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A c c o r d i n g t o S a v e a n t e t a l . 6 t h e f o l l o w i n g m e c h a n i s m 
f o r d i m e r i z a t i o n c a n be c o n s i d e r e d : 

T i C p 2 C l 2 + l e = T i C p 2 C l 2 - E p 1 

T i C p 2 C l 2 - + T Í C P 2 C I 2 - = [ T i C p 2 C l ] 2 + 2C1- K i 
T i C p 2 C l 2 - + T Í C P 2 C I 2 = [ T i C p 2 C l ] 2

 + + 2C1- K 2 

[ T i C p 2 C l ] 2
+ + l e = [ T i C p 2 C l ] 2 E p 2 

The d i f f u s i o n c o n t r o l l e d r e d u c t i o n o b s e r v e d i n THF i s 
e x p e c t e d when e q u i l i b r i u m o f t h e d i m e r i z a t i o n r e a c t i o n i s 
r e a c h e d v e r y q u i c k l y . H o w e v e r , a t t h e h i g h e r s c a n r a t e s , a s 
e q u i l i b r i u m i s n o t a t t a i n e d d u r i n g t h e s c a n , t h e r e d u c t i o n 
b e c o m es i r r e v e r s i b l e . S i m u l t a n e o u s l y o x i d a t i o n o f t h e 
r e a c t i o n p r o d u c t i s o b s e r v e d a t h i g h e r p o t e n t i a l s ( E p 2 ) . 

I n ACN e q u i l i b r i u m i s n o t r e a c h e d d u r i n g t h e s c a n a n d 
an EC m e c h a n i s m c a n be c o n s i d e r e d . 

The o b s e r v e d p a t t e r n i n DMF ( E p 1 > E p 2 ) means t h a t K i 
i s s m a l l e r t h a n K 2 , a s t h e s e two v a l u e s a r e r e l a t e d a s 
f o l l o w s : 

E p 2 - E p 1 = 0,059 ( p k 2 - p K i ) 
I n c o n c l u s i o n , t h e e l e c t r o c h e m i c a l r e d u c t i o n o f 

T i C p 2 C l 2 c a n be r a t i o n a l i s e d i n t e r m s o f a f o l l o w - u p 
d i m e r i z a t i o n r e a c t i o n . I n b o t h THF a n d ACN t h e d i m e r i s 
r e d u c e d a t h i g h e r p o t e n t i a l s ( K i > K 2 ) a n d i n DMF t h e d i m e r 
i s r e d u c e d a t l o w e r p o t e n t i a l s ( K 2 > K i ) . 

R e f e r e n c e s 
1. M o n t e n e g r o , M . I . , P o r t u g a l i a e E l e c t r o c h i m i c a A c t a , J ( 1 9 8 5 ) 1 6 5 
2. M.A.M. Queirós, J . E . J . Simão a n d A.R. D i a s , J . O r g a n o m e t . C h e m 

329 ( 1 9 8 7 ) 8 5. 
3. N i c h o l s o n , R . S . a n d S h a i n , I . , J . A n a l . C h e m . , 36 ( 1 9 6 4 ) 7 6 0 . 
4. M u g n i e r Y., M o i s e C. a n d E. L a v i r o n , J . O r g a n o m e t . C h e m . , 204 

( 1 9 8 1 ) . 6 1 ; 6 ( 1 9 8 2 ) 1 9 7 . 
5. M.L.H. G r e e n a n d C R . L u c a s , J . C . S . D a l t o n ( 1 9 7 2 ) 1 0 0 0 . 
6. C P . A n d r i e u x , L. N a d i o a n d J.M. Savèant, E l e c t r o a n a l . Chem. , 

26 (1970) 1 4 7 . 

— 211 — 

HOW T O I N D U C E R E V E R S I B I L I T Y ; A D - E L E C T R O D E S 

Ines F o n s e c a , A . C r i s t i n a M a r i n , 

C E C U L , R . da Esco l a P o l i t e c n i c a , S.8 L i s b o a , 

Po r tuga l 

D e r e k P l e t che r 

Depa r tment of C h e m i s t r y , T h e U n i v e r s i t y , 

Sou thampton S 0 9 5 N H , E n g l a n d 

F o r a long time e l ec t rochemis t s have aimed to be able to c h a n g e 

the k i n e t i c s of e l e c t ron t r a n s f e r r e a c t i o n s . 

In rea l s y s t ems t h e r e a re p r o c e s s e s t h a t one would l ike to make 

as i r r e v e r s i b l e as po s s i b l e , f o r example , those r e l a ted to the 

d e t e r i o r a t i o n of metals . On t he o the r h a n d , t h e r e are s e v e r a l 

o t h e r s , e . g . those r e l a ted to the p r o d u c t i o n of e n e r g y , wh i ch one 

wou ld p r e f e r to o c c u r at lower o v t r p o t e n t i a l s a n d h i g h c u r r e n t 

d e n s i t i e s : r e v e r s i b i l i t y is t h e n d e s i r e d . Nobel metals p a r t i a l l y 

c o v e r e d b y s u b - m o n o l a y e r s of h e a v y metals - a d - e l e c t r o d e s - I h a v e 

been d e m o n s t r a t e d to have the ab i l i t y to c a t a l y s e many r eac t i ons^ ' 2 . 

In t h e last twen ty y e a r s s eve r a l a u t h o r s have ob t a ined e i t h e r 

c a t a l y s i s o r i n h i b i t i o n of some e l ec t rochemica l r e a c t i o n s at 

a d - e l e c t r o d e s , b u t the sub jec t is not y e t ful ly, u n d e r s t o o d . O n e of 

t h e mast s u c c e s s f u l a ch i evements has been t h e e l e c t r o c a t a l y t i c 

o x i d a t i o n o f i n e x p e n s i v e smal l -molecu le o r g a n i c f u e l s , s u c h as C H 3 O H 

a n d HCOOH at Pt e l ec t rodes p a r t i a l l y c o v e r e d b y adatoms o f B i , P b , T l 

a n d C d . 

B y u s i n g potent ia l s tep t e c h n i q u e s we have been able to s t u d y 

the c a t a l y s i s of the ox ida t i on of HCOOH as a f u n c t i o n of the adatom 

c h o s e n and coverage^. Quite r e c e n t l y , it has aiso been d e m o n s t r a t e d 

by K o k k i n i d i s 1 4 and by o the r a u t h o r s that the i r r e v e r s i b i l i t y of some 

Portugaliee Electrochimica Acta, 5 (1987) 211-214 
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s imple e l e c t r o n t r a n s f e r p r o c e s s e s can also be modi f ied b y adatoms. 

We have now m e a s u r e d the i n f l u ence of B i , C d a n d Pb adatoms on 

the k i n e t i c s of s ix r edox c o u p l e s , wh i ch were t a k e n as models of 

" i n n e r " a n d " o u t e r s p h e r e " mechan i sms . R e s u l t s a re shown in tab le 1. 

C o u p l e Med ium 

O H O 

O H ^ ( 

MeO MeO 

F e l C N ) 4 " / 

F e ( C N ) 6
3 " 

F e 2 + / F e 3 + 

HCIO/4 Ò Ö 
I II 

OH O 

a o n C C o H C I 0 < 

U H ~ _ U 

K N O 3 

H 2 S 0 4 

E /V v s H N E 1 0 2 k s / c m s _ 1 

None Bi C d Pb 

0.70 

0.76 

0.77 

0.69 

0.68 

0.001 0.13 0.001 0.03 

0.004 1.8 0.004 0 .3 

0.07 1.2 0.07 0 .6 

2 .3 2.0 2 .3 

0.2 2.6 0.24 2 .4 

l r C I 6
3 " / H C I 0 4 1.02 3.0 3 .5 3.7 5.0 

l r C I 6 2 -

T a b l e 1 S t a n d a r d rate c ons t an t s as a f u n c t i o n of adatom. 

Remarkab l e c a t a l y t i c e f fects were o b t a i n e d , f o r example fo r the 

o - h y d r o q u i n o n e / o - b e n z o q u i n o n e r edox coup l e at P t / B i a c j s . 

S u c h s t u d i e s a r e now b e i n g e x t e n d e d to a p r o t i c s o l v e n t s . 

R e s u l t s will, be p r e s e n t e d a n d d i s c u s s e d . 
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