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ond virial coefficient. Thus, the following rela
tionship has been derived17 

a5 - a3 = 2CmAi(I - QfT)M1Zi (10) 

where Cu is defined according to equation 6. \p\ 
may therefore be computed from the intrinsic vis
cosity measurements yielding a3, provided CM 
(at the temperature T; see above), 6, and M are 
known. If 9 is not known, viscosity measure
ments at two temperatures suffice for resolution of 
the quantity ^i(l — 9/2"). As shown in Table II, 
the ^i value obtained in this manner for the polyiso-
butylene-benzene system is about half that ob
tained from the second virial coefficient. Applica
tion of the intrinsic viscosity method to other sys
tems yields similar or smaller ^i values; hence, the 
result for polyisobutylene-benzene is not excep
tional. 

I t is too much to expect that the present treat
ments of the second virial coefficient and of the ex
pansion factor a should be quantitatively exact. 

(17) P. J. Flory and T. G Fox, Jr., / . Polymer Sci., 5, 745 (1950); 
T H I S JOURNAL, 73, 1904 (1951). 

The vibrational frequency assignments for the 
halogenated methanes have been examined re-

TABLE I 

PRODUCTS OF PRINCIPAL MOMENTS OF INERTIA OF HALO

GENATED M E T H A N E S 

Compound 
CF4 

CCl1 

CBr* 
CH3F 
CH3Cl 
CH3Br 
CH3I 
C H F , 
CF3Cl 
CF3Br 
CF3I 
CHCl3 

CCl3F 
CCl3Br 
CHBr3 

CFBr, 
CClBr3 

CH2F2 

CH2Cl8 

CH2Br2 

10"' X hhh (g.3 cm,') 

3.24 X 103 

1.14 X 106 

2.35 X 10« 
5.92 

17.9 
44.6 
55.1 

9.73 X 10* 
1.03 X 10« 
2.38 X 104 

4.50 X 104 

3.30 X 104 

6.22 X 104 

2.56 X 106 

6.10 X 106 

8.30 X 10s 

1.24 X 10« 
1.17 X 10s 

1.87 X 103 

1.41 X 104 

Compound 
CH2I2 

CF2Cl2 

CF2Br2 

CCl2Br2 

CH2FCl 
CH2FBr 
CH2ClBr 
CH2ClI 
CH2BrI 
CF2HCl 
CF2HBr 
CF2ClBr 
CCl2HF 
CCl2HBr 
CCl2FBr 
CBr2HF 
CBr2HCl 
CBr2FCl 
CHFClBr 

5.69 X 10* 
2.50 X 104 

1.60 X 106 

5.44 X 106 

4.72 X 102 

1.06 X 103 

4.54 X 108 

8.82 X 103 

3.11 X 104 

3.44 X 103 

8.22 X 103 

6.08 X 104 

1.09 X 104 

7.50 X 104 

1.30 X 10* 
8.00 X 104 

2.11 X 106 

3.22 X 105 

2.68 X 104 

(1) This work was assisted by the American Petroleum Institute 
through Research Project 50. 

Experimental measurements18 of intrinsic viscosi
ties over very wide ranges in molecular weight show 
equation 10 to be only approximately of the correct 
form. The \pi value calculated from intrinsic vis
cosity for this particular system could be brought 
into agreement with that obtained by one of the 
other methods by a numerical revision of the right 
hand member in equation 6; however, in view of 
the above-noted deficiency in the form of the (a5 — 
a3) relation, an improved treatment of intramolec
ular interactions may be required to remove these 
discrepancies. 

Acknowledgment.—The authors wish to express 
their gratitude to Miss Norma O'Conner for as
sistance in performing the osmotic measurements, 
and to Mrs. Wylan Shultz who carried out the 
precipitation temperature and viscosity determina
tions. 

(18) W. R. Krigbaum and P. J. Flory, J. Polymer Set., 10, 37 
(1953). 
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cently by the authors with the aid of the Substitu
tion Product Rule.2 

Previous assignments for a number of halogen
ated methanes have been revised, and the confirma
tion of other assignments together with recent ac
curate infrared measurements on the vapors of a 
number of these compounds has provided a secure 
basis for the calculation of the vibrational contri
butions to the thermodynamic functions of the halo
genated methanes. 

T A B L E II 

COMPARISON OF CALCULATED AND EXPERIMENTAL ENTROPY 

VALUES 

(All at 298.16° K. in units of cal./deg. mole.) 

Substance Scale. 5ezpl. 

CF4 62.48 62.43 s 

CCl4 73.94 73.74 

CH3Cl 55.80 55.94s 

CH3Br 58.82 58.61« 
CFCl3 73.96 74.07 ' 

(2) K. S. Pitzer and E. Gelles, J. Chem. Phys., 21, 855 (1953). 
(3) A. Eucken and E. Schrader, Z. physik. Chem., B41, 307 (1938). 
(4) J. F. G. Hicks, J. G. Hooley and C. C. Stephenson, T H I S JOUR

NAL, 66, 1064 (1944); see also R. C. Lord and E. R. Blanchard, J. 
Chem. Phys., 4, 707 (1936). 

(5) G. H. Messerly and J. G. Aston, T H I S JOURNAL, 62, 886 
(1940). 

(6) C. J. Egan and J. D. Kemp, ibid., 60, 2097 (1938). 
(7) D. W. Osborne, C. S. Garner, R. N. Doescher and D. M. Yost, 

ibid. 63, 3496 (1941). 
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Thermodynamic Functions of the Halogenated Methanes1 

B Y EDWARD GELLES AND KENNETH S. PITZER 
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The heat capacity Cp°, heat content (H" — Ho), free energy function —(F° — Hl)/T and entropy S" of 39 halogenated 
methanes have been calculated for 18 temperatures in the range 100-15000K. to the rigid rotator-harmonic oscillator ap
proximation employing recently revised vibration frequency assignments. The available thermodynamic data on the halo
genated methanes are discussed in the light of these calculations. 
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Compound 

CF1 

CCl4 

CBr4 

CH3F 
CH3Cl 
CH3Br 
CH3I 
CHF3 

CF3Cl 
CF3Br 
CF8I 
CHCl3 

CCl3F 
CCl3Br 
CHBr5 

CFBr3 

CClBr3 

CH2P2 

CH2Cl2 

CH2Br2 

CH2I2 

CF2Cl2 

CF2Br2 

CCl2Br2 

CH2FCl 
CH2FBr 
CH2ClBr 
CH2ClI 
CH2BrI 
CF2HCl 
CF2HBr 
CF2ClBr 
CCl2HF 
CCl2HBr 
CCl2FBr 
CBr2HF 
CBr2HCl 
CBr2FCl 
CHFClBr 

T H E 

1000K. 

8.30 
11.24 
15.17 
7.95 
7.96 
7.97 
8.01 
8.10 
8.77 
9.35 
9.86 
9.62 

10.27 
12.23 
11.61 
12.80 
14.08 
8.01 
8.53 
9.21 
9.65 
9.46 

10.87 
13.11 
8.20 
8.42 
8.86 
9.10 
9.45 
8.44 
8.97 

10.12 
8.97 

10.24 
11.11 
10.05 
10.89 
11.95 
9.50 

H E A T CAPACIT 

1500K. 

9.61 
14.31 
17.72 
7.96 
8.06 
8.18 
8.34 
8.81 

10.63 
11.47 
12.04 
11.13 
13.03 
15.25 
13.23 
15.57 
16.87 
8.29 
9.27 

10.14 
10.52 
11.78 
13.49 
16.05 
8.7.5 
8.96 
9.65 
9.94 

10.27 
9.60 
9.97 

12.58 
10.49 
12.04 
13.94 
11.72 
12.65 
14.78 
11.13 

TABLE I I I 

Y AT CONSTANT PRESSURE 

2000K. 

11.32 
16.69 
19.46 
8.08 
8.40 
8.75 
8.94 
9.84 

12.64 
13.44 
13.93 
13.02 
15.33 
17.46 
14.63 
17.53 
18.79 
8.78 

10.15 
10.96 
11.62 
13.95 
15.54 
18.12 
9.46 
9.93 

10.57 
11.06 
11.30 
10.89 
11.32 
14.70 
11.66 
13.59 
16.15 
13.16 
14.13 
16.87 
12.59 

25O0K. 

13.07 
18.54 
20.80 

8.41 
8.99 
9.06 
9.71 

11.03 • 
14.45 
15.13 
15.55 
14.47 
17.18 
18.40 
15.90 
19.03 
20.26 

9.46 
11.17 
12.55 
12.76 
15.79 
17.16 
19.70 
10.32 
10.82 
11.54 
11.98 
12.42 
12.16 
11.75 
16.43 
13.34 
14.97 
17.89 
14.45 
15.46 
18.49 
13.93 

, Cp, OF THE 

298.160K. 

14.61 
19.92 
21.80 
8.94 
9.73 

10.14 
10.55 
12.20 
15.97 
16.54 
16.90 
15.71 
18.61 
20.42 
16.99 
20.18 
21.35 
10.28 
12.22 
13.09 
13.83 
17.28 
18.45 
20.88 
11.25 
11.76 
12.67 
13.02 
13.47 
13.35 
13.78 
17.82 
14.57 
16.16 
19.22 
15.57 
16.60 
19.73 
15.11 

HALOGENATED METHANES 

300°K. 

14.67 
19.97 
21.83 

8.96 
9.76 

10.17 
10.58 
12.24 
16.22 
16.59 
16.95 
15.76 
18.67 
20.47 
17.03 
20.21 
21.38 
10.32 
12.26 
13.13 
13.86 
17.33 
18.49 
20.92 
11.29 
11.79 
12.69 
13.06 
13.51 
13.40 
13.83 
17.89 
14.61 
16.20 
19.27 
15.61 
16.64 
19.77 
15.20 

400°K. 

17.33 
21.92 
23.21 
10.52 
11.50 
11.92 
12.36 
14.88 
18.53 
18.93 
19.20 
17.83 
20.81 
22.25 
18.83 
21.91 
22.90 
12.27 
14.69 
15.36 
15.90 
19.68 
20.51 
22.57 
13.29 
13.75 
14.71 
15.02 
15.43 
15.63 
16.01 
20.61 
16.75 
18.17 
21.26 
17.87 
18.52 
21.61 
17.22 

5000K. 

19.32 
23.09 
24.02 
12.22 
13.28 
13.55 
13.95 
16.55 
20.32 
20.62 
20.83 
19.34 
22.20 
23.40 
20.12 
23.00 
23.79 
14.14 
15.87 
16.67 
17.89 
21.28 
21.90 
23.56 
15.08 
15.46 
16.34 
16.60 
16.95 
17.69 
17.77 
21.55 
18.45 
19.61 
22.53 
19.07 
19.87 
22.79 
18.80 

600°K 

20.77 
23.83 
24.52 
13.80 
14.64 
14.97 
15.31 
18.13 
21.60 
21.82 
21.98 
20.44 
23.11 
24.00 
21.05 
23.72 
24.35 
15.76 
17.36 
17.91 
19.03 
22.37 
22.84 
24.17 
16.57 
16.88 
17.60 
17.85 
18.15 
18.57 
19.13 
22.58 
19.71 
20.65 
23.37 
20.20 
20.86 
23.56 
19.98 

Statistical mechanical calculations of the thermo
dynamic functions have been carried out previously 
for a few halogenated methanes. Yost and Blair 
obtained an approximate value for the entropy of 
CCI4 at 25°.8 Void calculated the heat capacities 
and heat contents of the chloromethanes from 0-
500°.9 Stevenson and Beach computed the stand
ard entropy at 298.1°K., and the standard free 
energy functions and heat contents in the tempera-

(S) D. M. Yost and C. Blair, T H I S JOURNAL, 55, 2610 (1933). 
(9) R. D. Void, ibid., 57, 1192 (1935). 

ture range 298.1-12000K. for the chloro- and bro-
momethanes, as well as the heat capacities of the 
bromomethanes over a smaller temperature range.10 

Glockler and Edgell obtained the heat capacities 
from 250-650°K. for CHF8, CF2HCl and CCl2HF,11 

and the entropies at 298.1°K. and heat capacities 
from 298.1 to 6000K. for CH8F, CH3I and CH2Br2.

12 

(10) D. P. Stevenson and J. Y. Beach, J. Chem. Phys., 6, 25, 108, 341 
(1938). 

(11) G. Glockler and W. F. Edgell, ibid., 9, 224 (1941). 
(12) W. F. Edgell and G. Glockler, ibid., 9, 484 (1941). 
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(TABLE III 

Compound 

CF4 

ecu 
CBr4 

CH3F 
CH3Cl 
CH3Br 
CH3I 
CHF3 

CF3Cl 
CF3Br 
CF3I 
CHCl3 

CCl3F 
CCl3Br 
CHBr3 

CFBr3 

CClBr3 

CH2F2 
CH2Cl2 

CH2Br2 

CH2I2 

CF2Cl2 

CF2Br2 

CCl2Br2 

CH2FCl 
CH2FBr 
CH2ClBr 
CH2ClI 
CH2BrI 
CF2HCl 
CF2HBr . 
CF2ClBr 
CCl2HF 
CCl2HBr 
CCl2FBr 
CBr2HF 
CBr2HCl 
CBr2FCl 
CHFClBr 

7000K. 

21.82 
24.31 
24.84 
15.20 
15.92 
16.19 
16.48 
19.36 
22.50 
22.68 
22.81 
21.27 
23.74 
24.44 
21.76 
24.21 
24.71 
17.12 
18.47 
18.91 
19.30 
23.14 
23.51 
24.58 
17.79 
18.05 
18.69 
18.87 
19.11 
19.97 
20.19 
23.30 
20.67 
21.43 
23.94 
21.06 
21.60 
24.09 
20.89 

8000K. 

22.63 
24.64 
25.06 
16.43 
17.03 
17.25 
17.51 
20.33 
23.17 
23.30 
23.41 
21.91 
24.18 
24.74 
22.31 
24.55 
24.96 
18.25 
19.38 
19.74 
20.08 
23.69 
23.98 
24.85 
18.81 
19.02 
19.57 
19.71 
19.91 
20.84 
21.02 
23.82 
21.42 
22.05 
24.34 
21.74 
22.19 
24.45 
21.60 

9000K. 

23.18 
24.88 
25.21 
17.50 
17.76 
18.19 
18.40 
20.99 
23.66 
23.77 
23.86 
22.43 
24.50 
24.96 
22.76 
24.80 
25.13 
19.20 
20.15 
20.45 
20.73 
24.09 
24.33 
25.05 
19.67 
19.84 
20.30 
20.42 
20.62 
21.54 
21.69 
24.19 
22.02 
22.54 
24.62 
22.29 
22.66 
24.72 
22.17 

10000K. 

23.63 
25.05 
25.33 
18.43 
18.86 
19.01 
19.20 
21.74 
24.03 
24.12 
24.19 
22.88 
24.73 
25.12 
23.13 
24.98 
25.26 
20.00 
20.80 
21.06 
21.30 
24.39 
24.59 
25.19 
20.39 
20.54 
20.93 
21.04 
21.18 
22.11 
22.24 
24.48 
22.52 
22.95 
24.84 
22.74 
23.05 
24.92 
22.64 

They have also computed the heat capacities from 
250-6000K. for CH2F2, CH2Cl2, CH2I2, CH2FCl, 
CCl3Br, CCl2Br2 and CBr3Cl.18 Justi and Langer 
calculated the thermodynamic properties of CF2Cl2 

and CH2Cl2 and of CCl3F and CF3Cl over a limited 
temperature range.14 Thompson and Temple have 
calculated the heat capacity, heat content function, 
free energy function and entropy from 250-6000K. 

(13) G. Glockler and W. F. Edgell, Ind. Eng. Chem., 34, 532 (1942). 
(14) E. Justi and F. Langer, Z. tech. Physik, 21, 189 (1940); 22, 124 

(1941). 

Continued) 

HOO0K. 

23.97 
25.18 
25.41 
19.24 
19.60 
19.73 
19.89 
22.26 
24.31 
24.39 
24.45 
23.21 
24.91 
25.24 
23.44 
25.12 
25.36 
20.68 
21.36 
21.58 
21.79 
24.62 
24.79 
25.30 
21.01 
21.14 
21.47 
21.56 
21.68 
22.57 
22.69 
24.70 
22.92 
23.29 
25.00 
23.11 
23.37 
25.07 
23.03 

12000K. 

24.25 
25.28 
25.48 
19.95 
20.26 
20.36 
20.50 
22.70 
24.54 
24.60 
24.66 
23.51 
25.05 
25.33 
23.71 
25.23 
25.43 
21.25 
21.84 
22.03 
22.21 
24.81 
24.95 
25.38 
21.55 
21.65 
21.94 
22.02 
22.12 
22.96 
23.06 
24.87 
23.26 
23.58 
25.13 
23.43 
23.66 
25.18 
23.35 

130O0K. 

24.46 
25.36 
25.53 
20.56 
20.82 
20.92 
21.04 
23.06 
24.72 
24.78 
24.82 
23.77 
25.16 
25.40 
23.94 
25.31 
25.49 
21.76 
22.26 
22.42 
22.58 
24.95 
25.07 
25.45 
22.00 
22.09 
22.34 
22.41 
22.51 
23.29 
23.38 
25.00 
23.55 
23.83 
25.23 
23.69 
23.89 
25.28 
23.63 

1400°K. 

24.64 
25.42 
25.57 
21.10 
21.32 
21.40 
21.50 
23.37 
24.86 
24.91 
24.95 
23.99 
25.25 
25.46 
24.13 
25.38 
25.53 
22.18 
22.65 
22.76 
22.90 
25.07 
25.17 
25.50 
22.39 
22.45 
22.69 
22.76 
22.83 
23.57 
23.65 
25.10 
23.80 
24.04 
25.31 
23.92 
24.09 
25.35 
23.87 

15000K. 

24.79 
25.48 
25.60 
21.56 
21.75 
21.82 
21.92 
23.63 
24.98 
25.03 
25.06 
24.17 
25.32 
25.51 
24.30 
25.44 
25.57 
22.55 
22.94 
23.06 
23.18 
25.16 
25.25 
25.54 
22.73 
22.80 
23.00 
23.06 
23.12 
23.81 
23.87 
25.20 
24.01 
24.22 
25.37 
24.12 
24.26 
25.41 
24.07 

for CF3Cl, CCl3F and CF2Cl2.
16 Masi has also re

ported calculations for CF2Cl2.
16 As these scat

tered data cover only limited ranges of temperature 
and as in some cases reassignments have been 
made, and more accurate values for fundamental 
frequencies are now available, it has been thought 

(15) H. W. Thompson and R. B. Temple, J . Chem. Soc, 1422 (1948). 
(16) J. F. Masi, T H I S JOURNAL, 74, 4738 (1952). ADDED IN PROOF: 

Calcd. thermodynamic functions for CHaClBr have recently been pub
lished by A. Weber, A. G. Meister and F. F. Cleveland, / . Chem. 
Phys., 21, 930 (1953). 
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Compound 

CF4 

CCl4 

CBr4 

CH3F 
CH3Cl 
CH3Br 
CH3I 
CHF3 

CF3Cl 
CF3Br 
CF3I 
CHCl3 

CCl3F 
CCl3Br 
CHBr3 

CFBr3 

CClBr3 

CH2F2 

CH2Cl2 

CH2Br2 

CH2I2 

CF2Cl2 

CF2Br2 

CCl2Br2 

CH2FCl 
CH2FBr 
CH2ClBr 
CH2ClI 
CH2BrI 
CF2HCl 
CF2HBr 
CF2ClBr 
CCl2HF 
CCl2HBr 
CCl2FBr 
CBr2HF 
CBr2HCl 
CBr2FCl 
CHFClBr 

T H E 

K)O0Iv. 

0.800 
0.882 
1.078 
0.795 

.795 

.795 

.796 

.797 

.810 

.825 

.841 

.836 

.851 

.922 

.931 

.961 
1.014 
0.796 

.809 

.840 

.871 

.828 

.879 

.963 

.799 

.805 

.821 

.832 

.856 

.804 

.809 

.851 

.817 

.861 

.882 

.859 

.891 

.919 

.836 

HEAT CONTENT, {IP 

15O0K. 

1.244 
1.679 
1.906 
1.192 
1.195 
1.198 
1.203 
1.217 
1.293 
1.345 
1.389 
1.363 
1.434 
1.614 
1.554 
1.674 
1.792 
1.202 
1.253 
1.317 
1.374 
1.358 
1.490 
1.697 
1.222 
1.239 
1.284 
1.307 
1.347 
1.253 
1.274 
1.419 
1.304 
1.419 
1.510 
1.404 
1.481 
1.590 
1.352 

2000K. 

1.766 
2.301 
2.839 
1.593 
1.605 
1.618 
1.634 
1.683 
1.875 
1.968 
2.040 
1.975 
2.145 
2.434 
2.251 
2.504 
2.687 
1.628 
1.738 
1.843 
1.927 
2.003 
2.218 
2.553 
1.677 
1.724 
1.789 
1.822 
1.886 
1.765 
1.807 
2.098 
1.841 
2.061 
2.265 
2.027 
2.152 
2.384 
1.945 

TABLE IV 

— Ht,0), OF THE HALOGENATED METHANES 

25O0K. 

2.376 
3.183 
3.845 
2.004 
2.039 
2.041 
2.100 
2.205 
2.553 
2.684 
2.777 
2.663 
2.959 
3.189 
3.015 
3.419 
3.664 
2.083 
2.270 
2.494 
2.536 
2.748 
3.037 
3.500 
2.171 
2.238 
2.340 
2.400 
2.479 
2.342 
2.405 
2.883 
2.499 
2.775 
3.117 
2.717 
2.892 
3.269 
2.609 

29S.16°K. 

3.043 
4.111 
4.872 
2.421 
2.489 
2.536 
2.587 
2.764 
3.287 
3.447 
3.558 
3.390 
3.823 
4.305 
3.807 
4.364 
4.667 
2.558 
2.834 
3.023 
3.177 
3.545 
3.895 
4.479 
2.690 
2.781 
2.928 
3.002 
3.103 
2.956 
3.040 
3.708 
3.171 
3.525 
4.015 
3.441 
3.664 
4.191 
3.308 

3000K. 

3.071 
4.147 
4.912 
2.437 
2.507 
2.555 
2.607 
2.787 
3.316 
3.478 
3.590 
3.419 
3.857 
4.343 
3.838 
4.402 
4.707 
2.577 
2.857 
3.047 
3.202 
3.577 
3.929 
4.517 
2.710 
2.803 
2.950 
3.026 
3.127 
2.981 
3.066 
3.741 
3.198 
3.555 
4.048 
3.470 
3.695 
4.227 
3.336 

400 0K. 

4.676 
6.250 
7.171 
3.408 
3.569 
3.660 
3.754 
4.130 
5.050 
5.260 
5.403 
5.104 
5.838 
6.486 
5.636 
6.514 
6.928 
3.705 
4.235 
4.504 
4.710 
5.435 
5.886 
6.700 
3.940 
4.080 
4.325 
4.432 
4.578 
4.435 
4.561 
5.746 
4.768 
5.278 
6.081 
5.185 
5.458 
6.303 
4.959 

5000K. 

6.513 
8.505 
9.535 
4.545 
4.821 
4.935 
5.072 
5.690 
6.997 
7.241 
7.410 
6.967 
7.993 
8.769 
7.586 
8.764 
9.265 
5.027 
5.651 
6.051 
6.572 
7.487 
8.020 
9.010 
5.360 
5.543 
5.880 
6.016 
6.200 
6.155 
6.253 
7.729 
6.539 
7.171 
8.275 
6.968 
7.381 
8.526 
6.763 

6000K. 

8.522 
10.85 
11.96 
5.847 
6.196 
6.362 
6.537 
7.427 
9.097 
9.367 
9.553 
8.959 

10.26 
11.14 
9.647 

11.10 
11.67 
6.524 
7.377 
7.783 
8.386 
9.673 

10.25 
11.40 
6.945 
7.163 
7.582 
7.741 
7.957 
7.912 
8.101 
9.939 
8.449 
9.187 

10.57 
8.935 
9.419 

10.85 
8.705 

worthwhile to include the above compounds in the 
present calculations. 

We are accordingly presenting in Tables III to VI 
the standard thermodynamic functions of the 39 
halogenated methanes for which vibration fre
quency assignments are considered reasonably cer
tain. These functions, the heat capacity at con
stant pressure C%, the heat content (H0 — Hl), the 
free energy function — (F0 — Ht)/T and the en
tropy S° are for standard conditions of the ideal 
gas at 1 atmosphere pressure and are in cal./deg. 

mole or kcal./mole units. They have been calcu
lated for 18 temperatures in the range 100-15000K. 
The compounds are arranged in these tables in 
groups of decreasing molecular symmetry. 

The translational and rotational contributions 
were calculated from the usual statistical mechani
cal equations employing the most recent values for 
the fundamental constants.17 Moments of inertia 
obtained from spectroscopic measurements were 

(17) F. D. Rossini, F. T. Gucker, H. L. Johnston, L. Pauling and 
G. W. Vinal, THIS JOURNAL, 74, 2699 (1952). 
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TABLE IV 

Compound 

CF4 

CC1< 
CBr4 

CH3F 
CH3Cl 
CH3Br 
CH3I 
CHF8 

CF3Cl 
CF3Br 
CF3I 
CHCl, 
CCl4F 
CCl3Br 
CHBr3 

CFBr3 

CClBr3 

CH4F8 

CH3Cl3 

CH2Br2 

CH2I2 

CF2Cl2 

CF2Br2 

CCl2Br2 

CH2FCl 
CH2FBr 
CH2ClBr 
CH2ClI 
CH2BrI 
CF2HCl 
CF2HBr 
CF2ClBr 
CCl2HF 
CCl2FBr 
CCl2HBr 
CBr2HF 
CBr8HCl 
CBr2FCl 
CHFClBr 

7000K. 

10.65 
13.26 
14.43 
7.298 
7.725 
7.921 
8.128 
9.304 

11.30 
11.59 
11.79 
11.04 
12.67 
13.56 
11.79 
13.50 
14.13 
8.171 
9.171 
9.625 

10.15 
11.95 
12.57 
13.84 
8.665 
8.911 
9.401 
9.577 
9.822 
9.856 

10.07 
12.23 
10.47 
11.29 
12.94 
11.00 
11.54 
13.23 
10.75 

800° K. 

12.88 
15.71 
16.93 
8.881 
9.374 
9.594 
9.828 

11.29 
13.59 
13.89 
14.11 
13.21 
15.00 
16.02 
13.99 
15.94 
16.61 
9.941 

11.06 
11.56 
11.98 
14.29 
14.95 
16.31 
10.50 
10.77 
11.32 
11.51 
11.77 
11.90 
12.13 
14.59 
12.57 
13.47 
15.35 
13.14 
13.73 
15.66 
12.88 

900°K. 

15.17 
18.19 
19.44 
10.58 
10.89 
11.37 
11.63 
13.36 
15.93 
16.25 
16.47 
15.42 
17.44 
18.51 
16.25 
18.41 
19.12 
11.81 
13.04 
13.57 
14.02 
16.68 
17.36 
18.80 
12.42 
12.71 
13.31 
13.52 
13.83 
14.02 
14.27 
16.99 
14.74 
15.70 
17.80 
15.33 
15.98 
18.12 
15.07 

1000°K. 

17.51 
20.68 
21.97 
12.38 
12.97 
13.23 
13.51 
15.51 
18.32 
18.64 
18.88 
17.69 
19.90 
21.01 
18.54 
20.90 
21.64 
13.78 
15.09 
15.65 
16.12 
19.11 
19.81 
21.32 
14.43 
14.73 
15.37 
15.59 
15.89 
16.20 
16.47 
19.43 
16.98 
17.97 
20.28 
17.59 
18.26 
20.60 
17.31 

employed where available. For other compounds 
they were calculated using experimental intera
tomic distances and angles, and in the absence of 
structural information a tetrahedral model was em
ployed with interatomic distances for the C-H, 
C-F, C-Cl, C-Br and C-I bonds of 1.10, 1.34, 1.75, 
1.91 and 2.10 A. The products of the principal 
moments of inertia are listed in Table I. 

The vibrational contributions to the thermody
namic functions were calculated with the aid of 

(Continued) 

HOO0K. 

19.89 
23.19 
24.51 
14.26 
14.89 
15.17 
15.46 
17.71 
20.73 
21.07 
21.31 
19.99 
22.38 
23.53 
20.87 
23.40 
24.17 
15.81 
17.20 
17.78 
18.28 
21.56 
22.28 
23.84 
16.50 
16.82 
17.49 
17.72 
18.03 
18.44 
18.71 
21.89 
19.25 
20.29 
22.77 
19.89 
20.58 
23.10 
19.59 

1200°K. 

22.30 
25.72 
27.05 
16.22 
16.89 
17.17 
17.48 
19.96 
23.18 
23.52 
23.76 
22.33 
24.88 
26.06 
23.23 
25.92 
26.71 
17.91 
19.36 
19.96 
20.48 
24.03 
24.76 
26.37 
18.62 
18.95 
19.66 
19.90 
20.22 
20.71 
21.00 
24.36 
21.56 
22.63 
25.28 
22.21 
22.94 
25.61 
21.91 

1300°K. 

24.74 
28.25 
29.60 
18.25 
18.94 
19.24 
19.56 
22.24 
25.64 
25.99 
26.24 
24.69 
27.39 
28.59 
25.61 
28.44 
29.25 
20.06 
21.56 
22.18 
22.72 
26.52 
27.26 
28.92 
20.80 
21.14 
21.88 
22.12 
22.47 
23.03 
23.32 
26.86 
23.90 
25.00 
27.78 
24.57 
25.35 
28.13 
24.26 

1400°K. 

27.19 
30.79 
32.16 
20.33 
21.05 
21.35 
21.69 
24.57 
28.12 
28.47 
28.73 
27.08 
29.91 
31.14 
28.02 
30.98 
31.80 
22.26 
23.82 
24.44 
24.99 
29.02 
29.78 
31.46 
23.03 
23.33 
24.13 
24.38 
24.72 
25.37 
25.67 
29.34 
26.27 
27.40 
30.32 
26.95 
27.71 
30.67 
26.63 

1500°K. 

29.66 
33.33 
34.71 
22.46 
23.21 
23.51 
23.86 
28.42 
30.61 
30.97 
31.23 
29.49 
32.44 
33.69 
30.44 
33.52 
34.36 
24.49 
26.09 
26.73 
27.30 
31.53 
32.30 
34.02 
25.26 
25.64 
26.42 
26.67 
27.02 
27.74 
28.05 
31.88 
28.66 
29.81 
32.85 
29.35 
30.13 
33.20 
29.03 

tables prepared by H. L. Johnston, L. Savedoff and 
J. Belzer.18 

The vibrational frequency assignments were pre
sented by the authors previously.2 The numerical 
values of the fundamental frequencies for CF4, CCl4, 
CBr4, CH3F, CF3Cl, CCl3F, CCl3Br, CBr3Cl, CHF3, 
CHCI3, CHBts, CH2F21 CHaCIs, CH2Br2, CF2CI2, 

(18) "Contributions to the Thermodynamic Functions by a Planck-
Einstein Oscillator in One Degree of Freedom," Office of Naval Re
search, Department of the Navy, Washington, D. C., 1949. 
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Compound 

CF4 

CCl4 

CBr4 

CH8F 
CH8Cl 
CH3Br 
CH3I 
CHF3 

CF3Cl 
CF3Br 
CF3I 
CHCl3 

CCl3F 
CCl3Br 
CHBr3 

CFBr8 

CClBr3 

CH2F2 

CH2Cl2 

CH2Bf2 

CH2I2 

CF2Cl2 

CF2Br2 

CCl2Br2 

CH2FCl 
CH2FBr 
CH2ClBr 
CH2ClI 
CH2BrI 
CF2HCl 
CF2HBr 
CF2ClBr 
CCl2HF 
CCl2HBr 
CCl2FBr 
CBr2HF 
CBr2HCl 
CBr2FCl 
CHFClBr 

T H E 

100°K. 

42.76 
48.19 
54.48 
36.40 
38.68 
41.47 
42.88 
43.62 
47.20 
49.11 
50.61 
48.82 
49.91 
50.38 
54.39 
54.99 
55.79 
41.46 
45.69 
49.97 
52.86 
49.36 
53.04 
55.01 
45.02 
47.34 
49.25 
50.89 
52.95 
47.72 
49.83 
52.64 
49.41 
52.86 
53.77 
53.42 
54.75 
55.49 
51.44 

F R E E ENERGY 

15O0K. 

46.05 
52.01 
59.23 
39.63 
41.90 
44.70 
46.11 
46.88 
50.56 
52.59 
54.15 
52.34 
53.55 
54.41 
58.37 
59.18 
60.25 
44.69 
49.02 
53.45 
56.49 
52.86 
56.82 
59.25 
48.30 
50.65 
52.65 
54.33 
56.50 
51.02 
53.17 
56.27 
52.81 
56.51 
57.58 
57.04 
58.54 
59.49 
54.95 

F U N C T I O N , 

20O0K. 

48.50 
55.12 
63.10 
41.91 
44.20 
47.01 
48.44 
49.25 
53.15 
55.28 
56.97 
55.07 
56.46 
57.71 
61.48 
62.59 
63.90 
47.02 
51.46 
56.04 
59.18 
55.59 
59.84 
62.70 
50.67 
53.07 
55.16 
56.90 
59.14 
53.49 
55.69 
59.13 
55.36 
59.34 
60.65 
59.85 
61.51 
62.71 
57.64 

T A B L E V 

-(FO - Hl)/T, OF THE 

25O0K. 

50.54 
57.82 
66.39 
43.70 
46.00 
48.80 
50.29 
51.18 
55.32 
57.58 
59.34 
57.35 
58.97 
60.07 
64.07 
65.51 
67.03 
48.85 
53.44 
58.30 
61.39 
57.93 
62.43 
65.69 
52.58 
55.04 
57.20 
58.98 
61.30 
55.52 
57.77 
61.59 
57.55 
61.74 
63.30 
62.18 
63.99 
65.31 
59.88 

298.160K. 

52.27 
60.15 
69.19 
45.12 
47.45 
50.31 
51.79 
52.77 
57.19 
59.54 
61.37 
59.29 
61.14 
63.01 
66.26 
68.00 
69.70 
50.34 
55.08 
59.88 
63.22 
59.95 
64.65 
68.25 
54.14 
56.65 
58.89 
60.72 
63.08 
57.21 
59.51 
63.70 
59.37 
63.75 
65.58 
64.16 
66.09 
67.90 
61.78 

H A L O G E N A T E D M E T H A N E S 

3 0 0 ° K . 

52.34 
60.24 
69.29 
45.17 
47.51 
50.37 
51.84 
52.83 
57.26 
59.60 
61.44 
59.36 
61.22 
63.10 
66.34 
68.09 
69.80 
50.39 
55.14 
59.95 
63.29 
60.02 
64.73 
68.34 
54.19 
56.69 
58.95 
60.78 
63.15 
57.27 
59.58 
63.78 
59.43 
63.83 
65.67 
64.23 
66.17 
67.98 
61.85 

400° K. 

55.48 
64.48 
74.23 
47.55 
49.99 
52.89 
54.44 
55.63 
60.66 
63.16 
65.10 
62.83 
65.16 
67.51 
70.21 
72.55 
74.56 
52.95 
58.03 
63.05 
66.52 
63.68 
68.72 
72.91 
56.89 
59.50 
61.91 
63.82 
66.29 
60.29 
62.69 
67.70 
62.68 
67.42 
69.79 
67.79 
69.90 
72.27 
65.23 

500°K. 

58.24 
68.12 
78.35 
49.52 
52.06 
55.02 
56.61 
58.06 
63.63 
66.24 
68.27 
65.81 
68.58 
71.28 
73.47 
76.33 
78.55 
55.10 
60.36 
65.56 
69.52 
66.87 
72.20 
76.79 
59.19 
61.88 
64.43 
66.39 
68.95 
62.94 
65.34 
70.90 
65.46 
70.50 
73.34 
70.72 
73.07 
75.94 
68.12 

600°K. 

60.72 
71.32 
81.91 
51.23 
53.86 
56.88 
58.44 
60.22 
66.29 
68.98 
70.97 
68.44 
71.60 
74.57 
76.32 
79.60 
82.01 
57.01 
62.60 
67.88 
71.89 
69.71 
75.18 
80.17 
61.22 
63.98 
66.66 
68.66 
71.30 
65.20 
67.71 
73.82 
67.94 
73.20 
76.45 
73.34 
75.85 
79.14 
70.67 

CCl2Br2, CH2FCl, CH2ClBr, CF2HCl, CCl2HF, 
CCl2HBr and CBr2HCl are taken from the recent 
infrared vapor phase studies of Plyler and Bene
dict.19 

Those for CF2HBr and CF2ClBr20 and for 
CHFClBr21 are also based on the work of Plyler 
and co-workers. 

(19) E. K. Plyler and W. S. Benedict, J. Research Natl. Bur. Stand
ards, 47, 202 (1951). 

(20) E. K. Plyler and N. Acquista, ibid., 48, 92 (1952). 
(21) E. K. Plyler and M. A. Lamb, ibid., 46, 382 (1951). 

The fundamentals for CH3Cl and CH3Br are as 
given by Decius.22 

The fundamentals for CF3Br and CF3I are taken 
from the paper by Edgell and May,28 the assign
ment of the two lowest frequencies of CF3I being 
reversed.2 

The source of the fundamental frequencies of 
the remaining compounds is the Landolt-Bornstein 

(22) J. C. Decius, / . Chem. Phys., 16, 214 (1948). 
(23) W. F. Edgell and C. E. May, ibid., 20, 1822 (1952). 
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TABLB V (Continued) 

Compound 

CF4 

CCl4 

CBr4 

CH3F 
CH3Cl 
CH3Br 
CH3I 
CHF3 

CF3Cl 
CF3Br 
CF3I 
CHCl3 

CCl3F 
CCl3Br 
CHBr3 

CFBr3 

CClBr3 

CH2F2 

CH2Cl2 

CH2Br2 

CH2I2 

CF2Cl2 

CF2Br2 

CCl2Br2 

CH2FCl 
CH2FBr 
CH2ClBr 
CH2ClI 
CH2BrI 
CF2HCl 
CF2HBr 
CF2ClBr 
CCl2HF 
CCl2HBr 
CCl2FBr 
CBr2HF 
CBr2HCl 
CBr2FCl 
CHFClBr 

7000K. 

62.98 
74.18 
85.03 
52.78 
55.51 
58.57 
60.27 
62.19 
68.71 
71.47 
73.59 
70.80 
74.34 
77.49 
78.85 
82.52 
85.07 
58.74 
64.56 
69.94 
73.75 
72.26 
77.87 
83.15 
63.06 
65.87 
68.66 
70.70 
73.39 
67.30 
69.87 
76.44 
70.18 
75.62 
79.24 
75.71 
78.62 
81.99 
72.97 

8000K. 

65.07 
76.75 
87.83 
54.22 
57.03 
60.12 
61.95 
64.02 
70.92 
73.73 
75.89 
72.96 
76.75 
80.13 
81.15 
85.14 
87.80 
60.36 
66.35 
71.82 
75.70 
74.59 
80.32 
85.84 
64.76 
67.62 
70.50 
72.59 
75.31 
69.23 
71.84 
78.82 
72.23 
77.82 
81.75 
77.85 
81.58 
84.55 
75.07 

9000K. 

67.02 
79.09 
90.32 
55.56 
58.21 
61.58 
63.34 
65.73 
72.95 
75.82 
78.01 
74.94 
79.00 
82.51 
83.24 
87.52 
90.28 
61.85 
68.03 
73.56 
77.51 
76.74 
82.56 
88.27 
66.35 
69.25 
72.31 
74.31 
77.11 
71.02 
73.66 
81.01 
74.11 
79.84 
84.05 
79.82 
82.63 
86.90 
77.00 

10000K. 

68.83 
81.41 
92.64 
56.84 
59.78 
62.94 
64.73 
67.33 
74.85 
77.75 
79.97 
76.78 
81.07 
84.71 
85.17 
89.69 
92.54 
63.27 
69.58 
75.18 
79.18 
78.73 
84.62 
90.50 
67.82 
70.77 
73.90 
75.93 
78.72 
72.70 
75.36 
83.03 
75.87 
81.71 
86.15 
81.64 
84.53 
89.04 
78.80 

11000K. 

70.53 
82.48 
94.75 
58.04 
61.04 
64.22 
66.05 
68.83 
76.63 
79.55 
81.79 
78.49 
82.99 
86.73 
86.96 
91.70 
94.62 
64.62 
71.05 
76.70 
80.73 
80.57 
86.52 
92.54 
69.24 
72.19 
75.38 
77.44 
80.26 
74.27 
76.96 
84.90 
77.52 
83.45 
88.12 
83.35 
86.29 
91.02 
80.48 

1200°K. 

72.12 
84.40 
96.70 
59.20 
62.24 
65.44 
67.29 
70.26 
78.29 
81.24 
83.49 
80.09 
84.78 
88.61 
88.62 
93.56 
96.54 
65.89 
72.43 
78.12 
82.20 
81.29 
88.30 
94.44 
70.57 
73.54 
76.68 
78.87 
81.71 
75.75 
78.46 
86.66 
79.06 
85.07 
89.93 
84.94 
87.94 
92.87 
82.04 

1300°K. 

73.62 
86.82 
98.51 
60.29 
63.39 
66.61 
68.48 
71.61 
79.85 
82.82 
85.10 
81.59 
86.45 
90.35 
90.18 
95.31 
98.33 
67.10 
73.73 
79.47 
83.58 
83.91 
89.97 
96.21 
71.82 
74.83 
78.02 
80.22 
83.09 
77.14 
79.88 
88.29 
80.52 
86.59 
91.63 
86.44 
89.48 
94.58 
83.52 

1400°K. 

75.05 
88.43 

100.20 
61.35 
64.48 
67.72 
69.61 
72.89 
81.32 
84.32 
86.61 
83.01 
88.02 
92.99 
91.65 
96.94 

100.01 
68.26 
74.99 
80.75 
84.89 
85.43 
91.54 
97.87 
73.03 
76.05 
79.28 
81.48 
84.37 
78.47 
81.23 
89.81 
81.90 
88.02 
93.22 
87.85 
90.93 
96.20 
84.91 

ISOO0K. 

76.40 
89.96 

101.80 
62.37 
65.54 
68.79 
70.69 
74.12 
82.72 
85.73 
88.03 
84.36 
89.50 
93.53 
93.04 
98.48 

101.58 
69.37 
76.17 
81.96 
86.14 
86.87 
93.01 
99.42 
74.18 
77.22 
80.48 
82.70 
85.59 
79.74 
82.50 
91.29 
83.20 
89.39 
93.72 
89.18 
92.31 
97.72 
86.24 

Tabellen,24 with assignments as given by the pres
ent authors.2 

The rigid rotator-harmonic oscillator approxima
tion, the uncertainty of several wave numbers in 
the fundamental frequencies and a possible error of 
a few per cent, in the product of the principal mo
ments of inertia places a limit on the accuracy of 
the calculated thermodynamic functions of ±0.1 
cal./deg. mole. At the higher temperatures the 

(24) Landolt-Bornstein "Tabellen," Sixth edition, Vol. I, parts 
2 and 3, Springer-Verlag, Berlin, 1951. 

effect of anharmonicity may be substantial but the 
data are not available for its inclusion. Conse
quently, the error in these functions may well 
exceed ±0.1 cal./deg. mole at the higher tempera
tures. 

The calculated thermodynamic properties pre
sented in this paper are in good agreement with the 
available experimental data. Table II gives the 
comparison for the entropy values. The error in 
the experimental entropy values is of the order of 
±0.2 cal. deg./mole. 
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Compound 

CF4 

CCl4 

CBr4 

CH3F 
CH8Cl 
CH3Br 
CH3I 
CHF8 

CF8Cl 
CF3Br 
CF8I 
CHCl8 

CCl3F 
CCl3Br 
CHBr3 

CFBr3 

CClBr3 

CH2F2 

CH2Cl2 

CH2BT2 

CH2I2 

CF2Cl2 

CF2Br2 

CCl2Br2 

CH2FCl 
CH2FBr 
CH2ClBr 
CH2ClI 
CH2BrI 
CF2HCl 
CF2HBr 
CF2ClBr 
CCl2HF 
CCl2HBr 
CCl2FBr 
CBr2HF 
CBr2HCl 
CBr2FCl 
CHFClBr 

1000K. 

50.76 
57.01 
65.26 
44.35 
46.63 
49.42 
50.84 
51.60 
55.30 
57.36 
59.02 
57.19 
58.42 
59.61 
63.70 
64.60 
65.93 
49.41 
53.77 
58.37 
61.57 
57.65 
61.83 
64.64 
53.02 
55.39 
57.46 
59.21 
61.50 
55.75 
57.92 
61.15 
57.58 
61.47 
62.59 
62.01 
63.66 
64.67 
59.80 

T H E ENTROPY, 

15O0K. 

54.34 
62.16 
71.94 
47.58 
49.87 
52.69 
54.14 
55.00 
59.18 
61.55 
63.44 
61.43 
63.11 
65.17 
68.73 
70.36 
72.20 
52.71 
57.37 
62.28 
65.65 
61.91 
66.76 
70.56 
56.45 
58.91 
61.21 
63.05 
65.48 
59.38 
61.67 
65.74 
61.50 
65.97 
67.66 
66.40 
68.42 
70.09 
63.96 

20O0K. 

57.33 
66.63 
77.29 
49.88 
52.23 
55.10 
56.62 
57.67 
62.52 
65.12 
67.17 
64.94 
67.18 
69.88 
72.73 
75.11 
77.34 
55.16 
60.15 
65.25 
68.81 
65.60 
70.93 
75.46 
59.06 
61.67 
64.10 
66.70 
68.58 
62.32 
64.73 
69.65 
64.56 
69.65 
71.98 
69.99 
72.27 
74.63 
67.37 

TABLE VI 

5° , OF THE 

25O0K. 

60.05 
70.55 
81.78 
51.72 
54.16 
56.97 
58.69 
60.00 
65.54 
68.31 
70.46 
68.00 
70.81 
72.83 
76.13 
79.20 
81.69 
57.18 
62.52 
68.28 
71.54 
68.93 
74.58 
79.69 
61.26 
63.99 
66.56 
68.59 
71.21 
64.88 
67.39 
73.13 
67.55 
72.84 
75.78 
72.79 
75.56 
78.59 
70.32 

HALOGENATED METHANES 

298.160K. 

62.48 
73.94 
85.53 
53.24 
55.80 
58.82 
60.47 
62.04 
68.23 
71.09 
73.32 
70.66 
73.96 
77.45 
79.03 
82.65 
85.36 
58.92 
64.59 
70.02 
73.88 
71.84 
77.72 
83.27 
63.16 
65.97 
68.71 
70.78 
73.49 
67.13 
69.71 
76.14 
70.00 
75.58 
79.05 
75.70 
78.39 
81.95 
72.88 

30O0K. 

62.57 
74.07 
85.66 
53.30 
55.86 
58.89 
60.53 
62.12 
68.32 
71.20 
73.41 
70.76 
74.08 
77.57 
79.14 
82.76 
85.49 
58.98 
64.66 
70.10 
73.96 
71.95 
77.83 
83.40 
63.23 
66.05 
68.79 
70.87 
73.58 
67.21 
69.80 
76.25 
70.09 
75.68 
79.16 
75.79 
78.49 
82.08 
72.97 

400° K. 

67.18 
80.10 
92.16 
56.07 
58.91 
62.04 
63.83 
65.96 
73.29 
76.31 
78.61 
75.58 
79.77 
83.73 
84.30 
88.83 
91.88 
62.22 
68.62 
74.31 
78.29 
77.27 
83.44 
89.66 
66.74 
69.70 
72.72 
74.90 
77.74 
71.38 
74.09 
81.71 
74.60 
80.62 
85.00 
80.75 
83.55 
88.03 
77.63 

5000K. 

71.27 
85.13 
97.43 
58.61 
61.70 
64.90 
66.76 
69.44 
77.63 
80.73 
83.08 
79.74 
84.57 
88.82 
88.64 
93.85 
97.08 
65.16 
71.67 
77.70 
82.67 
81.85 
88.24 
94.82 
69.91 
72.97 
76.19 
78.43 
81.35 
75.26 
77.85 
86.36 
78.54 
84.84 
89.88 
84.65 
87.80 
92.99 
81.64 

6000K. 

74.93 
89.41 

101.85 
60.98 
64.19 
67.48 
69.42 
72.60 
81.45 
84.59 
86.98 
83.37 
88.70 
93.13 
92.39 
98.11 

101.47 
67.88 
74.90 
80.85 
85.88 
85.83 
92,25 
99.17 
72.80 
75.91 
79.29 
81.57 
84.55 
78.38 
81.22 
90.38 
82.02 
88.51 
94.07 
88.18 
91.54 
97.22 
85.18 

In addition heat capacity measurements have 
been made on a number of halogenated methanes. 
CF2CI2 was investigated by Masi25 whose results 
are about 0.1 cal./deg. mole higher than the calcu
lated values. Masi accounts for the difference by 
a shift of one frequency and anharmonicity. We 

(25) J. G. Masi, ibid., 74, 4738 (1952); see also R. M. Buffington 
and J. Fleischer, Ind. Bng. Chem., 23, 1291 (1931); A. Eucken and A. 
Bertram, Z. physik. Chem., B31, 361 (1936). 

do not believe that frequency change is justi
fiable on the basis of the spectroscopic data, and 
would be inclined to ascribe the entire difference to 
anharmonicity. Masi's calculated functions are 
consistent with his experimental data and are to be 
preferred for some purposes. However, we have 
preferred to give values consistent with the re
mainder of our tables, i.e., omitting anharmo
nicity. 



Nov. 5, 1953 THERMODYNAMIC FUNCTIONS OF HALOGENATED METHANES 5267 

TABLE VI 

Compound 

CF4 

ecu 
CBr* 
CH3F 
CH3Cl 
CH3Br 
CH3I 
CHF3 

CF3Cl 
CF3Br 
CF3I 
CHCl3 

CCl3F 
CCl3Br 
CHBr3 

CFBr3 

CClBr, 
CH2F2 
CH2Cl2 

CH2Br2 

CH2I2 

CF2Cl2 

CF2Br2 

CCl2Br2 

CH2FCl 
CH8FBr 
CH2ClBr 
CH2ClI 
CH2BrI 
CF2HCl 
CF2HBr 
CF2ClBr 
CCl2HF 
CCl2HBr 
CCl2FBr 
CBr2HF 
CBr2HCl 
CBr2FCl 
CHFClBr 

7000K. 

78.20 
93.12 

105.65 
63.21 
66.55 
69.88 
71.88 
75.48 
84.85 
88.03 
90.44 
86.59 
92.31 
96.88 
95.69 

101.81 
105.26 
70.42 
77.66 
83.69 
88.05 
89.34 
95.83 

102.92 
75.44 
78.60 
82.09 
84.40 
87.43 
81.39 
84.25 
93.91 
85.30 
91.75 
97.72 
91.42 
94.82 

100.89 
88.33 

8000K. 

81.17 
96.39 

108.98 
65.32 
68.75 
72.12 
74.15 
78.13 
87.90 
91.10 
93.53 
89.47 
95.51 

100.16 
98.63 

105.06 
108.57 
72.78 
80.18 
86.27 
90.68 
92.46 
99.00 

106.23 
77.89 
81.08 
84.64 
86.98 
90.03 
84.11 
87.00 
97.06 
87.95 
94.65 

100.95 
94.28 
97.75 

104.13 
91.16 

9000K. 

83.87 
99.30 

111.91 
67.31 
70.30 
74.21 
76.26 
80.58 
90.66 
93.88 
96.32 
92.08 
98.38 

103.08 
101.29 
107.97 
111.53 
74.98 
82.52 
88.64 
93.09 
95.28 

101.85 
109.16 
80.16 
83.37 
86.99 
89.34 
92.47 
86.60 
89.51 
99.89 
90.51 
97.28 

103.83 
96.86 

100.38 
107.03 
93.74 

1000°K. 

86.32 
101.93 
114.61 
69.21 
71.75 
76.16 
78.24 
82.84 
93.17 
96.39 
98.84 
94.47 

100.97 
105.72 
103.71 
110.59 
114.17 
77.05 
84.67 
90.82 
95.30 
97.84 

104.42 
111.81 
82.25 
85.50 
89.17 
91.52 
94.61 
88.90 
91.83 

102.46 
92.85 
99.68 

106.43 
99.24 

102.79 
109.64 
96.11 

Heat capacity measurements on CF2HCl, CCl2-
HF and CCl8F

26-27 have yielded data in fair agree
ment with the present calculations. For example, 
the experimental heat capacities at constant pres
sure Cl at 407.50K. are 15.77, 16.99 and 21.04 
cal./deg. mole for CF2HCl, CCl2HF and CCl3F, 
respectively, compared with calculated values of 
15.79, 16.91 and 20.98. At lower temperatures the 
agreement is not as good. 

More recently, the increasing technical impor
tance of the halogenated methanes has led to the 
study and tabulation of thermodynamic properties 

(26) A. F. Burning and R. C. McHarness, Ind. Eng. Ckem., 31, 012 
(1939). 

(27) Benning, McHarness, Markwood and Smith, ibid., 32, 97S 
(1940). 

•inued) 

HOO0K. 

88.61 
104.33 
117.03 
71.00 
74.58 
78.01 
80.10 
84.94 
95.48 
98.71 

101.16 
96.67 

103.34 
108.12 
105.93 
112.98 
116.57 
78.99 
86.68 
92.86 
97.35 

100.18 
106.78 
114.21 
85.23 
87.46 
91.18 
93.55 
96.66 
91.03 
93.98 

104.80 
95.02 

101.89 
108.82 
101.43 
105.01 
112.02 
98.29 

1200°K. 

90.71 
106.52 
119.25 
72.71 
76.32 
79.75 
81.86 
86.89 
97.60 

100.83 
103.30 
98.70 

105.51 
110.33 
107.98 
115.16 
118.80 
80.81 
88.56 
94.75 
99.28 

102.32 
108.94 
116.42 
86.08 
89.34 
93.08 
95.45 
98.56 
93.01 
95.96 

106.96 
97.03 

103.93 
110.99 
103.45 
107.05 
114.23 
100.30 

1300°K. 

92.65 
108.55 
121.28 
74.33 
77.97 
81.41 
83.53 
88.72 
99.58 

102.82 
105.28 
100.59 
107.52 
112.35 
109.88 
117.19 
120.84 
82.54 
90.32 
96.54 

101.06 
104.31 
110.94 
118.46 
87.83 
91.10 
94.85 
97.23 

100.38 
94.86 
97.83 

108.95 
98.90 

105.82 
113.01 
105.34 
108.95 
116.22 
102.18 

HOO0K. 

94.47 
110.44 
123.17 
75.88 
79.52 
82.98 
85.10 
90.44 

101.40 
104.66 
107.13 
102.35 
109.39 
114.23 
111.66 
119.07 
122.73 
84.16 
92.00 
98.21 

102.74 
106.16 
112.81 
120.34 
89.47 
92.75 
96.52 
98.86 

102.03 
96.59 
99.56 

110.77 
100.66 
107.59 
114.88 
107.09 
110.73 
118.10 
103.94 

ISOO0K. 

96.18 
112.19 
124.94 
77.15 
81.01 
84.47 
86.60 
92.06 

103.13 
106.38 
108.85 
104.02 
111.01 
115.99 
113.34 
120.83 
124.48 
85.70 
93.66 
99.79 

104.34 
107.90 
114.55 
122.09 
91.03 
94.31 
98.09 

100.48 
103.62 
98.23 

101.20 
112.55 
102.31 
109.25 
116.63 
108.75 
112.40 
119.85 
105.59 

of halogenated methanes used particularly in 
refrigeration.28 

There are at present relatively few reliable data 
on the heat of formation of these substances. 
Consequently we have not attempted at this time 
to discuss either heat or free energy of formation 
data. The tables presented herewith should find a 
variety of applications. 

We should like to thank Mr. G. Whiting for his 
assistance with these calculations. 
BERKELEY, CALIFORNIA 

(28) For example, American Society of Refrigerating Engineers, 
Data Book, Basic Volume, 6th edn., 1949; Kinetic Chemicals, Inc., 
10th and Market Street, Wilmington 98, Del.; British Standard, 1725 
(1951). 


