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Ah&act-The vibrational spectra of 2,2,2-trichloroethanol and 2,2,2-trichloroethanol and their OD 
deuterated analogues have been studied in argon, nitrogen and mixed argon-nitrogen matrices. The matrix 
spectra of the CDs deuterated and totally deuterated trilluoroethanol and the Raman and i.r. spectra of the 
liauid ahzohols have also been mcorded. A vibrational assignment, supported by normal coordinate 
analysis, is proposed for both alcohols. 

_ INTRODUCIION 

We have reported elsewhere the results of matrix i.r. 
studies on the halogenated ethanols FCHrCHsOH 
(FE) [l], ClCH,CH,OH (CE) @I, FJXICH,OH 
(DFE) and Cl,CHCHsOH (DCE) [3]. We now com- 
plete the series with a study of the matrix i.r. spectra 
of the trihalogenated ethanols F&CHsOH (TFE) and 
Cl,CCH,OH (TCE). The few data published on TCE 
[4-6] are related only to the liquid state. To our knowl- 
edge, no vibrational aaaignment has been reported. 
Their.s~ofTFEbavebeenatudiedbyB~ 
etul.~7J~intheMpom~~andinergon’matrix. 
Although their emphasis is on theOH r&etching region, 
they also suggest e vibrational asalgnment. No normal 
coordinate eneiyh hes been rsparted. 

Considering the rotation about the C+O bond, the 
Z&2-trihaloethal& have two stable conformers (Fig. 
1). It has been noted previously [4,7J that in the liquid 
state most haloethanols exhibit a single strong OH 
stretching band, with e slight asymmetry on the high- 
wavenumber side. As the a-rruns effect [8] should 
increase the tiH wavenumber of the trans species, the 
higher wavenumber peak baa been asaigncd to the 
rranr and the lower to the gmuk conformer. Energetic- 
ally this effect should alao fevour the formation of the 
rrunr conformer, but in most hak&anols the gauche 
component is found to prevail. A possible explanation 
is that the intramolecular OH -x (X=halogen) 
interaction stabilizes the gauche conformer (see eg 

PI). 
In FE and CE, i.r. irradiation induces interconver- 

sion from the gmcche to the truer conformer [ 1, 2]. 

RxF%RlMRNTAL 

2,2&Trichloroethanol and 2.22~trifluoroethanol (E. 
Merck AG) were used as received. TCE-OD and TFEOD 
were prepared by adding DsO to the alcohols and then 
removing water by distillation under normal pressure and 
the use of molecular sieves. The drying was continued until 
the amount HsO, HDO and DsO remaining, as determined 

*Present address: Institute of Marine Research, Tiihtitorn- 
inkato 2, SF-00740 Helsinki 17, Finland. 

from the i.r. spectra, was considered small enough (under 
about 10%). TFE-CDsOD (E. Merck AG) was used without 
further purification. TFE-CDPH wa8obtained by repeated 
adding’ of HsO to the trideuterated alcohol and then 
distilling off the alcohol. 

The i.r. matrix spectra were recorded in argon, nitrogen 
and mixed argon-nitrogen media as previously described 
[lo]. The deposition temjrerature was in most cases about 
14 K and the matrix to absorber (M/A) ratio was varied 
between SO and 2000. The i.r. spectra of the liquid alcohols 
were also recorded and are occasiotully referred to in the 
text. TM Raman spectra of the liquids, including polariza- 
tion measurement8 were recorded .with a Jane&Ash 
25-305spectr_randargonionlaaer((488nmexciting 
line). A slit servo system was used to keep the spectral slit 
width constant at 2.5 an-‘. The positions of the i.r. and 
Ramanlinesorrbelievedtobeaccuratctowithin flcm-i 
(fl IXll-‘itltiieietriX8pectR). 

NORMAL COORDINATE ANALYSIS 

The programmer C&SCHA~ end SNYDER 
[ 1 l] were used to construct the Wilson G matrix and the 
Urey-Bradley Z matrix. The following molecular 
parameters were employed [12 : 
r(CO)== 1.33 A r(O-H)==O.96 d 

r(C--C)=1.54 R, 
r(C-H)== 1.09 A, 

r(C-F)= 1.39 bi, r(C-Cl)= 1.77 & <COH=106” 
and all other angles tetrahedral (guuck conformer). 
Figure 1 gives the internal coordinates. The local sym- 
metry coordinates of Table 1 were used to facilitate 
the interpmtation of the potential energy distributions. 
The- normal coordinate calculations were carried out 
with a programme written by the author. Twenty- 
three Urey-Bradley potential parameters were adjusted 
to give e satisfactory fit with the observed fundamentals 
of the argon spectra of TCE and TFE. Initial force 
fields were constructed with the aid of corresponding 
potential parameters of DCE and DFE [3]. The result- 
ing force constants are listed in Table 2. 

TRlCHLOROEI’HANOL 

Figure 2 shows the ir. spectrum of TCE in argon 
matrix. The observed wavenumbers are listed in Table 
3, and the observed end calculated fundamentals of 
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Fig. 1. The conformers and internal coordinatea of 2,2,2- 
tritioethanols. (a) fmm, (b) guuck cmformcr. 

Table 1. The local symmetry coordinates for TCE and TFE 

Sl 
=d 

s2 = r1 
s3 = r2 

S& = l/JJ(S, + 52 + s3) 

s5 = 1/J6(Zs, - s2 - s3) 

S6 = l//2$ + t2) 

s7 = = 

se = l/2(9, + 'p2 - ', - Y2) 

s9 = 1/2f5(4ru - 'p, - 'p2 - y, - '2) 

S,O = 1/J3oo(se - 'p, - 'pq - y, - w2 - WI 
s,, = l/J6('J, + b2 +b - Y, - Y2 - Y3) 

s,~ = 1/J6(@, -b2 - ?3) 
s,) =NJ6(2Y, - Y2 - Y3) 

s,4 = l/JZ(S, - 52) 

SlS = l/Jz(t, - t2) 

5,6 = l/2(1, - 'p2 - =, + '2) 

s,7 = l/2(??, - 92 + ='1 - '2) 

qfj = l/JZ(b, -b2) 

s19 
= l/J2(Y, - Y2) 

S20 = T(CX3) 

s2, = T(W) 
sz2 = 1/J6(B + UJ + 'P, + v2 + y, + y2) (red.) 

'23 = 
l/(6(&, +b2 +b3 + Y, + Y2 + Y3) (red.) 

both TCE and TCE-OD, together with the potential 
energy distribution for TCE, are listed in Table 4. 

Hydroxyl vibrations 

In the argon medium the OH stretching band is a 

Table 2. The Urey-Bradley potential parameters for TCE 
and TFE 

K(m) 
K(CO) 
K(CC) 
K(CX) (X=halogen) 
X(cH) 

H(COa 
H(CC0) 
H(CCX) 

H(Xa 

wxm 

H(@m 
~(~) 

Y(CX3) 

Y(Om 

F('+ - H,) 

F(C, - X) 
F(X - X) 

F(C2 - 0) 

F(C2 - H2,,, 
F(O - H2,3) 

F(H2 - H3) 

X(ocH.2) 

X(CXg 

7.0913 mayno 

3.2531 
3.2094 

1.9425 
4.0794 
0.4004lndyna 
0.6341 

0.3997 
0.6449 

0.6041 

0.3977 
0.4024 

0.0606 
0.0431 

0.5488 u&m/A 
O.-N71 

1.3301 

0.9543 
0.3454 
0.0446 

0.1172 

0.4943 mdynh 
0.0748 

7.?650 mdyn/h 
3.4165 

3.9695 
3.6704 

4.2109 

0.4897 mdd 
0.6481 
0.6114 

q.0209 

0.5395 
0.3720 

0.4303 
0.0582 
0.0401 

o .5615 mdyn/h 
0.3320 
1.2545 

0.9405 
0.4536. 

0.0750 
0.0221 

0.5104 mdynh 

0.0751 

sharp doublet (peaks at 3620 and 3615 cm-‘). In 
contrast to the earlier results for haloethanols [l-4], 
the higher wavenumber peak corresponding tq the 
~trmu compound is slightly more intense than the 
lower wavenumber guuche peak. No changes in the 
relative intensities were found during the i.r. irradia- 
tion of the matrix in the time range 30 s to 24 h. When 
the matrix is warmed, the intensity ratio is constant up 
to about 22 K, after which the lower wavenumber peak 
begins to lose intensity irreversibly. In the nitrogen 
matrix spectra the tiH band is at 3617 cm-’ and has 
a slight shoulder on the lower wavenumber side. This 
asymmetry disappears irreversibly when the matrix is 
warmed to about 32 K. The prev&ncy of the gauche 
conformer in most haloethanols is usually explained 
by interaction between the halogen atom and the hydro- 
gen atom of the OH group [l-4,13]. In ethanol itself, 
however, the trens form is favoured because of the 
participation of the oxygen lone pair orbital in the 
antibonding u C-H orbital in trans position on an 
adjacent carbon atom [8, 141. In TCE this truns lone 
pair interaction is evidently strong enough to make the 
rrrms conformer about as stable as the gauche con- 
former. 

The strong OH torsion peak behaves similarly to the 
vOH Beak. In argon medium the torsion band displays 
a small Beak on the lower wavenumber side, and in 
nitrogen medium the smaller peak occurs as only a 
weak shoulder. The wavenumber of the OH torsion 
band is % cm-’ lower in the argon than in the nitrogen 
matrix. This shift is much larger than the shifts observed 
for CE and DCE [2, 31, but still considerably smaller 
than for FE and DFE [l, 9. Correspondingly, the 



Vibrational spectra 

Table 3. The observed i.r. and R wa~l~mbers for TCE 

Argon Nitrogen RUllUlt 
matrix IMtX-1X (liquid) 

3620 m 

3615 m 

3517 

3565 I 

3540 

3515 

3483 

3468 I 

3350 br 

2942 VW 

2925 VW 

2872 vvw 

1459 vvw 

) 1452 w 

1398 VW 

) 1392 vvw 

1379 m 

1354 VW 

1350 sh 

1220 sh 

1213 s 

1211 8 

1104 vs 

10% vs 

1037 w 

1003 VI 

849 VW 

839 VW 

831 sh 

827 sh 

822 vs 

819 sh 

3617 s 

3610 oh 

2964- 

2942 VW 

2878 vvw 

1451 VW 

1221 m 

1104 vs 

1100 m 

1037 w 

1009 vs 

850 w 

84Ovw 

821 vs 

723 VB 

567 m’ 568 m 

421 VW 421 416 vvw I vvw 

353 8 353 Q 

;:; :} ::; 2) 

5: z] z *r} 

261 vvw 

246 w 

Fundamental 

3590(6)P 0.2 "7 

34W8br 
2972(3O)DP 0.57 v2 

29377(56)P 0.09 v3 

2870(14)P 0.06 

1446(19mP 0.75 v4 

v5 

1377(1)P 0.50 v6 

1241(3)DP 0.56 

y7 

1097(8) P 0.35 '8. 

1032(ll)DP 0.66 vg 

1012(5)L!P 0.64 "10 

816(18)P 0.28 "II 

715(26)DP 0.75 "12 

567(9?)P 0.07 "13 
428(lOO)P 0.06 "14 

340(2O)P 0.40 
vl5 

328(28)P 0.28 '16 

372(4)P vl7 

268(42)P 0.40 "18 
250(42)P 0.42 "19 
lBr3(23)P 0.30 V20 

Approximate 

description 

VOH 

VCRi (end group) 

VoIi (aaaoc., 

dimcr) 

VOIi (polymer) 

VCH 

VCH 

2.v4(xm with v3) 

bcH 

bcH 

6f.x-i 

bCH(tran.s) 

bCri(tmne) 

aeeoc. band v7 

6CCH 

wo 

vcc 

bczi 

("17 + "13) 
(2-V,4) 

VCCl 

WC1 

VCCl 

&co 

bccl 

b cc1 

TOH 

bccl 
b cc1 
bcc1 

l Infrared intcmitica refer to matrix spctra of large M/A valuer. 
t Relative intemitiw in parentheses. P=polarized, DP4epoluizai. 

wavenumher of the OH stretching band of TCE is anccwiththegcncraltrcndin thcsequcncccthanol,CE, 
only 3 cm -I higher in argon than in nitrogen (see DCE and TCJZ. C~NOR and REID have found a limited 
Table 7). correlation between the OH proton resonance shift 

The degree of self-association of TCE is very low and the integrated intensity of the free OH stretching 
even in matrices of low M/A ratio. This is in aamrd- band in this sequence [la. However, warming the 
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Fig. 2. Argon matrix spectrum of TCE. M/A =200,(a) recorded at 11 K, (b) matrix warmed to 36 K. coole& 
and recorded at 11 K 

TCE TCE-OD 

"ohs 
" 
talc 

" " 
obs talc 

3620 3620 2673 2632 

2942 2942 2942 2942 

2925 2925 2925 2926 

1452 1453 1452 1452 

1398 1401 1398 1401 

1379 1377 1373 1375 

1213 1212 886 922 

1100 1109 1100 1117 

1037 1027 1037 1035 

1003 984 1003 984 

822 818 822 800 

720 721 718 721 

567 551 563 548 

421 436 419 419 

353 369 353 369 

322 363 322 362 

296 292 221 238 

261 264 263 261 

246 210 246 194 

- 144 - 142 

42 40 

Table 4. The observed and calculated fundamentals of TCE and TCE-OD. PED of TCE (co- 
ordinate number in parentheses). 

PEn Assignment 

86(a) + 7(3) 

97(16) 

95(9) 

86(7) + 5(3) 

45(J) + 42(2) 

47(2) + 27(3) + 6(11j 

75(17) + 12(14) 

56(5) + 23(13) + 12(10) 

62(14) + 24(19) + 8(17) 

M(4) 
52(10) + 19(11) + 23(5) 

90(19) + 7(14) 

W(l3) 

93(21) 
67(11) + 15(4) + 6(12) 

92(18) 

74(12) + 15(10) 

93(20) 

VOH 

vCH2 "asym." 

KHZ ."sym. " 

bi?i2 bend 
bCH2 bend 

bCH2 sciss. 

bCOH 

WC + vco 

vco + vcc 

bCH2 rocking 
VC1CC12 "sym." 
VCC12 "asym." 
WC1 
b cco3 

"sym. " 

bcc13 bend 
&Ccl3 bend 
TOH 

&Ccl3 bend 
&CCL2 rocking 
&Ccl3 rocking 
TCl 

3 

matrices of low M/A ratio produces some association 
structure in the vOH region (see Fig. 2), similar to that 
of DCE but much weaker than that of CE. 

Spectra of TCE were also recorded in mixed argon- 
nitrogen matrices. The splitting of the OH stretching 
band in argon disappears when even a small amount 
(about 1%) of nitrogen is added to argon, and the peak 
appears at 3617 cm-‘. The effect of adding nitrogen 
is more clearly seen in the OH torsion region, where the 
very intense bands of the rOH and an XC1 mode (at 

296 and 353 cm-‘, resp.) lose intensity considerably. 
The band of the OH torsion mode of the nitrogen 
complex at 392 cm-’ appears only at high nitrogen 
contents. 

The i.r. spectrum of liquid TCE exhibits a broad 
vOH association band centered at 3380 cm-‘, and two 
smaller peaks at 3660 and 3575 cm - 1 which are obvi- 
ously due to the monomer and dimer forms, reapec- 
tively. The OH torsion band in liquid state is weak and 
broad, centered at about 600 cm - ‘. 
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Table 5. The obscrvcd ir. and R wavcnumbers for TFE+ 

589 

me Nitrogen Remant Fundamental 

matrix 

3639 m 

3625 sh I 
3540 

3510 

3OQ4~ 

2952 VW 

2892 V-VW 

1454 w 

1421 1408 w ) w 

1370 

1366 w 

1358 

1355 m i 

VW 

VW 

1302 vvw 

7300 sh 

-I288 va 

1276 ah 

1262 vs 

1184 sh 

1172 W8 

1140 1137 s I va 

1103 br 

1085 1081 va } w 

941 Ills 

936 934 m I m 

836 wl 

830 mI 

667 662 m 1 m, 

657 VW) 

545 w 

415 VW 

365 359 w I w 

277 
270 

s\ 
vsj 

220 w 

3637 sh 

3629 m 

3002vvw 

2952 VW 

2894 w 

1455 VW 

1422 VW 

1415 VW 

138: 

1380 

vyv I 

VW 

1372 w 

1313 vvw 

(liquid) 

3638(5)P 0.2 

3380(a) br 

2999(15)DP 0.70 

2968(72)P 0.10 

2893(13)P 0.07 

1455(17)nP 0.71 

13ml) 

1282(9)P 0.55 

1286 vs 

1266 vs 

1174 1165 wa I vs 

1141 1137 vs ! m 

7097 br 

1090 vs 

946 ms 
940 m 1 

937 WI 

830 828 w ) w 

664 a\ 
660 VWJ 

546 w 

417 VW 

320 336 vvw I VW 

413 408 m I m 

1169(6)aP 0.60 

1151(8)DP 0.62 

1101(16)P 0.14 

947(6)Dp 0.70 

829(1OO)P 0.02 

665(15)P 0.55 

547(24)P 0.19 

422(22)P 0.23 

359(6)P 0.10 

237(l) 

WI 1 

"I 

“2 

“3 

“4 

“5 

“6 

“7 

“8 

“9 

“10 

“11 

“12 

“13 

Approximate 

description 

“OH 

VOH (end group) 

“OH (assoc.,dim.) 

“CH 

“CH 

2.v4 (Pi? with v3) 

bczi 

bcH 

bcn 

“14 + “15 
assoc. band 

bcm 
assoc. band 

“CC 

assoc. band 

“CF 

“CF 

assoc. band 

“CO 

bcn 

“CF 

“14,15 bCF 

v16 bCF 

“17 bco 

“18 -‘cF 

“19 TOH 

v20 bCF 

“21 TCF 

* Infrared intensities refer to matrix spectra of large M/A v&es., 
t Rdative intasitiw in prcnthcacs. P=&arkd, DP=&polui&. 

Otherjiadnentals altogether. However, i.r. irradiation of the matrices 
In argon spectra of TCE many of the fundamentals does not cause any change in the relative intensities 

are split into two adjacent peaks. These pairs behave of the peaks, so that a definite asaigmnent to zrans or 

similarly to the OH stretching and torsion bands when g&e conformer cannot be made. 
the matrices are warmed : in each case the lower wave- The assignment of the bands in the region 1200-800 
number component either loses intensity or disappears cm-’ is somewhat arbitrary because of the mixing of 
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Table 6. The observed and calculated fundamental ofTirE, TFECH20D, TFE-CD, and TFE-CD&D. PED of 
TFE (coordinate number in parenthesis) 

TFE TFE-CH20D TFE-CD20H TF!+CD20D 

‘ohs 
Y 
CdC “ohs 

Y 
talc 

3639 3639 2686 2646 

3004 3004 3004 3004 
2952 2952 2952 2953 
1454 1462 1456 1459 

1408 1418 1417 1418 

1366 1364 1314 1350 

1288 lxx, 1283 1269 

1262 1240 1015 963 
1172 1161 1202 1161 

1137 1151 ?137 1161 

1085 1087 1097 1087 

936 906 936 906 

830 826 829 822 

662 648 6bObGB 

662 646 - 646 

545 569 9w, 553 
415 402 410 393 

365 346 3bO 344 
270 272 239 227 
220 232 220 206 

47 45 

” 
obs “talc 

3639 3639 
2189 2217 

2144 2139 

113b 1115 

1076 976 

979 969 

1346 1349 

1323 1262 

1211 1201 

1190 1173 
1077 1010 

770 765 

816 8?8 
651 647 

- 646 

532 547 

410 3% 

331 314 
269 272 

276 231 
44 

‘ohs 
” 

talc 

2687 2647 

2189 2217 

2144 2139 

1138 1115 

1084 976 

979 990 

1348 1333 

927 
1211 1201 

1j90 1182 

1085 1022 

770 765 

802 816 
644 647 

- 646 

532 533 

406388 
326 312 

239 226 

216 201 
42 

F‘ED 

100(l) 

lOO(l5) 

99(b) 
75(8) + 14(3) 
89(16) + 7(14) 

81(9) + 8(7) 

U(7) + 22(3) + ll(9) 

40(3) + 28(7) + 14(11) + ll(4) 

51(14) + 22(19) + 14(17) 

59(5) f 25(13) 

81(Z) 
71(17) + 18(14) 

91(4) 
78(13) + 19(5) 
82(19) + 16(14) 

50(11) + 28(10) + 9(3) 
32(11) + 28(12) + 23(10) 

86(18) + 7(21) 

92(21) l 8(18) 

54(12) + 37(10) 

95(20) 

AssQnmant 

vOH 

WH2 “asym.” 

vCH “syU#.” 

(CH: band 

bCH2 band 

bCH2 sclss. 

bcOii + vcc 

vcc + bcOii 

vCF2 “asp” 

WCF2 “sym’ 
vco 

6 CH2 rocking 

vCF3 “sym.” 

bCF3 bend 

bCF3 bend 

WF3 + bCc0 

bcco + bCF3 

bCF2 rocking 
TOH 

b CF3 rocking 
TCF 

3 

Table 7. The wavenumhers (cm-‘) of the rOH and uOH 
bands in argon and nitrogen matrices for some haloethanols 

TOH 

Ar N2 
anift Ar N2 shift 

CE (21 329 363 +24 3614 3624 +lO 

xx L31 320 360 +40 3622 3630 +8 

TCE 2% 388 +92 3620 3617 -3 

FE ill 284 407 +123 3644 3636 -8 

Dm [31 2% 413 +117 3643 3632 -11 

TFE 270 +13a 3639 3629 -10 

the fundamentals. This can be seen by examining the 
PEDs of the normal modes of this region. The COH 
bending band, however, was clearly identi6ed by OD 
deuteration, and by its association band, even though 
the association tendency of TCE is weak. 

The three strong bands at 822, 720 and 567 cm-’ 
(argon spectrum) are assigned to the CC1 stretchings, 
in accordance with several papers dealing with molec- 
ules that contain CCll groups (see eg [5,16-183). 

The bands for the CCll torsion and one of the rocking 
modes were not found in the region over 200 cm- ’ 
and thus were not used in the least squares refinement 
of the force constants. The same force constant as for 
DCE was used in estimating the CC& torsion wave- 
number. 

The deuteration of the OH group affects only slightly 
the spectra of TCE (except for the hydroxyl vibrations). 
In argon matrix spectrum the fundamentals of TCE- 
OD are split like those of TCE. 

TRIFLUOROElMANOL 

Figure 3 shows the i.r. spectrum of TFE in argon 
medium. The observed wavenumbers are listed in 
Table 5, and the observed and calculated fundamentais 
for TFE, TFE-OD, TFE-CDrOH and TFE-CD20D 
are listed in Table 6, together with the potential energy 
distribution for TFE. 

Hy&oxyi vibrations 

The OH stretching and torsion bands are at 3639 and 
27Ocm-‘, respectively. The stretching band shows no 
conformational splitting or asymmetry, but the torsion 
band has a shoulder at about 277 cm-‘. The relative 
intensities of the shoulder and the main band do not 
change during the irradiation of the matrices, however, 
and warming the argon matrices has no effect on this 
shoulder. The association structure produced in the 
spectra by warming the matrices shows TFE to be about 
as little associative as TCE (see Fig. 3). This is in 
accordance with the above-mentioned lack of splitting 
of the GH peak. In TFE the interaction between 
the hydrogen in the OH group and the CFS fluorine 
atoms is apparently so strong that the molecule exists 
almost totally in guuche form. This strong intramolec- 
ular influence also makes the molecule less capable of 
forming a hydrogen bond with other TFE molecules. 

In nitrogen medium the OH stretching band at 
3629 cm-’ shows distinct shoulders at 3632 and 3639 
cm-‘. Upon warming, the shoulder at 3639 cm-’ 
disappears irreversibly, but that at 3632 cm-’ remains 
unchanged. 

Warming the nitrogen matrix causes interesting 
changes in the OH torsion region, which consists of 
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Fig. 3. Argon matrix spectrum of TFE. M/A ~200, (a) recorded at 11 K, fb) matrix wamd to 36 IL 

cookd, and recorded at 11 K. 

several adjacent peaks (see Fig. 4). The most prominent 
peaks arc at 417,413 and 408 em-‘. When the matrix 
is warmed over 16 K, the peak at 413 em-’ begins to 
lose intensity and the peak at 408 em - 1 gains intensity, 
both reuersibly (Fig. 4). The 417 em-’ peak remains 
unehangcd. In the region 330-m em-’ both revers- 
ibk and irrcversibk changes can be seen. 

I I I I 
4x) 400 ssa 300 

cm-1 

Fig. 4. Reversible temperature changes in the OH torsion 
region of TFE in N2 matrix. M/A = 1OlM. 

In order to get more information on the rOH band, 
the i.r. spectra of TFE were also recorded in mixed 
argon-nitrogen matrices. The intensity of the rOH 
peak in argon (at 270 em - ’ ) diminishes rapidly even at 
low nitrogen contents, and disappears totally when the 
nitrogen content exceeds about 6%. Simultaneously, 
two new peaks appear in the region 330-m em-‘. 
These eannot he assigned to the rOH vibration of the 
nitrogen complex because the wavenumber of the OH 
stretching vibration is 10 cm-’ lower in nitrogen than 
in argon, whiih indicates that the correspondmg shift 
of the 10H vibration should be of the same order of 
magnitude as for FE and DFE (cf. Table 7). Thus the 
peaks in the region 330-300 em-’ are assigned to 
CFJ bending modes of the nitrogen complex. When the 
nitrogen content is increased still more, new peaks 
appear at 413 and 408 em-‘, while the Co bending 
mode, at 415 em-i in the argon spcetrum, shifts to 
417 em-‘. 

The reversible temperature e&e& in the rOH region 
can probably be related to multiple trapping sites in 
the nitrogen matrix, as no eorrcspondmg changes were 
noted in the vOH region. BARNES and WHITIZE [19] 
discuss reversibk temperature effects in terms of 
interconversion of conformers. 

The deuteration of the CH, group does not seem to 
at&t the *H and rOH vibrations, which are found, 
respectively, to have the same wavenumbers within 
1 cm - ‘. The OD stretching and torsion vibrations are 
similarly unaffected by the deuteration of the CHz 

group. 

Other jidamentals 

The vibrational assignment for TFE is in good 
agreement with that published by BARNES ef al. [7J, 
except that we did not find a CHI rocking band at 
786 cm - ’ in the argon matrix. Instead, a band at 936 
em-’ was assigned to the pCHl mode, and the bands 
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at 1137 and 1085 em-’ to vC and vC0 vibrations, as 
indicated by normal coordinate cahxlations. The 
spectrum of TFE-OD diem very little from that of 
TFE, and thus its assignment is hugely based on 
normal coordinate results. In both cases the bnnds in 
the region 1250-loo0 cm-’ represent strongly mixed 
modes. This can be seen from the PEDs of the normal 
modes, and even from the spectra. For exampk, the 
OH bending band, which is of&n easily identifkd by 
its association behaviour, was here difficult to assign 
because the bands at 1262,1172,1137 and 1085 cm-’ 
all exhibit an M/A dependent association band. 
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