THE MATHESON COMPANY, INC.
P. 0. Box 85 / East Rutherford / N. J. 07073

Phone—(201) 933-2400/ TWX—710 485-7690

June 26, 1967

Mr, W. C, Oelke

Mactlac Physical Chemistry Manual
1427 Tenth Avenue

Grinnell, Iowa 50112

Dear Mr, Oelke:

Please excuse the delay in replying to your
letter of June 5th concerning safety precautions
to be followed on oxygen equipment,

Oxygen may react vigorously with combustible
materials such as oil and ignition may cause the
melting of surrounding materials. Even a small
amount of o0il or organic material may cause a
gudden ignition of oxygen which could posgibly
lead to an explosion or severe fire.

Oxygen eguipment should therefore be leflt only
in oxygen service and never adapted for use on
other compressed gases. Nitrous oxide behaves
similarly to oxygen, and should be treated in

the same manner,

If we can provide you with any additional in-
formation concerning these gases, please contact
us and we will be most happy to answer your
gquegtions,

Thank you for your interest in our products.
Very truly yours,

THg/MATHESQN COMPANY INC,.
/ ) .
i CZ"‘(/é‘ Va

PS:as Paul Sennett
Technical Service Department

Data sheets enclosed.
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OXYGEN

[Formula: O,]

PHYSICAL CONSTANTS

Molecular Weight . ......... ... ... ...
Specific Volume, 70°F. 1 atm..............
BoilingPoint @ latm...................
FreezingPoint @ latm. .................
Specific Gravity (Air==1)...............
Density, Liquid @ bop. ....... ... ... ...
Density, Gas, 20°C. T atm................

Critical Temperature

Critical Pressure .. ........cuvrvennnnn

Critical Density

Latent Heat of Vaporization @ b.p.........
Latent Heat of Fusion @ m.p. ............
Specific Heat, Gas, Cp, 15°C,, 1 atm........
Specific Heat, Gas, Cv, 15°C,, 1 atm........
Specific Heat Ratio, Cp/Cv, 15°C,, 1 atm.. ..
Thermal Conductivity, Gas, @ 32°F.......
Viscosity, Gas, 20°C. .......... .ot
Solubility in Water @ 32°F...............

DESCRIPTION — Oxygen is a colorless, odorless, and
tasteless gas. Its outstanding properties are its ability to sus-
tain animal life and to support combustion. It is somewhat
soluble in water, a fact responsible for aquatic life. Gaseous
oxygen is about 1.1 times as heavy as air. It is usually
shipped as a nonliquefied gas at 2200 p.s.i.g. at 70°F.
About 1/5 of the earth’s atmosphere is oxygen (20.99%
by volume).

SPECIFICATIONS — The Matheson Company supplies
three grades of oxygen.
1. Research Grade

This grade of oxygen has a minimum purity of 99.99
mole %. It is supplied in small cylinders containing up to
100 liters, and in Pyrex liter flasks. Either an Assayed Re-
agent Grade or a regular Research Grade can be supplied.
The former is accompanied by a mass spectrometer analy-
sis of the container contents. The latter is shipped with a
guarantee on the maximum limits of possible impurities
For Research Grade oxygen these limits are as follows:

COMPONENT MAX. LIMITS

(p.p.m. by vol.)
Argon 20
Nitrogen 20
Krypton 15
Carbon dioxide 10
Xenon 5
Nitrous oxide 5
Total hydrocarbons (as methane) 20
Moisture 5

..... —361.9°F. (-218.83°C.)

..... 1.1415 g./ml.

..... 51.0 cal./g.
..... 3.3 cal./g.

..... 0.0206 centipoise

.....

32.00
12.1 cu. ft./1b.
~297.4°F. (—183°C.)

1.1053

1.429 g./1.
—181.1°F. (~118.4°C.)
736.5 p.s.i.a. (50.1 atm.)
0.41 g./cc.

0.2177 cal./(g.) (°C.)

0.1554 cal./(g.) (°C.)

1.401

0.0142 BTU/(hr.) (sq.ft.) (°F./ft.)

1 volume/32 volumes

A typical analysis of Research Grade oxygen is as fol-
lows:

COMPONENT AMOUNT
Oxygen 99.995+%
Argon <1p.pm
Nitrogen 8p.p.m.
Krypton 13 p.p.m.
Carbon dioxide 4 p.p.m.
Xenon <1 p.p.m.
Nitrous oxide <1ppm
Total hydrocarbons (as methane) 16 p.p.m.
Moisture Sppm

2. Ultra High Purity Grade (Gold Label)

The specifications and typical analysis are shown in the
following table:

COMPONENT SPECIFICATIONS TYPICAL ANALYSIS
Oxygen 99.95% min. 99.986%
Argon <300 p.p.m. 60 p.p.m.
Nitrogen <100 p.p.m. 25 p.p.m.
Krypton < 20 p.p.m. 13 p.p.m.
Carbon dioxide < 10p.pm. 7 p.p.m.
Xenon < Sppm 4 p.p.m.
Nitrous oxide < Sppm 2ppm
Total hydrocarbons

(as methane) < 20 p.pm. 16 p.p.m.
Moisture < 10ppm 6 p.p.m.

3. Extra Dry Grade
The specifications and typical analysis are shown in the
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OXYGEN

threads per inch, female outlet.

C.G.A. CONNECTION NO.540

Fig. 1

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 approxi-
mately 212°F. Cylinders pressurized 10% in excess of
their marked service pressure in accordance with present
1.C.C. 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 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
single stage regulators are available from The Matheson
Company:

MODEL NO. DELIVERY PRE?SURE RANGE,
pesd.g.
11L.-540 3-80
1H-540 5-180
2-540 25-650
3-540 50-1500
4-540 100-2500
36 (for lecture bottles) 5-75

2. TWO STAGE REGULATORS

This type of regulator performs the same function as
single stage regulators. However, greater accuracy and con-
trol of delivery pressure is maintained, and the delivery
pressure does not vary as cylinder pressure falls. The follow-
ing two stage regulators are available from The Matheson
Company:

MODEL NO. DELIVERY PRESSURE RANGE,
p.s.dg.
8-540 5-50
9-540 5-250

3. LOW PRESSURE REGULATOR

The above regulators are not satisfactory for accurate
delivery pressures below 5 p.s.i.g. Therefore an auxiliary
regulator specifically designed for low pressures is recom-
mended to be used in series with any of the standard regu-
lators having delivery pressures to 50 p.s.i.g. The Matheson
Company has various models known as the type 70 regu-
lator which may be obtained with delivery pressures
ranging from 3 inches water column to 10 p.s.ig., as
follows:

MODEL NO. DELIVERY PRESSURE RANCE
70B 3 — 15 inches water column
70A 5—10ps.ig.

70 80z. —4psig.

When this regulator is supplied to be used in conjunction
with a standard regulator, an extra heavy hose is supplied
to connect to the standard regulator. All Matheson regu-
lators are provided with needle valves so that accurate flow
control can be maintained.

Manual Valves

Manual needle valves for direct attachment to the cyl-
inder 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 extremely small flow rates on up to relatively large flow
rates. However, pressures 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 oxygen: No. 50-540 and
No. 52-540 with tank gauge. These valves are supplied with
serrated hose ends, ¥4 " Tylok compression fittings, or %"
NPT male or female outlets. Needle valve No. 31 is recom-
mended for use with lecture bottles.

Fiowmeters

Flowmeters of the rotameter type such as Matheson
series 600 laboratory flowmeters are recommended where
definite flow rates must be known.

SHIPPING REGULATIONS--Oxygen is shipped in high
pressure steel cylinders as a nonflammable compressed gas,
taking an I.C.C. “Green Label”. They are usually filled to
the marked service pressure of the cylinder or to a maxi-
mum of 10% in excess of the marked service pressure in
accordance with present I.C.C. regulations.
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Table 1. THERMODYNAMIC PROPERTIES OF SATURATED OXYGEN'

Specific Specific
Absclute | Volume Volume Enthalpy Latent Entropy
Pressure | Liguid Vapor cal./g. mole Heat cal./{g. mole) (°K.)
atm. |cc./g. mole {cc./g. mole Liquid Vapor | cal/g. mole | Liquid Vapor
1.00 27.9 7223 158 1788 1630 1.90 19.99
1.60 28.6 4508 219 1800 1581 2.55 19.21
2.50 28.3 3028 284 1816 1532 3.23 18.55
3.73 30.1 2000 351 1831 1480 3.86 17.96
5.38 31.0 1456 420 1844 1424 4.48 17.43
7.51 32.0 1045 489 1854 1365 5.08 16.95
10.20 33.1 784 557 1861 1304 5.61 16.47
13.51 34.3 5982 626 1864 1238 6.13 16.02
17.52 35.7 460 700 1863 1163 6.63 15.58
22.23 374 363 776 1854 1078 7.19 15.18
27.9 394 286 860 1833 973 7.78 14,73
34.4 42.3 220 854 1783 829 841 14.13
42.2 47.9 157 1081 1682 601 9.24 13.25
49.7 74.5 745 1393 1393 0 11.25 11.25

Table 2. THERMODYNAMIC PROPERTIES OF SUPERHEATED OXYGEN'

v, volume, cc./g. mole; h, enthalpy, cal./g. mole; s, entropy, cal./(g. mole) °K.
(Saturation Temperatures in Parentheses)

120°K.

140°K.

160°K. - 180°K.  200°K. 220°§$. 240°K. ‘260°K,

280°K.

8,050 | 9,730 | 11,400 | 13,070 |14,740 | 16,390 18,030 | 19,680 | 21,330 | 22,970
1,861 1 2,005 | 2,146 | 2,286 | 2,426 | 2,565 2,700 | 2,834 | 2971 | 3,111
20.76 | 22.07 | 23.16 | 24,10 | 2492 | 2566 2630 | 2688 | 27.43 | 27.93
1,790 | 2,210 { 2,590 | 2940 | 3,280 3,610 | 3,940 | 4,260 | 4,590
1,947 | 2,113 | 2,262 | 2406 | 2,547 2,684 | 2,822 | 2962 | 3,102
1848 | 1976 | 20.76 | 2161 | 2236 23.01 | 2361 | 2417 | 2468
805 | 1,040 1,250 | 1,450 | 1,625 1,800 | 1,960 | 2,130 | 2,290
1,865 | 2,069 | 2,230 | 2,381 | 2523 2,664 | 2,806 | 2,948 | 3,090
1653 | 18.13 19.20 | 20.09 | 20.84 21.51 | 2213 | 2270 | 23.22
455 572 677 722 864 956 | 1,046 | 1,136
1,961 | 2,163 | 2,328 | 2479 2627 | 2,775 | 2,922 | 3,068
16,10 | 1745 | 1842 | 1922 1993 | 2057 ; 21.44 | 21.70
228 298 356 408 460 532 556
1,993 | 2219 | 2,397 2,558 | 2,717 | 2,952 | 3,028
1528 | 1662 | 17566 1832 | 1901 | 1993 | 20.21
168 220 264 303 353 367
1,570 | 2,093 | 2,322 2,493 | 2,661 | 2910 | 2,991
12.25 | 1537 | 1659 1740 | 18.13 | 19.11 19.40
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NITROUS OXIDE

(Synonyms: Dinitrogen Monoxide; Laughing Gas)

[Formula: N,O]

PHYSICAL CONSTANTS

Molecular Weight ................ e
Vapor Pressure @ 70°F. ...............
Specific Volume, 70°F., 1 atm. .........
Boiling Point @ 1 atm. ................
Freezing Point @ latm. ...............
Density, Liquid @ b.p. ............. ...
Density, Gas, 0°C., latm. .............
Specific Gravity, Gas, 15°C. (Air = 1) ..
Critical Temperature ..................
Critical Pressure ......................
Critical Density . ......................
Latent Heat of Vaporization @ b.p. ......
Latent Heat of Fusion @ m.p. ..........
Specific Heat, Gas, Cp, 15°C., 1 atm, . ...
Specific Heat, Gas, Cv, 15°C., 1 atm. . ...

......... 8.7 cu. ft./Ib.

......... —129.1°F. (-89.5°C.)
......... —~152.3°F. (~102.4°C.)
......... 1.997 g. /1.

......... 3.958 kcal./mole
......... 1.563 kcal./mole
......... 0.2004 cal./(g.) (°C.)
......... 0.1538 cal./(g.) (°C.)

745 p.sig.

1.266 g./cc.

1.530

97.7°F. (36.5°C.)

1047.6 p.s.d.a. (71.2 atm.)
0.451 g./ml.

Specific Heat Ratio, Gas, Cp/Cv, 15°C., 1 atm. .... 1.303

Thermal Conductivity, Gas, 0°C. .......
Viscosity, Gas, 0°C. ...................
Solubility in Water, 0°C. . ..............

Trouton Constant ... ..................

DESCRIPTION—Nitrous Oxide is a colorless, nonflam-
mable, nontoxic gas with a slightly sweetish taste and odor.
It is shipped as a liquefied compressed gas under its own
vapor pressure of about 745 p.s..g. at 70°F. It is some-
what soluble in water and more soluble in alcohol.

SPECIFICATIONS- Nitrous oxide has a minimum purity
of 98.0%, the principal impurity being air. Average analy-
ses show a purity of 98.5%.

USES--Nitrous oxide is used chiefly as an inhalation anes-
thetic and as a dispersing agent in cream whippers.

TOXICITY—Nitrous oxide is nontoxic and non-irritating
and is extensively used as an anesthetic in medicine and
dentistry. It is a rather weak anesthetic and must be in-
haled 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 hys-
teria; hence its trivial name, laughing gas.

......... 130.52 ¢c./100 g. H.O

......... 0.0087 BTU/ (hr.) (sq. ft.) (°F./ft.)

0.01362 centipoise

21.4

PRECAUTIONS IN HANDLING AND STORAGE—The
following general rules should apply in the handling and
storage of nitrous oxide.

I. Never drop cylinders or permit them to strike each
other violently.

2. Cylinders should be assigned a definite area for stor-
age. The area should be dry, cool, well-ventilated, and
preferably fire-resistant. Keep cylinders protected from ex-
cessive temperature rise by storing them away from radi-
ators, 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 continuous direct rays of the sun in those locali-
ties where extreme temperatures prevail.
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tors which may be obtained with delivery pressures ranging
from 3 inches water column to 10 p.s.i.g. as follows:

MODEL NO. DELIVERY PRESSURE RANGE
70 80z. — 4 ps.ig.
70A 5—10psig.
70B 3 — 15 inches water column

When any of the above regulators is to be used in con-
junction with a standard regulator, an extra heavy hose is
supplied 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.

Manual ¥V alves

Matheson needle valves No. 50-320 and No. 52-320
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 serrated
hose end, ¥ " Tylok compression fitting, or %" 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 pressures can be built up
if a system becomes clogged or if the system itself is closed.
A No. 31 needle valve is recommended for use with lecture
bottles.

Flowmeters

Matheson series 600 laboratory flowmeters of the rota-
meter type are recommended for use where definite flow
rates must be known.

SHIPPING REGULATIONS—Nitrous oxide is classified
by the I.C.C. as a nonflammable, compressed gas and is
shipped with the required “Green Label”.

COMMERCIAL PREPARATION — Nitrous oxide is ob-
tained most commonly by the thermal decomposition of
ammonium nitrate. It may also be obtained by controlled
reduction of nitrites or nitrates, by the slow decomposition
of hyponitrites, and by the thermal decomposition of hy-
droxylamine.

CHEMICAL PROPERTIES—Nitrous oxide is stable and
comparatively unreactive at ordinary temperatures, e.g., to
ozone, hydrogen, the halogens, the alkali metals, etc. At
elevated temperatures N,O decomposes into nitrogen and
oxygen, the rate of decomposition being appreciable above
565°C. At elevated temperatures N,O supports combustion
and oxidizes certain organic compounds, the alkali metals,
etc. N,O is soluble in alkaline solutions but does not form
hyponitrites. A crystalline hexahydrate can be obtained at
low temperatures,

PHYSICAL DATA
Thermodynamic Data
See Table 1.

Vapor Pressure

For data on vapor pressures see Table 1 on Thermo-
dynamic Properties of Saturated Nitrous Oxide, and
Figure 2.

REFERENCES

IExtracted by permission from ASRE Refrigerating Data Book, 1957-58.
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