
This article was downloaded by: [Tomsk State University of Control Systems
and Radio]
On: 20 February 2013, At: 12:05
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and Liquid
Crystals
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl16

Reversible and Non Reversible
Oxidation of Polyacetylene
In Aqueous and Non Aqueous
Media : An Electrochemical
Study
Denis Billaud a , Dominique Begin a & Pierre
Mirebeau b
a Université de Nancy I, Laboratoire de Chimie
Minérale Appliquée, LA 158, B.P. 239 - 54506,
VANDOEUVRE LES NANCY, CEDEX, FRANCE
b Compagnie Européenne ďAccumulateurs, 92111,
CLICHY, FRANCE
Version of record first published: 20 Apr 2011.

To cite this article: Denis Billaud , Dominique Begin & Pierre Mirebeau (1985):
Reversible and Non Reversible Oxidation of Polyacetylene In Aqueous and Non
Aqueous Media : An Electrochemical Study, Molecular Crystals and Liquid Crystals,
121:1-4, 211-214

To link to this article:  http://dx.doi.org/10.1080/00268948508074863

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,

http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/00268948508074863
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to
date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

2:
05

 2
0 

Fe
br

ua
ry

 2
01

3 



Mol. Crysr. Liq. Crysr. 1985, Vol. 121. pp. 211-214 
0026-8941 /85/12 14-02 I l/$10.00/0 
0 1985 Gordon and Breach, Science Publishers, Inc. and OPA Ltd. 
Printed in the United States of America 

REVERSIBLE AND NON REVERSIBLE OXIDATION OF POLYACETYLENE I N  
AQUEOUS AND NON AQUEOUS MEDIA : AN ELECTROCHEMICAL STUDY 

DENIS BILLAUDX, DOMINIQUE B E G I N X  and PIERRE MIREBEAUXX 
x Univers i te  de Nancy I, Labora to i re  de Chimie Minerale  

A p p l i q d e ,  LA 158, B.P. 239 - 54506 VANDOEUVRE LES NANCY 
CEDEX - FRANCE 

xx Compagnie Europeenne d’Accumulateurs, 92111 CLICHY,FRANCE 

Abst rac t  
r e v e r s i b i l i t y  of t h e  o x i d a t i o n  of po lyace ty lene  i n  s u l f u r i c  
a c i d  s o l u t i o n s  and i n  l i t h i u m  sa l t s  - nit romethane s o l u t i o n s .  
The i n t e n s i t y - p o t e n t i a l  curves  i n d i c a t e  g e n e r a l l y  two s t e p s  
of ox ida t ion  : t h e  f i r s t  one, corresponding t o  t h e  doping, i s  
r e v e r s i b l e  and i s  c h a r a c t e r i z e d  by a dramatic  i n c r e a s e  of t h e  
e l e c t r i c a l  conduct iv i ty  ; t h e  second one, c a l l e d  overoxida- 
t i o n ,  i s  due t o  the i r r e v e r s i b l e  d e s t r u c t i o n  of t h e  carbon- 
carbon double bonds by formation of sp3 carbon atoms and i s  
evidenced by the  lowering of t h e  conduct iv i ty ,  

Cycl ic  voltammetry has  been appl ied  t o  s tudy  t h e  

INTRODUCTION 

Polyacetylene,  t h e  s imples t  conjugated polymer, can r e a c t  e i t h e r  

with e l e c t r o n  donat ing o r  accept ing  s p e c i e s .  Some of i t s  proper- 

t i e s  (low d e n s i t y ,  high s p e c i f i c  area, f i b r i l l a r  morphology) are 

i n t e r e s t i n g  f o r  u t i l i s a t i o n s  as e l e c t r o d e  m a t e r i a l s .  However undo- 

ped and doped (CH)x a r e  u s u a l l y  uns tab le  towards chemical oxida- 

t i o n  wi th  oxygen o r  e lec t rochemica l  ox ida t ion .  This paper  d e a l s  

wi th  some a s p e c t s  of t h e  r e v e r s i b i l i t y  o f  (CH)x doping i n  aqueous 

s u l f u r i c  a c i d  s o l u t i o n s  and i n  LiAsF6-CH3N02 s o l u t i o n s  us ing  a cy- 

c l  i c  vo It amme t r y  (CV) technique.  

RESULTS 

System (CH)x-H:,SOk 

D i f f e r e n t  behaviours  have been observed depending on t h e  concen- 

t r a t i o n  of a c i d  s o l u t i o n s .  
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212 D. BILLAUD, D. BEGIN AND P. MIREBEAU 

For concentrated s o l u t i o n s  (95 X H2S04), t h e  CV curves  obta i -  

ned a re  represented  i n  f i g u r e  1. It i s  e s t a b l i s h e d  t h a t  (CH)x can 

react spontaneously wi th  concent ra ted  H2S04 1, However, an extra 

doping can be achieved by e lec t rochemica l  ox ida t ion .  Figure 1 

shows i n t e n s i t y - p o t e n t i a l  curves  obta ined  a f t e r  c y c l i n p  the  poten- 

t i a l  immediately a f t e r  immersing the  s t r i p  of  Ito's(CH) f i l m  in- 

t o  H SO 

with t h e  s o l u t i o n  ( f i g .  lb) .  Fig. l a  shows two peaks a+b observa- 

b l e  during the oxida t ion  process .  They correspond t o  t h e  sponta- 

neous chemical doping which h a s  n o t  been achieved immediately be- 

cause of k i n e t i c  reasons r e l a t e d  t o  t h e  slow i n t r a f i b r i l l a r  d i f f u -  

s ion  of t h e  dopant. T h i s  chemical doping i s  r e v e r s i b l e  from a che- 

mical viewpoint as evidenced by t h e  e x i s t e n c e  of t h e  e peak. A do- 

p ing  l e v e l  of around 8 molar p e r  cent  of t h e  dopant i s  involved i n  

t h i s  process. 

X 
s o l u t i o n  ( f i g .  l a )  o r  a f t e r  t h e  15 hours  r e a c t i o n  of  (CH), 2 4  

l a  I n  t e n s  i ty- 
p o t e n t i a l  curve 
obta ined  immedia- 
t e l y  a f t e r  immer- 
s i o n  of (CH)x i n  
concent ra ted  
H2S04 s o l u t i o n  

Ib I n t e n s i t y -  
p o t e n t i a l  curve 

15 hours  imer- 
s i o n  o f  (CH), i n  
concent ra ted  
H2S04 s o l u t i o n  

2 obta ined  a f t e r  

FIGUURE I Cycl ic  voltammograms of Ag/AgCl/H2SO4/(CH), 
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ELECTROCHEMICAL STUDY OF THE OXIDATION OF POLYACETYLENE 213 

In Fig. Ib ,  t h e  spontaneous chemical  doping occured dur ing  

15 hours  and, a f t e r  c y c l i n g  t h e  p o t e n t i a l ,  no peaks a+b are obser-  

vable  ; dur ing  the  reduct ion ,  t h e  undoping of  t h e  chemica l ly  doped 

(CH) 

Fig.  l a .  When t h e  p o t e n t i a l  i s  i n c r e a s e d ,  an e x t r a  c peak appears  

which i s  r e v e r s i b l e  (peak d ) .  

i s  evidenced by t h e  e peak s i m i l a r  as t h e  one observed i n  
X 

In conclus ion ,  f o r  concent ra ted  H2S04 s o l u t i o n s  t h e  two s t e p s  

of r e v e r s i b l e  o x i d a t i o n  of (CH) could correspond e i t h e r  t o  t h e  

formation of  d i f f e r e n t  s t a g e s  o f  i n t e r c a l a t i o n  o r  t o  a d i f f e r e n t  

i n t e r c h a i n  o r g a n i z a t i o n  of t h e  dopant. 

In t h e  case of d i l u t e d  H SO s o l u t i o n s  (< lo  N), t h e  CV curve  

( f i g .  2) shows only an i r r e v e r s i b l e  peak due t o  t h e  degrada t ion  of  

t h e  

r i a l s  i n d i c a t e  t h e  formation of carbonyl  groups caused by t h e  evo- 

l u t i o n  of f r e e  oxygen on t h e  s u r f a c e  of  t h e  (CH)x e l e c t r o d e  d u r i n g  

t h e  e l e c t r o l y s i s  of t h e  s o l u t i o n .  

2 4  

system of  (CH)x cha ins .  I R  s t u d i e s  of such degradated mate- 

FIGURE 2 Cycl ic  voltamnogram o f  Ag/AgCl/HzS04/ (CH), i n  
d i l u t e d  H2SO4 s o l u t i o n  

System ( CH) x - e F 6  /CH2N02 s o l u t i o n s  

The voltammogram represented  i n  Fig. 3 shows two d i f f e r e n t  s t e p s  

of o x i d a t i o n  of (CH)x. The f i r s t  r e v e r s i b l e  one (peaks a l ,  a2 and 

a ' )  i s  due t o  t h e  doping of (CH)x. The h i g h e s t  l e v e l  of doping ob- 

t a i n e d  i s  7 Z and t h e r e f o r e  corresponds t o  t h e  formula 

I CH0,07+ ( A s F ~ - ) ~ , ~ ~ ~ ~ .  When t h e  p o t e n t i a l  i s  i n c r e a s e d  over  
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3.8 v o l t s  vs  L i / L i  , a l a r g e  i r r e v e r s i b l e  peak b appears  up t o  

5.2 v o l t s  vs  L i / L i  , Measurements of t h e  area of t h i s  peak ind ica-  

te t h a t  (CH) i s  t o t a l l y  degraded ( lowering of t h e  e l e c t r i c a l  con- 

d u c t i v i t y  and of t h e  mechanical p r o p e r t i e s )  when around 30 % of CH 

groups are oxid ized  by a d d i t i o n  of f l u o r i n e  on t h e  carbon atoms. 

S imi la r  r e s u l t s  have been obta ined  dur ing  the doping with LiPF6 ’. 

D. BILLAUD, D. BEGIN AND P. MIREBEAU 

+ 
+ 

X 

FIGURE 3 Cycl ic  voltammogram of Li/Li+/LiAsF6-CH3N0,/(CH)x 

CONCLUSIONS 

Such an e lec t rochemica l  s tudy of (CH)x doping and undoping i n  

aqueous and non aqueous media shows g e n e r a l l y  two s t e p s  : 

- a r e v e r s i b l e  doping c h a r a c t e r i z e d  by t h e  i n c r e a s e  of the  e l e c t r i -  

c a l  conduct iv i ty  ; - an u n r e v e r s i b l e  doping. due t o  the degrada t ion  

of the  s-system of  

I n  t h e  case of r e a c t i o n s  i n  CH3N02 s o l u t i o n s ,  t h e  degrada- 

t i o n  starts before  t h e  achievement of t h e  doping. process  c o n t r a r y  

t o  t h e  r e a c t i o n s  i n  concent ra ted  s u l f u r i c  s o l u t i o n s  where t h e  d i f -  

f e r e n t  s t e p s  of i n t e r c a l a t i o n  and t h e  degrada t ion  are w e l l  separa-  

ted .  
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