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D O P I N G  OF NOVEL PHENYLENE DERIVATIVE POLYMERS 
RELATING TO ELECTRICAL CONDUCTIVITY 

D . R .  RUEDA,  T.A. EZQUERRA,  M . E .  CAGIAO, F 
and J .  ALONSO-LOPEZ” 
l n s t i t u t o  de  E s t r u c t u r a  de  l a  M a t e r i a ,  CS 
Se r rano ,  119. 28006 M a d r i d .  Spa in .  
“ S . E . A .  Tudor ,  M a d r i d .  Spa in .  

J .  BALTA CALLEJA, 

A b s t r a c t  Po ly -p -pheny lene ,  p r e p a r e d  i n  t h i s  l a b o r a t o r y ,  
commerc ia l  po l y -p -pheny lene  s u l p h i d e  and two  new h i g h  
t e m p e r a t u r e  thermop 1 a s t  i c p o l  yme r s  ( p o l  ya r y l  e t  he r s u  1 phone 
and p o l y a r y l e t h e r k e t o n e )  have been doped by means o f  SbCl . 
Measurements o f  e l e c t r i c a l  c o n d u c t i v i t y  a t  room tempera tu?e  
c a r r i e d  o u t  i n  s i t u a s a  f u n c t i o n  o f  d o p i n g  t i m e  a r e  r e p o r t e d .  

INTRODUCTION 

The e l e c t r i c a l  c o n d u c t i v i t y  o f  doped po lymers  can t a k e - u p  c h a r a c -  

t e r i s t i c  f e a t u r e s  o f  semiconduc to rs  and m e t a l s  depend ing  on t h e  

s p e c i f i c  r e a c t i o n  o f  dopant  w i t h  t h e  po lymer  and on t h e  dopant  

c o n c e n t r a t i o n  . Conduc t ing  po lymers  l i k e  p o l y a c e t y l e n e ,  p o l y - p -  

pheny lene  and p o l y p y r r o l ,  e x h i b i t i n g  h i g h e s t  c o n d u c t i v i t y  l e v e l s ,  

a r e ,  however ,  n e i t h e r  s o l u b l e  n o r  m e l t  p r o c e s s a b l e .  I n  t h e  p r e s e n t  

s t u d y  we r e p o r t  p r e l i m i n a r y  d a t a  on t h e  d o p i n g  a s p e c t s  o f  two new 

commerc ia l ,  m e l t  p r o c e s s a b l e  po l ymers  - P o l y a r y l e t h e r s u l p h o n e  (PES) 

and P o l y a r y l e t h e r k e t o n e  (PEEK) - i n  r e l a t i o n  t o  t h e i r  e l e c t r i c a l  

c o n d u c t i v i t y  l e v e l s  reached.  Ant imony p e n t a c h l o r i d e ,  SbCI5, a r e l a -  

t i v e l y  weak e l e c t r o n  a c c e p t o r  dopan t ,  was used. P o l y - p - p h e n y l e n e  

(PPP), and p o l y - p - p h e n y l e n e  s u l p h i d e  (PPS!, were a d d i t i o n a l l y  

i n v e s t i g a t e d  ow ing  t o  t h e  l a c k  o f  d a t a  f o r  t h i s  d o p a n t ,  and used  

as  r e f e r e n c e  sys tems.  

1 

EXPERIMENTAL 

P E S  and PEEK a r e  m e l t  p r o c e s s a b l e ,  a r o m a t i c  po l ymers  hav 

s t a n d i n g  p r o p e r t i e s  a t  h i g h  t e m p e r a t u r e s .  T h e i r  f o r m u l a e  
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264 D. R. RUEDA et al. 

[-$-S02-@-O-]n (PES) and [-1#1-C0-@-0-@-0-]~ (PEEK) where I$ denotes 

a phenylene r i n g .  PES i s  an amorphous polymer w i t h  a s o f t e n i n g  

p o i n t  o f  235°C. PEEK i s  a c r y s t a l l i n e  polymer w i t h  a h i g h  m e l t i n g  

p o i n t  (334°C)’. Both P E S  and P E E K  were c r y s t a l l i z e d  i n t o  f i l m s  o f  

80 pm t h i c k  from t h e  m e l t .  The sample o f  poly-p-phenylene, PPP, 

was prepared f o l l o w i n g  t h e  Kovacic method . Both PPP and commercial 

PPS (Ryton) were s i n t e r e d  i n  the  form o f  300 pm t h i c k  f i l m s  a t  room 

temperature and 0.75 GPa. Doping w i t h  SbC15 was c a r r i e d  o u t  w i t h i n  

a g l a s s  c e l l  under lO-’torr s t a t i c  vacuum a t  room temperature.  

C o n d u c t i v i t y  measurements were c a r r i e d  out i n  s i t u .  A l l  t h e  samples 

were c u t  i n t o  p a r a l l e l e p i p e d s  o f  lOx5xt  mm w i t h  two P t  w i r e s  

a t tached  a t  t h e i r  s h o r t e s t  edges u s i n g  e l e c t r o c o n d u c t i v e  cement. 

A K e i t h l e y  source o f  dc c u r r e n t  was employed. The r e l a t i v e  weight  

uptake, i n f r a r r e d  spectroscopy and wide angle X-ray d i f f r a c t o m e t r y  

were used t o  a f i r s t  c h a r a c t e r i z a t i o n  o f  doped samples. 

3 

RESULTS AND D I S C U S S I O N  

The I R  spec t ra  f rom the  s u r f a c e  o f  PPP and PPS f i l m s  (us ing  KBr 

method) and o f  P E S ’  s o l u t i o n  c a s t  f i l m  ( < l o  pm t h i c k )  do n o t  exhibit  

app rec iab le  changes a f t e r  doping w i t h  SbCl The wide ang le  X-ray 

d i f f r a c t o g r a m s  show, i n  c o n t r a s t ,  a d ramat i c  loss o f  peak i n t e n s i t y  

as a f u n c t i o n  o f  doping t ime  ( F i g .  1 ) .  T h i s  i s  due t o  t h e  h i g h  

mass-absorption c o e f f i c i e n t  (800 cm .g- ’ )  o f  t h e  dopant i n t e r c a l a t  d 

w i t h i n  the  polymer. By removing a t h i n  10 s u r f a c e  l a y e r  o f  t he  

t r e a t e d  polymer t h e  i n i t i a l  d i f f r a c t e d  i n t e n s i t y  i s  t o t a l l y  

recovered. T h i s  r e s u l t  i m p l i e s  t h a t  doping takes  p l a c e  p r e f e r e n -  

t i a l l y  a t  t he  s u r f a c e  and t h a t  d i f f u s i o n  o f  t h e  dopant i n t o  t h e  

sample proceeds s l o w l y .  F i g .  2 i l l u s t r a t e s  t h e  e v o l u t i o n  o f  t h e  

c o n d u c t i v i t y ,  U, f o r  PPP and P P S  w i t h  doping t ime .  For PPP CI r i s e s  

i n s t a n t l y  ( - 1  min)  some twe lve  o r d e r s  o f  magnitude. I t  shows a 

maximum a f t e r  8 min and f i n a l l y  l e v e l s  o f f  t o  a n e a r l y  cons tan t  

va lue  a f t e r  5 h. Under a p p l i c a t i o n  o f  a vacuum o f  10 t o r r  a 

decrease o f  about 2 decades a f t e r  16 h i s  observed. I n  t h e  case o f  

5’ 
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20 

F i g .  1 

30 

F i g .  2 
"28 

I 

i g .  1 .  WAXD i f f r a c t o g r a m s  u s i n g  CUK, r a d i a t i o n ,  a )  f r o m  a 

5 s i n t e r e d  f i l m  (750 p m  t h i c k )  o f  PPP doped w i t h  SbCl 
f o r  3 h ( r e l a t i v e  w e i g h t  i n c r e a s e  o f  - 3 % ) ,  b )  t h e  
same sample a f t e r  p e e l i n g  o f f  a t h i n  10 pm l a y e r .  

F i g .  2 .  E l e c t r i c a l  c o n d u c t i v i t y  o f  SbCl doped PPP ( 0 )  and PPS (m) 
as a f u n c t i o n  o f  d o p i n g  t i m e .  Arrows i n d i c a t e  when 
dynamic vacuum was a p p l i e d .  

5 

PPS t h e  i n i t i a l  r i s e  i n  5 i s  s l o w e r  t h a n  f o r  PPP and a f t e r  30 m i n  

shows a r a t h e r  broad maximum. Here t h e  0 l e v e l  i s  3 o r d e r s  o f  

magni tude s m a l l e r  t han  f o r  PPP.  For t>3  h a g radua l  f u r t h e r  

i n c r e a s e  i n  0 i s  d e t e c t e d .  

F i g .  3 i l l u s t r a t e s  t h e  v a r i a t i o n  o f  u f o r  P E S  and PEEK as a 

f u n c t i o n  o f  d o p i n g  t ime .  I n  case o f  P E S  u reaches a maximum 

(10-70hm-1cm-1) and d rops  a g a i n  t o  i n s u l a t i n g  l e v e l s  a f t e r  6 m in .  

However, we n o t e d  t h a t  t h e  r e l a t i v e  w e i g h t  i n c r e a s e  a f t e r  30 m i n  

d o p i n g  was -15%.  A f t e r  h e a t i n g  t h e  SbCl g l a s s  v e s s e l  a t  66°C u 
reaches a g a i n  a w e l l  d e f i n e d  maximum, one o r d e r  o f  magn i tude  

-7 - 1  - 1  h i g h e r ,  and l e v e l s  o f f  t o  10 ohm cm a f t e r  22 m i n .  I n  t h e  case 

o f  P E E K  t h e  l e v e l  o f  0 a t  room t e m p e r a t u r e  i s  n e a r l y  u n d e t e c t a b l e .  

CI shows a maximum a f t e r  2 m i n  o f  d o p i n g .  By h e a t i n g  o f  SbCl 

62°C t h i s  sample reaches a a v a l u e  o f  10 ohm cm . Here t h e  

i n c r e a s i n g  r a t e  o f  o i s  much s l o w e r  t h a n  f o r  PES and a v e r y  b road  

maximum i s  observed.  The appearance o f  a u maximum c o u l d  be 

5 

5 at 7 - 1  -1 

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:
43

 2
0 

Fe
br

ua
ry

 2
01

3 



266 D. R. RUEDA el al. 

aA~+Z+-+--~-a-& 

d. I I a j P - 6 -  

t (min) 
10 20 30 00 

? 

0 

F i g .  3 .  Room temperature u o f  SbCl doped PES (0) and PEEK (a 
a f u n c t i o n  o f  doping time.5Fu11 symbols r e f e r  t o  u o f  
same samples a f t e r  h e a t i n g  t h e  SbCl vessel  (see t e x t  5 

r e l a t e d  t o  t h e  presence o f  new i o n i c  species f o r  t h e  dopant. 

Summarizing, w h i l e  f u r t h e r  a d d i t i o n a l  i n f o r m a t i o n  t o  exp 

as 
the  

a i n  

s a t i s f a c t o r i l y  t h e  k i n e t i c s  o f  u f o r  PES and PEEK i s  r e q u i r e d ,  t h e  

present  p r e l i m i n a r l y  r e s u l t s  and the  l e v e l s  o f  u p r e v i o u s l y  

repo r ted  f o r  PPP, PPS and PPO t r e a t e d  w i t h  o t h e r  r e l a t e d  doping 

agents (AsF5, SbF5)4’5 open up avenues f o r  these a romat i c  processa- 

b l e  polymers, a f t e r  doping,  as t h e r m o p l a s t i c  semiconduct ing mate- 

r i a l s .  Indeed, one can expect  t h a t  PES cou ld  reach u values s i m i l a r  

t o  PPS and t h a t  t h e  u l e v e l  f o r  PEEK c o u l d  l i e  between PPS and PPO. 
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