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SUMMARY
I

A compilation ,f the physical properties and theo.,udyna•i-ic functiola of thl rtucen
cliciical eleients atold compounds which may lie of interest as oxidizer componeoints
for rocket propellant mixtures has been preperod. All available sourcs of information
were consulted, and this report pruaesits what are believed to be the most reliable
V•al ttes.

All the data pertanLing to each oxidizer have been grouped together and are
arranged iii the following order:

1. Molecular formula.
2, Molecular weight.
3. Melting or Ireezini ,,.
4. oik inl point usid/or -sublimi.tion temperature.
"5. Density (vapor; liquid; solid).
6. Vapor pressure.
7. Triple point.
8. Viscosity (vapor; liquid).

ji 9. Surface tension.
f 10. Coefficient of thermal expansion.

11. Caefficient of thermal conductivity.
12. Dipole monment.

S13. ileal of fusion.
14. hot of vaporization and/or sublimation.
15. Heat of formaLion.
16. Ileat of combustion.
17. Critical data.
10. Equation of state. S~19. Comnprcss~ibilIi ty.

20. Hloat capacity of vapor, C, and Cr.
21. Ratio of specific heats.
22. ihe, . capaciiy oi liqlin ald solid.
23. Free energy of formation.
24. Free-energy fuinction.
95. lleat-coto~nt. function.

* 26. Entropy.

i In some cases there are gaps in the available data. Where this is trie, the
U entry "no information" has been made under the appropriate heading in the data_ sheets.

For convenience of reference, thL sources of the dap.a cited have becn included

as a part of each data sheet. In addition, a detailed bibliography of all sources
consulted, %Itether the reported resuItF were used or not, is appended to thi, report.

These bibliographies will serve as ,,id i for further research on specific compounds
and will also indicate the degrce . u'tiveness of search foe data nmde in alyl

II yven case.

IV



PHYSICAL PROPERTIES AND THERMODYNAMIC
FUNCTIONS OF FUELS, OXIDIZERS, AND

PRODUCTS OF COMBUSTION

ii OXIDIZERS

iNTIIOI)JCT ION

This report is one of o seriea of technical survey reports which have been
prepared by BDottclio Memorial Institute on a subcontract under Prime Contract
No.W33-030 ae-1 4 10 5 , Project RAND, between The BAND Corporat ion and the United
Stotes Air Force.

This collection of the physical and dlernmodynanmic properties of o divcrce
variety of elements and compounds which may be of interest as the oxidizers in
rocket propellant mixtures was compiled in the course of fLattelle's exploratory
work for Project BAND. In many instaucea, the data wore not readily obtainable
but were scattered throughout the physical and rhemi-al literature. To make these
data available to others working in the rocket propulsion field, they are beiil
published as BANT) reports.

mli.n 1:i the •C'ond volnme o4t tir''e rei te(i omp,.nqliaof lhvy",i c"! r-,•s
and thermodynamic functions of rocket and ranJkeL propellant substances. The three
Volumen are entitled: I, Foels; 11, Oxidizers; and Ill. Products of Combustion.

The infornintion contained in this report was chnpinied during the period Octobcrl,
1947 to November 15. 1048.
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BORON T'IIFLUOIIIDE

MOLECULAR FOBMULA
B I,"

MOLECULAB WEIGIHf

67.82

R~ef. ]ntetrnattonaol Atomic ;*etghts,

1947.

MELTING POINT

Melting point = 144.46'K

Ref. Eucken, A., and SchrIder, E.,
Z. phystk. Chemt. , B, Vol.41

(1938), pp. 3 0 7 -1 9 .

BOILING POINT

Boiling point = ;72.2cK

This value critically selected from the literature.

I11-,f K."K. KCi 1ley, b. S. B . u 1MineS
Bl11.383 (1935).

DENSITY

Gas
Temperature ('C) Density (gm/cc)

--183 0.7365
-95.0 0.6495
-91.8 0.6452
-87.6 0.6379
-83.4 0.6314
-80.5 0.6276
-78.3 0.6255
-77.7 0.6235

Ref. BilLz, Le Bouchsr, az:d Eistei-.

Z. anorg. Chem., Vo,-20'.
(1932), p, 6 7 .
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Liquid

d = 1.58 gm/ml at -101 C

d= 1.68 gm/ml at-1280 C

fRef. Biltz, Le Bloucher, and Fischer,
Z. anorg. Chem., Vol.207(1932),
p. 6 7 .

Solid

d 1.98 gm/cc at -188TC

Ref. Biltz, Le Boucher, and Fischer,
Z. anorg. Chem., Vol.207
(1932), p.67.

VAPOB 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 1.

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

Temperature ('K) Pressure (mm ltg) State

127.8 5.0 Solid
131.4 9.5 t

138.9 29.0 "
143 A 54.7 ",

- 45.9 70.1 Liquid
1.7 S.5 4 177. 9 to

Y)C3.2 355.1 "?
170.3 615.1 ft

S173. 1 760 (Extrapolated)

x Ref. Pohland and Harlos, Z. anorg.
IChem., Vol.207 (1932), pp.

242-45.
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BORON 0IIFrLUORIDE (CKnut'd)

TRIPLE POINT

V ISCOS I'ItY I
SURFACE rENSION No information

COEFFICIENT OF THERMAL EXPANSION

COEFFICIENT OF THERMAL CONDUCTIVITY

DIPOLE MOMENT T

=0 debye

Ref. Linke and Rohrmann, Z. physik.
Chem., B, Vol.35 (1937), pp.
256-60.

HIEAT OF FUSION

Alif = 480 cal/mole

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

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

a
HtEAT OF VAPORIZATION

Bull.383 (1935).

HEAT OF FORMATION

3 +amorph 2 -2 = BF3 j

All' = 258.1 kcal/mole

Ref. von Wartenberg, 2. anorg. Chem.,
Vo1.151 (1926), p.3 2 7.

HEAT OF COMBUSTION No info;mation

4



CRITICAL DATA

C = -12.25 ± 0.03*C

j Pc , 49.2 ± 0.1 atm

Ref. Booth and Carter, J. Phys.
Chem., Vol.36 (1932), pp. 13 5 9- 6 3 .

EQUATION OF STATE No information

COMPRESSIBILITY

HEAT CAPACITY OF GAS,C. AND CV

Temperature (OK) C,(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 10. 128I
I Above data calculated on Basis of Raman

a and infrared spectra.

Ref. Spencer, J. Chem. Phys., Vol.
14 (1946), pp.7 2 9 - 3 2.

f RATIO OF SPECIFIC ilEATS No information

1 5
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BORON TRiIFLIUORIDE (Cont'd)

HEAT CAPACITY OF LIQUID AND SOLID

Liquid

Temperature (*K) c (cal/mole deg)

144.46 Melting point
145 24.53
150 24.64
160 24.84
170 25.05
173 25.10

Ref. Eucken and Schroder, Z. phystk,
Chem. , A, Vol.41 (1938),
pp. 307 -19

Solid

Temp (VK) CP (cal/mole deg) Temp ('K) Cp(cal/mole deg)

12 1.28 60 9.67
15 1.87 70 10.53
20 2.90 80 11.28
25 3.95 90 12.03
30 5.04 100 12.76
35 6.07 110 13.53
40 7.00 120 14.44
45 7.83 130 15.58
50 8.52 140 16.76
55 9.13

a
Ref. Eucken and Schr~der, Z. physik.

Chem., B, Vol.41 (1938), i
pp. 307-19. i

FREE ENERGY OF FORMATION No information
6

6 ti
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FREE-ENEPGY FUNCTION

Temnperature ('K) -(F- i2)I/T (cal/mole deg)

298.16 51. 357
300 51. 414
350 52.892
400 54. 230
450 55.464
500 56.611
600 58.70
700 60. 58
800 62.29
900 63.85

1000 65.31

Ref. Spencer, J. Chem. Phys. , Vol.
14 (1946), pp. 7 2 9 - 3 2 .

HEAT-CONTENT FUNCTION

Temperature (*K) (1)* -- ILt)/T (cal/mole deg)

298.16 9.338
300 9.355
350 9.811
400 10.257
450 10. 686
500 11.094
600 11.841
700 12.497
800 13.071
900 13. 572

1000 14.012

Ref. Spencer, J. Chem. Phys., Vo1.14
(1946), pp. 7 2 9 - 3 2 .
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ENTROPY

Temperature (*K) .t* (cal/mole deg)

298.16 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. 7 2 9 - 3 2 .

BROMINE

MOLECULAR FORMULA

Br2

MOLECULAR WEIGHT
AV, oVI

Ref. International Atomic Weights,
1947.

MELTING POINT

MElting point = -7.2*C

Ref. Weber, Bull. Bur. Standards,
Vol.9 (1913), p.1 3 1 .

BOILING POINT

Boiling point = 58.800 C at 760 mm Hg

Ref. Bouzat and Liluan, Compt. rend.,

Vol.178 (1924), p. 6 3 5 .

8



DENSITY

Vapor No information

Liquid

Temperature (Q) Density (gm/cc)

0 3.1875
20 3.1193
"25 3.1023
30 3.0848

ief. International Critical Tables,
Vol.3 (1928), p.20.

Solid

d = 4. 107 gm/cc at --194%C

Ref. Landolt-Birnstein Phyicealisch-
Chemische Tabellen, 3d Suppl.
(1935), p. 2 8 2 .

VAPOR PRESSURE

Liquid

Temperature ('C) Pressure (mm Hig)

-5.05 50
+8.20 100
16.95 150
23.45 200
33.05 300
40.45 400
46.8 S00
51.95 600
56.3 700
58.75 760

Ref. Ramsey and Young, J. Chem. Soc.,
Vol.49 (1886), p. 4 5 3 . I

I
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BRIOMINE (Cont'd)

VAPO1t PRIESSURE (Con t'd)

Solid

Tlemp (MC) Press. (mm 11g) Temp ('C) Press. (Mn. IfA)

-95 0,0022 -S0 1,09
-90 0.0052 -45 1.83
-85 0,0117 -40 2.98
-80 0.0251 -35 4.77
-75 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. k tt ierflat s I vi Cri t ical ables,

Vol.'3 (1928), p.201.

TRIPLE POINT
Temperature = 266'K

Ref. Furth, Cambridge Phil1. Soc.
Proc,, Vo1.37 (1941), p. 2 5 2 .

VISCOSITY

Vopor

Temperature (MC) Y 10. (poisc)

19 1526
29 1542
21 1535
24 1524
25 15",.44

130 20971
1 90 2369
211 2500
242 2626

316 2999
349 3163
410 3476
535 4106
588 4300

Ref. Braune, Basch, und Wentzel, Z.
physik. Chen., A, Vol. 137

(1928), pp.176, 447.

10



Liquid

Tomperet~10c(00) X t0s

-2.6 1287+7.0 1136 -;x

13.6 1056

27.0 925
S~31, 4 901 •

[lof. Internattonai Critical Tables, _

Vol.7 (i930), p.212.

1SURFACE T!NSION

(Against air)

Temperature ('C) (dyes/c)

0 45.020 41.5

so 36,2

11of. Internattonal Critical Tables,
Vol.4 (1928), p.447.

COEFFICIENT OF TlERIMAL EXPANSION (LIQUID)

Toeperature (*C) Volume Relationship

0 100,000
5 100,536

10 101,081
15 101,635
20 102,197
25 102,768
30 103, 347
35 103,934
40 104,529
45 105,132
50 105,742
55 106 359
60 106,983

Ref. Tf11orpe, J. CheCA. Soc., Vol.37
(1880), p.141.

|1)=
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DR•OMINE, (Cont'd)

COEFrIcIENT OF TIIEBMAL CONDUCTIVITY No informaLion

DIPOLE MOMENT

State Teperature ('C) Debyo I1cference

Liquid 1-18 0.40 (1)
Gos 19.7-130.8 0.00 (2)

Befa. (1) Andort-on, Proc. Phys. Soc.,
Vol.40 (1921), p. 62,

(2) ltft, Z. Phystk, Vol.84
1933), p.7 6 7 .

HEAT OF FUSION

ltf • 2,585 cal/mole

lhef. Regnault, Anti, chtm, et phys.
(3), Vol.26 (1849), p. 2 78 .

HEAT OF VAPORIZATION

Tempmrature ( 0 C) A//, (keal/mole) hloferonce

10.0 7.47 (1)
25.0 7.685 (2)

5(.721 (3)

61.6 6.96 (4)

f, fie,(l) Smits and Cannilegieter, 2.
phystk. Chea., A, Vol.168
(1934), p.391,

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

(3) Andrews, Qjart. J. Chem.
Soc. London, Vol.! (1849),
p.27; I'ogg, Ann., Vol.75
(1848), p.SO1.

(4) Berthelot and Ogier, Ann.
chta. et phys., 5, Vol.30
(1883), p. 4 0 0 ; 5, Vol.30
(1803), p.411.

12



Z
ttEAT OF FORMATION

Liquid

SA~ll. 0, by definitioA

HEAT OF COMI3USTION No informaation

CIITICAL DATA

• te =302,2oC

Sde =1.18 gm/ml

Kef, Nedejiine, Kiever Univ. Unters.,
Vol.6 (1885), p, 3 2 ; Vol.9

I ~(1885), p. 721..

i
S

EQUATION OF STATE No information

_i COMPRESS IBILITY

f 1 = V1 - V2
V1, P2 - P

_ITortcavure ('C) Plr. ure hne ajm) PX106

20 0-100 63.5
20 100-200 58.4
20 200-300 54.6
20 300-400 52.1

A 20 400.5 500 49.9

lief. L,.udoit-fiornstein Physcal isch-4 Chestschc Tabollen, Vol.1
(1923), p.95 .

13



BROMINE (Coni'd)

HEAT CAPACITY OF VAPOR, C. AND Cv

Temp cp Temp Cp
(OK) (cal/mole deg) (OK) (cal/mole deg)

200 8.272 850 p.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 8.777 1100 9.041
450 8.824 1150 9.050
500 8.859 1200 9.059
550 8.888 1250 9.068
600 8.911 1300 9.077
650 8.931 1400 9.094
700 8.948 1500 9.113
750 8.963 1600 9.132
800 8.977

Ref. Gordon and Barnes, J. Chem.
Phys., Vol.1 (1933), p. 6 9 2 .

RATIO OF SPECIFIC HEATS

Cp 1.32 at 0.3 to 1.5 atm and 20 to 350*C

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

HEAT CAPACITY OF LIQUID AND SOLID No information

FREE ENERGY OF FORMATION

Ga s

A Fýgt , --754 cal/mole

Liquid

AF2's.1= 0, by definition

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

14



FREE-ENEP(;Y FUNCTION

Tempersture (*K) -(F 0 
- E:)/T (cal/mole deg)

200 47.822
250 47.509
298.1 50.868
300 50, 918
350 52. 130
400 53. 196
450 54. 146
500 55. 006
550 55. 789
600 56. 509
650 57, 176
700 57. 797
750 58. 377
800 58. 922
850 59.437
900 59.923
950 60.384

1000 60.823
1050 61. 242
1100 61.643
1150 62.026
1200 62. 394
1250 62.747
1300 63.087
1400 63.732
A5I00vAil 64. 334
1600 64. 898

Ref. Gordon and Barnes, J.Ghets.
Phys., Vol.1 (1933), pp. 6 9 2 - 9 5 .

HtEAT-CONTENT FUNCTION

Temperature ('K) (110 - lIo)/T (cal/mole deg)

298.16 7.796
300 7,801
400 8.028
500 8.186
600 8.303
700 8.392
800 8.462
900 8.520

15W U



BROMINE (Cont'd)

HIEAT-CONTENT FUNCTION (Con t'd)

Temperature (*K) (Ho - 11)/T (cal/mole deg)

1000 8.668
1100 8.609
1200 8.644
1300 8.675
1400 8.703
1500 8.728

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

EN TROPY

Temperature (NK) .S(cal/mnole deg)

200 55.291
250 57.162
298.1 58.667
300 58.722
350 60.058
400 6i.226
450 62.263
500 63.194
550 64.040
600 64.814
650 65 528
700 66.191
750 66.809
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

[ef. Gordon and Barnes, J. Chem.
Phxs., Vol.1 (1933), pp.692-95.

.16



BROMINE TRIFLUORIDE

MOLECULAR FORMULA

BrF 3

MOLECULAR WEIGHT

136.92

Ref. International Atomic Weights,
1947.

MELTING POINT
Melting point - 8.8*C

Ref. Buff, Angew. Chem., Vol.46
(1933), p. 7 39 .

BOILING POINT

Boiling point 127.0*C

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

DENSITY

Vapor No information

Li quid

d z- 2,843 gm/cc at 8.8*C
2.51 gm/cc at 127.0°C

Solid

d 3.23 gm/cc at 8.8 0 C

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

1 17
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BROMINE TRiFLUOflIDE (Cont'd)

VAPOR PRESSURE

Temperature (C) Pressure (mm Itg) State

-5 1.2 Solid
0 1.8 I
5 2 .6 "

10 3.8 Liquid
20 7.4 "
30 13.7 i
40 23.8 it
60 63.0
80 736.0

127 760(Extrapolated) Boiling
point

Ref. Buff and Braids, Anorp,. Chem,,
Vol.214 (1933), p. 9 1 .

TRIPLE POINT

VISCOSITY

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

HEAT OF FUSION

HEAT OF VAPORIZATION

All, = approx 10.0 kcal/mole

Ref. Buff and Braids, Z, Anorg.
Chem., Vol.206 (1932), p. 63 .

HEAT OF FORMATION NSNo information
HEAT OF COMBUSTION

CRITICAL DATA

tc - approx 327 0C

Ref. Ruff and Braids, Z. Anorg.
Chem., Vol.206 (1932), p. 6 3 .

18



EQUATION OF STATE
COMPRESSIBILITY
HEAT CAPACITY OF GAS, CP AND

RATIO OF SPECIFIC 11F\TS
BEAT CAPACITY OF LIQUID AND SOLID No information
FREE ENERGY OF FORMATION
FPEE-ENERGY FUNCTION
HEAT-CONTENT FUNCTION
EN1ROPY

CILOR INE

MOLECULAR FORMULA C

MOLECULAR WEIGHT

70.914

Ref. International Atoami Weights,

1947.

MEI.TING POINT

Melting point - -100.98*C

Ref. Giauque and Powell, J. Am.
Chem. Soc., Vol.61 (1939),
p. 1970.

BOILING POINT I
Boiling point - -34.05*C

Ref. Giauque and Powell, J. Am. I
Chem. Soc., Vol.61 (1939),
p. 1970.

I 19



CHILORINE (Cont'd)

DENSITY

Liquid and Gas (Saturated)

Temperature (0 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
80 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 O.920 0,258
140 0.750 0.405
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 (0C) Pressure (mim lg)

-100.98 10.44
-97.66 14.07
-92.72 21.58
-87.64 32.50

20



Liquid (Gont'd)

Temperature ('C) Pressure (mram fg)

-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
-48.00 393,96
-43.14 500.42

632.73
-33.05 793.85

Ref. Giauque and Powell, J. Am.
Chem. Soo., Vol.61 (1939),
p. 1970.

Solid No information

TRIPLE POINT

Temperature =-100.98 0C
Pressure = 10.44 mm Hig

Ref. Giauque and Powell, J. Am.Chem. 'Otc., Vol.61 (1939),
p. 1970.

VI SCOS[T'Y

Gas

Temperature ('C) 7) X 10 7 (poiscs)

20 1327
50 1469

100 1679
150 1875
2 u0 2085 W
250 2276

Ref. Trautz and Ruf, Ann. Physik, (S),
Vol.20 (1934), p. 1 2 7 .
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CHLOItINE (Contt'd)

VISCOSITY (Cont'd)

Gas (Con t'd)

T emnperature (OW) x 10(poise-)

15.6 1294
225.5 2191
297.0 2480
307.3 2539
333.4 2626
402.7 2870
419.5 2948
474.3 3143
49P.8 3209

lef. Braune and Linke, Z. phystk.
Chem., A. Vol.140 (1930), :p.195,.

Liquiid

Tiparature (*C) 71 (poises)

-76.5 0.00729
-74.0 0,00710
-70.5 0.00680
-65.4 0.00646
-60,0 0.00610
-53.0 0.00569
-45,1 0.00530
-33. O. 00489

1ef. Steacie and Johnson, J. Am,
Chem, Soc. , Vol.47 (1925),
p. 754.

SURFACE TENSION

Temperature ('C) " y (d'ns/crn) Reference

-72 33.65 (1)
-34.5 2, (2)

Ile fs. (1) Grunmaich, Drad, Ann,. , Vol.4
(1901), p.374.

(2) Interna tional Cr t tLcal
Tables, Vol.1, p.103.
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(It equilibrium with moturatod vuI',or)

Temperature ('C) ? (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 13.39

Ref. Marchond, J. chtm. phys,
Vol.11 (1913), pp.573-76,

COEFFICIENT OF THEDMAL EXPANSION

-': Gas

Change in volume per unit volume per 0C = 0.003830 be-
tween 00-100'C at 760 mmll&

Ref, Hiodgman, ltandbook of Chentstry
and Physics, 1947, p.1754.

Liquid

Temperature (0C) 0(

-50 0.00151
-25 0.00162
- 0 0,00187
+25 0.00219

50 0.00259
75 0.00314
100 0.00430

Def. Lange, 2. angew. Chem., Vol.13
(1900), p.683.

COEFFICIENT OF TtERMALI CONIDUCTIVITY No information
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CHLIORINE• (Cont'd)

DIPOLE MO1MENT

S= 0.23 debyp, for the Rga

lief. Zakrzewaki ond Dohorzynski,
Bull. intern. acad. polon. set.,
A, 1930, p, 3 0 0 .

IIEAT OF FUSION

AHl 1531 1 I cnlimolt i nt -100.98'C

Ref. Gi uque and Powe l, J. Am.
Ch•eih. Soc. , Vol ,61 (1939),
p.1970.

HEAT OF VAPORIZATION

Ail = 0878 1 4 cu1l/mol,, ot 34.050 C and 760 mm lif

Ref. Giauque and Powell, J, Am.
Chem. Soc., Vol.61 (1939),
p. lq70.

HEAT OF FORMATION

A 98.0 , by definition

HEAT OF COMBUSTION No information

CRITICAL DATA
= 143.9"C

= 76 oto

(, -- 0.573 gm/cc

IBef. Pickerine, J, Phys. Chem.,
Vol.28 (1924), p. 9 7 .

EQUATION OF STATE

() + 0 - fib) = 11iT

2,1



)3pressure., btkun

V - volume, litera/mole

R - 0.08207 liter aim/mole deg

- temp, oK
1 n--umber of moles

6.493 liter 2 at m/mo o14I(

b " 0.05622 liter/mole
Rlef. Loage, /iandbook of Gheoistry,

1946, p.1473.

COMPRESS IB I LI TY
Tem'peuture (QC) Pressure llange(atm) 3x 101]

20 10-100 118
20 100-200 110
20 200-300 102
20 300-400 90.?
20 400-500 84.5

Ref, Landolt-136rnatein, Phystkalisch.
Chemntsche Tabellen, Vol.I
(1923), p. 9 5.

HEAT CAPACITY OF GAS, Cp AND Cv
!| ~Temp Cp Te mp G

(U) ( Ai/ ti deg) (c a (ca/11ole de g)

100 6,998 800 A.847
150 7.232 873 8,879
200 7,575 973 8.915

_ 243 7.827 1073 8.941
j 270 7.978 1173 8.064

273.1 7.987 1200 8.969
318 8.176 1273 8.984

S373 8.352 1373 9.004
391 0.400 1473 9.019
452 8.526 1600 9.040"-.473 8. 564 !673 9.051

573 8.685 1765 9.060
673 8. 770 i892 9 .068 Z--
773 8.823 2000 9.071

Rcf. Traitz and Ader, Z. Phystk, Vol.89 W
(1934), p.1S.

2.S
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CHLORINE (Cont'd)

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

Temperature ('K) CV(cal/mole deg)

273 5.97
373 6.32
473 6.53
573 6.65
800 6.79

.1200 6.9
1600 6.9
2G00 7.0
2400 7,0
2800 7.0

Ref. Nernst and WohI, Z. to-ch.
Physik., Vol.10 (1929), p. 6 0 8 .

RATIO OF SPECIFIC HEATS

Cart be calculated from data above

HEAT CAPACITY OF LIQUID AND SOLID

Temp CP Temp C

(*K)* (cal/wiole deg) (WK)• (cal/mole deg)

14.05 0.810 102.92 10.22
15.21 0.916 108.06 10.38
17.40 1.331 1.12.99 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
29488 3.946 134.06 11.47
33.94 4.804 139.67 11.72
37.68 5.421 145.19 11.92
42.37 6.018 150.39 12.24
47.14 6.675 155.45 12.41
58.59 7.879 160.31 12.69
65.42 8.382 164.99 12.93
70.50 8.720 172.12 Melting PGint
75.25 8.973 ]79.L9t 16.01
79.71 9.201 183.75 16.02
84.06 9.427 188.40 15,99
88.66 9.626 i93.21 1.5.99
93.47 9.827 194.08 15.ý5
98.06 10.03 2(,1.50 5.94
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Temp cp Temp CGp
(cal/mole deg) (0 K) (cai/mole deg)

208.63 15.92 229.73 15.79215.90 15.85 236.77 15.73222.82 15.81 239.05 Boiling Point.

-OcC =273. 100K
Ref. Giauque and Powell, J. An.

Chea. ,Soc., Vol.61 (1939),
p. 1 9 7 0 .

FREE ENERGY OF FORMATION

Gas

AF29.6 1 0, by definition

FREE-ENERGY FUNCTION

(Cl 2 equilibrium mixture)

Temp -(F" - p)/T -(F- E0 )/T
(OK) (cal/niole deg) (OK) (cal/niole deg)

250 44.666 1200 56.979
298.1 45.951 1250 57.324
300 45. 997 1300 57.656
350 47.141 1400 58.286
4,00 48.148 1500 58.876
450 49.-049 1600 59.430
500 49.865 1700 59.952
550 50.611 1800 60.446

j 600 51.298 1900 60.916
650 51.936 2000 61.363
700 52.531 2100 61.789
750 53.0C9 2200 62.196
800 53.614 2300 62.587
850 54.110 2400 62.962
900 54. 580 2500 63. 324
950 55.027 2600 63.672

1000 55.453 2700 64.009
1050 55.859 2800 64.334
1100 56.248 2900 64.649
1150 56.621 3000 64.956

Ref. Giauque and Overstreet, J. Am.
Soc., Vol.54 (1932), p. 17 3 1 .
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CHLORINE (Cont'd)

HEAT-CONTENT FUNCTION

Temperature (1o_ 1/-)/7'
(OK) (cal/mole deg)

298.16 7.358
300 7.363
400 7.596
500 7.704
600 7.935
700 8.057
800 8.156
900 8.238

1000 8.309
1100 8.370
1200 8.423
1300 8.469
1400 8.510
1500 8.548

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

ENTROPY

Temperature ('K) $°(cai/moie deg)

298.16 53.286
300 SK. 336
400 55. 720
500 57.625
600 59.207
700 60.562
800 61.744
900 62.792

1000 63,735
1100 64.590
1200 65.375
1300 66. 096
1400 66.767
1500 67,393

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

MOLECULAR FORMULA CI3

MOLECULAR WEIGHT
92.46

J

Ref. International Atormic Weights,
1947.

S

MELTING POINT

Mciting point =-82.6*C

tRef. Ruff, Angew, Chem. V ol -46
i (1933), p.739.

S~BOILING POINT

SBoiling point =12.1*CRef. Ruff, Angew. Chem,., Vol.46

(1933), p. 7 3 9 .

DENSITY

oVapor

Temperature ('K) Pressure (mmr 11g) Density (gm/ml)

294.1l 758.1 0.003585
286.0 494.2 0. 002437

SRef. Ruff and Krug, 7. anorg. Ghcm.,

] ~Vo1.190 (1930), p.270.
S~Liquid =

Sd =1. 77 gm/ml at 12.1°'C

Ref. Ruff, Angew. Chen., Vol .46
1 (1933), p.739.

SSolid No information

2970

286. 4942 0.0243



I, ORI N E T"" I FLUOR I) ( Co n t d)

VAPOR PRESSURE

Temperature (*C) Pressure (mm fig)

-71.9 10
0 495

11.3* 760

"*This value later determined by Buff, Anges.
Chem., Vol.46 (1933). p.739, to be 12.1 0C.

Ref. fluff and Krug, Z. anorg. Chem.,
Vol.190 (1930), p.270.

TRIPLE POINT

VISCOSITY

SURFACE TENSION
COEFFICIENT OF THERMAL EXPANSION No information

COEFFICIENT OF TIIERMAL, CONDUCTIVITY

DIPOLE MOMENT

HEAT OF FUSION

HEAT OF VAPORIZATION

All, = 5900 cal/mole at 760 mm fig

Ref. Ruff and Braida, Z. anorg. Chem.
Vol.214 (1933), p. 9 1 .

HEAT OF FORMATION No information

HEAT OF COA1HUSTION

CRITICAL DATA

tc = 153.5°C (calculated)

Ref. Ruff and Krug, Z. anorg. Chem.
Vol.190 (1930), p.270.
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EQUATION OF STATE

COMPRESSIBILITY
HEAT CAPACITY OF GAS, Cp AND C.

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 FOHMULA
F2

MOLECULAR WEIGHT

38.00

Ref. International Atomic Weights,
1947.

MELTING POINT

lMlting point 217.9°C

Ref. Kanda, Bull. Chem. Soc. Japan,
Vol.12 (1937), p,511.

tBOILING POINT

Boiling point -187.95 ± 0. VC at 760 mm Hig

Ref. Claussen, J. Am. Chem. Soc.
Vol.56 (1934), p.614.
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FLUOHINI (Coint'd)

DENSITY

Gas

d - 1.695 gm/liters at 00C and 760 mm fig

Ref. Internat tonal Critical Tables,
Vol.1 (1927), p. 1 0 2 .

Liquid

Temperature ('C) Density (gm/cc)

-200 1.14
-187 1.108

Ref. Moissan and Dewar, Bull. soc.
chim. (3), Vol.17 (1897), p.931.

Solid

d = 1,3at-204.1 0 C

Ref. International Critical Tables,
Vol.1 (1926), p. 1 0 4 .

VAPOR PRES-SURE

Temperature ('K) Pressure (mm Ifg)

59.60 10,1
63.61 26.3
65.00 35.5
68.70 65.2
69.99 92.05
72.85 143.35
75.01 209.1
77.51 289.5
79,35 381.5
79.98 402.35
83.43 608.1
84.52 712.15
85.00 740.1
86.21 845.2

-fef. Kanda, Bull. CheM. Soc. Japan,
Vol.12 (1937), p.41 6 .
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TRIPLE POINT No information

VISCOSITY

Gas

Temperature ('K) Pressure (0nm Hg) 1 X 10" (poises)

S273.2 763 2093
248.9 763 1727
229.6 763 1611
213.1 765 1492
192.3 765 1379
167.9 765 1201
148.8 758 1080
118.9 758 875
86.8 758 555

IRef. Kanda, Bull. Chea. Soc. Japan,

Vol.12 (1937), p.463.

Liquid No information

SUIHRACE TENSION
Temperature (*K) y (dynes/em)

61.41 13.85
65.30 13. i7
71.00 12.20

1 81.50 10.41

Ref, Kanda, J. Chem, Soc, Japan,
4Vol.58 (1937), p.706,

i COEFFICIENT OF THERMAL EXPANSION
COEFFICIENT OF THERMAL CONDUCTIVITY No information

DIPOLE MOMENT

i tlEAT OF FUSION
All1  372 cal/mole an. 55.20K1

Ref. Kanda, Bull. Chem. Soc. Japan,
Vo1.12 (1937), p.463.
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FIJO.IUNF (CIntE d)

HEAT OF VAPORIZATION

= 1560 cal/mole at -187.95 0 C

Ref. Claussen, J. Am. Chem. Soc.,
Vol,56 (1934), p. 6 14.

HEAT OF FOIRMATION

All"29.i =0 for the gas

HEAT OF COMBUSTION No information

CRITICAL DATA

to = 1440K

pe = 55 atm

Ref. Cody and tildebrand, J. Am. Chem.
Soc., Vol.52 ( 1 9 30), p.3842.

EQUATION OF STATE

(P+!".a)V -n6. nRT

where

P = pressure, atm

V = volume, liters/mole

R = 0.08207 liter atm/mole deg

T = temp., OK

n = number of moles

a = 1.1793 liter 2 atm/mole 2

b = 0.02608 liter/mole

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

COMPRESSIBILI.TY No information
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HEAT CAPACITY OF' uAS, Cp AND Cv

'T'emperature (*K) cp (cal/,nole deo)

298.1 7.522
300 7.530
400 7v912
500 8.186
600 8.373
800 8.594

1000 8.710
"1200 8.777
1400 8v819
1600 8.047
1800 8.866
2000 8.880

Ref. Murphy and Vance, J. Cheas
Physi cs, Vol.? (1939), p.006.

C, 5.535 cal/mole at 298. 10K

SfRef. Landau and Rosen, Manhattan
District Declassified Report
No. IS4, I-b, U.S. Atomic Energy
Comm, Oak Ridge, Tennessee,
"1946.

RATIO OF SPECIFIC HEATS

c1.360 at 298. 1OK

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

HIEAT CAPACITY OF LIQUID AND SOLID No information

A FREE ENERGY OF FORMATION

•0bdGasSA/;°s,•l =0, by definition1



FI.UORINK (Corit'd)

FREE-ENEIRGY FUNCTION

Temperature -(F -_io')/7,
(°K) (cal/mole dog)

290, 1 41.488
300 41.533
400 43. 594
500 43.230
600 46. 594
R00 48, BP"

1000 50.561
1200 52.024
1400 53.281
1600 54.380
1800 55.354
2000 56.243

Bef. Miurphy and V nce, Jp Chem
PhysicF, Vol,? (1930 ), p.0 0 6

HEAT- CONTENT FUNCTION

May be colculated from the following data:

li, - = 2111 cal/mole deg

Tomb I/* Ti'mna I10 - I/.?-.
(10 (cul/mole deg) ('-K) (cal/trole deg)

200.1 0 3200 25,342
400 786 3400 27,126
600 2,416 3600 28,906
800 4,112 3800 30,694

1000 5,843 4000 32,481
1200 7,591 4200 34,265
1400 9,352 4400 36,046
1600 11,114 1600 37.835
1800 12,886 4800 39,620
2000 14,661 5000 4 1,M0
2200 1b,,,0 5200 43,197
2400 18,215 5400 44,q83
2600 19,91)4 5600 46,765
2800 21,776 5800 48,552
3000 23,56.0 6000 50,341

fief. Goodrich, Saichse!, and Mantis,
1; npubl ished Calculat ions,
Buttelle Menorial Inst itute
1947.
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ENTRIOPY

Temp sj- Tenip
( (OK) (rfil/mole dog) ( OK) (cal/inole deg)

_298.1 40 . 576 !000 58.500

300 48,623 1200 60.119
400 50.844 1400 61.476
500 52.6642 1600 62.659
b00 54.1411 1000 63. 694
800 56.594 2000 64. 637

Ilef. Murlphy tn d Vance, J. ChIcm.
S~~Phl•sics, Vol.7 (1939), p.806.

remp Temp so
'(K) (cal/mole dog) (°K) (Cal/molo deo).

2200 65.4 83 4200 71.245
2400 66.253 440G 71. 657
2600 66.965 4600 72.057
2800 67.625 4800 72.439
3000 68. 242 5000 72. 801
3200 68.817 5200 73.154
3400 69.358 5400 73.489
3600 69.865 5600 730818
3800 70.350 5800 74.126
4000 70,813 6000 74.430

flef. CGeodrich,1 S.-s1 :~Nvds
Unp u b I i sied Ca1cul ations.

lBattelle Memoorial In.stitute,[
1947. J

4
I

HYDROGEN PEROXIDE
I

MOLECILAR FORMULA

1ii02

MOi.ECULAR WEIGHT
34,016

FRef. International Atomitc Wetghts,
1947,
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L)HO(TN PEROXUIP (Cont d)

KMELTING POINT

Melting point =-0.89°C

Ref. Cuthbertson Matheson, and
Maass, J. Am. Chem. Soc., Vol.50

(1928), pp.l120-21.

BOILING POINT

Boiling point i50.5,C

Ref. Giguere and Maass, Can. J.
Research, Vol.18, B(1940),
p.181.

DENSiTY

Vapor No information

Liquid

;emnperature (CC) Density(gm/cc)

-12.13 1.4774
-9.80 1.4751
-8.38 1. 4 733 3
-6.23 1.4705
-2.85 1. 467
--0.53 1.4638
+0.10 1.4031.

1.20 1.,46.17
3.00 1.4597
5.55 1.4570
8.30 1.4541

'2.60 1.4490
15.30 1. 4465
11,.90 1,441.9

Ref, Maass a:nd Hatcher, J. Am. Chem.
Soc., Vol.42 (1920), pp.2548-69.

Solid

Temperature ('C) Density (gm/cc)

-4 45 1.6434
-7.45 1.6437

Bef. Maass al, d Hatcher, J. Am. Chem.
lNoc., Vol.42 (1920), j'p.2548-i).
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VAPOR PRESSURE
Temperature ('C) Pressure (mm Hg)

20 1.5
25 2.0
30 2.75
35 4.0
40 5.7
45 7.8
S50 10.4
55 13.8
60 18.1
65 23.3
70 29.65

* 75 37.6
80 47.4
85 59.
90 71.5

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

TRIPLE POINT No information

VISCOSIT''Y

Vapor No information

Liquid --

STemperature_( 0 C) Y) (poise

0.04 0.00828
S11,90 0,01456

12,20 0.01447
19.60 0.01272

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

SURFACE TENS IONTemperature ('C) y (dynes/em)

O.L 78.73
6.2 77.79

11.0 77.51
13.9) 76.47

18.2 75.94
Ref. Maass and IHtcher, J. Am.Chem.

Soc., Vol.42 '1920), pp.2548-69.j
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IIYDROGEN PEROXIDE (Cont'd)

COEFFICIENT OF T1IEfRMAL EXPANSION

Change in liquid dcnsity per degree temperature change
(°C) -=0.001075 (Bange, -100 to 20 0 C)

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

COEFFICIENT OF THIERMAL CONDUCTIVITY No information

DIPOLE MOMENT

•J = 2.1 debye

Ref. Linton and Maass, Can. J.

ilesear,ýh, Vol.7 (1932), p.81.

HEAT OF FUSION

AHf 74. cal/gm

Ref. Maass and Hatcher, J. Am. Chem.
S cC. , V 0l.-4 2,(10920)ANV, pp.2548-69A

HEAT OF VAPORiZATION

AH,, =326 cal/gm

Ref. kMaass and Hatcher, J. Am. Chem.
Soc., Vol.42 (1920), pp. 2 548-6 9 .

HEAT OF FORMATION

H 2 402 = H2 0 2 (1)

All = 45,320 cal/mole

Ref. Landolt-Bgrnstein, Physikalisch-
Chemische Tabellen, 11 (1923),
p.1490.

HEAT OF COMBUSTION No information
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II UI

CRITICAL DATA

I 459.0C

t Ref. Maass and Hiebert, J. Am. Chem.
Soc.,Vol.46 ( 1 9 2 4 ),pp. 2 6 9 3- 2 70 0.

EQUATION OF STATE

COMPRESSIBIL ITY
No information

HEAT CAPACITY OF GAS, Cp AND C,

RATIO OF SPECIFIC HEATS

HEAT CAPACITY OF LIQUID AND SOLIDI}
Cp = 0. 579 cal/gm atO to 18.5"C + 4%

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

Cp 0.470 cal/gm at-9.O 0 C to melting point ± 4%

Ref. M.ass and Hatcher, J. .4 .Chem.
Soc., Vol.42 (1920). pp.1 5 48-69.

FREE ENERGY OF FORMATION

State F2g 8 (cal/mole)

Gas -24,7304 Liquid -28:230
SSolid -27,980

Ref. Lewis and Randall, Thermody-
namics and the Free Energy of

3 Chemical Substances, 1st ed.,'
1923, p. 4 9 5.

` 'rEE-ENERGY FUNCTION

-tIFAT-CONTENT FUNCTION I No information

ENTROPY

S4



NITRIC ACID

MOLECULAR FORMULA HN03

MOLECULAR WEIGHT
63.016

Ref. International Atomic Weights,
1947.

MELTING POINT

Melting point =-41.59*C

Ref. Forsythe and Giauque, J. Am.
Chem. Soc., Vol.64 (1942),

pp.48-61; Vol.65(1943), p.2479.l

BOILING POINT

Boiling point = 86.*C at 760 mm lig

Her Landolt-B~rnstein, Physikalisch-
,% •i she Tabellen, Vol.2
(1923), p.1477.

DENSITY

Vapor (Air = 1)

Temperature (0C) Specific Gravity

86 2.05
100 2.02
130 1.92
160 1.79

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 4HN0 3 = 4NO: + 21t10 + 0 un-
til decomposition is complete at 256'C.

Rei. Carius, Ber., Vo.A.4 (1871)),
p. 8 2 8 .



gI

Liquid

Temperature ('C) Density (gm/cc)

0 1. 5472

S25 1.5018

Ref. Kl(ýmenc and Bupp, Z. anorg.
j Chea., Vol.194 (1930), p.51.

Solid

d = 1.883 cm/cc at -195'C

eBf. Biltz and HiVlsmann, Z.0anorg.
U, 414 gef. Cheim., Vol.207
(1932), p.3 7 7.

VAPOR PRESSUBE

TemperaLure (0C) Pressure (mm H1g) References

S014.7 QI)

20.1 I

S0 27.1
S! 5 36.2 "

26 48.0
25 61.0 (2)
30 77. 4
35 102. (3)
40 133.
45 170.

Sso 215
55 262.
60 320.
65 185.
70 460S? 5 540"

80 625
S85 720

90 820

Tiefss(.) Wilson and Miles, Trens.
Faraday. Soc., Vol.36
(1940) , p. 356. .

(2) Berl and Saenger, Monatsh.]
Vols.53-54 (1929), p.1 0 3 6 ,

S(3) Taylor, Ind. Eng. C'-. . , 7
S________________Vol-tI (1925), ,.633.
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NtTIIIC ACID (Cont'd)

ThiPLE POINT No in format.ion

VISCOSI'TY

Vapor No informraion

Liquid

Temperature (*C) ' (poises)

10 0.0107
20 0.00913
40 0.00698

Bef. Binghim and Stone, J. Phys
Chem., Vol.27 (1923), p. 7 01.

SURFACE TENSION (99.8% 11NOj)

Temperature (*C) y (dynes/cm)

11.6 42.7
46.2 37.2
78.2 32.6

Ref, International Crttical Tables,
Vol.4 (1928), p.464.

COEFFICIENT OF THERMAL EXPANSION

Temperature Range (0C)

4-14.2 0.001274

14.2-24.2 0.001240

Ref. Mellor, A Comprehensi ve T,'cattse
on Inorganic and Theoretical
Chemtstry, Vol.8, p. 5 6 6 .

COEFHlCIENT OF THERIMAL CONDUCTIVITY NSNo information
DIPOLE MOMENT

HEAT OF FUSION

Aif -- 2503 ± 2 cal/mole at -41.59'C

Ref. Forsythe and Giauqcite, J. Am.
Chem. Soc., Vol .64 (1942),
pp.448-o., Vol.65•,943), p.2479.
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HEAT OF VAPORIZATION

7.25 kcol/mole at 86 0 C

Ref. Landolt..U.Wrnstein, Physikalisch-
Chemische Tabe I len, Vol . 2

(1923), p. 1 477.

HEAT OF FORMATION

S~vapor

A112 981  -3199 cal/mole

Liquid

A11196.1 -- "41,349 cal/mole

Bef. Forsythe and Giauque, J. Am.
Chem. Soc., Vol.64 (1942),
pp,48-61; Vol.65 (1943), p. 2 4 7 9.

"IEAT OF f[ ',!BUST!ON

CRITICAL iATA No information
EQU!'IO'0, OF STATE

COMPK ESSI BILITY J

HEAT CAPACITY OF GAS, C1, AND CV

C,- 6.57 + 18.75 x 10-3 T (from 27S°-500*K)

(Equatioa derivf.d fro;m heac-content. data of Fors;ythe aid
Giauque, J. Am. Chem, Suo., Vol.64 (1942), pp.48-61;
"Vol.65 (1942), p.24 7 9 .)

t ef. Egan, Ind. Eng. Chem., Vol.37
(1945), p. 3 0 3 .

RATIO OF SPECfJ"1C 11FAT -No iifo innak.4o
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NITRIC ACID (Cont' d)

HEAT CAPACITY OF LIQUID AND SOLID

Liquid (data from smoothed experimental curve)

Temperature (10 ) CY(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. Soc., Vol.64 (1942),
pp. 4 8-61; Vol.65 (1943), p. 2 4 7 9 .

Solid (data from smoothed oxperimental curve)

Temp CP Temp Co
(ON) (cal/mole deg) (OK) (cal/molo dog)

15 0.677 95 9.794
20 1.238 100 10.06
25 1.934 310 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 C Ap 1p^tQ 12,81

55 6. 463 170 13.27
60 7.01.2 180 13.72
65 7.522 190 14.20
70 7.988 200 14.70
75 8.419 210 15.25
00 8.825 220 15.82
85 9.187 230 16.46
90 9.510

Ref. Forsythe and Giauque, J. AA.
Chem. Soc., Vol.64 (1942),

pp.48-61; Vo!.65(1943), p.247 9 .

FREE ENERIGY OF FORMATION

Gas AF29 -17,554

Liquid AF~g8.t -19,030

liesf. For sythe and Giauque, J. Am.
Chema. Soc., Vol.64 (1942),
pp.4C-61; Vol.65 (1943), p. 24 7 9 .
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FnEE-NERY FUNCTION

(IIN0 3 gakS)

Tempe r ature F I?/
( 0 K)(cal/mole dog)

275 54.00
298,1 54.25
300 54. 31
325550
350 55.78
375 56.45
400 57.13
425 57.75
450 $8.35
475 58.98
S00 59.53

Rlef, For1sythe an~d Giouquc, J. Am.
C/zem . Soc ., Vol .64 (1942),
pp.4 8 -61; Vol.65 (1943), p.2479.

HEIAT-CONTENT FUNCTION

Temperature (It- -

(OK) (cal/mole deg)

275 9.16
298.1 9.37
300 9.39
325 9.62
350 9.84
375 10.07
400 10.31
425 10.54
450 10.79
475 11.02
S00 11.25

flef. Forsythe and Giauque, J. A .
Chest . Soc., Vol.64 (1942)
pp.48-61, Vol.65 (1943), p.2479 .
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IF I 1•01I Y

1lemperature

( 0 K) (cal/mole deg)

275 63.24
298.1 63.62
300 63.70
325 64.67
350 65.62
375 66.52
400 67.44
425 68.29
450 69.14
475 70.00
500 70.78

Liquid

O .=37.19 cal/mole deg

Ref. Forsythe and Giauque, .1. Am.
Chem. ,Koc. , Vol.64 (1912),
pp. 4 8 - 6 1 , Vol.65(1943), p. 2 479 .

NITROGEN DIOXIDE

(Nitrogen Tetroxide)

MOLECULAR FORMULA

NO2 ; N2 9 4

MOLECULAR WEIGHT

NO2 = 46.008

N20 4 = 02.016

Ref. International Atomic Weights,
1947.

MELTING POINT

Melting point = -11.20'C (equilibrium mixture of NO2 and
N2 04)

Ref. Giauque and Kemp, J. Chem.
Phys., Vol.6 (1938), p. 4 0 .
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1IOIL1 NG POINT

Boiling point 21.15'C at 760 mmfig (equilibrium mixture
of NO2 and N204 )

Ref. Giauque and Kemp, J. Chem.
Phys., Yol.6 (1938), p. 4 0

DENSITY

Vapor (specific gravity, compared with air as unity)

Temp('C) Specific Gravity Temp( 0 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
70. 1.95 183.2 1.57

Ref. Fricnd,A Textbook of Inorganic
Chenistry, Vol.6, Part 1 (1928).
p.168.

Above values refer to a mixture of NO2 and N204 at equi-
librium at observed temperature.

Liquid (N0 2-N 20 4 equilibrium mixture)

Temperature ('C) Density(gm/ml)

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

0 1.4935
-5 1.4880
10 1.4770
15 1.4740
21.6 1.4398

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

DENSITY (Gfjn t ' t)

Solid (NO2-N20)4 equilibrium)

Temperature (•C) Density (gim/co)

-195. 1. 979
-79. 1.899

Ref. Biltz, Fischer, and Wunnenberg,
Z. anorg. Chem., Vol. 193 (1930),
pp.351-66.

VAPOR PRESSURE

Liquid W0C = 273.100K)

TemperatureC(K) Pressure (mam Hg)

240. 296 19.97
240. 322 20.11
248.476 43.58
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.P•9 783.29

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

Temperature ("C) Pressure (mam Hg)

19.9 721
29.95 1133.5
39.85 1737
48.95 2522

Ref. Mittasch, Russ, and Schlueter,
Z. anorg. Chem., Vo1.159 (1929),
p.29.
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Solid kequilibrium mixture of NO2 and N2 0 4 )

Temperature ("C) Pressure (mm I1g)

-100 0.00 23
-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.64 7 .

TRIPLE POINT

Temperature -11.20'C at 139.78 mm Hg

Ref. Giauque and Kemp, J. Chem.

Phys., Vol.6 (1938), p. 4 0 .

VISCOSITY

Vapor No information

Liquid (equilibrium mixture of NO2 and N2 04)

Temperature ('C) r, (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. 3 9 7.

SURFACE TENSION

(Equilibrium mixture of NO2 and N2 0 4 )

Temperature ( 0 C) y (dynes/cm)

1.6 30.6 - 1.0
19.8 27.5 ± 1.0

Ref. International Critical Tables,
Vol.4 (1928), p. 4 4 7 .
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S. . .. I wo,E [io i m(~~

"Ni'l 1(W;E.N DIOXIl)E ( Cw:,t'd)1

(:(JEJi"ICILNT OF THERMAL EXPANSION

Gas (equiiibrium mixture of N02 ana N204,)

Temperature CC) 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 N02 and N20 4 )

9.6 X 10-s cal/cm sec deg at 55'C

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

DIPOLE MOMENT

0.39 debye for NO2 gas

0.55 debye for N204 gas

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

HEAT OF FUSION

(Equilibrium mixture of NO 2 and N20 4 )

Allf = 3.502kcal/mole at -11.20 C

Ref. Giauque and Kemp, J. Chem.
Phys., Vol.6 (1938), p.4 0 .

HEAT OF VAPORIZATION

(Equilibrium mixture of NO2 and N20 4 )

AlIV -= 9. 110 kca l/mole at 21.15"C

Bef. Giauque and Kemp, J. Chen.
-52 Phys., Vol.6 (1938), p. 4 0 .



HEAT OF FORMATION

A11298.1 = 7964 cal/mole for NO2* gas

All.2 9 8- = 2239 cal/mole for N2 0 4 gas

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

HEAT OF COMBUSTION No information

CRITICAL DATA

t, = 158.2'C

d4 = 0.507 gm/ml

Ref. Bennewi tz and Windisch, Z.
physik. Chem., A, Vol.166
(1933), p. 4 0 1.

PC = 100 atm

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

EQUATION OF STATE

(Equilibrium mixture of NO 2 and N2 04)

P + a( - nb) = nRT+P V21

where

P = pressure, atm

IV volume, liters/mole

IB 0.08207 liter atm/mole deg

T = temp, 'K

n number of moles

a = 5.284 liter 2 atm/mole 2

b = 0.04424 liter

Ref. Lange, Handbook of Chemistry,
6th ed., 1946, p. 1 4 7 2 .

COMPRESSIBILITY No information
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NI'I It(MIA'! 1) 1 OX I Ml. ((.rn, t hd

IIL..A'I (CAPA'CITY OF GAS, CG AND Cv

. xiot-x rimental Values for N 20 4 )

Tempuerature ('C) CY(cal/mole deg)

33.73 11.4
41.00 12.0
"1,,. 00 1-2.0
S5.03 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 2 0 4 )

T.1mperature ("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

Eief. Giauque and Kemp, J. Chem.
Phys., Vol.6 (1938), p. 4 0 .

V- 6.67 cal/mole deg for NO2 gas at 15'C and I atm

ftef. Leduc, Chem. Revs., Vol.
(1929), p.13.

HIATIO OF SPECIFIC LtEATS

1.303 at 15 'C and I atm for NO 2

lilef. 1.educ, G hem. lIe vs. , Vol.6
(1929), p. 1 3 .



HIEAT CAPACITY OF LIQUID AND SOLID (N 2 04 ,

Liquid

Temperature (VK) Gp (cal/mole der)

265.44 32.79
269).0 q32.92
275.38 33.10
281.19 33.34
2P6.86 33.60
291.28 33.74

Ref. Giauque and Kemp, J. Chem.
Phys., Vol.6 (1938), p. 4 0 .

Solid

Temp CP Temp Cp
("K) (cal/mole deg) (OK) (cal/mole deg)

16.80 1.315 128.86 16.82
19.iO 1.833 133.97 17.19
21.46 2.3-0 140.15 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
419.10 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
63.66 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. Chem

Phys., Vol.6 (1938), p.40.
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"Ii'iITO(;L.N I)IUOXII)E ( A,1,1t',l)

IH"L. INEIGY OF "OI-I1ATT ON

12,275 cal/molu for ý,O2 gas

'%f298.1= 23,440 cal/mole for N2 0 4 gas

Ref. Giauque and Kemp. .1. Chem
LPhys., Vol.6 (1938), p.40.

FREEL-ENERGY FUNCTION

Temverature -(F, - 'L/I'/(ca 1/mole deg)

('K) NO 2  N 2 0 4

275 48.536 58.021
298.1 49.202 59.106
300 49.252 59.192
325 49.918 60.302
350 50.538 61.365
375 51.122 62.377
400 51.670 63.363
425 52.195 64.301
450 52.676
500 53.617
550 54.471
600 55.266
650 56.010
700 56.709
750 57.373
800 57.942
850 58.583
900 59.152

Ref. Giauque and Kmp, J. Chem,
Phys., Vol.6 (1938), p.40.

IIEAT-CONTENT FUNCTION No in(orMdtion

ENTROPY

(cal/mole deg) (val/mole dleg)

N02 vas 57. ,t7 -14. 16
N204 gas 72.73 -71.12

lief. Giauque and Kemp, J. (Chem.
Phys., Vo].6 (1938), p. 4 0 .
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NITROGEN TRIFIUORI)E

N F.,

NOI.(EII. LAI %E161(M 71.01

Ilt-f. laiternattonul Atomtc IR'etghts,
1947.

%I!'..TING POINT

Melting point = -208.5*C

Ref. Buff and Menzel, Z. anorg

Chem., Vol.217 (1934), p. 9 3 .

rBOI1.INf; POINT

BohilinV point =-129.0'C at 760 mm fig

lRef. Mernzel and Mohry, Z. anorg.
Chem., Vol.210 (1933), p. 2 5 7 .

1)ENS I1TY
Gas

d = 3.16 gmi/liter at 0OC ond 760 mm fig

Ref. Buff, Fischer, and Luft, Z.
anorg. Chem., Vol.172 (1928),
p. 427.

Liquid

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. fuff, Z. anorg. Chem., Vol.197
(1931), p. 2 7 7 .

Solid No information
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NITROGEN THIFLUORIDE Cont' d)

VAPOR PRESSURE

Temperature (*C) Pressure (nun Hg)

-192.5 0.2
-167.5 17.0
-140.58 311.5
-137.71 394.2
-135.68 464.3
-134.94 490.7
-133.95 530.1
-133.25 558.7
-132.60 586.1
-131.69 626.9
-130.85 667.3
-130.55 680.8
-129.76 722.2
-129.19 751.0
-129.07 756.5
-128.28 773.1

Ref. Menze 1 and Mohry, Z. anorg.
Chem., Vol.210 (1933), p. 2 5 7 .

TRIPLE POINT

VISCOSITY (Gas and Liquid)

SURFACE TENSION No information

COEFFICIENT OF THERMAL EXPANSION

COEFFICIENT OF THERMAL CONDUCTIVITY

DIPOLE MOMENT

J= 0.25 debye at -800 to 250C
0.21 debye at 250 to 95*C
0.24 debye at -80' to 95°C

Ref. Watson, Kane, and Ramas'wamy,
Proc. Roy. Soc., A, Vol.156
(1936), p. 1 3 0 .

HEAT OF FUSION No information
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HEAT OF VAPORIZATION

AllH = 2880 cal/mole at -129.0•°C

Ref. Menzel an.- Mohry, Z. anorg.
Chem., Vol.210 (1933), p.257 .

H1EAT OF FORMATION

All = -26 ± 2 kcal/mole, at room temperature and at constant
volume

Ref. Ruff and Wallauer, Z. anorg.
Chem., Vol.196 (1931), p. 4 2 8 .

HEAT OF COMBUSTION

CHITICAL. DATA

EQUATION OF STATE

COMPRESSIBILITY

HEAT CAPACITY OF GAS, C. AND CV

RATIO OF SPECIFIC HEATS No information

HEAT CAPACITY OF LIQUID AND SOLID

FREE ENERGY OF FORMATION

FREE-ENERGY FUNCTION

HEAT-CONTENT F"UNCTION

ENTROPY

OXYGEN

MOLECULAR FORMULA

02

MOLECULAR WEIGHT
32.000

Ref. International Atomic Weights,
1947.
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OXYGEN (Cont'ul

MELTIN3 rCGINT

Melting point =-'218.710 C

Ref. Giauque anJ Johnston, J. Am.
Chcm. Soc., Vol.31 (1929)
p.2300.

BOILING POINT

Boiling point = -182.97)C at 760 mm tig

Ref. Giauque and Joh.tton, J. Am.
Chem. Soc., Vol.51 (1929)
p.2309.

DENS I TY

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 0.10,2
-120.4 0.2701

Ref. M.th6 -A .a' n ..e s, C.o. .uns.
Phys. Lab. Univ. Leiden, No. 117
(1917).

Liquid

Temperature (CC) Density (gm/ml)

-120.4 0.6032
-123.3 0.6779
-129.9 0.7781
-140.2 0.8742
-154.51 0.9758
-182.0 1.i415

Ref. Mathias and Orknes, Communs.
Phys. Lab. Univ. Leiden, No.117
(1917).
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Liquid (Cont'd)

Temp•.raturc (0C) Density (gm/ml)

184.0 i.1479
186.0

* 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 1.2,141

205.0 1.2489

Ref. Baly and Donnan, J. Chem, Soc.
Vol,81 (1902), p.907ý

Sol id

d = 1.4256 gm/cc at -252.5°C

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

VAPOR PRESSURE

Iiquid

I Temperature (°K) Pressure (mm fig)

1 62.37 9.59
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
90.13 760.0
90.47 786.6

Ref. Cath, Comauns. Phys. Lab. Univ.

Le idern, No.152d. 61
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OXYGEN (Cont'd)

VAPOR PRESSUIE (Cont'd)

Liquid (Cont'd)

Temperature ('K) Pressure (atm)

118.22 9.096
123.84 12.506
134.14 21.328
142.45 30.914
147.81 38.571
151.76 45.142
154.27 49.713 (Critical Point)

flef. Onnes, Dorsman, and ilo1•t
Communs. Phys. Lab. Univ
Leiden, No.145b (1914).

Solid

Temperature ('K) Pressure (mm Hg)

37.3 0.0008
39.0 0.0044
43.1 0.010
44.1 0.022
46.0 0.045
50.7 0.291
54.3 1.20

Ref. AoyamaandKanda, Science Repts.
Tohoku Imp. Univ. (1), Vol.24

TRIPLE POINT

Temperature =-218.40C

Ref. International Critical Tables,

Vol.3 (1928), p.203.
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VISCOSITY

Gas
GTs1m,,.,, ,,.1(.)• )1 X 10Xo- (poises)

90 691
100 768
110 843
120 917
130 999
140 1061
150 1132
160 1202
170 1272
180 1341 S190 1409
200 1476

210 1541
220 1604
230 1666
240 1728
250 1786
260 1845
270 1902
280 1958
290 2015
296.1 2049
300 2071

I Above values taken from smoothed ex-
perimental curve.

Ref. Johnstornaind McCloskey, J. Phys
Chea., Vol.44 (1940), p. 1038

Liquid

Temperature(CK) r(poises)_

65 0.445
70 0.356

75 0.297kJO 0.252
85 0.218
90 0.191

95 0.168
100 0.149
105 0.136
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_ - OXYGEN (Cont.'d)

VISCOSITY (Con t'd)

Liquid (Cont'd)

Temperature (°}.) n(poises)

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.

liefa. Rudenko, J. Exp. Theoret. Phys.
(U.S.S.R.), Vol.9 (1939)
p. 1078.
Hudenko and Schubrikow, Phys ik.
Z. Sopjetunion (U.S.S.R.)
Vol.6 (1934), p-470,

Itterbeek and Paemel, Physica,
Vol.8 (1941), p.133.
Verschaffelt and Nicaise,
Coapurns . Phys. Lab. Univ
Leiden, No. 149b (1916).

SURFACE TENSION

Temperature (*K) y (dynea/cm)

70 18.3
75 17.0
80 15.7
85 14.5
90 13.2

Ref. Raly and Donnan, J. Chent. Soo.,

Vol.81 (1902), p. 9 0 7 .
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COEFFICIENT OF THIERMAL EXPANSION

Gas
y- i'o

VO t

Pressure 100 a0

(mm fig) 09-50 0C 00-1000 C

0 0.3660 0.3660
1 0.3679 0.3676
- 0.3752 0.3739

10 0.3842 0.3817
15 0.3932 0.3094
20 0.4019 0.3971
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
so 0.4530 0.4420
55 0.4614 0,4492
60 0.4696 0.4563

* 65 0.4777 0.4632
70 0.4856 0.4701
75 0.4935 0.4768

Ref. Ilalborn and Otto, Z. Physik
4 Vol.10 (1922), p.367; Inter-

national Critical Tables, Vol.3
(1928). p. 9 .

COEFFICIENT OF TIERMAL CONDUCTIVITY

Temp k x 105  Temp k X 10l
a (OK) (cal/cmsec deg) (*K) (cal/cm see dog)

80 1.701 150 3.287
90 1.930 160 3.508

100 2.159 170 3.728
110 2.387 180 3.946
120 2.614 190 4.162
130 2.040 200 4,375
140 3.1)64 210 4.584
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OXYGEN (Cont'd)

COEFFICIENT OF TtHEiiMAL CONDUCTIVITY (Coi t'd)

"Temp k x 10 Temp k x 10'
('K) (cal/cm sec deg) (OK) (cal/cm aec 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 7.378
280 5.970 360 7.S94
290 6.159 370 7,812
293.1 6.218 380 8.033

Ref. Johnstont and Grilly, J. Chea.
Phys., Vol,14 (1946), p.233.

DIPOLE MOMENT No information

HEAT OF FUSION

AIIf 106.3 ± 0.5 cal/mole at -218.71 0C

Ref. Giauque and Johnston, J. Am.
Chem. Soc., Vol.51 (1929)

p.300.

HEAT OF VAPORIZATION

All, 162,8 .8 1.6 cal/mole at -182.97'C and 760 mm Hlg

Ref. *Giauque and Johnston, J. Am.
Ches, Soc., Vol.51 (1929)

p.3 0 0 .

HEAT OF FORMATION

AlI0. 1 = 0, for the gas
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I tlEAT OF COMBUSTION No information

CRITICAL DATA

i %= =-I8.8"C

PC p 49,7 atm

Hof. Onnea, Doraman, and 11o!st,

CO&ttAns . Phyp . Lab. Un i,,
Leiden, No.145b (1914).

d= 0.4299 gmn/c

Ilef' Mathias and Onuea, Proc. K. Akad.
Wetensch . Amsterdam, Vo0 ,13

(1911), p. 9 39 ,

EQUATION OF STATE

p+ 2-( nb) nl

I wherei
>p = ,re.aaure, aten

V = volume, liters/mole

T = temp, °K

R R = 0,0820? liter atm/mole deg
n = number of moles

a = 1.360 literx2 
ntm/moIC

2

6 = 0.03183 liter/mole

fief. Lange, llandbook of Cheaistry
(1946), p. 1 474.
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oxy(;Itr (cuff ,d¾)

COMPRES S IBILITY

Gas

Preasure Py

(atm) 06C 15.650 C 1000C 200 0C

1 1.000 - -

100 0.9265 1.0045 1.3750 -
200 0.9140 0.9945 1.4000 1.8190
300 0.9625 1.0420 1.4530 1.8850
400 1.0515 1.1250 1.5320 1.9610
500 1.1560 1.2270 1.6220 2.0500
(600 1.2690 1,3370 1.7200 2.1420
700 1.3855 1.4515 1.0270 2.2415
800 1.5030 1.5660 1.9340 2.3430
900 1.6200 1.,6020 2.04,15 2.4465

1000 1.7355 1.7080 2.1510 -

lief. Amugat, Ann. chLM. et phys.
Vol.29 (1893), p.6A.

HEAT CAPACITY OF GAS, Cp AND C,

Temp C Tamp CP
(CK) (cal/noie deg) ('K) (cal/mole dog)

0 0 1100 8.440
50 6.963 1200 8,530

100 6.963 1300 8.608
,W,,1 r . 67n I

250 6.970 1500 8.739
298.16 7.017 M7W0 8.805
300 7.019 2060 9.024
400 7.194 2250 9.166
500 7.429 2500 9.305
600 7.670 2750 9,418
700 7.685 3000 9.518
800 8.064 3500 9,711
900 8.212 4000 9.079

1000 8.335

ilef. Awericani Pet roleuin Institute,
Research Project No.44 (1947)

T6ble 1-v.
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RIATIO OF SPECIFIC 11EATS

Tempereture (K) y*

1000 1.3130
1500 :.2942
1750 1.2481
2000 1,2024
2250 1.2768
2500 1.2715
2750 1.2674
3000 1.2638
3500 1.2573
14000 1.2510

Clculstad for idoal gun from Cp date

nabove rofareco

I Bef. American Petroleum InstituteSIloSearch Project No-44 (1947) -I Table I.v.

I HEAT CAPACITY OF LIQUID AND SOLID

Liquid

Temp C Temp
(0 K) (cAI/mo~o dog) { 0K) (cal/mole deg)

56.95 12:76 75.86 12.04
57.95 12.72 77.0 1204S60. 97 12.71 78.68 12.63
61.48 12.71 81.13 12.80
65.57 12.71 82.31 12.86
65.92 12.71 82M96 12.88
68,77 1.2.73 84.79 12.93
69.12 12.75 86.43 12.91
S70.67 12.77 06.61 12.95
71.38 12.78 06.97 12.92
73.31 12.01 87,32 12.91
74.95 12.85 90.33 12.99

lRtef. Giauque anl(d Johmnstoin. J. Am. .
Chcm. S-oc., Vol.51 (1929),
p.300,
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OXYGEN (Cont'd)

HEAT CAPACITY OF LIQUID AND SOLID (Cont'd)

Solid

Temperature Cp Tempe.raturc Cp
(OK) (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
16.94 2.25 35.57 8.26
18.13 2.67 35.77 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
20.85 3.60 40.18 9.92
21.84 4.20 40.67 10.16
22.24 4.27 42.21 10.73

Transition at 23.66 Transition at 43.76
25.02 5.42 45.90 11.02
25.61 5.57 47.76 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

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

FREE ENERGY OF FORMATION

F29S., -0, by definition
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FREE-ENERGV FUNCTION

Temp -(F 0 -HI)/T lemp -(F 0 H-O)/T
(OK) (cal/mole deg) (OK) (cal/mole de$)

0 0 1100 51.415
200 39.294 1200 52.077
250 40.835 1300 52.695
298.16 42.061 1400 53.272

1 300 42.106 1500 53.808
j 400 44.112 1750 55.027

500 45.675 2000 56.103
600 46.968 2250 57.059
700 48.071 2500 57.930
800 49.044 2750 58.730
900 49.911 3000 59.468

S1000 50.697 3500 60.798
- - 4000 61.958

Ref. American Petroleum Institute
Research Project No.44 (1947)
Table O-s, p. 19 2 .

SIHEAT- CONTENT FUNCTION

Temp (1i0 -1 1.0)/T Temp (W1 - H*)/T
(OK) (cal/mole deg) (OK) (cal/mole deg)

0 0 120v 7.6533
200 6.9220 1300 7.7238
250 6.9307 1400 7.7893

a 298.16 6.9418 1500 7.3509
300 6.9424 1750 7.9885
400 6.9811 2000 8.1094

1 500 7.0484 2250 8.2195
600 7.1320 2500 8.3196
700 7.2248 2750 8.4133
800 7.3176 3000 8.500
900 7.4107 3500 8.6595

1000 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

Te mp St Temp St
(OK) (cal/mole deg) (°K) (cal/mole deg)

0 0 1100 58.992
50 36.567 1200 59.730

200 46,216 1300 60.419
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 52.723 2250 65.278
600 54,100 2500 66.250
700 55.296 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,
T Research Project No.44 (1947).

'Table O-t, p.210.

OXYGEN FLUORIDE

MOLECULAR FORMULA
OF2

SMOLECULAR, WE"'T
54.00

Ref. International Atomic Weights,
1947.

MELTING POINT

Melting point =-223.8 0 C

Ref. Buff and Menzel, Z. anorg.

Chem. , Vol.190 (1930), p. 2 5 7 .

BOILING POINT

Boiling point -144.8*C at 760 mm lig

Bef. Ruff and Menzel, Z. anorg.
Chem., Vol.198 (1930), p. 39 .
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DEN S I TY

Gas

Specific Gravity 1.836 at -167*C (air 1)

Ref. Lebeau and Damiens, Coapt.
rend. Vol.188 (1929), p. 1 2 53 .

Liquid

d 1.90 gm/cc at -223,8*C

Ref. Ruff and Menzel, Z. anorg.
Chem., Vol.198 (1931), p. 39.

Solid No information

VAPOR PRESSURE

Temperature ( 0C) Pressure (mm Hg)

-191.5 3.2
-183.5 12.4-168 93.2
-163 169.7
-161 211.9

-157 289.4

-150.5 546.0
--148 692.6

Ref. fuff and Menzel, Z. anorg.

Chem., Vol.190 (1930), p. 2 57.

TBIPLE POINT
VISCOSITY
SURFACE TENSION

COEFFICIENT OF THERMAL EXPANSION No information

COEFFICIENT OF THERMAL CONDUCTIVITY

DIPOLE MOMENT
HEAT OF FUSION
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OXYGEN FLUORIDE (Cont'd)

HEAT OF VAPORIZATION

All, = 2508 cal/mol" (calculated)

Ref. Buff and Menzel, Z. anorg.
Chem., Vol.190 (1930), p. 2 57 ,

IHEAT OF FORMATION

A110 9 . = 5500 cal/mole

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

HEAT OF COMBUSTION No information

CBITICAL DATA

approx -83*C (calculated)

Ref. Buff and Menzel, Z. anorg,
Chem., Vol.190 (1930), p. 2 5 7 .

EQUATION OF STATE

COMPRESS IBILI TY
HEAT CAPACITY OF G'AS, Cp AND C, No information

RATIO OF SPECIFIC HEATS
HEAT CAPACITY OF LIQUID AND SOLID

FREE ENERGY OF FORMATION

AF2j.I--" 9.5 kcal/mole

Ref. Latimer, Oxidation States of
the Elemen ts and Their Pot en t ia I s
in Aqueous Solutions, 1938,
p.46.
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FBEEoENEnGY FUNCTION
No in~formation

HEAT-CONTENT FUNCTION

ENTROPY

I =. approx 59 cal/mole deg

3Ref. Latimer, Oxidation States of' ,
the l ements and Their Poten tials I
in Aqueous Soiutions, 1938,
p.46.

MOLECULAR FORMULA 03

MOLECULAR WEIGHT 48.000

Ref. International Atomic Weights,
1947.

MELTING POINT

Melting Point =-251.4*C

Ref. Riesenfeld and Schwab, Btr.,
Vol.55 (1922), p.2095,
Biesenfeld, Z. Elektrochea,
Vol.29 (1922), P-119.

I BOILING POINT

Boiling point -111.5+ ± 0.2*C at 7-60 mm Hg
-112.5V ± 0.2 0 C at 730 mm Hg

Ref. Briner and Biedermann, ie lv.Chin. Acta, Vol.16 (1933),

p.207.
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aOZONE (Cont'd)

* DENSITY

Gas

d 2.1445 gm/liter at OOC and 760 mm Hg

I1ef. Mellor, A Comprehensive
Treatise on Jnorganic and
Theoretical Chemistry, Vol.1
(1927), p.8 9 4.

Liquid

t d 1.71 ± 0.05 gm/ml at -111 0C

I Ref. International Critical Tables,
f ~Vol.3 (1928), p.2 1

VAPOR PRESSURE

Temperature (OK) Pressure (mm Hg)

81.36 0,00686
83.24 0.01519
86.01 0.04211
89.94 0.08890

Ref. Spangenbarg, Z. physik. Chem.
Vol.119 (1926), p.419 .

Temperat ure (°K) Pressure (mm 1Hg)

104.2 4.8
111.3 12.1
120.0 33.8
131.7 101.7
142.7 237.3154.6 500.2
162.5* 760.0
164.7 840.8

SInterpolated.

lBef. fliesenfeld and Be.ja, Z. anorg.
u. a4lgea. Chem., Vol.132
(1923), p.179.
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TRIPLE POINT

VISCOSITY
SURFACE TENSION

COEFFICIENT OF THERMAL EXPANSION No information

COEFFICIENT OF THERMAL CONDUCTIVITY

DIPOLE MOMENT

HEAT OF FUSION

HEAT OF VAPORIZATIONi*

A/Iv =2880 cal/mole at -111 0C

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

HEAT OF FORMATION

All 2 88 -33.93 ± 0.24 kcal/mole at constant pressure

Ref, Gunther, Wasamuthand Schryver,
Z. physik. Chem., A, Vol.158
(1932), p.297.

HEAT OF COMBUSTION No information

CRITICAL DATA

t( -SoC

pc =67 atm
do = 0.537 gm/cc

Ref. Riesenfeld and Schwab, A.

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

COMPRESSIBILITY

77i14
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OZONE (Cont'd)

IIEAT CAPACITY OF GAS, CP AND CP

1Cp 0.94 cal/mole dog at 300'-,476'K
(Calorimt ric determination)

RVef. Lewis and von Elbe, J. Chem,
Phys. ,Vol. 2 (1934), p. 29 4.

IIATIG OF SPECIFIC HEATS i

HIIEAT CAPACITY OF LIQUID AND SOLID

F11EE ENEBGY OF FORIMATION

__ 8 = 39.06 kcal/inole

Rlef. Not.. Dur. S~andurda, Selected
SValues of Chemical Thermo-

dynamic Properties, March 31,
1947.

MFfEE-ENERGY FUNCTION

Temperature F0 - EO)/T
(OK) (cal/mole deg)

298.1 48,545
500 52.966

1000 59.646
1500 64.041
2000 67,352
2500 70.024
3000 72.255

ilef. Slihnd and Spuer, J. Am. Chem.
Soc., Vol.65 (1943), pp.179,
2481.

HlEAT-CONTENT FUNCTION No information

EN TROPY
2I E8 56.80 ± 0. calimole deg

R~ef. Shiand and Spuer, J. Amt. Chem.
Soc., Vol,65 (1943), pp.179,

/• 2401.
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41-

Arrangemien t

The bibliogruphicail references are grouped under the various oxidizor" con-
sidered, except for references to books, which often cover several materials and
are grouped separately, Rleferences to tihe litorature from which vanthe! have been
taken for inclusion in these data sheets are denoted by an asterisk; others usually
contain physical or thermodynamic data which have boen included in later sunInary
puI)lications, or which have boon superseded by values judged to be more reliable. Many
of the less readily accossible reference- were consulted only in ibstract form
when the abstract showed that it was probably not worth while to have recourse
to the original.

The references are given by page in the Table of Contents in the front of

the report.
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Ii. TECHNICAL PERIODICALS

Boron Trifluoride

(11 Cuoilloron, Jean. Ann. cha., Vol.19 (1944), pp. 459 -06. (levivw of Properties)

'(2) Eukon, A., and Schroder, E., Z. phy.tk. Chem., B, Vol.41 (1938), pp.3 0 7-19. (Physical
Properties)

S Ka Kollay, K.K., U.S. Bur. Kites Bi I.383 (1935). (Physical, ThermoI Propertino)

(4) Buff, 0., Ct 11 ,, Z. anorg. u. 41lgea. Chem., Vol.206 (1932), pp. 5 9 - 6 4. (Density)

46 Bi lt., Lolloucher , and Fischer, Z. anorF. Che a. , Vol. 207 (1 032), p. 67. •0comxaty)

(0) hlscel"r, W., and Weidemann, W., Z. anorg. u. it I .cm ChIem., V\ol.213 (1933), pp. 10 6 - 1 4 .
(Dana i Ly)

"* Pohland and Amr loa, Z. tonorg. Chea. Vol.207 (1932), p;p.2 4 2 -45. (Vapor PressureI

* S Linke, m.., and Pohrmrann, 7., 7. phystk, Chem., II, Vol.35 (1937), pp. 2 56-50. (D)Ipolo
Moment )

(0) •tson, 1I.1., and Ilmnaswamry, K. L., Proc. Boy. Soc. (London), Vo 1. A156 (1936), pp. 137-43.

(Dipole Moment)

"0 Kelley. K.K., U.S. Bur. MHttes s Bt11,393 ()1361. (lieat of Fusion)

(I) llammorl, Compt, rend., Vol.90 (18010), p.312. (Ihot of Formation)

"See explanstion on page 79.
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W (lt)Wron ber. It., Z. anorg. Chca., Vol.151 (1926), p.327. (He*at of Formfttion)

(tO)• !."I,, u.,!., Phi. mug., Vv).49 t192S), pp. 3 36-S4. (leat of Di~socintion)

* booth, H.S., and Cartor, J.M., .1. Phy'. Chem.. Vol.36 (1932), pp.1359-63, (Critical
CogitantL,, Vapor Preasure)

÷ Spencer, 1. Chea. Pnys., Vol.14 (1946), pp.729-32. (feat Capacity)

(if) Miller, HI.W., J. An. Chem. Soc., Vol.4S (1923), pp.0174-81. (lieat Capacity)

Bromi •ie
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t Bouzat and Liluan, Compt. rend., Vol.178 (1924), p.63S. (Boiling Point)
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"(25) Kelley, K.K., U.S. Bur. Mines Bul1.383 (1935). (Heat of Vaporization)
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"(0)Gordon and Barnes, J. Chfa, Phy.,,, Vol . (1933), pp. 6 92-95. (Oeat Capacity, Free
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*See explanation on pate 79.
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*See explanation on page 79.

82



I(5I.ange, Z. angey. Chem., Vol.13 (1900). p.68 3 . (Density, Thermal Expansion)

(52) Knietsch, Lieb, Ann., Vol.259 (1890). p.100. (Density)
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'(Seb)Marchand, J. chin. phys., Vol.11 (1913), pp.573-76. (Surface Tension)

) Pickering. J, Phys. Chem., Vol.28 (1924), p.97. (Critical Data)

(S8) Trautz and Ader, Z. Physik, Voi.89 (1934), p.15. (Heat Capacity)

) Giauque and Overstreet, J. An. Chen. Soc., Vol.54 (1932), p.1731. (FreeoEnergy Function,

Entropy)

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

I
Chlorine Trifluoride

I(1 Ruff, Ange%-. Chen., Vol.46 ( ,933), pp.739-42. (Review of Properties)

62•R) Huff and Krug, Z. anorg. Chen., Vol.190 (1930), p.270. (Density)

(63 ) Ruff and Kr'uger, Z. anorg. Ches., Vol.i90 (1930), p.257. (Density)

(4 ) IHuff and Braida, Z. anorg. Chem., Vol.214 (1933), p.91. (Heat of Vaporization)

'a Fluorine

SEmele'us, 1i.J., J. Chen. SL'c. 1442, pp.441-47. (Review)

("6) Moissen and Dewar, Coapt. rend., Vol.136 (1903), p.641. (MeltiAng Point)

S(a7) Claussen, J. Ag. Chen. Soc.. Vol.56 (1934). p.614. (Boiling Point)

*(86) Moissan and Dewar, Bull. soc. chi=. (3), Vol.17 (1897). p.931. (Density)

5 *See explanation on page 79.
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'(6o) Kande, Bull. Chem. Soc. Japan, Vol.12 (1937), pp.416, 463, 511-20. (Vapor Pressure,

Viscosity, Heat of Fus.on)

(7o - , J. Chem. Soo. Japan, Vol.58 (1937), p.706. (Surface Tennioi;)

(71) Cady, G.H., and Hildebrand, J.lI., J. Am. Chem. Soc., Vol.52 (1930), pp. 3 83 9 - 4 3 . (Vapor

Pressure, Critical Data)

(72 St'ckel, W., Z. Elektrochcm., Vol,36 (1930), pp. 375-76. (Heat of Dissociation)

(70) Desai, M.S., Nature, Vol.128 (1931), p.34. (Heat of Dissociation)

(74) Wartenberg, II., and Taylor, J., Nachr. Ges. Wiss. Go'ttingen Math.-phystk. Klasse,
1930, No.1, pp.1 1 9- 2 3 . (|eat of Dissociation)

7 Bodenstein, M., Jocktsea., 14., and Chong, Shingoltou, 2. onorg. aigefs. Chem., Vol.231
(1937), pp.24-33. (Heat of Dissociation)

(70) Wilson, B., Phil Mag., Vol.49 (1925), pp.336-54. (Reat of Dissociation)

(77) Murphy, G.M., and Vance, J.E., J. Chem. Phys., Vol.7 (1939), pp.8 0 6-10. (Heat Capacity.
Free-Energy Function, Entropy)

"(78) Landau and Rosen, Manhattan District Declassified Report, No.154, 1-b, U.S. Atomic
fEnergy Commission, Oak Ridge, Tennessee, 1946. (Heat Capacity)

(70) Garner, C.S., and Yost, D.M., J. An. Chem. Soc., Vol.59 (1937), pp.2730-39. (Entropy)

Hydrogen Peroxide

(So) de Keghel, M., Rev. ch m. ind., Vol.33 (1924), pp.128-35. (General Properties)

(0t) Malusardi, U., Ann. Schiapparelli, Vol.4 (1930), pp.271-74. (Review of Properties)

(82) Maass, 0., and Hatcher, W.H., J. As. Chem. Soc., Vol.42 (1920), pp.2548-69. (Review
of Properties)

483 M)ass, 0., and Herzberg, O.W., J. An. Chem. Soc., Vol.42 (1920), pp.2569-70. (Melting
Point)

4(54) Cuthbertson, A.C., Matheson, G.L., and Maass, 0., J. Am. Chia. Soc., Vol.50(1928),

%pp.1)20-21. (Melting Point, Density)

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

(00) Matheson, G.L., and Mass., 0., J. Am. Chem. Soc., Vol.51 (1929), pp.674-87. (Melting

Point, Density)

*See explanation on page 79.
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01(i') Masse, 0., and Hatcher, J. Am. Chem. Soc., Vol.42 (1920). pp.2540-69. (Density, Viaeosity,
Thermal Properties)

*(65) Maes*, 0., and Hiebert, P.G., J. As. Chem, See., Vol.46 (1924), pp.2693-2700. (Vapor

Pressure)

*(0o) Linton, E.P., and Masss, 0., Can. J. R•eearch, Vol.? (1932), pp.81-85. (Dipole Moaent)

(00) Cuthbertaon, A.C., &tv Maas, 0., J. As. Chem. So€., Vol.52 (1930), pp.489-99. (Dipole
Moment)

T(0) i'hei•ckebr, W., Z. physik. Chex., B, Vol.20 (1933), pp.142-44. (Dipole Moment)

(92) MacKenzie, B.C., and Riitchie, M., Proc. Roy. Soc. (London), Vol.A185 (1946), pp.207-2 4 .

(Thermal Decomposition)

(3) Baker, 1.E. , and Oueliet, C., Can. J. Research, Vol.23, B (1945), pp.167-82. (Thermal

Decomposition)

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

(a) Roth, W.A., Grau, R.,ndZ. norg. u. alle. Chem, Vol.193(1930),

pp.161-75, (Thermal Decomposition)

Lewis, G.N., and Randall, M., J. An. Chem. Soc., Vol.36 (1914), pp.1969-9 3 . (Free
Energý of Formation)

Nitric Acid

Forsythe and Giauque, J. An. Chen. Soc., Vol.64 (1942)i pp.48-61; Vcl.6.5 (1943,p-2479.

(Malting Point, Thermodynamic Data)

'(tsCarius, Ret., Vol.4 (1871), p,828. (Density)

) Kiemenc and Rlupp. Z. anorg. Chem., Vol.194 (1930), p.SI. (Density)

(00) Bilttz and Hu]slamann, 2. anore. u, alilges. Chem., Vol.207 (1932), p.377. (Density)

'(10o Wilson and Miles, Trans. Faraday Soc., Vol.36 (1940), p.3S6. (Vapor Pressure)

"(102) Berl and Saenger, Monatsh., Vol.53-54 (1929), p.10 3 6. (Vapor Pressure)

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

*(t4 Bingham and Stone, J. Phys. Chem., Vol.27 (1923), p.70l. (Viscosity)

OC) Egan, Ind. Ent. Chem., Vol.37 (1945), p.303. (Heat Capecity)

*See explanation on page 79.
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Nitrogen Dioxide

(100) Oddo, 0,, Gaz,. chi& i(4l,, Vol.45, I (1915), pp.413-43. (Physical Properties)

( Smite, A., Z, physik. Chem., Vol.100 (1922), pp.477- 76. (Boiling Point)

"(los) Giauque and Kemp, J. Chem. Phys., Vol.6 (1930) pp. 40- 5 2. (Physical, Thermal Date)

'(1o) Guether, An..alen, Vol.245 (1888), p.96. (Density)

"~(1o) Thorpe, Trans. Chem. Soc., Vol.37 (1880), p. 141. (Density)

'(lit) B Wtt, V., Fischer, W. , and Wdunenberg, E., Z. anorg. Chea., Vol.193 (1930), pp.351-66.
(Density)

'(S Bennewita, K., end Windisch, J.J., Z, phytik. Chem,, A, Vol.166 (1933), pp.401-15.
(Density, Critical Data)

tt Coon, E.D., J. Am. Chen. Soc., V01.$9 (1937), pp*.1910-12.

(114) Lowry, T.M., Lloyd, E., and Lloyed, W.V., J. Chea. Soc., 1936, pp.10-1 7 . (Density)

(110) Dodenstein, M., end Katayema, M., Z. physik. Chea., Vol.69 (1909), pp. 29 -61. (Density)

*(ISO) Mittasch, Ku.s, and Schlueter, Z. anorg. Chem., Vol. 159 (1927), p. 2 9 . (Vapor Pressure)

"(11?) Egerton, Trans. Chen. Soc., Vol.105 (1914), p.647. (Vapor Pressure)

) Guys, P.A., and Druginine, G., J. chin. et phys., Vol.8 (1910), pp. 4 73 - 5 1 4 . (Vapor
Pressure)

"(110) Schaoffer, F.E.C., end Treub, J.P., Z. physik. Chem., Vol.81 (1912). pp. 308- 32 . (Vapor

Pressure)

(l•) Russ, F,, Z. physik. Chem., Vol.82 (1912), pp. 2 17- 22 . (Vapor Pressure)

(131) Egerton, A.C,G., J. Chen. Soc., Vol.IOS (1913), pp. 6 4 7 - 57 . (Vapor Pressure)

'(128) Thorpe and Bodger, Phil. Trans., Vol.185 (1895), p. 39 7. (Viscosity)

(183) Nissan, A."., Phil. Nag.., Vol.32 (1941), pp. 44 1 -5 6 . (Viscosity)

*(124) Thorpe, J. Ches. Soc., Vol.37 (1880), p. 2 44 . (Thormal Expansion)

*(B Zahn, Physih. Z. , Vol.34 (1933), p. 4 6 1 . (Dipole Moment)

(Ime) Suirkin, Y.K., 2. anorg. u. allgem. Chem., Vol.174 (1928), pp.47-56. (Dipole Moment)

'See explanation on psgo 79.
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(11) lDatueca, T., J. chin. et phys., Vol.22 (1925), pp.101-45, (Csproesibility)

(t ) Blue, RW. and Giouque, W.F., J. As. Chem, Soo., Vol.$? (1935), pp.991.97. (feat
Capacity, ikntropy)

I McCol urn, E.D,, J. As. Clhem. Soc., Vol.49 (1927), pp.20- 38, (lHlct Capacity)

' *(I o)Leduc, Ches. Revs,, Vol.6 (1929) p.13. (Heat Capacity)

S(tt Verhook, F.II., end Daniel*, F., J. An. Chem. Soc., Vol.53 (1931), pp.1250.63.(Diasocistion
Co)ns tent )

D (i0c) Brass, Pt)., and Tolman, B.C., J. Am. Chem. Soo., Vol.54 (1932). pp.1003-20. (RIet.e

of Dissociation)

(100) Teeter, C.E., J. Am. Chem. Soo., Vol.54 (1932), p.4111, (Dissociation)

(134) Colson, A., Copt. rend. , Vol. 154 (1912), pp.4 2 8-30. (Dissooliation)

r) Argo, W.L., J. Phy,. Ches., Vo.118 (1914), pp.4 3 8.050. Dis.o¢iation)

(',6) Wourtzel, E., Coopt. rend., Vol.169 (1919), pp.1 3 9 7-1 4 0 0 , (Dissociation)

( 7 Olson, A.B,, and Teeter, C.E., Nature, Vol.124 (1929), pp. 444-45, (Dissociation)

(130) Richards, W.T., and Reid, J.A., J. As. Chen, Soc., Vol.54 (1932), pp.3014 -1$, Dissociation)

(a::) Klausvic, 0., Chem. Litty., Vol.24 (1930), pp.473-74. (Dissociation)

(-4o) Teeter, C.E,, J. Ches. Phys., Vol.l (1933), pp.251-65. (Dissociation)

%(141) Bodenstein, M., Z. physik. Chesm., Vol.100 (1922), pp.6 8 . 1 2 3 . (Dissociation)

I 4 Beidenstein, M., and Ketsyma, M. Z. Elektroches. , Vol, 15, (1908), pp.244-49. (Dissociation)

(1,63 Grillet, L. , and Duffieux, P.M., J. ilue.rdius, Vol.10 (1939), pp.82.96. (Dissociation)

Nitrogen Trifluoride

'(144) Buff and Monael, 2. *nor#. Chst.., Vol.217 (1934), p.93. (Melting Point)

5M(146) Nenzel, W., and Mohry, F., Z. "or#. Chem., Vol.210 (1933), p. 2 5 7. (Boiling Point, Vaor

Pressure, Heat of Vaporization)

j "(t4B) Ruff, Fischer, end Luft, Z. anorg. Ches., Vol.172 (1928), p.4 2 7. (Density)

('47) Buff, 2. anorg. Chem ., Vol.197 (1931), p.277. (Density)

I "Sea e*xp 1 natiOn on page 79.
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*(140) Watson, Kene, and Riaawmmy, Prot. Roy. Soo., London, A, Vol. 16 (1936), p. 1 30 . (Dipole
Movaet)

(140) Ruff and Wallsuer, Z. norS. Chem., Vol.196 (1931), p.428. (Oeat of Formation)

"(oS) I•oaenwamy, K.L., Prot. Indian Acad. Sc€., Vol.24 (1935), pp.364-77. (Compressibility,

Dipole Moment)

Oxygen

(181) Giauque and Johnston, J. An. Chem. Soc. , Vol.51 (1929), p. 30 0 . (physiCal, Theroal
Properties)

(515) Estreicher, Z. physik. Chen., Vol.25 (1913), p. 4 32 . (Melting Point)

(lea) Ohnes and Croimelin, Prot. K. Akad. Wetenish. Amsterdam, Vol.14 (1911), p. 1 63 . (Melting
Point)I54) Mathias and Onnes, Commun,. Phys. Lab. Vniv. Leiden, No. 117 (1911). (Density, Thermal
Expansion)

*(lS8) Dly and Donnan, J. Chen. Soc., Vol.81 (1902), p.907. (Density, Surface Tenoion)

(te Dewar, Prot. Roy. Sot.- London, Vol.73 (1904), p. 2 51 . (Density)

(IS?) Moles, J. chip. et phys., Vol.19 (1921), p.100. (Density)

(1W) Dewar, Prot. Roy. Soc., London, Vol.A8S (1911), p.58 9 . (Density)

*(39) Aoyamm and Kanda, Science Riepts. Tohoku Imp. Univ. (1), Vol.24 (1935), p.107. (Vapor
Preesurt)

("0) Cath, Coarunn. Phys. Lob. Univ. Leiden, NolS2d (1919). (Vapor Pressure)

'*(ti) Onne", Dorsmann, and Hoist, Commune. Phys, Lab. Univ. Leiden, No.145b (1914).(Vepor
Pressure, Critical Data)

(105) , ~Prot. K. Ahad. Wetensech. Amsterdam, Vol.17 (1915), p.950. (Vapor Pressure)

(10•) Hoist, Prot. Roy. Aced. Amsterdam, Vol.18 (1916), p.8 29: Communs. Phys. Lab. Univ. Leiden,
No. 148a, (Vapor Pressure)

(104) On•oe and Draak, Prot. Roy. Acad. Amsterdam, Vol.11 (1908), p. 33 3; Coamuns. Phye.Lab.

Univ. Leiden, No.107a. (Vapor Pressure)

(108) you Siemers, Ann. Physik, Vol.42 (1913), p.871. (Vapor Pressure)

"(105) Johnston, H.L., and McCloskey, K.E., J. Phys, Chen., Vol.44 (1940), p.10 38 . (Viscosity)

'See explanation on page 79.
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Ite•) udenko, J. Esp, Theoret. Phys. (...) Vol.9 (1939), pp- lO'/0-80, (Viscosity)

'(109) Hudenko and Schubrikow, Phyoik, Z. &pjetunion(U.S.S.RB ), Vol.6 (1934), p.470. (Viscosity)

*(19) Itterbeek, A., and Paemel, 0., Physeca, Vol.6 (1941), pp.133-43. (Viscosity)

(170) Verachaffelt and Nicaise, Commune, Phy•., Lob. Univ, Leiden, No.149b (1916). (Viscosity)

(1~i) Nissan, A,11., Phil. Nag., Vol.32 (1941), pp.441-56. (Viscosity)

(S) Gr, S.F., and Galkov, 0.1., J, Ttch, Phys. (U.S. S.R), Vol.11 (1941), pp.801.
(Vi. coit y)

17 1) Gulkov, G.I., and Gerf, S.F., J. tech, Pays. (U.S.S.), Vol.11 (1941), pp.613-16.
(Viscoeity)

I( ) Licht, W., and Stachort, DG, J. Phys. Chem., Vol.40 (1944), pp.2 3.47. (Viscosity)

(miB) States, Phys. Re•,, Vol.21 (1922), p. 66 2 . (Viscosity)

(170) Yen, Phil. Me#., Vol.38 (6)1, 1919, p.S 8 2 . (Viacosity)j (7) Andradi, Nature, Vol.128 (1931), p.8 3 5 . (Viscosity)

* S Holburn and Otto, Z, Physik. , Vol.10 (1922), p.367. (Thermal Expansion)

('7) Coppock, Phil. Mae., Vol.19 (7), 1935, p. 4 4 6 . (Thermal Expansion)

I (1o) Jaquerod and Perrot, Compt. rend., Vol.140 (1905), p. 15 4 2 (Thermal Expansion)

'(161) Johnston and Grilly, J. Ches. Phys., Vol.14 (1946), p.233 (Thermal Conductivity)

I :$c l ¢wwidt, E.., Physik rBeegv. liar., Vol. 1 (1937), pp. 101-7. (Theroal Conductivity)

-(l•) Todd, Pror. R~oy. Soc., London, VoI.A83 (1909), p, 19 . (Thermal Coniduotivity)

J (4) Wober, S., Ann. Phhysk, (4), Vol.54 (1917), p. 3 25 , (Thermal Conductivity)

o Wiikelmann, A., Pogg. Ann., Vol.156 (1875), p. 497. (Thermal Conductivity)

S(o Dickens, Proc. Roy, S3c. (London), Vol,A143 (1934), p.S?. (Thermal Conductivity)
1 () Gre ory and Marshall, Proc. Boy, .Soo. (London), VolAlIS (1928), p.594. (Thermal

Conductivity)

0'*) Mathais, E., and Onnes, Proc. K. Akad. Wettsach. Ams terda, Vol.13 (1911), p.939.
(Critical Data)

I ( Hector, L.G., and Woernley, D.L., Phya. Rev., Vol.69 (1946), pp.101-$. (Dielectric
Constant)

-See explanation on page 79.
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" ~o) Alt, Ann. Phyeik (4), Vol.19 (1906), p.739. (fleet of Vaporitz tioi)

t Eucken, her. , Vol.18 (1916), p.4. (Heat of Viporlzation)

('n Mathaji, E., Crommeliii, C.A., and Onnes, Compt. rend., Vol 174 (1922), pp.1395.97.
(Heat of Vaporization)

( Frtok, A., *nd Cialius, K., Z. physik. Cha.,, 0, Vol.42 (1939), pp. 39S-421. (fleet

of Vaporitation)

(tt Keesom, Consuns. Phy,. Lob. Univ. Leiden, No.137c (1911). (loeat of Vaporization)

( Rodebubh, W.11., and Troxel, S.M., J. Am. Chem, Sot., Vol.52 (1930). 1,.3467. (fleet
of Fort•aation)

(t$) Copeland, L.C., J. Am. Chea. Soo., Vol.52 (1930), pp. 2 5 8 0 -81. (fleat of Formation)

(ltl) Pickering, Nat. Bur, Standard* (U.,.).Sci. Papers, No.541 (1926). (Critical Data)

•-•s lintpachel, E,, Ann. Phytik (4), Vol.16 (1905), p.6 6 5 . (Equation of State)

S(1o) Grunmach, L.L,, Sitzber. Akad. Berlin (1906), p.679. (Equation of State)

(*O) Maron, S.11., and Turnbull, D., Ind. Eng. Chem., Vol.33 (1941), pp.408-10. (Equation

of State)

"o( ) Amagat, Ann. chim. et phys., Vol.29 (1893), p. 6 8 . (Comprosaibility)

OS) Eucken, A.. Ber., Vol.18 ( 1 9 16 ),p. 4 . (Compretsibility)

S(1 H) iolborn and Otto. 2. Physik, Vol.33 (1925), p.1. (Cornpreasibility)

- Moles, E., Coapt. rend., Vol.214 (1942). pp.424-25. (Compreasibility)

(to Fanning, H.W,. and Whiffen, A.C., Trans. Boy. Soc. (London), Vol.A238 (1940), 213-28
(supplement). (Compres~ibility)

(1*) Eucken, A., Verhandl. physik, Gesell, Berlin, Vol.18 (1916). p.4. (Heat Capacity,
Entropy)

( Schaal and lieut,, Ann. Physik, Vol.40 (1913), p. 4 7 3 . (fleat Capacity, Entropy)

O*> Lewis, G.N., and Randall, M,, J. As. Chen. Soo., Vol.34 (1912), p. 1 1 2 8 . (Hleat Capacity)

(hw) Schweikert, Ann. Physik, Vol.48 (1915), p. 5 93. (fleet Capacity)

(410) Nernst, W., and Wartenberg, H., Z. physik. Chen., Vol. S6 (1906). p.543 . (Heat Capacity)

(SI.) lewis, 0.N., and Gibson, G.E., J. Am. Chem. Soc., Vol.39 (1917), p. 2 5 5 4. (ileat Capacity,

Entropy)

'See explanation on poe 79.
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3

("'• Nernst, W,, 0nd Lindemsnn, FA., ,. Elektroches.,, Vol.17 (1911), p.817. (Heat Captaity)
I*•O) Geyer, F.W., &"ginecring, Vo1.159 (194b), pp.301-83, 423-24, (lieat Capacity, Entropy)

(914 Johnaton, ItL., end Walker, M.K., J. A., Chem. Soo., Vol.57 (1935), pp.682-84; Vol 5$(1933), pp. 172-06. (llcat Capacity)

S (21) Lewis, B., and vYn Elb,, G., J. A4s. Chea. Soe. Vol.57 (1935), pp.1399-1401. (Menet
capacity)

SSmaIlwood, J.C., Ind. Eng. Ches. , Vol.34 (1942), pp, 863-64- (fleat Capacity)

Sweigort, R.L., an~d Beardalty, M.W., Georgia -School Technol., State Eng, E.xpt. Sta.Bull. No.2 (1938), pp,11 R.t (fleat Catpocity)

1218 Spencer, 1I.M., and Justitce, J.L., J. Am. CIe. Soc., Vol.56 (1934), ppý2311-12. (fleet
SCA pacity) L Y)

(Ulv) SIpencer, lI.M., J. Aa. Cho.. Soc., Vo0 .67 (1945), Pp.1859-60. (fleet Caweity)

( inoSpencer, l.M., and Flaanagah, G.N,, J. A.. Chela, So., Vul.64 (1942), pp.2511-13.

(flat Capaeity)f : Lourie, Ii,, Chaleur et itid., Vol,l (1930), pp.423-35. (Heat Capacity)

; (2, IBarachell, Z. Elektrochea.., Vol.17 (1911), p.345. (Heot Capacity)

(98) pWaman, D.S, et el., J. Research Nat, Our. Standards, Vol.34 (1945), pp.143-61. (Free
Energy)

(424 ) Lowi&, G.N., and Randall, M., J. As. Cllea. Soc., Vol.36 (1i14), p.1969. (Free Energy)

..... ... .. , .. .. . . .. A4. . , fse b. s, oe,; V 0 1.55 (1933), pP.187-93; Vol.S5
(1933), p.5075. (Free Energy)_

(2'" WuIf, 0.11., J. Am. Chea. Soc., Vol.47 (1925), pp,1944-45. (fleat of Dissoci.tion)
S( 2 2

?i Ilissonfold, E.IU., 2. anorg. u. allgea. ChA.., Vol.242 (1939), pp.47-48. (Thermal
SDissociation)

SDir(e end Sponer, Phys. Rev., Vol,28 (1926), p-259. (Beat of Dissociation)

4 e) Baxter, W.P. , J. As. Chesa. Soc., Vol. 5 2 (1930), p.3466. (Heat of Die~ociation) 
4-

I. Oxygen Fluoride
(230) Ruff and Menzel, Z. anorg. Chem., Vol,190 (1930), p-257. (Physical, Therm|l Properties) -

f ) luff and Menzel, Z. *nor#. Chea., Vol.198 (1931), p.39, (Boiling Point, Density)

' • Lebaiu atd Deaiens, Coapt. rend., Vol.188 (1929), p.12S3. (Density)

S"Set explanation on pose 79.
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Ozone

(2Oa !iesenfeld and Schwab, ,er., Vol.55 (1922), p.2095. (Melting Point)

*[ # Riieseifod. 7. Riektroch~e., Vol.29 (1923), p.1 1 9 . (Molting Point)

CO0B) Riaesnfold and Schwab, Z. Phystk, Vol,11 (1922). p. 1 2. (Phyasca" Propertiea)

* (9C) Briner end findormann, 144 t,. Cht-. Acta, Vol.16 (1033), p-207. (Boiling Point)

*C457 Spnngenberg. Z. physik. Che,., Vol.1.9 (1926), p.419. (Vapor lPres.Inre)

*("08 iosenfeld and flja, Z. anorg. 0, ailgcm. Chca,' Vol.132 (1923). p.179. (Vapor Preaaure)

*2o9 Kelley. K.K., U1.S. Bur. Mines lull,38.7 (1935). (Heat of Veporitation)

(e40 Bartholot, Ann. chtA. ,t phys., Vol.10 (1877), p.162. (lleat of Formation)

C•4')Jahn, Z. anorg. u, ollg.v, Ghea., Vol,60 (1908), p. 3 37. (Heat of Formation)

(242 Kaila. and Jahn, Z. anorg. u. allgen. Chem., Vol.68 (1910), p.243. (leat of Formotion)

(3) Perrin, Ann. Physik, Vol.11 (1919), p.S. (Heat of Formation)

"*(24 Gunther, Waaamuth, and Scbryver, Z, physik. CheA., A, Vol.158 (1932), p. 2 9 7. (Heat

of Formation)

) Lewis and von Elbe, J. Chem, Phys., Vol.2 (1934), p.294. (heat Capacity, Free Energy

of Formation)

(246) Lewis, G.N., and Randall, M., J. Am. Chem, Soc., Vol,36 (1914). p.1969. (ll.~t CapftCa".)
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