
This article was downloaded by: [Tomsk State University of Control Systems
and Radio]
On: 20 February 2013, At: 12:07
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

In Situ Raman and Epr
Investigations of A Cis-(Ch)X

Electrode
S. Lefrant a , P. Bernier b , R. B. Kaner c & A. G.
Racdiarmid c
a Laboratoire de Physique Crystalline CERA CNRS n°
13), Université de Nantes, 44072, Nantes, Cédex,
France
b G.O.P.C. (L.A. CNRS n° 233), Université de
Montpellier, 34060, Montpellier, France
c Department of Chemistry, University of
Pennsylvania, Philadelphia, PA, 19104, U.S.A.
Version of record first published: 20 Apr 2011.

To cite this article: S. Lefrant , P. Bernier , R. B. Kaner & A. G. Racdiarmid (1985):
In Situ Raman and Epr Investigations of A Cis-(Ch)X Electrode, Molecular Crystals and
Liquid Crystals, 121:1-4, 233-236

To link to this article:  http://dx.doi.org/10.1080/00268948508074867

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/10.1080/00268948508074867
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:
07

 2
0 

Fe
br

ua
ry

 2
01

3 



Mol. Cryst. t ic+  Cyst. 1985. Vol. 121, pp. 233-236 
0026-8941/8511214-0233/$10.00/0 
0 1985 Gordon and Breach, Science Publishers, Inc. and OPA Ltd. 
Printed in the United States of America 

I N  S I T U  RAMAN AN0 EPR INVESTIGATIONS OF A CIS-(CHIx 
ELECTROOE 
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L a b o r a t o i r e  de Physique C r i s t a l l i n e  [ERA CNRS no 131, 
Un ive rs i t i !  de Nantes, 44072 Nantes CBdex, France 

P. BERNIER 
G.O.P.C.  [L.A. CNRS no 2331, U n i v e r s i t 6  de M o n t p e l l i e r ,  
34060 M o n t p e l l i e r ,  France 

R.E. KANER and A.G. MACDIARMID 
Department o f  Chemistry, U n i v e r s i t y  o f  Pennsylvania,  
P h i l a d e l p h i a  PA 19104, U.S.A. 

A b s t r a c t  I n  s i t u  Raman and EPR exper iments have been 
performed on a c i s - [ C H l x  e l e c t r o d e  i n  an e l e c t r o c h e m i c a l  
c e l l  { [CHIx/ lM LiC104 i n  THF/Li). A f t e r  a n - t ype  doping 
w i t h  L i ,  t h e  Raman spec t ra  e x h i b i t  new f e a t u r e s  a t  

1600 cm-1 and 1270 cm-1, comparable t o  those ob ta ined  
w i t h  [ C H I ,  f i l m s  L i  doped v i a  a chemical  t rea tmen t .  The 
e v o l u t i o n  o f  t he  EPR s i g n a l  i s  f o l l o w e d  i n  a doping-dedopine 
cyc le ,  showing b o t h  t h e  r e v e r s i b i l i t y  o f  t h e  process as w e l l  
as t h e  evidence f o r  a m e t a l l i c  behav io r  a t  t h e  maximum 
doping concen t ra t i on .  

The e l e c t r o c h e m i c a l  c e l l  was used i n  t h i s  s tudy b u i l t  a t  t h e  Un i -  

v e r s i t y  o f  Pennsylvania i n  a p u r i f i e d  argon atmosphere d r y  b o x .  

One e l e c t r o d e  was made o f  a c i s - r i c h  (CHI, f i l m  mechan ica l l y  

pressed on to  a p l a t i n u m  g r i d .  The second one was made o f  a l i t h i u m  

p l a t e .  The two e l e c t r o d e s w a r e s e p a r a t e d  by a kiln - d r i e d  g l a s s  

f i l t e r  paper and t h e  e n t i r e  assembly was i n s e r t e d  i n t o  a s m a l l  

r e c t a n g u l a r  g l a s s  c e l l  i n  which a 1.0 M LiC104/THF e l e c t r o l y t e  

was added. 

The o p e n - c i r c u i t  v o l t a g e  Voc o f  t h e  as prepared c e l l  was 

2.30 V as t y p i c a l l y  observed " l1 .  The n-doping o f  t h e  [CHI, f i l m  

was achieved by l o w e r i n g  t h e  p o t e n t i e l  o f  t h e  c e l l  down t o  n r 1 . 2  V 
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234 S. LEFRANT et al. 

and t h e  dedoping by i n c r e a s i n g  i t  back t o  2.3 V. The average 

dopant c o n c e n t r a t i o n  y was determined by measuring t h e  charge 

passed d u r i n g  t h e  dedoping process. The r e s u l t  was con f i rmed  by 

t h e  Voc v o l t a g e  measured a f t e r  doping f r o m  t h e  Voc versus y c u r -  

ves determined p r e v i o u s l y  f o r  t h i s  system (21. The Raman s p e c t r a  

were taken a f t e r  t h e  f i r s t  doping process and t h e  EPR experiments 

were performed d u r i n g  t h e  second doping-dedoping c y c l e .  

The Rarnan s p e c t r a  were reco rded  u s i n g  s tandard  equipment, 

w i t h  a l l  t h e  conven t iona l  wavelengths [ x ~ )  e m i t t e d  e i t h e r  f r o m  a 

k r y p t o n  o r  an argon Cw l a s e r .  A t  t h e  b e g i n n i n g  o f  t h e  doping 

process, no change i n  t h e  Raman spectrum was d e t e c t e d  [ u n t i l  y 

= 0.02 % ) ,  t h e  Raman l i n e s  ass igned t o  t h e  c i s  isomer, t o g e t h e r  

I 
lm, 12w 1100 rn 

m" - 
Raman s p e c t r a  o f  {L i y * (CH) -Y)x  taken  i n  s i t u  i n  t h e  
e l e c t r o c h e m i c a l  c e l l  a t  20' C ; [ y  = 0.041. 
a )  AL = 676.4 nm ; b )  AL = 457.9 nrn ; 
c )  AL = 514.5 nm. 

FIGURE 1 

w i t h  t h e  bands c h a r a c t e r i s t i c  o f  a s m a l l  amount o f  t r a n s  b e i n g  
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IN SITU RAMAN AND EPR INVESTIGATIONS ... 235 

o b s e r v a b l e .  A f t e r  a doping  e v a l u a t e d  t o  y 2 4 %, t h e  Rarnan s p e c t r a  

o b t a i n e d  a r e  p r e s e n t e d  F i g u r e  1 f o r  d i f f e r e n t  e x c i t a t i o n  wave- 

l e n g t h s .  Two peaks  a r e  o b s e r v e d  a t  1070 and 1460 cm-’ f o r  

AL = 676.4  nm, s h i f t e d  t o  1136 and 1544 cm-1 f o r  1, = 457 .9  cm- l .  

F o r  1~ = 514.5  nm, s t r o n g  a d d i t i o n a l  bands  are s e e n  a t  2 1570- 

1600 crri-l and 127G ern-'. There new f e a t u r e s  are a g e n e r a l  r e s u l t  

of a n - type  doped [ C H I ,  s y s t e m  as  r e p o r t e d  by E c k h a r d t  et a l .  [31 

and o b s e r v e d  i n  Na-doped (CHI, [41.  T h e r e  a d d i t i o n a l  bands  d i s a p -  

pear comple t e ly  a f t e r  an e l e c t r o c h e m i c a l  dedoping  and  o n l y  t h e  

Raman bands  due t o  a t rans  i s o m e r  a r e  s t i l l  o b s e r v e d .  

O n  F i g u r e  2 a r e  p r e s e n t e d  s u c c e s s i v e  ESR s p e c t r a  o b t a i n e d  

FIGURE 2 S u c c e s s i v e  EPR s p e c t r a  o f  {(CH1-YLiy+), d u r i n g  
t h e  doping  and  t h e  dedop ing  p r o c e s s e s .  

d u r i n g  t h e  dop ing  and  t h e  dedop ing  p r o c e s s e s .  We s t a r t e d  from a n  

ESR spec t rum c h a r a c t e r i s t i c  of t h e  t r a n s  i s o m e r  r e s u l t i n g  f rom a 

f i r s t  doping-dedoping  c y c l e  [ t h e  A/B r a t i o  was a b o u t  1 . 7  due t o  

t h e  p r e s e n c e  o f  t h e  e l e c t r o l y t e  s o l u t i o n ,  and t h e  A H p p  was a b o u t  

1 GI. Then, an  i n c r e a s e  o f  t h e  A/B r a t i o ,  a s  well as  t h e  i n t e n s i t y  
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236 S. LEFRANT ct al. 

o f  the  ESR s i g n a l  a re  observed upon doping. F o r  t h e  h i g h e s t  

concen t ra t i on ,  y = 4.17 %, we found A/B = 3.6. Upon dedoping, t h e  

s i g n a l  i n t e n s i t y  and t h e  A/B r a t i o  decrease t o  come back t o  t h e i r  

i n i t i a l  va lue  a f t e r  t h e  complete c y c l e .  

T h e  combined i n  s i t u  ESR and Raman experiments, o f  a Li-doped 

(CHI, e l e c t r o d e  y i e l d  i m p o r t a n t  i n f o r m a t i o n  about  t h e  n - t ype  do- 

p i n g  process. From t h e  ESR exper iments,  i t  is proved t h a t  f o r  

y = 4.17 %, a m e t a l l i c  s t a t e  has been reached and t h e  r e v e r s i l i t y  

o f  t he  process i s  demonstrated, orice t h e  i s o m e r i z a t i o n  has occu r red  

(2nd c y c l e ) .  I n  Raman experiments, t h e  new f e a t u r e s  abready seen i n  

(CHI, chemica l l y  doped w i t h  L i  a r e  aga in  observed w i t h  t h e  appea- 

rance o f  two a d d i t i o n a l  mode a t  1600 cm-l and 1270 cm-l.  The Raman 

mode a t  1600 cm-I seems t o  c h a r a c t e r i z e  any doped system s i n c e  i t  

appears even i n  p-doped [CHI, ( 5 ) .  The mode a t  1270 cm-1 does n o t  

depend upon t h e  n- type dopant. I t s  assignment i s  n o t  q u i t e  c l e a r ,  

b u t  i t  must be n o t i c e d  t h a t  an I R  mode a t  t h i s  wavenumber i s  seen 

i n  the  IR a b s o r p t i o n  o f  doped systems.An a l t e r n a t i v e  e x p l a n a t i o n  

can be g i v e n  by ab i n i t i o  c a l c u l a t i o n s  per formed by Z e r b i  e t  a l .  

who showed t h a t  a mode a t  1260 cm-I i s  p r e d i c t e d  f o r  an undimer ized 

chain.  F i n a l l y ,  upon dedoping, a spectrum o f  a good t r a n s  isomer 

can be recorded, and t h i s  r e s u l t  c o n f i r m  t h e  good r e v e r s i b i l i t y  o f  

t he  process. T h i s  r e v e r s i b i l i t y  was a l s o  shown by s i m i l a r  Raman ex- 

per iments on e l e c t r o c h e m i c a l l y  p-doped [CHI,, as shown r e c e n t l y ( 6 1 .  
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