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CHARACTERIZATION AND DOPING OF POLY(PARAPHENYLENE) 
PREPARED BY CATALYZED ELECTROPOLYMERIZATION 

G .  FROYER, F. MAIJRICE, J.Y. GOBLOT 
C . N . E . T . ,  LAB-ROC/TIC, B.P. 40,  22301 Lannion Cedex, F rance  
J . F .  FAUVAKQUE, M.A. PETIT, A. DIGUA 
U n i v e r s i t g  P a r i s  Nord, L a b o r a t o i r e  d e  Recherches s u r  l e s  
MacromolGcules, 93430 V i l l e t a n e u s e ,  F rance  

A b s t r a c t  A new poly(parapheny1ene)  r e c e n t l y  o b t a i n e d  by 
e l e c t r o p o l y m e r i z a t i o n  o f  d i h a l o b e n z e n e  is d e s c r i b e d  i n  t e rms  
o f  i n f r a - r e d  and W - v i s i b l e  a b s o r p t i o n s ,  e l e c t r o n  paramagne- 
t i c  r e sonance ,  DC c o n d u c t i v i t y  o f  t h e  p r i s t i n e  material .  The 
f i r s t  d a t a  on AsF5 doping are g i v e n .  The p r o p e r t i e s  o f  t h e  
e l e c t r o p o l y m e r  are compared t o  t h o s e  o f  o t h e r  po ly (pa rapheny-  
l e n e )  s y n t h e s i z e d  by chemica l  methods.  

INTRODUCTION 

For  t h e  l a s t  few y e a r s ,  poly(parapheny1ene)  PPP h a s  been  ma in ly  

s y n t h e s i z e d  by two methods'-*. The r e s u l t i n g  polymers  are d i f f e -  

r e n t  owing t o  t h e  d i f f e r e n t  chemica l  n a t u r e  of t h e  growing s p e c i e s  

invo lved  i n  t h e  p o l y m e r i z a t i o n  r e a c t i o n s  . It is  w e l l  known t h a t  

PPP i s  a n  e l e c t r o a c t i v e  whose t r a n s p o r t  p r o p e r t i e s  are 

i n f l u e n c e d  by i m p u r i t i e s  , and t h u s  t h e  s y n t h e s i s  method de te rmi -  

n e s  i n  p a r t  t h e  polymer b e h a v i o r .  I n  t h i s  p a p e r ,  we  r e p o r t  b r i e f l y  

on a new PPP, o b t a i n e d  by e l e c t r o p o l y m e r i ~ a t i o n ~  o f  d i h a l o b e n z e n e ,  

which show some i n t e r e s t i n g  p e c u l i a r i t i e s .  

3 

6 

ELECTROPOLYMERIZATION 

The e l e c t r o p o l y m e r i z a t i o n  was c a r r i e d  o u t  unde r  a r g o n  a t  room 

t e m p e r a t u r e  i n  a t h r e e  e l e c t r o d e  c e l l  w i t h  c a t h o d i c  and  a n o d i c  

compartments s e p a r a t e d  by a s i n t e r e d  g l a s s  d i s k .  The working 

e l e c t r o d e  w a s  a mercury p o o l  and l i t h i u m  w a s  u sed  as t h e  c o u n t e r  
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268 0. FROYER et al. 

e l e c t r o d e .  The p o t e n t i a l  of  t h e  working e l e c t r o d e  a g a i n s t  a 

Ag/AgC104 0 . 1  M r e f e r e n c e  e l e c t r o d e  w a s  f i x e d  by a SOLEA-TACUSSEL 

p o t e n t i o s t a t  a t  - 2.6 v o l t s .  

The e l e c t r o l y t e  was o b t a i n e d  by d i s s o l v i n g  LiC104 i n  a mixtu- 

r e  of THF-HMF'A7 * The monomer w a s  e i t h e r  paradibromobenzene o r  para-  

dibromobiphenyl and t h e  r e a c t i o n  was c a t a l y z e d  by a complex 

NiC12(C6H5)2P-CH2-CH2-P(C6H5)2 (NiC12 dppe ) .  

- g e n e r a t i o n  of z e r o  v a l e n t  Nickel complex by e l e c t r o r e d u c t i o n  

The r e a c t i o n  fol lowed t h e  g e n e r a l  scheme : 

+ 2 e- N i C l  dppe -> N i  dppe 2 

t h e n  

n X-C H -X + 6 4  n N i  dppe + n  X-C6H4Ni X dppe 

- r e d u c t i o n  of  t h e  above complex l e a d i n g  t o  p o l y m e r i z a t i o n  

-(C H ) - + N i  dppe - 2 .6  v Ag/Ag+ 
6 4 n  n X-C6H4Nidppe __i) 

A f t e r  t h e  e l e c t r o l y s i s ,  t h e  ye l low suspens ion  w a s  a c i d i f i e d  

and t h e  s o l i d  w a s  f i l t e r e d  o u t .  It  was t h e n  tho rough ly  washed w i t h  

v a r i o u s  s o l v e n t s  and t r e a t e d  w i t h  b o i l i n g  s o l u t i o n s  o f  H C 1  2 M. 

The remaining yel low polymer w a s  f i n a l l y  d r i e d  under  vacuum a f t e r  

f u r t h e r  washing w i t h  s o l v e n t s  ( y i e l d  c l o s e  t o  80 %). Elemental  

a n a l y s i s  showed t h a t  t h e  polymers c o n t a i n e d  abou t  4 % of  bromine. 

CHARACTERIZATION 

FTIR 

The i n f r a - r e d  s p e c t r a  of  t h e  e l e c t r o p o l y m e r s  showed t h e  same fea -  

t u r e s  as t h e  r e g u l a r  PPP : s t a n d a r d  v i b r a t i o n s  a t  1000, 805.5-806; 

764-766 and 691-694 cm-'. I n  f i g u r e  1, we have r e p r e s e n t e d  the 

650-900 cm-l r e g i o n  t a k e n  from a t y p i c a l  spectrum. The v i b r a t i o n s  

t a k i n g  p l a c e  in t h i s  r a n g e  a l lowed  a n  estimate of  t h e  mean c h a i n  

l e n g t h  as i t  i s  w e l l  known t h a t  t h e  CH o u t  of  p l a n e  v i b r a t i o n  f o r  

a p a r a  d i s u b s t i t u t e d  benzene r i n g  (around 800 cm-') s h i f t s  toward 
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CHARACTERIZATION AND DOPING OF POLY(PARAPHENYLENE) 269 

lower  f r e q u e n c i e s  as t h e  c h a i n  l e n g t h  i n c r e a s e s .  The o p p o s i t e  

b e h a v i o r  i s  obse rved  f o r  the CH o u t  o f  p l a n e  v i b r a t i o n  f o r  a mono 

s u b s t i t u t e d  benzene r i n g  ( a round  760 cm ) .  -1 

Yamamoto 

CH out of  plane vibrations 
for a mono substitued 

benzene 
cm-’ 

70 

1 

800 700 cm-’ 10 4olr 805.7 

CH out of plane vibration 
for a para disubstitued 

benzene 

V 
cm-’ 

FIGURE 1 FTIR spec t rum (650-900 c m - l  Kovacic 
r e g i o n )  of  a n  e l e c t r o  po ly (pa rapheny1ene ) .  
I n s e r t s  : f o r  comparison I R  s p e c t r a  o f  Yamamoto and  Kovacic 
PPP, 

A s  compared t o  Yamamoto2 and  Kovacic’ PPP s p e c t r a ,  o n e  c a n  see that 

t h e  e l e c t r o p o l y m e r  spectrum i s  v e r y  c l o s e  t o  t h a t  o f  t h e  Kovacic 

PPP i n  terms of  peaks maxima and i n t e n s i t i e s .  T h i s  would i n d i c a t e  

t h a t  t h i s  new PPP h a s  f a i r l y  l o n g  c h a i n s .  

O p t i c a l  a b s o r p t i o n  

In  f i g u r e  2 ,  we have r ep roduced  t h e  o p t i c a l  a b s o r p t i o n  f o r  t h e  PPP 

s y n t h e s i z e d  by t h r e e  d i f f e r e n t  r o u t e s .  It  is t o  b e  n o t e d  t h a t  t h e  

maximum s t a n d s  a t  3 . 2 5  - 3.30 e V  and t h e  band edge a t  2.85 - 
2.90 eV f o r  t h e  e l e c t r o p o l y m e r  which i s  v e r y  similar t o  t h e  v a l u e s  

o b t a i n e d  f o r  t h e  Kovacic PPP. 

Furthermore,  t h i s  new PPP p r e s e n t s  t h e  same o p t i c a l  a b s o r p t i o n  

c u r v e  as t h e  Kovacic PPP. 

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:
46

 2
0 

Fe
br

ua
ry

 2
01

3 



270 G. FROYER er al. 

I I ,  eV 
3 4 5 

FIGURE 2 O p t i c a l  a b s o r p t i o n  of poly(parapheny1enes) as 
a f u n c t i o n  of  energy 

These two f e a t u r e s  would mean t h a t  bo th  polymers possess  t h e  same 

chain  l e n g t h  d i s t r i b u t i o n  and t h a t  t h e i r  average  molecular  weight  

are i d e n t i c a l ,  which is i n  good agreement w i t h  t h e  I R  d a t a .  

E lec t ron  paramagnetic resonance 

EPR experiments were run  on t h e  e lec t ropolymer  powder us ing  a 

s tandard  X band spec t rometer .  The s i g n a l  w a s  symetrical w i t h  

AH = 7 .8  t o  8 . 7  Gauss and a g f a c t o r  very  c l o s e  t o  t h a t  of t h e  

f r e e  e l e c t r o n  as f o r  o t h e r  PPP. The s p i n  c o n c e n t r a t i o n  was d e t e r -  

mined thanks t o  a c a l i b r a t e d  ruby. I n  t h e  fo l lowing  t a b l e  are  sum- 

marized f o r  comparison t h e  d a t a  on t h e  t h r e e  PPP. 

PP 

A s  canbes- , there  i s  fundamental ly  no d i f f e r e n c e  between 

t h e  v a r i o u s  PPP i n  terms of AH t h e  l i n e w i d t h  i s  l a r g e ,  meaning 

t h a t  w e  a r e  d e a l i n g  w i t h  s p i n s  which are  n o t  moving*. The s p i n  

concent ra t ion  remains low whatever t h e  PPP sample. But it is  v e r y  

i n t e r e s t i n g  t o  n o t e  t h a t  the e lec t ropolymer  s t a n d s  midway between 

the Kovacic and Yamamoto polymers, the s p i n  c o n c e n t r a t i o n  corres- 

ponds t o  1 s p i n  p e r  roughly 10 (C6H4) u n i t s  i n  t h i s  case which i s  

very  low. 

PP, 

6 
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CHARACTERIZATION AND DOPING OF POLY(PARAPHENYLENE) 27 I 

Elec t ropo lymer  Kovacic Yamamo t o  

16  S p i n  c o n c e n t r a t i o n  2 t o  7 10 l6  10 l7  -10 l8 < 10  

AH 7.8 - 8.7 G 6 G  7 - 7.5 G 

d . c .  c o n d u c t i v i t y  < 10-18(ficm)-1 < 10-16(Qcmy1 < 
a t  R . T .  

a c t i v a t i o n  ene rgy  
u = f ( T )  

s p i n s l g  s p i n s l g  s p  i n s l g  

PP 

1 . 4  eV 1.4 - 1.6 e V  0.9 e V  

DC C o n d u c t i v i t y  as a f u n c t i o n  o f  t e m p e r a t u r e  

I n  o r d e r  t o  g e t  more i n f o r m a t i o n  abou t  t h e  e l e c t r o p o l y m e r  we  have  

r e c o r d e d  t h e  d . c .  c o n d u c t i v i t y  as a f u n c t i o n  o f  t e m p e r a t u r e  o n  

s e v e r a l  samples .  The expe r imen t s  w e r e  c a r r i e d  o u t  unde r  n i t r o g e n  

i n  a c r y o s t a t  s p e c i a l l y  des igned  t o  sweep a l a r g e  t e m p e r a t u r e  

r ange  + 200°C t o  l i q u i d  he l ium.  The d . c .  c o n d u c t i v i t y  a t  room t e m -  

p e r a t u r e  i s  v e r y  low and c o u l d  b e  e s t i m a t e d  t o  10 

u = f ( T )  f i t s  more o r  l e s s  a n  Ar rhen ius  p l o t  o r  a T-lI4 l a w ,  b u t  

t h e  t e m p e r a t u r e  r ange  r ema ins  t o o  na r row t o  d i s c r i m i n a t e  t h e  b e t -  

ter f i t  inambiguously.  Anyway, t h i s  polymer shows a h i g h  a c t i v a -  

t i o n  energy as compared t o  Kovacic PPP, t h i s  would mean, in con- 

n e c t i o n  w i t h  t h e  v e r y  l o w  d .c .  c o n d u c t i v i t y  a t  room t e m p e r a t u r e ,  

t h a t  t h e  e l e c t r o p o l y m e r  i s  v e r y  p u r e  and t h a t  w e  are a c t u a l l y  ap- 

p roach ing  t h e  i n t r i n s i c  p r o p e r t i e s  o f  PPP. The above t a b l e  c o l l e c t s  

some d a t a  on d i f f e r e n t  poly(parapheny1ene)  i n  t e r m s  o f  d . c .  con- 

d u c t i v i t y .  

-18 (Rcm)-'. The 

D O P I N G  

The f i r s t  r e s u l t s  o b t a i n e d  on AsF5-doped e l e c t r o p o l y m e r  i n d i c a t e  a 

d . c .  c o n d u c t i v i t y  a t  room t e m p e r a t u r e  ( f o u r  p o i n t  p robe  method) 

r a n g i n g  from 2 t o  25 (Rcm) . The chemica l  dop ing  w a s  r u n  unde r  

100 mbar AsF p r e s s u r e  a t  ambient  t e m p e r a t u r e  f o r  5 h o u r s  and l e a d  

t o  a doped material o f  g e n e r a l  fo rmula  : [C6H4(A~F5)o.35_o.40].  

-1 
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212 G. FROYER ef al. 

CONCLUSION 

A l l  t h e  d a t a  w e  have  d e v e l o p e d  

i n d i c a t e  t h a t  t h e  e l e c t r o p o l y m e r  cumula t e s  t h e  advan tages  of b o t h  

Kovacic and Yamamoto po ly (pa rapheny1enes ) .  Long polymer c h a i n s  

b e a r i n g  a lmos t  no d e f e c t s  w i t h  a h i g h  s t r u c t u r a l  r e g u l a r i t y  makes 

t h e  PPP s y n t h e s i z e d  by e l e c t r o c h e m i s t r y  a v e r y  e x c i t i n g  e l e c t r o -  

a c t i v e  polymer t o  work on. F u r t h e r  work is underway t o  g a i n  more 

i n f o r m a t i o n  abou t  i t s  p r o p e r t i e s .  

and commented i n  t h i s  pape r  would 
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