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ELECTROCHEMICAL SYNTHESIS OF HETEROAROMATIC POLYMERS : 
NEW COMPOUNDS AND NOVEL SUBSTRATES 

ROBERTO LAZZARONI, STEPHAN DUJARDIN, JEAN-POL BOUTIQUE, 
CHRISTINE MOUSTY-DESBUQUOIT, JOSEPH RIGA, JACQUES VERBIST 
Laboratoire de Spectroscopie Electronique, Facultes 
Universitaires Notre-Dame de la Paix, 61 rue de Bruxelles, 
B-5000 Namur, Belgium. 

Abstract The electrochemical deposition of polypyrrole on 
carbon fibers surfaces is described with the resulting 
morphologies and mechanical properties. The first in a 
family of heteroaromatic conducting polymers has been 
obtained from thieno [ 3,Z-b ] pyrrole. 

INTRODUCTION 

Considering the remarkable properties of heteroaromatic polymers, 

we have oriented our research in two different directions. The 

first a consists in depositing the polymers - in this work polypyr- 
role - on novel substrates, here, carbon fibers, which are a fasci- 
nating material for various applications such as composites and 

microelectrodes. 

In the second b, we synthesize new compounds from condensed five- 
membered heterocycles , we report here the first polymer , obtained 
from thieno [ 3,2-b ] pyrrole. 

In both cases, electrochemical methods are used. 

a : in collaboration with C. Labar, Laboratoire de Chimie Analy- 
tique, Facultes Universitaires, Namur, Belgium. 

b : in collaboration with L. Christiaens, M. Renson, Laboratoire 
de Chimie Organique, Universitb de LiSge, Belgium, 
and J .  Delhalle, J . L .  Brbdas, J . G .  Fripiat, J . M .  Andrs, 
Laboratoire de Chimie Thgorique Appliquse, Facultgs Universi- 
taires, Namur, Belgium. 
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250 R. LAZZARONI et al. 

POLYPYRROLE-COATED CARBON FIBERS a 

Polymerizations are carried out under classical conditions l S 2  . . 
Deposition occurs at the anode, made of a 1.5 cm long carbon fiber 

wisp containing 10,000 single filaments. 

After 15 sec of polymerization, 

XPS spectra already present the 

main features of polypyrrole : 

some polymer "islands" start to 

grow on the surface, as seen on 

scanning electron micrographs 

(Fig. 1, upper part). After 10  

to 15 min, a thin continuous 

film covers the fibers. Its 

thickness, determined on Figure 

1, center part, is approximately 

0 , 5  pm. For longer times (> 30 

min), the coating builds up as 

lumps (5 um) lying over the con- 

tinuous film (Fig. 1 ,  lower part). 
The adhesion between the 

fiber and the 30 min polypyrrole 

coating has been tested first by 

sonication with no significant 

changes. Tougher treatments, 

however, such as rubbing the 

wisp between two metallic plates, 

removes most of the polymer lumps 

but leaves the thin film absolu- 

tely intact, indicating strong 

adhesion of this coating to the 

FIGURE I Scanning electron fiber. 
micrographs of polypyrrole- 

coated carbon fibers. 
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ELECTROCHEMICAL SYNTHESIS OF HETEROAROMATIC POLYMERS 2s I 

The mechan ica l  p r o p e r t i e s  of t h e  c a r b o n  f i b e r s  are  s e n s i b l y  impro- 

ved by t h i s  p o l y p y r r o l e  f i l m .  The e l o n g a t i o n  a t  r u p t u r e ,  measured 

on  s i n g l e  f i l a m e n t s ,  i s  i n c r e a s e d  by a p p r o x i m a t e l y  20 % ( f rom 1.36% 

up t o  1 .64%) .  

The r u p t u r e  l o a d  changes  from 11.5 t o  14.3 grams b u t  t h e  pro-  

p e r t i e s  p e r  u n i t  (YM,TS) - though n o t  d i m i n i s h e d  - may n o t  v a r y  i n  

t h e  same p r o p o r t i o n ,  b e c a u s e  of  t h e  i n c r e a s e d  f i b e r  s e c t i o n .  

X-ray p h o t o e l e c t r o n  s p e c t r a  r e v e a l  t h a t  t h e  e l e c t r o n i c  s t r u c -  

t u r e  and t h e  dop ing  l e v e l  o f  p o l y p y r r o l e  s y n t h e s i z e d  on c a r b o n  f i b e r s  

are q u i t e  comparable  w i t h  t h o s e  of  t h e  g o l d - d e p o s i t e d  compound3. 

However, t h e  C Is peak w i d t h  i s  s i g n i f i c a n t l y  l a r g e r  ( 2 . 5  e V  i n s t e a d  

o f  1 .9  eV),  due t o  t h e  c o n t r i b u t i o n  of  q u a s i - g r a p h i t i c  c a r b o n s  

c o n s t i t u t i n g  t h e  f i b e r .  C/N r a t i o  (5.0) i n d i c a t e s  a 75 % ( 2  10%) 

s u r f a c e  cove rage  by t h e  polymer a f t e r  30 min of  v o l t a g e  a p p l i c a t i o n .  

T h i s i s  p r o b a b l y  due t o  t h e  wi sp  compactness  which r e s t r i c t s  r e a g e n t s  

d i f f u s i o n  (and so  p o l y p y r r o l e  d e p o s i t i o n )  on t h e  f i l a m e n t s  most 

i n s i d e .  

b A NEW CONDUCTING POLYMER FROM THIENO [3,2-b]  

The e l e c t r o n i c  s t r u c t u r e  of  t h e  monomers r e p r e s e n t e d  i n  F i g u r e  2 

h a s  been  i n v e s t i g a t e d  by ab i n i t i o  STO-3G c a l c u l a t i o n s .  The se r ies  

a p p e a r s  q u i t e  p romis ing  f o r  t h e  s y n t h e s i s  of  c o n d u c t i n g  po lymers ,  

as t h e  f i r s t  i o n i z a t i o n  p o t e n t i a l s  are lower t h a t  t h o s e  of  p y r r o l e  

and t h i o p h e n e  (Tab le  I) '. 

PYRROLE 

TABLE I Ab i n i t i o  i o n i s a t i o n  p o t e n t i a l s  (eV) 
- 

hRRoLE ~HlopNENE T H I E W ( 2 . 3 ) -  THIENO(3.2)- hRROLO(2.3) -  hRROLO(3.2) -  TNIENO(2.3)- THlENO(3.2) -  
PVRROLE PYRROLE PYRROLE PVRROLE THIOPHENE THIOPHENE 

6 , 2 8  7.02 5.47 5.39 5.07 4.89 6-02 5.95 

FIGURE 2 S t r u c t u r a l  fo rmulae  of  monomers 
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252 R. LAZZARONI ef al. 

The e lec t rochemica l  po lymer iza t ion  of t h i e n o  [ 3 , 2 - b ]  p y r r o l e  

i s  c a r r i e d  out  under p o t e n t i o s t a t i c  c o n d i t i o n s  (+ 0.5 V v s  Ag/AgN03 

10 M i n  CH CN) i n  a one-compartment t h r e e - e l e c t r o d e s c e l l  on a 

gold anode wi th  a plat inum p l a t e  a s  c o u n t e r e l e c t r o d e s .  The aceto-  
-1  -2 n i t r i l e  s o l u t i o n ,  10 M i n  E t  NBF and 10 M i n  t h e  monomer, i s  4 4  

bubbled w i t h  argon before  and dur ing  t h e  r e a c t i o n .  Voltage a p p l i -  

c a t i o n  f o r  20 min leads  t o  a t h i c k  b l a c k  d e p o s i t  (10 pm), very 

d i f f i c u l t  t o  pee l  of f  t h e  s u b s t r a t e .  

A t  t h i s  po in t  of the  work, t h i s  prevented any p r e c i s e  conduc- 

- 1  
3 

t i v i t y  measurements. However, no s u r f a c e  charge b u i l d s  up dur ing  

XPS a n a l y s i s ,  g i v i n g  c l e a r  evidence f o r  e f f e c t i v e  c o n d u c t i v i t y .  

The XPS c o r e  l e v e l s  i n t e n s i t i e s  are i n  agreement w i t h  polythieno-  

p y r r o l e  formula t ion  and t h e  N I s / F  Is r a t i o  i n d i c a t e s  a doping 

l e v e l  of about 35 %. Scanning e l e c t r o n  micrographs of  t h e  polymer 

r e v e a l  an i r r e g u l a r  f i l m  c o n s t i t u t e d  of small g r a i n s  (0.5 t o  2 pm). 

CONCLUSION 

Promising r e s u l t s  have been o b t a i n e d ,  p a r t i c u l a r l y  f o r  t h e  impro- 

vement of carbon f i b e r s  p r o p e r t i e s  by a conduct ing polymeric  sur -  

f a c e  f i l m ,  and f o r  t h e  p r e p a r a t i o n  of a new series of heteroaroma- 

t i c  conducting polymers based on b i c y c l i c  monomers. 
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