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ENHANCEMENT OF ELECTRIC CONDUCTIVITY OF POLYPYRROLE 
BY STRETCHING 

M. OGASAWARA, K. FUNAHASHI AND K. IWATA 
C e n t r a l  Research L a b o r a t o r i e s ,  T e i j i n  Ltd . ,  
4-3-2 Asahigaoka, Hino, Tokyo 191, Japan 

A b s t r a c t  Polypyrro le  f i l m s  w i t h  improved e l o n g a t i o n  a t  break  
were prepared  e l e c t r o c h e m i c a l l y  a t  l o w  temperature .  
Mechanical s t r e t c h i n g  of t h e  f i l m  gave h i g h l y  o r i e n t e d  f i l m  
with improved c o n d u c t i v i t y .  Maximum c o n d u c t i v i t y  was 
measured t o  be  a,, = 1005 S/cm. Anisotropy of  c o n d u c t i v i t y  
w a s  observed (o,,/a1 = 4.9) .  

INTRODUCTION 

I n c r e a s i n g  a t t e n t i o n  has been p a i d  on p o l y p y r r o l e  s i n c e  t h e  f i r s t  

p r e p a r a t i o n  by Kanazawa and coworkers o f  t h e  f l e x i b l e  f i l m  by 

e lec t rochemica l  ox ida t ion .  This  polymer i s  c h a r a c t e r i s t i c  n o t  

o n l y  i n  i ts  h igh  c o n d u c t i v i t y  (a Q 100 S / c m )  b u t  a l s o  i n  i t s  h i g h  

s t a b i l i t y .  However, s i n c e  i t s  f i r s t  i n t r o d u c t i o n ,  t h e  conduc- 

t i v i t y  l e v e l  has  remained unchanged i n  s p i t e  of v a r i o u s  

e f f o r t s .  ' 1  

S t r e e t  and coworkers4' 

t i v i  t y  . 

W e  supposed t h a t  t h e  s t r u c t u r a l  d i s o r d e r  sugges ted  by 

impeded t h e  improvement of  t h e  conduc- 

The p r e s e n t  paper  r e p o r t s  s u c c e s s f u l  p r e p a r a t i o n  of  h i g h l y  

s t r e t c h a b l e  f i l m  of  p o l y p y r r o l e  and t h e  e f f e c t  of s t r e t c h i n g .  

EXPERIMENTAL 

Polypyrro le  f i l m s  were prepared  by t h e  e l e c t r o c h e m i c a l  o x i d a t i o n  

of p y r r o l e .  The c e l l  conta ined  0.06 M of  p y r r o l e  and 0.1 M of  

tetraethylammonium p e r c h l o r a t e .  A plat inum p l a t e  w a s  used as an 

anode and a copper f o i l  as a cathode. The c u r r e n t  w a s  s e t  t o  
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and subsequent ly  s u b j e c t e d  to h e a t - s e t  a t  150’C f o r  5 min. 

The f i l m s  were s t r e t c h e d  w i t h  a hand-made appara tus  

RESULTS AND DISCUSSION 

Figure  1 shows t h e  e l e c t r i c a l  c o n d u c t i v i t y  of  p o l y p y r r o l e  f i l m s  

prepared  a t  v a r i o u s  temperatures .  The c o n d u c t i v i t y  i n c r e a s e d  w i t h  

‘‘I t 
t + 

FIGURE 1 Conduct iv i ty  
vs .  p r e p a r a t i o n  temper- 
a tu re  o f  po lypyrro le .  - 

-40 -20 0 20 40 
Temp. ( “ C )  

t h e  decreas ing  p r e p a r a t i o n  temperature .  T y p i c a l l y ,  a f i l m  pre-  

pared  a t  +2OoC showed a c o n d u c t i v i t y  of 97  S/cm. 

hand, a f i l m  prepared  a t  -2OOC showed a c o n d u c t i v i t y  of 207 S/cm. 

Elemental a n a l y s i s  of t h e s e  f i l m s  gave composi t ions of 

On t h e  o t h e r  

~ 4 . 0 0 ~ 3 . 4 8 ~ 1 . 0 0 ( ~ ~ ~ 4 ) 0 .  38 and C4.00H3.48N1.01 ( C 1 0 4 ) O .  3 8 r  re- 
s p e c t i v e l y ,  i n d i c a t i n g  no s u b s t a n t i a l  d i f f e r e n c e  between them. 

I n  o r d e r  t o  e l u c i d a t e  t h e  s t r u c t u r a l  d i f f e r e n c e ,  t h e  ESR 

spectra were compared. The l i n e  wid ths  of t h e  ESR spectra of t h e  

f i l m s  prepared  a t  + and - 2 O O C  were measured t o  b e  5.1 and 2.0,  

r e s p e c t i v e l y .  The narrow l i n e  width o f  t h e  f i l m  prepared  a t  -20°C 

i n d i c a t e s  extended space f o r  f r e e  e l e c t r o n .  These r e s u l t s  

suggested h i g h e r  conjugat ion  i n  t h e  polymer backbone. 

The mechanical p r o p e r t y  o f  the f i l m s  w a s  a l s o  c o n t r a s t i n g .  

The e longat ion  of  t h e  f i l m  prepared  a t  +2OoC was measured t o  be  6% 

which w a s  comparable to  t h e  d a t a  o b t a i n e d  by Diaz and coworkers.6 

I n  c o n t r a s t ,  t h e  f i l m  prepared  a t  -20OC e x h i b i t e d  a h i g h e r  
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ENHANCEMENT OF ELECTRIC CONDUCTIVITY OF POLYPYRROLE 161 

e l o n g a t i o n  t o  70%. Sometimes, t h e  e l o n g a t i o n  exceeded 100%. 

Based on t h e  d a t a ,  w e  s t r e t c h e d  t h e  f i l m  prepared  a t  -2OOC. 

The s t r e t c h i n g  was c a r r i e d  o u t  i n  t h e  fo l lowing  t h r e e  types  o f  

media i n c l u d i n g  a i r  a t  room tempera ture  o r  o r g a n i c  s o l v e n t s  a t  

40°C and vapor  of b o i l i n g  s o l v e n t s .  A f t e r  s t r e t c h i n g ,  t h e  f i l m  

was s u b j e c t e d  t o  h e a t - s e t  a t  15OOC f o r  5 min i n  a i r .  T a b l e  I 

summarizes t h e  d a t a .  

TABLE I Conduct iv i ty  of  p o l y p y r r o l e  f i l m  s t r e t c h e d  
i n  v a r i o u s  media. 

S t r e t c h e d  \\ 
A i r  r. t. 

PCa) Liq. 40 

CH3CN Vap. 82 

Liq. 40 

n-CgH14 vap. 69 

Liq. 40 

- 70 8 896 - 
300 740 860 1005 

- 774 960 - 

350 730 890 - 

340 540 805 - 
- - 783 - 

a )  propylene carbonate  

The f i l m s  prepared  a t  -2OOC could be s t r e t c h e d  up to  t w i c e  of t h e  

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

f i l m  w a s  o b t a i n e d  wi th  propylene  carbonate  as a medium. The 

c o n d u c t i v i t y  o f  t h e  f i l m s  d r a m a t i c a l l y  i n c r e a s e d  by s t r e t c h i n g .  

The f i l m  s t r e t c h e d  up t o  t w i c e  ranged 783+60 S/cm. Maximum 

c o n d u c t i v i t y  was measured t o  be  u,, = 1005 S/cm w i t h  t h e  f i l m  

s t r e t c h e d  2 . 2  t i m e s .  The h i g h  c o n d u c t i v i t y  w a s  a t t r i b u t a b l e  t o  

t h e  o r i e n t e d  s t r u c t u r e  of  t h e  polymer. 

This  i d e a  w a s  suppor ted  by t h e  X-ray a n a l y s i s  as g iven  i n  

F igure  2. The uns t re tched  f i l m  showed only  h a l o  r i n g s  i n d i c a t i n g  

no ordered  s t r u c t u r e .  I n  c o n t r a s t ,  t h e  s t r e t c h e d  f i l m  showed 

broad b u t  d i s t i n g u i s h a b l e  p a t t e r n s  on both  e q u a t o r i a l  and mer id ian  

d i r e c t i o n s .  
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162 M. OGASAKWARA, K. FUNAHASHI AND K. IWATA 

Unstretched S t r e t c h e d  (1.8) 

When a polypyrro le  f i l m  w i t h  a c o n d u c t i v i t y  o f  330 S/cm w a s  

s t r e t c h e d  up t o  1.9 t i m e s ,  t h e  c o n d u c t i v i t y  i n  t h e  d i r e c t i o n  o f  

s t r e t c h  increased  up t o  752 S / c m .  On t h e  o t h e r  hand, the conduc- 

t i v i t y  perpendicular  t o  t h e  d i r e c t i o n  of s t r e t c h  decreased  t o  

155 S/cm. The r a t io  was 4.9. The s t r e t c h e d  f i l m  showed almost  

t h e  same tempera ture  dependence of c o n d u c t i v i t y  as t h e  un- 

s t r e t c h e d  one. 
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