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CIS-TRANS ISOMERIZATION DURING THE ELECTROCHEMICAL DOPING OF 
Cis-(CH)x : I N  SITU ESR STUDY 

A .  EL-KHODARY and P .  BERNIER 
Groupe de Dynamique d e s  Phases Condensges ( L a b o r a t o i r e  
AssociP au CNRS) 
U.S.T.L. - Place Eugsne B a t a i l l o n  
34060 MONTPELLIER CEDM - FRANCE 

Abs t rac t  An i n  s i t u  Elec t ron  Spin Resonance (ESR) s t u d y  h a s  
been c a r r i e d  out  d u r i n g  t h e  e l e c t r o c h e m i c a l  n-type doping of 
cis-(CH)x. The c i s - t r a n s  i s o m e r i z a t i o n  i s  observed a f t e r  a 
doping-undoping c y c l e .  The doping l e v e l  a t  which t h e  i somer i -  
z a t i o n  can be  achieved i s  i n  t h e  range  ~ 0 . 3  - 0 . 8  %. Our 
r e s u l t s  show t h a t  t h i s  l e v e l  depends on t h e  rate a t  which t h e  
polymer i s  doped and t h a t  t h e  i s o m e r i z a t i o n  process  i m p l i e s  a 
c o l l e c t i v e  motion of  t h e  cha ins  a t  t h e  s c a l e  o f  t h e  f i b r i l s .  

INTRODUCTION 

The c i s - t r a n s  i somer iza t ion  of ( C H )  can be a t t a i n e d  by a thermal  

t reatment '  o r  v i a  a doping-undopingxcycle2 ( chemical o r  e l e c t r o -  

chemica l ) .  No agreement has  been reached y e t  concerning t h e  doping 

l e v e l  a t  which i somer iza t ion  s ta r t s  or t h e  l e v e l  a t  which it i s  

complete2. For  t h i s  reason we have performed i n  s i t u  ESR e x p e r i -  

ments i n  o r d e r  t o  s tudy  cont inuous ly  t h e  k i n e t i c s  of t h e  i somer i -  

z a t i o n  process  dur ing  t h e  e l e c t r o c h e m i c a l  doping and undoping of 

c i s - (  C H ) x .  

EXPERIMENTAL TECHNIQUE 

The e lec t rochemica l  c e l l  c o n s i s t e d  of a cis-(CH) f i l m  a s  one 

e l e c t r o d e  and a l i t h i u m  ( L i )  metal slab as t h e  c o u n t e r  e l e c t r o d e  

wi th  1 M LiClO,, i n  THF a s  t h e  e l e c t r o l y t e  s o l u t i o n .  The two e l e c -  

t r o d e s  were in t roduced  i n  a 5 mm ESR t u b e  with t h e  (CH) e l e c t r o d e  

i n  t h e  bottom and t h e  L i  e l e c t r o d e  1 cm above. 

RESULTS AND DISCUSSION 

Figure  1 shows t h a t  b e f o r e  doping t h e  ESR spectrum had a broad 
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128 A. EL-WODARY AND P. BERNIER 

b0 mn 
1=0 p A  

Q = O  mC 
Y = O  % 

fd=8 mn 
1 = 3 8  p A  

Q = 6  mC 
Y=0.06 % 

&=18  mn 
1 = 5 7  p A  

Q = 3 0  mC 
Y= 0.3 % 

Q=1700 mC 
Y = 1 8  % 

FIGURE 1 Evolut ion of t h e  ESR s i g n a l  of cis-(CH) dur ing  

t h e  e l e c t r o c h e m i c a l  L i  doping f o r  v a r i o u s  t ime,  

c u r r e n t  , charge and doping l e v e l .  

s i g n a l  (Gaussian shape)  wi th  a peak t o  peak l i n e  widthAHpp-7 G 

c h a r a c t e r i s t i c  of c i s - (  CH) 

with AHppJ7 G and narrow withAHppW1 G I  has  been observed f o r  a 

doping l e v e l  as low as y w  0 .06  %. The s u p e r p o s i t i o n  i s  due t o  t h e  

inhomogeneous d i s t r i b u t i o n  of c u r r e n t  d e n s i t y  on t h e  (CH) f i l m  and 

so  of t h e  dopant d i s t r i b u t i o n  ( t h e  upper  p a r t  of t h e  film being  

more doped than t h e 1 a w e r ) a s  a consequence of t h e  geometry of t h e  

ce l l .  For doping l e v e l s  h i g h e r  than  y.  (yiw 0.3 t o  0.8 % dependirg 

on t h e  exper imenta l  c o n d i t i o n s )  t h e  broad s i g n a l  completely d isap-  

peared and t h e  ESR spectrum c o n s i s t e d  of a s i n g l e  narrow l i n e  

A s u p e r p o s i t i o n  of two s i g n a l s  (broad x 
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( L o r e n t z i a n  s h a p e )  wi th  AHpp-0.8 G c h a r a c t e r i s t i c  of t r a n s  

(CH)x1’394. The v a r i a t i o n  of AHpp wi th  t h e  doping level is shown 

i n  Figure 2. The doped f i l m  ( ~ 0 0 . 9  %) could be  undoped by applying 

t h e  p o t e n t i a l  c h a r a c t e r i s t i c  of t h e  p a r e n t  ( C H I x .  A t  t h e  end of t h e  

undoping process ,  t h e  ESR spectrum had t h e  same Lorentz ian  shape  

and t h e  same peak t o  peak l i n e  w i d t h u 0 . 8  G as i n  t h e  doped case. 
The ESR i n t e n s i t y  (undoped) was s u b s t a n t i a l l y  smaller t h a n  i n  t h e  

doped case b u t  n o t  s i g n i f i c a n t l y  d i f f e r e n t  from t h e  i n t e n s i t y  of 

t h e  i n i t i a l  cis-rich-(CH)x. The sudden d e c r e a s e  of AHpp from -7 G 

t o  d O . 8  G when doping is a t t r i b u t e d  t o  t h e  i s o m e r i z a t i o n  process9  

and t h e  c o n s t a n t  v a l u e  of AHpp-0.8 G d u r i n g  undoping s u g g e s t  t h a t  

a s ta te  of complete or almost complete i s o m e r i z a t i o n  h a s  been rea- 

ched. y 

achieved and its va lue  (0 .3  to  0.8 %) is comparable wi th  t h e  v a l u e  

0.5 % r e p o r t e d  by Mihaly e t  a?. The s h o r t  doping t i m e  (low doping 

l e v e l )  r e p o r t e d  by Fransois  e t  a13 and Rachdi e t  a1 for t h e  iso- 

m e r i z a t i o n  %also c o n s i s t e n t  wi th  o u r  r e s u l t .  

is then  t h e  doping l e v e l  a t  which t h e  i s a n e r i z a t i o n  is i 

4 
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130 A. ELKHODARY AND P. BERNIER 

On t h e  o t h e r  hand, our  v a l u e  is i n  s t r o n g  apparent  d i s a g r e e -  
2 7 

ment wi th  Chung e t  a1 , Feldblum e t  a16, Hoffmanet a1 and Tanaka 
8 - e t  a1 who have deduced t h a t  a h i g h  c o n c e n t r a t i o n w 6  % is requi red  

f o r  a complete i s o m e r i z a t i o n .  We t h i n k  t h a t  t h i s  is only an appa- 

r e n t  disagreement  due t o  d i f f e r e n c e s  i n  doping techniques .  

Two very impor tan t  p o i n t s  must be  c l a r i f i e d  : 
3 34 - Chemical doping 

cont inuous ly .  In t h i s  case t h e  system is permanently far  from 
equi l ibr ium f o r  high doping rates or h i g h  c u r r e n t  d e n s i t i e s .  On 

t h e  cont ra ry  o p t i c a l  measurements 

t rochemica l  process .  During each s t e p  t h e  system was c l o s e  t o  i t s  

equi l ibr ium and consequent ly  c u r r e n t  d e n s i t i e s  were small. 

- Pre l iminary  r e s u l t s  show t h a t  t h e  value of  t h e  doping l e v e l  y 

depends on t h e  doping c u r r e n t  I (y  i 
Taking i n t o  account  t h e s e  remarks w e  s u g g e s t  t h a t  t h e  r a t e a t w h i c h  

t h e  polymer is doped is of prime importance for t h e  d e f i n i t i o n  of 

t h e  doping l e v e l  y 

propose t h e  f o l l o w i n g  model t o  e x p l a i n  our exper imenta l  r e s u l t s  : 

fi For s h o r t  t i m e ,  as t h e  e l e c t r o c h e m i c a l  doping is a s u r f a c e  e f -  

fec t ,  t h e  m a j o r i t y  of t h e  charges  i n j e c t e d  a t  t h e  s u r f a c e  of  t h e  

f i b r i l s  h a s  no time t o  d i f f u s e  i n s i d e  t h e  f i b r i l s  ( t h e  d i f f u s i o n  

c o e f f i c i e n t  of L i  i n  t h e  s o l i d  phase i s  ,v 5 X 1 0  cm2 sec ) ,  

II There is a g iven  c o n c e n t r a t i o n  of  dopant  i o n s  a t  t h e  s u r f a c e  of  

t h e  f i b r i l s  (cor responding  roughly t o  one dopant  p e r  cha in  of 

(CHIx ) a t  which t h e  i s o m e r i z a t i o n  can occur  as a c o l l e c t i v e  pro- 

c e s s  i . e .  for t h e  whole volume o f  t h e  f i b r i l s .  

* For high doping c u r r e n t  v a l u e s ,  t h i s  c o n c e n t r a t i o n  can be  a t t a i -  

ned very r a p i d l y  (consequent ly  a t  v e r y  low doping l e v e l )  and t h e  

i somer iza t ion  can be  achieved.  

u The doping l e v e l  (ob ta ined  as a mean va lue  over  t h e  whole sample) 

a t  which t h e  i s o m e r i z a t i o n  can be  achieved y i s  much less than  

t h e  l o c a l  dopant concent ra t ion  close t o  t h e  s u r f a c e  of t h e  f i b r i l .  

and our e l e c t r o c h e m i c a l  doping were performed 

2,6-8 used a s t e p  by s t e p  e l e c -  

i 
i n c r e a s e s  when I d e c r e a s e s ) .  

a t  which t h e  i s o m e r i z a t i o n  is achieved.  We i 

+ -18 -1 9 
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ELECTROCHEMICAL ISOMERIZATION: IN SITU ESR STUDY 131 

II When t h e  d o p i n g  is performed v e r y  s l o w l y  t h e  col lect ive motion 

of t h e  c h a i n s  canno t  b e  t r i g g e r e d .  P a r t s  of t h e  f i b r i l s  which are 

a l r e a d y  i s o m e r i z e d  are p r e f e r e n t i a l l y  doped and a t o t a l  i s o m e r i z a -  

t i o n  is reached  o n l y  f o r  h i g h  dopan t  c o n c e n t r a t i o n .  
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