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Fig.3 : Comparison of the ellipsometric data ;delta (a) and p s i (b) 
measured at 725 nm , during galvanostatic (G) and 
potentiostatic (P) PMeT growth. 

F t a . 4 Real (a) and imaginary (b) part of complex d i e l e c t r i c 
constant for PMeT (|) denotes the start of f i r s t layer and 
(f ) the transition for a second layer formation. 

T H E R O L E O F T H E " C H A R G I N G C U R R E N T " IN T H E E L E C T R O C H E M I C A L 

B E H A V I O U R O F P O L Y P Y R R O L E 

L . M . A b r a n t e s 1 , J . C . M e s q u i t a 1 , M . K a l a j i 2 , L . M . P e t e r 2 

4 C E C U L ( I N I C ) , D e p a r t m e n t o f C h e m i s t r y , F a c u l t y o f 
S c i e n c e s , 1 2 9 4 L i s b o a C o d e x , P O R T U G A L 

2 

D e p a r t m e n t o f C h e m i s t r y , T h e U n i v e r s i t y , 
S o u t h a m p t o n S 0 9 5 N H , UK 

I n s p i t e o f t h e e x t e n s i v e r e s e a r c h i n t h e a r e a o f 

c o n d u c t i n g p o l y m e r s d u r i n g t h e p a s t f e w y e a r s , a s a r e s u l t 

o f t h e i n t e r e s t i n p o t e n t i a l a p p l i c a t i o n s o f t h e s e 

m a t e r i a l s , t h e i n t e r p r e t a t i o n o f s o m e a s p e c t s o f t h e i r 

e l e c t r o c h e m i c a l b e h a v i o u r i s s t i l l c o n t r o v e r s i a l 111. 

I n t h e e l e c t r o c h e m i c a l b e h a v i o u r o f d i f f e r e n t 

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

a f t e r t h e v o l t a m m e t r i c p e a k s i s c h a r a c t e r i s t i c a n d w a s 

a t t r i b u t e d t o a d o u b l e l a y e r c h a r g i n g 121. T h e a . c . 

i m p e d a n c e i s u s e d a s a t e c h n i q u e t o e v a l u a t e t h e n a t u r e o f 

t h a t c u r r e n t p l a t e a u 131, b u t t h e e x p e c t e d W a r b u r g 

b e h a v i o u r i s n o t o b s e r v e d . A s p o i n t e d o u t b y R u b i s t e i n e t 

ctl 141, i t i s n o t p o s s i b l e t o d i s t i n g u i s h a n o n - f a r a d a i c 

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

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

T h e r e l a t i o n s h i p b e t w e e n e l e c t r i c a l a n d o p t i c a l a . c . 

r e s p o n s e h a s b e e n r e c e n t l y d i s c u s s e d 15,61 a n d t h e 

s i m u l t a n e o u s a n a l y s i s o f t h e p e r i o d i c e l e c t r i c a l a n d 

o p t i c a l r e s p o n s e o f P A N I m o d i f i e d e l e c t r o d e s w a s s h o w n t o 

b e r e l a t e d w i t h F a r a d a i c p r o c e s s e s 161. 

I n t h e p r e s e n t s t u d y m o d u l a t e d t r a n s m i t t a n c e w a s 

a p p l i e d t o c h a r a c t e r i z e p o l y p y r r o l e ( P P y ) . T h i n P P y f i l m s 

w e r e e 1 e c t r o s y n t h e s i z e d o n o p t i c a l t r a n s p a r e n t e l e c t r o d e s , 

I T O , f r o m p y r r o l e i n a c e t o n i t r i 1 e . A t y p i c a l c y c l i c 

v o l t a m m o g r a m i s s h o w n i n f i g u r e 1 - a ) t o g e t h e r w i t h t h e 

o p t i c a l a b s o r b a n c e c h a n g e a t 5 5 0 n m . T h e a b s o r b a n c e 

i n c r e a s e , e v e n a f t e r t h e p e a k c u r r e n t , v a r i e s l i n e a r l y 

Portugaliae Electrochimica Acta, 9 11991) 167-170 



- 168 -
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F i g . 2 - a ) B o d e p l o t o f t h e i m p e d a n c e o f t h e e q u i v a l e n t 
c i r c u i t d e s c r i b e d i n r e f e r e n c e 6. 

b ) B o d e p l o t o f t h e i m p e d a n c e o f a 1 0 0 nm P P y 
f i l m . 
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ABSTRACT 

The a n o d i c b e h a v i o u r o f an h y d r i d e - i s o c y a n i d e i r o n ( I I ) 
c o m p l e x , [ F e H ( C N M e ) ( d p p e ) 2 J [ B F 4 ] , was i n v e s t i g a t e d u s i n g a 
d i g i t a l s i m u l a t i o n computer program a p p l i e d t o c y c l i c 
v o l t a m m e t r y e x p e r i m e n t s . The p r o p o s e d mechanism i s o f an 
ECECE t y p e , and t h e homogeneous r a t e c o n s t a n t s were e v a l u a 
t e d . 

RESULTS and DISCUSSION 

The a n o d i c o x i d a t i o n o f t h e i r o n ( I I ) complex 
[ F e H ( C N M e ) ( d p p e ) 2 ] [ B F 4 ] (dppe = P h 2 P C H 2 C H 2 P P h 2 ) was s t u d i e d 
by c y c l i c v o l t a m m e t r y , a t a p l a t i n u m e l e c t r o d e , i n a 0.2M 
[ B u 4 N ] [ B F 4 ] / T H F e l e c t r o l y t e s o l u t i o n , and by c o n t r o l l e d 
p o t e n t i a l e l e c t r o l y s i s a t a p l a t i n u m gauze i n t h e same 
e l e c t r o l y t e s o l u t i o n , as d e s c r i b e d p r e v i o u s l y [ 1 ] . 

The c y c l i c voltammogram shows two a n o d i c waves. The 
c u r r e n t f u n c t i o n f o r t h e f i r s t wave i n c r e a s e s f o r l o w e r s c a n 
r a t e s , whereas t h e s e c o n d wave d i s a p p e a r s a t h i g h s c a n 
r a t e s . 

The number o f e l e c t r o n s i n v o l v e d , as d e t e r m i n e d by c.p.e., 
a r e two f o r t h e f i r s t wave and one f o r t h e s e c o n d wave. 

The p r o d u c t o b t a i n e d by c o n t r o l l e d p o t e n t i a l e l e c t r o l y s i s 
a t t h e f i r s t wave was i s o l a t e d f r o m t h e e l e c t r o l y t e s o l u t i o n 
and i d e n t i f i e d as t h e f l u o r o - i s o c y a n i d e complex o f i r o n ( I I ) 
[ F e F ( C N M e ) ( d p p e ) 2 ] [ B F 4 ] ; i t s c y c l i c voltammogram shows a 
s i n g l e - e l e c t r o n r e v e r s i b l e o x i d a t i o n wave a t ^^/2 c o i n c i d e n t 
w i t h t h a t o f t h e above m e n t i o n e d s e c o n d wave. 

Through t h e a n a l y s i s o f t h e s e r e s u l t s and c o m p a r i s o n w i t h 
p u b l i s h e d d a t a [ 2 ] , we have p r o p o s e d t h e ECECE mechanism f o r 
t h e a n o d i c b e h a v i o u r o f t h a t complex i n d i c a t e d i n t h e 
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