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The wvibrational spectra of 1,3-dimethyl~1,1,3,3-tetrachlorodisiloxane (DMTChDS) were ob-
tained in [1] where the v(Si0)g and v(810) .4 bands were identified. No calculation of the
frequencies and forms of the normal vibrations was carried out.

We have recorded the IR spectra of DMTChDS in the gaseous, liquid, and crystalline states
and the Raman spectra in the liquid and crystalline states (Fig. 1). The frequencies and
forms of the normal vibrations of this molecule have been calculated in order to provide a
more reliable interpretation of the vibrational spectra. On account of the lack of data
concerning the geometry of this molecule, data on hexachlorodisiloxane (HChDS) and hexamethyl-
disiloxane (HMDS) from [2, 3] were employed. The following parameters were used: Rgjp 1.60A4,
Rgic 1.88 A, Rgicy 2.0L &, Ry 1.09 X, Si0Si 146°. The angles at the Si atoms were assumed
to be tetrahedral. Retarded internal rotation around the Si—0 bonds is possible in DMTChDS
as a result of which this molecule can exist in the form of several conformers of C;, Cg, Cz,
and Cgy symmetry. In carrying out the calculations it was assumed that one of the SiCl or
S5iC bonds of the CH3Cl.Si— groups lies on the Si0Si plane in a trans-position with respect
to the Si0 bond (Fig. 2) although in [2] it was concluded that there is some deviation from
the planar structure of the tramns-chain in HChDS. We carried out calculations for all four
conformers using the one and the same force constant matrix which was set up using data on
the force fields obtained in [4] for HChDS and HMDS. No additional refinement of the force
field was carried out. The results of the calculations are shown in Table 1. The calculation
enabled one to assign the experimental frequencies using the calculated forms of the vibra-
tions. There is no doubt concerning the assignment of the frequencies of 2990 and 2918 cm™
to the Vv(CH)zg and v(CH)g valence vibrations respectively and the frequencies of 1405 and
1270 ecm™' to the 8(CHs),g and 6(CHs)g deformation vibrations. The absorption bands in the
760-850 cm~' region are assigned to p(CHs) and, moreover, the vibration with a frequency at
around 800 em~* is very strongly mixed with v(8i0)g. The antisymmetric v(Si0),o vibration
appears in the spectrum as a strong broad band the position of which varies somewhat upon
passing from the liquid to the crystal (1095 cm™' in the liquid and 1145 cm™* in the crystal)
which may be associated with an increase in the Si0Si angle in the crvstal in comparison with
this angle in the liquid [5-7]. Two frequencies, 680 and 645 cm™', may be assigned to the
v(8i0)4 vibration. The first only appears in the IR spectrum as a very weak band which is
most probably a combination frequency or an overtone and it is therefore more reasonable to
assign the weak band at 645 cm™' in the IR and Raman spectra to v(SiO)g. It is partially
polarized in the Raman spectrum. The weak, depolarized band in the Raman spectrum at 755 cm™!
is assigned to the v(SiC) valence vibration. The assignment of the valence vibrations of the
8iCl, groups, the vibrational frequencies of which are shown in Table 1, also does not present
any significant difficulty. The assignment of the deformation vibrations of the CH;C1,Si~—
fragment is considerably more difficult. These vibrations are very strongly mixed with one
another and any specific assignments can only be made provisionally (Table 1)}.

1

Comparison of the IR and Raman spectra of DMTChDS in the various different states of
aggregation shows that significant changes are observed in the region of the skeletal and
deformation vibrations of the CH3;Cl.Si— spinning top.

For instance, the band at 232 cm™* which is strong in the Raman spectrum of the liquid
becomes weak in the Raman spectrum of the crystal. The complex band at 340 cm™ with a
. shoulder on the low-frequency side in the Raman spectrum of the liquid has a symmetric contour
with a maximum at 325 cm™' in the spectrum of the crystal. In the IR spectrum of the crystal
a doublet is observed at 325 and 319 em™! instead of the band at 340 cm™'. There is a sig-
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Fig. 1. IR spectra (a) and Raman spectra (b)
of DMTIChDS: 1) gas, 2) liquid, 3) crystal.

nificant decrease in the intensity of the line at 145 cm™! and the bands associated with the
v(SiCl,) vibrations are shifted to lower frequencies in the spectrum of the crystal as com-
pared with that of the liquid. All these changes, including the shift of the band due to the
v(8i0) 55 valence vibration can hardly be explained unless there is an increase in the $iO0Si

angle. Apparently, the changes indicated above are associated with a change in the conforma-

tional structure.

Apart from the investigation of the vibrational spectra in the various different phase
states, we also studied the temperature dependence of the spectra within the limits of a
single phase. The investigation were carried out over the following temperature ranges:

690



*peleDTIPpUT ST 4812uUo pueq pPeIBINOTED 8Y3 JO SNTBA WNWIXEW BY3 YITM BIBUTPIOOD IYL.

*I2WAOIUOD 9y} BUTIBODIPUT INOUITH IDU0 UDATS

21% 91BUTPICOD TBUIDIUT SWES Y3 PUB 3UO 3yl x03 LFisue pueq psIBINITES 8yl JO INTRA WHUIXEBW 2Y]l 3B $ISWIOJ
~U0D JUSIBIITP 9Y2 10y ..WO GF UEYI °xow £q ISIITP I0U Op UOTIBINOTED 9yl 01 SUIPIOIDE YITYm S3TOU=NboIix

(O18) L 018t 9 6% .
5D

(018) 2 OISt 75 8¢
(1018} ¢ ISOIS 99 L8

OISI1D 9¥1 %0 DISID €61 %
o) 6 O8I0 ep1 %0 OISID 681 0 9e

1! N QIS1D 141 @g . d] SA Gy
(F1yi5) d Q1S3 041 ;Mo OISID 9.1 wu vl 4 :

101 018D 991 *2 OISID %41 "D e dp w91
QRISE IDISID 002 _ £g mmm Qm w @M.:

i DISID 818 %0 10ISID %18 %0
(oISl e | OISO 618 D IDIS1D 218 "D 43
(D1IS10) @ DISID 083 Ie

OI1SID 828 0 YHOL 338 *0
SHOL | fHODR 088 D SHOL 61% 1O 0g
(1518) HOL 67T 750 018D 178 20
o) OISID ¥6¢ °0 HO 07 'O 6% dp w @
Q1D €92 %0 | OISID 8¥E 20 8¢z P o
(01 ¢ | 0I1SID 3¥g °D SHOL L9E 0 85
EHDA DL 988 IXd
(O1) 9 OISID 08¢ %) OIS0 €3¢ ) st Naa &

181 0I1SD 83 0 OISID €9g T2 93 93¢ o 0Fg M Ove ap s 0
(ost) 1DIS 18% *0) OIS &€ %0 sce g &
O8I0 ¢ | OISID ¥68 °0 0ISID 30¥ 'O qg . MA

OISID 8¢p 970 1DIS gLy D LS 07 00
JEI18) IS €27 "D & 1D1S 89F D 17 mgzy MW Gpp M 08P sA OFF ¢ sA 8PP
JEDIS) IDIS £6¥ 0% $6.T w 65 w 08y TMA 68
. F1o18) & IDIS 209 5 § qg¢ $0.L9 $ 08¢g M PSg ap - m 299
IS o IDIS 819 12 M 939 MA GIG MA €79 ,
(018} & . OIS ¢89 0% BAGH9 MA GPY MA GP9 dp  “mA FH9
MA. 789 MA 089 MA 589

(WIES DIS G0L 61 .

(O15) & DIS S8L 8l ur gey MATEL | w 0g/ dp < MA 9o

(*HD) d ¥GL L s 092 us 092

((HD) d 092 9i w 89/ Mgy M 1L dd - m gLl

(*HO) d 09L g1 sA 06/ sa 008 5008
o) d HOIS 484 ! M 838 Us 6e8 s 028 M ZE8 M GeR

(018} & OIS 8111 1 sa QY1 SA €601 ©osAQIl

TONBUIGUIOD Us 4411

UOTIBUIQWIOD ' MA CH1
S(*HD) @ HDH 2231 g $A GO I $0/31 § 6/gl d  ma 021
‘o M Gog M G0V M O1¥) M 10¥] dap M 90y1

(HD)Q HOH 0gb1 ol T M Ghyl MA QSP] ma OFFI
S(HO) o HO £365 9'g M GT6T "M RI67 M Q16 s 3163 d s 8162

(HO) & HD 6963 1 w 0865 | #0667 "M (667 7863 dp ‘w867

. L
4313u9 pueq UORENOTED e | pumby | sed | Te1skio / pTabIy
uourudrsse . 4 PN 0
wm:oa;mo.um +(7~110) Lousnba; ‘rsunioyuoo N I | Tewey
_ uomieyndIeD wawriadxg

?TNO9TOW 0% (TS®T1D%HD) @2yl 3o sarouenbalj TeUOIIBRIQIA 94l JO senyep [riusmiiadxy pur pajelndIe) °*T HTIIVL

691



[ at

Fig. 2. The DMTChDS conformer with Cavy
' symmetry.

100-20°C in the case of the gas (IR), 20 to —20°C for the liquid, and —25 to —140°C for the
crystal (Raman) and down to —190°C (IR). No substantial changes in-the spectra were noted

during this work,

Deformation vibrations are the most sensitive to rotational isomerism. Calculation
showed that this is also observed in the case of the DMTChDS molecule. When this occurs,
vibrations which are similar in form may differ in frequency while vibrations of different
forms occurring in different conformers may have very similar frequencies, It is therefore
impossible to arrive at an unambiguous judgement concerning a change in the conformation struc-
ture of DMTChDS from a comparison of the spectra for the various different states of aggrega-
tion even if such a change does occur.
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