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PHYSICAL PROPERTIES AND THERMODYNAMIC
FUNCTIONS OF FUELS, OXIDIZERS, AND
PRODUCTS OF COMBUSTION

Il OXIDIZERS

INTRODUCTION

This report is one of s series of technical survey repono “which | hue been
prepared by Batcelle Memorial Institute on a subcont act under Prime Contract
No.W33.038 ac-14105, Project RAND, between The RAND Corporation and the United

States Air Force.

This collection of the physical and thermodynamic properties of a diverase
variety of elements and compounds which may be of interest as the oxidizers in
rocket propellant mixtures was compiled in the course of Bettelle's exploratory
work for Project RAND. In meny instances, the data w < not readily obtainable
but were scattered throughout the physical and chemical literature, To sake these

data available to others working in the rocket propulsion field, they are being

published as RAND reports.

This ia the second volume of three related compendis of physical propercics
and thermodynamic functions of rocket and ramjet propellant substances. The three
volumes are entitled: I, Fuels; II, Oxidizers; and 111, Products of Co-buotion.

The 1nlbrmatnon contained in this report was compiled during the perxod October1,
1947 to November 15, 1948.
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SUMMARY

A compilation of the phyaical praperties and themwodynamic functiona of thirteen
chemical elements and compounds which may be of interest as oxidizer components
for rocket propellont mixtures has been preperod. All aveilable asources of information

were consulted, and this teport preaents what are believed to be the most reliable
Vu’ ues.,

All the data pertaining to cach oxidizer have heen grouped together ond are
arranged in the following order:

Molecular fourmula.
Molecular weipht.
Melting or ireczing jn.

G DS e

4. Boiling point and/or sublimation temperature,
5. Uensity (vapor; liguid; solid).

6. Vapor presaure,

7. Triple point.

8. Viscoaity {vapor; liquid).

9. Surface tension,

10, Coefficient of thermal expansion,
11. Coefficient of thermal conductivity,
12. Dipole moment,

13, Heat of fusion.

14. Heot of vaporization and/or sublimation.
15. Heat of formation.

16. Heat of combustion,

17. Critice) data.

16. Equation of state.

19. Compressibility,

20. Heat copacity of vapor, G, and C,.
21. Ratio of specific heats.

22. Hleat capaciiy of jiquid and solid.
23. Free energy of formation.

24. Free-cnergy function.

25. Heat-content function,

26. Entropy.

In some coses there are gaps in the aveilable dacta. Where this is true, the
entry “no information” has been made under the appropriate heading in the dota
sheets,

For convenience of reference, the sources of the data cited have been included
as a part of cach dota sheet, Tn addition, a detailed bibliography of all sources
consulted, whether the reported results were used or not, ia appended Lo the report.
These bibliographies will serve as mic? )y for further research on specific compounds
and will also indicate the degree . ¢ havativeness of search for data made in sny
given case.
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PHYSICAL PROPERTIES AND THERMODYNAMIC
FUNCTIONS OF FUELS, OXIDIZERS, AND
PRODUCTS OF COMBUSTION

H OXIDIZERS

ANTRODUCT 1ON

This report ia onse of a aeries of technical survey reports which liave been
preapared by Battelle Memorinl] Institute on a subcontract under Prime Contract
No.W33-038 ac-14105, Project RAND, between The RAND Corporation and the United
States Aar Forca.

This collection of the physical and thermodynamic properties of s diverse
variety of elements nnd compounds which mey be of interest as the oxidizers in
rocket propellant mixtures was compiled in the course of Ratrelle's exploratory
work [or Project RAND. In many instances, the deta were not reedily obtainable
byt were scattered throughout the physical ond chemical litersture. To make these
dote available to othera working in the rocket propulsion field, they are being
published as RAND reports.

This 3s Uhe second volume ot three reinted compendia of physical preperties
and thermodynamic functions of rockel and remiet propellant substances. The three
volumes src cntitled: I, Vuels; 1V, Oxadizers; and 111, Products of Combustion.

The information contained in this report was conpiled during the period Octoberl,
1947 to November 15, 1948,
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BORON TRIFLUORIDE

MOLECULAR FORMULA
BF,

MOLECULAR WEIGRT
67.82

Ref. International Atomic Werghts,
1947,

MELTING POQINT
Melting point = 144,46°%K
Ref. Eucken, A., and Schréder, E.,

Z. phystk, Chem., B, Vol.41
(1938}, pp.307-19,

BOILING POINT
Boiling point = 172.2K
This value critically selected from the literature,

Ref, K.K. Kelley, .8, Bu

VoS “

Bull.383 (1935)

-
v

£
0

DENSITY
Gas
Tempersture (°C) Density (gm/cc)
~-183 0.7365
~25.0 (G.6495
~91.8 0.6452
-87.6 0.6379
~83.4 0.6314
-88.5 0.6276
~78.3 0.6255
~17.17 0.6235

Ref. Biltz, Le Boucher, asd Fiucher.
Z. anorg. Chem., Vo,. 20"
(1932), p.67. 1

Y
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Liquid

d=1.58 gn/ml at =101°C
d= 1,68 gm/ml at =128°C

e i

Ref. Biltz, Le Boucher, and Fischer,

; 2. anorg, Chem., Vol.,207(1932),
; p.67.
1 Selid =
_ d=1.98 gm/cc at —188°C %
! Ref. Biltz, Le Boucher, and Fischer, I
Z. anorg. Chem., Vol.207 E
(1932), p.67. =
:
|
i E
VAPOR PRESSURE ]
Temperature (°C) Pressure (atm)

-12.25 49.0

-14.60 45.5

-20.12 38.5

-29.96 27.9

-35.00 23.8

-39.20 20.5

—49.25 13,8 .

Ref. Booth and Carter, J. Phys.
Chem., Vol.36(1932), pp.1359-63.

s Temperature (°K) Pressure (mm Hg) State
127.8 5.0 Selid
131.4 9.5 "
138.9 29.0 "
5 143 4 54.7 "
: 145.9 70.1 Liquid
158, 4 177.9 "
}53.2 355. 1 "
3 170.3 615.1 "
Y 173.1 760 (Extrapolated)
LY
} Ref. Pohland and Harlos, Z. anorg.
by Chem., Vo01.207 (1932), pp. H
N 242-45, :
S .
£ =
;




BORON THIFLUORIDE (Cont'd)

TRIPLE POINT
VISCOSIHY
SURFACE TENSION ) No information
COEFFICISNT OF THERMAL EXPANSION
COEFFICIENT OF THERMAL CONDUCTIVITY

DIPOLE MOMENWT
i = 0 debye
Bef. Linke and Rohrmann, Z. physik.

Chem., B, Vol,35 (1937), pp.
256-60.

HEAT OF FUSION
Allf = 480 cal/mole

This value selected from the literature by Kelley. Calcu-
lated from vapor«pressure data.

Ref. Kelley, U.S. Bur. Mines
Bull, 393 (1936).

HEAT OF VAPORIZATION

All, = 4.62 kcai/mole at 172.2°K

Ref. Kelley, U.S. Bur. Mines
Bull, 383 (1935).

HEAT OF FORMATION

3. _
[B]amorph + .5"2 - [SFa

AH® = 258.1 kcal/mole

Ref. von Wartenberg, Z. anorg. Chen.,
Vol,151 (1926), p.327.

HEAT OF COMBUSTION No infcimation

W IR . y
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CRITICAL DATA

te = =-12.25 & 0.03°C
P, = 49.2 £ 0.1 atm

Ref. Booth and Carter, J. Phys.
Chem.,Vol.36 (1932), pp.1359-63.

EQUAT1ON OF STATE
COMPRESSIBILITY

No information

HEAT CAPACITY OF GAS,C, AND C,

Temperature (°K) Cp (cal/mole deg)
298.16 12.063
300 12.094
350 12,981
400 13.764
450 14.454
500 15.059
600 16,046
700 16.792
800 17.358
900 17.792

1000 18,128

Above datas calculated on Basis of Raman
and infrared spectra,

Ref. Spencer, J. Chea. Phys., Vol.
14 (1946), pp.729-32.

i e ] (b gt ? ‘}b‘

RATIO OF SPECIFIC HEATS No information




BORON TRIFLUORIDE (Cont’'d)

HEAT CAPACITY OF LIQUID AND SOLID

Liquid

Temperature (°K)

Cp (cal/mole deg)

144.46
145
150
160
170
173

Selid

Ref.

Melting point
24,583
24. 64
24.84
25.05
25.10

Eucken and Schréder, Z. physik.
Chem., B, Vol.41 (1938),
pp.307-19,

Temp (*K) C,(cal/mole deg) Temp (°K) C,(cal/mole deg)

12 1.28
15 1.87
20 2.90
25 3.95
30 5.04
35 6.07
40 7.00
45 7.83
50 8.52
55 9.13

Ref.

60 9.67
70 10,53
80 11.28
90 12.03
100 12.76
110 13,53
120 14, 44
130 15. 58
140 16.76

Eucken and Schréder, Z. physik,
Chem., B, Vol.41 (1938),
pp.307-19.

FREE ENERGY OF FORMATION

No information

o . g




FREE-ENERGY FUNCTION

Temperature (°K)

=(F° = 1) /T (cal/mole deg)

298.16
300
350
400
45¢
500
600
700
800
900
1000

51,357
51. 414
52.892
54.230
55. 464
56.611
58.70
60. 58
62.29
63.85
65,31

Re{. Spencer, J. Chem. Phys., Vol,
14 (1946), pp.729.32.

HEAT-CONTENT FUNCTION

Temperature (°K)

298.16
300
350
400
450
500
600
700
800
900
1000

(H® = HY)/T (cai/mole deg)

9.338
9.355
9.811
10,287
10.686
11.094
11.841
12. 497
13.071
13.572
14.012

Ref. Spencer, J. Chem. Phys., Vol .14
(1946), pp.729-32,
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ENTROPY

Temperature (°K) SP (cal/mole deg)
296.16 60,695
300 60.770
350 62.702
400 64,408
450 66.150
500 67.704
600 70.54
700 73.07
800 75.36
900 77.42

1000 79.32

Ref. Spencer, J. Chem, Phys., Vol.14
(1946), pp.729-32.

BROMINE

MOLECULAR FORMULA

Brz

MOLECULAR WEIGHT

159,83

Ref, International Atomic Weights,
1947,

MELTING POINT

Melting point = =7,2°C

Ref. Weber, Bull. Bar. Standards,
Vol.9 (1913), p.131.

BOILING POINT
Boiling

point = 58,80°C at 760 mm Hg

Ref. Bouzat and Liluan, Compt. rend.,
Vol.178 (1924), p.6125.




il §

DENSITY £

Yapor No information §
4
Liquid £
i
Temperature (°C) Density (gm/cc) %
0 3.187% :
20 3.1199 £
! 25 3.1023 £
E 30 3.0848 :
|
i Ref. International Critical Tables, §
- Vol.3 (1928), p.20. i
Solid :
d = 4,107 gm/cc at —194°C 3

Ref. Landolt-Bdrnstein Physicalisch~
Chemische Tabellen, 3d Suppl.
(1935), p.282,

VAPOR PRESSURE é

Liquid z

Temperature (°C; Presaure (mm Hg) %

~5.05 50 :

+8.20 100 H

16.95 150 :

23.45 200 :

33.05 300

40.45 400 :

i 46.8 500 é
: 51.95 600 i
i 56.3 700 '
58.175 760 H
Bef. Ramsey and Young, J. Ches. Soc., i

) Vol.49 (1886), p.453. E
: 5
3 ¥
: 9 £
j ¥
3 E




BROMINE (Cont’d)

VAPOR PRESSURE (Cont'd)

Solid
Temp (°C) Press. (mm llg) ‘Temp (°C) Press. (mm Hg}
-05 0.0022 ~50 1.09
-90 0.0052 —4 5 1.83
-85 0.0117 =40 2.98
=80 0.0251 ~35 4,77
-175 0.0513 =30 7.45
=70 0.102 -25 11.4
~-65 0.192 -20 17.1
—60 0.357 —15 25.2
=55 0.628 -10 36.6
Ref. Internatienal Critical Tables,

Voi.3 (1928), p.201.

TRIPLE POINT

Temperature =

Ref

266°K

. Furth, Cambridge Phil. Soc.
Proc., Vol.37 (1941}, p.252.

VISCOSITY
Vapor

Temperatere (°C)

19
20
21
24
25
138
190
211
242
316
349
410
535
588

n X 107 (porscs)

Ref.

1526
1542
1535
1524
152
2007
2369
2500
2626
2999
3163
3476
4106
4300

Braune, Basch, ond Wentzel, Z.
phystk. Chea., A, Vol . 137
(1928), pp.176, 447,

10




Liquid

Temperature {°C)

-2.06
+7.0
13.
19.
27.
31.

- O

n X 10° (poises)

1287
1136
1056
995
925
901

Ref. Internationa: Criticaul Tables,
Yol.7 (1930}, p.212.

SURFACE TENSION

(Against air)

Temperature (°C)

! mmwwmij,‘v-u;.q.,,,-mm‘n‘.M',QMIMNMWIMIWHWW““ tn

0
20
50

Ref.

Y (dynes/cm)
45.0

4.5
36.2

International Critical Tables,
Vol.4 (1928}, p.447,

Temperature (°C)

0

S
10
15
20
25
30
35
40
45
50
55
60

COEFFICIENT OF THERMAL EXPANSION (LIQUID)

Volume Relationship

Ref.

100, 600
100,536
101,081
101,635
102,197
102,768
103, 347
103,934
104,529
105,132
105,742
106, 359
106, 983

Thorpe, J. Chen,
(1880}, p.141.

Soc., Vol.37

11
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BROMINE (Cont'd)

COEFFICIENT OF THERMAL CONDUCTIVITY No information

DIPOLE MOMENT

State  Temperature {°C) Debye  Reference
Liquid 1-18 0.40 {1)
Gos 19.7-138.8 0.00 (2)

Refs. (1) Anderson, Proc., Phys. Soc.,
Vol.40 (1920), p.62.

(2) Yufe, 2. Phystk, Vol.84
(1933), p.767.

HEAT OF FUSION

AH, = 2,585 cal/mole

Fief. Regnault, Ann. chim, et phys.
(3), Vol.26 (1849), p.278.

HEAT OF VAPORIZATION

Tomperature (°C)  AMH, (keal/mole) Raeference

10.0 1.47 (n
25.0 7.685 (2)
38 7,28 (3)
61.6 6.90 (4)

Refs. (1) Smits and Cannegieter, Z,
physik, Chem., A, Vol.168
(1934), p.391.

(2) Kelley, U.S. Bur. Mines
Bull, 383 (1935).

(3) Androews, Quart. J. Chen,
Soc. London, Vol,)} (1849),
p.27; Pogg. A4nn., Vol.75
(1848), p.501.

(4) Berthelot and Ogier, Ana.

chim, et phys., 5, Vol.30

- (1883), p.400; 5, Vol.30
(18683), p.411.
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HEAT OF FORMATION
Liquid

Al

.1 = 0, by definitioa

HEAT OF COMBUSTION

No information

CRITICAL DATA

t, = 3102,2°C
d, = 1,18 gm/ml
Ref. Nadejdine, Kirever Univ. Unters,,

Vol.6 (1885), p.32; Veol.,9
{1885), p.1721.

EQUATION OF STATE

No information

COMPRESSIBILITY

Temperature (°C)

- l Vl - VQ
Be = v, ' F,—7,

Precsure Hange (atm) f x 10°

20
20
20
20
20

0100 63.5
100¢-200 58.4
200-300 54.6
300-400 52.1
400 - 500 49,9

Redi. Landolt-B8mswein Physicalisch-
Chemische Tabellen, Vol,1}
{(1923), p.95S.

B i b AL oA R it . DNl WO IR a2 AT Kl i e 0Nt MR OO R0 R B 1 i
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BROMINE (Comnt'd)

HEAT CAPACITY OF VAPOR, q, AND C,

Temyp Cp Temp C

(°K) {cal/mole deg) (°K) (cal/moqe deg)
200 8.272 850 £,989
250 8.486 900 9.001
298, 1 8.618 950 9,011
300 8.622 1000 9.022
350 8.713 1050 9.031
400 B.777 1100 9.04}
450 8.824 1150 9.050
500 8.859 1200 9,049
550 8.888 1250 9.068
600 8.911 1300 9,077
650 8,931 140¢ 9.094
700 8.948 1500 9.113
750 8.963 1600 9.132
800 8.9717

Ref. Gordon and Barnes, J. Chen.
Phys., Vol.1l (1933), p.692.

RATIO OF SPECIFIC HEATS

c
?ﬁ = 1.32 at 0.3 to 1.5 atm and 20 to 350°C
‘v

Ref, International Critical Tables,
Vol.5 (1929), p.80,

HEAT CAPACITY OF LIQUID AND SOLID No information

FREE ENERGY OF FORMATION

Gas
AF)y, | = =754 cal/mole
Liquid
AFSs , = 0, by definition

Ref. Kelley, U.S. Bur, Mines Bull,
383 (1935).

L4
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FREE-ENERGY FUNCTION

Tempersture (°K)

300
250
298.1
300
350
400
450
500
550
600
650
700
150
800
850
900
950
1000
1050
1100
1150
1200
1250
1300
1400

YEND
P RviY

1600

~(F° ~ EJ)/T (cal/mole decg)

47.822
47.509
50,868
50,918
$2.130
53.196
54, 146
55.006
55.789
56.509
5T.176
57.797
58.377
58.922
59,437
59.923
60.384
60,823
61.242
61.643
62.026
62,394
62.747
63,087
63.732
04.334

64.898

Ref. Gordon and Barunes, J.Chen,

Phys., Vol.1(1933), pp.692-95.

F
=
ES

AL Y AR i1

=
s

HEAT - CONTENT FUNCTION

Temperature (°K)

298.16
300
400
500
600
700
800
900

(H° = HJ)/T (cal/mole deg)

796
801
028
186
303
392
462
. 5290

DD

15
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BROMINE (Cont'd)

HEAT-CONTENT FUNCTION (Cont’d)

Temperature (°K) (H° = H2) /T (cal/mole deg)
1000 8.568
1100 8.609
1200 8.644
1300 8.675
1400 8.703
1500 8.728

Ref. Selccted Values of Chemical
Thermodynamic Properties, Nat,
Bur. Standards, June 30, 1948.

ENTROPY
Temperature {°K) Sy (cal/mole deg)
200 55.291
250 57.162
298.1 58,667
300 58.722
350 60.058
400 61.226
450 62.263
500 63.194
550 64,040
600 64.814
650 65,528
700 66.191
750 $6.809
800 67.388
850 67.932
900 68.446
950 68.933
1000 69, 396
1050 69.836
1100 70.257
1150 70,659
1200 71.044
1250 71.414
1300 71.770
1400 72.443
1500 73.071
1600 73.660

Ref. Gerdon and Barnes, J. Chen,
Phys., Vol.1 (1933), pp.692-95.

16




BROMINE TRIFLUORIDE

MOLECULAR FORMULA
BTF3

MOLECULAR WEIGHT
136,92

Ref. International Atomic Weights,
1947.

MELTING POINT

Melting point = 8,8°C ) g
f Ref. Ruff, Angew. Chem., Vol.46 :
: (1933), p.739, g

* BOILING POINT
% Boiling point = 127.0°C -
% Ref. Ruff, Angew. Chem., Vol.46 f
i (1932), p.739. £
:
DENSITY :
Vapor No information =

3 Liquid

} d= 2,843 gm/cc at 8.8°C %
{ = 2,51 gm/cc at 127.0°C g
Solad g

d= 3,23 gmn/cc at 8.8°C

Ref. Ruff, Angew. Chem., Vol.,46
(1933), p.739.

17




BROMINE TRIFLUORIDE (Cont'd)

VAPOR PRESSURE

Temperature (°C) Pressure (mm Hg) State
=5 , 1.2 Solid
0 1.8 "
S 2.6 "
10 3.8 Liquid
20 7.4 "
30 13.7 "
40 23.8 "
60 63.0 "
80 736.0 "
127 760(Extrapolated) Boiling
point
Ref. Ruff and Braida, Anorg, Chex.,
Vol.214 (1933), p.91.
TRIPLE POINT )
VISCOSITY
SURFACE TENSION
COEFFICIENT OF THERMAL EXPANSION  No information

COEFFICIENT OF THERMAL CONDUCTIVITY
DIPOLE MOMENT
HEAT OF FUSION

]

HEAT OF VAPORIZATION

AH, = approx 10,0 kcal/mole

(4

Ref. Ruff and Braida, 2, Anorg.
Chem., Vo0l.206 (1932), p.63.

HEAT OF FORMATION
HEAT OI" COMBUSTION

No information

CRITICAL DATA

t. = approx 327°C

Ref. Ruff and Braida, Z. Anorg.

Chem., Vol.206 (1932), p.63.

18
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EQUATION OF STATE

COMPRESSIBILITY \
HEAT CAPACITY OF GAS, C% AND C
RATIO OF SPECIFIC HEA\TS

NEAT CAPACITY OF LIQUID AND SOLID ) No information

FREE ENERGY OF FOHRMATION
FREE-ENERGY FUNCTION

HEAT-CONTENT FUNCTION

ENTROPY './

o I LG B o

|
. { ;
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CHLORINE
MOLECULAR FORMULA
cl,
MOLECULAR WEIGHT
70.914

Ref, International Atomic Weights,

1947,

i«

M

)

i

I
[

MELTING POINT

Melting point = ~100,98°C

Ref. Giauque and Powell, J, A4m.
Chem. Soc.,

p.1970.

Vol.61 (1939),

BOILING POINT

Boiling point = =34, 05°C

Ref. Giauque and Powell, J. Am.
Chem. Soc.,

p.1970.

U P R SO 1 | A

Vol.61 (1939),
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CHLORINE (Cont'd)

DENSITY
Liquid and Gas (Saturated)

Temperature (°C)

Density (gm/ml)
Liquid Gas

-100 1,717 -~
=90 1.694 =
~80 1.673 -
=70 1.646 =
-60 1.622 -
=50 1.598 -
~40 1.574 -
=30 1.550 -
=20 1.524 -
-10 1.496 -
0 1.4678 0,0128
+10 1.438 0.0175
20 1.408 0.0226
30 1,377 0.0300
40 1,344 0.0384
50 1.310 0.0486
60 1.275 0.0600
70 1.240 0,0740
£0 1.199 0.0910
90 1.156 0.1125
100 1.109 0,1360
110 1.059 0.1640
120 0.998 0. 206
130 0.920 0. 258
140 0.750 0.4035
144.0 0.573 0,573 (Critical Point)
Ref. Pellaton, J. chim. et phys.,
Vol.13 (1915), p.426.
Solid No information

VAPOR PRESSURE
Liquid

Temperature (°C)

~100.98
-97.66
-92.72
~87.64

Pressure (mm Hg)

10. 44
14,07
21.568
32.50

20



Liquid (Cent'd) :
Temperature (°C) Pressure (mm Hg)
-82.59 47,74
-77.59 68.31
-72.67 95.07
-67,.86 129.49
-63.10 172.74
-57.92 232.51
=53.19 301.24
—~48,00 393.95
—-43.14 500. 42
=38.12 632.73
-33.05 793.85
Ref. Giauque and Powell, J. Am. ff_%
Chem. Soc., Vol.61 (1939), =
p.1970. =
Solid No information %
TRIPLE POINT
Temperature = =100.98°C %
Pressure = 10.44 wmm Hg -
Ref. Giauque and Powell, J. An. <
Chem. Soc., Vel 61 (1020} =
p.1970. =
VISCOSITY F
Gas i
Temperature (°C) 7 X 107 (poises) i;
20 1321 z
50 1469
100 1679 %
150 1875 1
200 2085 =
250 2276 §
Ref. Trautz and Ruf, Ann, Physik, (5), gf
Vol.20 (1934), p.127. =
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CHLORINE (Cont'd)

M 1 eantarth

YISCOSITY (Cont'’d)
Gas (Cont’d)

Temperature (°C)

15.
225.
297.
307.
333.
402,
419,
174,
498,

W~ e D D

Liquid

Temparature (°C)

-16.5
-74.0

X 10?7 (poises)

1294
21921
2480
2539
2626
2870
2948
3143 :
3209 !

I T RPN

Ref. Braune and Linke, Z. phystk.
Chem., A, Vol.148 {(1930), 3
p.195.

7 (poises)

0.00729
0.00710
0.00680
0.00646
0.00610
0.00569
0.00530
0.00489

L AR s e

Ref. Steacie and Johason, J. Aa
Chem., Soc., Vol.47 (1925),
p. 754,

SURFACE TENSION

Temperature (°C)

=72
-34.5

y_fdynes/cm) Rcferegsz
33.65 (1)
27 (2)
Refs.(1) Grunmach, Drud. Ann., Vol.4
(1901}, p.374.

(2) International Critical
Tables, Vol.1, p.103.
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(In equilibrium with saturated vapor)

Temperature (°C) y (dynes/cm)
0.0 21.90
0.7 21,60

11.0 19.85
12.0 19.69
12.7 19.47
17.3 18,56
19,1 18.40
19. 4 18.27
28.0 16.99
50.0 12.39

Ref. Marchand, J. chim, phys.,

Vol. 1} (1913), pp.373-76,

COEFFICIENT OF THERMAL EXPANSION

Gos

Change in volume per unit volume por °C = 0,003830 be-
tween 0°-100°C ot 760 mm Hg

Re f. Hodgman, Handbook of Chemistry

and Physics, 1947, p.1754,

Liquid
Temperature (°C) __a
-50 . 0.00151
-25 0.00162
-0 0.00187
+25 0.00219
50 0.00259
75 0.00314
100 0.00430
Ref. Lange, Z. angew. Chem., Vol,13
{1900), p.683,
COEFFICIENT OF THERMAL CONDUCTIVITY No information
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CHLORINE (Conv'd)

DIPOLE MOMENT
= 0,23 debye, for the gos

Ref. Zakvgzeowaki and Doborzynaki,
Bull. tntern. acad, polon. scu.,
A, 1930, p,300.

HEAT OF FUSION

5 AH{ = 1531 1 ! enl/mole ot =100.98°C
] Ref. Giaugue and Powell, J. Anm.
] Chem. Soc¢.,, Vol,61 (1939),

p.1970.

HEAT OF VAPORIZATION
Ail, = 4878 1 4 cal/mole ot 34,05°C and 760 mm Hy

HREELLRALCN LSILE U AR R R 1

- Ref. Giauque and Powell, J. 4an,
. Chem. Soe., Yol.61 (1919),
p.1970,

HEAT OF FORMATION
Allg

298.1 = 0, by definition

HEAT OF COMBUSTION No information

CRITICAL DATA

t. = 143.9°C

= 16 aum

. 0.573 gm/cc

Ref. Pickering, J. Phys. Chen.,
Vol.28 (1924), p.97.

o~
=
)
¥

il

GALUNY |

EQUATION OF STATE

nla
P+ =)y = nb) = nRT
t:?
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where
P = preasure, atm
V = volume, liters/mole
Row 0,.08207 liter atm/mole deg -
T = vemp, °K
n = number of moles
a= 6,493 liter? atm/mole?
b =0,05622 liter/mole
Ref, Lange, flandbook of Chemistry,
1946, p.1473.
COMPRESSIRILYTY
Temperature (°C) Pressure Range{atm) Bx 10

20 10.1Q0 118

20 100.200 110

20 200300 102

20 300-400 90. 17

20 400-500 84.5

Ref, Luondolt-Bérnstein, Phystkalisch-

Chemische Tabellen, Vol.l
(1923}, p.95.
HEAT CAPACITY OF GAS, Cp, AND C,

Temp R 4 Temp Cp

{ K} {cal/mole deg) {°K) {cai/mole deg)

100 6.998 §00 8.847

150 7.232 873 8.879

200 7.575 913 8.915

243 7.827 1073 8.94)

270 7.978 1173 8.964

273.1 7.987 1200 8,969

318 8.176 1273 8.984

3713 8.352 1373 9.004

391 8.400 1473 9.019

452 8.526 1600 9,040

473 8.564 1673 9,051

573 B.685 176% 9.060

613 8.770 1892 9.068

7173 8.823 2000 9.071

Ref. Trautz and Ader, Z. Physik, Vo).89
(1934), p.15.
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CHLORINE (Cont'd)

HEAT CAPACITY OF GAS, €, AND C, (Cont'd)

Temperature (°K)

C,{(cal/mole deg)

273 5.97
373 6.32
473 6.53
573 6.65
800 6.79
1200 6.9
1600 6.9
2600 7.0
2400 7.0
2800 7.0
Ref. Nernst

Physik.,

snd Wohl,

tech.

Vol.10 (1929), p.608.

RATIO OF SFECIFIC HEATS

Can be calculated from data ebove

HEAT CAPACITY OF LIQUID AND SOLID

Temp G Temp c
(°K)* (cal/mole deg) (°K)* (cal/mo{e deg)
14.05 0.810 102.92 10.22
15.21 0.916 108. 06 10.38
17.40 1.331 112.99 10.57
19.81 1.842 118.15 10.81
22.93 2.467 123.53 11.00
26.37 3.192 128.67 11.24
29.88 3.946 134, 06 11.47
33.94 4,804 136.67 11.72
37.68 5.421 145.19 11.92
42.37 6.018 150.39 12.24
47.14 6.675 155.45 i2.41
58.59 7.879 160,31 12.69
65.42 8.382 164.99 12.63
70.50 8.720 172.12 Melting Paint
75.25 8.973 178.9¢ 16.01
79.71 9.201 183.75 16.G2
84.06 9.427 188,49 15.99
88.66 9.626 i93.21 15.99
93.47 $.827 194.08 15.65%
98.06 10,03 201.50 15.94




e

gkl

Temp Cp Temp Cp

{°K)* {cal/mole deg) (%K) (cal/mole deg)
208.63 15.92 229.73 15.79
215.90 15.85 236.17 15.73
222,82 15,81 239.95 Boiling Point

*0°C = 273.10°K
Ref. Giaugque and Powell, J. Am,
Chem. Sac., Yol.61 (1939),
p.1970.

FREE ENERGY OF FORMATION
Gas

AFPye .y = 0, by definition

FREE-ENERGY FUNCTIGN

(Cl, equilibrium mixture)

Ref. Giaugque and Overstreet, J. Am,
Soc., Vol.54 (1932), p.1731.

Temp ~(F¢ - &)/T Temp ~(F° - ES)/T
(°K) (cal/mole deg) (°K) (cal/mole deg)
250 44.666 1200 56.979 -
; 298. 1 45.951 1250 57.324 £
: 300 45,957 1300 57.656 :
; 350 47.141 1400 56.286 :
409 48,148 150¢ 58.876 E
450 49,949 1600 59.430 i
500 49.865 1700 59.952 :
550 50.611 1800 60. 446
600 51.298 1900 60.916 :
650 51.936 2000 61.363
700 52.531 2100 61.789
750 53.089 2200 62.196
£ 800 53.614 2300 62. 587 :
g 850 54.110 2400 62.962 H
EH 900 54. 580 2500 63.324 :
J 950 55,027 2600 63.672 z
1000 55.453 2700 64.009 :
1050 55.859 2800 64.334 £
: 1100 56.248 2900 64.649 :
: 1150 56.621 3000 64.956 :
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CHLORINE (Cont'd}

HEAT- CONTENT FUNCTION

Temperature

(°K)

298.16
300
400
500
600
700
800
990
1000
1100
1260
1300
1400
1500

(he - u2y/7
(cal/mole deg)

7.358
7.363
7.596
7.784
. 935
.057
.156
.238
. 309
.370
. 423
. 469
. 510
. 548

O ® OO DD

Ref. Selected Values of Chemical
Thermodynamic Properties, Nat,
Bur. Standards, June 30, 1948,

ENTROPY

Temperature (°K)

$%{cal/mole deg)

298.16
300
400
500
600
700
800
900
1600
1100
1200
1300
1400
1500

53.286
5%. 336
55.720
57.625
59.207
60,562
61.744
62.792
63.735
64,590
65.375
66.096
66,767
67,393
Ref. Selected Values of Chemical
Thermodynamic Properties, Nat.
Bur. Standards, June 30, 1948,
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CHLORINE TRIFLUORIDE

MOLECULAR FORMULA

CIF

MOLECULAR WE1GHT

92,46

Ref. International Atomic Weights,
1947,

MELTING POINT

e iting point = -82.6°C

Ref. Ruff, Angew, Chem., Vol.46
(1933), p.739.

BOILING POINT

Boiling point = 12.1°C

Ref. Ruff, Angew. Chem., Vel.46
(1933), p.739.

DENSITY

Vapor

Temperature (°K) Pressure (mm lg) Density (gm/m})

294.1
286.0

Liquid

Solid

758.1 0.003585
494.2 0.002437

Ref. Ruff and Krug, Z. anorg.Chen,,
Vol.190 (1930), p.270.

d =1.77 gm/ml at 12.1°C

Ref. Ruff, Angew. Chem., Vol.46
(1933), p.739.

No information
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CHLORINE TRIFLUORIDE (Cont'd)

VAPOR PRESSURE

Temperature (°C) Pressure (mm Hg)
-71.9 10
0 495
11.3* 760

*This value later determined by Ruff, Angey,
Chem., Vol.46 (1933), p.739, to be 12.1°C.

Ref. Ruff and Krug, Z. cnorg.Chen.,
Vol.190 (1930), p.270.

TRIPLE POINT

VISCOSITY

SURFACE TENSION

COEFFICIENT OF THERMAL EXPANSION No information
COEFFICIENT OF THERMAL CONDUCTIVITY

DIPOLE MOMENT

HEAT OF FUSION

HEAT OF VAPORIZATION
AH, = 5900 cal/mole at 760 mm Hg

Ref. Ruff and Braida, Z. anorg.Chenm.,
Vol.214 (1933), p.91.

HEAT OF FORMATION
HEAT OF COMBUSTION

No information

CRITICAL DATA
te = 153.5°% (calculated)

Bef. Ruff and Krug, Z. anorg. Chem. |
Vol.190 (1930}, p.270.
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EQUATION OF STATE \\
COMPRESSIBILITY

HEAT CAPACITY OF GAS, C, AND G,
RATIO OF SPECIFIC HEATS

HEAT CAPACITY OF LIQUID AND SOLID )} No information
FREE ENERGY OF FORMATION
FREE.ENERGY FUNCTION
HEAT-CONTENT FUNCTION //
ENTROPY

FLUORINE

MOLECULAR FORMULA

MOLECULAR WEIGHT
38.00

Ref. International Atomic Feights,
1947.

MELTING POINT
Mzlting point = 217.9°C

Rei. Kanda, Bull. Chem. Soc. Japan,
Vol.12 (1937), p.S11.

BOILING POINT
Boiling peint = —~187.95 £ 0.1°C at 760 mm Hg

Ref. Claussen, J. An. Chem. Soc,
Vol.56 (1934), p.614.
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FLUORINE (Cont’d)

d=1,3at=-204.1°C

DENSITY
Gas

d = 1,695 gm/litersat 0°C and 760 mm Hg
. Ref. International Critical Tables,
N Vol.1 (1927), p.102.
§ Liquid
% Temperature (°C) Density (gm/cc)
H -200 1.14
2 -187 1.108
ér Ref. Moissan and Dewar, Bull. soc,
z chim, (3), Vol,17 (1897), p.931.
: Solid

Ref. International Critical Tables,
Vol.l (1926), p.104.

[T

VAPOR DPRESSURE

Z Temperature (°K) Pressure (mm Hg)
H 59. 60 10,1
= 63.61 26. 3
= 65.00 35.5
- 66.70 65.2
= 69.99 92.05
- 72.85 143.35
75.01 209. 1
Z 77,51 289.5
2 79,35 381.5
¥ 19.98 102,35
83.43 608, 1
84.52 712.7
z 85.00 740.1
- 86.21 845.2

Ref. Kanda, Bull. Chea. Soc. Japan,
Vol.12 (1937}, p.416.
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TRIPLE POINT No information

AWy w e MRS N R S I A TR T T

VISCOSITY .
Gas %
Temperature (°K) Pressure (mm Hg) 1 X 10% (poises) ?
273.2 763 2093 E
248.9 763 1727 =
229.6 763 1611 =
213.1 165 1492 =
192.3 165 1379 3
167.9 165 1201 £
148.8 758 1080 =
118.9 158 875 z
86.8 758 559

Ref, Kanda, Bull. Chem. Soc. Japan,
Vol.12 (1937), p.463.

gl

Liquid No information

SURFACE TENSION

Temperature (°K) Y (dynes/cm) -
61.41 13.85 =
65. 30 13.17 -
71,00 12,20 H
81.50 10. 41 %

Ref, Kanda, J. Chem. Soc, Japan,
Vol.58 (1937), p.706.

COEFFICIENT OF THERMAL EXPANSION
COEFFICIENT OF THERMAL CONDUCTIVITY No information
DIPOLE MOMENT

o b 1

v i

HEAT OF FUSION

bR VAR O L0 8 O IO S s DO S0 O LS 0 01 S
il

AHp = 372 cal/mole av 55.2°%K

Ref. Kanda, Bull. Chem. Soc. Japan,
Vol.12 (1937), p.463,
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FLUOHRINE (Cont' )

HEAT OF VAPORIZATION
OH, = 1560 cal/mole at =187.95°C

Ref, Claussen, J. Am, Chen. Soc.,
Vol.56 (1934), p.614,

ol W] e

HEAT OF FORMATION

AHS9s. 3 =0 for the gas

HEAT OF COMBUSTION No information

CRITICAL DATA
te = 144°K
§ Pe = 55 atm

Ref, Cadyand Hildebrand, J. Am. Chenm,
Soc., Vol.52 (1930), p.3842.

EQUATION OF STATE

St ol 1y

(P + %%F)(v ~ nb) = nRT

where

pressure, atm

= volume, liters/mole

0.08207 liter atm/mole deg
temp., °K

fi

- D < '
|

4

number of moles
1.1793 liter? atm/mole?
= 0,02608 liter/mole

Ao e
-~
It

]

0.
|

RN

Ref. Dodge, Chemical Engineering
Thermodynamics (1944), p.662,

COMPRESSIBILITY No information

34




LATE T

;
3
?
i
2
3
3
e
]
%
E3
i
2
2
3
E
E
E#
=

HEAT CAPACITY OF LAS, G, AND G,

Temperature (°K) Cp (cal/mole dog)
298.1 7.522
300 T7.530
400 1.912
500 8.18¢6
600 8.373
800 8.5%

1000 8.710
1200 8.1
1400 8.819
1600 8.647
1800 8,866
2600 8.880

Ref. Murphy and Vance, J. Ghen,
Physics, Vol.7 (1939), p.0806.

Cy = 5.535 cal/mole at 298.1°%K

Ref. Landau and Rosen, Manhatten
District Declassified Report
No.154,1-b, U.S, Avomic Energy
Comm., Oak Ridge, Tennessee,
1946.

RAT10 OF SPECIFIC HEATS

CP
= = 1.360 v 298.1°K
L

Ref. Landau and Rosen, Manhattvan
District Declassified Report
No.154, 1-b, U.S5. Acvomic Energy
Comm,, Oak Ridge, Tennessee,
19456,

HEAT CAPACITY OF LIQUID AND SOLID No information

FREE ENERGY OF FORMATION

Gas

MK gy = 0, by definition
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FLUORINE (Cont®d)

FREE -ENERGY FUNCTION

Temperature —(F® ~ VT
(°K) {cal/mole dag)
298.1 41.488
300 41,533
400 43,594
500 43,230
600 46,594
800 48, 842

1000 50.561
1200 52.024
1400 53.281
1600 §54. 300
1800 55.354
2000 56,243

Ref. Murphy and Vance, J. Chenm|
Phystics, Vol,? (1939), p.80G.

HEAT~- CONTENT FUNCTION
May be calculated from the following data:
198, = HS = 2111 cal/mole deg

Tgmp e - "ggRJ Tomp H® — Ho,. .

{ “K) (cal/mole deg) (°K) (cal/mole deg)
208.1 0 3200 25,342
400 186 3400 27,126
600 2,416 3600 28,906
800 4,112 3800 30,694
1000 5,843 4000 32,481
1200 7,59 4200 34,265
1400 9,352 4400 36,046
1600 11,114 4600 37,8358
1800 12,886 4800 39,620
2000 14,6061 5000 41,409
2200 16,4440 5200 43,197
2400 18,215 5400 44,983
2600 19,994 $600 46,765
2800 21,776 5300 48,552
3000 23,5060 6000 50,341

Ref. Goodrich, Sachsel,

and Mantis,

Unpublished Calculations,
Buttelle Memorial Institure,

1947,

3o
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% ENTROPY .
32 Temp R Temp S¢
H ( °K) (cnl/mole deg) { °K) (cal/mole deg)
% 298.1 48,576 1000 58.580 =
2 300 48,623 1200 60.11¢ =
i 400 50. 844 1400 61.476 -
i 500 §2. 642 1600 62.659 =
3 000 S4.141 1800 63,694 =
i 800 56.594 2000 64,637
ftef. Murphy and Vance, J. Chen. %%
Physics, Vol.7 (1939), p.806. =
Temp S¢ Temp S¢ %f
( "K) (cal/mole dog) (°K) (cal/mole deg) —
2200 65.483 4200 71,245 =
2400 06.253 44006 71.65%
2600 66,965 4600 12.057 —
2800 67.625 4800 72.439 _
3000 68,242 5000 72.801
3200 68.817 5200 13,154
3400 69.358 5400 73.489
3600 69.8685 5600 73.818
3800 70,350 5800 14.126
4600 70.813 6000 74.430
Ref. Goodrich, Sachsel, andMantis,
Unpublished Calculations,
Battelle Memorial Institute,
1947.

HYDROGEN PEROXIDE

MOLECULAR FORMULA
1,0,

MOLECULAR WEIGHT

St Lk A AL ) o

34,016

Ref. International Atomic Werghts,
1947,

37
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JROGEN PEROXIPE (Cont' d)

MELTING POINT
Melting point = —0,89°C
Ref. Cuthbertson Matheson, and

Maass, J. Am, Chem. Soc., Vol.50
(1928), pp.1120-21.

BOILING POINT
Boiling point 1350,5°C

Ref. Giguere and Maass, Can., J.
Research, Vol.18, B(1940),

p.181.
DENSITY
Vapor No information
Liquid
;emperature (°C) Density (gm/cc)
~12.13 1.4774
~9.80 1.4751
~B.34 1.4733
—-6.23 1. 4705
~2.85 1.4674
-0.53 1,4638
+0.10 1.4633
1.20 1.4617
3.00 1.4597
5.565 1.4570
8.30 1.4541
12.60 1.4490
15.30 1. 4465
14,90 1.4419
Ref. Maass and Hatcher, J. Am. Chen.
Soc., Vol.42 (1926}, pp.2548-69.
Soliil
Temperature (°0) Density (gm/cc)
»'4:45 ].6434
~T.45 1.6437

Bef. Maass and Hatcher, J. Am. Chea.

X

Soc., Yol.42 (19209, pp.2548-69,
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VAPOR PRESSURE

Temperature (°C)

Pressure (mm Hg)

20
25
30
35
40
45
50
55
60
65
70
75
80
85
30

1.5

Ref. Maass and Hiebert, J. Am.Chen.
Soc.,Vol.46 (1924),pp.2693-2700,

TRIPLE POINT

No information

Temperature (°C)

No information

N (poise. -

VISCOSITY
Vapor
Liguid
0.
11,
12.
19,

04 0.0i828
o0 0.0145¢6
20 0.01447
60 0.01272

Ref. Maass and Hatcher, J. Am, Chen.
Soc., Vol.42 (1920), pp-2548-69.

SURFACE TENSTION

Temperature {°C;

Y (dynes/em)

G.
6.
11.
13.
18.

< 78.73
2 771.79
0 77.51
9 76.47
2 75.94

Ref. Maass and Retcher, J. 4m, Chem.
Soc., Vol.42 11920}, pp.2548-69.
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UYDROGEN PEROXIDE (Cont'd)

COEFFICIENT OF THERMAL »XPANSION

Change in liquid density per degree temperature change
(°C) = 0.001075 (Range, =10° to 20°C)

Ref. Maass and Hatcher, J. Am.Chenm.
Soc., Vel.42 (1920}, pp.2548-69.

Bl )
»”

COEFFICIENT OF THERMAL CONDUCTIVITY No information

DIPOLE MOMENT
i = 2.1 debye

Ref. Linton and Maass, Can. J
Researzh, Vol.7 (1932), p.81.

% HEAT OF FUSION

AHy = 74. cal/gm
Ref. Maass and Hatcher, J. Am. Chenm
Soc., Vol.42 (1920}, pp.2548-69

: HEAT OF VAPORTZATION
- LM, = 326 col/gm

i

- Ref. Maass and Hatcher, J. Am. Chem.
I Soc., Vol.42 (1920}, pp.2546-69.

HEAT OF FORMATICN
Hy + 02 = H;02(1)
Al = 45,320 cal/mole
Ref. Landelt-Bdrnstein, Physikalisch-

Chemische Tabellen, 11 (1923),
s p.1490.

HEAT OF COMBUSTION No information
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CRITICAL DATA
te = 459.°C

Ref. Maass and Hiebert, J. Am. Chem,
Soc.,Vol.46 (1924), pp.2693-2700.

EQUATION OF STATE
COMPRESSIBILITY

HEAT CAPACITY OF GAS, G, AND G,
RATIO OF SPECIFIC HEATS

No information

HEAT CAPACITY OF LIQUID AND SOLID
Cp = 0.579 cal/gm at 0 to 18.5°C * 4%

Ref. Maass and Hatcher, J. Am. Chen.
Soc., Vol,42 (1920), pp.2548-69.

Cp = 0.470 cal/gm at —9,0°C to melting point % 4%

Ref. M.ass and Hatcher, J. 4m. Chen.
Soc., Vol.42 (1920), pp.2548-69.

FREE ENERGY OF FORMATION

State Fy;4 (cal/mole)
Gas -24,730
Liqguid -~28.230
Solad --27, 980

Ref. Lewis and Randall, Thermody-
namics and the Frez Energy of
Chemical Substances, lst ed.,
1923, ».495.

{REE-ENERGY FUNCTION
HEAT-CONTENT FUNCTION } No information
ENTROPY




NITRIC ACID

MOLECULAR FORMULA
HNO,

MOLECULAR WEIGHT
63.016

Ref. International Atomic Weighis,
1947.

MELTING POINT
Melting point = —41.59°C
Ref, Forsythe and Giauque, J. 4nm,

Chem. Soc., Vol.64 (1942),
pp.48-61; Vol.65(1943), p.2479,

BOILING POINT
Boilirg point = 86.°C at 760 mm Hg
Re®. Landolt-B8rnatein, Phystikalisch-

Jh-mische Tabellen, Vol.2
(1923), p.1477.

DENSITY
Vapor (Air = 1)
Temperature (°C) Specific Gravity

86 2.05
100 2.02
130 1.92
160 i.79
190 1.59
220 1.42
250 1.29
256 1.25
265 1.24
312 1.23

The acid decomposes with temperature according
to the equation 41NC,= 4NO, + 2H,0 + 0, un-
til decomposition is complete at 256°C,

Rei., Carius, Ber., Voi.4 {1871),
p.828.

|
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Liguid
Temperature (°C) Density (gm/cc)

0 1.5472

12.5 1.5245

25 1.5018

Ref. Kloemenc and Rupp, Z. anorg.
Chen., Vol.194 (1930), p.S51.

Solid

d = 1.883 gm/ec at ~195°C

Ref. Biltz end Hdlsmann, Z. anorg.
¢, allgem, Chem., Vol,207
(1932), p.371.

VAPCR PRESSURE

Temperature (°C) Pressure (mm Hg) fleferences
¢ 14.7 (1)
5 20.1 "

10 27.1 "
15 36.2 "
25 48.0 "
25 61.0 (2)
20 7.4 "
35 102, (3)
40 133. "
45 170. "
50 216 "
55 262, Y
60 320. ”
65 385, "
70 460 "
75 540 "
80 625 "
85 720 "
20 820 "

Refs.()) Wilson and Miles, Trens.
Ffaraday. Soc., VYVol.36
(1940), p.356.

{2) Berl and Sacngey, Monatsh.,
Vols.53-54 (1929), p.1036,

{3} Taylor, Ind. Eng. Chru.,

Vel.17 {1925), p.633, i
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NETRYC ACID (Cono'd)

THYPLE POINT No informaciun
VISCOSITY
Vapor No informstion
Liquid
Tempersture (°C) M (poises)
10 0.0107
20 0.060913
40 0.00698

Ref. Binghum and Stone, J. Phys.
Chiem,, Vol.27 {1923), p.T701,

SURFACE TENSION (99.8% HLNO;)

Temperature (°C) y (dynes/cm)
11.6 42,17
46.2 37.2
78.2 32.6

Ref, International Critical Tab les,
Vol.4 (1928), p.464.

-y

COEFFICIENT OF THERMAL EXPANSION

Temperature Range (°C) a
4-14.2 0.001274
14.2.24.2 0.001240

Ref. Mellor, A Conprehensive Treatise
on lnorganic and Theoretrcal
Chemistry, Vol.8, p.566.

COEFFICIENT OF THERMAL CONDUCTIVITY

. No information
DIPOLE MOMENT

HEAT OF FUSION
ﬁHf = 2503 1 2 cal/mole at —41.59°C

Ref. Forsythe and Giauque, J. An.
Chem. Soc., Vol.64 (1942),
1 pp.48-51: Vol.65{1%943}, p.2479
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HEAT OF VAPORIZATION
A, = 7,25 kcol/mole at 86°C
Ref, Landolt~Bdrnstein, Physikalisch-

Chemvsche Tabellen, Vol,2
(1923), p.1477.

S R T A THEW

HEAT OF FORMATION

! Hi‘yi‘{i!l“l“h [IE8

Vapor

AfggaJ = =319% cal/mole

1| }UJw”;«!\.‘ lj\La}:\} [N

Liquid

% AHS o = ~41,349 cal/mole

Ref, Forsythe and Giauque, J. Am,
Chem. Soc., Vol.64 (1942),
pp.48-61; Vol .65 (1943), p.2479.|

HEAT OF comBusTION |

: CRITICAL iATA f

No information
EGUATICN OF STATE

Z COMPRESSIBILITY

HEAT CAPACITY OF GAS, C, ANU C,
Cp = 6.57 + 18.75 X 1077 T (from 275%-500°K)
{Equation derived from heat-content data of Forsythe aud
Giauque, J. Am. Chem. Soc., Vol.64 (1942), pp.48-61;
Vol.65 (1942), p.2479.)

Ref. Egan, Ind. Eng. Chem., Vol.37
: (1945), p.303.

RATIO OF SPECITIC HEAT No infoeimation

0 e o) Nt

Nt s s

[
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NITRIC ACID (Cont'd)

HEAT CAPACITY OF LIQUID AND SOLID

Liquid (data from smoothed experimental curve)

Temperature (%K) Cp(cal/mole deg!
240 26.70
250 26.65
260 , 26. 59
270 26.51
280 26.42
290 26.33
300 26,24

Ref. Forsythe and Giauque, J. Am.
Chem. Soec., Vol.64 (1942),
pp.48-61; Vol.65(1943), p.2479,

Solid (data {rom smoothed experimental curve)

Temp Cp Temp Co
(°K) (col/mole deg) (°K) (cal/mole deg)
15 0.677 95 9.794
20 1.238 100 10.06
28 1.934 110 10. 56
30 2.740 120 11,09
35 3,609 130 11. 47
40 4,468 140 11.92
45 5.193 150 12. 37
50 5.855% 160 iZ2.81
5% 6.463 170 13.27
60 7.012 180 13.72
65 7.522 190 14,20
70 7.988 200 14.70
75 8.419 210 15.25
80 8.825 220 15.82
85 9.187 230 18. 46
90 9.510

Ref. Forsythe and Giauque, J. Am.
Chem. Soc., Vol.64 (1942),
pp.48-61; Vol.65 (1943}, p,2479.

FREE ENERGY OF FORMATION

Gas AES, , = -17,854
Liquid AF,4, , = =19,030

Ref. Forsythe and Giauque, J. Am.
Chem. Soc., Vol.64 {1942},
pp.4<-61; Vol.65(1943), p.2479,
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FREE-ENERGY FUNCTION
(HNOJ gns)

Temperature
(°K)
275
298.1
300
328
350
375
400
425
450
475
500

(F° = H2)/T
(cal/mole deg)

54.08
54.25
54,31
35,05
55.78
96. 45
57.13
57.175
58.35
58.98
59.53

Ref. Forsythe and Giauque, J. Anm.
Chem. Soc., Vol.64 (1942),
pp.48-61; Vol.65 (1943), p.2479,

HEAT-CONTENT FUNCTION
Gus

Temperature

(°K)

275
298.1
300
325
350
375
400
425
450
475
500

(H® ~ H3)/T
(cal/mole deg)

9.16
9,37
9.39
9.62
9.84
10.07
10.31
10,54
10.79
11.02
11.25

Ref. Forsythe and Giauque, J. An.
Chem. Soc¢., Vol.64 (1942)#
pp.48-61, Vol.65 (1943), p. 2479.
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ENTROPY

\ apol

$
Temperature S
(°K) (cal/mole deg)
275 63.24
298.1 63.62
300 63.70
325 64.67
350 £5.62
375 66.52
400 67.44
425 68.29
450 69.14
475 70.00
500 70.78

Liquid

SS9, = 37.19 cal/mole deg

Ref. Forsythe and Giauque, .J. Am.
Chem. .oc., Vol.64 (1942),
pp.48-61, Vol.65(1943), p.2479.

NITROGEN DIOXIDE
(Nitrogen Tetroxide)

MOLECULAR FORMULA

-

NO:; N204

MOLECULAR WEIGHT

NO; = 46.008
N,0, = 92.016

Ref. International Atomic Weights,
1947.

MELTING POINT

Mclting point

= =~11.20°C (equilibrium mixture of NO, and
N2Oy)

Ref. Giauque and Kemp, J. Chen.
Phys., Vol.6 (1938), p.40.
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BOTLING POINT

Boiling point = 21, lS”Cat.760nmﬂig(equ111br1um mixture
of NO, and N,0,)

i

Ref. Giauque and Kemp, J. Chen.
Phys., VYol.6 (1938), p.40

DENSITY

Vapor (specific gravity, compared with air as unity)

Temp (°C) Specific Gravity Temp (°C) Specific Gravity
4.2

2.588 79. 1.84
11.3 2.645 80.6 1.80
24.5 2.520 97.5 1.783
32. 2.65 100.1 1.68
35.4 2.53 111.3 1.65
39.8 2.46 121.5 1.63
52. 2.26 135. 1.60
60.2 2.08 154. 1.58
79. 1.95 183.2 1.57

Ref. Friend, A Textbtook of Inorganic
Chenistry, Vol.6, Part I (1928),
p-168.

Above values refer toa mixture of NO, and N;O4 at equi-
librium at observed temperature.

Liquid (NQ,-N,0, equilibrium mixture)

Temperature (°C) Density (gm/ml)

-5 1.5035
—4 1.5030
-2 1.5020
-1 1.5000

¢ 1.4935
+3 1.4880

10 1.4770

15 1.4740
21.6 1.4398

Ref. Guether, Annalen, Vol.245
(1888), p.96; Thorpe, Trans.
Chem. Soc., Vol.37 (1880),
p.141.
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NITHOGEN DIOXIDE (Cont'd)

DENSITY (Cunt’a)

Solid (NO; -N;0O4 equilibrium)

S

Temperature (°C)

Density (gin/cc)

-195. 1.97y
-79. 1.899

Ref. Biltz, Fischer, and Winnenberg,
Z. anorg. Chem., Vol.193 (1930),

Ref. Giauque and Kemp,

pp.351-66.
VAPOR PRESSURE
Liquid (0°C = 273.10°K)
Temperature (°K) Pressure (mm Hg)
240.296 19.97
240.322 20.11
248.476 43.58
i 255.62 82.46
258.78 108.21
261.90 139.78
264.05 158.25
268.04 198.72
271.94 246.66
275.93 305.63
279.32 364.93
284.21 467.85
238.21 569.45
292.14 688.07
294.85 783.29

J. Chen.

Phys., Vol.6 (1938), p.40,

Temperature ("C)

Pressure (mm Hg)

19.9 121
29.95 1133.5
39.85 1737
48.95 2522

Ref. Mittasch, Kuss, and Schlueter,
Z. anorg. Chem., Vol.159(1927),

p.29.




Solid (equilibrium mixture of NO, and N;04)

Temperature (“C) Pressure tmm Hg)
-=100 0.0023
-90 0.0093
—80 0.0360
=70 0.1510
—-60 0.605
=50 2.440
-40 9.770
-30 39.240

Ref. Egerton, Trans. Chem. Soc.,
Vol.105 (1914), p.647.

TRIPLE POINT
Temperature = —11.20°C at 139.78 mm Hg

Ref, Giauque and Kemp, J. Chen.
Phys., Vol.6 (1938), p.40.

VISCOSITY

Vapor No information

Liquid (equilibrium mixture of NO2 and N204)

Temperature (°C) 7, (centipoises)
0.72 0.5220
5.09 0.4954
9.15 0.4720
11.87 0.4578
15.36 0.4401

Ref. Thorpe and Rodger, Phil. Trans,,
Vol.185 (1895), p.397.

SURFACE TENSION
(Equilibrium mixture of NO; and N;04)

Temperature (°C) Y (dynes/cm)
1.6 30.6 £ 1.0
19.8 27.5 £ 1.0

Ref. International Critical Tables,
Vol.4 (1928), p.447. N
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NITROGEN DIOXIDE (Cont'd)

COEFFICTIENT OF THERMAL EXPANSION

Gas (equiiitbrium mixture of NO2 ana N,O;}

Temperature (°C) Volume
0 1.00000

5 1.00789

10 1.01573

15 1.02370

20 1.03196
21.64 1.02523

Ref. Thorpe, J. Chem. Soc., Vol.37
(1880), p.244.

COEFFICIENT OF THERMAL CONDUCTIVITY
Gas (equilibrium mixture of NO2 and N;0O4)

9.6 X 10-5 cal/cm sec deg at 55°C

Ref. International Critical Tables,
Vol.5 (1929), p.214.

DIPOLE MOMENT

0.39 debye for NO, gas
0.55 debye for N204 gas

Ref. Zahn, Physik.Z., Vol.34 (1933),
p.461.

HEAT OF FLSION
(Equilibrium mixture of NO, and N;04)
AH, = 3.502kcal/mole at —11.20°C

Ref. Giauque and Kemp, J. Chen.
Phys., Vol.6 (1938), p.40.

HEAT OF VAPORIZATION
(Equilibrium mixture of NO, and N304)
AH, = 9.110 kcal/mole at 21.15°C

Ref. Giauque and Kemp, J. Chen.
Phys., Vol.6 (1938), p.40.
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HEAT OF FORMATION

A"?os.x ==
A’gosd

7964 cal/mole for NO}}gas
2239 cal/mole for N,0, gas

Ref. Giauque and Kemp, J. Chen,.
Phys., Vol.6 (1938), p.40.

HEAT OF COMBUSTION

No information

CRITICAL DATA

158.2°C

de = 0.507 gm/ml

Ref. Bennewitz and Windisch, Z.
physik. Chem., A, Vol.166
(1933), p.401.

p. = 100 atm

Ref. Scheffer and Treub, Z. physik.
Chem., Vol.81 (1912), pp.308-32.

EQUATION OF STATE

(Equilibrium mixtu

(p
where
P = pre
V = vol
R=20.0

T = temp, 'K

n = number of moles
a = 5.284 liter? atm/mole?
b = 0.04424 liter

re of NO2 and N20Q4)

nla
+ —)(V — nb) = nRT
V2

ssure, atm
ume, liters/mole

8207 liter atm/mole deg

Ref. Lange, Handbook of Chemistry,
6th ed., 1946, p.1472.

COMPRESSIBILITY

No information
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NMTROGES DIOXIDE (Cont ' d;

HEAT CAPACITY OF GAS, Cp AND C,

(Experimental Values for NyOy)

Temperature (70) Cplcal/mole deg)
33.73 11.4
41.00 12.0
£1.00 12.0
55.03 15.2
60. 90 14.7
63.33 16.6
70.70 14.9
80.89 16.1
97.51 17.5

(Calculated Values for N;Oy4)

Temperature (°C) Cp(cal/mole deg)
100 18.8
110 18.9
120 19.0
130 19.1
140 19.2
150 19.4
160 19.5

Ref. Giauque and Kemp, J. Chenm,
Phys., Vol.6 (1938), p.40.

C, = 6.67 cal/mole deg for NO; gas at 15”°C and | atm

Ref. l.educ, Chem. Revs., Vol.6
(1929), p.13.

RATIO OF SPECIFIC HEATS
(= 1.303 av 15°C and l atm for NO,

Ref., lLeduc¢, Chem. Revs., Vol.6
(1929), p.13.




HEAT CAPACITY OF LIQUID AND SOLID (N204) - -

Liquid

Temperature (“K)

265.
269,
275.
.19
.86
.28

281
286
291

441
ql
38

Cp

b

(cal/mole dep)

32.79
32.92
33.10
33.34
33.60
33.74

Ref. Giauque and Kemp, J. Chen.
Phys., Vol.6 (1938), p.40.
Solid

Temp Cp Temy Cp

(“K) (cal/mole deg) (°K) {(cal/mole deg)
16.80 1.315 128.86 16.82
19.10 1.833 133.97 17.19
21.46 2.370 140.15 17.58
24.11 3.000 144.09 17.95
26.95 3.718 148.89 18.26
30.18 4.539 153.87 18.65
33.70 5.442 158.93 19.01
38.51 6.544 163.83 19.35
44.08 7.652 168.69 19.66
49.10 8.546 173.79 20.03
54.09 9.345 178.90 20.39
58.84 10.02 184.06 20.72
62.23 10.52 189.40 21.12
53.66 10.76 194.62 21.53
67.31 11.16 199.98 21.93
72.44 11.68 205.60 22.32
77.66 12.32 210,97 22.73
82.52 12.77 216.37 23.10
87.50 13.35 221.53 23.50
93.03 13.88 226.30 23.83
98.69 14.41 232.37 24.31
103.99 14.87 238.12 24.78
109. 02 15.26 243.65 25.19
113.77 15.66 249.27 25.60
118.69 15.99 254.65 25.94
123.82 16.40 258.26 26.23

Ref. Giauque and Kemp, J. Chenm,

Phys., Vol.6 (1938), p.40.




NITROGEN DIOXIDE (Cont’ )
-

FRLE ENERGY OF

AF; 94,1
AF3295.

]

FORMAT ¥

ON _
12,275 cal/mole for ¥O, gas
23,440 cal/mole for N,0, pas

Ref. Giauque and Kemp, J. Chenm]
Phys., Vol.6 (1938), p.40.

FREE -ENERGY FUNCTION

Temperature
("K)

275
298.1
300
325
350
375
400
425
450
500
550
600
H50
700
750
200
850
900

(K" =~ H1/T(cal/mole deg)

NOZ N204
48.536 58.021
49,202 59.106
49.252 59.192
49.918 60.302
50.538 H1.365
51.122 62.377
51.670 £3.363
52.195 £4.301
52.676
53.617
54.471
55.266A
56.010
56.709
57.373
57.992
58.583
59.152
Ref. Giauque and Kemp, J. Chen.

Phys., Vol.6 (1938), p.490.

HEAT-CONTENT FUNCTION

No intformation

ENTROPY

NO2 gas
N,O4 gas

ASygg.
(cal/mole deg)

\2’ YKl
tcal/mole deg)

.

5

~3

=14.16
-71.12

.4

'

-
]

[y
-

Ref. Giauque and Kemp, J. Chen.

Phys., Vol.h (1938), p.40,




NITROGEN TRIFLUORIDE

MOLECULAR FORMULA

h

MOLECULAR WETGHT

71.01

Ref. Internationul Atomic Weights,
1947,

MELTING POINT

Melting point = =208.5°C

Ref. Ruff and Menzel, Z. anorg.
Chem., Vol.217 (1934), p.Y3.

BOTLING POINT

Boiling point = —=129.0°C at 760 mm Hg

Ref. Merze! and Mohry, £. anorg.
Chem., Vol.210 (1933), p.257.

DENSITY
Cas

Liquid

Solid

d=3.16 gm/liter at 0°C and 760 mm lg

Ref. Ruff, Fischer, and Luft, Z.
anorg. Chem., Vol.172 (1928),

r.427.
Temperature (°C) Density (gm/cc)
~120. 1. 504
-123. 1.514
-125.5 1.525
-127.5 1.536
-129, 1.537
-131.5 1. 548
-192, 1.812

Ref. Ruff, Z. anorg. Chem., Vol.197
(1931), p.277.

No information
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NITROGEN TRIFLUORIDE ‘Cont’d)

VAPOR PRESSURE

Temperature (°C)

?ressuréA(mm Hg)

-192.5

-167.5

-140.58
-137.71
-135.68
—134.94
-133.95
—-133.25
-132.60
—131.69
-130.85
—130. 55
-129.76
-129.19
-129.07
—128.28

0.2
17.0
311.5
394.2
464.3
490.7
530.1
558.7
586.1
626.9
667.3
680.8
722.2
751.0
756.5
773.1

Ref. Menzel and Mohry, Z. anorg.
Chem., Vo01.210 (1933), p.257.

TRIPLE POINT

SURFACE TENSION

VISCOSITY (Gas and Liquid)

COEFFICIENT OF THERMAL EXPANSION
COEFFICIENT OF THERMAL CONDUCTIVITY

) No information

DIPOLE MOMENT

M

= 0.2
0.2
0.2

5 debye at —80° to 25°C
1 debye at 25° to 95°C
4 debye at —80° to 95°C

Ref. Watson, Kane, and Ramaswamy,

Proc. Roy. Soc., A, Vol.156
(1936), p.130.

HEAT OF FUSION

No information




HEAT OF VAPORIZATION
All, = 2880 cal/mole at —129.0°C

Ref. Menzel and Mohry, Z. anorg.
Chem., Vo1.210 (1933), p.257.

HEAT OF FORMATION

Al = ~26 +2 kcal/molé.at room temperature and at constant
volume

Ref. Ruff and Wallauer, Z. anorg.
Chem., Vol.196 (1931), p.428.

HEAT QF COMBUSTION
CRITICAL DATA
EQUATION OF STATE

COMPRESSIBILITY
HEAT CAPACITY OF GAS, C, AND C,
RATIO OF SPECIFIC HEATS ) No information

HEAT CAPACITY OF LIQUID AND SOLID
FREE ENERGY OF FORMATION

FREE - ENERGY FUNCTION
HEAT-CONTENT FUNCTION //
ENTROPY

OXYGEN
MOLECULAR FORMULA
0,3
MOLECULAR WEIGHT
32.000

Ref. International Atomic Weights,
1947.




OXYGEN (Cont'al

MELTING PGINY

Melting point = -218.71°C

Ref. Giaugque and Johnston, J. Am.
Chem. Soc., Vol.31 (1929)/
p.2300.

BOILING POINT

Boiling point = =182.97°C at 760 am tig

Ref. Giauque and Johuston, J. AR,
Chem. Soe¢., Vol.51(1929),

p.2399.
DENSITY
Gas (Saturated)
Temperature (°C) Density (gm/ml)
-210.4 0.0001
—182.0 0.0051
—154.51 0.0385
—~140.2 0.0805
-129.9 0.1520
—-123.3 ¢.2022
—-120.4 0.2701
Bef, Mathias and Onnes, Communs.
Phys. Lab. Univ, Leiden, No.117
(1917).
Liquid
Temperature (°C) Density {gm/mi)
-120.4 0.5032
-123.3 9.6779
-129.9 0.7781
-140.2 0.8742
~154,51 (0.9758
-182.0 1.141>

Ref. Mathias and Onnes, Communs|
Phys. Lab. Univ. Leiden, No.117
(1917).
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Liquid (Cont‘a)

Solid

Temparature (°C) Density (gm/ml)
184.0 1,1479
186.0 11575
188.0 1.1671
190.0 1.1767
192.0 1.1863
194.0 1.1959
196.0 1.2056
198.0 1.2152
200.0 1.2248
202.0 1.2344
204.0 1.2441
205.0 1.2489

Re{f. Baly and Donnan, J. Chenm. Soc.,
Vol.81 (1902), p.907.

d=1.4256 gm/cc at ~252.5°C

Ref. Dewar, Proc. Roy. Soc., Vol.73
(1904), p.251.

VAPOR PRESSURE

Liguid

Temperature (°K) Pressure (mm Hg)
62.317 9.5%
68.57 36.11
71.71 64.01
77.59 162,15
81.08 263.2
86.18 493.3
89.18 687.8
89.87 738.8
90.13 76¢.0
90.47 186.6

Ref. Cath, Communs. Phys. Lab. Univ.
Leiden, No.1524d.
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OXYGEN (Cont’d)

VAPOR PRESSURE (Cont'd)

Liquid {Cont’d)

Temperature (°K) Pressure (atm)
118.22 9.096
125.84 12.506
134.14 21.328
142.45 30.914
147.81 38.571
151.76 45,142
154,27 49,713 (Critical Point)

Ref. Onnes, Dorsman, and Holat,
Communs. Phys. Lab, Univ;
Leiden, Nc.145b (1914).

Solid
Temperature (°K) Pressure (mm Hg)
37.3 0.0008
39.0 0.0044
- 43.1 0.010
i 44.1 0.022
46,0 0.045
50.7 0.291
54.3 1.20

P L R

Ref. Aoyama and Kanda, Science Repts.
Tohoku Imp. Univ, (1), Vol.24

(1938}, p.107.

T T T Ty

TRIPLE POINT
Temperature = —218,4°C

Ref. International Critical Tables,
Vol.3 (1928), p.203,
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VISCOSITY

Gas

Liquid

Temperature (°K)

90
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
296.1
300

Above values taken
perimental curve,

Temperature (°K)

65
70
75
30
85
90
95
100
105

7]XlO7(poiees)

691
768
843
217
999
1061
1132
1202
1272
1341
1409
1476
1541
1604
1666
1728
1786
1845
1902
1958
2015 .
2049
2071

from smoothed ex-

Ref, Johnstonand McCloskey, J. Phys
Chem,, Vol.44 (1940), p.1038

7 {poises)

e ottt

0.445
0.356
0.297
0.252
0.218
0.191
0.168
0.149
0.136

4
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OXYGEN (Cont'd)

VISCOSITY (Cont’d)

Liquid (Cont’d)

Temperature (°K) nipoises)
110 0.126
115 0.119
i20 0.113
125 0.109
130 0,105
135 0,102
140 0.099
145 0,096
150 0.094
155 0.091

Above values obtained from smooth
curve of data obtained from
listed references,

Refs. Rudenko, J. Exp. Theoret. Phys.
(U.S.S.R.), Vol.9(1939),
p.1078.

Rudenko and Schubrikow, Phystk.
Z. Sowjetunion (U.S.S5.R.),
Vol.6 (1934), p.470,

Itterbeek and Paemel, Physica,
Vol.8 (1941), p.133.

Yerschaffelt and Nicaise,
Communs. Phys. Lab, Univ)
Leiden, No.149b (1916).

SURFACE TENSION

Temperature (°K) Y (dynes/cm)
70 18.3
76 17.0
80 15.7
8% 14.95
90 13.2

Ref. Raly and Donnan, J. Chenm. Soc.,
Yol.81 (1902), p.907.




COEFFICIENT OF THERMAL EXPANSION

Gas
V-t ,
X smrmanssces -
Vot =
Presaure 100 o :
(om Hg) 0°.50°C  0°-100°C E
0 0.3660 0.,3660 =
1 0.35679 0.3676 -
: 5 0.3752 0.3739 EE
10 0.3842 0.3817 =
; 15 0.3932 0.3894 =
20 0.4019 0.3971 i
25 0.4107 0.4047 -
30 0.4193 0.4123
35 0.4729 0.,4199 -
40 0.4364 0.4274 —
45 0.4446 0.4347 =-
50 0.4530 0.4420
55 0.4614 0.4492
; 60 0.469¢6 0.4563
E 65 0.47T77 0.4632 B
70 0.4856 0.4701
75 0.4935 0.4768 -
Ref. Halborn and Otto, 2, Physik, E
Vol.10 (1922), p.367; Inter-
?; national Critical Tables, Yol.3 .
i (1928), p.9. =
3
3 ,
§ COEFFICIENT OF THERMAL CONDUCTIVITY e
§ Temp k X 103 Temp k x 10%
; (°K) (cal/cmsec deg) (°K) (cal/cm sec deg)
3 80 1.701 150 3.287
E 90 1.930 160 3.508
; 100 2.159 170 3.728
3 110 2.387 180 3.946
3 120 2.614 190 $.162
3 130 2.840 200 4.375%
140 3.964 210 4.584
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OXYGEN {(Cont'd)

COEFFICIENT OF THERMAL CONDUCTIVITY (Cont'd)

Temp k% 103 Temp k x 103
(°K) (cal/cm sec deg) {°K) {cal/cm sec deg)
220 4.790 298.1 6.314
230 4,993 300 6.350
240 5.194 310 6.547
250 5,392 320 6.748
260 5.586 330 6.954
270 5.780 340 7.164
273.1 5.839 350 1.378
280 5.970 360 7.594
290 6.159 3170 7.812
293.1 6.218 380 8.033

Ref. Johnston and Grilly, J. Chen.
Phys., Vol,14 (1946), p.233.

DIPOLE MOMENT

No information

HEAT OF FUSION
AH; = 106.3 £ 0.5 calfmole at -218.71°C
Ref, Giauque and Johnston, J. An.

Chem. Soc., Vol.51(1929),
p.300,

HEAT OF VAPORIZATION
A, = 1628,81 1.6 cal/mole at ~182,97°C and 760 mm Hg
Ref. .Giauque and Johnston, J. Am.

Chem. Soc., Vol.51 (1929)
p. 300,

HEAT OF FORMATION

AHSy4.y =0, for the gas
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HEAT OF COMBUSTION No information

CRITICAL DATA

t, = ~118.8°C
p, = 49,7 atm

Ref, Onnes, Doraman, and Holst,
Comamuns. Phys. Lab. Univ.
Leiden, No 145b (1914).

[t A ST T

d. = 0,4299 gmn/ce

Ref, Mathias and Onnes, Proc. K.Akad.
Ketensch, Amsterdam, Vol,13
(1911), p.939,

U ptte {4t

EQUATION OF STATE

a
(P + %%)(V = nb) = nRT

where :

oSN

p

1

presaure, atm

V = volume, literas/mole

T = vemp, °K
= 0,08207 liter atm/mola deg
= number of moles

a = 1.360 liter? atm/mole?

b = 0.03183 licer/mola

Ref. Leange, Handbook of Cheatastry
(1946), p.1474.
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OXYGEN (Cuni'd)

COMPRESSIBILITY
Gas
Pressure _ 144

(atm) 0°C_ 15.65°C  100°C_ 200°C

1 1.000 - - -

100 0.9265 1.0045 1.3750 -
200 0.9140 0.9945 1.4000 1.8190
300 0.9625 1.0420 1.4520 1.08850
400 1.0515 1.1250 1.5320 1.9610
500 1.1560 1.227%0 1.6220 2.0500
600 1.2690 1.3370 1.7200 2.1420
700 1.3855 1.4515 }.g210 2.2415
800 1.5030 1.5660 1.9340 2.3430
200 1.6200 1.6020 2.0415  2.4485

1000 1.7355 1.7980 2.1510 -

Nef. Amugar, Ann. chia. et phys.]
Vol.29 (1893), p.6R.

HEAT CAPACITY OF GAS, Cp AND G,

Temp Cc

(°K)  (cal/mole deg)
0 0

50 6.963
100 6.963
208 6,962
250 6.970
298.16 7.017
300 7,019
100 7.194
500 7.429
600 7.670
700 7.885
800 8.064
900 8.212
1000 8.335

Temp C,
(°K)  (cal/mole deg)
1100 8.440
1200 8,530
1300 8.608
1400 8.676
1500 8.739
1750 8,885
2060 9,024
2250 9,166
2500 9,305
2150 9.418
3000 9.518
3500 9,711

4000 2.679

.

Ref. Amerycan Petroleum Institute,
Research Project No.d44 (1947)
Table 1l-v.
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RATIO OF SPECIFIC HEATS

Temporature (°K) G /Cy = y*
1000 1.3130
1500 1.2942
1750 1.2881
2000 1.2024
2250 1.2748
2500 1.271%
2750 1.2674
3000 1.2638
3500 1.2573
4000 1.2518

*Celculated for idoal gus from Cp date
in above r¢farences

Ref. American Petroleum Institute,
Reacarch Project No.44 (1947),

Tablo 1-v.
HEAT CAPACITY OF LIQUID AND SOLID
Liquid

Temp c Temi Cp
(°K) (cnlﬂnofe deg) { °K) (cal/mole deg)
56.95 12.76 15.86 12.80
57.95 12.72 77.50 12,84
§0.97 12.7} 76. 68 12.83
6l.48 12,71 8. 13 12.88
65.57 12.71 82,31 12.86
65.92 12,71 82.96 12.88
68,77 12.73 84.79 12.93
69,12 12,15 86.43 12,91
70.67 12.17 86.61 12.95
71.38 12,78 86,97 12.92
73.31 12.01 87,32 12.9}
74.95% 12.85 90.33 12.99

Ref. Ginuque and Johuston, J. An.
Chem, Soc., Vol.51(1929),
p.300.
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OXYGEN (Cont'd)

HEAT CAPACITY OF LIQUID AND SOLID (Cont'd)

Solid
Temperature Cp Temperature Cp
(°K) (cal/mole deg) (°K) (cal/mole deg)
12.97 1.10 29.88 6.61 {
14.14 1.52 30.63 6.94 !
15.12 1.60 31.08 6.93 !
15.57 1.79 33.05 7.52
16.66 2.33 33.33 7.73 :
16.80 2.18 34,41 8.08 f
16.94 2.25 35.57 8.26
18.13 2.67 35.177 8.49
18.32 2,71 37.59 9,08
18.45 2.79 37.85 9.12 ?
19.34 3.07 38.47 9.80 !
20.26 3.50 39.99 9.80 j
20,85 3.60 40.18 9,92
21.84 4,20 40.67 10.16
22.24 4.27 42.21 16.73
Transition at 23.66 Transition at 43.76
25.02 5.42 45.90 11,02
25.61 5.57 47.176 11,07
26.75 5.75 48.11 11.01
28.00 6.05 48,97 10.99
28.08 6.42 50,55 11.01
- - 51.68 11.03
- - 52.12 11.06

Rei. Giauque and Johnston, J. Am,
Chem., Soc., Vol.51 (1929),
p.300.

FREE ENERGY OF FORMATION

AF298-1 = 0, by definition
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FREE -ENERGY FUNCTION

Temp —(F° - H3)/T Temp ~(F° <~ H)/T :
(°K) (cal/mole deg) (°K) (cal/mole deg) H
& 0 0 1100 51.415
{ 200 39.294 1200 52.077 z
1 250 40,835 1300 52.695 z
! 298.16 42.061 1400 53.272 =
] 300 42.106 1500 53.808 -
400 44.112 1750 55.027 =
500 45.675 2000 56.103 =
'3 600 46.968 2250 57.059 £
i 700 48.071 2500 57.930 5
800 49.044 2750 58.730 z2
900 49.911 3000 59,468 H
1000 50.697 3500 60,798 E 4
] - - 4000 61.958 H
1 Ref. American Petroleum Institute, =
Research Project No.44 (1947) ) ES
Table O.s, p.122. =
HEAT- CONTENT FUNCTION H
Temp (H® - H3)/T Temp (H® = H3)/T =
(°K) (cal/mole deg) (°K) (cal/mole deg) z
: 0 0 1260 7.6533 i
200 6.9220 1300 7.7238 %
250 6.9307 1400 7.7893 s
298.16 6.9418 1500 7.8509 z
300 6.9424 1750 7.9885 .
400 6.9811 2000 8.1094
500 7.0484 2250 §.2195
600 7.1320 2500 8.3196
700 7.2248 2750 8.4133
800 7.3176 3600 8,500
900 7.4107 3500 8.6595
1600 7.4970 4000 8.8038
1100 7.5775

Ref. American Petroleum Institute)|
Research Project No.44 (1947),
Table O-r, p.174.
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ENTROPY

Temp St Tomp Sy
(°K) (cal/mole deg) (°K) (cal/mole deg)
0 0 1100 58.992
50 36.567 1200 59.730
200 46,216 1300 60.4]19
250 47.766 1400 61.061
298.16 49.003 1500 61.659
300 49,048 1750 63.015
400 51.093 2000 64,212
500 $2.723 2250 65.278
600 54,100 2500 66.250
700 55.29¢ 2750 67.143
800 56,362 3000 67.968
900 57.322 3500 69.458
1000 58.194 4000 70.762

Ref. American Petroleum Institute,
Research Project No.44 (1947),
Table O-t, p.210.

OXYGEN FLUORIDE

MOLECULAR FORMULA

OF;

MOLECULAR WEIGHT

54.00

Ref. International Atomic Weights,
1947.

MELTING POINT

Melting point = ~223.8°C

Ref. Ruff and Menzel, Z. anorg.
Chem., Vol.190 (1930), p.257.

BOILING POINT

Boiling point = —~144.8°C at 760 mm Hg

Ref. Ruff and Menzel, 2. eaenorg.
Chem., Vol.198 (1930), p.39.
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DENSITY

Gas
Specific Gravity = 1.836 at =167°C (air = 1)
Ref. Lebeau and Damiens, Conmpt,
rend., Vol.188 (1929), p.1253.
Liquid
d=1.90 gm/cc at -223.8°C
Ref. Ruff and Menzel, Z. anorg.
Chem., Vol.198 (1931), p.39.
Selid No information

VAPOR PRESSURE

Temperature (°C)

—-191.§
-183.5
~168
~163
-161
=157
~150.5
-148

Pressure (mm Hg)

3.2
12.4
93.2

169.7
211.9
289.4
546.0
692.6

Ref. Ruff and Menzel, 2. anorg.
Chem., Vol1.,190 (1930), p.257.

TRIPLE PGINT
VISCOSITY
SURFACE TENSION

COEFFICIENT OF THERMAL EXPANSION
COEFFICIENT OF THERMAL CONDUCTIVITY

DIPOLE MOMENT
HEAT OF FUSION

) No information
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OXYGEN FLUORIDE (Cont'd)

HEAT OF VAPORIZATION
AH, = 2508 cal/mol~ (calculated)

Ref, Ruff and Menzel, Z. anorg.
Chem., Vol.190 (1930), p.257.

HEAT OF FORMATION
Alg,, , = 5500 cal/mole

Ref. Bichowsky and Rossini, Thermo-
chemistry, 1936, p.21.

HEAT OF COMBUSTION No information

CRITICAL DATA
t, = approx —83°C (calculated)

Ref, Ruff and Menzel, 2. anorg,
Chem., Yol1.190 (1930), p.257.

EQUATION OF STATE
COMPRESSIBILITY
HEAT CAPACITY OF GAS, C, AND C, No information
RATIO OF SPECIFIC HEATS

HEAT CAPACITY OF LIQUID AND SOLID

FREE ENERGY OF FORMATION
AF,‘;L, = 9.5 kcal/mole

Ref, latimer, Oxidation States of
the Elements and Their Potentials
in Aqueous Solutions, 1938,
p.46.




FREE-ENERGY FUNCTION
HEAT-CONTENT FUNCTION

No information

ENTROPY
885y, = epprox 59 cal/mole deg

Ref. Latimer, Oxidation States of
the Elements and Their Potentials
in Aqueous Solutions, 1938,
p.46.

O0ZONE
MOLECULAR FORMULA 0
3

MOLECULAR WEIGHT 48. 000

Ref. International Atomic Weights,
1947.

MELTING POINT
Melting Point = ~251,4°C

Ref. Riesenfeld and Schwab, Ber.,
Vol.§5 (1922), p.2095,
Riesenfeld, Z. Elektrochen,,
Vol.29 (1922), p.119.

BOILING POINT
Boiling point = =111,5° + 0.2°C at 760 mm Hg
~112.5° £ 0.2°C ot 730 mm Hg

Ref. Briner and Biedermann, Helwv.
Chim. Acta, Vol.16 (1933),

p.207.
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OZONE (Cont’d)

DENSITY
Gas

Liquid

d= 2,1445 gm/liter at 0°C and 760 mm Hg

d=1.71%0,05 gm/ml at =111°C

Ref, Mecllor, A Comprehensive
Treatise on Inorgantic and
Theoretical Chemistry, Vol.l|
(1927), p.894.

Ref. International Critical Tables,
Vol.3 (1928), p.21

VAPOR PRESSU

RE

Temperature (°K)

81. 36
83.24
86.01
89.94

Temperature (°K)

104.2
111.3
120.0
131.7
142.7
154.6
162.5°
164.7

“Interpolated.

Pressure (mm Hg)

0.00686
0.01519
0.04211
0.06890

Ref. Spangenberg, Z. physik. Chenm.,
Vol.119 (1926), p.419.

Pressure (mm Hg)

4.8
12.1
33.8

101.7
237.3
500.2
760.0
840.8

Ref. Riesenfeld and Beja, 2. anorg.
u, allgenm, Chem,, Vol,132

(1923), p.179.
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TRIPLE POINT 1
VISCOSITY
SURFACE TENSION
COEFFICIENT OF THERMAL EXPANSION } No information
COEFFICIENT OF THERMAL CONDUCTIVITY
DIPOLE MOMENT

HEAT OF FUSION }

HEAT OF VAPORIZATION
All, = 2880 cal/mole at —111°C

Ref. Kelley, U.S. Bur., Kines Bull.
383 (1935).

HEAT OF FORMATION
AH g6 = =33.93 £ 0.24 kcal/mole at constant pressure
Ref, Gunther, Wassmuth, and Schryver,

2, physik. Chem., A, Vol.158
(1932), p.297.

HEAT OF COMBUSTION No information

CRITICAL DATA

te =~=5°C
P, = 67 atm
dy = 0,837 gm/cc

Ref, Riesenfeld and Schweb, Z.

Physik, Vol.11 (1922), p.12.

EQUATION OF STATE
COMPRESSIBILITY

No information
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OZONE (Cont'd)

HEAT CTAPACITY OF GAS, €, AND C,

Cp = 10.94 cal/mole deg ot 300°-476°K
(Colorvimstric determination)

Ref. Lewis and von Elbe, J. Chen.
Phys,,Vol, 2 (1934), p.294.

RATIC OF SPECIFIC HEATS
HEAT CAPACITY OF LIQUID AND SOLID

No information

FREE ENERGY OF FORMATION
A[;;a.xﬁ = 39,06 kcal/mole

Ref. Nat, Bur. Standards, Selected
Values of Chemical Thermo-
dynamic Properties, March 31,

1947.
FREE<-ENERGY FUNCTION
Temperanture —-(F° - E&)/T
{ °K) (cal/mole deg)
298.1 48,545
500 52.966
1000 59.646
1500 64,041
2000 67,352
2500 70.024
3000 12,255

Ref. Shand and Spuer, J. Am. Chen.
Soc,, Vol.65 (1943), pp.179,
2481,

HEAT-CONTENT FUNCTION No information

ENTROPY
ng&, = 56,80 £ 0.1 cal/mole deg

Ref. Shand and Spuer, J. Am, Chen.
Soc., VYol.65 (1943), pp.179,
2481,

78




REFERENCES

o R L widlﬁwwwwm'mhmw

Arrangement

The bibliographical references are grouped under the various oxidizers con-
sidered, except for references to books, which often cover severnl materials and
are grouped separately, RNeferences to the literature from which values have been
token for inclusion in these data sheots are denoted by an asterisk; others usually
contain physical or thermodynamic data which have baen included in later summary
publications, or which have been superseded by values judged to be more reliable. Many
of the less readily accessible references were consulted only in abstract form

when. the abstract showed that it was probably not worth while to have recourse
to the original.

The reforences are given by page in the Table of Contents in the front of
the repore.

§
2;
i
_;g
i

I. BOOKS
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* ) Pandbook of Chemistry and Physics, 29th ed., Cleveland, Ohio; Chomical Rubber Publishing
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I1. TECHNICAL PERIODICALS

Boron Trifluoride

_ 1) Cueilloron, Jean, Aan. chia., Vol.19 (1944), pp.459-86. (Review of Propertios)

'(2) Euken, A., and Schréder, E., Z. physik. Chea., B, Vol.41 (1938), pp.307-19. (Physical
Properties)

t3) Kelley, K.K., /.S, Bur. ¥ines Bull.383 (1935). (Physical, Thermal Properties)
) Ruit, 0., et al., Z. anorg. u. allgea. Chem., Vol.206 (1932), pp.59-64. (Density)
"5)Bi|t1. LoBoucher, und Fischev, Z. anorg. Chew., Vol 207 (1932), p.67. Zodenaxty)

0) Fischar, W., and Weidemonn, W,, Z. anorg. v, allgem, Chen., Vol.213 (1933), pp.106-14.
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“ ") pohland and !larlos, Z, snorg. Chem., Vol.207 (1932), pp.242-45. (Vapor Pressure)

*18) Linke, M., and Rohrmann, W., Z. phystk. Chea., B, Vol.35 (1937), pp.256-50. (Dipole
Moment)

0) watson, H.E., and Ranaswamy, K.L., Proc. Roy. Soc. (Londen), Vol.A156 (1936), pp.137-43,
(Dipole Moment)

T 10 Kelley, K.K., U.5. Bur. Mines Bull,393 (1936}. (Meat of Fuaion)

) Hommerld, Compt, rend., Yol,90 (1880}, p.312. (Hoat of Formation)

*See explanstion on page 79,
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“0%) wartonberg, H., 2. anorg. Chem., Vol.151 (1926), p.327. (Hest of Formntion)
0 % ivsan, B, Phil. Mog., Vo).49 11925), pp.336-54. (Hoet of Dissociation)

* 04 Booth, H.S., and Carter, J.M., . Phys. Chea., Vol.36 (1932), pp.1359-63. (Cratical
Conatants, Vapor Pressure)

") Spencer, 1. Chem. Pays., Vol.l4 (1946), pp.729-32. (Hest Capacity)

U%) Millar, R.%., J. Am. Chem Soc., Vol .45 (1923}, pp.874-8B1. (Heat Capacity)

Bromine

* (%) Weber, Bull, Bur, Stondards, Vol.9 (1913), p.131. (Melting Point)
*(18) Bouzat and Liluan, Compt. rend., Vol.178 (1924), p.635. (Boiling Point)
* %) Ramsey and Young, J. Chem. Soe., Vol.49 (1885), p.453. (Vapor Pressura)
*30) Furth, Cambridge Phil. Soc, Proc,, Vol.37 {1941), p.252. (Triple Point)
*31) Braune, Baach, and Wantzel, Z. physik. Chem., A, Vol.137 (1928), pp.176, 447. (Viscosity)
’(")Thorpe. J. Chen. Soc., Vol.37 (1880), p.141. (Thermal Expension)
32) Thorpe and Rodger, PAil, Trans., Vol.185A (1894), p.397. (Viscosity)
* () Andarson, Proc. Phys. Soc.,, London, Yol.40 (1928), p.62. (Dipole Moment)
TG0 Lufe, Z. Physik, Vol.84 (1933), p.767. (Dipole Moment)
“138) Regnault, Ann. chim. et phys., 3, Vol.26 (1849), p.278. {Heat of Fusion)
*(37) Smits and Connegiscsr, Z. phystk. Chea., A, Vol.168 (1934), p.391. (Heat of Vaporitation)
T Kolley, K.K., U.S. Bur. Mines Bull.383 (1935). (Heat of Vaporization)

*490) Andrews, Quart. J, Chem. Soc, London, Vol.l (1849), p.27; Pogs. Ann., Vol.75 (1848),
p.501. (Heat of Vaporiration)

T130) Burtholot and Ogier, Ann, chim. et phys. §, Vol.30 (1883), pp.400, 411. (Heat of
Vaporizattion)

R Nade)dine, Kiewer Univ. Unters., Veol.6 (1885), p.32; Vel.9 (1885), p.721. {Criticel Data)

") Gordon and Barnes, J. Chem. Phys,, Vol.1l (1933}, pp.692-95. (ileat Capacity, Free
Energy, Lntropy)

*See explanation on page 79,
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333 DeVries, T., and Rodebesh, W.H., J. An. Chem. Soc., Vol.49 (1927), pp.656-66. (Thermal

Dissociation}

(34) Spence, H.M,, snd Justice, J.L., J. An, Chen. Soc., Vol.56 (1934), pp.2311-12. (Heat
Capacity)

(38 Guarcachi, P., Atti. accad. nazl. Lincei, Classe sct. fis., rat., ¢, nat,, Vol,26
{1937), pp.403-5. (Heut Capacity)

(98 ) fatimer, W.M., and floenshel, N.D., J. Am. Chem. Soc., Vol.48 (1926), pp.19-27. (Heat
Capacity)

37 ) tew1s, B., and Yon Elbe, G., J. An. Chea. Soc., Yol.57 (1935), pp.612-14. (Heat Cepacity)
(98 ) Beeson, C.M., &nd Yost, D.M., . As, Chen. Soc., Yol.61 (1939), pp.1423-36. (Free Energy)
3%) Smith, W., et al., J. Chem. Soc. (1931), pp.1680-96. (Thermal Conductivity)

(40) van Laar, J., J. Proc. Acad. Sci. Amnsterdan, Vol.19 (1916), pp.295-320. (Equation
of Stacte)

41)Brown, W.G., J. Ax. Chee. Soc.. Vol.54 (1932), pp.2394-96. (Entropy)

Bromine Trifluoride

“(42) Ruff, Angew. Chem., Vol.46 (1933), p.739. (Physical Properties)

*(43) Ruff and Braida, Z. anorg. Cher,, Yol.R14 (1933), p.91. (Vapor Presspure)

. - aa A ) ~ LY s wy e P
(44} ——, Z. anvrg. Chem,, Vol.206 {i932), p.63. (iicat of Yaporizaiion}

Chlorine

*(an) Giauque und Powell, J, Aa. Chem. Soc., Vol.61 {1939}, p.1970. (Physical, Thermodynanic
Properties)

(%8) Johnson and McIntosh, J. Am. Chem, Soc., Vol.31 (1969), p.113§. (Melting, Boiling Point)
47) Harteck, Z. physik. Chem., Vol.134 (1918), p.21. (Melting, Beiling Point)
(48) Olszewski, Monatsh., Vol.5 (10884}, p.124. (Melting Point)

*(40) pe)jaton, J. chim. et phys., Voi.13 (1915), p.4%6. (Bensity)

(80} Ross, A.S., and Maass, 0., Can. J. fRescarch, Vol.18, B (1940), pp.55-65. (Demnsity)

*See explanstion on page 79,
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'81) ange, Z. angew. Chea., Vol.13 (1900), p.683. (Density, Therma) Expansion)

(82) Knietsch, Lieb, Ann., Vol.259 (1890), p.100. (Densicy)
*€83) Pruuez and Ruf, Ann., Physik, §, Vol.20 (1934), p.127. {Viscosity)
‘(%) Braune and Linke, Z. physik. Chem., A, Vol.148 (1930), p.195. (Viscosity)

*(88) Sy epcie, E.W.R., and Johnson, F.M.G., J. Ar. Chen. Soc., Vol.47 (1925), pp.754+62.
(Viscosity)

*(89) 7akrzewski and Doborznyski, Bull, intern. acad. polon. sci., A (1930), p.300. (Dipcle
Moment)

*(sea) Grunmach, Drud. Aan., Vol.4 (1901), p.374. (Surface Tension)

*(86b) Marchand, J. chim. phys., Vol.1ll (1913), pp.573-76. (Surface Tension)
*(87) pickering, J. Phys. Chem., Vol.28 (1924), p.97. (Critical Data)
*(88) Tyautz and Ader, Z. Physik, Voi.B9 (1934), p.15. (Heat Capacity)

*(80) Giauque and Overstreet, J. Am. Ches. Soc., Vol.54 (1932), p.1731. (Free<Energy Functiom,
Entropy)

*(60) Nernst and Wohl, Z. tech. Physik., Vol.10 (1929), p.608. (Heat Capacity)

Chlorine Trifluoride

*{81) Ryff, Angew. Chem., Vel.46 (1932), pp.739-42, {(Review of Properties)
'482) Ryff and Krug, Z. anorg. Chem., Vol.190 (1930), p.270. (Density)
€03} Ruff and Kruger, Z. anorg. Chem., Vol.190 (1930), p.257. (Density)

*€64) Rufi and Braida, Z. anorg. Chem., Vol.214 (1933), p.91. (Heat of VYaporizstion)

Fluorine

(85} ke leus, H.J., J. Chen. Scc., 1942, pp.441-47. (Review)
(86) Moissan and Dewar, Compt. rend., Vol.136 (1903), p.641. (Melting Point)
¢ (67 ) Cloussen, J. An. Ches. Soc.. Vol.56 (1934), p.614. (Boiling Point)

*{88) Maigsen and Dewar, Bull. soc. chim. (3), Yol.17 (1897}, p.931. (Density)

*See explanation on page 79.
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*(10)

*(9%) Kanda, Bull, Chem, Soc. Japan, Vol.12 (1931), pp.416, 463, S11-20. (Vapor Pressure,

Viscosity, Heat of Fus.on)

+ Jo Chem. Soc. Japan, Vol,58 (1937), p.706. (Surface Tension)

*(71) Cady, G.H., and Hildebrand, J.N., J. An. Chem. Soc., Vol.52 (1930), pp.3839-43. (Vapor

Pressure, Crxtxcal Data)
12) Svackel, W., Z. Elektrochem., Vol.36 (1930), pp.375-76, (Heat of Dissociation)
{73) Desai, M.S., Nature, Vol.128 (1931), p.34. (Heat of Dissociation)

(74) Wartenberg, H., and Taylor, J., Nachr, Ges. Wiss. Gottlngen Math.<physik. Klasse,
1930, No.1l, pp.119-23. (lleat of Dissociation)

{75) Bodenstein, M., Jockusch, K., and Chong, Shing-Hou, 2. enorg. a!’zen. Ghem., Vol.231
(1937), pp-24-33. (Hear of Dissociation)

("®) Wilson, B., Phil Mag., Vol.49 (1925), pp.336-54. (Heat of Dissociation)

*77) Murphy, G.M., snd Vance, J.E., J. Chemn, Phys., Vol.? (1939), pp.806-10. (Heat Capacity,

Free-Energy Function, Entropy)

*478) Landau and Rosen, Manhattan District Declassified Report, No.154, 1-b, U.S. Atomic

Energy Commission, Oak Ridge, Tennessee, 1946. (Heat Capacity)

(") Garner, C.S., and Yost, D.M., J. Amn, Chem. Soc., Yol.59 (1937), pp.2738-39. (Entropy)

Hydrogen Peroxide

(80) de Keghel, M., Rev. ch.a. ind., Vol.33 (1924), pp.128-35. (General Properties)
(®1) Malusardi, U., Ann. Schiapparelli, Vol.4 (1930), pp.271~74. (Review of Properties)

(82) Manss, O., and Hatcher, W.H., J. An. Chem. Soc., Vol.42 (1920), pp.2548-69. (Review
of Properties)

(83) Mnass, 0., and Herzberg, O.W., J. dn. Chea. Soc., Vol,42 (1920), pp.2569-70. (Melting
Point)

*(8%) Cychbertsen, A.C,, Matheson, G.L., and Masss, O., J. Am. Chsm. Soc., Vol.50(1928),
op.1120-21. (Melting Point, Densitry)

*(0%) Giguere and Maass, O., Can. J. Research, Vol.18, B (1940), p.181. (Boiling Point,

Yapor Preasure)

(%) Matheson, G.L., and Maasa, C., J. An. Chen. Soc., Vol.51 (1929), pp.674-87. (Melting
Point, Density)

*Sce explanation on page 79,
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*(87) Maass, O., and Hatcher, J. Am, Chea. Soc,, Vol.42 (1920), pp.2548-69. (Demsity, Viscosity,
Therma) Properties)

*(90) Mages, 0., and Hiebert, P.G., J. Aa. Chea, Soc., Vol.46 (1924), pp.2693-2700. (Vapor
Pressure)

*9) Linvon, E.P., and Maass, O., Can, J. Research, Vol.7 (1932), pp.81-85. (Dipole Moment)

(99) Cuchbertson, A.C., ard Maass, O., J. As. Chem, So¢., Vol.52 (1930), pp.489-99. (Dipole
Moment)

®1) Theilucker, W., 2. physik. Chea., B, Vol.20 (1933), pp.142-44. (Dipole Moment)

{®3) MacKenzie, R.C., and Ritchie, M., Proc. Roy, Scc. {London), Vol.A185 (1946), pp.207-24.
(Thermal Decomposition)

{93) Baker, B.E., and Queliet, C., Can. J. Research, Vol.23, B (1945), pp.167-82. (Thermal
Decomposition)

(84) Giguere, Ann. ACFAS, Vol.9 (1943), pp.88-69. (Thermal Decomposition)

(®8) poth, W.A., Grau, R., and Meichsner, A,, 2. anorg. u., allgem. Chem., Vol.193(1930),
pp.161-75. (Thermal Decomposition)

(96) | owis, G.N., and Randall, M., J. An, Chem. Soc., Vol.36 (1914), pp.1969-93. (Free
Energy of Formation)

Nitric Acid

U Forsythe and Giauque, J. Am, Chem, Soc., Vol.64 (1942), pp.48-61; Vol 65 (1943}, p. 2475,
(Mslting Point, Thermodynamic Daia)

*(98) Carius, Ber., Vol.4 (1871), p.828. (Density)

") Klemenc and Rupp, Z. anorg. Chem., Vol.194 (1930), p.S5i. (Density)

*(100 ) Bijve and Halamann, Z. anorg. u. allgen. Chem., Vol.207 (1932), p.377. (Density)

*{101) wilson and Miles, Trans. Faraday Soc., Vol.36 (1940), p.356. (Vapor Pressure)
*(102) Bor| and Saenger, Monatsh., Vol.53-54 (1929), p.1036. (Vapor Pressure)

*(103) Taylor, Ind. Eng. Chem., Vol.17 (1925), p.633. (Vapor Pressure)

*(104) Bingham and Stone, J. Phys. Chea., Vol.,27 (1923), p.701. (Viscosity)

o2 ) Egen, Ind. Eng. Chem., Vol.37 (1945), p.303. (Heat Capacity)

*See explanation on page 79.
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Nitrogen Dioxide

(108} 0440, G., Gats. chia ital., Vol.45, I (1915), pp.413-43. (Phyaical Properties)
(107) Smitcs, A., Z. physik. Chem., Vol.100 (1922), pp.477-78. (Boiling Point)

*(108) Giauque and Kewp, J. Chem. Phys., Vol.6 (1938) pp.40-52, (Physical, Thermal Date)

*(109) Guether, An.alen, Vol.245 (1888), p.96. (Density)
*(319) Thoppe, Trans, Chea, Soc., Yol.37 (1880), p.141. (Density)

‘(130 piics, W., Fischer, W., and Wiunenberg, E., 2. anorg. Chem., Vol.193 (1930), pp.351-66.
(Denaity)

*(332) Bennewits, K., end Windisch, J.J., Z. physik. Chea., A, Vol.166 (1933), pp.401-1S.
(Deneity, Critical Data)

(113) Coon, E.D., J. Am. Chem. Soc., Vol.59 (1937), pp.1910-12,

(119) Lowry, T.M., Lloyd, E., and Lloyed, W.Y., J, Chea. Soc., 1936, pp.10-17. (Density)

\I"*WI!"hir‘lﬁ1h+|*il\lmnmrl)llIH!Mmmmmmumwm«.um;,.mm,.‘.. et oy Moo

(138) podenstein, M., and Ketayama, M., Z, physik. Chen., Vol.69 (1909), pp.29-51. (Density)

*(110) yiceasch, Kuss, and Schlueter, 2. anorg. Ches., Vol,159 (1927}, p.29. (Vapor Pressure)

*(117) geerton, Trans. Chem. Soc., Vol.105 (1914), p.647. (Vapor Pressure)

(16) Gyye, P.A., and Druginine, G., J. chin. et phys., Vol.8 (1910), pp.473-514. (Vapor
Pressure)

*(1IM gpoffer, F.E.C., and Treub, J.P., Z. physik. Chem,, Vol.81 (1912), pp.308-32. (Vapor
Pressure)

(190 Ryas, F., Z. physih, Chem., Vol.82 (1912), pp.217-22. (Vepor Pressure)
(191 Eeorton, A.C,G., J. Chem. Soc., Vol.105 (1913), pp.647-57. (Vapor Pressure)
*(183) Thorpe and Rodger, Phil. Trans., Vol.185 (1895), p.397. (Viscosity)
(183) Nissan, A.H., Phil. Nag., Vol.32 (1941), pp.441-56. (Viscosity)
*{124) Tyorpe, J. Chem. Soc., Vol.37 (1880), p.244. (Thormal Expansion)

*(138) 24hn, Physik. 2., Vol.34 (1933), p.461. (Dipole Mowent)

(196) guickin, Y.K., 2. anorg. u. allges, Chem., Vol.174 (1928), pp.47-56. {Dipole Mowent)

*See explanetion on page 79.
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(127)

(129)

(190)
*(130)

(1913)

(13%)

(122)
(134)
(138)
(138)
(197)
(130)

(139)

(140)

(141)

(148)

(143)

*(144)

*(148)

* (140)

Y (147)

Batuecas, T., J. chim. ¢t phys., Vol.22 (1925), pp.101-15, (Compressibility)

Blue, R.W., and Giauque, W.F., J. Aa, Chem. Soc., Vol.37 (1935), pp.991.97. (Heat
Copacity, éntropy)

McCol um, E.D., J. Aa, Chemw. Soc., Vol.49 (1927), pp.20-38, (Hect Capecity)
Leduc, Chem. Revs,, Vol.6 (1929) p.13, (Heat Cepacity)

Verhook, F.H., and Daniels, F., J. Aa. Ches. Soc., Vol.53 (1931), pp.1250-63. (Diasociation
Conatant)

Brass, P.D., and Tolman, R.C., J. An. Chen. Soc., Vol.54 (1932), pp.1003-20. (Rate
of Dissociation)

Teever, C.E., J. Am. Chem. Soc., Vol.54 (1932), p.4111, (Dissociation)

Colson, A., Coapt, rend., Vol.154 (1912), pp.428-30. (Disscolation)

Argo, W.L., J. Phys. Chem., Vol.18 (1914), pp.438.50. i(Dissociation)

Wourtzel, E., Compt. rend., Yol.169 (1919), pp.1397-1400, (Disescistion)

Claon, A.R., and Teeter, C.E., Nature, Vol,124 (1929), pp. 444:-45. (Diasociatien)

Richerds, W.T., and Reid, J.A., J. 4n, Chem, Soc., Vol.54(1932), pp.3014-15. Dissociation)
Klausvic, O., Chea. Listy., Vol.24 (1930), pp.473-74. (Dissociation)

Teeter, C.E., J. Chea. Phys,, Yol.1 (1933), pp.251+65. (Diasociation)

Bodenstein, M., Z. physik. Chem., Vol.100 {1522), pp.68-123. (Dissociatien)
Bodenstcin, M., and Katayema, M., 2. Elektrochea., Vol.15, {1908}, pp.244+49, (Dissociation)

Grillet, L., and Duffieux, P.M., J. shys. radium, Yol.10 (1939), pp.82.96. (Dissociation)

Nitrogen Trifluoride

Ruff and Menasel, Z. anorg. Chem., Vol.217 (1934), p.93. (Melting Point)

Menrel, W., end Mohry, F., 2. anorg, Chem., Vol.210 (1933), p.257, (Boiling Point, Vepor
Presaure, Heat of Vaporization)

Ruff, Fischer, and Luft, 2. anorg. Chea.,, Yol.172 (1928), p.427. (Density)

Ruff, Z, anorg., Chem,, Vol.197 (1931), p.277. (Density)

*See explanation on page 19,
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* (140) Watson, Kene, and Ramaswsny, Proc. Hoy. Soc., Londen, A, Vol.156 (1936}, p.130. (Dipole
Moment )

* (149) Ryff and Walleuer, Z. anorg. Chem., Vol.196 (1931), p.420. (Heat of Formation)

(180) nemaswamy, K.L., Proc. Indian Acod. Sci., Vol.24 (1935), pp.364.77. (Compressibility,
Dipole Moment)

Oxygen
REL2Y Gisuque and Johnaton, J. Aa. Chem. Soc., Vol.51 (1929), p.300. (Physical, Thermal
Properties)

(183} Eotreicher, 2. physih, Chem., Vol.25 (1913), p.432. (Melting Point)

(183) gnnu)nnd Crommelin, Proc, K, Akad. Wetensch, Amsterdam, Vol.14 (1911), p.163. (Melting
oint

*(184) Moghias and Onnes, Communs. Phys. Lab. Univ. Leiden, No.117 (1911). (Density, Thermal
Expansion)

*(188) pa)y and Donnan, J. Chem. Soc., Vol.81 (1902), p.907. (Denamity, Surface Tension)
*(106) pDywar, Proc. Roy. Soec,. London, Vol.73 (1904), p.251. (Density)

(187) Moles, J. chim, et phys., Vol.19 (1921), p.100. (Density)

(138) pewar, Proc. Roy. Sec., London, Vol.A85 (1911), p.589. (Density)

*(189) Aoyama and Kenda, Science Repts. Tohoku Imp. Univ. (1), Vol.24 (1935), p.107. (Vapor
Preassurs)

*(100) Coth, Communs, Phys. Lab, Univ. Leiden, No.152d (1919). (Vapor Pressure)

*(181) Opnes, Doremenn, and Holst, Communs. Phys. Lab. Univ. Leiden, No.145b (1914).(Vapor
Pressure, Critical Data)

(108) emmmem—— nrae, K, Akad. Wetensch. Amcterdam, Vol.17 (1915), p.950, (Vapor Pressure)

(183) Holat, Proc, Roy. Acad. Amsterdem, Vol.18 (1916), p.829; Communs. Phys. Labd. Univ. Leiden,
No. 148a. (Vapor Pressure)

(164) Opnes and Brask, Proc. Roy. Acad, Amsterdan, Vol.ll (1908), p.333; Communs. Phys.lab,
Univ. Leiden, No.107a. (Vapor Pressure)

(168} yon Siemers, Ann. Physik, Vol.42 (1913), p.871. (Vapor Pressure)

*(168) johnaton, H.L., and McCloskey, X.E., J. Phys, Chem., Vol.44 (1940), p.1038. (Viscosity)

*See explanation on page 79.
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*07) fudenko, J. Exp. Theoret. PAys, (U.S5.5.R.), Vol.9 (1939), pp.1078-80, (Viscosity)
"(108) Rudenko and Schubrikow, Physik, Z. Sowjetunion (.5, 5.8, ), Vol.6 (1934), p.470. (Viscoeity)
(100) jrrerbeek, A., and Paesel, O., Physica, Yol.8 (1941), pp.133-43. (Viscosity)

"1170) yorachaffolt and Nicaise, Communs, Phys, Lab. Univ, Leiden, No.149b (1916). (Yiscosity)

(T1) Nigean, AH., Phil. Nag., Vol.32 (1941), pp.441-56. (Viscoeity)

(17® Gerf, S.F., and Galkov, G.X., J, Tech. Phys. (U,5.8.R), Vol.11 (1941), pp.801.4,
(Viecosity)

‘178 Galkov, G.1., and Gerf, S.F., J, Tech, Phys. (U.$.5.R.), Vol.11 (1941), pp.613-16
(Viscoeity)

(i74) Licht, W., and Stechert, D.G., J. Phys. Chea., Vol.48 (1944), pp.23-47. (Viecosity)
(178) States, Phye. Rev., Vol.2) (1922), p.662. (Viscosity)

(179} Yen, Phil. Nag., Vol.38 (6), 1919, p.582. (Viscosity)

(177) Andradi, Nature, Vol.128 (1931), p.835. (Viscosity)
'178) olborn and Otto, Z, Physik., Vol.10 (1922), p.367. (Thermal Expansion)

(17®) Goppock, Phil. Nag., Vol.19 (7), 1935, p.445. (Thermal Exparsion)

(180) jaquerod and Perrot, Compt. rend., Vol.140 (1905), p.1542 (Thermal Expansion)
'(180) johnaton end Grilly, J. Chen. Phys., Vol.14 (1946), p.233 (Thermel Conductivity)
(332} Sehmide, ., Physik regeladssig. Ber., Vol.5 (1937), pp.101-7. (Thermal Conductivity)
(183) Todd, Proc. floy. Soc., London, Vol.A83 (1909), p.19. (Thermal Conductivity)

(184) Weber, S., Ann, Physik, (4), Yol.54 (1917), p.325. (Thermal Conductivity)
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(180) wiskelmann, A., Pogg. Ann., Vol.156 (1875), p.497. (Thermal Conductivity)
(188) Dickens, Proc. Hoy. Soc. (London), Vol,A143 (1934), p.517. (Thermel Conductivity)

(187) Gregory and Marshall, Proc. Roy, Soc. (Londen), Vol,A118 (1928), p.594. (Thermal
Conductivity)

*(188) Muthais, E., and Onnes, Proc. K. Akad. Wetemach. Ansterdan, Vol,13 (1911), ».939.
(Critical Data)

(189) Hector, L.G., end Woernley, D.L., Phys. Rev., Vol.69 (1946), pp.101-5. (Dielectric
Constant)

*See explanation on page T9.
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(390) Alt, Ann. Physik (4), Vol.19 (1906), p.739. (Heat of Vaporization}
(%) Bucken, Ber., Yol.18 (1916), p.4. (Heat of Vaporization)

(109 Mathaie, E., Crommelin, C.A., and Onhes, Compt, rend., Vol.174 (1922), pp.1395.97
(Heat of Vaporization)

(13) prank, A., snd Clusius, K., Z, physik. Chem., B, Vol.42 (1939), pp.395-421, (Heat
of Vaporization)

{3%4) Kaesom, Communs, Phys. Lab, Univ. Leiden, No.137¢ (1911}, (Hoat of Vaporization)

(208) podebush, W.H., and Troxsl, S.M., J. Aa. Chen, Soe., Vol.52 (1930), p.3467. (Heat
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