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Raman displacements, semiquantitative relative intensit,ies, and approsi- 
mate depolarization ratios were obtained for liquid CH?Clz , CHlXl:! , and 
(!I)K”l,! ; and wave numbers and estimated relative intensities for the irl- 
frared hands from 400 t,o 4000 cycles/cm were obtained for both the liquid 
and the gas. Vibrational assignments for the deut,eriatedcompounds were made 
by romparison with the results for CH&lr , and t)y application of t,he con- 
plete isotopic suhst,itution rules of Brodersen and Langseth. The resu1t.s confirm 
the infrared work of Shimanouchi and Suzuki for these compounds, except for 
the ~2 fundamental of CD&l, which was assigned to the 1053 cycles/cm Raman 
line. Thermodynamic properties (heat crlntent function, free energy function, 
rntrllpy. and heat capacity) were calculated for twelve temperatures from 
100 to 1OOO”K to a rigid-rotor, harnlonic-oscillator approxinmtion. 

ISTRODUCTION 

Vibrational spectral data for CH&12 in the Raman (l-11) and infrared 
(12-1.5) have been reported and the assignment of the fundamentals made hq 
Plyler and Benedict (14) has been confirmed by Welsh et al. (11) from a study 
of the band contours in the Raman spectrum of the vapor. Since pure samples of 
CHDC% and CD& have become available, the present investigation was lm- 
dertaken in order to obtain spectral data for all these three molecules. 

During t’he course of the present work, Shimanouchi and Suzuki (16) reported 
wave numbers for the infrared, made assignments for the fundamentals of these 
n~olecules, and calculated modified Urey-Bradley, and general quadratic valence 

* A preliflrillnr~ report was preserlted at t,he Mid-America Spectroscopy- Symposium of 
thr Soriety for Applied Spectroscopy in Chicago on May 1, 1962. For previous papers in this 
series, see J. .114. Spectry. 13, 67 (1961). 

i Based on an investigation carried out by one of the authors (F. E. P, 1 in partial fulfill- 
rnent of the requirements for the &la&r of Science degree. 

$ I’ublic~atir~n So. 176. 
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120 PALMA ET AL. 

force, potential energy constants. The present Raman work confirmed their 
results, except for the assignment of the uz fundamental for CD,C’l, . 

EXPERIMENTAL PROCEUUREH 

The deuteriated compounds were obtained from the Merck, Sharp, and 
Dohme Company, Montreal, Canada. The Raman displacements were recorded 
on Eastman 103a-J photographic plates by the use of a Hilger E-612, two-prism 
spectrograph having a reciprocal linear dispersion of 100 cm-‘/mm at 4358 A.. 

TABLE I 

FiAMAN SPECl'RAL DATA FOR CH2C12a 

A01 I Depolarization ratio Aog Ii 

PR PV N AD PR CR T W PRb PS WCTL 

285 

;i3 
89: 
988 
1156 
1220 
1265 
1423 

1475 
2001 
2306 
2365 
. . . . 
2986 
3053 

284 10 1.2 75 
701 10 1.9 1000 
;I;: 7 4 2*o 2.5 VW 10 

g88d 2 8.0 W 

1153 6 3.5 2 
. . . . . . . . . W 

1260 2 5.0 W 

1419 9 2.9 6 
1470 3 4.3 W 

. . . . . . . . . W 

. . . . . . . . . W 

. . . . . . . . . W 

. . . . . . . . . *** 2986 11 1.4 181 

3048 7 4.3 7 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

. . . 

0.25 
0.07 
0.84 
(D) 
. . . . 
0.87 

0.43 0.11 P 
P P 
0.70 D 

281.5 
712.9 
748 
893 
.*... 

1153 

W 
137 
38 

0.09 

0.79 
. . . . 
. . . . 
0.89 
. . . . 
. . . . 
0.88 

. . . . . 

. . . . . 
0.75 n 
. . . . . 
. . . . . 
0.71 pe 

. . . 

..a 

7 
. . . 
. . . 
22 
. . . 

. . . . . . . . . . 
. . . . . . 
1430.1 

. . . . 
0.83 

. . . 
0.6 

. . . . . . . . . . . . . . . . . . 
. . . 
. . . 
. . . 
. . . 

:;: 

. . . . 

. . . . . . . . . . . . . . . . . . . . . . 

. . . . 

. . . . 

. . . . 
0.27 
D 

. . . . . . . . . 

. . . . . . . . . 
2854 5 
2995.7 108 
3040 98 

. . . . 

. . . . 

. . . . 
0.05 
0.9 

. . . . . 
P P 
0.66 D 

aAo1 and Au 
B 

= Rsman displacements in cycles/cm for the liquid and gas, 
respective y; I = semiquantitative relative intensity obtained from 
microphotometer measurements (w = very weak); PR = present results; 
PV = probable value from the data of references l-10; N = number of 
times the line has been observed in independent investigations; fUJ = 
average deviation from the mean; CR = Cabannes and Rousset (4); T = 
Trumpy (2); W = Wagner (I); PS = polarization state (P = polarized, D 
= depolarized); WCTL = Welsh et al. (11); and parentheses enclose val- -- 
ues in regard to which there is some uncertainty. 

bApproximate values. 

CReduced integrated intensities Ii are given. A few Raman bands for the 
gas were reported by Nielsen and Ward (8) at 281, 712, and 3002; and 
by Rao (I& at 276, 708, and 2988 c/cm. 
dPresent value taken as most probable. Wagner reports 972 c/cm which is 
much lower than the average observed infrared value of 987 c/cm. 

eThe presence of overtones and combinations of C-Cl stretching vibra- 
tions may account for the high depolarization ratio measured for this 
line. 
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TA!XEII 
INFRAFED SPECTRAL DATA FOR CH2C12' 

PR 
61 Ie ug Ie 
PV N AD PR ss PR PR 

452 
530 

706 

740 

896 
986 
1018 
1154 

1265 

1276 

1424 

1442 
1550 
1602 
2054 
2126 
2152 
2305 
2409 
2520 
2691 
2826 

2983 

3056 
3608 

448 z 4.0 vvw 

. . . . . . . w 

707 5 2.6 m 

739 6 1.7 VS 

896 5 2.0 
987 3 2.3 
. . . . 
1156 i ;:s 

1265 4 1.0 

. . . . . . . . 

1426 6 2.2 

. . . . . . . 
1553 ; 5.7 
1612 3 7.0 
2055 3 2.0 
2132 3 3.7 
2154 2 1.5 
2308 3 4.7 
2411 3 2.3 
2523 3 2.3 
2684 3 8.0 
2836 3 8.3 

2986 5 2.0 

3049 5 2.6 
3693 4 5.5 

S 

VW 

VVW 

w 

vs 

w 

S 

w 

w 

vvw 

vvw 
vvd 

w 

VW 

vvw 
VW 

VW 

m 

S 

VW 

. . . . . 

. . . . . 
707.5 
727.5 

749.6 
755.6 
758.8 
763.5 

897.7 
. . . . . 
. . . . . . 
. . . . . . 
1260.6 
1268.1 
1275.1 
. . . . . . 
1462 
1473? 

. . . . . . 

. . . . . . 

. . . . . . 

. . . . . . 

. . . . . . 

. . . . . . 

. . . . . . 

. . . . . . 

. . . . . . 

. . . . . . 

. . . . . . 
2991 
3007 

. . . . . . 

. . . . . . 

. . . 

. . . 
706 
725 

750b 

764 

097 
. . . 
. . . . 
. . . . 
1259 
1266 
1275 
. . . . 
1463 
1472 

. . . . 

. . . . 

. . . . 

. . . . 

. . . . 

. . . . 

. . . . 

. . . . 

. . . . 

. . . . 
D... 
2986 
3005 

. . . . 

. . . . 

. . 

. . 

VW 

vs 

VW 

. . 

. . 

. . 

vs 

. . 

w 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

w 

. . 

. . 

. . 3941 3940 4 5.5 VW . . . . . . . . . . 

a wave numbers in c/cm for the liquid and gas, respectively; 
intensity (w = weak, m = medium, s = strong, 

value from the data of references 12-16; SS = 
Shimanouchi and Suzuki (16); and other symbols have the same meaning 
as in Table I. A few ban= reported by Kaye (2) between 2800 and 4000 
c/cm were included in obtaining the average values. 

bareitman and Steacie (2) reported vapor bands at 747, 762 and 1262, 
1277 c/cm. 
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TABLE III 

ASSIGNMENTS FOR THE RAMAN AND INFRARED DANDS OF CI12C12a 

Au1 I PS 01 1, UC Assignment Type 

285 

. . . 

. . . 

701 

737 

896 

988 

. . . . 

1153 

1220 

1260 

. . . . 

1419 

. . . . 

1470 

. . . . 

. . . . 

2001 

. . . . 

,... 

. . . . 

2306 

2365 

. . . . 

. . . . 

. . . . 

. . . . 

2986 

3048 

. . . . 

. . . . 

75 p . . . . . . 2&b 04 

. . . . 

. . . . 
1000 P 

10 D 

vw. 

w. 

. . . . 

2 D 

w. 

W. 

. . . . 

6 P 

. . . . 

w. 

. . . . 

. . . . 

w. 

. . . . 

. . . . 

. . . . 

vw. 

VW . 

. . . . 

. . . . 

. . . . 

. . . . 

181 P 

7 D 

. . . . 
1.. . 

448 vvw 

530 w 

707 m 

739 vs 

896 s 

987 w 

1018 vvw 

1156 w 

. . . . . . . 
1265 vs 

1276 w 

1426 s 

1442 v 

. . . . . . . 

1553 w 

1612 ww 

. . . . . . . 

2055 v-m 
2132 vvw 

2154 vvw 

2308 w 

. . . . . . . 
2411 w 

2523 ww 

2684 w 

2836 vvw 

2986 m 

3049 s 

3693 vvw 

3940 w 

453 

525 

704 
738 

E 

989 

1023 

LLZ. 
1229 

1263 

1274 

1422 

1442 

1476 

1548 

1600 

2001 

2051 

2126 

2160 

2310 

2344 

2418 
2526 

2685 

2844 

2986 

3048 

3690 

3944 

a9 - 04 

0% - 09 

03 

a9 

O7 
a3 + 04 
04 + a 9 

O5 
03 + 08 - a9 

08 
a3 + 204 

02 

03 + a9 

209 
"4 + "8 

O3 + u7 

O8 + ('9 

05 + 07 

02 + 03 

a2 + 09 

205 

06 - 03 
05 + 0% 

208 

'2 + '8 

202 

01 

O6 

vl + a3 

O6 + O7 

81 

*2 

Al 

81 

b2 

bl 

Al 

B2 

a2 

Al 

b2 

Al 

a1 

B2 

Al 

B2 

Bl 

Al 

B2 

Al 

B2 

Al 

Bl 
Bl 

Al 

B2 

Al 

a1 

bl 

Al 
AI 

aThese are the present most probable values of the Raman and infrared 
wave numbers in c/cm. 

bThe underlined values are the observed wave numbers of the fundamen- 
tals for the liquid state; the other values are the wave numbers (ac) 
calculated for the overtones and combinations from these observed fun- 
damentals. The other symbols have the same meaning as in the previous 
tables. 
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The optical densities of the Raman lines were measured with a Leeds and 
Sorthrup recording microphotometer and front these the semiquantitat’ivt 
relative &ensities and depolarization ratios were determined by methods previ- 
ousl,y described (17). The infrared records were obtained with a Perkin~E%~ler. 

model 21, double-beam recording spectrophotometer. KBr optics were used front 
100 t,o 1000, NaCI from 1000 to 2000, and ClaF2 from 3000 to 4000 cycles, Ron. 

The cells used for the liquid had a thickness of 100 pm. For wave-number meas- 
urements in regions of strong absorption, a drop of the liquid was pressed b+ 
tween two IiBr plates to form a thin film. A lo-cm cell with IiBr windows was 

used for the spectra of gaseous specimens. 

SPECTRAL I)ATA Ai-iD ASSIGNMEi-iTd 

A1 summary of the present and previous data and assignments for C’HrC’12 iF 

given in Tables I-III. The assignment is essentially the same as that of I’lylel 
and Benedict (1,4), although a few additional combination bands have been 

observed and assigned. 

l,,,,,,,,,,, 
3600 3200 2800 2400 2000 

I- N&l PRISM 

1 \ / I 
600 600 400 

WAVE NUMBER IN CYCLES/CM. 

FIG. 1. Infrared spectrum of CHZC~S 
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TAECE IV 

RAimNANDI.iQmMm SPE(;TRAL DATA AND ASSIGiQ,!EVIS MIR CD2C12a 

Aal I pb 

PA PR PR 
*g 01 1, 

SS PR SS PR PR Oc Assignment Type 

282 494 0.09 

429 VW . . . . 

533 VW ..a. 

677 1000 P 

716 10 0.66 

. . . 

026 

. . . . . . . 

VW 0.83 

. . . . . . . . . . 

992 . . . . 

1052 

. . . . 

. . . . 

. . . . 

1419e 

. . . . 

. . . . 

1655 
. . . . 

. . . . 

1896 

. . . . 

2095 

2198 

2304 

. . . . 

. . . . 

. . . . 

. . . . 

. . . . 

6 0.23 

. . . . . . . 

. . . ..*. 

. . . . . . . 

VW . . . . 

. . . . . . . 

. . . . . . . 
VW . . . . 

. . . . . . . 

. . . . . . . 
w . . . . 

. . . . . . . 
VW . . . . 

199 0.07 

4 0.80 

. . . . . . . 

. . . . . . . 

. . . . . . . 

. . . . . . . 

. . . . ..* 

. . . 

. . . 

. . . 
679 
695 
721.7 
726.8 
729.1 
735.4 

. . . . . 

. . . . . 

952.8 

z: 
96714 

998.4 
1004.3 
1009.9 
1017.2 

.,.... 

. . . . . . 

. . . . . . 

. . . . . . 

. . . . . . 

. . . . . . 

. . . . . . 

. . . . . . 

. . . . . . 

. . . . . . 

. . . . . . 

. . . . . . 

. . . . . . 

2198.7 
2212.4 

. . . . . . 

. . . . . . 

. . . . . . 

. . . . . . 

. . . . . . 

,..... 

. . . 

. . . 

. . . 

2;: 
719 

734 

.*. 

. . . 

952 

962 
968 

998 
1004 
1010 
1014 

. . . . 

. . . . 

. . . . 

1408 

. . . . 

. . . . 

. . . . 

. . . . 

. . . . 

. . . . 

. . . . 
2199 
2214 

. . . . 

. . . . 

. . . . 

. . . . 

. . . . 

3354 

. . . 

. . . 

. . . 

679 

704 712 vs 

. . . . . . . . 

. . . 827 VW 

955 957 vs S?. =8 b2 

995 

. . . . 

. . . . 

. . . . 

. ..* 

. . . . 

. . . . 

. . . . 

. . . . 

. . . . 

. . . . 

. . . . 

. . . . 

2198 

2304 

. . . . 

. . . . 

. . . . 

. . . . 

. . . . 

. . . . . 
428 w 

. . . . . 

678 m 

994 5 

. . . . . . 
1137 w 

1173 VW 

1390 m 

,... . . 

1537 VW 

1634 v-w 

. . . . . . 

1695 w 

1755 m 

. . . . . . 

2005 VW 

2094 v-w 

2199 m 

2305 m 

2876 v-w 

2910 VW 

3011 VW 

3117 w 

3333 v 

282 z 
09 

- 04 a4 B2 a1 

564 204 Al 

678 - a3 a1 

711 - O9 b2 

712' o7 bl 

826 - O5 a2 

993* *4 + "9 B2 

s 02 a1 

1140 - 209 04 Al 

1167 + - o2 05 o9 Bl 

1389 O3 + O9 B2 

1422 2*9 Al 
1538 "5 + O7 B2 
1626 - 06 o3 Bl 

1652 205 Al 

1730 + 02 *3 Al 
1763 "2 + a9 B2 

1910 2*8 Al 
2007 a2 + a8 B2 

2104 202 Al 

a 01 81 

2304 2876 O6 bl 
c11+ 03 Al 

2909 *1 + a9 B2 
3016 *6 + O7 Al 
3130 05 + 06 B2 

3356 a2 + "6 Bl 

%he symbols have the same meanings as in the previous tables. 

bApproximate values. 

CCalculated from the complete isotope rule. 

*Shimanouchi and Suzuki (16) assigned this band as the fundamental 02. 

eThis band might at first thought be ascribed to a trace oi CH2C12 re- 
maining in the specimen. However, even in the pure CH2C12, this was a 
weak band and as only a trace it would probably be unobservable. Be- 

sides, the overtone 2o 
s 

was observed in CH2C12 and therefore vould 
also be expected in CD2C 2. 
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The asaigtunellt of the apparently depolarized Raman line n2 = 1419 cycles: cut 
to the nl x-ihratioual species C synme’lric CH, deformation j has heen dimmed h! 
Welsh ct al. (, I1 ). They found tha-t the band contour for the gas had the strottg 
C&branch characteris-tic of an aI vibration, but with a coinpara-tively high itttett- 
sit)y in the rotational wings, indicating that the depolarization ratio is large. 

The ittfrwcd spectrunl is shown in Fig. 1. The absorptiou band mar 1400 
cycles,‘ct~~ has a peculiar shape ho%h for ‘the liquid and the gas. The cotuhiuatiou 

m3 + c$ = 1442 cycles,l’cnt (B,) appears as a shoulder, and it is possibk t,hat 
the O\X~rt~Jll~~ 2~:~ = 1414 ( ~1 1 i , and 2~ = 1478 cycles,‘cm i ;l 1 1 contribute %o the 
ah3OI~pt~~Ot1. \~elsh d al. ( II ) observed this line a’l 1430 cycles/“ctu in the I~aman 

spectmtwttl of’ t,lre gas. This is a shift of 11 cyclesj’ciu from the waI,e iiunlber f01 

the IicIuid, as might be expected. In the infrared spectrum of the gas there is att 
absorpt,iott tieat’ 1467 cycles ,‘ctti, a shift of ttiorc than 40 cycles,~cni frotit t,lit> iti- 

frared \-al~w of CT? iu the licluid. This is a ntuch larger shif% ‘chat1 ntight hc m- 
petted. l’crhaps iu the gas as well as in thrt liquid, the absorption in this rcgiott 
is dw principally t,o the cotttbiua~~ious arid overtones of ‘rhe (‘- -(‘l stwtchittg 

vtbrattottti, ;LIKI tlot t#o the C’IT? deforttlation ~ihratiott. 

6, - ,‘co 

NaCl PRISM 
5 
E I cc 1800 1600 1400 I200 IO90 

800 600 400 

WAVE NUMBER IN ‘CYCLES/CM. 

FIN;. 2. Infrared spectrum of (:I MY, 



TABLE V 
RflraNANDINIi’RARED S-D~AANDASSIGNMENTsFoRcHDcl,a 

Aal I pb =g Ul 1, 
PR PR PR ss PR SS PR PR QC Assignment Type 

283 
. . . 

477 
. . . 
650 

682 

136 P 

. . . . . . . 

VW . . . . 

. . . . . . . 
vu . . . . 

1000 P 

725 20 0.67 

779 

886 

16 0.02 

w 0.73 

e... 

1221 

. . . . . . . 

VW 0.69 

1253 

1276 

. . . . 

. . . . 

1443 

. . . . 

. . . . 

. . . . 

. . . . 

. . . . 

n... 

. . . . 

. . . . 

2246 

. . . . 

. . . . 

. . . . 

3019 

. . . . 

VW .... 

1 0.50 

... .... 

... .... 

.... 

... .... 

... .... 

... .... 

... .... 

... .... 

... .... 

... .... 

... .... 

59 p 

... .... 

... .... 

... .... 

66 P 

... .... ..,. . . . . 02 + 08 A" 

Bathe symbolk have the same meanings as in the previous tables. 
hpproximste values. 

1 31: 

. . . 

. . . 

. . . 

. . . 

. . . 
684 
701 
729.4 
737.1 
739.3 
745.0 

78-I 

. . . 

. . . 

. . . 

. . . 

. . . 
684 
700 
729 

. . . . . . . . 

. . . 433 VW 

. . . . . . . . 

. . . 600 w 

. . . . . . . . 

684 681 m 

725 719 v% Ez a9 
743 

790 
880 
888 
a95 
. . . . 
1216 
1222 
1230 

. . . . 
1277 
1287 
. . . . 
. . . . 

. . . . 

778 

885 

778 m IE 
881.6 
889.8 
896.6 
. . . . . . 
1215.6 
1222.9 
1230.0 

. . . . . . 

1294 

a85 vs 

. . . . 

1218 

1168 w 

1.218 vs 1219 

. . . . . . 

. . . . . . 

. . . . . . 

. . . . 

1283 

. . . . 

. . . . 

. . . . 

. . . . . . 

I.275 s 

1361 VW 
1404 m 

. . . . . . . . . . 

. . . . . . 

. . . . . . 

. . . . . . 

. . . . . . 

. . . . 

. . . . 

. . . . 

. . . . 

. . . . 

. . . . 

. . . . 

. . . . 

. . . . 

. . . . . . 

1505 VW 

1608 VW 
1668 VW 
1713 VW 
1766 vu 

. . . . . . . . . . . . . . 1965 VW 

. . . . . . . . . . 

. . . . . . . . . . 
2243.2 2243 
2259.5 2260 
. . . . . . . . . . 
. . . . . . . . . . 

. . . . 

. . . . 

2248 

. . . . . . 

3015.9 
3031.7 
. . . . . . 

. . . . 

3015 
3035 

. . . . 

. . . . 

. . . . 

3019 

1997 VW 
2047 VW 

2246 m 

2426 w 
2494 VW 
2542 VW 

-3021 s 

3118 VW 

495 
602 
653 

683 

06 

a9 - '6 
u4 - O'6 
U(J - 66 

u7 - 2ag 

05 

a’ 
A" 

A' 

A" 
A" 

a* 

1168 

'J4 

aa 

~6 + "8 

'J7 

a" 

a' 

a" 

A" 

a" 

1259 u7 + og - "5 A' 

1278 03 8' 

1366 205 A' 
1406 u +u 5 9 A" 
1446 2u9 A' 

1501 u4 + ug A" 
1502 U6 + a7 A" 
1608 u8 + ug A' 
1663 04 + 08 A' 
1714 U4 + 67 - 06 A" 

1770 2"8 A' 

1961 u +a 3 5 A' 
1964 u2 - U6 A' 

1997 04+07 A" 
2056 03 + 44 A' 

2247 

2438 
2497 
2530 

3020 

3132 

O2 a* 

247 A' 
o3 + a7 A" 
02 + u6 A' 

u1 a* 
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The 11X cycles/cm line, assigned as the torsional vibration I,, is allowed 
ouly in the Ramau spectrum, but also appears weakly in the infrared. The sclec- 
tion rules may break down for liquids due to molecular interactions, and we 
find t,hat there are similar coiucideuces for C!Hn& ( 19), CH2Hr2 (20 ), C’H21s‘z , 
and (‘HaI ( 14) ; and for CD2c’Iz . 

C’l ),(‘I, 

The Iiamau and infrared data and assignnleuts for C’I&C’I, are sulumarized ill 
Table I\‘, aud the infrared spectrum is shown in E’ig. 3. The assigmneut of the 
fundanlelltals was made after cousideration of the Raman and infrared iuteusi- 
tics, the depolarizatiou ratios, aud a comparison with the results for VH& . 

The polarized Raulau line at 1032 cycles/cm, which has nearly the same iti- 
teusity as the 1419 cycIes~cn~ Iiue of CH,U, , was assigned as m(ul), the (‘112 
sylwnetjric deformation vihratiou. Shirnauouchi aud Suzuki ( 16) assigned this 
vibrat,iotl to the strong infrared baud at 995 cycIcs/cn~ IIowever, this infrared 
baud can be assigned as the I$ combiuatiou Us + Q = 983 cycles,/cm. 111 E’ig. 2, 
a small allwuut of infrared absorpt,ion can be observed near 1050 cycles (‘111, 

r 100 

- CaF2 PRISM 

z 3600 3xX) 2800 2400 2DaJ 

- 
k 

NaCl PRISM 

u” 

s 

I I, I I I I If 0 
I800 I600 1400 1200 KID0 

Il. 
100 

‘7 KBr PRISM 

--- THIN FILM 

WAVE NUMBER IN CYCLES/CM 

FIG. 3. Infrared spectrum of CII1N.X~ 
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but for the cell thickness used here, there is no measurable peak. The fact that 
the corresponding vibration in CH& is observed as a fairly strong band in the 
infrared can be partly explained by attributing much of the absorption to C-Cl 
stretching combinations and overtones, as we have stated above. 

The 827 cycles/cm band assigned as UE,( az) , forbidden in the infrared for the 
gaseous state, was observed as a weak band for the liquid, as was the u? funda- 
mental of CHKI, . One of the bl fundamentals, expected to appear near 700 
cycles/cm, was not observed because of the strong C-Cl stretching bands in 
this region. The infrared bands at 885 and 1218 cycles/cm are due to traces of 
CHDCl, in the sample. 

CHDCl, 

The assignments for the fundamentals were easily made for CHDCl? with the 
help of the complete isotopic substitution rules of Brodersen and Langseth (WI ) . 
The observed Raman displacements for CH2C12 and CD+.% were used for these 
calculations. For the one bI fundamental for CD&Y2 which was not observed, a 
tentative value of 704 cycles/cm was first used ; this was the average of the cal- 
culated values of Decius (2.9) and Shimanouchi (9.3). After the observed wave 
nunlbers for CHDCI, had been assigned, the observed fundanleutals for CHDCIz 
and CH,Cl, were used with the Brodersen-Langseth rule to calculate a better 

TAJ3U VI 
WAVJINUMEEfEFORTHEFUNDAMENTAISe 

” 
CH2C12 CD2C12 CHDC12 

'Jl uE D 01 Of3 D 
" 

ml a!? D cci 

2986 2996 10 2198 2207 9 
1422 1430 8 1052 1060~ . . 

704 713 9 678 687 9 
285 282 -3 282 279b . . 

1155 1153 -2 826 824b . . 
3048 3040 -8 2304 2296b . . 

896 897 1 712d 713b . . 

1263 1267 4 955 961 6 

738 757 19 711 728 17 

3020 3024 4 3038 
2247 2251 4 2252 

1278 1282 4 1277 
778 789 11 773 

683 692 9 681 

283 2aoc -3 284 

1219 1222 3 1220 

885 889 4 884 

723 730 15 725 

'v = frequency; D = cg - ol; *ci = wave number calculated by the complete 
isotope rule from the observed Au1 values of CH2C12 and CD2C12; other 
symbols have the same meanings as in the previous tables. 

bEstimated value obtained by adding to al the value of D for the corres- 
ponding fundamental of CH2C12. 

CEstimeted by comparison of the observed CC12 deformation wave numbers for 
all three molecules in the liquid state, and interpolation between the 
corresponding gas values for CH2C12 and CD2C12. 

dCalculated from the complete isotope rule. 
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value for this line, namely, 712 cycles/cm. The probable values of the wave 
numbers for the fundamentals of CHDClz are given in Table V, along with the 
observed Raman and infrared spectral data and assignments. The infrared 
spectrum is shown in Fig. 3. The shoulders at 955 and 1265 cycles/cm are attrib- 
uted to CD& and CHpC12, respectively. 

The probable values of the fundamentals for the liquid and gas and the liquid 
to gas shifts in the wave numbers for CH&l, , CD&& , and CHDCh are given 
in Table VI. Also given, in the last column, are the wave numbers calculated 
for the fundamentals of CHDCl, by use of the Brodersen-Langseth complete 
isotopic rule. 

THERMODYNAMIC PROPERTIES 

The heat content function (No - Ei)/Y’, free energy function - (F” - El)/T, 
entropy So, and heat capacity Cpo at one atmosphere pressure were computed for 
all three molecules at twelve temperatures to the ideal gaseous state, rigid-rotor, 
harmonic-oscillator approximation. The wave numbers for the gaseous state, 
listed in Table VI, were used in these calculations. The symmetry mmlber is 2 
for CH&l, and CD$& , and 1 for CHDClz . The products of the principal mo- 
ments of inertia, taken from Meyers and Gwinn (24), are 3.9645 X lo5 (amu 
K”)” for CH,Cl, , 5.5472 X lo5 for CD+&, and 4.7456 X lo5 for CHDCI:! . The 
results are given in Table VII. 

The thermodynamic properties for CH,Cl, thus calculated differ slightly from 
those obtained from the wave nunlbers for the liquid by Gelles and Pitzer (25). 
The average deviation of their values from the present results is 0.03 cal deg-’ 
mole-’ for the heat content function, 0.05 for the free energy function, 0.08 for 
the entropy, and 0.07 for the heat capacity. 
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