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VOLTAMMETRIG BEHAVIOUR OF I N S U L I N - Z I N C ON THE MERCURY INTERFACE 

J. Tri.iueque, F . V i c e n t e * . Depa r t amen to de Q u í m i c a F í s i c a . F a c u l t a d de 

Q u í m i c a . B u r j a s s o t . V a l e n c i a ( S p a i n ) . 

F . M a r t i n e z y J. V e r a . Depa r t amen to de Q u í m i c a F í s i c a . U n i v e r s i d a d de 

M u r c i a . M u r c i a ( S p a i n ) 

SUKKARY 

Insulin-zinc suspensions are more electroactive on the hanging 

mercury drop electrode (hmde) when the protein is in amorphous state. 

Reduction and reoxidation of disulphide bridges depend on the Zn(II) 

present in buffer solutions. 

The influence of the insulin adsorption on the reduction 

process of zinc at the hmde , can be explained by variation oi the 

exchange- current, density with a change in the surface fraction covered 

by the protein on the electrode. 

IBTRODUCTIOli 

I n s u l i n i s i o u n d f o r m i n g a monomer -d imer -hexamer s y s t e m ( 1 - 3 ) 

i n an aqueous s o l u t i o n . T h i s t y p e o f a s s o c i a t i o n e q u i l i b r i a depends an 

i t s c o n c e t r a t i o n , on t h e pH, on t he t e m p e r a t u r e (4> and on t h e 

medium(5) , The a s s o c i a t i o n c o n s t a n t s w h i c h c h a r a c t e r i z e t h e monomer-

d imer and d i m e r - h e x a m e r e q u i l i b r i u m s a r e 2 .2x10" ' M - 1 and 8 .6x10" ' M 
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r e s p e c t i v e l y ( 6 ) . The p o l a r o g r a p h i c r e d u c t i o n o f i n s u l i n i n v o l v e s the 

b reakage o f d i s u l p h i d e b r i d g e s ( 7 - 9 ) . 

The s t r u c t u r a l c h a n g e s of some p r o t e i n s and t h e b r e a k i n g of 

t h e i r d i s u l p h i d e b r i d g e s can be a f f e c t e d by t he i n t e r v e n t i o n i n t h e s e 

p r o c e s s e s by d i v a l e n t m e t a l l i c c a t i o n s s u c h a s Ca ; ' , Co- ", N i : ; l " , Hg-1 ' , 

e t c<10-17> . 

Ve s t u d i e d t h e b e h a v i o u r o f t h e i n s u l i n - z i n c s y s t e m on t he 

h a n g i n g m e r c u r y d r o p e l e c t r o d e by c y c l i c v o l t a m m e t r y and on a d r o p p i n g 

m e r c u r y e l e c t r o d e . Ve used Z n ( I I > a s a t e s t c a t i o n f o r t h e s t u d y of the 

a d s o r p t i o n k i n e t i c s o f i n s u l i n . 

EXPERI IEHTAL 

C y c l i c vol tammograras and c o u l o m e t r i c d e t e r m i n a t i o n s were made 

w i t h AMEL equ ipmen t composed o f an AMEL 551 p o t e n t i a s t a t , an AMEL 567 

f u n c t i o n g e n e r a t o r , an AMEL 563 c o u i o m e t e r , an HP-AMEL 8 6 2 / 0 r e c o r d e r 

and an AMEL 448 o s c i l l o s c o p e . A l s o , a B e l p o r t HQ-305 f u n c t i o n g e n e r a t o r , 

a B e l p o r HQ-105 p o t e n t i o s t a t and a R i k e n D e n s h i F~35 r e c o r d e r . Ve u s e d a 

t h r e e - e l e c t r o d e s y s t e m w i t h t e r m o s t a t t e d c e l l ( 2 5 . 0 ± 0 .1 °C). The 

w o r k i n g e l e c t r o d e u s e d i n v o l t a m m e t r i c e x p e r i m e n t s was a h . m . d . e . 

METROHM EA 290. The a r e a of t he m e r c u r y p o o l e l e c t r o d e was 7 cm . The 

A g l A g C l i s ) . , KC1 ( s a t ) e l e c t r o d e was used as a r e i e r e n c e e l e c t r o d e i n 

B r i t t o n - R o b i n s o n b u f f e r s , and H g l H g S O * t s a t . ) i n a l l o t h e r c a s e s 

Ve used two s u s p e n s i o n s o f i n s u l i n c o m p l e x ( L a b o r a t o r i e s Novo, 

Copenhagen) w i t h an a c t i v i t y o f 40 i . u . / c m ' . The f i r s t p r e p a r a t i o n was 

70% c r y s t a l l i z e d p o r c i n e / b o v i n e i n s u l i n - z i n c , The s e c o n d p r e p a r a t i o n was 
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100% amorphous s t a t e p o r c i n e i n s u l i n - z i n c . A t h i r d p r e p a r a t i o n was 

p o r c i n e i n s u l i n p r o t a m i n e ( N o r d i s k G e n t o f t e ) w i t h 40 i . u . / c m ' . 

O t h e r p r o d u c t s UEed t o p r e p a r e the s o l u t i o n s were z i n c 

c h l o r i d e and z i n c s u l p h a t e p . a . M e r c k . 

Two b u f f e r s o l u t i o n s have been u s e d . The B r i t t o n - R o b i n s o n 

b u f f e r was composed of a c e t i c , b o r i c and p h o s p h o r i c a c i d s i n a 0 .1 H 

c o n c e n t r a t i o n and d i f f e r e n t K0H and KC1 c o n c e n t r a t i o n s . The o t h e r b u f f e r 

media i t has been made w i t h a c e t i c and p h o s p h o r i c a c i d s ( 0 . 1 M) and KOH 

and K; : ? S0*. 

RESULTS 

V. Lee and c o w o r k e r s < 9 ) f o u n d t h r e e c a t h o d i c p e a k s and one 

a n o d i c i n a n o n - b u f f e r e d medium a t pH = 1 U 6 i n g c y c l i c v o l t a m m e t r y 

( F i g . l ) . D i a g r a m (a) shows t h e r e d u c t i o n (wave C) and r e - o x i d a t i o n (.wave 

C*) of Z n ( I I ) . D i a g r a m s (b) and tc ) show the e f f e c t c a u s e d by t h e 

a d d i t i o n of i n s u l i n , on s u c c e s s i v e s c a n s , t o the r e d u c t i o n o f Z n ( I I ) 

p r e s e n t i n t h e s o l u t i o n . D i a g r a m (c) i s an a m p l i f i c a t i o n o f (b) t o show 

c l e a r l y t h e r e d u c t i o n (wave A) and r e - o x i d a t i o n (wave A*) of d i s u l p h i d e 

b r i d g e s o f i n s u l i n . 

In our e x p e r i m e n t s w i t h B r i t t o n - R o b i n s o n b u f f e r , we d e t e c t e d 

an a n o d i c peak nea r - 5 0 0 mV, o n l y v i s i b l e when t h e s e c o n d c a t h o d i c peak 

was r e c o r d e d . T h i s phenomenon d i s a p p e a r s a t pH>7.5 ( F i g . 2 ) . 

The r e - o x i d a t i o n o f S H - g r o u p s o f t h e amorphous i n s u l i n fo rmed 

when d i s u l p h i d e b r i d g e s a r e r e d u c e d , c a n show one o r two a n o d i c p e a k s 

d e p e n d i n g on t h e p o t e n t i a l c y c l e d <-Fig. 2 ) . T h i s d e m o n s t r a t e s t h e 
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Fig. 1.- Effect oi the insulin addition on In (ID solution. Successive 

potential scans. pH = 3.02; C o - 4x10-* M, - 250 mV s 1 . a> Cr, = 0; b) 

Ct:,= 0.63x10 '' M; c) amplification of b) recorded to observe the redox 

process of disulphide bridges. Reference electrode HglHgzSQ* (s) ljeS0.m »> . 
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r e d u c e d z i n c i n t h e s e c o n d c a t h o d i c p r o c e s s r e m a i n s a d s o r b e d on t h e 

e l e c t r o d e , i n t e r a c t i n g s u c c e s s i v e l y w i t h t h e S H - g r o u p . The p r o c e s s c a n 

be d e s c r i b e d a s f o l l o w s : 

l l n s l S S X S S ) (SS- ) I + Z n ( 0 >,„,„„„ i -» I I n s ( S S ) ( S S ) (SS- : : > Z n ( I I ) l ± 2e 

( T h i s s y m b o l i s m i s e x p r e s s e d i n a c c o r d a n c e w i t h E e f . 8). 

A c c o r d i n g t o some a u t h o r s , i n s u l i n p o s s e s s e s a n e g a t i v e 

c h a r g e ( 8 ) w h i c h must c o n t r i b u t e t o t h e e f f e c t t h a t Z n ( 0 ) , g e n e r a t e d f r o m 

t h e r e d u c t i o n o f Z n ( I I ) f r e e , r e - o x i d i z e s i n t o Z n ( I I ) c a m p l e x e d t o 

compensa te t h i s c h a r g e . T h i s c o u l d j u s t i f y t h e d e t e c t i o n o f t he a n o d i c 

peak s u p e r i m p o s e d on t h e r e o x i d a t i o n o f d i s u l p h i d e s . The v a r i a t i o n o f 

t h e c a t h o d i c peak c u r r e n t i n t e n s i t y (wave A, f i g . 2 ) , w i t h pH, i s 

a t t r i b u t e d t o t he d i s t i n c t f o r m s o f m o l e c u l a r a s s o c i a t i o n i n w h i c h 

i n s u l i n i s f o u n d . The d i s u l p h i d e bonds r e d u c t i o n g i v e s c a t h o d i c and 

a n o d i c p e a k s w h i c h become s m a l l e r when t h e h y d r o g e n i o n s c o n c e n t r a t i o n 

d e c r e a s e s . A t pH> 4 . 3 (when i n s u l i n d i m e r s a r e f o r m e d ( 8 ) ) , c a t h o d i c I p 

f a l l s s u d d e n l y , p e r h a p s because t h e d i s u l p h i d e bonds d i raer r e d u c t i o n 

becomes s t e r i c a l l y more d i f f i c u l t t h a n t h e i n s u l i n monomer. The IJ P and 

Up/2 dependence on t h e pH ( f i g . 3) c o n f i r m s t h a t a t pH< 6 t h e r e d u c t i o n 

b e g i n s by a p r o t o n a t i o n ; however a t g r e a t e r pH a change of 

e l e c t r o c h e m i c a l mechan i sm o c c u r s i n t he same way a s i n t h e c y s t i n e 

r e d u c t i o n ( 1 3 ) . 

On t h e o t h e r hand , t h e v a r i a t i o n o f peak and h a l f - p e a k 

p o t e n t i a l s o f wave A w h i t h pH f u l f i l l s t h e f o l l o w i n g e q u a t i o n s : 

Up (mV) = - 6 3 9 . 4 6 - 4 8 . 4 0 pH (1) 
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ffp/ainV) - - 6 1 6 . 0 0 - 4 1 . 0 7 pH (2) 

i n t h e r a n g e 1 < pH < 6. 

T a k i n g i n t o a c c o u n t t h a t e q u a t i o n ( 3 ) ( 1 9 ) : 

47 . 4 
U„. - U,:./::: = C3> 

na 

h o l d s t r u e and c o m b i n i n g e q u a t i o n s C I ) , (2) and <3> we c a n r e l a t e the 

t r a n s f e r c o e f f i c i e n t , a, w i t h t h e pH: 

47 . 7 

na = -

2 3 . 4 6 + 

a 

7 . 3 3 pH 

s ° C 

i C / ( V ) sr^~ 

• j w 

1.5 fr\ f A 0.5 

E° \ V I I 
<t 1 / \ 

11 i 

'- C J <T 
15 -J ~ 

A A 

/binJ_bW 
[bi r 

c 
c 

C' 
A / 

-1.5_^/~ -0.5 
/ -i.o C(M) 

(4.) 

Fig. 2.- Cyclic voltamwograns of insulin-zinc. CP - O. 63x10~s M; Co = 

2.4x10 •» M; v = 250 mV s" ' . a) pH = 3.5; b) pH = 6.8; b-I with the 

potential cycled past the Zn(II) cathodic peak; b-II and b-III past the 

first cathodic peak; b-IV is not past the first cathodic peak; c) pH = 

9.5. Reference electrode AgiAgClis) I KC1 (sat). Brit ton-Robinson buffer. 
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W i t h o u t c o n s i d e r i n g t h e c o u l o m b i c f i e l d s a r o u n d t h e e l e c t r o d e 

a c c o r d i n g t o t h e t h e o r y of D e v a n a t h a n ( 2 0 ) , t h e s e c o n d m o n o e l e c t r o n i c 

t r a n s f e r i s t h e d e t e r m i n a n t a t pH= 1, The vo l tammogram shows a s i n g l e 

c a t h o d i c peak and a s i n g l e a n o d i c peak . A t pH= 6 t he f i r s t 

m o n o e l e c t r o n i c t r a n s f e r i s t he d e t e r m i n a n t one and i t i s p o s s i b l e t o 

o b s e r v e e x p e r i m e n t a l l y t h e s e p a r a t i o n of b o t h m o n o e l e c t r o n i c t r a n s f e r s 

( F i g . 4 ) . 

0 2 4 6 8 10 12 

- 8 0 0 

r 

\ \ o 
-

\ \ /—»»-
-

' 
U

 (
m

V
) 

\ V v 
3_ 

Fig. 3.- Variation of peak potentials Up<a), half-peak potentials 

Upi/a! <b) a n d cathodic peak current intensities IP cath; (c) of 

reduction of disulphide bridges with pH. Cn = O. 63x10 - M; v - 250 mV s 

'. Reference electrode Kg I HgnSO*(s)I K&SOa (sat,). 
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Fig. 4.- The redox resolution process of disulphide bridges in two 

cathodic and two anodic waves. a> first scan with the potential cycled 

past Znill) (peak C); b), c) and d) are the first, second and third scan 

respectively with the potential cycled past disulphide bridges waves. 

Reference electrode Agl AgCl (s) I KCHsat..). 

I t i s i m p o r t a n t t o p o i n t out t h a t e x p e r i m e n t a l c o n d i t i o n s 

d e t e r m i n e t h e s e phenomena; however t he r o l e of c h l o r i d e , p h o s p h a t e i o n s 

and e s p e c i a l l y s u l p h a t e i o n s , has n o t been c l a r i f i e d . The number of 

e l e c t r o n s pe r m o l e c u l e i n v o l v e d i n t h e p o t e n t i o s t a t i c r e d u c t i o n of 
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e l e c t r o n s needed f o r r e d u c t i n g t he t h r e e d i s u l p h i d e bonds o f i n s u l i n i s 

o b s e r v e d , s i n c e i n t h e c o u l o m e t r i c r e d u c t i o n b o t h Z n ( I I ) and h y d r o g e n 

i o n s a r e d i s c h a r g e d . A t pH= 6 . 8 5 , a v a l u e o f n = 6 . 3 i s c a l c u l a t e d , 

w h i c h i s c l o s e t o t h e s i x e l e c t r o n s t h e o r e t i c a l l y r e q u i r e d t o r e d u c e a l l 

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

w h i l e a t pH= 9 . 4 8 , o n l y two d i s u l p h i d e bonds a r e r e d u c e d . 

Fig. 5. - Differential pulse Polarographie waves of insulin-zinc. pH = 

3.2; t d r 0 p = 0.4 s. AU p = -20 mV; a) Cr, = O. 63x10~s M, C.:. = 2.4x10 * M; 

b) C P = 3.8x10 •• M, Co = 1.5xl0-< K > Reference electrode AglAgClis)! 

KCl(sat). 
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Vhen we s u b t r a c t the t h e o r e t i c a l number o f e l e c t r o n s 

a s s o c i a t e d w i t h t h e f i r s t wave <n= 6 a t n e u t r a l o r a c i d pH, and n= 4 a t 

b a s i c pH) f r o m t h e who le number o f e l e c t r o n s d e t e r m i n e d i n c o u l o m e t r i c 

r e d u c t i o n a t t he p o t e n t i a l o f t h e s e c o n d wave, t h e number o f e l e c t r o n s 

d e t e r m i n e d e x p e r i m e n t a l l y i s near 2 , i e . c l o s e t o t h e number of 

e l e c t r o n s r e q u i r e d f o r t h e r e d u c t i o n o f Z n ( I I ) . 

In amorphous s t a t e , i n s u l i n - z i n c p r e s e n t s l e s s s t e r i c 

i m p e d i m e n t s and i t s d i s u l p h i d e b r i d g e s a r e more e l e c t r o a c t i v e t h a n t h o s e 

o f i n s u l i n - z i n c i n c r y s t a l l i n e f o r m ( 2 1 ) . R e d u c t i o n p r o c e s s e s a r e 

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

c o n c e n t r a t i o n on the. s u r f a c e o f t h e e l e c t r o d e ( T O f a v o u r s t h e 

r e d u c t i o n o f d i s u l p h i d e b r i d g e s (wave A) and makes t h e r e d u c t i o n o f Zn-

d i f f i c u l t (wave C F i g s , 1 and 5 ) . F i g s . 6 and 7 show t h e s h i f t o f a n o d i c 

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

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

0 50 1 0 0 

Fig. 6,- Variation of the anodic peak current intensity of Znill) with 

adsorption time of insulin. Co = 4x10 '~'J M; pH = 3.2; v - 250 mV s '. a) 

CF. = 0.126x10 -- M; b) C,, = 0.315xW~'-' M; c) C„> = 0.378x10 M; d) C,, = 

0.504xlO-!:' Mi e) C P = 0.63xlO~B M. Reference electi~ode Hgl Hg^SO* (s) I 

K^SO* (sat). 
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Fig. 7.- Variation of the anodic peak potential of Zn(II) with the 

insulin adsorption time. Co = 4x10 '* M; pH = 3.02 ;v = 250 mV s . a) 

Cf, = 0.126x10 * X. b) Cp = 0.31x10* M; c) CP = 0.378x10-* M; d) C P -

0.504x10-'• M; e) C,,, = 0.630x10'-' M. Reference electrode Hgl Hg^SQ* (s) I 

KxSO* (sat). 

i i i i i i i i 
0 , 2 0 , 6 1,0 1,2 

- E / V 

Fig. 8.- Electrocapillary curve -of the insulin-zinc on Britton-Robi nson 

buffer. pH = 2.07. a) CP = 0; b) Cp = 1.260x10 * M. 



- 408 -

DISCUSSION 

From t h e e l e c t r o c a p i l l a r y c u r v e s ( F i g . 8 ) , i t c a n be 

c o n c l u d e d t h a t i n s u l i n i s a d s o r b e d i n a w ide i n t e r v a l of p o t e n t i a l s . The 

s u r f a c e c o n c e n t r a t i o n of i n s u l i n (Tt.) f o r s m a l l v a l u e s o f t h e c o v e r a g e 

(8) c a n be c a l c u l a t e d f r o m K o r y t a ' s e q u a t i o n ( 1 4 ) . : 

r = 7 . 3 6 x 1 0 " C P D P

, / a t 1 / a ( 5 ) 

I n b u f f e r s o l u t i o n s where c h l o r i d e i o n s a r e no t p r e s e n t , we 

c a n c o n s i d e r t h a t t h e a r e a o f t h e e l e c t r o d e can be d i v i d e d i n two p a r t s . 

One p a r t i s o c c u p i e d by a d s o r b e d i n s u l i n and t h e o t h e r i s f r e e o f 

i n s u l i n , name ly : 

A a l a e t . r o « ! « = A o c c u p l a d + A T , - a . <6> 

Thorough t he f r e e p a r t , Z n ( I I ) i s d i f f u s e d t o w a r d t h e e l e c t r o d e b e f o r e 

Z n ( I I ) becomes r e d u c e d . 

When t h e r e i s n o t i n s u l i n on t h e hmde, t h e c u r r e n t i n t e n s i t y 

r e c o r d e d c o r r e s p o n d s t o t h e o v e r a l l p r o c e s s : 

Z n ( I I ) + 2 e " » Z n ( 0 ) 
Ian 

a n d t h e a n o d i c c u r r e n t i n t e n s i t y c a n be e x p r e s s e d ' 1 " a s : 

Idif f = k Aalactrod* ^ ) 
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where 

D. , 1 

k = Co2 n<nc<Dc.v)1 C...,nx/~ >;(bt) + 0 . 1 6 * ( b t ) > 
r 0 (na) 1 / : T 

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

w i l l be u s e f u l t o r e d u c e , and r e - o x i d i z e , Z n C I I ) . The i n t e n s i t y of 

r e o x i d a t i o n o f Z n ( 0 ) , c o r r e s p o n d i n g t o t h i s f r a c t i o n o f a r e a , i s 

e x p r e s s e d as : 

111., , = k Afraa (9) 

C o m b i n i n g e q u a t i o n s ( 6 ) , (7) , ( 8 ) , and (9) r e s u l t s : 

11 i . . . 1 - e 

i d i f f - i n , , . e 
(10) 

where 8 = A o r C , J p i </A*.i w c t..-.-..,u>,= r,./T.„ and t h e r a t i o 

[ ( I d n - I i i , . , ) / I u J i s e q u i v a l e n t t o t h e n o n - c o r r e c t e d 

c o e f f i c i e n t o f i n h i b i t i o n of the r e - o x i d a t i o n of Z n ( 0 ) ( 2 2 - 2 3 ) . 

I f t h e c o n c e n t r a t i o n of m o l e c u l e s of i n s u l i n on h . r a . d . e . i s v e r y s m a l l 

a f t e r a l o n g t i m e , i t c an be c o n s i d e r e d t h a t t h e y do no t i n t e r a c t among 

t h e m s e l v e s so t h a t e q u a t i o n s (5) and (10) a r e s u f f i c i e n t t o d e s c r i b e 

r e s u l t s : 

In,,, 

I.,M r 

(11) 

http://Aalaet.ro%c2%ab!%c2%ab
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A c c e p t i n g t h e v a l u e o f 724 A• f o r t he a r e a o f one i n s u l i n 

m o l e c u l e ( 2 4 ) , and t h e r e f o r e r«» = 2 . 2 9 x 1 0 - ' 1 mol cm - , and g i v i n g C P 

and DP t he v a l u e s 0 . 126x10 G '"' and 1 6 . 1 x 1 0 '' cm-' s ' r e s p e c t i v e l y ' 2 5 ) , 

e q u a t i o n (10) can be s u m m a r i z e d a s : 

k ' f (1 
h i m 

(12) 

where k ' = 7 . 3 6 x 1 0 * CP DR " ' 2 r... "' = 0 . 0 5 1 s"-""*. 

E x p e r i m e n t a l l y we f i n d k= 0 . 0 4 7 s' ' w h i c h i s i n a c c o r d a n c e 

w i t h t h e a f o r e s a i d r e s u l t . 

A l t h o u g t h e e q u a t i o n (11) i s i n agreement w i t h t h e r e s u l t s 

o b t a i n e d a t low c o n c e n t r a t i o n s o f the p r o t e i n , i t s h o u l d be t a k e n as an 

a p p o x i m a t i v e e q u a t i o n . 

ADITIONAL SYMBOLS 

A : e l e c t r o d e a r e a (cm- ) n : number at t r a n s f e r r e d e l e c t r o n s 

Co: Z n ( I I ) c o n c e n t r a t i o n (M) I W * : h a l f peak p o t e n t i a l (V; 

Cp: i n s u l i n c o n c e n t r a t i o n CM) « : t r a n s f e r c o e f f i c i e n t 

Do: Z n ( I I ) d i f f u s i o n c o e f f i c i e n t (cm 1 s ' ) 9 : c o v e r e d s u r f a c e 

D p : i n s u l i n d i f f u s i o n c o e f f i c i e n t (cm-' s ' ) y ( b t ) : c u r r e n t f u n c t i o n 

l e u * * : d i f f u s i o n c u r r e n t i n t e n s i t y f K ' b t ) ; c u r r e n t f u n c t i o n c o r r e c t i o n 

I P . a n o d i c c u r r e n t peak i n t e n s i t y (uA) 

I P , o t . . » - , : c a t h o d i c c u r r e n t peak i n t e n s i t y (pA) 

Ft: i n s u l i n s u r f a c e c o n c e n t r a t i o n (mol e n " 2 ) 

f..,: maximum i n s u l i n s u r f a c e c o n c e n t r a t i o n (mol c m ' : t ) 
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E L E C T R O C H R O M I S M IN PRUSSIAN B L U E 

A. Roig, M.M. Dávila and F. Vicente. Departament de Química 
Física, and J.L. Valdês, Observatori Astronomic. Universität de 
Valência. C/ Dr Moliner, 50. 46100, Burjassot. Valência 
(Espanya). 

S U M M A R Y 

Prussian blue (PB) has been electrodeposited on ITO-glass 

coated electrode. Electrochromism effect, stability of the film against 

continued ciclation of potential and influence of nitrate and chloride 

ions has been studied. 

INTRODUCTION 

As well-known, PB (Ferric Ferrocyanide) is an important 

member of the family of metal hexacyanometalates. In the past few 

years, interest in these mixed-valency compounds was renewed due to 

the easiness for coating it as thin-films on electrodes (1-4), allowing its 

use in electrochromic devices (5-7). The deposition can be carry out 

chemically (1-3) or electrochemically (1, 2) on different substrates: Pt 

(1-3), glassy Carbon (2),Au (2, 3) or transparent electrodes like ITO 

(Indium Tin Oxide) (4) and FTO (Fluorine Tin Oxide) (6). 

PB has been described in two different formulas: soluble PB 

K F e m [ F e n ( C N ) 6 ] and insoluble PB F e i n4 [ F e n ( C N) 6]3, owing the 
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