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The IR spec t ra  of organosi l icon derivat ives  of thiophene were investigated. A compar ison 
of the resul ts  with the l i tera ture  data made it possible to isolate the charac te r i s t i c  absorp-  
tion bands of the substituted thiophene ring and to reveal  some regular i t ies  in the IR spec t ra  

of thienylsi lanes.  The ~* inductive constants of substituted thienyl groups x-- -- were 
s 

calculated f rom the exper imental  v(Si-Cl)  values.  An analysis of the or* values shows that 
e l ec t ron-donor  substituents X lower the acceptor  capacity of the thienyl substituent as a 
whole, while e leo t ron-acoep tor  substituents increase  it. 

ture:  
In the present  r e s e a r c h  we have investigated the IR spec t ra  of thienylsi lanes with the following s t ruc -  

R ~s~SIR, R"R"' 

I R=H, R'=R"=R'"=CHa; II R=H, R'=R"=R'"=CzH~; III R=H, R'=R"=R"=CI; 
IV R=H, R'=R"=CI, R'"=CH~; V R=R'=H, R"=R'"=CHa; VI R=R'=H, R"=CHa, 
R"=CI; VII R=R'=H, R"=CHa, R'"=Br; VIII R=R'=R"=H, R'"=CHa; IX R=R '= 
R"=H, R"=Cl; X R=R'=R"=H, R'"=Br; XI R=R'=R"=R'"=H; XII R=H. 
R'=R"=CHa, R"=2-thienyl XIII R=R'=H, R"=C~Hs, R'"=2-thienyl XIV R=R'=H, 
R"=C6Hs, R'"=2-thienyl XV R=R'=H, R"=R"=2-thienyl XVI R=5-CHa, R'=R"=H, 
R'"=CI; XVII R=5-CI, R'=C1, R"=R"'=H; XVIII R=5-SiH2CHa, R':CH3, R"=R'"=H; 
XIX R=5-SiH2CI, R'=CI, R"=R'"=H; XX R=5-SiH2Br, R'=Br, R"=R"r=H; XXI 
R=5-CHa, R'=R"=R"=H; XXII R=5-SiHa, R'=R"=R'"=H: XXIII R=5-Cl, R'=R"= 
R"=H; XXIV R=5-SiH2C1, R'=R"=R"=H; XXV R=5-SiH~Br, R'=R"=R'"=H; XXVI 
R=5-CI, R'=H, R"=R"~=Cl; XXVII R=5-Si(CHa)2H, R'=H. R"=R'"=CHa; XXVIII 
R=5-Cl, R'=C1, R"=R'"=CHa; XXIX R=5-CI. R'=R"=R'"=CH3; XXX R=5-CHa, 
R'=R"=R'"=C1; XXXI R=5-CI, R'=R"=R"=CI; XXXlI R=3-CHa, R'=C1, R"=R'"= 
CHa; XXXIII R=3-CHa, R'=CH3, R"=R'"=C1; XXXIV R=3-CHa, R'=C2Hs, R'~=R"=CI; 
XXXV R=a-CHa, R'=R'=R'"=Cl. 

A compar i son  of the resul ts  with the l i terature  data makes i t poss ib l e to  determine the charac te r i s t i c  
absorption frequencies of organosi l icon derivat ives  of thiophene (Table 1) a~d to reveal  some regular i t ies  
in the IR spec t ra  of these der ivat ives .  

S t r e t c h i n g  V i b r a t i o n s  o f  t h e  T h i o p h e n e  R i n g  C - H B o n d s  

Three absorption bands at 3065, 3080, and 3110 cm -1, which cor respond to u(C-H)  of the thiophene 
ring, are  present  in the IR spec t ra  of thienylsi lanes I-XV. When substituents with l a r g e - I  effects (halogens) 
are  bonded to the si l icon atom, the frequencies of these bands increase  by " 5 - 1 0  cm -1. In addition, r ed i s -  

* See [1] for communicat ion IV. 
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TABLE 1. Absorption Bands of the Thienyl Grouping in the IR 
Spectra of Organosilicon Derivatives of Thiophene 

Com-  
pound 

Stzetching vibra- 
tioni of the 
thiophene ring 1 
C - H bonch cm" 

Stretching vibra- 
tRons of the 
thiophene ring, 
c m ' l  

Deformation vibrations of the 
C -H bond, cm -I 

in-plane l out-of-plane 

I 

11 
Ill 
IV 
V 

VI 
VII 

VIII 
IX 
X 

XI 
XII 

XIII 
XIV* 
XV 

XVI 
XVI I 

XVIII 
XIX 
XX 

XXI 
XXII 

XXIII 
XXIV ~f 
XXV 

XXVI 
XXVII 

XXVIII 
XXIX 
XXX 

XXXI 
XXXII $ 

XXXIII 
XXXIV 
XXXV 

3110 
3110 
3115 
3112 
3110 
3112 
3115 
3112 
3115 
3115 
3110 
3110 
3110 

3110 

3110 
3110 
3110 
31121 

3080 
5980 
3090 
3090 
3082 
3087 
3087 
3085 
3090 
3090 
3085 
3080 
3080 

3080 
3080 
3090 
3070 
3080 
3075 
3087 
3075 
3090 
(<--~) 
3080 
3100 
3070 
3070 
3095 
3080 
<(-->> 

3067 
3065 
3070 
3075 
3065 
3068 
3063 
3067 
3070 
3070 
3070 
3065 
3065 

3070 

3067 

3070 

3065 
3070 
3057 

3070 

3073 
3075 
3075 
3078 

1503 14101 
1505 1415 
1500 1408[ 
1500 14101 
1503 1410 
1502 1410 
1503 1410 
1502 1410 
1503 1408 
1502 1410 
1500 1410 
15OO 1410 
1500 1410 
[500 140'5 
[500 1408 
[495 1420 
[515 1415 
[495 1420 
t490 1415 
[495 1410 
[495 1420 
1495 1415 
k510 1420 
[493 1415 
495 1410 
515 1415 
495 1415 
1518 1418 
1517 1420 
1530 -- 

- -  1412 
1520 1395 
1520 1390 
1520 1388 
1520 1390 

1330 
1330 
1332 
1333 
1330 
1330 
1330 
1330 
1332 
1332 
1330 
1330 
1330 
1330 
1330 
1315 
1300 
1277 
1280 
1280 
1315 
1280 
1300 
1280 
1280 
1300 
1273 
1300 
130o 
1315 
130o 

1~2 
1318 

865 765 
858 732 
865 760 
860T 760 
870 770 
860 755 
860 750 
860 750 
870 750 
870 760 
870 770 
860 783 
860 77600 
860 
860 750 

810 
805 
760 
820 
760 
805 
815 
800 
815 
815 
805 

800 
810 
80,5 

* The th iophene  r i n g  v ( C - H )  bands  a re  over lapped  by the C - H  
s t r e t c h i n g  v i b r a t i o n s  of the CsH 5 group .  
~The dash  denotes  that  the s p e c t r u m  was not r e c o r d e d  in th i s  
re  gion.  

SThe a b s o r p t i o n  bands  r e l a t e d  to the o u t - o f - p l a n e  de f o r ma t i on  
bands of the C - H  bond were  not i so la ted  for  XXXII-XXXV. 

710 
710 
725 
720 
710 
715 
720 
715 
720 
720 
715 
710 
715 
715 
715 
700 
670 
710 
680 
715 
68o 
68o 
68o 
680 
68o 
670 
670 
685 
7oo 
680 
67o 

t r i b u t i o n  of the i n t e n s i t i e s  of these  a b s o r p t i o n  bands  is  obse r ve d .  This  shows up quite  g r a ph i c a l l y  in the 
s p e c t r a  of th iophenes  tha t  have such  s u b s t i t u e n t s  as  (CH3)Si (I), (CH~2HSi (V), (CH3)H2Si (VIII), H3Si (XI), 
and C13Si (III). On p a s s i n g  f rom I to V and then  to VIII, XI, and I l l ,  the i n t e ns i t y  of the m a x i m u m  of the 
l o w - f r e q u e n c y  band d e c r e a s e s ,  while the i n t e ns i t y  of the h i g h - f r e q u e n c y  band i n c r e a s e s .  While the low-  
f r equency  band has the m a x i m u m  in t ens i t y  and the h i g h - f r e q u e n c y  band has the m i n i m u m  i n t e ns i t y  for  I, 
the r e v e r s e  d i s t r i b u t i o n  of i n t e n s i t i e s  of t hese  bands  is  o b s e r v e d  for  III.  

In  [2] it  was shown that  the l ine at 3110 cm -1 be longs  to v i b r a t i o n s  with p r i m a r y  p a r t i c i p a t i o n  of the 
a - C - H  bonds of the th iophene r ing ,  while the l i ne s  at 3073 and 3086 cm - I  a re  a f f i l i a ted  p r i m a r i l y  with the 
f l - C - t I  bonds .  Our  data  c o n f i r m  th i s .  In  fact ,  the band at 3110 cm "l ,  which is absen t  in the IR s p e c t r a  of 
2 , 5 - d i s u b s t i t u t e d  th iophenes  (XV -XXXI), shows up d i s t i nc t l y  in the s p e c t r a  of 2 , 3 - d i s u b s t i t u t e d  th iophenes  
(XXXII-XXXV). One b road  l o w - i n t e n s i t y  band is  u s u a l l y  o b s e r v e d  in the s p e c t r a  of XVI-XXX in the r eg ion  
of the C - H  s t r e t c h i n g  v i b r a t i o n s .  On the whole,  the v ( C - H ) b a n d s  of the th iophene r i n g  a r e  of low i n t e n -  
s i ty .  The e x a m i n e d  r e g u l a r i t i e s  m a y  t h e r e f o r e  have only l i m i t e d  app l i ca t ion  for  the iden t i f i ca t ion  of the 
t h i eny l  group in o r g a n o s i l i c o n  d e r i v a t i v e s  of th iophene f rom the IR s p e c t r a .  

S k e l e t a l  V i b r a t i o n s  o f  t h e  T h i o p h e n e  R i n g  

The a b s o r p t i o n  bands  at ~1500-1540 ,  1400-1445,  and 1335-1365 cm -1 [3, 4] c o r r e s p o n d  to the s t r e t c h -  
ing v i b r a t i o n s  of the th iophene  r i n g  in  2 - s u b s t i t u t e d  th iophenes .  A b s o r p t i o n  bands  at 1503 ~3 ,  1410 ~- 2, and 
1332 * 2 c m  -1 a re  o b s e r v e d  for  2 - t h i e n y l s i l a n e s  I -XV.  The m o s t  i n t ense  band is  at 1410 cm -1. The i n -  
t e n s i t i e s  of the m a x i m a  of the o the r  two bands  a r e  c o m p a r a b l e  and have about hal f  the i n t e ns i t y  of the band 
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at 1410 cm -1. These  th ree  absorp t ion  bands can be used  as analyt ical  bands for  the identification of 2-  
thienyls i lane s .  

2 ,5-Disubst i tu ted  thiophenes XVI-XXXI have absorp t ion  bands at 1490-1520, 1390-1420, and 1275- 
1318 cm -1. The in tens i t ies  of  these  absorp t ion  bands a re  p r i m a r i l y  de te rmined  by the nature  of the sub-  
s t i tuents  in the thiophene r ing.  Thus,  if  two si lyl  subst i tuents  are  at tached to the thiophene r ing in the 2-  
and 5-posi t ions ,  the ra t io  of the in tens i t ies  of the m a x i m a  of the bands at 1495, 1410, and 1280 cm - I  is 
3 : 1  : 2 (XIX, XX, and XXV) o r  2 : 1 : 2 (XXII and XXIV), i .e . ,  the 1410 cm -1 band is the leas t  intense band. 
Rep lacement  of one of the organos i l i con  subs t i tuents  by a chlorine a tom leads to a ce r t a in  shift  in the band 
at 1410 cm -1 to the h igh- f requency  side and a sha rp  inc rease  in its intensi ty  with a s imul taneous  dec rea se  
in the in tens i t ies  of the m a x i m a  of the bands at 1280 and 1495 cm -1 (XVH, XXIX, and XXIII). The in t roduc-  
tion of methy l  and s i ly l  subst i tuents  into the 2-  and 5-pos i t ions  of the th iophene  ring leads to a decrease  in 
the in tensi ty  of the m a x i m a  of all  th ree  of the examined  absorp t ion  bands to e x t r e m e l y  low values  (XVI, 
XXI, and XXX). 

The absorp t ion  bands at 840-870, 740-770, 545-570, and 440-470 cm - i  a re  re la ted  to the deformat ion  
v ib ra t ions  of the thiophene ring [4, 5]. However ,  these  bands a re  of low intensi ty and a r e  f requent ly  o v e r -  
lapped by the bands that  c o r r e s p o n d  to the v ibra t ions  of the subst i tuents  in the thiophene ring. We made 
a comple te ly  unambiguous identif ication of the deformat ion  v ibra t ions  only for  I-XV, in the IR spec t r a  Of 
which weak bands at 570 4-5 and 480 :~ 5 cm -1 are  obse rved .  

We did not i sola te  the absorp t ion  band re la ted  to the r ing pulsat ion v ibra t ion  [3, 5], inasmuch as it 
is over lapped  by one of the deformat ion  v ibra t ions  of the C - H  bonds [6]. 

D e f o r m a t i o n  V i b r a t i o n s  o f  t h e  T h i o p h e n e  R i n g  C -  H B o n d s  

The absorp t ion  bands at 1215-1240, 1075-1085, and 1030-1050 cm -I  a r e  re la ted  to the in-plane v i b r a -  
t ions of  the C - H  bonds of the 2-subs t i tu ted  thiophene r ing [3, 4]. Nar row intense bands at ,..1220, 1090, 
and 1010"10  cm - I  a re  obse rved  in the s p e c t r a  of monosubst i tu ted  thiophenes I-XV. For  2 ,5-disubst i tu ted 
thiophenes  the absorp t ion  m a x i m a  at 1210-1225 and 975-1030 cm -1 co r r e spond  to this v ibrat ion,  while the 
two absorp t ion  bands at 1222 ~-3 and 1110 ~-2 cm -1 c o r r e s p o n d  to this v ibra t ion  for  2 ,3-disubst i tu ted th io-  
phenes (XXXII-XXXV). 

The absorp t ion  bands at 890-915, 780-855, and 670-725 cm -1 c o r r e s p o n d  to the out -of -p lane  d e f o r m a -  
tion v ibra t ions  of the C - H bonds of the 2-subs t i tu ted  thiophene r ing [3, 4]. In the s p e c t r a  of I -XV, the th ree  bands 
at 865 =~ 5, 760 ~ 10, and 715 ~-5 cm - I  c o r r e s p o n d  to this  v ibra t ion.  Absorpt ion is obse rved  at wider  ranges  
(750-820 and 670-715 cm -l) in the s p e c t r a  of 2 ,5-disubst i tu ted thiophenes XVI-XXXI. The sma l l  number  
of inves t iga ted  compounds ,  which have many  absorp t ion  bands ove r  the examined  range,  made it imposs ib le  
for  us  to isola te  the absorp t ion  bands re la ted  to the ou t -of -p lane  v ibra t ions  of the C - H  bonds in 2 ,3-d i sub-  
st i tuted thiophenes (XXXII-XXXV). It  has been noted [7] that the out -of -p lane  deformat ion  v ibra t ions  of 
the C - H  bonds in thiophene de r iva t ives  a r e  l e s s  sens i t ive  to the effect  of subst i tuents  than the analogous 
v ib ra t ions  in subst i tu ted  benzenes .  

V i b r a t i o n s  o f  S i l y l  G r o u p s  A t t a c h e d  t o  t h e  T h i o p h e n e  R i o g  

It  is known that  the v ibra t iona l  s p e c t r a  of o rganos i lanes  display a c h a r a c t e r i s t i c  pecu l ia r i ty  cal led 
[8] the " b a r r i e r  ef fec t  of  the s i l icon a t o m . "  A theore t i ca l  calculat ion of the v ibra t iona l  spec t r a  of  e thyl -  
ch lo ros i l anes  [9, 10] shows that  for  subs tances  of the RSi(Ri) 3 type,  where  R is a fixed organic  grouping, 
but R i is a va r i ab le  subst i tuent ,  the se t  of  f requenc ies  and the f o r m s  of the no rma l  v ibra t ions  of R is a l -  
m o s t  comple te ly  independent of the nature  of R i. Any si lyl  grouping can t h e r e f o r e  be c h a r a c t e r i z e d  by 
the app rop r i a t e  set  of abso rp t ion  bands. No diff icult ies  a re  encountered  in the ass ignment  of the bands 
c h a r a c t e r i s t i c  for  the S i -CH3,  Si-C2H~, S i - H a l ,  and S i - H  bonds [11]. 

Let  us  examine  th ienyls i lanes  that  contain an S i -C1  bond in somewhat  g r e a t e r  detai l  (Table 2). It 
is known that  the s t r e t ch ing  v ibra t ion  usual ly  a s soc ia t ed  with the p r e s e n c e  of an S i -C1  bond in a molecule  
has a complex  fo rm [11, 12]. In view of this ,  it might  have been expected  that  the f requency of this v i b r a -  
tion, v(Si-C1),  depends on a la rge  n u m b e r  of i n t r a m o l e c u l a r  fac to rs .  However ,  it has been  shown e x p e r i -  
menta l ly  [13] that  v(Si-C1) for  (Ri)3SiC1 compounds is l inear ly  re la ted  to ~ * o f  subst i tuents  R i, i .e. ,  at 
l eas t  for  this  type of compound the chief  r e a son  for  the change in the posi t ion of v(Si-C1) is the inductive 
effect  of subst i tuents  R i. On the bas i s  of this ,  the i nc r ea se  in v (Si-C1) on pass ing  f r o m  XVI and then to (IX, 
XIX, XXIV) can be explained pr inc ipa l ly  by an i n c r e a s e  in the e l e c t r o n - a c c e p t o r  p r o p e r t i e s  of the thienyl g roup-  
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TABLE 2. Frequencies  of the 
Symmetr ica l  (v s) and Asym- 

metr ical  (Vas) Stretching 

Vibrations of the S i -C1  Bond 
in the IR Spect ra  of the 
Investigated Compounds 

Compound u s, cm "I Uas, cm "I 

Ill 
IV 
VI 
IX 

XVI 
XVII 
XIX 

XXIV 
XXVI 

XXVIII 
XXX 

XXXI 
XXXII 

XXXI I I 
XXXIV 
XXXV 

53o 
512 

516 
,535 
530 
545 
540 
54o 

545 
517 

510 
562 

495 
5o5 
510 
512 

590 
552 

580 

585 
59o 

550 
575 
585 

ing. The increase  in ~s(Si-C1)from 510 to 562 cm -1 (XXX, II, and 
XXXI) also at tests  to an increase  in t h e - I  effect  of the thienyl group. 
Taking into account the data in [13] and the fact that the ~* constant 
of the 2-thienyl group is 0.93 [14], one can approximately  evaluate 

the r constants of substituted thienyl groups X-- x - ~  

Calculations have shown that the ~* values a re  0.63, 0.95, 0.95, and 
1.13, respec t ive ly ,  for  X=CH3, SiH2C1 , Sill3, and C1. Thus,  the 
same tendency is followed in thiophene der ivat ives  as in phenyl de- 
r ivat ives:  e lec t ron-donor  groupings lower  the acceptor  capacity 
of the thienyl substituent as a whole, while e l ec t ron -accep to r  group-  
ings ra ise  it. 

The v(Si-C1) frequencies  are  depressed  in th ienylchlorosi lanes  
VI, XXXII, and XXXIII, which contain one or  two methyl  groups a t -  
tached to the si l icon atom. Replacement  of the ethyl group by a 
methyl  group in s imi la r ly  const ructed XXXIV and XXXIII leads to 
a dec rease  in v as(Si -C1)by 25 cm- l .  The reason  for the dec rease  
in the frequencies  of the s t re tching vibrat ions of the Si -C1 bond is 

the effect  of ~, ~ conjugation - , ~c-' s~ - -  o We examined this ef -  
fect in detail  in a study of methyl(ethyl)chlorosi lanes  by IR and NMR 
spec t roscopy  [15]. 

We examined the effect  of d v - p ~  interact ion in the Si-thienyl f ragment  and the dependence of this 
effect  on the nature of th ree  other  substi tuents attached to the sil icon atom in [1, 16-19]. We note here  
only that the capaci t ies  of the thienyl and phenyl groups for  dlr-plr in teract ion with the si l icon atom are 
approximately  identical.  

EXPERIMENT AL 

The IR spectra of pure liquid samples of the organosilicon derivatives of thiophene were obtained 
with a UR-20 spectrometer. 
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