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G. Wolmershauser, R. J o t t e r and T. Wilhelm 

Fachbere-Cch Chemie, Universitdt Kaiser•slautern, Postfaeh 3049, 
D-S750 Kaiserslautern, F.B.G. 

Résumé : Des polymères composés d'une part d'unités soufre-azote, 
d'autre part de groupes bifonctionnels hétérocycliques, sont synthé
tisés par décomposition de la liaison Si-N. On obtient tous les com
posés avec un bon rendement dans la plupart des cas comme une sub
stance fortement colorée ou noire qui est insoluble dans des solvants 
organiques usuels. Les polymères non traités montrent une conductibi
lité électrique entre 5.10-16 et 5.10-5 Ohm 1 cm-1. Généralement la 
conductibilité des polymères peut être augmentée par oxydation du 
matériau au moyen d'accepteurs comme par exemple l'iode. 

Abstract: Polymers consisting of alternating sulfur nitrogen moieties 
and bifunational heterocyclic groups are prepared via Si-N bond 
cleavage. All compounds are obtained in good yields as highly colou
red or black materials which are insoluble in common organic sol
vents. The pristine materials show conductivities of approximately 
5" 10 - 5' 10~-> Ohm-' cm-1. In most cases higher conductivities can 
be achieved by doping the samples with acceptors, e.g. iodine. 

Introduction 
In contrast to the great number of well established organic conduc
ting polymers the inorganic counterpart (SN)X is considered to be 
unique. Thus only few modifications - most of them dealing with 
doping - are known IM . Our aim is to increase the variability of 
S-N-polymers by introducing suitable organic groups into the SN chain 
and to study the electrical properties depending on the resulting 
chemical structure (e.g. type of organic groups, length of SN moie
ties). We have recently shown, that a wide variety of such polymers 
with alternating sulfur-nitrogen and p-phenylene groups can be 
prepared by a simple and versatile route 121. Similar S-N-polymers 
with bifuncitonal heterocyclic groups are presented in this paper. 

Synthesis and Properties 
Compounds _1_ to _5 are prepared via Si-N bond cleavage in solution. As 
starting materials sulfur chlorine and silylated nitrogen compounds 
are used. 

>N-Si(CH3)3 + Cl-S- — >N-S- + CISi(CH3)3 

Details are given in the reaction scheme below. 
All reactions are carried out in dry nitrogen atmosphere. The solvent 
(CH2CI2) is purified and dried carefully before use. The sulfur 
chlorine compound (educt I, A-C) , dissolved in CH2Cl2, is added at 
ambient temperature to a solution of the silylated nitrogen compound 
(educt II, D-F). Equimolar amounts of both components are used. 
Formation of CI Si(CH3), is readily established by following the reac-
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t i o n  ' H - N M R  s p e c t r o s c o p i c a l l y .  The  p o l y m e r s  p r e c i p i t a t e  a s  h i g h l y  
c o l o u r e d  o r  b l a c k  p o w d e r s .  A f t e r  t r e a t i n g  t h e  s u b s t a n c e s  w i t h  s o l v e n t  
u n t i l  t h e  w a s h i n g s  a r e  c o l o u r l e s s ,  t h e y  a r e  d r i e d  i n  v a c u o  f o r  
s e v e r a l  h o u r s .  

The s u b s t a n c e s  1 - 6 a r e  p r e s u m a b l y  m i c r o c r y s t a l l i n e  a n d  i n s o l u b l e  i n  
common o r g a n i c  s o l v e n t s .  The c o m p o s i t i o n  a n d  c o n s  t i t u  t i o n  o f  t h e  
p o l y m e r s  i s  d e d u c e d  f r o m  t h e  s y n t h e s i s  p r i n c i p l e .  Due t o  t h e  m i l d  
r e a c t i o n  c o n d i t i o n s  we b e l i e v e  t h a t  n o  m a j o r  s i d e  r e a c t i o n s  t a k e  
p l a c e .  S m a l l  c y c l i c  c o m p o u n d s  a r e  e x p e c t e d  t o  b e  a t  l e a s t  s l i g h t l y  
s o l u b l e  i n  o r g a n i c  s o l v e n t s  w h e r e a s  f o r m a t i o n  o f  l a r g e  r i n g s  i s  
t h e r m o d y n a m i c a l l y  u n r e a s o n a b l e .  E v i d e n c e  f o r  a v e r a g e  p o l y m e r i z a t i o n  
d e g r e e s  g r e a t e r  10  i s  g i v e n  b y  l e a s t - s q u a r e  c a l c u l a t i o n s  b a s e d  o n  
e l e m e n t a l  a n a l y s i s  ( a s s u m i n g  t h a t  n o  s i d e  p r o d u c t s  r e s u l t  a n d  t h e  
c h a i n s  a r e  t e r m i n a t e d  by  S i ( C H 3 I 3 -  a n d  C 1 - g r o u p s ) .  

The p r i s t i n e  s u b s t a n c e s  1 t o  5 a r e  s a t i s f a c t o r y  s t a b l e  t o  a i r ,  w h i l e  
6 m u s t  b e  s t o r e d  i n  d r y  n i t r o g e n  a t m o s p h e r e .  No m e l t i n g  w a s  o b s e r v e d  - 
b y  DSC i n  t h e  t e m p e r a t u r e  r a n g e  b e t w e e n  2 9 5  K a n d  d e c o m p o s i t i o n  
t e m p e r a t u r e .  

R e s u l t s  o f  e l e m e n t a l  a n a l y s i s  a s  w e l l  a s  o t h e r  e x p e r i m e n t a l  d a t a  a r e  
g i v e n  i n  t a b . 1 .  

E l e c t r i c  C o n d u c t i v i t y  o f  t h e  u n d o p e d  P o l y m e r s  

I n  t a b .  2 t h e  c o n d u c t i v i t i e s  a t  2 9 8  K ,  a c t i v a t i o n  e n e r g i e s  a n d  
p r e - e x p o n e n t i a l  f a c t o r s  ( m e a s u r e d  b y  c o m p r e s s i n g  m i l l i g r a m  q u a n t i t i e s  
o f  p o l y m e r  t o  a  t h ' n  w a f e r  b e t w e e n  c o n d u c t i n g  s t e e l  e l e c t r o d e s  - 

'2 p r e s s u r e  3 0 0 0  k p / c m  ) o f  t h e  u n d o p e d  m a t e r i a l s  a r e  g i v e n .  The p r i -  
s t i n e  s u b s t a n c e s  2 - 6 a r e  i n s u l a t o r s ,  , w h e r e a s  1 s h o w s  a c o m p a r a t i -  
v e l y  h i g h  c o n d u c t i v i t y ,  p o s s i b l y  d u e  t o  i t s  e l e c t r o n e g a t i v e  c y a n o -  
g r o u p s  a s  s t r u c t u r a l  e l e m e n t s .  
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Tab. 2 
Electric conductivity of the undoped polymers 

Compound 5298 K(~hm-lcm-l ) ~~(~hrn-~crn-) Ea( ev) remarks 

1 - 1.03- lo-5 0.082 0.23 1. Measurem. 
6.0- 10-5 0.260 0.212 2.Measurem. 
4.4.10-16 2 - 0.055 0.83 1. Measurem. 2 
1.0-10-~5 0.914 0.89 2. Measurem. 

3 - - 2.2- 10-l1 7.8- 10-3 0.504 
4 - - 2.55- 10-l2 9.56- 0.57 
5 - - 2.0- 10-l4 5.1- 10-3 0.675 
6 - - 9.57- 10-10 2.32- 1oI1 1.21 

*~ifferent samples 

Doping 
Doping is achieved by heating the samples together with some crystals 
of iodine in evacuated sealed glass tubes. Excess dopant is removed 
by pumping for some hours. Conductivity is measured immediately after 
doping. 
Tab. 3 shows the results of iodine doping experiments with samples 1, 
2 and 5. - 

Tab. 3 
Doping Conditions and Electrical Conductivity of doped Polymers 

Compound 0298 K(~hm-lcm-l ) G ~ ~ ~ .  /5pristine   oping Doping 
Temp. (O~)~ime(h) 

1 - 1.4- 0. 14 50 20 
2 - 2.1- 10-6 2- 10-9 5 o 23 
5 - 1.3- 10-7 6.5. lo-' 50 20 

The conductivity of 1 cannot be increased by doping with iodine, 
whereas the conductivities of 2 and 5 can be enhanced by several 
orders of magnitude. Doping of 2 and 5 gives rise to a colour change 
from red to black. 
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