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C Y C L I C VOLTAMMETRIC STUDIES OF ORGANOMETALLTC COMPOUNDS AT 
A PLATINUM ULTRAMICROELECTRODE. 

M . I . M o n t e n e g r o a n d M.A.M. Queirós 
C e n t r o de Q u i m i c a P u r a e A p l i c a d a d a U n i v e r s i d a d e do M i n h o , 
L a r g o do Paço, 
4719 B r a g a C o d e x , P o r t u g a l . 

U l t r a m i c r o e l e c t r o d e s a r e p a r t i c u l a r l y s u i t e d f o r t h e 
d e t e r m i n a t i o n o f K i n e t i c p a r a m e t e r s o f f a s t c h e m i c a l 
r e a c t i o n s ( r a t e c o n s t a n t s a b o v e 1 0 2 s _ 1 ) c o u p l e d w i t h 
e l e c t r o n t r a n s f e r r e a c t i o n s . I n f a c t , a s IR d r o p e f f e c t i s 
n e g l i g i b l e a n d t h e r a t i o o f f a r a d a i c t o n o n - f a r a d a i c 
c u r r e n t i n c r e a s e s a s e l e c t r o d e a r e a d i m i n i s h e s , n o n 
d i s t o r t e d c y c l i c v o l t a m m o g r a m s c a n be r u n a t v e r y h i g h 
p o t e n t i a l s c a n r a t e s (up t o l O ' V s - 1 ) . 1 

I n t h e p r e s e n t w o r k e x p e r i m e n t s w e r e c a r r i e d o u t a t a 
p l a t i n u m d i s c u l t r a m i c r o e l e c t r o d e (10pm d i a m e t e r ) a n d t h e 
p o t e n t i a l s c a n r a t e s w e r e i n t h e r a n g e 1 0 2 - 1 0 4 V s - 1 . The 
e x p e r i m e n t a l d e t a i l s a r e d e s c r i b e d e l s e w h e r e 1 . 

The c o m p l e x e s [ M 0 C P 2 ( A r N 3 A r ' ) ] [ P F e ] ( C p = C 5 H s ) 2 u n d e r g o 
two m o n o e l e c t r o n i c o x i d a t i o n s . The r e v e r s i b i l i t y o f t h e 
f i r s t p r o c e s s d e p e n d s o n t h e s u b s t i t u e n t s o n t h e a r o m a t i c 
g r o u p s o f t h e t r i a z e n i d o l i g a n d s . When A r = A r ' = p - C H 3 C eH 4 , 

P - C H 3 O C e H 4 t h e o x i d a t i o n i s d i f f u s i o n c o n t r o l l e d ; when 
Ar=CeH s a n d Ar'=p-CH 3Ce HU an EC p r o c e s s i s o b s e r v e d , 
r e v e r s i b l e C.V.s o n l y b e i n g o b t a i n e d a t s c a n r a t e s a b o v e 
10 V s _ 1 . When A r = A r ' = C 6H s , a s t h e c o u p l e d c h e m i c a l 
r e a c t i o n i s much f a s t e r u l t r a m i c r o e l e c t r o d e s a n d f a s t 
c y c l i c v o l t a m m e t r y h a d t o be u s e d , i n o r d e r t o g e t a 
r e v e r s i b l e C.V. 

The K i n e t i c d a t a o b t a i n e d i s p r e s e n t e d o n t a b l e 1; t h e 
l i f e t i m e s w e r e c a l c u l a t e d f r o m t h e d i m e n s i o n l e s s p l o t s o f 
N i c h o l s o n a n d S h a i n 3 . 
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TABLE 1 - L i f e t i m e s o f [MoCp 2 ( A r N 3 A r ' ) ] [ P F s ] 1.2 x 1 0 " 3 M 
i n CH 3 CN/(Bu< N) ( P F 6 ) 0 .1 M 

COMPLEX v / V s - 1 I p c / I p a L I F E T I M E / s 

A r = C 6 H 3 

A r ' = p - C H 3 C 6 H 4 

0. 5 
1. 0 
2.0 

0 . 64 
0.72 
0 .82 

1.1 
0 . 8 
0.7 

A r = A r ' = C 6 H 5 

100 
300 
500 

0.78 
0 .89 
0 . 94 

0 . 007 
0 . 006 
0 . 006 

U l t r a m i c r o e l e c t r o d e s w e r e a l s o u s e d t o s t u d y 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 . A c c o r d i n g t o 
L a v i r o n e t . a l . 4 t h i s c o m p l e x u n d e r g o e s a l i g a n d d i s p l a c e m e n t 
r e a c t i o n a f t e r t h e u p t a k e o f one e l e c t r o n : 

T i C p 2 C l 2 + l e = T i C p 2 C l 2 -
T i C p 2 C l 2 - + L = T i C p 2 C l L + C I " L = s o l v e n t , n u c l e o p h y l e 

I n t h i s c o m m u n i c a t i o n we d i s c u s s an a l t e r n a t i v e 
m e c h a n i s m i n v o l v i n g 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 . 
S u c h d i m e r i z a t i o n i s known t o o c c u r when T i C p 2 C l 2 i s 
c h e m i c a l l y r e d u c e d b y Zn o r Hg i n THF 5 . Our r e s u l t s , 
o b t a i n e d i n THF, ACN a n d DMF, a r e s u m m a r i s e d o n t a b l e 2 a n d 
t y p i c a l C.V.s a r e shown i n f i g u r e 1. 

I n THF a n d a t s c a n r a t e s up t o 0.1 V s ~ 1 t h e 
m o n o e l e c t r o n i c r e d u c t i o n i s d i f f u s i o n c o n t r o l l e d . A t 
h i g h e r s c a n r a t e s t h e r e d u c t i o n i s no more r e v e r s i b l e a n d a 
new o x i d a t i o n wave a p p e a r s a t h i g h e r p o t e n t i a l s . I n ACN 
t h e r e d u c t i o n i s i r r e v e r s i b l e a t t h e s l o w e r s c a n r a t e s a n d 
t h e o x i d a t i o n p e a k r e f e r r e d t o a b o v e i s a l s o s h own 
( f i g u r e 1 ) . When u l t r a m i c r o e l e c t r o d e s a r e u s e d a t h i g h 
s c a n r a t e s t h e r e d u c t i o n p r o c e s s b e c o mes more r e v e r s i b l e 
I n DMF two m o n o e l e c t r o n i c r e d u c t i o n s a r e o b s e r v e d , b u t t h e 
s e c o n d one d e c r e a s e s d r a s t i c a l l y a b o v e 500 V s ~ 1 . 
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TABLE 2 - E l e c t r o c h e m i c a l d a t a f o r the. r e d u c t i o n o f T i C p 2 C l 2 

a) a t a P t d i s c e l e c t r o d e 
b) a t a P t d i s c u l t r a m i c r o e l e c t r o d e (0=lOum) 

s o l v e n t v - I p c I p c / I p a E p 1 A E p - I p c - E p 2 

(Vs- 1 (mAcnr 2 ) (V) (mV) (mAcnr 2 ) (V) 
0 .100 a ) 2 2 1 . 0 0 .99 70 -
0 . 500 a ) 3 7 0.93 1 . 02 80 -

THF 200 b ) 85 1 0 .60 1 .10 80 -
1000 b ) 160 0 .62 1 .12 80 -

0 .100 n ) 2 1 - 0 .74 80 _ 

0.500 • ) 4 . 5 0 .77 80 -
ACN 200 b ) 83 . 9 - 0 .85 80 -

1000 b ) 169 . 5 - 0 . 90 80 -

0.100 a ) 1 . 5 - 0 .75 80 1.5 1.11 
0 . 500 a > 2 . 6 - 0 .78 80 2.4 1.12 

DMF 200 b ) 54 . 7 - 0 . 80 80 5 5 . 8 1.20 
1000 b ) 86. 6 - 0 .90 80 27 . 0 1. 24 

C y c l i c v o l t a m m o g r a m s o f T i C p 2 C l 2 1 0 ~ 2 M i n A C N / ( B u i N ) ( P F s ) 0,1M: 
a) a t a P t d i s c e l e c t r o d e ; 
b) a t a P t d i s c u l t r a m i c r o e l e c t r o d e ((S = 10um) 



— 210 — 

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 ) . 
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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 
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