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been accomplished. The partially exchanged material was stirred for 

10 days with a fresh CH30D/NaOCH3 mixture as before, and the product 

was purified by repeated fractional condensation. The Raman spectrum 

of this material showed a very small feature in 

region indicating that almost complete exchange 

Recovered 0.0873 g, 87%. M: Calcd., 137 g/gmv. 

Prior to using the method described above, 

by stirring CF3CHCeF with a large excess of D20 

amount of NaOD for 5 days at room temperature. 

the C-H stretching 

had occurred. CF3CDCfF: 

Found. 136 g/gmv. 

exchange was attempted 

containing a small 

The procedure was re- 

peated for 5 additional days with a fresh D20/NaOD mixture. After 

this time, Raman evidence indicated that only about 50% exchange had 
-1 

occurred and some olefin (infrared band at 1800 cm ) was present. 

This method was abandoned in favor of the reaction involving CH3OD. 

CF3CDBrF was prepared by stirring for 6 days a mixture of 

CF3CHBrF (0.2167 g) and a large excess of D20 (2O:l) in which a 

catalytic amount of NaOD had been generated by the addition of Na 

(0.0024 g). The product was then added to a fresh D20/NaOD mixture 

and stirred as before for 10 days. Recovered: 0.1841 g., 70%. 

CF3CDBrF. M: Calcd., 182 g/gmv. Found, 183 g/gmv. 

Infrared spectra were recorded on a P/E model 621 spectrophoto- 

meter using a 10 cm cell with KBr or CsI windows. The instrument was 

purged with dry C02-free air. Spectra from which PR separations in 

the gas phase were measured were recorded using a Digilab Model FTS-10 

Fourier Transform Infrared Spectrophotometer operating over the region 

4000-450 cm 
-1 

at a resolution of 0.5 cm -' (KBr, 10 cm cell). Liquid 

phase Raman spectra were recorded on a Beckman Model 700 Raman spectro- 

meter equipped with a Spectra-Physics 2-W argon-ion laser. Samples 

were held in capillaries and spectra were taken at two different wave- 

lengths (4800 2 and 5145 8) to detect any spurious peaks arising from 

imperfections in the grating. Gas phase Raman spectra were taken 

using a Spex Ramalog (CR-10 laser) or Gary 82 (5-W argon-ion laser) 
-1 

Raman spectrometer at a resolution of 2 cm . A multi-pass system re- 

flected the laser light through the sample held in a 5 cm cell equipped 

with quartz windows sealed to the cell at an angle of 45'. The emission 

lines of neon were used to calibrate the instruments, and spectral grade 

CCe4 was employed to determine the resolution. 

Infrared and Raman data for CF3CH(%F and CF3CHBrF and their deu- 

terated derivatives are presented in Tables I and II. 
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The CC& and CBr stretching motions in CF3CHCLF and CF3CHBrF 

are, as expected, quite strong in the Raman spectrum and moderately 
-1 

strong in the infrared spectrum at 819 and 758 cm . 

The CH bending modes are usually found in the 1350 to 1100 cm 
-1 

region (3,13,14]. We observe them at 1286 and 1166 cm 
-1 

for 
-1 

CF3CHCeF (1260 and 1152 cm , bromo). Upon deuteration these modes 

shift to 1009 and 972 cm 
-1 -1 

for CF3CDCXF (980 and 961 cm , deu- 

tero-bromo). The isotopic shift ratios, 0.785 and 0.834 for the 

chloro derivative and 0.778 and 0.834 for the bromo derivative, 

again indicate that there is extensive mixing of the vibrational 

modes in these compounds since ratios near 0.71 are normally ex- 

pected for an unmixed vibrational frequency shift. 

The CCF, CCCL, and CCBr bending modes are expected to occur at 

low frequency. A moderately intense Raman band at 451 cm 
-1 

for 
-1 

CF3CHCIF (428 cm , bromo) is assigned to the higher energy CCF 
-1 

bend which is not shifted in the deuterated derivatives (449 cm , 
-1 

deutero-chloro; 424 cm , deutero-bromo). The CCCC and CCBr bend- 

ing modes involve relatively massive atoms and occur at 189 and 

157 cm 
-1 

(194 and 156 cm for the deuterated compounds). The CFCf, 

and CFBr scissors motions are also expected to appear as relatively 

strong Raman emissions at low frequency due to the large changes 

in polarizability accompanying the motions of these heavy atoms. 

The strong bands at 378 cm -' 
-1 

in the spectrum of CF3CHC4F and 310 

CTIl in that of CF CHBrF are assigned to this vibration. 
3 

Band contours The center of mass and the principal moments 

of inertia were calculated for CF3CHEkF and CF3CDBrF using bond 

Lengths and angles for similar compounds for which reasonably accurate 

data were available. The structural parameters used for this calcula- 

tion were: C-C, 155 pm; C-F, 133 pm; C-H, 109.3 pm; C-B-r, 193 pm; 

FCCF dihedral angle, 120'; F-C-F angle, LO8O; F-C-C angle, 110.7'. 

Table III lists the principal moments of inertia from which the rota- 

tional constants were calculated. 

The value of K, the asymmetry factor, indicates that the geometry 

of the molecules is close to that for a prolate top. From these data, 

the vapor phase band contours were calculated in order to determine PR 

branch separation (18,191. These values are listed in Table IV. Values 

for those bands which were reasonably well-resolved are listed. 
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TABLE III 

PRINCIPAL MOMENTS OF INERTIA (amu-A2) AND ROTATIONAL CONSTANTS (cm-l) 

CF3CHBrF 163.7 434.6 505.6 0.1030 0.0388 0.0333 -0.8436 

CF,CDBrF 166.9 437.2 506.2 0.1010 0.0386 0.0333 -0.8450 

TABLE IV 

CALCULATED AND OBSERVED PR BRANCH SEPARATION 

A CALCULATED 
-1 

CF3CHBrF(cm ) CF3CDBrF(cm -1) 

TYPE A 10.2 10.0 
TYPE B 17.6 16.6 
TYPE C 6.0 6.0 

B OBSERVED CF3CHBrF CF3CDBrF 

Vibrational Q-branch PR Vibrational Q-branch PR 
Description -1 

(cm ) 
-1 

(cm ) 
Description -1 

(cm ) 
-1 

(cm ) 

cc 1369 12.0 

CH 1152 10.00 CD 980 8.0 

CF 1103 14.0 CF 1123 16.0 

CF 865 10.0 

CBr 758 6.0 

CF 691 8.6 

The observed PR separations support the assignment of the vibra- 

tional modes. Note that the band assigned to the lone CF stretch at 

1103 cm 
-1 

has a strong B component which is consistent with the orien- 

tation of CF3CHBrF with respect to the b-axis along which a large 

component of the CF vector lies. The band at 3002 cm 
-1 

has the 

appearance of a C-type envlope which fits well with the orientation 

of the largest component of the CH bond vector along the c-axis. The 

PR separations of the bands at 1369 and 865 cm 
-1 

which have been 

assigned to C-C and CF3 are close to the values expected for A-type 

bands, but the orientation of the molecules is such that the vectors 

describing these vibrations have higher components along b and c 

than along a; however, the combination of separations for B and C 

could yield values in the range of lo-12 cm 
-1 

as observed. The band 
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TABLE V 

Summary of fundamental vibrations* 

Assignment Approximate FREQUENCY (cm 
-1 

) 
Description CF,CHCIF CF,CDCLF CF,CHBrF CF,CDBrF 

-I _I _I L 

1 C-H stretch 3002 2257 3007 2252 
2 C-C stretch 1378 1323 1369 1320 
3 C-F stretch 1299 1243 1289 1241 
4 C-H stretch 1286 1009 1260 980 
5 C-F stretch 1212 1206 1209 1212 
6 C-H bend 1166 972 1152 961 
7 C-F stretch 1107 1125 1103 1123 
8 C-F stretch 887 812 865 811 
9 C-X stretch 819 774 758 691 

10 CF def.** 697 685 691 677 
11 CF def.** 573 572 570 566 
12 CF def.*" 532 523 524 517 
13 CCF bdnd 451 449 428 424 
14 CFX scissors 378 378 310 308 
15 CF rock 321 324 (300) (300) 
16 CF rock 241 240 236 235 
17 CCX bend 189 194 157 156 
18 CF torsion 70 80 67 67 

_____ 

*Infrared gas phase frequencies used where possible. Otherwise, 
Raman gas phase frequencies were used except as noted. 

**deformation 

at 758 cm 
-1 

is clearly of the A-type; this is consistent with the 

assignment of CBr to this feature since the CBr bond vector has its 

largest component along the a-axis. 

As a further check on the consistency of this assignment, the 

Teller-Redlich product rule was applied using the calculated princi- 

pal moments of inertia for CF3CHBrF and CF3CDBrF. The agreement 

between the left hand side of the equation (ratio of product of fre- 

quency ratios, 0.370) and the right hand side (ratio of masses, 

moments of inertia, etc., 0.361) was within 2.4%. This result in- 

dicates that the assignment is internally consistent, though it is 

not necessarily unique. A sumnary of the fundamental vibrations 

appears in Table V. 
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