial Preparations 

Hydrogen may be commercially prepared by: 

1. electrolysis of water which yields hydrogen and oxygen, 
2. electrolysis of brine (sodium chloride) solution which 

yields hydrogen, chlorine, and sodium hydroxide solu­
tion, and 

3. catalytic decomposition of saturated hydrocarbons. 

Chemical Properties 

Hydrogen, although relatively inactive at ambient tempera­
tures, reacts with almost all the other elements at high temper­
atures. The reaction between hydrogen and oxygen at high 
temperatures is usually very violent. Hydrogen will reduce 
metallic oxides at elevated temperatures. 

Thermodynamic and Detailed Physical Data 

Molecular Structure 

The homopolar hydrogen molecule has Dxh symmetry, a 
symmetry number of two, and an internuclear H-H distance of 
0 .741 7 A(0.741 7 x 10-10 m). 

Infrared Spectrum 

The hydrogen molecule is not infrared active but it is Raman 
active. ' 

Vapor Pressure (2) 

The vapor pressures of normal H2 (25% para) and 20.4 °K 
equilibrium H2 (99. 79% para) have been calculated from the 
Antoine vapor pressure equation: 

B B 
log,op = A---ort =------ C 

C + t A - log,op 

in which P = mmHg and t = °C, and the constants A, B, and 
C have the values of 5.824 38, 67.507 8, and 275.700, re­
spectively, for normal H2 , and 5.814 64, 66.794 5, and 
275.650, respectively, for 20.4 °K equilibrium H

2
. 

Vapor pressure values calculated up to 1 500 mm Hg as well 
as some other reported values are shown below. 
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Temperature, °K Vapor Pressure Latent Heat of Vaporization, 6Hv 
20.4 °K 

6Hv, kJ/ kg Normal H2 Equilib- kPa bar mmHg 
Temperature, ° K 

rium H2 Normal H2 Para H2 

13.438 13.360 5.333 0 .053 40 18 457.800 452 200 
14.134 14.050 7.999 0.080 60 21 447.600 441 000 
14.666 14.576 10.665 0.107 80 23 433.500 426 700 
15.102 15.010 13.331 0.133 100 
16.610 16.510 26.664 0.267 200 
17.618 17.513 39.996 0.400 300 
18.400 18.293 53.328 0.533 400 
19.050 18.938 66.661 0.667 500 
19.611 19.497 79.993 0 .800 600 Thermodynamic Data 
20.109 19.993 93.325 0 .933 700 
20.384 20.267 101 .325 1 .013 760 For the thermodynamic properties of superheated hydrogen, 
20.559 20.441 106.658 1.067 800 see Tables 1 and 2, respectively. 
20.971 20.851 119.990 1.200 900 
21 .352 21 .231 133.321 1.333 1 000 Thermodynamic Properties of Normal Hydrogen As Ideal 
22.041 21 .918 159.986 1.600 1 200 Gas @, 25 °C (3) 
22.940 22.810 199.983 2.000 1 500 
23.537 23.349 230.900 2.309 1 732 Heat Capacity, cg 28.836 J (mol- °K) 
24.929 24.777 315.800 3.158 2 369 Entropy, S0 130 574 J (mol- K) 

26.323 26.089 419.700 4 .197 3 148 Free Energy Function, (~9s -130.574 J (mol- K) 

27.072 26.904 484 .400 4 .844 3 633 H~ga/298) 
28.301 28.126 606.600 6 .066 4 540 Enthalpy Difference, H~9s - Hg 8.468 kJ / mol 
30.601 30.489 891 .000 8.910 6 683 Enthalpy of Formation, .iH? 0.000 kJ / mol 

32.276 32.135 1 145.000 11 .45 8 588 Free Energy of Formation, .iPi1 0.000 kJ / mol 

REFERENCES 
t f h d gen see w Braker and A L. Mossman, The Matheson ' For extensive tabulations of the thermodynamic and physical proper 1es o Y ro , 

Unabridged Gas Data Book, 1975, Matheson, East Rutherford , New Jersey. 
2 B. J. Zwolinski, et al., Selected Values of Properties of Chemical Compounds, Volume 1, 7 968, Thermodynamic Research Center. Texas A & M 

University College Station , Texas. 
3 JANAF ~hermochemical Tables, 2nd edition, 1971 , o R. Stull and H. Prophet, proiect directors, Natl Stand Ref Data Ser . Natl Bur Stand . 

NSRDS-NBS 37 U S Government Printing Office, Washington, D. C. 
• J . Hilsenrath, ~t ~I ... Tables of Thermal Properties of Gases, Natl Bur Stand Circular 564, 1955. pp 254-296. U. S Government Printing 

Office, Washington, D. C. 
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HYDROGEN BROMIDE 
(Synonym: Anhydrous Hydrobromic Acid) 

(Formula: HBr) 

PHYSICAL PROPERTIES (1) 

Molar Mass 

Molecular Weight 

One Mole of HBr 

Spec1f1c Volume @ 21.1 °C, 101.325 kPa 
Vapor Pressure @ 21 .1 °C 

Bo1l1ng Point@ 101.325 kPa 
Triple Point 

Absolute Density, Gas@ 101.325 kPa@ 25 °c 

0.080 912 kg 
0 .080 912 kg 

299.6 dm3 /kg; 4.8 ft3 / lb 

2 31 O kPa; 23.1 bar; 334.7 psia; 22.8 
atm 

206.43 ° K; -66. 7 ° C; -88.1 ° F 

186.29 ° K; -86.9 ° C; -124.4 ° F 

3.330 kg /m3 

Relative Density, Gas@ 101 .325 kPa@ 25 ° C (Air = 1) 
Density, Liquid@ -67.1 ° C 

2.812 

2.717 kg / I 
Critical Temperature 

Critical Pressure 

Critical Volume 

Critical Density 

Critical Compressibility Factor 
Latent Heat of Fusion @ - 86.9 °C 

Dipole Moment 

Molar Specific Heat, Gas@ 101 .325 kPa@ 25 ° c 
@ Constant Pressure 
@ Constant Volume 

362.95 ° K; 89.8 ° C; 193.6 ° F 

8 510 kPa; 85.1 bar; 1 234.5 psia; 84.0 
atm 

1 .360 dm3 / kg 

0.735 kg/dm3 

0.310 

2.406 kJ/mol; 29.74 kJ / kg; 0.575 
kcal /mol 

2.6 X 10- 3° C-m; 0.78 D 

Specific Heat Ratio, Gas@101.325 kPa@ 25 ° c, Cp/ Cv 
Molar Specific Heat, Liquid @ 35 ° C 

29. 791 J / (mol, °K) 
20.980 J/(mol, ° K) 

1.42 

337.654 J / (mol, ° K) 
Viscosity, Gas@ 101 .325 kPa@ 20 ° C 

Thermal Conductivity, Gas@ 101.325 kPa@ 26. 7 ° c 

Surface Tension@ -67.1 °C 

Solubility In Water@ 101.325 kPa@ 25 ° C 
Dielectric Constant 

Gas @ O ° C, 101.325 kPa 
Liquid @ - 85 °C 

Refractive Index, Gas, n0 @ 25 ° C 

Description 

Hydrogen bromide is a colorless, toxic and corrosive gas at 
atm. ospheric pressure and room temperature It · . Is severely 
irritating to the upper respiratory tract and corrosive to the 
eyes. skin, and mucous membranes. It is much heavier than 
air, and fumes in moist air. Hydrogen bromide is shipped in 
cylinders as a l1quef1ed gas under its own vapor pressure of 
2 210 kPa (320 ps1g) at 21 .1 °C. Liquid hydrogen bromide h 
a yellowish color. as 

Specifications 

Hydrogen bromide has a minimum purity of 99.8%. 
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Uses 

0 .017 5 mPa-s; 0.01 7 5 cP 

0 .008 64 W /(m • ° K): 20.66 x 1 o 6 cal. 
cm/{s, cm 2

• ° C) 

27.07 mN/m; 27.07 dyn / cm 

0. 193 0 kg HBr / 0 .1 kg water 

1.003 13 
7.00 

1.000 559 1 

. Hydrogen bromide is used both as a reagent and a catalyst 
in a variety of organic reactions. It is also used for the prepa­
ration of numerous inorganic bromides. 

Effects in Man (2) (3) 

Inhalation of hydroge b .d . . . n romI e causes irritation of the upper 
respiratory tract and . . . . , a concentration of about 35 ppm causes 
1rntat1on of the th t f roa a ter short exposure. More severe ex-
posures result in pul monary edema, and often in laryngeal 
spasm. 

Skin contact with the vapor or liquid causes severe tissue 
1rntatIon and necrosis. 

The vapors of hydrogen bromide are severely irritating to the 
mucous membranes of the eyes and nose. 

Toxicity (4) 

Concentrations of 1 300-2 000 ppm by volume In air are 
lethal to humans on brief exposures (up to a few minutes). 
Concentrations in the range of 1 000-1 300 ppm by volume in 
air are dangerous if breathed 30-60 minutes. The maximum 
concentration tolerated for exposure of 60 minutes Is in the 
range of 50-1 00 ppm and the maximum tolerated for several 
hours of exposure is 1 0-50 ppm. 

Hydrogen bromide is readily detectable in air by its sharp, 
penetrating odor. 

The 1979 ACGIH has recommended a Threshold Limit Value 
(TLV) of 3 ppm (10 mg/ m3

) for hydrogen bromide. 

First Aid Treatment (2) 

The following suggested treatment should be administered 

at once. 

Inhalation 

Inhalation of moderate amounts of the hydrogen bromide 
vapors causes choking and coughing. Exposed persons should 
leave the contaminated areas at once and breathe fresh air or 
oxygen. Severe exposure causes breathing to become labored 
or even stop. In such cases, the victim must be removed to an 
uncontaminated area and given artificial respiration (if breath­
ing has stopped) or oxygen (if breathing is labored). The patient 
should be kept comfortably warm, but not hot, and a physician 
should be called at once. Observe for signs of pulmonary 
edema. If lungs are affected give antibiotics prophylactically. 
Rest is important. 

Skin Contact 

All areas of skin contacted by the hydrogen bromide should 
be washed off at once with running water, preferably under a 
drenching shower. The use of chemical neutralizers for this 
purpose is not recommended . Contaminated clothing must be 
removed at once. On severe exposure, shock symptoms such 
as rapid pulse, sweating, and collapse may appear and, in such 
cases, the victim should be kept warm and made to lie down 
until a physician arrives. The use of oils or ointments, unless 
prescribed by a physician , is not recommended. 

Contact With Eyes 

Any contact of the hydrogen bromide vapors with the eyes 
should be regarded as serious. Severe irritation of the eyes 
and eyelids may occur if the eyes are not washed out promptly, 
and prolonged contact may result in impairment or loss of 

vision . 
If the eyes are affected, they should be irrigated without 

delay with copious quantities of running water, preferably using 
an eyewash fountain . The eyelids should be spread apart with 
the fingers to ensure thorough rinsing . Washing should con­
tinue for at least 1 5 minutes. A physician, preferably an eye 
spec1al1st, should be called without delay. If the physician is 
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not available , rinsing in running water should be continued for 
a second period of 15 minutes. After the first period of 1rngatIon 
Is completed, 2 or 3 drops of pontocaine (0.5 % aqueous 
solution) may be instilled into the eye as a first aid measure. 

Nose 

If the mucous membranes of the nose are irritated, rinse with 
water for at least 1 5 minutes. 

Precautions in Handling and Storage 

(a) Workers who handle hydrogen bromide should wear 
protective clothing such as rubber or plastic aprons, rubber 
gloves, and suitable gas-tight chemical safety goggles. Woolen 
outside clothing or other acid resistant fabrics are recom­
mended for workers handling hydrogen bromide. 

(b) Instant-acting safety-showers should be available In the 
event of an emergency. 

(c) Special eye-washing fountains or similar equipment 
should be available for eye irrigation. 

(d) Proper respiratory equipment must be provided and per­
sonnel wearing such equipment must be carefully instructed In 
its operation and limitations. 

(e) Precautions should always be taken to prevent suckback 
of foreign materials into the cylinder by using a check valve, 
vacuum break, or trap, since such a suckback may cause the 
development of dangerous pressures within the cylinder. The 
cylinder valve should be closed after each use. 

In add ition, the general rules listed in Appendix I should be 
observed. 

Leak Detection 

Large leaks of hydrogen bromide wi ll be evident by the 
formation of dense white fumes on contact with the atmo­
sphere. Small leaks of hydrogen bromide may be detected by 
holding an open bottle of concentrated ammonium hydroxide 
solution near the site of the suspected leak (forrnatIon of dense 
white fumes). Wet blue litmus paper will turn pink when ex­
posed to a hydrogen bromide leak. 

Cylinder valve leaks can usually be corrected by tightening 
the valve packing nut (turn clockwise as viewed from above). 
If valve leaks persist or leaks appear at any portion of the 
cylinder, advise the supplier immediately. 

Disposal of Leaking Cylinders 

Leaking cylinders which cannot be corrected normally may 
be disposed of according to the procedure described in Ap­

pendix 11-0. 

Materials of Construction 

Hydrogen bromide is essentially inert to metals and does not 
attack the commonly used structural metals under normal 
cond1t1ons of use (room temperature and atmospheric pres­
sure). In the presence of moisture, however, hydrogen bromide 
will corrode most metals other than silver, platinum, and tan­
talum. When used at higher pressures, 11 is necessary to use 
extra heavy black iron pipe throughout. No galvanized pipe or 
brass or bronze fittings should be used as these will corrode. 
High pressure steel , monel or aluminum-iron-bronze valves 
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should be used throughout Users of hydrogen bromide are 
warned to always shut off their hydrogen bromide lines from 
the use end, backward to the cylinders. 

Cylinder and Valve Description 

Anhydrous hydrogen bromide Is shipped in DOT approved, 
high pressure steel cylinders The assigned standard cylinder 
valve outlet and connection for hydrogen bromide and the one 
used by Matheson Is Compressed Gas Assoc1at1on (CGA) No. 
330 This valve outlet has a thread size of 0 .825 inch diameter, 
having left-hand external threads, with a flat seat and used with 
a washer to seal (See Figure 1 for an 1llustrat1on of this valve 
outlet and its mating connection). Lecture bottles have a special 
5

" inch-32 threads per inch, female outlet. 

OU•LET C()i\11'.HTION 

82~ 830' 
3 11) 3 16 

L -1 

Fig . 1. CONNECTION 330 825"-14 LH EXT used with Flat Seat and 
Washer 

Safety Devices 

Cylinders of hydrogen bromide have safety devices consist­
ing of platinum-plated frangible discs backed up with fusible 
metal plugs, melting about 73 .9 °C (165 °F). The safety device 
1s usually an integral part of the cylinder valve. Cylinders over 
30 inches long, exclusive of the neck, require this device in 

both ends of the cylinder. 

Recommended Controls 

Automatic Pressure Regulators 

Automatic regulators Models 815-330 and 816-330, having 
delivery pressure ranges of 28-345 kPa (4 -50 psIg) and 345-
4 480 kPa (50- 650 ps1g), respectively, are recommended for 
use with hydrogen bromide. These regulators have nickel 
coa tE:d brass bodies, with internal parts of monel . The dia­
phragms are chemically deposi ted pure nickel on nickel-silver 
alloy Kel-F and Teflon are used for critical sealing and seating 
surfaces The needle valve on the outlet end is monel. A monel 
check valve 1s recommended for use with these regulators to 
prevent suckback of foreign materials into the regulators. 

Manual Controls 

For manual flow control, needle valve Model 55-330 Is 
supplied by Matheson for direct attachment to the cylinder 
valve outlet This needle valve Is of monel bar stock and may 
be equipped with a variety of outlets (hose connection , '1•" 
tube fitting, and '•" NPT male or female outlets). It should be 
used only where manual flow control Is needed and should not 
be used as a pressure control, since It will not prevent pressure 
from building up 1f a system becomes clogged, or 1f the system 
itself 1s closed. Models 60L and 33M needle valves are avail­
able for use with lecture bottles. 
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Flowmeters 

Matheson Series 7600 laboratory monel flowmeter units with 
1 50 mm tubes and floats are recommended for use where 
definite flow rates must be known. 

Electronic mass flowmeters , such as Matheson Series No 
8116 should be used where accurate readings are required 
Monel transducers must be used. Calibration is unaffected b; 
temperature and pressure changes. and flow rates may be 
recorded from the instrument's electrical output. 

Electronic Mass Flow Controllers 

The Matheson Series 8260 of monel is designed to control 
the flow of gas regardless of pressure or temperature changes 
This mass flow controller consists of a transducer, control 
valve, blind controller / power supply, potentiometer and a dig­
ital indicator. The transducer senses the gas flow and sends a 
signal to the power supply. This signal and one from the 
potentiometer are compared . If there is an imbalance, the 
power supply generates a signal for the control valve to reduce 
or increase the flow to correct the imbalance. The accuracy Is 
± 1.2%. 

Shipping Regulations 

Hydrogen bromide is classified by the DOT as a nonflam­
mable gas and is shipped under ··Green Label ". 

Chemical Preparation 

1. Hydrogen bromide can be prepared by direct combina­
tion of hydrogen and bromine over platinized silica gel at 350-
375 °C. 

2. Hydrogen bromide is obtained as a by-product during the 
bromination of organic compounds. 

3. It may be obtained by the bromination of tetrahydronap­
thalene. 

4 . It may be obtained by heating an anhydrous methyl 
bromide with a strong nonoxidizing acid such as phosphoric 
acid. 

5. It may be obtained by hydrolysis of a nonmetal bromide 
such as phosphorous tribromide. 

6. It may be obtained by reduction of a noble-metal bromide 
such as silver bromide with hydrogen. 

7. It may be obtained by the reaction of bromine with a 
covalent hydride such as hydrogen sulfide. 

Chemical Properties 

Hydrogen bromide adds to olefins and acetylenes. It is used 
in the laboratory both as a reagent and a catalyst in a variety 
of organic reactions. Hydrogen bromide is thermally stable. It 
is extremely soluble in water, forming a strong acid, and quite 
soluble in nonpolar solvents such as benzene. It is resistant to 
oxidation. 

Thermodynamic and Detailed Physical Data 

Molecular Structure (1) 

The hydrogen bromide molecule is linear and has C~v sym­
metry and a symmetry number of one. The H-8r bond distance 
1s 1.414 x 10- ,o m 1.414 A. 

matheson 

Infrared Spectrum 

See Figure 2 for the infrared spectrum of gaseous hydrogen 

bromide. 

Vapor Pressure 

Vapor pressures up to 199.975 kPa (1 500 mmHg) conform 
to the following Antoine vapor pressure equation (2): 

8 8 
log,0p = A ---ort =----- C 

C + t A - log1 0P 

In which p = mmHg and t = ° C, and the constants A, 8 , and 
c have the values of 6 .283 70, 539.62 , and 225.30, respec­
tively. The following vapor pressure values have been calcu­
lated by this equation. 

Temperature, Vapor Pressure 
OK kPa bar mmHg 

183.35 26.659 0 .267 200 

189.61 39 .993 0.400 300 

194.42 53.327 0.533 400 

198.38 66.652 0 .667 500 

201 78 79.986 0.800 600 

204.78 93.320 0 .933 700 

206.43 101 .325 1.013 760 

207 .47 106.655 1.067 800 

209.95 119.989 1.200 900 

212.15 133.313 1.333 1 000 

216.25 159.982 1.600 1 200 

221.45 199.975 2 .000 1 500 

Vapor pressures from 1 01 .325 kPa (1 atm) up to the criti cal 
point are shown below (4). 

Temperature, °K 
Vapor Pressure 

kPa bar atm 

206.65 101.3 1 .013 1 

221 .65 202.7 2 .027 2 

244.05 506.6 5.066 5 

264.75 1 013 10.13 10 

289.95 2 026 20.26 20 

307.05 3 040 30.40 30 

321 .25 4 053 40.53 40 
333.15 5 066 50.66 50 

343.75 6 080 60.80 60 

363.15 (C.T.) 8 552 85.52 84.4 (C.P.) 

See Figure 3 for vapor pressure curve. 

Latent Heat of Vaporization, 6.Hv 

Temperature, °K 

200.00 
206.43 
210.00 

6.Hv, kJ / kg 

221.1 
217 .7 
215.8 
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HYDROGEN BROMIDE 
--------------------------------
Thermodynamic Properties of Hydrogen Bromide As Ideal Free Energy Function, (F~9a -Gas @ 25 °C (5) 

Heat Capaci ty, C~ 
Entropy, S0 

REFERENCES 

29.142 J /(mol -°K) 
198.594 J/(mol-°K) 

H~98)/ 298 
Enthalpy Difference, H~9a - HZ 
Enthalpy of Formation, AHf 
Free Energy of Formation, AFf 

-198.594 J / (mol. °K) 

8 .648 kJ/ mol 
- 36.443 kJ/ mol 
-53.492 kJ/ mol 

' For extensive tabulations of the thermodynamic and physical properties of hydrogen bromide, see W. Braker and A. L Mossman, The Matheson 
Unabndged Gas Data Book , 1975, Matheson. East Rutherford, New Jersey 

W Braker, and A. L Mossman, and D Siegel. Effects of Exposure to Toxic Gases-First Aid and Medical Treatment, 2nd edition. 1977, pp_ 87-
91 . Matheson, Lyndhurst. New Jersey. 

B. J Zwolinski, et at. Selected Values of Properties of Chemical Compounds, 1968. Thermodynamic Research Center, Texas A & M University, 
College Station. Texas 

• Chemical Engineers Handbook. 4th edition, R. H. Perry, C. H. Chilton, and S D. Kirkpatrick, editors. 1963, p . 3-43, McGraw-Hill Book Co . 
Inc .. New York , New York 
5 

JANAF Thermochemical Tables. 2nd edition, D R. Stull and H Prophet , project directors. 19 71, Natt. Stand. Ref Data Ser . Natl. Bur. Stand . 
NSROS-NBS 37, U. S. Government Prin ting Office, Washington. D. C 
6 

Tile Sadtler Standard Spectra, 1972. Sadlier Research Laboratories. Inc., Phi ladelphia, Pennsylvania. 
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HYDROGEN CHLORIDE 
(Synonym: Anhydrous Hydrochloric Acid) 

(Formula: HCI) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of HCI 
Specific Volume@ 21 .1 °C, 101.325 kPa 
Vapor Pressure@ 21.1 °C 

Bolling Point@ 101 .325 kPa 
Triple Point 

0.036 461 kg 
0.036 461 kg 
661.7 dm3 / kg; 10.6 tt3 / lb 
4330 kPa; 43.3 bar; 627 .7 psia; 42.7 

aim 

Abso~ute Density, Gas@ 101.325 kPa@ 25 °c 
Relative D_en~ity, Gas @ 101 .325 kPa@ 25 °c (Air = 1) 
Density, L1qu1d @ Saturation Pressure @ 1 o 0 c 
Critical Temperature 

188.116 ° K; -85.0 °C; -121.1 OF 
158.96 °K; -114.2 °C; -173.5 °F 
1.500 kg / m3 

1.267 
0.879 kg / I 

Critical Pressure 

Critical Volume 
Critical Density 
Critical Compressibility Factor 
Latent Heat of Fusion @ -114.2 ° c 
Dipole Moment 

Molar Specific Heat, Gas@ 101 .325 kPa@ 15 oc 
@ Constant Pressure 
@ Constant Volume 

324.55 °K; 51.4 °C; 124.5 °F 
8 258 kPa; 82.58 bar; 1 197 _7 psia; 

81.5 atm 
2.386 dm3 / kg 
0.42 kg / dm3 

0.27 
54 -622 kJ / kg; 13.055 kcal / kg 
3.616 X 10- 3o C-m; 1.0840 

29.576 J / (mol- °K) 

S~ecifi_c Heat Ratio, Gas @ 1 01 .325 kPa @ 15 oc, C / Cv 
V1scos1ty, Gas@ 101 .325 kPa@ 25 °c P 
Thermal Conductivity, Gas @ 101 _325 kPa @ 15_6 0 C 

20.976 J / (mol, °K) 
1 .41 

0 .014 8 mPa,s; 0 .014 8 cP 
0.013 485 W/ (m. oK); 32 .2 X 10 6cal-

Surface Tension@ -92.9 °c 
Dielectric Constant 

Gas @ 0 °C, 101 .325 kPa 
Liquid @ -15 °C 

Refractive Index, Gas @ 101 _325 kPa, no @ 25 oc 

Description 

Hydrogen chloride is a pungent toxic co 
a suffocating odor. It is heavier th, . , rros1ve gas having 

. . an air, and fumes strong! . 
moist air It is very soluble in water and eth Y in 
soluble in ethyl ether. It is shipped in cylin~el ;slcohol land a_lso 
gas und t as a 1quef1ed 

er I s own vapor pressure of 4 230 kP (6 . 
21 . 1 oc _ a 1 3 ps1g) at 

Specifications 

Matheson supplies two grades of hydrogen chloride. 

1. Electronic Grade 

This grade has a minimum purity of 99.99%. 

2. Technical Grade 

This grade has a minimum purity of 99.0%. 
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cm/ (s-cm2. 0C) 

24.718 mN/ m; 24 718 dyn / cm 

1.004 6 
6.35 

1.000 408 

Uses 

Hydrogen chloride ha 
followin . . _s many _uses among which are the 

Of r bb 
g_ as a chemical intermediate; in the hydrochlorination 

u er· as a b bb. · -
alkyl chlo,rides · ina itting flux; in the production of vinyl and 
d r f ' the separation of cotton from wool · in the a: ~n in; t cotton; in the manufacture of inorganic chiorides· 
(addi~a a_ySt a~d condensing agent; as a catalyst for bodyin~ 

g v1scos1ty) oils Elect . G 
used for etch · . · ronic rade hydrogen chloride 1s 

ing semiconductor crystals. 

Effects in Man (2) 

Inhalation of hydrog hi . 
respirat t en c oride causes irritation of the upper 

ory ract and a con t . 
irritation of th ;h cen ration of about 35 ppm causes 
posures resul; . roa: after short exposure. More severe ex­
spasm. in pu monary edema, and often in laryngeal 

Skin contact with the vapor or liquid causes severe tissue 

irritation and necrosis. 
The vapors of hydrogen chloride are severely irritating to the 

mucous membranes of the eyes and nose. 

Toxicity (2) 

Concentrations of 1 300-2 000 ppm by volume in air are 
lethal to humans on brief exposures (up to a few minutes). 
Concentrations in the range of 1 000-1 300 ppm by volume in 
air are dangerous if breathed 30-60 minutes. The maximum 
concentration tolerated for exposures of 60 minutes is in the 
range of 50-1 00 ppm and the maximum tolerated for several 
hours of exposure is 10-50 ppm. 

Hydrogen chloride is readily detectable in air by its sharp, 

penetrating odors. 
The 1979 ACGIH has recommended a Threshold Limit Value 

(TLV) of 5 ppm (7 mg / m3
) for hydrogen chloride. 

First Aid Treatment (2) 

The following suggested treatment should be administered 

at once. 

Inhalation 

Inhalation of moderate amounts of the hydrogen halide va­
pors causes choking and coughing. Exposed persons should 
leave the contaminated areas at once and breathe fresh air or 
oxygen. Severe exposure causes breathing to become labored 
or even stop. In such cases, the victim must be removed to an 
uncontaminated area and given artificial respiration (if breath­
ing has stopped) or oxygen (if breathing is labored). The patient 
should be kept comfortably warm, but not hot , and a physician 
should be called at once. Observe for signs of pulmonary 
edema. If lungs are affected, give antibiotics prophylact1cally . 

Rest is important. 

Skin Contact 

All areas of skin contacted by the hydrogen halides should 
be washed off at once with running water, preferably under a 
drenching shower. The use of chemical neutralizers for this 
purpose is not recommended. Contaminated clothing must be 
removed at once. On severe exposure , shock symptoms such 
as rapid pulse, sweating, and collapse may appear and, in such 
cases, the victim should be kept warm and made to lie down 
until a physician arrives. The use of oils or ointments, unless 
prescribed by a physic ian, is not recommended. 

Contact with Eyes 

Any contact of the hydrogen halide vapors with the eyes 
should be regarded as serious. Severe irritation of the eyes 
and eyelids may occur if the eyes are not washed out promptly, 
and prolonged contact may result in impairment or loss of 

vision . 
If the eyes are affected, they should be irrigated without 

delay with copious quantities of running water, preferably using 
an eyewash fountain . The eyelids should be spread apart with 
the fingers to ensure thorough r insing. Washing should con­
tinue for at least 15 minutes. A physician, preferably an eye 
specialist, should be called without delay. If the physician is 
not available, rinsing in running water should be continued for 

matheson 

HYDROGEN CHLORIDE 

a second period of 1 5 minutes. After the first period of 1mgat1on 
is completed , 2 or 3 drops of pontoca1ne (0.5 % aqueous 
solution) may be instilled into the eye as a first-aid measure. 

Nose 

If the mucous membranes of the nose are irritated , rinse with 
water for at least 1 5 minutes. 

Precautions in Handling and Storage 

(a) Workers who handle hydrogen chloride should wear 
protective clothing such as rubber or plastic aprons, rubber 
gloves.and suitable gas-tight chemical safety goggles. Woolen 
outside clothing or other acid resistant fabrics are recom­
mended for workers handling hydrogen chloride. 

(b) Instant-acting showers should be available in the event of 

an emergency. 
(c) Special eye-washing fountains or similar equipment 

should be available for eye irrigation. 
(d) Proper respiratory equipment must be provided and per­

sonnel wearing such equipment must be carefully instructed in 
its operation and limitations. 

(e) Precautions should always be taken to prevent suckback 
of foreign materials into the cylinder by using a check valve , 
vacuum break, or trap, since such a suckback may cause the 
development of dangerous pressures. The cylinder valve 
should be closed after each use. 

In addition, the general rules listed in Appendix I should be 

observed. 

Leak Detection 

Large leaks of hydrogen chloride will be evident by the 
formation of dense white fumes on contact with the atmo­
sphere. Small leaks of hydrogen chloride may be detected by 
holding an open bottle of concentrated ammonium hydroxide 
solution near the site of the suspected leak (formation of dense 
white fumes). Wet blue litmus paper will turn pink when ex­
posed to a hydrogen chloride leak. 

Cylinder valve leaks can usually be corrected by tightening 
the valve packing nut (turn clockwise as viewed from above). 
If valve leaks persist or leaks appear at any portion of the 
cylinder, advise the supplier immediately. 

Disposal of Leaking Cylinders 

For disposal of leaking cylinders of hydrogen chloride see 
procedure described in Appendix 11-D. 

Materials of Construction 

Hydrogen chloride is essentially inert to metals and does not 
attack the commonly used structural metals (stainless steel, 
mild steel) under normal conditions of use (room temperature 
and atmospheric pressure). In the presence of moisture, how­
ever, hydrogen chloride will corrode most metals other than 
silver, platinum, and tantalum , but moist or dry hydrogen chlo­
ride can be handled in baked carbon, graphite, and impreg­
nated carbon and graphite materials. When used at higher 
pressures, it is necessary to use extra heavy black iron pipe 
throughout. No galvanized pipe or brass or bronze fittings 
should be used as these will corrode. High pressure monel or 
aluminum-iron-bronze valves should be used throughout. Users 
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HYDROGEN CHLORIDE 

of hydrogen chloride are warmed to always shut off their 
hydrogen chloride lines from the use end, backward to the 
cylinders 

For more detailed information on materials of construction 
see Reference 3 

Cylinder and Valve Description 

Hydrogen chloride Is shipped in DOT approved , high pres­
sure steel cylinders. Matheson uses aluminum-iron-bronze al­
loy valves with Compressed Gas Association (CGA) standard 
cylinder valve outlet and connection No. 330 on all cylinders of 
hydrogen chloride. This cylinder valve outlet has a thread size 
of O 825 inch diameter, with left-hand external threads, with a 
flat seat, using a washer to seal (see Figure 1 ). Lecture bottles 
have a special 5/,s"-32 threads per inch, female outlet. 

Qt, T 1.ET CONNECTION 

825 
13 16 

I 

Fig. 1. CONNECTION 330 8 25"-14 LH EXT. used with Flat Seat and 
Washer 

Safety Devices 

Cyl inders of hydrogen chloride are equipped with safety 
devices which consist of platinum faced frangible discs (burst­
ing at about 22 750 kPa (3 300 ps1g) at 71 .1 °C (165 °F). 

Recommended Controls 

Automatic Pressure Regulators 

The following single stage, corrosion resistant regulators are 
available for use with Electronic Grade hydrogen chloride: 

Model No. 

H15-330 
H15A-330 
H16-330 
H16A-330 

Delivery Pressure Range 
kPa bar (g) psig 

28- 345 
28- 345 

345 - 4 480 
345-4 480 

0 .28- 3.45 
0 .28-3.45 
3 .45 - 44.8 
3 .45-44 .8 

4 - 50 
4 - 50 

50-650 
50- 650 

The following single stage, corrosion resistant regulators are 
available for use with Technical Grade hydrogen chloride: 

Model No. Delivery Pressure Range 
kPa bar(g) psig 

815-330 28-34 5 0 28 - 3.45 4 - 50 
815A-330 28 -345 0 28-3.45 4 - 50 
816-330 345- 4 480 3 .45- 44.8 50- 650 
816A-330 345-4 480 3 .45-44 8 50- 650 

All the above regulators have chemically coated brass bod­
ies, diaphragms of c hemically deposited pure nickel on nickel­
silver alloy , with internal part s of Monel. Kel-F and Teflon are 
used for critic al sealing and seating surfaces. Model numbers 
containing an A · have gauges for measuring tank and delivery 
pressure The other models have single gauges indicating 
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delivery pressure only. The needle valves on the outlets on the 
regulators used for Technical Grade hydrogen chloride are 
Monel. For the Electronic Grade hydrogen ch lo ride, the Monel 

outlet valve has been replaced by an aluminum-silicon bronze 
diaphragm packless outlet valve with a ¼ " Monel Gyrolok tube 
fitting. The high purity regulators, H15 and H16 are capable of 
passing a helium leak test of 2 x 10- 9 cm3 per second. 

A Monel check valve Model 402E is recommended for use 
with these regulators to prevent suckback of foreign materials 
into the regulators. 

Manual Controls 

For manual f low control , needle valve Model 55-330 is 
supplied by Matheson for direct attachment to the cylinder 
valve outlet. These needle valves are of monel bar stock and 

may be equipped with a variety of outlets such as a serrated 
hose end , ¼ " compression fitting , or ¼" NPT male or female 
pipe. They should be used only where manual fl ow control is 
needed and should not be used as a pressure control since 
they wil l not prevent pressure from building up if a system 
becomes clogged or if the system itself is closed. The Models 
33M and 60L needle valves are available for use with lecture 
bottles. 

Flowmeters 

Matheson Series 7600 laboratory Monel flowmeter units with 
150 mm tubes and floats are recommended for use where 
definite flow rates must be know. 

Monel electronic mass flowmeters, suc h as Matheson Series 
No. 8116, should be used where accurate readings are re­
quired. Calibration is unaffected by tempera ture and pressure 
changes , and flow rates may be recorded from the instrument' s 
electrical output. 

Electronic Mass Flow Controllers 

The Matheson Series 8260 of Mone/ is designed to control 
the flow of gas regardless of pressure and temperature 
changes. This mass flow controller consists of a transducer, a 
control valve, a blind controller/ power supply, a po tentiometer 
and a digital indicator. The transducer senses the gas flow and 
sends a signal to the power supply. This signal and one from 
the potentiometer are compared . If there is an imbalance, the 
power supply generates a signal for the control valve to reduce 
or increase the flow to correct the imbalance. The accuracy is 
± 1.2%. 

Shipping Regulations 

Hydrogen chloride is classifi ed by the DOT as a nonflam­
mable gas and is shipped under " Green Label". 

Chemical Preparation 

1 • Commercially, hydrogen c hloride is formed as a by-prod­
uc t in the manufacture of phenol in the init ial step which 
involves the ch lorination of benzene, and is availab le as a by­
product from the chlorination o f other hydrocarbons. 

2 · It is formed by direct reaction o f ch lorine and hydrogen. 
3. It Is formed by heating an anhydrous metal chloride with 

a strong nonvolatile ac id. 

4 . It Is produced by hyd rolysis of a nonmetal chloride such 
as phosphorous trichloride. 

5. It is formed by reduction of a noble-metal chloride with 
hyd rogen. 

Chemical Properties 

Hydrogen chloride Is thermally stable, being 0.22% disso­
ciated into hydrogen and chlorine at 1 800 °C. Hydrogen 
chloride is stab le lo oxidation except at elevated temperatures 
Hydrogen chloride is extremely solub le in water Its aqueous 
solution is a strong acid. Hydrogen ch loride forms salts with 
amines, adds to olef1ns and acetylenes, rep laces the hydroxyl 
group in the lower aliphatic alcohols (a process which may 
require the use of dehydrating agents depending on the alcohol 
used), and acts catalytically in numerous organic reactions. 

Thermodynamic and Detailed Physical Data 

Molecular Structure 

The linear heteropolar HCI molecule has C. v symmetry, a 
symmetry number of one, and an H- CI bond distance of 1.274 
6 A (1.274 6 X 10 10 m). 

Infrared Spectrum 

See Figure 2 for the infrared spectrum of gaseous hydrogen 
chloride 

Vapor Pressure 

The vapor pressure of liqU1d hydrogen chloride from 152.584 
°K to 200.960 °K is expressed by the following Antoine vapor 
pressure equation (4): 

8 8 
log P - A - --or t = --- - - C 10 

- C + t A - log,oP 

in which p = mmHg and t = °C, and the constants A, 8 , and 
C have the values of 7 .167 610, 744.490 6, and 258.704, 

respectively. 
The following vapor pressure data have been calculated by 

this equation. 

Temperature, Vapor Pressure 
OK kPa mbar mmHg 

152.584 7.999 80.00 60 

155.863 10.666 106.7 80 

158.515 13.331 133.3 100 

163.597 19.998 200.0 150 

167.426 26.664 266.6 200 

170.534 33.330 333.3 250 

HYDROGEN CHLORIDE 

Temperature, Vapor Pressure 
OK kPa mbar mmHg 

173. 169 39 996 400.0 300 

177.513 53 328 533.3 400 

181 049 66.661 666.6 500 

184.055 79.993 799.9 600 

186.682 93.326 933.3 700 

188.1 16 101 .325 1 013.25 760 

189 024 106 658 1 067 800 

191.143 119 990 1 200 900 

193.08 133.322 1 333 1 000 

196.54 159.987 1 600 1 200 

200.96 199.984 2 000 1 500 

The vapor pressure of hydrogen chloride above 1 01 325 

kPa (1 atm) Is shown below (5) 

Temperature, Vapor Pressure 

K kPa bar atm 

188.116 (B.P.) 1 0 1 .325 1 013 25 1 

201 .75 202.650 2 .03 2 

222.65 506.625 5 .07 5 

241 .45 1 0 13.250 10.1 10 

264.35 2 026.500 20 3 20 

279.05 3 039.750 30 4 30 

290.95 4 053.000 40 5 40 

301.05 5 066.250 50.7 50 

309.35 6 078.500 60 8 60 

324 55 (C.T.) 8 257 988 82 6 8 1.5 (C P.) 

See Figure 3 for vapor presure curve. 

Latent Heat of Vaporization , ~Hv 

Temperature, °K ~Hv, kJ / kg 

173.15 
188.116 
198.15 

462 435 
442.945 
437 851 

Thermodynamic Properties of Hydrogen Chloride As Ideal 
Gas (a> 25 C 

Heat Capacity, q 
Entropy, S0 

Free-Energy Funct ion, (F~ge -
H~98)/ 298 

Enthalpy Difference , H~ge - Hg 
Enthalpy of Formation, AH? 
Free Energy of Formation, ~Ff 

29.137 J / (mol - K) 
186.795 J / (mol -°K) 

- 186 795 J / (mol -°K) 

8 .640 kJ / mol 
-92 .3 1 2 kJ / mol 
- 95.303 kJ mol 

REFERENCES Braker and A. L Mossman , The Matheson , For extensive tabulations of the thermodynamic and physical properties of hydrogen chloride, see W 

unabndged Gas Data Book, 19 75. Matheson. East Rutherford, New Jersey 
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HYDROGEN CHLORIDE 

' W Braker. A L. Mossman. and D Siegel. Effects of Exposure to Toxic Gases-First Aid and Medical Treatment, 2nd edition , 1977, pp 87-9l, 

Matheson, Lyndhurst, New Jersey 
3 

W R Kleckner and R. C Sutter. 1n Kirk-Othmer's Encyclopedia of Chemical Technology, 2nd ed1t1on, I 966, Volume 11 , pp 323-327, John Wiley 

& Sons, Inc , New York, New York. 

• B. J Zwoltnsk1, et al. , Selected Values of Properties of Chemical Compounds, 1968, Volume I, Thermodynamics Research Center, Texas A & M 

University, College Station, Texas. 
5 

Chem,cal Engineers Handbook. 4th edilton, R H. Perry, C. H. Chilton, and S. 0 . Kirkpatrick, editors, 1963, P 3-43, McGraw-Hill Book Co, 
Inc , New York, New York. 
6 

JANAF Thermochemical Tables. 2nd edition, 1971 , D R. Stull and H. Prophet. proJect directors, Natl. Stand Ref Data Ser., Natl Bur Stand , 

NSRDS-NBS 37, U S. Government Printing Office, Washington. D. C 
7 

The Sadtler Standard Spectra. 1972, Sadlier Research Laboratories, Inc., Philadelphia, Pennsylvania. 
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HYDROGEN CYANIDE 
(Synonyms: Hydrocyanic Acid; Prussic Acid; Formonitrile) 

(Formula: HCN) 

PHYSICAL PROPERTIES (1} 

Molar Mass 
Molecular Weight 
One Mole of HCN 
Vapor Pressure@ 46.3 °C 
Boiling Point @ 101 .325 kPa 
Freezing Point 
Triple Point 

Temperature 
Pressure 

Absolute Density, Gas@ 101 .325 kPa@ 31 °C 
Relative Density, Gas @ 101 .325 kPa @ 31 °C (Arr = 1) 
Density, Liqu id @ Saturation Pressure @ 25 °C 
Critical Temperature 
Critical Pressure 

Critical Volume 
Critical Density 
Critical Compressibility Factor 
Latent Heat of Fusion @ -13.2 °C 
Flammability Limits In Air 
Molar Specific Heat, Gas @ 101 .325 kPa@ 35 °C 

@ Constant Pressure 
(IL Constant Volume 

Specific Heat Ratio, Gas@; 101 .325 kPa@ 35 °C, Cp/ Cv 
Molar Specific Heat, Liquid @ 4.0 °C 
Dipole Moment, Gas 
Viscosity , Gas @ 101.325 kPa@ 50 °C 
Viscosity, Liquid @ 25 °C 
Thermal Conductivity, Gas @ 101.325 kPa@ 37.8 °C 

Surface Tension@ 20 ° C 
Die lectric Constant, L iquid @ 20 ° C 
Electrical Conductivity , Liquid @ 0 °C 
Autoign ition Temperatu re 
Flash Point (closed cup) 
Refractive, Index, n0 @ 20 °C 

Description 

Hydrogen cyanide 1s a colorless, flammable l1qu1d (at below 
298.85 K (78 26 °F)), with the characteristic odor of bitte r 
almonds. Its vapor 1s highly toxic . It is shipped as a liquid 1n 
steel cylinders and has a vapor pressure of 78 kPa (11.3 psia) 
at 18.9 °C. It is stabilized with about 0.6% sulfuric acid or 

phosphoric acid. 

Matheson 
'------1 

Uses 

0.027 026 kg 
0 027 026 kg 
210 kPa; 2 1 bar; 30 24 psIa; 2 .06 atm 
298.85 ° K; 25. 7 °C, 78.3 F 
259.90 °K; -13 2 °C; 8 2 °F 

259.833 °K; - 13 3 °C, 8.0 °F 
18 63 kPa; 186 3 mbar; 139.7 mmHg 
1.099 2 kg m3 

0.947 
0 .679 72 kg / I 
456 75 °K; 183.6 C; 362 5 ° F 
5 390 kPa; 53.9 bar; 781.8 psia; 53.2 

aim 
5 143 dm3 / kg 
0.194 kg / dmJ 

0.197 
31 1.21 kJ / kg; 74.38 kcal/kg 
6-41 % (by volume) 

39.024 J /(mol , ° K) 
29.789 J /(mol, K) 
1.31 
70.481 J / (mol - °K) 
9.94 X 10 1° C-m, 2.98 D 
0.002 9 mPa-s; 0 .002 9 cP 
O 177 8 mPa- s; 0 .177 8 cP 
0.012 966W/ (m - K), 31 .0 x 10 ° cal • 

cm / (s,cm2 -°C) 
18.33 mN / m; 18.33 dyn/ cm 
114.9 
3.3 x 1 O c 1 / {n-cm) 
8 11 °K ; 538 C, 1 000 °F 
255.15 ° K; -18 °C, - 0 4 °F 
1.261 4 

The largest use (about 52%) rs in the manufacture of acryl­
onrtnle About 18% of hydrogen cyanide production 1s used in 
the manufacture of methyl methacrylate About 14 .o of the 
production 1s used to manufacture ad1ponrtn le (for nylon) 
About 7% 1s used in the manufacture of sodium cyanide. The 
remainder 1s used to produce small amounts of ferrocyanrdes, 
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acrylates, ethyl lactate, lactic acid, chelating agents. and phar­
maceuticals. respiration and continue until breathing starts. Then beg,n the 

amyl nitrite inhalations described above. Finally, administer 
oxygen. Effects in Man (2) 

Exposure to high concentrations of vapors (above around 
100 ppm), or skin contact with l1qu1d hydrogen cyanide, may 
be followed by instantaneous collapse and cessation of breath­
ing At much lower concentrations (about 1 8-36 ppm), the 
earliest symptoms may be simply those of dizziness. weakness, 
headache, confusion and occasionally nausea and vomiting. 
The respiratory rate and depth will usually be increased at the 
beginning and at later stages become slow and gasping. Blood 
pressure is usually normal, especially in mild or moderately 
severe cases, although the pulse rate Is usually more rapid 
than normal. It is characteristic that the heart beat may continue 
for some time even after respiration has ceased. 

Hydrogen cyanide has a characteristic odor, described var­
iously as garlicky, oniony and that of 011 of bitter almonds, 
which the trained 1nd1v1dual can recognize at a concentration 
of 2-5 ppm by volume in a,r. There ,s wide Indiv1dual variation 
,n the minimum odor threshold 

The 1 979 ACGIH has established a Threshold Limit Value 
(TLV) of 1 O ppm (11 mg/ m3

) for hydrogen cyanide.· 

First Aid Treatment (2) 

General 

First aid must be administered immediately_ A physician must 
be called at once and told the exact location of the victim and 
the nature of the accident. 

Inhalation 

Walk, carry or drag the victim to fresh a,r. Have him lie down. 
Place blankets over his body to maintain body heat. 

(1) If the victim 1s conscious and breathing, watch him 
carefully for asphyx,at,on, 1f he lapses into unconsc,ousness, 
break an amyl nitrite pearl In a cloth and hold ,t close to the 
v1ct1m s nose for 1 5 seconds. (In this and ,n all subsequent 
adm1n1strat,ons of amyl nitrite, the person giving first a,d should 
keep the broken pearls away from his own mouth and nose; 
otherwise, he himself may inhale sufficient amyl nitrite to be­
come dizzy, and be rendered incapable of giving proper first 
aid) Repeat this procedure only ,f necessary (when there is no 
response) and only a maximum of 5 times for 1 5 seconds at 1 5 
second intervals. using a clean cloth and fresh pearl each time. 
This procedure alone may suffice for some of the milder cases 
provided the sources of absorption are also removed (e.g., 
residual hydrogen cyanide on the skin) In more serious cases, 
1f there 1s no response to the amyl nitrite inhalations, ,t is 
necessary to produce methemoglob,n ,n greater amounts by 
use of thiosulfate (see section on Suggested Medical Treatment 
below). 

In all cases, keep the victim quiet and warm until he has fully 
recovered. 

Skin Contact 

Immediately deluge the affected area with water (from an 
emergency shower, hose, etc.). Walk , carry, or drag the victim 
to fresh air. Remove wet clothing, shoes, and socks. Wash the 
skin thoroughly with copious amounts of water. Have the victim 
lie down, and place blankets under and over his body to 
maintain body heat. 

If poisoning occurs as a result of skin contact, apply the first 
aid procedure appropriate to the effect produced (see sections 
above). 

Suggested Medical Treatment 

If there is no response to the amyl nitrite inhalations, ,t is 
necessary to inject intravenously 0.3 g of sodium nitrite (1 O ml 
of a 3% solution at a rate of 2 .5-5.0 ml / min), followed at once 
by 12.5 g of sodium thiosulfate intravenously (50 ml of a 25% 
solution injected at about the same rate as the sodium nitrite 
solution). The same needle and vein can be used for both 

injections. Watch the victim continuously for 24-48 hours. If 
symptoms recur or persist, repeat the sodium nitrite and sodium 
thiosulfate therapy at half the original doses. 

First Aid and Medical Supplies 

The following supplies should always be on hand in a con­
venient. safe location: 

1. Two boxes (2 dozen) of amyl nitrite pearls. 

2. Two ampules of sterile sodium nitrite solution (1 O ml of a 
3% solution in each). 

3. Two ampules of sterile sodium thiosulfate solution (50 ml 
of a 25% solution in each). 

4. Two 10 ml sterile syringes. 
5. Two 50 ml sterile syringes. 
6. Two sterile intravenous needles. 
7. One tourniquet. 
8 . Twelve gauze pads. 

9. One bottle of 70% alcohol. 
10. One ampule file . 

Precautions in Handling and Storage 

1. Never work alone. Always have two people on the job. 
2. All personnel must be able to recognize the symptoms of 

hydrogen cyanide poisoning and be able to administer first aid 
to victims. 

3. All personnel must be trained to administer artif1c1al res­
piration; if a resuscitator is available, personnel should be 
trained in its use. 

(2) If the v1ct1m ,s unconscious but breathing, the above 
described procedure of amyl nitrite inhalation is started imme­
diately Oxygen should then be administered. 

(3) If the v1ct1m 1s not breathing, immediately start artificial 

1979 Notice of intended change to 1 O ppm (1 O mg / m3) . 

4. Always check the nearest safety shower before starting 
a job involving handling of hydrogen cyanide. Do not start work 
unless the shower is in satisfactory working condition . 

5. Provide adequate ventilation and avoid breathing hydro­
gen cyanide gas. 
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6. Have air masks readily available when working with hy-

drogen cyanide. . 
7. Wear a face shield when making or breaking ~onnect1ons 

on cylinders or operating valves ,n hydrogen cyanide lines. 
8 In the event of release of hydrogen cyanide, hold your 

bre~th (do not inhale first), immediately don a,r mask, and leave 
1·1 the severity of the break or release can be the area un 1 

determined . Report this to supervisor at once. 
9 . Approach all hydrogen cyanide leaks from the up-wind 

direction. . · I 
1 0. Avoid contact of hydrogen cyanide_ with the skin . n case 

t t flush skin area immediately with large quantItIes of of con ac , 

water. k. h drogen 
11 Always wear rubber gloves when wor ing on Y 

cyanide cylinders or lines. If hydrogen cyanide ,s acc,dently 
spilled into the goves, remove gloves promptly and wash hand 
and gloves thoroughly with plenty of water. . 

12. Check all valves before and after withdrawing hydrogen 
c anide from the cylinder. 

y 1· 'd hydrogen cyanide between two valves. 1 3 Never trap IquI 
14: Keep cylinder of hydrogen cyanide cool and away from 

open flames. . d d 
1 5 Make certain that hydrogen cyanide cyhn ers are a e-

uat~ly supported and grounded during _storage and emptying~ 
q 16. Store cylinders in a vertical posItIon . Do not drop cylin 
ders or damage them by impact. 

1 7 Cylinders must be returned to the supplier within 90 
da s .of the filling date marked on the cylinders, regardless of 
wh:tl:ier or not the contents have been used . This is due to the 
possibility of hydrogen cyanide becoming unstable over ~Im~. 
If there is ever any indication that the hydrogen cyan, e ,s 

. unstable such as a darkening of the product or an 
~:~::~:~n cylinder· pressure, contact the supplier immediately 

for instructions. . d. m 
18. Avoid addition of such alkaline chemicals as so ,u 

hydroxide ammonia, calcium hydroxide, and sodium carbtn­
ate to hydrogen cyanide since they promote polymeriza_ ,on 
and induce decomposition, which may cause an explosion . 

add·1t,·on of large quantities of acid to hydrogen Also, avoid 
cyanide for similar reasons. 

19. Hydrogen cyanide is discharged from cylinders by pres-

sure from uncontaminated nitrogen ga_s. . hould be 
In addition, the general rules listed in Appendix I s 

observed. 

Leak Detection . 

Leaks in equipment and lines to contain hydrogen cyanide 
. · t gas such as nitrogen. 

should be pretested w,thh a d_ry~i'~e:thods for the detection and 
There are numerous c em1c ide These, including two of the 

determination of hydrogen cyan . I the methyl orange­
more widely used detection tests, name Y. acetate test 
mercuric chloride test and the benz1dine-copper , 

are described in literature by Jacobs. S tern Model 
The Matheson-Kitagawa Toxic Gas Delee\~ o{s 3 0%) and 

8014K is available to measure high range . - . d n 
entrations of hydrogen cyan, e , 

low range (2-1 00 ppm) cone d I 112SA and 11 2S8 detector 
the atmosphere, using the Mo e t . produced which 

. A stant color s aIn ,s 
tubes, respectively. con t ation of the hydrogen 
varies in length according to the concen r 
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cyanide being measured . The length of the stain, and hence, 
the concentrat,on, ,s read directly from the tube 

Disposal of Hydrogen Cyanide 

H dro en cyanide residues can be converted . to sodium 
cya~1de ~Y add1t1on to an excess of sodium hydroxide s(holut1on 

h hlorite solution ouse-w,th ag,tat,on Add1t1on of sodium _ ypoc t 
hold bleach) ~,II destroy the cyanide by ox1dat1on to cyana e 

Materials of Construction 

H drogen cyanide may generally be handled ,n low-carbon 
ste:i equipment among others at ambient temperature. At high 

I b the material of choice temperatures, stainless stee may e 

Cylinder and Valve Description 

Hydrogen cyanide is shipped in DOT approved, poison gas, 
steel cylinders. The CGA recommended standa_rd connection 

·de ·,s the No 750 connection. However. for hydrogen cyan, · 
because of widespread availability and use, most cyl,nde~s are 

. d ·,th brass valves with Compressed Gas AssocIatIon 
equ1ppe w N 660 The 
(CGA) alternate standard valve outlet connection o. . ·. ht 

a thread size of 1.030"-14 RH Ext., with ng . -
~:I~~ ~~:~er~~~~hreads. (See Figure 1 for an illustration of this 

valve outlet and its mating connection). 

OUTLET CONNECT OIIJ 

1 030 
1·· 

Fig. 1. CONNECTION 660 1 030"-14 RH EXT using Flat Seat with 

Washer 

Safety Devices 

Cylinders of hydrogen cyanide are not equipped with safety 
devices They should, therefore, be stored away from sources 
of heat .to avoid dangerous hydrostatic pressures from devel­
oping within the cylinder. 

Recommended Controls 

Manual Controls 

M al needle valve Model 3712M2S fitted w,th a Model 
anu d 12" of ire " tubing can be directly connected ~21~! ~~\'1~~:r"opening to permit withdrawal of l1qu1d hydrogen 

cyanide under nitrogen pressure . 

Shipping Regulations A. 

Hydrogen cyanide is class1f1ed by the DOT as a 'Class . 
poison and ,s shipped with the required . Poison Gas Label 

Commercial Preparations 

c anide is manufactured by reacting methane 
Hydrogen) Y monia and air over a platinum catalyst at (natural gas . am 
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1 000-2 000 "C. Other methods include generation from so­
dium cyanide by a mineral acid; dehydration of formam1de over 
catalysts, such as alumina, at 200-650 C; reaction of nitric 
oxide and gasoline at 1 400 °C, reaction of hydrocarbons, 
ammonia and oxygen at 600-1 500 C, reaction of nitrogen, 
hydrogen and carbon in an electric arc. 

Chemical Properties 

1 Hydrogen cyanide adds to alkynes In the presence of 
catalysts to give the corresponding alkenyl nitrile, e.g., liquid 
or vapor phase reaction of acetylene with HCN gives acryloni­
trile, CH CHCN, in high yield (up to 80-90%). 

2 It Is used in the Gattermann synthesis of aromatic alde­
hydes, by formylat1on of certain aromatic compounds, phenols, 
and phenolic ethers with HCN + HCI usually In the presence of 
AICI or ZnCI) 

3 It Is used In the Ritter reaction to prepare tertIaryalkyl 
amines, e g , reaction of tertiary butyl alcohol or 1sobutylene 
with concentrated H ,SO. and HCN in acetic acid as solvent, 
followed by hydrolysis gives N-tert-butylformamide, 
HCONHC(CH ) , which on further hydrolysis yields tertbutyla­
mine, (CH,} CNH,. 

4 It adds to aldehydes and ketones In the presence of basic 
catalysts to form cyanohydrins. 

5 It can be ox1d1zed by air at 300-650 °C. over silver or 
gold catalysts to give yields of up to 64% cyanic acid (HOCN) 
and 26c.ro cyanogen. 

6. It reacts in the l1qu1d phase with chlorine or bromine to 
give cyanogen chloride and cyanogen bromide, respectively. 

7. It can be chlorinated in the vapor phase under controlled 
cond1t1ons to give cyanogen, cyanogen chloride, or cyanuric 
chloride as the maJor product. 

Thermodynamic and Detailed Physical Data 

Molecular Structure (1) 

The linear hydrogen cyanide molecule has C ,v symmetry, a 
symmetry number of one, and H- C and C N bond distances 
of 1.066 A (1 066 x 10 10 m) and 1.153 A (1 153 x 1 o 10 

m), respectively, 

J800 4'000ca,-.)OOO 2~ 2000 I!,()() 1400 13()() 1200 

I-- In 

Infrared Spectrum 

See Figure 2 for the infrared spectrum of gaseous hydrogen 
cyanide. 

Vapor Pressure 

The vapor pressure up to 101.325 kPa (1 atm) Is shown 
below (3). 

Temperature, Vapor Pressure 
OK kPa mbar mmHg 

259.89 18.624 186.2 139.7 (14) 
261.39 20.238 202.4 151.8(14) 
265.133 24.224 242.2 181 .70 
268.067 27.884 278.8 209. 1 5 
272.054 33.568 335.7 251.78 
276.271 40.545 405.5 304.11 
285.070 59.040 590.4 442.84 
289.979 72.051 720.5 540.43 
295.235 87.823 878.2 658.73 
298.851 101 .346 1 013.5 760.1 6 

Vapor pressures up to the critical point are shown below 
(15). 

Tempera- Vapor Pressure 
ture, °K kPa bar atm 

299.05 1 01 .325 1.013 25 1 
318.95 202.650 2.03 2 
348.95 506.625 5.07 5 
375.85 1 013.250 10.1 10 
408.1 5 2 026.500 20.3 20 
426.95 3 039.750 30.4 30 
443.05 4 053.000 40.5 40 
456.75 5 390.490 53.9 53.2 (6) 
(C.T.) (C.P.) 

See Figure 3 for vapor pressure curve. 

11()() 1000 ,so ,00 ·~ 000 1>0 100 ..-, 
0 8(', () 1', I If•-\ ·r t- [r, ~I 

....,___ - t-...... . -· IO 

-• V 

20 

I ~-
l I I • ' 6 1 • • 

0 

µm 

~ 

- ~ 8-1 

• 

HCN 
I HYDROGEN -

CYANIDE \ I I I 
I 0 IZ 

.11 ~ 

11 14 
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L,•-' I 
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" 

Fig. 2. Infrared spectrum of gaseous hydrogen cyanide obtained with sodi·um chi ·d · 
I • on e optics and 1 O cm cell· curve A obtained 

at eel pressure 94 .26 kPa (707 mmHg), curve B at 7 4 7 kPa (56 mm Hg) (8). ' 
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Latent Heat of Vaporization, .:1Hv 

Temperature, °C 

0 
25.7 

AHv, kJ / kg 

988 
933 

Thermodynamic Properties of Hydrogen Cyanide As Ideal 
Gas @ 25 °C (7) 

Heat Capacity, C~ 
Entropy, S0 

REFERENCES 

35.857 J/(mol- °K) 
201.719 J/(mol-°K) 

Free Energy Function, (~9a -

H~ga) / 298 
Enthalpy Difference, H~ga - Hg 
Enthalpy of Formation, ~H? 
Free Energy of Formation, df? 

-201.719 J (mol- K) 

9.234 kJ mol 
1 35.143 kJ mol 
124 708 kJ mol 

1 For extensive tabulations of the thermodynamic and physical properties of hydrogen cyanide . see W Braker and A L Mossman. The Matheson 

Unabridged Gas Data Book, 1975, Matheson. East Rutherford. New Jersey 
2 w. Braker, A. L. Mossman, and D. Siegel, Effects of Exposure to Toxic Gases-First Aid and Medical Treatment. 2nd edition. 19 70. PP 32-38 

Matheson, Lyndhurst. New Jersey. 

' R. A. Ruehrwein and W. F. Giauque, J. Amer Chem. Soc 61 , 2626 (1939) 

• J. Lange and J. Berga, Monatsh 81, 921 (1950). 
5 Chemical Engineers · Handbook, 4th edition, R. H. Perry, C. H. Chilton, and S. D Kirkpatrick. editors. 1963. p. 3-45, McGraw-Hill Book 

Company, Inc., New York, New York 
6 J F. Mathews, Chem. Rev. 72, 96 (1972). 
1 JANAF Thermochemical Tables, 2nd edition, 1971. D R Stull and H Prophet, proJect directors, Natl Stand. Ref. Data Ser. Natl Bur Stand , 

NSR0S-NBS 37, U. S Government Printing Office. Washington, D C 

8 R. H. Pierson, A. N. Fletcher, and E. St. Clair Gantz, Anal Chem 28, 1 218 ( 1 956) 
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HYDROGEN FLUORIDE 
(Synonym: Anhydrous Hydrofluoric Acid) 

(Formula: HF) 

PHYSICAL PROPERTIES (1} 

Molar Mass 
80 °C, 101 .325 kPa 
One Mole of HF 
Molar Mass 
Molecular Weight 

Saturated Vapor @ 20 °C 
Saturated Vapor @ 100 °C 

Specific Volume @ 21.1 °C, 101 .325 kPa 
Vapor Pressure @ 20 °C 
Boiling Point @ 101.325 kPa 

Triple Point 
Absolute Density, Gas @ 101.325 kPa@ 25 °C 
Relative Density , Gas@ 101 .325 kPa@ 25 °C (Air = 1) 

Density, Liqu id @ 19. 5 °C 
Critical Temperature 
Critical Pressure 

Critical Volume 
Critical Density 
Critical Compressibil ity Factor 
Latent Heat of Fusion@ -83.4 °C 
Dipole Moment. Monomer 
Specific Heat. Gas @ 1 01 .325 kPa @ 30 °C 

@ Constant Pressure 
@ Constant Volume 

Specific Heat Ratio , Gas @ 101 .325 kPa @ 30 °C, Cp/ Cv 

Specific Heat. Liquid @ 15.9 °C 
Viscosity, Liquid @ 0 °C 
Thermal Conductivity , Gas@ 101.325 kPa@ 100.6 °C 

Surface Tension @ O °C 
Dielectric Constant. Liquid @ 0 °C 
Specific Conductivity @ 0 ° C 
Refractive Index, Gas @ 25 °C and 5 893 A 

Description 

Hydrogen fluoride is a colorless, corrosive toxic liquid or 
gas, depending on the temperature. Because its boiling point 
292 .67 ° K (19.5 °C) is often exceeded by the temperature at 
which it is transported or used, it is shipped in cylinders under 
its own vapor pressure of 2 .1 kPa (0.3 psig) at 20 °C. 

Hydrogen fluoride differs in many ways from the other hydro­
gen hal ides because of its greater ionic character and its 
tendency to associate through hydrogen bonding . Association 
characterizes the liquid state and continues into the vapor 
state. Dipole moment calculations and dielectric constant mea­
surements of the vapor ind icate the formation of more or less 

matheson· 

0.020 006 4 kg 
0.020 006 4 kg 

74.88 (3.743 moles HF associated) 
49.08 (2.453 moles HF associated) 
1 204.8 dm3 / kg; 19.3 ft3 / lb 
103 kPa; 1 .03 bar; 15.0 ps1a; 1 .03 atm 
292.67 °K; 19.5 °C; 67 .1 °F 
189.78 °K; -83 4 ° C; -118.1 °F 

2.201 kg / dm1 

1.858 
0.957 kg / I 
461.15 °K ; 188.0 °C ; 370.4 °F 
6 485 kPa; 64.85 bar ; 940.5 ps1a, 64 .0 

atm 
69 cm3 / 0.020 01 kg 
0.290 kg / dm3 

0 .12 
196.355 kJ / kg: 46.93 kcal/kg 
6.104 X 10 3° C-m; 1.83 D 

807.51J / (0.02001 kg- °K) 
47.698 J / (0.020 01 kg- ° K) 
16.93 
50.585 J / (0.020 01 kg. °K) 
0.256 mPa-s ; 0 256 cP 
0 .02547W/ (m- °K); 60.8 x 10 

6
cal • 

cm / (s-cm"' . °C) 
10.1 mN / m; 10.1 dyn / cm 
83.6 
1 .6 x 1 o 6 n 1 

/ cm 
1 .157 4 

linear polymers as indicated by x-ray and electron d1ffract1on 
measurements (2). However, the presence of cycl ic polymers 
1s also indicated. The degree of polymerization or molecular 

assoc1at1on is a controversial matter 

Specifications 

Hydrogen fluoride as supplied by Matheson has a minimum 

purity of 99.9%. 

Uses 
Hydrogen fluoride 1s used to prepare fluorides, to manufac­

ture fluorine , as a catalyst in 1somerizat1on , condensation, 
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dehydration, polymerization. and hydrolysis reactions. and as 
a fluonnating agent in organic and inorganic reactions. It Is 
also used as an alkylat1on catalyst in the petroleum industry, 
for etching and polishing of glass, and in the manufacture of 
aluminum fluoride and synthetic cryolite. 

Toxicity and Effects in Man (3) 

The concentration that produces acute effects vanes with 
the time of exposure. 50 ppm may be fatal 1f inhaled for 30-60 
minutes. Less severe exposures cause ImtatIon of the nose 
and eyes. smarting of the skin, some degree of conJuct1val and 
respiratory irritation . More severe exposures can lead to severe 
IrntatIon of the eyes and eyelids and to inflammation and 
congestion of the lungs and circulatory (cardiovascular) col­
lapse. Skin contact with the liquor or vapor of any member of 
this group can cause severe burns 

Hydrogen fluoride is readily detectable in air by its sharp, 
Irntating odor 

The 1979 ACGIH has established a Threshold L1m1t Value 
(TLV) of 3 ppm (2 mg/m ') for hydrogen fluoride (as F). 

First Aid Treatment (3) 

Speed in removing the patient from the contaminated atmo­
sphere or removing the vapor or liquid from the skin or eyes is 
essential First aid must be started Immed1ately in all cases of 
contact with the particular gas in any form. All affected persons 
should be referred to a physician, no matter how slight the 
inJury, and the physician given a detailed account of the acci­
dent 

Inhalation 

In minor exposures. remove the victim to an uncontaminated 
atmosphere and administer as quickly as possible 1 00% oxy­
gen. It has been found helpful to expose even borderline cases 
to 1 00% oxygen at half hour intervals for 3-4 hours 

In severe exposures. the worker must be earned at once into 
an uncontaminated atmosphere. A physician should be called 
1mmed1ately and the admin1strat1on of 1 00% oxygen should be 
started at once The victim should receive oxygen under posi­
tive pressure (<4 cm) for half hour periods for at least 6 hours 
until breathing Is easy and the color of the skin and mucous 
membranes Is normal He should be kept comfortably warm 
but not hot Under no circumstances should the patient b~ 
permitted to return home or to work following a severe expo­
sure until examined and discharged by a physician who is 
aware of the nature of the exposure Mild analgesics and 
sedatives. such as asp1r1n or sodium bromide. may be given if 
thought to be desirable by the phys1c1an. but medication is 
usually unnecessary when adequate oxygen has been admin­
istered 1mmed1ately after exposure Morphine and barbiturates 
should never be given because of their depressant effect on 
resp1rat1on Cardiac and respiratory stimulants are not recom­
mended 

Artlf1c1al respIrat1on should not be given unless breathin has 
ceased. g 

Contact With Eyes 

If the eyes have been contacted by hydrogen fluoride they 
should be flushed with water for 15 minutes . This may h~ve to 
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be repeated several times. Ice compresses should be applied 
when not 1rntating. Pain can be relieved by 2 or 3 drops f 
0.5% tetracaine {pontocaine). An ophthalmologist may be I~­
terested in a method of treatment f_or chemical burns of the eye 
described by R. S. Mclaughlin in the American Journal of 
Ophthalmology 29, 1355 (1946). 

Contact With Skin 

Workers who have had skin contact with hydrogen fluoride 
should be subjected to a drenching shower of water. The 
clothing should be removed as rapidly as possible, even while 
the vIctIm Is in the shower, and medical assistance obtained 
immediately. It is essential that the affected area be washed 
with copious quantities of water for a sufficient period of time 
to remove all acid from the skin. The affected part should then 
be immersed in an ice-cold saturated solution of magnesium 
sulfate (Epsom salt), iced 70% alcohol, or an iced aqueous or 
alcoholic solution of Hyamine, a high molecular weight quater­
nary ammonium compound. The immersed part should be 

removed for 2-3 minutes every 1 0 minutes to relieve the 
discomfort. If the burn is in such an area that it is impractical to 
immerse the part, then iced alcohol, iced magnesium su lfate 
solution, or Hyamine solution should be applied in the form of 
saturated com_presses, which should be changed at least every 
2 minutes. This treatment should be continued for 1 -4 hours 
depending on the extent of the burn. The area should then be 
covered with a generous quantity of paste freshly prepared 
fro_m powdered U.S.P. magnesium oxide and U.S.P. glycerin. 
This _paste should be applied daily for several days. Hydrogen 
f luoride burns have also been treated by intravenous and 
intracutaneous injection of 1 0% aqueous calcium gluconate 
solution. 

Precautions in Handling and Storage 

1 • Employees should be instructed to avoid contact with 
liquid o~ gaseous hydrogen fluoride at all times. and in the 
appropriate procedures in case of contact. 

2. Adequate emergency showers and wash-up facilities 
should be available in areas where hydrogen fluoride is used. 

3. Eye-washing fountains should be placed in accessible 
locations and workers instructed in their use. 

4. A hose mask. an air-line mask , o r a self-contained breath­
ing apparatus should be conveniently located in case of emer­
gency, but in areas less likely to become contaminated. 

5 . Workers handling hydrogen fluoride should use full cov­
erage of clothing at all times, rubber shoes soled with neoprene 
or an _equally resistant material, or rubbers made of the same 
materials, a hat or protective head covering, a full face mask 
and/ or chemical goggles with plastic lenses, and gauntlet-type 

gloves _made of neoprene, plasticized polyvinyl chloride (0.028 
inch thick), or an equally resistant material. 

6. L_eak ing cyl inders should be removed to the outdoors or 
to an isolated, well-venti lated area. and the contents trans­
ferred to other suitable containers, or disposed of in a safe 
manner. 

7-. All spillage should be flushed promptly with water . Ex­
cessive quantities of hydrogen fluoride should be neutralized 
wi th soda ash or lime before admitting wastes to drains and 
sewers . 

8. Waste disposal of hydrogen fluoride and materials con­
taining it depends to a great extent upon local conditions. All 
local, state, and federal regulations regarding health and pol­
lution must be followed . 

9. Steel cylinders for hydrogen fluoride are equipped with a 
special valve for discharge which should not be used as a 
control valve. The d ischarge line should include a suitable 
adapter for connecting the line to the cylinder valve, and a 
needle valve for regulating the flow of hydrogen fluoride from 
the cylinder. Pouring or emptying into open vessels should 
never be attempted. Distillation methods d irect from the cy lin­
der are not recommended. Never apply direct heat or a f lame 
of any kind against the cylinder. Where hydrogen f luoride Is 
discharged from the cylinder into other l iquids, the del ivery 

tube must not be passed below the surface of the liqu id. A 
check valve should be inserted between the liquid and the 
cylinder. If suckback into the cy linder occurs, dangerous pres­
sures may be formed within the cylinder. Liquid or gaseous 
hydrogen fluoride may be withdrawn at moderate rates from a 
cylinder above 19.4 °C and below 51. 7 °C. This method is 
recommended only when small quantities are going to be used. 
Never apply heat directly to the cylinder to facilitate discharge. 
To increase w ithdrawal of liquid hydrogen f luoride from cylin­
ders, the cylinder and contents should be cooled below 19.4 
° C before pressurizing with dry compressed air o r an inert gas. 
If 11 is not practicable to cool the cylinder, the operator should 
gauge accurately the cylinder pressure , and then introduce dry 
compressed air or inert gas at a pressure at least 34.5 kPa (5 

psig) greater than the determined cylinder pressure. but in no 
case more than 276 kPa (40 psig). For withdrawal of liqu id the 
cylinder should be inverted and securely fastened before use. 
For large rates of flow of gaseous hydrogen fluoride, l iquid 
hydrogen fluoride may be transferred into a vaporizing process 
unit after cooling the boiler below the boi ling point of the 
hydrogen f luoride. The hydrogen fluoride should not be heated 
over 61.1 °C. To avoid possible damage to property, fu ll and 
empty cylinders should be stored separately in a sheltered 
isolated location, and inside operations where hydrogen f luo­
ride is used should be segregated in a well-ventilated area. 

In addition. the general ru les listed in Appendix I should be 

observed. 

Leak Detection 

Equipment to contain hydrogen fluoride should be pretested 

for leaks with dry compressed air or an inert gas like nitrogen. 
Leaks of hydrogen fluoride will be self evident since it fumes in 
moist air . Small leaks of hydrogen f luoride may be detected by 
holding an open bottle of concentrated aqueous ammonia near 
the suspected site of the leak. Leaks at the cyl inder valve may 
be eliminated by tightening the stem. packing nut , or outlet 

cap. 

Disposal of Leaking Cylinders 

Leaking cylinders of hydrogen fluoride which cannot be 
corrected normally may be disposed of according to the pro­

cedure described in Appendix 11-0. 

Materials of Construction 

Steel is the most widely used construction material for equip­
ment In which hydrogen fluoride is conveyed or processed. 
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The presence of su lfur d iox ide in hydrogen fluoride increases 
the rate of corrosion of steel l ines and equipment Steel Is also 
corroded readily by liqu id or gaseous hydrogen fluoride at 
temperatures over 65 °C. Where the degree of the corrosion 
of steel may be considered excessive for certain applications, 
lines and equipment made of Monel . 1nconel. nickel. and cop­
per may be used . When condItIons permit the use of steel . 
extra heavy black seamless or welded steel pipe, having no 
nonmetallic inclusions. may be used Extra heavy forged steel 
or slag-free welded steel fittings should be used when cond i­
tions permit the use of steel Cast iron and mal leable fIttIngs 
deteriorate rapidly and should never be used Valves for hydro­
gen fluoride service should preferably be of resistant alloys. 
However. forged steel valves with outside screw and yoke . 
when trimmed with resistant alloys, may be used Valve pack­
ings made of Teflon, polyethylene , or other suitably resistant 
materials may be used. Lines, 2 inches or larger. should 
preferably be welded. Large lines . however, may be Joined by 
flanges with su itable gasket material at the Joints to prevent 
leakage. Threaded connections may be used on smaller size 
lines Threads shou ld be cut true to form and Joints should be 
sealed with oil and graphite or 011 and litharge applied to the 
threads to prevent seizing Where gaskets are necessary, soft 
copper, soft annealed iron , soft silver , polyethylene. Kel-F. 

Teflon , or Saran may be used. 

Cylinder and Valve Description 

Hydrogen fluoride Is shipped in DOT approved low pressure, 
steel cylinders. Matheson uses Compressed Gas AssocIatIon 
(CGA) alternate standard cylinder valve outlet connect ion No 
660 on al l cylinders In hydrogen fluoride service The valve 
outlet Is 1 .030 inches in d iameter. with right-hand external 
threads, f lat seat and washer (see Figure 1) Lecture bottles 
are equipped with a special ~1,b"-32 threads per inch. female 

outlet. 

OUTLET COt,;IIIECTION 

I 030 I 035 
I' I' 

Fig. 1. CONNECTION 660 1 030 " -14 RH EXT using Flat Seat with 

Washer 

Safety Devices 

Cylinders of hydrogen fluoride contain no safety devices. 
therefore , precautions should be taken to keep the cylinder 
from being overheated to avoid the development of dangerous 

hydrostatic pressures 

Recommended Controls 

Cylinders of hydrogen fluoride have a very low pressure 2 1 
kPa (0 .3 psig). For manual flow control of the l1qu1d and for 
small quantities of the gas Matheson supplies needle valve 
Model 55-660, which Is Teflon packed, for direct attachment 
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HYDROGEN FLUORIDE 

to the cylinder valve outlet Monel needle valve Model 60L with 
tubing connection Is recommended for use with lecture bottles. 

Electronic Mass Flow Controllers 

The Matheson Serres 8260 of monel Is designed to control 
the flow of gas regardless of pressure and temperature 
changes. This mass flow controller consists of a transducer, a 
control valve, a blind controller/ power supply, a potentiometer, 
and a d1g1tal indicator The transducer senses the gas flow and 
sends a signal to the power supply This signal and one from 
the potentiometer are compared If there 1s an imbalance, the 
power supply generates a signal tor the control valve to reduce 
or increase the flow to correct the imbalance. The accuracy is 
± 1.2°0. 

Shipping Regulations 

Hydrogen fluoride rs classified by the DOT as a corrosive 
l1qu1d and rs shipped under the 'White Label . 

Commercial Preparation 

Hydrogen fluoride ,s prepared Industrially by m1xIng sulfuric 
acid with fluorspar (CaF7 ) and d1st1lling the product. The pres­
ent laboratory method for preparing hydrogen fluoride consists 
of strongly heating purif1ed and dried potassium hydrogen 
fluoride 

Chemical Properties 

Hydrogen fluoride 1s thermally stable It Is strongly and highly 
associated both in the lIqu1d and gaseous states. It reacts with 
silicates giving water and srl1con tetrafluoride, with oxides and 
hydroxides of metals forming water and fluorides, etc. With 
organic compounds, ,t acts as a dehydrating agent. a fluori­
natrng agent, a polymeriz1ng agent. a powerful catalyst for 
condensation reactions, and a hydrolysis catalyst. Hydrogen 
fluoride reacts with alcohols and unsaturated compounds to 
form fluorides Hydrogen fluoride reacts with alkylene oxides 
to give alkylene fluorohydrins . For detailed chemical properties 
see Reference 4 

Thermodynamic and Detailed Physical Data 

Molecular Structure 

Electron d1ffract1on study of the gas (2) has shown the two 
hydrogen to fluorine distances to be 1 00 ± 0 . 06 A and 1 .55 
± 0.06 A, the F H • • • • • F distance to be 2 55 ± 0.03 A, and 
the F- H • • • • • F- H • • • • • F angle to be abount 140 ± 5°, and 
that the polymer has a linear zig-zag conf1gurat1on (shown 
below). 

Monomeric HF has C v symmetry, a symmetry number of 
one, a fundamental v1brat1onal frequency of 4 138 32 cm 1 

(corrected for anharmonrcity of 89 88 cm '), and an H-F 
distance of 0 .916 8 A (0 916 8 x 1 O ' m) The observed 
fundamental frequency of monomeric HF gas Is 3 962 cm 1 
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The effect of polymerization on this frequency in various phases 
Is as follows: gas (polymer) 3 500-3 400 and 3 380-3 330 
cm '; liquid 3 375 cm -•; solid 3 420- 3 060 cm-•. 

Infrared Spectrum 

See Figure 2 tor the infrared spectrum of gaseous hydrogen 
fluoride . 

100 

9() 

80 

~ 70 

"' .,, 
- i;o 
~ TRANSMISSI0W z 
: !I0 CURVE ... 
~ ♦O ... 
u 
,z: 30 ... 
CL 

20 

I0 NaCl Pr11"' 

CM. .. --+ 3000 3250 3500 37!10 ♦000 ♦250 

Fig. 2. Infrared spectrum of gaseous hydrogen fluoride be­
tween 3 000 and 4 250 cm ', showing the effect of pressure 
on polymer absorption; 125 cm copper cell, with fluorothene 
windows; NaCl prism; temperature: 320.15 °K (4 7.0 ° C); pres­
sure kPa: run 1: 94.07; run 2: 84.79; run 3: 72.26; run 4 : 
59.33; run 5: 44.93; run 6: 33.46; run 7: 21.06 (7). 

Vapor Pressure 

The vapor pressure of liquid hydrogen fluoride is represented 
by the Antoine vapor pressure equation (5): 

8 B 
log,op = A - --or t =----- - C 

C + t A - loQ, oP 

in which t = °C and p = mmHg, and the constants A, 8, and 
C have the values of 7.685 20, 1 478.55, and 288.22, respec­
tively. 

Some calculated vapor pressure values are shown below: 

Temperature, Vapor Pressure OK kPa bar mmHg 
206.05 1.333 0 .013 10 
216.55 2.666 0.027 20 
227.95 5.333 0 .053 40 
235.23 7.999 0.080 60 
240.64 10.666 0.107 80 
244.99 13.332 0 .133 100 
259.53 26.664 0 .267 200 
268.81 39.997 0.400 300 
275.80 53.329 0.533 400 
281 .45 66.661 0 .667 500 
286.24 79.993 0.800 600 
290.40 93.325 0.933 700 
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Temperature, Vapor Pressure 
OK kPa bar mmHg 

292.67 101.325 1.013 760 
294.11 106.656 1.067 800 
297.45 119.990 1.200 900 
300.55 133.322 1.333 1 000 
305.95 159.986 1.600 1 200 
312.85 199.983 2.000 1 500 

For additional vapor pressure values, see Table 1 and Figure 

3. 

Latent Heat of Vaporization , 
llHV @ 292.67 °K 

6 732 J /0.020 01 kg· 
7 468 J/0.020 01 kg'· 

• From vapor pressure vs. temperature. 
· • From calorimetry . 
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For additional JHv values, see Table 1. 

Thermodynamic Data 

Thermodynamic properties of saturated hydrogen fluoride 
lrqu1d and vapor are listed In Table 1 

Thermodynamic Properties of Hydrogen Fluoride As Ideal 
Gas 0 25 C (6) 

Heat Capacity, CP 
Entropy, S 
Free Energy Function, (F29a -

H29e/ 298 
Enthalpy Difference, H29s - H~ 
Enthalpy of Formation, llHf 
Free Energy of Formation, .iF, 

291 137 J / (mol, K) 

173 669 J (mol - K) 

- 1 73.699 J (mol • K) 

8.598 kJ mol 
-272 546 kJ mol 
-274642kJ mol 
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HYDROGEN FLUORIDE 

Table 1. PROPERTIES OF SATURATED VAPOR AND LIQUID HYDROGEN FLUORIDE (8) 
Temperature, 

K 

203.15 
213.15 
223.15 
233.15 
243.15 
253.15 
263.15 
273.15 
283.15 
293.15 
303.15 
313.15 
323.15 
333.15 
343.15 
353.15 
363.15 
373.15 

Vapor Pressure 

kPa atm 

1.398 0.014 
2 .533 0.025 
4.661 0.046 
7.903 0.078 

12.970 0.128 
20.680 0 .204 
32.019 0.316 
48.231 0.476 
71 .029 0.701 

103.453 1.021 
146.212 1.443 
203.359 2.007 
274.388 2.708 
370.951 3.661 
489.501 4.831 
641.39 6.33 
820.73 8.1 

1 053.8 10.4 

Specific Volume, dm3 / 

kg 
Vapor Liquid 

0.850 
0.870 
0.890 
0.911 
0.932 
0.954 
0.976 

465.12 0.997 
396.83 1.020 
315.46 1.033 
251.26 1.058 
200.80 1.078 
161.55 1.101 
130.72 1.126 
106.50 1.153 

87.41 1.185 
72.20 1.220 

1.256 

Density, kg/ dm3 

Vapor Liquid 

1.176 
1.149 
1.123 
1.098 
1.073 
1.048 
1.025 

0.002 15 1.003 
0.002 52 0.980 
0.003 17 0.968 
0.003 98 0.945 
0.004 98 0.928 
0.006 19 0.908 
0.007 65 0.888 
0 .009 39 0.867 
0.011 44 0.844 
0.013 85 0.820 

latent Heat of Vaporiza­
tion• kJ / 0.020 01 kg 

(7.042) 

6.761 (7.473) 
7.435 
8.054 
8.632 
9 .176 
9.673 

1 0.155 
10.586 

0.796 11 .008 
* From vapor pressure-temperature relation, except values in parentheses which are calori­metric. 
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HYDROGEN IODIDE 
(Synonym: Anhydrous Hydriodic Acid) 

(Formula: HI) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of HI 
Specific Volume@ 101 .325 kPa@ 21.1 °C 
Vapor Pressure @ 21 .1 °C 
Boiling Point @ 101 .325 kPa 
Triple Point 

Absolute Density, Gas@ 101.325 kPa@ 25 °C 

0.127 912 5 kg 
0.1279125kg 
187.3 dm3 /kg; 3 .0 ft3 / lb 
756 kPa; 7.56 bar; 109. 7 psia; 7.46 atrn 
237.55 °K; - 35.6 °C; -32.1 °F 
222.36 °K; -50.8 °C; -59.4 °F 
5.280 kg / m3 

Relative Density, Gas @ 101.325 kPa@ 25 °C (Air = 1) 
Density, Liquid @ Saturation Pressure @ -35.6 °c 
Critical Temperature 

4.46 
2.793 kg/I 
423.90 °K; 150.8 °C; 303.4 ° F 

Critical Pressure 

Critical Volume 
Critical Density 
Critical Compressibility Factor 
Latent Heat of Fusion@ -50.8 °C 

Dipole Moment, Gas 

Molar Specific Heat, Gas@ 101 .325 kPa@ 25 °c 
@ Constant Pressure 
@ Constant Volume 

8 210 kPa; 82.1 bar; 1190.4 psia; 81 .0 
atm 

1.055 4 dm3 /kg 
0.947 5 kg /dm3 

0.314 

22.439 kJ/kg; 2 870.2 J / mol; 5.363 
kcal /kg 

1.27 X 10- 3o C- m; 0.38 D 

30.497 J / (mol - °K) 

S~ecifi_c Heat Ratio, Gas@ 101 .325 kPa@ 25 °C, Cp/ Cv 
V1scos1ty, Gas@ 101.325 kPa@ 20 °C 

21 . 784 J/(mol- °K) 
1.40 

0.016 55 mPa-s; 0.016 55 cP 
Thermal Conductivity, Gas@ 101 .325 kPa@ 25 °c 

Surface Tension @ -35.6 
Solubility In Water @ 101 .325 kPa@ 1 O °C 
Dielectric Constant 

Gas @ 1 00 °C and 101 .325 kPa 
Liquid @ - 50 °C 

Refractive Index, Gas @ 101.325 kPa, n0 @ 25 °c 
Dissociation @ 1 000 °C 

Description 

Hydrogen iodide is a colorless toxic pungent co . t · , rrosIve gas 
a room temperature and atmospheric pressure. It is over four 
times as heavy as air, and fumes in most air It · h. r . . is s rpped as a 
iquef1ed gas rn lecture bottles under its own vapor P 
655 kP (g5 • ) ressure of 

a psrg ~t. 21. 1 oc. For maximum stability of the 
gas, cylinders contarnrng hydrogen iodide should be st d 
temperature below 1 . 1 °c_ ore at 

Specifications 

Hydrogen rodide is shipped with a minimum 11·qu d ·t 
ggo, I · · . . 1 purr y of 

-o. mpurrt1es consist of rodine in the liquid ph . . ase and hydro-
gen with traces of arr in the gaseous phase. 
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Uses 

0.004 81 W / (m. ° K); 11 .50 x 1 o-6 cal. 
Cm/(S· cm2

• °C) 
26.69 mN/m; 26.69 dyn /cm 
42 500 cm3 /0. 100 kg water 

1.002 34 
3.39 
1.000 839 
33% 

Hydroge . d"d · · . . . n 10 1 e 1s used prrmarrly in the manufacture of 
hydrrod1c acid and in th • . d. . e preparation of organic and inorganic 
io rdes. It rs also utilized as a reducing agent. 

Effects in Man (2) 

Inhalation of hydrogen iodide causes irritation of the upper 
respiratory tract, and a concentration of about 35 ppm causes 
irrrtatron of the throat after short exposure. More severe ex­
posures result in p 1 u monary edema and often in laryngeal 
spasm. ' 

Skrn contact with th . . . .
1 

. e vapor or liquid causes severe tissue 
irrr atron and necrosis. 
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The vapors of hydrogen iodide are severely irritating to the 
mucous membranes of the eyes and nose. 

Toxicity (2) 

Concentrations of 1 000-2 000 ppm by volume in air are 
lethal to humans on brief exposures {up to a few minutes). 
Concentrations in the range of 1 000-1 300 ppm by volume in 
air are dangerous if breathed 30-60 minutes. 

Hydrogen iodide is readily detectable in air by its sharp, 
penetrating odor. 

No Threshold Limit Value (TL V) has been established for 
hydrogen iodide. A TLV of 0.1 ppm (1 mg/ m3) has been 
established for iodine. 

First Aid Treatment (2) 

The following suggested treatment should be administered 
at once. 

Inhalation 

Inhalation of moderate amounts of hydrogen iodide vapors 
causes choking and coughing. Exposed persons should leave 
the contaminated areas at once and breathe fresh air or oxy­
gen. Severe exposure causes breathing to become labored or 
even stop. In such cases, the vrctrm must be removed to an 
uncontaminated area and given artificial respiration (if breath­
ing has stopped) or oxygen (if breathing is labored). The patient 
should be kept confortably warm, but not hot. and a physician 
should be called at once. Observe for signs of pulmonary 
edema. If lungs are affected, give antibiotics prophylactically. 
Rest is important. 

Skin Contact 

All areas of skin contacted by the hydrogen iodide should be 
washed off at once with running water, preferably under a 
drenching shower. The use of chemical neutralizers for this 
purpose is not recommended. Contaminated clothing must be 
removed at once. On severe exposure, shock symptoms such 
as rapid pulse, sweating, and collapse may appear and, in such 
cases, the victim should be kept warm and made to lie down 
until a physician arrives. The use of oils or ointments, unless 
prescribed by a physician . is not recommended. 

Contact With Eyes 

Any contact of hydrogen iodide vapors with the eyes should 
be regarded as serious. Severe irritation of the eyes and eyelids 
may occur if the eyes are not washed out promptly, and 
prolonged contact may result in impairment or loss of vision . 

If the eyes are affected, they should be irrigated without 
delay with copious quantities of running water, preferably using 
an eyewash fountain. The eyelids should be spread apart with 
the fingers to ensure thorough rinsing. Washing should con­
tinue for at least 15 minutes. A physician, preferably an eye 
specialist, should be called without delay. If the physician is 
not available, rinsing in running water should be continued for 
a second period of 15 minutes. After the first period of irrigation 
is completed , 2 or 3 drops of pontocaine (0.5% aqueous 
solution) may be instilled into the eye as a first-aid measure. 
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Nose 

If the mucous membranes of the nose are rrntated , rrnse with 
water for at least 1 5 minutes. 

Precautions in Handling and Storage 

(a) Workers who handle hydrogen 1od1de should wear pro­
tective clothing such as rubber or plastic aprons, rubber gloves, 
and suitable gas-tight chemical safety goggles Woolen outside 
clothing or other acid resistant fabrics are recommended for 
workers handling hydrogen iodide. 

(b) Instant-acting safety-showers should be available in the 
event of an emergency. 

(cl Special eye-washing fountains or s1m1lar equipment 
should be available for eye irrigation. 

(d) Proper respiratory equipment must be provided and per­
sonnel wearing such equipment must be carefully instructed in 
its operation and limitations. 

(e) Precautions should always be taken to prevent suckback 
of foreign materials into the cylinder by using a check valve, 
vacuum break, or trap, since such a setback may cause the 
development of dangerous pressures within the cylinder. The 
cylinder valve should be closed after each use. 

In addition, the general rules listed in Appendix I should be 
observed. 

Leak Detection 

Large leaks of hydrogen iodide will be evident by the for­
mation of dense white fumes on contact with the atmosphere . 
Small leaks of hydrogen iodide may be detected by holding an 
open bottle of concentrated ammonium hydroxide solution near 
the site of the suspected leak (formation of dense white fumes) . 
Wet blue litmus paper will turn pink when exposed to a hydro­
gen iodide leak . 

Cylinder valve leaks can usually be corrected by tightening 
the valve packing nut (turn clockwise as viewed from above). 
If valve leaks persist or leaks appear at any portion of the 
cylinder. advise the supplier immediately. 

Disposal of Leaking Cylinders 

Leaking cylinders of hydrogen 1od1de which cannot be cor­
rected normally may be disposed of by the procedure de­
scribed in Appendix 11-0. 

Materials of Construction 

Anhydrous hydrogen iodide is essentially inert to metals and 
does not attack the commonly used structural metals (stainless 
steel, mild steel) under normal cond1t1ons of use (room temper­
ature and atmospheric pressure). In the presence of moisture, 
however. hydrogen iodide will corrode most metals other than 
silver, platinum, and tantalum; carbon, graphite. and impreg­
nated carbon and graphite are recommended materials of 
construction for wet or dry hydrogen iodide . When used at 
higher pressures, it Is necessary to use extra heavy black iron 
pipe throughout. No galvanized pipe or brass or bronze fittings 
should be used as these will corrode. High pressure steel, 
monel , or aluminum-iron-bronze valves should be used 
throughout. Users of hydrogen 1od1de are warned to always 

399 



HYDROGEN IODIDE 

shut off their hydrogen 1od1de lines from the use end, backward 
to the cylinders. 

Cylinder and Valve Description 

Lecture bottles containing hydrogen 1od1de have a special 
~ 1{;-inch-32 threads per inch, female outlets. 

Recommended Controls 

Manual Controls 

A Model 60L Monel needle valve with 11. inch Monel tubing 
outlet Is available for use with lecture bottles. 

Flowmeters 

Matheson Series 7600 laboratory Monel flowmeter units with 
1 50 mm tubes and floats are recommended for use where 
definite flow rates must be known. 

Electronic mass flowmeters, with Monel transducers, such 
as Matheson Series No 811 6 and No. 81 60, should be used 
where accurate readings are required. Cal1brat1on Is unaffected 
by temperature and pressure changes, and flow rates may be 
recorded from the instrument s electrical output. 

Electronic Mass Flow Controllers 

The Matheson Series 8260 of Monel Is designed to control 
the flow of gas regardless of pressure and temperature 
changes This mass flow controller consists of a transducer, a 
control valve, a blind controller / power supply, a potentiometer 
and a d1g1tal indicator. The transducer senses the gas flow and 
sends a signal to the power supply. This signal and one from 
the potentiometer are compared. If there Is an imbalance, the 
power supply generates a signal for the control valve to reduce 
or increase the flow to correct the imbalance. The accuracy is 
-:t- 1 2% 

Shipping Regulations 

Hydrogen iodide is classified by the D.O.T. as a nonflamm­
able gas and ,s shipped under " Green Label" . 

Chemical Preparation 

Hydrogen 1odIde ,s prepared (1) by chemical combination of 
its elements, (2) by adding water dropwise to a mixture of red 
phosphorus and iodine, (3) by adding concentrated aqueous 
hydrogen 1od1de to phosphorous pentox1de, and (4) by adding 
iodine dissolved ,n 57% aqueous hydrogen iodide to red phos­
phorus. 

Chemical Properties 

Hydrogen iodide is decomposed by light. It is the least stable 
of the hydrogen halides. Even at room temperature it d1sso­
c1ates slightly into ,ts constituents. Chlorine and bromine vapor 
displace the iodine from hydrogen iodide. In aqueous solution 
hydrogen 1od1de ,s wholly in the ionic form . Aqueous hydrogen 
1od1de ,s easily oxidized; ,t Is slowly affected even by atmos­
pheric oxygen Chlorine water or bromine water displaces the 
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iodine when added to aqueous hydrogen iodide. Hydrogen 
iodide forms hydriodides with organic bases. Hydrogen iodide 
reacts with the lower aliphatic alcohols, forming the corre­
sponding iodo compounds. 

Thermodynamic and Detailed Physical Data 

Molecular Structure 

The linear, heteropolar hydrogen iodide molecule has c", 
symmetry, a symmetry number of one, and an H- 1 bond 
distance of 1.62 A (1.62 ;< 1 o - •o m). 

Infrared Spectrum 

See Figure 1 for the infrared spectrum of gaseous hydrogen 
iodide. 

Vapor Pressure 

The vapor pressure of liquid hydrogen iodide up to 200 kPa 
(1 500 mmHg) follows the Antoine vapor pressure equation (3) 

B B 
log,oP = A - --or t = ----- - C 

C + t A - log,op 

in which p = mmHg and t = ° C, and the constants A, 8, and 
C have the values of 5.608 9, 416.04, 188.1, respectively. 

The following vapor pressure values have been calculated 
by this equation (3). 

Temperature, Vapor Pressure 
OK kPa mbar mmHg 

214.65 33.326 333.3 250 
217.85 39.993 400.0 300 
223.45 53.327 533.3 400 
228.05 66.652 666.6 500 
232.05 79.986 800.0 600 
235.55 93.320 933.2 700 
237.55 1 01.325 1 013.25 760 
238.85 106.655 1 067 800 
241 .75 119.989 1 200 900 
244.55 133.313 1 333 1 000 
249.55 159.982 1 600 1 200 
256.05 199.975 2 000 1 500 

The vapor pressure of liquid hydrogen iodide above 202.650 
kPa (2 atm) is shown below (4). 

Temperature, °K Vapor Pressure 
kPa bar atm 

280.45 506.625 5.07 5 
305.15 1 013.250 10.1 10 
335.35 2 026.500 20.3 20 
373.85 4 053.000 40.5 40 
400.65 6 079.500 60.8 60 
423.90 (C.T.) 8 207.325 82.1 81 (3) 

See Figure 2 for vapor pressure curve. 
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HYDROGEN IODIDE 

Latent Heat of Vaporization, liHv 

Temperature, °C 

-48.0 
-35.6 
-23.0 

liHv, kJ, kg 

158.38 
154 .52 
150.49 

Thermodynamic Properties of Hydrogen Iodide As Ideal Gas 
@: 25 °C (5) 

REFERENCES 

Heat Capacity, C~ 
Entrophy, S 0 

Free Energy Function, (F0
29e 

H0
298)/ 298 

Enthalpy Difference, H0
29a 

29.158 J/(mol. °K) 
206.485 J/(mol- °KJ 

-206.485 J/(mol. °K) 

Hi 8 .657 kJ/mol 
Enthalpy of Formation, liH~ 26.359 kJ/mol 
Free Energy of Formation, 4F~ 1 .573 kJ/mol 

For compressibility data, see Table 1. 

' For extensive tabulations of the thermodynamic and physical properties of hydrogen iodide, see W. Braker and A L. Mossman, The Matheson 

Unabndged Gas Data Book, 1975, Matheson, East Rutherford, New Jersey. 
2 

W Braker, A. L. Mossman, and D Siegel, Effects of Exposure to Toxic Gases-First Aid and Medical Treatment , 2nd edition, 1977, pp, 87-9! 
Matheson, Lyndhurst, New Jersey 
3 

B J Zwolinski, et al . Selected Values of Properties of Chemical Comounds, Volume 1, 1968, Thermodynamic Research Center, Texas A & M 
University, College Station, Texas 
4 

Handbook of Chemistry and Physics, 50th edi tion, R. C. Weast, edi tor, 1969, p. D-145, The Chemical Rubber Co , Cleveland, Ohio. 
5 

JANAF Thermochemical Tables, 2nd ed1t1on, 19 71, D. R. Stull and H. Prophet, project directors, Natl. Stand. Ref. Data. Ser , Natl. Bur. Stand , 
NSRDS-NBS 37, U S Government Printing Office, Washington, D. C. 
6 

The Sadtler Standard Spectra, 1972, Sadlier Research Laboratories, Inc ., Philadelphia, Pennsylvania. 

Table 1. COMPRESSIBILITY DATA FOR HYDROGEN IODIDE 
Temperature, °K 
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266.48 
272.04 
277.59 
283.15 
288. 71 
294.26 
299.82 
305.37 
3 10.93 
3 16.48 
322.04 

137.895 

0 .998 1 
0 .998 2 
0 .998 3 
0 .998 4 
0 .998 5 
0 .998 5 
0 .998 6 
0 .998 7 
0 .998 7 
0 .998 8 
0 .998 9 

275.790 

0.996 1 
0 .996 3 
0 .996 5 
0.996 7 
0 .996 9 
0.997 1 
0.997 2 
0.997 3 
0 .997 5 
0 .997 6 
0 .997 7 

Pressure, kPa 
413.685 

0.994 7 
0.995 0 
0.995 3 
0.995 5 
0 .995 7 
0 .996 0 
0.996 2 
0 .996 3 
0.996 5 

689.476 

0 .992 3 
0 .992 7 
0 .993 1 
0 .993 4 
0.993 7 
0.994 0 

1 378.95 1 

0.987 4 
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HYDROGEN SELENIDE 
(Synonym: Selenium Hydride) 

(Formula: H2Se) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of H2Se 
Spec1f1c Volume @ 21 .1 °c, 101 .325 kPa 
Vapor Pressure @ 21 .1 °C 
Boiling Point @ 101 .325 kPa 
Tnple Point 

Temperature 
Pressure 

Absolute Density, Gas@ 101.325 kPa@ 25 °C 
Relative Density, Gas @ 101.325 kPa @ 25 °C (Air = 1) 
Density, Liquid@ Saturation Pressure@ -63 °C 
Critical Temperature 
Cnt1cal Pressure 

Latent Heat of Fusion @ - 65. 7 °C 
Surface Tension@ -42.0 °c 

0.080 976 kg 
0.080 976 kg 
299.6 dm3 /kg; 4.8 ft3 /lb 

960 kPa; 9.6 bar; 139.6 psia; 9.5 atm 
231.15 °K; -42.0 °C; -43.6 °F 

207.42 °K; -65.7 °C; -43.6 °F 

27.25 kPa; 272.5 mbar; 204.4 mmHg 
3.312 kg/m3 

2.80 
2.039 kg/I 
411 .15 °K; 138.0 °C; 280.4 °F 

8 920 kPa; 89 .2 bar; 1 293.2 psia; 88.0 
atm 

30.96 kJ/kg; 7.4 kcal/kg 
28.9 mPa.s; 28.9 dyn/cm 

Solubility In Water @ 101.325 kPa (partial pressure of H2Se) 
@> 20 °C 2.052 dm3 H2Se/l saturated solution 

Description 

At room temperature and atmospheric pressure, hydrogen 
selenide is a colorless, highly toxic gas with a disagreeable 
penetrating odor. It burns with a blue flame. It is shipped in 
cylinders as a liquefied gas under its own vapor pressure of 
862 kPa (124.9 psig) at 21 .1 °C. 

Specifications 

Hydrogen selenide supplied by Matheson has a minimum 
purity of 98 0°o 

Uses 

Hydrogen selenide is used to prepare metallic selenides and 
organoselenium compounds. It is also used 1n doping gas 
mixtures for the preparation of semiconductor materials con­
taining a controlled amount of significant impurity. 

Effects In Man and Toxicity (2) 

Exposure to hydrogen selenide produces moderate irritation 
of eyes and mucous membranes of the nose. It also produces 
garlic odor of breath, nausea, metallic taste, dizziness, and 
extreme lassitude on prolonged exposure to less than 0.2 ppm. 
Hydrogen selenide 1s known to have a hemolytic effect. It has 
been found that repeated 8-hour exposures to concentrations 
of O 03 ppm prove fatal to guinea pigs by causing pneumonitis 
as well as 1n1ury to the liver and spleen. ' 
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Although the foul odor of hydrogen selenide is readily de­
tectable in low concentrations, it becomes unreliable as a 
warning of the presence of dangerous concentrations of the 
gas since continuous inhalation of low concentrations leads 
rapidly to olfactory fatigue. 

The 1979 ACGIH has recommended a Threshold Limit Value 
(TLV} of 0.05 ppm (0.2 mg/m3

) for hydrogen selenide (as Se). 

First Aid Treatment (2) 

Inhalation 

Remove the victim to an uncontaminated atmosphere. Keep 
him warm and at rest. If he is breathing and conscious, recovery 
is expected to be rapid. It breathing is weak or has ceased, 
give artificial respiration and oxygen at once. Give oxygen until 
completely recovered. Observe for premonitory signs of pul­
monary edema. Otherwise treatment is symptomatic and sup­
portive. 

Contact With Eyes 

Irrigate eyes with water for at least 1 5 minutes. Conjunctivitis 
may be relieved by instilling 1 drop of olive oil in each eye and 
sometimes by 3 or 4 drops of epinephrine sulfate (1 :1 000) at 
frequent intervals (e.g ., 5 minutes). Occasionally local anes­
th t e ics and hot and cold compresses are necessary to control 
the pain. Take victim promptly to an eye specialist tor definite 
treatment. 

matheson~ 

Contact With Mucous Membranes of Nose 

Flush with water for at least 1 5 minutes. 

Precautions in Handling and Storage 

Hydrogen selenide is hazardous because of its high toxicity, 
and also because it is flammable. Hydrogen selenide should 
be used in a well-ventilated area, preferably in a hood with 
forced ventilation. Personnel handling and using hydrogen 
selenide should have available for immediate use oxygen gen­
erating gas masks or masks having a self-contained air supply. 
Additional gas masks should be located in convenient areas 
near where the hydrogen selenide is being used, in case of 
emergency. 

In addition, the general rules listed in Appendix I should be 

observed. 

Leak Detection 

Never use a flame to detect hydrogen selenide leaks. Soapy 
water, painted over the suspected area , will indicate leaks by 
the formation of bubbles. It is preferable that the system be 
pretested for leaks with nitrogen. 

Disposal of Leaking Cylinders 

For disposal of leaking cylinders of hydrogen selenide see 
procedure described in Appendix 11-0. 

Materials of Construction 

Class A materials include aluminum and stainless steel. Iron, 
steel or brass can be used successfully under many conditions. 
In all cases, equipment should be designed to withstand pres­
sures that may be encountered. 

Cylinder and Valve Description 

Hydrogen selenide is shipped in DOT approved cylinders. A 

No. 660 stainless steel diaphragm valve is used as the cylinder 
valve outlet. This valve outlet has a thread size of 1 .030" 
diameter with right-hand external threads, with a connector 

OUTLET CONNECTIO~ 

Fig. 1. CONNECTION 660 1.030"-14 RH EXT. using Flat Seat with 

Washer 

having a flat seat and washer. Figure 1 shows the standard 
valve outlet and mating connection. 

Safety Devices 

Cylinders containing hydrogen selenide are not equipped 
with safety devices. They should, therefore, be stored away 
from sources of heat to avoid the development of dangerous 
pressures within the cylinder. 
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Recommended Controls 

Automatic Pressure Regulator 

High Purity Regulator Model 3501-660 is recommended for 
use with hydrogen selenide. All metal parts in the gas stream 
are type 316 stain less steel, including the diaphragm. The seat 
is Tefzel®. It has a Model 437 4 stainless steel diaphragm 
packless outlet valve. The helium leakage rate 1s certified not 
to exceed 2 x 1 O 10 cm3 per second inboard. The delivery 
pressure range is 0-1 72 kPa (0-25 ps1g). 

Flowmeters 

Matheson Series 7600 laboratory stainless steel flowmeter 
units with 1 50 mm tubes and floats or Matheson Series 7200 
laboratory stainless steel flowmeter units with 65 mm tubes 
with a single float are recommended for use where definite flow 
rates must be known . 

Electronic mass flowmeters, such as Matheson series No. 
8116 and No. 8160, shou ld be used where accurate readings 
are required. Calibration is unaffected by temperature and 
pressure changes, and flow rates may be recorded from the 
instrument's electrical output. 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 stainless steel and 
Series 8260 of type 316 stainless steel are designed to control 
the flow of gas regardless of pressure and temperature 
changes. These mass flow controllers consist of a transducer, 
a control valve, a blind controller / power supply , a potentiom­
eter and a digital indicator. The transducer senses the gas flow 
and sends a signal to the power supply. This signal and one 
from the potentiometer are compared. If there 1s an imbalance, 
the power supply generates a signal for the control valve to 
reduce or increase the flow to correct the imbalance The 

accuracy is ± 1 .2%. 

Shipping Regulations 

Hydrogen selenide is c lassified by the DOT as a " Class A" 
poison and flammable gas and 1s shipped under the required 
" Poison Gas and Red Gas Labels" . 

Chemical Preparation 

Hydrogen selenide is prepared by the action of acids on 
metallic selenide, e.g ., Al2Se3. 

Chemical Properties 

Hydrogen selenide 1s a weak acid and both its soluble normal 
and acid salts are, therefore, strongly hydrolyzed. It 1s less 
thermally stable than hydrogen sulfide, decomposing to ele­
mental selenium at about 160° C. It may be converted to K2Se 
or KSeH in alcoholic potassium hydroxide and reacted with 
reactive organic halides to give organoselenium compounds. 
If ignited , it burns to give selenium dioxide and water. 
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HYDROGEN SELENIDE 

Thermodynamic and Detailed Physical Data 

Molecular Structure (1) 

Hydrogen selenide is a bent molecule having C2, symmetry, 
a symmetry number of two; it has a Se-H bond distance of 1.47 

A (1 .47 x 1 o-10 m) and a H-Se-H bond angle of 91 °. 

Infrared Spectrum 

Hydrogen selen1de is both infrared and Raman active and 
the gas shows the following three fundamental vibrational fre­
quencies In its infrared spectrum: 2 345, 1 034, and 2 358 
cm 1

• 

Vapor Pressure (3) 

The vapor pressure of liquid hydrogen selenide follows the 
following Antoine vapor pressure equation between 206.95°K 
and 246.15° K. 

B B 
log10p = A - --or t = --- - C 

C + t A-log,op 

in which the constants A , B, and C have the values of 6.966 0, 
787.67, and 235.0, respectively, and p = mmHg and t = °C. 
Some calculated values are shown below. 

Vapor Pressure 
Temperature, 

kPa mbar mmHg OK 

206.95 26.659 266.6 200 
210.55 33.326 333.3 250 
213.65 39.993 400.0 300 
218.65 53.327 533.3 400 
222.75 66.652 666.6 500 

REFERENCES 

Temperature, kPa OK 

226.25 79.986 

229.15 93.320 

231 .15 101 .325 

232.15 106.655 

234.15 119.989 

237.15 133.313 

241 .15 159.982 

246.15 199.975 

Latent Heat of Vaporization, .6Hv 

Temperature, °C 
-53.15 
-42.0 
-33.15 

mbar mmHg 

800.0 
933.3 

1 013.25 
1 067 
1 200 
1 333 
1 600 
2 000 

.6Hv, kJ/kg 
251 .12 

245.33 
240.69 

600 
700 

760 
800 
900 

1 000 
1 200 
1 500 

Thermodynamic Properties of Hydrogen Selenide As Ideal 
Gas @ 25°C (4) 

Heat Capacity, C~ 
Entrapy, S0 

Free Energy Function, (G~gs -
HZ)/298 

Enthalpy Difference, H~se - Hg 
(5) 

Enthalpy of Formation, .6Hr(5) 

Gibbs Energy of Formation, .6Gf 
(5) 

34.752 J / (mol- °K) 

219.020 J / (mol- °K) 
-185.456 J / (mol- °K) 

10.004 kJ / mol 

29. 71 kJ / mol 

15.90 kJ / mol 

For compressibility data for hydrogen selenide, see Table 1. 

' For extensive tabu lations o f the thermodynamic and physical properties of hydrogen selenide, see w Braker and A. L. Mossman, The Matheson 
Unabndged Gas Data Book, 1975, Matheson, East Rutherford , New Jersey. 
2 

W Braker, A. L. Mossman, and D. Siegel, Effects of Exposure to Toxic Gases-First Aid and Medical Treatment , 2nd edition, 19 n , pp. 75-83, 
Matheson, Lyndhurst, New Jersey. 
1 

B J. Zwolinski, et al., Selected Values of Properties of Chemical Compounds Volume 1 1968 The m d · R h c t T A & 
, , , r o ynamIcs esearc en er, exas 

M Un1vers1ty, College Station, Texas. 

• J. S Gordon, J Chem. Eng Data 14, 460 (1969). 
5 

D D Wagman, et al., Selec ted Values of Chemical Thermodynamic Properties, Natl. Bur. Stand. Tech. Note 270_
3

, 1968, p. 56, u. s. 
Government Printing Office, Washington , D. C. 
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Table 1. COMPRESSIBILITY DATA FOR HYDROGEN SELENIDE 

137.895 275.790 
Pressure, kPa 689.476 1 378.951 Temperature, °K 413.685 

266.48 0.988 5 0.996 9 
272.04 0.998 6 0.997 1 0.995 6 
277.59 0.998 6 0.997 2 0 .995 8 
283.15 0.998 7 0.997 4 0.996 0 
288. 71 0.998 8 0.997 5 0.996 2 0 .993 6 
294.26 0.998 8 0.997 6 0.996 4 0.993 8 

299.82 0.998 9 0.997 7 0.996 6 0 .994 2 

305.37 0.998 9 0.997 8 0.996 7 0.994 4 
310.93 0.999 0 0.997 9 0.996 9 0 .994 7 0 .988 9 

316.48 0.999 0 0.998 0 0.997 0 0 .995 0 0.989 4 

322.04 0.999 1 0.998 1 0.997 2 0.995 2 0.989 9 
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PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of H2 S 
Specific Volume @ 21 .1 °C, 101.325 kPa 
Vapor Pressure @ 21 .1 °C 

Boiling Point @ 101.325 kPa 
Triple Point 
Absolute Density, Gas@ 101 .325 kPa@ 25 °C 
Relative Density, Gas @ 101.325 kPa @ 25 °C (Air = 1) 
Density, Liquid @ Saturation Pressure @ -60.3 °C 
Critical Temperature 
Critical Pressure 

Critical Volume 
Critical Density 
Critical Compressibility Factor 
Latent Heat of Fusion @ -85.5 °C 

Molar Specific Heat, Gas@ 101 .325 kPa @ 25 °C 
@ Constant Pressure 
@ Constant Volume 

0.034 076 kg 
0 .034 076 kg 
70.11 dm3 / kg; 11 .23 ft 3 / lb 
1 840 kPa; 18.4 bar; 266. 7 psi a; 18.15 

atm 
212.81 °K; -60.3 °C; - 76.6 °F 
187.62 °K; -85.5 °C; -122 .0 °F 
1.406 kg /m3 

1.188 
0 .960 kg / I 
373.56 °K; 100.4 °C; 212 . 7 °F 
9 010 kPa; 90.1 bar; 1 306.5 psia; 88.9 

atm 
2.867 dm3 / kg 
0 .349 kg / dm3 

0.283 

2 376.5 J/ mol; 69 741.2 J / kg; 16.67 
kcal / kg 

Specific Heat Ratio, Gas@ 101.325 kPa @ 25 °C, Cp°;Cv 
Flammability Limits In Air .. 

34.218 J/ (mol- °K) 
25.806 J/ (mol, °K) 
1.33 
4.3-46.0% (by volume) 
3 .669 X 10- 3° C -m; 1.10 D 
0.012 8 mPa.s; 0 .012 8 cP 

Dipole Moment, Gas 
Viscosity, Gas @ 101 .325 kPa @ 25 °c . . . . . . • 
Thermal Conductivity, Gas @ 101 .325 kPa @ 15.6 °c 

Solubility In Water @ 101.325 kPa @ 25 °C 
Autoignition Temperature 
Index of Refraction, Gas @ 1 01 .325 kPa, no @ 25 °C 
Dielectric Constant 

Gas @ 0 °C, 101.325 kPa 
Liquid @ - 78.5 °C 

Description 

At room temperature and atmospheric pressure, hydrogen 
sulfide 1s a colorless, flammable, toxic gas having an offensive 
od~r described as that of rotten eggs. It Is shipped in steel 
cylinders as a liquefied gas under its own vapor pressure of 
1 737 kPa (252 psig) at 21.1 °C. 

Specifications 

Matheson supplies two grades of hydrogen sulfide as follows: 

1. C.P. Grade 

This grade of hydrogen sulfide has a minimum purity of 
99.5% (liquid phase). 

408 

0.014 004 W / (m. ° K); 33.5 x 1 o- 6 cal . 
cm / (s, cm2 

• °C) 
2.257 cm3 / 1 cm3 water 
533.15 °K; 260.0 °C; 500 ° F 
1.000 584 5 

1.004 
9 .05 

2. Technical Grade 

This grade has a minimum purity of 99.0% (liquid phase). 

Uses 

Hydrogen sulfide is used in metallurgy for the preparation of 
metallic _sulfides. It is also used in the preparation of phosphors, 
011_ additives, and as an analytical reagent in chemical analysis. 
I~ is also used in metals separation, removal of metallic impu-
rities and preparat" f 11 . . . . . • ion o meta Ic sulfides In analytical labora-
tories· and for react· ·th . . , ion wI numerous functional organic com-
pounds. 

Effects in Man and Toxicity (2) 

In concentrations of 20 to 50 ppm, hydrogen sulfide irritates 
the eyes. Slightly higher concentrations irritate the upper res-

mathesone 

piratory tract and, if prolonged, may result in pulmonary edema. 
Inhalation of 500 ppm for 30 minutes produces headache, 
dizziness, excitement, staggering, and gastroenteric disorders, 
followed in some cases by bronchitis or bronchial pneumonia. 
Concentrations above 600 ppm can be fatal within 30 minutes 
through respiratory paralysis. 

Although the foul odor of hydrogen sulfide is readily detect­
able in low concentrations, it becomes unreliable as a warning 
of dangerous concentrations of gas since continuous inhalation 
leads rapidly to olfactory fatigue. 

The 1979 ACGIH has established a Threshold Limit Value 
(TLV) of 10 ppm (15 mg/ m3

) for hydrogen sulfide. 

First Aid Treatment (2) 

INHALATION 

Remove the victim to an uncontaminated atmosphere. Keep 
him warm and at rest. If he is breathing and conscious, recovery 
is expected to be rapid. If breathing is weak or has ceased, 
give artificial respiration and oxygen at once. Give oxygen until 
completely recovered. Observe for premonitory signs of pul­
monary edema. Otherwise treatment is symptomatic and sup­

portive. 

Contact with Eyes 

Irrigate eyes with water for at least 1 5 minutes. Conjunctivitis 
may be relieved by instilling 1 drop of olive oil in each eye and 
sometimes by 3 or 4 drops of epinephrine sulfate (1 : 1 000) at 
frequent intervals (e.g ., 5 minutes). Occasionally local anes­
thetics and hot and cold compresses are necessary to control 
the pain. Take victim promptly to an eye specialist for definite 

treatment . 

Contact with Skin and Mucous Membranes of Nose 

Flush with water for at least 1 5 minutes. 

Precautions in Handling and Storage 

The major hazards in the handling of hydrogen sulfide arise 
from its toxicity and flammability. The gas should, therefore, be 
used in a well-ventilated area, preferably a hood, and flames , 
sparks, and sources of excessive heat should be kept out of 
the area in which hydrogen sulfide is stored or used. The sense 
of smell should not be depended upon to detect dangerous 
concentrations of hydrogen sulfide and some supplementary 
means of detection should be used (see section on Leak 

Detection). 
Personnel using hydrogen sulfide should work in pairs. They 

should wear for instantaneous use a gas mask with an all­
purpose canister or a light three-minute unit with a self-con­
tained air supply, which can be donned quickly before evacu­
ating the area. Operators should carry wet lead acetate paper 
(turns black in the presence of minute amounts of hydrogen 
sulfide) on their wrists or belt for detection of dangerous 
concentrations of gas. In addition, there should be provided 
multipoint air samplers with alarms for plant production units to 
constantly monitor the air in and around the units. 

Further, the following specific precautions should be ob-

served : 
1. Do not store reserve stocks of hydrogen sulfide cylinders 
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with cylinders containing oxygen or other highly oxidizing or 
combustible materials. 

2 . Ground all lines and equipment used with hydrogen sul-

fide. 
3 . Use check valves or traps to prevent suckback into the 

cylinder. 
4 . Use a cylinder size which can be conveniently emptied in 

a reasonably short amount of time. 
5 . Keep gas masks approved for hydrogen sulfide service 

in an area not likely to be contaminated , ready for use in case 
of emergency. 

In addition, the general rules listed in Appendix I should be 

observed. 

Leak Detection 

Leaks may be detected by painting the suspected area with 
a soap solution, or cadmium chloride solution (turns yellow 
upon contact with hydrogen sulfide) . It is also possible to detect 
leaks with moist lead acetate paper. A number of automatic 
gas analyzer equipment manufacturers can supply hydrogen 
sulfide warning detectors for very low concentrations. Mathe­
son has a manual Toxic Gas Detector, Model 8014 K, for 
detection of hydrogen sulfide in various concentrations with 
the following detector tubes: No. 120SA (0.01 -0.2%): 120SB 
(0. 75-150 ppm); 1 20SC (0.005-0.16%, but in the presence 
of sulfur dioxide): and 1 20SH (0.02-0.3%). The detector tubes 
contain a chemical reagent which reacts with the hydrogen 
sulfide. A color stain is produced which varies in length with 
the concentration . The length of the stain, and hence the 
concentration, is read directly from the tube. 

Disposal of Leaking Cylinders 

For disposal procedure see Appendix 1I-D. 

Materials of Construction 

Aluminum is considered a Class A material of construction 
for wet or dry hydrogen sulfide. Since aluminum may not 
always have the strength properties required, type 316 stain­
less steel can be substituted with success. For dry hydrogen 
sulfide black iron or steel piping can be used satisfactorily. 
Brass, although tarnished by dry hydrogen sulfide, does not 
seem to be adversely affected. Brass regulators used in dry 
hydrogen sulfide service have stood up for years with no 
appreciable malfunctioning or signs of corrosion . 

Cylinder and Valve Description 

Hydrogen sulfide cylinder valves are made of a special forged 
bronze alloy and are packed with Teflon . The outlet Is desig­
nated as connection No. 330. Thread specifications are: 0 .825 
inch diameter-14 threads per inch, left-hand external. The 
connection is sealed on a flat seat by use of a washer. This 
outlet is designated as the approved standard for hydrogen 
sulfide by the Compressed Gas Association (CGA) (see Figure 
1 for drawing and specifications on this valve outlet and its 
mating connection). Lecture bottles have a special 5/ ,s inch-32 
threads per inch, female valve outlet . 

Hydrogen sulfide is packaged by Matheson in DOT ap­
proved, high pressure steel cylinders. 
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Fig. 1. CONNECTION 330 825"-14 LH EXT. used with Flat Seat 
and Washer 

Safety Devices 

Safety devices required by the DOT and approved by The 
Bureau of Explosives are required in hydrogen sulfide service, 
but are prohibited on DOT 1 06-A800X containers. The type 
approved is fusible metal having a melting point of approxi­
mately 73.9 °C (165 ° F). When the cylinder is over 30 inches 
long, this type of device 1s required in both ends of the cylinder. 
When this device 1s placed in a valve it must either be poured 
into the valve, making 1t inaccessible, or put into a round plug 
which screws into the back of the valve. Due to the fact that 
many of the fusible devices in hydrogen sulfide cylinder valves 
were developing pin-hole leaks, Matheson has gained approval 
from the Bureau of Explosives to ship cylinders with valves 
having safety devices containing a frangible disc which is 
backed up by a fusible metal. This frangible disc is gold plated, 
and prevents any corrosion from taking place at the interface 
between the valve body and the fusible metal, thus preventing 
leaks from developing. 

Recommended Controls 

Automatic Pressure Regulators 

The cylinder pressure of hydrogen sulfide can be reduced to 
a safe working value by means of a single stage pressure 
regulator. Matheson supplies a regulator designated as Model 
11-330 which will reduce hydrogen sulfide pressure to delivery 
pressures of 28-550 kPa (4-80 psig) regulator is constructed 
of an anodized aluminum body with type 316 stainless steel 
internal parts. The diaphragm is FEP Teflon on Neoprene and 
the seat 1s Teflon . The regulator is equipped with one gauge to 
show delivery pressure. No tank gauge is provided since the 
cylinder pressure of hydrogen sulfide will remain constant as 
long as liquid remains in the cylinder. It is necessary to deter­
mine the content of a hydrogen sulfide cylinder by weight. 

For accurate and very sensitive low pressure control, Mathe­
son has available regulator Model 71-330, which will afford a 
delivery pressure range of 3.5-34.5 kPa (0.5-5.0 p.s.i .g) . A 
Model No. 71 A-330 has a delivery pressure range of 34.5-69 
kPa (5-1 0 p.s.1.g). These regulators have an oversize pancake 
body of aluminum, a Teflon-faced Butyl rubber diaphragm, a 
Teflon seat, and internal parts of 303 stainless steel. 

Manual Controls 

Where manual flow controls can be used, Matheson Model-
330 of 303 stainless steel with ¼ inch tube fitting is recom­
mended for use with C.P. Grade hydrogen sulfide and No. 50A-
330 for use with Technical Grade hydrogen sulfide. A No. 32S 
stainless steel control valve is available for use with lecture 
bottles. 
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Flow meters 

Matheson Series 7600 laboratory stainless steel flowmeter 
units with 1 50 mm tubes and floats or Matheson Series 7200 
laboratory stainless steel flowmeter units with 65 mm tubes 
with a single float are recommended for use where definite flow 
rates must be known . 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 31 6 stainless steel and 
Series 8260 of type 316 stainless steel are designed to control 
the flow of gas regardless of pressure and temperature 
changes . These mass flow controllers consist of a transducer 
a control valve, a blind controller/power supply, a potentiom~ 
eter and a digital indicator. The transducer senses the gas flow 
and sends a signal to the power supply. This signal and one 
from the potentiometer are compared . If there is an imbalance 
the power supply generates a signal for the control valve t~ 
reduce or increase the flow to correct the imbalance. The 
accuracy is ±1.2%. 

Shipping Regulations 

Hydrogen sulfide is shipped in DOT approved steel cylinders 
as a flammable compressed gas taking a DOT " Red Gas 
Label ". 

Commercial Preparations 

Hydrogen sulfide occurs as a by-product from many chemi­
cal processes. It is an off-gas in the production of viscose 
rayon, synthetic rubber, and various petroleum products, dyes, 
and leather processing. It can also be manufactured by treat­
ment of many metallic sulfides with a mineral acid such as 
hydrochloric or sulfuric acid. 

Chemical Properties 

Hydrogen sulfide in aqueous solution is a weak diprotic acid. 
A solution of hydrogen sulfide is slowly oxidized to sulfur and 
water by the action of dissolved oxygen. Hydrogen sulfide is a 
reducing agent in acid and in alkaline solution. Hydrogen 
sulfide forms metallic sulfides, especially with heavy metals, by 
passing hydrogen sulfide through solutions of the metal salts. 
Hydrogen sulfide adds to ethylenic bonds to form mercaptans 
when heated under pressure with HF, BF3 , or H

2
S04 as cata­

lysts. Acetylene and hydrogen sulfide condense to form thio­
phene under suitable conditions (high temperature and catal­
ysis). Hydrogen sulfide also reacts with many other organic 
compounds. 

Thermodynamic and Detailed Physical Data 

Molecular Structure 

Hydrogen sulfide is a bent molecule, with C2v symmetry, a 
symmetry number of one, an S-H bond distance of 1.328 A 
(1 .328 X 10-,o m) and an H-S-H bond angle of 92.2 ° . 

Infrared Spectrum 

See Figure 2 for the infrared spectrum of gaseous hydrogen 
sulfide. 
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Vapor Pressure 

The vapor pressure of liquid hydrogen sulfide between 
179.87 and 227 .25 °K is expressed by the following Antoine 
vapor pressure equation (3). 

B B 
log, oP = A - C + tort = A-log ,oP - C 

in which the constants A, B, and C have the values of 6 .993 92, 
768.130 2, and 247.093, respective ly , and p = mmHg and t 
= oc_ 

The following vapor pressure values have been calcu lated 

by this equation : 

Temperature, Vapor Pressure 
OK kPa mbar mmHg 

179.87 13.334 133.3 100 

1 85.49 20.002 200.0 150 

189.74 26.669 266.7 200 

193.19 33.336 333.4 250 

196.118 40.003 400.0 300 

200.956 53.338 533.4 400 

204.902 66.672 666.7 500 

208.261 80.006 800.1 600 

211 .201 93.341 933.4 700 

212.809 101 .325 1 013 .25 760 

213.826 106.675 1 067 800 

216.21 120.009 1 200 900 

218.38 133.344 1 333 1000 

222.27 160.013 1 600 1200 

227.25 200.16 2 002 1500 

The vapor pressure of liquid hydrogen sulfide from the 
boiling point to the critical point is shown below (4). 

Temperature , ° K 
Vapor Pressure 

kPa bar atm 

212.81 (B.P.) 101 .3 1.013 1 

273.15 090 10.9 10.8 

HYDROGEN SULFIDE 

Temperature, ° K 
Vapor Pressure 

kPa bar atm 

283.1 5 1 430 14.3 14 1 

293.15 1 880 18.8 18.5 

303.15 2 390 23.9 23.6 

313 .1 5 3 010 30.1 29.7 

323.1 5 3 700 37.0 36.5 

333 15 4 510 45.1 44.5 

343.15 5 380 53.8 53.1 

353.1 5 6 480 64 .8 64.0 

363.15 7 360 73.6 72.6 

373.15 8 990 89.9 88.7 

373.56 (C.T.) 9 010 90.1 (C.P.) 88 9 (C.P.) 

For vapor pressure values at other temperatures, see Figure 
3 (vapor pressure curve). 

Latent Heat of Vaporization, 6 Hv 

Temperature, °C 

- 100 
-80 
-60.3 

Thermodynamic Data 

6 Hv, kJ / mol 

20.318 
19.514 
18.673 

For thermodynamic properties of saturated and superheated 
hydrogen sulfide, see Tables 1 and 2, respectively. 

Thermodynamic Properties of Hydrogen Sulfide As Ideal Gas 
@ 25 °C (5) 

Heat Capacity, C~ 
Entropy, 5° 
Free Energy Function, (F39s -

H3ge/ 298 
Enthalpy Difference, H3gs - Hg 
Enthalpy of Formation, 6 H? 
Free Energy of Formation, 6 F? 

34.192 J / (mol- °K) 
205.648 J / (mol- °K) 

-205.648 J / (mol- °K) 

9 .962 kJ / mol 
- 20.418 kJ / mol 
-33.284 kJ / mol 

REFERENCES Braker and A L. Mossman. The Matheson 
, For extensive tabu lations of the thermodynamic and physical properties of hydrogen sulfide, see W 

unabridged Gas Data Book, 1975, Matheson, East Rutherford. New Jersey. 

2 W. Braker, A. L. Mossman , and 0 _ Siegel. Effects of Exposure to Toxic Gases-First Aid and Medical Treatment, 2nd ed1t1on , 19 77. PP 75-83, 

Matheson, Lyndhurst . New Jersey. 
IC d 1968. Volume 1. Thermodynamics Research Center, Texas A & 

3 8 . J. Zwolinski, et al., Selected Values of Properties of Chem1ca ompoun s. 

M University College Station, Texas. 
• p Macalu~o in Kirk-Othmer·s Encyclopedia o f Chemical Technology, 1969, Volume 19. p. 376. John Wiley & Sons . Inc ., New York , New York 

· . d·t· 19 71 D R Stull and H. Prophet , proJect directors, Natl Stand Ref Data Ser . Nat l Bur Stand , 5 JANAF Thermochemical Tables, 2nd e I ion . , · · 

NSRDS-NBS 37, u. S. Government Printing Office, Washington , D C 

s The Sadtler Standard Spectra, I 9 72. Sadlier Research Laboratories, Inc .. Ph ilade lphia, Pennsylvania 

7 J . R. West , Chem Eng. Progr. 44. 287 (1948). 
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HYDROGEN SULFIDE 

Table 1. THERMODYNAMIC PROPERTIES OF SATURATED HYDROGEN SULFIDE (7) 

Pressure Entropy kJ /(kg . °K) Enthalpy kJ/ kg Latent Specific Volume 
Density kg/ dm3 

Tempera- Heat of dm3 / kg 
ture, °K Vaporiza-

k Pa atm Liquid Vapor Liquid Vapor tion Liquid Vapor Liquid Vapor 
kJ/kg 

212.93 101 .325 1.0 0.000 0 2.581 5 0.00 549.27 549.27 1.092 5 518.152 0.915 3 0.001 93 
222.04 151.988 1 .5 0 .075 3 2.515 8 17.20 560.42 543.22 1.103 7 343.354 0 906 0 0.002 91 
227.59 192.518 1 .9 0.115 1 2.479 0 26.27 564.84 542.57 1.1131 274 059 0.898 4 0.003 65 
233.15 253.313 2.5 0.160 2 2.439 3 37.42 569.02 531.60 1.123 7 217 249 0 .889 9 0.004 60 
238.71 314 .108 3.1 0.203 8 2.402 0 47.65 572.05 524.40 1 .133 7 174.798 0.882 1 0 005 72 
244.26 385.035 3.8 0.246 9 2.366 9 57.88 575.30 517.42 1 .145 6 143.584 0 872 9 0 006 97 
249.82 476.228 4.7 0.292 9 2.328 8 69.04 577.86 508.82 1.156 2 116.116 0.864 9 0 008 61 
255.37 567.420 5.6 0.333 9 2.295 8 79.03 579.95 500.92 1.169 3 97.388 0.855 2 0.010 27 
260.93 689.010 6.8 0.379 5 2.260 6 90.19 582 .04 491.85 1 .181 8 80.532 0 846 2 0.012 42 
266.48 830.865 8.2 0.424 7 2.230 5 101 .35 583.67 482.32 1.195 5 68.671 0 836 5 0.014 56 
272.04 982.853 9.7 0.466 5 2.201 2 11 2.27 585.29 473.02 1 .211 7 58.994 0 825 3 0.016 95 
277.59 1 155.105 11 .4 0.507 1 2.174 4 122.73 586.69 463.96 1 .229 8 50.067 0.813 1 0 019 97 
283.15 1 347.623 13.3 0.546 0 2.148 5 133.66 588.08 454.42 1.247 9 42.950 0.801 3 0.023 28 
288.71 1 580.670 15.6 0.583 7 2.123 8 144.81 589.01 444.20 1 .271 7 37.145 0.786 3 0 026 92 
294.26 1 823.850 18.0 0.623 4 2.099 5 156.20 589.71 433.51 1 .291 6 32.213 0 774 2 0 .031 04 
299.82 2 107.560 20.8 0.662 4 2.076 1 168.29 590.41 422.12 1.309 7 28.093 0.763 5 0.035 60 
305.37 2 401 .403 23.7 0.71 1 3 2.055 6 180.38 591 .11 410.73 1.336 0 24. 721 0.748 5 0.040 45 
310.93 2 735.775 27.0 0.746 8 2.032 2 194.32 591.57 397.25 1.359 7 21.600 0 735 5 0.046 30 
316.48 3 100.545 30.6 0.785 8 2.01 2 1 207.34 591.34 384.00 1.387 8 18.978 0.720 6 0 052 69 
322.04 3 515.978 34.7 0.836 4 1.987 4 221.75 590.87 369.12 1.4196 16.543 0.704 4 0 060 45 
327.59 3 941.543 38.9 0.881 6 1 .961 5 235.93 589.48 353.55 1 .452 1 14.671 0.688 7 0 068 16 
333.15 4417 .770 43.6 0.927 6 1.935 5 250.34 586.92 336.58 1 .490 8 12.923 0 .670 8 0 .077 38 
338.71 4 924.395 48.6 0.973 6 1.905 4 264.52 582.50 317.98 1 .529 5 11 .424 0 .653 8 0 .087 54 
344.26 5491 .815 54.2 1.018 4 1.872 3 279.63 577.16 297.53 1.570 7 10.051 0 .636 7 0 .099 49 
349.82 6 089.633 60.1 1.066 9 1.827 2 296.37 568.33 271.96 1.613 8 8.740 0.619 6 0 114 42 
355.37 6 727 .980 66.4 1.1129 1.779 0 313.10 556.01 242.91 1.658 7 7.491 0 .602 9 0 133 49 
360.93 7427.123 73.3 1.1573 1.7167 332.39 535.32 202.93 1.706 8 6.243 0.585 9 0 160 18 
366.48 8 197.193 80.9 
372.04 8 926 .733 88.1 
373.54 9007.793 88.9 
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Table 2. THERMODYNAMIC PROPERTIES OF SUPERHEATED HYDROGEN SULFIDE (7) 
H, ENTHALPY, kJ/kg; S, ENTROPY, kJ/(kg. °K); V, SPECIFIC VOLUME, dm3 /kg 

Pressure Temperature, °K 
kPa bar atm 288.71 310.93 333.15 355.37 377.59 399.81 422.03 477.59 533.15 588.70 

--H 626.20 645.50 667.58 689.89 711.44 735.69 759.63 818.90 879.80 941.40 
101 .3 1.013 s 2.879 2.954 2 .992 3.088 3.151 3.205 3.264 3.393 3.519 3.632 

V 696.07 750.38 800.95 855.89 910.20 962.64 1 017.58 1 152.42 1 286.02 1 420.24 --
H 604.35 628.30 652.01 676.41 701.52 725.92 750.59 812 .16 874.45 938.14 

1 010 10.1 10 s 2.268 2.364 2.443 2.510 2.577 2.636 2.694 2 .824 2.946 3 .059 
V 61.304 69.170 75.850 82.405 88.273 93.954 99.885 113.120 126.791 140.463 --H 609.47 634.80 659.68 684.55 711 .05 737.08 801 .00 866.32 931. 17 2 030 20.3 20 s 2 .142 2.230 2 .305 2 .378 2.439 2.498 2.632 2.757 2.879 
V 32.525 35.709 39.080 42.264 45.385 48.382 55.686 62.927 69.982 
H 672.69 698.73 725.23 791 .94 858.65 925 .59 3 040 30.4 30 s 2 .251 2.314 2 .378 2.515 2.648 2.766 
V 26.594 28.779 30.902 36.021 41 .015 46.009 --H 657.82 684.55 712.44 781 .48 850.75 919.55 4 050 40.5 40 s 2.142 2 .222 2 .289 2.439 2.573 2.694 V 17.480 19.602 21 .538 26.032 30.028 33.774 
H ---- -- --

641 .55 669.21 697.80 769.39 842 .14 913.50 5 070 50.7 50 s 2.050 2.138 2 .213 2 .377 2.519 2. 640 V 12.361 14.421 16.169 20.102 23 .535 26.719 
H 618.30 649.68 679.90 754 .28 828.43 902.12 6 080 60.8 60 s 1.950 2.050 2 .134 2 .310 2.464 2.594 V 

12.548 15.982 18.916 21 .663 
H 585.99 618.53 650.84 728.48 804.26 881 .20 7 090 70 9 70 s 1.854 1.966 2 .059 2.255 2 .414 2 .544 V 

9 .801 13.110 1 5.919 18.416 
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IODINE PENT AFLUORIDE 
{Formula: IF5) 

PHYSICAL PROPERTIES (1} 

Molar Mass 
Molecular Weight 
One Mole of IF5 

Vapor Pressure@ 21.1 °C 

Boiling Point @ 101 .325 kPa 
Triple Point 

Temperature 
Pressure 

Melting Point 
Density, Liquid @ 20.6 °C 
Critical Temperature 
Critical Pressure 

Latent Heat of Fusion @ 9.4 °C 
Dipole Moment, Gas 
Dipole Moment, Liquid @ 25 °c 
Specific Conductivity, Liquid @ 25 °C 
Dielectric Constant 

Gas @ 119.6 °C 
Liquid @ 25 °C 

Description 

Iodine pentafluoride (IF5 ) is a highly reactive colorless liquid 
with an irritating odor. It is shipped in lecture bottles for safe 
handling purposes, the vapor pressure being 2.91 kPa (0.42 
psia) at 21 .1 °C. 

Specifications 

IFs has a minimum purity (liquid phase) of 98.0%. 

Uses 

IFs is of interest as a fluorinating agent and as an incendiary 
agent. 

Effects in Man (2) 

Iodine pentafluoride causes such effects as gasping for 
breath, lacrimation, coughing, acute distress, irritation of the 
respiratory tract, asphyxia due to laryngeal or bronchiole 
spasm, bronchiole obstruction, and lung congestion (pulmo­
nary edema). 

Extremely severe damage to the tissue will result from vapor 
and liquid contact with the substance. 

Toxicity (2) 

After inhalation of fluorine vapor for 5-1 O minutes by exper­
imental animals, the LDso ranges from 1 50 to 800 ppm by 

416 

0.221 897 kg 
0.221 897 kg 
2.910 kPa; 29.1 mbar; 0.42 psia 0 .029 

atm 
377.63 °K; 104.5 °C; 220.1 °F 

282 .553 °K; 9.4 °C; 48.9 °F 
1.41 O kPa; 14.1 mbar; 10.54 mmHg 
282.571 °K; 9.4 °C; 49.0 °F 
3.247 kg / I 
573 .38 °K; 300.2 °C; 572.4 ° F 
4 290 kPa; 42.9 bar; 621.6 psia; 42.3 

atm 
11 .222 kJ / mol ; 2.682 kcal / mol 
7. 2 7 x 10- 3° C · m; 2. 1 8 D 
12.24 X 10- 3o C-m; 3.67 D 
5.4 X 10- 6 n- 1 / cm 

1.009 108 
36.2 

volume in air. Iodine pentafluoride is expected to have similar 
toxicity. 

Iodine pentafluoride provides adequate warning of its pres­
sure by its sharp, penetrating odor. 

No threshold limit value has been established for iodine 
pentafluoride. It is suggested that a Threshold L imit Value (TLV) 
of 1 ppm be observed, which is recommended by the 1979 
ACGIH for fluorine. 

First Aid Treatment (2) 

The first aid treatment to be followed is that described for 
hydrogen fluoride, which should be read to obtain the required 
information. 

Precautions in Handling and Storage 

(a) Since iodine pentafluoride is extremely corrosive to the 
skin and eyes, personnel working with iodine pentafluoride 
should wear rubber gloves and aprons face shields and 
chemical safety goggles. The protective e~uipment will p;otect 
only for a limited time. 

(b) Work with iodine pentafluoride should be done in a well­
ventilated area, preferably a hood with forced ventilation. 

(c) Iodine pentafluoride should be removed from the cylinder 
only a r ·d . s a iqui by means of a suitable needle valve. Ory 
nitrogen may be used to pressurize the cylinder for faster 
withdrawal of the liquid . 

matheson· 

(d) The cylinder should never be connected to a system in 
such a way that suckback can occur. Suckback may cause a 
violent reaction in the cylinder. A trap, check valve, or vacuum 
break should be inserted into the line to prevent suckback. 

(e) Instant-acting safety showers and eye washing facilities 
should be readily available in convenient locations. 

(f) Filled buckets of cryolite or powdered sodium bicarbon­
ate should be on hand to absorb any spillage. Dry-type fire 
extinguishers using sodium bicarbonate can be used to dispose 
of spillage as well as combat any secondary fires. 

(g) An air-line or oxygen mask should be kept close by the 
site of the operation , for use in emergencies. 

In addition, the general rules listed in Appendix I should be 
observed. 

Materials of Construction 

Iodine pentafluoride can be used wi th a variety of metals due 
to the formation of a passive metal fluoride fi lm which protects 
the metal from further corrosion . Monel and nickel are preferred 
materials of construction; however, copper, brass, and steel 
may also be used. Highly fluorinated polymers such as Kel-F 
and Teflon are resistant to liquid and vapor at ordinary pres­
sures under normally static conditions. Their use in flow con­
ditions is not recommended. Material suitable for gaskets are 
soft copper, 2S aluminum, lead, and Teflon plain or impreg­
nated with a high percentage of calcium fluoride. Braided 
copper backed with Teflon can be used for valve packings. A 
pipe thread lubricant, if needed, should be a water dispersion 
of Teflon put on in two or three applications, allowing the 
threads to dry between applications before assembling. 

It is of utmost importance that all equipment used in iodine 
pentafluoride service be thoroughly cleaned to remove grease, 
scale, pipe dope, and other contaminants . A passive film should 
be built up in the system after cleaning and drying, by evacu­
ating and bleeding iodine pentafluoride vapors into the system 
and holding for about 1 hour. The system can then be flushed 
with dry nitrogen and sealed until ready for use. 

Safety Devices 

Since lecture bottles of iodine pentafluoride are not equipped 
with safety devices, precautions should be taken to avoid 
overheating and thus prevent dangerous hydrostatic pressures 

from building up. 

Recommended Controls 

A Model 60L Mone! needle valve is recommended for use 
with lecture bottles containing liquid iodine pentafluoride. 

Shipping Regulations 

Iodine pentafluoride is shipped under DOT regulations in 
steel cylinders approved for shipment of compressed gases. It 
is shipped as a corrosive liquid taking a " White Label". 

Chemical Preparations 

Iodine pentafluoride can be prepared by passing fluorine 
diluted with nitrogen over iodine or '2Os. A less hazardous 
method involves the use of A9 F: 312 + 5A9F - 5A9I + IFs. 

IODINE PENTAFLUORIDE 

Chemical Properties 

Iodine pentafluoride Is thermally stable up to 400 °C. and 
can be distilled at atmospheric pressure without decomposi­
tion. Silver, magnesium , copper, mercury, iron, and chromium 
are only very slightly attacked by iodine pentafluonde even on 
long contact. Iodine pentafluoride wi ll react with sulfur, sele­
nium, tellurium, phosphorus, arsenic, ant imony, silicon, and 
boron at room temperature or at slightly elevated temperatures 
to give the corresponding fluoride . Iodine pentafluoride does 
not react with cobalt oxide (Co3O. ) but it does react with cobalt 
chloride yielding cobalt fluoride (CoF2 ) . It reacts violently with 
water giving hydrofluoric acid and iodic acid. Benzene treated 
with iodine pentafl1Joride at temperatures below 50 °C. gives 
principally iodobenzene and carbonized matter, and a small 
yield of fluorobenzene. Iodine pentafluoride kept In contact 
with carbon tetrachloride at 30-5 °C. for an extended period 
gives chiefly trichlorofluoromethane and a small amount of 
dich lorod ifluoromethane . Iodine pentafluoride reacts with io­
doform to give a 15:1 mixture of fluoroform and difluorodi­
iodomethane. Iodine pentafluoride Is less reactive than bromine 
pentafluoride. 

Thermodynamic and Detailed Physical Data 

Molecular Structure (3) 

The structure of the IF5 molecule is that of a tetragonal 
octahedron (C •• symmetry, with a symmetry number of four), 
the six atoms of the molecule occupying the corners of the 
tetragonal octahedron with the iodine atom being only a small 
distance outside the plane of the four azimuthal fluorine atoms. 
The I-F., bond distances are 1.827 A (1.827 x 1 o- '0 m) and 
the I-F (axial) bond distance is 1.867 A (1.867 x 10- •o m) . 

The F.,,-I-F., angle is 82.2 ± 0.3° . 

Infrared Spectrum 

See Figure 1 for the infrared spectrum of gaseous iodine 
pentafluoride. 
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Fig. 1. Infrared spectrum of gaseous IFs over the 300-750 
cm-• region; cel ls of brass tubing ; Kl windows; curve A ob­
tained at a pressure of 4 .00 kPa (30 mmHg), curve B obtained 
at 0 .13 kPa (<1 mmHg) (5). 



IODINE PENTAFLUORIDE 

Vapor Pressure (3) 

The vapor pressure between 283 °K and 378 °K is repre­
sented by the equation. 

log, 0 p = 29 021 67-3 090.14 / T-6.968 34 IOQ,o T 

in which p = mmHg and T = °K. 
Some vapor pressures at various temperatures calculated by 

this equation are shown below. 

Temperature, Vapor Pressure 
OK kPa mbar mmHg 

285 1.58 15.8 11.83 
295 2.89 28.9 21 .68 
305 5.05 50.5 37.90 
315 8 46 84.6 63.48 
325 13.64 136.4 102.3 
335 21 .24 212.4 159.3 
345 32.02 320.2 240.2 
355 46.90 469.0 351.7 
365 66.92 669.2 501.9 
377.63 101 .325 013.25 760.0 

See Figure 2 for vapor pressure curve. 

Lat,?nt Heat of Vaporization , AHv 

REFERENCES 

Temperature, °K 

330 
377.63 

AHv, kJ/mol 

39.320 
36.194 

Thermodynamic Properties of Iodine Pentafluoride as Ideal 
Gas @ 25 °C (4) 

Heat Capacity, C~ 
Entropy, S0 

Gibbs' Free Energy Function 
(G398 - H39a)/298 

Enthalpy Difference, H39a - Hg 
Enthalpy of Formation, AHr 
Gibbs Free Energy of Forma-

tion, AGr 

102.876 J / (mol - °K) 
334.548 J / (mol - °K) 

-334.548 J / (mol- °K) 
20.050 kJ / mol 

-840.315 kJ / mol 

- 771 .659 kJ / mol 

Thernodynamic Properties of Liquid Iodine Pentafluoride 
@ 25 °C (3) 

Heat Capacity, C~ 
Entropy, S0 

Gibbs Free Energy Function, 
(G39a - Hg)/ 298 

Enthalpy Difference, H3gs - Hg 
Enthalpy of Formation, AHr 
Gibbs Free Energy of Forma-

tion, AGf 

174.66 J / (mol- °K) 
224.85 J / (mol - °K) 

-100.4 7 J / (mol - °K) 
37.086 kJ / mol 

-881 .99 kJ / mol 

- 780.62 kJ/ mol 

For extensive tabu lations of the thermodynamic and physical properties of iodine pentatluonde, see W. Braker and A. L. Mossman, The Matheson 
Unabridged Gas Data Book. 1975. Matheson, East Rutherford , New Jersey. 

' W Braker, A L. Mossman, and D Siegel. Effects of Exposure to Toxic Gases-First A,d and Medical Trea tment, 2nd ed ition, 19 77, pp. 4 7-51, 
Matheson, Lyndhurst, New Jersey 

D. W Osborne, F Schreiner, and H Selig, J Chem Phys 54, 3790-3798 (197 1). 

• JANAF Thermochemical Tables, 2nd ed1t1on, 19 71, D. R. Stull, and H. Prophet, project directors, Natl. Stand. Ref. Data Ser , Natl. Bur Stand., 
NSRDS-NBS 37, U S Government Printing Office, Washington, D. C. 

R C Lord , el al, J Amer Chem Soc. 72, 522- 527 (1950). 
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ISOBUTANE 
(Synonyms: 2-Methylpropane: Trimethylmethane) 

(Formula: CH(CH3h) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of CH(CH3h 
Spec1f1c Volume @ 21 .1 °C, 101 .325 kPa 
Vapor Pressure@ 21.1 °C 
Boiling Point @ 101 .325 kPa 
Freezing Point @ 101 .325 kPa 
Absolute Density, Gas@ 101.325 kPa@ 20 °C 
Relative Density, Gas@ 101.325 kPa@ 20 °C (Air = 1) 
Density, Liquid @ Saturation Pressure @ 25 °C 
Critical Temperature 
Critical Pressure 

Critical Volume 
Critical Density 
Critical Compressibility Factor 
Latent Heat of Fusion @ -159.6 °C 
Flammability Limits In Air 
Molar Specific Heat, Gas@ 101.325 kPa@ 15.6 °C 

@ Constant Pressure 
@ Constant Volume 

0 .058 124 kg 
0 .058 124 kg 
405.8 dm3 / kg; 6 .5 ft3 / lb 
310 kPa; 3 .1 bar; 45.4 psia; 3.1 atm 
261 .42 °K; -11.7 °C; 10.9 ° F 
113.55 °K; -159.6 °C; -255.3 °F 
2.487 kg/m3 

2.064 
0.551 kg / I 
408.13 °K; 135.0 °C; 275.0 °F 
3 650 kPa; 36.5 bar; 529.1 psia; 36.0 

atm 
4.525 dm3 / kg 
0 .221 kg / dm3 

0.283 
78.195 kJ / kg ; 18.689 kcal / kg 
1.8-8.4% (by volume) 

Specific Heat Ratio, Gas @ 1 01 .325 kPa @ 15.6 °C, Cp/ Cv 
Molar Specific Heat, Liquid @ 20 °C 

94.163 J/ (mol- ° K) 
85.846 J/ (mol- ° K) 
1.097 
139.846 J/ (mol- °K) 

Viscosity, Gas@101 .325 kPa@ 25 °C 
Viscosity, Liquid@ 20 °C 
Thermal Conductivity, Gas @ 101 .325 kPa @ 25 ° C 

Thermal Conductivity, Liquid @ 20 °C 

Surface Tension@ -20 °C 

0.007 7 mPa-s; 0 .007 7 cP 
0 .170 mPa-s; 0 .170 cP 
0.017 1 W(m- °K); 41.0 X 10- 5 cal­

cm/(s-cm2 • °C) 
0.094 56 W(m- °K); 226.0 x 10- 5 cal-

cm / (s-cm2 • °C) 
15.3 mN / m; 15.3 dyn/ cm 

Solubility In Water @ 102.9 kPa (partial pressure of isobutane) 
@ 17 °C 

Dipole Moment, Gas 
Autoignition Temperature 
Index of Refraction, Liquid, n0 @ - 25 °C 

13 cm3 / 0 .1 kg water 
440 X 10- 33 C-m; 0 .132 D 
735 °K; 462 °C; 864 ° F 
1.350 3 

Heat of Combustion, Liquid @ 25 °C and Constant Pressure 
Gross, to form H2O(liq) + CO2(gas) 2 848.63 kJ / mol 

2 628.60 kJ / mol Net, to form H2O(gas) + COigas) 
Heat of Combustion, Gas @ 25 °C and Constant Pressure 

Gross, to form H2O(1iq) + CO2(gas) 
Net, to form H2O(gas) + CO2(gas) 

Description 

lsobutane Is the simplest member of the isoalkane series of 
hydrncarbons (CH3hCHR, R = CH3. It IS a colorless, easily 
l1quef1ed, flammable gas It is shipped as a liquefied gas under 
its own vapor pressure of 21 O kPa (30.4 psig) at 21 .1 oc_ 
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2 868.72 kJ / mol 
2 648.68 kJ / mol 

Specifications 

Matheson supplies three grades of isobutane. 

1. Research Grade 

This grade of isobutane is of the highest purity that is 
available. A typical lot purity is 99.96 mole % as determined by 

matheson· 

freezing point. This material is furnished with a statement of 
analysis. 

2. Instrument Grade 

This grade of isobutane has a minimum purity of 99.5 mole 
%. Specific precautions are taken to eliminate traces of water, 
oil and nonvolatile matter. 

3. C.P. Grade 

This grade has a minimum purity of 99 mole %. 

Uses 

lsobutane in pure form is used for calibration work in instru­
ments such as temperature and pressure gauges and in the 
filling of thermobulbs for such instruments. It is industrially 
important as an intermediate in the manufacture of aviation fuel 
and in the manufacture of many organic chemicals. 

Effects in Man (2) 

lsobutane has some degree of anesthetic action and is mildly 
irritating to the mucous membranes and/ or acts as a simple 
asphyxiant. Thus, depending on the concentration and time of 
exposure, symptoms such as rapid respiration, air hunger, 
diminished mental alertness, muscular incoordination, faulty 
judgment, emotional instability, rapid fatigue, nausea, vomiting , 
prostration, loss of consciousness, convulsions and finally 
deep coma and death may occur. 

ontact of the liquid form of isobutane with the skin can cause 
frostbite . Symptoms of frostbite are the change of skin from 
pink to white or grayish-yellow, pain which quickly subsides 
and a cold numb feeling. 

lsobutane has a low order of inhalation toxicity. Thus, there 
are no apparent ill-effects from breathing concentrations up to 
5% isobutane for 2 hours. No Threshold Limit Value (TLV) has 

been established for isobutane. 

First Aid Treatment (2) 

Inhalation 

If the subject is conscious and becomes aware of any of the 
symptoms cited above, he should go to an uncontaminated 
area and inhale fresh air or oxygen. In the event the subject is 
overcome by a massive exposure, he should be carried to an 
uncontaminated area and given artificial respiration if neces­
sary and oxygen simultaneously. Treat symptomatically there­

after. 

Skin Contact 

In case of skin contact with liquid isobutane, frostbite may 
develop. If frostbite occurs, cover the frostbitten part with a 
warm hand or woolen material. If the fingers or hand are 
frostbitten, have the victim hold his hand in this armpit , next to 
his body. Then place the frostbitten part in warm water, about 
42 °C (108 °F). If warm water is not available, or is impractical 
to use, wrap the affected part gently in blankets. Let the 
circulation re-establish itself naturally. Encourage the victim to 
exercise the affected part while It is being warmed . 
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ISOBUTANE 

Precautions in Handling and Storage 

The hazards due to the handling of 1sobutane stem mainly 
from its extreme flammability . Store and use 1sobutane cylin­
ders in well-ventilated areas away from heat and all IgnitIon 
sources such as flames and sparks . Never use flames to detect 
flammable gas leaks, use soap water solution Do not use 
1sobutane around sparking motors or other non-explos1on­
proof equipment. Do not store reserve stocks of 1sobutane 
cylinders with cylinders containing oxygen, chlorine, or other 
highly oxidizing or flammable materials. Ground all lines and 
equipment used with 1sobutane. 

In addition, the general rules listed in Appendix I should be 

observed. 

Leak Detection 

All fittings and joints should be painted with soap solution to 
detect leaks, which will be 1nd1cated by bubble formation 
Never use a flame to detect leaks. 

Disposal of Leaking Cylinder 

For disposal procedure see method described in Appendix 
II-A . 

Materials of Construction 

Since isobutane is a noncorrosive gas any common or com­
mercially available metal may be used. However, piping sys­
tems or vessels to contain 1sobutane should be designed to 
have a working pressure as specified by competent engineers 
using a safety factor conforming to the ASME code for pressure 
piping. 

Cylinder and Valve Description 

DOT approved cylinders containing isobutane are usually of 
the low pressure type having a rated service pressure 1 030 
kPa (1 50 psig). Cylinders of isobutane are equipped with valves 
having a standard Compressed Gas Association valve outlet 
No. 51 0 having a thread size of 0 .885 inch diameter- 14 threads 
per inch, left-hand internal threads accepting a bullet-shaped 
nipple. See Figure 1 for illustration of the valve outlet and 

) l TL 

I 
7 H 

l 

Fig. 1. CONNECTION 510 885"-14 LH INT accepting a Bullet Shaped 

Nipple 

mating connection . This valve outlet Is standard for all liquefied 
petroleum gases. Valves used in this service by Matheson are 
of the diaphragm type and contain no packing. They are 
therefore relatively leak-free and require no packing adjust­
ments. Lecture bottles have a special 5/is"-32 threads per inch, 
female outlet and 9/ , 5 11 -18 threads per inch male dual valve 

outlet. 

Safety Devices 

A number of different safety devices are permitted on cylin­
ders containing isobutane. A frangible disc is allowed in cylin-
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ders having a minimum required test pressure of 20 680 kPa 
(3 000 ps1g) or higher, and Is required in only one end of the 
container. A 73 9 °C (165 °F) fusible metal may be used; 
however, when cylinders are over 30 inches long (exclusive of 
the neck) this device is required in both ends. A frangible disc 
backed up with 73.9 °C (165 °F) fusible metal is permitted in 
cylinders having a minimum required test pressure of 20 680 
kPa (3 000 psig) or higher, and when cylinders are over 30 
inches long (exclusive of the neck) this device Is at both ends. 
The most commonly used safety device, and that employed by 
Matheson, Is the spring-loaded safety relief valve. If cylinder 
pressure becomes dangerously high, usually due to overheat­
ing, the safety relief device will open (at approximately 259 
kPa) (37 5 psig) and release 1sobutane gas until the pressure 
again returns to a safe level. 

Recommended Controls 

Automatic Pressure Regulators 

Matheson supplies single stage regulator Model 1 P-51 O for 
isobutane service. The regulator has a strong, forged brass 
body, brass internal parts, a neoprene diaphragm, and a neo­
prene seat It has a delivery pressure range of 28-240 kPa (4-
35 ps1g). 

For accurate and sensitive low pressure control, Matheson 
has available a Model 70 regulator. This regulator has an 
oversize, pancake body of aluminum and a Buna N diaphragm. 
Three pressure ranges are available as follows: 

Model No. 

708-510 

70-510 
?0A-510 

Delivery Pressure Range 
kPa mbar (g) psig 

0.5-3.0 5-30 2-12 inches water 

3 .4-34.5 
34 5-68.9 

34-345 
345-689 

column 
0.5-5.0 psig 
5-10 psig 

This regulator Is designed primarily for liquefied petroleum 
gases where It Is particularly suited for fuel gas burner opera­
tion, since its steady low pressure delivery permits a stable 
flame to be obtained. 

Regulator Model 3321, with a delivery pressure range of 
28-41 0 kPa (4-60 psIg) Is recommended for use with lecture 
bottles containing Instrument Grade and C.P. Grade isobutane. 

Manual Controls 

Matheson needle valve Model 50-51 O is a brass bar stock 
valve that 1s available for direct attachment to the cylinder valv 
outlet This valve may be equipped with a variety of outletse 
such as a serrated hose end, '14

11 compression fitting, or ¼ '; 
NPT male or female pipe. It should not be used as a pressure 
control since 1I will not prevent pressure from building up if a 
system becomes clogged or 1f the system itself Is closed. A 
Model 31 B manual needh., valve can be supplied for use with 
lecture bottles, where accurate flow control Is desired. 

Flowmeters 

Matheson Series 7600 laboratory brass flowmeter units with 
1 50 mm lubes and floats or Matheson Series 7200 laboratory 
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brass flowmeter units with 65 mm tubes with a single flo t . . a are 
recommended for use where definite flow rates must be k nown 

Electronic mass flowmeters, such as Matheson Series No 
8116 and No. 8160, should be used where accurate read, · 
are required. Calibration is unaffected by temperature :~~ 
pressure c

0

hanges._ and flow rates may be recorded from the 
instrument s electrical output. 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 stainless steel and 
Series 8260 stainless steel or monel are designed to control 
the flow of gas regardless of pressure and temperature 
changes. These mass flow controllers consist of a transduc 

I d ~ 
a control valve, ab in controller/power supply, a potentiom-
eter and a digital indicator. The transducer senses the gas flow 
and sends a signal to the power supply. This signal and one 
from the potentiometer are compared. If there is an imbalanc e, 
the power supply generates a signal for the control valve to 
reduce or increase the flow to correct the imbalance. The 
accuracy is ± 1.2%. 

Shipping Regulations 

lsobutane is classified by the DOT as a flammable, com­
pressed gas and is shipped with the required " Red Gas Label". 

Chemical Properties (3) 

lsobutane is a member of the alkane or paraffin series ol 
hydrocarbons. The alkanes as a group are chemically inerl 
substances, not being attacked by cold bromine, sulfuric acid, 
and nitric acid. However, the alkanes undergo, with a change 
in conditions, both chlorination and nitration and, in addition, 
many thermal reactions. isomerization, dehydrogenation, cy­
clization, and other reactions. When the alkanes are heated 
from 500 °C upwards, they undergo complex reactions which 
may be accelerated or directed by different catalysts to give a 
variety of products. The following reactions exemplify the dif­
ferent types of reactions which the alkanes undergo and which 
are of great importance to the petroleum industry. The reac­
tions which may occur simultaneously are: (a) dehydrogena­
tion, (b) isomerization, (c) thermal degradation or cracking, (d) 
aromatization. 

(a) Dehydrogenation 

This reaction is of importance in the petroleum industry for 
the conversion of ethane, propane, butane, isobutane, and 
pentanes into olefins wherein higher yields and higher reaction 
velocities are promoted by catalysts. Industrially the olefins so 
obtained are polymerized or used for alkylating isoalkanes to 
produce high grade motor fuel. Ethylene, propylene, and iso­
butylene are used for the manufacture of a great variety of 
industrially important aliphatic compounds. 

(b) lsomerization 

Normal chain alkanes containing four or more carbon atoms, 
or slightly branched alkanes, undergo isomerization to more 
highly branched alkanes with catalysts of the Friedel-Crafts 
type at temperature of 150-200 °C. The most effective catalyst 
is aluminum chloride supported on ~ilica gel or alumina, and 
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promoted by hydrogen chloride, but a wide variety of other 
catalysts and promoters may be used. Thus, isobutane and 
isopentane are produced from butane and pentane, respec­
tively, and can be alkylated by propylene and butylenes to 
yield highly branched heptanes, octanes, and nonanes for use 
in aviation fuels. 

(c} Thermal Degradation or Cracking 

The pyrolysis of gaseous, liquid, and solid alkanes at tem­
peratures of about 500-1 000 °C has been widely studied with 
the obJect of obtaining lower branched chain alkanes and 
olefins. Noncatalytic pryolysis of alkanes at about 1 400-
1 600 ° C results in more complete degradation to yield the 
industrially important carbon black, hydrogen , and acetylene. 
By the use of suitable catalysts, the cracking temperature can 
be reduced to 200-500 °C, and by careful control of the 
conditions, the desired products can be obtained in good 
yields. 

(d) Aromatization 

The alkanes can be converted into aromatic hydrocarbons 
by high temperature cracking, and by hydroforming (or cata­
lytic reforming). The aromatization of alkanes occurs at a 
temperature of 500-1 000 °C most likely by the mechanism of 
first forming olefins and diolefins which combine to yield cyclic 
compounds. The latter in the presence of metallic catalysts are 
dehydrogenated into aromatic compounds. In the hydroforming 
process, practically quantitative conversion is effected of ali­
phatic hydrocarbons containing more than six carbon atoms in 
the chain, to yield aromatic hydrocarbons with the same num­
ber of carbon atoms. The mechanism of this reaction involves 
dehydrogenation of the alkane into an olefin, cyclization of the 
olefin to a cyclohexane derivative, and dehydrogenation of the 
cyclic compound to an aromatic compound. 

Other Reactions of Alkanes: 

(e) Oxidation 

Alkanes can be oxidized by atmospheric oxygen at temper­
atures well below their ignition point. The rate of oxidation of 
the alkanes in the vapor phase increases with the length of 
chain and decreases by chain branching. Methyl groups have 
a stabilizing effect. 

(f) Halogenation 

The halogens, except iodine, react readily with alkanes. Little 
or no halogenation occurs in the dark, but in daylight or 
ultraviolet light methane and ethane are attacked, except by 
iodine, with explosive violence. Halogenation of the alkanes 
may be effected in the liquid or gaseous state with ultraviolet 
light or heat; catalysts may accelerate the reaction. The for­
mation of isomeric halides and polysubstitution products­
and, with chlorine, the danger of explosive reaction-may be 
minimized by control of concentrations, temperature, and ca­
talysts, and in the case of chlorination, by carrying out the 
reaction in the liquid phase with carbon dioxide, nitrogen, 
steam, hydrogen chloride, or chlorinated hydrocarbons as 
diluents. 
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(g) Nitration 

While alkanes show little or no reactIvIty towards nitric acid 
or nitrogen tetrox1de at ordinary temperatures, reaction pro­
ceeds at temperatures of 100-450 °C in the liquid phase and 
preferably in the vapor phase to give n1troalkanes 

(h) With Inorganic Reagents 

(1) Under ultraviolet light the alkanes react with a mixture of 
sulfur d1ox1de and chlorine at room temperature to give sulfonyl 
chlorides. (2) In the presence of organic peroxides, the alkanes 
react with sulfuryl chloride in the dark to yield alkyl chloride, 
sulfur d1oxIde, and hydrogen chloride. (3) Alkanes, e g., pro­
pane, butane, and 1sobutane, react with sulfur dioxide in the 
vapor phase yielding sulfonic acids or their anhydrides, sul­
fones, and sulfates. (4) At about 300 °C, and above. alkanes 
containing four or more carbon atoms react with sulfur to give 
olef1ns, diolefins, and th1ophene derivatives. (5) Alkanes, in­
cluding propane, 3-methylpentane, and heptane react with 
phosphorus trichloride and oxygen at 25 °C to yield alkane­
phosphonyl chlorides which on hydrolysis give alkylphosphonic 
acids. (6) In the presence of aluminum chloride, alkanes react 
with carbon monoxide to give ketones, e.g., isobutane yields 
methy 1sopropyl ketone. 

(i) With Organic Reagents 

(1) In the presence of actinic light, or In the dark In the 
presence of organic peroxides, alkanes, e.g., pentane, hep­
tane, and Isooctane, react with oxalyl chloride or phosgene to 
give acid chlorides. (2) Normal alkanes react with acid chlo­
rides in the presence of aluminum chloride to give ketones (3) 
lsoalkanes condense with haloalkanes in the presence of Frie­
del-Crafts catalysts; e .g ., 2-methyl-propane and vinyl chloride 
In the presence of aluminum chloride yield 1, 1-dichloro-3,3-
dimethylbutane. (4) lsoalkanes undergo halogen-hydrogen ex­
change with tertiary or secondary alkyl halides In the presence 
of aluminum halides. (5) lsoalkanes react with unsaturated 
aliphatic carboxylic acids in the presence of aluminum chloride 
to give saturated fatty acids. (6) Tertiary alkanes react with 
benzoyl peroxide yielding tert-alkyl benzoate, benzene, and 
carbon dioxide or (1f the reaction takes this course) tert-alkyl 
benzene, benzyl alcohol, and carbon dioxide. (7) Tertiary al­
kanes and ketones in the presence of sulfuric acid react to give 
tert- alcohols. (8) lsoalkanes condense with aromatic hydrocar­
bons in the presence of silica or alumina. 

Thermodynamic and Detailed Physical Data 

Infrared Spectrum 

See Figure 2 for the infrared spectrum of gaseous 1sobutane. 

Vapor Pressure (4) 

Vapor pressures from 188.06 °K to 261.42 ° K are shown 

below: 

Temperature, 
OK 

188 060 
201 446 

Vapor Pressure 
kPa mbar 

1 52 15 2 
4 26 42.6 

mmHg 

11 .37 
31.96 
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Temperature, Vapor Pressure 
OK kPa mbar mmHg 

216.719 11 .58 115.8 86.85 
229.043 23.23 232.3 174.26 
245.574 52.13 521 .3 391 .02 
251.079 66.41 664.1 498.08 
254.389 76.35 763.5 572.67 
259.912 95.48 954.8 716.13 
261.420 101.325 1 013.25 760.00 

Vapor pressure between 198.15 °K and 303.15 ° K con­
forms to the following Antoine vapor pressure equation (5). 

B 
log10P = A - -­

C + t 

in which p = mmHg and t = °C, and the constants A. B, and 
C have the values of 6.748 08, 882.80, and 240.0, respec­

tively. 
Vapor pressures from 261.42 °K to 408.13 °K are shown 

below (6). 

Temperature, °K 
Vapor Pressure 

kPa bar atm 

261.42 101.3 1.013 1 .0 (7) 

280.65 203 2.03 2 .0 (7) 

312.15 507 5 .07 5.0 (7) 

339.95 1 010 10.1 10.0 (7) 

344.26 1 110 11 .1 11 .00 

360.93 1 570 15.7 15.52 

REFERENCES 

ISOBUTANE 

Temperature, °K 
Vapor Pressure 

kPa bar atm 

377.59 2 160 21.6 21 .29 
394.26 2 890 28.9 28.56 
406.87 3 580 35.8 35.32 
407.77 3 630 36.3 35.85 
408.13 (C.T.) 3 650 36.5 36.00 

For vapor pressures at other temperatures. see Table 1 and 
Figure 3 . 

Latent Heat of Vaporization, ..1Hv 

Temperature, °C 

-20 
-11.7 

0 

Thermodynamic Data 

.iHv, kJ / mol 

21.64 
21.29 
20.67 

Thermodynamic properties of saturated and superheated 
isobutane are listed in Tables 1 and 2, respectively . 

Thermodynamic Properties of lsobutane as Ideal Gas w 

25 °C (8) 

Heat Capacity, C~ 
Entropy, S0 

Enthalpy of Formation, ..1Hr 
Free Energy of Formation, ..1Fr 

96.544 J / (mol- ° K) 
294.64 J / (mol- ° K) 

-134 .52 kJ / mol 
- 20.92 kJ / mol 

1 For extensive tabulations of the thermodynamic and physical properties of isobutane, see W Braker and A. L. Mossman, The Matheson 

Unabndged Gas Data Book, 1975, Matheson, East Rutherford, New Jersey 
2 w. Braker, A. L. Mossman. and D. Siegel , Effects of Exposure to Toxic Gases- First Aid and Medical Treatment , 2nd ed1t1on, 1977, pp. 11 - 16, 

Matheson, Lyndhurst, New Jersey. 
3 E. H. Rodd, edi tor, Chemistry of Carbon Compounds-Ahphatic Compounds, 195 7, 1 A, pp 231-243, Elsevier Publishing Co., New York, New 

York . 
4 V. G. Aston, R. M . Kennedy, and S. C. Schumann, J. Amer. Chem. Soc. 62, 2059 (1940) . 

5 F. D. Rossini, et al., Selected Values of Properties of Hydrocarbons and Related Compounds, American Petroleum Institute. Research Proiect 

44, Carnegie Press, Carnegie Institute of Technology, Pittsburgh, Pennsylvania. 
6 J. F. Connolly, J. Phys. Chem. 66, 1082 (1962). 
7 Chemical Engineers · Handbook , 4th edition, R. H. Perry, C. H. Chilton, and S D. Kirkpatrick, editors, 1963, p. 3-59, McGraw-Hill Book Co , 

Inc., New York . New York . 
8 C. E. Miller and F. D. Rossini, Physical Constants of Hydrocarbons, C, to C,o. 1961 , American Petroleum Institute, New York, New York. 

9 G. Hanson, Trans. Amer. Inst. Chem. Eng. 42 , 959 (1946). 
10 B. H. Sage and W. N. Lacey, Ind. Eng. Chem. 30, 673 (1938). 
11 The Sadlier Standard Spectra, 1972, Sadlier Research Laboratories, Inc., Philadelphia , Pennsylvania. 
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Table 2. THERMODYNAMIC PROPERTIES OF SUPERHEATED ISOBUTANE (10) 
ENTHALPY, H, kJ / kg ; ENTROPY, S, kJ / (kg. °K); SPECIFIC VOLUME, V, dm/ kg 

Pressure Temperature, K 
394.26 kPa bar atm 294.26 310.93 327.59 344.26 360.93 377.59 

H 354.896 382 .347 410 .264 439.134 468.840 499.406 530.879 
68.947 0 .69 0.68 s 1 .412 1 .502 1 .590 1.67 6 1 .760 1 .843 1 .925 

Table 1. THERMODYNAMIC PROPERTIES OF SATURATED ISOBUTANE (9) V 599.75 635 .20 670 .04 704 .87 740.0 2 77 4 .73 809.38 

530.624 Specific Volume H 354.059 381 .604 409 .683 438 645 468.422 499 081 Entropy• kJ/ Enthalpy'• kJ / kg Latent 
Density kg/ dm3 

1.705 1 788 1 .869 
Temperature Pressure 

(kg. °K) Heat of dm3 / kg 101 .325 1 .013 25 1 .00 s 1 .355 1.446 1 .534 1 .6 2 0 Vaporiza-
V 404.66 429 .01 453 .04 477.01 500.86 524.58 548.31 K F kPa atm Liquid Vapor Liquid Vapor 

tion kJ / kg Liquid Vapor Liquid Vapor 

467 .910 498.663 530 298 781 .94 381.21 1.633 698 .57 0 .612 H 353 .036 380 .651 408.962 4 38 .041 
244 26 - 20 49.09 0 484 3.167 4 728 400.73 0.001 43 

1 .575 1 .660 1 .743 1 .825 
249.82 - 10 62.88 0.621 3.234 4.740 412.59 789.15 376.56 1.649 555 .61 0.606 0.001 80 137.895 1 .38 1 .36 s 1.309 1 .400 1.489 255.37 79.50 0 .785 3 .297 4.753 424 .91 796.35 371.44 1.666 446 .36 0 .600 0.002 24 V 294.35 312 .64 330.49 348.2 2 365.83 383.3 7 400 91 

0 
260 93 10 99.40 0 .981 3.360 4.766 437.00 803 .56 366.56 1.682 362.71 0 .595 0.002 76 266 48 20 122.86 1.213 3.423 4.778 449.31 810.77 361 .46 1.700 297.16 0 .588 0.003 37 H 272 04 30 150.51 1.485 3.485 4 .791 462.56 818.20 355.61 1 .719 245.97 0 .582 0.004 07 

206.842 2 .07 2 .04 s 277 59 40 182.50 1 .801 3.544 4 .803 475.35 825.41 350.06 1.737 204.14 0 .576 0.004 90 V 191 .97 204.70 217.00 229.05 241 .03 252 .90 264.69 283 15 50 220.01 2.1 71 3.602 4 .816 488.37 832.62 344.25 1.757 1 71 .68 0 .569 0.005 83 288 71 60 262.55 2.591 3.657 4 .828 500.92 839.59 338.67 1.778 145.46 0.562 0.006 88 
H 347 .922 376.769 405.778 435.368 465.702 496.640 528.787 294 26 70 310.88 3.068 3.707 4 .841 513.70 846.56 332.86 1.799 123.61 0.556 0.008 09 

2 .76 2.72 s 1 .197 1.293 1 .384 1.472 1 .558 1 .642 1 .7 25 299 82 80 365 90 3.611 3.757 4 .849 526.95 853.77 326.82 1.822 105.50 0.549 0.009 48 275.789 
160.13 169.49 178.61 187.66 196.75 

305.37 90 427 96 4 .22 3.812 4 .862 540.43 860.74 320.31 1.845 90.52 0.542 0.011 05 V 140.40 150.51 3 10 93 100 497.94 4.91 3.862 4 .870 554.15 867.71 313.56 1.870 78.04 0 .535 0.012 81 316 48 11 0 575.99 5.68 3.912 4.879 568.56 874.92 306.36 1.897 67.42 0.527 0.014 83 H 322 04 120 663.14 6.54 3.958 4.887 583.20 881 .89 298.69 1.925 58.12 0.519 0 .01 7 21 344.737 3.45 3.40 s 
148.52 155.88 

327.59 130 759.80 7.50 4.008 4.895 597.85 888.63 290.78 1.955 50.50 0.512 0.019 80 V 117.86 125.92 133.60 141 .09 333. 15 140 866.67 8.55 4.050 4.899 612.72 895.14 282.42 1.986 44 .14 0.504 0 .022 66 338 71 150 983 .88 9.71 4 .096 4.904 627.83 901 .65 273 .82 2.021 38.58 0 .495 0 025 92 H 371 . 748 401 .919 432.137 462 .913 494.316 526 858 ':144 26 160 1 11212 10.98 4 .138 4.908 642.71 907.69 264 .98 2.057 33.90 0.486 0 .029 50 4 .08 s 1 .232 1 .318 1 .408 1 .496 1 .581 1 .665 413.684 4.14 349.82 170 1 252.77 12.36 4 184 4.916 657.82 913.74 255.92 2.096 29.84 0.477 0 .033 51 V 96 .01 103.06 109.72 116.12 122 48 128 66 ~55.37 180 1 405.84 13.87 4 .226 4.916 673.62 919 .54 245.92 2 .140 26.28 0.467 0.038 05 360 93 190 1 571 3 1 15 51 4 .268 4.920 689 .89 925.13 235.24 2.189 23.16 0 .457 0.043 18 
H 397.340 428.395 459.705 491 .596 524 .557 366 48 200 1 751 .26 17.28 4 .310 4.920 706.63 930.01 223.38 2 .243 20.35 0.446 0.049 14 

1 .268 1 .360 1.449 1 .536 1 .621 
372.04 210 1 946.38 19.21 4.356 4.920 724 .30 934 .19 209.89 2.304 17.79 0.434 0.056 21 551 .579 5.52 5.44 s 

84.93 89.9 2 94.75 74.32 79 .79 
317 59 220 2 156 67 21 .28 4.406 4.920 742 .89 937.91 195.02 2.379 15.48 0.420 0.064 60 V 383 15 230 2 383.51 23.52 4.452 4.916 762.18 940.70 178.52 2.466 13.42 0.406 0.074 52 

424 .536 456.125 488.505 521 .930 
388 7 1 240 2 628.27 25.94 4 .502 4.912 783.10 H 392 .226 942.33 159.23 2.572 11.55 0 .389 0.086 58 

1 .224 1 .320 1.410 1.499 1 585 
394.26 250 2 891 65 28.54 4.556 4 .904 805.65 942. 79 137.14 2.722 9.801 0 .367 0.102 03 689.4 73 6.89 6 .80 s 

74.45 
399 82 260 3 175 02 31 .34 4 .615 4.891 830.76 940.47 

V 56.94 61 .73 66.17 70.41 1 09.71 2.934 8.053 0 .341 0.12418 405 3 7 270 3 485.98 34.40 4 .703 4.870 865.16 932.10 66.94 3.371 6 .180 0.297 0.16181 407 93 274.6 3 640.42 35.93 4.837 4.837 911 .88 911 .88 0.00 4.401 H 419.05 451 .128 484 .205 518.258 4.401 0 .227 0.227 22 

1 .275 1 .369 1.459 1 .547 · Entropies are referred to the ideal gas at O °Kand 101 .325 kPa2 (1 atm) where the value is considered to be o kJ / (kg- °K). 8.51 s 861 .842 8 .62 
47 .18 51 .08 54.76 58.20 · · Enthalpies are referred to the saturated liquid at 273.15 °K (32 °F) where the value is considered to be 464.9 kJ / kg. V 

H 412 .542 445.619 479 .439 514 167 

1 034.210 10.3 10.21 s 1 .236 1 .332 1 .424 1 .513 

V 37 .35 40.93 44.27 47 .35 

H 440.249 • 4 7 4 .256 509 680 

1 206.578 12.1 11 .91 s 1 .298 1 .392 1.483 

V 33 .65 36 .76 39 67 

H 434.671 468 .700 504 846 

1 378.947 13.8 13.61 s 1 .268 1 .361 1 .455 

V 2 8 .12 31 .07 33 66 
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Table 2-Continued 
Pressure 

kPa bar atm 294.26 310.93 
Temperature, °K 

327.59 344.26 360.93 377.59 394.26 

H 
1 551.315 15.5 15.31 s 

V 

428.860 462.750 499.685 
1.240 1.333 1.428 

23.69 26.54 29.04 

1 723.683 17.2 
H 

17.01 S 
V 

456.404 494.200 
1.305 1.402 

22.78 25.27 

1 896.052 19.0 
H 

18. 71 S 
V 

449.633 488.365 
1.277 1.377 

19.60 22.11 

2 068.420 20.07 
H 

20.41 S 
V 

443.271 482.322 
1.255 1.352 

16.83 19.42 

H 
2 413.157 24.1 23.82 s 467.910 

V 1.302 
-- 15.08 

H 
2 757.893 27.6 27.22 s 447.688 

V 1.240 
11 .67 
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ISOBUTYLENE 
(Synonyms: 2-Methylpropene· lsob t , u ene) 

(Formula: (CH3hC:CH2) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of (CH 3hC:CH2 

Specific Volume @ 21 .1 °C, 101.325 kPa 
Vapor Pressure @ 21 .1 °C 
Boiling Point @ 101 .325 kPa 
Freezing Point@ 101 .325 kPa 
Absolute Density, Gas@ 101.325 kPa@ 25 °c 

0.056 108 kg 
0.056 108 kg 
418.2 dm3 / kg ; 6. 7 ft3 / lb 
269 kPa; 2 .69 bar; 39.0 psia; 2 _65 atm 
266.25 °K; -6.9 °C; 19.6 °F 
132.80 °K; -140.4 °C; - 220.6 °F 
2.307 kg / m3 

Relat!ve D_ensity, Gas @ 101.325 kPa@ 25 °C (Air = 1) 
Density, L1qu1d @ Saturation Pressure @ 25 °C 

1.947 
0.587 9 kg / I 

Critical Temperature 
Critical Pressure 

Critical Volume 
Critical Density 
Critical Compressibility Factor 
Latent Heat of Fusion @ -140.4 °c 
Flammability Limits In Air 
Dipole Moment, Gas 

Molar Specific Heat, Gas@ 101.325 kPa@ 15.6 °c 
@ Constant Pressure 

417.88 °K; 144. 7 °C; 292.5 °F 
4 000 kPa; 40 .0 bar; 580.2 psia; 39 .48 

atm 
4.274 dm3 / kg 
0.234 kg / dm3 

0 .275 
105.71 kJ / kg; 25.265 kcal / kg 
1 .8-8.8% (by volume) 
1.668 X 10 3° C-m; 0.5 D 

86.883 J/ (mol- °K) 
@ Constant Volume 

Spec!f!c Heat Ratio, Gas @ 101.325 kPa 15.6 oc, Cp/Cv 
Spec1f1c Heat, Liquid @ -1 o °C 

78.573 J / (mol- °K) 
1.106 
2.176 kJ / (kg. °K) 

V!scos!ty, Gas@ 101.325 kPa@ 25 °c 
V1scos1ty, Liquid @ -1 o °C 
Thermal Conductivity, Gas@ 101 _325 kPa@ 25 oc 

Thermal Conductivity, Liquid@ -1 o 0 c 

Surface Tension @ -1 o °C 
Autoignition Temperature 
Flash Point 
Index of Refraction, Liquid, no@ _ 25 oc 
Heat of Combustion, Gas@ 25 oc and Constant p 

G t f . ressure 
ross, o orm H20 (liq) + co2 (gas) 

Net, to form H20 (gas) + co2 (gas) 

0.008 3 mPa.s; 0.008 3 cP 
0 175 mPa-s; 0 .175 cP 
0.016 94 W(m.oK); 40.5 X 10 e cal­

cm / (s • cm 2 • °C) 
0.1138 W/ (m. oK); 272 .0 X 10 e cal-

cm/(s-cm2. 0C) 

16.1 mN-m; 16.1 dyn / cm 
738 OK; 465 oc; 869 OF 
< 266 OK; < - 7 oc; < 20 OF 
1.392 6 

Heat of Combustion Liquid @ 25 oc a d C G ' n onstant Pressure 
ross, to form H20 (liq) + co2 (gas) 

2 700.48 kJ / mol 
2 524.26 kJ / mol 

Net, to form H20 (gas) + co2 (gas) 

Description 

At room temperature and atmospheric pressure . 
is a colorless, flammable gas having an I , isobutylene 
is similar to that of coal gas lsobutyle unp easant odor which 
. · ne Is easily liquefied d 
is shipped in cylinders as a liquefied gas und ·t an er I s own vapo 
pressure of 168 kPa (24 .3 psig) at 21 _ 1 oc_ r 
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2 679 .89 kJ / mol 
2 503.87 kJ/mol 

Specifications 

Matheson sup ,-Pies two grades of isobutylene. 

1. Research Grade 

This grade of isobut I . . . . 
available. A typical lot Y ene is of the highest purity that 1s 

purity is 99.52 mole % as determined by 
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freezing point. Th is material is furnished with a statement of 

purity. 

2. C.P. Grade 

This grade of isobutylene has a minimum purity of 99 mole 

%. 

Uses 

lsobutylene is used in organic synthesis and in the production 
of high octane aviation gasoline. Its main use is in the produc­
tion of Butyl rubber where it comprises 98% of the raw material 

used. 

Effects in Man and Toxicity (2) 

lsobutylene has some degree of anesthetic action and is 
mildly irritating to the mucous membranes and / or acts as a 
simple asphyxiant. Thus, depending on the concentration and 
time of exposure, symptoms such as rapid respiration, air 
hunger. diminished mental alertness, muscular incoordination, 
faulty judgement, emotional instability, rapid fatigue. nausea, 
vomiting, prostration and loss of consciousness, convulsions 
and finally deep coma and death may occur. 

Contact of the liquid form of isobutylene with the skin can 
cause frostbite. Symptoms of frostbite are the change of skin 
from pink to white or grayish-yellow, pain which quickly sub­
sides and cold and numb feelings. 

lsobutylene is about 4 .5 times as toxic as ethylene. Athough 
no Threshold Limit Value (TLV) has been established for iso­
butylene, a maximum permissible limit of 4 000 ppm has been 
suggested for workroom atmospheres. 

First Aid Treatment (2) 

Inhalation 

If the subject is conscious and becomes aware of any of the 
symptoms cited above, he should go to an uncontaminated 
area and inhale fresh air or oxygen . In the event the subject is 
overcome by a massive exposure, he should be carried to an 
uncontaminated area and given artificial respiration and oxygen 
simultaneously. Treat symptomatically thereafter. 

Skin Contact 

In case of skin contact with liquid isobutylene, frostbite may 
develop. If frostbite occurs, cover the frostbitten part with a 
warm hand or woolen material. If the fingers or hand are 
frostbitten, have the victim hold his hand in his armpit, next to 
his body. Then place the frostbitten part in warm water. about 
42 °C (108 °F). If warm water is not available , or is impractical 
to use, wrap the affected part gently in blankets. Let the 
circulation re-establish itself naturally . Encourage the victim to 
exercise the affected part while it is being warmed. 

Precautions in Handling and Storage 

The hazards due to the handling of isobutylene stem mainly 
from its extreme flammability. Store and use isobutylene cyl­
inders in well-ventilated areas away from heat and all ignition 
sou rces such as flames and sparks. Never use flames to detect 
flammable gas leaks, use soap water solution. Do not use 
jsobutylene around sparking motors or other non-explosion-
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proof equipment. Do not store reserve stocks of 1sobutylene 
cylinders with cylinders containing oxygen, chlorine, or other 
highly oxidizing or flammable materials . Ground all lines and 
equipment used with isobutylene. The above general ru les 
should apply in the handling and storage of 1sobutylene. 

In addition, the general ru les listed in Appendix I should be 

observed . 

Leak Detection 

All fittings and joints should be painted with soap solut ion to 
detect leaks, which will be indicated by bubble formation . 
Never use a flame to detect leaks. 

Disposal of Leaking Cylinders 

For disposal see Appendix II-A. Alternatively , the gas can be 
absorbed in concentrated sulfuric acid. 

Materials of Construction 

Since isobutylene Is a noncorrosive gas any common or 
commercially available metal may be used. However, piping 
systems or vessels to contain isobutylene should be designed 
to have a working pressure as specified by competent engi­
neers using a safety factor conforming to the ASME code for 

pressure piping. 

Cylinder and Valve Description 

DOT approved cylinders containing isobutylene are usually 
of the low pressure type having a rated service pressure of 
1 034 kPa (150 psig) or more. Cylinders of isobutylene are 
equipped with valves having Compressed Gas Association 
(CGA) valve outlet No. 510 having thread size of 0 .885 inch 
diameter-14 threads per inch, left-hand internal threads ac­
cepting a bullet-shaped nipple . See Figure 1 for illustrat ion of 
the valve outlet and mating connection . This valve outlet is 
standard for all liquefied petroleum gases. Valves used in this 

OUTLET CONNECTION 

Fig. 1. CONNECTION 510 .885"-14 LH INT. accepting a Bullet Shaped 

Nipple 

service by Matheson are of the diaphragm type and contain no 
packing. They are therefore relatively leak-free and require no 
packing adjustments . Lecture bottles have a special 5/16"-32 
th reads per inch, female outlet and a 9/,s"-18 threads per inch 

male dual valve outlet . 

Safety Devices 

A number of different safety devices are permitted on cylin­
ders containing isobutylene. A frangible disc is allowed in 
cylinders having a minimum required test pressure of 20 680 
kPa (3 000 psig) or higher, and is required in only one end of 
the container. A 73.9 ° C (165 ° F) fusible metal may be used: 
however, when cylinders are over 30 inches long (exclusive of 
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ISOBUTYLENE 

the neck) this device Is required in both ends. A frangible disc 
backed up with 73.9 °C (165 °F) fusible metal is permitted in 
cylinders having a mInImum required test pressure of 20 680 
kPa (3 000 psig) or higher and when cylinders are over 30 
inches long (exclusive of the neck) this device is required at 
both ends. The most commonly used safety device, which is 
employed by Matheson, Is the spring-loaded safety relief valve. 
If cylinder pressure becomes dangerously high, usually due to 
overheating, the safety relief device will open (at approximately 
2 590 kPa (375 ps1g) and release isobutylene gas until the 
pressure again returns to a safe level. 

Recommended Controls 

Automatic Pressure Regulators 

Matheson supplies a single stage regulator designated as 
Model 1P-510 for use with isobutylene. This regulator will 
deliver from 28-240 kPa (4-35 psig). It is equipped with 
delivery pressure gauge and needle valve for accurate flow 
control No tank gauge Is supplied since the vapor pressure of 
the gas over liquid isobutylene will remain constant as long as 
any liquid remains in the cylinder; therefore, the pressure is no 
1nd1cation of cylinder content. A tank gauge, however is avail­
able 

For low pressure regulation, Matheson supplies a Model 70 
regulator constructed of a forged aluminum body and Buna N 
diaphragm This regulator Is constructed with an oversize, 
pancake body to allow sensitive and accurate low pressure 
control. Three pressure ranges are available as follows: 

Model Delivery Pressure 
No. kPa mbar (g) psig 

708-510 0.5-3.0 5-30 2-12 inches water 
column 

70-510 3.4-34.5 34-345 0.5-5.0 psig 
70A 34 5-68 9 345-689 5-1 O psig 

Regulator Model 3321, with a delivery pressure range of 
28-410 kPa (4-60 psig) Is recommended for use with lecture 
bottles containing C.P. Grade isobutylene. 

Manual Controls 

Matheson needle valve Model 50-51 O is a brass bar stock 
valve that 1s available for direct attachment to the cylinder valve 
outlet. This valve may be equipped with a variety of outlets 
such as a serrated hose end, 11." compression fitting, or ¼ ,; 

NPT male or female pipe It should be used only where manual 
flow control 1s needed and should not be used as a pressure 
control since 1t will not prevent pressure from building up if a 
system becomes clogged or If the system itself is closed. A 
Model 31 B manual needle valve can be supplied for use with 
lecture bottles, where accurate flow control is desired. 

Flowmeters 

Matheson Series 7600 laboratory brass flowmeter units with 
1 50 mm tubes and floats or Matheson Series 7200 laboratory 
brass flowmeter units with 65 mm tubes with a single float are 
recommended for use where definite flow rates must be known. 

Electronic mass flowmeters. such as Matheson series No. 
8116 and No 8160, should be used where accurate readings 
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are required. Calibration is unaffected by temperature and 
pressure changes, and flow rates may be recorded from the 
instrument's electrical output. 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 stainless steel and 
Series 8260 of type 316 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera­
ture changes. These mass flow controllers consist of a trans­
ducer, a control valve, a blind controller/ power supply, a 
potentiometer and a digital indicator. The transducer senses 
the gas flow and sends a signal to the power supply. This 
signal and one from the potentiometer are compared. If there 
is an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 
imbalance. The accuracy is ± 1.2%. 

Shipping Regulations 

lsobutylene is classified by the DOT as a flammable, com­
pressed gas and is shipped with the required " Red Gas Label ". 

Chemical Properties 

lsobutylene undergoes the typical reactions of olefins or the 
alkene series of hydrocarbons. 

Some of the general reactions of alkenes are as follows: 
(a) The alkenes combine with hydrogen halides forming alkyl 

halides, the descending order of reactivity being HI, HBr, HCI. 
Normal addition follows Markownikoff's rule, the halogen atom 
becoming attached to the carbon carrying the fewest hydrogen 
atoms. Peroxides reverse the direction of addition of hydrogen 
halides to alkenes. 

(b) The alkenes combine with halogens: the order of de­
creasing addition rate being chlorine, bromine, iodine. At higher 
temperatures, substitution on the carbon adjacent to the doubly 
bonded carbon atoms can occur. 

(c) The alkenes are hydrogenated to the corresponding 
alkanes in the presence of suitable catalysts (platinum, palla­
dium, Raney nickel). 

(d) The alkenes combine with concentrated sulfuric acid 
forming alkyl hydrogen sulfates which on hydrolysis yield al­
cohols. The method is a convenient one for the hydration of 
double bonds. 

(e) With positive halogen compounds, like N-bromosucci­
nimide, the alkenes are halogenated at the alpha carbon­
allylic halogenation. 

(f) With hypochlorous acid, the alkenes give chlorohydrins. 
(g) In the presence of aluminum chloride, the alkenes com­

bine with acyl halides giving halogeno ketones. 

(h) The alkenes combine with carbon monoxide and hydro­
gen in the presence of cobalt under high pressure to form 
aldehydes. 

(i) The alkenes are readily oxidized by a variety of oxidizing 
agents, e.g., potassium permanganate, hydrogen peroxide, 
perbenzoic acid, etc. 

(j) The alkenes can be polymerized to polyalkenes under 
suitable conditions, the polymerization being catalyzed by alu­
minum chloride or boron trifluoride. 

(k) At elevated temperatures and pressures, and in the 
presence of sulfuric acid or other catalysts, alkanes may add 
to alkenes. 

matheson~ 

(I) The alkenes may be isomerized by heating alone or in 

the presence of catalysts. 

Thermodynamic and Detailed Physical Data 

Molecular Structure 

lsobutylene has C2, symmetry, and the total symmetry num­
ber is 18. 

Infrared Spectrum 

See Figure 2 for the infrared spectrum of gaseous isobuty­

lene. 

Vapor Pressure 

The vapor pressure of isobutylene up to its bolling point Is 
shown below (3). 

Temperature, °K 
Vapor Pressure 

kPa mbar mmHg 

168.05 0.133 1.33 1 

176.65 0.667 6.67 5 

191.25 1.33 13.3 10 

199.75 2.67 26.7 20 

209.35 5.33 53.3 40 

215.45 8.00 80.0 60 

223.85 13.33 133.3 100 

236.45 26.66 266.6 200 

250.95 53.33 533.3 400 

266.25 (B .P.) 101 .325 1 013.25 760 

The vapor pressure of isobutylene between _205.15 ° K and 
312.15 ° K is expressed by the following Antoine vapor pres­
sure equation (4): 

B 
log, o p = A - C + t 

in which p = mmHg and t = °C, and the constants A, B: and 
C have the values of 6.841 34, 923.2, and 240.0, respectively . 

For additional vapor pressure values, see Table 1 and Figure 

3
· Vapor pressure values for isobutylene above 101 .325 kPa 

(1 atm) are shown below (5). 

Vapor Pressure 
Temperature, °K kPa bar atm 

266.25 101 .325 1 .01 3 25 1.000 

285.42 202.650 2.03 2.000 

303.15 348.963 3.49 3.444 

323.15 605.518 6 .06 5 .976 

348.15 1 1 00.39 11 .0 10.86 

373.15 1831.96 18.3 18.08 

398.15 2 878.64 28.8 28.41 

417.88 (C.T.) 4 000.31 40.0 (C.P.) 39.48 

For additional vapor pressure values , see Figure 3. 
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ISOBUTYLENE 

Latent Heat of Vaporization, AHv 

Temperature 

-20 

AHv, kJ / mol 

22.983 
-6.9 22.117 

0 21 .832 

Thermodynamic Properties of lsobutylene As Ideal Gas @ 
25 C (6) 

REFERENCES 

Heat Capacity, cg 
Entropy, S0 

Free Energy Function, (F~9e· 
Hg)/ 298 

Enthalpy Difference, H~98-Hg 
Enthalpy of Formation, AHr (7) 
Free Energy of Formation, AFr 

(7) 

89.12 J / (rnof. oK) 

293.59 J / (rnol- oK) 

-236.27 J/ (rnof. oK) 

17.079 kJ / mol 
- 16.903 kJ / mol 

58.074 kJ / kg 

' For extensive tabulations of the thermodynamic and physical properties of isobutylene, see w. 
Braker and A. L. Mossman, The Matheson 

Unabndged Gas Data Book, 1975, Matheson, East Rutherford, New Jersey 

W Braker, A. L Mossman, and D Siegel, Effects of Exposure to Toxic Gases-First Aid and Medical Treatment, 2nd edition, 1977, pp. 
Matheson, Lyndhurst , New Jersey 11 -16, 

Chemical Engineers Handbook, 4th edition, R. H Perry, c H Chilton, ands o 
Inc , New York , New York . K1rkpatnck, editors, 1963, P 3- 55, McGraw-Hill Book Co 

• Selected Values of Properties of Hydrocarbons and Related Compounds, Research Pro1ect 44, American Petroleum Institute C . 
Carnegie lnst1lute of Technology, P1tt:;burgh, Pennsylvania (now at Texas A & M Un1vers1ty, College Station, Texas) , arneg1e Press, 

6 
J A. Beattie, H C. Ingersoll, and W H Stockmayer, J Amer Chem Soc. 64, 546 (1942). · 

J E Kilpatrick , and K S Pitzer. J Research Natl Bur Stand 37, 163-17l c1946) 

C E Miller and F D Rossini , Physical Properltes of Hydrocarbons c c . 
' The Sad tier Standard Spectra , 1972, Sad tier Research Laboratori~s ;nt: ~~-i1Jaduleylp1h9a6 IP, Amencl an _Petroleum Institute, New York, New York. 
,. · ·· 1 , ennsy vania 

G Hanson, Trans, Am Ins t Chem. Eng 42, 959 (1946). · 
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Table 1. THERMODYNAMIC PROPERTIES OF SATURATED ISOBUTYLENE (9) 

Temperature Pressure Entropy Enthalpy Latent Heat Specific Volume Density 
kJ / (kg- °K) kJ / kg of dm3 / kg kg / dm3 

Liquid I Vapor 
Vaporiza-

OK OF kPa atm Liquid Vapor tion, dHv Liquid Vapor Liquid Vapor 
kJ / kg 

' 
244.26 -20 39.231 0.387 3.243 4 .933 402.36 815.65 413.29 1 .537 6 907 70 I o .650 0 001 10 
249.82 -10 50.745 0 .501 3 .310 4 .945 414.22 822.85 408 63 1 552 0 715.42 0 644 0 001 40 
255.37 0 64.811 0 .640 3.376 4.954 426.30 830.06 403.76 1.566 9 568.09 0 638 0 001 76 
260.93 10 81 .909 0.808 3.439 4 .966 438.39 837 .03 398 64 1 582 6 456.97 0 632 0 002 19 

266.48 20 102.249 1.009 3 .502 4.979 450.48 844.24 393.76 1 .598 2 372.07 0.626 0 .002 69 
272 .04 30 126.38 1.247 3 .556 4 .987 462.56 851 .44 388.88 1 .61 5 0 305.27 0 .619 0.003 28 
277 .59 40 154.65 1.526 3 .611 4 .996 474.65 858.65 384.00 1 631 9 253.46 0 61 3 0 003 95 
283.15 50 187.67 1.852 3.669 5.008 487.20 865.62 378 42 1 649 3 211 .63 0 606 0 004 73 

288.71 60 225.73 2 .228 3 .724 5 .017 499.76 872 .60 372 84 1 .668 1 177 92 0 599 0 005 6 2 

294 .26 70 269.24 2.657 3 .778 5 .025 512.54 879.57 367.03 1 686 8 150.45 0 593 0 005 65 

299.82 I 80 318.88 3.147 3 .828 5.033 525.56 886.54 360.98 1 707 4 11 27 98 0 586 0 007 81 

305.37 I 90 375.21 3 .703 3 .879 5 .042 538.57 893.52 354.95 1 . 728 0 1 09.87 0 .579 0 009 10 

310.93 100 438.78 4 .330 3 .929 5 .050 551 .59 900.49 348.90 1 749 9 94.27 0 .571 0 010 61 

31 6.48 110 51 0 .14 5.03 3 .975 5 .054 565.07 907.46 342.39 1. 773 0 81 16 0 .564 0 01 2 3 2 

322 .04 I 120 590.05 5 .82 4 .021 5 .063 578.55 913.97 335.42 1.797 9 70.54 0 .556 0 014 18 

327.59 130 678.99 6 .70 4 .067 5.067 592.73 920.48 327.75 1.823 5 61 179 0 .548 0 016 35 

333.15 140 777.73 7.68 4.113 5.071 607.38 926.99 319.61 1 .851 0 53 251 0 540 0 .018 78 

338.71 150 886.66 8 .75 4 .159 5.075 622 .49 933.03 310.54 1 .879 7 46.446 0 532 0 .0 21 53 

349.82 170 1 138.32 11.23 4 .247 5.084 1652.24 944.89 292.65 1.945 9 35 709 0 514 0 028 00 

360.93 190 1 438.93 14.20 4 .326 5.084 682.69 955.81 273.1 2 2 .025 8 27.718 0 .494 0 .036 08 

372.04 210 1 793.32 17.70 4 .410 5 .084 715.46 966.04 250.58 2 .122 6 21 .600 0 471 0 .046 30 

383.15 230 2 208.38 21 .80 4.494 5 .079 750.79 974.87 224.08 2 .239 3 16. 731 0 447 0059 77 

394.26 250 2 691 .70 26.57 4 .586 5 .067 790.54 980.45 189.91 2.403 5 1 2.735 0.416 0078 52 

405.37 270 3250.18 32.08 4 .699 5 .050 834.24 976.73 142.49 2 .684 4 9 .052 0 373 0 .11047 

417 .87 292.5 4 000.32 39.48 4 .971 14 .971 j 940.47 940.47 0 .0 4 .251 3 4 .251 3 0 235 0 235 22 

matheson8 

435 



10,000 
9 

8 

7 

6 

5 

4 

3 

2 

1000 
9 

8 

7 

6 
a:s 

11. 
.Y:. 5 

I 
w 
a: 
::::, 
Cl) 
Cl) 
w 
a: 
11. 

a: 
~ 
< 
> 

4 

3 

2 

100 
9 

8 

7 

5 

4 

3 

2 

J,.. ,.. .. +T t-+J..t- V 
+..- ........ +t-++..- ..j.- --+-4 -+-+ t-+- --+--+ + 

+- -+- r--t- + 

............ + +t-,- t+--;. / tt +-+++- +- t-t 
-- • • I / I 1~ 

.... + • -+-t­
.... + .. . 

+ .. .,j.. .. 

t: E : 
t t -
+ t 

+ .. 
• +-
• t 

• 
t 

+ +-

.. + +- +­
+ .... + +­
+ + .... +- + 
+ + + + 

.... ./- + • 
+ .. 

+ + +- T 

I + ... .. ;- • 
+- ... t- ........ +- .. +- + .. +- t-

.. t --t- -+ +- +- . - - .,j.. t- -1 

l ... 
+ +- + - .,_ 
• I 

I/ I 

t 
t + + 

i' i ,. 
::t :: 

+ + ' 

-. ....... t t- .. 
+ 
+ 
I 
r 1 t--t-i-+- +-

I 
---- ----+ +-

-- --1- +­
+---+ + ,.... --'t -

- + .. 

-- +- - .... I--

- I 

- .. 
1 + 

-+- - .. +-

t .. 

-t--

.. 
+ 
1 

+ t .. - -
'--+- .... _ 

f----+- t- - -

--+--t--__________:__ J 

+ ~ .. i - .... + ~ - - I I I- I ... - .... .. ._... _ _ _ __ .. ..l... , , , 1

1 
1 __J__.._

1 

_ _;_-+- 1 1 J-
+ +- 't" r-r--• 1' + t-,.-..;._~ ---J---i-+-W•- i I I I -i 

I ~ ---._ -+ I I I .. - ~ - ,_,,__._._ ~ I -----+- -;-+ 

+ + +- +- - - t -+-Li I I I 10 ;,---~_:__i!..._-;;~--1..~------~~8~~~:':~::_+~•£~+~~~;-t-'~1-+--;'.==1 j'~1l-t--~
1

J~~+tt[➔➔itl~E++--tjj~'E±=~=-J~ 20 0 20 40 80 80 , 1 1 , 1 I I , , 

TEMPERATURE o~OO 120 140 180 

+ ... 

KRYPTON 
(Formula: Kr} 

PHYSICAL PROPERTIES (1) 

Atomic Mass 
Atomic Weight 
One Mole of Kr 
Specific Volume @ 21 .1 °C, 101.325 kPa 
Boiling Point @ 1 01 .325 kPa 
Triple Point 

Temperature 
Pressure 

Absolute Density, Gas@ 101 .325 kPa@ 25 °c 
Relative Density, Gas @ 101.325 kPa @ 25 °C (Air 1) 
Density, Liquid @ Saturation Pressure @ - 153.2 °C 
Critical Temperature 
Critical Pressure 

Crit ical Volume 
Crit ical Density 
Critical Compressibil ity Factor 
Latent Heat of Fusion @ -15 7 .4 °C 
Dipole Moment Gas 
Molar Specific Heat @ 101 .325 kPa @ 25 °c 

@ Constant Pressure 
@ Constant Volume 

Specific Heat Ratio, Gas@ 101 .325 kPa@ 25 °C, Cp / Cv 
Viscosity , Gas@ 101.325 kPa@ 15.2 °C 
Viscosity, Liquid @ -1 53.4 °C 
Thermal Conductivity, Gas@ 101 .325 kPa@ 20 °C 

Thermal Conductivity, Liquid @ -153.4 °C 

0.083 80 kg 
0.083 80 kg 
287 .8 dm 1/kg; 4 61 ft3/lb 
119.80 °K, -153.4 °C; -244 0 °F 

115.77 °K; -1 57.4 °C; - 251.3 °F 
73 .15 kPa; 731 .5 mbar; 10.6 psia; 

548.7 mmHg 
3 .427 4 kg / cm3 

2.89 
2 .412 kg /I 
209.40 °K; -63.8 °C; -82.8 °F 
5 490 kPa; 54.9 bar; 796.5 ps1a; 54.2 

atm 
1.100 7 dm3 /kg 
0.908 5 kg / dm3 

0 .291 
19.572 kJ / kg; 4 .678 kcal/kg 
0 C-m 

21 .037 J / (mol -°K) 
12.622 J/ (mol .. K) 
1.667 
0 .024 36 mPa-s; 0.024 36 cP 
0.43 1 mPa -s; 0.431 cP 
0 .009 29 W(m • °K) 22.2 x 1 O 6 cal • 

cm/ (s • cm3 
• °C) 

0.088 28 W(m • °K); 211 .0 x 10 6 cal . 
cm/ (s -cm2 

• °C) 
Solubility In Water@ 101.325 kPa (partial pressure of krypton)@ 

20 °C 
Dielectric Constant, Gas@ 0 °C, 101.325 kPa 
Velocity of Sound in Gaseous Kr 
First Ionization Potential 
Refractive Index, Gas @ 101.325 kPa, n0 @ 25 °C 

Description 

Krypton is a member of Group VIII A elements in the periodic 
system . It is a colorless, odorless, and tasteless gas. It exists 
in very minute traces in the atmosphere (1 . 14 ppm by volume). 

Krypton is shipped in small cyl inders at various pressures 
which range from 1 520 kPa (220 psig) to 7 240 kPa ( 1 050 
ps1g) depending on the cylinder size, and in glass 1 Iller flasks. 

Specifications 

Krypton is supplied by Matheson in an extremely pure Re­
search Purity Grade only; minimum purity is 99.995%. 

matheson· 

Uses 

59.4 cm3 Kr/ 1 kg water 
1.000 768 
213 m/ s 
224.28 X 10 18 J; 14.0 eV 
1.000 391 2 

Krypton has some use in the lighting and electronic indust ry 
A radioactive isotope of krypton. Kr8 5

, 1s widely used in the 
med ical f ield in heart shunt studies , and as a tnggenng agent 
in d ischarge type electronic tubes. 

Effects in Man and Toxicity (2} 

Krypton is nonflammable and nontoxic bu t ,t can act as a 
simple asphyxiant by diluting the air inspired to such an extent 
that an oxygen defic iency results. 

The coord inating capacity of the nervous system 1s impaired 
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by even slight degrees of oxygen deficiency; the subJect can 
not think clearly or control hrs limbs accurately. The develop­
ment of symptoms depends on the degree and duration of the 
oxygen defrcrency and also on the raprdrty wrth which the 
deficiency rs developed. In sudden and acute asphyxia, uncon­
sciousness rs rmmedrate . When the asphyxia develops slowly 
enough the following symptoms appear. increased volume of 
breathing, accelerated pulse rate, muscular incoordrnation, 
faulty Judgment, emotional instability, fatigue, fainting, nausea, 
vomiting , bewilderment and resprratron in gasps. 

No Threshold L1m1t Values (TLV) have been established for 
krypton. 

First Aid Treatment (2) 

If the subject rs conscious and becomes aware of symptoms 
of asphyxia, he should go to an uncontaminated area and 
inhale fresh arr or oxygen. 

An unconscious subiect must be carried to an uncontami­
nated area and given artifIc1al respiration with simultaneous 
admin1strat1on of oxygen as promptly as possible. 

Few, even those who have been severely asphyxiated, fail to 
make complete recoveries after receiving oxygen inhalation. 
Treat symptomatically thereafter. 

Precautions in Handling and Storage 

The general rules listed rn Appendix I should be observed. 

Materials of Construction 

Since krypton rs inert no special materials of construction 
are required . However, any piping or vessels containing kryp­
ton should be adequately designed to withstand the pressures 
to be encountered. 

Cylinder and Valve Description 

Krypton is packaged in DOT approved steel cylinders. The 
standard valve outlet accepted by the Compressed Gas Asso­
c1at1on (CGA) and the one used by Matheson rs designated as 
valve outlet connection No. 580. It has a 0 .965 inch diameter 
right-hand internal threads accepting a bullet-shaped nipple 
(see Figure 1 for illustration). 

l CLTLET 

◄ !lbs 
11 lb 

CONNECTION 

Frg. 1. CONNECTION 580 965"-14 RH INT accepting a Bullet 
Shaped Nipple 

Safety Devices 

Cylinders contarnrng krypton have safety devices of either 
the frangible disc type or frangible drsc backed up with fusible 
metal . melting at approximately 100 C (212 °F). These safety 
devices are usually an integral part of the cylinder valve 
situated opposite the valve outlet. ' 
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Recommended Controls 

Single stage regulators Model 19-580 and Model 3500-5BO 
with metal diaphragms are recommended for use with krypton. 
The delivery pressure ranges of these regulators are 28-345 
kPa (4-50 psig) and 28-520 kPa (4-75 psig), respectively 

The Model 1 9-580 regulator is recommended for applica­
tions requiring low diffusion and leakage rates . It is of all brass 
construction . The delivery pressure range is 28-345 kPa (4-
50 psig). An optimal helium leak rate certification is available 
with this regulator. The maximum acceptable helium leak rate 
is 2 x 10- 9 cm3 per second inboard. 

The Model 3500 is especially designed for high purity sys­
tems requiring all stainless steel construction . This regulator 
has a body of type 316 stainless steel, a diaphragm of 316 
stainless steel, a Tefzel seat, and Teflon gaskets. An optimal 
helium leak rate certification may be obtained. The maximum 
helium leak rate is 2 x 10 10 cm3 per second inboard. 

The following two stage regulators are recommended for 
high purity applications of krypton : Model 3800-580 and Model 
3104-580. 

The Model 3800 regulator has a type 316 stainless steel 
body, a type 316 stainless steel diaphragm, a Tefzel seat, and 
Kel-F and Teflon gaskets. It has a delivery pressure range of 
28-620 kPa (4-90 psig). 

The Model 3104 regulator has a brass body, a type 302 
stainless steel diaphragm, a Kel-F seat, Teflon and Nylon 
gaskets, and a Teflon relief valve seat. The delivery pressure 
range of this regulator is 28-690 kPa (4-1 00 psig). 

Optimal helium leak rate certifications may be obtained with 
these regulators. The maximum acceptable helium leak rate for 
these two regulators is 2 x 1 0 - 9 cm3 per second inboard. 

Manual Controls 

A Model 4351-580 manual needle valve is available for direct 
attachment to the cylinder valve outlet. This type of control is 
used mainly where intermittent flows are necessary, or where 
it is desired to control the flow of gas directly from the cylinder. 
This type of needle valve will allow control of extremely slow 
flow rates on up to relatively large flow rates. However, pres­
sure cannot be controlled with such a valve, and dangerous 
pressures can build up if a line or system becomes plugged. 

Flowmeters 

Matheson Series 7600 laboratory brass or stainless steel 
flowmeter units with 1 50 mm tubes and floats or Matheson 
Series 7200 laboratory brass or stainless steel flowmeter units 
with 65 mm tubes with a single float are recommended tor use 
where definite flow rates must be known. 

Electronic mass flowmeters, such as Matheson Series No. 
8116 and No. 8160, should be used where accurate readings 
are required. Cal ibration is unaffected by temperature and 
pressure changes, and flow rates may be recorded from the 
instrument's electrical output. 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 stainless steel and 
Series 8260 of type 316 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera-

ture changes. These mass flow controllers consist of a trans­
ducer, a control valve. a blind controller / power supply, a 
potentiometer and a digital indicator. The transducer senses 
the gas flow and sends a signal to the power supply. Thrs 
signal and one from the potentiometer are compared . If there 
is an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 
imbalance. The accuracy is ± 1 .2 %. 

Shipping Regulations 

Krypton is shipped in high pressure steel cylinders as a 
nonflammable compressed gas, taking a DOT · Green Label ". 

Commercial Preparation 

Krypton is available only from the atmosphere and Is ob­
tained by the liquefaction and fractionation of large quantities 
of arr. 

Chemical Properties 

Krypton is chemically inert under all normal conditions, and 
does not combine chemically with other elements or com­
pounds. However, KrF2 is formed when a mixture of Krypton 
and fluorine is subjected to an electric discharge at 84 °K or 
irradiated with an electron beam at 123 °K. 

KrF2 is not very stable, decomposing rapidly at O °C. KrF. 
has been prepared as an unstable colorless sol id by subjecting 
the elements to an electric discharge at low temperatures. 

Thermodynamic and Detailed Physical Data 

Atomic Structure 

The krypton atom has a valence shell of 8 electrons, which 
is a closed octet. This closed-shell structure is extremely stable 
and results in krypton being relatively inert chemically . Krypton 
has an atomic radius of 2.00 x 10- 10 m (2 .00 A). 

Vapor Pressure 

The vapor pressure of liquid krypton from 112.05 °K to 
129.23 °K corresponds to the following Antoine vapor pressure 
equation (3): 

8 
log 10 p = A - C + t or 

8 
t=----- C 

A - log10 P 

rn which p = mmHg and t = °C, and the constants A, 8 , and 
C have the values of 6 .630 70, 41 6 .38, and 264.45, respec­

tively. 
Some calculated vapor pressures are shown below: 

Temperature, Vapor Pressure 
OK kPa mbar mmHg 

112.05 53.329 533.3 400 

114.60 66.661 666.6 500 

116.78 79.993 799.9 600 

118.69 93.326 933.3 700 
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Temperature, Vapor Pressure 
OK kPa mbar mmHg 

119.05 95 992 959 9 720 

119.40 98.659 986 6 740 

119.57 101 3 25 1 013 25 760 

120 07 1 03 991 1 040 780 

120.40 106 658 1 067 800 

121 .96 119.990 1 200 900 

123.38 133.322 1 333 1 000 

1 25.94 159 987 1 600 1 200 

129.23 199.984 2 000 1 500 

Vapor pressures from the borlrng pornt up to the crrtrcal pornt 
are shown below (4) . 

Temperature, Vapor Pressure 
OK kPa bar atm 

119.57 (8.P.) 101 .325 1 013 1 (3) 

129.30 202.650 2.03 2 (3) 

143.15 506.625 5.07 5 

155.15 1 013.250 10.1 10 

171 .45 2 026.500 20 3 20 

184.35 3 039.750 30 4 30 

194. 75 4 053.000 40 5 40 

206.65 5 066.250 50 7 50 

209.40 (CT.) 5 491 .815 54 .9 54.2 (C P ) (3) 

Latent Heat of Vaporization, AHv 

Temperature, °K 

115. 77 
117.0 
119.80 

AHv,kJ/kg 

109.4 
108 5 
107 5 

Thermodynamic Properties of Krypton as Ideal Gas @, 25 °C 
(5) 

Heat Capacity, C~ 

Entropy, S0 

Free Energy Function, (F~9s 
Hg)/298 

Enthalpy Difference, H~9e - Hg 

20. 786 J / (mol, ° K) 
163.979 J / (mol -°K) 

- 143 193 J / (mol, ° K) 

6 .197 6 kJ / mol 

Compressibility Factors, Z = PV /RT (6) 

Compressibility factors for gaseous krypton at 21 0 °C at 
various pressures are shown below: 

Pressure 
kPa bar atm z 

101 .3 1 013 1 0 999 

1 010 10.1 10 0 .980 

5 070 50.7 50 0 .905 

10 130 101 .3 100 0 .820 

12 670 126.7 125 0.780 
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METHANE 
(Synonyms: Marsh Gas; Methyl Hydride) 

(Formula: CH4) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of CH4 
Specific Volume @ 21 .1 °C, 101.325 kPa 
Boiling Point @ 101.325 kPa 
Triple Point 

Temperature 
Pressure 

Absolute Density, Gas@ 101.325 kPa@ 0 °C 
Relative Density, Gas@ 101 .325 kPa@ O °C (Air = 1) 
Density, Liquid @ Saturation Pressure@ -161.5 °C 
Critical Temperature 
Critical Pressure 

Critical Volume 
Critical Density 
Critical Compressibility Factor 
Latent Heat of Fusion@ -182.5 ° C 
Flammability Limits In Air 
Dipole Moment, Gas 
Molar Specific Heat, Gas@ 101 .325 kPa@ 26.8 °C 

@ Constant Pressure 
@ Constant Volume 

Specif:c Heat Ratio, Gas @ 1 01 .325 kPa @ 26.8 °C, Cp/ Cv 
Molar Specific Heat, Liquid @ -175.6 °C 
Viscosity, Gas@ 101.325 kPa@ 26.8 °C 
Viscosity, Liquid @ -180 °C 
Thermal Conductivity, Gas @ 101.325 kPa @ 26. 7 °C 

Thermal Conductivity, Liquid @ -180 °C 

Surface Tension @ - 180 °C 
Solubility In Water @ 1 01 .325 kPa (partial pressure of CH4) 

@ 20 °C 
Dielectric Constant, Gas @ 101 .325 kPa @ O °C 
Dielectric Constant, Liquid @ -173 °C 
Autoignition Temperature 
Heat of Combustion, Gas @ 25 °C and Constant Pressure 

Gross to form H2O (liq) + CO2 (gas) 
Net, to form H2O (gas) + CO2 (gas) 

0.016 043 kg 
0.016 043 kg 
1 4 79.5 dm3 / kg ; 23. 7 ft3 / lb 
111 .66 °K; -161.5 ° C; -258.7 °F 

90.66 °K; -182.5 °C; -296.5 °F 
11 .69 kPa; 116.9 mbar; 87.7 mmHg 
0 .717 4 kg / m3 

0.555 
0.424 1 kg / I 
191 .05 °K; -82. 1 °C; -1 15.8 °F 
4 640 kPa; 46.4 bar; 673.1 psia; 45.8 

atm 
6.153 dm3 / kg 
0.162 5 kg / dm3 

0.288 
58.42 kJ /kg; 224.0 cal / mol 
5.0-15.4% (by volume) 
OC-m 

35.941 J / (mol, ° K) 
27.531 J / (mol- ° K) 
1.305 
53.72 J / (mol- °K) 
0 .011 18 mPa-s; 0 .011 18 cP 
0 .202 mPa-s; 0.202 cP 
0 .034 238 W / (m- °K); 81 .83 x 1 O 6 cal­

cm/(s, cm2 • °C) 
0.226 W / (m- ° K); 540.2 x 1 O 6 cal-

cm / (s-cm2 • °C) 
17.8 mN / m; 17.8 dyn/cm 

0 .033 08 cm3 / 1 cm3 

1.000 944 
1.70 
810 °K; 537 °C; 999 °F 

890.36 kJ / mol 
802.32 kJ / mol 

Description 

Methane is a colorless, flammable, nontoxic gas with a 
sweet, oi l-type odor. Methane is the first member of the paraffin 
series of hydrocarbons. It is the major constituent of natural 
gas. The gas is normally shipped as a nonliquefied gas in high 

pressure cylinders at 15,620 kPa (2 265 psig) at 21.1 °C. It 1s 
occasionally shipped in bulk as a cryogenic l1qu1d. 

Specifications 

Matheson supplies six grades of methane. 

matheson· 441 



METHANE 

1. Research Grade 

This grade of methane Is of the highest purity that is available. 
Research Grade methane has a minimum purity of 99.99 mole 
O;O 

2. Matheson Purity Grade 

This grade has a minimum purity of 99.99 mole %. 

3. Ultra High Purity Grade 

This grade of methane has a minimum purity of 99.97 mole 

4. C. P. Grade 

This grade of methane has a minimum purity of 99 mole %. 
C.P. Grade methane is supplied in cylinders at 15,620 kPa 

(2 265 psig) and at 24,130 kPa (3 500 psig). 

5. Technical Grade 

This grade has a minimum purity of 98.0 mole %. 

6. Commercial Grade 

This grade of methane Is actually Tennessee natural gas as 
1t is received from the pipe line. There Is no guaranteed purity, 
but the methane content usually runs 93% or better. 

Tertiary-butyl mercaptan is added as an odorizer (0.6 lb / 
million 113

) . The sulfur content 1s 0 .002 grains/100 ft3 . A typical 
gross heating value is 1044 Btu/ ft3 . 

Uses 

Methane is useful in the testing of gas appliances which are 
to be used in natural gas areas. It is one of the raw materials 
used in the production of ethanol, methyl chloride, methylene 
chloride, and 1s also used to produce ammonia and acetylene. 
High purity methane is burned to form a high quality carbon 
black which 1s used In a variety of electronic components. 

Effects in Man and Toxicity (2) 

Methane 1s classified as a simple asphyxiant by the 1979 
ACGIH. Methane is practically physiologically inert except 
when 1t lowers the partial pressure of oxygen in the air enough 
to cause systemic effects due to oxygen deficiency, e.g ., 
nausea and pressure on the forehead and eyes. Methane has 
a sweet 011 type of odor, but this odor provides no warning of 
dangerous concentrations. 

First Aid Treatment (2) 

The conscious person who becomes aware of any of the 
above symptoms should go promptly to an uncontaminated 
area and inhale fresh air or oxygen. However, in the event of 
a massive exposure the victim may become unconscious or 
symptoms of asphyxiation may persist. In that case the person 
should be removed to an uncontaminated atmosphere and 
given artif1c1al respiration and then oxygen, after breathing has 
been restored. Treat symptomatically thereafter. 

Precautions in Handling and Storage 

The hazards due to the handling of methane stem mainly 
from its extreme flammability . Cylinders of methane should be 
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stored in a well-ventilated area away from heat and all ignition 
sources such as flames and sparks. Never use flames to detect 
flammable gas leaks, use soap water solution. Do not use 
methane around sparking motors or other non-explosion-proof 
equipment. Do not store reserve stocks of methane cylinders 
with cylinders containing oxygen, chlorine, or other highly 
oxidizing or flammable materials . Ground all lines and equip­
ment used with methane. 

In addition, the general rules listed in Appendix I should be 
observed. 

Leak Detection 

All fittings and joints should be painted with soap solution to 
detect leaks which will be indicated by bubble formation. Never 
use a flame to detect leaks. 

Disposal of Leaking Cylinders 

Leaking cylinders may be disposed of by the procedure 
described in Appendix II-A. 

Materials of Construction 

Since methane is a noncorrosive gas, any common or com­
mercially available metal may be used. However, piping sys­
tems or vessels to contain methane should be designed to have 
a working pressure as specified by competent engineers using 
a safety factor conforming to the ASME code for pressure 
piping 

Cylinder and Valve Description 

DOT approved, high pressure steel cylinders are used in 
methane service. These cylinders usually have a service pres­
sure of 1 5 620 kPa (2 265 psig). Cylinders of methane are 
equipped with valves with the Standard Compressed Gas As­
sociation (CGA) valve outlet No. 350 having a specification 
thread size of 0.825 inch diameter-14 threads per inch, left­
hand external accepting a round nipple. See Figure 1 for an 
illustration of this valve outlet and its mating connection. This 
valve outlet is standard for all high pressure flammable gases. 
Lecture bottles have a special 5/16 inch-32 threads per inch, 
female outlet and a 9/,s inch-18 threads per inch male dual 
valve outlet. 

OUTLET 

830" 
13116'' 

CONNECTION 

l_ 

Fig. 1. CONNECTION 350 .825"-14 LH EXT. accepting Round 
Shaped Nipple 

Safety Devices 

DOT regulations require safety devices on cylinders of meth­
ane which are approved by the Bureau of Explosives. A number 
of approved types of safety devices may be used with methane. 
Two of each type are required when cylinders are over 55 
inches long (exclusive of the neck). They are as follows: 73.9 
°C (165 °F) fusible metal, a 100 °C (212 ° F) fusible metal , a 

frangible disc backed up by a 73.9 °C (165 ° F) fusible metal, 
or frangible disc with 100 °C (212 °F) fusible metal backing . 
Matheson employs the frangible disc with 100 °C (212 °F) 
fusible metal backing . This safety device Is incorporated on the 
valves of all cylinders except lecture bottles. With this type of 
safety relief device 11 Is necessary to melt the fusible metal 
before the frangible disc can break , allowing the gas to escape. 

Recommended Controls 

Automatic Pressure Regulators 

In order to reduce the high cylinder pressure of methane to 
a safe working value consistent with a system's design, the 
following types of controls are recommended . 

1. Single Stage Automatic Regulators 

Single stage regulators will reduce cylinder pressure in one 
stage to a delivery pressure, in a particular range, depending 
upon the design of the regulator and its spring _load. A single 
stage regulator will show a slight variation in delivery pressure 
as cylinder pressure falls . The following single stage regulatms 
are available from Matheson for use with C.P. Grade, Technical 
Grade, and Commercial Grade methane: 

Model No. 

1 L-350 
1 H-350 
2-350 
3-350 
4-350 
3320 (for lec-

ture bottles 
only) 

Delivery Pressure Range 
kPa bar (g) psig 

28-550 0 .28-5.5 4-80 
69-1 240 0 .69-12.4 10-180 

345-4 480 3.45-44.8 50-650 

690-10 340 6 .9-103.4 100-1 500 
690-17 240 6 .9-172.4 100-2 500 

28-410 0 .28-41 4-60 

Single stage regulators Model 19-350 and Model 3500-350 
are recommended for use with the high purity grade~ of meth­
ane. The Model 1 9 regulator is all brass construct1~n with 

0
a 

diaphragm of German silver alloy (65% copper, 17% zinc , 18 :o 
nickel) with nylon seat and aluminum and nylon gaskets. It Is 
an ideal instrument for normal laboratory use of high purity 
grades of methane. It is provided with packless control v_alve 
FF 9398 with ¼ inch Gyrolok tube fitting. It has two 2½ inch 
gauges, a delivery pressure gauge of ~-690 kPa (0-1 00 ps1g 
or 0-1 380 kPa (0-200 psig) and a cylinder pressure range of 
0-20 680 kPa (0-3 000 psig). It has a delivery pressure ra~ge 
of 28-345 kPa (4-50 psig) or 69-1 O 340 kPa (10-150 ps1g~. 
The regulator can be supplied with a helium leak rate check if 
desired. The maximum acceptable leak rate is 2 x 1 o-9 cmJ 

per second inboard. . 
The Model 3500 regulator is constructed o.f type 316 stain­

less steel. It has a type 316 stainless steel diaphragm, Tefzel 
seat, and Teflon gaskets. It is provided with a Mod_el 437 4 
packless outlet valve with ¼ inch Gyrolok tube fitting , and 
stainless steel delivery pressure and cylinder pressure gauges. 
There are no rubber parts. It has a delivery pressure range of 

28-520 kPa (4-75 psig). 
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2. Two Stage Regulators 

This type of regulator performs the same function as a single 
stage regulator . However, greater accuracy and control of the 
delivery pressure is maintained, and the delivery pressure does 
not vary as cylinder pressure falls. The following two stage 
regulators are available from Matheson for use with C P Grade, 
Technical Grade and Commercial Grade of methane 

Delivery Pressure Range 
Model No. 

kPa bar(g) psig 

8L-350 14-104 0 .14-1 .04 2-15 

8-350 28-340 0.28-3.4 4-50 

8H-350 69-690 0 .69-6 9 10-100 

9-350 138-1720 1.38-17 .2 20-250 

Two stage regulators Model 3800-350 and Model 3104-
350 having delivery pressure ranges of 28-620 kPa (4-90 
psig) and 28-690 kPa (4-1 00 ps1g), respectively. are recom­
mended for use with the high purity grades of methane 

3. Controls for Methane at Special High Pressure 

C.P. Grade methane Is available at 24 130 kPa (3 500 ps1g). 
in addition to its normal availability at 1 5 620 kPa (2 265 ps1g) 
The following single stage regulators are recommended for use 
with 24 1 30 kPa (3 500 psig) cylinders. 

Model No. 

3-350 
4-350 
3064-350 
3075-350 

Delivery Pressure Range 
kPa bar (g) psig 

690-10 340 6.9-103.4 100-1 500 
690-17 240 6 9-172 4 100-2 500 

172.5-27 600 1 .72-276 0 25-4 000 
1 380-41 370 13.8-413.7 200-6 000 

4. Low Pressure Regulator 

The above regulators are not satisfactory for accurate deliv­
ery pressures below 34.5 kPa (5 ps1g). Therefore, an auxiliary 
regulator specifically designed for low pressures Is recom­
mended for use in series with any of the standard type regu­
lators having delivery pressures up to 1 720 kPa (250 ps1g). 

Matheson has various models known as the Model 70 regu­
lator which may be obtained with delivery pressures ranging 
from 2 inches water column to 69 kPa (1 0 ps1g) as follows: 

Delivery Pressure Range Model 
No. kPa mbar (g) psig 

708 
70 
70A 

0.5-3.0 
3.4-34.5 

3.i .5-68.9 

5-30 
34-345 

345-689 

2 inches water column 
0 .5-5.0 psIg 
5-1 O ps1g 

When this regulator Is supplied for use in coniunctIon with 
a standard regulator, an extra heavy hose Is available for 
connection between the two regulators. All Matheson regula­
tors are provided with needle valves attached to the outside so 
that accurate flow control can be maintained. 

Manual Controls 

Manual needle valves for direct attachment to cylinder valve 
outlet are available. These types of controls are mainly used 
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for control of intermittent flows or where it is desired to control 
the flow of gas directly from the cylinder. This type of needle 
valve will allow control of extremely slow-flow rates on up to 
relatively large-flow rates. However, pressure cannot be con­
trolled with such a valve, and if a line or system becomes 
plugged, dangerous pressures can build up. The following 
manual type valves are recommended for use with C.P., Tech­
nical and Commercial Grades of methane: Model 50-350 and 
Model 52-350 with tank gauge to indicate tank pressure. A 
Model 3OAR or Model 31 B needle valve Is recommended for 
use with lecture bottles. 

Manual control Model 4351-350 is available for use with 
Research Purity, Matheson Purity, and Ultra High Purity Grades 
of methane. 

Flowmeters 

Matheson Series 7600 laboratory brass or stainless steel 
flowmeter units with 1 50 mm tubes and floats or Matheson 
Series 7200 laboratory brass or stainless steel flowmeter units 
with 65 mm lubes with a single float are recommended for use 
with all grades of methane 

Electronic mass flowmeters, such as Matheson series No. 
811 6 and No. 8160, should be used where accurate readings 
are required. Calibration is unaffected by temperature and 
pressure changes, and flow rates may be recorded from the 
instrument s electrical output. 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 stainless steel and 
Series 8260 of type 316 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera­
ture changes These mass flow controllers consist of a trans­
ducer, a control valve, a blind controller /power supply, a 
potentiometer and a d1g1tal indicator. The transducer senses 
the gas flow and sends a signal to the power supply. This 
signal_ and one from the potentiometer are compared. If there 
1s an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 
imbalance The accuracy is ± 1 .2%. 

Shipping Regulations 

Methane 1s shipped in high pressure steel cylinders as a 
flammable compressed gas requiring a DOT "Red Gas Label". 
The cylinders are usually filled to the marked service pressure 
of the cylinder ~ressurization over the marked service pressure 
of the cylinder Is not permitted. 

Commercial Preparations 

Methane 1s obtained in pure form from natL.:ral gas wells in 
California. It 1s also purified from other natural gas wells and is 
also obtained from the cracking of petroleum fractions. 

Chemical Properties 

Methane Is the first and most inert member of the t . sa urated 
or paraffin (alkane) series of hydrocarbons. 

Although methane is generally inert at room temperature and 
atmos~henc pressure, it does undergo reaction under certain 
cond1t1ons For example: By cracking methane-hyd ( . rogen ratio 
1 .2), in an electric arc, as much as 51 % of th h . e met ane Is 

444 

\ 

i 0 
N 

30NVUIWSNVti.l .lN30ti3d 

I 
a: 

... 
(l) 
::x: 

£ 
C)) 
C: 

-9! 
£ 
(1l 

a. 
E 
(.) 

0 

E 
(.) 

0 
lO 
'<t 

I 

0 
0 
co 
(") 

Cl) 
C)) 
C 
(1l ... 
>, 
(.) 

C 
... Cl) 

' :J 
:il g 
0 .;: 

J Cl) 

0 £ 
ffi ~ 
::::, Cl) 
C, C 

w ~ 
It Q) 

E 
(/) 

:J 
0 
Cl) 
(/) 
(1l 

Ol 

0~ 
E ::: 
:J Ol 
~I 
u E 
~E 
(/) 0 
Dr--. 
Cl)~ 
... (1l 

~ c.. c:.: 
- (") 

§~ 
;:; Ol 
:J 

- Q) 0 ,._ 
(/) :J 
Cl) (/) ,._ (/) 

.c Cl) 
Ol ,._ 
- a 
I r.n 

c-,j ~ 
.D 

Cl c 
~ ~ 

matheson· 

converted to acetylene, the oxIdat1on of methane under pres­
sure has been investigated extensively, e.g., at 360 c and 
1 00 atmospheres, and a 9 1 methane-oxygen ratio, 1 7 of the 
methane was recovered as methyl alcohol , and 0 .6% as form­
aldehyde, the remainder being carbon d1ox1de carbon mon­
oxide , and water; methane and sulfur at 700-800 C react to 
form about 65% hydrogen sulfide and 30% carbon disulfide· 
chlorine in diffused daylight reacts with methane giving all fou~ 
possible subst1tut1on products (sunlight explodes a mixture of 
2 volumes of chlorine with 1 of methane), methane may be 
chlorinated thermally (in the absence of light and at elevated 
temperatures) to give 75- 80% methyl chloride, or to give 90% 
carbon tetrachloride ; methane can be nitrated but with more 
difficulty than ethane and propane 

Thermodynamic and Detailed Physical Data 

Molecular Structure 

The four valences of the carbon atom of methane are oriented 
according to van ·t Hoff's tetrahedral model , 1 e., the four at­
tached hydrogen atoms lie at the corners of a regular tetrahe­
dron. The H C- H bond angle in methane is 109.47 , the 
C- H bond distance is 1 .091 A0 ,1 .091 x 10- 10 m). Methane 
is assigned to point group Td, 

Infrared Spectrum 

See Figure 2 for the infrared spectrum of gaseous methane. 

Vapor Pressure 

Some vapor pressure data up to 101 .325 kPa (1 aim) are 
shown below (3) . 

Temperature, Vapor Pressure 
OK kPa bar atm 

90.66 11 . 7 0 .117 0 .115 

100 34.9 0 .349 0 .344 

102.5 45.0 0450 0 444 

105 57.2 0 .572 0 565 

REFERENCES 

METHANE 

Temperature, Vapor Pressure 

K kPa bar atm 

107.5 71 .8 0 .718 0 709 

110 89.3 0 .893 0 .881 

111 .66 101 .325 1 01 3 25 1.000 

Vapor pressure data between 91.70 °Kand 120.65 °Kare 
represented by the following Antoine equation (3): 

log1cP = 6 611 84 

in which p = mmHg and t = C 

389.93 

266 .0 + t 

For vapor pressure data above 101 325 kPa (1 aim), see 
Table 1 and Figure 3 . 

Latent Heat of Vaporization (a 

111.66 K 

8.180 kJ / mol (1 .955 
(kcal / mol) 

(219.4 (Btu/lb) 

For latent heats of vaporization at other temperatures, see 

Table 1. 

Thermodynamic Data 

For the thermodynamic properties of saturated methane 
liquid and vapor and those of real gas methane, see Tables 1 
and 2 , respectively. For compressibility data , see Table 3 . 

Thermodynamic Properties of Methane As Ideal Gas (n. 25 
°C (4) 

Heat Capacity, C~ 35 639 J (mol• K) 

Entropy, S0 186 146 J (mol- K) 

Free Energy Function, (F~9e - - 186 146 J (mol- ° K) 

H~9 a)/ 298 
Enthalpy Difference, H~9a - Hg 10.025 kJ / mol 

Enthalpy of Formation, ~Hf - 74 873 kJ / mol 

Free Energy of Formation, ~Ff -50 815 kJ / mol 

' For extensive tabulations of the thermodynamic and physical properties of methane. see W Braker and A. L. Mossman The Matheson 

Unabridged Gas Data Book, 1975. Matheson, East Rutherford. New Jersey 

? w Braker A. L Mossman, and D Siegel. Effects o f Exposure to Toxic Gases- First Aid and Medical Trea tment, 2nd ed1t1on, 19 7 7, pp 11 - 16, 

Matheson, Lyndhurst , New Jersey 
3 H E. Tester in Thermodynamic Func t,ons of Gases, F. Din, editor . 196 1, Volume 3, p. 1 2, Butterworth Inc . Washington, D C 

• JANAF Thermochemical Tables, 2nd edition, I 971, D. R Stull and H. Prophet, proJect directors. Natl Stand . Ref Data Ser . Natl Bur. Stand . 

NSRDS-NBS 37. U S. Government Printing Office, Washington, D C 

' The Sadtler Standard Spectra. 19 72, Sad tier Research Laboratories, Inc .. Philadelphia, Pennsylvania 

e See reference 3, p 4 7 . 

' See reference 3, pp. 57-59. 49-51, 60-63 

See reference 3, pp. 24- 25 
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Table 2. THERMODYNAMIC PROPERTIES OF REAL GAS METHANE (7) 
H, ENTHALPY, kJ / mol; S, ENTROPY, J / (mol- °K); V, SPECIFIC VOLUME, cm3 / mol 

Temperature, °K 
- --

140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 

13.749 14 4 26 15 104 15.782 16.464 17 146 17 836 18 535 19.246 19 970 20 7 11 21 476 22 259 23062 23,886 
160 247 164 808 168 783 172 339 1 75 561 178.53 1 181 293 183.887 186.355 188.740 191 .000 193 175 195.267 197 3 17 199.326 

11 267 12 960 14 639 16 307 17 968 19 623 21 276 22 926 24 574 26 222 27 870 29 516 3 1 162 32 808 34 453 
- - - - - - -

13 694 14 .389 15 07 1 15 757 16 439 17 125 17 .815 18.5 14 19 230 19.958 20 702 21 468 22 251 23 054 23 882 
154 264 158866 162 883 166 481 169 745 172 716 175.477 178071 180540 182.924 185.184 187.401 189 493 191 .544 183 552 

5 535 6 405 7 260 8 103 8 938 9 77 1 10 603 1 1 4341 12 265 13 096 13 923 14 747 15 571 16 395 17 2 19 
--- - - - - -

13 .640 14 .34 7 15 037 15 728 16.414 17 104 17.795 18.497 19 213 19 945 20 690 2 1 456 22 242 23 045 23.874 
150.750 155 .394 159 494 163 134 166 440 169 452 172 255 174 891 177.360 179 745 182 004 184 222 186 314 188.364 190.414 

3 6 17 4 214 4 795 5 367 5 932 6 393 7 052 7 608 8 163 8 7 16 9 268 9 820 10 372 10 923 1 1 475 
- -~ - - - - - -- - - -

13 .5 19 14 263 14 970 15.669 16 634 17 062 17 757 18.464 19 184 19 .920 20.669 2 1 439 22.22 1 23 029 23.857 

440 

24 736 
201.292 
36 097 -
24 732 

195.518 
18 043 

24 723 
192 380 

12 026 

24 711 
146 002 150 .708 154 850 158 532 16 1 879 164 891 167 695 170331 172799 175 184 1 77 443 179 703 181 795 183 845 185 895 1 87 862 

2 076 2 456 2 823 3 178 3 525 3 866 4 204 4 542 4 880 5 2 16 5 550 5 884 6 217 6 549 6 881 7 213 
- - - - I- - t- - - -- -- I- - -

14 175 14.903 15.6 11 16.3 13 17 021 17 719 18.431 19 150 19 891 20 644 2 1.418 22 200 23 0 12 23 845 24 .698 
147 .3 19 151 71 2 155.5 19 158 908 161 .921 164 766 167 402 169.912 172 297 174 598 176.816 178 950 181.000 183 050 185016 

1 702 1 976 2 237 2 490 2 741 2 988 3 2311 3 474 3 7 15 3 955 4 195 4 434 4 673 4 911 5 . 149 -- - - -- - f- - --
14 .029 14 .807 15.527 16.242 16 .954 17 665 18 380 19 104 19 853 20 6 10 2 1.384 22 175 22 987 23 820 24 677 

143.5 11 148 323 152 .298 155.728 158.825 161 670 164.306 166.858 169 243 1 71 544 173 803 175 937 177 .987 180 079 182.046 
1 128 1 335 1 531 1 719 1 900 

, 075 I "" ,. .. 2590 
2 760 2 930 3 099 3 267 3 435 3 603 

- - - - ~ . . 
14.330 15 180 15 966 16.728 17468 18.209 18.949 19 7 15 20.484 2 1 271 22 079 22 899 23.740 24 606 

140 373 145.227 149 118 1 52 .423 155 394 158 197 r 60 833 163.302 165.645 167 862 170 038 172 130 1 74 222 176.230 
584 5 703 7 812 0 913 2 1 009 1 100 1 189 1 278 1 366 1 453 1 540 1 626 1 712 1 797 
. . - - ... -

13 657 14 740 15.661 16.493 17 263 18025 18 790 19 577 20.363 2 1 163 2 1 979 22 811 23 661 24 .531 

-
460 

25 610 
203.217 

37 740 

25 606 
197.443 

18 868 

25 598 
194 .305 
12 578 

25.585 
189876 

7 543 

25 573 
186 .983 

5 286 

25 556 
184 012 

3 769 

25 493 
178.197 

1 881 

25 426 

134 055 140 582 144 892 148532 151 628 154 431 157 067 159 620 162 004 164 264 166 440 168.573 170 707 172 757 I 74 766 
320.3 427 0 509 2 582.4 650 0 715 0 778 5 840 8 901 8 961 6 1 021 1 080 1 138 1 196 1 253 

- - - · - - - -
14 200 15.293 16.209 17 037 17 836 18 631 19 435 20 238 2 1 054 2 1 882 22 723 23 581 24 460 25 .359 

135 269 141 043 145 227 148 490 15 1.377 154 139 156.733 159. 159 161 502 163.720 165 93 7 168.113 170.205 1 72 255 
279 3 355 8 417 .0 472 5 524. 7 574 .8 623 0 669 .8 716 0 761. 7 806 .8 851 4 895 .5 939 1 

- - ~ -- - ~-- - --
14 853 15 .870 16 786 17 644 18.468 19 292 20.11 7 20.945 21. 786 22.635 23 .497 24 384 25 301 

13 1 419 137 695 142 2 14 145 896 148.992 151 .796 154 431 156 900 159 285 161 586 163.887 166 063 168 197 170 289 

26 1 5 317.5 365.7 409 9 452 .0 492 1 530.9 569 0 606 5 643 4 697 6 7 15 3 750 8 
< - - - - - - - --·-- - -

12 920 14 280 15 502 16.610 17 636 18.594 19.506 20.397 2 1.292 22 196 23 .108 24 041 24 987 

118491 125.353 131 294 136 273 140 457 143.888 146 942 149.745 152 .381 154 850 157 193 159 452 161 628 163 804 

87 .82 123 9 156 1 184.6 210 4 233 8 256.0 277 4 298 1 318 .2 337 .7 357.0 375 9 
- - - ~ - I- -

11 .569 12 786 13 995 15. 188 16.351 17 464 18 514 19 527 20.5 18 21 502 22 481 23 472 24 481 

116441 12 1 713 126 524 130.917 134 .892 138.449 14 1 628 144 515 14 7.235 149 787 152 172 154.431 156.691 
57.6 1 66 .35 77 12 89 65 102.3 114 8 126.9 138 6 149 9 160 8 171 5 181 .9 192.2 

- -- - - - - ~- - f- - t--- - -·- ---· - - - f- -
11 743 12 539 13 623 14.736 15.841 16 916 17 979 19 020 20 037 21 046 22 066 23. 100 24 137 

11 3 .596 11 8 156 122 298 126.357 130 164 133 72 1 136 900 139.8 7 1 142 633 145 268 147.779 150.247 152 716 
51.63 56 32 61 99 68 .55 75 6 1 82 98 90.45 97 .92 105.3 112 7 119.9 127. 0 133 9 

~ - - - f- - I-

11 .527 12 5 19 13 527 14 556 15 606 16 665 17 723 18 765 19 790 20807 2 1.849 22.903 23 966 
111 .629 11 5 897 119 788 123 5 12 127 110 130 54 1 133.72 1 136 691 139 495 142 214 144 .808 14 7.3 19 149 187 

48 40 5 1 87 55 74 60 05 64 73 69 68 74 .77 79.94 85.15 9040 95 67 100.9 106 1 
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Table 3. COMPRESSIBILITY FACTORS, Z = PV /RT, FOR METHANE (8) 
Pressure 

Temperature, °K kPa bar atm 273.15 298.15 323.15 373.15 423.15 101.325 1.013 25 1 0.997 6 0.998 2 0 .998 8 0.999 4 0.999 8 1 010 10.1 10 0.975 9 0.981 4 0.986 9 0.993 0 0.997 0 2 030 20.3 20 0.952 1 0.963 3 0.974 3 0.986 6 0.994 0 4.050 40.5 40 0.904 4 0.927 7 0.950 6 0.974 6 0.988 9 6 080 60.8 60 0.858 7 0.895 0 0.929 0 0.964 4 0.985 4 8 110 81 .1 80 0.814 7 0.862 7 0.910 4 0.956 6 0.982 7 10 133 101.3 100 0.782 6 0.849 3 0.895 6 0.950 3 0 .981 5 20 260 202.6 200 0.760 5 0.820 2 0.879 3 0 .953 3 0.997 2 30 400 304.0 300 0.886 6 0.918 8 0.950 6 1.006 7 1.045 4 40 530 405.3 400 1.045 4 1.054 7 1.063 5 1.088 8 1 . 1 1 1 5 60 800 608.0 600 1.367 4 1 .349 1 1.320 1 1.295 3 1.283 8 81 060 810.6 800 1.685 2 1.644 7 1.583 6 1.515 7 1.470 4 101 325 1 013.2 1 000 1.995 1 1.934 0 1.840 9 1.734 7 1 .661 5 
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METHYLACETYLENE 
(Synonyms: Allyle~e; Propyne) 

(Formula: CH3 C:CH or c
3
H

4
) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of CH3C:CH 
Specific Volume @ 21 . 1 °C, 101.325 kPa 
Vapor Pressure@ 21.1 °C 
Boiling Point@ 101.325 kPa 
Freezing Point In Air @ 101 .325 kPa 
Absolute Density, Gas @ 101 .325 kPa @ 25 °C · · 
Relative Density, Gas @ 101 .325 kPa@ 25 °C (Air = 1) 
Density, Liquid @ Saturation Pressure @ -23.2 °C 
Critical Temperature 
Critical Pressure · 

Critical Volume 
Critical Density 
Critical Compressibility Factor 
Flammability Limits In Air 
Dipole Moment, Gas 
Molar Specific Heat, Gas @ 1 01 .325 ·kPa @ 25 °c 

@ Constant Pressure 

0.040 065 kg 
0 .040 065 kg 
602.4 dm 3 / kg; 9.65 ft3 / lb 
520 kPa; 5.2 bar; 7 4. 7 psi a; 5.1 atm 
249.93 °K; -23.2 °C; -9.8 ° F 
170.45 ° K; -102. 7 °C; -152.9 ° F 
1.671 kg / m3 

1.411 
0.671 kg / I 
402 .38 ° K; 129.2 °C; 264.6 °F 
5 628 kPa; 56.28 bar; 816.2 psia; 55.54 

atm 
4.093 dm3 / kg 
0.245 kg / dm3 

0.276 
1 • 7 -11 .7% (by volume) 
2.605 X 10- 3° C•m; 0.781 D 

61 .505 J/(mol, °K) 
@ Constant Volume 

S~ecifi_c Heat Ratio, Gas@ 101 .325 kPa@ 25 °c Cp/ Cv 
V1scos1ty, Gas@ 101 .325 kPa@ 20 °C 

53.190 J/(mol- °K) 
1.156 
0.008 33 mPa.s; 0 .008 33 cP 
0.211 mPa,s; 0.211 cP Viscosity, Liquid @ -20 °C 

Thermal Conductivity, Gas@101.325 kPa@ 25 ° c 

Thermal Conductivity, Liquid@ -20 °c 

Surface Tension@ -20 °C 

0.016 23 W / (m. °K); 38.8 x 10- 5 cal, 
cm / (S•Cm2 . °C) 

0.015 06 W / (m. °K); 36.0 x 1 o- 6 cal, 
cm/(s.cm2 . °C) 

18.0 mN/ m; 18.0 dyn /cm 
1 .386 3 Refractive Index, Liquid, n0 @ -40 °c 

Heat of Combustion, Gas @ 25 °c 
Gross, to form H2O(liq)+CO2(gas) 
Net, to form H2O(gas)+CO2(gas) 

and Constant Pressure 

Description 

Methylacetylene is a colorless nontoxic flamm bl t ' • a e gas at 
ro~_m emperature and atmospheric pressure. It is readily liq-
ue ied and is shipped as a liquefied gas under its own va or 
pressure of 414 kPa (60 psig) at 21 _ 1 ac_ P 

Specifications 

Methylacetylene has a minimum purity of 96.0 mole %. 

Uses 

Methylacetylene has been used in organic synth . 
of interest for special fuel applications wh· h ~sis and is 
fl t ic require a high 

ame emperature or extreme ease of ignition. 
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1 937.65 kJ / mol 
1 849.62 kJ / mol 

Toxicity (2) 

Methylacetylene is not considered a toxic gas. However the 
t?xicology of methylacetylene has not been thoroughly in,ves­
tigated. It has some anesthetic activity and probably acts as a 
simple asphyxiant. The l 979 American Conference of Govern­
mental Industrial Hygienists (ACGIH) has recommended a 
Threshold Limit Value (TLV) of 1 000 ppm (1650 mg / m3) for 
methylacetylene. 

First Aid Treatment 

Inhalation 

If the subject is co · . nscIous and becomes aware of any of the 
symptoms cited above, he should go to an uncontaminated 

~atheson® 

area and inhale fresh air or oxygen. In the event the subject is 
overcome by a massive exposure, he should be carried to an 
uncontaminated area and given artificial respiration and oxygen 
simultaneously. Treat symptomatically thereafter. 

Skin Contact 

In case of skin contact with liquid methylacetylene, frostbite 
may develop. If frostbite occurs, cover the frostbitten part with 
a warm hand or woolen material. If the fingers or hand are 
frostbitten, have the victim hold his hand in his armpit. next to 
his body. Then place the frostbitten part in warm water. about 
42 °C (1 08 °F) . If warm water is not available, or is impractical 
to use, wrap the affected part gently in blankets. Let the 
circu lation re-establish itself naturally. Encourage the victim to 
exercise the affected part while it is being warmed. 

Precautions in Handling and Storage 

The hazards associated with the handling of methylacetylene 
arise mainly from its extreme flammability. Store and use cyl­
inders of methylacetylene in well-ventilated areas away from 
heat and ignition sources such as flames and sparks. Never 
use flames to detect leaks of methylacetylene, use soap water 
solution. Do not use methylacetylene around sparking motors 
or other non-explosion-proof equipment. Do not store reserve 
stocks of methylacetylene cylinders with cylinders containing 
oxygen, chlorine, or other highly oxidiz ing or f lammable mate­
rials. Ground all lines and equipment used to haAdle methyla­

cetylene. 
In addition, the general rules listed in Appendix I should be 

observed. 

Leak Detection 

All fittings and joints should be painted with soap water 
solution to detect leaks, which will be indicated by bubble 
formation. Never use a flame to detect leaks. 

Disposal of Leaking Cylinders 

For disposal procedure see method described in Appendix 

II-A. 

Materials of Construction 

Since methyl acetylene is noncorrosive , any common or com­
mercially available metal except copper, silver, or magnesium 
or their alloys may be used as materials of construction. How­
ever, piping systems or equipment to contain the gas shou ld 
be designed to have a working pressure as specified by com­
petent engineers using a safety factor conforming to the ASME 

code for pressure piping. 

Cylinder and Valve Description 

Methylacetylene is shipped in DOT approved, low pressure, 
steel cylinders having a rated service pressure of 1 034 kPa 
(1 50 psig) or more. Cylinders of methylacetylene are equipped 
with valve outlet connection No. 51 0. The valve outlet has a 
thread size of 0.885 inch diameter, with left-hand internal 
threads accepting a bullet-shaped nipple (see Figure 1 fo r an 
illustration). Valves used in this service are of the diaphragm 
type and contain no packing. They are, therefore, relatively 

matheson~ 
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CONNt:CTION 

Fig. 1. CONNECTION 510 .885"-14 LH INT accepting a Bullet 

Shaped Nipple 

leak-free and require no packing adjustments. Lecture bottles 
have a special 5/ , s inch 32 threads per inch, female outlet and 
a 9/,s inch 18 threads per inch male dual valve outlet. 

Safety Devices 

Cylinders of methylacetylene were formerly equipped with 
fusible metal plugs, melting about 73.9 ° C (165 °F), as safety 
devices. Matheson is presently using spring-loaded safety relief 
valves on all cylinders of methylacetylene. If the cylinder pres­
sure becomes dangerously high, usually due to overheating, 
the safety relief device will open (at about 2 590 kPa) (375 
psig) and release gas until the pressure again returns to a safe 

level. 

Recommended Controls 

Automatic Pressure Regulators 

Satisfactory regulation of methylacetylene can be achieved 
with regulator Model 12-510. The regulator has anodized alu­
minum body, type 316 stainless steel internal parts, a Neoprene 
diaphragm, and a Teflon seat. The delivery pressure range of 
this regulator is 28-550 kPa (4-80 psig). Accurate flow control 
can be obtained with the stainless steel needle valve installed 
in the regulator outlet. To prevent suckback of fore ign mate­
rials, a stainless steel check valve is recommended for use with 

the regulator. 
Satisfactory low pressure regulation can be obtained with 

regulator Model 71, which has an aluminum body, a Teflon­
faced Butyl rubber diaphragm, a Teflon seat, and type 303 
stainless steel internal parts. The regulator has an oversize, 
pancake body to allow sensitive and accurate low pressure 
control. Models 71-510 and 71 A-51 O with delivery pressure 
ranges of 3.4-55 kPa (0.5-8 psig) and 34.5-83 kPa (5-12 

psig), respective ly, are available. 

Manual Controls 

Matheson needle valve Model 55-51 O of monel is available 
for direct attachment to the cylinder valve outlet . This valve 
may be equipped with a variety of outlets, such as a serrated 
hose end, ¼ " compression fitting, or ¼" NPT male or female 
pipe. It should be used only where manual flow control Is 
needed and should not be used as a pressure control since 11 

will not prevent pressure from building up if a system becomes 
clogged or if the system itself is c losed. A Model 60L needle 
valve is recommended for use with lecture bottles. 

Flowmeters 

Matheson Series 7600 laboratory stainless steel flowmeter 
units with 1 50 mm tubes and floats or Matheson Series 7200 
laboratory stain less steel flowmeter units with 65 mm tubes 
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METHYLACETYLENE 

with a single float are recommended for use where definite flow 
rates must be known. 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 stainless steel and 
Series 8260 of type 31 6 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera­
ture changes. These mass flow controllers consist of a trans­
ducer, a control valve, a blind controller / power supply, a 
potentiometer, and a digital indicator. The transducer senses 
the gas flow and sends a signal to the power supply. This 
signal and one from the potentiometer are compared. If there 
1s an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 
imbalance. The accuracy is ± 1 .2%. 

Shipping Regulations 

Methylacetylene is classified by the DOT a flammable com­
pressed gas and is shipped with the required ·' Red Gas Label ''. 

Chemical Preparation 

Methylacetylene can be prepared by methylation of mono­
sodium acetylide with methyl iodide, methyl bromide, or di­
methyl sulfate in liquid ammonia, toluene, or xylene or by 
elimination of two moles of hydrogen halide from a vicinal 
dihalide, such as 1 ,2-dibromopropane, or a geminal d1halide, 
such as 1, 1-dibromopropane, by means of alcoholic potassium 
hydroxide. 

Chemical Properties 

Methylacetylene undergoes the typical reactions of the ace­
tylenic hydrocarbons. Also, it undergoes isomerization at 200-
400 °C in the presence of silicates to form propadiene. In the 
presence of boron trifluoride ether complex, it combines with 
anhydrous acetic acid and with methanol to form acetone 
dimethyl acetal. In liquid ammonia it forms a sodio derivative 
with sodium amide. With ethylmagnes1um bromide if forms a 
Grignard reagent which reacts with formaldehyde and ethylene 
oxide to give 3-butyn-1-ol and 3-pentyn-1-ol, respectively. 

Thermodynamic and Detailed Physical Data 

Infrared Spectrum 

See Figure 2 for the infrared spectrum of gaseous methyla­
cetylene. • 

Vapor Pressure (3) 

Vapor pressure of methylacetylene up to 101 .325 kPa (760 
mmHg) is shown below: 

• Absorbance at 730 cm - , due to acetylene as impurity. 
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Temperature, Vapor Pressure 
OK kPa mbar mmHg 

162 .1 5 0 .133 1.33 1 
175.65 0 .667 6 .67 5 
182.65 1.33 13.3 10 
190.25 2.67 26.7 20 
198.85 5.33 53.3 40 
204 .35 8.00 80.0 60 
211 .85 13.33 133.3 100 
223.35 26.66 266.6 200 
235.95 53.33 533.3 400 
249.85 1 01 .325 1 013.25 760 

Vapor pressures above 101 .325 kPa (1 atm) are shown 
below (4). 

Tempera- Vapor Pressure 
ture, °K kPa bar atm 

249.85 107.325 1 .01 3 25 1 
266.05 202.65 2 .03 2 
292.65 506.63 5.07 5 
316.95 1 013.25 1 0 .1 10 
34 7.15 2 026.50 20.3 20 
367.15 3 039 .75 30.4 30 
384.65 4 053 .00 40.5 40 
398.15 5 066.25 50.7 50 

See Figure 3 for vapor pressure curve. 

Latent Heat of Vaporization, dHv 

Temperature, °K 

233.15 
249.93 
273.15 

Thermodynamic Data 

dHv,kJ / kg 

570.0 
548.0 
514.6 

Compressibility data for methylacetylene are shown in Table 
1 . 

Thermodynamic Properties of Methylacetylene As Ideal Gas 
@ 25 °C (5) 

Heat Capacity, C~ 
Entropy, S0 

Enthalpy Difference, Hha 
H~73 

Enthalpy of Formation, dHf 
Gibbs Energy of Formation, 

4Gf 

60.668 J/ (mol, °K) 
248.111 J / (mol, °K) 

1.476 5 kJ / mol 

185.431 kJ / mol 
193.774 kJ / mol 
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METHYLACETYLENE 
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Table 1. COMPRESSIBILITY FACTORS, Z - PV/RT, FOR METHYLACETYLENE 
Pressure, kPa Temperature, K 

101 .325 1 013.25 2 066.5 4 053.0 5 070.0 

273.15 0 .988 0.825 0.730 0.575 0.420 298.15 0.991 0.835 0.745 0'.585 0.430 400 0.995 0.943 0 .863 0.707 0.534 500 0.998 0.969 0.943 0.876 0.840 600 0.999 0.986 0.974 0 .948 0.938 700 1.000 0.990 0 .989 0.977 0.973 800 1.000 0.994 0.994 0.992 0.990 900 1.000 0.995 0.995 0.993 0.991 1 000 1.000 0.996 0.996 0 .994 0.992 
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METHYL BROMIDE 
(Synonym: Bromomethane) 

(Formula: CH3Br) 

PHYSICAL PROPERTIES (1) 

Molar Mass 

Molecular Weight 

One Mole of CH3 Br 

Specific Volume @ 21 .1 ° C, 101.325 kPa 
Vapor Pressure@ 21 .1 ° C 

Boiling Point@ 101.325 kPa 

Freezing Point In Air @ 101 .325 kPa 
Trans1t1on Point 

Absolute Density, Gas@ 101.325 kPa@ 25 °C 

Relative Density, Gas @ 101 .325 kPa @ 25 °C (Air = 1) 

Density, Liquid @ Saturation Pressure @ 25 °c 
Critical Temperature 

Critical Pressure 

Critical Volume 

Critical Density 

Critical Compressibility Factor 
Latent Heat of Fusion@ -93.6 °C 

Heat of Transition@ -99.4 °C 

Flammability Limits In Air 

Dipole Moment, Gas 

Molar Spec1f1c Heat, Gas@101.325 kPa@ 25 °c 
@ Constant Pressure 

@ Constant Volume 

Specific Heat Ratio, Gas @ 101 .325 kPa @ 25 ° C, Cp/ Cv 
Viscosity, Gas @ 101 .325 kPa @ 25 ° C 

Viscosity, Liquid @ Saturation Pressure @ o °C 

Thermal Conductivity, Gas@ 101.325 kPa@ 25 °C 

Thermal Conductivity, Liquid @ o ° C 

Surface Tension@ O ° C 

0.094 939 kg 

0.094 939 kg 

256.0 dm 3 / kg; 4 . 1 ft3 / lb 

191 kPa; 1.91 bar; 27.7 psia; 1 .88 atm 
276.71 ° K; 3.56 ° C; 38.4 ° F 

179.55 °K; -93.6 ° C; -136.5 ° F 

173.74 °K; -99.4 ° C; -146.9 ° F 

3.974 kg / m 3 

3.355 

1.661 7 kg / I 

467.15 ° K; 194.0 ° C; 381.2 ° F 

5 220 kPa; 52.2 bar; 757 .0 psia; 51 .5 
atm 

1.639 dm3 / kg 

0.610 kg/dm3 

0.209 

62.987 kJ/kg; 15.054 kcal / kg 

4.998 kJ / kg; 1 .195 kcal / kg 

10-16% (by volume) 

6.04 X 10- 36 C,m; 1 .81 D 

45.020 J / (mol - °K) 

36. 704 J / (mol - ° K) 
1 .227 

0.012 50 mPa-s; 0.012 50 cP 

0.380 mPa-s; 0.380 cP 

0.00795W/ (m- ° K); 19.0 X 10- 6 cal-
cm / (s-cm2 • ° C) 

00340 W / (m- ° K); 81 .3 X 10- 5 cal, 
Cm / (S•Cm 2 , ° C) 

Solubility In Water @ 99.73 kPa (748 mmHg) (total pressure of 
CH1Br + aqueous tension) @ 20 ° C 

Autoignition Temperature 

25.5 mN / m; 25.5 dyn /cm 

Refractive Index, Liquid @ Saturation Pressure, no @ 25 °c 
Dielectric Constant 

1. 75 kg/ 100 kg of solution 

810 °K; 537 ° C; 999 ° F 
1.418 7 

Gas @ O °C, 101.325 kPa 
Liquid @ O °C 

Description 

Methyl bromide is a colorless, poisonous gas at room tem­
perature and atmosphen~ pressure. It is odorless except in 
relatively high concentrations where ii has a chi f · . oro orm-l1ke 
odor. It 1s easily l1quef1_ed and 1s shipped in steel cylinders as 
a l1quef1ed gas under its own vapor pressure of 90 kPa (13 
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1.000 944 

9.82 

psig) at 21 .1 °C. It is practically nonflammable except in the 
narrow range 10-16% by volume in air. 

Specifications 

Methyl bromide has a minimum purity of 99.5%. 

m atheson· 

Uses 

Methyl bromide is used in organic synthesis; as a low-bo1l1ng 
solvent; as a refrigerant; and as a fumigant. 

Effects In Man (2) 

Acute Poisoning 

The signs and symptoms of methyl bromide poisoning vary 
according to the degree of exposure. In most instances, the 
onset of the symptoms is delayed anrt this latent period varies 
from ½ to several hours and occasionally 12, 24, or 48 hours 
The symptoms may be fatigue, headache, dizziness, nausea 
and vomiting, disturbances of hearing and vision, mental con­
fusion, muscular weakness, collapse, respiratory difficulties 
and coma. Death is usually due to lung damage, but damage 
to the central nervous system may accompany pulmonary 
damage. 

Chronic Poisoning 

Exposure to low. but harmful, concentrations of methyl bro­
mide over a period of time results in a varied picture of signs 
and symptoms. In order of frequency of occurrence, these 
symptoms are : visual disturbances, disturbances of speech, 
numbness of the extremities, mental confusion, hallucinations, 
tremors, coma and frequent fainting attacks. Most symptoms 
disappear in a few days after discontinuance of exposure, but 
numbness of the extremities and visual disturbance may persist 
from 2 to 5 months. 

Skin Contact 

Contact of the skin with high concentrations of vapor or with 
liquid methyl bromide produces a tingling and burning sensa­
tion followed by erythema, vesication and blister formation. 

Eye Contact 

Direct contact of liquid methyl bromide, or high concentra­
tions of vapor, with the eyes or eyelids can produce temporary 
blindness, conjunctivitis, and edema of the eyelids. 

Odor and Warning Property 

Methyl bromide has practically no odor or irritating effects in 
low concentration and therefore does not provide any warning 
of physiologically dangerous concentrations. 

Threshold Limit Value (T.L.V.) 

The 1 979 American Conference of Governmental Industrial 
Hygienists (ACGIH) has recommended a Threshold Limit Value 
(TLV) of 15 ppm (60 mg/ m3

)· for methyl bromide (skin). 

First Aid Treatment (2) 

General Procedure 

Speed is of primary importance in removing the victim from 
a contaminated atmosphere, in removing contaminated cloth­
ing, or in removing methyl bromide from the skin or eyes. First 

• 1979 ACGIH Notice of Intent to Change to 5 ppm (20 mg/ 
m3) (skin). 
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aid must be started at once in all cases of contact with methyl 
bromide as serious 1n1ury may result. All affected persons 
should be referred to a phys1c1an even when 1mmed1ate iniury 
1s not apparent. The physician should be given a detailed 
account of the accident 

Specific Procedures 

Inhalation 

Symptoms of moderate methyl bromide poisoning will dis­
appear on discontinuation of the exposure and prompt removal 
of the victim to fresh air In more severe poisoning (acute 
exposure to concentrations of 200 ppm or higher). the v1ct1m 
should be removed promptly to an uncontaminated atmosphere 
and given immediate attention. Symptoms of headache, nau­
sea, vomiting, or dizziness should be taken as indication for 
immediate treatment. The v1ct1m should be kept at absolute 
rest for at least 48 hours. Oxygen (100%) inhalation should be 
started at once, even though there are no signs of lung injury , 
and should be given for 30 minutes of each hour for 6 hours 
Oxygen adm1nistrat1on should be given against a positive pres­
sure of 3-4 cm of water, obtained by immersing the exhalation 
tube into water to this extent. 

If respiration is weak or fails, artif1c1al resp1rat1on should be 
started with simultaneous admin1strat1on of oxygen 

Under no circumstances should a worker be allowed to 
return to work before he has been examined by a physician 
and found to be free of residual signs of injury 

Skin Contact 

In case of contamination of shoes or other articles of clothing 
with liquid methyl bromide, all such clothing must be removed 
at once and the skin washed with copious quant1t1es of water 
and then with a 2% aqueous solution of sodium bicarbonate 
The contaminated clothing must not be worn again until washed 
thoroughly and dried . Skin lesions should be bathed in sodium 
bicarbonate solution and the blisters should be treated like 
second degree thermal burns. 

Contact with Eyes 

If methyl bromide in liquid form or in high concentrations 
comes in contact with the eyes, the eyes should be 1rngated 
immediately with copious quantities of water for a minimum of 
1 5 minutes. The eyelids should be held apart during the irri­
gation to insure contact of the water with all tissues of the eyes 
and lids. Medical attention should be obtained promptly 

Suggestions for Medical Treatment After Inhalation 

In cases of frank pulmonary edema. venesection may be 
indicated. Mild convulsions may be controlled by 1ud1c1ous use 
of short-acting barbiturates. If the liver is enlarged or the v1ct1m 
complains of ep1gastric pain, glucose solution may be admin­
istered intravenously, but this should be given only 1f there 1s 
no danger of pulmonary edema. Do not give drugs which may 
interfere with the respiratory center or with proper oxygenation 
of the blood (e.g., morphine, barbiturates or sulfa drugs) Drugs 
needed for control of secondary infection are best used when 
signs of c irculatory collapse and anox1a have disappeared 

457 



METHYL BROMIDE 

Precautions in Handling and Storage 

(a) Methyl brornide process vessels and cylinders should be 
isolated from materials of a flammable nature. 

(b) Rap1d-act1on safety-showers and eye-washing facil1t1es 
should be available in readily accessible locations in the areas 
where methyl bromide is being handled. 

(c) Employees who handle methyl bromide should be pro­
vided with the following equipment. high-top safety shoes and 
woolen outer clothing, suitable gas-tight chemical safety gog­
gles when working in a hood or a full face gas mask when not 
working in a hood, plastic gloves or gloves made of canvas and 
covered with plastic (rubber and leather gloves are unsatisfac­
tory) 

(d) Industrial canister type gas masks and air or oxygen 
supplied masks approved by NIOSH for methyl bromide should 
be kept available for use in convenient locations in emergen­
cies. 

(e) All federal, state, and local regulations regarding health 
and pollution should be observed when venting methyl bromide 
from process vessels or containers. 

In add1t1on, the general rules listed in Appendix I should be 
observed. 

leak Detection 

leaks of methyl bromide vapor from process lines may be 
detected by applying soap water solullon to the site of the 
suspected leaks, leaks will be evident by the formation of 
bubbles at the leak site As a rough determination of the 
presence or absence of harmful concentrations of methyl bro­
mide vapor In the atmosphere, a halide detector may be em­
ployed 

Matheson has available a Toxic Gas Detector Model 8014K 
for detection of methyl bromide in air. A 1 00 cm 3 sample of the 
atmosphere Is drawn through a Model 1 57Sb (5--80 ppm) 
detector tube which contains a chemical reagent that absorbs 
and reacts with the methyl bromide. The length of the resulting 
color stain and, hence, the concentration is read directly oft 
the detector tube 

Disposal of Leaking Cylinders 

Since methyl bromide Is freely soluble in such organic sol­
vents as ethyl alcohol, shlorotorm, carbon tetrachloride, ben­
zene, and toluene, it can be absorbed in any of these solvents 
and recovered from the solution tor util1zat1on. 

Materials of Construction 

Methyl bromide Is not particularly corrosive to most metals. 
It 1s noncorrosive when dry However, it attacks aluminum and 
aluminum alloys (which should not be used as materials of 
construction) with the formation of aluminum trimethyl, which 
Is spontaneously flammable. 

Cylinder and Valve Description 

Methyl bromide Is shipped In DOT approved, low pressure 
steel cylinders The cylinder valve Is of brass and has a Com­
pressed Gas Association (CGA) valve outlet and connection 
No. 320. This valve outlet Is O 825 inch in diameter with right­
hand external threads, with a flat seat and used with a washer 
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to seal (see Figure 1 for illustration of this outlet and mating 
connection). The present CGA standard for methyl bromide 15 
valve outlet connection No. 330. Lecture bottles have s;, 6 inch-
32 threads per inch, female outlet. 

/ OUTLET 

~ 
.825'" 
13/16" \_l_ 

1 
830' 

13/ 16" 

J_ 

CONNECTION 

Fig. 1. CONNECTION 320 .825"-14 RH EXT. used with Flat Seat and 
Washer 

Safety Devices 

No safety devices are required or used in cylinders contain­
ing methyl bromide. Precautions are, therefore, required to 
keep all sources of heat away from cylinders to prevent dan­
gerous hydrostatic pressures from building up. 

Recommended Controls 

Manual Controls 

Matheson needle valve Model 50-320, a brass bar stock 
valve, is available for direct attachment to the cylinder valve 
outlet. This valve may be equipped with a variety of outlets, 
such as a serrated hose end, ¼" compression fitting, or ¼" 
NPT male or female pipe. It should be used only where manual 
flow control is needed and should not be used as a pressure 
control, since it will not prevent pressure from building up if a 
system becomes clogged, or if the system itself is closed. A 
Model 31 B manual needle valve can be supplied tor use with 
lecture bottles , where accurate flow control is desired. 

Flowmeters 

Matheson Series 7600 laboratory brass flowmeter units with 
150 mm tubes and floats or Matheson Series 7200 laboratory 
brass flowmeter units with 65 mm tubes with single float are 
recommended for use where definite flow rates must be known. 

Electronic mass flowmeters, such as Matheson Series No. 
8116 and No. 8160, should be used where accurate readings 
are required. Calibration is unaffected by temperature and 
pressure changes, and flow rates may be recorded from the 
instrument 's electrical output. 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 31 6 stainless steel and 
Series 8260 of type 31 6 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera­
ture changes. These mass flow controllers consist of a trans­
ducer, a control valve, a blind controller/ power supply, a 
potentiometer and a digital indicator. The transducer senses 
the gas flow and sends a signal to the po,..;er supply. This 
signal and one from the potentiometer are compared. If there 
is an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 
imbalance. The accuracy is ± 1 .2%. 

matheson 

Shipping Regulations 

Methyl bromide liquid is class1f1ed by DOT as a Class B 
poison and Is shipped with the required Poison Label 

Commercial Preparation 

Methyl bromide is obtained from methanol and hydrobromic 
acid in the presence of dehydrating agents or in the presence 
of catalysts. 

Chemical Properties 

Some typical reactions of methyl bromide of wide use in 
organic synthesis are as follows . It reacts with magnesium to 
form the Gngnard reagent. It reacts with sodium (Wurtz synthe­
sis). with alkali alkoxides (Williamson synthesis). with ammonia, 
with alkali hydrosulfides. with metal cyanides, with salts of 
carboxylic acids , and with sodio derivatives of active methylene 
compounds and acetylene compounds. Methyl bromide under­
goes a variety of other nucleophilic displacement reactions. 

Thermodynamic and Detailed Physical Data 

Molecular Structure 

Replacement of one of the hydrogens of methane by bromine 
results in distortion of the original tetrahedra l symmetry of the 
methane molecule. Because of the electronegative character 
of the bromine atom, methyl bromide has a permanent dipole 
moment with the bromine atom the negative end of the dipole 
Methane which Is a symmetrical molecule has no permanent 
dipole moment. Methyl bromide belongs to point group C3. and 
has a symmetry number of three. 

Infrared Spectrum 

See Figure 2 tor infrared spectrum of gaseous methyl bro­
mide. 

Vapor Pressure 

Vapor pressure data up to 1 500 mmHg have been calcu­
lated by the following Antoine vapor pressure equation (3). 

B B 
log,0 p = A ---ort =--- - C 

C + t A-log,oP 

in which t = ° C and p = mmHg, and the constants A, B, and 
C have the values of 6 .959 65, 986.590, and 238 32, respec­
tively. 

Some calculated vapor pressure values are shown below 

Temperature Vapor Pressure 
OK OF kPa mbar mmHg 

200.37 -99.00 1.33 13.3 10 
209.18 -83.15 2.67 26.7 20 
218.98 -65.51 5.33 53 3 40 
225.24 -54.24 8.00 80.0 60 
233.75 -38.92 13.33 133 3 100 
246.61 -15.77 26.66 266.6 200 
254.93 -0.80 40.00 400 0 300 

261.24 10.56 53.33 533 .3 400 
266.39 19.83 66.66 666 6 500 

Matheson· 
"-- J 

... 

METHYL BROMIDE 

I 
... 
:::11: 

~ 
>-
0 

R 
z 
w 
:::, 
(J . w .., cc ,.., u. 

"I: 

I < 

I 

I 

I 

I 

I 
N ,.., 

I (JI ,... .. 
.S! 
~ 
Ill 

i s 0 
N 

VI ol <J, 

3::>N\f .UIWSN\ft:I.L .LN3::>t:13d 

ai 
u 
£ 
OJ 
C 
2 
.r: 
Cll 
a. 
E 
u 

0 

E 
u 

0 
I.[) 

'<!' 

.9 

E 
u 
0 
0 
co 
C') 

0 
Cl) 
OJ 
C 
C1l ,._ 
>­u 
C 
Cl) 
:::, 
cr 
Cl) 

.!= 

Cl) ,..., 

'O OJ 
-I 
§ E 
.o E 
>,~ 
.c ~ 
QJ C1l 
E a.. 
en .x 
:::, <D 
0 <D 
Cl) (!) 

:@ (!) 

OJ 

0 ~ :, 
E cn 
2 ~ - ,._ (.) a. 
Cl) -
a. ai 
1/J u 
~ 1/J-
,._ u 
C1l .;:. 

'2 g 
,._ 

• a) 
N ~ 

. .c 
Cl -u:: § 

459 



METHYL BROMIDE 

Temperature Vapor Pressure 
K F kPa mbar mmHg 

270.77 27 72 79.99 799.9 600 
274.61 34 63 93.33 933.3 700 
276 71 38.41 1 01 325 1 013.25 760 
278.04 40.80 106.7 1 067 800 
281.14 46 38 120 0 1 200 900 
283 99 51.51 133.3 1 333 1 000 
289.08 60.67 160 0 1 600 1 200 
295 59 72.39 200 0 2 000 1 500 

Vapor pressures above 101 .325 kPa (1 atm) are shown 
below (4). 

Tempera- Vapor Pressure 
ture, K kPa bar atm 

276.75 101 325 1.01325 1 
296.45 203 2 03 2 
327.95 507 5.07 5 
357.15 1 010 10.1 10 
394.85 2 030 20.3 20 

REFERENCES 

Tempera- Vapor Pressure 
ture, °K kPa bar atm 

420.65 3 040 30.4 30 
443.35 4 050 40.5 40 
463.15 5 070 50.7 50 

See Figure 3 for vapor pressure curve. 

Latent Heat of Vaporization, ~Hv 

Temperature, °K 

253.15 
273.15 
276.71 

.iHv, kJ / kg 

263.59 
253.1 3 
252.00 

Thermodynamic Properties of Methyl Bromide As Ideal Gas 
@ 25 °C (5) 

Heat Capacity, C~ 
Entropy, S0 

Enthalpy Difference, H~gs - Hg 
Enthalpy of Formation, ~Hf 
Gibbs Energy of Formation, 

.iGf 

42.426 J/(mol-°K) 
246.270 J/(mol -°K) 

10.611 kJ/mol 
-35.15 kJ/mol 
-25.94 kJ/mol 

For extensive tabulations of the thermodynamic and physical properties of methyl bromide, see W. Braker and A. L. Mossman, The Matheson 

Unabndqed Gas Data Book. 1975. Matheson. East Rutherford, New Jersey. 

W Braker, A. L Mossman, and D Siegel, Effects of Exposure to Toxic Gases-First Aid and Medical Treatment. 2nd edition, 19 77, pp. 91-95, 
Matheson, Lyndhurst. New Jersey 
1 

B J Zwolinski, er al, Selected Values of Properties of Chemical Compounds, 1968, Volume 1, Thermodynamics Research Center, Texas A & 
M University, College Station, Texas 

'Chemical Engineers Handbook, 5th ed1t1on, R H Perry and C H Chilton, editors. 1973, p. 3-62, McGraw-Hill Book Co., Inc., New York, New 
York 

s D D Wagman. et al, Selected Values of Chemical Thermodynamic Properties, 1968, p. 118, Natl . Bur. Stand. Tech. Note 270-3, U S 
Government Printing Office. Washington. D C 
6 

The Sadtler Standard Spectra, 1972. Sadlier Research Laboratories, Inc . Philadelphia, Pennsylvania. 
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3-METHYL-1-BUTENE 
(Synonyms: lsoamylene; lsopropylethylene) 

(Formula: (CH3hCHCH:CH
2

) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of (CH3hCHCH:CH2 
Specific Volume @ 21.1 °c, 101.325 kPa 
Vapor Pressure @ 21 .1 °C 
Boiling Point @ 101 .325 kPa 
Freezing Point In Air @ 101 .325 kPa 
Absolute Density, Gas @ 101 .325 kPa@ 25 °C 
Relative Density, Gas @ 101 .325 kPa@ 25 °C (Air = 1) 
Density, Liquid @ 20 °C 
Critical Temperature 
Critical Pressure 

Critical Volume 
Critical Density 
Critical Compressibility Factor 
Latent Heat of Fusion @ -169.0 °C 
Flammability Limits In Air 
Molar Specific Heat, Gas @ 101 .325 kPa @ 15.6 °C 

@ Constant Pressure 
@ Constant Volume 

0.070 135 kg 
0.070 135 kg 
343.3 dm3 / kg; 5 .5 ft3 / lb 
115 kPa; 1.15 bar; 16. 7 psia; 1.1 4 atm 
293.21 °K; 20.1 °C; 68.1 ° F 
104. 71 °K; -169 .0 °C; -272 .2 ° F 
2 .993 kg/ m3 

2 .526 
0.627 2 kg / I 
453.15 °K; 180.0 °C; 356.0 °F 
3 630 kPa; 36.3 bar; 526.1 psia; 35.8 

atm 
4.149 dm3 / kg 
0 .241 kg / dm3 

0 .280 
76.475 kJ / kg; 18.278 kcal / kg 
1.5-9.1 % (by volume) 

Specific Heat Ratio, Gas@ 101 .325 kPa@ 15.6 °C, Cp/ Cv 
Molar Specific Heat, Liquid @ 16.6 °C 

115.500 J / (mol, °K) 
107.195 J / (mol, °K) 
1.077 
153.395 J / (mol- °K) 

Viscosity, Gas @ 101 .325 kPa@ 25 °C 
Thermal Conductivity, Gas @ 101.325 kPa@ 25 °C 

Surface Tension @ 20 °C 
Refractive Index, Liquid, n0 @ 20 ° C 
Autoignition Temperature 
Flash Point 
Heat of Combustion @ 25 °C and Constant Pressure 

Gas 
Gross, to form H2O(liq) + COigas) 
Net, to form H2O(gas) + CO2(gas) 
Liquid 
Gross, to form H2O(liq) + CO2(gas) 
Net, to form H2O(gas) + COigas) 

Description 

3-Methyl-1-butene is a colorless nontoxic , flammable gas at 
temperatures above 293.21 °K (20.06 °C). It is shipped in 
steel cylinders as a liquid under its own vapor pressure of 14 
kPa (2 psig) at 21 .1 °C. 

Specifications 

Matheson supplies two grades of 3-methyl-1-butene. 
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0 .007 53 mPa-s; 0 .007 53 cP 
0 .01506W/ (m -°K); 36.0 X 10 6 cal, 

cm / (S•Cm2, °C) 
14.3 mN/ m; 14.3 dyn / cm 
1.364 3 
638 °K; 365 °C; 689 °F 
< 266 k; < -7 °C; < -19.4 °F 

3 367.83 kJ / mol 
3 147.75 kJ / mol 

3 343 .98 kJ / mol 
3 123.90 kJ / mol 

1. Research Grade 

This grade of 3-methyl-1 -butene is of the highest purity 

available. Typical lot analyses indicate a purity of 99.92 mole 
%. This material is furnished with a statement of purity. 

2. C.P. Grade 

This grade has a minimum purity of 99.0 mole %. 

matheson® 

Uses 

3-Methyl-1 -butene is used in organic synthesis and in the 
manufacture of high-octane fuel. 

Toxicity 

The toxicity of 3-methyl-1-butene has not been thoroughly 
investigated. It probably has some anesthetic activity and can 
ac t as a simple asphyxiant by displacing the necessary amount 
of oxygen to support life. 

First Aid Treatment 

Inhalation 

If the subject is conscious and becomes d izzy or nauseous, 
he should go to an uncontaminated area and inhale fresh air or 
oxygen. In the event the subject is overcome by a massive 
exposure, he should be carried to an uncontaminated area and 
g iven artificial respiration and oxygen simultaneously. Treat 
symptomatically thereafter. 

Precautions in Handling and Storage 

The hazards in handling 3-methyl-1-butene are mainly due 
to its flammability. Store and use cylinders of 3-methyl-1-bu­
tene in well-ventilated areas away from heat and all sources of 
ignition such as flames and sparks. Never use flames to detect 
flammable gas leaks, use soapy water. Do not store reserve 
stocks of cylinders of 3-methyl-1-butene with cylinders con­
tain ing oxygen, chlorine, or other highly oxidizing or flammable 
materials . Ground all lines and equipment used with 3-methyl-
1-butene. 

In addition, the general rules listed in Appendix I should be 
observed. 

Leak Detection 

Leaks in lines and equipment containing 3-methyl-1-butene 
may be detected by applying soap water solution to the sus­
pected points: leaks will be indicated by bubble formation . 

Materials of Construction 

Since 3-methyl-1 -butene is noncorrosive, any common or 
commercial ly available metal may be used . 

Cylinder and Valve Description 

3-Methyl-1-butene is packed in DOT approved , low pressure 
steel cylinders. Cylinders of 3-methyl-1-butene are equipped 
with valves having Compressed Gas Association (CGA) stand­
ard valve outlet connect ion No. 510, which have a thread size 
of 0 .885 inch diameter with left-hand internal threads accepting 
a bullet-shaped nipple (see Figure 1 ). Lecture bottles have a 

OUTLET 

sso--
1 8 

CONNECTION 

Fig. 1. CONNECTION 510 .885"-14 LH INT. accepting a Bullet Shaped 
Nipple 
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3-METHYL-1-BUTENE 

special 51,s inch-32 threads per inch, female outlet and a 9/ ,s 

mch-18 threads per inch male dual valve outlet. 

Safety Devices 

Cylinders of 3-methyl-1-butene contain, as safety devices, 
spring-loaded safety relief valves. If the cylinder pressure be­
comes dangerously high, usually due to overheating, the safety 
relief device will open (at about 2 590 kPa (375 ps1g)) and 
release 3-methyl-1-butene gas until the pressure again returns 
to a safe level. 

Recommended Controls 

Manual Controls 

Matheson needle valve Model 50-510, of brass bar stock, is 
available for direct attachment to the cylinder valve outlet. This 
valve may be equipped with a variety of outlets, such as a 
serrated hose end, ¼ " compression fitting, or ¼ " NPT male or 
female pipe . A Model 31 B needle valve can be supplied for 
use with lecture bottles. 

Shipping Regulations 

3-Methyl-1 -butene 1s classified as a flammable liquid and is 
shipped under a " Red Label " . 

Chemical Preparation 

3-Methyl-1 -butene is obtained by dehydration of isoamyl 
alcohol and by dehydrobrommation of isoamyl bromide with 
alcoholic potassium hydroxide. 

Chemical Properties 

3-Methyl-1-butene undergoes typical olefin reactions. For 
representative reactions see chemical properties of 1-butene. 

Thermodynamic and Detailed Physical Data 

Infrared Spectrum 

See Figure 2 for the infrared spectrum of gaseous 3-methyl-
1-butene. 

Vapor Pressure (2) 

The vapor pressure of liquid 3-methyl-1-butene between 
273.368 °Kand 324 .289 °K is shown below: 

REFERENCES 

Temperature, Vapor Pressure 
OK kPa mbar mmHg 

273.368 47.36 473.6 355.25 

278.262 57.80 578.0 433.53 

283.203 70.11 701 .1 525.86 
288.183 84.52 845.2 633.94 

293.211 101.325 1 01 3. 25 760.00 

298.278 120.8 1 208 906.00 

303.395 143.3 1 433 1 074.6 

308.552 169.1 1 691 1 268.1 

313.752 198.5 1 985 1 489.2 

318.997 232.1 2 321 1 7 40. 7 

324.289 270.1 2 701 2 025.9 

The above vapor pressure data are represented by the 
Antoine vapor pressure equation 

B 
loQ,oP = A - C + t 

in which p = mmHg and t = °C, and the constants A, B, and 

C have the values of 6.82618, 1 013.74 , and 236.816, re­
spectively. 

For additional vapor pressure data, see vapor pressure 
curve (Figure 3). 

Latent Heat of Vaporization, i:iHv 

Temperature, °C 

-20 
0 

20.1 

.1Hv, kJ/kg 

372.2 
356.7 
343.0 

Thermodynamic Properties of 3-Methyl-1-butene As Ideal 
Gas @ 25 °C (3) 

Heat Capacity, C~ 
Entropy, S0 

Enthalpy of Formation, Hf 
Free Energy of Formation, Ff 
Enthalpy of Formation, Liquid 

@ 25 °C 
Free Energy of Formation, Liq­

uid@ 25 °C 

118.616 J / (mol -°K) 
333.465 J / (mol, °K) 
- 28.953 kJ / mol 

73.889 kJ / mol 
- 53.388 kJ / mol 

74.308 kJ / mol 

' For extensive tabulations of the thermodynamic and physical properties of 3-methyl-1-butene, see w. Braker and A. L Mossman, The Matheson 
Unabndged Gas Data Book , 1975, Matheson, East Rutherford, New Jersey. 
2 D. W. Scott and G. Waddington, J. Amer Chem. Soc. 72. 4310-4311 (1950). 
3 

C E. Miller and F. D. Rossini , Physical Constants of Hydrocarbons, C, to C,0 , 1961 , American Petroleum Institute. New York, New York. 

• The Sadtler Standard Spectra , 19 72, Sadlier Research Laboratories, Inc , Philadelphia. Pennsylvania. 
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METHYL CHLORIDE 
(Synonym: Chloromethan~ 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of CH3CI 
Specific Volume @ 21 .1 °C, 101 .325 kPa 

Vapor Pressure @ 21 .1 °C 
Boiling Point @ 101 .325 kPa 
Freezing Point In Air @ 101 .325 kPa 

0 

Absolute Density, Gas@ 101.325 kPa@ 25 C . 
Relative Density, Gas @ 101 .325 kPa@ 25 °

0
C (Air == 

1) 
Density, Liquid @ Saturation Pressure @ 25 C 

Critical Temperature 
Critical Pressure 

Critical Volume 
Critical Density 
Critical Compressibility Factor 
Latent Heat of Fusion@ -97.7 °C 
Flammability Limits In Air 
Dipole Moment, Gas 0 

Molar Specific Heat, Gas@101 .325 kPa@ 25 C 

@ Constant Pressure 
@ Constant Volume 

0 

Specific Heat Ratio, Gas @ 101 .325 kPa @ 25 C, Cp/Cv 

Molar Specific Heat, Liquid @ 0 °C 
Viscosity, Gas@ 101.325 kPa@ 20 °C 
Viscosity, Liquid@ -20 °C 
Thermal Conductivity, Gas@101.325 kPa@ 20 °C 

Thermal Conductivity, Liquid @ - 25 °C 

0.050 488 kg 
0 .050 488 kg 
474.4 dm3 / kg; 7.6 ft3 / lb 
51 o kPa, 5.1 bar; 73.4 psia; 5 .0 atm 
248.93 °K; -24.2 °C; -11 .6 °F 
175.43 °K; -97.7 °C; -143.9 °F 

2.1133kg / m3 

1.784 
0.906 5 kg / I 
416.25 °K; 143.1 °C; 289.6 °F 
6 680 kPa; 66.8 bar; 2 438.1 psia; 65.9 

atm 
2.832 dm3 / kg 
0.353 kg / dm3 

0.276 
129.7 kJ / kg; 31 .0 kcal / kg 
10.7-17.4% (by volume) 
6.2 x 10- 3° C,m; 1 .86 D 

42.326 J / (mol • °K) 
34.011 J / (mol • °K) 
1.244 
79.216 J/ (mol • °K) 
0.010 8 mPa-s; 0 .010 8 cP 
0 .280 mPa-s; 0.280 cP 
0.010 544 W/ (m, ° K); 25.2 X 10- 6 cal­

cm / (s-cm2 • ° C) 
0 .192 w / (m. °K); 459 x 1 o-s cal• cm / 

(s-cm2 • °C) 
22.0 mN/ m; 22.0 dyn / cm 

Surface Tension @ -20 °C 
Solubility In Water @ 101 .325 kPa (partial pressure of methyl 

chloride) 
@ 0 ° C 

@ 25 ° C 
Refractive Index, Gas @ 101 .325 kPa, no @ 25 °C 
Autoignition Temperature 
Dielectric Constant 

Gas@ 21 °C 
Liquid @ - 25 °C 

Flash Point 
Diffusivity In Air @ 101 .325 kPa@ 25 °C 

Description 

At room temperature and atmospheric pressure, methyl chlo­
ride 1s a colorless, flammable gas with a faint sweet odor. The 
recommended Threshold Limit Value for methyl chloride in air 
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340 cm3 CH3Cl / 100 cm3 water 
207 cm3 CH3Cl / 100 cm3 water 
1.0007 
905 °K; 632 °C; 1 170 ° F 

1.010 9 
12.93 
<273.15 °K; <0 °C; <32 ° F 
0 .105cm2 / s 

is 100 ppm (see Section on TLV). It is readily liquefied and is 

shipped in steel cylinders and ton containers as a liquefied gas 

under its own vapor pressure of 405 kPa (58. 7 psig) at 21-1 

oc. 

matheson 

Specifications 

Methyl chloride as supplied by Matheson has a minimum 
purity of 99.5% (mole). 

Uses 

Methyl chloride is used as a refrigerant , as a catalyst solvent 
in Butyl rubber, as a reagent 1n silicone production, in organic 
synthesis, in the manufacture of tetramethyllead , as a solvent , 
and as a starting material in the manufacture of such chemicals 
as methyl mercaptan, methylene chloride. chloroform, carbon 
tetrachloride, and various bromochloro- and chlorofluoro­
methanes. 

Effects In Man and Toxicity (2) 

The clinical picture of methyl chloride poisoning varies with 
the duration and intensity of the exposure. Exposure to 20 000 
ppm for 2 hours may be fatal. 

Light cases of methyl chloride poisoning usually suffer from 
nausea and vomiting, frequently from anorexia after a latent 
period of one half to several hours, occasionally also from 
hiccough and constricting pain in the neck. Very often the 
victim experiences drowsiness, headache, vertigo, increasing 
loss of coordination and sleepiness. Tremors of hands and lips 
may develop and later be followed by paresis such as foot 
drop. Visual disturbances (sich as double vision) are frequent 
complaints. In very light poisonings, recovery is prompt after 
removal of the victim to fresh air. 

Severe, nonfatal poisonings are also characterized by a 
latent period of several hours between exposure and onset o f 
the first signs or symptoms, and this varies with the individual 
susceptibility and the intensity of the exposure. Exposure to 
high concentrations frequently leads to such symptoms as 
nausea, vomiting and colicky pain , less frequently to diarrhea 
and difficulties in swallowing . Some victims may show signs of 
injury of the liver associated with jaundice and porphyrinuria 
and renal d isturbances characterized by albuminuria and 011-
guria which may pass into anuria. Nervous disturbances are 
very common and they may be severe and dominate the cl inical 
picture. Headache, fatigue, apathy, dizziness and drowsiness 
are usually the first symptoms, and later they may pass into 
unconsciousness, stupor and coma. In addition , there may be 
tremors, muscular twitchings, c lonic-tonic convulsions, rest­
lessness, mental confusion, halitosis, visual d isturbances, rapid 
pulse, blood pressure lowering, body temperature elevation, 
rapid respirat ion, some degree of primary anemia and acidosis. 
Complete recovery from severe methyl chloride poisoning may 
take weeks and months. 

In fatal methyl chloride poisoning , the symptoms are similar 
to those of severe , nonfatal poisoning. Depending on the inten­
sity of the exposure, death may occur in hours or days as a 
result of cerebral and pulmonary edema and circulatory failure. 

Contact of liquid methyl chloride, or a stream of concentrated 
vapor, with the skin may result in a condition resembling 
frostbite, followed by reddening and occasionally by blister 
formation. 

Similar contact with the eyes may result in a severe inJury. 
The odor of methyl ch loride is inadequate as far as providing 

a warning of the presence of dangerous concentrations of 
vapor. 
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METHYL CHLORIDE 

Threshold Limit Value (TLV) 

The 1979 ACGIH has recommended a Threshold L1m1t Value 
(TL V) of 100 ppm (21 0 mg m3

) • for methyl chloride. 

First Aid Treatment (2) 

General Procedure 

Speed 1s of primary importance in removing the victim from 
a contaminated atmosphere, 1n removing contaminated c loth­
ing, or in removing methyl chloride from the skin of eyes . First 
aid must be started at once in all cases of contact with methyl 
ch loride as serious inJury may result All affected persons 
should be referred to a phys1c1an, even when 1mmed1ate 1n1ury 
1s not apparent The physic ian should be given a detailed 
account of the accident 

Specific Procedures 

Inhalation 

The victim should be removed to an uncontaminated atmo­
sphere. All contaminated garments shou ld be removed He 
should be kept and comfortably warm until blood pressure and 
temperature are normal. In case the respiration 1s 1mpa1red , 
pure oxygen, if necessary (when respiration 1s weak or has 
ceased) in combination with artific ial resp1rat1on , should be 
administered periodically . 

Suggestions for Medical Treatment 

In case of inc1p1ent pulmonary edema, oxygen should be 
given against a positive pressure of 3-4 cm of water, obtained 
by immersing the exhalation tube into water to this depth If the 
victim is comatose. analeptics may become necessary How­
ever, these should be given with due precaution because of 
the tendency of some victims to develop convulsions In case 
of acidosis. oral administration of sodium bicarbonate and 
intravenous in1ect1on of its 5% solution have been used suc­
cessfully. It 1s essential to maintain an adequate d1ures1s and to 
empty the urinary bladder periodically Otherwise, the v1ct1m 
should be maintained on a high protein diet and should be 
given adequate amounts of vitamins. 

Skin Contact 

In case frostbite develops as a result of contact of methyl 
chloride with the skin , cover the frostbitten part with a warm 
hand or woolen material. If the fingers or hand are frostbitten. 
have the v1ct1m hold his hand in his armpit , next to his body 
Then place the frostbitten part 1n warm water, about 42 C 
(108 °F). If warm water is not available, or 1s 1mpract1cal to use, 
wrap the affected part gently 1n blankets. Let the c irculation re­
establish itself naturally Encourage the v1ct1m to excerc1se the 
affected part while 1t 1s being warmed. 

Contact with Eyes 

In case of contact of methyl chloride with the eyes, introduce 
drops of sterile mineral 011 into the eyes as an 1rngant Then 
wash the eyes with either a weak bone acid solution or a steri le 

• 1979 ACGIH Notice of Intent to Change to 50 ppm (105 

mg/ m3
). 
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METHYL CHLORIDE 

salt solution, not to exceed 2% sodium chloride. Take the 

victim promptly to an eye spec,altst. 

Precautions in Handling and Storage 

All personnel handling methyl chloride cylinders should be 
fully informed as to the dangers incident to improper handling. 
The cylinder and system should be grounded before use. 
Before introducing methyl chloride into any apparatus or equip­
ment, this apparatus should be tested for leaks, all leaks 
repaired, and the apparatus thoroughly dried. Only non-spark­
ing tools should be used with methyl chloride. Chemical safety 
goggles and/or a full face shield should be used when handling 
l1qu1d methyl chloride Where there is danger of high concen­
trations of methyl chloride, the operator should wear an ap­
proved (NIOSH) a,r or oxygen supplied mask, with a full face 
piece and have ,t ready for emergencies. Spills, unless very 
large, usually evaporate rapidly and cause little damage, but 
ample vent,lat,on should be provided to prevent the formation 
of toxic and explosive mixtures. Leaking cylinders should be 
moved outdoors, or to an isolated, well-ventilated area where 
the contents may be released . Each employee should know the 
location of safety showers, eye-fountains, and fire-extinguish­
ing equipment. Use methyl chloride in a well-ventilated area 
only, preferably a hood with forced ventilation. The cylinder 
should never be directly connected to a container of liquid, 
since suckback can occur causing a reaction within the cylin­
der To prevent suckback a trap, checkvalve, or vacuum break 
should be inserted into the line. Because of the fire and 
explosion hazards, cylinders of methyl chloride should be 
stored and used only ,n well-ventilated areas away from heat 
and all sources of IgnItIon such as flames and sparks . Never 
use flames to detect methyl chloride leaks, use soapy water 
solution Do not use methyl chloride around sparking motors 
or other non-explosion-proof equipment. Do not store reserve 
stocks of methyl chloride cylinders with cylinders containing 
oxygen, chlorine, or other highly oxidizing or flammable mate­
rials 

In addition, the general rules listed in Appendix I should be 
observed. 

Leak Detection 

Never use a flame to detect leaks of methyl chloride. Leaks 
in equipment to contain methyl chloride are best detected by 
placing the unit under nitrogen or carbon dioxide pressure and 
applying soap solution to the suspected points; during freezing 
weather glycerine may be used. A leak will be shown by the 
formation of bubbles. Methyl chloride concentrations in air may 
be determined with an explosimeter. 

Disposal of Leaking Cylinders 

Methyl chloride may be absorbed from leaking cylinders in 
a suitable organic solvent such as xylene, toluene, benzene, or 
chloroform after attachment of the appropriate regulator and 
flexible tubing and subsequently recovered for use or it may 
be disposed of by the procedure described in Appendix II-A. 

Materials of Construction 

Dry methyl chloride ,s inert to most engineering materials 
except zinc, aluminium die castings, and possibly magnesium 
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alloys. It is particularly imp~rtant to avoid the use of aluminum 
in contact with methyl chloride, since dangerous spontaneously 
flammable methyl aluminum compounds may be formed. In the 
presence of moisture, methyl chlori_de hydrolyzes with the 
formation of corrosive hydrochloric acid. Gaskets composed of 
natural rubber and many of the neoprene compositions are not 
suitable for use with methyl chloride. Pressed fibers, including 
asbestos, with a number of insoluble binders such as glue and 
gums, may be used. Polyvinyl alcohol gaskets, tubing, valve 
seats, and washers are recommended for use with methyl 
chloride. Medium soft metal gaskets may be used where alter­
nating stresses do not produce "ironing out" with subsequent 

leakage. 

Cylinder and Valve Description 

Cylinders of methyl chloride are of the low pressure type 
having a rated service pressure of 1 034 kPa (150 psig) or 

more. 
The standard cylinder valve outlet for methyl chloride is 

Compressed Gas Association (CGA) connection No. 51 o. 
Matheson has adopted connection No. 660 for methyl chloride 
service. This valve outlet is 1 .030 inches in diameter, with 
right-hand external threads, but is used with a connection 
having a flat seat and washer (see Figure 1 for an illustration of 
this valve outlet and its mating connection). Lecture bottles 
have a special 5/,5"-32 threads per inch female valve outlet. 

OUTLET 

l 
885' 
7 8" 

_L 

aao·· 
718' 

j 

CONNECTIO~ 

Fig. 1. CONNECTION 660 1.030"-14 RH EXT. using Flat Seat Washer 

Safety Devices 

Cylinders of methyl chloride utilize safety devices consisting 
of fuse plugs, melting at about 73.9 ° C (165 °F). When the 
cylinder is over 30 inches long, exclusive of the neck, this 
device is used in both ends of the cylinder. 

Recommended Controls 

Automatic Regulators 

Single stage metal diaphragm regulator, Model 19C-660 is 
recommended for use with methyl chloride. The regulator is of 
all brass construction, with German silver alloy diaphragm, 
nylon seat, and aluminum and nylon gaskets. It has a delivery 
pressure range of 28-345 kPa (4-50 psig), and a 2½" delivery 
pressure gauge reading up to 690 kPa (100 psig). Regulator 
Model 3321 with a delivery pressure range of 28-41 0 kPa (4-
60 psig) is recommended for use with lecture bottles. 

Manual Controls 

Matheson needle valve Model 50-660, a brass bar stock 
valve, is available for direct attachment to the cylinder valve 
outlet. This valve may be equipped with a variety of outlets, 
such as a hose connection,¼" tube fitting, or¼" NPT male or 

female pipe. It should be used only for manual flow control and 
not as a pressure control since 11 will not prevent pressure from 
building up 1f the system becomes clogged or tf the system 
itself is closed. A Model 31 B manual needle valve can be 
supplied for use with lecture bottles. 

Flowmeters 

Matheson Series 7600 laboratory brass flowmeter units with 
150 mm tubes and floats or Matheson Series 7200 laboratory 
brass flowmeter units with 65 mm tubes with a single float are 
recommended for use where definite flow rates must be known. 

Electronic mass flowmeters, such as Matheson Series No. 
811 6 and No. 81 60, should be used where accurate readings 
are required. Calibration Is unaffected by temperature and 
pressure changes, and flow rates may be recorded from the 
instrument's electrical output. 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 stainless steel and 
Series 8260 of type 316 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera­
ture changes. These mass flow controllers consist of a trans­
ducer, a control valve, a blind controller / power supply, a 
potentiometer and a digital indicator . The transducer senses 
the gas flow and sends a signal to the power supply. This 
signal and one from the potentiometer are compared. If there 
is an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 
imbalance. The accuracy Is ± 1.2%. 

Shipping Regulations 

Methyl chloride is classified by the DOT as a flammable, 
compressed gas and is shipped with the required " Red Gas 
Label" '. 

Commercial Preparation 

Methyl ch loride is obtained by the chlorination of methane in 
light along with other chlorination products . The proportion of 
methyl chloride formed depends on the reaction conditions. It 
is also produced by treating methanol with hydrogen chloride 
in the presence of dehydrating agents. 

Chemical Properties 

Methyl chloride undergoes the following typical reactions. 
(a) Forms a Grignard reagent with magnesium. 
(b) Methylates aromatic hydrocarbons with aluminum chlo-

ride as a catalyst . 
(c) Reacts with alkali alkoxides giving ethers (Wil liamson). 
(d) Forms quaternary salts with tertiary amines. 
(e) Reacts with ammonia forming methylamines. 
(f) Methylates amines in the presence of hydrogen chloride 

acceptors. 
(g) Reacts with the sodium salts of organic acids to form 

methyl esters. 
In addition , methyl chloride undergoes numerous other nu­

cleoph1l1c displacement reactions . 

~atheson 

METHYL CHLORIDE 

Thermodynamic and Detailed Physical Data 

Molecular Structure 

Replacement of one of the hydrogens of methane by chlorine 
results in distortion of the original tetrahedral symmetry of the 
methane molecule. Because of the electronegative character 
of the chlorine atom, methyl chloride has a permanent dipole 
moment with the chlorine atom the negative end of the dipole. 
The dipole moment of the polar methyl chloride molecule Is 
1 .86 debye units. Methane which Is a symmetrical molecule 
has no permanent d ipole moment 

The methyl chloride molecule has C ,. symmetry and a sym­
metry number of three, with C H and C Cl bond d istances of 
1.0959A(1 .0959x 10 10 m)and1 781 A(1781 2x 10 ' 0 

m), respectively, and H C H and H C Cl bond angles of 
108° and 110.9°, respectively. 

Infrared Spectrum 

See Figure 2 for the infrared spectrum of gaseous methyl 
chloride. 

Vapor Pressure (3) 

The vapor pressure of l1qu1d methyl chloride Is represented 
by the Antoine vapor pressure equation 

B 
log ,oP = A - C + I or 

B 
t =-

A - log,op 
C 

in wh ich p = mmHg and t = ° C, and the constants A, B, and 
C have the values of 6.994 45,902.451, and 243 60, respec­
tively. 

Some vapor pressure values calculated by this equation are 
shown below: 

Temperature, Vapor Pressure 
OK kPa mbar mmHg 

180.10 1.333 13 .3 10 

188.06 2 .666 26.7 20 
196.91 5.333 53 3 40 
202.55 7.999 80 0 60 
206.80 10.666 106.7 80 
210.24 13.332 133.3 100 
221 .83 26.664 266 6 200 
229.32 39.997 400 0 300 
235.01 53.329 533 3 400 
239.64 66.661 666 6 500 
243.59 79.993 799.9 600 
247.04 93 .325 933 2 700 
248.93 101 .325 013.25 760 
250.12 106.658 1 067 800 
252 .92 119.990 1 200 900 
255.48 133.322 1 333 000 
260.04 159.986 1 600 200 
265 .89 199.983 2 000 500 

For vapor pressures at higher temperatures, see Table 2 
and Figure 3. 
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Latent Heat of Vaporization, 
~Hv @ 248.93°K 

428.44 kJ / kg; 
(184.3 Btu / lb; 
102.4 kcal / kg) 

For 6Hv values at other temperatures. see Table 2. 

Thermodynamic Data 

Thermodynamic properties of methyl chloride for the satu­
rated liquid and the superheated vapor are shown rn Tables 2 
and 3, respectively. Compressibility data are shown rn Table 1. 

Thermodynamic Properties of Methyl Chloride As Ideal Gas 
@ 25 °C (4) 

Heat Capacity, C~ 
Entropy, So 
Free Energy Function , (F~98 -

H~98)/298 

REFERENCES 

40.694 J / (mol- °K) 
234 .250 J / (mol - °K) 

- 234.250 J / (mol - °K) 

METHYL CHLORIDE 

TABLE 1. COMPRESSIBILITY FACTORS 
FOR METHYL CHLORIDE 

Temperature, Pressure, kPa 
K 101.325 1 013.25 2 026.50 4 053.000 6 079.50 

273.15 0.989 
298.15 0.990 
400 0.995 0.939 
500 0.998 0.974 
600 0.999 0.989 
800 1.000 0.993 

1 000 11.000 0.997 

Enthalpy Difference, H~ga - Hg 
Enthalpy of Formation, iiHf 
Free Energy of Formation, ~Pt 

0.871 0 .705 
0.947 0.896 0.820 
0.975 0.944 0.919 
0 .992 0.987 0.985 
0.996 0 .995 0.994 

10.414kJmol 
-86.441 kJ mol 
-62.952 kJ mol 

' For extensive tabulations of the thermodynamic and physical properties of methyl chloride, see W Braker and A L. Mossman. The Matheson 

Unabndged Gas Data Book, Matheson, East Rutherford, New Jersey 
2 W. Braker, A. L. Mossman, and D. Siegel, Effects of Exposure to Toxic Gases-First Aid and Medical Treatment , 2nd ed1t1on, I 9 77. pp 97-1 00 

Matheson, Lyndhurst. New Jersey. 
3 B. J. Zwolinski, et al. , Selected Values of Properties of Chemical Compounds. 1968. Volume 1. Thermodynamics Research Center. Texas A & 

M University, College Station, Texas. 

• JANAF Thermochemical Tables. 2nd edition, D. R. Stull and H Prophet, proJect directors, 1971, Natl Stand . Ref Data Ser , Natl Bur Stand , 

NSRDS-NBS 37. U. S. Government Print ing Office, Washington. D. C 
5 The Sadlier Standard Spectra. 1972, Sadlier Research Laboratories. Inc .. Philadelphia. Pennsylvania 

G Methyl Chloride, Tech. Bull 194 7, pp 23-24. E. I. du Pont de Nemours & Co . Wilmington , Delaware 

7 Ibid., pp 25-30 . 
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METHYL CHLORIDE 

Table 2. THERMODYNAMIC PROPERTIES OF SATURATED METHYL CHLORIDE (6) 

Temperature Pressure 
Entropy 

Enthalpy kJ/kg Latent Heat Specific Volume 
Density kg/m3 kJ/(kg. °K) of Vaporiza- m3 /kg OK OF kPa atm Liquid Vapor Liquid Vapor tion kJ/kg Liquid Vapor Liquid Vapor 

210.93 -80 13.465 0.133 -0.147 2.043 -32.282 429.441 461.723 0.000 932 2.564 5 1 073.0 0.389 9 
216.48 -70 18.967 0.187 -0.109 2.004 -24.455 432.928 457.383 0.000 941 1.862 9 1 062.7 0.536 8 222.04 -60 26.193 0.259 -0.072 1.968 -16.362 436.391 452.753 0.000 951 1.379 0 1 051.5 0.725 2 
227 .59 -50 35.542 0.351 -0.036 1.933 -8.210 439.762 447 .972 0.000 960 1.038 8 1 041.7 0.962 6 
233.15 -40 47.422 0.468 0.000 1.901 0 .000 443.178 443.178 0 .000 970 0.794 1 1 030.9 1.259 
238.71 -30 62.301 0 .615 0.035 1.871 8 .280 446.479 438.199 0 .000 979 0.616 4 1 021.5 1.622 
244.26 -20 80.738 0.797 0.069 1.843 16.610 449.757 433.147 0.000 988 0 .484 5 1 012.1 2.064 
249.82 -10 103.146 1.02 0.103 1.817 24.988 452.964 427.976 0.000 998 0.385 6 1 002.0 2 .593 
255.37 0 130.311 1.29 0.137 1.792 33.449 456.126 422.677 0 .001 007 0 .310 2 993.0 3 .224 
260.93 10 162.716 1.61 0.170 1.769 41.933 459.264 417.331 0.001 018 0.252 1 982.3 3.967 
266.48 20 201 .051 1.98 0.203 1.748 50.510 462.192 411.682 0 .001 028 0.206 8 972.8 4 .836 
272.04 30 246.005 2.43 0 .234 1.726 59.134 464.959 405.825 0.001 039 0 .171 0 962.5 5 .848 
277.59 40 298.198 2.94 0.266 1.707 67.804 467.608 399.804 0.001 051 0.142 7 951 .5 7.008 
283.15 50 358.458 3 .54 0 .297 1.688 76.544 470.189 393.645 0.001 064 0.119 9 939.8 8.340 
288.71 60 427.475 4.22 0.328 1.670 85.330 472.629 387.299 0.001 076 0.101 4 929.4 9.862 
294.26 70 506.144 5.00 0.358 1.653 94.186 474.977 380. 791 0.001 089 0 .086 3 918.3 11 .587 
299.82 80 594.742 5.87 0.388 1.636 1 03.112 477.139 374.027 0 .001 101 0 .073 9 908.3 13.532 
305.37 90 693.612 6.85 0.418 1.620 112.061 479.138 367.077 0 .001 11 5 0.063 6 896.9 15.723 
310.93 100 804.618 7.94 0.447 1.605 121 .080 481.020 359.940 0 .001 129 0 .055 0 885.7 18.182 
316.48 110 927.345 9 .15 0.476 1.590 130.169 482.787 352.618 0 .001 144 0 .047 9 874.1 20 877 
322.04 120 1 063.17 10.5 0.505 1.577 139.304 484.391 345.087 0 .001 161 0 .041 9 861 .3 23.866 
327.59 130 1 212.79 12.0 0.533 1.563 148.509 485.855 337.346 0.001 172 0.036 8 853.2 27.174 
333.15 140 1 376.19 13.6 0.561 1.550 157.760 487.157 329.397 0 .001 195 0.032 4 836.8 30.864 
338.71 150 1 554.08 15.3 0 .589 1.537 167.058 488.366 321.308 0.001 214 0.028 6 823.7 34.965 
344 .26 160 1 747.82 17.2 0 .616 1.525 176.425 489.435 313.010 0.001 235 0.025 4 809.7 39.370 
349.82 170 1 957.42 19.3 0.643 1.514 185.886 490.295 304.409 0.001 258 0.022 6 794.9 44 .248 
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METHYL CHLORIDE 

Table 3. THERMODYNAMIC PROPERTIES SUPERHEATED METHYL CHLORIDE (7) 

r sur 
310.93 322.04 333.15 344.26 355.37 

kPa atm 255.37 266.48 277.59 288.71 299.82 
P es e 

Temper 

-
513.330 522 .860 532.553 

H 459 868 468.329 476.953 485 .832 494.828 503.986 542.432 

41 ,369 0.408 s 1.992 2.024 2.056 2.087 2.118 2.148 2 .177 2 .207 2 .235 2.264 

V 1.004 5 1.050 0 1.095 6 1.140 6 1.1855 1.230 5 1.274 8 1 .319 7 1.364 7 1.409 0 
~ 

H 458.659 467.306 476.000 484.926 494.014 503.242 512.633 522 .233 531 .972 541 .898 

69.948 1.021 s 1.905 1.937 1.969 2.001 2.032 2.062 2.092 2.121 2.150 2.178 

V 0.597 2 0 .624 9 0 .652 4 0 .679 8 0.707 3 0 .734 5 0.762 2 0.789 7 0 .816 6 0 .884 0 
- f-

H 457.148 466.005 474.837 483.810 492.991 502.289 511 .733 521 .443 531 .252 541 .247 

103,421 11.021 ~ 1.834 1.867 1.900 1.931 1.963 1.993 2.023 2.053 2 .082 2.110 

0 .394 1 0.413 1 0.431 8 0.450 4 0.471 4 0.487 3 I 0 .050 7 0 .524 0 0.542 2 0 .560 5 

464.656 473.605 482.694 491 .969 501 .359 510.913 520.652 530.531 540.573 

137,895 1.361 S 1.816 1.849 1.881 1.913 1.943 1.974 2 .003 2.033 2.061 

V 0.307 0 0 .321 3 0.335 4 0 .349 5 0.363 5 0.377 4 0 .391 3 0 .405 1 0.418 8 

H 470.979 480.463 489.923 499.453 509.193 519.048 529.067 539.201 

206.843 I 2 041 s 1.776 1.809 1.841 1.872 1.903 1.933 1.963 1.992 

V 0 .210 6 0.220 4 0 .230 2 0 .239 7 I 0 .249 2 0 .275 4 0.267 9 0.277 3 

H 468.097 478.115 487.761 497.501 507.473 517.421 527.556 537.830 

275 790 2 722 s 1.722 1.756 1.789 1.820 1.852 1.882 1.912 1.942 

V 0.155 1 0.162 8 0.170 4 0.177 7 I 0 .185 0 0 .192 3 0 .199 5 0.206 6 
- -

493_479 I 503.684 H 473.001 483.298 514.074 524.534 535.064 

413 685 4 .083 s 1.677 1. 711 1.744 1.777 1.808 1.839 1.869 

V 0.105 1 0 .110 5 0 .115 7 0 .120 9 0 .125 9 0 .130 9 0.135 8 

551 .581 15 .444 
H 478.487 489.295 499.802 510.634 521.419 532.205 
s 1.652 1.687 1 .721 1.754 1.785 1.816 

V I 0 .080 5 0 .084 7 0.088 7 0 .092 7 0.096 6 0.100 4 

--:-89476 f 05 

-
H I 484.833 495.874 507.077 518.212 529.299 

I 

~I 
1.640 1.675 1.709 1.742 1.774 
0 .065 9 0 .069 4 0.072 7 0.076 0 0.079 2 

H 491.876 503.405 514.888 526.301 
827 371 8 .166 s 1.636 1.671 1.705 1.737 

V 0.056 4 0 .059 4 0 .062 2 0.065 0 

H 487.436 499.616 511.475 523.209 
965 266 9 526 s 1.600 1.636 1.672 1.705 

V 0.047 1 0 .049 7 0.052 3 0 .054 7 

H 495.664 507.891 520.048 
1 103.1 5 10.89 s 1.605 1.642 1.677 

V 0.042 5 0 .044 9 0 .047 1 - -e- >---

H 491.434 504.218 516.770 
1 241 .06 12.25 s 1.577 1.614 1.650 

V 0.036 8 0 .039 1 0.041 1 

H 500.453 513.400 
1 378 .95 13.61 s 1.588 1.626 

V 0 .034 4 0.036 3 
- --

H 496.501 509 .937 
1 516.84 14.97 s 1.564 1.603 

V 0 .030 5 0.032 4 - - - - -
H 492.201 506.310 

1 654 .74 16.33 s 1.541 1.581 
V 0 .027 3 0 .029 1 - --
H 502.498 

1 792.64 17.69 s 1.560 
V 0.026 3 
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METHYL CHLORIDE 

H, ENTHALPY, kJ / kg; S, ENTROPY, kJ / (kg. °K); V, SPECIFIC VOLUME, m3 / kg 
ature, °K 

366.48 377.59 388.71 399.82 410.93 422.04 433.15 444.26 455.37 466.48 477.59 488.71 

552.497 562.725 573.208 583.74 
2 .291 2.319 2.346 2.373 
1.453 9 1.498 3 1 .542 6 1.586 9 ,__ ~--551 .986 562.260 572.789 583.389 594.267 
2 .206 2.234 2.261 2.288 2 .315 
0 .870 9 0 .897 7 0 .924 6 0 .951 4 0 .978 2 

- -
551 .381 561 .679 572.255 582.901 593.779 604.727 
2.138 2 .166 2.193 2.220 2 .247 2.274 
0 .578 6 0 .596 6 0 .614 5 0 .632 4 0 .650 5 0.668 6 

- '- - - - - - -- -

550.754 561 .121 571 .720 582 .389 593.268 604.262 
2.089 2 .118 2.145 2.172 2.199 2 .225 
0.432 6 0.446 2 0.459 8 0.473 4 0.487 0 0.506 2 - ->- -- '- -L- - I-- -
549.499 559.959 570.651 581 .413 592.315 603.379 614.606 
2 .020 2 .048 2.076 2.104 2 .130 2 .157 2.183 

I 0 .286 6 0 .295 8 0 .305 1 0 .314 3 0.323 4 0.332 5 0 .341 6 
1 548.243 

+--- -- - ~ - I-- t--

558.796 569.582 580.414 591 .385 602 .519 613.793 625.275 
1.971 1 .999 2.027 2.054 2.081 2 .108 2 .135 2 .161 

I o .213 7 0 .220 7 0 .227 7 0 .234 7 0 .241 5 0 .248 4 0 .255 3 0 .262 1 -- - ~ - - - f--- -1~ 

545.710 556.4 72 567.420 578.391 5$9.502 600.776 612 .142 623.672 
1.899 1.928 1.956 1.984 2.012 2.038 2.065 2 .092 
0 .140 7 0 .145 5 0 .150 3 0 .155 0 0 .159 8 0 .164 4 0 .169 1 0 .173 7 

- - - .,.__ - - L...__ - -•-t---- -
543.106 
1.846 
0 .104 1 

540.433 
1.804 
0 .082 3 

554.078 565.212 576.346 587 .596 598.986 610.492 622.114 633.876 645 .870 
1.876 1.905 1.933 1.961 1.988 2 .015 2 .041 2 .068 2 .094 
0 .107 9 0 .111 6 0 .115 2 0 .118 9 0 .122 4 0 .125 9 0 .129 4 0 .132 9 0 .136 4 

-- -1.-

551 .637 562.980 574.277 585.667 597.196 608.842 620.557 632.411 644 452 
1.834 1.864 1.892 1.921 1.948 1 .976 2.002 2 .029 2 .055 
0 .085 3 0 .088 3 0 .091 3 0 .094 3 0 .097 2 0 .100 1 0.102 9 0 .105 8 0 .108 6 

-- -L- -1---- --

53 7.714 549.150 560.702 572 .185 583.714 595.406 607. 145 618.976 630.947 643.011 655.191 
1.769 1.800 1.830 1.859 1.887 1.915 1 .943 1.970 1.996 2 023 2.048 
0 .067 6 0 .070 2 0 .072 9 0 .075 4 0 .077 8 0 .080 3 0 .082 8 0 .085 2 0 .087 6 0 .090 0 0 .092 3 

i---- - _L_ 1-- -

534.924 546.639 558.401 570 .047 581 .762 593.570 605.425 617 .396 6 29.459 641 .593 653 .866 666.441 
1.738 1.769 1.800 1.830 1.859 1.887 1 .915 1.942 1 .969 1.995 2.021 2.047 
0 .057 1 0 .059 5 0 .061 7 0 .063 9 0 .066 2 0.068 3 0 .070 4 0 .072 5 0 .074 7 0 .076 8 0 .078 9 0 .080 9 

....__ -+-- I-- -- - -- ,._ 

532.065 544.036 556.030 567.862 579.763 591.710 603.705 615.792 627.949 640.198 652.541 665.163 
1.710 1.742 1.774 1.804 1.833 1.861 1 .889 1.917 1.944 1.971 1.997 2.023 
0 .049 3 0 .051 4 0 .053 4 0.055 4 0.057 4 0 .059 3 0 .061 2 0 .063 1 0 .064 9 0.066 8 0 068 8 0 070 4 

_.__ L.._ _L.._ 

529.136 541.409 553.613 565.677 577.717 589.828 601 .961 614.165 626.438 638.757 651 .193 663.861 
1.685 1.718 1.750 1.780 1.810 1.839 1.867 1.895 1.923 1.949 1.976 2002 

I 0 .043 1 0.045 1 0 .046 9 0 .048 8 ~ 50 5 0 .052 3 ~ 054 o 0 .055 7 0 .05~~059 1 0 .060 7 0 .062 4 

1526.138 538.690 551 .172 563.422 576.649 587.922 600.195 612 .514 624.904 637.339 649.891 662 .583 
1.661 1.695 1.728 1.759 1.789 1.818 1.818 1.847 1 .875 1.902 1 .930 1.956 
0 .038 2 0 .040 0 0 .041 7 0 .043 4 0.045 0 0 .046 6 0 .048 2 0 .049 8 0 .051 3 0 .052 9 0 .054 3 0 .055 9 

-- -1---

499.82 

-

-

~ 

523.046 
1.639 
0 .034 1 

535.924 548.639 561 .120 573.533 585.992 598.428 610.864 623 346 635 875 648 497 661 304 674 089 
1.674 1.707 1.739 1.770 1.800 1.828 1.857 1.884 1 912 1 938 1 .965 1 991 
0 .035 8 0.037 5 0.039 0 0.040 6 0 .042 1 0 .043 5 0 .044 9 0 .046 4 0 .047 8 0 049 1 0 050 6 0 051 9 

-
519.839 533.065 546.082 558.796 571 .395 584.040 596.615 609.190 621.789 634.434 647 125 660 003 672 880 
1.618 1.654 1.688 1.720 1.751 1.782 1 .811 1.840 1.868 1.895 1.922 1.949 1 975 
0 .030 8 0 .032 4 0 .033 9 0 .035 3 0.036 8 0 .038 2 0 .039 6 0 .040 9 0 .042 3 0 .043 5 0 .044 8 0 .046 1 0 047 3 

--+---+-_ _ ...__ - - 1-- - - 1--

516. 540 530.159 543 .478 556.425 569.256 582.064 594.802 607.493 620 .208 632.969 645.73 1 658 724 671 671 
1.598 1.635 1.670 1.703 1.734 1.765 1.795 1.8 24 1 .852 1 .880 1.907 1.933 1 960 
0 .027 9 0 .0 29 4 0 .030 9 0 .032 3 0.033 6 0 .035 0 0 .036 3 0 .037 5 0 .038 8 0 .040 0 0 041 1 0 042 4 0.043 5 

matheson 475 

• .~,, r, - • •• - • - • • • • 



METHYL FLUORIDE 
(Synonym: Fluoromethane) 

(Formula: CH3F) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of CH3F 
Specific Volume @ 21.1 °C, 101.325 kPa 
Vapor Pressure@ 21.1 °C 

Boiling Point @ 1 01 .325 kPa 
Freezing Point In Air @ 101 .325 kPa 
Absolute Density, Gas@ 101.325 kPa@ 20°C 
Relative Density, Gas @ 1 01 .325 kPa @ 20 °C (Air = 1) 
Density, Liquid @:, Saturation Pressure @ 25 °C 
Critical Temperature 
Critical Pressure 

Critical Volume 
Critical Density 
Critical Compressibility Factor 
Dipole Moment, Gas 
Molar Specific Heat, Gas@101.325 kPa@ 25 °C 

@ Constant Pressure 
@ Constant Volume 

Specific Heat Ratio, Gas@ 101 .325 kPa@ 25 °C, Cp / Cv 
Viscosity , Gas@ 101 .325 kPa@ 25°C 
Thermal Conductivity, Gas@ 101.325 kPa@ 25 °C 

Solub1l1ty In Water@ 101 .325 kPa@ 15 °C 
Refractive Index, Liquid @ Saturation Pressure@ 25 °C 

Description 

Methyl fluoride is a colorless, flammable gas at room tem­
perature and atmospheric pressure. Methyl fluoride is shipped 
only in lecture bottles as a liquefied gas under its own vapor 

pressure of 3 710 kPa (538 psig) at 21.1 °C. 

Specifications 

Methyl fluoride as supplied by Matheson has a minimum 
purity of 99.0%. 

Uses 

Methyl fluoride is chiefly of interest as a propellant in admix­
ture with other nonflammable propellants and for physico­
chem1cal study of the C F bond. 

Toxicity 

The tox1cIty of methyl fluoride has not been investigated, but 
11 Is probably of a lower order. Nevertheless, it is advisable to 
handle it in a well-ventilated area. 
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0.034 033 kg 
0.034 033 kg 
709.2 dm3 / kg; 11 .36 ft3 /lb 
3810 kPa; 38.1 bar; 552.7 psia; 37.6 

atm 
194.80 °K; - 78.4 °C; -109.0 °F 
131.35 °K; -141 .8 °C; -223.2 °F 

1.439 7 kg / m3 

1.195 
0.557 0 kg / I 
318.05 °K; 44.9 °C; 112.8 °F 
6 280 kPa; 62.8 bar; 911 .1 psia; 62.0 

atm 
3.320 dm3 / kg 
0 .301 kg / dm3 

0.268 
6. 1 7 4 X 1 0 3° C · m; 1 . 8 51 D 

38.171 J / (mol, °K) 
29.857 J / (mol- °K) 
1.278 
0.01 0 86 mPa • s; 0 .01 0 86 cP 
0.01 6 99 W / (m- °K); 40.6 x 10 6 cal• 

cm / (s-cm2 , °C) 
166 cm3 CH3F / 0.1 kg 
1.167 4 

Precautions in Handling and Storage 

The hazards associated with the use of methyl fluoride stem 

mainly from its flammability . Store and use methyl fluoride 
cylinders in well-ventilated areas away from heat and all 
sources of ignition such as flames and sparks. Never use 
flames to detect flammable gas leaks, use soapy water. Do not 
use methyl fluoride around sparking motors or other non-ex­
plosion-proof equipment. Do not store reserve stocks of methyl 

fluoride cylinders with cylinders containing oxygen, chlorine, 
or other highly oxidizing or flammable materials. Ground all 
lines used with methyl fluoride . 

In addition, the general rules listed in Appendix I should be 
observed. 

Leak Detection 

Leaks of methyl fluoride in lines or equipment may be de­
tected by painting the suspected sites with soapy water. Leaks 
will be indicated by bubble formation. Never use a flame to 
detect leaks. 

Disposal of Leaking Cylinders 

For disposal procedure see Appendix II-A. 

Materials of Construction 

Since methyl fluoride is a noncorrqsIve gas, any common or 
commercially available metal may be used. However, piping 

systems or vessels to contain methyl, fluoride should be ade­
quately designed to withstand the pressures to be encountered . 

Cylinder and Valve Description 

Methyl fluoride is supplied in lecture bottles, which have a 
special 5116"-32 threads per inch female outlet. 

Recommended Controls 

Automatic Regulators 

Regulator Models 3320 and 3321 which are designed for 
use with lecture bottles containing noncorrosive gases are 
recommended for use with methyl fluoride. These regulators 
are of brass construction with neoprene diaphragms and Kel­
F seats. Both regulators have delivery pressure ranges of 28-
41 O kPa (4-60 psig). 

Manual Controls 

Models 30AR and 31 B needle valves are recommended for 
use with lecture bottles of methyl fluoride. 

Flow meters 

Matheson Series 7600 laboratory brass flowmeter units with 
1 50 mm tubes and floats or Matheson Series 7200 laboratory 
brass flowmeter units with 65 mm tubes with a single float are 
recommended for use where definite flow rates must be known. 

Electronic mass f lowmeters, such as Matheson series No. 
8116 and No. 8160 should be used where accurate readings 
are required. Calibration is unaffected by temperature and 
pressure changes, and flow rates may be recorded from the 

instrument's electrical output. 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 31 6 stainless steel and 
Series 8260 of type 316 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera­
ture changes. These mass flow controllers consist of a trans­
ducer, a control valve, a blind controller / power supply. a 
potentiometer and a digital indicator. The transducer senses 
the gas flow and sends a signal to the power supply. This 
signal and one from the potentiometer are compared. If there 
is an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 
imbalance. The accuracy is ± 1 .2 %. 

Shipping Regulations 

Methyl fluoride is shipped in lecture bottles as a flammable 
compressed gas, requiring a DOT " Red Gas Label" . 

Chemical Preparation 

Methyl fluoride is generally prepared by the interaction of 
methyl chloride and silver fluoride or mercury fluorides. It Is 
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METHYL FLUORIDE 

also formed by heating tetramethylammonium fluoride and by 
refluxing a mixture of methanol, benzenesulfonyl fluoride, and 

potassium fluoride. 

Chemical Properties 

Methyl fluoride 1s comparatively unreactive in relation to the 
other methyl halides. 

Thermodynamic and Detailed Physical Data 

Molecular Structure 

Replacement of one of the hydrogen in methane by fluorine 
results 1n distortion of the original tetrahedral symmetry of the 

molecule. Methyl fluoride has a dipole moment of 1 .851 debye 

units. 
Methyl fluoride has C3v symmetry and a symmetry number of 

three with the following structural parameters: C-F bond 
dista~ce: 1 .391 A (1 .391 x 1 0 ' 0 m); C-H bond distance 
1.095 A (1.095 x 10 ' 0 m); H- C- H bond angle: 109.5°. 

Infrared Spectrum 

See Figure 1 for the infrared spectrum of gaseous methyl 

fluoride . 

Vapor Pressure 

The vapor pressure of liquid methyl fluoride between 140.65 
°Kand 208.02 °K is represented by the Antoine vapor pressure 

equation (2). 

B B 
log p - A - -- or t = ---- - C 10 

- C + t A - log,oP 

1n which p = mmHg and t = °C, and the constants A, B, and 
C have the values of 7.097 61. 740.218, and 253.89, respec-

t1vely. 
Some calculated vapor pressures are shown below: 

Temperature, Vapor Pressure 
OK kPa mbar mmHg 

140.65 1.333 13.3 10 

146.96 2.666 26.7 20 

153.95 5.333 53.3 40 
1 58.41 7 .999 80.0 60 

161 .76 10.666 106.7 80 

164 47 1 3 .332 133.3 100 
173 58 26.664 266.6 200 

1 79.46 39.997 400.0 300 
183.91 53.329 533.3 400 
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Tempera- Vapor Pressure 

ture, °K kPa bar atm 

187.54 66.661 666.6 500 

190.63 79.993 799.9 600 

193.33 93.326 933.3 700 

194.80 101.325 1 013.35 760 

195.73 106.658 1 067 800 

197.91 119.990 1 200 900 

199.91 133.322 1 333 1 000 

203.46 159.987 1 600 1 200 

208.02 199.984 2 000 1 500 

Vapor pressures above 101 .325 kPa (1 atm) are shown 

below (3). 

Temperature, Vapor Pressure 
OK kPa mbar mmHg 

194.95 101 .325 1.01325 

208.65 202.650 2 .03 2 
231 .15 506.625 5.07 5 

252.15 1 013.25 10.1 10 

275.75 2 026.50 20.3 20 

288.65 3 039.75 30.4 30 

299.65 4 053.00 40.5 40 

309.15 5 066.25 50.7 50 

316.65 6 079.50 60.8 60 

See Figure 2 for vapor pressure curve. 

Latent Heat of Vaporization, AHv 

Temperature, °K 

194.80 
200 
225 

AHv, kJ / mol 

17.698 
17.433 
15.905 

Thermodynamic Properties of Methyl Fluoride As Ideal Gas 
@ 25 °C (4) 

Heat Capacity, C~ 
Entropy, S0 

Free Energy Function, (F~ga -

H~gs)/298 
Enthalpy Difference, H~98 - Hg 
Enthalpy of Formation, A H? 
Free Energy of Formation, ..:iF? 

37.501 J / (mol- °K) 

222 .806 J / (mol, °K) 
-222.806 J / (mol- °K) 

10.134 kJ / mol 
- 234.304 kJ / mol 
- 210.426 kJ/ mol 
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METHYL FLUORIDE 

REFERENCES 
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METHYL MERCAPTAN 
(Synonym: Methanethiol} 

(Formula: CHJSH) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of CH3SH 
Specific Volume @ 21 . 1 ° c, 1 01 .325 kPa 
Vapor Pressure @ 21 .1 ° C 

Boiling Point @ 1 01 .325 kPa 
Melting Point 
Transition Point 
Absolute Density, Gas@ 101 .325 kPa@ 20 ° c 
Relative Density, Gas@ 101.325 kPa@ 20 ° c (Air = 1) 
Density , Liquid@ Saturation Pressure @ 21 .1 ° C 

Critical Temperature 
Critical Pressure 

Critical Volume 
Critical Density 
Critical Compressibility Factor 

Latent Heat of Fusion @ -123.0 ° C 
Heat of Transition@ - 135.6 ° c 
Flammability Limits In Air 
Flash Point (Open Cup) 
Dipole Moment, Gas 
Molar Specific Heat, Gas@ 101 .325 kPa@ 15_6 °c 

@ Constant Pressure 
@ Constant Volume 

0.048 103 kg 
0.048 103 kg 
499.4 dm3 / kg; 8 .0 ft 3 / lb 
205 kPa, 2.05 bar; 29. 7 ps1a; 2 02 atm 
279_95 °K; 6_8 °C ; 44 .2 ° F 
150.15 ° K ; -123.0 ° C; -189.4 ° F 
137 .59 ° K; -135.6 ° C; -212_0 °F 
1.999 kg / m3 

1.66 
0 .866 kg / dm3 

469.95 ° K; 196.8 ° C; 386.2 ° F 
7 230 kPa; 72 .3 bar; 1 049 .3 psia; 71.4 

atm 
3.014 dm3 / kg 
0.332 kg / dm3 

0_268 
122-792 kJ / kg ; 29.348 kcal / kg 
4 .56 kJ / kg; 1 .09 kcal / kg 
3_9-21 _8% (by volume) 

<255.15 °K; <20 ° C; <0 ° F 
5.07 X 10 3° C- m; 1 .52 D 

49.491 J / (mol -° K) 
41 .239 J / (mol - ° K) 

Specific Heat Ratio, Gas@ 101 .325 kPa@ 15.6 ° C, Cp / Cv 
Molar Specific Heat, Liquid @ Saturation Pressure @ -21 .1 ° C 

Viscosity, Gas@ 101.325 kPa@ 25 ° c 

1.200 
88.415 J / (mol - ° K) 
0 .009 4 mPa-s; 0.009 4 cP 
0 .013 26 W / (m- ° K) 31.7 X 10 6 cal­

cm/(s • cm 2 
• ° C) 

Thermal Conductivity, Gas@ 101.325 kPa@ 25 ° C 

Solubility In Water@ 101.325 kPa@ 15 °C 

Description 

At room temperature and atmospheric pressure, methyl mer­
captan is a colorless, flammable, tox ic gas with an extremely 
disagreeable odor_ It is readily liquefied and is shipped 1n steel 
cylinders and ton containers under its own vapor pressure of 
1 03 kPa (1 5 psig) at 21 .1 °C. 

Specifications 

Methyl mercaptan has a minimum purity of 99.5%. 

Uses 

CH3 SH has been used in organic synthesis and is an inter­
mediate for jet fuel additives, fungicides, and methionine. 

matheson· 

2.4% (by weight) 

Effects In Man and Toxicity (2) 

In high concentrations, methyl mercaptan attacks the central 
nervous system and causes muscular weakness, tremors, un­
consciousness and respiratory paralysis. Chief symptoms are 
irritation of the mucous membranes, general 1ntox1cation, oc­
casionally convulsions, pulmonary 1mtat1on and more or less 
pronounced paralysis of the locomotor muscles and the respi­

ration . 
High concentrations of vapor or liquid methyl mercaptan may 

irritate the eyes and skin . 
The extremely disagreeable odor of methyl mercaptan pro­

vides adequate warning of its presence, at levels far below 
those which produce toxicological effects 
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METHYL MERCAPTAN 

Threshold Limit Value (TLV) 

The 1979 ACGIH has recommended at Threshold Limit Value 
(TLV) of 0 .5 ppm (1 mg / m3) for methyl mercaptan. 

First Aid Treatment (2) 

Inhalation 

Workers showing symptoms or signs of methyl mercaptan 
poisoning should be removed 1mmed1ately to an uncontami­
nated area (care should be taken by the rescuers that they are 
adequately protected from inhalation of the toxic vapors). The 
vIctIm should be kept warm and at complete rest. If breathing 
Is difficult or has stopped, art1f1c1al respiration should be started 
at once, and preferably with simultaneous adm1nistratIon of 
oxygen Observe for premonitory signs of pulmonary edema. 

Eyes or Skin 

In case of skin or eye contact with high concentrations of 
vapor or liquid methyl mercaptan, wash the skin or irrigate the 
eyes promptly with water Severe pain in the eyes from con­
Junctiv1t1s may be controlled by hot and cold compresses. 

Suggested Medical Treatment (2) 

The use of respiratory stimulants, such as caffeine and 
sodium benzoate 7 5 grains (0 000 5 kg), coramine (0.5 cm3

, 

intramuscularly or preferably intravenously), camphor in oil (1 -
2 cm 1, intramuscularly), or metrazol (1.5 grains (0.000 1 kg)), 
may be of value because of the central character of the 
respiratory failure 

Precautions in Handling and Storage 

The hazards associated with the use of CH 3SH are due to its 
extreme flammability and to its stench properties. 

(a) Store and use cylinders containing CH 1SH only in well­
ventilated areas (preferably hoods with forced draft ventilation) 
away from heat and all sources of IgnItIon such as flames or 
sparks 

(b) Ground all lines and equipment to contain CH ,SH. 
(c) Never use flames to detect flammable gas leaks, use 

soap water solution. 
(d) Do not use CH ,SH around sparking motors or other non­

explosion-proof equipment. 
(e) Do not store reserve stocks of cylinders containing 

CH iSH with cylinders containing oxygen, chlorine, or other 
highly ox1d1zing or flammable materials. 

(f) Personnel handling CH ,SH should wear chemical safety 
goggles, rubber gloves. appropriate gas masks, and safety 
shoes. 

(g) An air-line or oxygen mask should be kept available in 
convenient locations for emergencies. 

(h) Eye-washing facilities and safety showers should be 
available for use in emergencies. 

(i) Non-sparking tools are preferred for use with CH 3SH. 
(J) If spills occur. 1mmed1ately apply l1qu1d household bleach 

calcium or sodium hypochlorite in aqueous solution. Do no~ 
use powdered bleach 

In add1t1on, the general rules listed in Appendix I should be 
observed . 
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Leak Detection 

Leaks of CH3SH in lines and equipment may be detected by 
applying soap water solution to the suspected sites. Leaks will 

be evident by bubble formation. 

Analytical Detection 

Atmospheric concentrations may be determined by drawing 
the air slowly through a wash bottle containing 1 ml of isatin­
sulfuric acid solution (freshly prepared solution of 0 .000 1 o kg 
isatin in 1 00 ml concentrated sulfuric acid). The mercaptan 
turns the reagent a grass green color. The amount of CH3SH 
can be estimated colorimetrically within the range of 5.0 x 
1 o 9 - 10.1 x 1 o-6 kg by the depth of the color developed, 
the latter being compared with known standards . 

Matheson supplies a Toxic Gas Detector Model 8014K for 
determination of CH3SH in the range of 5-1 40 ppm in air with 
the Model 164S detector tube. A 1 00-ml sample of the atmo­
sphere is drawn through the detector tube containing a chem­

ical reagent which absorbs and reacts with CH3SH. The color 
stain produced varies in length according to the concentration 
of the CH3SH being measured . The length of the stain, and 
hence the concentration, is read directly from the tube. 

Disposal of Leaking Cylinders 

Several disposal procedures can be used . 
(a) The method described in Appendix 11-0. 
(b) Absorption in a suitable organic solvent (methanol, 

ethanol, benzene) and subsequent recovery from the solution. 
(c) The CH3SH may be oxidized to CH3SSCH3 by introducing 

it into a 5-10% oxidizing solution such as hydrogen peroxide, 

sodium hypochlorite, sodium hypobromite, or calcium hypo­
chlorite. 

Materials of Construction 

Stainless steel and steel alloys (copper free) are preferred 
materials of construction for handling CH 3 SH. In particular, 
stainless steel should be used with any vessels or lines which 
are to be opened and exposed to the air frequently. Aluminum 
is also suitable but caution is advised if it is to be used for 
CH3SH under pressure. 

Plain iron and steel are less preferred than the above mate­
rials . However, they can be used safely if they are first condi­

tioned by exposure to CH3SH or hydrogen sulfide and subse­
quently maintained under a dry, inert atmosphere. 

Brass, although tarnished by dry CH3SH, does not seem to 
be adversely affected. 

Vulcabeston gaskets are satisfactory, as is Teflon. 

Cylinder and Valve Description 

CH3SH is packaged in DOT approved, low pressure, steel 
cylinders. Matheson cyl inders containing CH3SH are equipped 
with the alternate standard Compressed Gas Association (CSA) 
cylinder valve outlet connection No. 330. The valve outlet has 
a thread size of 0.825 inch, with left-hand external threads with 

a flat seat and using a washer as a seal (see Figure 1 for an 
illustration). Lecture bottles have a special 5/, 6 inch-32 threads 
per inch, female outlet. 

The packing nut at the top of the valve should be kept tight 
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•NE(T ON 

Fig. 1. CONNECTION 330 825"-14 LH EXT. used with Flat Seat 
and Washer 

at all times (to tighten 11 should be turned clockwise as viewed 
from above). If leaks persist call the supplier Immed1ately 

Only large (285 lb net) cylinders of CH ,SH are equipped with 
dip tubes for removal of liquid CH SH . Other cylinders must be 
inverted to obtain the liquid . 

Safety Devices 

Although not required by the DOT the cylinder valve used by 
Matheson contains fusible metal plug, melting about 73.9 C 
(1 65 ° F), as a safety device. 

Recommended Controls 

Automatic Pressure Regulators 

Single stage regulator Model 13-330 is recommended for 
use with methyl mercaptan. This regulator has an anodized 
aluminum body, with type 316 stainless steel internal parts, a 
diaphragm of FEP Teflon on Neoprene, and a Teflon seat. It 
has a delivery pressure range of 28-240 kPa (4-35 psig). No 
cylinder pressure gauge Is provided since It would not 1nd1cate 
cylinder content but only vapor pressure, which will remain 
constant as long as any liquid methyl mercaptan is present In 
the cylinder. A stainless steel check valve is recommended for 
use with the regulator. 

The Matheson Model 71 -330 regulator is designed for sen­
sitive and very accurate low pressure control The regulator 
has an oversize, pancake, aluminum body, a Teflon-faced Butyl 
rubber diaphragm, a Teflon seat, and type 303 stainless steel 
internal parts. It has a delivery pressure range of 3.4-34.5 kPa 
(0.5-5.0 psig). 

Manual Controls 

Matheson needle valve Model 61-330, of stainless steel. Is 
available for direct attachment to the cylinder valve outlet. This 
valve may be equipped with a variety of outlets, such as a hose 
connection, ' 1•" tube fitting, or 11. " NPT male or female pipe. A 
Model 32S or Model 59 Is available for use with lecture bottles 

Flow meters 

Matheson Series 7600 laboratory stainless steel flowmeter 
units with 1 50 mm tubes and floats or Matheson Series 7200 
laboratory stainless steel flowmeter units with 65 mm tubes 
with a single float are recommended for use where definite flow 
rates must be known . 

Electronic mass flowmeters, such as Matheson Series No 
8116 and No. 8160, should be used where accurate readings 
are required . Cal1brat1on Is unaffected by temperature and 
pressure changes, and flow rates may be recorded from the 
instrument's electrical output. 
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METHYL MERCAPTAN 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 stainless steel and 
Series 8260 of type 316 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera­
ture changes These mass flow controllers consist of a trans­
ducer. a control valve. a blind controller power supply, a 

potentiometer and a digital indicator. The transducer senses 
the gas flow and sends a signal to the power supply. This 
signal and one from the potentiometer are compared. If there 
is an imbalance. the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 
imbalance. The accuracy Is ± 1 2%. 

Shipping Regulations 

CH SH 1s class1f1ed by the DOT as a flammable, compressed 
gas and 1s shipped with the required Red Gas Label ". 

Chemical Preparation 

CHJSH 1s obtained by the reaction of aqueous sodium hydro­
sulfide, methyl chloride, and hydrogen sulfide, or from metha­
nol and hydrogen sulfide. 

Chemical Properties 

(a) CH SH, on oxidation with concentrated sulfuric acid, 

sulfuryl chloride, hydrogen peroxide, sodium hypohalite, or 
1od1ne, 1s converted into dimethyl disulfide. 

(b) On oxidation with nitric acid, CH 3SH forms methanesul­
fon1c acid. 

(c) CH SH combines with aldehydes and ketones giving 
mercaptals and mercaptols, respectively. 

(d) CH SH adds to an ethylene linkage to give a dialkyl 
sulfide 

(e) CH ,SH is acidic and forms water-soluble salts with the 
alkali metals and water-insoluble salts with heavy metals (mer­
cury, lead, zinc). 

(f) CH SNa reacts with compounds containing reactive hal­
ogens to give th10 ethers. 

Thermodynamic and Detailed Physical Data 

Molecular Structure 

Methyl mercaptan has the following structural parameters: 
bond distances C H 1.10 A (1.10 x 10 •~ m); C-S 1.82 A 
(1 .82 x 10 ' m); S H 1 .33 A (1 33 x 1 0 10 m); bond angle: 
C S H965 '. 

Infrared Spectrum 

See Figure 2 for the infrared spectrum of gaseous methyl 
mercaptan. 
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Vapor Pressure 

The vapor pressure of liquid methyl mercaptan below 
101.325 kPa (1 aim) is shown below (3). 

Temperature, Vapor Pressure 
OK kPa mbar mmHg 

182.45 0.133 1.33 1 

197.85 0.667 6 .67 5 
205.65 1.333 13.3 10 

214.35 2.666 26.7 20 

223.95 5.333 53.3 40 

230.05 7.999 80.0 60 

238.35 13.332 133.3 100 
251 .05 26.664 266.6 200 
265.25 53.329 533.3 400 

279.95 101 .325 1 01 3 .25 760 

The vapor pressure of liquid methyl mercaptan above 
101 .325 kPa (1 aim) is listed below (4). 

Tempera- Vapor Pressure 

ture, °K kPa bar atm 

279.95 101 .325 1.01325 1 
299.25 202.650 2.03 2 
329.05 506.625 5.07 5 
356.55 1 01 3.25 10.13 10 
390.65 2 026.50 20.27 20 
413.15 3 039.75 30.40 30 
430.85 4 053.00 40.53· 40 
445.15 5 066.25 50.66 50 
458.15 6 079.50 60.80 60 

See Figure 3 for vapor pressure curve. 

Latent Heat of Vaporization, AHv 

Temperature, °K 

253.15 
273.15 
279.15 

AHv, kJ / kg' 

537.4 
511 .6 
510.9 

Thermodynamic Properties of Methyl Mercaptan As Ideal 
Gas @ 25 °C (5) 

Heat Capacity, cg 
Entropy, S0 

Gibbs Energy Function, (G~98 

- H8)/ 298 
Enthalpy Difference, H~98 - Hg 
Enthalpy of Formation, AH? 
Gibbs Energy of Formation, AG? 

50.250 J / (mol - °K) 
255.01 5 J / (mol, °K) 

-214.346 J / (mol- °K) 

12.125 kJ / mol 
-86.525 kJ / mol 
-49.036 kJ / mol 
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METHYL MERCAPTAN 
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TEMPERATURE °C 

METHYL VINYL ETHER 
(Synonyms: Vinyl Methyl Ether; Methoxyethylene) 

(Formula: CH30CH:CH2) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of CH30CH:CH2 
Specific Volume @ 21 .1 °C, 101 .325 kPa 
Vapor Pressure @ 20 °C 
Boi ling Point @ 101.325 kPa 
Freezing Point In Air @ 101 .325 kPa 
Absolute Density, Gas @ 101 .325 kPa@ 20 °C 
Relative Density, Gas@ 101.325 kPa@ 20 °C (Air = 1) 
Density , Liquid @ Saturation Pressure @ O °C 
Critical Temperature 
Critical Pressure 

Critical Volume 
Critical Density 
Critical Compressibility Factor 
Flammability Limits In Air 
Flash Point (open cup) 
Dipole Moment, Gas 

0.058 080 kg 
0.058 080 kg 
418.3 dm3 / kg ; 6 .7 ft3 / lb 
174 kPa; 1.74 bar; 25.3 psia; 1.72 atm 
278.65 °K; 5.5 °C; 41 .9 ° F 
151.15 °K; -122 .0 °C; -187.6 °F 
2.395 8 kg / m3 

1.99 
0. 776 8 kg / I 
436.70 °K ; 163.6 °C, 326.4 F 
4.666 kPa; 46.66 bar; 676.8 ps1a; 46.05 

atm 
3.530 dm3 / kg 
0.283 kg / dm3 

0.263 
~1.9 -30.0% (by volume) 
217.04 °K; -56.1 °C; -69.0 °F 
3.24 X 10 3° C.m; 0.97 D 
0.82% (by weight) Solubi lity In Water @ 1 01 .325 kPa @ 25 °C 

Refractive Index, Liquid @ Saturation Pressure, no @ 25 °C 1.3947 

Description 

At room temperature and atmospheric pressure, methyl vinyl 
ether is a colorless, highly flammable gas having a sweet, 
pleasant odor. It is easily liquefied and is shipped in steel 
cylinders as a liquefied gas under its own vapor pressure of 73 

kPa (10.6 psig) at 20 °C. 

Specifications 

Methyl vinyl ether has a minimum purity of 99.5%. 

Uses 

Methyl vinyl ether has been used to prepare homopolymers 
and copolymers; as a plasticizer tor nitrocellulose and other 
plastics; as an intermediate in organic synthesis. 

Effects In Man and Toxicity (2) 

Like ethyl ether, the principal physiological effect of methyl 
vinyl ether is that of anesthesia, but the anesthetic effect is 
much less (about ¼) than that produced by ethyl ethe r. Con­
centrations of 5-20% by volume cause such symptoms as 
intoxication, incoordination, blurring of vision , anesthesia, 
headache, dizziness, exc itation, sick feeling and unconscious­

ness, depending on the duration of exposure. 
Exposure of the eyes or mucous membranes to the liquid or 

concentrated vapor is irritating and shou ld be avoided. 

matheson8 

Contact o f the liquid or concentrated vapor with the skin can 

cause frostbite 
Methyl vinyl ether has a low order of inhalation tox1c1ty It 1s 

not known to possess adequate warning properties. Concen­
trations which produce any of the above mentioned symptoms 

should be considered excessive 
No Threshold Limit Value (TL V) has been recommended by 

the 1979 ACGIH for methyl vinyl ether 

First Aid (2) 

Inhalation 

If the victim feels dizzy, sick or has a headache or blurred 
vision, he should go to an uncontaminated area and inhale 

fresh air. 

Eyes 
In case of contact with the eyes. wash them with copious 

quantities of water tor at least 1 5 minutes. A phys1c1an, pref­
erably an eye specialist , should be called at once 

Skin 
In case frostbite develops as a result of contact of methyl 

vinyl ether with the skin, cover the frostbitten part with a warm 
hand or woolen material. If the fingers or hand are frostbitten, 
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have the vIctIm hold his hand in his armpit, next to his body. 
Then place the frostbitten part in warm water, about 42 °C 

(108 °F). If warm water is not available, or Is 1mpract1cal to use, 
wrap the affected part gently in blankets. Let the c1rculat1on re­
establish itself naturally Encourage the victim to exercise the 
affected part while 11 Is being warmed 

Precautions in Handling and Storage 

The hazards in handling methyl vinyl ether stem from its 
extreme flammability All equipment used with methyl vinyl 
ether should be grounded Store and use methyl vinyl ether in 
well-ventilated areas away from heat and all sources of ignition 
such as flames and sparks Never use flames to detect leaks, 
use soap water solution Do not use methyl vinyl ether around 

sparking motors or other non-explosion-proof equipment. Do 
not store reserve stocks of cylinders of methyl vinyl ether with 
cylinders containing oxygen, chlorine, or other highly ox1d1Z1ng 
or flammable materials. 

In addition, the general rules listed in Appendix I should be 
observed. 

Leak Detection 

Leaks in lines and equipment containing methyl vinyl ether 
may be detected by painting the suspected points with soap 
water solution; leaks will be indicated by bubble formation. 

Disposal of Leaking Cylinders 

Leaking cylinders of methyl vinyl ether which cannot be 
corrected normally may be handled in the following manner. 
Remove cylinder to a hood with forced vent1lat1on. Attach 
appropriate regulator and check valve to the cylinder valve 
outlet Introduce the gas into a dry, neutral, suitable solvent 

such as benzene, toluene, xylene, or acetone. Recover the 
product from the resulting solution by distillation, taking all 
precautions to prevent ingress of moisture and acid vapors. 

Materials of Construction 

Smee methyl vinyl ether Is noncorrosive, the common struc­
tural metals may be used, except copper and its alloys which 
could form explosive acetylldes with the acetylene present in 
methyl vinyl ether as an impurity 

Cylinder and Valve Description 

Methyl vinyl ether Is shipped In DOT approved, low pressure 

steel cylinders. These cylinders are equipped with steel or 
cadmium-plated brass valves having Compressed Gas Asso­
ciation (CGA) alternate valve outlet connection No. 290. The 
valve outlet has a thread size of O 7 45 inch, with left-hand 
external threads accepting a bullet-shaped nipple (see Figure 

OUTLET CONNECTION 

745' 750 
3/4'' 3 4" 

Fig. 1. CONNECTION 290 745"- 14 LH EXT. accepting a Bullet 
Shaped Nipple 
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1 for an illustration). Lecture bottles have a special 5
/ , s inch-32 

threads per inch, female outlet. 

Safety Devices 

The most commonly used safety device, and the one used 
by Matheson, is the spring-loaded safety relief valve. If the 
cylinder pressure becomes dangerously high, usually due to 

overheating, the safety relief device will open (at about 2 590 
kPa (375 psig)) and release gaseous methyl vinyl ether until 
the pressure again returns to a safe level. 

Recommended Controls 

Automatic Pressure Regulators 

Sensitive and very accurate low pressure regulation can be 
obtained with regulator Model 71-290. This regulator has an 
oversize, pancake body of aluminum, a Teflon-faced Butyl 
rubber diaphragm, a Teflon seat, and type 303 stainless steel 
internal parts. It has a delivery pressure range 3.4-34.5 kPa 

(0.5-5.0 psig). 

Manual Controls 

Matheson needle valve Model 61-290 of type 303 stainless 
steel is available for direct attachment to the cylinder valve 
outlet. This valve may be equipped with a variety of outlets, 
such as a hose connection, 1

/..," tube fitting or¼" NPT male or 
female pipe. It should be used only where manual flow control 
is needed and should not be used as a pressure control since 
11 will not prevent pressure from building up if a system becomes 
clogged or if the system itself is closed. Stainless steel needle 
valve Model 32S or Model 59 is recommended for use with 
lecture bottles. 

Flowmeters 

Matheson Series 7600 laboratory stainless steel flowmeter 
units with 1 50 mm tubes and floats or Matheson Series 7200 
laboratory stainless steel flowmeter units with 65 mm tubes 
with a single float are recommended for use where definite flow 
rates must be known. 

Electronic mass flowmeters, such as Matheson Series No. 
8116 and No. 8160, should be used where accurate readings 
are required. Calibration is unaffected by temperature and 
pressure changes, and flow rates may be recorded from the 
instrument's electrical output. 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 31 6 stainless steel and 
Series 8260 of type 316 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera­
ture changes. These mass flow controllers consist of a trans­
ducer, a control valve, a blind controller /power supply, a 
potentiometer and a digital indicator. The transducer senses 
the gas flow and sends a signal to the power supply. This 
signal and one from the potentiometer are compared. If there 
is an imbalance, the power supply generates a signal for the 

control valve to reduce or increase the flow to correct the 
imbalance. The accuracy is ± 1.2%. 

matheson· 

Shipping Regulations 

Methyl vinyl ether Is classified by the DOT as a flammable 
compressed gas and Is shipped with the required " Red Gas 

Label. ' 

Commercial Preparations 

Methyl vinyl ether Is obtained by a vmylation react ion : by 
treating acetylene with methanol in the presence of potassium 
hydroxide. It is also prepared by converting acetaldehyde (with 
methanol) into dimethyl acetal (1, 1-dimethoxyethane), and sub­
jecting the acetal to pyrolysis. 

Chemical Properties 

Since methyl vinyl ether Is a reactive chemical and Is sensi­
tive to acidic materials, every precaution must be taken to 

avoid accidental contact with acids or acidic substances. 
Methyl vinyl ether undergoes the following reactions 1 • 

(a) Hydrolysis, which occurs rapidly with dilute aqueous 
acids or slowly by hot water, to g ive acetaldehyde and metha­

nol. 
(b) Hydrogenation , in the presence of catalysts, to methyl 

ethyl ether. 
(c) Acetalizat1on , by addition of alcohols in the presence of 

an acid catalysts, to give both symmetrical and mixed acetals 
(d) Add ition, with chlorine, bromine, hydrogen chloride, and 

hydrogen bromide, to g ive n ,,B-d1chloro- or d1bromoethyl methyl 
ether and n-chloro- or n-bromoethyl methyl ether, respectively . 

These additions are extremely vigorous and may be explosive 
so that controlled conditions must be used, such as inert 
solvents and low temperatures. 

(e) Addition, with organic acids, to give l\-methoxyethyl1dene 

esters. 
(f) Addition, with hydrogen cyanide, in the presence of pyri­

dine under pressure at 100-150 °C, to form n-cyanoethyl 

methyl ether. 
(g) Cyclizat1on, with ammonia, at 200 ° C and 200 atmo­

spheres pressure in the presence of a cuprous chloride-am­
monium chloride catalyst, to form 2-methyl-5-ethylpyrid ine. 

(h) Polymerization and copolymerization, with various unsat­

urated compounds. 
(i) Diels-Alder condensation with conJugated unsaturated 

aldehydes or ketones, e.g., with acrolem, 2-methoxydihydro­

pyran Is readily formed 
(j) Reacts with a secondary amine, such as morpholme, 

p1peridme, or pyrrol1dme, and sulfur to give N-subst1tuted thi­

oacetamides . 

METHYL VINYL ETHER 

(k) Reacts with hydroxyth1ols (e.g., HSCH CH OH) in the 
presence of an amine catalyst to form monoethers of th1od1qly­
cols (e g , CH OCH CH SCH CH OH). 

Thermodynamic and Detailed Physical Data 

Molecular Structure 

Methyl vinyl ether Is a planar molecule having the fol.owing 
approximate structural parameters bond distances C C 
1 344 A (1 344 10- 10 m); H C HC O 1 325 A ( 1 325 
1 O ' m): O CH 1 453 A (1 453 10 iJ m), bond angles: 
C-C O 125 , C O C 120°. 

Infrared Spectrum 

For the infrared spectrum of gaseous methyl vinyl ether, see 

Figure 2 

Vapor Pressure (3) 

The vapor pressure of l1qu1d methyl vinyl ether abov 

101 .325 kPa (1 atm) is shown below: 

Tempera- Vapor Pressure 
ture, K kPa 

278.65 101 325 

293 15 174.437 

303 15 244.764 
31 3 .1 5 337.843 

323.15 455 054 
333 15 599 844 

343 .15 772 213 

353 15 979 055 

363 15 220.372 

373 15 516.846 

383.15 1 827 .111 

393 15 2 192.533 
403 15 2 599.323 

413.1 5 3 040 588 
423 15 3 543 905 

433 15 4 067 906 

Latent Heat of Vaporization, 
iiHv (a 5.5 ° C 
Heat Capacity, Ideal Gas, C~ (!i 
25 °C 

bar atm 

1.01325 1 00 

1 74 1.72 
2.45 2 42 
3.38 3 .33 
4 .55 4 49 
6 00 5 92 
7 72 7.62 

9 79 9 .66 
12.20 12.0 
15.1 7 15.0 
18.27 18.0 
21 .93 21 6 
25.99 25 7 

30 41 30.0 
35.44 35.0 
40.68 40.2 

24.518 kJ / mol, 5 860 
cal/mol 

77 03 J / (mol - c K) 

REFERENCES 

1
. For extensive tabulations of the thermodynamic and physical properties of methyl vinyl ether, see W. Braker and A L Mossman. Thi' M,itheson 

Unabndged Gas Data Book, 1975 , Matheson, East Rutherford , New Jersey 

2 
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FREQUENCY-CM-I 

Fig. 2. Infrared spectrum of gaseous methyl vinyl ether over the frequency range of 3 800 to 450 cm _,; 10 cm path length cell, 
with KBr optics; cell pressure: curve A (complete scan): 6 .666 kPa (50 mmHg) curve B (partial scan): 0 .667 kPa (5 mmHg) (4). 
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MONOETHYLAMINE 
(Synonyms: Ethylamine; Aminoethane) 

(Formula: C2H5NH2) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of C2HsNH2 
Specific Volume @ 21 .1 °C, 101 .325 kPa 
Vapor Pressure @ 20 °C 
Boiling Point @ 10 1.325 kPa 
Freezing Point In Air @ 10 1 .325 kPa 
Absolute Density , Gas@ 101 .325 kPa@ 25 °C 
Relative Density, Gas@ 101 .325 kPa@ 25 °C (Air = 1) 
Density, Liquid @ Saturation Pressure @ 25 °C 
Cri tical Temperature 
Critical Pressure 

Critical Volume 
Cri tical Density 
Cri t ical Compressibility Factor 
Flammabili ty Limits In Air 
Dipole Moment, Gas 
Molar Specific Heat , Liqu id 
Viscosi ty, Gas@ 101 .325 kPa@ 25 °C 
Viscosity, Liquid@ 1 O °C 
Thermal Conductivity, Gas @ 101 .325 kPa @ 25 °C 

Surface Tension @ 15 °C 
Autoigni tion Temperature 
Flash Point (open cup) 
Refractive Index, Liquid @ Saturation Pressure@ 25 °C 
Dielectric Constant, Liquid @ 1 O °C 

0 .045 085 kg 
0 .045 085 kg 
536.9 dm3 / kg ; 8 .6 ft3 / lb 
11 7 kPa; 1 . 1 7 bar; 1 6. 9 psi a; 1 .1 5 atm 
289 .73 °K; 16.6 °C; 61 .8 °F 
192.15 °K; - 8 1.0 °C; -11 3.8 °F 
1.912 kg / dm3 

1 .61 
0 .676 9 kg / I 
456.15 ° K; 183 .0 °C; 3 61 .4 °F 
5620 kPa; 56.2 bar ; 815 .6 psia; 55 .5 

atm 
4 .103 dm3 / kg 
0 .244 kg / dm3 

0 .274 
3.5-14.0 % (by volume) 
4 .0 x 10- 3° C,m; 1.2 D 
129.7 J / (mol- °K) 
0 .008 O mPa. s; 0.008 O cP 
0 .282 mPa-s ; 0 .282 cP 
0 .014 59 w / (m • °K) ; 34.9 x 1 o- 6 cal-

cm / (s • cm2 
• °C) 

20 .56 mN / m; 20.56 dyn /cm 
657 °K; 384 °C; 723 °F 
255 .15 K; -20 °C; 0 °F 
1.362 7 
6.94 

Heat of Combustion, Liquid <g- 20 °C and 101 .325 kPa Gross, to 
form H20 (liq) + CO2 (gas) + N (gas) 1 709 .2 kJ / mol 

Description 

Monoethylam1ne is a water-white, flammable, low-bolling liq­
uid having a strong ammoniacal odor. It Is shipped as a l1qu1d 
under its own vapor pressure of 15 kPa (2 .2 psig) at 20 °C. 

Specifications 

Monoethylamine as supplied by Matheson has a purity of 
98.5% (liquid phase). 

Uses 

Monoethylam1ne is used principally as an intermediate in the 
manufacture of dyes, drugs, emulsifying agents and other 

synthetic organic compounds, and as a solvent. 
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Effects In Man and Toxicity (2) 

Exposure to vapors of monoethylamine produces eye irrita­
tion with lacrimation, conjunc tivi tis and corneal edema. Inha­
lation of higher concentrations (more than 1 00 ppm) of mon­

oethylamine causes irritation of the mucous membranes of the 
nose and throat and lung irr itation with respiratory distress and 
cough. The vapors may al so produce primary skin irri tation and 
dermatitis . Direct local con tact with liquid monoethylamine 
produces severe and sometimes permanent eye damage or 
skin burns. 

No def inite human toxici ty data are avai lable, although the 
above described physiological effects from relatively low con­
centrations of vapor have been recorded. 

Though monoethylamine is readily detectable in air by odor, 

I 

the olfactory sense may become fatigued on continuous inha­
lation. Odor then is no longer a reliable warning property of the 
presence of dangerous concentrations of these vapors 

The 1979 ACG IH has recommended a Threshold L1m1t Value 
(TLV) of 10 ppm (18 mg/ m3

) for monoethylamine. 

First Aid Treatment (2) 

The following suggested first aid treatments should be ad­
ministered promptly. 

Inhalation 

Workers overcome by monoethylamine should be removed 
to fresh air at once and given oxygen until the arrival of the 
physician. If breathing has stopred. art1fic1al respiration and 
oxygen should be administered simultaneously. The patient 
should be kept warm and quiet. No alcoholic stimulants should 
be administered. Oxygen and antispasmodic drugs may help 
to relieve coughing . 

Nose and Throat 

Irrigate nose and mouth continuously for 1 5 minutes. If the 
patient can swallow, encourage him to drink large quantItIes of 
112% citric acid solution or lemonade. 

Skin Contact 

Remove contaminated clothing and immediately flush the 
affected area of the body with large quantItIes of water. Since 
the reaction is alkaline, the skin should be washed with a mild 
acidic solution such as vinegar of 1-2% acetic solution . 

Use no ointments on the skin during the first 24 hour period 
after the injury. Do not cover the injured area with clothing or 
a dry dressing. During the first 24 hours, the area may be 
covered with a dressing and kept moist with a physiological 
sal t solution (0.9% sodium chloride). Dermatitis may be pro­
duced from contact with the skin. 

Eye Contact 

1 . Immediately flush thoroughly with water. holding the lids 
wide open. Continue irngat1on for at least 1 5 minutes. 

2 . After the 1rrigat1on is completed, instill 2 or 3 drops of a 
0 .5% pontocaIne solution. This relieves the pain . 

3. After the pain disappears (this may require a few minutes), 
flush the eyes with water or preferably physiological salt solu­
tion (0 .9% sodium chloride). 

4 . Put 1 drop of fluorescein (eye-stain) into each eye and 
wash the eyes for 2 minutes with water. If the eye has been 
injured, a green stain will appear over the inJured area. 

5. If the eyeball stains green anywhere, put 1 more drop of 
pontocaine in the eye , wash the eye for 15 minutes (as shown 
under item 3) and restain with a drop of fluorescein . 

6 . Wash the eye for 2 minutes (item 3). If the eyeball stains 
green, take the patient to an eye specIalIst 1mmed1ately, but do 
not stop the first aid treatment to take the patient to an eye 
specialist until items 1 through 6 have been completed . 

Do not apply eye pads or pressure, as gluing of the lids to 
the eyeball will occur. 
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MONOETHYLAMINE 

Precautions in Handling and Storage 

The hazards in handling monoethylam1ne are due to ,ts 
toxicity and extreme flammability Store and use monoethylam­
ine in well-ventilated areas away from heat and all Ign tIon 
sources such as flames and sparks Never use flames to detect 
monoethylamine leaks Do not use monoethylamine around 
sparking motors and other non-explosion-proof equipment. Do 
not store stocks of monoethylamine cylinders and cylinders 
containing oxygen, chlorine. or other highly ox1d1zing or flam­
mable materials Ground all lines and equipment used with 
monoethylami ne 

Aside from the above general precautions, the following rules 
should be observed: 

1 Anyone working with monoethylamine should wear rub­
ber gloves. chemical goggles, and a rubber or plast ic apron. 

2. Monoethylam1ne cylinders should never be directly 
heated by steam or flames. Uncontrolled heating of a cylinder 
can cause the liquid to expand to a point where dangerous 
hydrostatic pressures will be developed Any heating should 
be done in a thermostated water or oil bath The temperature 
should not be allowed to exceed 51.7 C (125 cF) Cylinders 
of monoethylamine are not equipped with safety devices 

3 Withdrawal of monoethylamine should be performed in a 
well-ventilated area or in a hood. 

4 . A gas mask approved by NIOSH, showers and an eye 
bath should be conveniently located in case of emergency. 

5 . Weigh monoethylamine cylinders to determine the net 
contents The Matheson Model 851 0 Cylinder Scale is ideal 
for this purpose. The tare weight is stamped on all cylinders 

6. Manifolded cylinders of monoethylamine should have 
check valves at the cylinder outlets to prevent the exchange of 
material from one cylinder to another causing a cylinder to 
become overfull . 

7 Flames and sparks should not be allowed In an area 
where monoethylamine is being used 

8 . A trap or check valve should be used to prevent suckback 
of foreign materials into a cylinder of monoethylamine. Suck­
back can cause an extremely corrosive cond1t1on to form, aside 
from the possibility of having a violent reaction take place 
within the cylinder Any accidental suckback should be imme­
diately reported to the supplier 

In add1t1on . the general rules listed In Appendix I should be 
observed 

Leak Detection 

Never use flames to detect monoethylam1ne leaks. Leaks 
can be detected by passing an open bottle or a squeeze bottle 
containing hydrochloric acid in the vicinity of the suspec ted 
leak. Dense white fumes will be formed in the area of the leak. 
Wet red litmus or phenolphthalein paper will undergo a color 
change with monoethylam1ne and are of aid in detecting small 
leaks 

Leaks which cannot be stopped should be covered with wet 
rags in order to prevent the atmosphere from becoming con­
taminated with monoethylam1ne. 

Cylinder valves may develop leaks through the pac king which 
can be stopped by tightening up the packing nut, by turning It 
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MONOETHYLAMINE 

counter clockwise. Leaks through the valve outlet that cannot 
be stopped should be stopped by plugging the outlet with 31s" 

pipe plugs 

Disposal of Leaking Cylinders 

For disposal procedure see Appendix 11-8 . 

Materials of Construction 

Iron and steel are recommended for all equipment coming in 
contact with monoethylamine Copper, tin, zinc and their alloys 
are attacked by moist monoethylamine and should not be used. 
Piping should be rigid steel except where short connections 
are required such as between cylinders and manifo ld or pipe 
lines. For these appl1catIons, a steel reinforced neoprene line 

Is recommended . 
For permanent installations, tongue and groove, flanged 

fittings with lead or asbestos composItIon gaskets are recom­
mended In order to reduce maintenance on leaks all joints 
should be welded wherever possible 

Cylinder and Valve Description 

Cylinder valves are made of forged steel and are of the 
packed type. The valve outlet designated as the alternate 
standard for monoethylamine by the Compressed Gas Associ­
ation (CGA) is connection No 240 The thread specifications 
are "-18NGT-INT accepting a tapered threaded pipe (see 
Figure 1 for the drawing and spec1f1cations on this valve outlet 
and its mating connection). Lecture bottles have a special 5/ ,s"-
32 threads per inch, female valve outlet 

Cylinders containing 15 lb or more of monoethylamine are 
usually equipped with goose neck dip-tubes. Withdrawal of 
vapor Is accomplished by p lacing the cylinder In its normal 
vertical posI tIon On occasion, a full cylinder standing in the 
sun will heat up and cause the l1qu1d to expand and cover the 
end of the dip-tube. In this case. 1t Is necessary to al low the 
cylinder to cool before the vapor can be withdrawn or the 
cylinder should be placed in a horizontal posi tion with the valve 

outlet facing down. 
To withdraw liquid the cylinder should be placed in a hori­

zontal position with the valve outlet facing up. 

OUlUT TAPER CONNECTION 
IIREAD 

1·-

Fig. 1. CONNECTION 240 3 8"-NGT RH INT IPS accepting Tapered 

Threaded Pipe 

Safety Devices 

Since no safety devices are used in monoethylamine cylin­
ders, extra precautions should be used to prevent cylinders 
from being exposed to heat, which could cause an uncontrolled 
hydrostatic pressure build-up. 
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Recommended Controls 

Manual Controls 

Manual needle valve Model 61-240 of type 303 stainless 
steel is available for direct attachment to the cylinder valve 
outlet . Stainless steel needle valve Model 32S or Model 59 is 
recommended tor use with lecture bottles. 

Shipping Regulations 

Monoethylamine is shipped as a flammable liquid, taking a 

DOT " Red Label ". 

Commercial Preparations 

Monoethylamine is produced industrially by the interaction 
of ammonia and ethyl bromide and subsequently treating the 
reaction product with alkali . The crude base is then fractionated 
to remove the simultaneously formed di- and triethylamines. 

Chemical Properties 

Monoethylamine reacts with esters, acid chlorides, or acid 
anhydrides forming N-ethyl amides; formyl derivatives are ob­
tained by reaction with formic acid ; with diethyl oxalate, N,N1

-

diethyloxamide is formed . Monoethylamine upon treatment with 
benzenesulfonyl chloride and aqueous alkali gives N-ethylben­
zenesulfonamide, which is soluble in excess aqueous alkali. 
Nitrous acid reacts with monoethylamine forming ethyl alcohol. 
nitrogen, and water. With formaldehyde in the presence of 
alkali, monoethylamine forms either N-hydroxymethylethyla­
mine or bis(ethylamino)methane. In the presence of acids, 
formaldehyde methylates monoethylamine. Other aliphatic and 
aromatic aldehydes react with monoethylamine forming Schiff 
bases. The phenolic hydroxyl group in naphthols may be re­
placed by heating the naphthols with monoethylamine sulfite. 
Monoethylamine reacts with carbon disulfide giving a mono­
ethylamine salt of ethyldithiocarbamic acid. Monoethylamine is 
relatively stable to acid permanganate, but is readily attacked 

in alkaline solution giving ammonia and acetaldehyde or acetic 
acid. Lead dioxide acts similarly. Persulfuric acid, hydrogen 
peroxide, peracetic acid, and perbenzonic acid effect addition 
of oxygen to monoethylamine forming first N-ethylhydroxyla­
mine which is further oxidized to acetohydroxamic acid. 

The unsubstituted amino hydrogens are replaceable by the 
action of chlorine, bromine and iodine, either alone or in the 
presence of alkali . Monoethylamine on warming with chloro­
form and alkal i forms ethyl isocyanide (carbylamine reaction). 

Monoethylamine reacts with substituted or unsubstituted iso­
cyanic and isothiocyanic acids forming substituted ureas and 
thioureas. Monoethylamine reacts with methylmagnesium io­
dide forming ethylaminomagnesium iodide and methane. Aro­
matic and heterocylic compounds containing reactive halogen 
atoms react with monoethylamine, e.g. , 2 ,4 ,6-trinitrochloro­

benzene with monoethylamine give N-ethyl-2,4,6-trinitroani­
line. Monoethylamine reacts with nonmetallic oxy- and sulfo­
chlorides, as well as the chlorides of inorganic acids, the 
ethylamino group replacing one or all of the chlorine atoms. 

m atheson~ 

Thermodynamic and Detailed Physical Data 

Infrared Spectrum 

See Figure 2 for the infrared spectrum of gaseous mono­
ethylam1ne. 

Vapor Pressure 

The vapor pressure of l1qu1d monoethylamine Is represented 
by the following Antoine vapor pressure equation (3): 

8 8 
log,op = A - --ort =---- - C 

C + t A - log,~p 

in which P = mmHg and I = "C, and the constants A, 8 , and 
C have the values of 7.386 2. 1 137.30, and 235.85, respec­
tively. 

Some calculated vapor pressures are shown below 

Temperature, Vapor Pressure 
OK kPa mbar mmHg 

215.35 1.333 13 33 10 
224.15 2.666 26 66 20 
233.95 5.333 53 33 40 
240.10 7.999 79 99 60 
244 .72 10.666 106 66 80 
248.46 13 .332 133 32 100 
260.95 26.664 266 64 200 
268.98 39.997 399 97 300 
275.03 53.329 533 29 400 
279.94 66.661 666 61 500 
284.11 79.993 799 93 600 
287.75 93 325 933 25 700 
289.73 1 01 .325 013 25 760 
290.99 106 658 067 800 
293.91 119.990 200 900 
296.59 133.322 333 000 
301 .35 159.986 600 200 
307.45 199.983 2 000 500 

Vapor pressure data above 101.325 kPa (1 aim) are shown 
below (4). 

Temperature, Vapor Pressure 
OK kPa 

289.75 1 0 1.325 
308.85 202 650 
338.45 506 625 
364.95 1 013 25 
397.15 2 026 50 
419.1 5 3 039 75 
436.15 4 053 00 
449.15 5 066 25 
456.35 5 623 54 

Latent Heat of Vaporization, 
.:lHv 25 C 

bar atm 

1 .01 325 1 
2 03 2 
5 07 5 

10 13 10 
20 27 20 
30 40 30 
40 53 40 
50 66 50 
56 24 55.5 

610 738 kJ / g; 145.97 
kcal / kg 

For ~Hv values at other temperatures, see Table 1. 
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MONOETHYLAMINE 

Thermodynamic Data 

Thermodynamic properties of saturated monoethylamine are 

listed in Table 1. 

Heat Capacity, Ideal Gas, C~ (5) 
@, 25 °C 

REFERENCES 

69.873 J/ (mol, °K) 

Heat Capacity, Liquid, Cs (5) 

@ 25 °C 
Enthalpy of Formation , Ideal 
Gas, aHf(S) @ 25 °C 
Enthalpy of Formation, Liquid 
(5) @ 25 °c 

129.7 J / (mol,°K) 

-47.154 kJ/mol 

-74.06 kJ / mol 

1 For extensive tabulations of the thermodynamic and physical properties of monoethylamine, see W. Braker and A. L. Mossman, The Matheson 

Unabndqed Gas Data Book, 1975, Matheson, East Rutherford, New Jersey. 

2 w Braker, A. L. Mossman, and o. Siegel. Effects of Exposure to Toxic Gases-First Aid and Medical Treatment, 2nd edition, 1977, pp. 51 -

55, Matheson , Lyndhurst, New Jersey. 

3 B. J Zwolinski. et al., Selected Values of Properties of Chemical Compounds, 1968, Volume 1, Thermodynamics Research Center, Texas A 

& M University, College Station, Texas. 

4 Chemical Engineers Handbook, 5th edi tion, R.H. Perry and C.H. Chilton, editors, 1973, p. 3-62, McGraw-Hill Book Co., Inc., New York, New 

York 

5 D D Wagman, et al, Selected Values of Chemical Thermodynamic Properties , 1968, p. 155, Natl. Bur. Stand. Tech. Note 270-3, U s 
Government Printing Office, Washington, D. C. 

6. The Sadlier Standard Spectra, 19 72, Sadlier Research Laboratories, Inc., Phi ladelphia, Pennsylvania. 

7. Refngeratmg Data Book, 5th edition, 1942, Amer. Soc. Refrig. Engs., New York, New York. 
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MONOETHYLAMINE 

Table 1. THERMODYNAMIC PROPERTIES OF SATURATED MONOETHYLAMINE (7) 
Entropy Enthalpy Latent Specific Volume Density Temperature kPa Pressure 

J / (mol • K) kJ / mol Heat of ml kg kg ml 
Vapon-

OK OF kN/ m2 atm Liquid Vapor Liquid Vapor zation l1qu1d Vapor l1qu1d Vapor 
kJ / mol 

223.15 -58 2.310 0.023 -4.961 133.818 -0.819 29.826 30.645 0.001 31 16.906 763 4 0 .059 2 
228.15 -49 3.530 0.035 -2.452 132.234 -0.465 30.14 7 30.612 0.001 32 12.230 757 6 0 .081 8 
233.15 -40 5 .102 0.050 0.000 130.743 0.000 30.470 30.4 70 0.001 33 8 .397 751 9 0 . 119 1 
238.15 -31 7.260 0.072 2.415 129.347 0.571 30.810 30.239 0.001 34 5.999 746 3 0.1 66 7 
243.15 -22 9 .708 0.096 4.772 128.046 1.145 31 .089 29.944 0.001 35 4.549 740 7 0 .219 8 
248.15 -13 13.141 0.130 7.093 126.839 1.723 31 .462 29.739 0.001 36 3 .427 735 3 0 .291 8 
253.15 -4 17.554 0.173 9.394 125.707 2.410 31 824 29.414 0 001 37 2.604 729 9 0 384 0 
258.15 +5 23.042 0.227 11 .677 124.669 2.892 32.053 29 161 0.001 38 2.018 724.6 0.495 5 
263.1 5 14 30.296 0.299 13.921 123.707 3.482 32 362 28.880 0 001 39 1.561 719.4 0.640 6 
268.15 23 38.542 0.380 16.166 122.840 4 .075 32.669 28.594 0.001 40 1 249 714 .3 0 .800 6 
273.1 5 32 49.036 0.484 18.449 122.047 4 .671 32.973 28.302 0.001 42 0 .996 704 .2 1.004 
278.15 41 61.777 0.610 20.580 121.293 5.274 33.274 28.000 0 .001 43 0084 699.3 1 244 
283.15 50 76.980 0.760 22.768 120.614 5.887 33.494 27.607 0 001 44 0 656 694.4 1 524 
288.15 59 95.1 20 0.939 24.938 119.991 6.509 33 882 27 373 0 001 45 0 539 689.7 1 855 
293.15 68 116.494 1 .150 27.107 119.444 7 .141 34.196 27.055 0 001 46 0.447 684.9 2 237 
298.1 5 77 141.480 1.396 29.257 118.935 7.782 34.507 26.725 0 001 48 0.373 675.7 2.681 
303.15 86 1 70.438 1.682 31.389 118.482 8.431 34.820 26 389 0 001 49 0 315 671 .1 3 175 
308.15 95 204 .085 2.014 33.521 118.086 9.052 35.133 26.081 0 001 50 0 267 666.7 3 745 
313.15 104 242.420 2.392 35.633 117.728 9.845 35.405 25.560 0 001 52 0 228 657 .9 4.386 
318.15 113 286.063 2.823 37.708 117.388 10.423 35.761 25.338 0 001 53 0 196 653.6 5.102 
323.1 5 122 335.568 3.312 39.783 117.067 11 1 02 36 075 24 973 0 001 54 0 169 649 .4 5.917 
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MONOMETHYLAMINE 
(Synonyms: Methylamine; Aminomethan-;j 

(Formula: CH3 NH
2

) 

PHYSICAL PROPERTIES (1) 

Molar Mass 

Molecular Weight 

One Mole of CH3NH2 

Specific Volume @ 21 .1 °C, 101.325 kPa 

Vapor Pressure @ 20 ° C 

Boiling Point @ 101 .325 kPa 

Freezing Point In Air @ 101 .325 kPa 

Absolute Density, Gas@101.325 kPa@ 20 ° C 

Relative Density, Gas @ 1 01.325 kPa @ 20 ° C (Air = 1) 

Density, Liquid @ Saturation Pressure @ 20 ° C 

Critical Temperature 

Critical Pressure 

Critical Volume 

Critical Density 
Critical Compressibility Factor 

Latent Heat of Fusion @ - 93.5 °C 

Flammability Limits In Air 

Dipole Moment, Gas 

Molar Specific Heat, Gas@101 .325 kPa@ 20 ° C 

@ Constant Pressure 

@ Constant Volume 
Specific Heat Ratio, Gas@ 101 .325 kPa@ 20 ° C , Cp/ Cv 

Molar Specific H eat, Liquid @ Saturation Pressure @ -13.9 ° C 

Viscosity, Gas @ 101 .325 kPa@ 25 ° C 

Viscosity, Liquid@ -20 ° C 

Thermal Conductivity, Gas@ 101 .325 kPa@ 25 ° C 

Surface Tension @ 25 °C 

Solubility In Water@ 101 .325 kPa@ 25 ° C 

Autoignition Temperature 

Flash Point (open cup) 

Dielectric Constant, Gas @ 100° C 

Refractive Index, Liquid @ Saturation Pressure, n0 @ 25 ° C 

Heat of Combustion, Liquid @ 20 ° c and 101 .325 kPa Gross, to 

form H 20(liq) + C02(gas) + Nigas) 
Dissociation Constant in Water @ 25 ° C kPa 

Description Uses 

0 .031 058 kg 

0 .031 058 kg 

755.4 dm3 / kg; 12.1 ft
3 

/ lb 

300 kPa; 3.0 bar; 43.5 psia; 2.96 atm 

266.82 ° K ; -6.3 ° C ; 20.6 ° F 

179.69 ° K ; -93.5 ° C ; - 136.2 ° F 

1.302 kg / m 3 

1 .08 

0 .662 4 kg/I 
430.05 ° K; 156.9 ° C ; 314.4 ° F 

7 460 kPa; 74.6 bar; 1 081.6 psia; 73.6 

atm 

3.960 dm3 / kg 

0 .253 kg / dm3 

0 .257 

197.472 kJ / kg ; 47.197 kcal/kg 

4 .9-20.7 % (by volume) 

4 . 1 X 1 0 3° C. m; 1 . 2 3 D 

51.46 J / (mol • ° K) 

42 .812 J / (mol, ° K) 

1.202 

101 .813 J / (mol • ° K) 

0 .006 66 mPa,s; 0 .006 66 cP 

0.321 mPa-s; 0 .32 1 cP 

0.01 5 9 W / (m • ° K); 38.0 x 1 o-6 cal, 

cm / (S · cm2 
• ° C) 

19.19 mN / m; 19.19 dyn/cm 

108 kg / 1 00 kg water 

703.15 ° K ; 430 ° C ; 806 ° F 

263.15 ° K ; - 10 ° C ; 14 ° F 

1 .003 8 

1 .349 1 

1 071 .52 kJ / mol 

10.62 

Monomethylamine is a colorless, flammable gas at room 
temperature and atmospheric pressure. It has a characteristic 
fishy odor in lower concentrations, but more like that of am­
monia in higher concentrations (100-500 ppm). It is readily 
l1quef1ed and Is shipped as a liquefied gas under its own vapor 
pressure of 200 kPa (29 psIg) at 20 °c. 

Monomethylamine is used in tanning, in the manufacture of 
dyestuffs, in treatment of cellulose acetate rayon, and in or­
ganic synthesis. 

Effects In Man and Toxicity (2) 

The physiological effects and the toxicological properties of 
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monomethylam1ne are similar to those described in the preced­
ing data sheet on monoethylamine. 

First Aid Treatment (2) 

The first aid treatments to be followed on exposure to mon­
omethylamine are identical to those described in the preceding 
data sheet on monoethylamine. 

Precautions in Handling and Storage 

The hazards in handling of monomethylamine are due to its 
toxicity and extreme flammability. Store and use monomethy­
lamine in a well-ventilated area away from heat and al l 1gnit1on 
sources such as flame and sparks. Never use flames to detect 
monomethylamine leaks. Do not use monomethylamine around 
sparking motors and other non-explosion-proof equipment. Do 
not store reserve stocks of monomethylamine cylinders with 
cylinders containing oxygen, chlorine , or other highly oxidizing 
or flammable materials. 

Aside from the above general precautions, the following rules 
should be observed. 

1. Anyone working with monomethylamine should wear rub­
ber gloves, chemical safety goggles, and a rubber or plastic 
apron. 

2. Monomethylamine cylinders should never be heated di­
rectly by steam or flames. Uncontrolleld heating of a cylinder 
can cause the liquid to expand to a point where dangerous 
hydrostatic pressures will be developed. Any heating should 
be done in a thermostated water or oil bath . The temperature 
should not be allowed to exceed 51. 7 °C (25 °F). Cylinders of 
monomethylamine are not equipped with safety devices. 

3. Withdrawal of gas should be performed in a well-venti­
lated area or in a hood. 

4. A gas mask approved by NIOSH and showers and an eye 
bath should be conveniently located in cases of emergency. 

5. Weigh monomethylamine cylinders to determine the net 
contents. The Matheson Model 8510 Cylinder Scale is ideal 
for this purpose. The tare weight is stamped on all cylinders. 

6. Manifolded cylinders of monomethylamine should have 
check valves at the cylinder outlets to prevent the exchange of 
material from one cylinder to another causing a cylinder to 
become overfull. 

7. Flames and sparks should not be allowed in the area 
where monomethylamine is being used . 

8. A trap or check valve should be used to prevent suckback 
of foreign materials into the cylinder. Suckback can cause an 
extremely corrosive condition to form, aside from the possibility 
of having a violent reaction take place within the cylinder. Any 
accidental suckback should be immediately reported to the 
supplier. 

9 . Ground all equipment and lines used with monomethyla­

mine. 
In addition, the general rules listed in Appendix I should be 

observed. 

Leak Detection 

Never use flames to detect monomethylamine leaks. Leaks 

can be detected by passing an open bottle or a squeeze bottle 
containing hydrochloric acid in the vicinity of the suspected 
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leak Dense white fumes will be formed in the area of the leak 
Wet red litmus or phenolphthalein paper will undergo a color 
change with monomethylamine and are of aid in detecting small 
leaks. 

Leaks which cannot be stopped should be covered with wet 
rags in order to prevent the atmosphere from becoming con­
taminated 

Cylinder valves may develop leaks through the packing which 
can be stopped by tightening up on the packing nut, by turning 
It counter clockwise Leaks through the valve outlet that cannot 
be controlled should be stopped by plugging the outlet with 
3ta " pipe plugs. 

Disposal of Leaking Cylinders 

For disposal procedure see Appendix 11-B 

Materials of Construction 

Iron and steel are recommended for al l equipment coming in 
contact with monomethylamine Copper. tin . zinc and their 
alloys, and aluminum are attacked by moist monomethylamine 
and should not be used. Piping should be rigid steel except 
where short connections are required such as between cylin­

ders and manifold or pipe lines. For these applications, a steel 
reinforced neoprene line Is recommended 

For permanent installations, tongue and groove, flanged 
fittings with lead or asbestos composItIon gaskets are recom­
mended. In order to reduce maintenance, all Joints should be 
welded wherever possible 

Cylinder and Valve Description 

Cyl inder valves are made of forged steel and are of the 
packed type. The valve outlet designated as alternate standard 
for monomethylamine by the Compressed Gas Association 
(CGA) Is connection No. 240 The thread spec1f1cations are 
3,a "-18NGT-RH-INT accepting a tapered threaded pipe (see 
Figure 1 for the drawing and specifications on this valve outlet 
and its mating connection). Lecture bottles have a special 5/,o "-
32 threads per inch, female valve outlet 

OUTLET 

r--

JR' NGT 
610' 

11 16° 

l:UNNEC.TION 

Fig. 1 . CONNECTION 240 3 / 8"-NGT RH INT IPS accepting Tapered 
Threaded Pipe 

Cyl inders containing 1 5 lb or more monomethylamine are 
usually equipped with goose neck dip-tubes Withdrawal of 
vapor is accomplished by placing the cylinder in its normal 

vertical position. On occasion, a full cylinder stand ing In the 
sun will heat up and cause the l1qu1d to expand and cover the 
end of the dip-tube. In this case. It Is necessary to allow the 
cylinder to cool before the vapor can be withdrawn or the 
cylinder should be placed in a horizontal position with the valve 
outlet facing down . 

To withdraw liquid the cylinder should be placed In a hori­
zontal posIt Ion w ith the valve outlet facing up 
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Safety Devices 

Since no safety devices are used in monomethylamine cyl­
inders, extra precautions should be used to prevent cylinders 

from being exposed to heat, which could cause uncontrolled 
hydrostatic pressure build-up 

Recommended Controls 

Automatic Pressure Regulators 

Matheson single stage regulator Model 13-240 is recom­
mended for use with monomethylamine The regulator has an 
anodized aluminum body, an FEP Teflon on Neoprene dia­
phragm, a Teflon seat, and type 316 stainless steel internal 
parts. It has a delivery pressure range of 28-240 kPa (4-35 
psig). 

Matheson regulator Model 71-240 provides sensitive and 
very accurate low pressure control. It has an oversize, pan­
cake, aluminum body, a Teflon-faced Butyl rubber diaphragm, 
a Teflon seat, type 303 stainless steel internal parts, and a 
delivery pressure range of 3.4-34.5 kPa (0.5-5.0 psig). 

Manual Controls 

Matheson supplies a stainless steel needle valve, Model 61-
240, for direct attachment to the cylinder valve outlet, suitable 
for manual flow control of the liquid or vapor phase. This valve 
can be supplied with a hose connection, 11

4 
11 tube fitting, or¼ 11 

NPT male or female outlet, stainless steel needle valves, Model 

32S or Model 59, are available for use with lecture bottles. 

Flowmeters 

Matheson Series 7600 laboratory stainless steel flowmeter 
units with 1 50 mm tubes and floats or Matheson Series 7200 
laboratory stainless steel flowmeter units with 65 mm tubes 

with a single float are recommended for use where definite flow 
rates must be known. 

Electronic mass flowmeters, such as Matheson Series No. 
811 6 and No 81 60, should be used where accurate readings 
are required. Calibration Is unaffected by temperature and 
pressure changes, and flow rates may be recorded from the 
instrument s electrical output 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 stainless steel and 
Series 8260 of type 316 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera­

ture changes. These mass flow controllers consist of a trans­
ducer, a control valve, a blind controller / power supply, a 
potentiometer, and a d1g1tal indicator. The transducer senses 
the gas flow and sends a signal to the power supply. This 
signal and one from the potentiometer are compared. If there 
is an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 
imbalance The accuracy is ± 1 2% . 

Shipping Regulations 

Monomethylamine Is classified by the DOT as a flammable 
compressed gas and is shipped with the required "Red Ga~ 
Label '. 
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Chemical Preparation 

Monomethylam1ne Is produced by the Interact1on of methanol 
and ammonia over a catalyst at high temperatures Mono- . 
dI-, and trimethylamines are all produced by this process 
Yields are regulated by the conditions employed . 

Chemical Properties 

Monomethylamine reacts with esters, acid chlorides, or acid 
anhydrides forming N-methyl am ides; with formic acid , formyl 
derivatives are obtained; with d1ethy oxalate, N,N'-d1methylox­

am1de Is formed . Monomethylamine upon treatment with ben­
zenesulfonyl chloride in the presence of aqueous alkali forms 
N-methylbenzenesulfonam1de, soluble in alkaline solution. Ni­
trous acid and monomethylamine give methanol , nitrogen, and 
water. With formaldehyde in the presence of alkali, monometh­
ylamine forms either N-hydroxymethylmethylamine or 

b1s(methylam1no)methane. In the presence of acids, formalde­
hyde methyl ates monomethylam1ne Other al1phat1c or aromatic 
aldehydes react with monomethylamine giving Schiff bases . 
The phenolic hydroxyl in naphthols may be replaced by heating 
the naphthols w ith monomethylam1ne sulfite (Bucherer reac­
tion). Monomethylamine reacts w ith carbon disulfide forming a 
methylamine salt of methyld1th1ocarbam1c acid. The unsubsti­
tuted amino hydrogens are replaceable by chlorine, bromine, 
or iodine, either alone or in the presence of alkali. Monometh­
ylamine on warming with chloroform and alkali gives methyl 
isocyanide (carbylamine reaction). Monomethylamine reacts 
with substituted or unsubstituted Isocyanic and isoth1ocyanic 

acids giving substituted ureas and th1oureas. Aromatic and 
heterocylic compounds conta ining reactive halogen atoms 
react with monomethylam1ne forming methylam1no derivatives. 
Monomethylam1ne reacts with nonmetallic oxy- and sulfochlor­
ides, the monomethylamine replacing one or all of the chlorine 
atoms, e .g., with S, Cl 2 , CH3 NHSSNHCHJ Is formed. 

Thermodynamic and Detailed Physical Data 

Infrared Spectrum 

See Figure 2 for the infrared spectrum of gaseous mono­
methylamine. 

Vapor Pressure 

The vapor pressure of liquid monomethylam1ne below 
101.325 kPa (1 atm) is shown below (3). 

Temperature, Vapor Pressure 
OK kPa mbar mmHg 

177.35 0.133 1 33 1 

191 .85 0.667 6.67 5 

199.35 1.333 13 33 10 

MONOMETHYLAMINE 

Temperature, Vapor Pressure 
OK kPa mbar mmHg 

207.25 2 666 26 66 20 
216.25 5 333 53 33 40 
221.85 7 999 79 99 60 
229 45 13 332 133.32 100 
240.75 26 664 266.64 200 
253.45 53 329 533,29 400 
266.85 101.325 013.25 760 

The vapor pressure of l iquid monomethylam1ne above 
101 325 kPa (1 atm) is listed below (4) 

Temperature, K 
Vapor Pressure 

kPa bar atm 

266.85 101 325 1 .013 25 1 
283 25 202 650 2.03 2 
309 15 506 625 5.07 5 
332.65 1 013 25 10.13 10 
360.95 2 026.50 20.27 20 
379.45 3 039 75 30,40 30 
394.95 4 053 00 40.53 40 

406 85 5 066 25 50 66 50 
417 75 6 079 50 60 80 60 
430 05 (CT) 7 457.52 74 58 73 6 (C P) 

For add1t1onal vapor pressure data, see Table 1 and Figure 
3 

Latent Heat of Vaporization, 
11Hv @ 266.82 K 

830.94 kJ Kg, 
198.6 kcal kg 

For add1t1onal t.Hv values, see Table 1 

Thermodynamic Data 

Thermodynamic properties of saturated monomethylam1ne 
are listed In Table 1. 

Thermodynamic Properties of Monomethylamine As Ideal 
Gas 0 25 C (5) 

Heat Capacity, cg 
Entropy, S0 

Enthalpy of Formation, 11Hf 
Gibbs Energy of Formation, 11G? 

53 14 J / (mol - ° K) 
243 30 J / (mol - ° K) 

22 97 kJ / mol 
32 .09 kJ / mol 

Thermodynamic Properties of Liquid Monoethylamine (_c_1 25 

C (5) 

Entropy 
Enthalpy of Formation 
Gibbs Energy of Formation 

15021 J / (mol- K) 
- 4 7 28 kJ / mol 

35.6 kJ / mol 
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Table 1. THERMODYNAMIC PROPERTIES OF SATURATED MONOMETHYLAMINE (7) 
I Entropy Temperature Pressure 

J/(mol 0 °K) 

K I F I kPa I atm Liquid I Vapor 
... 

223.151 -58 9 .115 0.090 - 6.536 118. 706 
228.15 -49 12.845 0.127 -4.548 118.412 
233.15 -40 1 7.457 0.172 0 .000 1 118.148 
238.15 1 -31 23.511 0.232 1.923 116.705 
243.15 -22 31.378 0 310 3.820 115.354 
248.15 - 13 41 .506 0 .140 5.718 114.093 
253 15 I - 4 53 641 0 .529 7.615 112.911 
258 15 +5 69.154 0.683 9.499 111 . 793 
263 14 14 87.357 0.862 11 .357 110. 728 
268.15 1 23 110.247 1.088 13.190 109.714 
273.1 5 32 136 723 1 .349 14.996 108.752 
278.1 5 41 168 853 1.666 16.789 107.856 
283.15 50 205.946 2 033 18 569 1 07 .011 
288.15 59 250.073 2 468 20.324 106.231 
293 15 68 300 060 2.961 22.065 105.452 
298 15 77 358 941 3.542 23.793 104.737 
303.151 86 424 234 4 187 25.509 1 04.061 
308 15 95 500.628 4.941 27.237 103.438 
313.15 104 574.678 5.672 28.952 102.853 
318.15 113 680.926 6 .720 30.667 102.307 
323.15 122 786.002 7 757 32.396 101 .813 

502 

I 

I 

Enthalpy 
kJ / mol 

Liquid 

-0.895 
-0.455 

0.000 
0.455 
0 .917 
1.379 
1.855 
2.353 
2.808 
3.292 
3.783 
4.274 
4.772 
5.277 
5.790 
6.302 
6.822 
7.356 
7.891 
8.439 
8.995 

Vapor 

27.058 
27.303 
27.556 
27.794 
28.040 
28.271 
28.516 
28. 769 
28.964 
29.187 
29.4 04 
29.606 
29.823 
30.032 
30.234 
30.436 
30.639 
30.841 
31 .036 
31.231 
31.447 

Latent I Specific Volume Density 
Heat of m3 / kg kg / m3 

Vapori-

1 
zation 

kJ/ mol 

27.953 
27.758 
27.556 
27.339 
27.123 
26.892 
26.661 
26.416 
26.156 
25.895 
25.621 
25.332 
25.051 
24.755 
24.444 
24.134 
23.817 
23.485 
23.145 
22.792 
22.452 

Liquid Vapor Liquid 

- ~ 

0.001 345 6.176 743.5 
0.001 355 4.738 738.0 
0.001 365 3.541 732 .6 
0.001 375 2 .725 727.3 
0 .001 386 , 2 .033 721.5 
0 .001 397 1.576 715.8 
0.001 408 1.239 
0.001 420 
0.001 432 
0.001 444 
0.001 456 
0.001 469 
0 .001 482 
0.001 496 
0.001 510 
0.001 524 
0.001 538 
0.001 563 
0.001 569 
0.001 585 
0.001 602 

710.2 
0.970 704.2 
0 .778 698.3 
0 .625 692.5 
0 .515 686.8 
0 .424 680.7 
0 .353 674.8 
0.295 668.4 
0.249 662.3 
0.211 656.2 
0. 185 650.2 
0 .155 639.8 
0.134 637.3 
0.117 630.9 
0 .102 624.2 

I Vapor 

0.161 92 
0.211 06 

, 0.282 41 
0 .366 97 
0.491 88 
0.634 52 
0 .807 10 
1.030 9 
1.285 3 
1.600 0 
1 .914 7 
2.358 5 
2.832 9 
3.389 8 
4 .016 1 
4.739 3 
5.405 4 
6.451 6 
7.462 7 
8.547 0 
9 .803 9 
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NEON 
(Formula: Ne} 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Atomic Weight 
One Mole of Ne 

Specific Volume @ 21.1 °C, 101.325 kPa 
Boiling Point @ 101.325 kPa 
Triple Point 

Temperature 
Pressure 

Absolute Density, Gas @ 101 .325 kPa @ 25 °C 
Relative Density, Gas @ 101 .325 kPa @ 25 °c (air = 1) 
Density, Liquid @ Saturation Pressure @ 24.55 °K 
Critical Temperature 
Critical Pressure 

Critical Volume 
Critical Density 
Critical Compressibility Factor 
Latent Heat of Fusion @ 24.56 ° K 
Dipole Moment, Gas 

Molar Specific Heat @ 101 .325 kPa @ 25 °C 
@ Constant Pressure 
@ Constant Volume 

Specific He~~ Ratio, Gas@ 101.325 kPa@ 25 °C, Cp/Cv 
Molar Spec1f1c Heat, Liquid @ 26.8 °K 
Viscosity, Gas@ 101.325 kPa@ 26.8 °C 
Thermal Conductivity, Gas@ 101.325 kPa@ 26.8 °c 

Thermal Conductivity, Liquid @ 27.066 °K 

Solubility In Water @ 101 .325 kPa (partial pressure of neon) 
@ 0 °C 

D_ielectric Constant, Gas @ 25 °C and 101.325 kPa 
First Ionization Potential 

Velocity of Sound In Gaseous Neon @ o °C and 101 .325 kPa 
Refractive Index, Gas@ 101.325 kPa, n

0
@ 25 °c 

Description 

0.020 183 kg 
0.020 183 kg 
1 1990.0 dm3 /kg; 19.21 ft3 /lb 
27.066 °K; -246.1 °C; -411.0 °F 

24.56 °K; -248.6 °C; -415.5 ° F 
43.29 kPa; 432.9 mbar; 324. 7 mmHg 
0.824 5 kg/m3 

0.696 
1.248 kg/ I 
44.44 °K; -228.7 °C; --379.7 ° F 

2 720 kPa; 27.2 bar; 394. 7 psia; 26.86 
atm 

2.068 dm3 / kg 
0 .483 5 kg/dm3 

0.307 
1 596.2 J /kg; 381.5 cal / kg 
0 C,m 

20.786 J/(mol,°K) 
12.659 J/(mol, °K) 
1.642 
37.15 J/(mol, °K) 

0.031 81 mPa,s; 0.031 81 cP 
0.04916W/(m-°K); 117.5 X 10- 6 cal, 

cm/(s-cm2 
• °C) 

0.129 7 W/{m,°K); 310 x 10- 5 cal, 
cm/{s,cm2 • °C) 

14.0 cm3 / 1 kg water 
1.000 122 9 

3.455 x 10- 18 J; 21 .563 ev 
435 m/s 
1.000 061 46 

Neon is a member of Group VIIIA elements, which have been 
called noble gases, inert gases, and aerogens. Neon is a 
colorless, odorless, and tasteless monatomic gas. It exists in 
very minute traces m the atmosphere (18. 18 ppm by volume) 
Neon is normally available compressed in cylinders at varyin~ 
pressures depending on the cylinder size, and also in 1 liter 
quant1t1es in glass flasks at atmospheric pressure. 

1. Research Grade 

This grade has a minimum purity of 99.999 mole %. 

2. Purified Grade 

This grade of neon has a minimum purity of 99.99 mole %. 

Uses 

Specifications 

Two grades of neon are available as follows: 

Neon is used in gl 1 t d. ow amps, electron tubes signs plasma 
s u. res, fluorescent starter tubes, spark chambers c~yogenrc 
refngerat1on Geig M ' 

' er- ueller tubes, and gas lasers. 
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Toxicity 

Neon is nontoxic but can act as an asphyx,ant by displacing 
the necessary amount of air to support Irle 

Precautions in Handling and Storage 

The general rules listed ,n Appendix I should be observed. 

Materials of Construction 

Since neon 1s inert, no special materials of contruction are 
required. However, any piping or vessels containing neon 
should be adequately designed to withstand the pressures to 
be encountered. 

Cylinder and Valve Description 

Neon is packaged in DOT approved , steel cylinders. The 
cylinder valve outlet designated as standard. No. 580, by the 
Compressed Gas Assoc1at1on (CGA) has a 0.965 inch diameter 
right-hand internal thread accepting a bullet-shaped nipple 
(see Figure 1 for an illustration). Lecture bottles have a special 
5

16 rnch-32 threads per inch, female valve outlet and a 9,,c inch-
18 threads per inch, male dual valve outlet. 

.JLJTLET 

9b0 
15 16" 

COW'1ECTION 

Fig. 1. CONNECTION 580 965"-14 RH INT. accepting a Bullet 
Shaped Nipple 

Safety Devices 

Cylinders containing neon have safety devices of either the 
frangible disc type or frangible disc backed up with fusible 
metal, melting at approximately 212 F. These safety devices 
are usually an integral part of the cylinder valve, situated 
opposite the valve outlet. 

Recommended Controls 

Automatic Pressure Regulators 

In order to reduce the cylinder pressure of neon to a safe 
working value consistent with a system 's design, the following 
types of controls are recommended. 

1. Single Stage Automatic Regulators 

A single stage regulator will reduce cylinder pressure in one 
stage to a delivery pressure, in a particular range, depending 
upon the design of the regulator and its spring load. A single 
stage regulator w,11 show a slight variation 1n delivery pressure 
as cylinder pressure falls. The following single stage regulators 
are available from Matheson: Model 19-580 and Model 3500-

580. 
The Model 1 9-580 regulator rs recommended for applica­

tions requiring low diffusion and leakage rates It 1s of all brass 
construction with diaphragm of German silver alloy (65% cop-

matheson· ______, 
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per, 1 7q zinc, 18% nickel) with nylon seat and aluminum and 
nylon gaskets It has two 2' , " gauges, a delivery pressure 
gauge of 0-690 kPa (0-1 00 ps,g) and a tank pressure gauge of 
0-20 680 kPa (0-3 000 ps1g). It has a delivery pressure range 
of 28-345 kPa (4-50 psig). 

A helium leak rate cert1f1cat1on can be obtained optionally 
The maximum acceptable rate 1s 2 x 1 O cm3 per second 
inboard 

The Model 3500-580 regulator 1s constructed of type 316 
stainless steel It has a Teflon-lined type 301 stainless steel 
diaphragm, a Kel-F seat. and Teflon gaskets It ,s provided wrth 
a diaphragm pack less outlet valve with '.," Gyrolok tube fitting , 
and stainless steel delivery pressure and cylinder pressure 
gauges There are no rubber parts It has a delivery pressure 
range of 28-520 kPa (4-75 psig) A helium leak rate cert1ficat1on 
can be obtained optionally. The maximum acceptable leak rate 
1s 2 x 1 0 ' cm3 per second inboard. 

Regulator Model 3320 with a delivery pressure range of 28-
41 O kPa (4-60 psig) 1s recommended for use with lecture 
bottles containing Purified Grade neon 

2. Two Stage Regulators 

Th,s type of regulator performs the same function as a single 
stage regulator. However, greater accuracy and control of 
delivery pressure 1s maintained, and the delivery pressure does 
not vary as the cylinder pressure falls The following two stage 
regulators are available from Matheson 

Model No. 

3800-580 
3104-580 

Delivery Pressure Range 
kPa bar (g) psIg 

28- 620 
28-690 

0 .28-6 2 
0 .28-6 9 

4-90 
4-100 

The Model 3800-580 regulator 1s constructed of type 31 6 
stainless steel. It is provided with a type 316 stainless steel 
diaphragm, Kel-F seat, Kel-F and Teflon gaskets, and a dia­
phragm pack less outlet valve with 11. " Gyrolok tube f1tt1ng . A 
helium leak rate cert1f1cat1on can be obtained optionally. The 
maximum acceptable leak rate rs 2 x 1 0 ,i cm ' per second 
inboard. 

The Model 3104-580 regulator is constructed of brass It 1s 
provided with a type 302 stainless steel diaphragm, Kel-F seat, 
Teflon and nylon gaskets. and a diaphragm packless outlet 
valve with ' 1• " Gyrolok tube f1tt1ng A helium leak rate cert1f1-
cat1on can be obtained optionally The maximum acceptable 
leak rate ,s 2 x 10 q cm I per second inboard. 

Manual Controls 

Model 4351 -580 of chrome-plated brass construction with 
a diaphragm packless valve is recommended for use with neon 
This valve should be used only as a manual flow-control and 
not as a pressure control, since dangerous pressure can de­
velop if a line becomes plugged or the system itself 1s closed . 

Needle valve Model 30AR of chromed brass construction or 
need le valve Model 31 B of brass construction is recommended 
for use w,th Purified Grade neon 
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Flowmeters 

Matheson Series 7600 laboratory brass or stainless steel 
flowmeter units with 150 mm tubes and floats or Matheson 
Series 7200 laboratory brass or stainless steel flowmeter units 
with 65 mm tubes with a single float are recommended for use 

where definite flow rates must be known. 
Electronic mass flowmeters, such as Matheson Series No. 

811 6 and No. 81 60, should be used where accurate read ings 
are required. Calibration is unaffected by temperature and 
pressure changes. Flow rates may be recorded from the instru­
ment 's electrical output. 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 stainless steel and 
Series 8260 of type 316 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera­
ture changes. These mass flow controllers consist of a trans­
ducer, a control valve, a blind controller/power supply, a 
potentiometer, and a digital indicator. The transducer senses 
the gas flow and sends a signal to the power supply. This 
signal and one from the potentiometer are compared. If there 
is an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 
imbalance. The accuracy is ± 1.2%. 

Shipping Regulations 

Neon is shipped in high pressure steel cylinders as a non­
flammable compressed gas, taking a DOT " Green Label ". 

Commercial Preparation 

Neon Is available only from the atmosphere, and is obtained 
by the liquefaction and frac tionation of air. 

Chemical Properties 

Neon is chemically inert under all normal conditions. 

Thermodynamic and Detailed Physical Data 

Molecular Structure 

The neon atom has a valence shell of eight electrons, which 

is a closed octet. The closed shell is extremely stable and 
results in neon being inert chemically. Neon has an atomic 
radius of 1 .60 A (1.60 x 10- 10 m). 

Vapor Pressure 

The vapor pressure of liquid neon in the range 23.86-29.55 
° K is represented by the following Antoine vapor pressure 

REFERENCES 

equation (2): 

B B 
log,o p = A - C + t or t = A - log,o p - C 

in which p = mmHg and t = °C, and the constants A, B, and 
C have the values of 6 .084 44, 78.380, and 270 550, respec­
tively . 

Some ca lculated vapor pressures are shown below. 

Temperature, Vapor Pressure 
OK kPa mbar mmHg 

23.86 33.331 333 250 
24.33 39.997 400 300 
25.108 53 .329 533 400 
25.572 66.661 667 500 
26.306 79.993 800 600 
26.796 93 .326 933 700 
27.066 101 .325 1 013.25 760 
27.237 106.658 1 067 800 
27.640 119.990 1 200 900 
28.01 133.322 1 333 1 000 
28.68 159.987 1 600 1 200 
29.55 199.984 2 000 1 500 

For vapor pressures from the triple point (24.55 °K) to the 
cri t ical point (44.44 °K) , see Table 1. 

Latent Heat of Vaporization, 8 893.3 J / kg (429.0 cal / 
.iHv @ 27.066 °K mol) 

For additional ~Hv values, see Table 1. 

Thermodynamic Data 

Thermodynamic properties of saturated neon and real gas 

neon are shown in Tables 1 and 2, respectively. Compressibili ty 
data are shown in Table 3 . 

Thermodynamic Properties of Neon As Ideal Gas @ 25 °C 
(3) 

Heat Capacity, cg 
Entropy, S0 

Free Energy Function, (F~98 -

Hg)/ 298 
Enthalpy Difference, H~98 - Hg 

20.786 J / (mol- °K) 

146.225 J / (mol- °K) 
-125.438 J / (mol- °K) 

6 . 197 6 kJ / mol 

' For extensive tabulations of the thermodynamic and physical properties f 
0 neon, see W. Braker and A. L. Mossman, The Matheson Unabridged 

Gas Data Book, 1975, Matheson, East Rutherford, New Jersey. 
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2 B. J. Zwolinski, et al, Selected Values of Chemical Compounds. 1968. Volume 1. Thermodynamic Research Center. Texas A & M University, 

College Station. Texas. 
3 Argon, Helwm and the Rare Gases, G A. Cook, editor, 1961. Volume 1, p. 293. lntersc1ence Publishers , Inc . New York. New York 
4 Chemical Eng,neers Handbook. 5th edition, A. H. Perry and C H Chilton. editors. 19 73. p 3-1 82. McGraw-Hill Book Co Inc , New York. New 

York. 

~ See reference 3, p. 296. 

Table 1. THERMODYNAMIC PROPERTIES OF SATURATED NEON (4) 
Entropy kJ / (kg • Enthalpy kJ / Latent Specific Volume Density kg/ dm3 

Temperature Pressure OK) kg Heat of dm3 / kg 
Vapori-

OK OF kPa atm Liquid Vapor Liquid Vapor zation Liquid Vapor Liquid Vapor 
kJ/ kg 

24 .54 -415.50 43 .266 0.427 0.000 3.633 0.0 89.2 89.2 0 .801 227 9 1 248 0 004 39 

26 -412.87 71 .839 0 .709 0.105 3.475 2 .7 90.3 87.6 0 .817 143.6 1 224 0 006 96 

28 -409.27 132.128 1 .304 0.245 3.287 6.5 91.7 85.2 0.841 82.35 1 .189 0 .0121 4 

30 -405.67 223.827 2 .209 0.381 3.122 10.6 92.8 82.2 0.869 50.62 1 1 51 0 .019 76 

32 -402.07 355.245 3 .506 0.516 2.973 14.9 93.5 78.6 0 .900 32.77 1 . 111 0.030 52 

34 -398.47 535.199 5 .282 0.650 2.834 19.4 93.7 74.3 0 .938 22.02 1.066 0 045 41 

36 -394 .87 772.806 7 .627 0 .786 2.697 24.5 93.2 68.7 0 .982 15.15 1.018 0 .066 01 

38 -391.27 1 078.10 10.64 0.929 2.556 30.0 91 .9 61 .9 1.038 10.53 0 .963 0 .094 97 

40 -387.67 1 462.12 14.43 1.080 2.403 36.4 89.3 52 .9 1 .1 13 7.293 0 .898 0.137 12 

42 -384 .07 1 938.35 19.13 1.249 2.232 43.8 85.1 41 .3 1.226 4 .960 0.816 0.201 61 

44 -380.47 2 521.98 24.89 1 .481 2.038 54.7 79.1 24.4 1.474 3 .238 0 678 0 308 83 

44.4 -379 .75 2 653.70 26.19 2.07 2 07 0.483 0.483 
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Table 2. ENTHALPY DIFFERENCE (H~ - Hg), kJ / mol, AND ENTROPY (S), J/(mol • °K) OF 
REAL GAS NEON (5) 

Pressure Temperature, °K 
kPa 1 atm I SO I 75 I 100 125 I 150 I 175 200 225 250 275 300 

101.325 1
I
H 10272 11.5535 20761 2596613.116773.6363 4.1572 4.6673 5.1969 5.7170 6.2358 
S 108.939t117 483 123 49~~8.143 ~ 31.938 135.139 137.917 140.365 142.561 144.536 146.348 

+-- -
1013.250 10 H 09058 15029 20472 2.5786 3.1058 3.6300 4.1526 4.6752 5.1969 5.7179 6.2383 

S 88107 97.839 104.110 108.859 112.700 115.934 118.725 121.190 123.382 125.369 127.189 

2 026 5001 20 H O 756 5 I! .445 6 2.015 9 ~2.559 B:3.093 2T622 14.149 3-«73 5- ~ 96 9 5.719 5 6.242 1 
s 80.195 L91.508 89.081 102.939 106.834 110.098 112.914 115.340 117.591 119.579 121.395 

4 053.000 40 H O 452 3 11.330 5 fT.954 3 2.523 0 ~71 5 3.610 4 ";, 143 oTBn 7 5.199 9 5. 725 8 6.250 1 

-t- -+-- -t- -~--....1.. --1------1--- -1 S 70 049 84.592 191. 797 96 876 100.880 104.198 107.052 109.541 111. 763 113. 767 115.596 

6 079 500 60 H O 319 2 
1
1 221 3 ~1.897 9 2.490 7 3.052 6 3.600 3 4.139 2 4.673 5 5.204 9 5. 733 8 6.260 g 

s 65.459 L80.094 87.918 93 215 97.320 100.101 103.579 106.098 108.336 110.353 112. 186 
10 132 500 1 00 H O 389 5 1 022 6 1 797 9 2.435 9 3.023 8 3.588 6 4.140 1 4.682 3 5.220 4 5. 754 7 6.286 o 

!I S 64.275 73.743 82.730 88.433 92.730 96.211 99.152 101.717 103.985 106.014 107.868 

14 185.500 1401-H O 519 2 0 853 5 I 1.713 3 2 393 7 3 004 9 3.585 3 4.147 2 4.698 6 5.243 O 5.781 5 6.317 8 
S 64.676 69.086 L79.061 85.140 89.609 93.190 96.194 98.793 101.085 103.136 105.010 

18 238.500 180 H 0.643 9 0.667 4 1 640 5 2.359 4 2.994 1 3.588 6 4.161 8 4.720 4 5.270 6 5.814 1 6.353 8 
S 65.09 .... 64.940 76.153 82.596 87.228 90.897 93.956 96.588 ~98.910 100.981 102.859 

20 265 000 200 H O 704 2 0 614 2 1 607 5 2.344 7 2.990 7 3.592 4 4.170 6 4.732 9 5.286 1 5.832 1 6.373 5 
sj65.291 63.354 74.885 81 488 86.211 89.914 93 010 95 . .655 97.993 100.069 1101.952 

Table 3. COMPRESSIBILITY FACTORS FOR NEON 
Pressure Temperature, K kPa 266.48 272.04 277.59 283.15 288.71 294.26 299.82 305.37 310.93 316.48 322.04 
137.895 1.000 6 1.000 6 1.000 6 1 000 6 1.000 6 1.000 6 1.000 6 1.000 6 1.000 6 275 790 1 .001 2 1 .001 2 1.000 6 1 .000 6 1 .001 2 1 .001 2 1 .001 2 1.001 2 1 .001 2 1 .001 1 1 .001 1 413.685 1 .001 8 1.001 8 1 .001 1 1 .001 1 1 .001 8 1 001 8 1.001 7 1.001 7 1 .001 7 1 .001 7 1 .001 7 1 .001 7 1 .001 7 689.476 1 002 9 1.002 9 1 002 9 1.002 9 1 002 9 1.002 9 1.002 9 1.002 9 1 378.95 1 005 9 1 005 9 1.005 9 1.002 9 1 .002 8 1.002 8 1.005 9 1.005 9 1.005 8 1.005 8 1.005 8 2 757.90 1 .011 9 1 011 9 1.011 9 1 .011 8 1.005 7 1.005 7 1.005 7 

1 .011 8 1 .011 7 1 .011 7 1 .011 6 1 .011 6 1 .011 5 1.011 4 4 136 85 1.018 0 1 018 0 1.018 0 1.017 9 1.01 7 8 1.017 7 1 .017 6 1.017 5 5 515.81 1.024 3 1.0174 1 .01 7 3 1.0172 1.024 2 1.024 1 1.024 0 1.023 9 1.023 8 1 .023 7 6 894.76 1.030 6 1.030 5 1.030 3 1.023 5 1.023 4 1.023 2 1 .023 1 1 030 2 1.030 1 1.029 9 1.029 7 8 273.71 1 037 0 1.036 8 1 .036 7 1.029 6 1.029 4 1.029 2 1.029 0 1.036 5 1.036 3 1.036 1 1.035 9 11 031.6 1.050 0 1.049 8 1.049 5 1.035 7 1.035 4 1.035 2 1.034 9 1.049 2 1.049 0 1.048 7 1.048 3 13 789.5 1.063 3 1 063 0 1 062 6 1.048 0 1.047 7 1.047 3 1.047 0 1 062 3 1.061 9 1.061 5 1 .061 0 1.060 6 17 236.9 1 080 4 1.079 9 1 .079 4 1 078 9 1 .060 1 1.059 7 1.059 2 1.078 3 1.077 7 1.077 2 1.076 6 1.076 0 1.075 3 1 074 7 20 684.3 1.097 9 1.097 2 1 096 5 1 095 8 1.095 1 1.094 3 1.093 6 1.092 8 1.092 0 1 .091 2 1.090 5 
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NICKEL . CARBONYL 
(Synonym: Nickel Tetracarbonyl) 

(Formula: Ni(C0)4) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of N1(CO)4 
Vapor Pressure @ 20 °C 
Bolling Point @ 101 .325 kPa 
Melting Point 
Absolute Density, Gas@ 101 .325 kPa (a 50 C 
Relative Density, Gas @. 1 01 .325 kPa (a 50 C (Air = 1) 
Density, Liquid@ 25 C 
Critical Temperature 
Critical Pressure 
Critical Volume 
Critical Density 
Critical Compressibility Factor 
Latent Heat of Fusion @ -19.3 C 
Lower Flammability in Air 
Viscosity, Liquid@ 25 °C 
Molar Specific Heat, Liquid@. 26.8 C 
Surface Tension @, 20 C 
Solub1l1ty In Water @ 9 8 C 
Trouton Constant 
Electrical Conductivity @ 25 °C 
Ignition (Explosion) Temperature 
Heat of Combustion, Liquid (fl 25 C 

Description 

Nickel carbonyl 1s a colorless. flammable . mobile liquid with 
a characteristic ordor at room temperature and atmospheric 
pressure Its vapor is highly toxic. It is shipped as a liquid in 
cylinders pressurized to 103 kPa (15 ps1g) at 20 " C 

Specifications 

There are no minimum purity spec1f1cations for nickel car­
bonyl. Since it is used in the Mond process for refining crude 
nickel to obtain nickel of high purity, 1t 1s considered to have a 
purity of above 99 9 q. 

Uses 

Nickel carbonyl is used in the Mond process to obtain nickel 
of high purity, to obtain metallic mirrors, and to coat obiects 
with a thin film of nickel It is an effec tive catalyst in the 
carbonylation reaction (reaction of olefins, acetylenes, haloac­
etylenes, alcohols . and aryl halides with carbon monoxide). 

Effects In Man and Toxicity (2) 

Symptoms of nickel carbonyl poisoning depend on the con­
centration of the vapor, duration of exposure, and 1nd1v1dual 

~atheson 

0 170 752 kg 
0 .170 752 kg 
42 00 kPa, 420.0 mbar: 315 mmHg 
315.60 °K; 42 4 cc : 108.4 °F 
253.86 °K; - 19 3 °C; -2. 7 °F 
6.531 kg / m 
5.95 
1 30 kg / I 

473 15 ° K. 200.0 °C, 390 0 °F 
3 040 kPa; 30 4 bar: 440.9 psm: 30 atm 
2 174 dm3 / kg 
0.46 kg / dm 
0 .287 
13.786 kJ / mol : 3 295 kcal / mol 
2% (by volume) 
0.212 mPa-s: 0 .212 cP 
204. 76 J / (mol, ° K) 
15.88 mN/ m; 15.88 dyn/ cm 
0 .017 6 kg / 100 by water 
20.6 
1 X 10 5i 1 / cm 
333.15 ° K; 60 °C: 140 ° F 
-1 180.7 kJ / mol , -2.82.2 kcal / mo! 

suscept1b1hty. Acute poisoning 1s of two types, 1nitinl and d -
layed, which may be subd1v1ded into groups of mild ands •v re 
cases. The delayed stage occurs 12-36 hours aft r the 1n1tinl 
stage. 

Initial symptoms of mild cases are g1dd1n ss and sh~ht Ironic I 
headache. Severe cases complain of nausea, vomiting , tll Ill­
ness in the chest, weakness. and resp1r~1tory distress 

Respiration is the best guide to the seventy of the ens since 
the rate tends to increase according to the amount ot dnmaqe 
to the respiratory system . A useful guide 1s the puls -resp1rnt1on 
ratio wh ch Is normally 4 : 1. Any case with a ratio und r 3 1 
should be watched carefully Other guides to the s v rity of 
the case may be obtained by analysis of the urine or blood for 
nickel 

Cancer of the lung and nose has long b en cons1dore<l th 
long term effect in nickel refinery (Mond Process) work r 

The lowest lethal concentration in humans by inhalat ion 1 
reported to be 57 ppm / 30 minutes. The LC O 1n the re I by 
inhalation 1s stated to be 240 10 kg (240 mg)/ m 1/ 30 
minutes. 

The odor of nickel carbonyl 1s not adequat as a warnin of 
the presence of dangerous concentrations of v por 

The 1979 ACGIH has recommended a Threshold L1m1t Valu 
(TLV) of o 05 ppm (0 35 mg / m ) for nickel carbonyl 
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First Aid Treatment (2) 

Remove the victim immediately from the contaminated area 
(rescuers should don adequate protective equipment for this). 
Remove the outer clothing of the v1ct1m and wrap him in 
blankets. put him 1n bed and keep him warm. If the victim is 
breathing, administer a mixture of 95 o oxygen and 5% carbon 
dioxide. If the victim 1s not breathing, start art1f1cial resp1rat1on 
at once, with simultaneous adm1nistrat1on of the oxygen-carbon 
dioxide mixture The inhalation 1s continued 1 5 to 30 minutes 
after spontaneous breathing returns An 8-hour collection of 
urine is begun for nickel analysis (or the amount of nickel in 
the blood determined) Summon a phys1c1an as soon as pos­
sible, notifying him of the nature of the accident and the exact 
location of the v1ct1m 

Suggestions for Medical Treatment (2) 

The nickel concentration in the initial 8-hour collection of 
urine (or the nickel concentration in the blood) 1s a valuable aid 
in classifying patients If the patient's exposure to nickel car­
bonyl has been severe and typical initial symptoms appear, 
then D1th1ocarb (sodium d1ethyld1th1ocarbamate trihydrate) 
therapy may be instituted 1mmed1ately, either orally or, 1n 
critical cases, by parenteral routes. If there 1s any doubt re­
garding the severity of exposure or 1f the symptoms are mini­
mal, decisions regarding therapy may be deferred until the 
analysis of the urine for nickel is available 

If the m1t1al 8-hour specimen of urine has a nickel concentra­
tion of less than 10 x 10 c kg / 100 ml (or below 10 ppm nickel 
in the blood), the exposure may be classified as mild. In such 
cases, it 1s probable that delayed symptoms will either not 
develop or will be minimal. It 1s advisable, however, to observe 
the patient for 24 hours Analyses of the nickel concentration 
in urine should be made daily, until the concentration has 
returned to the normal range, the upper limit of which 1s 3.0 
x 1 O f' kg / 1 00 ml If severe delayed symptoms develop un­
expectedly, the patient should be hospitalized and given Di­
th1ocarb 1mmed1ately 

If the nickel concentration in the 1nit1al 8-hour specimen of 
urine is above 1 0 but less than 50 x 1 0 6 kg / 100 ml (or 10-
20 ppm nickel in the blood), the exposure may be classified as 
moderately severe. Since delayed symptoms frequently de­
velop in these patients, they should remain at rest for at least 
a week 01th1ocarb may be administered orally in doses of 0.5 
gram 3 or 4 times daily together with 0.5 x 1 O • kg sodium 
bicarbonate and a full glass of water Oith1ocarb therapy 1s 
continued until the patient 1s free of symptoms and the concen­
tration of nickel in the urine 1s less than 10 x 1 o-s kg / 100 ml. 

If the nickel concentration in the 1nit1al 8-hour specimen of 
urine is above 50 x 10 6 kg / 100 ml (or above 20 ppm nickel 
in the blood), the exposure may be class1f1ed as severe. These 
patients are apt to be seriously Ill and require hosp1tal1zat1on. 
Most of these patients can be maintained with oral D1thiocarb 
as outlined for the moderately severe group. However, 1f the 
patient s cond1t1on 1s critical, 1t 1s suggested that Oithiocarb be 
administered parenterally in an initial dosage of 25 x 1 O 6 kg 
per kg of body weight and that the total amount during 24 
hours be limited to 1 00 x 1 0 kg per kg of body weight the 
D1th1ocarb solution for injection 1s prepared by adding 1 O ml of 
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a sterile solution of phosphate buffer (0.5 x 1 o-4 kg monoso­
dium phosphate/ 100 ml) to 1 x 10 3 kg powdered Dithiocarb 
in a sterile ampul; the solution contains 1 00 x 1 o-s kg Dithio­
carb/ml. With continued Dithiocarb therapy, the concentration 
of nickel in the urine gradually decreases and reaches approx­
imately normal levels within 16 days after exposure. 

Patients receiving Dithiocarb should abstain from alcoholic 

beverages. 

Precautions in Handling and Storage 

The major hazards resulting from the handling of nickel 
carbonyl stem from its extreme toxicity and its flammability. 
The gas should, therefore, be handled only in well-ventilated 
areas, preferably in an adequately designed hood with forced 
ventilation to provide for removal of the heavy vapors of nickel 
carbonyl which are about 6 times as dense as air. Whenever 
possible, nickel carbonyl should be handled outside in the 
open air, with the cylinder below the level of the face and with 
the handler standing favorably to the wind. The handler should 
use an air respirator. If nickel carbonyl is handled inside a 
building, all windows should be opened and exhaust fans 
started and the person handling the liquid should use an air­
line respirator. Ordinary gas masks containing charcoal ab­
sorbents (preferably one approved by NIOSH) will give protec­
tion, provided the concentration of nickel carbonyl is less than 
1 o ppm. Above this concentration, an air-line respirator is 
required. Extra air respirators should be kept in convenient 
locations for use in emergencies. When working with nickel 
carbonyl, ii 1s preferable to use a closed system. Nickel car­
bonyl should never be handled near an open flame, hot surface, 
or sparks. 

In addition, the general rules listed in Appendix I should be 
observed, as well as the following ones. 

1. Do not store reserve stocks of nickel carbonyl with cyl­
inders containing oxygen, or other highly oxidizing or flamma­
ble materials. 

2 . Handling of nickel carbonyl should be under the super­
vision of a qualified chemist who is familiar with its physical 
and chemical properties. 

3 . To remove nickel carbonyl from a cylinder, first attach an 
appropriate needle valve (see Recommended Controls) to the 
cylinder valve outlet. Make sure this valve is closed. To obtain 
a liquid sample, place the cylinder in a hood or attach a metal 
line to the cylinder and extend it into a hood. Invert the cylinder 
with an inverter, such as Matheson Model 509 inverter, or 
clamp 1n an inverted position. Connect the appropriate tubing 
to the equipment or d irect the tubing to a measuring device 
(narrow necked beaker, volumetric cylinder, Erlenmeyer flask, 
etc.). If the sampling is made into a measuring device, attach 
a flexible plastic hose to the end of the line and insert into 
measuring device (in hood). Purge the device with an inert gas. 
Open needle valve slowly until the desired quantity of liqu id is 
obtained. Close the needle valve and then the cylinder valve. 
Remove needle valve and flush with inert gas (in hood or well­
ventilated area) when not in use for extended periods. Disas­
sembly of valves and lines can be hazardous due to liquid 
remaining in lines. All such work should be done with good 
ventilation, or with the operator utilizing an air supplied mask. 

4 . Ground all lines and equipment used with nickel carbonyl. 

Leak Detection 

Systems designed to contain nickel carbonyl should be 
pretested for leaks with an inert gas 

Materials of Construction 

Nickel carbonyl itself 1s not corrosive, although some nickel 
plating of the metal used may occur 

When 11 1s used 1n organic carbonylat1on reactions. usually in 
association with carbon monoxide, corrosion definitely be­
comes a problem. particularly at elevated temperatures and 
high carbon monoxide pressures Copper or glass-lined equip­
ment would probably be suitable under these reaction cond1-
t1ons . 

Cylinder and Valve Description 

Nickel carbonyl 1s shipped in DOT. approved steel cylinders 
with a cylinder valve of brass with Compressed Gas Assoc1at1on 
(CGA) connection No. 320 This valve outlet 1s O 825" in 
diameter with right-hand external threads , with a flat seat and 
used with a washer to seal (see Figure 1 for 1llustrat1on of this 
outlet and mating connection). Lecture bottles have a ~10 "-32 
threads per inch, female outlet 

825 
13 16" 

CONNECT ON 

Fig. 1 CONNECTION 320 825"-14 RH EXT used with Flat Seat and 

Washer 

Safety Devices 

Cylinders of nickel carbonyl pressurized with carbon mon­
oxide have a safety device incorporated in the cylinder valve 
This device consists of a frangible disc backed up with a fusible 

metal. 

Recommended Controls 

Manual needle valve Model 50A-320, of chrome plated 
brass . is available for direct connection to the cylinder valve 
outlet and will provide adequate flow control This valve 1s 
equipped with a 1, ... tube fitting outlet connection Brass needle 
valve Model 58 1s recommended for use with lecture bottles 

Shipping Regulations 

Nickel carbonyl 1s classified by the DOT as a flammable 
liquid and 1s shipped with the required Red Label ". 

Commercial Preparation 

In the Mand process finely divided, metallic nickel is treated 
with carbon monoxide at about 60 C to form nickel carbonyl 
gas leaving the impurities, including cobalt, as a solid residue. 
Subsequent heating of the nickel carbonyl gas at about 180 
c forms cobalt-free nickel , about 99.9% purity, and carbon 

monoxide, which 1s recircu lated 

matheson· 
~ 

NICKEL CARBONYL 

Chemical Properties 

In nickel carbonyl, the 4 carbonyl groups form a tetrahedral 
arrangement and act as electron donors to the central nickel 
atom, which has a valence number of zero Its properties reflect 
this unusual coordination structure Thermodynamic data show 
that unless the pressure of carbon monoxide approximates 1 
atmosphere, nickel carbonyl 1s almost completely dissociated. 
The decompos1t1on 1s fairly rapid but not instantaneous. Nickel 
carbonyl is only sl1lghtly soluble in water ( 18 10 kg / 0. 1 
kg water at 9 .8 C), but 1s highly soluble 1n organic solvents. 
such as ethanol. ether. benzene. and chloroform It reacts 
slowly with hydrochloric acid and sulfuric acid , and vigorously 
with nitric acid and the halogens to form the corresponding 
bivalent nickel salts For synthesis of n.fl-unsaturated carbox­
ylic acids. allenic acids, saturated aliphatic carboxylic acids. 
aryl carboxylic acids, formam1des. ureas, etc .. by direct cm­
bonylat1on reactions with nickel carbonyl, consult the review 
article by Bird (3) 

Thermodynamic and Detailed Physical Data 

Molecular Structure 

The tetrahedral nickel carbonyl molecule has T ,:i symmetry 
and a symmetry number of twelve , with the following bond 
distances N1-C 1 .82 A (1 82 x 10 11 m), C-0 1. 15 A {1 15 

X 10 10 m) 

Infrared Spectrum 

See Figure 2 for the infrared spectrum of nickel carbonyl 
vapor 

Vapor Pressure (4) 

The vapor pressure of liquid nickel carbonyl up to 101.325 
kPa (1 atm) 1s shown below. 

Temperature, K 
Vapor Pressure 

kPa mbar mmHg 

250.15 5 332 9 53.3 40 
257 25 7 999 3 80.0 60 

267 15 13 332 2 133.3 100 

281 95 26 664 5 266.6 200 

298 95 53.328 9 533.3 400 

315 65 101.325 0 1 013.25 760 

See Figure 3 for the vapor pressure curve up to 101 325 

kPa 

Latent Heat of Vaporization, LlHv 

Temperature, C 

0 
25 
42 4 

dHv, kJ/ mol 

32 1 

30.5 
29.3 

Thermodynamic Properties of Nickel Carbonyl As Ideal Gas 

@. 25 C (5) 

Heat Capacity, C~ 
Entropy, S0 

Free Energy Function, (F~ge 
Eg) / 298 

137 24 J / (mol. cK) 
405.85 J/ (mol- K) 

-307.11 J / (mol- ~K) 
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Fig. 2. Infrared spectrum of nickel carbonyl vapor at room temperature; NaCl prism; 1 0 cm path length ; cell pressure : 39.997 
kPa (300 mmHg) (6). 
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NITRIC OXIDE 
(Synonym: Nitrogen(II) Oxide) 

(Formula: NO) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of NO 
Spec1f1c Volume @ 21.1 °C, 101.325 kPa 
Boiling Point @ 101 .325 kPa 
Triple Point 
Absolute Density, Gas@ 101 .325 kPa@ 25 °C 
Relative Density, Gas @ 101 .325 kPa@ 25 °c (Air = 1) 
Density, Liquid @ 121.38 °K 
Critical Temperature 
Critical Pressure 

Critical Volume 
Critical Density 
Critical Compressibility Factor 
Latent Heat of Fusion @ -163.6 °C 
Dipole Moment, Gas 
Molar Specific Heat, Gas @ 101 .325 kPa @ 15 °C 

@ Constant Pressure 
@ Constant Volume 

0.030 006 kg 
0.030 006 kg 
811.6 dm3 / kg; 13 ft3 / lb 
121.38 °K; -151.8 °C; -241.2 °F 
109.51 °K; -163.6 °C; -262.6 ° F 
1.227 8 kg / m3 

1.036 
1.269 kg/I 
180.25 °K; -92.9 ° C; -135.2 °F 
6550 kPa; 65.5 bar; 949.4 psia; 64.6 

atm 
1.933 dm3 / kg 
0.517 kg/dm3 

0 .253 
76.621 kJ / kg; 18.313 kcal / kg 
534 x 1 0 - 33 c. m; 0.16 o 

29.227 J/(mol -° K) 
20.891 J/ (mol- °K) 

Specific Heat Ratio, Gas@ 101 .325 kPa@ 15 °C, Cp / Cv 
Viscosity, Gas@ 101 .325 kPa@ 25 °C 

1.400 
0.018 8 cP 

Thermal Conductivity, Gas@ 101.325 kPa@ 25°C 0.025 36 W/ (m, °K); 60.6 X 10- 5 cal, 
cm/(s • cm2 

• °C) 
Solubility In Water @ 101 .325 kPa (partial pressure of NO) @ O 

oc 
7.38 cm3 / 100 cm3 water 
1.000 269 7 Refractive Index, Gas @ 101 .325 kPa, n0 @ 25 ° C 

Trouton ·s Constant 

Description 

At room temperature and atmospheric pressure, nitric oxide 
1s a colorless, toxic, nonflammable gas. At ambient tempera­
ture, nitric oxide combines with atmospheric oxygen to form 
toxic, nonflammable gas. At ambient temperature, nitric oxide 
combines with atmospheric oxygen to form nitrogen dioxide at 
a rate dependent on the concentration of oxygen and the 
square of the concentration of nitric oxide. It is shipped in 
cylinders as a nonliquefied gas at a cylinder pressure of 3 450 
kPa (500 psig) at 21.1 °C. 

Specifications 

Matheson supplies a C.P. Grade of nitric oxide. This grade 
has a minimum purity of 99.0%. 

Uses 

Nitric oxide 1s an important intermediate in the technical 
production of nitric acid. It reacts with fluorine, chlorine, and 
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bromine to form the corresponding nitrosyl halide. It is used in 
the preparation of metal nitrosyl carbonyls and related com­
pounds. 

Effects In Man and Toxicity (2) 

Breathing as little as 25 ppm of nitrogen oxides for an 8-hour 

period may cause pulmonary signs and symptoms after a 
virtually asymptomatic interval of from 5 to as much as 48-
hours. Delayed pulmonary edema may follow exposure to 100-
150 ppm for only 30-60 minutes, while a few breaths of the 
nitrogen oxides in concentrations of 200-700 ppm will produce 
severe pulmonary damage which may result in fatal pulmonary 
edema after 5- 8 hours or more have elapsed. 

The typical sequence of events in poisoning by nitrogen 
oxides is as follows: 

. (a) After inhalation of a few breaths of gas, there is no 
immediate reaction or only very slight respiratory discomfort, 
headache, dizziness, or lassitude (occasionally nausea and 

matheson~ 

vomiting may appear which usually disappears with 30 minutes; 
the victim frequently persists In his work. (b) Five to eight 
hours after exposure, perhaps after the worker has returned 
home, it may be noticed that the vIct1m 's lips and ears have 
become blue (cyanotic); (c) There follows rapidly increasing 
difficulty in breathing with accelerated, somewhat irregular 
respiration, choking, dizziness, headache, increasing cy­
anosis, a tightness in the chest; and occasionally nausea, 
vomiting, lassitude, and palpitation also occurs. Untreated 
cases frequently terminate fatally as a result of pulmonary 
edema. 

Physical examination within a short time after exposure re­
veals an accelerated respiratory rate, decreased vital capacity, 
generally suppressed breath sounds with occasional moist 
rates and rhonchi, low blood pressure, and an elevated blood 
platelet count ( 10-1 00% above normal). all these signs be­
come more pronounced in inadequately treated cases as time 
passes. 

The 1 979 ACGIH has recommended Threshold Limit Values 
(TLV) of 25 ppm (30 mg/m3

) and 5 ppm (9 mg/ m3) for nitric 
oxide and nitrogen dioxide, · respectively. 

First Aid and Medical Treatment (2) 

Inhalation 

General 

It is most important to realize that prompt, efficient treatment 
during the asymptomatic period may completely avert the de­
layed, serious. and sometimes fatal, sequelae of pulmonary 
injury caused by inhalation of nitric oxide. The main objective 
of the treatment is to provide an adequate supply of oxygen to 
the tissues so as to prevent, or at least to minimize, the 
development of pulmonary edema. Oxygen must be supplied 
as soon as possible in amounts adequate to maintain the 
normal color of the skin and mucous membranes. A physician 
should be called 1mmed1ately and the nature of the inJury 
explained to him. 

Specific Actions 

Terminate the exposure immediately. If encountered shortly 

after exposure, instruct the victim to breathe maximally, 1.e., as 
hard and as fast as possible. Carry the victim (do not allow him 
to walk) to an uncontaminated atmosphere and loosen the 
clothing around the neck and chest to facilitate breathing. 
Enforce complete bed rest for 24 to 48 hours, whether toxic 
symptoms and signs are recognized or not, and keep the vIctIm 
comfortably warm. As soon as there Is any indication of poi­
soning (coughing, difficulty in breathing, or fatigue), start oxy­
gen therapy. Pure oxygen should be administered by any 
method which insures high inspiratory concentrations. An oro­
nasal mask is usually best. A slightly positive gas pressure Is 
desirable. Inhalation of oxygen should not exceed 1 hour of 
continuous treatment. After 1 hour oxygen therapy may be 
interrupted. It may be reinstituted as the clinical cond1t1on 

· 1979 ACGIH Notice of Intent to change to 3 ppm (6 mg/ 
m 3) _ 
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indicates A small dose of morphine (e g , 1 x 1 0 • kg) Is safe 
and desirable to d1min1sh anxiety and dyspnea. Frothy exudate 
from the respiratory tract should be removed by some appro­
priate means (suctioning, postural drainage, use of antifoam1ng 
agents) Most drugs are 1neffect1ve and possibly harmful: in 
this category are atropine, epinephrine. expectorants, emetics, 
sedative drugs (except for small doses of morphine). and 
usually cardiac glycos1des In a few instances. rapid d1g1tali­
zatIon with a drug like ouabain may be advisable An emer­
gency tracheostomy under local anesthesia may make II pos­
sible to remove foam more effectively by a suctioning catheter. 
but it usually complicates the adm1nistrat1on of oxygen. Art1f1c1al 
respiration may become necessary, but unless airway obstruc­
tion can be corrected, It Is seldom effective Penicillin and / or 
other antibiotics should be given in large doses as soon as 
evidence of a respiratory infection appears Steroid therapy 
has been recommended to minImIze the inflammatory reaction 
and to prevent pulmonary fibrosis. Prednisone has been given 
to exposed adults in amounts of 3-8 x 1 0 6 kg daily In d1vIded 
doses. 

Contact with Eyes 

If high concentrations of vapor contact the eyes, they should 
be thoroughly 1rngated with large amounts of water for at least 
1 5 minutes. The eyelids should be held apart during the Irn­
gatIon to insure contact of water with all of the tissues of the 
surface of the eyes and lids . If pain Is still present, the IrngatIon 
should be continued for an add1t1onal 15 minutes As a first aid 
measure, 2 or 3 drops of a O 5% pontocaine solution may then 
be instilled in the eyes An ophthalmolog1st should be consulted 
at once. 

Precautions in Handling and Storage 

(a) Nitric oxide should be handled only in a well-ventilated 
area, preferably a hood with forced ventilation 

(b) Self-contained breathing apparatus should be available 
In convenient locations In emergencies 

(c) Areas in which nitric oxide Is being handled should be 
provided with enough exists to permit personnel to leave 
quickly in case of trouble 

(d) Personnel should have available for immediate use 
NIOSH-approved gas masks for emergencies. 

(e) Air contamination should be avoided in high pressure 
reactions of nitnc oxide with organic compounds Air contam­
InatIon would lead to the formation of nitrogen d1ox1de which 
could cause an 1gnit1on or detonation 

In addItIon. the general rules listed in Appendix I should be 
observed 

Leak Detection 

Small leaks of nitric oxide in lines or equipment may be 
detected by means of wet blue litmus paper Sites of large 
leaks of mine oxide are also detectable by the formation of 
reddish-brown NO2 where mine oxide contacts the atmo­
sphere There are also monitoring devices on the market which 

keep a continuous check of the atmospheric concentration of 
nitric oxide (as NO2). 
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Analytical Detection (3) 

A method Is described by Kain, et al. for the determination 
of nitric oxide with moist starch-iodide paper after oxidation by 
oxygen in air. The practical threshold of sensitivity of starch­
iodide paper for nitric oxide, when a 5-ml sample of test gas 
is mixed with 15 ml of oxygen, is 300 ppm for a color change 
within 5 minutes. It appears to be better than litmus for th,s 
purpose. 

The same authors describe a more sensItIve (10-100 ppm) 
method of detection of nitric oxide. This method employs test 
kits having silica gel columns with a reactive reagent. The 
method depends on a color reaction, with the length of color 
change along the column giving an ind,cat,on of the approxi­
mate concentration of nitrogen d1ox1de in the standard volume 
of gas tested, the nitric oxide first being oxidized (KMnO4) to 
nitrogen dioxide 

Finally, Kain, et al .. describe the most sensitive (1 ppm) 
method for the determination of nitric oxide, involving oxidation 
to nitrogen d1ox1de, dissolution ,n water, d1azotization of sul­
fanilic acid with the nitrous acid present, coupling with N-(1-
naphthyl)ethylened,amine. followed spectrophotometric mea­
surement of the intensity of the color developed. 

Disposal of Leaking Cylinders 

Leaking cylinders of nitric oxide may be disposed of as 
follows: 

Transfer cylinder to a hood or safe out-of-doors location. 
after donning appropriate breathing apparatus. Attach appro­
priate regulator with long piece of flexible hose. Introduce the 
gas into an adequate amount of alkaline potassium perman­
ganate solution . The reaction ,s NO + KMnO4 -. KNO3 + 
MnO. 

Alternatively, the nitric oxide may be converted with excess 
a,r in a mixing device into a mixture of nItnc oxide and nitrogen 
d1ox1de and the resulting mixture introduced into caustic solu­
tion. a mixture of sodium nitrate and nitrite resulting. 

Materials of Construction 

Since nitric oxide is noncorrosive, most common metals of 
construction can be used. However, in the presence of oxygen 
and moisture, corrosive conditions will develop due to the 
formation of nitric and nitrous acids. Therefore, prior to use, 
systems to contain nitric oxide should be purged with an inert 
gas. Where air contamination cannot be eliminated, 18-8 stain­
less steel should be used. 

Cylinder and Valve Description 

Nitric oxide ,s shipped in DOT approved, high pressure, steel 
cylinders Cylinders of nitric oxide are equipped with stainless 
steel valves having Compressed Gas Association (CGA) ap­
proved alternate cylinder valve outlet No. 660. The valve outlet 
has a thread size of 1 030 inches with right-hand external 
threads with a flat seat and using a washer as a seal (see 
Figure 1 for an illustration of this valve outlet and Its mating 
connection) Lecture bottles have a special '1 6 inch 32 threads 
per inch. female outlet 
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OUTLET 

.JJlll""'I 
1 030' 

\ \\ 

I 
I 035" 

1" 

CONNECTIOr• 

Fig. 1 CONNECTION 660 1.030"-14 RH EXT. using Flat Seat with 
Washer 

Safety Devices 

No safety devices are permitted to be used on cylinders of 
nitric oxide. 

Recommended Controls 

Automatic Pressure Regulators 

Matheson supplies single stage regulator Model 14-660 for 
nitric oxide service. The regulator has an anodized aluminum 
body, a diaphragm of FEP Teflon on Neoprene, a seat of 
Teflon, and internal parts of type 316 stainless steel. The 
regulator is provided with two gauges, one for cylinder pressure 
and one for delivery pressure; its delivery pressure is 28-550 
kPa (4-80 psig). To prevent suckback of foreign materials into 
the regulator a stainless steel check valve should be used. 

Two stage regulator Model 3800-660 is also available for 
nitric oxide service. This regulator has a body and diaphragm 
of type 316 stainless steel, Kel-F seat and Kel-F and Teflon 
gaskets. It Is provided with a diaphragm packless outlet valve 
with a ¼" Gyrolok tube fitting. It has a delivery pressure range 
of 28-620 kPa (4-90 psig). 

Manual Controls 

For manual flow control, Matheson has available needle valve 
Model 61 A-660, of stainless steel, for direct attachment to the 
cylinder valve outlet. This valve is supplied with a ¼" tube 
fitting outlet connection. It should be used only where manual 
control is required since it will not prevent pressure from 
building up if the system becomes clogged or if the system 
itself is closed. A Model 59 needle valve is recommended for 
use with lecture bottles. 

Flowmeters 

Matheson Series 7600 laboratory stainless steel tlowmeter 
units with 150 mm tubes and floats or Matheson Series 7200 
laboratory stainless steel flowmeter units with 65 mm tubes 
with a single float are recommended tor use where definite flow 
rates must be known. 

Electronic mass flowmeters, such as Matheson Series No. 
8116 and No. 8160, should be used where accurate readings 
are required. Calibration is unaffected by temperature and 
pressure changes, and flow rates may be recorded from the 
instrument's electrical output. 

Electronic Mass Flow Controllers 

The Matheson Series 8340 of type 316 stainless steel and 
Series 8260 of type 316 stainless steel or monel are designed 
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to control the flow of gas regardless of pressure and tempera­
ture changes. These mass flow controllers consist of a trans­
ducer, a control valve, a blind controller /power supply, a 
potentiometer and a digital indicator. The transducer senses 
the gas flow and sends a signal to the power supply. This 
signal and one from the potentiometer are compared If there 
is an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 
imbalance. The accuracy Is ± 1.2%. 

Shipping Regulations 

Nitric oxide is classified as a " Class A" poison gas by the 
DOT and is shipped under a "Poison Gas Label ·. 

Chemical Preparation 

Nitric oxide is formed when acid solutions of nitrates or 
nitrites are reduced by metals. 

2KNO2 + 6Hg + 4H2SO4 

-. 2NO + 3Hg2SO4 + K2SO4 + 4H2O 

or other reducing agents 

2KNO3 + 4H2SO. + 6FeSO. 

-. 3Fe2(SO4h + 2NO + K1SO4 + 4H1O 

The large-scale preparation of NO involves the oxidation of 
ammonia above 500 °C in the presence of platinum 

Direct combination of the elements occurs under energy-rich 

conditions 

but the equilibrium is unfavorable even at high temperatures, 
about 5 volume % of NO being formed at 3 200 °C. 

Chemical Properties (4) 

Nitric oxide is thermodynamically unstable at room temper­
ature, the liquid or compressed gas slowly undergoing dispro­

portionation: 

In the gaseous state it is colorless and shows no tendency 
to dimerize. In the liquid and solid states, nitric oxide Is. blue 
and dimerizes. At elevated temperatures, nitric oxide ,s. an 

. th mbustion of materials oxidizing agent and will support e co 
such as phosphorous. It is reactive to oxidizing agents, being 

. . • te to NO by oxygen, converted to nitric acid by permangana , 1 . 

. hi · e and bromine. Nitric and to nitrosyl halides by fluorine, c arm , 
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oxide gives complexes with a number of metal ions and adds 
to certain metals and metal carbonyls. 

At ambient temperature mine oxide combines with molecular 
oxygen to form nitrogen d1ox1de at a rate which Is d P nd nt 
on the concentration of oxygen and the square of the concen­
tration of nitric oxide. At very low concentrations. the ox1dat1on 
is slow. e.g., at 1 O ppm 7 hours are required for 50 o Idat1on. 
At 1 O 000 ppm, however. 50% oxIdat1on ,s achieved In about 
24 seconds 

Thermodynamic and Detailed Physical Data 

Molecular Structure 

The heteropolar nitric oxide molecule has C v symmetry and 
a symmetry number of one. with a N O bond distance of 
1 1 50 8 A ( 1 1 50 8 x 1 O 10 m). The nitnc oxide molecule 
contains an odd number of electrons. but ,t ,s rather inactive 
chemically in comparison with other odd molecules The ob­
served bond distance of 1 150 8 x 1 0 ' 0 m (1 1 50 8 A) lies 
between that estimated for double and triple bonds, namely 
1.18 x 10 10 m (1 .18 A) and 1.06 x 10 10 m (1 06 A). 
respectively. 

Two electronic structures are suggested N··o or N ·:.: 0 :. 
This arrangement stabilizes the molecule suffl ,ently with re­
spect to the structure N O so that some unusual properties 
result. 

Infrared Spectrum 

See Figure 2 for the infrared spectrum of gaseous nitric 
oxide. 

Vapor Pressure (5) 

The vapor pressure of liquid nitnc oxide from 100 [mmHgl to 
1 500 mmHg ,s represented by the following Antoine v,1por 
pressure equation : 

B B 
log p - A - - - or I = - C 1

0 - C + t A - log, r,p 

in which p = mmHg and t = ~c. and the constants A, B, and 
c have the values of 8 743 00, 682 938. and 268.27, respec-

lively 

Vapor Pressure 
Temperature, K kPa mbar mmHg 

106.16 13.332 133 2 100 

110 89 26.664 266 6 200 

113.87 39 997 400 0 300 

116.09 53.329 533.3 400 

11 7 .87 66 661 666.6 500 

119 37 79 993 799.9 600 

120 67 93 325 933.3 700 

121.38 101.325 1 013 25 760 

121.82 106.658 1 067 800 

122.86 119.990 1 200 900 

123.80 133.322 1 333 1 000 

125.46 t 59 986 1 600 1 200 

127.56 199.983 2 000 1 500 
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Latent Heat of Vaporization @ 
121.41 °K 

Thermodynamic Data 

13. 776 2 kJ / mol; 
3.292 6 kcal / mol 

Thermodynamic properties of superheated nitric oxide are 
shown in Table 1. Compressibility data appear in Table 2. 

REFERENCES 
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Table 1. THERMODYNAMIC PROPERTIES OF SUPERHEATED NITRIC OXIDE (8) 
H , ENTHALPY, kJ/kg; S, ENTROPY, kJ/(kg · °K); V, SPECIFIC VOLUME, m

3 
/ kg 

Pressure I 
kPa I atm 210.93 227.59 244.26 260.87 

Temperature, °K 

277.59 I 
294.26 310.93 327.59 344.26 360.93 I 377.59 

284.837 1301 480 318.077 334.697 351 .293 367.903 1384510 I I H 217 824 234 .699 251 482 268.194 

68.948 0.680 S 6 776 8 6 853 8 6 925 8 6.991 0 7 053 0 7. 11 2 0 7.165 9 7.218 7 7 .268 4 7.314 9 73580 
1.11 4 3 I 1.181 8 1.249.2 1 .31 6 0 1 383 4 ~3~~ V 0 845 9 0 913 3 0 980 1 1.047 5 

... t l 

H 217 638 234.536 251 342 268.055 

101 325 1 00 s 6 669 7 6.746 7 6 .818 2 6 884 8 

V 0 575 0 0 621 2 0 666 7 0 712 3 
• + --+ 

H 217 405 234.350 251 179 267.939 

- -
284. 7 44 1301 .387 318.007 334 .627 351.247 367 .843 384440 

6.947 1 17.004 9 7.059 7 7.112 4 7 .160 9 7.206 9 7.2505 
0. 757 9 0.804 1 0.849 6 0 .895 2 0.940 8 0 986 4 1.0319 

284.628 301.294 317.937 334.557 351.177 367.797 -384.393 

137.895 1.36 S 65835 66609 77325 6.7986 6.860 9 6.919 9 6.974 7 7.026 6 7.075 6 7.121 6 7.1 65 9 
0.556 9 0.590 6 0.624 3 0.658 0 0.691 1 0. 724 8 0.758 5 V O 422 O 0.455 7 0.489 4 0 523 1 

+ H ... 216 964 + 234 .025 ~ 250 900 I 267_6_8_3 +---284.419 301.132 317.798 334.418 351 .061 367.681 I 384277 

206843 204 S 6.4697 65480 66195 66860 6.748 4 6.806 5 6.862 2 6.913 6 6.962 6 7.0090 7.0530 
0.370 8 0.393 3 0.41 5 8 0 .438 2 0.460 7 0.483 2 0.505 7 

t + 

275.790 2.72 

+ 

344 738 3 40 

413 .685 408 

+ 

551 581 5.44 

t 

689.476 6.80 

1 034 214 10 21 

1 378951 13 61 

1 723 689 17 01 

2 068.427 20.41 

2 757 903 27 22 

V 0 280 9 0 303 4 0 .325 9 0 348 3 
+- .... t-- -

H 216 545 233 676 250.598 267.451 284 .210 300.946 317.403 334.278 350.945 
S 6.389 O 6 466 8 6 538 8 6 605 7 6.668 0 6.727 0 6.781 8 6.834 1 6.883 1 

367.564 384.184 
6 929 5 6.9731 
0.362 1 V 0.2104 02272 0.2441 02609 0.2778 02953 0.3121 0 .3284 0.3452 - --t----:..:.:.:..:__· 

H 216.127 233 330 250.319 267 218 284 .001 300.597 317.356 334.139 350.805 
s 6 325 4 6.404 o 6 476 4 6 543 4 6.605.7 I 6 6647 6.719 9 6.771 • 6 .820. 

0.378 9 

367.448 384.084 
6.867 2 6.911 6 
0.289 7 V O 167 7 0 .181 6 0.195 4 0.208 5 0 222 2 0.236 0 0.249 1 0 .262 8 0 276 6 

H 215 708 - 232 979 + 250 017 T 266 962 283.791 300.365 317 310 333.999 3--5-0-.6- 8- 9-t----~=-:'.. 

S 6.273 5 6.352 6 6.425 0 6.492 3 6.554 7 6.613 6 6.668 9 6.721 2 6.770 1 
V 01395 01511 0.1624 01738 01851 0.1966 10.2079 0.2191 0.2304 

0 302 8 

367.332 383 998 
6.816 6 6.860 5 
0.241 6 0 252 8 

H + 214.848 - 232 258 249 4361266 4 74 283.373 300.202 1316.984 333. 720 350.433 367 123 383 789 
S 6 191 1 6 270 6 6.343 4 6 411 1 6.473 9 6.532 9 6.588 5 6.640 8 6.689 8 6. 736 2 6 780 5 
V 01043 01129 01215~01301 0.1386 0.1471 0.1556 0.1641 0.1725 0.1809 01892 

H + 214 012 + 231 561 248.855 265 963 1282.955 299.807 316.659 333.441 350.177 366.890 / 383603 
S 61262 62065 62802 6.3480 6.4111 6.4701 6.5258 6.5785 6.6275 6.6743 67182 
v 00830 _ 00901 ~00910 lo1039 0.1101 0.1175 0 .124 4 0 .1312 0.1379 0 .1446 o. 1514 

H 211.850 229 795 247 391 264 731 281.885 298.923 315.869 332.744 349.550366.332 1383 092 
S 6 006 6 6.088 6 6.163 4 6.232 1 6.296 1 6.355 9 6.411 6 6.464 3 6.514 1 6.560 5 6.604 9 
V + 0 054 8 0.059 6 0.064 3 0.068 9 0.073 5 0.078 2 

1 
0.082 7 0.087 3 0 .091 8 0.096 3 0.100 8 

H 209 642 - 228 005 245 903 1263.4 76 280.839 297 .994 I 315.032 332.024 348.922 365. 798 t 382.603 
S 5 919 5 6.003 2 6 079 4 6.148 8 6.213 7 6.273 9 6 .330 0 6.383 1 6.432 9 6.4 79 8 6.524 5 
V O 040 6 0.044 3 0.04 7 9 - - 0.058 4 0.061 9 0.065 3 0.068 7 0.072 2 0.075 5 

--t-
H 
s 
V 

207 410 226.192 
5 849 7 5 935 4 
0 032 2 0.035 2 

244.415 262221 279 .747 297.064 314.218 331.303 348.295 365.240 382.115 
60128 60835 6.1488 6.2095 6.2664 6.3195 6.3697 6.4170 6.4614 
0.038 1 0 041 0 0.044 1 0.046 6 0 .049 4 0 .052 2 0 .054 9 0.057 7 

--- 0~4 
H 205 .155 224.355 242 904 260.942 278.654 296.134 313.405 330.582 347.644 364.659 381.604 
s 57915 5.8789 5.9580 60296 16.0957 6.1 568 6 .2141 6.2676 6.3178 6.3651 6.4099 
V 0.026 5 _ 0.029 1 + 0 031 6 ~34 0 0.036 4 0.038 7 0.041 1 0.043 4 / 0.045 7 0 .048 o 0.050 3 

H 200 530 220.636 239.813 258.362 I 276.446 294.228 311 . 778 329.141 T 346.389 363.543 380.604 
S 5 695 7 5.787 3 5 868 9 5.942 5nTI6.009 9 6.072 2 6.130 4 6.184 4 6 .235 4 6.283 1 6.328 3 
V + 0 Ol 9 4 _ 0 021 4 0 023 4 0 025 2 0.027 1 1 0.028 9 0.030 7 0 032 4 0 .034 2 , 0.035 9 0.037 6 

H 195765 216.801 236675 255.712 274.215 1292.299 I 
3 447378 3402 S 56170 31 0,104 327.700 345.110 362.427 379605 

. 5 713 3 5.797 8 5.873 1 5.942 1 6.005 3 6 .0643 6.1191 6.1706 6.2187 6.2643 
V + 0 015 2 0.016 8 0.018 5 0 020 0 0.021 5 / 0 .023 o o 02 -+1- · 4 4 0 .025 9 0.021 3 0.028 7 I o.o3o 1 
H 1 90 81 4 21 2 8 73 .. 233.467 2 53 .039 211 . 931 Ti -=-29=-0=-_3-=--4- 5-t-3- 0-8-.4-0-7-+--~j.....::...:-=-=-:.......::-+-.:.:.::=_:_~:=--

4 136 854 40 83 S 5 549 2 5 649 7 5 737 5 5.814 9 5885 6 5.950 1 6.009 5 
V 0 .0123 00138 0.0152 0.0165 0.0178 0.0190 0 .0203 

326.212 343.832 361.265 378 605 
6.065 1 6 .117 0 6.166 0 6.211 6 

+- + +- -4 -t--
0 .021 5 0.022 7 0.023 9 I 0025 o 

H 1 80. 3 77 204 691 2 26 81 9 2 4 7 530 26 7. 311 2 8::-:6::-.3::-9:--:5:-i-:3-0-4-_ 9-9
-
0
+----lf--___:_:::_____j_~=-::_.=_Jf----

5515806 5444 S 5.4321 55430 56371 5.7195 5.7932 5.8597 5.9211 
V ... 0.00871 000995+00111 00121 0.0132 0.0141 0.0151 

323.237 341 .228 358.987 378.583 
5.978 5 6.031 7 6.081 0 6.127 5 
0 .016 0 0.016 9 0 .017 8 0.018 7 

H 169.057 196.020 219.892 241.835 1262.523 282 3 
6 894 757 68 05 S 

. 27 301.527 
5 .329 2 5 452 2 5 553 8 5.640 9 5.717 9 V o 5.787 3 5.850 9 

302.239 338.602 356.686 374.538 
5 909 1 6 .013 7 6.060 9 

.006 53 0 007 64 I O 008 62 0 009 53 0.010 4 
i- t- t- 0.011 2 0.012 O 

5.963 5 
0.012 8 0.013 5 0.014 3 0.015 0 

H 135 957 171 .893 201 181 226.750 250 ----+---...'...-----+---+---
10 342 136 102 1 S 5 093 2 5 257 6 5.381 9 5.483 6 5 ·040 271 -844 292.578 312.568 331 .954 350.921 369.517 

V 0.003 54 0 004 53 0.005 34 o 006 OS 0 ·
0
570 2 5·688 1 5. 714 9 5. 777 7 5.834 6 5 .887 7 5.936 7 

+ + + -+ · 06 70 0.007 30 0 .007 88 0 .008 43 0.008 97 9 0 010 0 
H 103019 145.138 180865 210.850 237047 0.0094 I . 

13 789 s14 136 1 s 4 891 9 5 084 o Is 235 9 5 355 1 5 452 6 
261-035 283.489 304.828 325_329 345_203 / 364.566 

I V 0 .002 20 I O 003 0110 003 73 0 004 35 10:004 89 
5

·536 7 5.610 7 5.677 3 5 .737 9 5 .793 6 15.844 6 
o .oos 39 0.005 87 0 .006 31 I 0 .006 14 0.001 15 0.001 55 ' 

520 matheson' 

NITRIC OXIDE 

Table 2. COMPRESSIBILITY FACTORS FOR NITRIC OXIDE 

Pressure Temperature, K 

kPa 266.48 272.04 277.59 283.15 288.71 294 26 299.82 305.37 31093 316.48 322.04 

137.895 0 .998 0 0 .998 1 0.998 3 0.998 4 0 .998 2 0 998 3 0 998 5 0 998 6 0 .998 7 0 .998 8 0 8 

275.790 0 .996 0 0.996 3 0.996 5 0.996 8 0.996 4 0 996 7 0 996 9 0 997 2 0 997 4 0.997 6 0.9 7 8 

413.685 0 .994 0 0 .994 4 0.994 8 0 .995 1 0.994 6 0 .995 0 0.995 4 0 995 8 0 .996 1 0.996 4 0 996 7 

689.476 0.989 9 0.990 6 0 .991 3 0 .991 9 0.991 1 0.991 8 0 .992 4 0 .993 0 0 .993 5 0, 94 0 0.9 4 5 

1 378.95 0.979 8 0 .981 3 0 .982 5 0.983 8 0 .982 5 0 983 9 0 985 1 0.986 2 0 987 3 0 .988 2 0 989 1 

2 757.90 0.959 6 0.962 5 0.965 1 0.967 6 0.966 2 0 968 8 0 971 2 0 973 4 0 975 4 0.977 3 0. 79 0 

4 136 85 0 .939 5 0.943 9 0.947 8 0.951 8 0 951 1 0 .954 8 0 958 3 0 .961 4 0.964 4 0.967 1 0 969 6 

5 515.81 0.919 6 0.925 6 0 .930 9 0 .936 2 0 .937 1 0.941 8 0 946 3 0 950 4 0 954 2 0.957 7 0 960 9 

6 894.76 0.900 1 0.907 8 0.914 5 0.921 1 0.924 1 0.929 9 0 935 2 0 940 2 0.944 7 0.949 0 0 952 9 

8 273.71 0.881 2 0.890 5 0.898 6 0.906 6 0.912 2 0 918 9 0 925 1 0 .930 8 0.936 1 0 941 0 0.945 6 

11 031 .6 0.845 7 0.858 2 0.869 0 0 .879 8 0.891 5 0 .899 7 0 907 3 0 .914 4 0 921 0 0 927 2 0.932 9 

13 789.5 0 .814 2 0.830 0 0 .843 4 0.856 8 0.874 7 0.884 1 0 892 9 0 .901 1 0 908 8 0.916 0 0 922 7 

17 236.9 0.782 5 0 .802 0 0.8183 0 .834 5 0.858 7 0 869 3 0 .879 2 0 888 6 0 897 4 0 905 6 0 13 3 

20 684 .3 0 .795 9 0 .809 8 0 .823 1 0 .835 8 0.847 9 0.859 3 0.870 1 0 880 2 0 889 8 0 898 8 0 907 3 
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NITROGEN 

PHYSICAL PROPERTIES (1} 

Molar Mass 
Molecular Weight 
One Mole of N2 
Specific Volume @ 21 .1 °C, 101 .325 kPa 
Boiling Point @ 101 .325 kPa 
Triple Point 

Temperature 
Pressure 

Absolute Density, Gas @ 101 .325 kPa @ 25 °C 
Relative Density, Gas@ 101 .325 kPa@ 25 °C . 
Density, Liquid@ Saturation Pressure @ 63.15 °K 
Critical Temperature 
Critical Pressure · · 

Critical Volume 
Critical Density 
Critical Compressibility Factor 
Latent Heat of Fusion @ 63.19 °K 
Dipole Moment, Gas 
Molar Specific Heat, Gas @ 101 .325 kPa @ 26.8 °c · · 

@ Constant Pressure 
@ Constant Volume 

Specific He~~ Ratio, Gas @ 101 .326 kPa 16.8 °c: c ·p/ Cv. : . 
Molar Spec1f1c Heat, Liquid @ Saturation Pressure @ 1 oo °K 
Viscosity, Gas @ 101 .325 kPa@ 26.8 °c 
Viscosity, Liquid @ Saturation Pressure @ 63.9 °K . 
Thermal Conductivity, Gas @ 101 .325 kPa @ 26.8 °c 

Thermal Conductivity, Liquid @ Saturation Pressure @ 65 °K 

Surface Tension @ 70.15 K 

0.028 013 4 kg 
0.028 013 4 kg 
861 .5 dm3 / kg; 13.8 ft3 /lb 
77.352 °K; -195.8 °C; -320.4 °F 

63.149 °K; -210.0 °C; -346.0 °F 
12.53 kPa; 125.3 mbar; 94.01 mmHg 
1.145 5 kg/m3 

0 .967 
0.808 kg/I 
126.26 °K; -146.9 °C; -232.4 °F 
3 400 kPa; 34.0 bar; 492.9 psia; 33.54 

atm 
3.216 dm3 /kg 
0.311 kg/dm3 

0.291 6 
7 209.03 J/mol; 1 723.0 cal / mol 
O C,m 

28.98 J/ (mol- °K) 
20.6 J/(mol, °K) 
1.407 
64.0 J/(mof. °K) 
0.017 87 mPa-s; 0.017 87 cP 
0.292 mPa-s; 0.292 cP 
0.025 9 W/(m- °K); 61.9 X 10- s cal, 

cm/ (s-cm2, °C) 
0 .159 8 W/(m,°K); 381.9 x 10- s cal-

cm/(s-cm2 • °C) 

Solubility In Water @ 101 .325 kPa (partial press~re of Nitrogen.) 
@ 25 °C 

10.5 mN/ m; 10.5 dyn/cm 

R~fractive Index, Gas @ 101 .325 kPa, n0 @ 25 °c 
D1_electr~c Constant, Gas @ 101 .325 kPa @ 20 °c 
Dielectric Constant, Liquid @ 70.15 °K 
V~loci_t~ ~f Sound In Nitrogen @ 101 .325 kPa @ o 0 c 
D1ffus1v1t1es of Nitrogen In Other Gases @ 1 01 .325 kPa: 

Description 

At room temperature and atmospheric pressure, nitrogen is 
a colorless, odorless, nontoxic, nonflammable gas It t· . cons 1-
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1.485 cm3 /100 cm3 water 
1.000 273 2 
1.000 548 0 
1.454 
336.96 m/s 

Other Gas 

Argon 
Carbon dioxide 
Helium 
Hydrogen 
Oxygen 

Temperature, 
oc 
20 
20 
20 

0 
0 

Diffusivity, 
cm2/s 

0.194 
0 .163 
0.705 
0.674 
0.181 

tutes 78% by v I 
. 0 ume of the atmosphere Naturally occurring 

nitrogen contains two isotopes, 14N and. 15N with a relative 
abundance of 99 62<¾ • 

· 0 and 0 .38%, respectively (1 ). Gaseous 

~athesone 

nitrogen is shipped in cylinders and tube trailers Liquid nitro­
gen is shipped in specially authorized cylinders, in heavily 
insulated portable containers, and, in bulk. in tank trucks and 
truck trailers. Nitrogen is normally available 1n cylinders com­
pressed to 1 7 1 70 kPa (2 490 psig) and 13 790 kPa (2 000 
psig) at 21 .1 °C. 

Specifications 

Matheson supplies nine grades of nitrogen, the specifica­
tions of which are as follows: 

1. Research Purity Grade 

This grade of nitrogen has a minimum purity of 99 999 5 
mole %. It is supplied in small cylinders and glass flasks. 

2. Matheson Purity Grade 

This grade has a minimum purity of 99 999 5 mole %. 

3 . NO. Free Grade 

This grade of nitrogen contains a maximum of 1 O parts per 
billion of NO •. 

4. Ultra High Purity Grade 

This grade of nitrogen has a minimum purity of 99.999 mole 
%. 

5. Zero Gas Grade 

This grade of nitrogen contains less than 0.5 ppm total 
hydrocarbons as methane. 

6. Oxygen Free Grade 

This grade of nitrogen contains less than 5 ppm oxygen 

7. Prepurified Grade 

This grade of nitrogen has a minimum purity of 99.998% 

8. High Purity Grade 

This grade of nitrogen has a minimum purity of 99 99°6 

9. Extra Dry Grade 

This grade of nitrogen has a minimum purity of 99.9%. 

Uses 

Nitrogen is used as an inert gas in electrical systems, the 
chemical industry, and in the food packaging industry. Nitrogen 
also finds extensive use as an inert atmosphere, and 1n the 

filling of some incandescent lamps. 

Toxicity 

Nitrogen is nontoxic but can act as an asphyxiant by dis­
placing the necessary amount of air to sustain life. 

Precautions in Handling and Storage 

The general rules listed in Appendix I should be observed 
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Leak Detection 

Leaks in lines and equipment may be detected by painting 
the suspected sites with soapy water. Leaks will be evident by 
bubble formation 

Disposal of Leaking Cylinders 

For disposal see Append1 11-C. 

Materials of Construction 

Smee nitrogen is inert no special materials of construction 
are required . However, any piping or vessels conta1ntn{l nitro­
gen should be designed to have a working pressure as spec1-
f1ed by competent engineers, using a safety factor conforming 
to the A.S.M E code for pressure piping . 

Cylinder and Valve Description 

Nitrogen 1s packaged in DOT approved. high pressure ste 
cylinders Matheson employs Compressed Gas Assoc1 t1on 
(CGA) valve outlet connection No. 580 on all cylinders ot 
nitrogen except those at 41 370 kPa (6 000 ps1g) This stand­
ard cylinder valve outlet has a diameter of O 965 inch and right­
nand internal threads. accepting a bullet-shaped nipple (see 
Figure 1 for this valve outlet and its mating connection) Cyl-

ou·L r N r 

I 6 1 1 
I 
t 

Fig. 1 . CONNECTION 580 965"-14 RH INT. accepting I Bullet 

Shaped Nipple 

1nders at 41 370 kPa (6 000 psig) are equipped with CGA 
valve outlet connection No 677 (see Figure 2) Lecture bottles 

(! TLn 

I 
1030 103 

I 

I 

NN[C T N 

Fig. 2. CONNECTION 677 1 030:-14 LH EXT acceptinq Round 

Shaped Nipple 

have special 5/ie"-32 threads per inch, female valv outlets and 
a o/,e" -18 threads per inch, male dual valve outlet 

Safety Devices 

Cylinders containing nitrogen have safety devices ot either 
the frangible disc type or frangible disc type backed up with 
fusible metal, melting at approximately 100 °C (212 °F). Cyl­
inders pressurized 10% of excess of their marked service 
pressure in accordance with present DOT regulations must be 
equipped only with safety devices of the unbacked frangible 
disc type. These safety devices are usually an integral part of 
the cylinder valve. situated opposite the valve outlet 
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Recommended Controls 

In order to reduce the high cylinder pressure of nitrogen to 
· the a safe working value consistent with a system s design, 

following types of controls are recommended. 

Automatic Pressure Regulators 

1. Single Stage Automatic Regulators 

A single stage regulator will reduce cylinder pressure to a 
delivery pressure in a particular range, depending upon the 

design of the regulator and its spring load. A single stage 
regulator will show a slight variation in delivery pressure as 
cylinder pressure falls The following single stage _regulator~ 
are available from Matheson for use with Prepurif1ed, Hig 
Purity, and Extra Dry Grades of nitrogen. 

Delivery Pressure Range 
Model No. kPa bar (g) psig 

1 L-580 28-550 0.28-5.5 4-80 
1 H-580 69-1 240 0 69-12.4 10-180 
2-580 345-4 480 3 45-44.8 50-650 
3-580 690-10 340 6 9-103 4 100-1 500 

4-580 690-17 240 6 9-172.4 100-2 500 
3320 (for lee- 28-410 0 28-4 1 4-60 

lure bottles) 

For all the other grades of nitrogen, the Model 19-580 and 
3500-580 single stage regulators are recommended . 

The Model 19 regulator has a brass body, German silver 
diaphragm, nylon seat. aluminum and nylon gaskets, and a 
diaphragm packless outlet valve with ¼" Gyrolok tube fitting. 
It has a delivery pressure range of 28-345 kPa (4-50 psig). 

The Model 3500 regulator has a type 316 stainless steel 
body, a Teflon-lined type 301 stainless steel diaphragm, Kel-F 
seat , Teflon gaskets. and a diaphragm packless outlet valve 
with '4 " Gyrolok tube fitting. It has a delivery pressure range of 
28-520 kPa (4-7 5 psig). 

Both the Model 1 9 and the Model 3500 regulators are 
available with an optional helium leak rate cert1ficat1on. 

2. Two Stage Regulators 

This type of regulator performs the same function as a single 
stage regulator However, greater accuracy and control of 
delivery pressure is maintained, and the delivery pressure does 
not vary as cylinder pressure falls The following two stage 
regulators are available from Matheson for use with Prepurified, 
High Purity, and Extra Dry Grades of nitrogen: 

Delivery Pressure Range 
Model No. kPa bar (g) psig 

8L-580 14-104 0.14-1 .04 2-15 
8-580 28-340 0.28-3 4 4-50 
8H-580 69- 690 0.69-6 9 10-100 
9-580 138-1 720 1.38- 17 2 20-250 

Regulators Model 3800-580 and 3104-580, with delivery 
pressure ranges of 28-620 kPa (4-90 psig) and 28-690 kPa 
(4-100 ps1g), respectively, are recommended for use with all 
other grades of nitrogen. 
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3. Low Pressure Regulator 

Sensitive and very accurate low pressure regulation may be 

btained with Matheson Model 70 low pressure regulators Th o . e 
low pressure regulators have oversize pancake bodies of die 
cast aluminum with Buna N diaphragms. The 70 Models are 
rated for a maximum inlet pressure of 250 psig. Where the 
cylinder pressure exceeds 250 ~sig excellent results are ob­
tained by using a pressure reducing regulator, such as Mathe. 
son's Model 1 L, and delivering this pressure to the Model 70_ 
When so used, the two regulators can be connected together 
with a heavy duty hose and the proper fittings, which are 
available as a unit. The following Model 70 regulators are 
available from Matheson for use with Prepurified, High Punty 
and Extra Dry Grades of nitrogen. 

Model 
No. 

708 

70 
70A 

Delivery Pressure Range 
kPa mbar (g) psig 

0.5-3.0 5-30 2-12 inches water col-

3.45-34.5 
34.5-68.9 

34.5-345 
345-689 

umn 
0.5-5.0 psig 
5-1 O psig 

4. Special High Pressure Regulators 

The following single stage regulators are recommended for 
use with nitrogen at 24 1 30 kPa (3 500 psig). 

Delivery Pressure Range• 
Model No. kPa bar(g) psig 

3-580 690- 10 340 6.9- 103.4 100-1 500 
4-580 690-1 7 240 6.9-172.4 100-2 500 
3064-580 172.5-27 600 1.72-276.0 25-4 000 
3075-580 1 380-41 370 13.8-413.7 200-6 000 

The following single stage regulators are recommended for 
use with cylinders of nitrogen at 41 370 kPa (6 000 psig): 

Model No. 

3064-677 
3066-677 
3075-677 

Delivery Pressure Range• 
kPa bar (g) psig 

172.5-27 600 
345-41 400 

1 380-41 370 

1.72-276.0 
3.45-414.0 
13.8-413.7 

25-400 
50-6 000 

200-6 000 

Manual Controls 

Manual needle valves for direct attachment to the cylinder 
valve outlet are available. These types of controls are mainly 
used where intermittent flows are necessary, or where ii 1s 
desired to control the flow of gas directly from the cylinder 
This type of needle valve will allow control of extremely slow 
flow rates on up to relatively large flow rates. However, pres· 
sure cannot be controlled with such a valve, and, if a line or 
system becomes plugged, dangerous pressures can build up. 
The following manual type valves are recommended for use 
with nitrogen in cylinders rated under 24 1 30 kPa (3 500 psig): 

· Maximum delivery pressure is dependent upon gas cylinder 
pressure. 

matheson 

Model 50-580 and Model 52-580 with gauge to indicate tank 
pressure . These valves can be supplied with a variety of outlets, 
such as a hose connection, '4" tube f1tt1ng, or 1 4 11 NPT male or 
female outlet. Needle valves Models 30AR and 318 are rec­
ommended for use with lecture bottles. 

Flowmeters 

Matheson Series 7600 laboratory brass or stainless steel 
flowmeter units with 1 50 mm tubes and floats or Matheson 
Series 7200 laboratory brass or stainless steel flowmeter units 
with 65 mm tubes with a single float are recommended for use 
where definite flow rates must be known. 

Electronic mass flowmeters, such as Matheson Series No. 
8116 and No. 8160, should be used where accurate readings 
are required. Calibration Is unaffected by temperature and 
pressure changes, and flow rates may be recorded from the 
instrument 's electrical output. 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 stainless steel and 
Series 8260 of type 316 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera­
ture changes. These mass flow controllers consist of a trans­
ducer, a control valve, a blind controller / power supply, a 
potentiometer and a digital 1nd1cator. The transducer senses 
the gas flow and sends a signal to the power supply This 
signal and one from the potentiometer are compared If there 
is an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 
imbalance. The accuracy is ± 1 2% 

Shipping Regulations 

Nitrogen is shipped in high pressure steel cylinders as a 
nonflammable compressed gas, taking a DOT Green Label . 
The cylinders are usually filled to the marked service pressure 
of the cylinder or to a maximum of 1 0% in excess of the marked 
service pressure, in accordance with present DOT regulations. 

Chemical Preparation 

Large quantities of nitrogen are produced by the liquefaction 
and fractionation of air. If the commercial product Is to be used 
in the laboratory, the trace quantities of oxygen usually pre~ent 
can be removed by passing the gas through aqueous solutions 
containing active reducing agents as vi· or Cr2

+ or over hot, 
finely divided copper. Small amounts of very purn nitrogen may 
be conveniently prepared by thermal decomposItIon of alkali­
metal (except lithium) az1des, e.g., 2MM --+ 2M + 3N2. 

Chemical Properties 

Nitrogen is relatively inert to most reagen!s at ordinary con­
ditions. Elemental nitrogen reacts rapid ly with lithium at room 
temperature to give U 3N. Elemental nitrogen can be fixed In 
biological systems at room temperature, but the mechanism of 
such processes is at present unknown. In add1t1on, certain 
transition-metal complexes have been shown recently to react 
rapidly with atmospheric nitrogen 

Nitrogen becomes more reactive at elevated temperatures 
and combines with hydrogen, oxygen, and some metals 3H 

matheson· 
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N • 2NH , 0 N • 2NO. C 
Mg, Ba). 

A very reactive form of rntro 
when gaseous nItrog n Is p s 
low pressures Active in nitrog n r ac ts r d1ly with m n 
metals (Hg, As. Zn Cd , Na) nd nonm t I (P, S) to 
nitrides. For reactions of nitrog n t h1qh temp r tur 
reference 2. 

Thermodynamic and Detailed Physical Data 

Molecular Structure 

The homopolar nitrogen mol cul has D ymrn try nd 
symmetry number of two, with N-N bond dist nc of 1 087 
58 A (1.087 58 10 ' m) 

Infrared Spectrum 

The homopolar diatomic nitro n mol cul h s only on 
vibration along the chemical bond Th v1br tIon I not tnfrc r d 
active but Is Raman ac tIv 

Vapor Pressure (4) 

The vapor pressure of liquid rntrogen betw n 7 
(60 mm Hg) and 199 984 kPa ( 1 500 mm Hg) Is repr 
the Antoine vapor pressure qu tIon 

B B 
log p - A - --or t = --- C 

,c - C + t A-loq, P 

kP 
d by 

in which p = mmHg and t = C, • nd t11 con t nt A, 8 , nd 
C have the values of 6 494 57 255 680 and 26 550. r -
spect1vely. 

Some calculated vapor pre sure vnlues re shown b low 

Vapor Pressure 
Temperature, K kPa mbar mmHg 

60.81 7 9 80 0 

62.286 10 666 107 80 
63.486 13 332 133 100 
67.570 26 664 267 200 
70 242 39 997 400 300 
72 285 53 32 533 00 
73 962 66 661 667 500 

75 397 79 993 800 00 
76 659 93 325 933 700 
77 352 101 325 01 3 25 760 
77 79 106 658 067 800 

78 82 119 9 0 200 00 
79.76 133 322 333 000 

81 46 159 986 1 600 200 
83.65 199 83 2 000 500 

For vapor pressure values up to the c ritical point T bl 

1 

Latent Heat of Vaporization, 
AHv (3) (p 77 35 K 5 577 3 J mol 

1 333 kc I rnol 

For ~ Hv values at o th r tefTlp ra tur s. se f c l>I 1 
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Thermodynamic Data 

Thermodynamic properties of saturated nitrogen and of su­
perheated nitrogen are shown in Tables 1 and 2, respectively. 
Molar specific heats and compressibility factors for nitrogen 
are shown in Tables 3 and 4, respectively . 

Thermodynamic Properties of Nitrogen As Ideal Gas @ 25 
°C (4) 

Heat Capacity, C~ 29.125 J / (mol- °K) 

REFERENCES 

Entropy, S0 

Free Energy Function, 
(F3ge - H3ge) / 298 
Enthalpy Difference, H~ge - Hg 
Enthalpy of Formation, .iHr 
Free Energy of Formation, 

.iFr 

191.502 J/ (mol . oK) 

-191 .502 J/ (mol. °K) 
8 .669 kJ / mol 
0.000 kJ / mol 

0 .000 kJ / mol 

' For extensive tabulations of the thermodynamic and physical properties of nitrogen, see W. Braker and A. L. Mossman, The Matheson Unabridged 

Gas Data Book , 1976, Matheson, East Rutherford , New Jersey. 

J H Hall, in K1rk-Othmers Encyclopedia of Chemical Technology, 2nd edition, 1967, Volume 13, pp. 858-859, John Wiley & Sons, Inc., New 

York, New York 
3 B. J Zwohnsk1 , et al , Selected Values of Properties of Chemical Compounds, 1968, Volume 1, Thermodynamics Research Center, Texas A & 

M University, College Station, Texas. 
3 JANAF Thermochemical Tables, 2nd ed1t1on , 19 71, D. R. Stull and H. Prophet, proJect directors, Natl. Stand. Ref . Data Ser., Natl. Bur. Stand. 

NSRDS-NBS 37, U S Government Printing Office, Washington. D. C. 
5 F Din, Thermodynamic Functions of Gases, F. Din , editor, 1961, Volume 3, p. 139, Butterworth, Inc., Washington , D. C. 
6 Ibid , pp. 1 58-1 61 . 
7 Ibid , pp. 142-145 
8 Ibid , pp 1 46-150 
9 Ibid , pp 151-155 

'
0 Ibid , pp 156-157 

'' Chemical Engineers Handbook, 5th edition, R. H. Perry and C. H. Chilton , editors, 1973, p. 3-107, McGraw-Hill Book Co., Inc., New York, New 
York 
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Table 1. PROPERTIES OF THE SATURATED LIQUID AND VAPOR (5) 

Temperature Pressure 
I 

Entropy 
I 

Enthalpy j Latent I Specific Volume 

I 
Density 

J/ (mol•K) J/ mol Heat of dm3 / kg kg m3 

Vapon-
OK OF kPa atm Liquid Vapor Liquid Vapor 

I 
zation Liquid Vapor l1qu1d Vapor 
J/ mol I 

63.15 • -346.0 12.534 0 .123 7 68.15 166.40 2 713 1 8 91 6 I 6 203 I 1 150 1 1 495 574 I 869 5 1 0 669 
65.89 -341.1 20.265 0.2 70.53 162 75 2 867 8 943 6 076 1 167 5 965.1 63 856 5 1 036 
68.41 -336 .5 30.398 0,3 72.64 159.76 3 009 8 969 5 960 1 184 3 664 .941 844 4 1 504 
71 .91 -330.2 50.662 0 .5 75.48 156.18 3 208 9 011 5 803 1 202.5 413 .014 ' 83 1.6 2 421 
74.45 -325.7 70.928 0 .7 77.46 153.93 3 353 9 046 5 693 1 217 .9 302 .042 821 l 3 311 
77.35 -320.4 101 .325 1 79 .66 151.78 3 522 9 100 5 578 1 237.5 217 376 808 1 4 600 
83.80 -308.8 202 .650 2 83.98 148.00 3 874 9 239 5 365 1.285 3 11 3 864 778 0 8 782 

88.04 -301.2 303.975 3 86.53 145.81 4 101 9 320 5 219 1 321 0 78 027 1757.0 12 82 

94.09 -290.3 506.625 5 90.05 143.02 4 443 9 422 4 979 1 379 2 48 865 725. 1 20 46 

98.60 -282.2 709.275 7 92.71 140.95 4 699 9 455 4 756 1 433 8 35 462 697 4 28 20 

103.88 -272 .7 1 013.250 10 95.93 138.56 5 035 9 463 4 428 1 505 9 24 875 664 0 40 20 

110.57 -260.6 1 519.875 15 100.33 135.42 5 526 9 406 3 880 l 620 5 15 848 617 1 63 10 

115.80 -251 .2 2 026.500 20 104.25 132.68 5 988 9 280 3 292 1 745 1 11 11 2 573,0 90.00 

120.13 -243.4 2 533.125 25 108.08 130.00 6 444 9 077 2 633 1 .901 1 8 063 5 26 0 124 0 

123.86 -236.7 3 039 .750 30 112. 19 127.06 6 943 8 780 1 1 842 2 132 0 5 779 469.0 11 73.0 

126.2'' -232 .5 3 394 .388 33.5 120.00 120.00 7 922 I 7 922 0 3 .215 8 3 .215 8 311 .0 311 .0 

• Triple point; • • Cri tical point. 
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Table 2 THERMODYNAMIC PROPERTIES OF SUPERHEATED NITROGEN 

H, ENTHALPY, ~J/mol (6); S, ENTROPY, J/(mol • °K) (7); V, SPECIFIC VOLUME, m
3 
/kg (8) 

Pressure 210 230 250 280 
Temperature, K 

130 150 170 190 300 340 kPa atm 380 400 450 500 550 600 650 700 
12.980 13.559 14.138 15.007 H 10 655 11 239 11.821 12.401 15.586 16. 7 46 17.908 18.490 19.946 21.405 22.867 24 332 25.800 27.271 

178.15 181 .04 183.68 186.09 189.38 1 01 .325 s 167 10 171.28 174.92 191 .37 195.00 198.23 199 72 203.15 206.22 209.01 211 56 213 91 216.08 0 .614 1 0.672 9 0.731 2 0.820 0 V 0 377 4 0.436 9 0.496 1 0.555 1 0.878 7 0.996 1 1.1135 1.172 1 1.318 8 1.465 3 1.611 9 1 758 5 1.905 0 2.051 5 
11 .805 12.388 12.969 13.550 14.130 15.001 -- -- -

H 10.629 11 .219 15.581 16.742 17.905 18.487 19 944 21 404 22.866 24 332 25 800 27.271 
202.650 2 s 161.22 165.44 169.10 172.34 175.25 177 .89 180.30 183.59 185.59 189.23 192.46 193.95 197 .38 200 45 203.24 205 79 208 14 210.31 

V 0.187 0 0.217 1 0.247 1 0.276 8 0 .306 5 0 .336 1 0 .365 6 0.409 8 0.439 3 0 498 1 0.556 9 0.586 2 0 659 6 0 733 0 0 .806 3 0 879 6 0.952 9 1.026 2 
H 10.547 11. 1 55 11 .754 12.347 12.935 13.521 14.105 14.980 15.563 16.728 17.895 18.478 19.939 21.400 22.864 24.331 25.800 27.272 

506.625 5 s 153.16 157.51 161 .26 164.56 167.50 170.1 6 172.59 175.89 177.90 181 .55 184.79 186.29 189 72 192.80 195.59 198.14 200 49 202.67 
V 0.072 7 0.085 3 0.097 7 0.109 8 0.121 9 0.133 9 0 .145 9 0 .163 8 0.175 6 0.199 3 0.022 3 0.234 7 0 264 1 0.293 6 0 .322 9 0 .352 3 0 .381 6 0 .411 0 
H 10.398 11 .040 11.666 12.276 12.877 13.471 14.063 14.946 15.533 16.705 17.877 18.463 18.928 21 393 22 860 24 329 25.800 27.274 

1 013.250 10 s 146 61 1 51 .20 155.12 158.52 161 .52 164.23 166.69 170.03 172.06 1 75. 73 178.98 180.48 183 93 187 01 189.80 192 35 194 70 196.88 
V 0.034 5 0.041 3 0 .047 9 0 .054 2 0 .060 4 0.0666 0 .072.7 0.081 7 0.087 7 0.099 7 0.111 6 0.117 5 0 132 3 0 14 7 1 0 161 8 0 .176 5 0.191 2 0 .205 9 - --- -- -

12.817 13 421 14.020 14.911 H 10.235 10.921 11 .575 12.204 15.503 16.683 17.860 18.448 19.917 21.386 22.856 24.327 25 799 27 274 
1 519.875 15 s 142 36 147.27 151.36 154.86 157.93 160.68 163.18 166.55 168.59 172.28 175.55 177 06 180.52 183.61 186.41 188 97 191 33 193 51 

V 0.021 7 0 .026 6 0 .031 2 0 .035 6 0.039 9 0 .044 1 0 .048 2 0 .054 4 0.058 5 0 .066 5 0.074 5 0.078 5 0 .088 4 0.098 3 0 .108 1 0.177 9 0 127 8 0 137 6 ----
H 9.800 10.663 11 .385 12.055 12.696 13.321 12.934 14.843 15 444 16.639 17.827 18.419 19.897 21 373 22 848 24.322 25.798 27.276 

2533.125 25 s 135.69 141.80 146.32 150.05 153.26 156.10 158.66 162.09 164.17 167.91 171 .21 172.73 176.21 179 32 182 13 184. 70 187 06 189 25 
V 0.011 0 0.014 8 0.018 0 0.020 8 0 .023 5 0.026 2 0.028 8 0.032 6 0 .035 0 0 040 0 0 044 8 0 .047 2 0.053 2 0 059 2 0 065 2 0 071 1 0077 0 0 .082 

H 6 .872 9.727 10.840 11.658 12.384 13.064 13.718 14.676 15.303 16.535 17.750 18 352 19 850 21 343 22 831 24.316 25.800 27 282 
5 066.250 50 s 110 08 131.13 138.15 142.71 146.43 149.43 152.16 155.77 157.94 161.80 165.18 166.72 170 24 1 73.39 176 22 178.80 181.17 183 37 

V 0.001 89 0.005 58 0 .007 99 0.009 74 0 .001 3 0.012 8 0.014 2 0 .016 2 0 .017 5 0.020 1 0 .022 6 0 .023 8 0 026 9 0 029 9 0 032 9 0 035 9 0038 9 0 041 9 

H 6.558 8.071 9.719 10.860 11 .766 12.561 13.306 14.366 15.044 16.352 17.616 18 239 19.782 21 308 22.822 24.326 25.825 27.321 
10 132.5 100 s 105 67 111 .69 127 .37 133.73 138.28 141 .90 145.00 149.00 151 .34 155.41 158.93 160.53 164 16 167.37 1 70.25 172.87 175.27 177.48 

V 0.001 64 0.002 16 0 .003 31 0 .004 46 0.005 39 0.006 22 0 .007 02 0.008 13 0 .008 84 0.010 21 0.011 52 0 012 16 0 013 8 0.015 3 0 .016 9 0 .018 4 0 .019 9 0 .021 4 

H 6.578 7.780 9.040 1 0.111 11 .069 11 .949 12. 775 13.940 14.679 16.087 17.432 18 090 19 705 21 .287 22.844 24.383 
20 625.0 200 s 102 43 111 .09 119.03 125.00 129.80 133.81 137.25 141.66 144.21 148.61 152.35 154.04 157 .84 161 .18 164.15 166 82 

V 0.001 50 0.001 74 0.002 08 0 .002 47 0 .002 87 0.003 28 0.003 70 0.004 28 0.004 66 0.005 38 0.006 07 0 006 41 0.007 25 0 .008 06 0 .008 86 0 009 64 0 010 42 -----
H 6.719 7.772 8.855 9.858 1 0.801 11 .686 12.529 13. 732 14.497 15.957 17.351 18.032 19.699 21 .325 22.919 24 486 

30 397.5 300 s 100 55 108.10 114.88 120.48 125.20 129.23 132.74 137.28 139.91 144.48 148.35 150 10 154.02 157 44 160.48 163 21 
V 0.001 43 0.001 59 0 .001 78 0.002 00 0.002 24 0.002 49 0.002 74 0 .003 11 0.003 36 0 .003 84 0.004 32 0.004 55 0.005 12 0 005 67 0 006 21 0 .006 74 0 .007 27 

H 6.895 7.884 8.874 9.836 10.759 11 .639 12.480 13.683 14.453 15.934 17 .356 18.051 19. 751 21 .407 23 025 24.613 

40 530.0 400 s 98.95 106.03 11 2 .23 117.58 122.20 126.20 129.71 134.25 136.90 141 .53 145.49 147 27 151 27 154 76 157.84 160.60 
V 0.001 38 0.001 50 0.001 64 0.001 80 0 .001 96 0 .002 13 0.002 30 0 .002 57 0 .002 75 0 .003 11 0.003 47 0 .003 64 0.004 07 0 .004 49 0 004 90 0 .005 30 0 .005 70 

H 7 .090 8 .045 8.994 9.926 10.830 11 .699 12.533 13.728 14.497 15.987 17.425 18.128 19.848 21.522 23.158 24.761 

50 662.5 500 s 97.54 104.37 110.31 115.50 120.03 123.98 127.46 131 .97 134.62 139.28 143.28 145 08 149.1 3 152.65 155.76 158.55 

V 0 .001 34 0.001 44 0.001 55 0.001 67 0 .001 79 0 .001 92 0 .002 06 0 .002 27 0.002 41 0 .002 69 0 .002 97 0 003 11 0 003 45 0 003 78 0.004 11 0 .004 44 0 .004 76 
-

14.607 16.097 17.539 18.246 19.978 21 664 23.312 24.926 H 7.305 8.243 9.171 10.081 10.966 11 .823 12.649 13.839 
60 795.0 600 s 96.33 103.04 108.85 113.91 118.34 122.24 125.68 130.18 132.82 137.48 1 41 .49 143.30 14 7 .37 150 92 154.06 156.87 

V 0.001 30 0.001 39 0.001 48 0 .001 57 0.001 68 0.001 79 0.001 90 0.002 07 0 .002 19 0 .002 42 0.002 65 0.002 76 0.003 04 0 .003 32 0.003 60 0 .003 87 0 .004 14 
--

H 7 761 8 681 9.585 10.469 11 .331 12.168 12.980 14.159 14.923 16.411 17.857 18 567 20.311 22.01 2 23.675 25.303 

81 060.0 800 s 94 .27 100.85 106.51 111 .42 115.7 4 119.54 122.93 127.38 130.02 134.68 138.70 140 52 144.62 148.20 151 .37 154.20 

V 0.001 25 0.001 32 0.001 39 0.001 46 0.001 54 0.001 62 0 .001 70 0.001 83 0.001 91 0.002 08 0.002 25 0 002 33 0 .002 33 0 .002 75 0 .002 96 0 003 16 0 003 36 

H 8 241 9.151 10.042 10.911 11 .758 12.582 13.385 14.555 15.315 16.800 18.24 7 18 959 

101 325 1 000 s 92 60 99.12 104.70 109.53 113.76 117.51 120.86 125.27 127.88 132.51 136.53 138 36 

V 0.001 21 0 .001 26 0 .001 32 0.001 39 0.001 45 0 .001 51 0 .001 58 0.001 68 0 .001 74 0.001 88 0.002 01 0 .002 08 --
H 10 731 11 636 12.517 13.372 14.202 15.008 15. 761 16.935 17.682 19.147 20 580 21 286 

202 650 2 000 s 86.62 93.10 98.62 103.37 107.53 111 .20 114.47 118.79 121 .37 125.96 129 94 131 75 

V 0.001 09 0.001 12 0.001 16 0 .001 19 0.001 22 0:001 26 0.001 29 0.001 34 0 .001 38 0 .001 44 0 .001 51 0 .001 55 
--

H 13.108 14.024 14.916 15.783 16.622 17.436 18.227 19.382 20.136 21 .615 23.062 23.775 

303 975 3 000 s 82 17 88.72 94.31 99.13 103.33 107.04 11 0.34 114.70 117.30 121.93 125.95 127 78 

V 0 .001 01 0 001 04 0.001 07 0.001 09 0.001 12 0.001 14 0 .001 17 0 .001 20 0 .001 23 0 .001 28 0 .001 33 0 .001 35 
-- -- --

H 15.396 16 320 17.224 18.103 18.957 19.787 21 .775 22.544 24.053 25.530 26.258 
20.596 

405 300 4 000 s 78.51 85 12 90.77 95.66 99.94 103.71 111 .53 114.18 118.90 123.00 124.87 
107.08 

V 0.000 968 0 000 989 0 .001 01 0.001 03 0.001 05 0 .001 12 0 .001 14 0 .001 18 0.001 21 0.001 23 
0 .001 07 0 .001 09 

H 18.551 24.897 26.441 27.953 28 699 19.468 20.364 21.235 22 .081 22 .906 24.11 2 
506 625 5 000 s 81 96 87.69 92.68 97.04 111 .60 116.43 120.64 122 55 

100.89 104.33 108.89 
0 .001 07 0 .001 11 0 .001 14 0.001 15 V 0 000 950 0 .000 968 0.000 985 0.001 00 0 .001 02 0 .001 03 0 .001 06 
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Table 3 . MOLAR SPECIFIC HEAT OF REAL GAS NITROGEN AT CONST ~ NT PRESSURE 
(Cp) (9) AND CONSTANT VOLUME (Cv) (1 O) UNIT: J/ (mol • K) 

Pressure 
Temperature, °K 

250 300 400 500 600 700 
kPa bar atm 130 150 200 

Cp 29.27 29.12 28.97 28.95 28.98 29.09 29.21 29.33 29.45 
101 .325 1.013 25 Cv 20.5 20.5 20.6 20.6 20.6 20.8 20.9 21 .0 21 .2 

Cp 32 .80 31 .67 30.04 29.48 29.35 29.29 29.32 29.40 29.50 
1 013.25 10.1 10 Cv 20.8 20.7 20.7 20.7 20.7 20.8 20.9 21 .0 21.2 

Cp 52 .4 38.20 32.02 30.48 29.99 29.58 29.50 29.50 29.57 
2 533. 12 25.3 25 Cv 21 .7 21 .2 20.9 20.8 20.7 20.8 20.9 21.0 21 .2 

Cp 77 36.06 32.39 31 .12 30.07 29.80 29.67 29.68 
5 066.25 50.7 50 Cv 24.5 22.1 21 .2 20.9 20.8 20.9 20.9 21 .0 21.2 

Cp 60.9 93 44.72 36.35 33.45 31 .05 30.38 30.01 29.92 
10 132.5 101 .3 100 

Cv 27.0 23.5 21 .9 21.4 21 .1 21 .0 21 .0 21 .1 21 .2 

Cp 52.16 60.0 47.25 41 .01 37.10 33.29 31 .79 30.88 
25 331 .2 253.3 250 Cv 28.0 26.1 23.1 22.2 21 .7 21 .3 21 .3 21 .2 

Cp 47.81 47 .67 45.18 40.85 38.00 34.89 33.08 31.74 
50 662.5 506.6 500 Cv 28.8 27.5 24.6 23.3 22.5 21 .8 21.6 21 .4 

Cp 46.28 45.63 43.03 40.06 37.82 35.32 33.62 32.22 
81 060.0 810.6 800 Cv 29.6 28.5 25.9 24.1 23.1 22.3 22.0 21.7 

Cp 45.84 45.01 42.33 39.65 37.68 35.39 33.81 32.42 
101 325 1 013 1 000 Cv 30.1 29.0 26.5 24 .6 23.5 22.7 22 .2 21 .8 

Table 4. COMPRESSIBILITY FACTORS FOR NITROGEN (11) 
Tempera- Pressure, kPa 
ture, °K 100 500 I 1 000 2 000 4 000 6 000 8 000 10000 20000 30000 40000 50000 

70 0 .005 7 0 .028 7 I 0 .057 3 0 .114 3 0 .227 7 0 .340 0 0.451 6 0 .562 3 1.104 4 1 .630 8 solid solid 
80 0 .959 3 0 .026 4 0 .052 8 0 .105 3 0 .209 3 0 .312 2 0.414 0 0 .514 8 1 .006 1 1.479 7 1.939 6 2.387 9 
90 0 .972 2 0 .025 1 0 .050 0 0 .099 6 0 .197 5 0 .293 8 0 .388 8 0 .482 6 0.936 2 1.370 0 1.789 0 2.196 2 

100 0.979 8 0 .891 0 0 .048 7 0 .099 6 0 .190 5 0 .282 3 0 .372 0 0.460 5 0 .884 0 1.285 2 1.670 7 2.044 1 
120 0 .988 3 0 .939 7 0 .873 2 0 .705 9 0.197 5 0 .282 2 0.364 1 0.443 8 0 .818 8 1.168 4 1 .501 5 1.822 3 
140 0 .992 7 0 .963 5 0 .925 3 0 .843 3 0 .637 6 0.425 1 0.427 8 0.479 9 0 .794 2 1.099 6 1.392 0 1.672 6 
160 0.995 2 0 .976 6 0 .952 9 0 .904 2 0 .803 1 0 .701 7 0.630 4 0 .613 4 0 .810 7 1.070 8 1.327 5 1.576 2 
180 0 .996 7 0 .984 6 0 .969 0 0 .938 1 0 .878 2 0 .812 5 0 .778 4 0 .753 0 0 .855 0 1.066 9 1.289 3 1.510 5 
200 0.997 8 0 .989 7 0 .979 1 0 .959 2 0.921 2 0 .888 2 0 .862 1 0.845 5 0 .906 7 1.076 0 1.268 3 1.463 1 
250 0.999 2 0 .996 0 0 .992 4 0 .985 7 0.974 1 0 .965 5 0 .960 4 0 .958 9 1.004 8 1.1143 1 .250 1 1.396 2 
300 0 .999 8 0 .999 0 0 .998 3 0 .997 1 0 .996 4 0 .997 3 1.000 0 1.005 2 1.055 9 1.142 2 1.248 0 1.362 9 
350 1.000 1 1.000 7 1.001 1 1.002 9 1.006 9 1.012 5 1.018 9 1.027 1 1.081 0 1.156 0 1.244 5 1.340 5 
400 1.000 2 1 .001 1 1.002 4 1.005 7 1 .01 2 5 1.019 9 1.028 3 1.037 7 1.092 9 1.160 9 1.238 2 1.321 6 
450 1.000 3 1 .001 8 1 .003 3 1.007 3 1.015 3 1.023 8 1.033 2 1.043 0 1.097 6 1.160 6 1.230 3 1.304 3 
500 1.000 4 1.002 0 1.004 0 1.008 1 1 .01 6 7 1 .025 7 1.035 0 1 .045 1 1.098 4 1.157 5 1.221 3 1 .288 1 
600 1.000 4 1.002 1 1 .004 0 1.008 4 1 .01 7 3 1.026 3 1.035 5 1.045 0 1.095 1 1.154 0 1.202 8 1.265 7 
800 1.000 4 1 .001 7 11 .003 6 1.007 4 1 .01 5 7 1 .023 7 1.032 0 1.040 2 1.083 2 1.126 4 1 .1 70 1 1.214 0 

1 000 1.000 3 1 .001 5 1 .003 4 1.006 7 1.013 6 1.020 5 1 .027 5 1.034 7 1 .071 4 1.107 8 1.144 9 1.181 4 
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NITROGEN DIOXIDE 
(Synonyms: Dinitrogen Tet roxide; Nitrogen Tetroxide; Nitrogen Peroxide; Liquid Dioxide) 

(Formula: N02 or N20 4) 

PHYSICAL PROPERTIES (1) 

Molar Mass (NO2) 

Molecular weight 
Molar Mass (N204) 

Molecular Weight 
One Mole of NO2 

One Mole of N204 
Specific Volume @ 21.1 °C, 101 .325 kPa 
Vapor Pressure @ 21.1 °C 
Boiling Point, Equilibrium Mixture @ 101 .325 kPa 

0.046 005 5 kg 

0 .092 011 kg 
0 .046 005 5 kg 
0 .092 011 kg 
293.4 dm3 / kg ; 4 . 7 ft3 / lb 

Freezing Point In Air, Equilibrium Mixture @ 101 .325 kPa 
Density, Gas, Equilibrium Mixture @ 101 .325 kPa @ 2 .11 °C 
Relative Density, Gas, Equilibrium Mixture @ 101 .325 kPa 

101 .325 kPa; 14. 7 psi a; 1 atm 
294.30 °K; 21 .2 °C; 70.1 ° F 
261 .947 °K; -11 .2 °C; 11 .8 °F 
3 .394 kg / m3 

@ 21.1 °C (Air= 1) 

Density, Liquid, Equilibrium Mixture @ 20 °C 
Critical Temperature, Equilibrium Mixture 
Critical Pressure, Equil ibrium Mixture 
Critical Volume, Equilibrium Mixture 
Critical Density, Equilibrium Mixture 
Critical Compressibility Factor, Equilibrium Mixture 
Latent Heat of Fusion , Equilibrium Mixture @ 261 .95 °K 
Dipole Moment, Gas 

2 .62 
1 .446 9 kg / I 
431 .35 °K; 158.2 °C; 316.8 °F 
1 0 132.5 kPa; 1 469.6 psia; 100 atm 
1. 793 dm3 / kg 
0 .557 kg / dm3 

0.466 
14.652 kJ / mol ; 3 .502 kcal / mo! 
1 .054 X 10 3° C-m: 0 .316 D 

Specific Heat, Gas, Equilibrium Mixture@ 101 .325 kPa, Mean Cp 
Value @ 27-100 °C 

Viscosity, Gas, Equilibrium Mixture @ 101 .325 kPa @ 26.8 °C 
Viscosity, Liquid, Equilibrium Mixture @ 20 °C 

7 .11 kJ / (kg -°K); 1.70 kcal / (kg- °K) 
0 .014 2 mPa-s; 0 .014 2 cP 
0 .42 mPa-s; 0.42 cP 

Thermal Conductivity, Gas, Equilibrium Mixture @ 101 .325 kPa 
@ 26.8 °C . 0 .1151 W/ (m- °K); 275 .1 x 10 6 cal• 

Trouton 's Constant, Gaseous NO2 
Specific Conductivity , Liquid N20 4 
Refractive Index, Liquid, n0 @ 20 °C 

Description 

Nitrogen dioxide is a red-brown, toxic, paramagnetic gas at 
room temperature, the latter property being expected because 
it is a radical. Nitrogen dioxide condenses to a brown liquid , 
but freezes to a colorless solid . In the process, the system 
loses its paramagnetism to the point where the solid becomes 
diamagnetic. This behavior has been interpreted in terms of an 
equilibrium between monomeric NO2 and dimeric N2O.: 2NO2 
.:= N2O4 • The solid is wholly N2O. , the liquid contains less than 
1 % NO2; and the vapor contains about 90% NO2 at 373 .1 5 °K 
(100 °C). Above 413.15 °K (140 °C), the dissociation into NO2 
is complete. Thus, the reported properties of the liquid and gas 
below 413.15 °K (140 °C) are those of an equilibrium mixture 
of NO2 and N2O4 • X-ray and electron diffraction results indicate 
that planar N2O4 is the most stable conformation of nitrogen 

mathesone 

cm / (s • cm2 
• ° C) 

30.9 
2 .42 
1.40 

dioxide. NO2 is shipped as a liquefied gas in cylinders and ton 
containers under its own vapor pressure of 0 kPa (0 ps1g) at 
21 .1 °C. 

Specifications 

Nitrogen d1ox1de has a minimum purity of 99 5 mole %. 

Uses 

N2O. has been used as a catalyst in certain oxidation reac­
tions; as an inhibitor to prevent polymerization of acrylates 
during d1st1llat1on; as a nitrating agent for organic compounds; 
as an oxidizing agent; as a rocket fue l, as a flour bleaching 
agent; 1n the manufacture of liquid explosives. and for increas­
ing the wet strength of paper 
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NITROGEN DIOXIDE 

Effects in Man and Toxicity (2) 

Breathing as little as 25 ppm of nitrogen oxides for an 8-hour 
period may cause pulmonary signs and symptoms after a 
virtually asymptomatic interval of from 5 to as much as 48 
hours Delayed pulmonary edema may follow exposure to 100-
1 50 ppm for only 30-60 minutes, while a few breaths of the 
nitrogen oxides in a concentration of 200-700 ppm will pro­
duce severe pulmonary damage which may result in fatal 
pulmonary edema after 5-8 hours or more have elapsed. 

The typical sequence of events in prnsoning by nitrogen 
oxides Is as follows: 

(a) After inhalation of a few breaths of gas, there is no 
immediate reaction or only very slight respiratory discomfort, 
headache, dizziness, or lassitude (occasionally nausea and 
vomiting may appear which usually disappears within 30 min­
utes; the victim frequently persists in his work; 

(b) Five to eight hours after the exposure, perhaps after the 
worker has returned home, It may be noticed that the victim's 
lips and ears have become blue (cyanotic); 

(c) There follows rapidly increasing difficulty in breathing 
with accelerated, somewhat irregular respiration, choking, diz­
ziness, headache, increasing cyanosis, a tightness in the chest; 
and occasionally nausea, vomiting , lassitude, and palpitation 
also occurs Untreated cases frequently terminate fatally as a 
result of pulmonary edema 

Physical examination within a short time after the exposure 
reveals an accelerated respiratory rate, decreased vital capac­
ity, generally suppressed breath sounds with occasional moist 
rales and rhonchI, low blood pressure, and an elevated blood 
platelet count (10-1 00% above normal); all these signs be­
come more pronounced in inadequately treated cases as time 
passes 

A severe corrosive action can occur on contact of liquid 
nitrogen dioxide with the skin or eyes 

In concentrations of 1 0-20 ppm by volume in air, the nitrogen 
oxides have pungent odors but are only slightly 1rritat1ng to the 
mucous membranes of the upper respiratory tract. The warning 
power thus is low even though the odors are distinct in con­
centrations as low as 5 ppm. Only in concentrations above 100 
ppm by volume in air do they cause ImmedIate distress. 

The 1 979 ACGIH has established a Threshold Limit Value of 
5 ppm (9 mg m 3) for nitrogen d1ox1de • 

First Aid and Medical Treatment (2) 

Inhalation 

General 

It is most important to realize that prompt, efficient treatment 
during the asymptomatic period may completely avert the de­
layed, serious, and sometimes fatal, sequelae of pulmonary 
injury caused by inhalation of the nitrogen oxides. The main 
objective of the treatment Is to provide an adequate supply of 
oxygen to the tissues so as to prevent, or at least to minimize, 
the development of pulmonary edema Oxygen must be sup­
plied as soon as possible in amounts adequate to maintain the 

• 1979 ACGIH Notice of Intent to Change to 3 ppm (6 mg / m3 ). 
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normal color of the skin and mucous membranes. A physician 
should be called immediately and the nature of the injury 

explained to him. 

Specific Actions 

Terminate the exposure immediately. If encountered shortly 
after exposure, instruct the victim to breathe maximally, i.e., as 
hard and fast as possible. Carry the victim (do not allow him to 
walk) to an uncontaminated atmosphere and loosen the cloth­
ing around the neck and chest to facilitate breathing. Enforce 
complete bed rest for 24 to 48 hours, whether toxic symptoms 
and signs are recognized or not, and keep the victim comfort­
ably warm. As soon as there is any indication of poisoning 
(coughing, difficulty in breathing, or fatigue), start oxygen 
therapy. Pure oxygen should be administered by any method 
which insures high inspiratory concentrations. An oronasal 
mask is usually best. A slightly positive gas pressure is desir­
able. Inhalation of oxygen should not exceed 1 hour of contin­
uous treatment. After 1 hour oxygen therapy may be inter­
rupted. It may be reinstituted as the clinical condition indicates. 
A small dose of morphine (e.g., 10 X 10-6 kg) is safe and 
desirable to diminish anxiety and dyspnea. Frothy exudate 
from the respiratory tract should be removed by some appro­
priate means (suctioning, postural drainage, use of antifoaming 
agents). Most drugs are ineffective and possibly harmful; in 
this category are atropine, epinephrine, expectorants, emetics, 
sedative drugs (except for small doses of morphine), and 

usually cardiac glycosides. 
In a few instances, rapid digitalization with a drug like oua­

bain may be advisable. An emergency tracheostomy under 
local anesthesia may make it possible to remove foam more 
efficiently by a suction catheter, but it usually complicates the 
administration of oxygen. Artificial respiration may become 
necessary, but unless airway obstruction can be corrected, it 
is seldom effective. Penicillin and/or other antibiotics should 
be given in large doses as soon as evidence of a respiratory 
infection appears. Steroid therapy has been recommended to 
minimize the inflammatory reaction and to prevent pulmonary 
fibrosis. Prednisone has been given to exposed adults in 
amounts of 30 x 1 o-s to 80 x 1 o-s kg daily in divided doses. 

Contact With Eyes 

If liquid nitrogen oxides or high concentrations of vapor 
contact the eyes, they should be thoroughly irrigated with large 
amounts of water for at least 1 5 minutes. The eyelids should 
be held apart during the irrigation to insure contact of water 
with all of the tissues of the surface of the eyes and lids. If pain 
is still present, the irrigation should be continued for an addi­
tional 15 minutes. As a first aid measure, 2 or 3 drops of a 
0.5% pontocaine solution may then be instilled in the eyes. An 
ophthalmologist should be consulted at once. 

Contact With Skin 

Remove all contaminated clothing under an emergency 
shower. Wash the affected skin areas under running water with 
soap and water for at least 1 5 minutes. Subsequent medical 
treatment is the same as for thermal burns. 

Precautions in Handling and Storage 

1. N2O• should be handled only in a well-ventilated area 
preferably a hood with forced ventilation. 

2 . Self-contained breathing apparatus should be available 
in convenient locations in emergencies. 

3 . Areas in which N2O• Is being handled should be provided 
with enough exits to permit personnel to leave quickly in case 
of trouble. 

4 . Personnel should have available for immediate use, gas 
masks with Universal canisters for emergencies These canis­
ters are satisfactory only for short exposures (about 5 minutes 
for a 2% concentration of N2O., 20 rnintues for a concentration 
of 0.5%) and should be changed on an exact time schedule . 

5. Instant-acting safety showers and eye-washing facil ities 
should be available. 

6. Personnel handling N2O. should be provided with, and 
wear, chemical safety gogg les and / or a full face shield and 
rubber gloves. 

In addition, the general rules listed in Appendix I should be 
observed. 

Leak Detection 

Small leaks of N2O• in lines or equipment may be detected 
by means of wet blue litmus paper or starch-iodide paper 
Large leaks of N2O• will be evident by their red color. There 
are also monitoring devices on the market which keep a con­
tinuous check on the atmospheric concentration of N?O• 

Disposal of Leaking Cylinders 

Should it become necessary to dispose of N2O4 from a 
leaking cylinder, the following procedure may be used Move 
the cylinder to a hood or safe out-of-doors area. Attach an 
appropriate need le valve with a long piece of flexible tubing to 
the cylinder valve and run the liquid N2O. into excess 5-10% 
aqueous sodium hydroxide solution at a moderate rate Trans­
fer the resulting solution to the plant disposal unit for neutral i­
zation and disposal. 

Materials of Construction 

N2O. when dry (0.1 % moisture or less) is not corrosive to 
mild steel at ordinary temperatures and pressures Numerous 
metals and alloys such as carbon steel, stainless steel, alumi­
num, nickel, and lnconel are satisfactory for handling and 
storage. Under wet conditions, stainless steels resistant to 
about 60% nitric acid serve best. Equipment parts such as 
valve sterns and blower shafts wh ich are partly in contact with 
the atmosphere should be stain less steel with sufficient chro­
mium content to resist corrosion caused by leaks through 
stuffing boxes. Good quality ceramic bod ies and Pyrex are 
satisfactory for handling wet or dry N2O •. Among the plastics , 
Teflon and Kel-F films are most satisfactory Koroseal and 
Saran are useful but have a limited service life In general, the 
vinyl plastics do not hold up well with N2O• Asbestos and 
asbestos-graphite are satisfactory for valve stuffing boxes. 
Koroseal has g iven reasonably good service in this use. For 
use on pipe threads, graph1te-d1sod1urn silicate (water-glass) is 
recommended and hydrocarbon lubricants should be avoided . 

NITROGEN DIOXIDE 

Cylinder and Valve Description 

N 01 is shipped in DOT approved, low pressure, ste I cyl n­
ders Cylinders of N o. are equipped with Compressed Gas 
Assoc1at1on (CGA) No. 660 stainless steel diaphragm valves, 
the approved alternate standard. The value outlet 1s 1 .030" In 
diameter with right-hand external threads, w•th a connector 
having a flat seat or washer (see Figure 1 for an 1llustrat1on) 

uTL[ • TIO 

1 030 1 OJ~ 
1 I 

Fig. 1. CONNECTION 660 1.030"-14 RH EXT using Finl Seat with 
Washer 

Safety Devices 

Cylinders of N ,0, have no safety devices They should, 
therefore , be stored away from sources of heat to prevent 
dangerous hydrostatic pressures from developing w1th1n the 
cylinder. 

Recommended Controls 

Manual Controls 

Manual needle valve Model 61 A-660, of type 303 stainless 
steel with ¼" tube fitting, Is recommended for use with cylin­
ders of Ni O • . 

Flowmeters 

Matheson Series 7600 laboratory stainless steel flowrneter 
units with 1 50 mm tubes and floats or Matheson Series 7200 
laboratory stainless steel flowrneter units with 65 mm tubes 
with a single float are recommended tor use where definite flow 
rates must be known. 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 31 6 stainless steel und 
Series 8260 of type 31 6 stainless steel or monel are design d 
to control the flow of gas regardless of pressure and tempera­
ture changes . These mass flow controllers consist of a trans­
ducer, a control valve, a blind controller / power supply, a 
potentiometer, and a digital ind icator The transducer senses 
the gas flow and sends a signal to the power supply. This 
signal and one from the potentiometer are compared . If there 
is an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 
imbalance. The accuracy Is ± 1 .2%. 

Shipping Regulations 

N, O, Is class1f1ed by the DOT as a Class A poison gas, 
and is shipped with the required 'Poison Gas Label ". 



NITROGEN DIOXIDE 

Commercial Preparation 

High quality N2O4 Is obtained in connection with the produc­
tion of sodium nitrate from sodium chloride and nitric acid. It is 
also obtained when sodium nitrite Is treated with nitric acid and 
the evolved NO combined with oxygen; by treating nitrosyl 
chloride with oxygen to give N2O4 and chlorine; by passing 
ammonia and air heated to 600°C. over a platinum catalyst and 
treating the NO formed with oxygen to give N2O4. Nitrogen 
d1ox1de, NO2 Is formed when concentrated nitric acid reacts 
with copper. 

Chemical Properties 

Nitrogen dioxide in the vapor state reacts primarily as an 
oxidizing agent towards metals and nonmetals, and also to­
wards compounds containing nonmetals in a lower oxidation 
state e.g., 2Cu + NO2 -+ Cu2O + NO; C + NO2 -+ CO2 + 
112N2, 7H2 + 2NO ---. 2NH3 + 4H2O; X2 + 2NO -+ 2XNO2 
(X = Cl, Br); CO + NO2 -+ CO2 + NO; SO2 + NO2 -+ SO3 
+ NO; CINO + NO2---. CINO2 + NO. 

With powerful oxidizing agents, higher oxides of nitrogen are 
formed, e.g., 0 3 + 2NO2 -+ N2Os + 0 2: NO3 + NO2-+ N2Os; 
H2O2 + 2NO2 - 2HNO3; CINO2 + 2NO2-+ CINO + N2Os. 

In addition, NO2 has been shown to nitrate aliphatic hydro­
carbons In the vapor phase and to add to unsaturated com­
pounds, e.g., 2RH + 4NO2---. 2RNO2 + H2O + N2O3; R2C = 
CR2 + 2NO2-+ R2C = CR2-2NO2. 

However, liquid dinitrogen tetrox1de, which still is an oxidizing 
agent, undergoes reactions in which the products have a 
different chemical character. For example, metals react to form 
nitrates, as do salts which contain oxidizing anions: 

M + N2O•-+ MNO3 + NO (M = Na, Ag, Cu); 

KN3 + N2O•-+ KNO3 + N2 + N2O: NaCIO3 + N2O. 

---. NaNO3 + NO2 + CIO2. 

NO2 undergoes thermal decomposition at elevated temper­
atures: NO2 .=ct NO + ½ 0 2. The decomposition is slight at 
ordinary temperatures but appreciable above 600 °C. NO2 
reacts with water forming nitric and nitrous acids, the latter 
decomposing, especially with increased temperature, to nitric 
acid and nitric oxide. 

Thermodynamic and Detailed Physical Data 

Molecular Structure 

Nitrogen dioxide is a bent triatomic molecule with C2, sym­
metry and a symmetry number of two, with a N- O bond 
distance of 1 .197 A (1 .197 x 1 0 10 m) and an O-N- O bond 
angle of 1 34.25 °. In N2O4, the structural parameters are: N-O 
and N- N bond distances of 1 .180 A (1. 180 x 10- 10 m) and 
1 750 A (1 . 750 x 10 ' 0 m), respectively; O- N-O bond angle 
133. 7°. N2O4 has Vh symmetry and a symmetry number of four. 

Infrared Spectrum 

See Figure 2 for the infrared spectrum of gaseous NO2 .:::t 
N2O. equilibrium mixture. 
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Vapor Pressure (3) 

The vapor pressure of the liquid equilibrium mixture from 

252 _ 15 °K to 309.65 ° K is represented by the following Antoine 

vapor pressure equation: 

B B 
log p = A - -- or t = --- - C 1° C + t A log, 0 p 

in which p = mmHg and t = °C, and the constants A, B, and 
c have the values of 8.917 12, 1 798.54, and 276.80, respec-

tively. 
Some calculated vapor pressure values are shown below. 

Temperature, °K 

252. 77 
256.36 
268.19 
275.63 
281 . 1 5 
285.59 
289.32 
292.55 
294.30 
295.41 
297.97 
300.31 
304.34 
309.63 

kPa 

10.666 
13.332 
26.664 
39.997 
53.329 
66.661 
79.993 
93.325 

101 .325 
106.658 
119.990 
133.322 
159.986 
199.983 

Vapor Pressure 
mbar 

107 
133 
267 
400 
533 
667 
800 
933 

1 013.25 
1 067 

200 
1 333 
1 600 
2 000 

mmHg 

80 
100 
200 
300 
400 
500 
600 
700 
760 
800 
900 

1 000 
1 200 
1 500 

For additional vapor pressure data, see Figure 3 (vapor 

pressure curve). 

Latent Heat of Vaporization, 
Equilibrium Mixture (3) @ 
294.30 °K 

38.11 6 kJ / mol; 
9 .110 kcal / mol 

Thermodynamic Properties of Nitrogen Dioxide As Ideal Gas 
@ 25 °c (4) 

Heat Capacity, C~ 
Entropy, S0 

Free Energy Function, (F~98 -

Hgsa)/298 
Enthalpy Difference, Hg96 - Fg 
Enthalpy of Formation, i:lHf 
Free Energy of Formation, i:lFf 

36.974 J/(mol, °K) 
239.923 J / (mol- °K) 

-239.923 J / (mol, °K) 

10.188 kJ / mol 
33.095 kJ / mol 
51.241 kJ/mol 

Thermodynamic Properties of Dinitrogen Tetroxide As Ideal 
Gas @ 25 °C (4) 

Heat Capacity, c~ 
Entropy, S0 

Free Energy Function, (F~98 -

H~ga)/298 
Enthalpy difference, H~98 - Hg 
Enthalpy of Formation, i:lHf 
Free Energy of Formation, i:lFf 

77 .258 J / (mol, °K) 
304.277 J / (mol • °K) 

-304.277 J / (mol • °K) 

16.397 kJ / mol 
9.079 kJ/mol 

97.717 kJ/mol 

matheson~ 

Thermodynamic Properties of Liquid Dinitrogen Tetroxide 
@ 25 °C (4) 

Heat Capacity, C~ 
Entropy, s0 

REFERENCES 

142.507 J (mol, °K) 
209.229 J (mol, °K) 

NITROGEN DIOXIDE 

Free Energy Function, (Fg98 -

H~98)/ 298 
Enthalpy Difference, H~98 - Hg 
Enthalpy of Formation, .l.Hf 
Free Energy of Formation, i,1Ff 

-209.229 J/ (mol• K) 

25 246 kJ mol 
-19.564 kJ mol 

97 .41 2 kJ mol 

1 For extensive tabulations of the thermodynamic and physical properties of nitrogen d1ox1de, see w. Braker and A . L Mossman, The Matheson 

Unabridged Gas Data Book , 1975, Matheson, East Rutherford , New Jersey 
2 W. Braker. A. L. Mossman, and D Siegel. Effects of Exposure to Toxic Gases-First Aid and Medical Treatment, 2nd edition, 1977, pp 110-

115, Matheson, Lyndhurst, New Jersey. 
3 B. J . Zwolinski, et al., Selected Values of Properties of Chemical Compounds, 1968, Thermodynamics Research Center. Texas A & M University, 

College Station, Texas. 
4 JANAF Thermochemical Tables, 2nd edition, D R Stull and H Prophet, proJect directors, 1971, Natl Stand. Ref. Data Ser. Natl. Bur Stand , 

NSRDS-NBS 37, U.S Government Printing Office, Washington, D C. 
5 The Sadlier Standard Spectra. 1972, Sadlier Research Laboratories, Inc . Philadelphia, Pennsylvania. 
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NITROGEN TRIFLUORIDE 
(Formula: NF3) 

PHYSICAL PROPERTIES (1) 

Molar Mass 

Molecular Weight 
One Mole of NF3 

Specific Volume @ 21.1 ° C, 101.325 kPa 

Cylinder Pressure@ 21 .1 °C 

Boiling Point@ 101 .325 kPa 

Triple Point 
Transition Point 
Absolute Density, Gas@ 101.325 kPa@ 20 ° C 
Relative Density, Gas@ 101.325 kPa@ 20°C (Air = 1) 

Density, Liquid @ -129.0 ° C 

Critical Temperature 

Critical Pressure 

Critical Volume 

Critical Density 
Critical Compressibility Factor 

Heat of Transition@ -216.5 ° C 
Latent Heat of Fusion@ -206.8 °C 

Dipole Moment, Gas 

0.071 002 kg 

0.071 002 kg 
337 .1 dm3 /kg; 5.4 ft3 /lb 
1 480 kPa; 14.8 bar; 214.7 psia; 14.6 

atm 
144.14 °K; -129.0 °C; -200.2 °F 

66.36 °K; -206.8 °C; -340.2 °F 

56.61 °K; -216.5 °C; -355.8 °F 

2.96 kg/m3 

2.46 
1.531 kg/I 
233.89 °K; -39.3 °C; - 38. 7 °F 
4 530 kPa; 45.3 bar; 657.2 psia; 44.72 

atm 

1 .915 dm3 /kg 

0.522 kg/ 

0.317 
1 513.8 J/mol; 361.8 cal/mol 

397.94 J/mol; 95.11 cal/mol 
783.9 X 10-33 C • m; 0.235 D 

Molar Specific Heat, Gas @ 101.325 kPa @ 25 °C @ Constant 

Pressure 53.371 J/(mol - °K); 12. 756 cal/(mol-

Viscosity, Gas@ 101.325 kPa@ 25 ° C 

Refractive Index, Gas, n0 @ 25 °C 
Trouton's Constant 

Dielectric Constant, Gas@ 101.325 kPa@ 20 ° C 

Description 

Nitrogen trifluoride is a colorless, stable, toxic gas with a 
characteristic moldy odor at room temperature and atmos­
pheric pressure. It is shipped in steel cylinders as a nonlique­
fied gas at cylinder pressure of 1 380 kPa (200 psig) at 21.1 
°C. It is somewhat soluble in water without reaction and is not 
affected by dilute basic or acid solutions at low temperatures. 

Specifications 

Nitrogen trifluoride is available in small quantities in a Tech­
nical Grade having a minimum purity of 97.5 mol %. 

Uses 

Nitrogen trifluoride is of interest as an oxidizer of high energy 
fuels, for the preparation of tetrafluorohydrazine, and for the 
fluorination of fluorocarbon olefins. 
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oc) 

0.018 3 mPa-s; 0.018 3 cP 
1.000 441 6 

19.94 

1.001 275 

Effects In Animals And Toxicity (2) 

Nitrogen trifluoride, a stable gas with strong oxidizing prop­
erties, expresses this oxidizing potential by the production of 
methemoglobin, the oxidized form of hemoglobin, when in­
haled. Rats that have received single intraperitoneal injections 
of the gas (8-15 mg/kg) become cyanotic and had enlarged 
spleens, possibly as a secondary response to the methemoglo­
binemia. NF3 has been shown to have a moderate acute inha­
lation toxicity causing anoxic deaths due to methemoglobin­
emia. Acute inhalation also results in slight histologic change 
in the liver and kidneys of some rats and enlargement and 
darkening of the spleen. 

Repeated daily seven-hour exposures of rats at 100 ppm for 
18 weeks resulted in pathological changes of mild to moderate 
degree in both liver and kidneys. The chronic exposure at this 
level, however, failed to cause significant effect on the spleen 
or on the hematologic picture, as might have predicted from 
the acute studies. There was no evidence of fluorosis in the 
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teeth or bones, although the renal injury was suggestive of 
excess exposure to fluoride. 

A threshold limit value of 1 O ppm, one-tenth of the concen­
tration at which demonstrable histologic change occurred, is 
recommended by analogy with other oxidant gases because 
NF3 provides no odor-warning properties at potentially danger­
ous levels. 

The 1 979 ACGIH has established a Threshold L1m1t Value 
(TLV) of 10 ppm (30 mg/m3

) for nitrogen trifluoride. 

First Aid Suggestions 

See those recommended for hydrogen fluoride. 

Precautions in Handling and Storage 

Nitrogen fluoride should be handled in a hood with forced 
ventilation and, preferably, behind a barricade until the danger 
of explosion of the particular reaction has been fully investi­
gated. Heat, shock, or blast can detonate it when under pres­
sure. 

In addition, the general rules listed in Appendix I should be 
observed. 

Leak Detection 

Leaks of nitrogen trifluoride in lines and equipment may be 
detected by applying soap water solution to the suspected 
sites. Leaks will be indicated by bubble formation . 

Materials of Construction 

Nitrogen trifluoride may be handled in glass, stainless steel, 
copper, monel, or nickel at temperatures up to 200 °C. Only 
nickel and monel are recommended for higher temperatures. 
However, the process equipment must be scrupulously cleaned 
to remove such contaminants as dirt, moisture, oil, grease, 
slag, and pipe dope and should be passivated with fluorine 
before contact with nitrogen trifluoride. 

Cylinder and Valve Description 

Cylinders of nitrogen trifluoride are equipped with Com­
pressed Gas Association (CGA) valve outlet connection No. 
679. The valve outlet has a thread size of 1 .030 inches diam­
eter (see Figure 1 ). 

OUTLET 

.../VW'/'No, 

1 
1 030·· 

I " 

''''"''__L 

CONNECTION 

1 ols .. 
1" 

L....A..__, 
(2) LEAD WASHERS 

Fig. 1. CONNECTION 6791 .030"-14 LH EXT. using Small Flat Seat 

with Washer 

Recommended Controls 

Automatic Pressure Regulators 

Matheson has the following corrosion resistant, single stage 
regulators available for use with nitrogen trifluoride. 
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NITROGEN TRIFLUORIDE 

Model No. 
Delivery Pressure Range 

kPa bar(g) psig 

B15-679 
B16-679 

28-345 
345-4 480 

0 .28-3.45 
3 .45-44 8 

4-50 
50-650 

These regulators have chemically deposited pure nickel on 
brass bodies, chemically deposited pure nickel on nickel-silver 
alloy diaphragms, Kel-F seats, and monel valve outlets. 

Manual Controls 

Matheson needle valve Model 55-679 1s available for direct 
attachment to the cylinder valve outlet. These needle valves 
are of monel stock, and may be equipped with a variety of 
outlets (hose connection, 1, 4" tube fitting, or',• " NPT male or 
female outlet.) 

These manual controls should be used only where manual 
flow control is needed and should not be used as a pressure 
control since they will not prevent pressure from building up if 
a system becomes clogged or 1f the system itself 1s closed . 
Monel needle valves Models 33M and 60L are available for use 
wth lecture bottles. 

Flowmeters 

Matheson Series 7600 laboratory monel flowmeter units with 
150 mm tubes and floats are recommended for use where 
definite flow rates must be known. 

Electronic mass flowmeters, such as Matheson Series No. 
8116 of monel construction, should be used where accurate 
readings are required . Calibration 1s unaffected by temperature 
and pressure changes and flow rates may be recorded from 
the instrument's electrical output. 

Electronic Mass Flow Controllers 

The Matheson Series 8260 of monel 1s designed to control 
the flow of gas regardless of pressure and temperature 
changes. These mass flow controllers consist of a transducer, 
a control valve, a blind controller / power supply, a potentiom­
eter, and a digital 1nd1cator. The transducer senses the gas 
flow and sends a signal to the power supply This signal and 
one from the power supply generates a signal for the control 
valve to reduce or increase the flow to correct the imbalance. 
The accuracy is ± 1 .2%. 

Shipping Regulations 

Nitrogen trifluoride is classified by the DOT as Compressed 
Gases, n.o.s." and takes a DOT label : " Flammable Gas ·. 

Chemical Preparation 

Nitrogen trifluoride is obtained by electrolysis of molten 
ammonium bi fluoride and by direct combination of the elements 
by the action of an electrical discharge at low temperatures It 
has also been prepared by direct fluorination of ammonia and 
by reaction of fluorine with difluorodiaz1ne. 

Chemical Properties 

Nitrogen trifluoride 1s very stable. It does not react with water 
at 1 33 °C. It is slowly hydrolyzed by dilute bases at 1 00 °C 
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NITROGEN TRIFLUORIDE 

Nitrogen fluoride reacts with various metals, such as copper, 
bismuth, arsenic, antimony, stainless steel, and mercury, at 
elevated temperatures (around 350 °C.) to form tetrafluorohy­
drazine. Nitrogen fluoride reacts with hexafluoropropylene over 
sodium fluoride at 520 °C. to give mainly iso-C3 to Cs-fluoro­
carbons and fluorocarbon imines. Nitrogen fluoride reacts with 
hexafluoropropylene over cesium fluoride at 320 °C. to give, 
as major products, (CF3)zCFCF(CF3)z, (CF3)zCFNF2, and 
(CF3 h C:NF. Although nitrogen trifluoride is a strong oxidizing 
agent, It is surprisingly inert at ordinary temperatures. 

Thermodynamic and Detailed Physical Data 

Molecular Structure 

Nitrogen trifluoride is a pyramidal molecule, having C3v point 
group symmetry and a symmetry number of three. The N-F 
bond distance Is 1 .371 A (1.371 x 10-10 m) and a F- N- F 
bond angle of 102.15°. 

Infrared Spectrum 

See Figure 2 for the infrared spectrum of gaseous nitrogen 
trifluoride. 

Vapor Pressure 

The vapor pressure of liquid nitrogen trifluoride over the 
temperature range of 1 02.15-154 .65 °K is represented by the 
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following equation (3): 

501 .93 
log10P = 6.779 66 - T - 15.37 

in which p = mmHg and T = °K. 
Some calculated vapor pressure values are shown below. 

Temperature, °K 
Vapor Pressure 

kPa mbar mmHg 

102.15 1.333 13.3 10 
106.95 2.666 26.7 20 
112.30 5.333 53.3 40 
11 5.71 7.999 80.0 60 
118.28 10.666 107 80 
120.37 13.332 133 100 
127.43 26.664 267 200 
132.02 39.997 400 300 
135.50 53.329 533 400 
138.36 66.661 667 500 
140.79 79.993 800 600 
142.93 93.325 933 700 
144.09 101 .325 1 013.25 760 
144.83 106.658 1 067 800 
146.56 119.990 1 200 900 
148.15 133.322 1 333 1 000 
150.99 159.986 1 600 1 200 
154.65 199.983 2 000 1 500 

200 rrnnHg 
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Fig. 2. Infrared spectrum of gaseous nitrogen trifluoride; in the range from 750 cm-1 to 3 000 cm - 1, the spectrum was measured 
in a 10-cm gas cell and a spectrometer equipped with NaCl optics; in the range from 400 cm- 1 to 750 cm - 1, the spectrum was 
measured 1n an 85-cm gas cell and a spectrometer equipped with KBr optics; cell pressures are shown in the figure (5). 
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The vapor pressure from 144.5 °K up to the critical point 
(233.89 °K) is represented by the fo llowing equation (3): 

613.33 
log,oP = 4.272 64 - ---

T 

in which P = atm and T = °K. 
Some calculated values are shown below. 

Temperature, °K Vapor Pressure 
kPa bar atm 

171 .62 506.625 5.07 5 
187.41 1 013.250 1 0.1 10 
206.40 2 026.500 20.3 20 
219.40 3 039.750 30.4 30 
229.66 4 053.000 40.5 40 
233.90 4 531 .254 45.3 44 72 

See Figure 3 for vapor pressure curve . 
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NITROGEN TRIFLUORIDE 

Latent Heat of Vaporization, .lHv 

Temperature, cc 

-93.0 
-1 13.0 
-129.0 

~Hv, kJ mol 

14 075 
12.485 
11 585 

Thermodynamic Properties of Nitrogen Tnfluonde As Ideal 
Gas Cg 25 °C (4) 

Heat Capacity. C~ 
Entropy, S0 

Free Energy Function. (F~9s 
H~ss)/298 

Enthalpy Difference, H~se - H8 
Enthalpy of Formation, ~Hf 
Free Energy of Formation, i1Ff 

53.371 J/(mol, K) 
260.659 J '(mol, K) 

-260 659 J (mol- K) 

11 849 kJ mol 
-131.503 kJ mol 
-90.019 kJ mol 

' For extensive tabulations of the thermodynamic and physical properties of nitrogen trifluoride. see W Braker and A L Mossman. The Matheson 

Unabndged Gas Data Book, 19 75, Matheson, East Rutherford , New Jersey 
2 T . R. Torkelson, eta/., Tox. & Appl Pharm. 4, 770 (1962) 
3 R. H. Jarry and H. C. Miller, J Phys Chem 60, 1412-1413 (1956) 
4 JANAF Thermochem,caf Tables, 2nd edition, D. R. Stull and H Prophet, project directors, 19 71, Natl Stand Ref Data Ser , Natl Bur Stand , 

NSRDS-NBS 37, U. S. Government Printing Office, Washington, D C 
5 E. L. Pace and L. Pierce, J Chem Phys 23, 1248-1250 (1955) 
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NITROGEN TRIOXIDE 
(Synonyms: Dinitrogen Trioxide, Nitrogen(lll)Oxide) 

(Formula: N~03 } 

PHYSICAL PROPERTIES (1} 

Molar Mass 
Molecular Weight 
One Mole of N203 

Vapor Pressure@ 21.1 °C 

Boiling Point@ 101.325 kPa 
Triple Point 
Density, Liquid@ -30.0 °C 

0 076 012 kg 
0 076 012 kg 
2170 kPa: 21.7 bar, 314.7 psia, 21.4 

atm 
243 15 K. -30 0 C. -22 0 °F 
172 45 K. -100 7 C, -149 3 ° F 
1.44 7 kg I 

Latent Heat of Fusion, Equilibrium Mixture of NO.NO;, , N,,O 1, and 
N204 @ -27.2 °C 58.58 kJ mol; 14.0 kcal / mol 

Description 

Nitrogen trioxide has a blue color in the l1qu1d and solid 
states. Nitrogen trioxide can be prepared by mixing NO and 
NO2 below 173.15 °K (- 100 ° C). The equilibrium N?O ~ NO 
+ NO2 is achieved at 253 15 ° K (-20 °C) with about 10°0 
N2O 3 being present at 298.1 5 °K (25 °C) (1 ). Nitrogen trioxide 
is shipped in steel cylinders, the cylinder pressure being 2 070 
kPa (300 psig) at 21 .1 °C 

Specifications 

Nitrogen trioxide has a minimum purity of 99.0% 

Uses 

Nitrogen trioxide with alkalis gives pure alkali nitrites It is 
also useful as an oxidant in special fuel systems. Nitrogen 
trioxide has been used in the identification of terpenes. 

Toxicity and First Aid Suggestions 

A worker exposed to nitrous fumes should be removed at 
once to the open air and given absolute rest He must remain 
qwet even though he has apparently recovered If coughing 
continues he should be given oxygen at once and continuously 
Do not attempt to help the victim to breathe by artificial respi­
ration, unless his breathing has ceased . A doctor should see 
the victim as soon as possible. The poisoned worker should be 
watched for 24 hours even 1f he feels better temporarily. 

Threshold Limit Value (TLV) 

No TL V has been established for nitrogen trioxide Consid­
eration should be given to the TL Vs set for nitric oxide (25 
ppm) and nitrogen dioxide (5 ppm) as established by the 1979 

ACGIH. 
In the gaseous state at room temperature, nitrogen trioxide 

Is largely dissociated into NO and NO .= N 04 . Reference to 
data sheets on NO and NO2 .= N2O4 should be made wherein 
the physiological effects are more fully described. It Is recom-

mended that the First Aid Suggestions described ,n these data 
sheets should also be applied for nitrogen trioxide 

Precautions in Handling and Storage 

Because of ,ts toxic nature. nitrogen trioxide should be 
handled and stored only in a dry, cool. well-ventilated nrea, 
and preferably f1re-res1stant; a hood with forced ventilation 
should be used wherever possible. Personnel should wear gas 
masks, chemical safety goggles or full face shields and rubb r 
gloves when handling nitrogen trioxide Nitrogen tnox1d cyl ­
inders should preferably be cooled before w1thdrawIng the 
material as a l1qu1d. Nitrogen tnox1d should b withdrawn only 
as a l1qu1d to prevent d1ssociat1on to NO ;-~ N 0, ,ind NO 

In add1t1on, the general rules listed in Appendix I should be 
observed 

Leak Detection 

Leaks in lines and vessels in which nitrogen tnox,de Is b Ing 
used may be detected with moist blue litmus paper which will 
turn pink In the presence of nitrogen trioxide, or with moist 
starch-1od1de paper which will turn blue. 

Disposal of Leaking Cylinders 

Leaking cycl1nders of nitrogen trioxide may be disposed of 
as follows. Put on an appropriate gas mask or breathing equip­
ment Transfer cylinder to a hood and cool in ice-water. Attach 
appropriate needle valve with piece of suitable flexible tub1n 
to the cylinder valve. Run the liquid nitrogen trioxide into 
excess 10% aqueous sodium hydroxide solution . Transfer to 
plant disposal unit for neutralization and disposal 

Materials of Construction 

When wet , nitrogen trioxide is corrosive to steel, but with a 
moisture content of 0 .1 % or less, steel Is satisfactory. Wet or 
dry nitrogen trioxide may be handled in 1 8-8 stainless steels 



NITROGEN TRIOXIDE 

Cylinder and Valve Description 

Nitrogen trioxide Is shipped In DOT approved steel cylinders. 
Cylinders of nitrogen trioxide are equipped with Compressed 
Gas ASsociation (CGA) alternate standard No. 660 stainless 
steel diaphragm valves. The valve outlet is 1 .030" in diameter 
with right-hand external threads, with a connector having a flat 
seat and a washer (see Figure 1 for an illustration). 

.JUTLET 

I 
1 030 

1 

CONNECTIOJ\l 

1 035 , .. 

Fig. 1. CONNECTION 660 1 030"-14 RH EXT. using Flat Seat with 
Washer 

Safety Devices 

Cylinders of nitrogen trioxide contain no safety devices. 

Recommended Controls 

Manual Controls 

Matheson supplies needle valve Model 61 A-660, of type 303 
stainless steel, for withdrawal of liquid nitrogen trioxide. 

Flowmeters 

Matheson Series 7600 laboratory stainless steel flowmeter 
units with 1 50 mm tubes and floats or Matheson Series 7200 
laboratory stainless steel flowmeter units with 65 mm tubes 
with a single float are recommended for use where definite flow 
rates must be known. 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 stainless steel and 
Series 8260 of type 316 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera­
ture changes. These mass flow controllers consist of a trans­
ducer, a control valve, a blind controller / power supply, a 
potentiometer, and a digital indicator. The transducer senses 
the gas flow and sends a signal to the power supply. This 
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signal and one from the potentiometer are comp~red. If there 
is an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 
imbalance. The accuracy is ± 1 .2% 

Shipping Regulations 

Nitrogen trioxide is classified by the DOT as a " Class A 
Poison" liquid and is shipped under a "Poison Gas Label " 

Chemical Preparation 

Oinitrogen trioxide, N20 3, a blue solid, can be prepared by 
mixing NO and N02 below -1 00 °C. The equilibrium N20 3 

~ 

NO + N02 is achieved at -20 °C with about 10% N20 3 being 
present at 25 °C. 

Chemical Properties 

Alkalis absorb nitrogen trioxide forming nitrites. Sulfuric acid 
absorbs nitrogen trioxide forming nitrosyl sulfuric acid. The 
reactions of olefins with nitrogen trioxide and nitrogen dioxide 
have been reviewed by Riebsomer (2). 

Thermodynamic and Detailed Physical Data 

Molecular Structure (3) 

Nitrogen trioxide has Cs point group symmetry and a sym­
metry number of one. The structural parameters are as follows: 
bond distances: N-N 2.08 A (2.08 x 1 o- ,o m); N-0 (nitroso) 
1.12 A (1.12 x 10- 10 m); N-0 (nitro) 1.18 A (1.18 x 10 10 m); 
bond angles: 0-N-N (nitroso) 110°; 0-N-O 134 °. 14N nmr 
experiments on liquid N20 3 and other experiments suggest an 
oxygen-bridged structure, ONONO, for N20 3. 

Thermodynamic Properties of Nitrogen Trioxide As Ideal 
Gas @ 25 °c (3) 

Heat Capacity, C~ 
Entropy, S0 

Free Energy Function, (F~98 -

H~9e)/ 298 
Enthalpy Difference, H~9e -

H~oo 
Enthalpy of Formation, Hf 
Free Energy of Formation, Ff 

65.618 J / (mol • °K) 
309.60 J/(mol, °K) 

- 309.60 J / (mol- °K) 

11 .042 kJ / mol 

82.843 kJ/mol 
139.428 kJ/mol 

' For extensive tabulations of the thermodynamic and physical properties of nitrogen trioxide, see W. Braker and A. L. Mossman, The Matheson 
Unabridged Gas Data Book, 1975, Matheson, East Rutherford , New Jersey. 

J. L. Riebsomer, Chem Rev 36. 196 (1945) 
1 

JANAF Thermochemical Tables, 2nd edition. 19 71. D R Stull and H. Prophet, proJect directors, Natl. Stand. Ref. Data Ser., Natl. Bur. Stand., 
NSRDS-NBS 37, U S Government Printing Office, Washington, D C. 
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NITROSYL CHLORIDE 
(Formula: NOCI} 

PHYSICAL PROPERTIES (1) 

Molar Mass 

Molecular Weight 

One Mole of NOCI 
Specific Volume @ 21.1 ° C, 101.325 kPa 
Vapor Pressure @ 21 .1 ° C 
Boiling Point @ 1 01 .325 kPa 
Triple Point 

Absolute Density, Gas @101.325 kPa@ 25 ° C 
Relative Density, Gas @ 101 .325 kPa@ 25 °C (Air = 1) 

Density, Liquid @ Saturation Pressure @ -12 °C 
Critical Temperature 
Critical Pressure 

Critical Volume 

Critical Density 

Critical Compressibility Factor 

Latent Heat of Fusion @ -59.6 °C 

Dipole Moment, Gas 

0 .065 459 kg 
0 .065 459 kg 
368 3 dm3 kg; 5 .9 ft1 / lb 

288 kPa; 2 88 bar; 41 . 7 psIa; 2.84 atm 
267 77 K, -5 4 ° C, 22 3 c. F 
213_55 K. -59.6 c.. c; - 75.3 °F 
2 .741 kg m3 

2.31 
1 .417 kg I 
440.65 °K; 167 5 °C, 333 5 °F 
9 120 kPa, 91 2 bar. 104 7 psia: 90 atm 
2 .14 dm3 / kg 
0 47 kg dm 3 

0 .35 

5 .983 ± O. 753 kJ mol, 1.430 ± 0 180 

kcal / mol 

6. 1 04 x 1 0 3° C · m. 1 . 83 D 
Molar Specific Heat, Gas @ 1 01 .325 kPa @ 25 °C @ Constant 

Pressure 
Molar Specific Heat, Liquid @ 0 °C 
Viscosity, Gas @ 101 .325 kPa @ 20 °C 
Viscosity, Liquid @ -20 °C 

Surface Tension@ -5.5 °C 
Dielectric Constant, Liquid @ 19.5 °C 
Specific Conductivity, Liquid @ 1 O °C 

Description 

At room temperature and atmospheric pressure nitrosyl chlo­
ride is a reddish-brown, nonflammable, toxic gas having an 
irritating odor. It is readily liquefied and Is shipped in nickel or 
monel cylinders as a liquefied gas under its own vapor pressure 
of 1 86 kPa (27 psig) at 21 .1 °C. 

Nitrosyl chloride is nonexplosive but dissociates In~o nit~1c 
oxide and chlorine with increasing temperature . This dissocia­
tion is only 0.63% at 25 °C, but 50% at 300 °C. 

Specifications 

Nitrosyl chloride has a minimum purity of 97 mole %. 

Uses 

Nitrosyl chloride Is of use in the d1azotiz_ation, nitrosatIon, 
and chlorination of organic compounds. It Is also used as a 

maturation agent. 

Effects in Man and Toxicity (2) 

The toxicity of nitrosyl chloride has not been thoroughly 
investigated. It is stated that cats exposed 20 minutes to a 
concentration of 100 ppm died with evidence of lung iniury, 

matheson 

45.190 J / (mol- ° K) 
62 .993 J / (mol, ° K) 

0 .011 56 mPa-s, O 011 56 cP 
O 547 mPa-s; 0 .547 cP 

30.3 mN / m; 30 3 dyn cm 
21 .4 

2 .7 X 10 6 il 1 /Cm 

and that it can cause fatal pulmonary edema In man and Is 
highly irritating to the skin, eyes and mucous membranes 

On contact with moisture, nitrosyl chloride Is hydrolyzed to 
hydrochloric acid and nitrous acid, the latter decomposing at 
body temperature gIvIng rise to nitrogen oxides (nitric ox1d 
and nitrogen d1ox1de). Consequently, the effects produced by 
exposure to nitrosyl chloride will be the result of the combined 
effects of hydrochloric acid and nitrogen oxides For the indi­
vidual effects of these gases, the sections on Hydrogen Chlo­
ride and Nitrogen Oxides should be consulted The highly 
irritating odor of the vapors of nitrosyl chloride should be taken 
as a warning of the presence of dangerous concentrations 

Threshold Limit Value (TLV) 

No TLV has been established for nitrosyl chloride. The TLVs 
of hydrogen chloride. nitric oxide, and nitrogen d1ox1de • are 3, 
25 and 5 ppm, respectively 

First Aid Treatment (2) 

It is suggested that the first aid procedures described for 
exposure to hydrogen chloride and nitrogen oxides b fol­
lowed 

• 1979 ACGIH Notice of Intent to Change to 3 ppm (6 mg/m ) 
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NITROSYL CHLORIDE 

Precautions in Handling and Storage 

Personnel handling or using nitrosyl chloride should do so 
only in a well-ventilated area, preferably a hood with forced 
ventilation. Personnel should wear NIOSH approved full-face 
gas masks and rubber gloves when handling or using rntrosyl 
chloride. Airline or oxygen masks or self-contained breathing 
apparatus should be conveniently located for emergencies 
Instant-acting safety showers and eye-washing facilities should 

be readily available. 
Suckback may cause a violent reaction w1th1n the cylinder, 

and may lead to the formation of extremely corrosive condi­
tions; therefore, to prevent suckback a check valve, vacuum 
break, or trap should be employed when using rntrosyl chloride 

In addition, the general rules listed 1n Appendix I should be 

observed. 

Leak Detection 

Leaks of nitrosyl chloride in lines and equipment may be 
detected by means of moist blue litmus paper, or by exposing 
a squeeze bottle containing aqueous ammonia to the suspected 

areas 

Disposal of Leaking Cylinders 

For disposal procedure see Appendix 11-D 

Materials of Construction 

Lines and valves must be kept clean and dry inside and out 
to prevent accumulation of moisture, which leads to very rapid 

corrosion. 
Under pressure, nickel, monel, or lnconel should be used for 

all connectors. adapters, valves, and pressure gauges. 
Piping and equipment to contain nitrosyl chloride should be 

of nickel. monel, lnconel , tantalum, platinum, or glass. Also 
lead, Koroseal, and Saran pipe are satisfactory for use at room 
temperature and slightly above atmospheric pressure. 
Threaded and flanged pipe Joints should be of nickel, mo'lel, 
or lnconel. A caulking compound of water glass and powdered 
graphite is satisfactory for threaded Joints. Gaskets of softened 
·•L"' nickel, sheet asbestos, and lead may be used for flanged 

joints. 
Under moist conditions. nitrosyl chloride 1s handled best in 

tantalum or glass. 

Cylinder and Valve Description 

N1trosyl chloride 1s shipped in DOT approved, low pressure 
nickel or monel cylinders Cylinders containing nitrosyl chloride 
are equipped with Compressed Gas Assoc1at1on (CGA) cylinder 
valve outlet connection No 660, the approved alternate con-

JlJTLET CONNCCTIOI 

1 030 1 035 
1 1 

Fig . 1 CONNECTION 660 1 030" - 14 RH EXT using Flat Seat with 
Washer 
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nection (see Figure 1 for illustration). No. 7N cylinders have a 
special 5/is"-32 threads per inch female outlet. 

Safety Devices 
No safety devices are required in cylinders containing less 

than 1 o lbs of nitrosyl chloride. Cylinders containing nitrosyl 
chloride should, therefore, be stored away from sources of 
heat to prevent dangerous hydrostatic pressures from devel-

oping within the cylinder. 

Recommended Controls 

Monel needle valve Model 55A-660 with ¼" tube fitting 1s 
recommended for use with No. 4N cylinders of nitrosyl chloride. 
This needle valve can be attached directly to the cylinder valve 
outlet. Manual needle valve Model 601, of monel, is recom­
mended for use with No. 7N cylinders of nitrosyl chloride. 

Flowmeters 
Matheson Series 7600 laboratory monel flowmeter units with 

1 50 mm tubes and floats are recommended for use where 

definite flow rates must be known. 
Mone! electronic mass flowmeters, such as Matheson Series 

No. 8116, should be used where accurate readings are re­
quired. Calibration is unaffected by temperature and pressure 
changes, and flow rates may be recorded from the instrument's 

electrical output. 

Electronic Mass Flow Controllers 

The Matheson Series 8260 of monel is designed to control 
the flow of gas regardless of pressure and temperature 
changes. These mass flow controllers consist of a transducer, 
a control valve, a blind controller/ power supply, a potentiom­
eter, and a digital indicator. The transducer senses the gas 
flow and sends a signal to the power supply. This signal and 
one from the potentiometer are compared . If there is an imbal­
ance, the power supply generates a signal for the control value 
to reduce or increase the flow to correct the imbalance. The 

accuracy is ± 1 .2%. 

Shipping Regulations 

Nitrosyl chloride is classified by the DOT as a nonflammable 
gas, taking a " Green Label." 

Commercial Preparations 

Nitrosyl chloride is produced commercially as a co-product 
of chlorine and sodium nitrate by the reaction of sodium chlo­
ride and nitric acid. It can also be prepared by a variety of 
procedures, e.g., by reaction of nitrogen dioxide with moist 
potassium chloride or moist sodium chloride, by direct combi­
nation of nitric oxide and chlorine, from hydrogen chloride and 
nitrosylsulfuric acid, from sodium chloride and nitrosylsulfuric 
acid, etc. 

Chemical Properties 

Nitrosyl chloride reacts rapidly with water to form nitrous and 
hydrochloric acids. Nitrosyl chloride forms addition com­
pounds, such as (NO)ZnCl6 , etc. Nitrosyl chloride reacts with 
oxygen in the gas phase quite slowly at temperatures below 

200 _ °C; in free space at 1 atm., nitrosyl chloride is rapidly 
ox1d1zed at 300 °C and above giving nitrogen dioxide and 
chlorine. Sulfur dissolved in sulfur monochloride reacts with 
nitrosyl chloride at 100 C and normal pressure in the presence 
of ferric chloride to give sulfur monochloride and nitric oxide. 
N1trosyl chloride in the presence of water reacts with aromatic 
amines to form d1azon1um chlorides N1trosyl chloride acts as 
a chlorinating agent toward hydrocarbons in the vapor phase 
at elevated temperatures at atmospheric pressure. Under 
proper conditions, nitrosyl chloride adds to olefins giving ni­
troso chlorides. 

In the presence of strong Lewis acids, NOC 1 acts as a Cl 
donor, forming nitrosonium salts. 

NOCI + MCI~ NOMCI. 

(M = B,Al ,Ga,ln,Tl,81,Fe,Au) 

2NOCI + MCI.-+ (NO). MCl6 

(M = Sn,T1 ,Pb,Pt) . 

N1trosonium salts of hexafluoro-anions (NOMF.,, M = P, As, 
Sb, V) have also been prepared. A variety of other nitroson1um 
salts are available through double decompos1t1on reactions in 
other nonaqueous solvents Nitrosonium salts are rapidly hy­
drolyzed, giving solutions of nitrous acid, which can be re­
garded as a very weak base: 

Thermodynamic and Detailed Physical Data 

Molecular Structure (3) 

Nitrosyl chloride 1s a bent triatomic molecule, with C point 
group symmetry and a symmetry number of one The structural 
parameters are as follows bond distances CI-N 1 .95 A (1 95 
x 1 O 10 m); N-O 1 .17 A (1 17 x 10 1 m), bond angle: 

CI-N-O 11 4 ± 3 . 

Infrared Spectrum 

See Figure 2 for the infrared spectrum of gaseous n1trosyl 

chloride. 

Vapor Pressure (4) 

The vapor pressure of n1trosyl chloride between 213.15 ° K 
and 285.05 °K is represented by the Antoine vapor pressure 

equation: 

B B 
log, 0p = A - --ort =--- - C 

C + t A-log,uP 

in which t = °C and p = mmHg, and the constants A, B, and 
C have the values of 7 .361 54, 1 094 73, and 249 70, respec­

tively. 
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NITROSYL CHLORIDE 

Some calculated vapor pressure values are shown below. 
For vapor pressure values to the critical point, see Figure 3. 

Temperature, °K 
Vapor Pressure Latent Heat of Vaporization, AHv 

kPa mbar mmHg 

213.55 5.333 53.33 40 Temperature, °K AHv, kJ / mol 

219.55 7.999 80.0 60 
240.15 27.179 

224.01 10.666 107 80 
267.77 25.690 

227.63 13.332 133 100 
293.15 24.188 

239.78 26.664 267 200 

247 58 39.997 400 300 

253.46 53.329 533 400 Thermodynamic Properties of Nitrosyl Chloride As Ideal Gas 
258.24 66.661 667 500 

262.30 79.993 800 600 
@ 25 °C (3) 

265.84 93.325 933 700 Heat Capacity, q ....... 44.685 J/ mol- °K) 

267.77 1 01.325 1 013.25 760 Entropy, S0 
.. 261 .613 J / (mol- °K) 

268.99 106.658 1 067 800 Free Energy Function, (F~ge -

271 .85 119.990 1 200 900 H~9e)/298 -261.613 J / (mol- °K) 

274.45 133.322 1 333 1 000 Enthalpy Difference, H~ge - Hg 11 .351 kJ / mol 

279.05 159.986 1 600 200 Enthalpy of Formation, AHf . 51.756 kJ / mol 

285.05 199.983 2 000 1 500 Free Energy of Formation, AFf 66.107 kJ / mol 

REFERENCES 
' For extensive tabulations of the thermodynamic and physical properties of nitrosyl chloride, see W. Braker and A. L. Mossman. The Matheson 

Unabridged Gas Data Book, 1975, Matheson, East Rutherford, New Jersey. 

W Braker, A. L. Mossman, and D. Siegel, Effects of Exposure to Toxic Gases-First Aid and Medical Treatment, 2nd edition, 1977, pp. 117-

119, Matheson, Lyndhurst, New Jersey. 
3 JANAF Thermochemical Tables, 2nd edition, 1971, D. R. Stull and H. Prophet, project directors, Natl. Stand. Rel. Data Ser., Natl. Bur. Stand., 

NSRDS-NBS 37, U S. Government Printing Office, Washington, D.C. 

• 8 . J. Zwolinski, et al , Selected Values of Properties of Chemical Compounds, 1968, Volume 1, Thermodynamics Research Center, Texas A & 

M University, College Station, Texas. 
5 The Sadtler Standard Spectra, 1972, Sadtler Research Laboratories, Inc., Philadelphia, Pennsylvania. 
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NITROUS OXIDE 
(Synonyms: Dinitrogen Monoxide; Nitrogen(!) Oxide; Laughing Gas) 

(Formula: N20) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of N2O 
Specific Volume @ 21 .1 °C, 101.325 kPa 
Vapor Pressure @ 21 .1 °C 

Boiling Point @ 101 .325 kPa 
Triple Point 
Absolute Density, Gas@101.325 kPa@ 25 °C 
Relative Density, Gas @ 101.325 kPa @ 25 °C (Air = 1) 
Density, Liquid @ Saturation Pressure @ O 0 c 
Critical Temperature 
Critical Pressure 

Critical Volume 
Critical Density 
Critical Compressibility Factor 
Latent Heat of Fusion@ -90.8 °C 
Dipole Moment, Gas 
Molar Specific Heat, Gas @ 1 01 .325 kPa @ 25 °C 

@ Constant Pressure 
@ Constant Volume 

Specific Heat Ratio, Gas @ 101 .325 kPa @ 25 °C, Cp/Cv 
Viscosity, Gas @ 1 01 .325 kPa @ 25 °C 
Thermal Conductivity, Gas @ 101 .325 kPa @ 25 °c 

Surface Tension@ -25 °C 

0.044 013 kg 
0.044 013 kg 
543.1 dm3 /kg; 8. 7 ft3 /lb 
5 238 kPa; 52.38 bar; 759. 7 psia; 51. 7 

atm 
184.67 °K; -88.5 °C; -127.4 °F 
182.33 °K; -90.8 °C; -131 .5 °F 
1.812 2 kg/m3 

1.530 
0.913 kg/I 
309.584 °K; 36.4 °C; 97.6 °F 
7 254 kPa; 72.54 bar; 1 052.2 psia; 

71 .6 atm 
2.210 dm3 /kg 
0.452 5 kg/dm3 

0.274 
6.540 kJ/mol; 1.563 kcal/mol 
567 X 10 33 C.m; 0.17 D 

38.635 J/(mol- °K) 
29.648 J/(mol- °K) 
1.303 
0.014 5 mPa-s; 0.014 5 cP 
0.016 74 w /(m- °K); 40.0 x 10-5 cal, 

cm/(s,cm2
- °C) 

Solubility in Water @ 101 .325 kPa (total pressure of N20 + 
aqueous tension) 

10.1 mN/m; 10.1 dyn/cm 

@ 0 °C 
@ 25 °C 

Refractive Index, n0 

Gas @ 25 °C, 101 .325 kPa 
Liquid @ 16 °C, Saturation Pressure 

Dielectric Constant 
Gas@ O °C 
Liquid @ 0 °C 

Trouton·s Constant 

Description 

At room temperature and atmospheric pressure, nitrous ox­
ide is a colorless, nonflammable, nontoxic gas with a slightly 
sweet taste and odor. It is shipped by rail and by highway in 
cylinders , cargo tanks, and portable tanks. It is shipped in 
cylinders as a liquefied gas under its own vapor pressure of 
5 140 kPa (745 psig) at 21 .1 ° C. 
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129.7 cm3 /100 cm3 of water 
58.8 cm 3 /100 cm3 of water 

1.000 465 3 
1.193 

1.001 13 
1.61 
21.4 

Specifications 

Matheson supplies a UHP grade of nitrous oxide with a 
minimum purity of 99.99%. 

Uses 

Nitrous oxide is used chiefly as an inhalation anesthetic and 
as a dispersing agent in cream whippers. 

matheson~ 

Toxicity 

Nitrous oxide is nontoxic and nonirritating and is extensively 
used as an anesthetic in medicine and dentistry. It is a rather 
weak anesthetic and must be inhaled in high concentrations , 
mixed with air or oxygen. When inhaled without oxygen, it is a 
simple asphyxiant. Inhalation of small amounts often produces 
a type of hysteria; hence its trivial name, " laughing gas. " 

Precautions in Handling and Storage 

The general rules listed in Appendix I should be observed. 

Leak Detection 

Leaks in lines and equipment to contain nitrous oxide may 
be detected by painting the suspected sites with soap water 
solution; leaks will be indicated by bubble formation. 

Cylinder Contents 

For ease in monitoring the nitrous oxide content in cylinders , 
the use of a Matheson Model 8510 cylinder scale is recom­
mended . 

Disposal of Leaking Cylinders 

For disposal procedure see Appendix II-C. 

Materials of Construction 

Nitrous oxide is noncorrosive and may be used with the 
common structural metals. 

Cylinder and Valve Description 

Nitrous oxide is shipped in DOT approved, high pressure, 
steel cylinders. Cylinders containing nitrous oxide are equipped 
with brass valves having Compressed Gas Association (CGA) 
standard valve outlet connection No. 326. The valve outlet has 
a thread size of 0.825 inch, with right-hand external threads, 
accepting a round shaped nipple (see Figure 1 for an illustra­
tion). Lecture bottles have a special 5/15 11-32 threads per inch, 
female outlet and a 9/15"-18 threads per inch, male dual valve 
outlet. 

CONNECTION 

Fig. 1 CONNECTION 326 .825"-14 RH EXT. accepting a Round 

Shaped Nipple 

Safety Devices 

Cylinders of nitrous oxide have frangible discs as safety 
devices. They should, therefore, be stored away from sources 
of heat to avoid developing pressures capable of rupturing the 

disc. 

mathesone 

NITROUS OXIDE 

Recommended Controls 

Automatic Pressure Regulators 

1. Single Stage Regulators 

The type of regulator will reduce cylinder pressure in one 
step to a delivery pressure in a particu lar range depending 
upon the design of the regulator and its spring load . A sing le 
stage regulator wil l show a slight variation in delivery pressure 
as cylinder pressure falls. Since nitrous oxide is a liquefied gas 
at room temperature , the cylinder pressure will remain constant 
as long as any liqu id remains in the cylinder. Consequently a 
single stage regulator used with nitrous oxide wil l give a steady 
delivery pressure and cylinder pressure wil l not vary until the 
liquid phase has been exhausted. Above its critical temperature 
of 36.5 °C (97 . 7 °F) nitrous oxide will convert completely to a 
gas and the discharge of cylinder contents will show a steady 
drop in pressure. The following single stage regu lators are 
available from Matheson and are recommended for use with 
nitrous oxide : 

Model No. 

1 L-326 
1 H-326 
2-326 
3320 (for lecture bot­

tles) 
3321 (for lecture bot­

tles) 

Delivery Pressure Range 
kPa bar(g) psig 

28-550 0 .28-5.5 4-80 
69-1 240 0 .69-12.4 10-180 

345-4 480 3.45-44.8 50-650 
28-410 0.28-4.1 4-60 

28-410 0.28-4.1 4-60 

2. Two Stage Regulators 

This type of regulator performs the same function as s ingle 
stage regulators. However, greater accuracy in the control of 
the delivery pressure is maintained and the delivery pressure 
does not vary as cylinder pressure fa lls. The following two 
stage regulators are available and are recommended for use 
with nitrous oxide: 

Model No. 

8L-326 
8-326 

8H-326 
9-326 

Delivery Pressure Range 
kPa bar (g) psig 

14-104 
28-345 
28-340 

138-1 720 

0.14-1 .04 
0.28-3.45 
0.28-3.4 
1.38-17 .2 

2-15 
4-50 
4-50 

20-250 

All the above regulators are not satisfactory for accurate 
del ivery pressures below 5 psig. Therefore , an auxiliary regu­
lator specifically designed for low pressures is recommended 
for use in series with any of the standard type regulators having 
delivery pressures up to 80 psig . Matheson has various types 
of Model 70 regulators which may be obtained with pressures 
ranging from 2 inches water column to 10 psig as follows: 

Model 
No. 

708 

kPa 

0.5-3.0 

Delivery Pressure Range 
mbar (g) psig 

5-30 2-12 inches water col­
umn 
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NITROUS OXIDE 

Model 
No. 

70 
70A 

kPa 

3.45-34.5 
34 5-68.9 

Delivery Pressure Range 
mbar (g) psig 

3.45-345 
345-689 

0.5-5.0 psIg 
5- 1 O psIg 

When any of the above regulators are used In conjunction 
with a standard regulator, an extra heavy hose is available to 
connect to the standard regulator. All Matheson regulators are 
provided with needle valves attached to the outlets so that 
accurate flow control can be maintained. 

To prevent possible icing of regulator parts and hence 
possible loss of control, the use of a Matheson Model 6284-
326 Nitrous Oxide Heater is recommended between the cylin­
der valve and regulator. 

Manual Controls 

Matheson needle valves Models 50-326 and 52-326 with 
tank gauge, both of brass bar stock, are available for direct 
attachment to the cylinder valve outlet. Either valve can be 
equipped with a variety of outlets, such as a hose connection, 
¼ 11 

tube fitting, or ¼ 11 NPT male or female pipe. These valves 
should be used only where manual flow control Is needed and 
should not be used to control pressure since dangerous pres­
sures can be built up 1f a system becomes clogged or 1f the 
system itself Is closed. Needle valves Model 30AR or Model 
31 B are recommended for use with lecture bottles. 

Flowmeters 

Matheson Series 7600 laboratory brass flowmeter units with 
150 mm tubes and floats or Matheson Series 7200 laboratory 
brass flowmeter units with 65 mm tubes with a single float are 
recommended for use where definite flow rates must be known. 

Electronic mass flowmeters, such as Matheson Series No. 
8116 and No 8160, should be used where accurate readings 
are required. Calibration is unaffected by temperature and 
pressure changes, and flow rates may be recorded from the 
instrument s electrical output 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 stainless steel and 
Series 8260 of type 31 6 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera­
ture changes. These mass flow controllers consist of a trans­
ducer, a control valve, a blind controller /power supply, a 
potentiometer, and a d1g1tal indicator. The transducer senses 
the gas flow and sends a signal to the power supply. This 
signal and one from the potentiometer are compared. If there 
1s an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 
imbalance. The accuracy Is ± 1.2%. 

Shipping Regulations 

Nitrous oxide Is classified by the DOT as a nonflammable, 
compressed gas and Is shipped with the required "Green 
Label 

Commercial Preparations 

Nitrous oxide Is obtained most commonly by the thermal 
decompos1t1on of ammonium nitrate. It may also be obtained 
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by controlled reduction of nitrites or nitrates, by the slow 
decomposition of hyponitrites, and by the thermal decomposi­
tion of hydroxylamine. 

Chemical Properties 

Nitrous oxide is stable and comparatively unreactive at or­
dinary temperatures, e.g., to ozone, hydrogen, the halogens, 
the alkali metals, etc. At elevated temperatures N2O decom­
poses into nitrogen and oxygen, the rate of decomposition 
being appreciable at about 600 °C. At elevated temperatures 
N2O supports combustion and oxidizes certain organic com­
pounds, the alkali metals, etc. N2O is soluble in alkaline solu­
tions but does not form hyponitrites. A crystalline hexahydrate 
can be obtained at low temperatures. 

Thermodynamic And Detailed Physical Data 

Molecular Structure (2) 

Nitrous oxide is a linear but unsymmetrical molecule having 
Coov point group symmetry and a symmetry number of one. The 
structural parameters are as follows: bond distances: N-N 
1.28 2 A (1.128 x 10- 10 m); N- O 1 .184 2 A (1 .184 2 x 
1 o 10 

m); bond angle: 180°. Various physical measurements 
indicate that N2O is a resonance hybrid involving the canonical 

. + .. + .. 
structures: N::N::O: and :N:::N:Q: . 

Infrared Spectrum 

See Figure 2 for the infrared spectrum of gaseous nitrous 
oxide. 

Vapor Pressure (3) 

The vapor pressure of liquid nitrous oxide between 180.1 5 
°K and 197.15 °K is represented by the following Antoine 
vapor pressure equation: 

B B 
IOQ10P = A - --or t = ----- - C 

C + t A - IOQ1 0P 

in which p = mmHg and t = °C, and the constants A, B, and 
C have the values of 7.003 94, 654.260, and 247 .16, respec­
tively. 

Some calculated vapor pressure values are shown below. 

Temperature, °K Vapor Pressure 
kPa mbar mmHg 

180.82 79.993 800 600 
183.31 93.325 933 700 
184.67 101 .325 1 013.25 760 
185.53 106.658 1 067 800 
187.55 119.990 1 200 900 
189.39 133.322 1 333 1 000 
192.69 159.986 1 600 1 200 
196.91 199.983 2 000 1 500 

For vapor pressure data up to the critical point, see Figure 
3. 
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Latent Heat of Vaporization, 
aHv (3) @ 184.67 °K 

16.552 kJ/mol, 
3.956 kcal mol 

For additional 6Hv values, see Table 1. 

Thermodynamic Data 

See Table 1 for the thermodynamic properties of saturated 
nitrous oxide. 

REFERENCES 

NITROUS OXIDE 

Thermodynamic Properties of Nitrous Oxide As Ideal Gas 
@' 25 °C (2) 

Heat Capacity, C~ 
Entropy, S0 

Free Energy Function, (F~ge 
H~ge)/298 

Enthalpy Difference, Hhe - Hg 
Enthalpy of Formation, .1Hf 
Free Energy of Formation, .1Ff 

38.618 J / (mol• K) 

219.852 J / (mol- K) 
-219.852 J / (mol- K) 

9 .581 kJ / mol 
82.048 kJ / mol 

104.165 kJ / mol 

1 
For extensive tabulations of the thermodynamic and physical properties of nitrous oxide, see W Braker and A L Mossman, The Matheson 

Unabndged Gas Data Book, 1975, Matheson, East Rutherford, New Jersey 
2 

JANAF Thermochemical Tables, 2nd ed1t1on, 1971, D. R Stull and H Prophet. proiect directors, Natl . Stand Ref Data Ser, Natl . Bur. Stand , 
NSRDS-NBS 37. U.S. Government Printing Office, Washington, D C 
3 

B. J. Zwolinski, et al., Selected Values of Properties of Chemical Compounds 1968. Volume 1. Thermodynamic Research Center, Texas A & M 
University, College Station, Texas 

• The Sadtler Standard Spectra. 19 72, Sadlier Research Laboratories, Inc., Philadelphia, Pennsylvania 
5 Amer Soc. Refngeratmg Engineering Data Book. 195 7-1958 
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NITROUS OXIDE 

THERMODYNAMIC PROPERTIES OF SATURATED NITROUS OXIDE (5) 

Pressure Enthalpy Latent Heat Specific Volume Density 
kJ / mol of Vapon- ma/ kg kg ma 

kPa atm Liquid Vapor zation kJ/ 
Liquid Vapor Liquid Vapor mol 

101.325 1.00 -10.077 6 .527 16.604 0 000 78 0 .343 4 1 281.5 2 9 12 
131.000 1 .29 -9.883 6 .599 16.482 0 .000 79 0.265 3 1 265 5 3 769 
179.264 1.77 -9.596 6 .721 16.317 0 000 81 0.198 5 1 241 4 5 038 
241.317 2 .38 -9. 279 6 .824 16 103 0 000 82 0.148 6 1 217 4 6 729 
3 17.159 3.13 -8.921 6 .957 1 5.878 0 .000 83 0.113 6 1 201 4 8 803 
399.896 3 .95 -8.563 7 .049 1 5.612 0 000 84 0 .089 3 1 185.4 11. 198 
510.212 5 .04 -8.164 7 .161 1 5.325 0 000 86 0.071 8 1 1 61 .3 13.928 
627.423 6 .19 -7.755 7 .233 14.988 0 000 89 0 .058 4 1 1 29 3 1 7. 1 23 
772.213 7.62 -7.346 7.315 14 661 0 000 90 0.046 9 1 110 1 21 .322 
944.582 9.32 -6.906 7.386 14.292 0 000 92 0.037 8 1 089.3 26.455 

1151.42 11 .36 - 6.466 7.438 13.904 0 000 93 0.032 0 1 073 2 31 .250 
1 399.64 13.81 -6.005 7.489 13.494 0 000 95 0.026 5 1 049 2 37.736 
1 654.7 4 16.33 -5.545 7.519 13.064 0 000 97 0.022 7 1 036 4 44.053 
1 951.22 19.26 -5.054 7.530 12.584 0 .000 99 0.018 9 1 010 8 52.910 
2 309.74 22 .80 - 4.583 7 .540 12.123 0 .001 02 0 .016 4 980 3 60.976 
2 688.27 26.33 -4.072 7.530 11.602 0.001 06 0 .013 5 948 3 74 074 
3 171.59 31.30 - 3.407 7.519 10.926 0 .001 10 0 011 1 913 1 90 090 
3 585.27 35.38 -2.885 7.499 10.384 0.001 14 0 010 0 876 2 100 00 
4 067.91 40.15 -2.159 7 .427 9 .586 0 .001 19 0 008 6 837 8 116 28 
4 653.96 45.93 - 1.453 7.366 8 .819 0.001 27 0 007 4 788 1 135 14 
5 240.02 51. 71 -0.716 7 .233 7 .949 0 .001 34 0 006 6 744 .9 151 52 
5 963.96 58.86 0.000 7.059 7 .059 0 .001 56 0 005 0 640 7 200 00 
7 370.49 72.74 6.803 6 .803 0 .000 0 .002 35 0 002 35 424 .5 424 50 
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OCTAFLUOROCYCLOBUTANE 
(Synonyms: Perfluorocyclobutane; Freon-C318®) 

(Formula: C4Fa or CF2•CF2•CF2•CF2) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of C4F8 

Specific Volume @ 21.1 °C, 101.325 kPa 
Vapor Pressure@ 21.1 °C 
Boiling Point @ 101.325 kPa 
Triple Point 

Temperature 
Pressure 

Abso lute Density, Gas@ 101.325 kPa@ 21 .1 °C 
Relative Density, Gas @ 101 .325 kPa @ 21 .1 °C 
Density, Liquid @ Satu ration Pressure @ 21.1 °C 
Critical Temperature 
Crit ical Pressure 

Critical Volume 
Critical Density 
Critical Compressibili ty Factor 
Latent Heat of Fusion @ -40.2 °C 
Molar Specific Heat, Gas @ 1 01.325 kPa @ 25 °C 

@ Constant Pressure 
@ Constant Volume 

Specific Heat Ratio, Gas @ 1 01 .325 kPa @ 25 °C, Cp/ Cv 
Molar Specific Heat, Liquid@ -27.1 °C 
Viscosity, Gas @101.325 kPa@ 25 °C 
Viscosity, Liquid At Saturation Pressure @ 25 °C 
Thermal Conductivity, Gas @101.325 kPa@ 25 °C 

0.200 031 kg 
0.200 031 kg 
115.5 dm3 / kg, 1.85 ft3 lb 
274 kPa; 2.74 bar; 39.7 psia, 2.7 atm 
267.30 °K; -5.8 °C; 21.5 °F 

232 .95 °K; -40 .2 °C, -40.4 °F 
19.04 kPa; 190.4 mbar; 142.8 mmHg 
8 .66 kg / m3 

7.33 
1.513 kg / I 
388.45 ° K; 115.3 °C; 239.5 °F 
2 786 kPa; 27.86 bar; 404.1 ps1a; 27.5 

atm 
1 .61 5 dm3 / kg 
0.619 kg / dm3 

0.279 
2 766.88 J/ mol; 661.3 cal / mol 

159.017 J/(mol - °K) 
150. 727 J/(mol, °K) 
1.055 
202.28 J /(mol, °K) 
0.012 mPa-s; 0.012 cP 
0.42 mPa. s; 0.42 cP 
0.010 20 W/(m,°K); 24.4 X 10 6 cal • 

cm / s-cm2 
• °C) 

Thermal Conductivity, Liquid At Saturation Pressure @ 25 °C 

Surface Tension @ 21 .1 °C 

0.043 2 W / (m. °K); 103.3 x 1 o-s cal . 
cm / (s -cm2 -°C) 

8.3 mN/ m; 8.3 dyn / cm 
0 .014% (by weight) 
1.003 4 

Solubility In Water@ 101.325 kPa@ 21.1 °C 
Dielectric Constant, Gas @ 51 kPa @ 10 °C 
Refractive Index, Liquid, n0 @ 25 °C 
Relative Dielectric Strength (Nitrogen = 1) 

Description 

At room temperature and atmospheric pressure, octafluoro­
cyclobutane is a nonflammable, colorless, odorless , and taste­
less gas. It is shipped as a liquefied gas under its own vapor 
pressure of 1 70 kPa (25 psig) at 2 1 .1 °C. 

Specifications 

Octafluorocyclobutane has a minimum purity of 99.9 mole 
% . 

matheson· 
'-------' 

1.217 
2.86 

Uses 

Octafluorocyclobutane 1s of interest as a gaseous dielectric, 
as a foam producing agent, and as a propellant 

Toxicity 

Octafluorocyclobutane has been tested on a very preliminary 
basis. This work 1nd1cates that the compound is probably 
nontoxic , but adequate ventilation should be used in any ex­
perimental work until further toxicity information becomes avail-
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OCTAFLUOROCYCLOBUTANE 

able. Inhalation of octafluorocyclobutane that has been ex­
posed to flame temperatures should be avoided, since under 
some conditions It may decompose slightly and form toxic or 
irritating decomposition products. 

Precautions in Handling and Storage 

The general rules listed in Appendix I should be observed. 

Leak Detection 

All fittings and joints should be painted with soap solution to 
detect leaks, which will be indicated by bubble formation. 

Disposal of Leaking Cylinders 

For disposal procedure see Appendx II-C. 

Materials of Construction 

Cast iron and stainless steel are satisfactory up to a temper­
ature of 120 °C. Steel is satisfactory up to temperatures of 175 
°C. At 400 °C lnconel, nickel, and platinum show only slight 
deterioration. At temperatures of about 500 °C, these metals 
will act as catalysts, to varying degrees, for the decomposition 
of octafluorocyclobutane. 

Cylinder and Valve Description 

Octafluorocyclobutane is shipped in DOT approved low pres­
sure steel cylinders . Cylinders of octafluorocyclobutane are 
equipped with the approved alternate Compressed Gas Asso­
cIatIon (CGA) valve outlet connection No. 660. The valve outlet 
has a thread size of 1 .030 inches diameter, right-hand external 
threads, with a flat seat using a washer to seal (See Figure 1 ). 

OUTLfT CON'IECTIO~• 

I 030' 
1" 

Fig. 1 CONNECTION 660 1.030"-14 RH EXT. using Flat Seat with 
Washer 

Lecture bottles have a special 5A6 inch-32 threads per inch 
female, valve outlet and a 9/16 inch-18 threads per inch male, 
dual valve outlet. 

Safety Devices 

Cylinders of octafluorocyclobutane contain, as safety de­
vices, fusible metal plugs, melting at about 73.9 °C (165 °F). 
These devices are usually an integral part of the cylinder valve. 

Recommended Controls 

Automatic Pressure Regulators 

For automatic regulation of octafluorocyclobutane, Mathe­
son has available regulator Model 1 P-660. This regulator has 
a brass body, neoprene rubber diaphragm, and neoprene seat. 
It has a delivery pressure range of 28-240 kPa (4-35 psig). 
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No cylinder pressure gauge is provided, since it would not 
indicate cylinder content but only vapor pressure which Will 
remain constant as long as liquid remains in the cylinder. 

For accurate low pressure control, Matheson supplies a 
Model 70 low pressure regulator, which has an oversize, pan­
cake body of die cast aluminum and a Buna N diaphragm. 
Three pressure ranges are available as follows: 

Model Delivery Pressure Range 
No. kPa mbar (g) psig 

708-660 0.5-3.0 5-30 2-1 2 inches water col-
umn 

70-660 3.4-34.5 34-345 0 .5-5.0 psig 
70A-660 34.5-68.9 345-689 5-1 o psig 

Manual Controls 

Needle valve Model 50-660, of chrome plated brass bar 
stock, is available for direct attachment to the cylinder valve 
outlet. This valve may be equipped with a variety of outlets, 
such as a connection hose,¼" tube fitting, or ¼ " NPT male or 
female pipe. It should be used only for intermittent flow control. 
It should not be used as a pressure control , since dangerous 
pressures can develop if a line or system becomes clogged . 
Needle valve Model 31 B is recommended for use with lecture 
bottles. 

Flowmeters 

Matheson Series 7600 laboratory brass flowmeter units with 
150 mm tubes and floats or Matheson Series 7200 laboratory 
brass flowmeter units with 65 mm tubes with a single float are 
recommended for use where definite flow rates must be known. 

Electronic mass flowmeters, such as Matheson Series No. 
8116 and No. 8160, should be used where accurate readings 
are required. Calibration is unaffected by temperature and 
pressure changes, and flow rates may be recorded from the 
instrument 's electrical output. 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 stainless steel and 
Series 8260 of type 316 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera­
ture changes. These mass flow controllers consist of a trans­
ducer, a control valve, a blind controller/ power supply, a 
potentiometer, and a digital indicator. The transducer senses 
the gas flow and sends a signal to the power supply. This 
signal and one from the potentiometer are compared. If there 
is an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 
imbalance. The accuracy is ± 1 .2%. 

Shipping Regulations 

Octafluorocyclobutane is classified by the DOT as a non­
flammable, compressed gas and is shipped with the required 
" Green Label " . 

Chemical Preparation 

Octafluorocyclobutane is obtained by the dimerization of 
tetrafluoroethylene at elevated temperatures. 

~athesone 

Chemical Properties 

Octafluorocyclobutane is extremely stable. It is unreactIve 
with other materials under ordinary condit ions . At high temper­
atures (600 °C) , it dissociates to form carbon and carbon 
tetrafluoride, and some toxic compounds . Metals catalyze the 
decomposition of octafluorocyclobutane at elevated tempera­
tures. 

Thermodynamic and Detailed Physical Data 

Molecular Structure (2) 

High-resolution infrared spectra indicate that octafluorocy­
clobutane is a puckered ring, of D 2d symmetry, and that is not 
a planar ring of o.d symmetry. The C- C and C- F bond 
distances are 1 .53 A (1 .53 x 1 o-,o m) and 1 .36 A (1 .36 x 
10- 10 m), respectively . The C- C- C and F- C- F bond angles 
are 90° and 112°, respectively. 

Infrared Spectrum 

See Figure 2 for the infrared spectrum of gaseous octafluo­
rocyclobutane. 

Vapor Pressure (3) 

The vapor pressure of liquid octafluorocyclobutane up to 
1 01 .325 kPa is shown below: 

Temperature, °K Vapor Pressure 
kPa mbar mmHg 

177.35 0.653 6.53 4 .9 
191 .81 1.093 10.9 8 .2 
196.85 1.453 14.5 10.9 
197.16 1.467 14.7 11 .0 
206 .69 2 .893 28.9 21 .7 
213.08 4 .786 47.9 35.9 
221 .59 9.026 90.3 67 .7 
230.80 16.759 168 125.7 
241 .31 30.171 302 226.3 
253.00 54 .1 95 542 406.5 
259 .50 72 .967 730 547 .3 
263.87 88 .246 882 661 .9 
267 .16 99 .152 992 743 .7 
267 .30 101 .325 1 013.25 760.0 

The vapor pressure of liquid octafluorocyclobutane above 
101 .325 kPa up to the critical point is shown below: 

Temperature, °K 
Vapor Pressure 

kPa bar atm 

267 .16 101.325 1 .01 3 25 1.000 

303.15 365.479 3.65 3 .607 

323.15 647.872 6.48 6.394 

348.15 1 200.904 12.0 11 .852 

373.15 2.053.858 20.5 20.270 

387 .65 2 738.105 27.4 27.023 

388.37 2 777.521 27.8 27.412 

See Figure 3 for vapor pressure curve . 

matheson 

OCTAFLUOROCYCLOBUTANE 

.... 

... 
IL "-

... ... 

... ... 

3:>N"-1.llWSN'1tt.l .lN3:>tt3d 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

... 
' ~ 
0 

J 
0 
z 
w 
::::, 
0 
w 
a: 
LL. 

<{ 

Q) 
> .... 
:::, 
(.) 

Q) .... 
:::, 
(/) 
(/) 
Q) .... 
a. 

ai 
(.) 

(/) 

~ 
0 

"O 
C -~ 
.... 
co 
~ 

..c ~ 

.-=: "<t 
~-.., 
~ 

....: Cl 
ai I 
u E 
..c E 
0) Ii) 
C 
~8 
..C Cll 
- Cl. g ~ 
Er--­
u (0 
,0 

0 c:i 

-t 
Ql Cll 
C CJ 
~ (/) 

:::, -
.0 Cll 
l2 ·-e 
CJ Cll 
>, a. 
(.) -.., 

e ro 
0 Q) 
:::, > 

:;: .... 
Cll :::, u (.) 
0;.::, 
Cl) Cl 
:::, I 
o E 
~ E 
Cll 0 
Cl N 

0~ 
E Cl. 
:::, ~ 
; <D 
(.) (0 
Q) (0 

f;}t-.i 
4C :-:.. 
Ql C 
.._ Cll 
Cll CJ .t: (/) 
.E Q) 

.al 
N C. 

. E 
O'> 0 ·- (.) LL ___, 

559 



OCTAFLUOROCYCLOBUTANE 

Latent Heat of Vaporization, 11Hv 

REFERENCES 

Temperature, °K 

@ 261.24 
@267.30 
@294.26 

Thermodynamic Data 

Entropy, Ideal Gas@ 
261.24 °K 

11Hv, kJ/kg 

118.54; 28.33 kcal / kg 
11 6.19; 27. 77 kcal / kg 
106.92; 25.56 kcal / kg 

380.52 J/ (mol- °K); 
90.95 cal / mol- °K) 

' For extensive tabulations of the thermodynamic and physical properties of octafluorocyclobutane, see W. Braker and A. L. Mossman, The 

Matheson Unabridged Gas Data Book , 1975, Matheson. East Rutherford , New Jersey. 

R P Bauman and B. J. Bulkin , J Chem Phys. 45, 496-498 (1966). 
3 

Freon ·-c 318, Tech. Bull 8-188 , 1958, E.1. duPont de Nemours & Co., Inc., Wilmington, Delaware. 

• The Sadtler Standard Spectra. 1972. Sadlier Research Laboratories, Inc., Philadelphia, Pennsylvania. 
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OXYGEN 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of 0 2 

Specific Volume @ 21 .1 °c, 101.325 kPa 
Boiling Point@ 101.325 kPa 
Triple Point 

Temperature 
Pressure 

Absolute Density, Gas @ 1 01 .325 kPa @ 25 °C 
Relative Density, Gas @ 101.325 kPa @ 25 °C (Air = 1) 
Density, Liquid 

@ 54.363 °K 
@ 90.18 °K 

Critical Temperature 
Critical Pressure 

Critical Volume 
Critical Density 
Critical Compressibility 
Latent Heat of Fusion @ 54.363 °K 
Molar Specific Heat, Gas@ 101.325 kPa @ 25 °C 

@ Constant Pressure 
@ Constant Volume 

0.031 998 8 kg 
0.031 998 8 kg 
755.4 dm3 / kg; 12.1 ft3 /lb 
90.18 °K; -183.0 °C; - 297 .4 °F 

54.363 °K; -218.8 °C; -361.8 °F 
0.152 kPa; 1 .52 mbar; 1 .14 mmHg 
1.309 kg / m3 

1.105 

1.321 5 kg / I 
1.140 7 kg / I 
154.58 °K; -118.6 °C; -181.4 °F 
5 043 kPa; 50.43 bar; 731 .4 psia; 49.77 

atm 
2.294 dm3 / kg 
0.436 kg / dm3 

0.288 
444.76 J/ mol; 106.3 cal/mol 

29.427 J / (mol- °K) 

Specific Heat Ratio, Gas @ 101 .325 kPa @ 25 °C, Cp/ Cv 
Specific Heat, Liquid @ 90.18 °K 

20.817 J/ (mol- °K) 
1.414 
1. 703 kJ / (kg. °K) 

Viscosity, Gas@101.325 kPa@ 25 °C 
Viscosity, Liquid @ 99. 70 °K 

Thermal Conductivity, Gas@ 101.325 kPa@ 25°c 

Thermal Conductivity, Liquid @ 90.18 °K 

Surface Tension @ 90.1 5 °K 

0.020 75 mPa-s; 0.020 75 cP 
0 .156 mPa-s; 0 .156 cP 
0.0266 2 W / (m. °K) 63.6 x 1 o-s cal. 

cm/ (s • cm2, °C) 
0.192 9 W/ (m- °K); 461 .0 X 10- 6 cal, 

cm/(s • cm2 • °C) 

Solubility In Water @ 101.325 kPa (partial pressure of Q
2

) @ 
0 °C 

13.2 mN-m; 13.2 dyn/cm 

Velocity of Sound In Gaseous 0 2 @ 101.325 kPa@ 20 °c 
Refractive Index, Gas @ 101.325 kPa, n0 @ 25 °c 
Dielectric Constant, Gas @ 1 01 .325 kPa @ 20 °C 

Description 

At room temperature and atmospheric pressure, oxygen is a 
colorless, odorless. and tasteless gas. It is pale blue h 
I. ·d - w en 
1qu1 or soild. Its outstanding properties are its ability to sustain 
animal life and to support combustion . Oxygen is shipped as a 
nonl1quef1ed g!s at pressures of 15 1 70 kPa (2 200 psig) or 
less at 21 .1 C in clyinders, tank cars and tube trail 
d d

. ers, 
epen 1ng on the method of shipping. Liquid oxygen is shipped 

at pressures below 1 380 kPa (200 psig) in heavily insulated 
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4.889 cm3 0 2/100 cm 3 water 
326 m/s 
1.000 271 2 
1.000 494 7 

small portable containers, tank cars, tube trailers or tank 
trucks, again depending on the shipping method. , 

Specifications 

Matheson supplies four grades of oxygen. 

1. Research Grade 

Thi~ grade of oxygen has a minimum purity of 99.99 mole 
%. It IS sup r d . . . P 18 in small cyilnders containing up to 1 00 liters, 
and in Pyrex liter flasks. 
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2. Ultra High Purity Grade 

This grade of oxygen has a minimum purity of 99.99%. 

3. Extra Dry Grade 

This grade of oxygen has a minimum purity of 99.6%. 

4. Zero Grade 

This grade has a certified total hydrocarbons content (as 
methane) of less than 0 .5 ppm. 

Uses 

Steel manufacture consumes over 60% of all oxygen pro­
duced. The steel industry uses vast quantities of oxygen in 
basic oxygen furnaces and in the older open hearth furnaces. 
The cutting and welding of ferrous metals by the oxyacetylene 
torch is carried out on a large scale . Oxygen is also used in 
nonferrous metallurgy, primarily to increase combustion pro­
cesses by supplementing or replacing air. Oxygen is similarly 
used in the glass industry for a variety of applications such as 
melting, severing, polishing and glass blowing of ordinary and 
high-melting glass. The chemical industry used over 15% of all 
oxygen produced in 1978 in such diverse operations as the 
manufacture of acetylene from hydrocarbons, ethylene oxide 
from ethylene, methanol from hydrocarbons, acrolein from 
propylene, titanium dioxide from titanium tetrachloride, the 
oxidation of liquefied petroleum gas, the manufacture of hydro­
gen peroxide, the manufacture of synthesis gas (mixture of 
hydrogen and carbon monoxide) from coal, natural gas, or 
liquid fuels synthesis gas is used to produce gasoline, metha­
nol, and ammonia and in the Oxo process to produce aldehydes 
and alcohols), and the manufacture of nitric acid by catalytic 
oxidation of ammonia. Oxygen is finding increasing use in 
waste-water quality improvement. Fuel cells for military and 
space use contain oxygen as one of the components. A large 
amount of liquid oxygen is consumed in aerospace uses, as 
the oxidant of liquid fuels in the propulsion of space vehicles. 
Oxygen is also used in such diverse applications as in high 
altitude flying, in underwater operations, in first aid emergen­
cies such as suffocation and heart attacks, in treatment of 
patients with respiratory disorders, in anesthesia in conjunction 
with gaseous anesthetics, in hyperbaric oxygenation chambers 
for treatment of gangrene and carbon monoxide poisoning, 
and in admixture with helium in asthmatic attacks. 

Effects in Man (2) 

When pure oxygen is breathed for 5 hours at sea level , for 
3 hours at 3 atmospheres, 30 minutes at 4 atmospheres, or 5 
minutes at 7 atmospheres, signs and symptoms of toxicity will 
appear. These include nausea, dizziness, bronchial irritation, 
hypothermia, increased depth of respiration, bradycardia, pul­
monary discomfort or injury, peripheral vasoconstriction, am­
blyopia or loss of vision, syncope, epileptic seizures, and death. 
Pure oxygen at 1/3 atmospheric pressure can be inhaled for 
weeks without injury. The inhalation of pure oxygen for periods 
up to 16 hours per day for many days at atmospheric pressure 
has caused no observed inJury to man. Mixtures of up to 65% 
oxygen in air may be inhaled for extended periods with no 

known ill effects. 
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First Aid Treatment (2) 

In cases of exposure to oxygen at 3-7 atmospheres, all but 
the most severe cases (pneumonia) recover rapidly after 
prompt reduction of oxygen pressure Supportive treatment 
should include immediate sedation, ant1convuls1ve therapy 1f 
needed, and rest. 

Precautions In Handling and Storage 

Never permit oil, grease, or other readily combustible sub­
stances to come in contact with oxygen cylinders. valves, 
regulators, gauges, and fittings. Never lubricate oxygen valves, 
regulators, gauges, or fittings with oil or any other combustible 
substance. In welding shops and industrial plants using both 
oxyacetylene and electric welding apparatus, care should be 
taken to avoid the handling of these equipments in any manner 
which may permit the compressed gas cylinders to come in 
contact with electrical cIrcuIts . Never use manifolds for oxygen 
cylinders unless constructed on the advice of a qual1f1ed engi­
neer. Manifolds should comply with the standards of a recog­
nized safety authority. Do not supply oxygen by a system of 
shop pIpIng without consulting the supplier for recommenda­
tions. Do not permit any foreign substance to enter the cylinder 
or valve. Cylinders of oxygen should not be stored near cylin­
ders of acetylene or other combustible gases Unless well 
separated, there should be a fire-resistant partition between 
oxygen cylinders and acetylene, or other cylinders of combus­
tible gases. 

In addition, the general rules listed In Appendix I should be 
observed. 

Leak Detection 

Lines and equipment to contain oxygen should be pretested 
with an inert gas, such as nitrogen. 

Disposal of Leaking Cylinders 

See Appendix 11-C for disposal procedure 

Materials of Construction 

Since oxygen is noncorrosive, no special materials of con­
struction are required . However, extreme caution should be 
taken to avoid contact with 011, grease, or other readily com­
bustible substances in piping or vessels The system should be 
designed to have a working pressure as specified by competent 
engineers, using a safety factor conforming to the A S M E 
code for pressure pIpIng . 

Cylinder and Valve Description 

Oxygen Is packaged in DOT approved, high pressure steel 
cylinders. Cylinders of oxygen are equipped with brass valves 
with valve outlet connection No. 540, designated as standard 
by the Compressed Gas Association (CGA) The valve outlet 
has a thread size of 0 .903 inch diameter, with right-hand 
external threads accepting a round shaped nipple (see Figure 
1 ). Lecture bottles have a special b,,s inch-32 threads per inch, 
female outlet and a 91,s-18 threads per inch male, dual valve 
outlet 
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Fig. 1. CONNECTION 540 903"-14 RH EXT. accepting a Round 
Shaped Nipple 

Safety Devices 

Cylinders containing oxygen have safety devices of either 
the frangible disc type or frangible disc type backed up with 
fusible metal, melting at approximately 100 °C (212 °F). Cyl­
inders pressurized 1 0% in excess of their marked service 
pressure in accordance with present DOT regulations must be 
equipped only with safety devices of the unbacked frangible 
disc type. These safety devices are usually an integral part of 
the cylinder valve, situated opposite the valve outlet. 

Recommended Controls 

In order to reduce the high cylinder pressure of oxygen to a 
safe working value consistent with a system·s design, the 
following types of controls are recommended . 

Automatic Pressure Regulators 

1. Single Stage Regulators 

A single stage regulator will reduce cylinder pressure in one 
stage to a delivery pressure in a particular range depending 
upon the design of the regulator and its spring load. A single 
stage regulator will show a slight variation in delivery pressure 
as cylinder pressure falls. The following single stage regulators 
are available from Matheson for Extra Dry Grade oxygen: 

Model No. Delivery Pressure Range 
kPa bar (g) psig 

1 L-540 28-550 0.28-5.5 4-80 
1 H-540 69-1 240 0 .69-12.4 10-180 
2-540 345-4 480 3.45-44.8 50- 650 
3-540 690-10 340 6.9-103.4 100-1 500 
4-540 690-17 240 6.9- 172.4 100-2 500 
3320 (for lecture 28-410 0.28-4.1 4-60 

bottles) 

Single stage regulators Model 1 9-540 and Model 3 500-
540 with delivery pressure ranges of 28-345 kPa (4-50 psig) 
and 28-520 kPa (4-75 psig), respectively, are recommended 
for use with Research Grade and Ultra High Purity Grade 
oxygen 

The Model 19-540 regulator is of all brass construction with 
a German silver alloy diaphragm with nylon seat and aluminum 
and nylon gaskets. The regulator is an ideal instrument for 
normal laboratory use of high purity gases, or where diffusion 
of air would be deleterious. The regulator can be supplied with 
a helium leak rate certification If desired, the maximum ac­
ceptable leak rate being 2 x 10- 9 cm3 . It is provided with a 
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diaphragm pack less outlet valve with ¼ " Gyrolok tube fitting. 
It has two 2½" gauges, a delivery pressure gauge of o-690 
kPa (0-100 psig) and a cylinder pressure gauge of 0-20 680 
kPa (0-3 000 psig). 

The Model 3500-540 stainless steel regulator has a cylinder 
pressure gauge and a delivery pressure gauge. All parts in the 
gas stream are type 316 stainless steel. It has a type 301 
stainless steel diaphragm, a Tefzel seat, and Teflon gaskets. 
The regulator can be supplied with a helium leak rate certifi­
cation, the maximum acceptable leak rate being 2 x 10-10 
cm3

• It is provided with a diaphragm packless outlet valve with 
¼" Gyrolok tube fitting. 

2. Two Stage Regulators 

This type of regulator performs the same function as single 
stage regulators. However, greater accuracy and control of 
delivery pressure is maintained, and the delivery pressure does 
not vary as cylinder pressure falls. The following two stage 
regulators are available from Matheson for Extra Dry Grade 
oxygen: 

Model No. Delivery Pressure Range 
kPa bar(g) psig 

8L-540 14-104 0.14-1.04 2-15 
8-540 28-345 0.28-3.45 4-50 

8H-540 69-690 0.69-6.9 10-100 
9-540 138-1 720 1.38-17.2 20-250 

Two stage stainless steel regulator Model 3800-540 and 
two stage metal diaphragm brass regulator Model 31 04-540 
with delivery pressure ranges of 28-620 kPa (4-90 psig) and 
28-690 kPa (4-100 psig), respectively, are recommended for 
use with Research Purity, Ultra High Purity, and Zero Grades 
of oxygen. 

3. Low Pressure Regulator 

The above regulators are not satisfactory for accurate deliv­
ery pressures below 3.4 kPa (5 psig). Therefore, an auxilary 
regulator specifically designed for low pressures is recom­
mended to be used in series with any of the standard regulators 
having maximum delivery pressures up to 1 720 kPa (250 
psig). Matheson has various models known as the Model 70 
regulator which may be obtained with delivery pressures rang­
ing from 2 inches water column to 69 kPa (1 O psig), as follows: 

Model Delivery Pressure Range 
No. kPa mbar {g) psig 
70B 0.5- 3.0 5-30 2-1 2 inches water col-

umn 
70 3.4-34 .5 34 - 345 0.5-5.0 psig 
70A 34.5-68.9 345-689 5-1 O psig 

When this regulator is used in conjunction with a standard 
regulator, an extra heavy hose is available to connect to the 
standard regulator. All Matheson regulators are provided with 
needle valves so that accurate flow control can be maintained. 
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Manual Controls 

Manual needle valves for direct attachment to the cylinder 
valve outlet are available. These types of controls are used 
mainly where intermittent flows are necessary, or where It Is 
desired to control the flow of gas directly from the cylinder. 
This type of a needle valve will allow control of extemely small 
flow rates on up to relatively large flow rates. However. pres­
sures cannot be controlled with such a valve and, 1f a line or 
system becomes plugged, dangerous pressures can build up. 
The following manual type valves are recommended for use 
with oxygen: Model 50-540 and Model 52-540 with tank 
gauge. These values are supplied with hose connections, 11. 11 

tube fittings, or ¼ " NPT male or female outlets. Needle valve 
Model 31 B or 30AR is recommended for use with lecture 
bottles. 

Needle valve Model 4351-540 is recommended for use with 
Research Purity and Ultra High Purity Grades of oxygen. 

Flow meters 

Matheson Series 7600 laboratory brass or stainless steel 
flowmeter units with 1 50 mm tubes and floats or Matheson 
Series 7200 laboratory brass or stainless steel flowmeter units 
with 65 mm tubes with a single float are recommended for use 
where definite flow rates must be known . 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 stainless steel and 
Series 8260 of type 316 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera­
ture changes. These mass flow controllers consist of a trans­
ducer, a control valve, a blind controller / power supply, a 
potentiometer, and a digital indicator. The transducer senses 
the gas f low and sends a signal to the power supply. This 
signal and one from the potentiometer are compared . If there 
is an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 
imbalance. The accuracy is ± 1 .2%. 

Shipping Regulations 

Oxygen is shipped in high pressure steel cylinders as a 
nonflammable compressed gas, taking a DOT " Green Label. ·· 
They are usually filled to the marked service pressure of the 
cylinder or to a maximum of 10% in excess of the marked 
service pressure in accordance with present DOT regulations. 

Commercial Preparation 

Oxygen is obtained on a commercial scale from the liquefac­
tion of air, the pure substance being separated from the other 
components by distillation. Some oxygen is obtained by the 
electrolysis of water. 

Chemical Properties 

Oxygen combines directly with all other eteme_n!s except the 
rare gases, usually producing an oxide. Its reactIvIty , howev_er, 
varies widely in these cases. Some elements, alkali or alkaline 
earth metals, ignite spontaneously, but most of the elements 
do not oxidize rapidly at ordinary temperatures. Thus, carbon 
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must be ~eated before ignition and the noble metals are oxI­
d1zed only at very high temperatures. Energy for heat fight, 
and power Is produced by the combustion of hydrocarbons, 
such as petroleum, coat , and natural gas. When these materials 
are burned in an excess of air at temperatures below 1 131 
°C, the products formed are carbon dioxide, water, nitrogen, 
and unreacted oxygen At temperatures above 3 000 °F and 
with less than the required amount of oxygen, hydrogen and 
carbon monoxide are also formed At tower temperatures, 
oxygen reacts with organic compounds, e.g., phenol is ob­
tained from benzene, phthalic anhydride from naphthalene, 
etc . and a variety of alcohols. aldehydes, acids, and ketones 
from atkanes Oxygen can be converted to ozone in low yield 
by subjecting It to a silent electric discharge 

Thermodynamic and Detailed Physical Data 

Molecular Structure 

The linear oxygen molecule has D " point group symmetry 
and a symmetry number of two The O O bond distance 1s 
1 .207 4 A (1 .207 4 x 1 o 10 m) 

The oxygen molecule Is paramagnetic and Is best described 
by the canonical forms~: :q and :o:::o: 

Infrared Spectrum 

The homopotar oxygen molecule is not infrared active. 

Vapor Pressure (3) 

The vapor pressure of liquid oxygen is represented by the 
following Antoine vapor pressure equation . 

8 8 
IOQ10 p = A - C + tort = A - IOQ 10 p C 

in which p = mmHg and t = °C, and the constants A. B, and 
C have the values of 6 .691 44, 319 013, and 266 697, re­
spectively. 

Some calculated vapor pressure values are shown below. 

Temperature, °K 
Vapor Pressure 

kPa mbar mmHg 

62.50 1.332 13.3 10 
65.63 2.666 26.7 20 
69.14 5 .333 53.3 40 
71 .38 7 999 80.0 60 
73.08 10.666 107 80 
74.45 13.332 133 100 
79.11 26.664 267 200 
82.15 39 997 400 300 
84 46 53.329 533 400 
86.36 66.661 667 500 
87.97 79 993 800 600 
89.39 93.325 933 700 
90.17 101 325 1 013.25 760 
90 66 106 658 1 067 800 
91 .81 119.990 1 200 900 
92.87 133.322 1 333 1 000 
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Temperature, °K 

94.77 
97.20 

Vapor Pressure 
kPa mbar 

159.986 1 600 
199.983 2 000 

For add1t1onal vapor pressure data, see Table 2. 

mmHg 

1 200 
1 500 

Latent Heat of Vaporization, 
AHv (3) @ 90.17 K 

6 819.92 J/mol; 
1 630 cal/mol 

For additional t.Hv values, see Table 2. 
For density data on gaseous oxygen at various temperatures 

and pressures, see Table 1. 
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Table 1. DENSITY OF GASEOUS OXYGEN (6) 
UNIT: kg/ m3 

Temperature, 
Pressure, kPa OK 101.325 405.300 709.275 1 013.250 4 053.000 7 092.750 10 132.500 

180 2.176 8 .8 14 15.630 22.635 106 60 235 64 210 1.862 7.505 13.238 19.061 83 02 159 05 24.07 240 1.627 6.541 11 .503 16.512 69 39 127 18 188.49 270 1.446 5.800 10.181 14.587 60 09 107 925 157 15 300 1.301 5.212 9 .138 13.077 53 203 94 431 136 24 330 1.182 4 .733 8.292 11.856 47 .850 84 307 120.92 
360 1.083 4.336 7.591 10.848 43 542 76.331 109 046 
400 0.975 3.900 6.284 9.747 38 935 67 959 96 729 
450 0.866 3.464 6.060 8.653 34 439 59 919 85 .044 
500 0.780 3.117 5.451 7.782 30 906 53.668 76.04 7 
550 0 .709 2.833 4.954 7 072 28 050 48.659 68.885 
600 0 .650 2.597 4.540 6.481 25 689 44.535 63 016 
650 0 .600 2.397 4.191 5.981 23 .701 41 077 58.113 
700 0 .557 2.226 3.891 5.554 22 004 38 131 53.940 
750 0 .520 2.077 3.632 5.183 20 536 35.592 50.349 
800 0.487 1.947 3.405 4.859 19 255 33.374 47 22 1 
900 0.433 1 .731 3.028 4.320 17.123 29.689 42 018 

1 000 0 .390 1.558 2.724 3.888 15 419 26.747 37.876 
1 500 0 .260 1.039 1.817 2.594 10 308 17 918 25.428 
2 000 0.195 0 .779 1.363 1.947 7 745 13.484 19.1 63 

Table 2. THERMODYNAMIC PROPERTIES OF SATURATED OXYGEN (7) 
Latent 

Temperature Pressure Entropy Enthalpy Heat of Specific Volume Density 
J/ (mol • °K) J / mol Vaporiza- dm3 / kg kg/ dm3 

tion 
OK OF kPa atm Liquid Vapor Liquid Vapor J/ mol Liquid Vapor Liquid Vapor 

70 -333.7 6.181 0.061 80.39 185.9 -5 362 2 022 7 384 0 .809 8 2 .921 1.235 0 000 342 
80 -315.7 30.094 0.297 87 .33 176.5 -4 841 2 295 7 136 0 .841 0 682 4 1 189 0 001 47 
90 -297.7 99.400 0.981 93 .88 169.7 - 4 288 2 542 6 830 0.876 1 227.8 1 .1 41 0 004 39 
90.18 -297.3 101.325 1.000 93 .94 169.6 -4 278 2 548 6 826 0.876 6 223.7 1 .1 41 0 004 47 

100 - 279 .7 254.224 2.509 99 .74 164.5 -3 723 2 755 6 478 0 .91 7 0 95 .83 1.091 0 010 44 
110 -261.7 543.406 5.363 105.1 160.2 -3 149 2 913 6 062 0 .966 3 46.99 1.035 0 .021 28 
120 -243.7 1 021 .56 10.082 110.2 156.5 -2 555 3 001 5 556 1.027 7 25.47 0.973 0 .039 26 
130 -225 .7 1 747.75 17.249 11 5. 1 152.8 -1 913 2 992 4 905 1.109 4 14 64 0 .901 0 .068 29 
140 -207 .7 2 786.44 27 .50 120.2 148.9 - 1 180 2 834 4 014 1 .231 3 8.578 0 .812 0 116 57 
150 -189 .7 4219.17 41 .64 126.4 143.5 -228.9 2 338 2 566.9 1 .478 3 4 683 0 676 0 213 53 
154. 77 -181.1 5 080.44 50.14 134.9 134.9 1 123 1 123 0 2.344 4 2 .344 4 0.426 54 0 426 54 
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Table 3. THERMODYNAMIC PROPERTIES OF SUPERHEATED OXYGEN, H, ENTHALPY, J/ 
mol (8); S, ENTROPY, J/(mol • °K) (9); V, SPECIFIC VOLUME, dm3 /kg (6) 

Pressure 
kPa atm 180 210 240 270 300 330 360 

H 5 211 0 6 089.0 6 966.6 7 845.5 8 726.7 9 612.0 10 503 
101 325 S 190.263 194.774 198.680 202.130 205.224 208.037 210.621 

V 459.6 537.1 614.6 691 .6 768.6 846.0 923.4 --------------- ------------
H 5 153.0 6 044.2 6 930.9 7 816.2 8 702.9 9 592.0 10 486 

405.300 4 S 178.519 183.099 187 .045 190.521 193.634 196.460 199.053 
V 113.5 133.2 152.9 172.4 191.9 211.3 230.6 

---
5 093 5 5 998.8 6 895.0 7 787.1 8 678 8 9 572.3 10 470 
173.642 178.295 182.282 185.785 188.916 191.755 194.358 709.275 

H 
7 S 

V 6398 75.54 86.93 98.22 109.4 120.6 131 .7 ------------- ----------
1 013.250 10 

4 053 000 40 

7 092 750 70 

10 132.500 100 

Temperature, °K 
500 550 

H 5 032 9 
S 170.446 
V 44 18 

H 4 326.6 
S 156.122 
V 9.381 

H 3 384 0 
S 147 492 
V 4.244 

H 
s 
V 

600 

5 952 9 6 858.7 7 758.1 8 654.9 9 552 .3 10 453 
175.175 179.206 182.737 185.886 188.737 191.350 
52.46 60.56 68.55 76.47 84 .35 92.18 

5 464.4 6 475.1 7 463.0 8 414.7 9 354 .9 10 288 
161 .977 166.530 170.361 173. 705 176.689 179.399 
12.05 14.41 16.64 18.80 20.90 22 97 

4928.4 6107.2 7170.1 8180.7 9161.9 10129 
155.424 160.686 164.860 168.406 171.526 174.331 
6.287 7 .863 9.266 10.59 11 .86 13.10 

4 351 .5 5 737.0 6 893.0 7 960.4 8 980.2 9 979 5 
150.352 156.538 161 .086 164.827 168.078 170.968 
4.04 7 5.305 6.363 7.340 8.270 9 .170 

650 700 750 800 900 1 000 

400 

11 702 
213 .778 
1 026 

11 688 
202 219 
256.4 

11 675 
197.532 
159.1 

11 662 
194.533 
102.6 

11 533 
182.676 
25.68 

11 408 
177. 700 
14.7 1 

11 290 
174.442 
10.34 

1 500 

450 

13 220 
217.354 
1 155 

13 210 
205.802 
288.7 

13 200 
201.125 
165.0 

13 190 
198.133 
115.6 

13 096 
186 356 
29.04 

13 002 
181 .456 
16.69 

12 916 
178.250 
11 . 76 

2 000 

14763 16331 17924 19540 21180 22839 24517 27924 3 1 387 49290 67881 
220.604 223.593 226.364 228.953 231.380 233.671 235.837 239.848 243.497 257.992 268.679 
1 282 1 410 1 538 1 667 1 795 1 923 2 053 2 309 2 564 3 846 5 128 

14 755 16 325 17 920 19 538 21 179 22 839 24 519 27 926 31 390 49 297 67 888 
209.058 212.050 214.825 217.416 219.845 222.138 224.304 228.31 7 231.967 246.465 257.152 
320.8 353.0 385.1 417.2 449.2 481.5 513.6 577.7 641.8 962.5 1 284 

14748 16320 17917 19536 21177 22839 24.519 27928 3 1 394 49303 67896 
204385 207.382 210.159 212.753 215.185 217.477 219.646 223.660 227.311 241 .811 252.500 
183.5 201.9 220.3 238.6 257.0 275 3 293.7 367.1 
-------- --- ----- · 330.3 550.4 733.7 

14 741 16 315 17 913 19 534 2 1 177 22 839 24 521 27 931 31 397 49 309 67 904 
201 .400 204.400 207.181 209.776 212.210 214.504 216.674 220.689 224.342 238.844 249.533 
128.5 141.4 154.3 167.2 180.1 192. 9 205.8 231.5 257.2 385.5 513.6 
1 4 6 7 2 1 6 2 66 1 7 881 -:1:-:9:--5:-1:--:6::----::-2-1_1_7_0 __ 22- 8-43---=2:....::4~5..:..:3:.._3 _ ___:27 956 31 433 4 9 3 7 5 

189.677 192.71 7 195.528 198.145 200.596 202.903 205.084 209.117 212.779 227 .306 67983 
32.36 35.65 38.93 42.19 45.45 48 69 51.93 238.003 

------ · 58.40 64 .86 97.01 129.1 
14 606 15 221 1 7 851 --19_ 5_0_0 __ 21- 1-5-5- 22 8~4-=-8- - 2-=--

4
- _-

5
-
44
--

2
-

7
.:.........:.

9
-=-
83
--

3
=-

1
=

4
~
7

-
2
--

49 4
-
4
-
1
--

5
-
8
-

0
-
5
-
2
-

184.83 1 187.910 190.749 193.388 195.856 1981 77 200.369 
18.63 20.55 22.45 24.34 26.23 . 204 -418 208.091 222.643 233.347 

-~--;::-:~--:-:---:-::---:--- =-__:_ _ __::2:..::8:.:.... 1.:....:0:__~2~9.:..::'.9.':6 __ 33. 68 3 7 .39 55. 81 7 4. 1 6 
14 542 16 175 17 824 19 484 21 163 22 855 24 560 28 010 49 509 
181.677 184.793 187.659 190.320 192.804 195138 197.341 31 510 68142 
13.15 14.52 15.87 17.21 18.54 . 20 1.406 205.090 219.666 230.379 19.86 21. 18 23.80 26.40 39.33 52.18 
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Tempera­
ture, °K 

75 
80 
90 

100 
120 
140 
160 
180 
200 
250 
300 
350 
400 
450 
500 
600 
800 

1 000 

OXYGEN 

Table 4. COMPRESSIBILITY FACTORS, Z - PV / RT, FOR OXYGEN (10) 

100 500 

0.004 3 0 .021 3 
0 .004 1 0 .020 3 
0.003 8 0 .018 8 
0.975 7 0.017 7 
0 .985 5 0.924 6 
0 .991 1 0.953 5 
0.993 9 0.969 7 
0 .996 0 0.979 3 
0.997 0 0 .985 3 
0 .998 7 0.993 8 
0.999 4 0.996 8 
0.999 8 0.999 0 
1 .000 0 1 1 .000 0 
1 .000 2 1 .000 7 
1 .000 2 1 .001 1 
1 .000 3 1 .001 4 
1 . 000 3 1 . 001 4 
1.000 3 1.001 3 

1 000 2 000 

0 .042 5 0 .084 9 
0 .040 6 0 .081 1 
0 .037 6 0 .075 0 
0.035 4 0.070 5 
0 .836 7 0 .066 0 
0 .903 4 0. 785 2 
0 .937 9 0 .868 9 
0.957 9 0.913 4 
0 .970 5 0.939 9 
0 .987 0 0.973 6 
0 .994 1 0.988 4 
0 .997 9 0 .996 1 
1 .000 0 1 .000 0 
1 .001 5 1 .002 4 
1 .002 2 1 .003 8 
1 .002 4 1 .005 2 
1 .002 6 1 .005 5 
1 .002 6 1 .005 3 

4000 

0.169 3 
0 .161 6 
0 .149 4 
0 .140 4 
0.130 2 
0.133 4 
0.699 1 
0 .816 7 
0 .876 8 
0.947 7 
0 .977 1 
0 .991 9 
1 .000 3 
1 .004 8 
1.007 5 
1.010.2 
1.010 9 
1.010 1 

Pressure, kPa 
6 000 8 000 

0.253 3 0 336 8 
0.2418 03214 
0.223 3 0 296 6 
0 .209 6 0 .278 3 
0.193 5 0 .255 8 
0.194 0 0 .252 7 
0.372 5 0 .296 9 
0.769 6 0 .595 4 
0.814 0 0753 4 
0 .923 7 0 903 0 
0 .967 6 0 959 7 
0 .989 0 0.987 0 
1 .001 1 11 .002 4 
1 .007 4 1 010 6 
1.011 5 1.0161 
1 .01 5 3 1 .020 7 
1.0164 1.021 9 
1.014 9 1.019 8 

, o ooo I 20 ooo 30 ooo 40 ooo I so ooo 

0.420 0 I O 830 1 , 1.232 2 1 627 8 1 2.017 5 
0.400 7 0.791 2 1.173 8 1 549 5 1.919 6 
0.369 6 0 .728 1 1 078 0 1 421 1 1 758 0 
0 .346 4 0 679 8 1 1 004 0 1 320 6 1.630 9 
0 .317 3 0 614 8 0 .899 9 1176 2 1.445 6 
0.309 9 0 .581 5 0 .837 4 1.083 2 11.321 4 
0 .337 8 0 .576 6 0.805 8 1 .024 9 , 1 .236 4 
0 510 6 0 .604 3 0.802 5 0 999 0 I 1.188 8 
0 .699 7 0 .672 0 0 .820 4 0 990 7 1 .162 3 
0.8858 08563 0 .9172 1 .0222 1.1431 
0 .9542 0.9560 0 .9972 1 0689 1.1 572 
0.9870 1.0049 10451 11023 1.1 722 
1.0045 1.0305 1.0718 , 1 1227 1.1816 
1 .01 5 2 1 .044 5 1 .085 9 1 133 4 1 .185 9 
1 .020 7 1 .052 3 1 .092 7 1 138 0 1 .186 6 
1 .026 6 1 .058 2 1 .096 1 1 137 4 1 .180 3 
1 .027 1 1 .056 5 1 088 8 11 .123 1 1. 1 58 2 
1 .025 3 1.050 7 1 .078 3 1 107 2 1.136 9 



OXYGEN DIFLUORIDE 
(Synonyms: Difluorine Monoxide; Fluorine Monoxide) 

(Formula: OF2) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of OF2 
Specific Volume @ 21.1 °C, 101.325 kPa 
Boiling Point @ 101 .325 kPa 
Freezing Point in Air @ 101 .325 kPa 
Absolute Density, Gas@ 101.325 kPa@ 25 °C 
Relative Density, Gas @ 101 .325 kPa @ 25 °C (Air = 1) 
Density, Liquid@ -144.9 °C 
Critical Temperature 
Critical Pressure 

Critical Volume 
Critical Density 
Critical Compressibility Factor 
Dipole Moment, Gas 

0.053 996 2 kg 
0.053 996 2 kg 
44 7.0 dm3 /kg; 7.16 ft3 /lb 
128.25 °K; -144.9 °C; -228.8 °F 
49.35 °K; -223.8 °C; -370.8 °F 
2.22 kg/m3 

1.88 
1.521 kg/I 
215.15 °K; -58.0 °C; - 72.4 °F 
4 955 kPa; 49.55 bar; 718.6 psia; 48.9 

atm 
1 .808 dm 3 /kg 
0.553 kg/dm3 

0.270 

Molar Specific Heat, Gas @ 101 .325 kPa @ 25 °C @ Constant 
Pressure 

991 X 10- 33 C.m; 0.297 D 

43.286 J/(mol, °K) 
Solubility In Water@101.325 kPa@ 0 °C 
Trouton Constant 

Description 

At room and atmospheric pressure, oxygen difluoride is a 
colorless toxic gas with a foul odor. It has strong oxidizing 
characteristics, similar to fluorine. It is shipped in steel cylinders 
as a nonliquefied gas. 

Specifications 

Commercially availabe oxygen difluoride has a minimum 
purity of 98.5%. 

Uses 

Oxygen difluoride is of interest as an oxidizing agent, espe­
cially as an ingredient of high energy rocket-propellant sys­
tems. 

Toxicity 

Oxygen difluoride is a highly toxic gas, somewhat more toxic 
than fluorine. The 1979 American Conference of Governmental 
Industrial Hygienists (ACGIH) has recommended a Threshold 
Limit Value of 0.05 ppm (0.1 mg/ m3). Oxygen difluoride is a 
pulmonary irritant and can cause pulmonary edema. Difficulty 
in breathing may not begin until several hours after inhalation 
and may persist for hours. While the odor of oxygen difluoride 
is detectable in low concentrations (0.1-0.5 ppm); this is above 
the Threshold Limit Value and thus odor cannot be relied upon 
as an adequate warning property. 
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6.8 cm3 /100 cm3 water 
20.6 

Precautions in Handling and Storage 

Oxygen difluoride is a powerful oxidizer and should not be 
stored with reducing agents, or other highly oxidizable or 
flammable materials. 

In addition, the general rules listed in Appendix I should be 
observed. 

Leak Detection 

Equipment to contain oxygen difluoride should preferably be 
pretested with a dry, inert gas such as nitrogen. Leaks which 
may develop subsequently may be detected by applying soap 
water solution to the suspected sites (leaks will be evident by 
bubble formation) or by holding moist starch- iodide paper near 
the suspected point. 

Analtyical Procedures 

Oxygen difluoride can be determined by infrared, nuclear 
magnetic resonance, or mass spectroscopy. Purity may be 
determined by vapor pressure measurements. It may also be 
determined by reaction with acidified potassium iodide solution, 
followed by titration of the liberated iodine. 

Materials of Construction 

Oxygen difluoride may be handled in glass, stainless steel, 
copper, monel, or nickel at temperatures up to 200 °C. Only 
nickel and monel are recommended for higher temperatures. 

matheson~ 

However, the process equipment must be scrupulously cleaned 
to remove such contaminants as dirt, moisture, oil, grease, 
slag, and pipe dope and should be passivated with fluorine 
before contact with oxygen difluoride. 

Cylinder and Valve Description 

Oxygen difluoride is shipped in DOT approved steel cylin­
ders. The cylinders have brass valves with the approved stand­
ard Compressed Gas Association (CGA) valve outlet connec­
tion No. 679. The valve outlet has a thread size of 1 .030", with 
left-hand external threads. The mating connection seats on a 
flat washer (see Figure 1 for details). 

OUTLET CONNECTIQI', 

J./VVWV',, 

I 
1 030' 

1 

"'"\'\\V\\,i__i_ 
Co! / LEAD WASHERS 

Fig. 1. CONNECTION 679 1 .030"-14 LH EXT. using Small Flat Seat 
with Washer 

Recommended Controls 

Automatic Pressure Regulators 

Matheson has the following corrosion resistant , single stage 
regulator available for use with oxygen difluoride. 

Model No. 
Delivery Pressure Range 

kPa bar (g) psig 

B15F-679 28-345 0.28-3.45 4-50 

This regulator has a chemically-deposited pure nickel on 
brass body, a chemically-deposited pure nickel on nickel-silver 
alloy diaphragm, an aluminum seat, and internal parts of monel. 
This regulator is supplied with a unique arrangement of alumi­
num-silicon-bronze valves to allow purging the system with 
nitrogen prior to or after use. 

Manual Controls 

Matheson needle valve Model 55F-679 is avai lable for direct 
attachment to the cylinder valve outlet. This needle valve is of 
monel stock, and is equipped with a ¼" tube fitting on the 

outlet. 
It should be used only where manual flow control is needed. 

It should not be used as a pressure control since it will not 
prevent pressure from building up if a system becomes clogged 
or if the system itself is closed. 

Flowmeters 

Matheson monel Mass Flowmeter Model 8116 is recom­
mended as is the Matheson Fluorine Flowmeter Model 7825. 
With Model 7825, however, it should be noted that a gradual 
inevitable etching of the Pyrex flowmeter tube may take place. 

For mass flow control, the Matheson Model 8260 monel 
mass flow Controller is recommended. 
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OXYGEN DIFLUORIDE 

Shipping Regulations 

Oxygen difluoride is classified by the DOT as 'Compressed 
Gases, n.o.s. · · and takes a DOT " Flammable Gas' label. 

Commercial Preparation 

Oxygen difluoride is prepared by passing fluorine into a 
dilute aqueous solution of sodium hydroxide. It has also been 
prepared by electrolysis of 80% aqueous hydrofluoric acid . 

Chemical Properties (2) 

Many common bulk metals react only to a limited extent 
when warmed with oxygen difluoride, because of the formation 
of a passive metal fluoride coating which prevents further 
attack, while finely divided metals may react completely under 
the same conditions. Mixtures of oxygen difluoride with carbon , 
carbon monoxide, methane, hydrogen, or water vapor explode 
when heated or ignited with an electric spark. The nonmetallic 
elements bismuth , silicon, phosphorus, sulfur, selenium, tellur­
ium, arsenic, and antimony react vigorously with oxygen di­
fluoride on slight warming to produce fluorides and oxyfluor­
ides. Solid chlorides form the corresponding f luorides. Oxygen 
difluoride oxidizes aqueous solutions of hydrogen chloride , 
hydrogen bromide, and hydrogen iodide (and their salts) to 
give the free halogens. Oxygen difluoride reacts slowly with 
water or dilute aqueous base at room temperature, but much 
faster at higher temperatures. Nitric oxide and oxygen d1fluor­
ide inflame on contact . Sulfur d ioxide is oxidized to sulfur 
trioxide by oxygen difluoride. Chlorine and bromine reac t with 
oxygen difluoride, when ignited, to form mixtures of oxygen 
and halogen fluorides; iodine reacts slowly with oxygen d1fluor­
ide at room temperature, forming iodine pentafluoride and a 
complex mixture of iodine oxyfluorides. Tetrafluoroethylene 
and oxygen difluoride react spontaneously to form hexafluo­
roethane and carbonyl fluoride. Ethylene and oxygen difluoride 
may react explosively, but under controlled conditions fluoro­
ethane and 1 ,2-difluoroethane can be recovered . Organic 
amines are extensively degraded by oxygen difluoride at room 
temperature, but primary aliphatic amines in a fluorocarbon 
solvent at - 42 °Care smoothly oxidized to the corresponding 
nitroso compounds. 

Thermodynamic and Detailed Physical Data 

Molecular Structure (3) 

Oxygen difluoride is a bent molecule, having C 2v point group 
symmetry and a symmetry number of two. The F- O bond 
distance is 1 .412 A (1 .412 x 10- •0 m), and the F- O- F bond 
angle is 103.17°. 

Infrared Spectrum 

See Figure 2 for the infrared spectrum of gaseous oxygen 
difluoride. 

Vapor Pressure (4) 

The vapor pressure of the liquid oxygen difluoride from 90.35 
°K to 137.55 °K is represented by the following Antoine vapor 

pressure equation : 
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OXYGEN DIFLUORIDE 
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Fig. 2. Infrared spectrum of gaseous oxygen difluoride from 2.5 to 25 µm; cell lengths and pressures are shown in Figure 2; KBr 
optics (5). 

B B 
IOQ1 0P = A - - - or t = ---- - C 

C + t A - loQ,oP 

in which p = mmHg and t = °C, and the constants A, B, and 
C have the values of 6.970 1, 491.73, and 265.2, respectively . 

Some calculated vapor pressure values are shown below. 

Temperature, °K Vapor Pressure 
kPa mbar mmHg 

90.35 1.333 13.3 10 
94.75 2 .666 26.7 20 
99.55 5.333 53.3 40 

102.65 7 .999 80.0 60 
105.05 10.666 107 80 
106.95 13.332 133 100 
113.25 26.664 267 200 
11 7.45 39.997 400 300 
120.55 53.329 533 400 
123.05 66.661 667 500 
125.25 79.993 800 600 
127.15 93.325 933 700 

REFERENCES 

Temperature, °K 
Vapor Pressure 

kPa mbar mmHg 

128.25 1 01 .325 1 0 13.25 760 
128.85 106.658 1 067 800 
130.45 119.990 1 200 900 
131 .85 133.322 1 333 1 000 
134.35 159.986 1 600 1 200 
137.55 199.983 2 000 1 500 

Latent Heat of Vaporization @ 1 108.8 kJ / mol ; 
128.25 °K 265 kcal / mol 

Thermodynamic Properties of Oxygen Difluoride As Ideal 
Gas @ 25 °c (3) 

Heat Capacity, C~ 
Entropy, S0 

Free Energy Function, (F~9a 
H~ga)/298 

Enthalpy Difference, H~9a - H8 
Enthalpy of Formation, .1Hf 
Free Energy of Formation, .1Ff 

43.300 J / (mol- °K) 
24 7 .350 J/ (mol, °K) 

- 247.350 J / (mol ,°K) 

10.895 kJ / mol 
24.518 kJ / mol 
41 . 773 kJ / mol 

1 

For extensive tabulations of the thermodynamics and physical properties of oxygen difluoride, see w. Braker and A. L. Mossman, The Matheson 
Unabridged Gas Data Book , 1975, Matheson, East Rutherford, New Jersey. 
2 

W. B. Fox, and R. 8 . Jackson, in Kirk-Othmer's Encyclopedia of Chemical Technology, 1966, Volume 9, pp. 631 _632
, John Wiley & Sons, Inc., 

New York, New York. 
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3 

JANAF Thermochemical Tables, 2nd edition, 1971, D R Stull and H. Prophet, project directors, Natl . Stand Ref Data Ser , Natl Bur Stand , 
NSRDS-NBS 37, U. S. Government Printing Office, Washington, D. C. 
4 

B. J. Zwolinski , et al., Selected Values of Properties of Chemical Compounds, 1968 Volume 1, Thermodynamics Research Center, Texas A & M 
University, College Station, Texas 
5 

H.J. Bernstein and J Pawling, J Chem Phys 18, 685-689 (1950) 
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OZONE 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of 03 
Boiling Point@ 101.325 kPa 
Freezing Point in Air @ 101 .325 kPa 
Absolute Density, Gas@ 101.325 kPa@ 25 °C 
Relative Density, Gas@ 101.325 kPa@ 25 DC (Air = 1) 
Density, Liquid @ -183 °C 
Critical Temperature 
Critical Pressure 

Critical Volume 
Critical Density 
Critical Compressibility Factor 
Dipole Moment, Gas 
Viscosity, Liquid@ - 183.0 °C 
Thermal Conductivity, Liquid @ -183.0 °C 

Surface Tension@ -183.0 DC 
Solubility In Water@ 101.325 kPa@ 0 °C 
Molar Specific Heat, Liquid @ -183.0 °C 
Dielectric Constant, Liquid @ 90.2 °K 

Description 

Pure ozone is a toxic, bluish, unstable, potentially explosive 
gas or (under refrigeration) dark blue liquid or solid. It has been 
supplied dissolved in chlorotrifluoromethane ("Freon 13 "") in 
stainless steel cylinders. These solutions can be handled safely 
at vapor phase concentrations up to 20% by volume of ozone. 
The cylinder pressure Is 3 275 kPa (4 75 psig) at 20 °C. 

Specifications 

Ozone is supplied dissolved In a " Freon 13®" solvent with 
an initial concentration of 50 dm3 of gaseous ozone (at S.T.P.) 
per liter of solution. The solutions contain trace amounts of 
oxygen, which accumulate slowly with ozone decomposition. 

Uses 

Ozone finds use as an oxidizing agent in organic and inor­
ganic reactions. It is used as a water purification agent, for 
bleaching Teflon, synthetic fibers, waxes, paper, flour, textiles, 
oils, etc., for treatment of industrial wastes, for sterilization of 
air, for deodorization of sewage and stack gases, and for 
preservation of food in cold storage. Ozone has high germicidal 
activity on many bacterial organisms. Algae and certain fungus 
growths not destroyed by chlorine are highly susceptible to 
ozone treatment. 

574 

0.04 7 998 2 kg 
0.04 7 998 2 kg 
161.85 °K; -111.3 °C; -168.3 °F 
80.65 °K; - 192.5 °C; -314.5 °F 
1.964 kg/m3 

1.66 
1.574 kg/I 
261.05 DK; -12.1 °C; 10.2 °F 
5 532 kPa; 55.32 bar; 802.4 psia; 54.6 

atm 
2.292 dm3 /kg 
0.436 kg/dm3 

0.280 
1.835 x 10- 3° C-m; 0 .55 D 
1.57 mPa-s; 1.57 cP 
0.222 2 W/(m-°K) 531.1 X 10 6 cal• 

cm/(s-cm2
• °C) 

38.4 mN/m; 38.4 dyn/cm 
49.4 cm3 /100 cm 3 water 
85.393 J/(mol • DK) 
4.79 

Effects in Man and Toxicity (2) 

Symptoms of acute ozone toxicity appear at a concentration 
of about 1 ppm by volume. The type and severity of symptoms 
depend on the concentration and duration of exposure. In mild 
cases or in the early phases of severe cases, symptoms will 
include one or more of the following: irritation or burning of the 
eyes, nose, or throat; lassitude; frontal headache; sensation of 
substernal pressure, constriction or oppression; acid in mouth; 
and anorexia. 

In more severe cases, there may be present dyspnea, cough, 
choking sensation, tachycardia, vertigo, lowering of blood 
pressure, severe cramping chest pain, and generalized body 
pain. Pulmonary edema may develop; the onset of the edema 
is usually delayed for one or more hours after exposure. 

Following severe acute ozone toxicity, recovery is slow. In 
the few severe human cases reported, 10-14 days of hospi­
talization were required. In these cases, minimal residual symp­
toms were present for as long as 9 months, but all cases 
eventually recovered completely. 

The safe level for short human exposure to concentrations 
of ozone in excess of 0 .1 ppm (the threshold limit value) is not 
known with certainty. Probably 2 ppm is safe for several 
minutes, provided that no respiratory infection is present. The 
atmospheric concentration immediately hazardous to life is 
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likewise not known, but inhalation of 50 ppm for 30 minutes 
would probably be fatal. 

The odor threshold of ozone for the normal person is 0 .01 -
0.01 5 ppm by volume in air. 

The 1979 ACGIH has recommended a Threshold Limit Value 
(TLV) of 0.1 ppm (0.2 mg / m3) for ozone. 

First Aid Treatment (2) 

Remove the victim to an uncontaminated atmosphere. Con­
trol restlessness and pain by the administration of sedatives 
and anodynes orally. Severe cases may require subcutaneous 
injections of small doses of meperidine hydrochloride (Dem­
erol) for relief of pain . Give oxygen inhalation by face mask and 
rebreathing bag if dyspnea (labored breathing) is acute or 
accompanied by cyanosis. Keep victim under observation with 
symptomatic care until the acute symptoms have subsided. 
Severe cases require hospitalization since deferred pulmonary 
edema may develop. 

Precautions in Handling and Storage 

Ozone is supplied dissolved in " Freon-13 ')" which de­
creases the hazards of handling and using the gas. Since 
ozone is a gas which has a tendency to decompose, it is 
essential that the container be stored at low temperatures to 
decrease the amount of decomposition. To effect this low 
temperature storage during delivery the cylinder is packed with 
dry ice in an insulated container which is capable of maintaining 
low temperatures for approximately 5 days (see Fig . 1 ). 

Upon receipt of the ozone package it is recommended that 
a fresh charge of dry ice be put around the cylinder and the 
unit recharged periodically until the ozone has been expended 
or the experiment completed. The ozone cylinder can also be 
stored in a laboratory deep freeze or dry ice chest. 

(NOTE: Permitting the ozone to warm up unnecessarily is not 
a hazard, but will only result in a more rapid decomposition of 
the ozone, with the half-life being about 3 days. See Table I.) 

Temperature 

20 °C 
-15 °C 
-25 °C 
-50 °C 

Using Ozone 

Table I 

Approximate Half-Life of Ozone 

3 days 
8 days 

18 days 
3 months 

Ozone can be removed from the cylinder either in the vap?r 
phase or in the liquid phase. Although ozone is more readily 
withdrawn as a vapor several disadvantages are apparent. 
Initially the concentration of ozone which should be about 15 
mole % will be diluted by the presence of oxygen from decom­
posed ozone. There will be a gradual diminish!ng of ozone 
concentration as the ozone is withdrawn. To utIlIze gaseous 
ozone it is suggested that the cylinder be removed from the 
dry ice storage and the control regulator or valve attached to 
the cylinder valve outlet. The gaseous product may be with-
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Figure 1 Figure 2 

OZONE 

JR 

drawn as needed with the cylinder in the normal upright posItIon 
(see Fig. 2). To maintain the ozone concentration remaining in 
the cylinder it is necessary to return the cylinder to refrigerated 
storage. 

If it is necessary to maintain a relatively constant ozone vapor 
phase concentration (about 8 mole % ) throughout the run, the 
cylinder should be inverted so that the valve outlet Is on the 
bottom and a vaporizing coil and regulator attached to the 
valve outlet (see Fig. 3). The cylinder valve may now be opened 
and the regulator adjusted to discharge ozone into the system 
as required. When the run is completed return the cylinder to 
refrigerated storage. 

Ozone may also be used dissolved in the liquid Freon- 13 " 
carrier, by simply withdrawing the chilled material from an 
inverted cylinder into a chilled receiver (see Fig . 4) Use a 

OZONE 

"' 

Figure 3 
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Figure 4 

needle valve for controlled withdrawal. Return the cylinder to 
refrigerated storage when the run Is completed . 

Equipment should be passivated with ozone before use to 
improve the stability characteristics of the ozone 

Warning 

Ozone is a very strong oxidant and particular precautions 
should be taken to prevent contact with grease, 011 or other 
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OZONE 

combustible materials. All equipment should be cleaned for 
oxygen service. It is recommended that ozone be handled in a 
hood to prevent it from getting into the surrounding atmosphere 
in case of leaks. 

Low concentrations of ozone may be readily destroyed by 
passing through a bed of granulated charcoal or by reaction 
with potassium iodide solution. High concentrations of ozone 
can be neutralized by passing through a bed of molecular 
sieves. 

Leak Detection 

Systems to contain ozone should be pretested for leaks with 
an inert gas. Subsequent leaks which develop can be detected 
with filter paper dipped in 4% aqueous potassium iodide and 
dried. When this paper is exposed to ozone a brown color will 
develop. Potassium iodide-impregnated litmus paper can also 
be used. The paper will turn blue on exposure to ozone. 

Materials of Construction 

The preferred materials of construction are: glass, stainless 
steel, Teflon, Kel-F, viton or hypalon, aluminum, tygon, polyvi­
nyl chloride and polyethylene. The use of copper and copper 
alloys should be avoided because these materials act as a 
catalyst to promote decomposition. Rubber or any composition 
thereof is unsuitable. Extreme precaution should be taken to 
avoid contact with oil, grease or other readily combustible 
substances. 

Cylinder and Valve Description 

Ozone is supplied in stainless steel cylinders equipped with 
a valve outlet designated as Compressed Gas Association 
(CGA) No. 660 shown in Figure 5. 

OUTLET CONNECTION 

-..I I 1 -' I I..A,_ I 
1030' 

1J 

Fig. 5. CONNECTION 660 1 .030"-14 RH EXT using Flat Seat with 
Washer 

Safety Devices 

Cylinders of ozone contain no safety devices. They should 
not be stored near radiators or other sources of heat. 

Recommended Controls 

Automatic Pressure Regulator 

An automatic, stainless steel, pressure regulator with a stain­
less steel diaphragm is recommended for use when handling 
gaseous mixtures of ozone. Matheson Model 3500-660 regu­
lator is recommended for this service. 
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Manual Controls 

Matheson valve Model 61 A-660 is recommended for manual 
control of either gaseous or liquid ozone. This control must be 
specially c1eaned for ozone service. 

Shipping Regulations 

Ozone is shipped in stainless steel cylinders as a non-flam­
mable compressed gas, taking a DOT "Green Label." 

Chemical Preparation 

Ozone can be prepared by passing oxygen through an 
electric discharge or exposing it to ultraviolet radiation. Ozone 
is also produced in certain reactions where molecular oxygen 
is formed, e.g., the action of fluorine on water or the electrolysis 
of concentrated H2S04 at high current densities. 

Chemical Properties 

Ozone is second only to fluorine in its oxidizing power. It 
oxidizes most inorganic compounds to their final oxidative 
state. For example, ferrous, manganous, and chromous ions 
are oxidized quantitatively to their respective highest states of 
oxidation. The addition of ozone to an ethylenic double bond 
followed by decomposition of the resulting ozonide has long 
been recognized as the most reliable laboratory procedure for 
oxidative cleavage, permitting location of the double bond. As 
a method of cleavage, the above ozonolysis has the important 
advantage in that it permits isolation of the primary cleavage 
products, since the oxidant (ozone) can be removed before the 
ozonide is cleaved. 

Ozonolysis has been extensively used in the laboratory for 
structural analysis and has also found commercial application 
for the production of aldehydes and acids. The application of 
this method has been limited to some extent by the fact that 
many ozonides are explosive. Explosions can usually be 
avoided by working at low temperatures (in solvents such as 
chlorofluoromethane or ethanes, ethyl acetate, carbon tetra­
chloride, or ethyl chloride) and by carrying out the ozonide 
formation and decomposition in solution, without attempting to 
isolate the ozonide itself. 

In the past few years, commercial processes for the synthesis 
of cortisone and other hormones have utilized ozonolysis to 
effect degradation of an olefinic side chain. Ozone is also being 
used commercially for the oxidation of oleic acid to azelaic and 
perlargonic acids. 

Thermodynamic and Detailed Physical Data 

Molecular Structure 

Ozone is a bent molecule, with C2 v point group symmetry 
and a symmetry number of two (3). The 0-0 bond distance is 
1.278 A (1.278 x 10-10 m) and the 0-0-0 bond angle is 
116.8° (4) . These parameters suggest a structure which in­
volves resonance among the following forms (4): 

.. 
o+ :o : :o: /' "" ~ -/ " ~+ / "" -~-/ "+ :0: :O:- :0: :0: :0: :0: :0: :0: 
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Infrared Spectrum 

See Figure 6 for the far infrared spectrum of gaseous ozone. 

80 70 65 60 55 

Fig. 6. Far infrared spectrum of gaseous ozone: 9-cm cell 
with 1-mm crystal quartz windows; starting cell pressure 67.55 
kPa (506. 7 mmHg). The center curve gives the background for 
the ozone run directly below. The upper curve, illustrating 
strong water absorption, is included for comparison (6). 

Vapor Pressure (5) 

The vapor pressure of liquid ozone between 117.15 °Kand 
173.1 5 °K is represented by the following Antoine vapor equa­
tion: 

B B 
log10p = A - --Ori=---- - C 

C + I A - log,oP 

in which p = mmHg and t = °C, nnd the constants A, B, and 
C have the values of 6.837, 552.5, and 251 .0, respectively. 

Some calculated vapor pressure values are shown below. 

REFERENCES 

OZONE 

Temperature, °K Vapor Pressure 
kPa 

117.15 1.333 
122.15 2.666 
128.15 5 .333 
131 15 7.999 
134.15 10.666 
136.15 13.332 
144.15 26 664 
149.15 39 997 
152.65 53.329 
155.65 66 .661 
158.25 79.993 
160.55 93.325 
161.85 101.325 
162.55 106.658 
164.45 119.990 
166 15 133.322 
169.15 159 986 
173 15 199 983 

Latent Heat of Vaporization, AHv 

Temperature, °K 

90 15 
161 .85 

mbar mmHg 

13.3 
26.7 
53 .3 
80.0 

107 
133 
267 
400 
533 
667 
800 
933 

1 013 25 
1 067 
1 200 
1 333 
1 600 
2 000 

AHv, kJ / mol 

15 272 
14.196 

10 
20 
40 
60 
80 

100 
200 
300 
400 
500 
600 
700 
760 
800 
900 

1 000 
1 200 
1 500 

Thermodynamic Properties of Ozone As Ideal Gas @ 25 °C 
(3) 

Heat Capacity, C~ 
Entropy, S0 

Free Energy Function, (F~9a -
H~ga)/298 

Enthalpy Difference, H~9a - Hg 
Enthalpy of Formation, AHf 
Free Energy of Formation, Afr 

39.238 J / (mol • °K) 
238.823 J / (mol, °K) 

- 238.823 J/ (mol, °K) 

1 0 351 kJ / mol 
142 674 kJ / mol 
163 163 kJ / mol 

1 For extensive tabulations of the thermodynamic and physical properties of ozone, see W Braker and A. L. Mossman, The Matheson Unabridged 

Gas Data Book, 1975 , Matheson, East Rutherford, New Jersey. 
2 w. Braker, A. L. Mossman, and D. Siegel, Effects of Exposure to Toxic Gases-First Aid and Medical Treatment. 2nd edition. 1977, pp. 128-

132, Matheson, Lyndhurst, New Jersey. 
3 JANAF Thermochemical Tables , 2nd edition, 1971, D. R. Stull and H Prophet, project directors. Natl Stand Ref Data Ser, Nall Bur Stand ., 

NSRDS-NBS 37, U. S. Government Printing Office, Washington, D. C 
• J. J . Lagowski, Modern Inorganic Chemistry, 1973, pp. 460-462, Marcel Dekker, Inc , New York, New York 
5 B. J. Zwolinski, et al. , Selected Values of Properties of Chemical Compounds, 1968, Volume 1, Thermodynamics Research Center, Texas 

A & M University, College Station, Texas. 
6 A. Danti and R. C. Lord, J. Chem. Phys 30, 131 0-1313 (1959). 
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PERCHLORYL FLUORIDE 
(Formula: CI03F) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of CIO3 F 
Specific Volume @ 21.1 °C, 101 .325 kPa 
Vapor Pressure @ 20 °C 

Boiling Point @ 1 01 .325 kPa 
Melting Point 
Absolute Density, Gas@ 101.325 kPa@ 25 °C 
Relative Density, Gas @ 101 .325 kPa @ 25 °C (Air = 1) 
Density, Liquid @ Saturation Pressure @ 25 °C 
Critical Temperature 
Critical Pressure 

Critical Volume 
Critical Density 
Critical Compressibility Factor 
Latent Heat of Fusion @ - 14 7. 7 °C 
Dipole Moment, Gas 
Molar Specific Heat, Gas @ 1 01 .325 kPa @ 25 °C 

@ Constant Pressure 
@ Constant Volume 

Specific Heat Ratio, Gas@ 101 .325 kPa@ 25 °C, Cp/ Cv 
Molar Specific Heat, Liquid @ - 14 7. 7 °C 
Viscosity, Gas@101 .325 kPa@ 25 °C 
Viscosity, Liquid@ -46. 7 °C 
Surface Tension@ -46. 7 °C 
Solubility In Water @ 101 .325 kPa @ 25 °C 

Description 

At room temperature and atmospheric pressure, perchloryl 
fluoride is a colorless, nonflammable, toxic gas, with a char­
acteristic sweet odor. It is a compound of high thermal stability, 
low reactivity (at room temperature), and high oxidizing poten­
tial. It is shipped in cylinders as a liquefied gas under its own 
vapor pressure of 960 kPa (1 39 psig) at 20 °c. 

Specifications 

Perchloryl fluoride has a minimum purity of 98.5 mole%. 

Uses 

The major use of perchloryl fluoride is in blends with halogen 
fluorides as a liquid oxidizer for rocket engines. It is also used 
for the selective fluorination of steroids. 

Effects In Man and Toxicity (2) 

Perchloryl fluoride is a toxic gas. The 1 979 ACGIH has 
recommended a Threshold Limit Value (TLV) of 3 ppm (14 mg / 
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0.102 45 kg 
0 .102 45 kg 
237.2 dm3 / kg; 3.8 ft3 / lb 
1 062 kPa; 10.62 bar; 154.1 psia; 10.49 

atm 
226.48 °K; -46.7 °C; -52.0 ° F 
125.45 °K; -147.7 ° C; -233.9 °F 
4.315 kg/ m3 

3.64 
1.412 kg/ I 
368.35 °K; 95.2 °C; 203.4 ° F 
5 370 kPa; 53.7 bar; 778.9 psia; 53.0 

atm 
1.570 dm3 / kg 
0 .637 kg / dm3 

0 .282 
3 .834 kJ / mol ; 916.3 cal/mol 
76.7 X 10- 33 C-m; 0.023 D 

64.898 J / (mol • °K) 
57 .944 J/ (mol- °K) 
1 .12 
87 .873 J / (mol- °K) 
0 .014 89 mPa-s; 0 .014 89 cP 
0.145 mPa-s; 0.145 cP 
20.7 mN / m; 20.7 dyn/cm 
0.000 6 kg / I of solution 

m3
) for perchloryl fluoride (concentration in air to which nearly 

all workers may be exposed, day after day, without adverse 
affects). Moderate to high concentrations of the vapor cause 
respiratory irritation and methemoglobinemia and possibly cy­
anosis. It is absorbed through the skin, and liquid contact may 
cause frostbite. Repeated long-term exposure to low concen­
trations of perchloryl fluoride may cause fluorosis or fluoride 
deposition in bones and teeth . Its odor can be detected in 
concentrations as low as 1 0 ppm but this cannot be relied 
upon as an indication of toxic concentrations in the air. 

First Aid Suggestions 

The procedures outlined for exposure to fluorine should be 
followed. 

Precautions in Handling and Storage 

Preparations involving perchloryl fluoride should be con­
du_cted in a wel l-ventilated hood behind adequate safety 
shields. Equipment design should be such that control of the 
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re_action can be_ maintained without removing safety shields. 
Mixtures with ox1dizable substances, if ignited by spark fl . . , ame. 
suff1c1ent heat, or sometimes by impact, can cause serious 
explosions. Handling precautions for perchloryl fluoride are 
similar to those for liquid and gaseous oxygen. Liquid per­
chloryl fluoride must never be permitted to accumulate In the 
presence of any readily oxidizable materials such as organic 
compounds. Neither liquid nor gaseous perchloryl fluoride 
should be permitted to come into contact with ox1d1zable ma­
terials of high specific surface area such as carbon, charcoal, 
sawdust, cloth, paper, etc., since spontaneous Ignit1on may 
occur even at low temperatures. If access is necessary to areas 
contaminated by high concentrations of perchloryl fluoride 
vapor, only self-contained breathing apparatus must be used. 
Gas masks which might contain activated carbon should not 
be used since the carbon may ignite spontaneously In atmo­
spheres containing high concentrations of perchloryl fluoride 
vapor. Before isolating and handling perchloryl derivatives, 
both organic and inorganic, extreme caution should be exer­
cised until the shock and heat sensitivity of the compound has 
been thoroughly characterized. 

In addition, the general rules listed in Appendix I should be 
observed. 

Leak Detection 

Lines and equipment to contain perchloryl fluoride should be 
pretested for leaks with a dry inert gas such as nitrogen. Leaks 
can be detected by painting the suspected sites with soapy 
water; leaks will be indicated by bubble formation . 

Analytical Detection 

Perchloryl fluoride in the atmosphere may be determined 
quantitatively by absorbing a known volume of the atmosphere 
in a 2% solution of potassium hydroxide in 98% ethanol. It is 
rapidly and completely hydrolyzed, precipitating potassium 
perchlorate. 

Disposal of Leaking Cylinders 

Should it become necessary to dispose of leaking cylinders 
containing perchloryl fluoride, the following procedure may be 
used. Put on self-contained breathing equipment. Remove 
cylinder to a well-ventilated hood. Attach appropriate regulator 
and check valve. Introduce the gas at a moderate rate into an 
adequate amount of a 20% solution of potassium hydroxide in 
90% ethanol. 

Materials of Construction 

Dry perchloryl fluoride does not attack glass or the maJority 
of metals at ordinary temperatures. Many gasketing materials 
are embrittled by long contact with the gas; however, Teflon 
and Kel-F are unaffected . At high temperatures, most organic 
materials and some metals can be ignited in perchloryl fluoride. 
Under very severe shock, some metals, e.g ., titanium, show 
deflagration in contact with perchloryl fluoride. 

Cylinder and Valve Description 

Cylinders of perchloryl fluoride are equipped with brass 
valves with Compressed Gas Association (CGA) outlet connec­
tion No. 670. The valve outlet is 1 .030" in diameter with left-
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PERCHLORYL FLUORIDE 

CONNECTION 670 1.030"-14 LH EXT. using Flat Seat with Washer 

CONNECTION 

7 
I 030 .. 

_l 
Fi oure 1 

hand external threads (see Figure 1 for an Illustration). Lecture 
bottles have a special 5/i s"-32 threads per inch, female outlet 

Recommended Controls 

Automatic Pressure Regulators 

Matheson has the following corrosion resistant, single stage 
regulators available for use with perchloryl fluoride. 

Model No. 
Delivery Pressure Range 

kPa bar (g) psig 

815A-670 
816A-670 

28-345 
345-4 480 

0.28- 3.45 
3.45-44.8 

4-50 
50-650 

These regulators have chemically-deposited pure nickel on 
brass bodies, chemically-deposited pure nickel on nickel-silver 
alloy diaphragms, Kel-F seats, and internal parts and outlet 
needle valves of monel. Both regulators have 1,." NPT male 
outlet connections. A monel check valve (Model 402V) is 
recommended for use with these regulators to prevent suck­
back of foreign materials into the regulator. 

Manual Controls 

Matheson needle valve Model 55-670 Is available for direct 
attachment to the cylinder valve outlet. These needle valves 
are of monel bar stock, and may be equipped with a variety of 
outlets ( 1,4" tube fitting, 114" NPT male or female pipe, or hose 
connections). 

They should be used where manual flow control is needed 
and should not be used as a pressure control since they will 
not prevent pressure from building up If a system becomes 
clogged or if the system itself is closed . A Model 60L monel 
needle valve Is available for use with lecture bottles. 

Flowmeters 

Matheson Senes 7600 laboratory monel flowmeter units with 
1 50 mm tubes and floats are recommended for use where 
definite flow rates must be known. 

Monel electronic mass flowmeters, such as Matheson Series 
No. 8116 and No. 8160, should be used where accurate 
readings are required. Calibration is unaffected by temperature 
and pressure changes, and flow rates may be recorded from 
the instrument's electrical output. 

Electronic Mass Flow Controllers 

The Matheson Series 8260 of monel Is designed to control 
the flow of gas regardless of pressure and temperature 
changes. These mass flow controllers consist of a transducer, 
a control valve, a blind controller / power supply, a potentiom­
eter, and a d1g1tal 1nd1cator. The transducer senses the gas 
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PERCHLORYL FLUORIDE 

flow and sends a signal to the power supply. This signal and 
one from the potentiometer are compared. If there is an imbal­
ance, the power supply generates a signal for the control valve 
to reduce or increase the flow to correct the imbalance. The 

accuracy is ± 1 .2%. 

Shipping Regulations 

Perchloryl fluoride is class1f1ed by the DOT as a nonflamma­
ble compressed gas and is shipped under the required ''Green 

Label'. 

Chemical Preparation 

Several methods have been used to prepare perchloryl flu­

oride. 
1. Electrolysis of a solution of sodium perchlorate 1n anhy­

drous hydrogen fluoride. 
2. Reaction of potassium chlorate with fluorine. 
3. Reaction of potassium perchlorate with antimony penta­

fluoride. 
4 Heating a solution of potassium perchlorate in fluorosul­

fonic acid. 

Chemical Properties 

Perchloryl fluoride has high thermal stability, measurable 
decomposition rates being found above about 4 70 °C. Per­
chloryl fluoride 1s very resistant to hydrolysis. Hardly any re­
action with water occurs even at 300 °C under pressure, and 
10% alkali hydroxide solutions effect only a slow reation. 
Perchloryl fluoride is hydrolyzed quantitatively by concentrated 
aqueous alkali hydroxide solutions under pressure at 300 °C. 
Alcoholic solutions of alkali hydroxides rapidly and completely 

hydrolyze perchloryl fluoride. Perchloryl fluoride rs unreactive 
at room temperature with a considerable number of chemicals 
such as nitric oxide, hydrogen sulfide, vinylidene chloride, 
phosphorus trichloride, sulfur dichloride, and hydrocarbons, 

but at 100-300 °C these chemicals react explosively with 
perchloryl fluoride. Perchloryl fluoride reacts with aromatic 
compounds in the presence of Friedel-Crafts catalysts to give 
compounds containing the perchloryl radical, - CI03. Finally, 
perchloryl fluoride specifically fluorinates steroids to give fluo­

rine-containing steroids. 

Thermodynamic and Detailed Physical Data 

Molecular Structure (3) 

Perchloryl fluoride has C3v point group symmetry and a 
symmetry number of three. The bond distances and angles are 
as follows: F-CI 1.63 A (1 .63 x 1 0 10 m); 0-CI 1 .46 A (1.46 
x 10-10 m); F-Cl-0 95.17 °; O-Cl-0 119.2 ° . 

Infrared Spectrum 

See Figure 2 for the infrared spectrum of gaseous perchloryl 

fluoride. 

Vapor Pressure (4) 

The vapor pressure of liquid perchloryl fluoride from 163.55 
°K to 242.13 °K is represented by the following Antoine vapor 
pressure equation: 

B 
10910 p = A - -- or 

C + t 
B 

t=-----C 
A - 10910 p 

Wavelength in µm 

4.0 4.5 50 5.5 60 6.5 7.0 75 8.0 
100 

w . ' ' . 
~ 80 . ' . ' . ' 
ct .. 
~ 60 ,: 

P=690mmHg-,. 
,: 

2 40 CI03F en 

I 20 
10cm cell 

... No Cl prir.m 
0 

2500 2300 2100 1900 1700 1500 1400 1300 
WAVE NUMBER IN CM-I 

Wavelength in µm 
10.5 11.0 11.5 12.0 12.5 13 14 15 16 

Fig. 2. 
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,~~ P= l 5nmHg 
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- P=790mmHg 

I0.0 

1000 
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in which P = mmHg and t = °C, and the constants A s d 
Ch 

. , an 
. ave the values of 6.889 58, 789.768, and 243.70, respec­

tively. 

Some calulated vapor pressures are shown below a II . . , s we 
as some add1tronal values at higher temperatures. 

Temperature, °K Vapor Pressure 
kPa mbar mmHg 

163.55 1.333 13.3 10 
170.77 2.666 26.7 20 
178.81 5 .333 53.3 40 
183.96 7.999 80.0 60 
187.83 10.666 107 80 
190.97 13.332 133 100 
201.57 26.664 267 200 
208.44 39.997 400 300 
213.65 53.329 533 400 
217.91 66.661 667 500 
221.54 79.993 800 600 
224.72 93.325 933 700 
226.46 101.325 1 013.25 760 
227.56 106.658 1 067 800 
230.14 119.990 1 200 900 
232.50 133.322 1 333 1 000 
236.72 159.986 1 600 1 200 
242.13 199.983 2 000 1 500 
273.15 579.229 5 792 4 345 (5) 

REFERENCES 

PERCHLORYL FLUORIDE 

Temperature, K Vapor Pressure 
kPa mbar mmHg 

298.15 
327.59 

1213477 12 135 9 102 (5) 
18 359 (5) 2 447.639 24 476 

See Figure 3 for vapor pressure curve. 

Latent Heat of Vaporization, .1Hv 

Temperature, °K 

175.13 
200.15 
226.48 

Hv, kJ/mol 

21 732 
20.620 
19.326 

Thermodynamic Properties of Perchloryl Fluoride As Ideal 
Gas @ 25 °C (3) 

Heat Capacity, c~ 
Entropy, S0 

Free Energy Function (F~98 -

H~ee)/298 
Enthalpy Difference, H~98 - Hg 
Enthalpy of Formation, .1Hf 
Free Energy of Formation, .1Ff 

64.923 J / (mol, K) 
278.876 J/ (mol- K) 

-278.876 J/ (mol- K) 

13.297 kJ / mol 
- 21 422 kJ / mol 

50 585 kJ / mol 

' For extensive tabulations of the thermodynamic and physical properties of perchloryl fluoride, see W Braker and A. M Mossman. The Matheson 

Unabridged Gas Data Book , 1975, Matheson, East Rutherford, New Jersey . 
2 W. Braker. A. L. Mossman, and D. Siegel, Effects of Exposure to Toxic Gases-First Aid and Medical Treatment, 2nd ed1t1on, 19 77, pp. 132-

134, Matheson, Lyndhurst, New Jersey. 
3 JANAF Thermochemical Tables , 2nd edition, 1971. D. R. Stull and H Prophet, project directors, Natl Stand Ref Data Ser , Natl . Bur. Stand , 

NSRDS-NBS 37, U.S. Government Printing Office, Washington. D C 
4 B. J. Zwolinski, et al , Selected Values of Properties of Chemical Compounds. 1968, Volume 1, Thermodynamics Research Center, Texas 

A & M University, College Station, Texas. 
5 R. L. Jarry and J. J. Fritz, Chem. Eng. Data Ser. 3, 34 (1958). 
6 D. R. Lide, Jr., and D. E. Mann, J. Chem. Phys. 25, pp. 1128-1131 (1956) 
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PERFLUOROBUTANE 
(Synonyms: Perfluoro-n-butane; Decafluorobutane) 

(Formula: C4F10) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of C4F10 
Specific Volume @ 21.1 °C, 101 .325 kPa 
Vapor Pressure @ 31 . 7 °C 
Boiling Point @ 1 01 .325 kPa 
Freezing Point 
Absolute Density, Gas@ 101.325 kPa@ 25 °C 
Relative Density, Gas@ 101.325 kPa@ 25 °C (Air = 1) 
Density, Liquid @ Saturation Pressure @ 20 °C 
Critical Temperature 
Critical Pressure 

Critical Volume 
Critical Density 
Critical Compressibility Factor 
Viscosity, Gas @ 101 .325 kPa @ 25 °C 

Description 

Perfluorobutane is a colorless, nontoxic, nonflammable gas. 
It is shipped in steel cylinders as a liquefied gas under tis own 
vapor pressure of 230 kPa (33.3 psig) at 31. 7 °C. 

Specifications 

Perfluorobutane is available with a minimum purity of 99.0 
mole%. 

Uses 

Perfluorobutane is primarily of interest as a dielectric gas. 

Toxicity 

Preliminary toxicological investigation has shown perfluoro­
butane to be nontoxic. 

Precautions in Handling and Storage 

The rules listed in Appendix I should be observed. 

Leak Detection 

Leaks of perfluorobutane in lines and equipment may be 
detected by painting the suspected sites with soap water 
solution; leaks will be indicated by bubble formation 

Disposal of Leaking Cylinders 

See Appendix 11-C for disposal procedure. 

~atheson· 

0.238 028 kg 
0.238 028 kg 
101 .1 dm3 / kg; 1 .62 ft3 lb 
330kPa; 3 .3 bar, 47.9 ps1a, 3.26 atm 
271 .15 °K; -2.0 °C; 28.4 °F 
144.95 °K, -128.2 °C; -198.8 °F 
9 .935 kg / m3 

8.39 
1 .517 kg / I 
386.35 °K; 113 2 °C; 235 8 °F 
2 323 kPa; 23.23 bar: 337.0 ps,a: 22 .93 

atm 
1 .588 dm3 / kg 
0 .630 kg / dm3 

0.273 
0.01 2 89 mPa. s: 0 .01 2 89 cP 

Materials of Construction 

Since perfluorobutane Is a noncorrosive gas, any common 
or commercially available metal may be used. However, piping 
systems or vessels to contain perfluorobutane should be de­
signed to withstand the pressures to be encountered 

Cylinder and Valve Description 

Perfluorobutane is shipped ,n DOT approved steel cylinders 
Cylinders of perfluorobutane are equipped with valves having 
Compressed Gas AssocIatIon (CGA) valve outlet No 668, 
which has a thread size of 1 .030 inches diameter, nght-hand 
external threads, using a washer as a seal (see Figure 1) 
Lecture bottles have a special ~,,s inch-32 threads per inch. 

female outlet. 

OUTLET CONNECTION 

' I 
l 030 103':> - -

1' 

WA SHE R 

Fig. 1. CONNECTION 668 1 030"- 14 RH EXT using Flat Seat with 
Washer 

Safety Devices 

Cylinders of perfluorobutane have safety devices of fusible 
metal plugs, melting at about 73.9 °C (1 65 cF). 
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PERFLUOROBUTANE 

Recommended Controls 

Automatic Pressure Regulators 

Matheson regulator Model 1 P-668 is recommended for use 
with perfluorobutane. This regulator has a brass body, brass 
internal parts, neoprene diaphragm, and a neoprene seat. It 
has a delivery pressure range of 28-240 kPa (4-35 psig). For 
low pressure regulation, Matheson supplies a Model 70 regu­
lator, which 1s constructed of an aluminum body and a Buna N 
diaphragm, and with an oversized, pancake body to allow 
sens1t1ve and accurate low pressure control. Three pressure 
ranges are available. 

Model 
No. 

708-668 

70-668 
70A-668 

Delivery Pressure Range 
kPa mbar (g) psig 

0.5-3.0 5-30 

3.4-34.5 34-345 
34 5-68. 9 345-689 

2-12 inches water col­
umn 

0.5-5.0 psig 
5-10 psig 

Manual Controls 

Manual needle valve Model 50-668 is available for direct 
attachment to the cylinder valve outlet. This valve can be 
equipped with a variety of outlets, such as a hose connection, 
¼ 11 tube fitting, or ¼" NPT male or female pipe. It should not 
be used as a pressure control since it will not prevent pressure 
from building up 1f a system becomes clogged or if the system 
itself is closed. Matheson needle valves Model 30AR and 31 B 
are recommended for use with lecture bottles. 

Flowmeters 

Matheson Series 7600 laboratory brass flowmeter units with 
1 50 mm tubes and floats or Matheson Series 7200 laboratory 
brass flowmeter units with 65 mm tubes with a single float are 
recommended for use where definite flow rates must be known. 

Electronic mass flowmeters, such as Matheson Series No. 
8116 and No. 8160, should be used where accurate readings 
are required. Calibration 1s unaffected by temperature and 
pressure changes, and flow rates may be recorded from the 
instrument's electrical output. 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 stainless steel and 
Series 8260 of type 316 stainless steel or monel are designed 
to control the flow of gas regardless of presure and temperature 
changes. These mass flow controllers consist of a transducer, 
a control valve, a blind controller/power supply, a potentiom-

REFERENCES 

t and a digital indicator. The transducer senses the gas e er, 
flow and sends a signal to the power supply. This signal and 
one from the potentiometer are compared If there is an imbal-

the power supply generates a signal for the control valve ance, . 
to reduce or increase the flow to correct the imbalance. The 
accuracy is ± 1 .2%. 

Shipping Regulations 

Perfluorobutane is classified by the DOT as a nonflammable 
compressed gas and is shipped with the required " Green 

Label". 

Chemical Preparation 

Perfluorobutane is prepared by fluorination of butane with 
cobalt trifluoride at elevated temperatures. 

Chemical Properties 

Perfluorobutane is essentially chemically unreactive. 

Thermodynamic and Detailed Physical Data 

Vapor Pressure (2) 

kPa 

16.617 
25.737 
37.693 
57.654 
93 .827 

330.320 
414.419 
562.354 
732.580 
920.031 

Vapor Pressure 
bar 

0.166 
0.257 
0.377 
0 .577 
0 .938 
3.30 
4.14 
5 .62 
7.33 
9 .20 

atm 

0.164 
0.254 
0.372 
0.569 
0.926 
3.26 
4.09 
5.55 
7.23 
9.08 

Temperature, °K 

233.27 
241.24 
248.83 
257.88 
269.24 
304.88 
312.85 
323.56 
333.62 
343.17 
358.32 
373.41 
383.04 

1 303.040 
1 792.439 
2 178.488 

13.0 
17.9 
21.8 

12.86 
17.69 
21.50 

See Figure 2 for vapor pressure curve. 

Latent Heat of Vaporization, .:1Hv (2) 

Temperature, °K 

233.15 
253.15 
271.15 
273.15 

.:1Hv, kJ / mol 

25.522 
24.058 
22.928 
22.845 

' For extensive tabulations of the thermodynamic and physical properties of perfluorobutane, see w. Braker and A. L. Mossman, The Matheson 
Unabndged Gas Da ta Book, 1975, Matheson. East Rutherford , New Jersey. 
7 

J A. Brown and W H. Mears, J Phys Chem. 62, 960 (1958). 
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PERFLUOR0-2-BUTENE 
(Synonym: Octafluoro-2-butene) 

(Formula: CF3CF:CFCF
3

) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of CF3CF:CFCF3 

Specific Volume @ 21.1 °C, 101.325 kPa 
Vapor Pressure @ 21 .1 °C 
Boiling Point@ 101 .858 kPa 
Melting Point 

Absolute Density, Gas @ 101 .325 kPa @ 25 °C 
Relative Density, Gas@ 101.325 kPa@ 25 °C (Air = 1) 
Density, Liquid @ O 0 c 
Critical Temperature 
Critical Pressure 

Critical Volume 
Critical Density 
Critical Compressibility Factor 
Viscosity, Gas@ 101.325 kPa@ 25 °C 

Description 

At room temperature and atmospheric pressure perfluoro-2-
butene is colorless, nonflammable, relatively nontoxic gas. It is 
shipped in steel cylinders under its own vapor pressure of 1 03 
kPa (15 psig) at 21 .1 °C. 

Perfluoro-2-butene formed by pyrolysis of potassium salt of 
n-perfluoro-valeric acid at 438.15-4 73.1 5 ° K ( 165-200 °C) 
has been shown to consist of nearly equal amounts of cis and 
trans isomers. 

Specifications 

Perfluoro-2-butene has a minimum purity of 97 mole %. This 
1s based on content of the trans isomer. The impurity is about 
2% of the cis isomer. The overall content of perfluoro-2-butene 
is over 99.5 mole %. 

Uses 

Perfluoro-2-butene is used in the formation of copolymers to 
which it has the potential of adding nonflammable and nonox­
id1z1ng characteristics. It is also useful as an intermediate in 
organic synthesis. 

Toxicity 

Until complete toxicity data are available, 1t is recommended 
that perfluoro-2-butene be regarded as a highly toxic gas. 
Recent studies show mild irritation to perfluoro-2-butene in 
laboratory rats exposed to 6100 ppm for 4 hours (approximate 

0.200 031 kg 
0.200 031 kg 
120.5 dm3 / kg ; 1.93 ft3 /lb 
205 kPa; 2. 05 bar; 29. 7 psi a; 2. 02 atm 
274.35 °K; 1.2 °C; 34.2 °F 
137.15-139.15 °K; -136.0to-134.0 

°C; -212.8 to -209.2 °F 
8 .330 kg / m3 

7.03 
1.529 7 kg / I 
371.45 °K; 98.3 °C; 208.9 °F 
2 280 kPa; 22.8 bar; 330. 7 psia; 22.5 

atm 
1 .920 dm3 / kg 
0.521 kg / dm3 

0.283 
0.014 65 mPa,s; 0 .014 65 cP 

lethal concentration). Higher concentrations produced CNS 
signs (decrease in activity and convulsions) (2). The isomeric 
perfluoroisobutene is known to be quite toxic. 

Precautions in Handling and Storage 

The general rules listed in Appendix I should be observed. 

leak Detection 

Leaks of perfluoro-2-butene in lines and equipment may be 
detected by applying soap water solution to the suspected 
sites; leaks will be indicated by bubble formation. 

Disposal of Leaking Cylinders 

See Appendix 11-C for disposal procedure. 

Materials of Construction 

Under anhydrous conditions, perfluoro-2-butene is not cor­
rosive to the common metals of construction. Perfluoro-2-bu­
tene, in contact with water, is hydrolyzed slowly and will create 
corrosive conditions. 

Cylinder and Valve Description 

Perfluoro-2-butene is shipped in DOT approved steel cylin­
ders. Cylinders of perfluoro-2-butene are equipped with valves 
having Compressed Gas Association (CGA) connection No. 
660, which has a thread size of 1 .030 inches diameter, with 

OUTLET 

I 
1 035" 

1" 

J_ 

CONNECTIOf: 

Fig. 1. CONNECTION 660 1.030"-14 RH EXT. using Flat Seat with 
Washer 

right-hand external threads with a flat seat using a washer as 
a seal (see Figure 1 ). Lecture bottles have a special 51,s inch-
32 threads per inch female outlet and a 9/,s-18 threads per inch 
right-hand male dual valve outlet. 

Safety Devices 

Cylinders of perfluoro-2-butene have safety devices of fusi­
ble metal plugs, melting about 73.9 °C (165 °F). 

Recommended Controls 

Automatic Pressure Regulator 

Due to the low vapor pressure of perfluoro-2-butene, satis­
factory pressure regulation can be obtained only with a low 
pressure regulator. Matheson supplies a Model 70 regulator of 
a forged aluminum body and Buna N diaphragm. This regulator 
is constructed with an oversized, pancake body to allow sen­
sitive and accurate low pressure control. The following pres­
sure ranges are available: 

Model Delivery Pressure Range 
No. kPa mbar (g) psig 

708-660 0 .5-3.0 5-30 2-12 inches water col-
umn 

70-660 3.4-34.5 34-345 0 .5-5.0 psig 
70A-660 34.5-68.9 345-689 5-1 O psig 

Manual Controls 

Matheson needle valve Model 50-660, of brass bar stock, is 
available for direct attachment to the cylinder valve outlet. This 
valve may be equipped with a variety of outlets, such as a hose 
connection, ¼" tube fitting, or ¼" NPT male or female pipe. It 
should not be used as a pressure control since it will not 
prevent pressure from building up if a system becomes clogged 
or if the system itself is closed . Manual needle valves, Models 
30AR and 31 B are recommended for use with lecture bottles. 

Flowmeters 

Matheson Series 7600 laboratory brass flowmeter units with 
1 50 mm tubes and floats or Matheson Series 7200 laboratory 
brass flowmeter units with 65 mm tubes with a single float are 
recommended for use where definite flow rates must be ~nown. 

Electronic mass flowmeters, such as Matheson Series . No. 
8116 and No. 8160, should be used where accurate readings 
are required. Calibration is unaffected by temperature and 
pressure changes, and flow rates may be recorded from the 

instrument's electrical output. 

matheson® 

PERFLUORO-~BUTENE 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 stainless steel and 
Series 8260 of type 316 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera­
ture changes. These mass flow controllers consist of a trans­
ducer, a control valve, a blind controller/ power supply, a 
potentiometer, and a d1g1tal 1nd1cator The transducer senses 
the gas flow and sends a signal to the power supply. This 
signal and one from the potentiometer are compared. If there 
is an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 
imbalance. The accuracy is ± 1 2%. 

Shipping Regulations 

Perfluoro-2-butene 1s classified by the DOT as a nonflam­
mable compressed gas and 1s shipped under Green Label ". 

Chemical Preparation 

Perfluoro-2-butene has been obtained by treating chlorotri­
fluoroethylene (CF2:CCIF) to form mainly CF3CCIFCCIFCF fol­
!owed by dechlorination with zinc. 

Chemical Properties 

Perlluoro-2-butene adds chlorine and bromine and with alkali 
alcoholates forms ,8-hydrogen-perfluoroalkyl ethers. For a d1s­
cuss1on of the chemical properties of perfluoro olef1ns see 
References 3 and 4 . 

Thermodynamic and Detailed Physical Data 

Infrared Spectrum (5) 

Perfluoro-2-butene is differentiated from the 1somenc per­
fluoro-1-butene and perfluoro1sobutene in their infrared spectra 
by having a weak C= C absorption band at 1 733 cm 1 (5. 77 
/lm); perfluoro-1-butene shows a strong C---'C absorption band 
at 1 792 cm 1 (5.58 /lm) and perfluoro1sobutene shows a 
strong C=C absorption band at 1 751 cm 1 (5 .71 Jlm). See 
Figure 2 for the infrared spectra of the three compounds 

Vapor Pressure (1) 

Vapor Pressure 
Temperature, °K kPa bar atm 

274.35 101 325 1.013 25 1.00 

290.15 192 518 1.93 1.90 
310.15 396.181 3 .96 3.91 
330.15 773.110 7.73 7.63 

350.15 1 331.410 13 3 13 14 

370.15 2 202.806 22.0 21 74 

See Figure 3 for vapor pressure curve. 

Latent Heat of Vaporization @ 
274.35 °K 

27 .489 kJ / mol: 
6.570 kcal / mol 
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Fig. 2. Infrared spectra of gaseous perfluoro-1-butene (A), perfluoro-2-butene (8), and perfluoroisobu tene (C); 2 .5-cm cell, with 
NaCl prism; cell pressure: 6 .666 kPa (50 mmHg) (5). 

REFERENCES 

' For extensive tabulations of the thermodynamic and physical properties of perfluoro-Q-butene, see W_ Braker, and A. L. Mossman, The Matheson 
Unabridged Gas Data Book, 1975, Matheson, East Rutherford, New Jersey. 

Unpublished DuPont data, Haskell Laboratory, 1975_ 
3 

J H Simons, editor, Fluorine Chemistry, 1950, pp. 4 72-8, Academic Press, Inc., New York , New York. 

'Advances m Fluorme Chemistry, M. Stacey, J. C. Tallow, and A.G. Sharpe, editors, 1965, Vo lume 4, Butterworth, Inc., Washington, D. C. 
5 

T. J. Brice, et al , J Amer Chem Soc. 75, 2698-2702 (1953). 
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PERFLUOROPROPANE 
(Synonym: Octafluoropropane) 

(Formula: CF3CF2CF3 ) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of CF3CF2CF3 
Specific Volume @ 21.1 °C, 101.325 kPa 
Vapor Pressure@ 21 .1 °C 
Boiling Point @ 101 .325 kPa 
Freezing Point 
Absolute Density, Gas@ 101.325 kPa@ 20 °C 
Relative Density, Gas@ 101.325 kPa@ 20 °C 
Density, Liquid @ Saturation Pressure @ 20 °C 
Critical Temperature 
Critical Pressure 

Critical Volume 
Critical Density 
Critical Compressibility Factor 

0.188 020 kg 
0.188 020 kg 
126.1 dm3 /kg; 2.02 ft3 /lb 
792 kPa; 7.92 bar; 114.8 psia; 7.8 atm 
236.45 °K; -36.7 °C; -34.1 °F 

90.15 °K; -183.0 °C; -297.4 ° F 

8.003 5 kg/m3 

6.69 
1.352 kg/I 
345.05 °K; 71 .9 °C; 161 .4 ° F 

2 680 kPa; 26.8 bar; 388. 7 psi a; 26.45 
atm 

1 .590 dm3 / kg 
0 .629 kg/dm3 

0 .279 
Molar Specific Heat.Gas@ 101 .325 kPa@ Constant Pressure, Cp 

Temperature, °C 

10 
50 

Cp, J / (mol • °K) 

145.101 
156.021 

Viscosity, Gas@ 101.325 kPa@ 25 °C 
Thermal Conductivity, Gas@ 101.325 kPa@ 25 °C 

Description 

Perfluoropropane is a colorless, nonflammable gas at room 
temperature and atmospheric pressure. It is nontoxic. It is 
shipped in steel cylinders as a liquefied gas under its own 
vapor pressure of 690 kPa (pg) (100 psig) at 21 .1 °C. 

Specifications 

Perfluoropropane has a minimum purity of 99.0 mole %. 

Uses 

Perfluoropropane is useful for high-voltage insulation and as 
a refrigerant when combined with chlorofluoro hydrocarbons. 

Toxicity (2) 

Preliminary toxicological examination indicates perfluoropro­
pane to be nontoxic. 

Precautions in Handling and Storage 

The general rules listed in Appendix I should be observed. 

590 

0.01 4 54 mPa-s; 0.014 54 cP 
0 .013 81 W /(mol- °K) ; 33.0x 10- 16 cal. 

cm/(s,cm2,°C) 

Leak Detection 

Leaks of perfluoropropane in lines or equipment may be 
detected by painting the suspected sites with soap water 
solution; leaks will be indicated by bubble formation. 

Disposal of Leaking Cylinders 

For disposal procedure see Appendix 11-C. 

Materials of Construction 

Since perfluoropropane is a noncorrosive gas, any common 
or commercially available metal may be used. However, piping 
systems or vessels to contain perfluoropropane should be 
adequately designed to withstand the pressures to be encoun­
tered. 

Cylinder and Valve Description 

Perfluoropropane is shipped in DOT approved steel cylin­
ders. Cylinders of perfluoropropane are equipped with valves 
having Compressed Gas Association (CGA) valve outlet No. 

matheson~ 

OUTLET CONNECTIOf' 

..,,,,,,,..,,.1 

1 030" , .. 

Fig. 1. CONNECTION 660 1.030"-14 AH EXT. using Flat Seat with 
Washer 

660 which has a thread size of 1 .030 inches diameter, right­
hand external threads, with a flat seat using a washer as a seal 
(see Figure 1 ). Lecture bottles have a special 5/ , s inch-32 
threads per inch, female outlet and a 9/ , s inch-18 threads per 
inch, male dual valve outlet. 

Safety Devices 

Cylinders of perfluoropropane have safety devices of fusible 
metal plugs, melting at about 73.9 °C (1 65 °F). 

Recommended Controls 

Automatic Pressure Regulators 

Matheson regulator Model 1 P-660 is recommended for use 
with perfluoropropane. This regulator has a brass body, brass 
internal parts, a diaphragm of neoprene rubber, and a neoprene 
seat. It has a delivery pressure range of 28-240 kPa (4-35 
psig). For low pressure regulation, Matheson supplies a Model 
70 regulator, which is constructed of an aluminum body and a 
Buna N diaphragm, and with an oversized pancake body to 
allow sensitive and accurate low pressure control. Three pres­
sure ranges are available. 

Low Pressure Regulator 

Model Delivery Pressure Range 
No. kPa) mbar (g) psig 

70B-660 0.5-3.0 5-30 2-12 inches water col-
umn 

70-660 3.4-34.5 34-345 0.5-5.0 psig 

70A-660 34.5-68.9 345-689 5-10 psig 

Regulator Model 3321 is recommended for use with lecture 

bottles. 

Manual Controls 

Manual needle valve Model 50-660 is available for direct 
attachment to the cylinder valve outlet. This valve can be 
equipped with a variety of outlets, such as a hose connection, 
¼" tube fitting, or¼" NPT male or female pipe. It should not 
be used as a pressure control since it will not prevent pressure 
from building up if a system becomes clogged or if the system 
itself is closed. Matheson needle valve Model 31 B is recom­
mended for use with lecture bottles. 

Flowmeters 

Matheson Series 7600 laboratory brass flowmeter units with 
1 50 mm tubes and floats or Matheson Series 7200 laboratory 

PERFLUOROPROPANE 

brass flowmeter units with 65 mm tubes with a single float are 
recommended for use where definite flow rates must be known . 

Electronic mass flowmeters , such as Matheson Series No 
8116 and No. 8160, should be used where accurate readings 
are required . Calibration is unaffected by temperature and 
pressure changes, and flow rates may be recorded from the 
instrument's electrical output. 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 stainless steel and 
Series 8260 of type 316 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera­
ture changes. These mass flow controllers consist of a trans­
ducer, a control valve, a blind control ler/ power supply , a 
potentiometer, and a digital indicator. The transducer senses 
the gas flow and sends a signal to the power supply This 
signal and one from the potentiometer are compared If there 
is an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 
imbalance. The accuracy is ± 1 .2%. 

Shipping Regulations 

Perfluoropropane is classified by the DOT as nonflammable 
compressed gas and is shipped with the required " Green 
Label' '. 

Chemical Preparation 

Perfluoropropane has been obtained by a catalyzed reaction 
between fluorine and carbon and by the electrofluonnat1on of 
various organic compounds. 

Chemical Properties 

Perfluoropropane is essentially chemically unreactive. Per­
fluoropropane is thermally stable as shown by the negl1g1ble 
corrosion or decomposition of perfluoropropane in contact with 
glass, silicon steel, mild steel, and silicone-glass laminate over 
a period of 6 months at about 280 °C. 

Thermodynamic and Detailed Physical Data 

Infrared Spectrum 

See Figure 2 for the infrared spectrum of gaseous perfluo­
ropropane. 

Vapor Pressure (3) @ 293.15 
OK 

767.040 kPa (7 570 1 
atm) 

For additional vapor pressure data, see Table 1 and Figure 

3 . 
The experimental data (4) are represented by the following 

equation: 

1 435.89 
log,0 P = 16.995 3 - T 

+ 0.002 824 92T - 4 .882 8 log ,o T 

in which P = atm and T = ° K. 
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Fig. 2. Infrared spectrum of gaseous perfluoropropane; 1 0-cm cell, with NaCl and KBr prisms; cell pressure: curve a: 0 .200 kPa 
(1 .5 mm Hg); curve b : 3 .333 kPa (25 mm Hg); curve c: 13.332 kPa (100 mmHg); curved: 66.661 kPa (500 mmHg)· temperature: 
298.1 5 °K (25.0 °C) (5). ' 

Latent Heat of Vaporization, 
~Hv (3) @ 236.45 °K 

19.619 kJ / mol; 
4 .689 kcal/mol 

For £1Hv values at other temperatures, see Table 1. 

---- - --

REFERENCES 

Thermodynamic Data 

Heat Capacity, Ideal Gas, c~@ 
25 °C 

147.70 J / (mol, ° K) 

For the thermodynamic properties of saturated and super­
heated perfluoropropane, see Tables 1 and 2, respectively. 

' For extensive tabulation:; of the thermodynamic and physical properties of perfluoropro w pane, see Braker and A L Mossman The Matheson 
Unabridged Gas Data Book, 19 75 , Matheson, East Rutherford, New Jersey · · ' 
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Table 1. THERMODYNAMIC PROPERTIES OF SATURATED PERFLUOROPROPANE (3) 

Temperature kPa Pressure Entropy J / (mol, °K) 
1 Latent Specific Volume 

I 
Density kg / dm3 Enthalpy kJ / mol Heat of dm3 kg 

Vapori-
OK OF kPa atm Liquid Vapor Liquid Vapor zation Liquid Vapor Liquid Vapor 

kJ/ kg I 

173.15 -148.0 1.854 0 .018 3 -125.383 -0.000 -21 .711 ' 0 .000 21 711 0 525 4 4 115.8 1.903 0,000 24 
183.15 -130.0 I 4 .266 0 .042 1 -119.665 -1.116 -20.685 1.029 21.714 0.543 1 1 887.1 1 841 0 .000 53 
193.15 -112.0 8.937 0.088 2 - 113.181 -1 .586 -19.470 2.087 21 .557 0.559 7 945.8 1 787 0 .001 06 
203.15 -94.0 17.316 0 .170 9 -105.377 -1 .544 -17.924 3.170 21 .094 0.575 4 510.2 1 738 0 001 96 
213.15 - 76.0 31.360 0.309 5 -97.984 -1 .081 - 16.383 4 .273 20.656 0 590 5 293.1 1.693 0 003 41 

223.15 - 58.0 53.611 0.529 1 -91.208 -0.282 -14.901 5 .389 20.290 0 605 1 177 5 1 653 0 005 63 
233.15 - 40.0 87.200 0 .860 6 - 84.109 +0.783 -13.278 6 516 19.794 0 619 1 112 4 11 614 0 008 90 

243.15 -22 .0 135.826 1.340 5 -77.171 2 .062 -11 .620 7 646 19.266 0 .634 7 78 .89 1 576 0 .012 68 

253.15 - 4 .0 203.704 2.0104 - 70.056 3 .504 -9.847 1 8 .776 18.623 0 .650 7 50 18 1 .537 0 .019 93 

263.15 \ +14.0 295.555 2.916 9 -62.989 5 .067 -8.010 9 .899 17.909 0 .668 2 35 00 1.497 0 .028 57 

273.15 32 .0 416.436 4.109 6 -55.896 6 .714 - 6.092 11 .009 17 101 0 688 2 24 97 1.453 0 .040 05 

283.15 50.0 571 .726 5.642 5 -48.705 8.403 - 4 .073 112.098 16171 107116 1814 1.405 0 .055 13 

293.15 68.0 767.040 7.570 1 -41.421 10.088 - 1.947 13.154 15 101 0.742 5 113.36 1.347 0 .074 85 

303.15 86.0 1 008.093 9 .949 1 -34.005 11 .713 +0.298 14.158 13.860 0 .774 0 9 .924 11.292 0.100 77 

313.15 104.0 1 300.709 12 .837 -26.394 13.189 2 .688 15.083 12 395 0 817 2 7.393 1 224 0 .135 26 

323.15 122.0 1 650.686 16.291 -18.531 14.371 5 .245 15.882 10 637 0 872 6 5.473 1.146 0 .182 72 

333 .15 140.0 2 063.686 20.367 -10.276 14.933 8 .025 16.423 8 .398 0 945 4 3.950 1.058 0 .253 16 

343.15 158.0 2 545.487 25.122 -2.815 13.817 11 .066 16.339 5.273 1.044 ~ \ 2.622 0.957 0 .381 39 

345.05 161.4 \ 2 680.046 26.450 +11 .083 11 .083 14.11 7 14.117 0.000 1 590 3 1.590 3 10.628 8 0 .628 81 
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H 7 788 119 1 51 2 10 540 8 11 .957 5 14.872 o l 17 895 4 21 .025 0
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PHOSGENE 
(Synonyms: Carbonyl Chloride; Carbon Oxychloride) 

(Formula: COCb) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of COCl2 
Specific Volume @ 21.1 °C, 101.325 kPa 
Vapor Pressure @ 21 .1 °C 
Boiling Point @ 101 .325 kPa 
Melting Point 
Absolute Density, Gas @ 101 .325 kPa @ 25 °C 
Relative Density, Gas @ 101 .325 kPa @ 25 °C (Air = 1) 
Density, Liquid @ Saturation Pressure @ 20 °C 
Critical Temperature 
Critical Pressure 

Crit ical Volume 
Critical Density 
Critical Compressibility Factor 
Latent Heat of Fusion @ 145.37 °K 
Dipole Moment, Gas 

0.098 916 4 kg 
0.098 916 4 kg 
243.5 dm3 / kg; 3.9 ft3 / lb 
175 kPa; 1. 75 bar; 25.4 psia; 1 . 73 atm 
280.71 °K; 7.6 °C; 45.6 °F 
145.37 °K; -127.8 °C; -198.0 °F 
4.119kg/ m3 

3 .48 
1.371 4 kg / I 
455.15 °K; 182.0 °C; 359.6 °F 
5 674 kPa; 56.74 bar; 823.0 psia; 56.0 

atm 
1.921 dm3 / kg 
0 .521 kg / dm3 

0.285 
5.738.4 J / mol; 1 371.5 cal / mol 
3 .936 X 10- 3° C.m; 1 .18 D 

Molar Specific Heat, Gas @ 1 01 .325 kPa @ 25 °C @ Constant 
Pressure 

Molar Specific Heat, Liquid @ 270 °K 
Viscosity , Gas @ 101 .325 kPa @ 25 °C 
Thermal Conductivity, Gas @ 101 .325 kPa @ 25 °C 

Surface Tension @ 16.7 °C 

Description 

At ordinary temperatures and pressures, phosgene is a color­
less, nonflammable, highly toxic gas with an odor like that o f 
musty hay. It 1s readily liquefied to a colorless to light yellow 
liquid and is shipped in steel cylinders as a liquefied gas under 
its own vapor pressure of 7 4 kPa (1 0. 7 psig) at 2 1 .1 °c. 

Specifications 

Phosgene has a minimum purity of 99.0%. 

Uses 

Phosgene 1s used in organic synthesis, in the manufacture 
of dyes, pharmaceuticals, herbic ides, insecticides, synthetic 
foams, resins, and po lymers and as a chlorinating agent. 

Effects in Man and Toxicity (2) 

Phosgene 1s a lung irritant and causes severe damage to the 
alveoli of the lungs. This is followed by edema, resulting in 
asphyxiation. Inhalation of the gas produces catching of the 
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57.693 J/ (mol , ° K) 
100.58 J / (mol -° K) 
0.011 57 mPa,s; 0.011 57 cP 
0 .008 7 w / (m. °K); 20.8 x 1 o- 6 cal ­

cm / (s-cm2 • ° C) 
20.1 mN-m; 20.1 dyn/ cm 

breath, choking, immediate coughing, tightness of the chest, 
lacrimation, difficulty and pain in breathing , and cyanosis. 
Serious symptoms may not develop until several hours afte r 
exposure, for the immediate symptoms produced by even a 
fatal dose may be relatively mild since phosgene elicits no 
marked respiratory reflexes; thus, a person who appears to be 
but slightly gassed immediately after exposure may become a 
casualty several hours later. The most pronounced symptoms 
of phosgene poisoning are coughing with b loody sputum and 
weakness which may last for months. 

An atmosphere containing 2 0 ppm by volume may cause 
lung injuries in 2 minutes, even 25 ppm for as little as 30 
minutes is very dangerous, and 90 ppm is rapidly fatal for 
exposures of 30 minutes or less. 

A concentration of 0 .5 ppm by vo lume in air can be recog­
nized by the sense of smell by normal persons acquainted with 
its odor; a concentration of 1 ppm in air is readily noticeable; 
at a concentration of 2 ppm in air, the odor is moderately 
strong. 

The 1979 ACGIH has recommended a Threshold Limit Value 
(TLV) of 0.1 ppm (0.4 mg / m3) for phosgene. 

matheson~ 

First Aid Treatment (2) 

Remove the victim to an uncontaminated atmosphere. Ad­
minister oxygen by mask, if the person is breathing; if breathing 
has ceased, give artificial respiration , preferably with simu lta­
neous administration of oxygen. Observe 24-48 hours for 
premonitory signs of pulmonary edema. Subsequent treatment 
is symptomatic and supportive. 

Alternative Suggestions for Medical Treatment (3) 

Dr. McNally (3) recommends placing the victim in a hospital 
where oxygen inhalations can be given, the oxygen being 
passed th rough ammonium carbonate (2 grams 1 112 ounces of 
water) and introduced by means of two catheters placed in the 
nose. When the lungs are highly edematous or if cyanos1s 1s 
marked, the victim should be given an ampule of Salyrgan dai ly 
and 100 ml of a 50% glucose solution intravenously, or 500 ml 
of blood may be withdrawn. After the first few hours, the 
inhalation of oxygen may be given by the tent method. During 
this time the victim should be kept at absolute rest. The appli­
cation of external heat is important. The irritating cough may 
be lessened by the administration of dilaudid or codeine. Treat 
symptomatically, giving digitalis to strengthen the heart. 

In the May 1 970 issue of Acc ident Case Histories of the 
Chemical Manufacturers ' Association, case No. 1658 is re­
ported. In this case, six persons were accidentally exposed to 
phosgene. Five were treated with hexamethylenetetrami ne 
(methenamine) and urotropine and they recovered. The sixth 
person c laimed he had not smel led phosgene and was not 
given this treatment. Several hours later he died. 

In a special supplement to the May 1 970 issue of Accident 
Case Histories of the Chemical Manufacturers' Associat ion, the 
following first aid procedure is suggested for phosgene expo­
sure: 

( 1 ) Have patient in flat position ... head may be elevated. 
(2) Cover his eyes with a wet towel and have the patient 

inhale an aerosol mist of methylpolysiloxane (XEC 151, Dow 
Corning Corp., Midland, Mich., diluted 1:10 with water) for 1 O 
minutes. 

(3) Wait 1 5 minutes and repeat. This is repeated 4 consec­
utive times, which gives 40 minutes total of s ilicone spray. 

(4) Inhale oxygen, if necessary. 

Precautions in Handling and Storage 

(a) Personnel handling and using phosgene should have 
available for immediate use gas masks of a design approved 
by NIOSH for phosgene service with approved canisters for 
use with phosgene. 

Additional gas masks should be located in convenient places 
near where the phosgene is being used, for use in emergen­

c ies. 
(b) Phosgene should be used only in forced ventilation areas 

or preferably in hoods with forced ventilation . Phosgene emit­
ted from equipment in high concentrations should be dis­
charged into a scrubbing tower containing 5% sodium hydrox­

ide solut ion . 
In addition, the general rules listed in Appendix I should be 

observed. 

PHOSGENE 

Leak Detection (4) 

Leaks of phosgene 1n Imes and equipment may be detected 
by hold ing a bottle of concentrated aqueous ammonia near the 
suspected sites (white fumes will appear) and by the following 
tests: 

(a) Dissolve 0.25 g p-nitroso-m-dimethylam1nophenol (pre­
pared by nitrosatmg m-diethylammophenol) in 50 ml benzene 
(soln. A) ; dissolve 0.20 g m-d1ethylammophenol in 50 ml ben­
zene soln. 8 ). Mix equal parts of solutions A and B and apply 
to a piece of filter paper. Exposure of this paper to phosgene 
changes the color from brown to green The sens1t1v1ty to 
phosgene 1s 0.2 ppm. Solution A 1s somewhat unstable and 
must be renewed every 3 - 4 months. 

(b) Dissolve 5 g of p-dimethylaminobenzaldehyde and 5 g 
of colorless d1phenylamine each in 50 ml carbon tetrachloride 
and mix. Dip filter papers immediately into this solution and 
dry. Store the papers 1n tightly sealed brown bottles. Exposure 
of this paper to O 5 ppm of phosgene produces a light lemon 
yellow color in 4-5 minutes and a dark ye llow in 10-15 
minutes. Higher concentrations produce proportionately 
greater color changes up to a dark orange shade, which occurs 
in about 8 minutes for 2 ppm, and in 15 minutes with 1 ppm. 

Matheson supplies a Toxic Gas Detector System, Model No. 
8014K, for detection of phosgene in air. The Model 146 (0 05-
50 ppm) detector tube contains a chemical reagent which 
absorbs and reacts with phosgene. A co lor stain is produced 
which varies in length according to the concentration being 
measured. The length of the stain is measured against a 
calibration chart which 1s furnished with each detector. 

In the event of a leak around the cylinder valve that cannot 
be stopped, it is recommended that the cylinder cap be affixed 
as tightly as possible, and the cylinders p laced in a well­
ventilated cool spot and the supplier notified at once. Leaks 
appearing around the valve stem can be stopped by tightening 
the packing nut. Turn clockwise as viewed from above 

Materials of Construction 

Phosgene used in anhydrous equipment with anhydrous 
reagents is not corrosive to ordinary metals. In the presence of 
moisture, corrosive conditions will develop rapidly, in which 
case monel, tantalum or glass-lined equipment may be used. 

Piping and vessels to contain phosgene should be ade­
quately designed to withstand the pressures to be encountered. 

Cylinder and Valve Description 

Phosgene is shipped in DOT approved steel cylinders Cyl­
inders are equipped with Compressed Gas Association (CGA) 
No. 660 stainless steel diaphragm valves. The valve outlet has 
a thread size of 1 .030 " in diameter with nght-hand external 
threads, with a connector having a flat seat and washer (see 
Figure 1 for an illustration). 

01 'TLET 

I I ,.,.,._ 

I 
I 030' 

I 

r 
I 

I 035 , · 

Fig.1. CONNECTION 660 1 030"-14 RH EXT. using Flat Seat with 

Washer 
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Safety Devices 

Cylinders of phosgene are not equipped with safety devices. 
They should, therefore, be stored away from sources of heat 
to avoid dangerous hydrostatic pressures from developing 
within the cylinder. 

Recommended Controls 

Manual Controls 

Matheson needle valve Model 55A-660 of monel is recom­
mended for use to remove gaseous or liquid phosgene. 

Flowmeters 

Matheson Series 7600 laboratory stainless steel flowmeter 
units with 150 mm tubes and floats or Matheson Series 7200 
laboratory stainless steel tlowmeter units with 65 mm tubes 
with a single float are recommended for use where definite flow 
rates must be known 

Electronic mass flowmeters, such as Matheson Series No. 
8116 and No. 8160, should be used where accurate readings 
are required. Calibration is unaffected by temperature and 
pressure changes, and flow rates may be recorded from the 
instrument 's electrical output. 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 31 6 stainless steel and 
Series 8260 of type 316 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera­

ture changes. These mass flow controllers consist of a trans­
ducer, a control valve, a blind controller / power supply, a 
potentiometer, and a digital indicator. The transducer senses 

the gas flow and sends a signal to the power supply. This 
signal and one from the potentiometer are compared. If there 
is an imbalance, the power supply generates a signal tor the 

control valve to reduce or increase the flow to correct the 
imbalance The accuracy 1s ± 1 2%. 

Shipping Regulations 

Phosgene is classified by DOT as a · 'Class A ·' poison and is 
shipped under the required " Poison Gas Label. " 

Commercial Preparation 

Phosgene is prepared by passing a mixture of carbon mon­

oxide and chlorine over activated carbon. 

Chemical Properties 

Phosgene is readily hydrolyzed by water to carbonic acid 
and hydrochloric acid and on ammonolysis forms urea. With 
equimolar quantities of amines, phosgene initially forms car­
bamoyl chlorides, which lose hydrogen chloride on heating to 
give isocyanates. With an excess of amine , phosgene forms 
urea derivates. Depending on the reaction conditions and the 
ratio of reactants, alcohols when treated with phosgene yield 
first chloroformates and then carbonates. 

Thermodynamic and Detailed Physical Data 

Molecular Structure (5) 

Phosgene is a planar molecule, with C2v point group sym­
metry and a symmetry number of two. The structural param­
eters are as follows: interatomic distances: C=O 1 .1 66 A 
(1 .166 X 10- 10 m); Cl-O 2.589 A (2 .589 X 10- 10 m); Cl-Cl 
2.884 A (2.884 x 10- 10 m); C-CI 1.746 A (1 .746 x 10- 10 

m); bond angle: 111 .3 °. 

Infrared Spectrum 

See Figure 2 for the infrared spectrum of gaseous phosgene. 

Vapor Pressure 

The vapor pressure from 215.531 °K to 281.153 °K as 
determined experimentally (6) is shown below . 

• ~~f,~~o~~~~-O~""--,.~-__,......•'o()()____,"-'-o.,..l_oo--t-~•200-.-,.~••00 .,._ 1~00 ~oo 

80 1 0~0} 
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µm 

Fig. 2. Infrared spectrum of gaseous phosgene; 10-cm path length cell with NaCl opti·cs· cell A 
94 659 

kP 
(7 o H . · , pressure: curve : . a 

1 mm g), curve B : 10 666 kPa (80 mmHg); curve C: 2.266 kPa (17 mmHg); curve D: 0.133 kPa (l mmHg) (8 ). 
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Temperature, °K Vapor Pressure 
kPa mbar Temperature, K Vapor Pressure 

mmHg 

215.531 3.300 33.0 24.75 
221.459 4.976 49.8 37 .32 
227.367 7.289 72.9 54 .67 
233.793 10. 766 108 80.75 
241.018 1 6 .281 163 122.12 
247.623 23.182 232 1 73.88 
255.372 34.064 341 255.50 
264.063 50.913 509 381 .88 
272.197 72.165 722 541 .28 
277.098 88.002 880 660.07 
281.153 103.074 1 031 773.12 

These data are represented by the following vapor pressure 
equation: 

kPa bar atm 

363 15 1 108 496 11 . 1 10.94 
373.15 1 378 020 13.8 13.6 
383 15 1 692.128 16.9 16.7 
393 15 2 056.898 20.6 20.3 
403 15 2 472.330 24.7 24 4 
413.15 2 948.558 29.5 29 1 
423 15 3 485.580 34.9 34 4 
433 15 4 093.530 40.9 40.4 
443.15 4 762 .275 47.6 47.0 
453 15 5 512 080 55.1 54.4 
455 15 • 5 674 .200· 56.7' 56' 

• Critical Points. 

See Figure 3 for vapor pressure curve. 
1 690.3 

IOQ10P = 9.680 20 - T - 7 .898 

X 1 0 3 T + 5.584 7 X 1 o-6 T2 

in which p = cmHg and T = ° K. 

Vapor pressure values at higher temperatures are shown 
below (7). 

Latent Heat of Vaporization, 11Hv 

Temperature, ° K 

250.15 
280.71 
300.15 

11Hv, kJ / mol 

25.945 
24.401 
23 330 

Temperature, °K Vapor Pressure 
Thermodynamic Properties of Phosgene As Ideal Gas ~1 25 kPa bar atm 
°C (5) 

283.15 109.431 1.09 1.08 
293.15 157.054 1.57 1.55 Heat Capacity, c~ 57 697 J/ (mol- K) 
303.15 219.875 2.20 2.17 Entropy, S0 283 742 J/ (mol- K) 
313.15 300.935 3.01 2.97 Free Energy of Function, (F~98 -283 742 J/ (mol- K) 
323.15 404.287 4 .04 3 .99 - H~ge)/ 298 
333.15 531.956 5.32 5.25 Enthalpy Difference, H~ge - Hg 12 866 kJ / mol 
343.15 690.023 6.90 6.81 Enthalpy of Formation, JiHf -220 078 kJ / mol 
353.15 879.501 8 .80 8 .68 Free Energy of Formation, 11P, -205 941 kJ / mol 

REFERENCES 
1 For extensive tabulations of the thermodynamic and physical properties of phosgene. see W Braker and A. L Mossman, Tho M.1/heson 

Unabndged Gas Data Book. 1975. Matheson. East Rutherford. New Jersey 
2 W. Braker, A. L. Mossman, and D. Siegel, Effects of Exposure to Toxic Gases-First Aid and Medical Treatment, 2nd edition. 7 977, pp 134-

138, Matheson, Lyndhurst, New Jersey. 
3 W. D. McNally, Toxicology, 1937, pp. 419-429, Industrial Med1c1ne, Chicago, lllIno1s 

• M. B. Jacobs, The Analytical Toxicology of Industrial Inorganic Poisons, 1967, pp 649-651, John Wiley & Sons, Inc., New York. New York 
5 JANAF Thermochemical Tables, 2nd edition, 1971 , D R Stull and H Prophet , proJect directors, Nall Stand Rel Data Ser., Natl Bur Stand., 

NSRDS-NBS 37, U. S. Government Printing Office, Washington. D. C 
6 W. F. Giauque and W. M. Jones. J. Amer Chem Soc. 70. 120-124 (1948) 
7 International Critical Tables, Volume 3, p. 237. 
8 R. H. Pierson, A. N. Fletcher, and E. St. Clair Gantz, Anal Chem 28. 1218 (1956) 
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PHOSPHINE 
(Formula: PH3) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 

One Mole of PH3 

Specific Volume @ 21.1 °c, 101.325 kPa 
Vapor Pressure @ 20 °C 

Boiling Point @ 1 01 .325 kPa 
Triple Point 

Absolute Density @ 1 01 .325 kPa @ 25 °C 

Relative Density @ 101 .325 kPa @ 25 ° C (Air = 1) 
Density, Liquid@ Saturation Pressure @ -87.7 ° C 
Critical Temperature 
Critical Pressure 

Critical Volume 
Critical Density 

Critical Compressibility Factor 
Latent Heat of Fusion @ -1 33.8 ° C 
Dipole Moment, Gas 

0.033 997 8 kg 
0.033 997 8 kg 
711.7 dm3 kg; 11 4 ft3 / lb 
4 190 kPa; 41.9 bar, 607.4 psia; 41.3 

atm 

185.415 ° K; -87.7 °C, - 125.9 °F 
139.37 °K; -133 8 °C, -208 8 °F 
1.402 4 kg / m3 

1.184 

0.744 kg / I 
324. 75 °K; 51 .6 °C; 124 9 °F 
6 535 kPa; 65.35 bar; 947 9 psia; 64.5 

atm 
3.324 dm3 / kg 
0.301 kg / dm3 

0.274 
1 .130 kJ /mol; 270 cal/mo! 
1 .935 X 10 3° C-m; 0 .58 D 

Molar Specific Heat, Gas @ 101 .325 kPa @ 25 °C @ Constant 
Pressure 

Viscosity, Gas@101 .325 kPa@ o °C 
Viscosity, Liquid@ - 75.0 °C 

Thermal Conductivity, Gas @ 101.325 kPa @ 25 ° C 

Surface Tension@ -125.0 °C 
Solubility In Water @ 1 01 .325 kPa @ 1 7 °C 
Refractive Index , Gas @ 101 .325 kPa, n0 @ 25 °C 

Description 

At room temperature and atmospheric pressure, phosphine 
is a colorless, flammable, highly toxic gas with an odor of 
decaying fish . It is shipped as a liquefied gas in steel cylinders 
under its own vapor pressure of 4 086 kPa (592 psig) at 21 .1 
oc. 

Specifications 

Matheson supplies an Electronic Grade phosphine with a 
minimum purity of 99.999% (excluding hydrogen). 

Effects in Man and Toxicity (2) 

The symptoms exhibited by phosphine poisoning are faint­
ness, weakness, apathy, nausea, vomiting, dyspnea, fall in 
blood pressure, change in pulse rate, diarrhea, intense thirst, 
oppressed feeling in the chest, convulsions, paralysis, coma. 

A concentration of 2000 ppm is lethal to man in a few 
minutes. Concentrations of 400-600 ppm are dangerous to life 

37 .126 J / (mol- °K) 
0.010 0 mPa-s; 0 .010 0 c P 
0 .180 mPa-s; 0.180 cP 
0.016 3 W /(m- ° K); 39 0 x 10 6 cal-

cm/(s-cm2 • °C) 
25.5 mN/m; 25.5 dyn / cm 
26 cm3 / 100 ml water 
1.000 800 

after exposures for 30-60 minutes. The maximum concentra­
tion tolerated for exposures of 60 minutes is in the range 100-
190 ppm. The maximum concentration that can be tolerated 
without symptoms for several hours is 7 ppm. The minimum 
warning concentration is 1 4-2.8 ppm 

In low concentrations, phosphine does not appear to be a 
hemolytic agent, but 11 may cause hyperemia, especially in the 
lungs, kidneys, and brain. Chronic phosphorus poisoning may 
result from the decompos1t1on of phosphine in the body 

The 1979 ACGIH has recommended a Threshold L1m1t Value 
(TLV) of 0.3 ppm (0.4 mg / m3) for phosphine. 

First Aid Treatment (2) 

Remove the victim promptly to an uncontaminated atmo­
sphere. Keep the victim warm (not hot) and quiet Administer 
pure oxygen. If breathing 1s weak and has stopped, give 
artificial respiration with simultaneous admin1strat1on of oxy­

gen 
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Suggestions for Medical Treatment 

Use intermittent positive pressure oxygen for pulmonary 
edema. If muscle spasm or muscle tremor is present, use 
barbiturates to prevent convulsions. Treat anemia, if severe, by 
transfusion . Treatment otherwise is symptomatic and suppor­
tive. 

Precautions in Handling and Storage 

Phosphine Is hazardous because of its high toxicity and 
flammability. Phosphine should be used in a well-ventilated 
area, preferably in a hood with forced ventilation. Personnel 
handling and using phosphine should have available for im­
mediate use, oxygen generating gas masks of a type approved 
by NIOSH, or self-contained breathing apparatus. Additional 
gas masks should be located in convenient areas near where 
the phosphine is being used, in case of emergency. Do not 
store reserve stocks of phosphine with cylinders containing 
oxygen or other highly oxidizing or flammable materials. 
Ground all lines and equipment used with phosphine. 

In addition, the general rules listed in Appendix I should be 
observed. 

Leak Detection 

Never use a flame to detect phosphine leaks. Soapy water, 
painted over the suspected area, will indicate leaks by the 
formation of bubbles. It is preferable that the system be pre­
tested for leaks with nitrogen. 

Analytical Detection 

Several methods are described for the detection and deter­
mination of phosphine. It may be detected by the brown to 
black color produced by phosphine on filter paper wetted with 
silver nitrate solution. It may be estimated by trapping the gas 
in bromine water or sodium hydrochlorite solution, and, after 
elimination of the bromine, determination of the phosphate 
present. It may be determined rapidly in gases by use of the 
reaction PH3 + 3HgCl2 -+ P(HgClh + 3HCI, the quantity of 
acid being proportional to the volume of phosphine present. 2 

Matheson supplies an Arsine/ Phosphine Monitor Model 
8040 for parts-per-billion detection of phosphine in air at the 
TL V (300 ppb). The Model 8040 Monitor utilizes a chemically­
treated tape located between a light source and a photo cell. 
Ambient air is continuously drawn across the tape by an integral 
low pressure vacuum pump. Phosphine darkens the tape, 
changing the photocell output. When the tape darkens to a 
preset level, the built-in alarm sounds continuously until the 
monitor Is reset. 

Matheson also supplies a Toxic Gas Detector Model 8014K 
for detection of high range (Model 121 SC: 50-700 ppm) and 
low range (Model 121 SD: 0 .25-10 ppm) concentrations, 
respectively, of phosphine. The detector tube contains a chem­
ical reagent which absorbs and reacts with phosphine. A color 
stain is produced which varies in length with the concentration 

being measured. The phosphine concentration is then read 
directly off the scale on the detector tube. 

Disposal of Leaking Cylinders 

Don appropriate gas mask and remove cylinder to a hood. 
Attach appropriate regulator or needle valve having a long 
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flexible hose to the cylinder valve outlet. Introduce the gas at 
a moderate rate into an excess of sodium or calcium hypochlo­
rite solution. The phosphine is oxidized to phosphate. The 
soluUon is sent to the plant disposal unit for disposal. Tag the 
cyli1ider as defective and return the cylinder to the supplier 
according to the supplier 's instructions. 

Materials of Construction 

Piping and accessories leading to equipment for the thermal 
decomposition of phosphine may be of iron or steel construc­
tion and should be adequately designed to withstand pressures 
to be encountered. 

Cylinder and Valve Description 

Pure phosphine is shipped in DOT approved cylinders. The 
cylinder valve outlet is a Compressed Gas Association (CGA) 
660 which is 1.03011 right-hand external thread sealing on a 
flat seat by the use of a gasket. Figure 1 shows the standard 
valve outlet and mating connection. Cylinders containing do­
pant mixtures of phosphine in UHP background gas are sup­
plied with CGA No. 350 cylinder valve outlet. 

OUl LET CONNECTl0~1 

I 
1 030" I 035" 

1" 1" 

Fig. 1 CONNECTION 660 1.030"-14 RH EXT. using Flat Seat with 
Washer 

Safety Devices 

Cylinders containing phosphine are not equipped with safety 
devices. They should, therefore, be stored away from sources 
of heat to avoid the development of dangerous pressures within 
the cylinder. 

Recommended Controls 

Automatic Pressure Regulators 

Matheson supplies single stage regulator Model 3502-660 
for use with phosphine. Matheson also supplies a two stage 
regulator, Model 3800-660, for use with phosphine. 

The Model 3502 regulator has a type 31 6 stainless steel 
body, stainless steel diaphragm, internal parts of stainless 
steel, a Tefzel seat, Teflon gaskets, and a diaphragm packless 
outlet valve (Model 437 4) with ¼ 11 Gyrolok tube fitting. It has 
a delivery pressure range of 0-170 kPa (0-25 psig). 

The Model 3800 regulator has a type 316 stainless steel 
body and diaphragm, a Tefzel seat, Kel-F and Teflon gaskets, 
and a diaphragm packless outlet valve (Model 437 4) with ¼ 11 

Gyrolok tube fitting . It has a delivery pressure range of 28-620 
kPa (4-90 psig). 

Both regulators can be supplied with a helium leak rate 
certification . 

Regulator Model 3503-350 is recommended for use with 
phosphine gas mixtures, which are supplied in cylinders with 
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CGA valve outlet connection No. 350. The regulator has a 
stainless steel diaphragm and a delivery pressure range of 0-
25 psig. 

Manual controls should be used only where manual flow 
control is needed and should not be used as pressure controls 
since they will not prevent pressure from building up 1f a system 
becomes clogged or if a system itself Is closed. 

Flowmeters 

Matheson Series 7600 laboratory stainless steel flowmeter 
units with 1 50 mm tubes and floats or Matheson Series 7200 
laboratory stainless steel flowmeter units with 65 mm tubes 
with a single float are recommended for use where definite flow 
rates must be known. 

Electric mass flowmeters, such as Matheson Series No. 
8116 and No. 8160, should be used where accurate readings 
are required. Calibration is unaffected by temperature and 
pressure changes, and flow rates may be recorded from the 
instrument's electrical output. 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 stainless steel and 
Series 8260 of type 316 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera­
ture changes. These mass flow controllers consist of a trans­
ducer, a control valve, a blind controller/power supply, a 
potentiometer, and a digital indicator. The transducer senses 
the gas flow and sends a signal to the power supply. This 
signal and one from the potentiometer are compared. If there 
is an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 
imbalance. The accuracy is ± 1 .2%. 

Shipping Regulations 

Phosphine is classified by the DOT as a " Class A" poison 
and flammable gas. It is shipped under required " Poison Gas 
Label " and " Red Gas Label. " 

Chemical Preparation 

Phosphine is prepared by hydrolysis of phosphides. by the 
reaction of white phosphorous with alkali, by disproportionation 
of phosphorous or hypophosphorous acid, or by direct com­
bination of the elements under pressure. 

Chemical Properties 

Phosphine is a much weaker base than ammonia. It forms 
phosphonium halides with the appropriate hydrogen halide. 
Phosphine is a stronger reducing agent than ammonia. It burns 
readily in air and , with OX'.:gen , it explodes. Phosphine begins 
to decompose into its elements at about 375 °C. It reacts 
spontaneously with chlorine. 

Thermodynamic and Detailed Physical Data 

Molecular Structure 

Phosphine is a pyramidal molecule, having C3, point group 
symmetry and a symmetry number of three (3). The P- H bond 
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distance is 1.420 02 ± 0.000 06 A (1 420 02 ± 0.000 06 x 
10 '

0 
m), and the H- P- H bond angle is 93.345 4 ± O 004 3° 

(4 ). 

Infrared Spectrum 

See Figure 2 for the infrared spectrum of gaseous phosphine 

Vapor Pressure (5) 

The vapor pressure of liquid phosphine from 136 30 K to 
199.46 °K Is represented by the following Antoine vapor pres­
sure equation 

B 
log,op = A - -- or 

C + t 

B 
I =----- C 

A - log,op 

in which p = mmHg and t = °C, and the constants A, 8 , and 
C have the values of 6 715 59, 645 512, and 256 066. re­
spectively. 

Some calculated values are shown below. 

Temperature, °K Vapor Pressure 
kPa mbar mmHg 

136.30 2 666 26.7 20 
143.32 5.333 53.3 40 
147.82 7.999 80.0 60 
1 51. 22 10 666 107 80 
153.97 13 332 133 100 
163.307 26.664 267 200 
169.382 39.997 400 300 
174.008 53 329 533 400 
177.794 66.661 667 500 
181 026 79.993 800 600 
183.862 93.325 933 700 
185.415 101 .325 013 25 760 
186.399 106.658 1 067 800 
188.70 119.990 1 200 900 
190.81 133.322 1 333 1 000 
194 .60 159.986 1 600 1 200 
199.46 199.983 2 000 1 500 

See Figure 3 for vapor pressure curve 

Latent Heat of Vaporization, dHv 

Temperature, °K 

173.15 
185.415 
198.15 

4HV, kJ/mol 

16 643 
14 598 
14 225 

Thermodynamic Properties of Phosphine As Ideal Gas 0 25 
°C (3) 

Heat Capacity, C~ 
Entropy, S0 

Free Energy Function, (F~9e -
H~9e)/298 

Enthalpy Difference, H~9e - Hg 
Enthalpy of Formation, dH? 
Free Energy of Formation, dP,' 

37 104 J/(mol . ' K) 
210 196 J / (mol- K) 

-210 196 J /(mol- °K) 

10 138 kJ/mol 
22 886 kJ /mol 
25 409 kJ/mol 
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Fig. 2. Infrared spectrum of gaseous phosphine in the region 880-1 240 cm- 1 . Three sets of measurements were made on each 
of the numbers above the absorption lines shown on Figure 2, which were tabulated, analyzed, and discussed (6) . 
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PHOSPHORUS PENT AFLUORIDE 
(Formula: PF5) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of PF5 

Specific Volume @ 21 .1 °C, 101 .325 kPa 
Vapor Pressure @ 21 .1 °C 

Boiling Point @ 101 .325 kPa 
Freezing Point 
Absolute Density, Gas @ 101 .325 kPa @ 20 °c 
Relative Density, Gas @ 101 .325 kPa @ 20 °C (Air = 1) 
Density, Liquid @ Saturation Pressure@ -84.5 °C 
Critical Temperature 
Critical Pressure 

Critical Volume 
Critical Density 
Critical Compressibility Factor 
Latent Heat of Fusion@ -93.8 °C 
Dipole Moment, Gas 

0.125 966 kg 
0 .125 966 kg 
193.5 dm3 / kg; 3.1 ft3 / lb 
2 860 kPa; 28. 6 bar, 414. 7 ps1a; 28 2 

atm 
188.65 °K; -84.5 °C; -120 1 °F 
179.35 °K; -93.8 °C; -136 8 °F 
5.372 kg/m3 

4.46 
1.636 kg /I 
292.10 °K; 19.0 °C: 66.1 °F 
3 394 kPa; 33.94 bar; 492.3 psia; 33.5 

atm 
1.604 dm3 / kg 
0.624 kg / dm3 

0 .282 
12.104 kJ / mol; 96.1 kJ / kg 
OC-m 

Molar Specific Heat, Gas @ 101 .325 kPa @ 25 °C @ Constant 

Pressure 
Refractive Index, Gas @ 101 .325 kPa, no @ 25 °C 
Trouton Constant 
Dielectric Constant, Gas 

Description 

At room temperature and atmospheric pressure, phosphorus 
pentafluoride is a colorless, strongly fuming gas with an irr itat­
ing odor. It is shipped as a liquified gas in size ?X cylinders at 
a pressure of 2 760 kPa (400 psig) at 21 .1 ° C, and in size 4X 
cylinders at the same pressure. It is hydrolyzed by water 
yielding phosphoric acid with oxyfluorophosphates as inter­

mediates depending on the pH. 

Effects in Man and Toxicity 

Since phosphorus pentafluoride is a gas which is readily 
hydrolyzed by moisture, the effects produced and its toxicity 
would be similar to those described in this Data Book under 

hydrogen fluoride. 

First Aid Suggestions 

The first aid procedures to be followed are similar to those 
described under hydrogen fluoride in this Data Book. 

Precautions in Handling and Storage 

Phosphorus pentafluoride should be handled in a well-ven­
tilated area, preferably a hood with forced ventilation. Workers 
who handle the gas should wear a NIOSH-approved gas mask 
for acid gases or one with an independent oxygen or air supply . 

83 .958 J / (mol -°K) 
1.000 587 8 
21.79 
1.002 063 

Additional self-contained breathing equipment should be lo­
cated in areas not likely to be contaminated, for use in emer­
gencies. Workers who handle the gas should be provided with 
a full face mask and / or chemical safety goggles and neoprene 
rubber gloves. Adequate emergency showers and eye-wash 
fountains should be located in convenient areas Introduction 
of phosphorus pentafluoride below the surface of a liquid 
(water, alcohols, ethers, and other compounds) may create a 
hazard owing to the poss1b1lity of suckback into the cylinder 
This should be guarded against by the use of traps or check 
valves. Equipment used for phosphorus pentafluoride should 
not be used with other gases, particularly oxygen, since the 
gas may have oil vapors which will coat out on equipment and 
may cause fires when combined with oxygen under pressure 

In addition, the general rules listed 1n Appendix I should be 

observed. 

Leak Detection 

Equipment to contain phosphorus pentafluoride should be 
pretested for leaks with dry air Small leaks of phosphorus 
pentafluonde may be detected with a flash or squeeze bottle of 
aqueous ammonia (formation of dense white fumes) 

Cylinder valve leaks can usually be corrected by tightening 
the valve packing nut (turn clockwise as viewed from above) 
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PHOSPHORUS PENTAFLUORIDE 

Disposal of Leaking Cylinders 

Leaking cylinders of phosphorus pentafluoride which cannot 
be readily corrected may be disposed of by the procedure 
described in Appendix I-D 

Materials of Construction 

Materials of construction recommended for the handling of 
dry phosphorus pentafluoride are steel, nickel, monel, and the 
more noble metals Pyrex glass is also suitable up to about 250 
°C for the dry gas Saran, hard rubber and paraffin wax are 
recommended for handling moist gas. 

Cylinder and Valve Description 

Phosphorus pentafluoride Is shipped In DOT approved, high 
pressure steel cylinders. Cylinders are equipped with Com­
pressed Gas Association (CGA) connection No. 330. This 
cylinder valve outlet has a thread size of 0.825 inch diameter, 
with left-hand external threads, with a flat seal, using a washer 
to seal (see Figure 1 ). 

r 
825 6JO• 

IJ,lb 1J 16 

I 

Fig. 1. CONNECTION 330 .825"-14 LH EXT. used with Flat Seat and 
Washer 

Safety Devices 

Cylinders of phosphorus pentafluoriqe are equipped with 
safety devices which consist of platinum-plated frangible discs 
(bursting at about 22 750 kPa (3 000 psig)) backed up with 
fusible metal plugs, melting at 71 .1 °C (160 °F). 

Recommended Controls 

Automatic Pressure Regulators 

Matheson has the following corrosion resistant, single stage 
regulators available for use with phosphorus pentafluoride. 

Delivery Pressure Range 
Model No. 

kPa bar (g) psig 

B15A-330 28-345 
816A-330 345- 4 480 

0 .28-3.45 
3.45- 44.8 

4-50 
50-650 

These regulators have chemically deposited pure nickel on 
brass bodies, chemically deposited pure nickel on nickel-silver 
alloy diaphragms, Kel-F seats, and internal parts and outlet 
needle valves of monel. A monel check valve (Model 402V) is 
recommended for use with these regulators to prevent suck­
back of foreign materials into the regulators. 

Manual Controls 

Matheson needle valve Model 55-330 is available for direct 
attachment to the cylinder valve outlet These needle valves 
are of monel bar stock. and may be equipped with a variety of 
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outlets (114 
11 tube fitting or ¼ 11 NPT male or female pipe), but 

are usually supplied with hose connections. 
They should be used only where manual flow control is 

needed and should not be used as a pressure control since 
they will not prevent pressure from building up if a system 
becomes clogged or if the system itself is closed. 

A Model 60L needle valve is available for lecture bottles. 

Flowmeters 

Matheson Series 7600 laboratory monel flowmeter units with 
1 50 mm tubes and floats are recommended for use where 

definite flow rates must be known. 
Monel electronic mass flowmeters, such as Matheson Series 

No. 8116 and No. 8160, should be used where accurate 
readings are required. Calibration is unaffected by temperature 
and pressure changes, and flow rates may be recorded from 
the instrument's electrical output. 

Electronic Mass Flow Controllers 

The Matheson Series 8260 of monel is designed to control 
the flow of gas regardless of pressure and temperature 
changes. These mass flow controllers consist of a transducer, 
a control valve, a blind controller / power supply, a potentiom­
eter, and a digital indicator. The transducer senses the gas 
flow and sends a signal to the power supply. This signal and 
one from the potentiometer are compared . If there is an imbal­
ance, the power supply generates a signal for the control valve 
to reduce or increase the flow to correct the imbalance. The 
accuracy is ± 1.2%. 

Shipping Regulations 

Phosphorus pentafluoride is classified by the DOT as a 
nonflammable compressed gas and is shipped under the re­
quired " Green Label ". 

Chemical Preparation 

Phosphorus pentafluoride has been prepared by several 
methods: 

1 . By the reaction of phosphorus pentachloride with arsenic 
trifluoride (violent reaction) . 

2. By add1t1on of fluorine to phosphorus trifluoride; and 
3 . By heating phosphorus trifluoride with ch lorine and bro­

mine in a mole ratio of 5 :3 at temperatures of at least 250 °C. 
4 . By the reaction of calcium fluoride with phosphorus pen­

toxide. 
5. By the reaction of arsenic trifluoride with phosphorus 

pentachloride. 

Chemical Properties 

Phosphorus pentafluoride is thermally stable, as indicated 
by its low rate of decomposition in an electric spark. Phospho­
rus pentafluoride does not attack dry glass even at 250 °C. 
Slight traces of moisture hydrolyze phosphorus pentafluoride 
to phosphorus oxyfluoride and hydrogen fluoride. With more 
water, phosphorus pentafluoride ultimately yields phosphoric 
acid . Phosphorus pentafluoride is a somewhat milder Lewis 
acid than boron trifluoride. Phosphorus pentafluoride exhibits 
the same general acceptor properties as boron trifluoride, but 

matheson· 

the complexes formed with nitrogen and oxygen bases are 
much less stable than the analogous boron trifluoride com­
plexes. Phosphorus pentafluoride does not react with hydro­
gen, oxygen, phosphorus, sulfur or iodine. Active metals re­
duce phosphorus pentafluoride to phosphorus trifluoride and 
phosphorus at elevated temperatures. 

Thermodynamic and Detailed Physical Data 

Molecular Structure (2) 

Phosphorus pentafluonde has a trigonal b1pyram1dal struc­
ture. It has 0 3h point group symmetry and a symmetry number 
of six. The structural parameters are as follows: bond dis­
tances: P-Feq (eq = equatorial) 1 534 A (1 .534 x 10 10 m); 
P-Fa, (ax = axial) 1.577 A. (1.577 x 10- 10 m); bond angles: 
Feq-P-Feq 120°; Feq-P-Fa, 74.3° . 

Infrared Spectrum 

See Figure 2 for the infrared spectrum of the l'J band and 
Figure 3 for the infrared spectrum of 1•• and 1•s bands 

... 
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F. 2 Infrared band (946.6 cm 1
) due to the v3 vibrational 19. . 

mode of gaseous phosphorus fluoride; 10-cm path length cell, 
with AgCI windows; cell pressure: 0.267 kPa (2 mmHg) (4) 
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PHOSPHORUS PENT AFLUORIDE 

Vapor Pressure (3) 

The vapor pressure of liquid phosphorus pentafluoride be­
tween 17 4.05 K and 199.46 K Is represented by the follow­
ing Antoine vapor pressure equation. 

B B 
1091 p = A - --ort =----- C 

C + t A - log1cP 

In which p = mmHg and t = C, and the constants A. B, and 
C have the values of 6 .914 4 . 64 7 21 , and 245.0, respectively 

Some calculated values are shown below. 

Temperature, °K 
Vapor Pressure 

kPa 

174 05 39 .997 
178 65 53 329 
181 65 66 661 
184 65 79 .993 
187 15 93.325 

188 65 101 325 
189 45 106 658 
191 55 119.990 

193 45 133.322 

196.95 159.986 
201 25 199.983 

Latent Heat of Vaporization @. 
188.65 °K 

mbar mmHg 

400 300 
533 400 
667 500 
800 600 
933 700 

1 013.25 760 
1 067 800 
1 200 900 
1 333 1 000 
1 600 1 200 
2 000 1 500 

17 .196 kJ / mol, 
4.110 kcal / mol 

Thermodynamic Properties of Phosphorus Pentafluonde As 
Ideal Gas @ 25 °C (2) 

Heat Capacity, C~ 
Entropy, S0 

Free Energy Function, (F~ss -

H~sa)/ 298 
Enthalpy Difference, H~9a - Hg 
Enthalpy of Formation, AHf 
Free Energy of Formation, AFf 1 

84.835 J / (mol, °K) 
300.696 J / (mol- °K) 

- 300.696 J / (mol- °K) 

16.527 kJ / mol 
- 1 576 950 kJ / mol 
- 1 508 713 kJ / mol 
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Fig. 3. Infrared band (575.1 cm- 1
) due to the v4 vibrational mode and infrared band (532.5 cm -

1
) due to the vs vibrational mode 

of gaseous phosphorus pentafluoride; 10-cm path length cell, with Ag Cl windows; cell pressure: 0.400 kPa (3 mm Hg) (4). 

REFERENCES 
' For extensive tabulations of the thermodynamic and physical properties of phosphorus pentafluoride, see W. Braker and A. L. Mossman, The 

Matheson Unabridged Gas Data Book, 1975, Matheson, East Rutherford, New Jersey. 
2 JANAF Thermochemical Tables, 2nd edition, 1971, D. R. Stull and H. Prophet, project directors, Natl. Stand . Ref. Data Ser., Natl. Bur. Stand. 

NSRD-NBS 37, U. S. Government Printing Office, Washington, D. C. 
3 B. J. Zwolinski, et al. , Selected Values of Properties of Chemical Compounds, 1968, Volume 1, Thermodynamcis Research Center, Texas 

A & M University, College Station, Texas. 

• L C. Hoskins and R. C. Lord . J. Chem. Phys. 46, 2402-2412 (1967). 
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PHOSPHORUS TRIFLUORIDE 
(Synonym: Phosphorus (Ill) Fluoride) 

(Formula: PFJ) 

PHYSICAL PROPERTIES (1) 

Molar Mass 

Molecular Weight 
One Mole of PF3 

Specific Volume @ 21 .1 °C, 101.325 kPa 
Vapor Pressure@ 21 .1 ° C 

Boiling Point @ 101 .325 kPa 
Melting Point 

Absolute Density, Gas@ 101.325 kPa@ 25 ° C 
Relative Density, Gas @ 101 .325 kPa @ 25 ° c (Air = 1) 

Density, Liquid @ Saturation Pressure@ 171 .95 °K 
Critical Temperature 

Critical Pressure 

Critical Volume 

Critical Density 
Critical Compressibility Factor 
Dipole Moment, Gas 

0 .087 969 kg 
0 .087 969 kg 

27 4 . 7 dm3 / kg; 4.4 ft3 / lb 
6 838 kPa; 68.38 bar; 991 . 7 psIa; 67 48 

atm 

171 .95 °K; -101.2 ° C; -150.2 °F 
121 .85 °K; -151 .3 ° C; -240.3 °F 
3 .590 kg / m3 

3 .03 
1 .574 kg / I 

271 .10 °K; -2 .0 °C; 28.3 °F 

4 326 kPa; 43 .26 bar; 627.4 psIa, 42.69 
atm 

1 .688 dm3 / kg 
0 .592 kg / dm3 

0 .285 
3 .526 X 10 3° C,m; 1 .03 D 

Molar Specific Heat, Gas @ 101 .325 kPa @ 25 ° C @ Constant 
Pressure 58.693 J / (mol, ° K) 

Viscosity, Gas@101 .325 kPa@ 25 ° C 
Thermal Conductivity, Gas@ 101 .325 kPa@ 25 ° C 

Trouton Constant 

Description 

At room temperature and atmospheric pressure, phosphorus 
trifluoride is a colorless, nonfuming gas. It is highly poisonous 
[a Threshold Limit Value of below 1 ppm has been suggested] 
. It is shipped in steel cylinders as a nonliquefied gas, the 
cylinder pressure being 6 7 40 kPa (977 psig) at 21 .1 °C. 

Specifications 

Phosphorus trifluoride has a minimum purity of 99 mole %. 
Small amounts of chlorine-containing gases may be present as 

impurities. 

Uses 

Phosphorus trifluoride is used for fluorination of certain met­
als at elevated temperatures and to prepare mixed halides 

related to phosphorus trifluoride. 

Toxicity 

Phosphorus trifluoride is a highly poisonous gas. Inhalation 
of the vapor causes difficulty in breathing, chest pains, and 
nausea. A Threshold Limit Value (TL V) of below 1 ppm is 
suggested for phosphorus trifluoride (concentration in air to 
which nearly all workers may be exposed , day after day, 

without adverse affects). 

~atheson· 
'-----' 

0 .018 71 mPa,s; 0 .018 71 cP 
0.0164 W / (m, °K) 39 .2 X 10 6 cal, 

cm / (s-cm2 -° C) 
20.3 

First Aid Suggestions 

Summon a physician at once for any person who has been 
exposed to phosphorus trifluoride. Prior to the physician 's 
arrival, first aid measures should be taken Those presented 
herein are based on what Is believed to be common practice in 
industry. Their adoption In any specific case should be sub1ect 
to prior endorsement by a competent medical advisor. 

Inhalation 

Administer 100% oxygen at once 

Eye Contact 

Wash eyes immediately with copious amounts of water for a 
minimum of 1 5 minutes, while holding the eyelids apart to 
insure contact of water with all the tissues of the surface of the 
eyes and lids. An eye specialist should be contacted at once. 

Skin Contact 

Wash at once with copious amounts of water for at least 1 5 
minutes. 

Precautions in Handling and Storage 

Phosphorus trifluoride should be handled in a well-ventilated 
area, preferably a hood with forced venti lation . Workers who 
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PHOSPHORUS TRIFLUORIDE 

handle the gas should wear a NIOSH-approved gas mask for 
acid gases or one with an independent oxygen or air supply. 
Additional self-contained breathing equipment should be lo­
cated in areas not likely to be contaminated, for use in emer­
gencies Workers who handle the gas should be provided with 
a full face shield and/or chemical safety goggles and neoprene 
rubber gloves. Adequate emergency showers and eye-wash 
fountains should be located in convenient areas. Use check 
valves or traps when introducing phosphorus trifluoride below 
the surface of a l1qu1d. Do not use equipment used with phos­
phorus trifluoride with other gases, particularly oxygen. 

In addition, the general rules listed in Appendix I should be 

observed. 

Leak Detection 

Equipment to contain phosphorus trifluoride should be pre­
tested with dry nitrogen. Leaks which develop subsequently 
may be detected by painting the suspected sites with soap 
water solution; leaks will be indicated by bubble formation. 

Disposal of Leaking Cylinders 

For disposal procedure see Appendix 11-D. 

Materials of Construction 

The dry gas may be handled in steel, nickel, monel, and the 
more noble metals. Pyrex glass is also suitable for handling the 

dry gas at ambient temperature. 

Cylinder and Valve Description 

Phosphorus trifluoride is shipped in DOT approved, high 
pressure steel cylinders. Cylinders are equipped with Com­
pressed Gas Association (CGA) connection No. 330. This 
cylinder valve outlet has a thread size of 0.825 inch diameter, 
with left-hand external threads, with a flat seal, using a washer 

to seal (see Figure 1 ). 
Lecture bottles have a special 511s inch-32 threads per inch 

female outlet 

o· 
I 1b 3 1(i 

Fig. 1 CONNECTION 330 825"-14 LH EXT used with Flat Seat and 

Washer 

Safety Devices 

Cylinders of phosphorus trifluoride are equipped with safety 
devices which consist of platinum-plated frangible discs (burst­
ing at about 22 750 kPa (3 300 ps1g) backed up with fusible 
metal plugs, melting at 71 .1 C (1 60 °F). 

Recommended Controls 

Automatic Pressure Regulators 

Matheson has the following corrosion resistant, single stage 
regulators available tor use with phosphorus trifluoride. 

612 

Delivery Pressure Range 
Model No. 

B15B-330 
B16B-330 

kPa bar (g) psig 

28-345 
345-4 480 

0.28-3.45 
3.45-44.8 

4-50 
50-650 

A monel check valve (Model 402V) is recommended for use 
with these regulators to prevent suckback on foreign materials 

into the regulators. 

Manual Controls 

Matheson needle valve Model 55-330 is available for direct 
attachment to the cylinder valve outlet. These needle valves 
are of monel bar stock, and may be equipped with a variety of 
outlets (¼" tube fitting or ¼" NPT male or female pipe), but 
are usually supplied with hose connections. 

They should be used only where manual flow control is 
needed and should not be used as a pressure control since 
they will not prevent pressure from building up if a system 
becomes clogged or if the system itself is closed. A Model 60L 
needle valve is available for use with lecture bottles. 

Flowmeters 

Matheson Series 7600 laboratory monel flowmeter units with 
1 50 mm tubes and floats are recommended for use where 

definite flow rates must be known. 

Electronic Mass Flow Controllers 

The Matheson Series 8260 of monel is designed to control 
the flow of gas regardless of pressure and temperature 
changes. These mass flow controllers consist of a transducer, 
a control valve, a blind controller/ power supply, a potentiom­
eter, and a digital indicator. The transducer senses the gas 
flow and sends a signal to the power supply. This signal and 
one from the potentiometer are compared. If there is an imbal­
ance, the power supply generates a signal for the control valve 
to reduce or increase the flow to correct the imbalance. The 

accuracy is ± 1 .2%. 

Shipping Regulations 

Phosphorus trifluoride is classified by the DOT as a non­
flammable compressed gas and is shipped under the required 

'Green Label". 

Chemical Preparation 

Phosphorus trifluoride has been prepared by several meth­

ods: 
1 . By halogen exchange between phosphorus trichloride 

and hydrogen fluoride. 
2. By reaction of phosphorus trichloride with arsenic trifluor­

ide lead fluoride, antimony trifluoride, or zinc fluoride. 
3. By reaction of phosphorus tribromide with zinc fluoride. 
4. By thermal reaction of the mixed phosphorus halide, 

PF3Cl2, with hydrogen, mercury, aluminum, tin, lead, iron, 
nickel, or phosphorus. 

Chemical Properties 

Phosphorus trifluoride is hydrolyzed only slowly by water at 
room temperature, rapidly by aqueous base. It reacts with dry 
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ammonia to form a solid addition product of k . un nown structure. 
Aqueous solut1~ns of chromic acid , potassium permanganate. 
or bron:iine ox1d1ze phosphorus trifluoride rapidly Alcohols 
react with phosphorus trifluoride to give alkyl phosph1tes Hot 
metals r~act with phosphorus trifluoride to give phosphides 
and fluorides. :hosphorus trifluoride reacts with fluorine, chlo­
rine, and bromine to give PFs, PF3Cl2, and PF3 Br2 , respectively, 
the latter however tends to disproportionate 5PF3Br, -+ 3PF~ 
+_ 2P~rs. The donor and acceptor properties of phosphorus 
trifluoride are discussed in Reference (2). 

Thermodynamic and Detailed Physical Data 

Molecular Structure 

The pho~phorus trifluoride molecule has a pyramidal struc­
tur_e (A) which amounts to a tetrahedron in which an electron 
pair occupies one position. There is also evidence for an 
appreciable amount of multiple bonding (3), leading to consid­
eration of structure B. The structural parameters are as follows 
(4): P-F bond distance: 1.570 A (1.570 x 10 10 m)· F, .. ,F 
distance 2.364 3 A (2 .364 3 x 1 O 10 m): F- P- F bo~d angle· 
97.8°. . 

p 

/ I "-. 
F F F +-+ 

(A) 

p 

./I"-. 
+F F F 

(B) 

Phosphorus trifluoride has C3v point group symmetry and a 
symmetry number of three (4). 

Infrared Spectrum 

See Figure 2 for the infrared spectrum of gaseous phospho­
rus trifluoride. 

Vapor Pressure (5) 

The vapor pressure of liquid phosphorus trifluoride between 
122.15 °K and 184.85 °K is represented by the following 
Antoine vapor pressure equation: 

matheson 

PHOSPHORUS TRIFLUORIDE 

log 1cP = A - B - or t = B - C 
C + I A - loq1 p 

in which P = mmHg and T = °K, and the constants A, B nd 
C have the values of 6 860 4, 620.22, and 257 o, resp ctively. 

Some calculated values are shown be'ow 

Temperature, K 

1 22.15 
128.15 
134.15 
138.15 
1 41 .25 
143. 75 
152.15 
157.65 
161 75 
165.15 
168.05 
170.65 
171 .95 
172.85 
174.95 
176.85 
180.15 
184.45 

kPa 

1 333 
2 666 
5 333 
7 999 

10.666 
13 322 
26 644 
39.997 
53.329 
66.661 
79.993 
93.325 

101 .325 
106.658 
119.990 
133.322 
159.986 
199.983 

Latent Heat of Vaporization a 
171.95 °K 

Vapor Pressure 
mbar 

13 3 
26.7 
52.3 
80.0 

107 
133 
266 
400 
533 
667 
800 
933 

1 013.25 
1 067 
1 200 
1 333 
1 600 
2 000 

mmHg 

10 
20 
40 
60 
80 

100 
200 
300 
400 
500 
600 
700 
760 
800 

90 
000 

1 200 
1 500 

14.598 kJ / mol , 
3 .489 kcal / mol 

Thermodynamic Properties of Phosphorus Trifluoride As 
Ideal Gas (i1 25 C (4) 

Heat Capacity, C~ 
Entropy, S0 

Free Energy Function, (F~96 -

H~gs/298 
Enthalpy Difference, H~98 - Hg 
Enthalpy of Formation, AHr 
Free Energy of Formation, AFr 

58.689 J / (mol, °K) 
272.935 J/ (mol- °K) 

- 272.935 J/ (mol ,°K) 

12.937 kJ / mol 
- 940.981 
- 924 .907 
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Fig. 2. Infrared absorption spectrum of gaseous phosphorus trifluoride; 10-cm gas cell, with KBr or polythene windows; cell 
pressure: curve A: 46.663 kPa (350 mmHg); curve B: 0.267 kPa (2 mmHg); curve C: 3.333 kPa (25 mmHg); curve D: 9.999 kPa 
(75 mmHg) (6). 
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PROPANE 
(Synonym: Dimethylmethane) 

(Formula: CH3CH2CH3 or C3H8 ) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of C3 H8 

Specific Volume@ 21.1 °C, 161.325 kPa 
Vapor Pressure@ 21.1 °C 
Boiling Point @ 101 .325 kPa 
Triple Point . 

Absolute Density, Gas @ 101 .325 kPa @ 20 °c 
Relative Density, Gas @ 101 .325 kPa @ 20 °C (A ir = 1) 
Density, Liquid @ Saturation Pressure @ 20 °C 
Critical Temperature 
Critical Pressure 

Critical Volume .. 
Critical Density 
Critical Compressibility Factor 
Latent Heat of Fusion @ 85.50 °K 
Flammability Limits in Air 
Dipole Moment, Gas 
Molar Specific Heat, Gas@101.325 kPa@ 26.8 °C 

@ Constant Pressure 
@ Constant Volume 

0.044 097 kg 
0.044 097 kg 
530.6 dm3 / kg ; 8.5 ft3 / lb 
853 kPa; 8.53 bar; 123. 7 psIa; 8 42 atm 
231 .09 °K; -42.1 °C; -43 7 °F 
85.44 °K; -187.7 °C; -305.9 ° F 
1.868 kg / m3 

1.55 
0 .500 5 kg / I 
369 .99 °K; 96.8 °C; 206.3 °F 
4 266 kPa; 42 . 66 bar; 618. 7 psi a; 42 1 o 

atm 
4.438 dm3 / kg 
0.225 kg / dm3 

0.271 
3.534 kJ / mol; 19.1 kcal/ kg 
2.2-9.5% (by volume) 
28 X 10 3° C.m; 0.084 D 

74.01 J / (mol- °K) 
64.81 J / (mol, °K) 

Specific Heat Ratio, Gas@ 101.325 kPa@ 26.8 °C, Cp/ Cv 
Molar Specific Heat, Liquid @ 25 °C . 

1.142 
111.13 J / (mol • °K); 26.56 cal / (mol, 

Viscosity, Gas@ 101.325 kPa@ 20 °c 
Viscosity, Liquid@ -40 °C 
Thermal Conductivity, Gas@101.325 kPa@ 25 °C 

Thermal Conductivity, Liquid@ -40 °C 

Surface Tension@ -40 °C . 
Solubility In Water@ 101.325 kPa@ 18 °C 
Dielectric Constant @ O °C 
Autoignition Temperature 
Flash Point . . . 
Refractive Index, Liquid @ Saturation Pressure @ 20 °C 
Heat of Combustion , Gas@ 25 °C and Constant Pressure 

Gross, to form H2O(liq) + CO2(gas) 
Net, to form H2O(gas) + CO2(gas) 

OK) 

0.007 90 mPa-s; 0 .007 90 cP 
0.22 mPa,s; 0.22 cP 
0.016 7 4 W / (m. °K); 40.0 x 1 O 6 cal. 

cm/ (s • cm 2 
• °C) 

0.148 5 W / (m- °K); 354.9 X 10 6 cal• 
cm/ (s • cm2 

• °C) 
15.3 mN / m; 15.3 dyn / cm 
6.5 cm3 / 0.1 kg water 
1.61 
741 °K; 468 °C; 874 °F 
169.15 °K; -104.0 °C; -155.2 °F 
1.289 8 

2 220.03 kJ / mol ; 530.60 kcal / mo! 
2 044 .01 kJ / mol; 488 53 kcal / mol 

Heat of Combustion, Liquid @ 25 °C and Constant pressure 
Gross, to form H2O(liq) + CO2(gas) 2 203.42 kJ / mol; 526.63 kcal / mo! 

2 027.40 kJ / mol; 484.56 kcal / mol Net, to form H2O(gas) + CO2(gas) 

Description 

At room temperature and atmospheric pressure, propane is 
a colorless, flammable, nontoxic gas, with a characteristic 

matheson® 

natural gas odor. Propane is one of the group of liquefied 
petroleum gases. It is normally shipped In low pressure cyl in­
ders as a liquefied compressed gas under its own vapor pres­
sure of 752 kPa (109 ps1g) at 21 .1 C 
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Specifications 

Matheson supplies four grades of propane, the specifications 
of which are given below: 

1. Research Purity Grade 

This grade of propane is of the highest purity that is available . 
The minimum purity of the liquid phase is 99.99 mol %. 

2. Instrument Purity Grade 

This grade of propane has a minimum purity of 99.5 mol % 
in the liquid phase. There is essentially no air in the liquid 
phase. Special precautions are taken to eliminate traces of 
water, oil, and nonvolatile matter. 

3. C.P. Grade 

This grade has a minimum purity of 99 mol % in the liquid 
phase. 

4. Natural Grade 

This grade has totally saturated 96 mol % or better hydro­
carbon propane and 4 mol % or less butane and lighter frac­
tions in the liquid phase. 

Uses 

Propane is widely used as a fuel for suburban home heating 
systems and gas appliances. Propane is also used as a fuel for 
intraplant trucking where gasoline fumes are considered to be 
obnoxious . It is also used as a refrigerant gas and as a 
thermobulb fill for temperature and pressure control instru­
ments. It has been used as a low temperature extraction 
solvent. It has been used extensively as a refrigerant in chem­
ical, petroleum refining, and gas processing operations, and 
as a selective solvent for removing asphaltic components from 
the h1gher-boil1ng fractions of crude oils. 

Effects In Man and Toxicity (2) 

Apart from methane and ethane which are simple as­
phyxiants and cyclopropane which is a general anesthetic, the 
hydrocarbon propane has some degree of anesthetic action 
and is mildly irritating to the mucous membranes and / or acts 
as a simple asphyxiant. Thus, depending on the concentration 
and time of exposure , symptoms such as rapid respiration, air 
hunger, diminished mental alertness, muscular incoordination, 
faulty judgment, emotional instability, rapid fatigue, nausea, 
vomiting, prostration, and loss of consciousness, convulsions, 
and finally deep coma and death may occur. 

Contact of the liquid form of propane with the skin can cause 
frostbite . Symptoms of frostbite are the change of skin from 
pink to white or grayish-yellow, pain which quickly subsides, 
and a cold and numb feeling. 

Propane has a low order of inhalation toxicity. Brief expo­
sures to 10 000 ppm (1 % ) cause no symptoms in man. Its odor 
1s not detectable below 20 000 ppm (2%). 

The 1979 ACGIH has classified propane as a simple as­
phyx1ant. 
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First Aid Treatment (2) 

Inhalation 

If the subject is conscious and becomes aware of any of the 
symptoms cited above, he should go to an uncontaminated 
area and inhale fresh air or oxygen. In the event the subject is 
overcome by a massive exposure, he should be carried to an 
uncontaminated area and given artificial respiration and oxygen 
simultaneously. Treat symptomatically thereafter. 

Skin Contact 

In case of skin contact with liquid propane, frostbite may 
develop. If frostbite occurs, cover the frostbitten part with a 
warm hand or woolen material. If the fingers or hand are 
frostbitten, have the victim hold his hand in his armpit, next to 
his body. Then place the frostbitten part in warm water, about 
42 °C (1 08 °F). If warm water is not available, or is impractical 
to use, wrap the affected part gently in blankets. Let the 
circulation re-establish itself naturally. Encourage the victim to 
exercise toe affected part while it is being warmed. 

Precautions in Handling and Storage 

The hazards due to the handling of propane stem mainly 
from its extreme flammability . Store and use propane cylinders 
in well-ventilated areas away from heat and all ignition sources 
such as flames and sparks. Never use flames to detect flam­
mable gas leaks, use soapy water solution. Do not use propane 
around sparking motors or other non-explosion-proof equip­
ment. Do not store reserve stocks of propane cylinders with 
cylinders containing oxygen, chlorine, or other highly oxidizing 
or flammable materials. Ground all lines and equipment used 
with propane. 

In addition, the general rules listed in Append ix I should be 
observed. 

Leak Detection 

All fittings and joints should be painted with soap solution to 
detect leaks, which will be indicated by bubble formation. 
Never use a flame to detect leaks. 

Disposal of Leaking Cylinders 

For disposal procedure see Appendix II-A. 

Materials of Construction 

Since propane is a noncorrosive gas any common or com­
merically available metal may be used. However, piping sys­
tems or vessels to contain propane should be designed to have 
a working pressure as specified by competent engineers using 
a safety factor conforming to the A.S.M.E. code for pressure 
piping. 

Cylinder and Valve Description 

DOT approved cylinders containing propane are usually of 
the low pressure type having a rated service pressure of 1 034 
kPa (150 psig) or more. Cylinders of propane are equipped 
with valves having Compressed Gas Association (CGA) valve 

matheson· 

outlet No. 510 having a thread size of 0.885 inch diameter-14 
threads per inch, left-hand internal threads accepting a bullet­
shaped nipple. See Figure 1 for illustration of the valve outlet 
and mating connection. This valve outlet is standard for all 
liquefied petroleum gases. Valves used in th is service by 
Matheson are of the diaphragm type and contain no packing. 
They are therefore relatively leak-free and require no packing 
adjustments. Lecture bottles have a special 51,s"-32 threads 
per inch, female outlet and a 91,s"-18 threads per inch, male 
dual valve outlet. 

OUT.£ I 

RRO 
8 

f NNECTION 

Fig. 1. CONNECTION 510 .885"-14 LH EXT. accepting a Bu llet 
Shaped Nipple 

Safety Devices 

A number of different safety devices are permitted on cylin­
ders containing propane. A frangible disc is allowed in cylinders 
having a minimum required test pressure of 20 680 kPa (3 000 
psig) or higher, and is requ ired in only one end of the container. 
A 73.9 °C (165 °F) fusib le metal may be used; however, when 
cyl inders are over 30 inches long , exclusive of the neck, this 
device is required in both ends. A frangible disc backed up 
with 73.9 °C (165 °F) fusible metal is permitted in cyl inders 
having a minimum requ ired test pressure of 20 680 kPa (3 000 
psig) or higher and when cylinders are over 30 inches long, 
exclusive of the neck , this device is required at both ends. The 
most commonly used safety device, which is employed by 
Matheson, is the spring-loaded safety relief valve. If cylinder 
pressure becomes dangerously high, usually due to overheat­
ing, the safety relief device will open (at approximately 2 590 
kPa (375 psig)) and release propane gas until the pressure 
again returns to a safe level. 

Recommended Controls 

Automatic Pressure Regulators 

Matheson suppl ies single stage regu lator Model 1P-510 for 
use with Instrument Purity Grade, C. P. Grade and Natural 
Grade propane. This regulator has a brass body, neoprene 
diaphragm, and neoprene seat. It has a d~livery p~essure range 
of 28-240 kPa (4-35 psig). It is equipped with a del ivery 
pressure gauge and needle valve for accurate flow control. No 
tank gauge is supplied since the vapor pressure of the gas over 
liquid propane will remain constant as long as any liquid re­
mains in the cylinder; therefore, the pressure is no ind icat10~ 
of cylinder content. A tank gauge can be supplied, however, if 

requested . . 
For low pressure regulation, Matheson supplies a Model 70 

regulator constructed of a forged aluminum body and Bun~ N 
diaphragm. This regulator is constructed with an oversize, 
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pancake body to allow sens1t1ve and accurate low pressure 
control. Three pressure ranges are available as follows: 

Model No. Delivery Pressure Range 
kPa mbar (g) psig 

70B-510 0.05-3 0 5-30 2-1 2 inches water col-
umn 

70-510 3.4-34 5 34-345 0.5-5.0 ps1g 
70A-510 34.5-68 9 345-689 5-10 psig 

This regulator 1s designed primarily for liquefied petroleum 
gases where 11 1s particularly suited for fuel gas burner opera­
tion, since its steady low pressure delivery permits a stable 
flame to be obtained . 

The Model 71 S regulator has an aluminum body, a large 
diaphragm, Teflon seat, and stainless steel needle valve out let 
with 1

14" NPT male and hose connection . It has a delivery 
pressure range of 3.4-40 kPa (0 5-6 ps1g). 

Regu lator Model 3321 of brass construction. neoprene dia­
phragm, and Kel-F seat 1s recommended for use with lecture 
bottles of Instrument Purity Grade and C P Grade of propane. 
It has a delivery pressure range of 28-410 kPa (pg) (4-60 
psig) 

Single stage regulators Model 1 9S-51 O and Model 71S-510 
are recommended for use with Research Purity Grade propane 
The 19S regulator has a brass body, German silver diaphragm, 
nylon seat, and aluminum and nylon gaskets, and a diaphragm 
packless outlet valve with a 114" Gyrolok tube f1tt1ng It has a 
delivery pressure range of 0-170 kPa (0-25 ps1g) 

Manual Controls 

Matheson needle valve Model 50-51 O 1s a brass bar stock 
valve that 1s available for d irect attachment to the cylinder valve 
outlet. This valve may be equipped with a variety of outlets, 
such as a hose connection, 114

11 tube f1tt1ng, or 1/ 4
11 NPT male or 

female pipe . It should be used only where manual flow control 
is needed and should not be used as a pressure control since 
it will not prevent pressure from building up if a system becomes 
clogged or if the system itself is closed. A Model 31 B manual 
needle valve can be supplied for use with lecture bottles, where 
accurate flow control 1s desired. This valve is available for use 
with Instrument Purity, C. P., and Natural Grades of propane. 

Manual control Model 4351-510 of diaphragm packless con­
struction and ¼" Gyrolok outlet connection is recommended 
for use with Research Purity Grade propane. 

Flowmeters 

Matheson Series 7600 laboratory brass flowmeter units with 
1 50 mm tubes and floats or Matheson Series 7200 laboratory 
brass flowmeter units with 65 mm tubes with a single float are 
recommended for use where definite flow rates must be known 

Electronic mass flowmeters, such as Matheson Series No. 
8116 and No. 8160, should be used where accurate readings 
are required. Calibration 1s unaffected by temperature and 
pressure changes, and flow rates may be recorded from instru­
ment's electrical output. 
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Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 stainless steel and 
Series 8260 of type 316 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera­
ture changes. These mass flow controllers consist of a trans­
ducer, a control valve, a blind controller /power supply, a 
potentiometer, and a d1g1tal indicator. The transducer senses 
the gas flow and sends a signal to the power supply. This 
signal and one from the potentiometer are compared. If there 
is an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 
imbalance. The accuracy is ± 1 .2%. 

Shipping Regulations 

Propane is classified by the DOT as a flammable compressed 
gas and Is shipped with the required " Red Gas Label ". 

Commercial Preparation 

Propane is a constituent of crude petroleum and natural gas. 
It is obtained therefrom by refining and processing operations. 

Chemical Properties<3 > 

Propane is a member of the alkane or paraffin series of 
hydrocarbons. The alkanes as a group are chemically inert 
substances, not being attacked by cold bromine, sulfuric acid, 
and nitric acid. However, the alkanes undergo, with a change 
in cond1t1ons, both chlorination and nitration, and, in addition, 
'11any thermal reactions, isomerization, dehydrogenation, cy-
1,zat,on, and other reactions. When the alkanes are heated 
•om 500 °C upwards, they undergo complex reactions which 
,ay be accelerated or directed by different catalysts to give a 
"'riety of products. The following reactions exemplify the dif-
rent types of reactions which the alkanes undergo and which 

are of great importance to the petroleum industry. The reac­
tions which may occur simultaneously are: (a) dehydrogena­
tion, (b) thermal degradation or cracking, (c) aromatization. 

(a) Dehydrogenation 

This reaction Is of importance in the petroleum industry for 
the conversion of ethane, propane, butane, isobutane, and 
pentanes into olefins wherein higher yields and higher reaction 
velocities are promoted by catalysts. Industrially the olefins so 
obtained are polymerized or used for alkylating isoalkanes to 
produce high grade motor fuel. Ethylene, propylene, and iso­
butylene are used for the manufacture of a great variety of 
industrially important aliphatic compounds. 

(b) Thermal Degradation or Cracking 

The pyrolysis of gaseous, liquid, and solid alkanes at tem­
peratures of about 500-1 000 °C has been widely studied with 
the obJect of obtaining lower branched chain alkanes and 
olefins. Noncatalytic pyrolysis of alkanes at about 1 400-1 600 
°C results in more complete degradation to yield the industrially 
important carbon black, hydrogen, and acetylene. By the use 
of suitable catalysts, the cracking temperature can be reduced 
to 200-500 ° C, and by careful control of the conditions, the 
desired products can be obtained in good yields. 
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(c) Aromatization 

The alkane can be converted into aromatic hydrocarbons by 
high temperature cracking, and by hydroforming (or catalytic 
reforming). The aromatization of alkanes occurs at a tempera­
ture of 500-1 000 °C, most likely by the mechanism of first 
forming olefins and diolefins which combine to yield cyclic 
compounds. The latter in the presence of metalic catalysts are 
dehydrogenated into aromatic compounds. In the hydroforming 
process, practically quantitative conversion is effected of ali­
phatic hydrocarbons containing more than six carbon atoms in 
the chain, to yield aromatic hydrocarbons with the same num­
ber of carbon atoms. The mechanism of this reaction involves 
dehydrogenation of the alkane into an olefin, cyclization of the 
olefin to a cyclohexane derivative, and dehydrogenation of the 
cyclic compound to an aromatic compound. 

Other Reactions of Alkanes: 

(d) Oxidation 

Alkanes can be oxidized by atmospheric oxygen at temper­
atures well below their ignition point. The rate of oxidation of 
the alkanes in the vapor phase increases with the length of 
chain, and decreases by chain branching. Methyl groups have 
a stabilizing effect. 

(e) Halogenation 

The halogens, except iodine, react read ily with alkanes. Little 
or no halogenation occurs in the dark, but in daylight or 
ultraviolet light methane and ethane are attacked, except by 
iodine, with explosive violence. Halogenation of the alkanes 
may be affected in the liquid or gaseous state with ultraviolet 
light or heat; catalysts may accelerate the reaction. The for­
mation of isomeric halides and polysubstitution products­
and, with chlorine, the danger of explosive reaction-may be 
minimized by control of concentrations, temperature, and ca­
talysts, and in the case of chlorination, by carrying out the 
reaction in the liquid phase with carbon dioxide, nitrogen, 
steam, hydrogen chloride, or chlorinated hydrocarbons as 
diluents. 

(f) Nitration 

While alkanes show little or no reactivity towards nitric acid 
or nitrogen tetroxide at ordinary temperatures, reaction pro­
ceeds at temperatures of 100-450 °C in the liquid phase and 
preferably in the vapor phase to give nitroalkanes. 

(g) With Inorganic Reagents 

(1) Under ultraviolet light the alkanes react with a mixture of 
sulfur dioxide and chlorine at room temperature to give sulfonyl 
chlorides. (2) In the presence of organic peroxides, the alkanes 
react with sulfuryl chloride in the dark to yield alkyl chloride, 
sulfur dioxide, and hydrogen chloride. (3) Alkane, e.g ., pro­
pane, butane, and isobutane, react with sulfur dioxide in the 
vapor phase yielding sulfonic acids or their anhydrides, sul­
fones, and sulfates. (4) At about 300 °C, and above, alkanes 
containing four or more carbon atoms react with sulfur to give 
olefins, diolefins, and thiophene derivatives. (5) Alkanes, in­
cluding propane, 3-methylpentane, and heptane react with 
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phosphorus tnchloride and oxygen at 25 ° C to yield alkane­
phosphonyl chlorides which on hydrolysis give alkylphosphonic 
acids. (6) In the presence of aluminum chloride, alkanes react 
with carbon monoxide to give ketones, e.g., isobutane yields 

methyl 1sopropyl ketone. 

(h} With Organic Reagents 

(1) In the presence of actinic light. or in the dark in the 
presence of organic peroxides, alkanes, e.g., pentane, hep­
tane, and isooctane. react with oxalyl chloride or phosgene to 
give acid chlorides (2) Normal alkanes react with acid chlo­
rides in the presence of aluminum chloride to give ketones (3) 
lsoalkanes condense with haloalkanes in the presence of Frie­
del-Crafts catalysts, e.g. , 1sobutane and vinyl chloride in the 
presence of aluminum chloride yield 1, 1-dichloro-3,3-dime­
thylbutane. (4) lsoalkanes undergo halogen-hydrogen ex­
change with tertiary or secondary alkyl halides in the presence 
of aluminum halides. (5) lsoalkanes react with unsaturated 
aliphatic carboxylic acids in the presence of aluminum chloride 
to give saturated fatty acids. (6) Tertiary alkanes react with 
benzoyl peroxide yielding tert-alkyl benzoate, benzene, and 
carbon dioxide or (1f the reaction takes this course) tert-alkyl­
benzene, benzyl alcohol, and carbon dioxide. (7) Tertiary al­
kanes and ketones in the presence of sulfuric acid react to give 
tert-alcohols (8) lsoalkanes condense with aromatic hydrocar­
bons in the presence of silica or alumina. 

Thermodynamic and Detailed Physical data 

Infrared Spectrum 

See Figure 2 for the infrared spectrum of gaseous propane. 

Vapor Pressure (Below 101.325 kPa) (4) 

Temperature, °K 
Vapor Pressure 

kPa mbar mmHg 

144.25 0.133 1 .33 1 

157.75 0.667 6 .67 5 

164.65 1.333 13.3 10 

172.25 2.666 26.7 20 

180.75 5 .333 53.3 40 

186.15 7 .999 80.0 60 

193.55 13.332 133 100 

204.75 26.664 267 200 

217.55 53.329 533 400 

231.05 101.325 1 013.25 760 

Vapor pressures above 1 01 .325 kPa (1 atm) are shown 

below (5). 

Temperature, °K 
Vapor Pressure 

kPa bar atm 

231.05 101.325 1 013 25 

247.55 202.650 2.03 2 

274 .55 506.625 5.07 5 

300.05 1 013.250 10.1 10 

331.25 2 026.500 20.3 20 

351.85 3 039.750 30.4 30 

367.95 4 053.000 40.5 40 

369.95 4 255.650 42 .6 42.0 

For additional vapor pressure data, see Table 1 and Figure 

3 . 

Table 1. THERMODYNAMIC PROPERTIES OF SATURATED PROPANE LIQUID AND VAPOR 
(8) 

Temperature Pressure 
Entropy Enthalpy Latent Specific Volume Density 

J / (mol• K) kJ/mol Heat of dm3 / kg kg/dm3 

Vapori-
K F kPa atm Liquid Vapor Liquid Vapor zation Liquid Vapor Liquid Vapor 

kJ/ mol 

189.50 - 118 57 10.132 0.1 150.147 258.273 14.291 34.788 20.497 1 587 4 37 735 0.630 0 0 .000 03 
216.54 -69.90 50 662 05 164 321 254.008 17.147 36.560 19.413 1 .669 0 786. 7 0.599 2 0 .001 27 
231 .10 -43.69 101 .325 1 170.635 251 .834 18.556 37.317 18.761 1.716 7 412.7 0.582 5 0 .002 42 
248.06 +6.91 202.650 2 177.617 249.910 20.237 38.170 17.933 1 .777 9 216.1 0 .562 5 0 .004 63 
259.33 18.18 303.975 3 182 049 248.949 21 .370 38.718 17.348 1 .821 0 147.7 0 .549 1 0 .006 77 
268.05 26.90 405.300 4 185.436 248.322 22 .269 39.128 16.859 1 .859 5 112.4 0 .537 8 0 .008 90 
275 24 35.76 506 625 5 188.196 247 .862 23.01 8 39.445 16.427 1.893 6 90.71 0 .528 1 0.001 02 
281 44 40.29 607.950 6 190 579 247.527 23.682 39.713 16.031 1.925 3 75.92 0 .519 4 0.01317 
286.90 56.75 709 275 7 192 670 247.234 24 .272 39.930 15.658 1.954 8 65.20 0.511 6 0 .01 5 34 
291 .83 65.62 810 600 8 194.468 246 942 24.807 40.119 15.312 1.984 3 57.06 0.504 0 0 .01 7 52 
296.30 73 .67 911 .925 9 196. 1 82 246. 733 25.313 40.286 14.973 2 .011 5 50.59 0.497 1 0 .019 77 
300 44 81 .12 1 013.250 10 197.813 246.524 25.794 40.428 14.634 2.038 7 45.42 0.490 5 0.022 02 
317.42 111 .69 1519.815 15 204 377 245.687 27.826 40.934 13.108 2 .172 5 29.50 0.460 3 0.033 90 
330.70 135.59 2 026.500 20 209.645 244.893 29.628 41 .281 11.653 2.304 0 21 .23 0.434 0 0 .04 7 1 0 
341 .71 155.41 2 533. 125 25 214 .287 244 .182 31 .263 41.478 10.215 2 .444 6 16.07 0.409 1 0 .062 23 
351.23 1 72 .54 3 039.750 30 218.635 243.262 32 .848 41 .498 8.650 2 .621 5 12.44 0 .381 5 0.080 39 
359.61 187.63 3 546.375 35 223 .109 241 .882 34.428 41 .181 6.753 2.877 7 9 .565 0 .347 5 0.104 55 
367.18 201 .25 4 053.000 40 228 754 239 123 36.51 0 40.324 3 .814 3.329 0 6 .683 0 .300 4 0 .149 63 
370.0 206.33 4 265.782 42.10 234.733 234.733 38.580 38.580 0.000 4.437 9 4.43 7 9 0 .225 3 0 .225 33 
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PROPANE 

Latent Heat of Vaporization , ~Hv Thermodynamic Properties of Propane As Ideal Gas a 25 
C (6) 

Temperature, °K 

231.05 
298.15 

AHv, kJ / mol 

18.774 
15.083 

For add1t1onal ~Hv values, see Table 1 

Thermodynamic Data 

The thermodynamic properties of saturated propane liquid 
and vapor and of the superheated vapor are listed in Tables 1 
and 2 , respectively. 

Heat Capacity. C~ 

Enthalpy of Formation , .iH~ 

Free Energy of Formation, .iP,' 

73.5 3 J (rnOI • K), 
17 5, cal (rnol, K) 

- 103 85 kJ mol, 
- 24 82 kcal mol 
-23.48 kJ mol, 

5 61 4 kcal mol 

REFERENCES 
' For extensive tabulat ions of the thermodynamic and physical properties of propane. see w Braker and A L Mossman, Th M ithcson Un bm1g d 

Gas Data Book, 19 75 , Matheson, East Rutherford. New Jersey 
7 

2 w. Braker, A L. Mossman, and o Siegel . Effects of Exposure to Toxic Gases- F,rst A,d and Medical Treatment. 2nd edition , I 97 PP 11-1 , 

Matheson, Lyndhurst. New Jersey. 
3 E H Rodd, editor, Chemistry of Carbon Compounds, 1951. 1 A, pp 230-248, Elsevier Publishing Co, New Yori.. , N w York 

• Chemical Engineers Handbook, 5th edition, R H Perry and C H Chilton, editors. 1973, p 3-59, McGr11w-H1II Book Compnny, Inc, N w Yori\ 

New York 
5 Ibid., p . 3-62. N y k N w York 
6 C E Miller and F O Rossini , Physical Constants o f hydrocarbons, c, to C ,. 1961, American Petroleum Institute, w or . 

1 Th s dtler Standard Spectra 19 72. Sadlier Research Laboratories. Inc . Philadelphia, Pennsylvania 
e a ' F o· d t I 962 Volume 2 p 131 Butlcrworth Inc . 

a N. R Kuloor, o M Newitt, and J. S Bateman 1n Thermodynamic Functions of Gases, in e I or , , 

Washington. D. C 
3 Ibid., pp. 142- 1 44 

' Ibid., pp 140-141 
11 Ibid., pp 136-1 39 . 
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Table 2. THERMODYNAMIC PROPERTIES OF SUPERHEATED PROPANE 
H, ENTHALPY, KJ/MOL (9); S, ENTROPY, J/(MOL · ° K) (1 O); V, SPECIFIC VOLUME, CM 3 / MOL (11) 

Pressure 
kPa atm 

H 
10,132 0.1 s 

V 
H 

50 662 0 .5 s 
V 
H 

101 .325 1 s 
V 
H 

202.650 2 s 
V 
H 

506 625 5 s 
V 
H 

1 013 250 10 s 
V 
H 

2 026.500 20 s 
V 
H 

4 053.000 40 s 
V 
H 

6 079.500 60 s 
V 
H 

8 106,000 80 s 
V 
H 

1 0 132.500 1 00 S 
V 
H 

20 265.000 200 s 
V 
H 

25 331 250 250 s 
V 
H 

30 397 .500 300 s 
V 
H 

35 463. 750 350 s 
V 
H 

40 530 000 400 s 
V 

Temperature, °K 
240 260 280 300 320 340 360 380 400 440 480 520 560 600 

38.074 39.316 40.645 42 .063 43.560 45.140 46.813 48.565 50.400 54.322 58.570 63.132 67.945 72.983 
273.79 278.89 283.86 288.75 293.60 298.41 303.14 307 .86 312 .59 321.91 331 .15 340.22 349.13 357.91 
196 400 212 900 229 400 245 800 262 300 278 700 295 100 311 600 328 000 360 900 393 700 426 600 459 400 492 300 
37.982 39.249 40.591 42.013 43.518 45.107 46.779 48.531 50.371 54.301 58.549 63.115 679.32 72.970 
260.28 265.38 275.25 275.25 280.1 0 284.95 289.67 294 .44 299 .16 308.49 317 .73 326.80 335.71 344 .53 
38 830 42 200 45 540 48 870 52 200 55 510 58 820 62 130 65 430 72 040 78 630 85 230 91 810 98 380 
37.869 38.505 40.524 41 .954 43.468 45.065 46.737 48.498 50.337 54.272 58.524 63.090 67.911 72 954 
254.22 259.40 264.46 269 .39 274 .24 279 .1 0 283.86 288.63 293.35 302 .68 311 .92 320.99 329.90 338. 72 
19 090 20 840 22 570 24 260 25 940 27 610 29 280 30 950 32 610 35 930 39 250 42 560 45 860 49 150 

38.977 40.378 41 .833 43.363 44 .973 46.658 48.427 50.271 54.218 58.478 63.048 67.878 72.920 
253.00 258.23 263.29 268.22 273.1 2 277.92 282.73 287 .50 296.87 306.11 315.18 324 .13 332.95 
10 150 11 060 11 940 12 800 13 660 14 510 15 360 16 200 17 880 19 550 21 230 22 890 24 540 

39.830 41 419 43.033 44 697 46.411 48.205 50.066 54.046 58.332 62 .923 67 769 72 824 
249 .20 254 .72 259.86 264 .92 269.85 274.70 279.51 288.96 298.20 307.32 316.31 325 13 
4103 4513 4902 5276 5641 5998 6351 7047 7738 8423 9100 9768 

42.339 44.191 45.993 47 .829 49 .727 53.754 58.085 62710 67585 72661 
252 .75 258 15 263 .29 268.31 273 20 282.77 292.10 301 .26 310 25 319 15 
2 241 2 464 2 673 2 873 3 064 3 436 3 800 4 156 4 504 4 845 

42815 45006 46.993 48995 53156 57571 62271 67.200 72326 
249 24 255.51 260.95 271.11 276.04 285.66 294.98 304 .06 312 96 
1014 1165 1296 1416 1628 1830 2024 2210 2387 

44 .279 49 397 51 759 56 480 61 .326 66 418 71 645 
249.49 256.60 267.93 278 22 287 96 297 24 306 19 
457 .1 568.0 721.3 8457 9596 1063 1159 
37 756 43 359 50 082 55 271 60 418 65 636 70 972 
231 .39 245 69 261 74 272 99 283 19 292 77 301 ,88 
140 3 248 2 415 0 520 3 607 7 684 3 753.6 
36 606 40.248 48 .159 53.983 59 503 64.922 70.357 
227 37 236 70 255.64 268 27 279 30 289.30 298.66 
122 0 150 5 266.9 359 5 433 .8 497 7 553 8 
36 176 39.374 46.227 52.708 58.650 64 .244 69.784 
225 49 233 73 250.04 264.13 276.04 286.45 295 .99 
114.6 130.1 194.2 2698 333.7 388.8 436 .9 
35.549 38.166 43 685 49 .526 55.531 61.547 67.472 
221.02 227.75 240 92 253.63 265.63 276,71 286.96 
100.2 1 05,9 122.4 143,8 168.3 195,6 224 .1 
35.582 38 .112 43.409 49.008 54.836 60. 736 66.556 
219.89 226.41 239.00 251.16 262.83 273.74 283 .78 
967 101.4 1136 129.3 146.9 165.7 1854 
35 .657 38,128 43.296 48.753 
218.89 225.20 237.49 249.37 
94 .3 98.6 108,6 120 3 
35.774 38. 199 43 ,284 48.652 
217.92 224.15 236.24 247.95 
92.3 96.1 104. 
37 .104 40.775 43,.32 
217 05 223 19 235 15 

0.4 94.0 101.4 

"'O 
:lJ 
0 
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:l> 
z 
m 



PROPYLENE 
(Synonym: Propene} 

(Formula: CH3CH:CH2 or C3H6
) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of C3H5 
Specific Volume @ 21 .1 °C, 101 .325 kPa 
Vapor Pressure @ 21 .1 °C 

Boiling Point@ 101 .325 kPa 
Triple Point 
Absolute Density, Gas@ 101.325 kPa@ 20 °C 
Relative Density, Gas@ 101 .325 kPa@ 20 °C (Air= 1) 
Density, Liquid @ Saturation Pressure@ 20 °C 
Critical Temperature 
Critical Pressure 

Critical Volume 
Critical Density 
Critical Compressibility Factor 
Latent Heat of Fusion@ 87.90 °K 
Flammability Limits In Air 
Dipole Moment, Gas 
Molar Specific Heat, Gas@101 .325 kPa@ 15.6 °C 

@ Constant Pressure 
@ Constant Volume 

0.042 081 kg 
0.042 081 kg 
565.6 dm3 /kg; 9.06 ft3 lb 
1 043 kPa; 10.43 bar; 151 .3 psia; 10.3 

atm 
225.45 °K; -47.7 °C; -53.9 °F 
87.90 °K; -185.2 °C; -301.4 °F 
1.785 5 kg/m3 

1.48 
0.513 9 kg/I 
364.95 °K; 91.8 °C; 197.2 °F 
4 260 kPa; 42.6 bar; 670.1 psia; 45.6 

atm 
4 .301 dm3 /kg 
0.233 kg/dm3 

0 .275 
71.354 kJ /kg; 17.054 kcal/kg 
2.0-11.1 % (by volume) 
1.221 X 1 o - JO C.m; 0 .366 D 

62.345 J/(mol- °K) 
54.035 J/(mol- °K) 

Specific Heat Ratio, Gas@ 101 .325 kPa@ 15.6 °C, Cp/Cv 
Molar Specific Heat, Liquid@ Saturation Pressure@ -49.8 °C 
Viscosity, Gas@ 101 .325 kPa@ 20 °C 

1.154 
91.555 J/(mol- °K) 
0.008 45 mPa-s; 0.008 45 cP 
0.140 mPa-s; 0.140 cP Viscosity, Liquid@ -40 °C 

Thermal Conductivity, Gas @ 101 .325 kPa @ 25 °C 

Thermal Conductivity, Liquid@ -40 °C 

Surface Tension@ -40 °c 

0.017 78 W /(m. °K); 42.5 x 1 o- 6 cal. 
cm/(s-cm2 -°C) 

0.13703W/(m-°K);327.5 X 10- 6 cal• 
cm/(s-cm2 . °C) 

Solubility In Water@ 101 .325 kPa (partial pressure of C3H6)@ 20 
15.8 mN/m; 15.8 dyn/cm 

oc 
Dielectric Constant, Liquid @ 20 °C 
Autoignition Temperature 
Flash Point 
Heat of Combustion, Gas@ 25 °C and Constant Pressure 

Gross, to form H2O(liq) + CO2(gas) 
Net, to form H2O(gas) + CO2(gas) 

Description 

At room temperature and atmospheric pressure, propylene 
Is a flammable, colorless, nontoxic gas. It is one of a group of 
liquefied petroleum gases. It is shipped in cylinders, cargo 
tanks, portable tanks, single unit tank cars, and ton multiunit 
tank cars as a liquefied compressed gas under its own vapor 
pressure of 942 kPa (136.5 psig) at 21 .1 °C. 
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22.05 cm3 /100 ml water 
1.875 
753.15 °K; 480.0 °C; 896.0 °F 
165.15 °K; -108.0 °C; -162.4 °F 

2 058.49 kJ/mol; 11 692 kcal/kg 
1 926.44 kJ/mol; 10 942 kcal / kg 

Specifications 

Matheson supplies two grades of propylene, the specifica­
tions of which are given below. 

1. Research Purity Grade 

This grade of propylene is of the highest purity that is 
available. A typical lot purity of the liquid phase is 99.70 mol 
% minimum. 

matheson 

2. C.P. Grade 

This grade has a minimum purity of 99 mol % In the liquid 
phase. 

Uses 

Propylene is used principal ly in organic synthesis to produce 
the following materials: acetone, isopropylbenzene, isopropyl 
alcohol, isopropyl halides, and propylene oxide. Propylene Is 
also being polymerized to form polypropylene plastic. 

Toxicity 

Propylene is classified as a simple asphyxiant and anes­
thetic. This material can only be considered a mild anesthetic 
and high concentrations are necessary to induce a marked 
physiological effect which will dilute the oxygen of the air to a 
level which will not support life. Propylene does not have any 
significant toxic properties. The 1979 ACGIH has established 
propylene as a simple asphyxiant. 

Precautions in Handling and Storage 

The hazards due to the handling of propylene stem mainly 
from its extreme flammability. Store and use propylene cylin­
ders in well-ventilated areas away from heat and all ignition 
sources such as flames and sparks. Never use flames to detect 
flammable gas leaks, use soap water solution Do not use 
propylene around sparking motors or other nonexplosion-proof 
equipment. Do not store reserve stocks of propylene cylinders 
with cylinders containing oxygen, chlorine, or other highly 
oxidizing or flammable materials. Ground all lines and equip­
ment used with propylene. 

In addition, the general rules listed in Appendix I should be 
observed. 

Leak Detection 

All fittings and joints should be painted with soap solution to 
detect leaks, which will be indicated by bubble formation . 
Never use a flame to detect leaks. 

Disposal of Leaking Cylinders 

For disposal procedure see Appendix II-A. 

Materials of Construction 

Since propylene is a noncorrosive gas any common or com­
mercially available metal may be used. However, piping sys­
tems or vessels to contain propylene should be designed to 
have a working pressure as specified by competent engineers 
using a safety factor conforming to the A.S .M.E. code for 
pressure piping. 

Cylinder and Valve Description 

DOT approved cylinders containing propylene are usually of 
the low pressure iype having a rnied service pressure of 1 034 
kPa (150 psig) or more. Cylinders of propylene are equipped 
with valves having Compressed Gas Association (CGA) valve 
outlet No. 51 O having a thread size of 0.885 inch diameter-14 
threads per inch, left-hand internal threads accepting a bullet-

PROPYLENE 

Fig. 1. CONNECTION 510 885"-14 LH EXT accepting a Bullet 
Shaped Nipple 

shaped nipple. See Figure 1 for 1llustrat1on of the valve outlet 
and mating connection. This valve outlet Is standard for all 
liquefied petroleum gases Valves used in this service by 
Matheson are of the diaphragm type and contain no packinq 
They are, therefore, relatively lead-free and require no packing 
adJustments. Lecture bottles have a special '¥,ti" -32 threads 
per inch, female outlet and a q its''-18 threads per inch, male 
dual valve outlet 

Safety Devices 

A number of different safety devices are permitted on cylin­
ders contaInIng propylene A frangible disc Is allowed In cylin­
ders having a minimum required test pressure of 20 680 kPa 
(3 000 psIg) or higher, and Is required in only one end of the 
container. A 73.9 °C (165 °F) fusible metal may be used; 
however, when cylinders are over 30 inches long, exclusive of 
the neck, this device Is required in both ends A frangible disc 
backed up with 73.9 C (165 'F) fusible metal 1s permitted In 
cylinders having a minimum required test pressure of 20 680 
kPa (3 000 ps1g) or higher and when cylinders are over 30 
inches long, exclusive of the neck, this device Is required nt 
both ends. The most commonly used safety device, which Is 
employed by Matheson, Is the spring-loaded safety relief valve 
If cylinder pressure becomes dangerously high, usually due to 
overheating, the safety relief device with open (at approxi­
mately 2 590 kPa (375 ps1g)) and release propylene gas until 
the pressure again returns to a safe level. 

Recommended Controls 

Automatic Pressure Regulators 

Matheson supplies single stage regulator Model 1P-510 for 
use with C.P. Grade propylene This regulator has a brass 
body, neoprene diaphragm, and neoprene seat It has a deliv­
ery pressure range of 28-240 kPa (4-35 psig), It is equipped 
with a delivery pressure gauge and needle valve for accurate 
flow control. No tank gauge is supplied since the vapor pres­
sure of the gas over liquid propylene will remain constant as 
long as any l1qu1d remains in the cylinder; therefore the pres­
sure is no 1nd1cat1on of cylinder content. A tank gauge can be 
supplied, however, 1f requested. 

For low pressure regulation Matheson supplies a Model 70 
regulator constructed of a forged aluminum body and Buna N 
diaphragm. This regulator is constructed with an oversize, 
pancake body to allow sensitive and accurate low pressure 
control Three pressure ranges are available as follows· 



PROPYLENE 

Model No. Delivery Pressure Range 
kPa mbar (g) psig 

708-510 0.5-3.0 5-30 2-1 2 inches water col-
umn 

70-510 3 .4-34.5 34-345 0 .5-5.0 psIg 
70A-510 34.5-68.9 345-689 5-1 O psIg 

This regulator is designed primarily for liquefied petroleum 
gases where it Is particularly suited for fuel gas burner opera­
tion, since its steady low pressure delivery permits a stable 
flame to be obtained. 

Regulator Model 3321 of brass construction, neoprene dia­
phragm and Kel-F seat is recommended for use with lecture 
bottles of C.P. Grade propylene. It has a delivery pressure 
range of 28-41 O kPa (4-60 psig). 

Single stage regulators Model 19S-510 and Model 71S-510 
are recommended for use with Research Purity Grade propyl­
ene. The 19S regulator has a brass body, German silver 
diaphragm, nylon seat, and aluminum and nylon gaskets, and 
a diaphragm packless outlet valve with a ¼" Gyrolok tube 
fitting . It has a delivery pressure range of 0-170 kPa (0-25 
psig) . 

The Model 71 S regulator has an aluminum body, a large 
diaphragm of type 302 stainless steel , Teflon seat, and type 
303 stainless steel needle valve outlet with ¼ " NPT male and 
hose connection It has a delivery pressure range of 3.4-40 
kPa (0.5-6 psig) 

Manual Controls 

Matheson needle valve Model 50-510, for use with C.P. 
Grade, is a brass bar stock valve that Is available for direct 
attachment to the cylinder valve outlet. This valve may be 
equipped with a variety of outlets, such as a hose connection, 
¼ " tube fitting, or ¼ " NPT male or female pipe. It should be 
used only where manual flow control is needed and should not 
be used as a pressure control since it will not prevent pressure 
from bu1lding up if a system becomes clogged or if the system 
itself is closed. A Model 31 B manual needle valve can be 
supplied for use with lecture bottles, where accurate flow 
control Is desired. 

Manual control Model No. 4351-51 O of diaphragm packless 
construction and ¼" Gyrolok outlet connection is recom­
mended for use with Research Purrty Grade propylene. 

Flow meters 

Matheson Serres 7600 laboratory brass flowmeter unrts with 
1 5 mm tubes and floats or Matheson Series 7200 laboratory 
brass flowmeter units with 65 mm tubes with a single float are 
recommended for use where defin1te flow rates must be known. 

Electronic mass flowmeters, such as Matheson Series No. 
8116 and No. 8160, should be used where accurate readings 
are required. Calibration Is unaffected by temperatu re and 
pressure changes, and flow rates may be recorded from the 
instrument s electrical output. 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 stainless steel and 
Serres 8260 of type 316 stainless steel or monel are designed 

to control the flow of gas regardless of pressure and tempera­
ture changes. These mass flow controllers consist of a trans­
ducer, a control valve, a blind controller / power supply, a 
potentiometer, and a digital indicator. The transducer senses 
the gas flow and sends a signal to the power supply. This 
signal and one from the potentiometer are compared. It there 
is an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 
imbalance. The accuracy is ± 1 .2%. 

Shipping Regulations 

Propylene is classified by the DOT as a flammable, com­
pressed gas and is shipped with the required " Red Gas Label"'. 

Commercial Preparation 

Propylene is obtained from petroleum oils during the refining 
of gasoline and to a lesser extent by splitting, cracking, and 
reforming hydrocarbon mixtures. 

Chemical Properties 

Propylene is a member of the alkene or olefin series of 
hydrocarbons. The alkanes being unsaturated will undergo a 
wide variety of addition reactions. Some of the general reac­
tions of alkenes are as follows: 

(a) The alkenes combine with hydrogen halides forming alkyl 
halides, the descending order of reactivity of the former being 
HI, HBr, HCI. Normal addition follows Markownikoff's rule, the 
halogen atom becoming attached to the carbon carrying the 
fewest hydrogen atoms. Peroxides reverse the d irection of 
addition of hydrogen halides to alkenes. 

(b) The alkenes combine with halogens; the order of de­
creasing addition rate being chlorine, bromine. iodine. At higher 
temperatures, substitution on the carbon adjacent to the doubly 
bonded carbon atoms can occur. 

(c) The alkenes are hydrogenated to the corresponding 
alkanes in the presence of suitable catalysts (platinum, palla­
dium, Raney nickel). 

(d) The alkenes combine with concentrated sulfuric acid 
forming alkyl hydrogen sulfates which on hydrolysis yield al­
cohols. The method is a convenient one for the hydration of 
double bonds. 

(e) With positive halogen compounds, like N-bromosucci­
nimide, the alkenes are halogenated at the alpha carbon­
allylic halogenation. 

(f) With hypochlorous acid, the alkenes give chlorohydrins. 
(g) In the presence of aluminum chloride, the alkenes com­

bine with acyl halides giving halogeno ketones. 

(h) The alkenes combine with carbon monoxide and hydro­
gen in the presence of cobalt under high pressure to form 
aldehydes. 

(i) The alkenes are readily oxidized by a variety of oxidizing 
agents, e.g., potassium permanganate, hydrogen peroxide, 
perbenzoic acid, etc. 

(j) The alkenes can be polymerized to polyalkenes under 
suitable conditions, the polymerization being catalyzed by alu­
minum chloride or boron trifluoride. 

Ck) At elevated temperatures and pressures, and in the 
presence of sulfuric acid or other catalysts, alkanes may add 
to alkenes. 

matheson~ 

(I) The alkenes may be isomerized by heating alone or rn 
the presence of catalysts. 

Thermodynamic and Detailed Physical Data 

Molecular Structure 

Propylene has c. point group symmetry and a symmetry 
number of three. In propylene the C= C bond is nonsymmetrical 
in comparison to the C=C bond in ethylene which Is symmet­
rical. A slight distortion for the C= C bond Is produced and the 
C- C bond d istance itself is shortened to 1.51 A (1.51 x 10-10 

m) relative to 1.54 A (1 .54 x 10- 10 m) rn ethane. Three 
resonance structures are considered as contributing to the 
stabilization of propylene (2) : 

H+ H 
I I 

CH3- CH= CH2 - CH2=CH-CH2 - CH,-CH-CH2 

Infrared Spectrum 

See Figure 2 for the infrared spectrum of gaseous propylene. 

Vapor Pressure (3) 

Vapor pressures up to 101 .325 kPa (760 mm Hg) are shown 
below. 

Temperature, °K 
Vapor Pressure 

kPa mbar mmHg 

141 .25 0 .133 1.33 1 
152.45 0 .667 6.67 5 
161 .05 1.333 13.3 10 
168.45 2.666 26.7 20 
176.65 5.333 53.3 40 
181 .85 7.999 80.0 60 
189.05 13.332 133 100 
199.85 26.664 267 200 
212.25 53.329 533 400 
225.45 1 01 .325 1 013.25 760 

Vapor pressures above 1 atm are shown below. 

Temperature, °K 
Vapor Pressure 

kPa bar atm 

225.45 101 .325 1.013 25 1 
241. 75 202.65 2.03 2 

268.35 506.625 5.07 5 

292.95 1 013.250 10.1 10 

322.65 2 026.500 20.3 20 

343.15 3 039.750 30.4 30 

358.15 4 053.000 40.5 40 

For additional vapor pressure data, see Table 1 and Figure 

3. 

Latent Heat of Vaporization , 
.1Hv @ 225.45 °K 

18.418 kJ / mol 
4.402 kcal / mol 

For additional ~Hv values, see Table 1. 
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REFERENCES 

Thermodynamic Data 

Thermodynamic properties for saturated propylene liquid 
and vapor and for the superheated vapor are shown in Tables 
1 and 2, respectively. 

Thermodynamic Properties of Propylene As Ideal Gas @ 25 
°C (4) 

Heat Capacity, cg 63.890 J/ (mol, °K) 
Entropy, S0 266.939 J/ (mol • °K) 
Free Energy Function, (F~gs - -221.543 J/(mol-°K) 

H8)/298 
Enthalpy Function, (H~9a - H8)/ 45.355 J/ (mol- °K) 

298 
Enthalpy Difference, H~gs - Hg 13.544 kJ/mol 

' For extensive tabulations of the thermodynamic and physical properties of propylene, see W. Braker and A. L. Mossman, The Matheson 
Unabndged Gas Data Book, 1975, Matheson, East Rutherford, New Jersey. 
2 M. J. S. Dewar, Hyperconjugation, 1962, pp. 50, 62-64, The Ronald Press Co., New York, New York. 
3 

Chem,cal Engineers · Handbook, 5th edition, R.H. Perry and C. H. Chilton, editors, 1973, p. 3-59, 3-62, McGraw-Hill Book Co., Inc., New York, 
New York. 

• J E Kilpatrick and K S Pitzer, J. Research Natl Bur. Stand. 37, 163-171 (1946). 
5 

The Sadtler Standard Spectra, 19 72, Sad tier Research Laboratories, Inc., Philadelphia, Pennsylvania. 
6 L. Caniar, M Goldman, and H. Marchman, Ind. Eng. Chem. 43, 1186 (1951 ). 
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Table 1. THERMODYNAMIC PROPERTY OF SATURATED PROPYLENE (6) 
Entropy Enthalpy Temperature Pressure Latent Specific Volume Density 

J/(mol. cK) kJ / mol Heat of dm3 kg kg m3 

CK CF kPa atm Liquid Vapor Liquid 
Vaporiza-

Vapor tion kJ / Liquid Vapor Liquid Vapor 
mol 

225.45 -53.86 1 01 .325 1.000 168.021 249.663 26.000 44.408 18.408 1 629 4 422.9 0.613 7 0.002 36 
227.59 -50.0 111 .660 1.102 168.866 249.311 26.234 44.545 18 311 1.640 386.7 0 610 0 002 59 
233.15 -40.0 141.956 1 .401 171 .190 248.606 26.750 44.803 18.053 1 660 308.1 0 602 0.003 25 
238.71 -30.0 1 78.433 1.761 173.408 247.902 27.257 45.043 17.786 1.680 250.6 0 .595 0 .003 99 
244.26 -20.0 221 .598 2.187 175.697 247.374 27.769 45.278 17 509 1.700 205.0 0 .588 0 .004 88 
249.82 -10.0 272.159 2 .686 177.757 246.670 28.276 45.497 17.221 1.730 169.4 0 .578 0 .005 90 
255.37 0.0 330.623 3.263 179.905 246.142 28.806 45.726 16.920 1.750 140.8 0 571 0.007 10 
260.93 10.0 398.41 0 3 .932 181 .983 245.613 29.345 45.950 16.605 1.770 117.7 0 565 0 008 50 
266.48 20.0 505.004 4.984 184.025 245.085 29.888 46.163 16.275 1.800 99.01 0 556 0 010 10 
272.04 30.0 564.887 5 .575 186.015 244.557 30.438 46.366 15 928 1.820 83.84 0 549 0 .011 93 
277.59 40.0 665.503 6 .568 187.969 244.029 30.992 46.653 15.661 1.850 71 29 0 541 0 .014 03 
283.15 50.0 778.683 7.685 189.906 243.501 31 .576 46.850 15.274 1.880 60,93 0 532 0 016 41 
288.71 60.0 905.744 8.939 191 .925 242.972 32.128 46.896 14 768 1 920 52 .31 0.521 0 019 12 
294.26 70.0 1 047.295 10.336 193.726 242.444 32.709 4 7.143 14.434 1.950 45 07 0 513 0 .022 19 
299.82 80.0 1 204.552 11.888 195.804 242.092 33.286 47.167 13.881 1.980 38.96 0 505 0 .025 67 
305.37 90.0 1 377.919 13.599 197.688 241 .564 33.889 47 .292 13.403 2 .020 33.90 0 495 0 ,029 50 
310.93 100.0 1 569. 11 9 15.486 199.625 241 .036 34.495 47.397 12.902 2.060 29.47 0.485 0 033 93 
316.48 110.0 1 778.456 17.552 201 .491 240.683 35.097 47.474 12.377 2 .110 25.72 0.474 0 038 88 
322.04 120.0 2 007.654 19.814 203.357 240.155 35.713 47 .537 11 .824 2.160 22.47 0.463 0 044 50 
327.59 130.0 2 258.129 22.286 205.118 239.451 36.308 47 .576 11 .268 2.230 19.60 0 .448 0 051 02 
333.15 140.0 2 530.896 24.978 207.002 238.923 36.962 47.599 10.637 2.310 17 11 0 433 0 .058 44 
338.71 150.0 2 828.386 27.914 209.097 238.219 37.665 47.544 9 .879 2.400 14.80 0 .417 0 ,067 57 
344.26 160.0 3150.701 31 .095 211 .421 237.338 38.495 4 7.444 8.949 2.510 12.67 0 .398 0 .078 93 
349.82 170.0 3 500.475 34.547 214.045 236.282 39 490 47.291 7.801 2.620 10.61 0 .382 0 .094 25 
355.37 180.0 3 880.038 38.293 217.073 235.049 40.615 47.003 6.388 2 .790 8 .62 0 358 0 ,116 01 
360.93 190.0 4 294.660 42.385 221 .756 233.641 42.074 46.338 4.264 3.110 6.62 0 .322 0 .151 06 
364.91 197.17 4 621.332 45.609 228.218 228.218 44.785 44 . 785 0 .000 4 .539 4 .539 0 220 0 ,220 03 
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PROPYLENE 

Table 2. THERMODYNAMIC PROPERTIES OF SUPERHEATED PROPYLENE (6) 
H, ENTHALPY, kJ / mol ; S, ENTROPY, J / (mol -°K); V, SPECIFIC VOLUME, dm3 kg 

Pressure 
kPa atm 

H 
101 .325 1 s 

V 

H 
20 2.650 2 s 

V 

H 
405.300 4 s 

V 

H 
607.950 6 s 

V 

H 
81 0 .600 8 s 

V 

H 
1 01 3.250 10 s 

V 

H 
1 519.875 15 s 

V 

H 
2 026.50 20 s 

V 

H 
3 039.75 30 s 

V 

H 
4 053.00 40 s 

V 

H 
5 066.25 50 s 

V 

H 
6 079.50 60 s 

V 

H 
7 09 2.75 70 s 

V 

233.15 

44.887 3 
251 .600 
439.7 

Temperature, K 
255.37 277.59 299.82 322.04 344.26 

46.158 9 47 .508 7 48.907 5 50.423 6 51 .998 4 
257.058 262.164 266.037 271.143 276 073 
485.5 531.1 576 6 622 0 666.7 

45.973 0 47 058 8 48 780 3 50 306 2 51 900 6 
250.7 19 256.001 260.931 265.861 270 615 
233. 7 258.5 283.1 306 5 329 1 

47.019 6 48.496 6 50.081 2 51 705 0 
249 .487 254.593 259.699 264 452 
124.5 137.0 149.8 161 .9 

46.667 5 48.203 2 49.826 9 51 .509 3 
244.909 250.367 255.649 260.755 
78.91 88.15 96 89 105.5 

47.880 4 49 572 6 51 .284 4 
247.374 252.656 257 938 
63.68 70.61 77.41 

47.538 1 49.308 5 51 069 2 
244.557 250.191 255.473 
48 .88 54 .94 60.37 

48 516 2 50.443 2 
244 .909 250 719 
33.52 37.89 

49 768 2 
246 846 
26.41 

--

366.48 

53.631 9 
280 827 
711 3 

53 553 7 
275 369 
351 .5 

53.387 4 
269 206 
173 4 

53 221 1 
265 509 
113.6 

53.035 3 
262 692 
83 65 

52 849 4 
260 403 
65 42 

52.360 3 
256.177 
41 83 

51 812 6 
252 656 
29 65 

50.541 0 
246 318 
17 23 

48 672 7 
239.979 
10 18 

394 26 

55 774 1 
286 637 
766 4 -
55.705 6 
281 003 
379 6 

55 568 7 
275 017 
187 7 

55.431 7 
271 .319 
123.3 

55 294 8 
268 678 
91 21 

55 148 1 
266 .565 
71 98 

54 766 6 
262 516 
46.45 

54.365 5 
259.34 7 
33 46 

55 255 7 
254 241 
20.48 

52.467 9 
249 839 
13.80 

51 206 1 
245 261 
9 49 

49.523 7 
240.331 
6.49 

47.459 8 
234.697 
4 .43 

422.04 

58.033 6 
292.271 
821 .2 

57.965 1 
286.637 
407.7 

57 .857 5 
280.651 
201 .8 

57 740 2 
276.953 
133 0 

57 .632 6 
274.488 
98 .76 

57 515 2 
272.376 
78 10 

57.212 0 
268 502 
50.82 

56.889 2 
265.509 
37 02 

56 214 2 
261 107 
23.29 

55.480 6 
257 .234 
16.29 

54 .659 0 
253.888 
12.05 

53 739 5 
250.719 
9 .18 

52.722 2 
247.550 
7.18 

477.59 

62.875 4 
303. 187 
930.6 

62 .836 3 
297 .377 
462.7 

62 738 5 
291 .567 
230.0 

62.650 5 
288.045 
152.2 

62.572 2 
285 561 
113 6 

62.484 2 
283.468 
90.21 

62.278 8 
279.770 
59.24 

62.053 8 
277 129 
43.70 

61 .6136 
273.080 
28.16 -
61 . 134 3 
269.911 
20.35 

60 635 5 
267.270 
15.67 

60.117 1 
264.981 
12.61 

59.598 6 
262.868 
10.43 



SILANE 
(Synonyms: Monosilane; Silicon Tetrahydride) 

(Formula: SiH4) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of SiH4 
Specific Volume@ 21.1 °C, 101.325 kPa 
Boiling Point @ 101 .325 kPa 
Melting Point 
Absolute Density, Gas@ 101.325 kPa@ 20 °C 
Relative Density, Gas@ 101.325 kPa@ 20 °C (Air = 1) 
Density, Liquid @ 88.15 °K 
Critical Temperature 
Critical Pressure 

Critical Volume 
Critical Density 
Critical Compressibility Factor 
Viscosity, Gas@ 101 .325 kPa@ 25 °C 
Trouton Constant 

0.032 118 kg 
0.032118kg 
751.8 dm3 /kg; 12.04 ft3 /lb 
161.65 °K; -111.5 °C; -168.7 °F 
88.15 °K; -185.0 °C; -301.0 °F 
1.342 kg /m3 

1 .114 
0.711 kg/I 
269. 70 °K; -3.4 °C; 25.8 °F 
4 843 kPa; 48.43 bar; 702.5 psia; 47.8 

atm 
4.132 dm3 /kg 
0.242 kg/ dm3 

0 .287 
0.010 92 mPa,s; 0.010 92 cP 

Mc.•lar Specific Heat, Gas @ 101 .325 kPa @ 25 °C @ Constant 
Pressure 

72 .383 J / (mol, °K); 17.3 cal/(mol-°K) 

42.844 J / (mol -°K) 

Description 

Silane 1s a colorless gas with a repulsive odor at room 
temperature and atmospheric pressure. It is stable indefinitely 
in metal containers Silane in the pure state is spontaneously 
flammable in air. It 1s shipped in various size steel cylinders as 
a nonl1quefted gas at various pressures, the highest cylinder 
pressure being 8625 kPa (1250 ps1g) at 21 .1 °C. 

Specifications 

S1lane supplied by Matheson is a Semiconductor Grade 
material with a minimum purity of 99.99 mole %. Deposits 
formed from s1lane will be of the N-type with a minimum 
res1st1v1ty of 100 ohm-cm . 

Uses 

Silane of Semiconductor Grade otters a source of high purity 
silicon for epitaxial and thin film deposits, and for the formation 
of high purity silicon oxides. 

Effects In Man and Toxicity (2) 

Little is known of the toxicity of silane except that breathing 
this gas may cause headache and nausea. The hydrolysis of 
s1lane in the body tissues would form silicic acid or hydrated 
silica. The offensive odors of most of these gases should be 
taken as a warning of the presence of dangerous concentra­
tions of the gases. 
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The 1979 ACGIH has recommended a Threshold Limit Value 
(TLV) of 0.5 ppm (0.7 mg/m3) for silane. 

First Aid Treatment (2) 

Remove the victim promptly to an uncontaminated atmo­
sphere. Keep the victim warm (not hot) and quiet. Administer 
pure oxygen. If breathing is weak and has stopped, give 
artificial respiration with simultaneous administration of oxy­
gen. 

Suggestions for Medical Treaament 

Use intermittent positive pressure oxygen for pulmonary 
edema. If muscle spasm or muscle tremor is present, use 
barbiturates to prevent convulsions. Treat anemia, if severe, by 
transfusion . Treatment otherwise is symptomatic and suppor­
tive. 

Precautions in Handling and Storage 

The following specific precautions should be observed in 
handling silane: 

1. Store at positive pressures. 

2. Piping and equipment should be thoroughly pressure­
checked above working pressure and be genuinely leak-tight. 

3. Do not condense silane ( -11 O 0 c or less). Serious ac­
cidents have occurred with liquid and solid silane. 

4. Evacuate piping and systems and purge with inert gas 
(nitrogen, helium, etc.) before introducing silane. 

matheson~ 

5 . Vent with carrier gas to outdoors-no hoods-through 
pipe small enough to insure no back d1ffus1on. Stainless steel 
or iron pipe is preferred . 

6 . Use diaphragm pack-less valves with res1 l1ent seats such 
as Teflon. 

7. Remove back plates on rotameters and pressure gauge 
covers. 

8 . Pressure regulators used with s1lane should have metal 
diaphragms to allow complete evacuation . 

9 . Be very cautious about using silane in systems with 
halogenated compounds. Even a trace of free halogen can be 
violently explosive with s1lane. 

10. Mixtures down to 1.0% sllane in hydrogen and or nitro­
gen have been found to be spontaneously flammable when 
mixed with air. At very high escape velocities mixtures as high 
as 10% may not spontaneously ignite . Venting of hydrogen­
silane mixtures of any concentration should be done as far for 
pure sllane. Preferably, they should be burned. 

11 . Ground all lines and equipment used with silane 
12. Do not store reserve stocks of silane with cylinders 

conta ining oxygen or other highly oxidizing or flammable ma­
terials. 

In add1t1on, the general rules listed 1n Appendix I should be 
observed . 

Leak Detection 

Piping and equipment should be thoroughly pressure­
checked with an inert gas and soapy water above working 
pressures and be completely leak-tight. Leaks in a system 
containing sllane will be indicated by flames . Do not attempt to 
extinguish but shut off source of silane 1mmed1ately 

Materials of Construction 

Piping and accessories leading to equipment for the thermal 
decomposition of silane may be of iron or steel construction 
and should be adequately designed to withstand pressures to 
be encountered. 

Cylinder and Valve Description 

Silane is shipped in 4 different size DOT approved cylinders, 
namely, 1 Y, 1 A, 1 X, and 3 . 1 X and 3 cylinders are equipped 
with Compressed Gas Association (CGA) 510 valve outlet 
connections, which 1s a 0.885 inch left-hand internal thread 

OuT! fl C.NNlCTIO-. 

Fig. 1. CONNECTION 510 885"-14 LH INT accepting a Bullet 

Shaped Nipple 

accepting a bullet-shaped nipple (see Figure 1 for an illustra­

tion). 50 1 ti t 1 y and 1 A cylinders are equipped with CGA 3 va ve ou e 
connections, which is a 0.825 inch left-hand external thread 
accepting a round-shaped nipple. 
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Safety Devices 

Cylinders containing s1lane are not equipped with s I ty 
devices, and therefore should be stored away from sources of 
heat to avoid the development of dangerous pressures w1th1n 
the cyl inder 

Recommended Controls 

Automatic Pressure Regulators 

Single stage regulators. Models 19S-510 and 3501-510, r 
recommended for use with size 1 X and 3 cylinders only These 
metal diaphragm high purity regulators have a delivery pressure 
range of 0-1 70 kPa (0-25 ps1g) 

Single stage metal diaphragm regulators Models 3502-350 
and 19SM-350 are recommended for use with 1 Y and 1 A 
cylinders only These regulators have delivery pressure ran~es 
of 0-170 kPa (0-25 ps1g). Two stage regulators Models 3800-
350 and 3104-350, having delivery pressure ranges of 28-
620 kPa (4-90 psig) and 28-690 kPa (4-100 ps19), respec­
tively, are recommended for use with 1 Y and 1 A cylinders only 

Flow meters 

Matheson Series 7600 laboratory brass or stain less st el 
flowmeter units with 1 50 mm tubes and floats or Matheson 
Series 7200 laboratory brass or stainless steel flowmeter units 
with 65 mm tubes with a single float are recommended for use 
where definite flow rates must be known 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 31 6 stainless steel and 
Series 8260 of type 316 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and temp ra­
ture changes These mass flow controllers consist of a trans­
ducer. a control valve . a blind controller/ power supply, a 
potentiometer, and a d1g1tal indicator The transducer senses 
the gas flow and sends a signal to the power supply. This 
signal and one from the potentiometer are compared. If there 
is an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 
imbalance The accuracy 1s ± 1 .2%. 

Shipping Regulations 

S1lane 1s classified by the DOT as a flammable gas and 1s 
shipped under the required " Red Gas Label ". 

Chemical Preparation 

Treatment of magnesium s1lic1de Mg2S1 with 20% HCI gives 
mainly hydrogen along with a mixture of silicon hydrides, which 
can be separated by fractional d1st1llat1on. Sllane can be pre­
pared in 70-80% yields by reaction of Mgl S1 with ammonium 
bromide in liquid ammonia in a current of hydrogen Reduction 
of silicon tetrachloride with lithium, magnesium, sodium or 
calcium aluminum hydride in ethyl ether or tetrahydrofuran 
gives s1lane in high yields . 

Chemical Properties 

Silane 1s stable to neutral or acid water, but in Hie presence 
of base, even the traces provided by glass vessels, 1t 1s rapid ly 
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hydrolyzed to hydrated silica. Silane is a strong reducing agent. 
Halogenation reactions with chlorine or bromine are explosively 
violent at room temperature. Decomposition of silane into sili­
con and hydrogen begins at about 400 °C and proceeds 
rapidly at temperatures above 600 °C. For additional reactions 
of silane and other silicon hydrides see Reference 3 . • 

Thermodynamic and Detailed Physical Data 

Molecular Structure 

Si lane is a tetrahedral molecule, with T d point group sym­
metry and a symmetry number of twelve, with the following 
structural parameters: bond distance: Si-H 1 .457 [A] (1.457 
x 10- 10 m); bond angle: H-Si-H 109.47°. 

Infrared Spectrum 

Vapor Pressure (5) 

Temperature, °K 

93.85 
104.55 
110.15 
116.25 
122.85 
126.85 
132.65 
141 .55 
151.15 
161 .65 

kPa 

0.133 
0.667 
1.333 
2.666 
5.333 
7 .999 

13.332 
26.664 
53.329 

101 .325 

Vapor Pressure 
mbar mmHg 

1.33 1 
6 .67 5 

13.3 10 
26.7 20 
53.3 40 
80.0 60 

133 100 
267 200 
533 400 
013.25 760 

See Figure 2 for the infrared spectrum of a typical sample of 
silane isolated in an argon matrix at 14 ° K. 

Latent Heat of Vaporization 
@ 161.65 °K 12.385 kJ/mol; 

2.96 [kcal / mol] 
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Fig. 2. (a) The infrared spectrum of a typical unphotolyzed sample of silane isolated in an argon matrix at 14 ° K is shown in the 
solid trace of Figure 1 (a). When a?ditional sample is added with concurrent vacuum-ultraviolet photolysis , a spectrum such as 
that shown by_ the dotted trace of Figure 2 (a) results. Prominent photolysis product absorptions at 837 and 942 cm- 1 are readily 
assigned to S12Hs, the argon-matrix spectrum of which is shown in the solid trace of Figure 2 (b) (7). 
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Thermodynamic Data 

Compressibility factors for sIlane at 21 .1 °C are shown in 
Table 1. 

Thermodynamic Properties of Silane As Ideal Gas a 25 °C 
(6) 

Heat Capacity, c~ 
Entropy, S0 

Free Energy Function, (F~98 

H~9a)/ 298 
Enthalpy Difference, H~98 - Hg 
Enthalpy of Formation, .:1Hf 
Free Energy of Formation, .iFf 

42.827 J (mol- °K) 
204. 133 J (mol- °K) 

-204.133 J (mol- °K) 

10.539 kJ mol 
32 .635 kJ mol 
55. 1 62 kJ mol 

Table 1. COMPRESSIBILITY FACTORS 
FOR SILANE AT 21.1 °C 

Compressi­
bility Factor 

0.99 
0 .99 
0 .98 
0.98 
0 .975 
0 .945 
0 .925 
0.895 
0.83 
0.77 
0.70 

kPa 

101.325 
203 
304 
405 
507 

1 010 
1 520 
2 030 
3 040 
4 050 
4 840 

Pressure 
bar 

1.013 25 
2.03 
3.04 
4.05 
5.07 

10.1 
15.2 
20.3 
30.4 
40.5 
48.4 

atm 

1 
2 
3 
4 
5 

10 
15 
20 
30 
40 
47.8 
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' For extensive tabulations of the thermodynamic and physical properties of silane. see W Braker and A L Mossman, The Matheson Unabfldged 

Gas Data Book, 1975, Matheson, East Rutherford, New Jersey 

2 w. Braker, A. L. Mossman, and D. Siegel, Effects of Exposure to Toxic Gases-First Aid and Medical Treatment, 2nd ed1t1on, 19 77. PP 60-75. 
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SILICON TETRAFLUORIDE 
(Synonym: Tetrafluorosilane) 

(Formula: SiF4) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of S1F4 
Spec1f1c Volume @ 21 .1 °C, 101 .325 kPa 
Boiling Point @ 241 kPa 
Sublimation Point 
Melting Point 
Absolute Density, Gas@ 101 .325 kPa@ 20 °C 
Relative Density, Gas @ 101 .325 kPa @ 20 °C (Air = 1) 
Critical Temperature 
Critical Pressure 

Latent Heat of Subl1mat1on @ 178.35 °K 
Latent Heat of Fusion @ 177.45 °K 

Description 

At room temperature and atmospheric pressure, silicon te­
trafluoride Is a colorless, nonflammable, toxic gas with a suf­
focating odor It Is shipped as a nonliquef1ed gas. Cylinder 
pressure is 6 895 kPa (1 000 psig) at 21 .1 C. 

Specifications 

Silicon tetrafluoride has a minimum purity of 99.99 mole %. 

Uses 

Silicon tetrafluoride Is chiefly in the manufacture of fluosillcic 
acid and its salts. Fluosilic1c acid or its sodium salt is used in 
water fluoridation. Fluos1licic acid is also used to produce 
cryolite and aluminum fluoride 

Effects in Man and Toxicity (2) 

The concentration that produces acute effects vanes with 
the time of exposure, 50 ppm may be fatal If inhaled for 30-60 
minutes. Less severe exposures cause irritation of the nose 
and eyes, smarting of the skin, some degree of conjunct1val 
and respiratory irritation. More severe exposures can lead to 
severe irntat1on of the eyes and eyelids and to inflammation 
and congestion of the lungs and circulatory (cardiovascular) 
collapse. Skin contact with the liquid or vapor of any member 
of this group can cause severe burns. 

Silicon tetrafluoride is readily detectable in air by its sharp, 
irritating odor. 

No Threshold Limit Value (TLV) has as yet been established 
for silicon tetrafluoride 

First Aid Treatment (2) 

Speed in removing the patient from the contaminated atmo­
sphere or removing the vapor or liquid from the skin or eyes Is 
essential. First aid must be started immediately in all cases of 
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0.104 08 kg 
0.104 08 kg 
231 .0 dm3 /kg; 3.7 ft3 /lb 
208.15 °K; -65.0 °C; -85.0 °F 
178.35 °K; -94.8 °C; -138.6 °F 
177.45 °K; -95.7 °C; -140.3 °F 

4 .370 kg / m3 

3.63 
259.00 ° K ; -14.2 °C; 6 .5 °F 
3 715 kPa; 37.15 bar; 538.8 psia; 36.66 

atm 
25.648 kJ / mol; 6 .130 kcal / mol 
9 .51 0 kJ / mol; 2 .273 kcal / mol 

contact with the particular gas in any form. All affected persons 
should be referred to a physician , no matter how slight the 
injury, and the physician given a detailed account of the acci­
dent. 

Inhalation 

In minor exposures, remove the victim to an uncontaminated 
atmosphere and administer as quickly as possible 1 00% oxy­
gen . It has been found helpful to expose even borderline cases 
to 1 00% oxygen at half hour intervals for 3-4 hours. 

In severe exposures, the worker must be carried at once into 
an uncontaminated atmosphere. A physician should be called 
immediately and the administration of 1 00% oxygen should be 
started at once. The victim should receive oxygen under posi­
tive pressure (<4 cm) for half hour periods for at least 6 hours 
until breathing Is easy and the color of the skin and mucous 
membranes is normal. He should be kept comfortably warm, 
but not hot. Under no circumstances should the patient be 
permitted to return home or to work following a severe expo­
sure until examined and discharged by a physician who Is 
aware of the nature of the exposure. Mild analgesics and 
sedatives, such as aspirin or sodium bromide, may be given 1f 
thought to be desirable by the physician , but medication is 
usually unnecessary when adequate oxygen has been admin­
istered immediately after exposure. Morphine and barbiturates 
should never be given because of their depressant effect on 
respiration. Cardiac and respiratory stimulants are not recom­
mended . 

Artificial respiration should not be given unless breathing has 
ceased . 

Contact with Eyes 

If the eyes have been contacted by silicon tetrafluoride, they 
should be flushed with water for 15 minutes. This may have to 
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be repeated several times. Ice compresses should be applied 
when not irritating Pain can be relieved by 2 or 3 drops of 
0.5% tetracaine (pontocaine). An ophthalmologist should be 
consulted for more definite treatment. 

Contact with Skin 

Workers who have had skin contact with silicon tetrafluoride 
should be subJected to a drenching shower of water. The 
clothing should be removed as rapidly as possible, even while 
the victim Is in the shower, and medical assistance obtained 
immediately. It Is essential that the affected area be washed 
with copious quantItIes of water for a sufficient period of time 
to remove all acid from the skin The affected part should then 
be immersed in an ice-cold saturated solution of magnesium 
sulfate (Epsom salt), iced 70° alcohol, or an iced aqueous or 
alcoholic solution of Hyamine, a high molecular weight quater­
nary ammonium compound. The immersed part should be 
removed for 2-3 minutes every 1 0 minutes to relieve the 
discomfort. It the burn is In such an area that it is impractical to 
immerse the part, then iced alcohol, iced magnesium sulfate 
solution, or Hyamine solution should be applied In the form of 
saturated compresses, which should be changed at least every 
2 minutes. This treatment should be continued for 1-4 hours 
depending on the extent of the burn. The area should then be 
covered with a generous quantity of paste freshly prepared 
from powdered U.S P. magnesium oxide and U.S.P. glycerin 
This paste should be applied dally tor several days 

Precautions in Handling and Storage 

(a) Workers who handle silicon tetrafluoride should wear 
protective clothing such as rubber or plastic aprons, rubber 
gloves, and suitable gas-tight chemical safety goggles. Woolen 
outside clothing or other acid resistant fabrics are recom­
mended tor workers handling silicon tetrafluoride. 

(b) Instant-acting showers should be available In the event 

of an emergency 
(c) Special eye-washing fountains or similar equipment 

should be available for eye irrigation. 
(d) Proper respiratory equipment must be provided and per­

sonnel wearing such equipment must be carefully instructed in 

its operation and lim1tatIons 
(e) Precautions should always be taken to prevent suckback 

of foreign materials into the cylinder by using a check valve, 
vacuum break, or trap, since a suckback may cause the 
development of dangerous pressures within the cylinder. The 

cylinder valve should be closed after each use 
In addition, the general rules listed In Appendix I should be 

observed. 

Leak Detection 

Large leaks of silicon tetrafluoride will be e~ident by the 
formation of dense white fumes on contact with the atmo­
sphere. Small leaks of s1lIcon tetrafluoride may be detected by 
holding an open bottle of concentrated ammonium hydroxide 
solution near the site of the suspected leak (formation of dense 
white fumes) Wet blue litmus paper will turn pink when ex-

posed to a silicon tetrafluoride leak 
Cylinder valve leaks can usually be corrected by tightening 

the valve packing nut (turn clockwise as viewed from above) 
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SILICON TETRAFLUORIDE 

Disposal of Leaking Cylinders 

Leaking cyl nders of silicon t tralluond that c nnot cor-
rected should be d1spo ed of by the riroc dur d en d m 
Appendix 11-D. 

Materials of Construction 

Most common met Is of construction are s t1sf cto 
handl ng the dry gas Plastics suit I for c rt 1'1 pphc ton 
are Tef'on, Kel-F, Sar n, polyethyl n . polyvin I ch'ond • nd 
neoprene. Under moist cond1llons, 11icon I tr fluond 
idly hydrolyzed and leads to corrosIv condition 

Cylinder and Valve Description 

Silicon tetrafluoride IS shIpp d in DOT pprov d, h1 h pr -
sure steel cylinders Cyhnd rs of silicon t tr fluond 
equipped with stee, or alum1num-1ro11-bronz Ve Iv Th 
signed standard va've outlet connection us d by M th on 1 
Compressed Gas Assoc, t1on (CGA) conn ct1on No O Th 
valve outlet has a thread s12e of O 825 inch w th I ft-h nd 

Fig 1 CONNECTION 330 825"-14 LH 

Washer 

external threAds , with flat seat u mq wa h r to 
Figure 1 for an 1llustrat1on of the valve outlet nd ,t m 
connection). Lecture bottles have a sp cI I , inch-32 thr 

per inch, female outlet. 

Safety Devices 

Cylinders of silicon tetrnfluorido contains, t ty c1 v1c 
consist of frangible discs back d up with fu 1bl m ta!, rn lt1n I 
about 73.9 °C ( 165 °F). Cylinders should b stor d w y fro111 
sources of heat to prevent dangerous pressur s from d v l­

oping within the cylinder 

Recommended Controls 

Automatic Pressure Regulator 

Regulators Model 8158-330 and B 1 68-330, h, vm d liv ry 
pressure ranges of 28 345 kPa (4-50 psi ) n 345-4 480 
kPa (50-650 ps1g), resp cllvely, r r comm nd (l for u with 
silicon tetrafluoride These regulators h v ch mlc 'ly-d 
ited pure nickel on brass bodies, ch mIc lly-d po 11 d pur 
nickel on nickel-silver alloy d1aphra ms, internal part of mon I 
Kel-F seats, and monel ncedl valve outl t To pr v nt uck­
back of foreign materials, a monel ch ck valve 1s recomm nd d 

for use with the regulators 

Manual Controls 

Manual needle valve Mod I 55A-330, of mon I b r toe. 
with , ,. 11 tube fitting outlet connection ,s av 1' bl for d1r ct 
attachment to the cylind r valve outlet It should not b u d 
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SILICON TETRAFLUORIDE 

as a pressure control since it will not prevent pressure from 
building up if the system becomes clogged or if the system 
itself is closed Needle valve Model 60L is recommended for 
use with lecture bottles. 

Flowmeters 

Matheson Series 7600 laboratory monel flowmeter units with 
1 50 mm tubes and floats are recommended for use where 
definite flow rates must be known. 

Monel electronic mass flowmeters, such as Matheson Series 
No 8116 and No. 8160, should be used where accurate 
readings are required . Cal1brat1on Is unaffected by temperature 
and pressure changes, and flow rates may be recorded from 
the instrument's electrical output. 

Electronic Mass Flow Controllers 

The Matheson Series 8260 of monel is designed to control 
the flow of gas regardless of pressure and temperature 
changes. These mass flow controllers consist of a transducer, 
a control valve, a blind controller /power supply, a potentiom­
eter, and a digital indicator. The transducer senses the gas 
flow and sends a signal to the power supply. This signal and 
one from the potent1ometer are compared. If there is an imbal­
ance, the power supply generates a signal for the control valve 
to reduce or increase the flow to correct the imbalance. The 
accuracy is ± 1 .2%. 

Shipping Regulations 

S1l1con tetrafluoride Is classified by the DOT as a nonflamm­
able compressed gas and is shipped with the required '"Green 
Label '. 

Commercial Preparation 

Silicon tetrafluoride Is obtained by treating a mixture of a 
fluoride and silica with sulfuric acid or by heating barium 
fluos11icate or by treating a mixture of sodium fluos1licate and 
sand with sulfuric acid. 

Chemical Properties 

Silicon tetrafluoride is stable and inert to oxidation and 
reduction. It is hydrolyzed by water according to the reaction: 

It reacts with alcohols to form alkyl orthosi11cates and alcoho­
lated fluosilicic acids. Silicon tetrafluoride with trimethylamine 
forms the unstable solid add1!1on compound (CH3hN. SiF 4, from 
which silicon tetrafluoride may be displaced by any suitable 
ac1d1c substance Silicon tetrafluoride reacts with silicon tet­
rachloride at 600 °C to give SiCIF3 , SiCl2F2 , and SiCl3F. Silicon 
tetrafluoride reacts with aluminum chloride at elevated temper-
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atures to give SiCl4 , but the reaction at lower temperatures 
(180-190 °C) yields a mixture of silicon chl_orofluorides. Silicon 
tetrafluoride reacts with alkali metal fluorides to give fluosili­

cates; e.g .: 

Silicon tetrafluoride reacts with alkyl or aryl Grignard reagents 
according to the reaction: 

SiF4 + 3RMgX - R3SiF + 3MgFX. 

Thermodynamic and Detailed Physical Data 

Molecular Structure 

Silicon tetrafluoride is a tetrahedral molecule with Td point 
group symmetry and a symmetry number of twelve, with the 
following structural parameters: bond distance: Si-F 1.54 A 
(1 .54 x 10- 10 m); bond angle: F-Si-F 109.4 7°. 

Infrared Spectrum 

See Figure 2 for the infrared spectrum of gaseous silicon 
tetrafluoride. 

Sublimation Pressure (3) 

The sublimation pressure is shown below. 

Temperature, °K Sublimation Pressure 
kPa mbar mmHg 

129.15 0.133 1 .33 1 
138.35 0.667 6.67 5 
142.75 1.333 13.3 10 
147.25 2.666 26.7 20 
152.35 5.333 53.3 40 
155.65 7.999 80.0 60 
159.85 13.332 133 100 
165.95 26.664 267 200 
172.45 53.329 533 400 
178.35 101 .325 1 013.25 760 

Latent Heat of Vaporization @ 18.661 kJ / mol ; 
182.9 °K and 176 kPa 4.46 kcal / mol 

Thermodynamic Properties of Silicon Tetrafluoride As Ideal 
Gas @ 25 °C (4) 

Heat Capacity, C~ 
Entropy, S0 

Free Energy Function, (F~98 -

H~9s)/ 298 
Enthalpy Difference, H~9 s - Hg 
Enthalpy of Formation, aHf 
Free Energy of Formation, aFf 

73.492 J / (mol - °K) 
282.140 J / (mol- °K) 

-282.140 J / (mol- °K) 

15.309 kJ/ mol 
-1 614.940 kJ/ mol 
-1 572.577 kJ / mol 
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SULFUR DIOXIDE 
(Synonym: Sulfurous Acid Anhydride) 

(Formula: SO2) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of SO2 

Specific Volume@ 2.1 °c, 101.325 kPa 
Vapor Pressure @ 21.1 °C 
Boiling Point @ 101 .325 kPa 
Triple Point 

Absolute Density, Gas@ 101.325 kPa@ 25 °C 
Relative Density, Gas@ 101.325 kPa@ 25 °C (Air = 1) 
Density, Liquid@ -10.0 °C 
Critical Temperature 
Critical Pressure 

Critical Volume 
Critical Density 
Critical Compressibility Factor 
Latent Heat of Fusion @ 197 .31 ° K 

Dipole Moment, Gas 
Molar Specific Heat, Gas@101 .325 kPa@ 25 °C 

@ Constant Pressure 
@ Constant Volume 

Specific Heat Ratio, Gas@ 101 .325 kPa@ 25 °C, Cp/ Cv 
Specific Heat, Liquid @ O °C 
Viscosity, Gas @ 101 .325 kPa @ 1 O °C 
Viscosity, Liquid @ 0 °C 
Thermal Conductivity@ 101 .325 kPa@ 15 °C 

Thermal Conductivity, Liquid@ -25 ° C 

Surface Tension @ -1 O °C 

0.064 063 kg 
0 .064 063 kg 
368.3 dm3 kg; 5.9 ft / lb 
339 kPa, 3 39 bar; 49 1 psia; 3 34 atm 
263 134 "'K, -10 0 C, 14.0 °F 
197.31 °K, -75.8 C, -103,9 °F 
2.668 kg m 
2.263 
1.462 kg I 
430.75 K, 157 6 C, 315.7 ° F 
7 884 kPa; 78.84 bar; 1 143.5 psia; 

77.81 atm 
1.904 dm3 kg 
0.525 kg 
0.268 
7.401 kJ mol, 1.769 kcal / mol; 

115.527 kJ/kg 
5. 34 X 1 0 3° C · m, 1 . 6 D 

39 884 J (mol -°K) 
30.932 J /(mol- °K) 
1 29 
1.331 kJ kg 
0 .012 00 mPa-s, 0 012 00 cP 
-0.40 mPa-s, 0.40 cP 
0.008 8 W/ (m- K), 21 .0 x 10 cal-

cm/(S• cm2 
• °C) 

O 221 4 W (m. K) 529 x 1 O 6 cal. 
cm/(S•Cm -°C) 

28.59 mN m, 28 59 dyn/ cm 
Solubility In Water @ 1 01 .325 kPa (total pressure of SO2 plus 

aqueous tension) 
@O °C 
@20 °C 

Refractive Index, Gas @ 1 01 .325 kPa, no @ 25 °C 
Dielectric Constant, Gas@ 20 °C, 101 .325 kPa 
Dielectric Constant, Liquid @ 20 °C 
Electrical Conductivity, Liquid 

Description 

At room temperature and atmospheric pressure, sulfur diox­
ide is a highly irritating, nonflammable, colorless, toxic gas It 
is shipped in steel cylinders and ton containers as a liquefied 
compressed gas under its own vapor pressure of 237 kPa 
(34.4 psig) at 21 .1 °C 

~atheson~ 

22.83 kg SOj 100 kg water 
11 .28 kg SO,/ 100 kg water 
1.000 602 2 
1.009 3 
14.1 
80 x 10- 9 ~2 _,/cm 

Specifications 

Matheson supplies an Anhydrous Grade of sulfur d1ox1de, 
with a minimum purity of 99.98% 

Uses 

The uses of sulfur d1ox1de are many, some of which are as 
follows: as a preservative for beer, wine, and meats: 1n the 
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SULFUR DIOXIDE 

manufacture of sulfite and hydrogen sulfites; in solvent extrac­
tion of lubricating oils, as a general bleaching agent of oils and 
foods; in sulfite pulp manufacture, in the cellulose and paper 
industries; as a refrigerant in the ice industry; in disinfecting 
and fumigation, in tanning 

Effects in Man and Toxicity (2) 

Sulfur d1ox1de Is a highly irritating gas; II readily elicits 
respiratory reflexes. It is intensely irritating to the eyes, throat , 
and respiratory tract. Inhalation of this gas in concentrations of 
8-1 2 ppm In air causes throat ImtatIon, coughing, constriction 
of the chest, and tearing and smarting of the eyes. A concen­
tration of 150 ppm can be endured only a few minutes, because 
of eye irritation and the effect on the membranes of the nose, 
throat and lungs. Exposure to a concentration of 500 ppm by 
volume in air for a few minutes Is very dangerous. 

It is reported (Oct. 19, 1970 issue of Chem. & Eng. News, p. 
71) that sulfur d1ox1de damages human white blood cells in 
tissue culture When a concentration of 5. 7 ppm of sulfur 
dioxide by volume in air is bubbled through cultures of lympho­
cytes, this causes fewer of the cells to synthesize DNA, divide, 
or grow The cells are smaller than those grown in sulfur 
dioxide-free air, and about 20% of the cells have altered 
chromosome structures It has also been found that animals 
exposed to sulfur dioxide become less resistant to microorga­
nisms. 

Liquid sulfur dioxide may cause skin and eye burns upon 
contact with these tissues, which results from the freezing 
effect of the liquid on the skin or eyes. Low (1 % ) concentrations 
of the vapor are irritating to moist skin within a period of 3 
minutes. 

The odor of sulfur d1ox1de provides good warning. The normal 
person can detect 3-5 ppm by volume in air. Low concentra­
l1ons create a taste sensation , even before the odor becomes 
detectable 

Threshold Limit Value (TLV) 

The 1979 ACGIH has recommended a Threshold Limit Value 
(TLV) of 5 ppm (13 mg/m3

) for sulfur dioxide. 

First Aid Treatment (2) 

Inhalation 

Any worker who has been overcome by sulfur dIox1de must 
be earned at once to an uncontaminated atmosphere, and 
effective art1f1c1al respiration started 1mmed1ately if breathing 
has ceased A physician should be called at once. For effective 
art1f1c1al respIratIon 11 Is recommended that the Nielsen arm-lift 
back-pressure method, the Eve rocking method, or the Schafer 
prone-pressure method be applied. Pure oxygen should be 
administered as soon as possible after a severe exposure. 
Oxygen administration Is most effective 1f expiration Is made 
against a positive pressure of 4 cm (about 1 1,. inches of water. 
This may be accomplished by use of a rubber tube connected 
to the outlet valve of a snugly fitting face mask and inserted to 
a depth of not more than 4 cm below the surface of water in a 
suitable container (Special masks are obtainable with adJust­
able gauges which regulate the positive pressure from 1 to 4 
cm) The pressure resisting exhalation should be adjusted to 
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the victim 's tolerance by varying the depth of the end of the 
tube below the water's surface. Oxygen inhalation must be 
continued as long as necessary to maintain the normal color of 
the skin and mucous membranes. In cases of severe exposure, 
the victim should breathe 100% oxygen under positive exhal­
ation pressure for ½ hour every hour for at least 3 hours. If 
there are no signs of lung congestion at the end of this period, 
and if breathing is easy and the color is good, oxygen inhalation 
may be discontinued. Throughout this time, the victim should 

be kept comfortably warm, but not hot. 

Skin Contact 

The emergency safety shower should be used immediately. 
All contaminated clothing, including shoes should be removed 
under the shower. The sulfur dioxide should be washed off the 
affected skin areas with very large quantities of soap and water. 
No salves or ointments should be applied to chemical burns for 
24 hours. A physician should see all cases other than minor 

burns. 

Contact With Eyes 

The eyes should be washed with copious quantities of water, 
followed by the introduction of saturated boric acid solution 
and by use of a local anesthetic, such as 0.5% pontocaine 
hydrochloride. These are followed by the application of olive 
oil or some similar oil. The victim should see a physician, 
preferably an eye specialist, at once. 

Suggested Medical Treatment 

Although stimulants will rarely be necessary where adequate 
oxygenation is maintained following a severe exposure, in 
some cases the use of respiratory and circulatory stimulants 
such as coramine, metrazol, and caffeine-sodium benzoate 
may be of value. A few days of absolute bed rest should be 
advised for those who have had a fairly severe exposure, and 
this should be continued until all evidence of respiratory em­
barrassment ceases. During th is period codeine phosphate or 
sulfate, from ½ to 1 grain, every 4 to 6 hours, will alleviate the 
cough and may frequently be combined with a soothing cough­
syrup mixture. For those who display symptoms of acute 
asthma, the subcutaneous administration of 0.5 to 1 ml of 1: 
1 000 solution of adrenalin may relieve the symptoms. The use 
of a nebulizer for inhalation of 1:100 adrenalin might also be of 
value. 

Precautions in Handling and Storage 

Sulfur dioxide should be handled only in a well-ventilated 
area, preferably a hood with forced ventilation. Personnel han­
dling sulfur dioxide should wear chemical safety goggles and/ 
or plastic face shields, approved safety shoes, and rubber 
gloves. In an emergency, gas masks, approved by the U.S. 
Bure~u of Mines for sulfur dioxide, should be worn, as required . 
Additional gas masks, air-line gas masks, and self-contained 
breathing apparatus should be conveniently located for use in 
emergencies. Instant-acting safety showers should be available 
in convenient locations. Since suckback may cause a violent 
reaction within the cylinder, a check valve, trap, or vacuum 
break should be employed when using sulfur dioxide. 

~ atheson~ 

In addition, the general rules listed in Appendix I should be 
observed. 

Leak Detection 

Leaks of sulfur dioxide in Imes or equipment may be located 
by passing a squeeze bottle of aqueous ammonia over sites of 
suspected leaks; dense white fumes will be formed near the 
leak. Leaks may be less eaily located by applying oil or soap 
water solution to joints, leaks will be evident by bubble forma­
tion. 

Analytical Detection 

Numerous methods are available for the detection and esti­
mation of sulfur dioxide. Eight procedures are described by 
Jacobs (3). 

Matheson has available a Toxic Gas Detector Model 8014K 
as follows: 

(1) Model 8014-103SA detector tube for detection of sulfur 
dioxide in the concentration range of 0.1-3.0%; (2) Model 
8014-103SB detector tube for detection of sulfur d1ox1de in 
the concentration range of 0 .02-0.3%; (3) Model 8014-
1 03SC detector tube for detection of sulfur d1ox1de in the 
concentration range of 10-300 ppm; (4) Model 8014-
103SD detector tube for detection of sulfur d1ox1de In the 
concentration range 1-30 ppm. A color stain is produced in 
a detector tube which varies in length according to concen­
tration being measured. The length of the stain and hence 
concentration, Is read directly off the detector tube 

Disposal of Leaking Cylinders 

For disposal procedure see Appendix 11-D 

Materials of Construction 

Anhydrous sulfur dioxide, is noncorrosive to steel and other 
common structural metals, except zinc . In the presence of 
moisture, however, corrosive conditions wil l develop. Haveg, 
lead, carbon, graphite, aluminum, and stainless steel type 316 
are recommended for handling moist sulfur dioxide. 

Cylinder and Valve Description 

Sulfur dioxide is shipped in DOT approved, high pressure 
steel cylinders. Cylinders of sulfur dioxide are equipped with 
brass valves with Compressed Gas Association (CGA) ap­
proved alternate valve outlet connection No 660. The valve 
outlet has a thread size of 1 .030 inches with right-hand external 
threads, with a flat seat and using a washer as a seal (see 

OUTLET CON"lECTJm 

Fig. 1 CONNECTION 330 .825"-14 LH EXT used with Flat Seat and 

Washer 

~ atheson· 
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Figure 1 for an 1llustrat1on). Lecture bottl s hnv 
inch-32 threads per inch, femal outl t 

Safety Devices 

Cylinders of sulfur d10 1d s ar quIpp d with tu I I m t 1 
plugs, melting about 73 9 °C (165 Fl. t t d 1c 
Cylinders over 30 inches long, e clus1v at th n c , r quIr 
this device in both ends of th cylind r C hnd r of ulfur 
dioxide should. therefore. be stored wa from t 
capable of melltng the fusible m tal. 

Liquid sulfur d1ox1de may b r mov d b in 

inverting the cylinder. To remov a ou ulfur 10 1d 
increase its rate of flow nd to prot ct th tu pluq, th 
cylinder should be heated, pref rnbly in a warm booth or room 
or by immersing the cylinder In warm liquid b th which do, 
not cover more than half the lower end of th cylind r In no 
case should the temperature al the room orb th b htqh r th n 
51 7 C (1 25 ° F). 

Recommended Controls 

Automatic Pressure Regulators 

Regulator Model 13-660 Is rccomm nd d for u with ulfur 
dIoxIde The regulator has nn anodized alurrnnum body with 
internal parts of type 316 staml ss ste I Th d1 phr 1m I of 
FEP Teflon on Neoprene and the sent Is of Teflon Th del.v ry 
pressure range Is 28-240 kPa (4-35 p:m1) No cylirnl r pr • 
sure gauge Is necessary since 11 will not ind1c t cyllnd •r 
content but only vapor pressure, which will r rnmn con t nt 
long as liquid Is present in the cyllnc1er Cyllnd r cont nt t 
determined by weight. To prevent suckback of tor Iqn rn 11 -
rials, a stainless steel check valv (Model 401 N) 1 r com-
mended for use with the regulator. 

For low pressure regulation, Mntheson supplJo 

660 regulator This regulator has an oversize p nc 
aluminum with internal parts of typ 303 stainl ss 

Mod •I 71• 

k body of 
I Ith 

a Teflon-faced Butyl rubber d1aphrngm and n Tellon 
delivery pressure range is 3 4-34.5 kPa (0 5-5 Op 1 ) 

lt Th 

Manual Controls 

Matheson needle valve Model 61-660, of typ 
steel, is available for direct attnchmenl to th cyllnd r v ,Iv 
outlet. This valve may be equipped with ll v riety al oull I 
such as a hose connection, 1/• 

11 tube fitting , or 1
," NP T m I or 

female pipe. It should be used only where rnanu, I flow control 
is needed and should not be used n pre ur control tnc 
it will not prevent pressure from building up 11 n yst m b •com 
clogged or if the system itself Is clos d Manual n ell v llv 
Model 32S Is recommended for use with lecture bottl 

Flowmeters 

Matheson Series 7600 laboratory st, inl s st el llowrnet r 
units with 150 mm tubes and floats or Math •son ri 7200 
laboratory stainless steel flowmetor units with 65 rnm tub 
with a single float are recommended for u e wh r d llnit flow 

rates must be known 
Electronic mass flowmeters, such as Matheson S .rI No 

811 6 and No. 81 60, should be used where accur tc r c cJ1n 
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are required Calibration Is unaffected by temperature and 
pressure changes, and flow rates may be recorded from the 
instrument's electrical output 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 stainless steel and 
Series 8260 of type 316 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera­
ture changes. These mass flow controllers consist of a trans­
ducer, a control valve, a blind controller / power supply, a 
potentiometer, and a digital indicator. The transducer senses 
the gas flow and sends a signal to the power supply. This 
signal and one from the potentiometer are compared . If there 
Is an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 
imbalance. The accuracy is ± 1 .2%. 

Shipping Regulations 

Sulfur dioxide is classified by the DOT as a nonflammable 
compressed gas and Is shipped with required · Green Label " . 

Commercial Preparations 

Sulfur dioxide Is produced by the combustion of sulfur in 
burners or special design, by burning pyrites, or as by-product 
of smelter operations. It can also be prepared by burning sulfur 
or a metallic sulfide In air, by the action of an acid on a metallic 
sulfide, or by the action of sulfuric acid on a metal below 
hydrogen in the electromotive series, e.g., Cu + 2 H2SO4 -+ 

CuSO. + SO + 2H2O. 

Chemical Properties 

Sulfur d1ox1de dissolves in water forming sulfuric acid, which 
Is unstable toward heat. In many of its reactions, sulfur dioxide 
behaves as a reducing agent Thus, permanganate, d1chro­
mate, iodate, the halogens, FeJ+, and Hg + oxidize SO2 to 
SO/ in either dilute acid or neutral solution . In certain cases, 
SO2 can act as an ox1d1zing agent E g., metals such as tin, 
iron, and magnesium burn in SO2 to form mixed sulfides and 
oxides. In very strong ac1d1c aqueous solutions, SO2 can oxi­
dize Fe1

+ , Sn 2 
, Cu , or Hg/+ , the reduction product being 

sulfur or a sulfide. 

Liquid SO is a poor solvent for most ionic compounds 
except iodides or bromides; tetraalkylammonium salts are very 
soluble. A wide variety of covalent compounds are soluble in 
SO2, e.g., CCI. , SiCl4, SnCl4, T1Cl4, CS , (CHJhO, C6H6 , C6H5CI, 
alcohols, esters, ketones, and aldehydes. 

Liquid SO2 is a very poor conductor of electricity, in which 
respect 11 is similar to water 

Thermodynamic and Detailed Physical Data 

Molecular Structure (4) 

Sulfur d1ox1de Is a bent triatomic molecule, with C7v point 
symmetry and a symmetry number of two, with the following 
structural parameters: bond distance: S-O 1 .432 A (1 432 x 
10 10 m); bond angle; O-S-O 119.53 °. 
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Infrared Spectrum 

See Figure 2 for the infrared spectrum of gaseous sulfur 

dioxide. 

Vapor Pressure (5) 

Vapor pressure below 101.325 kPa are shown below. 

Vapor Pressure 

Temperature, °K kPa mbar mmHg 

177.65 0.133 1.33 1 
190.15 0.667 6 .67 5 
196.35 1.333 13.3 10 
203.45 2.666 26.7 20 
212.65 5.333 53.3 40 

218.55 7.999 80.0 60 
226.25 13.332 133 100 
237.75 26.664 267 200 
250.15 53.329 533 400 
263.15 1 01 .325 1 013.25 760 

For additional vapor pressure data below 101 .325 kPa, see 

Table 1. 
For vapor pressure data above 1 01 .325 kPa, see below (6). 

Vapor Pressure 
Temperature, °K kPa bar atm 

263.1 5 101.325 1.013 25 1 
279.45 202.650 2 .03 2 
305.25 506.625 5.07 5 
328.65 1 013.250 10.1 10 
356.95 2 026.500 20.3 20 
375.75 3 039.750 30.4 30 
391 .1 5 4 053.000 40.5 40 
403.35 5 066.250 50.7 50 
414.85 6 079.500 60.8 60 
430.35 7 872.952 78.7 77.7 

For additional vapor pressure data above 1 01 .325 kPa, see 
Table 1 and Figure 3. 

Latent Heat of Vaporization, 
.1 Hv @ 263.15 °K 386.5 kJ / kg 
For additional t:,. Hv values, see Table 1. 

Thermodynamic Data 

Thermodynamic properties of saturated and superheated 
SO2 are shown in Tables 1 and 2, respectively. 

Thermodynamic Properties of Sulfur Dioxide As Ideal Gas 
@ 25 °C (4) 

Heat Capacity, C~ 39.87 4 J / (mol- °K) 
Entropy, S0 

248.1 03 J / (mol -°K) 
Free Energy Function, (F~98 

H~ga)/298 -248.103 J / (mol- °K) 
Enthalpy Difference, Hise - Hg 10.552 kJ / mol 
Enthalpy of Formation, .1 Hf -296.842 kJ / mol 
Free Energy of Formation, 

.1 Ff -300.164 kJ / mol 
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Table 1. THERMODYNAMIC PROPERTIES OF SATURATED SO LIQUID AND VAPOR (8) 

I Entropy from 233.1 5 Enthalpy above 
Latent Specific Volume 
Heat of Density kg /dm3 

Temperature Pressure K J/(mol • K) 233.15 °K kJ / mol dm3 / kg 
Vaporiza-

K -F kPa 

I 
atm Liquid Vapor Liquid Vapor tion kJ / Liquid Vapor Liquid Vapor 

mol 

233 15 -40 21.622 0.213 0 .000 114.083 0.000 25.567 25.567 0.651 7 1 399.6 1.534 0.000 71 

238.71 -30 29.861 0.295 1.807 112.212 0.419 25.752 25.333 0.657 5 1 033.8 1.521 0.000 97 

244 26 -20 40.562 0.400 3.661 110.411 0.856 25.919 25.063 0.663 4 775.4 1.507 0.001 29 

249.82 -10 54.213 0 .535 5.562 108.674 1 .311 26.071 24.760 0 .669 3 589.3 1.494 0.001 70 

255.37 0 71 361 0.704 7.492 106.993 1. 781 26.206 24.425 0.675 5 454.5 I 1 .480 0 .002 20 

260.93 10 92 528 0 913 9 432 105.356 2.262 26.320 24.058 0.681 7 354 .7 1.467 0 .002 82 

266 48 20 118 452 1.169 11 .368 103.750 2.748 26.413 23.665 0.688 3 280.1 1.453 0 .003 57 

272 04 30 149.616 1.477 13.284 102.174 3.241 26.485 23.244 0.695 4 223.6 1.438 0.004 47 

277 59 40 186.848 1.844 15.192 100.625 3 .739 26.535 22.796 0.702 9 180.2 1.423 0.005 55 

283.15 50 230 630 2.276 17.074 99.092 4.239 26.562 22.323 0 .7104 148.6 1.408 0.006 73 

288 71 60 I 282 202 2.785 18.924 97.580 4.738 26.566 21 .828 0.717 9 120.3 1.393 0.008 31 

294 26 70 342 118 3.376 20.736 96.081 5.236 26.548 21.312 0.725 8 99.26 1.378 0.010 08 

299.82 80 411.4 79 4.061 22.513 94.594 5.733 26.506 20.773 0.734 2 82.47 1.362 0 .012 13 

305 37 90 491 251 4 848 24.225 93.093 6.227 26.442 20.215 0.742 6 68.92 1.347 0.014 51 

310 93 100 582 .745 5.751 25.885 

I 
91 .597 6.713 26.353 19.640 0.751 4 57.82 1.331 0 .017 30 

316.48 11 0 687 .821 6 .788 27.485 90.091 7.194 26.240 19.046 0.761 0 48.72 1.314 0.020 52 

322 04 120 833.783 8 .229 29.026 88.576 7 .670 26.104 18.434 0.771 6 41.19 1 .296 0 .024 28 

327 591 130 940.996 9.287 30.492 I 87.038 8.138 25.944 17.806 0.782 2 34.93 1.278 0.028 63 

333.15 140 h 093 577 10 793 31.878 85.472 8.594 25.757 17.163 0.794 1 29.70 1 .259 0 .033 67 
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TaH~l~ iTH:~~~M~JD/ YN~MIC PROPERTIES OF SUPERHEATED SULFUR DIOXIDE (9) 
, mol, S, ENTROPY, J (mol. °K), V. SPECIFIC VOLUME d k 

Pressure , m 1 9 
kPa atm 272.04 288_71 Temperature, K 

305.37 322.04 338.71 355.37 372.04 388.71 405 37 422 04 438.71 

H 26.969 27.699 28 429 29 159 29 .889 30.604 
68.948 0.680 S 110.322 113.008 115.536 117 929 120 194 122 363 

---+---+-V.......:....:501 .3 541 9 575 2 607 8 639 9 671 .7 

H 26.811~7.598 28 .371 29 101 t 29.831 30.561 
103.421 1 .02 S 106.337 109.299 111947 114405 116.726 118.918 

.l V 332.9 358 0 381 6 404 0 425 8 447.4 

H 27.455 28 271 29 044 29.803 ._30.533 +31.263 
137,895 l .36 S 106.463 109.248 111 842 114 220 116.461 120.320 
___ __,___-i._v __j___ 265.4 284.2 301 8 318 6 335.2 351.4 

H 
~ 

27.283 28.157 28 973 29 746 172.369 1.70 S · 30,518 31 263 21 .993 
V 103.986 107 .068 109 760 11 2.217 114.498 116.364 118 675 

I 
209.9 225 9 240 2 t 254.3 + 267.6 280.8 293 8 

206.843 2 .04 ~ 27.097 28.042 28.887 29.703 30 476 31.249 32.007 
101.772 105.409 108001110542112.877 115.045 117.10 

t tv J...!2_1.5 186.o 199 1 211 1 222.6 233.7 244 7 

275.290 2.72 ~ 26.611 27 713 28 686 29.559 t 30.390 31 191 31,821 
V 97.952 101 834 105.026 107.776 110.237 112 485 114.590 

-l----+ 123.6 1364 1473 157.0 166.2 1748 1831 

H 

344.738 (4□ ~ L _ 
413.685 ... 0Bi ; I 

H 

48263:-~ 

551 .581 5.44 S 
V 

689 47r 80 J ~, 
827.371 8.17 S 

r t + 
27.369 I 28.457 29 402 30.289 31 105 31.921 32.70 
98.872 1 02 482 1 05 482 1 08.092 110.432 112 61 7 114.697 
1076 11169 1250 t 132.5 +-139.7 .. 1465 153.2 

28200 29.230 30.161 31034 31864 32.666133.467 
100 180 103.4 71 106 .248 108 701 110.944 113 046 115 083 
8759 97.57 105.4 111434 117.7 123.5 12.92 

r 27 885 29.044 30.046 30 934 ._ 31 . 792 32 .623 33 424 
97955 101 579 104573 107.1 57 109.481 111.647 113.6 7 
79.41 86. 71 92 96 98.64 103.9 1 08. 113, ... 
27555 28.815 29874 30848 31.721 32580 3410 
95 .950 99 898 103.091 1105 798 108 205 110 419 113 507 
67 67 74 85 80 66 85.78 90.58 95. 14 45 

26.811 
91 927 
51 .13 

,. +- .. 
28 .328 29.545 30 604 31.563 32.465 33 324 
96 658 100.330 103 345 105.940 108 280 110 451 
57 78 63 .1 8 67.80 71.92 75.73 7 16 

27 756 29.1 59 30.34 7 31.392 32 336 33 238 
93.557 97.818 101. 150 103959 106447 108711 
46 22 51.37 55.66 59.40 62 80 65 2 

34 111 
110 802 
68 2 V 

H 
965.266 9 .53 S 

V 

27155 28744 30.060 31.191 32103 33138 3402 
90 536 95 390 99.11 0 1 02.1 71 1 05 62 107 1 7G 10 336 
37 80 42.83 46.90 50.38 53 46 56 2 58 , ,t 
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SULFUR HEXAFLUORIDE 

PHYSICAL PROPERTIES (1) 
(Formula: SF6 ) 

Molar Mass 
Molecular Weight 
One Mole of SF6 

Specific Volume @ 21 .1 °C, 101.325 kPa 
Vapor Pressure @ 21.1 °C 

Subl imation Point @ 101 .325 kPa 
Melting Point @ 224 kPa 

Absolute Density, Gas @ 101 .325 kPa @ 20 °C 
Relative Density, Gas@ 101.325 kPa @ 20 °C (Air = 1) 
Density, Liquid @ Saturation Pressure @. - 50 ° C 
Critical Temperature 
Critical Pressure 

Critical Volume 
Critical Density 

Critical Compressibility Factor 
Heat of Sublimation @ 209.45 °K 

Latent Heat of Fusion @ 222.35 ° K, 224 kPa 
Dipole Moment, Gas 

0 .146 054 kg 
0 .146 054 kg 
156.1dm kg 2.5ft 1/ lb 

2 308 kPa: 23.08 bar: 334. 7 PSI 
22.77 atm 

209.45 K, 63 7 °C: -82 7 °F 
222.35 K , -50.8 °C, -59.4 F 
6.162 kg / m 1 

5.114 
1.91 kg 'I 

318.69 K, 45 5 °C, 114.0 °F 
3 759 kPa. 37 .59 bar, 545.2 ps,n: 37.1 

atm 
1.356 dm / kg 
0.736 kg / dm 
0.267 

Molar Specific Heat, Gas @ 101 .325 kPa @ 25 C @ Constant 
Pressure 

23 598 kJ mol: 5 640 cal / mo! 
5 020 8 J mol; 1 200 cal / mol 
0 C-m 

Molar Specific Heat, Liquid @ 225 °K 
Viscosity, Gas@ 101.325 kPa@ 25 °C 
Viscosity, Liqu id @ 229.85 °K 

Thermal Conductivity, Gas @101.325 kPa@ 30 °C 

Surface Tension @ - 50 °C 

97 .152 J (mol - K) 
110.876 J (mol- K) 
O 015 6 mPa-s: 0 0 15 6 cP 
0 500 mPa • s: 0 .500 cP 
0.014 06 W/ (m . cK) ; 33 6 10 

cm / {s, cm . °C) 
cal-

Solubility In Water@ Partial Pressure of SFs of 101 325 kPa @ 25 oc 
11 .63 mN / m: 11 .63 dyn / cm 

Index of Refraction, Gas @ 101.325 kPa, n0 @ O °C 
Dielectric Constant, Gas @ 101 .325 kPa @ 25 °C 
Velocity of Sound in SF6 @ 30 °C 

Description 

At room temperature and atmospheric pressure, sulfu r hexa­
fluoride is a colorless , odorless, nontoxic gas. It 1s readily 
liquefied and 1s shipped in steel cylinders as a liquefied gas 
under its own vapor pressure of 2 210 kPa (320 psig) at 21.1 
oc. 

Specifications 

Matheson suppl ies two grades of sulfur hexafluoride. 

1. Instrument Purity Grade 

This grade has a minimum purity of 99 99 mole % 1n the 
liquid phase. 

2. C.P. Grade 

This grade has a minimum purity of 99.8 mole % in the liquid 

phase. 

matheson" 

5.4 cm3 SF / kg water 
1.000 783 
1.002 049 
138.4 m/ s 

Uses 

Sulfur hexafluoride 1s used chiefly ns an 1n ulattn m <i1um 
for a wide range of high voltage electric:11 and el ctro111c 
equipment 

Effects In Man and Toxicity (2) 

Sulfur hexafluoride has ,1 low order of inhal t1on tox1c1ty Th 
1979 ACGIH has recommended a ThrosholcJ L1m1t Valu of 
1 000 ppm for sulfur hexnfluoride Sulfur hexufluor1<J cun, 
however, act as a simple nsphyx1ant by d1splac ng th n c s­
sary amount of oxygen to support life 

The coordinating capacity of the nervous system 1s imp 1recJ 
by even slight degrees of oxygen dcf1c1 ncy, th subJ ct can 
not think clearly or control his limbs accurately Th dev lop­
ment of symptoms depends on the degree and c!urat1on of th 
oxygen def1c1ency and also on the rap1d1ty with which th 
def1c1ency 1s developed. In sudden and acute asphyxia, uncon­
sciousness 1s immediate When asphyxia develops slowly 
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enough the following symptoms appear. increased volume of 
breathing, accelerated pulse rate, muscular incoordinat1on, 
faulty Judgment, emotional instability, fatigue, fainting, nausea, 
vomiting, d1sorientat1on, respiration in gasps. 

Inhalation of gaseous decomposItIon products of sulfur hexa­
fluoride resulting from electrical decomposItIon should be 
avoided. 

First Aid Treatment (2) 

If the subJect Is conscious and becomes aware of symptoms 
of asphyxia, he should go to an uncontaminated area and 
inhale fresh air or oxygen. 

An unconscious subject must be carried to an uncontami­
nated area and given artif1c1al respiration with simultaneous 
admin1stratIon of oxygen as promptly as possible. 

Few, even those who have been severely asphyxiated and 
who have not died during the asphyx1atIon, fail to make com­
plete recoveries after receIvIng oxygen inhalation. Treat symp­
tomatically thereafter. 

Precautions in Handling and Storage 

The general rules stated in Appendix I should be observed. 

Leak Detection 

Leaks of sulfur hexafluoride in lines of equipment may be 
detected by painting the sites of the suspected leaks with soap 
water solution; leaks will be evident by bubble formation . Min­
ute leaks in pressurized equipment filled with sulfur hexafluo­
ride may be detected with either a halide torch or a halide leak 
detector. A more sensItIve means of leak detection is provided 
by the Matheson Models 8016 and 8017 Leak Detectors. 

Disposal of Leaking Cylinders 

For disposal procedure see Append ix II-C. 

Materials of Construction 

Since sul fu r hexafluoride Is noncorrosive, any of the common 
structural metals may be used under ordinary cond1t1ons. At 
temperatures of the order of 150 C copper, stainless steel, 
and aluminum are resistant to attack by decompos1t1on prod­
ucts. 

Cylinder and Valve Description 

Sulfur hexafluoride is shipped in DOT approved, high pres­
sure steel cylinders Cylinders of sulfur hexafluoride are 
equipped with brass valves having Compressed Gas Assoc1a­
tIon (CGA) valve outlet connection No. 590 The valve outlet 
has a thread size of O 965 inch, with left-hand internal threads 

I t..£ T CONN ON 

,1.1 Jr',-

I 18 1 I 

Fig . 1 CONNECTION 590 965" -14 LH INT accepting a Bullet 
Sraped Nipple 
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accepting a bullet-shaped nipple (see Figure 1 for an illustra­
tion). Lecture bottles have a special t>/1s"-32 threads per inch, 
female outlet and a 9/,s"-18 threads per inch, male dual valve 

outlet. 

Safety Devices 

Cylinders of sulfur hexafluoride are equipped with frangible 
discs as safety devices. The frangible disc is required in only 
one end of the cylinder regardless of the length of the cylinder. 
Cylinders of sulfur hexafluoride should, therefore, be stored 
away from sources of hec.t to avoid dangerous pressures from 
developing within the cylinder. Frangible discs backed up with 
fusible metal plugs, melting at about 73.9 °C (165 ° F) or 1 oo 
0 c (212 °F), may also be used as safety devices, but in 
cylinders over 55 inches long, exclusive of the neck, this device 

is required in both ends. 

Recommended Controls 

Automatic Pressure Regulators 

In order to reduce the cylinder pressure of sulfur hexafluoride 
to a safe working value consistent with a system's design, the 
following automatic regulators are recommended for use. 

1. Single Stage Regulator 

A single stage regulator will reduce cylinder pressure in one 
stage to a delivery pressure in a particular range depending 
upon the design of the regulator and its spring load. A single 
stage regulator will show a slight variation in delivery pressure 
as the cylinder pressure falls. The following single stage regu­
lators are available from Matheson for use with C.P. Grade 
sulfur hexafluoride. 

Delivery Pressure Range 
Model No. kPa bar(g) psig 

1 P-590 28-240 0 .28-2.4 4-35 
1 L-590 28- 550 0 .28-5.5 4-80 
1 H-590 69-1 240 0 .69-12.4 10-180 

The following single stage high purity regulators are avail­
able for use with Instrument Purity Grade sulfur hexafluoride. 

Model No. 

19-590 
3500-590 

Delivery Pressure Range 
kPa bar (g) psig 

28-345 
28-520 

0 .28-3.45 
0 .28-5.2 

4-50 
4- 75 

Regulator Model 3321 , with a delivery pressure range of 
28-410 kPa (4-60 psig), is available for use with lecture 
bottles of either grade of sulfur hexafluoride. 

2. Two Stage Regulators 

This type of regulator performs the same function as the 
single stage regulator . However, greater accuracy and control 
of delivery pressure is maintained, and the delivery pressure 
does not vary as the cylinder pressure falls . The following two 
stage regulators are available from Matheson for use with C.P. 
Grade sulfur hexafluoride. 
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Delivery Pressure Range 
Model No. kPa bar(g) ps1g 

8L-590 14-104 0.14-1.04 2-15 
8-590 28-345 0.28-3.45 4-50 

8H-590 69-690 0 .69-6,9 10-100 
9-590 38-1 720 1.38-17 2 20-250 

The following two stage regulators are available for use with 
Instrument Purity Grade sulfur hexafluoride. 

Delivery Pressure Range 
Model No. 

3800-590 
3104-590 

kPa bar (g) pslg 

Manual Controls 

28-620 
28-690 

0 .28-6 2 
0 28-6 9 

4-90 
4-100 

Matheson needle valve Model 50-590, of brass bar stock, Is 
available for direct attachment to the cylinder valve outlet of 
C.P. Grade sulfur hexafluoride cylinders. This valve may be 
equipped with a variety of outlets. such as a hose connection, 
a 1,." tube fitting, or 11•" NPT male or female pipe 

Manual control Model 4351-590 Is recommended for use 
with Instrument Purity Grade sulfur hexafluoride 

Needle valve Model 31 Bis available for use with either grade 
of sulfur hexafluoride. 

Flow meters 

Matheson Series 7600 laboratory brass or stainless steel 
flowmeter units with 150 mm tubes and floats or Matheson 
Series 7200 laboratory brass or stainless steel flowmeter units 
with 65 mm tubes with a single float are recommended for use 
where definite flow rates must be known 

Electronic mass flowmeters. such as Matheson Series No. 
8116 and No. 8160, should be used where accurate readings 
are required. Calibration is unaffected by temperature and 
pressure changes, and flow rates may be recorded from the 
instrument's electrical output 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 stainless steel and 
Series 8260 of type 316 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera­
ture changes. These mass flow controllers consist of a trans­
ducer, a control valve, a blind controller /power supply, a 
potentiometer, and a digital indicator The transducer sens~s 
the gas flow and sends a signal to the power supply. This 
signal and one from the potentiometer are compared . If there 

Is an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 

imbalance. The accuracy is ± 1.2% 

Shipping Regulations 

Sulfur hexafluoride is classified by the DOT as a nonflamm­
able compressed gas and Is shipped with the required Green 

Label 
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SULFUR HEXAFLUORIDE 

Commercial Preparation 

SL fur he a'luond 1s m 
coars sulfur, folio.,.. d b 

Chemical Properties 

rm o r 

unr , 

fluoride Is not att y w • t room 
temperature It I t to I ctlon of c r on, copp r. or 
magnesium at r d h at, nd will not r ct 1th od1urT' b low 
its boiling point . It r acts with sulfur v por or h dro n t 400 
C. 

Thermodynamic and Det iled Phy ic I D t 

Molecular Structure (3) 

Sulfur hexafluond Is n octah dr I mol ul , w,th Oh point 
group symmetry and a syrnm try numb r o tw nt -lour Th 
slructurnl parameters are s follow S F bond I n th 1 5 I 

A ( 1 .564 x 10 10 m), F S F bond n ' 0 

Infrared Spectrum 

See Figure 2 for th 1nfr red p ctrurn of 
hexafluoride 

Sublimation and Vapor Pressure (4) 

ou ulfur 

Sublimn!lon and vapor pressur of ulfur h I uor1d ov r 
several ranges are represent d by th followm ou hon 

Temperature 
Range, K 

Equation (T • ° KJ 

83 15-193.15 log,0 pmmH - 2 787 5-624 2 1 
0 .014 731 

175.15-207 15 
201 .1 5-227. 1 5 
222.35-318, 75 

log10pmmHg - 8 7 1-1 222/l 
log, pmmHy - 8 764 8-1 231 / T 
loQ1cPatm - 4 357 1-88 85/ I 

See Figure 3 for vapor pressure curv 

Latent Heat of Vaporization, .1Hv (4) 

Temperature, K 

222.35 
233.15 
253.15 

.1Hv, kJ/ mol 

18 828 
17 08 
15 439 

Thermodynamic Properties of Sulfur Hex fluond As Id 

Gas (a 25 C (3) 

Heat Capacity, CP 
Entropy, S0 

Free Energy Function, (F 
H198)/298 

Enthalpy Difference, H~ - H0 
Enthalpy of Formation, .1H , 
Free Energy of Formation, .1F, 

J (mol• ) 
J / (mol, K) 

J / (mOI• K) 

1 58 kJ / mol 
- I 220 84 kJ / mol 
- 1 11 6 8 kJ / mol 

51 
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SULFUR HEXAFLUORIDE 
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SULFUR TETRAFLUORIDE 
(Formula: SF.,.) 

PHYSICAL PROPERTIES (1 } 

Molar Mass 
Molecular Weight 
One Mole of SF4 

Specific Volume @ 21.1 °C, 101 .325 kPa 
Vapor Pressure@ 21.1 °C 

Boiling Point @ 101 .325 kPa 
Melting Point 

Absolute Density, Gas @ 101 .325 kPa @ 20 °c 
Relative Density, Gas @ 101 .325 kPa @ 20 °C (Air = 1) 
Density, Liquid@ Saturation Pressure@ -80 °C 
Critical Temperature 
Dipole Moment, Gas 
Surface Tension @ 232.75 °K 
Trouton Constant 

Description 

Sulfur tetrafluoride is a highly reactive, colorless, highly toxic 
and corrosive gas, having an odor resembling that of sulfur 
dioxide. It is very readily hydrolyzed by moisture, leading to 
the formation of hydrofluoric acid and thionyl fluoride. It is 
shipped in cylinders as a liquefied compressed gas under its 
own vapor pressure of 965 kPa (140 psig) at 21.1 °C. 

Specifications 

Sulfur tetrafluoride as currently supplied by Matheson has a 
purity range of from 90-94 mole %. 

Uses 

Sulfur tetrafluoride is a reactive gas, capable of replacing 
oxygen in many organic, inorganic and organometallic com­
pounds with fluorine. Thus, it is now possible to prepare a wide 
range of fluorinated products unavailable by practical routes. 

Toxicity 

Sulfur tetrafluoride is a highly toxic gas, which was found to 
be lethal to 1 of 2 animals exposed four hours to a nominal 
concentration of 50 ppm. All animals, even those exposed to 
1 0 ppm for one hour, showed irregular breathing and signs of 
irritation. At higher concentrations, the clinical signs were 
severe and consisted of rapid labored breathing, weakness, 
cyanosis, and discharges from the nose. Animals receiving 
lethal amounts showed pulmonary edema on autopsy. 

The 1979 ACGIH has recommended a Threshold Limit Value 
(TLV) of 0 .1 ppm (0.4 mg/ m3

) for sulfur tetrafluoride. 
Sulfur tetrafluoride liberates hydrofluoric acid on exposure 

to moisture and will cause burns on unprotected skin areas. 
The odor of sulfur tetrafluoride is detectable at low concen­

trations, but the odor perception level has not been determined. 
Desensitization to the detection of traces of sulfur tetrafluoride 
is also possible but has not been investigated. 

0.108 058 kg 
0 .108 058 kg 
224.7 dm 3 kg ; 3 6 ft3 /lb 
1 067 kPa; 1 O 67 bar; 154. 7 psia: 10.53 

atm 
232.75 ° K; -40 4 °C, -40 7 )F 
152.65-151 65 °K, -120.5 to -121.5 

°C; -184.9 to 186.7 °F 
4.558 kg m3 

3.783 
1.940 6 kg / I 
364.05 ° K; 90.9 °C, 195 6 F 
2 .108x10 3° C,m,0.632D 
19.85 mN / m, 19.85 dyn cm 
27.1 

First Aid Suggestions 

Since exposure to sulfur tetrafluoride will result in hydrolysis 
to hydrogen fluoride, the first aid measures suggested for 
hydrogen fluoride exposure are recommended for use 

Summon a phys1c1an Immed1ately for anyone who has been 
exposed to sulfur tetrafluoride . Prior to the phys1c1an s arrival, 
first aid must be started at once The first aid suggestions 
which follow are those believed to be common practice in 
industry Their adoption in any specific case should be subject 
to prior endorsement by a competent medical advisor 

Speed in removing the victim from the contaminated atmo­
sphere and in removing sulfur tetrafluoride from the skin or 
eyes is of primary importance All affected persons should be 
referred to a phys1c1an, even when the injury seems slight, and 
the physician should be given a detailed account of the acci­
dent. 

Skin Contact 

Anyone who has had contact with sulfur tetrafluoride should 
be subJected 1mmed1ately to a drenching shower of water. The 
clothing should be removed as rapidly as possible, even while 
the victim is in the shower, and medical assistance obtained at 
once. It Is essential that the exposed area be washed with 
copious quant1t1es of water for a sutticient period of time to 
remove all sulfur tetrafluoride from the skin. The exposed areas 
of the skin should then be flushed with 2-3% aqueous ammo­
nia, followed by liberal rinses of fresh water After this, an ice­
cold saturated solution of magnesium sulfate {Epsom salt) in 
70% alcohol should be applied for at least 30 minutes. If the 
burn Is in an area that cannot be immersed, then the area 
should be treated with the iced alcohol or the iced magnesium 
sulfate solution by applying saturated compresses. which 
should be changed every two minutes. The phys1c1an should 
be available by then to administer further treatment If the 
phys1c1an Is not yet available, 11 is then perm1ss1ble to apply a 
generous quantity of a thick magnesia paste prepared from 
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powdered magnesium oxide, U S P , and glycerin, U.S P Olis 
and greases should not be applied except under instructions 

from a phys1c1an . 
Always have on hand a supply of magnesia paste. 

Eye Contact 

If the eyes have been exposed to sulfur tetrafluoride, they 
should be irrigated immediately with copious amounts of clean 
water for a minimum of 1 5 minutes. The eyel ids should be held 
apart during the irrigation to insure contact of the water will al l 
tissues and surfaces of the eyes and lids. A physIcIan, prefer­
ably an eye specialist, should be called at once. If a physician 
1s not immediately available, instill one or two drops of O 5% 
pontocaine solu tion, or an equally effective aqueous topical 
anesthetic, followed by a second 1rngatIon with water, for 1 5 
minutes No oils or oily ointments should be instilled unless 

requested by a phys1c1an. 

Inhalation 

Anyone suspected of exposure to sulfur tetrafluoride should 
be carried into an uncontaminated atmosphere at once. Even 
,n the absence of symptoms, the vIctIm must not be permitted 
to return to work for at least 24 hours after exposure, because 
of the potential danger of developing edema of the lungs. A 
physIcIan should be called 1mmed1ately. The administration of 
1 00% oxygen should be started as soon as possible after 
exposure, by trained personnel, and continued as long as is 
necessary to maintain the normal color of the skin and mucous 
membranes In cases of severe exposure. the victim should 
breathe 100% oxygen under posItIve (4 cm) exhalation pres­
sure for one-half hour periods every hour for at least three and 
preferably six hours. If there are no signs of lung congestion at 
the end of this period, and if breathing is easy and the color 
good, oxygen 1nhalalion may be discontinued. Throughout this 
period, the vIctIm should be kept comfortably warm but not hot. 
Under no ci rcumstances should a patient be permitted to return 
home or back to work until examined and discharged by a 
phys1c1an who Is aware of the nature of his exposure. 

Precautions in Handling and Storage 

Employees should be instructed to avoid contact with 
sulfur tetrafluoride and trained in the appropriate procedures 
in case of contact 

2 Adequate emergency showers and wash-up fac1l1t1es 
should be available in areas where sulfur tetrafluoride is used. 

3 Eye-washing fountains should be placed in accessible 
locations. 

4 . Hose masks. air-line masks, or self-contained breathing 
apparatus should be conveniently located in case of emer­
gency. but ,n areas not likely to become contaminated 

5. Workers handling sulfur tetrafluoride should use fu ll cov­
erage of clothing at all times, rubber shoes soled with neoprene 
or an equally resistant material or rubbers made of the same 
materials, a hat or protective head covering, a full face mask 
and / or chemical goggles with plastic lenses, and gauntlet-type 
gloves made of neoprene, plast1c1zed polyvinyl chloride, or an 
equally resistant material. 

6 Leaking cylinders should be removed to the outdoors or 
to an isolated, well-ventilated area, and the contents trans-
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ferred to other suitable containers, or disposed of in a safe 

manner . 
7_ Waste disposal of sulfur tetrafluoride, and materials con-

. -1 depends to a great extent upon local conditions All taming 1 , . · 
local , state, and federal regulations regarding health and pol-

lution must be followed . 

8_ To prevent suckback of liquids into the cyl inder, a check 
valve or trap should be inserted between the liquid and cylinder. 

In add ition, the general rules listed in Append ix I should be 

observed. 

Leak Detection 

Equipment to contain sulfur tetrafluoride should be pretested 
for leaks with dry compressed air or an inert gas such as 
nitrogen. Small leaks of sulfur tetrafluoride may be detected by 
holding an open bottle of concentrated aqueous ammonia near 
the suspected site of the leak; leaks will be evident by the 
formation of dense white fumes. Leaks at the cylinder valve 
may be eliminated by tightening the stem, packing nut, or outlet 

cap. 

Disposal of Leaking Cylinders 

Leaking cyl inders of sulfur tetrafluoride that cannot be cor­
rected by ordinary methods may be disposed of by the proce­
dure described in Appendix 11-D. 

Materials of Construction 

Stainless steel or " Hastelloy C" lined containers have been 
used satisfactorily with sulfur tetrafluoride. Glass containers 
may be used for brief exposure to sulfur tetrafluoride provided 
moisture is removed by baking and is carefully excluded, but 
in the presence of trace amounts of moisture, glass is not 
suitable. 

At low pressure, satisfactory flexible connections may be 
made with " Tygon " or surgical rubber tubing . Copper tubing 
has proved satisfactory for high pressure transfer of sulfur 
tetrafluoride at room temperature. 

Cylinder and Valve Description 

Sulfur tetrafluoride is shipped in DOT approved, low pres­
sure, steel cylinders. Cylinders of sulfur tetrafluoride are 
equipped with steel valves with Compressed Gas Association 
(CGA) connection No. 330. The valve outlet has a thread size 
of 0 .825 inch, with left-hand external threads, with a flat seat 
using a washer to seal, (see Figure 1 for an illustration of the 
valve outlet and its mating connection). Lecture bottles have a 
special 5

115 inch-32 threads per inch, female outlet. 

} OUTLET 

C ;.v1,\IT 

825 830° 
13 lti 131 16' 

\,,,,' _J_ 

CONN ECTION 

Fig. 1. CONNECTION 330 .825 "-14 LH EXT. used with Flat Seat and 
Washer 

Safety Devices 

Cylinders of sulfur tetrafluoride contain safety devices which 
consist of frang ible discs backed up with fusible metal, melting 
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at about 73 9 C (165 ° F). Cylinders should be stored 8\\a 
from sources of heat to prevent dangerous pressures from 
developing within the cylinder. 

Recommended Controls 

Automatic Pressure Regulators 

Regulator Model 8 15-330. with a delivery pressure range of 
28- 345 kPa (4-50 ps1g) Is recommended for use with sulfur 
tetrafluoride It has a chem1cally-depos1ted pure nickel or brass 
body, a chemically-deposited pure nickel on nickel-silver alloy 
diaphragm, Kel-F seat, internal parts of monel, and a monel 
needle valve outlet with '•" NPT male pipe 

Manual Controls 

Manual needle valve Model 55-330. ot moncl bar stock. Is 
available for direct attachment to the cylinder valve outlet This 
valve may be equipped with a variety of outlets('," tube f1tt1ng 
or 11

•" male or female NPT pipe or a hose connection). It shou d 
be used only for manual flow control. It should not be used ns 
a pressure control since It will not prevent pressure from 
building up if the system becomes clogged or 1f the syste'.11 
itself Is closed. Needle valve Model 60L Is recommended tor 
use with lecture bottles 

Flowmeters 

Matheson Series 7600 laboratory monel flowmeter units with 
1 50 mm tubes and floats are recommended for use where 
definite flow rates must be known 

Mone! electronic mass flowmeters, such as Matheson Serres 
No. 8116 and No 8160, should be used where accurat 
readings are required. Calibration Is unaffected by temperature 
and pressure changes. and flow rates may be recorded from 
the instrument's electrical output. 

Electronic Mass Flow Controllers 

The Matheson Senes 8260 ot monel ,s designed to control 
the flow of gas regardless of pressure and temperature 
changes. These mass flow controllers consist of a transducer, 
a control valve, a blind controller/ power supply, a potentiom­
eter , and a d1g1tal 1nd1cator. The transducer senses the gas 
flow and sends a signal to the power supply This signal and 
one from the potentiometer are compared. If there ,s an imbal­
ance, the power supply generates a signal tor the control valve 
to reduce or increase the flow to correct the imbalance. Tt,o 
accuracy is ± 1.2%. 

Shipping Regulations 

Sulfur tetrafluoride ,s class1f1ed by DOT as nonflammable 
compressed gas and ,s shipped with the required Gr en 
Label " 

Chemical Preparation 

Sulfur tetrafluoride has been prepared (a) by the sponta­
neous reaction of sulfur with cobalt trifluoride, mixed w th 

~atheson 
~ 

SULFUR TETRAFLUORIDE 

. . . . •• 
ul ur b m luon 

ot trifluoro ul ur 
dIchlond \ 1th 
about 75 C 

•• 

Chemical Prop rt, 

Sulfur t tr 
r d1y h dr 
th1onyl fluo 

• van ty of 
e.g, It r pl 
like k tone 
acid, or Its 
m thyl rou 
bonds or o 
nitre. etc It 

• 
• . . 
• 

; 

• 

• 
PF g r p 

• 

Iron p or wit 
comp sS , . 

. . 
• . . 
•• . . 
• 

• 

• • 

• • 

! 

: • • . . 
• • 

• • 
• 

• 

Thermodynamic and D t 11 d Phy 

Molecular Struc ture (3) 

• • 

•• 
I I 

• • 

• . 
! • 

• 
• • 

• 
• 

. • 
• 

• , 
• • 

I I 

having C point ro 
two. The structural p 
tances of 1 545 A ( 1 

j • 

• • 

1 O ' 0 m), F-S-F bone ' 
Infrared Spectrum 

• 
• 

• 
• 

. ' . 

' . 
• 
• • 

• 

• ' 
I 

• • 

! • ,I 

. . 

• 
• • 

• 

• 

• • • 
• • 

• • 
• 

• • 

• 

• • • .. 

Se F,gure 2 for tt1 In1r r ll p ctrurr of 
tetrafluorid 

OU ulh.1r 

Vapor Pressure (4) 

Th vapor pr 
223 t 5 °K Is r 

of I, u1d S b tw n 1 
d by th fo' owln QU 11011 

lo , p • 8 81 2 

In which p • mmlt 1 net T • 

Latent Heat of Vaporlz t1on (4) 
(j1 232.75 K 

2 

81 

r 

kJ m I ( 
m 

Thermodynamic PropertIe of Sulfur T tr fluor d A Id 
Gas (<1 25 C (3) 

Heat Capaci ty, c: 
Entropy, S0 

Free Energy Function, ( , 
H~ el/298 

Enthalpy Di fference, H~ - Ho 
Enthalpy o f Formation, .lH, 
Free Energy o f Formation, .lF1 l 

2 J (rnol -
3 J (mol -
3 J (mol -

mol 
mol 

J mol 

n 

0 

7 



658 

r. 

I 
l 

l 
j 

t 
{ 

l 

-----
---- --- -~ ----= 

0 

"' 

........ 
"' 

30N\'l.11WSNVl:fl lN3:>l:f3d 

0 
0 

~ 

4'. 
Cl) 
> .... 
:::, 
0 

Cl) .... 
:::, 
(/) 
(/) 
Cl) .... 
a. 

Cl) 
u 
(/) 

s: 
0 
"O 
C: 

s: 
.... 
co ~§ 
.c ~ 
.-:: 0) 
S: I 
- E 
~ E 
U LO 
.c 6 
oi ';' 
~ Cl. 
-:,t_ 

.c l'--r,, cu (0 

""" a. (0 
o E o 

~ ~ ~ 
(.) ,.... C: z Cl) w .. u 
::::> Cl) (/) 

C, ~ -
w O ~ ff: :::, !:;; 

~ a. .... ._, 
Q) co -.... Cl) 

:::, C: ..... :::, 
:::, u 
(/) 

Cl)t» 
:::, I 
g E 
~ E 
OJ 0 ..... ,.... 
0 :;;­

E c.. 
:::, .:!£. 
!:;(') 
u C".) 

~~ 
(/) ,.... 
"O ;..:. 
(]) C: 
.... Cl) 
Cl) u 
~ (/) 

C: (]) 

Q) 
N a. 

E 
0) 0 
·- u LL ._, 

~atheson~ 

SULFUR TETRAFLUORIDE 
REFERENCES 
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SULFURYL FLUORIDE 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of SO2F 2 

Specific Volume ~ 21.1 
Vapor Pressure @ 21 . 1 

°C, 101 .325 kPa 
C 

Boiling Point @J 101.325 kPa 
Triple Point 
Absolute Density, Gas@, 101 325 kPa@, 20 °C 
Relative Density, Gas @ 1 O 1 325 kPa @ 20 °C (Air = 1) 
Density, Liquid ® -80 C 
Critical Temperature 
Critical Pressure 

Critical Volume 
Critical Density 
Critical Compressibility Factor 
Latent Heat of Fusion @ 137.33 °K 
Dipole Moment, Gas 

0.102 06 kg 
0.102 06 kg 
231.0 dm3 / kg; 3 .7 ft3 / lb 
1598 kPa; 15. 98 bar; 231 . 7 psi a; 1 5 . 77 

atm 
217.77 °K; -55.4 °C; -67.7 ° F 
137.33 °K; -135.8 °C; -212.5 °F 
4.486 kg / m3 

3.72 
1.786 kg / I 
365.0 °K; 91 .8 °C; 197 .3 °F 
5117 kPa; 51.17 bar; 742.1 psia; 50.5 

atm 
1 .636 dm3 / kg 
0.611 kg / dm3 

0.282 
4.494 kJ / mol; 1.074 kcal / mol 
3 . 703 X 1 o-3o C, m; 1.110 0 

Molar Spec1f1c Heat, Gas @ 101.325 kPa @ 25 °C @ Constant 
Pressure 68.643 J / (mol, °K) 

Solubility In Water (jv 101.325 kPa @ O °C 
Trouton Constant 

Description 

At room temperature and atmospheric pressure, sulfuryl 
fluoride 1s a colorless, odorless, nonflammable, noncorrosive, 
toxic gas. It 1s shipped in steel cylinders as a liquefied gas 
under its own vapor pressure of 1 4 96 kPa (21 7 ps1g) at 21 .1 
oc. 

Specifications 

Sulfuryl fluoride has a minimum purity of 99.5%. 

Uses 

Sulfuryl fluoride 1s used primarily as an insecticidal fumigant, 
1n the preparation of fluorocarbon compounds, and as a cata­
lyst. The Dow Chemical Company owns patents covering the 
use of this gas as a fumigant, specifically as an agent for the 
extermination of termites. 

Prospective users should refer to Dow for further information 
for use of sulfuryl fluoride as an insecticide. 

Effects in Man and Toxicity (2) 

Studies to determine the toxicity of sulfuryl fluoride when 
inhaled repeatedly (up to 7 hours per day, 5 days per week 
for up to 1 year) have been conducted on several animai 
species . The results of these studies have led to the conclusion 
that concentrations of gas in work areas where prolonged and 
repeated exposure 1s possible should not exceed 1 0 ppm, and 
the t1me-we1ghted average for 7-8 hour daily exposures should 
not exceed 5 ppm. 

A 30 year male who breathed sulfuryl fluoride for approxi-

660 

0.016 kg/0.1 kg water 
22 .0 

mately 4 hours under conditions of limited ventilation noted the 
onset of nausea, vomiting, crampy abdominal pain , and pruritis 
and left the area. Examination revealed normal vital signs, 
reddened conjunctivae, pharyngeal and nasal mucosa, diffuse 
rhonchi , and paresthesia (to pin prick) of the lateral border of 
the right leg. 

Sulfuryl fluoride is practically odorless and thus does not 
give adequate warning of the presence of excessive concen­
trations. 

The 1979 ACGIH has established a Threshold Limit Value 
(TLV) of 5 ppm (20 mg / m3

) for sulfuryl fluoride. 

First Aid Treatment (2} 

There is no specific treatment for this intoxication. The victim 
should be removed to an uncontaminated atmosphere, placed 
face downward with head slightly below level of lungs. Keep 
the victim warm. If breathing stops, give artificial respiration. 

NOTE TO PHYSICIAN: First symptoms expected are those of 
respiratory and central nervous system depression. Treat sup­
portively and symptomatically. 

Precautions in Handling and Storage 

Sulfuryl fluoride should be used only in a well-ventilated 
area, preferably a hood with forced ventilation. Appropriate gas 
masks or self-contained breathing equipment should be kept 
readily available in areas not likely to become contaminated, 
for use 1n emergencies. 

In addition, the general rules listed in Appendix I should be 
observed. 

matheson· 

Leak Detection 

Leaks of_ sulfuryl fluoride may be detected applying soap 
water solution to the suspected points, Ieaks will be indicated 
by bubble formation . 

Disposal of Leaking Cylinders 

For disposal procedure see Appendix 11-C 

Materials of Construction 

Since sulfuryl fluoride 1s noncorrosive, any common metal 
may be used with this gas at room temperature and atmos­
pheric pressure At elevated temperatures. some metals will 
react with sulfuryl fluoride. 

Cylinder and Valve Description 

Sulfuryl fluoride 1s shipped in steel cylinders, which comply 
with DOT specifications 

Cylinders of sulfuryl fluoride are equipped with Compressed 
Gas Assoc1at1on (CGA) valve outlet No 660 This outlet has a 
thread size of 1 .030 inches diameter and 1s right-hand with 
external threads. The mating connection seats on a flat washer. 
Figure 1 illustrates the valve outlet and mating connection used 
in this service 

Lecture bottles have a special outlet designated as 5 , "-32 
threads per inch, female. 

.)UT LET CON~ I.TIO 

,,..,.,,,,.,.,,_ 

I 
')30 I 035 
1 I 

I 
Fig. 1. CONNECTION 660 1 .030"-1 4 RH EXT. using Flat Seat with 
Washer 

Safety Devices 

Cylinders containing sulfuryl fluoride have fusible metal 
plugs, melting at approximately 73.9 °C (165 °F) as a safety 
device. 

Recommended Controls 

Automatic Pressure Regulators 

Single Stage Regulators 

The following Matheson regulators are recommended for use 

with sulfuryl fluoride . 

Model No. Delivery Pressure Range 
kPa bar (g) ps1g 

1 P-660 28-240 0 28-2.4 4-35 

1 L-660 28-550 0.28-5.5 4-80 

1 H-660 69-1 240 0.69-12.4 10.180 

Regulator No. 3321. with a delivery pressure range of 28-
41 o kPa (4-60 ps1g), 1s available for use with lecture bottles 
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SULFURYL FLUORIDE 

Manual Controls . . - I • • I • 

• 
• • 

0 I Matheson n d 
available for d1r c 
valve may be equ1 
or '•" NPT mal 

• • • 
• • • 

•• 
• • • . . . .. A manual valv hou 

needed and should not 
will not prev nt pre ,Jr 

clogged or 1f the y t m 

. -
• 

31 B 1s recommend • • 
Flow meters 

Matheson Series 760 • . .. 
1 50 mm tubes and flo t 
brass flowmeter units wit 
recommended for u -e wh 

• 

Electronic mass flow 
8116 nd No 8160, ShOU 

• 

•• 

; 

are required Cal1br t1on I un 
pressure changes, nd flow r t 
instrument's electrical output 

• 

Electronic Mass Flow Control! rs 

• 

• 

The Matheson Serie 3.240 of typ 
Series 8260 of type 316 .1 inl s t 
to control the flow of s re 

• 

lure changes The e m ss flow control 
ducer, a control valve, blind contr 
potentiometer, and a d1g11a1 1nc11 

• 
• 
• 

the gas flow and s nds n t 
signal and one from th i 11 r 
1s an imbalance, the pow p n 

• 

• 

• 
control valve to reduce or 1ncr • tt 

imbalance Th accur cy I 

Shipping Regulations 

• 

• 

• 

• 

Sulfuryl fluoride IS cl ss1h d by th OOT 

. -. • • 
- .. 

•• • 

• 
I 

• • • 

• ' 
• • 
• • 

• 
• 

• 
• • • 

nonfl mm l>I 

• 

compressed gas and 1s Shipp d with th r quir d r n 
Label. " 

Chemical Preparation 

Several methods ,ire ava1labl tor tr pr p r lion of ulluryl 
fluoride, some of which nre follow 

1 By passing fl m1xturo of ullur tl10 1d in h I um Of 

nitrogen over silver (Ill fluorid 
2. By pyrolysis of b num fluo ul1 t 
3. By pyrolysis of th1onyl t tr tluon t 450 1 

50-4 000 aim to give a m1xtur of ulfuryl tluorid ullur 
hexafluoride, which 1s separ t d by fr ct1on t1on 

4 By refluxing arsenic lnfluor1d • ricl ul1ur trio 1d to Iv 
pyrosulfuryl fluoride c nd r rnc fluo ult t Pyro y I of th 
former at 200-700 °C s11v s sulfuryl fluorid . pyroly I ol th 
latter at 700 °C also g1v s ulluryl lluond 

5 By direct 1nteract1on of sulfur d10 1d nd fluorin 

Chemical Properties 

Sulfuryl fluoride IS thermally v ry I bl 
at 600 cc Sulfuryl fluor,cle 1s 1n rt to w • I 

1 
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tube at 1 50 °C. Metals react with sulfuryl fluoride at elevated 
temperatures; nonmetals are generally inactive toward sulfuryl 
fluoride, but sulfuryl fluoride with sulfur or selenium will etch 
glass at 400 °C. Hydrogen sulfide or hydrogen reacts with 
sulfuryl fluoride at red heat yielding sulfur, water, and hydrogen 
fluoride Sulfuryl fluoride is absorbed and hydrolyzed by 
aqueous solutions of strong bases, such as sodium or potas­
sium hydroxide. 

Thermodynamic and Detailed Physical Data 

Molecular Structure 

Sulfuryl fluoride has C7 v point group symmetry and a sym­
metry number of two, with the following structural parameters: 
bond distances: S= O 1 .405 A (1 .405 x 1 0 10 m); S-F 1.530 
A (1.530 x 1 O 10 m); bond angles: 0 - S- O 123.97°; 
F- S- F 96.12°. 

Infrared Spectrum 

See Figure 2 for the infrared spectrum of gaseous sulfuryl 
fluoride. 

REFERENCES 

Vapor Pressure 

The vapor pressure of liquid sulfuryl fluoride between 163.15 
and 223.15 °K is represented by the following equation (3): 

1 071.235 
log10p = 7.832 3 - T - 0.013 91 log,o T 

in which p = mmHg and T = °K. 

Latent Heat of Vaporization (3) 
@ 217.77 °K 

19.230 kJ / mol; 
4.569 kcal/mol 

Thermodynamic Properties of Sulfuryl Fluoride As Ideal Gas 
@ 25 °C (4) 

Heat Capacity, C~ 
Entropy, S0 

Free Energy Function, (F~ge -
H~ge)/ 298 

Enthalpy Difference, H~9 a - Hg 
Enthalpy of Formation, .:1Hf 
Free Energy of Formation, .:1Ff 

68.434 J / (mol -°K) 
288.206 J / (mol- °K) 

-288.206 J / (mol- °K) 

14.251 kJ / mol 
-857.720 kJ / mol 
-81 2.562 kJ/mol 

' For extensive tabulations of the thermodynamic and physical properties of sulfuryl fluoride, see W. Braker and A. L. Mossman, The Matheson 
Unabndged Gas Data Book. 19 75, Matheson, East Rutherford, New Jersey. 
2 
w Braker, A. L. Mossman, and D Siegel, Effects of Exposure to Toxic Gases-First Aid and Medical Treatment, 2nd edition, 1977, pp. 144-

146, Matheson, Lyndhurst, New Jersey 
3 F J. Bockhoff, R. V Petrella, and E. L Pace, J. Chem Phys 32, 799-804, (1960). 

• JANAF Thermochemical Tables, 2nd edition, 1971, D. R. Stull and H. Prophet, project directors, Natl. Stand. Ref. Data Ser., Natl Bur. Stand., 
NSRDS-NBS 37, U S Government Printing Office, Washington, D. C. 
5 G R Hunt and M K Wilson, Spectroch,m Acta 16, 570-574 (1960). 
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TETRAFLUOROETHYLENE 

PHYSICAL PROPERTIES (1) 

Molar Mass 

Molecular Weight 

One Mole of F2C:CF2 

Specific Volume @ 21.1 °C, 101.325 kPa 
Vapor Pressure @ 21 .1 °C 

Boiling Point @ 101 .325 kPa 
Freezing Point 

Absolute Density, Gas@101 .325 kPa@ 20 cc 
Relative Density, Gas @ 101 .325 kPa @ 20 ° C (Air = 1) 
Density, Liquid @ - 20 °C 

Critical Temperature 

Critical Pressure 

Critical Volume 

Critical Density 

Critical Compressibility Factor 

Flammability Limits In Air 

0 100 016 kg 

0 100 016 kg 

237 .2 dm 1 kg, 3.8 ft /lb 

3 040 kPa; 30.4 bar; 441 .3 psia; 30 0 
atm 

196 85 ° K; -76 3 °C, -105,3 CF 
- 130 65 ° K , -142 5 C, -224.5 °F 
4.255 kg mi 
3.53 

1.30 kg I 
306.45 CK ; 33.3 C, 91 9 ° F 

3 944 kPa; 39.44 bar, 572.0 psia; 38.92 
aim 

1.720 dm1 kg 
0.581 kg dm3 

0.266 
14-43% (by volume) 

Molar Specific Heat, Gas @ 101 .325 kPa @ 25 °C @ Constant 
Pressure 80.458 J / (mol -° K) 

Solubility In Water @ 101 .325 kPa @ 30 cc 
Dielectric Constant, Gas @ 28 cc 

@ 103 kPa 
@862 kPa 

Autoignition Temperature 

Description 

Tetrafluoroethylene is a colorless, flammable, nontoxic gas 
at room temperature and atmospheric pressure. It is very 
reactive and is capable of polymerization with explosive vio­
lence. It must be stabilized with an inhibitor, usually 1 % by 
weight of a-terpinene or a-pinene for transportation. It 1s 
shipped in steel cylinders as a compressed gas at 1 034 kPa 
(150 psig) at 21.1 °C. 

Specifications 

Commercial tetrafluoroethylene usually has a minimum purity 

of 99.0%. 

Uses 

Tetrafluoroethylene is used primarily for the synthesis of 

polymers and copolymers. 

Toxicity 

Tetrafluoroethylene does not appear to have any substantial 
toxicity, but is should nevertheless be us_ed in a well-ventilated 
area, preferably a hood with forced vent1lat1on . 

Precautions in Handling and Storage 

The monomeric tetrafluoroethylene can autopolymenze rap­
idly under the effects of temperature and pressure, especially 

~atheson· 

0 .01 kg/100 kg of water 

1 .001 7 
1.015 
893 15 cK, 620 °C, 1 148 cF 

if a catalyst such as oxygen 1s present. All efforts to e1tm1nat 
the presence of oxygen should be taken to prevent self-poly­
merization. 

For some chemical reactions 11 is possible to use the tetra­
fluoroethylene directly from the cylinder by using the vapor 
phase, thereby effecting a one-step d1st1l~at,~~- This shoulcl 
effectively remove a major portion of the inh1b1tor Polymeri­
zation of the tetrafluoroethylene can only take place tf the 
inhibitor 1s completely removed. This can be effected only by 
distillation 1n a column with at least the equivalent of four p~ates. 

Store and use tetrafluoroethylene cylinders 1n well-ventilated 
areas away from heat and all sources of ignition such as flames 
and sparks Never use flames to detect flammable gas leaks, 
use soapy water Do not use tetrafluoroethylene around spark­
ing motors or other non-explosion-proof equ1pm~nt. Do not 
store reserve stocks of tetrafluoroethylene with cylinders con­
taining oxygen, chlorine, or other highly ox1d1zing or flammable 
materials Ground all lines used with tetrafluoroethylene. 

In addition, the general rules listed in Appendix I should b 
observed 

Leak Detection 

Leaks of tetrafluoroethylene in lines or equipment may bo 
detected by painting the suspected sites with soap water 
Leaks will be indicated by bubble formation Never use a flam 

to detect leaks 
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TETRAFLUOROETHYLENE 
Disposal of Leaking Cylinders 

Leaking cylinders of tetrafluoroethylene may be disposed of 
according to the procedure described In Appendix II-A. Alter­
natively, the gas may be introduced into a concentrated 
aqueous solution of sodium bisulfite or into a 10% alcoholic 
solution of sodium methoxide or sodium hydroxide. 

Materials of Construction 

Since tetrafluoroethylene is a noncorrosive gas, any common 
or commercially available metal may be used. However, piping 
systems or vessels to contain tetrafluoroethylene should be 
adequately designed to withstand the pressures to be encoun­
tered. 

Cylinder and Valve Description 

Tetrafluoroethylene Is shipped in DOT approved steel cylin­
ders. The cylinder Is equipped with valves having Compressed 
Gas Assoc1at1on (CGA) valve outlet No. 350 which has a thread 
size of 0 .825 inch diameter, left-hand external threads, ac­
cepting a round shaped nipple (see Figure 1 ). 

OUTLET 

r,7r,• 
13 16' 

I 

er NNEC'TI lN 

Fig. 1. CONNECTION 350 825"-14 LH EXT. accepting Round 
Shaped Nipple 

Safety Devices 

Cylinders of tetrafluoroethylene have frangible discs as 
safety devices. Cylinders should, therefore , be stored away 
from sources of heat to avoid developing pressures capable of 
rupturing the disc. 

Recommended Controls 

Automatic Pressure Regulators 

Matheson supplies single stage metal diaphragm regu lator 
Model 19-350 for use with tetrafluoroethylene. The regulator 
has a brass body, German silver diaphragm, nylon seat, alu­
minum and nylon gaskets, and a diaphragm packless outlet 
valve with 1

1.
11 Gyrolok tube fitting. It has a delivery pressure 

range of 28-345 kPa (4-50 psig) . 

Manual Controls 

Diaphragm packless valve Model 4351-350 is available for 
direct attachment to the cylinder valve outlet. This type of 
control is mainly used for control of intermittent flows or where 
it is desired to control the flow of gas directly from the cylinder . 
However, pressure cannot be controlled with such a valve, and 
if a line or system becomes plugged, dangerous pressures can 
build up. 

Flowmeters 

Matheson Series 7600 laboratory brass flowmeter units with 
150 mm tubes and floats or Matheson Series 7200 laboratory 
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brass flowmeter units with 65 mm tubes with a single float are 
recommended for use where definite flow rates must be known 

Electronic mass flowmeters, such as Matheson Series No 
8116 and No. 8160, should be used where accurate readings 
are required. Calibration is unattected by temperature and 
pressure changes. Flow rates may be recorded from the instru­
ment's electrical output. 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 stainless steel and 
Series 8260 of type 316 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera­
ture changes . These mass flow controllers consist of a trans­
ducer, a control valve , a blind controller power supply, a 
potentiometer, and a digital indicator The transducer senses 
the gas flow and sends a signal to the power supply This 
signal and one from the potentiometer are compared If there 
is an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 
imbalance. The accuracy Is ± 1 .2%. 

Shipping Regulations 

Tetrafluoroethylene is shipped in high pressure steel cylin­
ders as a flammable compressed gas, requiring a DOT · Red 
Gas Label". 

Commercial Preparation 

Tetrafluoroethylene Is prepared commercially by pyrolysis of 
chloro- or bromodifluoromethane, at 600-800 °C In the lab­
oratory , it is readily prepared by dehalogenation of symmetrical 
dihalotetrafluoroethanes by metals at temperatures above 
1 00 °C or by depolymerization of polytetrafluoroethylene at 
about 600 °C at reduced pressure. 

Chemical Properties (1) (3) 

Tetrafluoroethylene is absorbed by 4 7% fuming sulfuric acid, 
but it is not affected by the concentrated acid Aqueous acids 
or bases are without effect except at very high temperatures 
Chlorine and bromine add readily. Iodine in aqueous potassium 
iodide solution does not react, but at elevated pressures of the 
olefin it adds. In aqueous solution, tetrafluoroethylene adds 
sodium bisulfite to form 1, 1 ,2,2-tetrafluoroethanesulfonic acid 
sodium salt; this is also accompanied by some hydrolysis to 
difluoroacetic acid sodium salt Alkali alcoholates or hydroxides 
in ethanol solution add the elements ROH to form 1, 1 ,2 ,2-
tetrafluoroethyl alkyl ethers. Phenols are reported to react as 
well as the alcohols. 

Tetrafluoroethylene adds primary al1phat1c amines under 
similar conditions. In aqueous base, addition and hydrolysis 
occurs according to the reaction: 

REFERENCES 

TETRAFLUOROETHYLENE 
Secondary amines give d1sub 
reacts somewhat d1fferentl form 
romethyl)-1 .3, 5-triazin tr flu 
readily under pressure. The punf1 
lively stable, but traces of o , 
oxides are polymerization t 
amines and th1ols are elf lard nts 

Tetrafluoroethylene dim nzes to form o tntluoro ycl u-
tane, slowly at room temperatur nd r p1dl t boL1t 500 C, 
11 reacts with nonfluorinated olefins to form th corr pond1n 
cyclobutane derivative. On h ating t 600-700 C, t tr flu -
roethylene undergoes a series of oth rm c r ct1on 
which octafluorocyclobutane, h afluoropropyl n , 
fluoroisobutylene are formed succ s Iv ly with incr In con-
tact time at constant temp r lure 

Thermodynamic and Detailed Physical D ta 

Molecular Structure (4) 

Tetrafluoroethylene Is a planm mol cul , with O point roup 
symmetry and a symmetry numb r ot tour, w th th follow1nq 
bond distances and angles C F 1 313 A ( 1 13 1 0 ' m), 
C C 1 313 A ( 1 313 10 1 m), F C F 1 1 4 

Infrared Spectrum (6) 

See Figure 2 for the mfr r d sp ctrum ot I ou I Ire fluo­
roethylene 

Vapor Pressure (5) 

The vapor pressure of l1qu1d tetrnfluoroelhyl •ne b •tw n 
196 85 and 273 15 K Is repres nt d by th tollow1n< 
l ion 

loQ,cP = 5 621 0-875 14 T 

in which p = lbf/1n absolut {psi ) and T • K 81 tw n 
273 15 and 306 35 °K, the v, por pr ur I r pr nt d by 
the fo llowing equation 

109 1 p = 5 590 6-866 84 T 

in which p = psIa and T °K 

Thermodynamic Properties of Tetrafluoroethylen A Id 
Gas (a 25 C (4) 

Heat Capacity, C~ 80 458 J (rnol, K) 

Entropy, S0 2 01 J (mol, K) 

Free Energy Function, (F~ge - -2 01 J (mol, K) 

H~9e)/ 298 
Enthalpy Difference, Hg9a - Hg 16 330 kJ mol 
Enthalpy of Formation, 6Hf -658 562 kJ mol 
Gibbs Energy of Formation, 6Gf -623717kJ mol 

1 For extensive tabulations of the thermodynamic and physical prop1Jrties of tetrafluoroethylene, sc W Br ker nd A L Mo m n Th M tfl n 

Unabndged Gas Data Book. 1975, Matheson, East Rutherford, N~w Jersey 
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TETRAFLUOROETHYLENE 

' Fluorine Chemistry, J H Simons, editor, 1950, Volume 1, pp. 4 73-4 7 4, Academic Press Inc., New York, New York 
3 S. Sherratt in Kirk-Othmer's Encyclopedia of Chemical Technology, 1966, Volume 9, p. 810, John Wiley & Sons, Inc., New York, New York. 

• JANAF Thermochemical Tables, 2nd edition. 19 71. D. A. Stull and H. Prophet, project directors, Natl. Stand. Ref Data Ser., Natl . Bur. Stand .. 

NSRDS-NBS 37, U. S. Government Printing Office, Washington, D. C. 
5 M M. Renfrew and E E. Lewis. Ind. Eng. Chem 38, 870 (1948). 
6 The Sadtler Standard Spectra, 1972, Sadlier Research Laboratories, Inc., Philadelphia, Pennsylvania. 
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TETRAFLUOROHYDRAZINE 
(Synonym: Dinitrogen Tetrafluoride) 

(Formula: N2F4 ) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of N2F4 

Specific Volume@ 21.1 °C, 101.325 kPa 
Cylinder Pressure@ 21.1 °C 
Absolute Density, Gas @ 101 .325 kPa @ 20 °C 
Relative Density, Gas @ 101 .325 kPa @ 20 °C (Air = 1) 
Density, Liquid @ 173.15 °K 
Boiling Point@ 101 .325 kPa 
Melting Point 
Critical Temperature 
Critical Pressure 

Critical Volume 
Critical Density 
Critical Compressibility Factor 

0 .104 007 kg 
0 .104007kg 
232.2 dm3 kg; 3.72 ft / lb 
791 kPa; 7.91 bar: 114.7 psia: 7.80 atm 
4.405 kg / m 
3.66 
1.5 kg/I 
200.15 °K; - 73.0 °C, -99 4 °F 
1 05.1 5 °K; -168 0 "C; - 270 4 )F 
309.1 5 °K; 36.0 °C, 96 8 "F 
7 800 kPa; 78 O bar; 1 131.6 ps1a, 77 

atm 
0.931 dm3 /kg 
1.074 kg/dmJ 
0.294 

Molar Specific Heat, Gas @ 101 .325 kPa @ 25 °c @ Constant 
Pressure 79.200 J/(mol • °K) 

Description 

Tetrafluorohydrazine is a colorless, toxic gas with a charac­
teristic musty odor. It is shipped as a nonliquefied gas in small 
cylinders and lecture bottles at cylinder pressures of 690 kPa 
(1 00 psig) and 1 70 kPa (25 psig), respectively, at 21 .1 ° C. 

Specifications 

Tetrafluorohydrazine is supplied in small cylinders 1n a Re­
search Grade, C.P. Grade, and Technical Grade with purities 
of 99.8, 99.0, and 98.0%, respectively. 

Uses 

Tetrafluorohydrazine is of interest as an oxidizer of high 
energy fuels and as a reactant in both inorganic and organic 

synthesis. 

Toxicity 

The 1979 ACGIH has not set a Threshold Limit Value (TLV) 
for this gas. It 1s slowly hydrolyzed by water and the resulting 
hydrolytic products, hydrazine and hydrogen fluoride, are quite 
toxic. Tetrafluorohydrazine should be regarded as a highly 
toxic gas and handled accordingly. 

First Aid Treatment 

It is suggested that the first aid treatment described for 
exposure to hydrogen fluoride be followed. 

Precautions in Handling and Storage 

Tetrafluorohydrazine should be handled in a hood with forced 
ventilation and, preferably, behind a barricade until the danger 

matheson· 

of explosion of a particular reaction has been fully investigated. 
Heat, shock, or blast can detonate 1t when under pressure. 

In addition, the general rules listed in Appendix I should be 
observed 

Leak Detection 

Leaks of tetrafluorohydrazine in lines and equipment may be 
detected by applying soap water solution to the suspected 
sites Leaks will be indicated by bubble formation . 

Materials of Construction 

Tetrafluorohydrazine may be handled in glass. stainless 
steel. copper, or nickel at temperatures up to 200 °C. Only 
nickel and monel are recommended for higher temperatures . 

Cylinder and Valve Description 

Tetrafluorohydrazine is shipped in DOT approved steel cyl­
inders. The cylinders have brass valves with Compressed Gos 
Association (CGA) valve outlet connection No. 679. The valve 
outlet has a thread size of 1 .030 inch. with left-hand external 
threads using a small flat seat with washers (see Figure 1 for 
details). 

OUTLET 

I 
1 030' 

1 

_I 

~ONNEC TION 

Fig. 1 . CONNECTION 679 1 030"-14 LH EXT using Small Fl t Seat 

with Washer 
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TETRAFLUOROHYDRAZINE 

Recommended Controls 

Manual Controls 

Matheson needle valve Model 55-679 is available for direct 
attachment to the cylinder valve outlet. These needle valves 
are of monel stock , and may be equipped with a variety of 
outlets ( 114" tube fitting or 1,4 " NPT male or female pipe or _a 
hose connection). Matheson Model 60L monel needle valve is 
recommended for use with lecture bottles. 

Flowmeters 

Matheson Series 7600 laboratory monel flowmeter units with 
1 50 mm tubes and floats are recommended for use where 
definite flow rates must be known. 

Electronic Mass Flow Controllers 

The Matheson Series 8260 of monel is designed to control 
the flow of gas regardless of pressure and temperature 
changes. These mass flow controllers consist of a transducer, 
a control valve , a blind controller/power supply, a potentiom­
eter, and a d1g1tal indicator. The transducer senses the gas 
flow and sends a signal to the power supply. This signal and 
one from the potentiometer are compared. If there is an imbal­
ance, the power supply generates a signal for the control valve 
to reduce or increase the flow to correct the imbalance. The 
accuracy is ± 1 .2%. 

Shipping Regulations 

Tetrafluorohydrazine 1s classf1ed by the DOT as " Com­
pressed Gases, nos · and takes a DOT label: " Flammable 
Gas". 

Chemical Preparation 

Tetrafluorohydrazine 1s prepared by reaction of nitrogen 
fluoride with metals at elevated temperatures. It is also obtained 
1n low yield from the reaction between fluorine and ammonia, 
or by removal of hydrogen from d1fluoroamine. 

Chemical Properties 

Tetrafluorohydraz1ne 1s hydrolyzed slowly by water. It dis­
sociates into nitrogen and nitrogen trifluoride when heated with 
a hot wire, but when heated from room temperature at 1 
atmosphere pressure to 300 °C, it dissociates into nitrogen 
difluoride radicals to the extent of 90%. It reacts with diborane 
to give a mixture of fluoroboraz1nes. It reacts with alkyl iodides 
to give compounds such as CH3NF2. 

Thermodynamic and Detailed Physical Data 

Molecular Structure (2) 

Tetrafluorohydrazine has C2 point group symmetry and a 
symmetry number of two, with the following structural param­
eters: bond distances: N- N 1.47 A (1 .47 x 10- 10 m); N- F 
1.37 A (1 37 x 10 10 m); bond angles: F- N- F 108°; 
N- N- F 104°; dihedral angle 65°. 
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Fig. 2. Infrared spectrum of gaseous tetrafluorohydrazine 
along with NF3 and NF2 for comparison; 10-cm cell; cell pres­
sure: 10.666 kPa (80 mm Hg) (4). 

Infrared Spectrum 

See Figure 2 for the infrared spectrum of gaseous tetrafluo­
rohydrazine. 

Vapor Pressure (3) 

The vapor pressure of liquid tetrafluorohydrazine is repre­
sented by the following equation: 

log10p = 6 .33-692 / T 

in which p = mmHg and T = °K. 

Latent Heat of Vaporization (3) 13.263 kJ / mol; 
@ 200.15 °K 3 170 cal / mol 

Thermodynamic Properties of Tetrafluorohydrazine As Ideal 
Gas @ 25 °C (2) 

Heat Capacity, cg 
Entropy, S0 

Free Energy Function, (F~96 -

H~ga)/298 
Enthalpy Difference, H~gs - Hg 
Enthalpy of Formation, '1Hf 
Free Energy of Formation, '1Ff 

79.170 J / (mol -°K) 
301 .089 J / (mol- °K) 

- 301 .089 J / (mol- °K) 

15.523 kJ / mol 
- 8.368 kJ / mol 
79.831 kJ / mol 
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TETRAFLUOROHYDRAZINE 
REFERENCES 
1 

For extensive tabulations of the thermodynamic and physical properties of tetrafluorohydrazine, see w Bra"er nd A L Mos~m in Th Jth n 

Unabndged Gas Data Book. 1975, Matheson, East Rutherford, New Jersey. 
2 

JANAF Thermochem,cal Tables, 2nd edition. 19 71. D. R Stull and H Prophet, proiect directors, Natl Stand Ref Oat S r , Natl Bur t nd 
NSRDS-NBS 37, U. S. Government Printing Office, Washington, D. C 
3 

C. B . Colburn and A Kennedy, J Amer Chem Soc. 80 5004 (1958) 

• C. B. Colburn in Adv. Fluor. Chem., M Stacey, J C Tallow, and A G. Sharpe, editors. 1963, Volume 3. p t t 2 Butt r.-.or th, Inc , Washm t n 
D. C. 



TRICHLOROFLUOROMETHANE 
(Synonym: Freon-11®) 

(Formula: CCl3F) 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of CCl3 F 
Vapor Pressure@ 21.1 °C 
Boiling Point @ 101 .325 kPa 
Freezing Point 
Absolute Density, Saturated Vapor@ 23.8 °C 
Density, Liquid@ 25 °C 
Critical Temperature 
Critical Pressure 

Critical Volume 
Critical Density 
Critical Compressibility Factor 
Latent Heat of Fusion @ 162.04 °K 
Dipole Moment, Gas 
Molar Specific Heat, Gas @ 101 .325 kPa @ 25 °C 

@ Constant Pressure 
@ Constant Volume 

Specific Heat Ratio, Gas @ 101 .325 kPa @ 25 °C, Cp/Cv 
Molar Specific Heat, Liquid@ 287.81 °K 

Viscosity, Gas@101.325 kPa@ 297.04 °K 
Viscosity, Liquid@ 20 °C 
Thermal Conductivity, Gas@ 101.325 kPa@ 297.04 °K 

Thermal Conductivity, Liquid@ 277.59 °K 

Surface Tension@ 277.59 °K .... 
Solubility In Water@ Saturation Pressure@ 277.59 °K 
Refractive Index, n0 

Liquid @ 21 .1 °C 
Saturated Vapor @ 21 .1 °C 

Dielectric Constant Liquid @ 21 .1 °C 
Vapor@ 21.1 °C, 50. 7 kPa 
Relative Dielectric Strength (Nitrogen = 1) 

Description 

Trichlorofluoromethane is a water-white nonflammable vola­
til_e liquid. In concentrations of less than 20% (by volume in air), 
tnchlorofluoromethane is odorless; in higher concentrations 
its odor is mild and somewhat ethereal. Trichlorofluoromethan~ 
is relatively nontoxic . It is shipped as a liquid in drum and cans 
and ton containers under its own vapor pressure of 92.4 kPa 
(13.4 psia) at 21. 1 °C. 
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0.137 368 kg 
0.137 368 kg 
92 kPa; 0.92 bar; 13.4 psia; 0.91 atm 
296.97 °K; 23.8 °C; 74.9 °F 
162.04 °K; -111 .1 °C; -168.0 °F 
5.85 kg/m3 

1.476 kg/I 
4 71 .15 °K; 198.0 °C; 388.4 °F 
4 408 kPa; 44.08 bar; 639.3 psia; 43.5 

atm 
1 .806 dm3 /kg 
0.554 kg/dm3 

0.279 
50.208 kJ/kg; 6.897 kJ / mol 
1.534 X 10-3° C-m; 0.46 D 
77.613 J/(mol • °K); 0 .135 kcal / (kg. 

OK) 

68.321 J/(mol, °K); 0.119 kcal/(kg. 
OK) 

1.136 
120.403 J/(mol • °K); 28. 777 cal/(mol, 

OK) 

0.010 5 mPa,s; 0.010 5 cP 
0.43 mPa-s; 0.43 cP 
0.007 57 W /(m. °K); 18.1 x 10-5 cal. 

cm/(s-cm2 • °C) 
0.093 4 W /(m, °K); 223.2 x 10-5 cal­

cm/{s,cm2 • °C) 
21.0 mN/m; 21.0 dyn / cm 
0.145 weight % 

1.379 9 
1.001 25 
2.30 
1.002 6 
3.71 

Specifications 

Trichlorofluoromethane has a minimum purity of 99.9 mole 
%. 

Uses 

Trichlorofluoromethane is used as a refrigerant, as a heat 
transfer medium, as a solvent, as a propellant (mixed with other 
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Freon co_mpounds) in insecticidal aerosols and as a chemical 
intermediate. 

Effects In Man and Toxicity (2) 

Inhalation of high concentrations of gas can cause such 
sy~ptoms as dizziness, disorientation , incoordination, nar­
cosis, nausea, or vomiting. There appear to be no irreversible 
effects once the oxygen deficiency has been corrected. 

First Aid Treatment (2) 

Inhalation 

If the subject is conscious and becomes aware of any of the 
symptoms cited above, he should go to an uncontaminated 
area and inhale fresh air or oxygen. In the event the subject is 
overcome by a massive exposure , he should be carried to an 
uncontaminated area and given artificial respiration and oxygen 
simultaneously. Treat symptomatically thereafter. 

Precautions in Handling and Storage 

The following rules should be followed in the handling and 
storage of trichlorofluoromethane. 

Since trichlorofluoromethane is relatively nontoxic and a 
nonflammable liquid of low vapor pressure, the usual precau­
tions associated with the handling of compressed gases are 
not applicable. However, the material should be handled in a 
well-ventilated area, and contact with flames or high heat 
should be avoided, since decomposition can take place with 
the formation of toxic halogen by-products. 

Leak Detection 

A more sensitive means of leak detection is provided by the 
Matheson Gas Leak Detector Models 8016 and 8017. 

Materials of Construction 

Most of the commonly used metals (steel , cast iron, brass, 
copper, tin , lead, aluminum) may be used satisfactorily with 
trichlorofluoromethane under normal conditions of use and 
especially in a dry system. At high temperatures some of the 
metals may act as catalysts for the breakdown of the com­
pound. The tendency of metals to promote thermal decompo­
sition of trichlorofluoromethane is in the following approximate 
order: silver > brass > bronze > aluminum > 1 340 steel > 
copper> nickel > 18-8 stainless steel > inconel (least decom­
position). Magnesium alloys and aluminum containing more 
than 2% magnesium are not recommended for use in systems 
containing trichlorofluoromethane where water may be present. 

In general, gasket materials should not contain natural rub­
ber. Neoprene or lsoprene rubber, pressed fibers , including 
asbestos, with a number of insoluble binders, and metallic 
gaskets may be used. 

Cylinder and Valve Description 

Trichlorofluoromethane is packaged in DOT approved 
drums. Drums have a ¾ inch 1.P.S. female outlet. 

Recommended Controls 

Because of the low pressure , it is recommended that the 
drum be used either with an ordinary globe or gate valve, or 

drum spigot valve. 

TRICHLOROFLUOROMETHANE 

Shipping Regulations 

Trichlorofluoromethane 1s shipped as a nonflammable chem­
ical It does not require DOT shipping labels. 

Commercial Preparation 

Trichlorofluoromethane 1s prepared by fluonnating carbon 
tetrachloride with anhydrous hydrogen fluoride at elevated 
temperatures under pressure. 

Chemical Properties 

Trichlorofluoromethane is thermal ly stable, only 2% decom­
position per year occurring on heating trichlorofluoromethane 
to 200 °C (392 °F) in steel. Trichlorofluoromethane 1s nonflam­
mable in any mixture with air and wi ll not explode or propagate 
a flame. The rate of hydrolysis of trichlorofluoromethane in 
water in steel is only 0.028 kg I year Trichlorofluoromethane 
1s noncorrosive to steel. cast iron. brass , copper, tin. lead. and 
aluminum under normal conditions At elevated temperatu res. 
corrosion does occur. Trich lorofluoromethane undergoes fur­
ther fluorination with hydrogen fluoride in the presence of 
catalysts. Trichlorofluoromethane under the influence of alu­
minum bromide or aluminum chloride d1sproport1onates to car­
bon tetrachloride, d1chlorod1fluoromethane, and chlorotrifluo­
romethane. 

Thermodynamic and Detailed Physical Data 

Molecular Structure (3) 

Trichlorofluoromethane has C3, point group symmetry and a 
symmetry number of three. The structural parameters are the 
following: bond distances: C Cl 1 76 A (1 . 76 x 1 0 ,c m), 
C- F 1 .33 A (1 33 x 10 10 m). bond angles: Cl C Cl 
109.67°; F-C- CI 109.47° 

Infrared Spectrum 

See Figure 1 for the infrared spectrum of gaseous trichloro­
fluoromethane. 

Vapor Pressure (4) 

The vapor pressure of liqu id CCI ,F between 0.276 and 4 495 

kPa is represented by the following equation: 

8 E(F T) 
log,0 p =A+ - + C log,o T + OT + -- - log,o(F - T) 

T T 

in which p = lbf/in2 absolute (ps1a) and T = ' R ( °F + 
459.67), and the constants have the following values 

A= 42.1 4702865 
8 = -4 344 343 807 
C = -12.84596753 

D = 0 004 008 372 507 
E = 0.031 360 535 6 
F 862.07 

For specific vapor pressure data. see Table 1 and Figure 2. 

Latent Heat of Vaporization, 
AHv @ 296.97 °K 

182.05 kJ / kg; 
43 .51 kcal / kg ; 
78 .31 Btu /lb 
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TRICHLOROFLUOROMETHANE 
Thermodynamic Data 

Thermodynamic properties for the saturated liquid and vapor 
and for the superheated vapor are listed in Tables 1 and 2 . 
respectively. 

Thermodynamic Properties of Trichlorofluoromethane As 
Ideal Gas @ 25 °C (3) 

Heat Capacity, C~ 78 01 5 J (mol -°K) 

REFERENCES 

Entropy, S0 

Free Energy Function. (f198 -

H~ge) 298 
Enthalpy Difference. H~ge - Ho 
Enthalpy of Formation, .lHf 
Free Energy of Formation , .l , 

0 .624 J (mol- K) 
-30 .620 J (mof. ) 

16 058 J mol 
288.6 6 kJ mol 

-24 383 kJ mol 

' For extensive tabulations of the thermodynamic and physical propertres of trrchlorofluoromethane. see W Br, ker :1nd A L M m n, Th 

Matheson Unabridged Gas Data Book, 1975, Matheson, East Rutherford , New Jersey. 
2 

W. Braker, A L. Mossman , and D. Siegel, Effects of Exposure to Toxic Gases-F,rst Aid and Medical Tre Itment, 2mi ,1111011, l 77 pp 11 -

123, Matheson, Lyndhurst, New Jersey 
3 

JANAF Thermochemical Tables, 2nd edi tion, 19 71, D R Stull and H Prophet, proiect directors. N.itl Stand Ref D,1t.i Ser • N 111 Bur St incl . 
NSRDS-NBS 37, U. S. Government Printing Office, Washington, D C 

• Thermodynamic Properties of Freon-11, Tech . Bull. T-11, 1965, E I du Pont de Nemours and Co. W1lm1nciton, D ,1 war 
5 The Sadtler Standard Spectra, 1972, Sadlier Research Laboratories, Inc. Philadelphia, Pennsylvania 
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TRICHLOROFLUOROMETHANE 

Table 1. THERMODYNAMIC PROPERTIES OF SATURATED TRICHLOROFLUOROMETHANE 
(4) 

Temperature K I / Entropy J/(mol • °K) Enthalpy J/ mol 
Latent Specific Volume Density kg/dm 3 

Pressure Heat of dm3 /kg 
Vapori-

K F I kPa atm liquid Vapor liquid Vapor zation Liquid Vapor 

I 

Liquid 

1 

Vapor 
kJ/mol 

166.4~1-160 0 010 84 0 000 107 -39.396 149.182 -7 793 23 602 31 395 0.568 2 926.199 1 . 760 0 0.000 001 

177.59-140 0.044 38 0 .000 438 - 31.750 141.325 -6 478 24 259 30 737 0.575 5 242 277 1.737 6 0.000 004 
188.71 -120 0.149 5 0 .001 48 -24.612 134.945 -5 172 24 938 30 110 0.583 0 76 418 1. 715 3 0.000 013 
199.82 - 100 0.430 3 0.004 25 -17.923 129.761 -3 873 25 638 29 511 0.590 9 28 085 1 .692 3 0.000 036 
210.93 - 80 1.089 0.010 74 -11 .623 125.559 -2 579 26 357 28 936 0.599 0 11 710 1 669 4 0.000 083 
222 04 -60 2.472 0 024 4 -5.664 122.157 -1 289 27 092 28 381 0.607 5 5 422 1 .646 1 0.000 184 
233 15 - 40 5.124 0 .050 6 0.000 119.41 0 0.000 27 841 27 841 0.616 4 2 742 1.622 3 0.000 365 
244.26 -20 9 831 0 097 0 5 .407 117.208 1 291 28 600 27 309 0.625 6 1 493 1 .598 5 0.000 670 
255.37 0 1 7 .655 0 .174 2 10.587 115.455 2 586 29 366 26 780 0.635 3 865.6 1.574 1 0.001 16 
266.48 20 29.955 0.295 6 15 568 114.076 3 886 30 137 26 251 0.645 4 529.5 1 .549 4 0.001 89 
277 59 40 48 417 0.4 77 8 20.367 112.995 5 193 30 907 25 714 0.656 1 339.0 1.524 2 0.002 95 
288 71 60 74.987 0 740 1 25.004 112.174 6 508 31 674 25 166 0.667 4 255.7 1 .498 4 0.004 43 
299.82 80 111 923 1 105 29.490 111.553 7 832 32 436 24 604 0.679 3 155.4 1.4721 0.00644 
310.93 100 1 61 .723 1 596 33.838 1 11 .1 04 9 164 33 188 24 024 0.692 0 110.2 1 .445 1 0.009 07 
322.04 120 227 134 2.242 38.062 1 1 0. 794 10 507 33 929 23 422 0.705 6 80.06 1 .417 2 0.01 2 49 
333 15 140 311 112 3.070 42.172 110.593 11 861 34 656 22 795 0.720 2 59.45 1 .388 5 0.016 82 
344 26 160 416.795 4 .113 46.182 110.478 13 230 35 365 22 135 0.735 8 44.97 1 .359 1 0.022 04 
355 37 180 547.540 5.404 50. 1 05 11 0.426 14 616 36 052 21 436 0.752 9 34.56 1 .328 2 0.028 94 
366 48 200 706 850 6 976 53.960 110.421 16 024 36 715 20 691 0.771 6 26.91 1.296 0 0 .037 16 
377 59 220 898 456 8 867 57. 762 11 0.438 17 460 37 348 19 888 0.792 3 21.19 1.2621 0.04719 
388.71 240 1 126.26 11 .11 5 61 .538 110.449 18 932 37 944 19 012 0.815 4 16.83 1 .226 4 0.059 42 
399.82 260 1 394 40 13. 762 65.314 110.444 20 450 38 494 18 044 0.841 8 13.45 1.187 9 0.074 35 
410.93 280 1 707 35 16.850 69 .1 25 110.380 22 .031 38 985 16 954 0.872 3 10.78 1 .1 46 4 0.092 76 
422.04 300 2 069 87 20428 73.010 110.219 23 694 39 398 15 704 0.908 8 8.653 1 .100 4 0.11 5 57 
433.15 320 2 487 01 24 545 77 .039 1 09.892 25 470 39 701 14 231 0.953 9 6.912 1.048 3 0.144 68 
444 26 340 2 964 47 /29.257 81 .321 109.288 27 413 39 837 12 424 1.01 3 6 5.546 0.986 6 0.180 31 
455 37 360 3 508 33 34 625 86.080 1 08.127 29.634 39 673 10 039 1 .102 1 4.182 0.907 4 0.239 12 
466 48 380 4 125.82 40 719 92 . 167 1105.340 32 544 38 687 1 6143 1.284 1 2.907 0 . 778 8 0.340 00 
471 15 388.40/4 409.20 /43.515 l 98.966 98.966 35 788 35.788 0 1.805 9 1 .805 9 10 .553 7 0 .553 7 
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1, 1,2-TRICHLOR0-1,2,2-TRIFLUOROETHANE 

PHYSICAL PROPERTIES (1) 

(Synonym: Freon-113 R) 
(Formula: CCI FCCIF2 ) 

Molar Mass 
Molecular Weight 
One Mole of CCl2 FCCIF2 

Vapor Pressure@ 21.1 ° C 

Boiling Point @ 101.325 kPa 
Freezing Point 
Density, Saturated Vapor 
Density, Liquid@ 25 °C 
Critical Temperature 
Critical Pressure 

Critical Volume 
Critical Density 

Critical Compressibility Factor 
Molar Specific Heat, Gas @ 101 .325 kPa @ 60 c 

@ Constant Pressure 
@ Constant Volume 

0 .187376kg 
0.187 376 kg 

37.9 kPa; 0.379 bar; 5 5 PSI • 0. 74 
atm 

320.72 °K; 4 1.6 C, I 17.6 °F 
238.15 °K; -35.0 °C; -31 O F 
7.38 kg / m 1 

1.565 kg / I 

487.25 °K; 214.1 °C; 417 4 °F 
3 415 kPa; 34 15 bar: 495 3 ps11, 33 7 

atm 
1. 734 dm3 / kg 
0.576 kg / drn 
0.274 

Specific Heat Ratio, Gas@ 101.325 kPa@ 60 °C, Cp Cv 
Molar Specific Heat, Liquid @ 25 °C 

126.22 1 J/(rnol,°K) 
116.871 J / (mol-°K) 
1.080 
170.887 J / (mol- °K) Viscosity, Vapor @ 48.9 °C 

Viscosity , Liquid@ Saturation Pressure@., 48 9 °C 
Thermal Conductivity, Gas @ 50. 7 kPa @. 25 °C 

Thermal Conductivity, Liquid @ 25 °C 

Surface Tension @ 25 °C 

Solubility In Water @ Saturation Pressure @: 25 C 
Refractive Index, Liquid, n0 @ 25 °C 
Dielectric Constant, Liquid @ 25 °C 

Description 

At room temperature and atmospheric pressure, 1.1.2-Tri­
chloro-1 ,2 ,2-trifluoroethane (denoted henceforth as TTE) Is a 
water-white noncorrosive, nonflammable, volatile liquid. TTE 
has little odor In low concentrations, in high concentrations, its 
odor is ethereal and s1m1lar to carbon tetrachloride. TTE is 
shipped in drums and cans under its own vapor pressure of 
37.9 kPa (5.5 psia) at 21 1 C 

Specifications 

TTE has a mInImum purity of 99.0% 

Uses 

TTE is used as a refrigerant, as a heat transfer medium, as 
a selective solvent for oils and gums, as an effective film 

~atheson· 

0.010 8 mPa-s, 0 010 8 cP 
0.497 mPa,s; 0.497 cP 
0.077 8 W/ (m. K) , 18 6 10 'c 1. 

cm (s-cm:.>.oc) 

0.065 7 W/(m,cK), 157 10 c I, 
Cm / (S• Cm1 • °C) 

23 mN/m; 23 dyn / cm 
0.01790 (by weight) 
1.354 
2 41 

processing solvent for both mnchin nd h no u 
intermediate in the manufacture of chlorotr1fluoro 

Effects In Man and Toxicity (2) 

Inhalation of high concentration of 
symptoms as dizziness, d1sorrentat1on, 
cosIs, nausea. or vomiting Ther opp <1r to b no Irr v r 1bl 
effects once the oxygen def1c1 ncy ha b n corr ct d 

TTE has relat ively low tox1c1ty It Is con Id rably I 
than carbon tetrachloride. It Is class1t1ocJ accorthn to th ratin 
system devised by Underwriters Laboratori • s mucr I 
toxic than G•oup 4 (which includes m thyl chlorrd nd thy! 
bromide) and somewhat more toxic lha11 iroup 5 (which in­
cludes carbon dIoxIde and butan ) How v r, prolon ll 
breathing of the vapor should b VOid d, rid TT hould b 
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1, 1,2-TRICHLOR0-1,2,2-TRIFLUOROETHANE 

used preferably in areas having adequate ventilation. Pro­
longed contact of TTE with the skin should be avoided, since 
It has a drying effect by dissolving the fats and oils from the 
skin The 1979 American Conference of Governmental Indus­
trial Hygienists (ACGIH) has recommended a Threshold Limit 
Value of 1 000 ppm (7600 mg / m3

) for TTE. 

First Aid Treatment (2) 

Inhalation 

If the sub1ect is conscious and becomes aware of any of the 
symptoms cited above, he should go to an uncontaminated 
area and inhale fresh air or oxygen. In the event the subject is 
overcome by a massive exposure, he should be carried to an 
uncontaminated area and given artificial respiration and oxygen 
simultaneously. Treat symptomatically thereafter. 

Precautions in Handling and Storage 

Since TTE Is a relatively nontoxic and nonflammable liquid 
of low vapor pressure, the usual precautions associated with 
the handling of compressed gases are not applicable. However, 
TTE should be handled in an adequately ventilated area. When 
the hands are to be exposed to liquid TTE for any extended 
period, it Is desirable to wear rubber or neoprene gloves. 

Leak Detection 

A sens1tIve means of leak detection is afforded by the Mathe­
son Gas Leak Detector, Models 8016 and 8017. 

Materials of Construction 

The commonly used metals, such as steel, cast iron, brass, 
copper, tin, lead, and aluminum, can be used satisfactorily with 
TTE under normal conditions of use. At high temperatures, 
however, some of the metals may act as catalysts for the 
decomposition of TTE. The tendency of metals to promote 
thermal decomposition of TTE is in the following general order: 
(least decomposition) inconel < 18-8 stainless steel < nickel 
< copper< 1 340 steel < aluminum < bronze < brass < silver 
(most decomposition). 

Magnesium alloys and aluminum containing more than 2% 
magnesium are not recommended for use in systems contain­
ing TTE where water may be present. Zinc is not recommended 
for use with TTE. 

Plastics and polymers, in general, are little affected by TTE. 
Synthetic rubber such as Neoprene-GN or Hycar-OR-1 5 is 

essentially unaffected, although there is a small amount of 
swelling of natural rubber. 

Cylinder and Valve Description 

TTE is supplied in DOT approved drums. Drums have a ¾ 
inch I.P.S. female outlet. 

Recommended Controls 

Because of the low pressure, it is recommended that the 

678 

drum be used either with an ordinary globe or gate valve, or 

drum spigot valve. 

Shipping Regulations 

TTE is shipped as a nonflammable chemical and does not 

require any DOT shipping labels. 

Commercial Preparation 

Numerous fluorination procedures are described in the pat­
ent literature for the preparation of TTE, most of which concern 
catalytic fluorination of perhalo-olefins or alkanes with hydro­
gen fluoride. TTE has also been prepared by electrolysis of 
bromotrichloroethylene, lithium fluoride, and calcium fluoride 

in liquid hydrogen fluoride. 

Chemical Properties 

TTE is nonflammable and nonexplosive at ordinary temper­
atures. The apparent ignition temperature is 1 256 °F, but the 
combustion is very weak and the flame does not propagate 
through the vapor-air mixture. The rate of hydrolysis of TTE in 
pure water at 86 °F and 1 atm is 0.000 005 kg / I of water/ 
year; its hydrolysis rate in water in the presence of steel at 
saturation pressure and 112 °F is 0 .040 kg / I of water / year. 
With respect to thermal stability, a maximum temperature of 
225 °F is recommended for continuous TTE exposure in the 
presence of oil, steel, and copper. The rate of decomposition 
of TTE at 400 °F in steel is 6% per year. In quartz, the 
temperature for the first trace of decomposition of TTE is at 
about 570 °F (at an exposure time of 30 seconds). 

Thermodynamic and Detailed Physical Data 

Infrared Spectrum 

See Figure 1 for the infrared spectrum of gaseous TTE. 

Vapor Pressure (3) 

The vapor pressure of liquid TTE between 10.342 and 
3 275.009 kPa is represented by the following equation: 

4 330.98 
log, 0 p = 33.065 5 - T 

- 9.263 5 log, 0 T + 0 .002 053 9T 

in which p = psia and T = 0 R (= ° F + 459.67). 
For specific vapor pressure data, see Table 1 and Figure 2. 

Latent Heat of Vaporization, 27.494 kJ / mol; 
t.Hv@ 320.72 °K 35.07 kcal / kg 
For additional t.Hv values, see Table 1. 

Thermodynamic Data 

Thermodynamic properties of the saturated liquid and vapor 
and of the superheated vapor are listed in Tables 1 and 2, 
respectively. 
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1, 1,2-TRICHLOR0-1 ,2,2-TRIFLUOROETHANE 

Table 1. THERMODYNAMIC PROPERTIES OF SATURATED TTE LIQUID AND VAPOR (3) 
Temperature Pressure Entropy J/(mol • K) Enthalpy kJ mol Latent Specific Volume 

Density kg / dm' (Base -40 F) (Base -40 F) Heat of dm' l kg 
OK OF kPa 

Vapori-
atm Liquid Vapor Liquid Vapor zation L1qu1d Vapor L1qu1d Vapor 

kJ mol 
238.71 -30 2 .059 4 0.020 3 3 .685 136.256 0 .858 32.513 131 655 0.591 5 135 1 692 0 000 20 244.26 - 20 2.956 5 0 .029 2 7.213 135.786 1.725 33.123 31 398 0.595 3 659 1.681 0 000 27 249.82 -10 4.168 6 0.041 1 10.741 135.472 2 596 33742 31.146 0.599 2 652 1.669 0 .000 38 255.37 0 5.775 7 0.057 0 14.268 135 237 3 476 34.360 30 884 0 603 1 955 1.658 0 .000 51 
260.93 10 7.874 0 .078 17.640 135.080 4 355 34 983 30.628 0 607 1 464 1.647 0 .000 68 
266.48 20 10.577 0 .104 21 .011 135.002 5 240 35 606 30.366 0 611 1 112 1 637 0 000 0 
272.04 30 14.003 0.138 24.303 135.002 6 132 36 237 30 105 0 616 855 9 1 623 Io 001 17 
277.59 40 18.306 0 181 27.596 135 080 7 .038 36 869 29 831 I o.621 666 7 1 610 0 001 50 
283.15 50 23.628 0 233 30.810 135. 237 7 .944 37 505 29 561 0 626 526 0 1 597 0 001 90 
288.71 60 30.158 0 298 34.025 135.472 8 .863 38.141 29 278 0 631 419.1 1.585 0 002 3 
294.26 70 38.080 0 .376 37.239 135 707 9.791 38 781 28 990 0.636 337.4 1 572 0 002 96 
299.82 80 47.588 0.470 40.375 136.099 10 727 39 421 28 694 0 641 274 .2 1.560 0 003 65 
305.37 90 58.916 0 .581 43.511 136 491 11 673 40 061 28 388 0.646 224.7 1.548 0 004 45 
310.93 100 72.257 0.713 46.568 136.883 12 626 40 702 28 076 0.652 185.8 1.534 0 005 38 
316.48 110 87.977 0 .868 49 704 137.354 13.598 41 .346 27.748 0 .657 154 6 1 522 0 006 47 
322.04 120 106.179 1.048 52 762 137.824 14.582 41 .991 27.409 0 .664 129 7 1 506 000771 
327.59 130 127.208 1.255 55 819 138.373 15.571 42.636 27.065 0 .670 109 5 1 493 0 009 13 
333.15 140 151.202 1.492 58.799 139 000 16.572 I 43.276 26.704 0 .676 93.08 1 479 1001074 
338.71 150 178.781 1.764 61.856 1 39.549 17 587 43 .912 26.325 0.683 79 .47 1.464 I O 012 58 
344.26 160 209.876 2.071 64.835 140.176 18 615 44 552 25.937 0 690 68.30 1.44 0 014 64 
349.82 170 244.971 2.418 67.814 140.803 19.652 45 183 25 531 0 697 58 94 1 435 0 016 97 
355.37 180 284.202 2.805 70.794 141.430 20.701 45 .815 25 .114 0 704 51 15 1 420 0 019 55 
360.93 190 328.190 3.239 73.694 142.136 21. 764 46.442 24.678 0 .712 1 44 54 1 404 0 022 45 
366.48 200 376.867 3.719 76.673 142. 763 22.844 47.069 24 .225 0 .720 38 96 1 389 0 025 67 
372.04 210 430.922 4.253 79.574 143.469 23 .938 47 692 23.754 0728 34 19 1 374 0 029 25 
377.59 220 490.010 4.836 82.475 144.174 25.039 48 .311 23.272 0 736 30 13 1.359 0 033 1 
394.26 250 701.886 6.927 88.041 144.409 27.383 49 600 22.21 7 I O 762 21.16 1.312 0 .04 7 26 
422.04 300 1 210.72 11 .95 101.682 14 7 467 33 023 52 .331 19.308 0.824 11 .86 1.214 0 084 32 
449.82 350 1 953.28 19.28 11 5.794 149.348 39.251 54 .356 15.105 0 .918 6.55 1.089 0 152 7 
455.37 360 2 136.00 21.08 118.460 149.427 40.497 54 .609 14.112 0 .949 5 81 1 054 0 172 1 
460.93 370 2 330.43 23.00 122.61 5 150.132 42.030 54.722 12.692 1 0 .974 5.06 1 027 01 7 6 
466.48 380 2 537.96 25.05 1 24.575 148.408 43.406 54 .522 11 .116 1 .018 4 31 0 982 0 232 0 
472.04 390 2 758.59 27.23 127.554 147.388 44.822 54 .195 9.373 i 1.068 3 68 0 936 0 271 7 
477.59 400 2 994.39 29.55 130.062 145 429 46 072 53.407 7.335 1. 136 3 .06 0 880 0 26 8 
483.15 410 3 244 .67 32.02 132.336 141 665 47 187 51 .682 4 .495 1 242 2 43 0 805 0 411 5 

487.26 417.4 3 439.79 33.95 133 198 133 198 47 688 47.688 0 .000 1.735 1.735 0.576 4 0 576 4 
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1, 1,2-TRICHLOR0-1,2,2-TRIFLUOROETHANE 

Table 2. THERMODYNAMIC PROPERTIES OF SUPERHEATED TTE VAPOR (3) H, 
ENTHALPY, kJ/mol; S, ENTROPY, J/(mol • °K); V, SPECIFIC VOLUME, dm

3 
/kg 

Pressure Temperature, °K 
kPa I atm 255_31 I 266.48 211.59 288.11 299.82 310.93 338.11 366.48 394.26 422.04 477.59 s33_1s 

3 447 
(246 71 K)" 

6.895 
(258 48 K)" 

13.790 
(271 71 K)· 

34 474 
(291 87 K)' 

IO 034 H 
s 
V 

0 .068 H 
s 
V 

0.136 1 ~ 

0 340 f-~ 
s 
V 

0 .680 H 

34 .365 I 35 623 36.9o4 38.206 39.526 40.867 44.308 47.875 51 _577 
139470 144331 149035 153660 158129 162.519 173.103 183.216 192.938 
3 282 3 425 3 568 3 713 3 857 4 000 4 357 4 715 5 072 

35619 36.895 138.197 39.517 40.858 44 .304 47.871 51 .569 55.384 
138608 143.312 147.859 152.328 156.796 167.380 177.493 187.215 196.544 
1 709 1 781 11 852 1 924 1 996 2 176 2 355 2 535 2 713 

36.882 138.180 39.500 40.841 44.291 47.858 51 .555 55.380 
137.432 142.057 146.526 150.995 161 .579 171 .692 181.413 190.743 

~ i 87 1 ~-3 959.5 995.7 1 086 1 176 1 265 1 355 

39.452 40.798 44.243 47.823 51.521 55.345 
138.843 143.233 153.817 164.009 173. 730 183.138 
380.6 395.1 431 .5 468.0 504.5 540.3 

- -~ -

68 .948 
(309 59 K)' 

"l6.527 
0 953 ~t -

s 
+ ~ 40.715 44.169 47.749 51.455 55.288 63.324 

137.275 147.937 158.129 167.850 177.258 195.133 
195.0 213.5 232.0 250.3 268.6 305.1 

44.108 47.697 51.403 55.245 63.289 
145.037 155.228 165.028 174.436 192 .311 

i 19 2 1 K) • V 
-- +-- +--

1 361 H 
j7 895 S 

30 1 5 Kl· Iv+-- _ + r 2 041 H 
1 

206 843 I s 
(343 76 K) • VI +-

2 722 H 
215 790 S 

(3"4 21K) · r [vi 
3.402 Hr 

344 738 S 

(362 87 K) • Vt 
t 4 083 H --

413 685 S 
(37032 K)' V 

+ 
4 763 H 

I 

-- -----

482 633 I s 
(376.93 K) • V I 

• Saturation temperatures in parentheses. 

151 .1 164.5 177.8 191 .0 217.3 

44.01 2 4 7 .614 51.325 55.1 70 63 .228 
141.901 152.092 161 .892 171 .300 189.253 
104.4 114.1 123.4 132.8 151.5 

47.461 51.190 55.049 63.132 
148.486 158.286 167.772 185.725 
74.54 81 .09 87.52 100.1 

47.309 51 .050 54 .931 63.032 
145.821 155.699 165.185 183.216 
54.88 59.91 64.80 74.54 

47.156 50.915 54.809 62.928 
143. 704 153.582 163.146 181 .178 
43.07 47.21 51 .23 59.18 

50.758 54.674 62.823 
151 .857 161 .422 179.532 
38.66 42.15 48.89 

50.610 54.548 62. 718 
150.289 159.932 178.042 
32.57 35.64 41.55 

71.534 
198.190 
66.92 

71 .442 
196.622 
55.44 

71.355 
195.211 
47.26 
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TRIMETHYLAMINE 

PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of (CH3)aN 
Specific Volume@ 21.1 °C, 101.325 kPa 
Vapor Pressure @ 21 .1 °C 
Boiling Point @ 101 .325 kPa 
Freezing Point 
Absolute Density, Gas @ 101 .325 kPa @ 20 °C 
Relative Density, Gas@ 101.325 kPa@ 20 °C (Air = 1) 
Density, Liquid @ 0 °C 
Critical Temperature 
Critical Pressure 

Critical Volume 
Critical Density 
Critical Compressib1l1ty Factor 
Latent Heat of Fusion @ 156.07 °K 
Flammability Limits In Air 
Dipole Moment, Gas 
Molar Specific Heat, Gas@ 101.325 kPa@ 25°C 

@ Constant Pressure 
@ Constant Volume 

Specific Heat Ratio, Gas@ 101.325 kPa@ 25 °C, Cp/Cv 
Molar Specific Heat, Liquid@ -2. 7 °C 
Viscosity, Gas@ 101.325 kPa@ 25 °C 
Viscosity, Liquid@ 15 °C 
Thermal Conductivity, Gas @ 1 01 .325 kPa @ 25 °C 

Surface Tension@ 15 °C 

0.059 112 kg 
0.059 112 kg 
399.5 dm3 /kg; 6.4 ft3 /lb 
193 kPa; 1.93 bar; 28.0 psia; 1.9 atm 
276.02 °K; 2.9 °C; 37.2 °F 
156.07 °K; -117.1 °C; -178.4 °F 
2.607 kg/m3 

2.087 
0.656 kg/I 
433.25 °K; 160.1 °C; 320.2 °F 
4 073 kPa; 40. 73 bar; 590. 7 psia; 40 .2 

atm 
4 .297 dm3 /kg 
0.233 kg/dm3 

0.287 
110.763 kJ/kg; 26.473 kcal/kg 
2.0-11 .6% (by volume) 
2.04 x 10-3□ C · m; 0.612 0 

91 .931 J/(mol, °K) 
77.644 J/(mol, °K) 
1.184 
130. 711 J/(mol, °K) 
0.007 68 mPa,s; 0.007 68 cP 
0.194 mPa-s; 0.194 cP 
0.01 5 06 W /(m. °K); 36.0 x 1 o-6 cal. 

cm/(s-cm2 -°C) 

Solubility In Water@ 101.325 kPa (total pressure) @ 30 °C 
Autoignition Temperature 

14.53 mN/m; 14.53 dyn/cm 
47.5% (by weight) 
463.15 K; 190.0 °C; 374 °F 
260.15-265.15 °K; -13.0 to -8 °C; 8 

Flash Point 

Refractive Index, Liquid @ Saturation Pressure, n
0

@ 25 °C 
Dielectric Constant, Liquid @ 25 °C 

to 18 °F 
1.344 3 
2.44 

Description 

Trimethylamine is a flammable , alkaline, colorless gas at 
ambient temperature and atmospheric pressure. It has a char­
acteristic fishy odor in low concentrations, but in higher con­
centrations (1 00- 500 ppm}, the fishy odor is no longer detect­
able and the odor Is more like that of ammonia. Trimethylamine 
1s shipped as a liquefied compressed gas in cylinders, tank 
cars, and cargo tank trucks. It 1s also authorized for shipment 
by the Department of Transportation in ton multi-unit tank cars 
and portable tanks. It is shipped as a liquefied gas under its 
own vapor pressure of 92 kPa (13.3 ps1g) at 21 .1 °C. 

Specifications 

Trimethylamrne as supplied by Matheson has a minimum 
purity of 99.0 %. 
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Uses 

Trimethylamine is used in organic synthesis; in the manufac­
ture of disinfectants; to prepare quaternary ammonium com­
pounds; as a corrosion inhibitor; in the preparation of choline 
chloride and of trimethylamine-borane addition compounds. 

Effects In Man and Toxicity (2) 

Exposure to the vapors of trimethylamine produces eye 
irritation with lacrimation, conjunctivitis and corneal edema. 
Inhalation of higher concentrations (more than 100 ppm} of 
trimethylamine causes irritation of the mucous membrane of 
the nose and throat and lung irritation with respiratory distress 
and cough . The vapors may also produce primary skin irritation 
and dermatitis. Direct local contact with liquid trimethylamine 

matheson· 

produces severe and sometimes permanent eye damage or 
skin burns. 

No definite human toxicity data are available, although the 
above described physiological ettects from relatively low con­
centrations of vapor have been recorded. 

Though trimethylamine is readily detectable in air by odor, 
the olfactory sense may become fatigued on continuous inha­
lation. Odor then is no longer a reliable warning property of the 
presence of dangerous concentrations of these vapors. 

First Aid Treatment (2) 

The following suggested treatment should be administered 
promptly. 

Inhalation 

Workers overcome by trimethylamine should be removed to 
fresh air at once and given oxygen until the arrival of the 
physician. If breathing has stopped, artificial respiration and 
oxygen should be administered simultaneously. The patient 
should be kept warm and quiet. No alcoholic stimulants should 
be administered. Oxygen and antispasmodic drugs may help 
to relieve coughing. 

Nose and Throat 

Irrigate nose and mouth continuously for 1 5 minutes. If the 
patient can swallow, encourage him to drink large quantities of 
½% citric acid solution or lemonade. 

Skin Contact 

Remove contaminated clothing and immediately flush the 
affected area of the body with large quantities of water. Since 
the reaction is alkaline, the skin should be washed with a mild 
acidic solution such as vinegar or 1-2% acetic acid solution. 

Use no ointments on the skin during the first 24 hour period 
after the injury. Do not cover the injured area with clothing or 
a dry dressing. During the first 24 hours, the area may be 
covered with a dressing and kept moist with physiological salt 
solution (0.9% sodium chloride). Dermatitis may be produced 
from contact of trimethylamine with the skin. 

Eye Contact 

1. Immediately flush thoroughly with water, holding the lids 
wide open. Continue irrigation for at least 15 minutes. 

2. After the irrigation is completed, instill 2 or 3 drops of a 
0.5% pontocaine solution. This relieves the pain. 

3. After the pain disappears (this may require a few minutes), 
flush the eyes with water or preferably physiological salt solu­
tion (0.9% sodium chloride). 

4. Put 1 drop of fluorescein (eye-stain) into each eye and 
wash the eyes for 2 minutes with water. If the eye has been 
injured, a green stain will appear over the injured area. 

5. If the eyeball stains green anywhere, put 1 more drop of 
pontocaine in the eye, wash the eye for 15 minut~s (as shown 
under item 3) and restain with a drop of fluorescern. 

6. Wash the eye for 2 minutes (item 3). If the eyeball stains 
green, take the patient to an eye specialist immediately, but do 
not stop the first aid treatment to take the patient to an eye 
specialist until items 1 through 6 have been completed. 

matheson· 

TRIMETHYLAMINE 

Do not apply eye pads or pressure. as gluing of th lid to 
the eyeball will occur 

Precautions in Handling and Storage 

The hazards 1n handling trimethylam1ne are du to ii to 1c1ty 
and extreme flammability. Store and use trim thylamrn rn 
well-ventilated area away from heat and all 1gnItIon sourc s 
such as flames and sparks. Never use flames to d t ct trim -
thylamine leaks. Do not use trrmethylarnine around park1n 
motors and other non-explosion-proof equipment Do not stor 
reserve stocks of trimethylamine cylrnders with cylrnd rs con­
taining oxygen, chlorine, or other highly o 1d1zinq or flammabl 
materials 

Anyone working with tnmethylam1ne should w ar rubb 'r 
gloves, chemical safety goggles, and a rubber or pla tic pron 
Gas masks approved by NIOSH for trrmethylamin s rv1c , 
showers, and eyebaths should be conveniently located for u ' 
1n emergencies.Trimethylamine cylinders should nev r b d -
rectly heated by steam or flames Uncontrolled h citing of 
cylrnder will result in liquid expansion and create dan erou~ 
hydrostatic pressures Any heating should be done in th r­
mostated water or oil bath , and the temperature should not b 
allowed to exceed 51 7 "C (1 25 F) A trap or ch ck v Iv 
should be used to prevent suckback of foreign materials rnto 
the cylinder Any accidental suckback should b r port d 
1mmed1ately to the supplier. Manifolded cyhnd rs of trimethyl­
amine should have check valves at the cylinder outl t to 
prevent the exchange of material from one cylinder to nnoth r 
thus causing a cylinder to become overfull. All equ1pm nt and 
lines used with trimethylamine should be grounded 

In add1t1on, the general rules listed rn App nd1x I should b 
observed. 

Leak Detection 

Never use flames to detect trimethylam1ne leaks. Leaks c n 
be detected by passing an open bottle or a squeeze bottle 
containing hydrochloric acid in the vIcrn1ty of the susp cted 
leak. Dense white fumes will be formed in the area of th I k 
Wet ret litmus or phenolphthalein paper will undergo a color 
change with tnmethylamine and is of aid in det cting sm 11 
leaks. 

Cylinder valves may develop leaks through the packing which 
can be stopped or by t1ghtenrng up on the packing nut, by 
turning it counter clockwise as viewed from above L aks 
through the valve outlet that cannot be controlled should b 
stopped by plugging the outlet with % " pipe plugs. 

Disposal of Leaking Cylinders 

Should 11 ever become necessary to dispose of the content 
of a leaking cylinder which cannot be stopped normally, th 
procedure described 1n Appendix 11-8 may be followed 

Materials of Construction 

Iron, steel, stainless steel, and monel recommended for 11 
equipment coming in contact with trimethylam1ne Copp r, t,n 
zinc and most of their alloys are attacked by moist trim thyl­
amine and should not be used. Piping should be rigid st I 
except where short connections are required such as b tw n 
cylinders and manifold or pipe lines. 
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TRIMETHYLAMINE 

For permanent installations, tongue and groove, flanged 
fittings with lead or asbestos composition gaskets are recom­
mended. In order to reduce maintenance, all Joints should be 
welded wherever possible. 

Cylinder and Valve Description 

Cylinder valves are made of forged steel and are of the 
packed type. The valve outlet designated as alternate standard 
for trimethylamine by the Compressed Gas Association (CGA) 
1s connection No. 240. The thread specifications are 3/s"-
18NGT-RH-INT accepting tapered threaded pipe. (See Figure 
1 for the drawing and specifications on this valve outlet and its 
mating connection) Lecture bottles have a special 5/,s" -32 
threads per inch, female valve outlet. 

Cylinders containing 1 5 lbs. or more of trimethylamine are 
equipped with goose neck dip-tubes. Withdrawal of vapor is 
accomplished by placing the cylinder in the normal vertical 
position On occasion, a full cylinder standing in the sun will 
heat up and cause the liquid to expand and cover the end of 
the dip-tube. In this case, 1t is necessary to allow the cylinder 
to cool before the vapor can be withdrawn or the cylinder 
should be placed in a horizontal position with the valve outlet 

facing down. 
To withdraw liquid the cylinder should be placed in a hori­

zontal position with the valve outlet facing up. 

OUTU:T TAPEF-1 
'HREAO 

I 
CONNECTION 

Fig. 1. CONNECTION 240 3 / 8"-NGT RH INT IPS accepting Tapered 

Threaded Pipe 

Safety Devices 

Since no safety devices are used in trimethylamine cylinders, 
extra precautions should be used to prevent cylinders from 
being exposed to heat, which could cause uncontrolled hydro­
static pressure build-up 

Recommended Controls 

Automatic Pressure Regulators 

Single stage regulator Model 13-240 is recommended for 
use with tnmethylamine. The regulator has an anodized alumi­
num body with internal parts of type 316 stainless steel. The 
diaphragm 1s of FEP Teflon on Neoprene and the seat is Teflon. 
The regulator has a delivery pressure range of 28-240 kPa 
(4- 35 ps1g). 

Low pressure regulator Model 71-240 is available for sensi­
tive and accurate low pressure control. The regulator has an 
oversized, pancake. aluminum body, type 303 stainless steel 
nozzle and needle valve outlet, a Teflon-faced Butyl rubber 
diaphragm, a Teflon seat, and a delivery pressure range of 
3.4 - 34.5 kPa (0 5- 5 O psig) 
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Manual Controls 

Matheson supplies a type 303 stainless st~el needle valve, 
Model 61-240, for direct attachment to the cylinder valve outlet 
and suitable for manual flow control of the liquid or vapor 
phase. This valve may be equipped wit~ ~ variety of outlets, 
such as a hose connection, ¼" tube fitting, or ¼" male or 
female pipe. A Model 32S or Model 59 stainless steel manual 
needle valve is recommended for use with lecture bottles. 

Flowmeters 

Matheson Series 7600 laboratory stainless steel flowmeter 
units with 1 50 mm tubes and floats or Matheson Series 7200 
laboratory stainless steel flowmeter units with 65 mm tubes 
with a single float are recommended for use where definite flow 

rates must be known. 
Electronic mass flowmeters, such as Matheson Series No. 

8116 and No. 8160, should be used where accurate readings 
are required. Calibration is unaffected by temperature and 
pressure changes, and flow rates may be recorded from the 

intrument's electrical output. 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 31 6 stainless steel and 
Series 8260 of type 316 stainless steel or monel are designed 
to control the flow of gas regardless or pressure and temper­
ature changes. These mass flow controllers consist of a trans­
ducer, a control valve, a blind controller /power supply, a 
potentiometer, and a digital indicator. The transducer senses 
the gas flow and sends a signal to the power supply. This 
signal and one from the potentiometer are compared. If there 
is an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 
imbalance. The accuracy is ± 1.2%. 

Shipping Regulations 

Trimethylamine is classified by the DOT as a flammable, 
compressed gas and is shipped with the required " Red Gas 
Label ''. 

Commercial Preparations 

Trimethylamine is produced by the interaction of methanol 
and ammonia over a catalyst at high temperature. Mono-, di-, 
and trimethylamines are all produced by this process. Yields 
are regulated by the conditions employed. 

Chemical Properties 

Trimethylamine gives an alkaline reaction in aqueous solution 
and forms salts with acids. When heated with alkyl or aralkyl 
halides, it forms quaternary ammonium salts. Trimethylamine 
does not react with acetic anhydride, acetyl chloride, or ben­
zenesulfonyl chloride (as differentiated from primary and sec­
ondary amines). 

Thermodynamic and Detailed Physical Data 

Molecular Structure (3) 

A C3v equilibrium molecular symmetry has been established 
for trimethylamine, with the following structural parameters: 

~atheson8 

bond distances: C- N 1.451 A (1 .451 x 1 o 10 m) C- H 
1.109 A (1 .109 x 10- 10 m); C-H. 1.088 A (1 088 ~ 10 ,; 
m); bond angles: N-C- Hs 111 .7° , H.-C- H 108 1 ~ 
C-N-C 110.9°; N-C-H. 110 1 °· H - C- H 108 5c. ( . , • • . see 
Figure 2 for notation of H. and H.). 

z 

X 

Fig. 2 . Equilibrium conformation of the methyl groups in tri­
methylamine. Ha and H~ specify the two equivalent out-of-plane 
hydrogen positions on the same methyl group (3). 

Infrared Spectrum 

See Figure 3 for the infrared spectrum of gaseous tnmethyl­
amine. 

Vapor Pressure (4) 

The vapor pressure of liquid trimethylamine in the range of 
192.825-276.594 °K (-80.325 °C to 3.444 °C) IS shown 
below. 

Vapor Pressure 
Temperature, °K kPa mbar mmHg 

192.825 0.805 8.05 6.04 

199.059 1.367 13.7 10.25 
210.801 3.354 33.5 25.16 

221.202 6.777 67.8 50.83 

226.298 9.305 93.1 69 79 

231 .366 12.548 125.5 94 12 

237.523 17.684 176.8 132.64 

244.633 25.624 256.2 192 20 

250.073 33.494 334 9 251 23 

257.166 46.505 465.1 348 82 

264.155 63.039 630.4 472 83 

270.027 80.208 802.1 601 61 

273.920 93.495 935.0 701 27 

276.068 101 .526 1 015 761 51 

276.594 103.611 1 036 777 15 

For vapor pressure data, see Figure 4 . 

Latent Heat of Vaporization, .1.Hv 

Temperature, ° K 

250.00 
276.02 
318.15 
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.1.Hv, kJ / mol 

24.376 
22 951 
20 610 
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TRIMETHYLAMINE 

Thermodynamic Properties of Trimethylamine As Ideal Gas 
@ 25 °C 

Heat Capacity, c~ (5) 
Heat Capacity, 5°(5) 

REFERENCES 

91 . 755 J / (mol • °K) 
91. 755 J/ (mol- °K) 

Enthalpy Difference, H~gs 2.224 kJ/mol 

H~r3'5) 
Enthalpy of Formation, 4Hr(6) -24.31 kJ / mol 

Gibbs Energy of Formation, 98.95 kJ / mol 

.1Gf(6) 

' For extensive tabulations of the thermodynamic and physical properties of trimethylamine, see W. Braker and A. L. Mossman, The Matheson 

Unabridged Gas Data Book, Matheson, East Rutherford, New Jersey. 
2 W. Braker, A. L. Mossman, and o. Siegel, Effects of Exposure to Toxic Gases-First Aid and Medical Treatment, 2nd edition, 1977, pp. 51-55, 

Matheson, Lyndhurst, New Jersey. 
3 

J E Wollrab and V. W. Laurie, J. Chem. Phys. 51, 1580-1583 (1969). 

• J . G. Aston , et al. , J. Amer. Chem Soc 66, 1171 (1944). 
5 K. A. Kobe and R. H. Harrison, Petroleum Refiner 33, 161 (1954). 
6 

D. D. Wagman , et al., Selected Values of Chemical Thermodynamic Properties , 1968, p. 167, NBS Tech . Note 270-3, U. S. Government Printing 

Office, Washington, D. C. 
7 

The Sadtler Standard Spectra, 1972, Sadlier Research Laboratories, Inc., Philadelphia, Pennsylvania. 
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VINYL BROMIDE 
(Synonyms: Bromoethene; Bromoethylene) 

(Formula: CH2:CHBr or C2H3Br) 

PHYSICAL PROPERTIES (1) 

Molar Mass 

Molec ular Weight 

One Mole of C2H38r 

Speci fic Volume @ 21 .1 ° C, 101 .325 kPa 

Vapor Pressure @ 21.1 ° C 
Boil ing Point @ 101 .325 kPa 
Freezing Point 

Absolute Density , Gas @ 101 .325 kPa @ 25 °C 

Relative Density , Gas @ 101 .325 kPa @ 25 ° C (Air = 1) 

Density, Liquid @ Saturation Pressure @ 25 °C 

Critical Temperature 
Critical Pressure 

Critical Volume 
Critical Density 

Critical Compressibil ity Factor . 

Latent Heat of Fusion @ 133.65 ° K 
Flammability Limits In Air 

Dipole Moment, Gas . . 

0.106 955 kg 

0 .106 955 kg 
218.5 dm3 / kg; 3.5 ft3 / lb 
143 kPa; 1 .43 bar; 20 . 7 psia; 1 .41 atm 

288.95 °K; 15.8 ° C ; 60.4 ° F 

133.65 °K; -139.5 ° C; -219 .1 ° F 

4.485 kg / m3 

3.79 

1.473 8 kg / I 
463.51 °K; 190.4 ° C ; 374.6 °F 

6 860 kPa; 68.6 bar; 994.9 psia; 67.7 

atm 

1 .445 dm3 / kg 

0.692 kg / dm3 

0.275 

47.865 kJ / kg; 11.44 kcal / kg 
9-14% (by volume) 

4.737 x 10- 30 c. m; 1 .42 D 

Molar Specific Heat, Gas @ 101 .325 kPa @ 25 °C @ Constant 
Pressure 

Viscosity, Liquid @ o °C 

Surface Tension @ 20 ° C 

Dielectric Constant 

Gas @ 100 ° C 
Liquid @ 5 ° C 

55.535 J / (mol- °K) 

0.419 mPa-s; 0.419 cP 

22 .54 mN/ m; 22.54 dyn/ cm 

1.008 1 

5.628 
Refractive Index, Liquid @ Saturation Pressure, n0 @ 25 ° C 1.435 

Description 

Vinyl bromide is a colorless, flammable, moderately toxic gas 
with a pleasant odor at temperatures over 289 .15 °K (16 °C) 
and atmospheric pressure. It is available in cylinders, tank 
trucks, and tank cars. It is easily liquefied and is reshipped in 
cylinders as a liquefied gas under its own vapor pressure of 41 
kPa (6 psig) at 21. 1 °C with 0 .1 % phenol added as an inhibitor 
to prevent polymerization in the cylinder. 

Specifications 

Vinyl bromide has a minimum purity of 99.5%. 

Uses 

Vinyl bromide is used as an intermediate in organic synthesis 
and for the preparation of plastics by polymerization and co­
polymerization. 

Effects In Man and Toxicity (2) 

Inhalation of high concentrations of this gas can cause such 
symptoms as dizziness, disorientation , incoordination, nar-
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cosis, nausea, or vomiting. Skin contact with liquid vinyl bro­
mide can cause skin irritation. 

The 1979 ACGIH has establ ished a Threshold Limit Value 
(TLV) of 250 ppm (1100 mg/ m3

) for vinyl bromide. 

First Aid Treatment (2) 

Inhalation 

If the subject is conscious and becomes aware of any of the 
symptoms cited above, he should go to an uncontaminated 
area and inhale fresh air or oxygen. In the event the subject is 
overcome by a massive exposure , he should be carried to an 
u_ncontaminated area and given artificial respiration and oxygen 
simultaneously. Treat symptomatically thereafter. 

Skin Contact 

The affected areas should be washed with copious quantities 
of water followed by soap water solution. 

Eye Contact 

Irrigate eyes immediately with copious quantities of water for 

~atheson· 

~t least_ 1 5 minutes holding the eyelids apart during the irriga­
tion t_o insure contact of the water with al l tissues of the eyes 
and lids. An eye specialist should be called promptly. 

Precautions in Handling and Storage 

Vinyl bromide should be handled in a well-ventilated area 
preferably a hood with forced ventilation. Do not store reserv~ 
stocks of cyli~ders of vinyl bromide with cyl inders containing 
~xygen, chlorine, or other highly oxidizing or f lammable mate­
rials . 

In addition, the general rules listed in Appendix I should be 
observed. 

Leak Detection 

Leaks in lines and equipment containing vinyl bromide may 
be detected by painting the suspected points with soap water 
solution ; leaks will be indicated by bubble formation . 

Disposal of Leaking Cylinders 

Leaking cyl inders of vinyl bromide should be removed to a 
hood with forced ventilation . After attaching the appropriate 
needle valve and check valve, introduce the contents into a 
suitable solvent such as toluene or xylene. Viny l bromide may 
be recovered from the resulting solution by fractionation. 

Materials of Construction 

Steel is satisfactory for handling vinyl bromide in the dry 
state. Copper and its alloy should not be used as it might result 
in the formation of explosive acetylides from trace impurities of 
acetylene. Wet vinyl bromide may also be handled in steel, but 
prolonged exposure under these conditions will result in cor­
rosion . 

Cylinder and Valve Description 

Vinyl bromide is shipped in DOT approved, low pressure 
steel cylinders. These cylinders are equipped with steel or 
cadmium-plated brass valves having Compressed Gas Asso­
ciation (CGA) valve outlet connection No. 290. The valve outlet 
has a thread size of 0. 7 45 inch, with left-hand external th reads 
accepting a bullet-shaped nipple (see Figure 1 for an illustra­
tion). Lecture bottles have a special 5/rn "-32 threads per inch , 
female outlet. 

OUTLET 

t 
745" 
3/ 4'" 

! 
.750" 
3/4'" 

! 

CONNECTION 

Fig. 1. CONNECTION 290 . 7 45" -14 LH EXT. accepting a Bullet 
Shaped Nipple 

Safety Devices 

The most commonly used safety device, and the one used 
by Matheson, is the spring-loaded safety relief valve. If the 
cylinder pressure becomes dangerously high, usually due to 
overheating , the safety relief device will open (at about 2 590 
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kPa (375 psIg) and release gaseous vinyl bromide unti l the 
pressure again returns to a safe level. 

Recommended Controls 

Manual Controls 

Matheson needle valve Model 61-290, of type 303 stainless 
steel is available for direct attachment to the cylinder valve 
outlet. This valve may be equipped with a variety of outlets (,. 11 

tube fitting or \4" NPT male or female pipe or a hose connec­
tion). It should be used only where manual flow control is 
needed and should not be used as a pressure control since It 
will not prevent pressure from building up 1f a system becomes 
clogged or if the system itself Is closed Stainless steel needle 
valve Model 32S or Model 59 is recommended for use with 
lecture bottles. 

Flowmeters 

Matheson Series 7600 laboratory stainless steel flowmeter 
units with 150 mm tubes and floats or Matheson Series 7200 
laboratory stainless steel flowmeter units with 65 mm tubes 
with a sing le float are recommended for use where definite flow 
rates must be known. 

Electric mass flowmeters, such as Matheson Series No. 
8116 and No. 8160 should be used where accurate readings 
are required. Calibration is unaffected by temperature and 
pressure changes, and flow rates may be recorded from the 
instrument's electrical output . 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 31 6 stainless steel and 
Series 8260 of type 316 stainless steel or monel are designed 
to control flow of gas regardless of pressure and temperature 
changes. These mass flow controllers consist of a transducer, 
a control valve, a bl ind control ler / power supply, a potentiom­
eter, and a digital indicator. The transducer senses the gas 
flow and sends a signal to the power supply This signal and 
one from the potentiometer are compared If there is an imbal­
ance, the power supply generates a signal for the control valve 
to reduce or increase the flow to correct the imbalance. The 
accuracy is ± 1 .2%. 

Shipping Regulations 

Vinyl bromide, inhibi ted, is shipped as nonflammable chem­
ical. It does not require DOT shipping labels. 

Chemical Preparation 

Vinyl bromide is prepared by addItIon of hydrogen bromide 
to acetylene in the presence of catalysts and by dehydrobrom­
ination of ethylene dibromide with alcoholic potassium hydrox­
ide. 

Chemical Properties 

Vinyl bromide undergoes polymerization and copolymeriza­
tion. The Br atom in vinyl bromide Is unreactIve in nucleophll1c 
substitution reactions. Vinyl bromide undergoes add1t1on re­
actions similar to olefins. The inhibitor in vinyl bromide may be 



VINYL BROMIDE 

removed by scrubbing with dilute caustic solution or by frac­
tional distillation . 

Magnesium reacts with a saturated solution of vinyl bromide 
in tetrahydrofuran at 40-50 °C to form the Grignard reagent 
vinylmagnesium bromide Vinyl bromide may be converted to 
vinyllithium by reaction with phenyllith1um. Reaction of vinyl 
bromide and arsenic In the presence of copper and zinc as 
catalysts yields a mixture of products including CH2 = 
CHAsBR, , (CH, = CHhAsBr, and AsBr3 • Aromatic Grignard 
reagents react with vinyl bromide in the presence of cobaltous 
chloride or chromous chloride to give fair yields of normal 
condensation products, e g ., CH2 = CH Br + C6HsMgBr - CH2 

= CHC6Hs + MgBr,. 

Thermodynamic and Detailed Physical Data 

Molecular Structure (3) 

The planar vinyl bromide molecule has the following struc­

tural parameters, bond distances: C=C 1 .34 A (1 .34 x 10-
10 

m): C- Br 1 86 A (1 86 x 1 0 10 m); C-H 1.08 A (1.08 x 
10 10 m); bond angles· C- C- Br 120°; C- C-H 120°. 

Infrared Spectrum 

See Figure 2 for the infrared spectrum of gaseous vinyl 
bromide. 

Vapor Pressure (4) 

The vapor pressure of liquid vinyl bromide from 183.1 5 °K 
to 31 0 15 °K Is shown below. 

Vapor Pressure 
Temperature, °K kPa mbar mmHg 

183 15 0 213 2.13 1 .6 
193 15 0 453 4.53 3.4 
203 15 1 013 10.1 7.6 
213 15 2 133 21.3 16.0 
223 15 4 .000 40.0 30.0 
233 15 7.466 74.7 56.0 
243 15 13.066 130.7 98.0 
253 15 23 331 233.3 175 
263 15 37.997 380.0 285 
273 15 57 328 573.3 430 
283 15 87 993 880.0 660 
293 15 133.322 1 333 1 000 
303 15 213.315 2 133 1 600 
310 15 266.644 2 666 2 000 

See Figure 3 for vapor pressure curve. 

Latent Heat of Vaporization, aHv (4) 
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Temperature, °K 

273.15 
283 15 
288.95 

aHv, kJ/mol 

25.209 
24.644 
24.267 
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Thermodynamic Properties of Vinyl Bromide As Ideal Gas 
@ 25 °C (4) 

Free Energy Function. ( 1 

H~ )1 298 
Heat Capacity, C~ 
Entropy, S0 

55 522 J (mol - K) 
275.433 J (mol - K) 

Enthalpy of Form tion, ~H 
Free Energy of Form t1on, .1 
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VINYL CHLORIDE 
(Synonyms: Chloroethen ; Chloro th I n ) 

(Formula: CH :CHCI or C H Cl) 

PHYSICAL PROPERTIES ( 1) 

Molar Mass 
Molecular Weight 
One Mole of C2H3CI 
Specific Volume @ 21.1 °C, 101 325 kPa 
Vapor Pressure @ 21 .1 °C 
Boiling Point @ 101 .325 kPa 
Freezing Point 
Absolute Density, Gas@101 325 kPa@ 25 " C 
Relative Density, Gas @ 101.325 kPa a 25 °c (Air = 1) 
Density, Liquid @ -20 °C 
Critical Temperature 
Critical Pressure 

Critical Volume 
Critical Density 
Critical Compressibility Factor 
Latent Heat of Fusion @ 119.45 ° K 
Flammability Limits In Air 
Dipole Moment, Gas 

0 062 4 
0 062 4 
387 0 drn 
336 1-.Pa: 3 b r. 8 7 p 1 1 tm 
259.35 °K. - I 8 C, 7 F 
119.45 K: -153 7 °C: -2 7 
2.620 kg / m 
2.21 
0 72 kg / I 
424 61 °K; 151.5 c. 30 
5 755 kP : 57.55 b 

dm 
2.71 dm / kg 
0.369 kg / dm 
0 .276 
75. 0kJ / k, 1814kc I/ 
4-22 (by volurn ) 
4 .837 10 C-m: 1 ~,so 

Molar Specific Heat, Gas @ 101 325 kPa a 25 C 0 Constant 
Pressure 

Molar Specific Heat, Liquid @ o °C 
Viscosity, Gas@101.325 kPa a 20 °C 
Viscosity, Liquid @ -20 °C 
Thermal Conductivity, Gas@101 325 kPa a 25 C 

Surface Tension @ -20 °C 
Solubility In Water @ 101 .325 kPa (total pressure) (Jz 25 °C 
Refractive Index, Liquid @ Saturation Pressure, n0 0 25 °C 
Dielectric Constant, Liquid @ 27 .2 °C 
Autoignition Temperature 
Flash Point 

53 607 J/(rnol - ) 
78.449 J/(mol- ° K) 
0.010 72 rnP • , O 010 72 cP 
0.280 mP I• , 0 .280 cP 
0 .007 95 W/ (rn,°K) 1 0 10 

cm/(s,cm ,°C) 
23.1 mN/m: 23.1 dyn/cm 
1 .07 cm / 1 .0 ml w t r 
1.366 
6.26 
745.15 °K; 472 0 c. 882 0 
195.15 °K: -780 °C, - 108 

cl 

Description 
Uses 

Vinyl chloride Is a colorless, highly flammable gas having a 
pleasant, sweet odor in high concentrations. Vinyl chloride ,s 
toxic and carcinogenic; at this writing a TLV standard of 5 ppm 
has been established. It Is shipped In cylinders, single-unit tank 
cars, and ton multiurnt tank cars, and In tank trucks and ton 
multiunit tanks on trucks. It ,s readily liquefied and 1s reshipped 
in steel cylinders as a liquefied compressed gas under its own 
vapor pressure 234 kPa (34 ps1g) at 21 .1 " C It is shipped with 
an inhibitor {phenol) to prevent polymerization in the cylinder. 

Specifications 
Vinyl chloride typically has a minimum purity of 99.9 mole% 

(liquid phase). 

~atheson· 
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Vinyl chloride I u d In or n1c 
and for the production of pl yrn rlz t,on 
polymerization 

Effects In Man and Toxicity (2) 

The 1979 ACGIH hc1 T Limit V I 

(TL V) of 5 ppm ( 1 0 r I 
It has been r port 1 

slowly produc m Id 
vIs1on, stagg ring 11, and tin 

and hands 
The carc1nogenIc1ty of vinyl chlorid 

after notIf1cat1on that v r I or r 
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vinyl chloride developed a rare form of liver cancer. Exposure 
of rats to vinyl chloride by inhalation at and below 500 ppm 
induced tumors, including angIosarcomas of the liver. Another 
series of experiments on the effect of exposure of rats, mice 
and hamsters to vinyl chloride at concentrations of 1 0 000; 
6 000, 2 500, 500, 250; and 50 ppm have been carried out for 
varying periods of time. The experimental results so far re­
ported are that tumors have been observed in groups of animals 
exposed to vinyl chloride at concentrations as low as 250 ppm. 

Liquid vinyl chloride on skin contact may cause severe 
irritation and burns 

First Aid Treatment 

Summon a physician at once for anyone who has been 
exposed to high concentrations of vinyl chloride vapor or its 
liquid state. 

Inhalation 

The vIctIm, especially if he complains of dizziness, should be 
removed to an uncontaminated, well-ventilated room. Oxygen 
should be administered, by trained personnel only. The patient 
should be kept quiet and comfortably warm but not hot and a 
physIc1an summoned 

Skin Contact 

Remove contaminated clothes and shoes and wa:,h the af­
fected areas with copious quantities of water followed by soap 
water solution 

Eye Contact 

Irrigate the eyes 1mmed1ately with copious quantities of water 
for at least 15 minutes, holding the eyelids apart during the 
irrigation to insure contact of the water with all tissues of the 
eyes and lids An eye specialist should be called promptly. 

Precautions In Handling and Storage 

An effective educational and training program should be 
instituted to inform the workers of the hazards involved in 
handling and using vinyl chloride, and the first aid measures to 
be followed in the event of an emergency. Vinyl chloride should 
be used in a well-ventilated area, preferably a hood with forced 
vent1latIon All lines and equipment to contain vinyl chloride 
should be grounded. Personnel handling vinyl chloride should 
wear safety shoes, chemical safety gogles and/or a full face 
shield, and rubber gloves. For respiratory protection, self-con­
tained breathing equipment, a1r-hne gas masks and U.S. Bu­
reau of Mines approved cannister type gas masks should be 
available in emergencies Instant-acting safety showers and 
eye fountains should be conveniently located near the site of 
the operation. Store and use cylinders of vinyl chloride in well­
ventilated area away from heat and all sources of ignition such 
as flames and sparks Do not use vinyl chloride around sparking 
motors or other non-explosion proof equipment. Do not store 
reserve stocks of cylinders of vinyl chloride with cylinders 
containing oxygen, chlorine, or other highly oxidizing or flam­
mable materials . 

In add1tIon, the general rules listed in Appendix I should be 
observed 
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Leak Detection 

Leaks of vinyl chloride in lines and equipment may be de­
tected by applying soap water solution to the suspected sites; 
leaks will be indicated by bubble formation. 

Analytical Detection 

Matheson has available a Toxic Gas Detector, Model 8014K, 
for detection of o .25-10 ppm vinyl chloride in the atmosphere 
(Model 8014-132SC detector tube). A 1 0O-cm

3
_ sample of the 

atmosphere is drawn into the detector tube wh1c_h contains a 
chemical reagent that absorbs and reacts with vinyl chloride. 
A color stain is produced which varies in length with the 
concentration. The length of the stain is read directly off the 

detector tube scale. 

Disposal of Leaking Cylinders 

Leaking cylinders of vinyl chloride that cannot be corrected 
normally may be handled in the following manner. Put on an 
appropriate gas mask or self-contained breathing equipment 
and place the cylinder in a hood with forced ventilation. Attach 
an appropriate regulator and check valve to the cylinder valve 
outlet. Introduce the vinyl chloride at a moderate rate into an 
adequate amount of a suitable solvent such as carbon tetra­
chloride, chloroform, 1,2-dichloroethane, or chlorobenzene. 
The resu lting solution can be fractionated for recovery of vinyl 
chloride. 

Materials of Construction 

Steel is a completely satisfactory material for handling vinyl 
chloride. Copper and its alloys should not be used as it might 
result in the formation of explosive acetylides from trace im­
purities of acetylene. Fittings and connections for 1.5 inch and 
larger pipe should be flanged or butt welded . Fittings and 
connections for 1 inch and smaller pipe may be threaded and 
the appropriate joint compound used. Garlock No. 7021 , 1/ 15 

inch thick asbestos gaskets, or equivalent are satisfactory for 
flanged connections. Teflon, lead, and carbon are also suitable . 

Cylinder and Valve Description 

Vinyl chloride is shipped in DOT approved, low pressure 
steel cylinders. Cylinders of vinyl chloride are equipped with 
steel or cadmium-plated brass valves having Compressed Gas 
Association (CGA) valve outlet connection No. 290. The valve 
outlet has a thread size of 0. 7 45 inch, with left-hand external 
threads accepting a bullet-shaped nipple (see Figure 1, for an 
illustration of the valve outlet and its mating connection). Lec­
ture bottles have a special 5/15 inch-32 threads per inch, female 
outlet. 

OUTLET 

t =< 745" 
3/4" 

'"\. '"'" _ __,_! _ 

.750·· 
3/4"' 

! 

CONNECTION 

Fig. 1. CONNECTION 290 .745"-14 LH EXT. accepting a Bullet 
Shaped Nipple 

matheson9 

Safety Devices 

The most commonly used device, and the one used by 
Matheson, is the spring-loaded safety relief valve. If the cylinder 
pressure becomes dangerously high usually due to overheat­
ing, the safety rel ief device will open (at about 2 590 kPa (375 
psig)) and release gaseous vinyl chloride until the pressure 
again returns to a safe level 

Recommended Controls 

Automatic Pressure Regulators 

Matheson regulator Model 13-290 is recommended for use 
with vinyl chloride. This single stage regulator has an anodized 
aluminum body, type 316 stainless steel internal parts, a dia­
phragm of FEP Teflon on Neoprene and a Teflon seat It has a 
delivery pressure range of 28-240 kPa (4-35 ps1g) 

Low pressure regulator Model 71-290 Is available for sensi­
tive and accurate low pressure control. The regulator has an 
oversized, pancake, aluminum body, type 303 stainless steel 
internal parts, a Teflon-faced Butyl rubber diaphragm, a Teflon 
seat, and a delivery pressure of 3.4-34 5 kPa (0.5-5.0 ps,g) . 

Manual Controls 

Matheson needle valve Model 61-290, of type 303 stainless 
steel , is available for direct attachment to the cylinder valve 
outlet . This valve may be equipped with a variety of outlets, 
such as a connection hose, 10• " inch tube fitting, or 1, . inch NPT 
male or female connection . It should be used only where 
manual flow control is needed and should not be used as a 

pressure control since it will not prevent pressure from building 
up if a system becomes clogged or 1f the system itself Is closed. 
Stainless steel needle valve Model 32S or Model 59 Is recom­
mended for use with lecture bottles 

Flowmeters 

Matheson Series 7600 laboratory stainless steel flowmeter 
units with 1 50mm tubes and floats or Matheson Series 7200 
laboratory stainless steel flowmeter units with 65 mm tubes 
wi th a single float are recommended for use where definite flow 
rates must be known. 

Electronic mass flowmeters, such as Matheson Series No. 
8116 and No. 8160, should be used where accurate readings 
are requ ired. Calibration Is unaffected by temperature and 
pressure changes, and fl ow rates may be recorded from the 
instrument's electrical output 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 stainless steel and 
Series 8260 of type 316 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera­
ture changes. These mass flow controllers consist of a trans­
ducer, a control valve, a blind controller / power supply, a 
potentiometer, and a digital 1ndIcator. The transducer senses 
the gas flow and sends a signal to the power supply. This 
signal and one from the potentiometer are compared . If there 
is an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 

imbalance. The accuracy ts ± 1 2% 
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VINYL CHLORIDE 

Shipping Regul t1ons 

mabl compr 
Label' 

Commercial Pr p ration 

Vinyl chlo 
acetylen , b 
by h tin t 

Chemic I Prop rtIe 

Vinyl chlond 
a variety of methods It 
unsatur t d compound 
reactive tn nucl oph he 
undergo s dd1tlon r ct, 
in cylind r vinyl chlond 
dilute caustic solution , or 

Thermodynamic nd D t II 

Molecular Structure 

The planar vinyl chlon 
tural par met r : bond d 
10 10 m), C-CI 1 .728 A 10 rn , 
(1078 10 10 m),bonc1 -C 11. 

The lack of r ct1v1ty o rl 
CH2 CHCI. Is ttribut 

structure CH -CH Cl Th r 

chlorine atom I bound to th c rbon ,tom b I hn 
has double bond ch ir ct r nd th chi rtn ,tom th r 
less I bII than in th norm I C-CI bon 1 Vinyl chi r 
dipole mom nt of 1 4 5 D 

Infrared Sp ctrum 

See Figure 2 for th infr r c1 p ctrum of l 

chlorid 

Vapor Pre sure (5) 

The vapor pr ur of hriu1d vinyl chlorl 1 u to 101 
kPa ( 1 aim) 1 hown b low 

Temperature, K V por Pr sure 
kP mb r mmH 

167 .55 
182.35 
189 45 
197 45 
206 35 
212 05 
219. 5 
231 ,85 
245 15 
259 35 

The vapor pre ur 
below (6) 

1 
2 
5 333 
7 

13 
26 
5 

101 325 

bov 01 32 

,o 
0 
0 
0 

kP (1 tm) I I but 
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VINYL CHLORIDE 
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Temperature, °K Vapor Pressure 
kPa bar 

283.15 254.326 2 54 
293.15 343 492 3.43 
303.15 466.095 4 66 
313.15 583.632 5 84 
323.15 733 593 7.34 
333.15 924 084 9 .24 
343.15 1 137.880 11.38 

Latent Heat of Vaporization, .iHv 

Temperature, °K 

213.15 
233.15 
259.35 

REFERENCES 

.iHv,kJ / kg 

388.8 
376.2 
357.29 

VINYL CHLORIDE 

Thermodynamic D t 
atm 

2.51 
3 39 

Compres 1b1ht dat or n I ch ond nm T I 1 

4.60 Thermodynamic Propert1e of Vinyl Chlor d A Id I G 

5 _76 a 25 C (7) 

7.24 
9 .12 

11 .23 

Heat Capacity, Cp 
Entropy, S0 

Free Energy Function, (G 2 

Eg)/ 298 
Enthalpy Difference, H~ - H 
Enthalpy of Formation, .iH, 
Free Energy of Formation, .iGf 

5 72 J (m I, 
2 5 J (m 1-

-224 221 J (m I• 

' For extensive tabulations of the thermodynamic and physical propertI s of vinyl chloride 

Unabridged Gas Data Book, 1975, Matheson, East Rutherford, New Jersey 

W Br k r rnd A L M m n, Th 

2 The Toxic Substances List, H E Christiansen, T. T Luginbyhl, and B S Carroll, 191-1, pp LX I -L. I F d r IR I t 

National Institute for Occupational Safety and Health. Rockville, Maryland 
3 Federal Register, Volume 39, No 194, Oct. 4, 1974. Nallonal Institute tor Occup lion IS t ty nd H Ith, Roe 111 , M ryl nd 
4 R. C. Ivey and M. I Davis, J Chem Phys 57, 1909-1911, ( 1972) 
5 Chemical Engineers Handbook, 5th edition, R.H . Perry and C H Chilton, editors, 1973, p 3- 1, M1; r w-H1II Book C , Inc, w 

York 
6 J. T. Rozlooskaya and M I Temkin, J Appl. Chem (US S.R) 19, 32 (1 946) 
7 D. D. Wagman, et al., Selected Values of Chemical Thermodynamic Propert,es. 1968, p 143, N ti Bur St nd T h N I 70-3, U 

Government Printing Office, Washington, D C 
6 The Sadlier Standard Spectra. 1972, Sadlier Research Laboratories, Inc .. Ph1lad lphm, P nn ylv 1nI 
9 w. Hayduk and H. Laudie, J Chem Eng Data 19, 253-257, (1974). 
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VINYL CHLORIDE 

Table 1. COMPRESSIBILITY FACTORS Z, FOR GASEOUS VINYL CHLORIDE (9) 
Temperature, 273.15 °K Pressure Temperature, 323.15 °K Pressure 

kPa atm z kPa atm z 

52.689 0.52 0.988 101.325 1.00 0.985 
101 .325 1.00 0.974 190.491 1.88 0.969 
119.564 1.18 0.969 330.320 3.26 0.948 
142.868 1.41 0.956 419.486 4.14 0.932 
167.186 1.65 0.933 574.513 5.67 0.900 
173.266 1. 71 0.905 731.566 7.22 0.850 

807.560 7.97 0.700 
Temperature, 298.15 °K Pressure Temperature, 348.15 °K Pressure 

kPa atm z kPa atm z 
101 .325 1.00 0.981 101.325 1.00 0.988 
144.895 1.43 0.975 228.994 2.26 0.972 
169.213 1.67 0.969 345.518 3.41 0.954 
230.008 2.27 0.961 447.856 4.42 0.939 
298.909 2.95 0.945 615.043 6.07 0.911 
345.518 3.41 0.916 812.626 8.02 0.869 
369.836 3 .65 0 .888 1 033.515 10.20 0.808 
395.168 3 .90 0 .846 
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VINYL FLUORIDE 
(Synonyms: Fluoroethene; Fluoro thylene) 

(Formula: CH2:CHF or C H F) 
PHYSICAL PROPERTIES (1) 

Molar Mass 
Molecular Weight 
One Mole of C2H3F 

Specific Volume @ 21 .1 °C, 101.325 kPa 
Vapor Pressure @ 21 .1 cc 

Boiling Point @ 101 .325 kPa 
Melting Point 
Absolute Density, Gas @ 101 .325 kPa@ 20 cc 
Relative Density, Gas @ 101 .325 kPa@ 20 cc (Air = 1) 
Density, Liquid @ -80 cc 
Critical Temperature 
Crit ical Pressure 

Critical Volume 
Critical Density 
Critical Compressibility Factor 
Flammability Limits In Air 
Dipole Moment, Gas 
Molar Specific Heat, Liquid @ - 80 cc 
Viscosity, Gas @ 101 .325 kPa @ 25 cc 
Viscosity, Liquid @ - 80 cc 
Thermal Conductivity, Gas @ 101 .325 kPa@ 25 cc 

Thermal Conductivity, Liquid @ -80 cc 

Surface Tension @ -80 cc 
Autoignition Temperature 

0.046 044 k 
0.046 044 kg 
524.4 dm3 / kg; 8.4 ft / lb 
2 549 kPa: 25.49 bar: 36 7 p 1 ; 25 16 

atm 

200.95 K -72 2 C; - 98 O F 
112.65 K, 160.5 °C; - 256. F 
1.924 kg m 1 

1.60 
0.879 kg 
327 85 K. 54. 7 °C: 130,5 °F 
5 239 kPa. 52.39 bar; 75 . p 1 ; 51. 7 

atm 
3.127 dm 1 / kg 
0.320 kg dm 
0.277 
2.6-21 .7% (by volume) 
4.77 10 ° C.m; 1430 
5 1 24 J/ (mol • °K) 
O 010 8 mPa-s: 0.010 8 cP 
0 184 mPa-s, 0.184 cP 
0 .01 1 17 W (m- °K) 26.7 10 CII • 

cm/ (s-cm -°C) 
0 .106 7 W/ (m- °K) 255 10 c I, 

cm (s,cm2 ,°C) 

Refractive Index, Liquid @ Saturation Pressure, n0 @ 25 °C 

20 6 mN m: 20.6 dyn/ cm 
733 "K, 460 °C; 860 °F 
1.34 

Descriptio11 

Vinyl fluoride is a colorless, flammable, nontoxic gas with a 
faint ethereal odor at ambient temperature and atmospheric 
pressure. It is available in cyl inders, tank trucks, and tank cars. 
It is reshipped in cylinders as a liquefied compressed gas under 
its own vapor pressure of 2 448 kPa (355 ps1g) at 21 1 °C 
Vinyl fluoride is inhibited with 0.2% Terpene B, a complex 
mixture of terpenes. Inhibited vinyl fluoride has excellent sta­

bility. 

Specifications 

Vinyl fluoride has a typical minimum puri ty of 99 .9% It 
contains less than 1 0 ppm acetylene and less than 10 ppm 
oxygen. Vinyl fluoride is inh1b1ted with 0 .2% Terpene B, a 

complex mixture of terpenes. 

Uses 

Vinyl fluoride is of interest as a chemical intermediate It can 
be polymerized to form a homopolymer, and it can also be 

copolymerized with other monomers. 

matheson 

Effects In Man and Toxicity (2) 

Inhalation of high cone ntmtIons of th c n 
symptoms as d1zz1ness, d1sonent11tIon tncoordin r-
cosIs, nausea, or vomItIn Ther pp b no 
effects once the oxygen def1c1 ncy h 

Skin contact with liquid vinyl fluoml 1mt lion or 

frostbite 
Vinyl fluoride Is relatively nontoxic 

system devised by the Underwrit r L 1bor t 
Illinois, vinyl fluoride falls into Group SA or 6 y t m 
Group SA includes those gas s or vapor which r much I 
toxic than those in Group 4 but much mor toxic th n tho 
Group 6. Group 4 includes thos or v por which n 
concentrations of about 2- 2.5% for dur tIon of 
about 2 hours are lethal and produc riou 
contains those gases or vapor which In co 
at least 20% by volum In air for dur,1t1on of 
about 2 hours do not app ar to produc 1n1ury 
nontoxic carbon d1ox1de IS cl sslh d s rou 
Underwriters Laboratories 
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VINYL FLUORIDE 

First Aid Treatment (2) 

Inhalation 

If the subJect Is conscious and becomes aware of any of the 
symptoms cited above, he should go to an uncontaminat~d 
area and inhale fresh air or oxygen In the event the subJect Is 
overcome by a massive exposure, he should be carried to an 
uncontaminated area and given art1ficIal respiration and oxygen 
simultaneously. Treat symptomatically thereafter. 

Skin Contact 

In case of skin contact with liquid vinyl fluoride, frostbite may 
develop. If frostbite occurs, cover the frostbitten part with a 
warm hand or woolen material. If the fingers or hand are 
frostbitten , have the victim hold his hand in his armpit, next to 
his body. Then place the frostbitten part in warm water, about 
42 °C (1 08 °F). If warm water Is not available, or is impractical 
to use, wrap the attected part gently in blankets. Let the 
circulation re-establish itself naturally Encourage the victim to 
exercise the affected part while it is being warmed. 

Precautions in Handling and Storage 

Vinyl fluoride Is hazardous because of its extreme flamma­
bility. All Imes and equipment to contain vinyl fluoride should 
be grounded. Store and use vinyl fluoride In well-ventilated 
areas away from heat and all sources of ignition such as flames 
and sparks. Do not use flames to detect leaks, use soap water 
solution. Do not use vinyl fluoride around sparking motors or 
other non-explosion-proof equipment. Do not store reserve 
stocks of cylinders containing oxygen, chlorine. or other highly 
oxid1Z1ng or flammable materials. 

In addition, the general rules listed in Appendix I should be 
observed . 

Leak Detection 

Leaks of vinyl fluoride in lines and equipment may be de­
tected by applying soap water solution to the suspected points. 
Leaks will be evident by bubble formation. 

Disposal of Leaking Cylinders 

For disposal procedure see Appendix II-A. 

Alternatively, the contents of a leaking cylinder could be 
disposed of by introducing the gas at a moderate rate into an 
adequate amount of a solution of bromine in carbon tetrachlo­
ride (conversion to 1 ,2-dibromo-1-fluoroethane), after first at­
taching an appropriate regulator and check valve to the cylin­
der valve outlet. 

Materials of Construction 

Steel Is completely satisfactory for handling vinyl fluoride. 
Copper should not be used because of possible formation of 
explosive acetyhdes from trace impurities of acetylene. Sys­
tems should be adequately designed to withstand the pressures 
to be encountered. 

Cylinder and Valve Description 

Vinyl fluoride Is shipped in DOT approved steel cylinders. 
Cylinders of vinyl fluoride are equipped with brass valves 
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having Compressed Gas Association (CGA) valve_ outlet con-

t. Model 320 The valve outlet has a thread size of 0.825 nee I0n · . 
inch, with right-hand external threads with _a flat se~t and _using 

her as a seal (see Figure 1 for details and d1mens1ons) a was 
5 

. · • 

Lecture bottles have a special ½B inch-32 threads per inch, 
female outlet. 

I OUTLE T CONNECTION 

Fig. 1. CONNECTION 320 .825"-14 RH EXT. used with Flat Seat and 

Washer 

Safety Devices 

Cylinders of vinyl fluoride have frangible discs as safety 
devices. They should, therefore, be stored away from sources 
of heat to prevent the development of pressure capable of 
rupturing the disc. 

Recommended Controls 

Automatic Pressure Regulators 

Matheson automatic regulator Model 12-320, constructed of 
an aluminum body, Teflon seat, type 316 stainless steel internal 
parts, and FEP Teflon coated Neoprene diaphragm, is recom­
mended for use with vinyl fluoride. This single stage regulator 
has a delivery pressure range of 28-550 kPa (4-80 psig). It is 
provided with a delivery pressure gauge only, since the cylinder 
pressure will remain constant as long as liquid remains in the 
cylinder. 

Matheson regulator Model 71-320 is available for low pres­
sure delivery (delivery pressure range 3.4-34.5 kPa (0.5-5.0 
psig)). •This regulator is constructed of an aluminum body and 
a Teflon-faced Butyl rubber diaphragm. 

Manual Controls 

Matheson needle valve Model 61-320 of type 303 stainless 
steel 1s available for direct attachment to the cylinder valve 
outlet. This valve may be equipped with a variety of outlets 
such as a hose connection, ¼" tube fitting, or¼" NPT male or 
female connection. It should be used only where manual flow 
control is needed and should not be used as a pressure control 
since it will not prevent pressure from building up if a system 
becomes clogged or if the system itself is closed . Stainless 
steel needle valve Model 32S or Model 59 is recommended for 
use with lecture bottles. 

Flowmeters 

Matheson Series 7600 laboratory stainless steel flowmeter 
units with 150 mm tubes and floats or Matheson Series 7200 
laboratory stainless steel flowmeter units with 65 mm tubes 
with a single float are recommended for use where definite flow 
rates must be known. 

Electronic mass flowmeters, such as Matheson Series Model 
8116 and Model 8160, should be used where accurate read-

m atheson' 

ings are required Calibration is unaffected by temperature and 
pressure change Flow rates may be recorded from the instru­
ment 's electrical output 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 stainless steel and 
Series 8260 of type 31 6 stainless steel or monel are designed 
to control the flow of gas regardless of pressure and tempera­
ture changes. These mass flow controllers consist of a trans­
ducer, a control valve, a blind controller / power supply, a 
potentiometer, and a digital indicator. The transducer senses 
the gas flow and sends a signal to the power supply This 
signal and one from the potentiometer are compared. If there 
is an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 
imbalance. The accuracy Is ± 1.2%. 

Shipping Regulations 

Vinyl fluoride, inhibited, is classified by the DOT as a flam­
mable compressed gas and is shipped with the required " Red 
Gas Label ". 

Commercial Preparations 

Vinyl fluoride is produced from acetylene and hydrogen 
fluoride In the presence of mercury catalysts Another method 
is the addition of hydrogen fluoride to acetylene to form 1, 1-
difluoroethane, followed by pyrolysis of the latter. 

Chemical Properties 

Vinyl fluoride undergoes typical olefin1c reactions. It can be 
polymerized to form a homopolymer and It can be copolymer­
ized with other monomers. The Terpene B 1nh1b1tor must be 
removed before using vinyl fluoride for polymerization. This is 
best done by passing the vinyl fluoride vapor from a cylinder 
through silica gel. 

Thermodynamic and Detailed Physical Data 

Molecular Structure (3) 

Vinyl fluoride is a planar molecule, with a C C bond distance 
of1.313A(1 .313 x 10 •0 m)andH-C-Fbondangleof114°. 

Infrared Spectrum 

See Figure 2 for the infrared spectrum of gaseous vinyl 

fluoride. 

Vapor Pressure (4) 

The vapor pressure of liquid vinyl fluoride up to ,ts boiling 

point is shown below. 

Temperature, °K 

123.85 
135.15 
140.95 
147.75 
155.15 
160.15 

m atheson 

Vapor Pressure 
kPa mbar mm Hg 

0 .133 
0 .667 
1.333 
2.666 
5.333 
7.999 

1.33 
6.67 

13.3 
26.7 
53.3 
80.0 

1 
5 

10 
20 
40 
60 
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VINYL FLUORIDE 

Temperature, °K kPa 

166.95 13.332 
177.75 26.664 
189.15 53.329 
200.95 101.325 

Latent Heat of Vaporization, AHv 

Temperature, °K 

1 73.15 

REFERENCES 

Vapor Pressure 
mbar 

133 
267 
533 

1 013.25 

AHv, kJ/mol 

17.916 

mmHg 

100 
200 
400 
760 

Latent Heat of Vaporization, AHv 

Temperature, °K 

193.15 
200.95 

AHv, kJ/mol 

16.992 
16.606 

Thermodynamic Properties of Vinyl Fluoride As Ideal Gas 
@ 25 °C (5) 

Heat Capacity, C~ 
Entropy, S0 

Enthalpy Difference, H~gs - HS 

50.459 J/ (mol, °K) 
252.63 J/ (mol- °K) 

11.347 kJ/ mol 

1 
For extensive tabulations of the thermodynamic and physical properties of vinyl fluoride, see W. Braker and A. L. Mossman, The Matheson 

Unabridged Gas Data Book, 1975, Matheson, East Rutherford, New Jersey. 
2 

W Braker, A. L. Mossman, and D. Siegel, Effects of Exposure to Toxic Gases-First Aid and Medical Treatment, 2nd edition, 19 77, pp. 119-
123, Matheson, Lyndhurst, New Jersey. 
3

M. Avram and G. D. Mateescu , Infrared Spectroscopy, 1972, pp. 168-176, John Wiley & Sons, Inc., New York , New York. 

• Chemical Engineers' Handbook, 5th edition, R. H. Perry and C. H. Chilton, editors, 1973, p. 3-61, McGraw-Hill Book Co., Inc., New York, New 
York. 
5 

D D. Wagman, et al, Selected Values of Chemical Thermodynamic Properties, 1968, Natl. Bur. Stand. Tech. Note 270-3, u. s. Government 
Printing Office, Washington, D. C. 
6 

The Sadlier Standard Spectra, 1972, Sadlier Research Laboratories, Inc., Philadelphia, Pennsylvania. 
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XENON 
(Formula: Xe) 

PHYSICAL PROPERTIES (1} 

Atomic Mass 
Atomic Weight 
One Mole of Xe 
Specific Volume @ 21 .1 °C, 101 .325 kPa 
Boiling Point @ 101 .325 kPa 
Triple Point 

Temperature 
Pressure 

Absolute Density, Gas@101.325 kPa@ 25 °C 
Relative Density, Gas@101 .325 kPa@ 25 °C (Air = 1) 
Density, Liquid @ Saturation Pressure @ 161.4 °K 
Critical Temperature 
Critical Pressure 

Critical Volume 
Critical Density 
Critical Compressibility Factor 
Latent Heat of Fusion @ 161 .25 °K 
Dipole Moment, Gas 
Molar Specific heat, Gas @ 1 01 .325 kPa @ 25 °C 

@ Constant pressure 
@ Constant Volume . 

Specific Heat Ratio, Gas @ 1 01 .325 kPa @ 25 °C, Cp/ Cv 
Molar Specific Heat, Liquid @ 163-166 °K 
Viscosity, Gas @ 101 .325 kPa @ 300 °K 
Viscosity, Saturated Liquid @ 289.74 DK 
Thermal Conductivity, Gas@ 101 .325 kPa@ 20 

Thermal Conductivity, Liquid @ 165.014 °K 

0 131 30 kg 
0 131 30 kg 
180 0 dm ' kg, 2 9 ft ' lb 
165 014 DK, -108 1 C, -162.6 °F 

161 25 °K, -111 9 C, -169 4 F 
82 kPa, 0.82 bar, O 81 atm 
5.391 kg m3 

4.553 
3.084 kg 
289 74 °K, 16 6 " C, 61 .9 ° F 
5 838 kPa, 58.38 bar; 846.7 ps1a; 57.62 

atm 
0 .904 8 dm3 kg 
1.1052kg dm 3 

0.288 
17.48 kJ kg, 548 5 cal/mol 
0 C,m 

21 012 J / (mol, °K) 
12.658 J / (mol- °K) 
1.66 
44.56 J / (mol, °K) 
0.023 24 mPa-s: O 023 24 cP 
0 .528 mPa-s, 0 .528 cP 
0 .005 61 W/ (m, ° K) 13.4 X 10 cal• 

cm/ (s . cm'' °C) 
0.073 22 W/ (m, °K) 175 x 10 cal• 

cm/ (s,cm' -°C) 

Solubility In Water @ Xenon partial pressure of 101 .325 kPa @ 
0 .123 6 cm 3 Xe/ 1 ml water 
1 001 238 

15.1 °C 
Dielectric Constant, Gas @ 25 °C and 1 01 .325 kPa 
Refractive Index, Gas @ 101 .325 kPa, no @ 25 °C 
First Ionization Potential 

1.000 642 
1 943.2 X 10 :n J, 12.129 eV 

Velocity of Sound In Gaseous Xenon @ 0 °C and 101 .325 kPa 168 m/ s 

Description 

Xenon is a member of Group VIIIA elements, which have 
been called noble gases, inert gases, and aerogens. Xenon is 
a colorless, odorless, and tasteless monatomic gas. It exists in 

very minute traces in the atmosphere (8.6 x 10- 2 ppm by 
volume). Xenon is commonly available in small cylinders at 
pressures up to 5 520 kPa (800 psig). It is also available in 1 

I quantities in glass flasks. 

Specifications 

Matheson supplies two grades of xenon. 

~atheson 

1. Research Purity Grade 

This grade has a typical minimum purity of 99.995 mol % 

2. C.P. Grade 

This grade has a minimum purity of 99.9 mol %. 

Uses 
Xenon 1s used to a limited extent in the lighting and electronic 

industry Xenon is used as a light source for sp clahzed apph­
cat1ons. An important application of xenon 1s as a fill for 
thyratron and half-wave rectifier tubes. 
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XENON 

Effects in Man (2) 

The coordinating capacity of the nervous system is impaired 
by even slight degrees of oxygen deficiency; the sub1ect can 
not think clearly or control his limbs accurately. The develop­
ment of symptoms depends on the degree and duration of the 
oxygen def1c1ency and also on the rapidity with which the 
deficiency is developed. In sudden and acute asphyxia, uncon­
sciousness is 1mmed1ate. When the asphyxia develops slowly 
enough the following symptoms appear: increased volume of 
breathing, accelerated pulse rate, muscular incoordination, 
faulty judgment, emotional instabIl1ty, fatigue, fainting, nausea, 
vomiting, bewilderment, respiration in gasps. 

No Threshold Limit Value (TLV) has been recommended for 
xenon, which is proposed to be a simple asphyx1ant. 

First Aid Treatment (2) 

If the subiect is conscious and becomes aware of symptoms 
of asphyxia, he should go to an uncontaminated area and 
inhale fresh air or oxygen. 

An unconscious subject must be carried to an uncontami­
nated area and given artificial respiration with simultaneous 
administration of oxygen as promptly as possible 

Few, even those who have been severely asphyxiated and 
who have not died during the asphyxiation, fail to make com­
plete recoveries after receiving oxygen inhalation. Treat symp­
tomatically thereafter 

Precautions in Handling and Storage 

The general rules listed in Appendix I should be observed. 

Materials of Construction 

Since xenon is inert no specral materials of construction are 
required. However, any piping or vessel3 containing xenon 
should be adequately designed to withstand the pressures to 
be encountered . 

Cylinder and Valve Description 

Xenon is packaged in DOT approved, steel cylinders. The 
cylinder valve outlet designated as standard by the Com­
pressed Gas Association (CGA) is Model 580. This valve has 
a thread size of 0.965 inch, with right-hand internal threads 
accepting a bullet-shaped nipple (see Figure 1 for an illustra­
tion). 

OUT (T 

1160 
15 16 

U)NN[CTION 

Fig. 1 CONNECTION 580 .965"-14 RH INT. accepting a Bullet 
Shaped Nipple 

Recommended Controls 

Automatic Pressure Regulators 

Single stage metal diaphragm regulators Model 19-580 and 
Model 3500-580 are recommended with both grades of xenon. 
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The Model 19-580 regulator is recommended for applica­
tions requiring low diffusion and le~kage rates. The regulator 
has a brass body, German silver diaphragm, nylon seat, alu­
minum and nylon gaskets, and a diaphragm packless outlet 
valve with ¼ 11 inch Gyrolok tube fittin_g. It has a delivery 
pressure range of 28-345 kPa (4-50 ps1g). 

The Model 3500-580 regulator is especially designed for 
high purity systems requiring all stainless steel c~nstruction. 
All metal parts in the gas stream are of type 316 stainless steel. 
The diaphragm is stainless steel, the seat is Tefzel, the gaskets 
are Teflon, and the regulator has a diaphragm packless outlet 
valve with ¼ inch Gyrolok tube fitting. It has a delivery pressure 
range of 28-520 kPa {4-75 psig). 

Both regulators can be supplied with a helium leak rate 
certification, the maximum acceptable leak rate being 2 x 10- 9 

cm3 end 2 x 10- 10 cm3 for the Model 19-580 and Model 3500-
580, respectively. 

Two stage regulators Model 3104-580 and Model 3800-580 
are also available for use with both grades of xenon . 

The Model 3104-580 regulator has a brass body, type 302 
stainless steel diaphragm, Tefzel seat, Teflon and nylon gas­
kets, and a diaphragm packless outlet valve with ¼ inch Gy­
rolok tube fitting . It has a delivery pressure range of 28-690 
kPa (4-1 00 psig). The regulator can be optionally supplied 
with a helium leak rate certification, the maximum acceptable 
leak rate being 2 x 10- 9 cm3. 

The Model 3800-580 regulator has a type 316 stainless 
steel body, type 316 stainless steel diaphragm, Tefzel seat, 
Kel-F and Teflon gaskets, and a diaphragm packless outlet 
valve with ¼ inch Gyrolok tube fitting. It has a delivery pressure 
range of 28-620 kPa (4-90 psig). It can be optionally supplied 
with a helium leak rate certification, the maximum acceptable 
leak rate being 2 x 10- 9 cm3

• 

Manual Controls 

Diaphragm packless control valve Model 4351 -580 is avail­
able for direct attachment to the cylinders. The valve is con­
structed of chrome plated brass and has a ¼ inch Gyrolok 
outlet connection. 

This valve should be used only where flow control is con­
stantly supervised and should not be used as a pressure control 
since it will not prevent pressure from building up if a system 
becomes clogged or if the system itself is closed. 

Flowmeters 

Matheson Series 7600 laboratory brass or stainless steel 
flowmeter units with 1 50 mm tubes and floats or Matheson 
Series 7200 laboratory brass or stainless steel flowmeter units 
with 65 mm tubes with a single float are recommended for use 
where definite flow rates must be known. 

Electronic mass flowmeters, such as Matheson Series Model 
8116 and Model 8160, should be used where accurate read­
ings are required . Calibration is unaffected by temperature and 
pressure changes. Flow rates may be recorded from the instru­
ment's eJectrical output. 

Electronic Mass Flow Controllers 

The Matheson Series 8240 of type 316 stainless steel and 
Series 8260 of type 31 6 stainless steel or monel are designed 
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to control the flow of gas regardless of pressure and tempera­
ture changes These mass flow controllers consist of a trans­
ducer, a control valve, a blind controller / power supply, a 
potentiometer, and a digital indicator. The transducer senses 
the gas flow and sends a signal to the power supply. This 
signal and one from the potentiometer are compared If there 
1s an imbalance, the power supply generates a signal for the 
control valve to reduce or increase the flow to correct the 
imbalance. The accuracy is ± 1.2%. 

Shipping Regulations 

Xenon is classified by the DOT as a nonflammable com­
pressed gas and 1s shipped with the required " Green Label ". 

Commercial Preparation 

Xenon is available only from the atmosphere and 1s obtained 
by the liquefaction and fractionation of large quant1t1es of air. 

Chemical Properties 

While xenon 1s practically inert chemically, several xenon 
fluorides, XeF2 , XeF., and XeF6 have been isolated by reaction 
of xenon and fluorine. A number of xenon-oxygen compounds 
have been prepared from the fluorides. 

Thermodynamic and Detailed Physical Data 

Atomic Structure 

The xenon atom has a valence shell of eight electrons which 
1s a closed octet. The closed shell is extremely stable and 
results in xenon being relatively inert chemically, although a 
difluoride, tetrafluoride, and hexafluoride as well as an oxyte­
trafluoride have been prepared. Xenon has an atomic radius of 
2.2 A (2.2 x 10 10 m). 

Vapor Pressure 

The vapor pressure of liquid xenon in the range 158.07-
177 .83 °K is represented by the following Antoine vapor pres­

sure equation (3): 

log,oP = A -
8
-ort = 

8 
- C 

C + t A - log, oP 

in which P = mmHg and t = oc, and the constants A, 8 , and 
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C have th lu s of 6 2 nd r 
spectIvely 

Some c lculat d or pr ur nb 

V por Pr ur 
Temperature, K kP mb r mmH 

158 07 
161 015 
163 59 
165.014 101 325 
165 910 106 58 1 0 7 
168.010 11 0 1 200 
169 939 133 322 1 3 1 
173 392 159 87 1 00 1 
177 83 1 84 2 000 

Vapor pressur v lues b 1 tw n 180 n 2 0 
below (4) 

V 
Temperature, K kPa tm 

180 217 84 2 1 
200 50 625 5 1 0 
220 1 013 250 10 0 
240 1 87 512 
260 3 090 412 
280 4 762 275 41 
290 5 87 850 58 8 

Latent Heat of Vaporization, ~Hv 

Temperature, K ~Hv, kJ / k 

165 014 1 

161 25 7 I 

Thermodynamic Data 

Thermodynamic prop rt1 s of r 
ibillty data are shown in T bl 1 

Thermodynamic Prop rtie of Xenon A Id IG 11 25 C 

(5) 

Heat Capacity, C~ 
Entropy, S0 

Free Energy Function , (F~ 
Hg)/298 

Enthalpy Difference, H~ - Ho 

20 78 J (mot, ) 
1 57 J (mol• ) 
148 7 3 J (mot• K) 

7 kJ mol 
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Table 1. THERMODYNAMIC PROPERTIES OF REAL GAS XENON (6) 
ENTHALPY DIFFERENCE, H (Hr-H~. J/mol; ENTROPY, S, J (mol- °K), FREE ENERGY F 

(Fr-H~. J/mol 
REFERENCE STATE FOR H, S, ANO F: 273.15 °K (0 °C} AND 101 325 kPa ( 1 tm) 

Pressure 
kPa atm Temperature. K 

273.1 5 298.15 323.15 373 15 23.15 

101 .325 1 
H 0 .00 526 .14 1 051.0 2 097 8 3 142.4 s 0 .00 1.845 3.535 6 548 9.1 71 
F 0 .00 -24.3 -91.6 -345 6 -738.5 

5 066.250 50 
H -2 220 4 -1 022 6 657 7 2 044 .3 s -37.447 -33.568 -28 711 -25.221 
F 8 944.1 9 824 9 11 371 12 716 ----

10 132.500 100 
H -7 719.1 -4 918 7 -1 117.5 837 .6 s -58.141 -49.133 -38 033 - 33 104 
F 9 614.4 10 959 13 074 14 846 

20 265.000 200 
H -8 268.4 -6 948 0 -3 969.4 -1 330 5 
s -62.233 -57.957 - 49.384 -42. 731 
F 10 286 11 781 14 458 16 751 
H - 81 70.1 -7 140.0 -4 979.4 -2 890.7 

40 530.000 400 s -65.844 -62.505 -56.279 - 51.020 
F 11 .461 13 058 16 021 18 698 
H -7 254.2 -6 348.8 -4 482.7 ? 729.6 

81 060.000 800 s - 69 .827 -66.890 -61.513 57 095 
F 13 565 115 267 18 471 21 430 

H -6 102.8 -5 237.5 -3 456 0 -1 801.2 
121 590 1 200 s -72.4 79 -69.672 -64.534 -60.367 

F 15 507 17 277 20 625 23 743 

H - 4 876.9 -4 029.2 -2 282 8 -672.8 
162 120 1 600 s -74 .546 -71.802 -66 760 - 62.706 

F 17 349 19 174 22 629 25 861 

H -3617.1 -2 780.7 -1 050.6 536.8 
202 650 2 000 s -76.270 -73.559 -68 559 -64.567 

F 19 123 20 990 24 532 27 859 

Table 2. COMPRESSIBILITY FACTORS FOR XENON (Z - PV / RT) (7) 

Pressure; kPa 
Temperature, °K 101 .325 1 01 3.25 2 026.50 3 039.75 4 053.00 5 066.25 

273.15 0 .975 0. 937 0.832 0 734 
0 .975 0 .948 0.889 0 .823 0.748 0.658 298.15 

0.963 0.918 0.873 0 .824 0.769 323.15 0 .985 
0.880 0 .978 0.955 0.927 0 .908 373.15 0 .991 

0.950 0.941 0 .988 0.977 0.962 423.15 0 .994 
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APPENDIX I 

GENERAL PRECAUTIONS IN HANDLING AND STORAGE 

1. Never drop cylinders or permit them to strike each other 
violently 

2 Cylinders should be assigned a definite area for storage. 
The area should be dry, cool, well-ventilated, and preferably 
fire-resistant. Keep cylinders protected from excessive tem­
perature rise by storing them away from radiators or other 
sources of heat. Storage conditions should comply with local, 
state and federal regulations. 

3. Cylinders may be stored in the open, but in such cases 
should be protected against extremes of weather and from the 
dampness of the ground to prevent rusting. During the summer, 
cylinders stored in the open should be shaded against the 
continuous direct rays of the sun in those localities where 
extreme temperatures prevail. 

4. The valve protection cap should be left in place until the 
cylinder has been secured against a wall or bench, or placed 
in a cylinder stand, and 1s ready to be used. 

5. Avoid dragging, rolling, or sliding cylinders, even for a 

short distance. They should be moved by means of a suitable 
hand truck. 

6. Never tamper with safety devices in valves or cylinders. 
7. When returning empty cylinders, close the valve before 

shipment, leaving some positive pressure in the cylinder. Mark 
or label the cylinder EMPTY. Do not store full and empty 
cyl inders together. 

8 . No part of a cylinder should be subjected to a temperature 
higher than 125°F. A flame should never be permitted to come 
in contact with any part of a compressed gas cylinder. Tem­
peratures in excess of 125°F may cause a cyl inder to become 
liquid full and create dangerous hydrostatic pressures. 

9. Cylinder content of liquefied gases is determined by 
weight; the cylinder content of nonliquefied gases by gauge 
pressure. 

10. Before using, read all data sheets and label information 
associated with the use of the gas concerned. 

GENERAL PRECAUTIONS IN USING GASES 
1 Close off main cylinder valve when not in use. 

2 Needle valve or auxiliary cut off valve in the line and located 

at the cylinder. Do not rely purely on the cylinder valve. 

3 Turnover cylinders in reasonable time . Corrosive gases 

should be three months or less. 
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4. Always use gases in areas where adequate ventilation is 
provided. 

5. Keep cylinders in outside storage, or have manifold piping 
low pressure gas into buildings. 

6. Use the smallest practical size of cylinder for your gas 
applications. 
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APPENDIX II 

DISPOSAL OF LEAKING CYLINDERS 
On occasion, despite precautions, gas cylinders or systems 

may develop leaks. We recommend that the supplier be con­
tacted to determine appropriate disposal procedures. Disposal 
procedures described below should be investigated as to their 
conformity with all regulations issued by the appropriate au­
thorities. Disposal of gases is a complex problem and should 
be undertaken only by personnel who are familiar with the gas 
involved and the disposal procedures . When in doubt, contact 
the supplier for instructions. 

If in doubt as to the proper disposal procedures, isolate the 
leaking cylinder in a vented or open area, and contact the 
supplier for disposal procedures. 

A-FLAMMABLE GASES 

Leaks of f lammable gases require special handl ing. All 
sources of ignition should be eliminated at once. If practical, 
the cylinder should be removed to a safe, out-of-doors area, 
and p la inly tagged as defective. If the gas is also toxic (e.g., 
carbon monoxide), proper breathing equipment should be 
donned before transporting the cylinder to the disposal area. 
Warnings should be posted in the area to prevent persons from 
approaching the cylinder with lit cigarettes or open flames. 
Attach appropriate control valve to the cylinder valve outlet and 
adjust the gas discharge to a moderate discharge rate. When 
the cylinder is empty, close the cylinder valve and follow the 
supplier 's directions for cylinder return, after informing the 
supplier of the defect. 

The local fi re department may be of help in removing the 
leaking cylinder to the disposal area . 

Undoubtly, the best procedure for d isposal of f lammable 
gases would be to burn the gas if a burning unit is available in 
the plant. 

B-ALKALINE GASES 

The alkaline gases are corrosive, flammable, and toxic. 
Leaks of alkaline gases, such as ammonia and the lower alkyl 
amines, may be handled in the following manner. Shut off all 
ignition sources. Put on appropriate protective equipment (face 
mask, rubber gloves, breathing equipment) before transporting 
the cylinder to a hood with forced ventilation, or to a safe out­
of-doors area. If leak is minor, wrap wet rags around leaking 
part of cylinder and transport the cylinder to the disposal area. 
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Warnings should be posted in the area to pr v nt p r on t om 
approaching with lit cigarettes or op n fl m 
propriate control valve equipped with trap or ch c v I 
a long piece of flexible hose conn cted to th control 
outlet Discharge the gas at a moder le rat into n d 
amount of 1 0-20% aqueous sulfuric cId solution Aft r 
gas has been discharged, the vess I containin th r ultmg 
solution may be transported to the plant treating un t for n u-
tralizat1on and disposal. When the cylmd r 1s mpty, clo th 
control valve. The cylinder should be tagg d d I ct1v 
returned to the supplier according to the suppli r s d1r ct1on 

The local fire department may be of help in tran portm th 
leaking cylinder to the disposal area. 

C-INERT GASES 

Leaking cylinders of inert gases, such r on, h hum, 
nitrogen, etc , do not represent a hazard uni s th y r 
situated m confined places with no vent1lat1on In th I ti r 
case, the inert gases may create a harnrd by d1spl cin th 
amount of air necessary to support I le Th cyhnd r should b 
removed to an out-of-doors area or a hood with fore d v nt1-
lat1on (breathing equipment should b worn, how v r, 1f th 
issuing gas 1s in a confined place) . The cyhnd r vnlv hould 
be cracked to allow the gas to d1scharg t mod r t r t 
After the gas has been discharged. clos the cylind r v 1lv 
The cylinder should be tagged as defective nd r turn d to th 
supplier according to the supplier's direction 

D-ACID GASES 

Acid gases are corrosive and toxic Therefore, put on ppro­
pnate protective equipment (face shield , rubb r glov , br th­
ing equipment) before transporting the I nk1n cyl1n<1 r to a 
safe out-of-doors area or a hood with forced ventil lion Alt 1ctl 
an appropriate control valve provided with n trap or ch ck 
valve and a long piece of flexible hose conn ct ti to th control 
valve outlet Discharge the gas at a mod r I rat into n 
adequate amount of about 15% aqueous sodium hydro 1ct or 
other alkali In a suitable container. When all th s h b .n 
discharged, close the cylinder valve, and tran port th r ult1n l 
salt solution to the plant treating unit for n utr hz tion incl 

disposal. The cylinder should be tngg d as d f ct1v nd 
returned to the supplier according to the suppl, r dir ct1on 
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