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I n r e c e n t y e a r s , m i c r o e l e c t r o d e s h a v e a t t r a c t e d 
a t t e n t i o n i n many f i e l d s o f e l e c t r o c h e m i s t r y a n d t h e i r 
p o p u l a r i t y h a s g r o w n r a p i d l y d u e t o a r e c o g n i t i o n o f t h e 
s i g n i f i c a n t a d v a n t a g e s t o be d e r i v e d f r o m t h e i r 
a p p l i c a t i o n s ' 1 • 2 > . 

The u s e o f v e r y s m a l l e l e c t r o d e s made o f c a r b o n f i b r e 
o r a t h i n m e t a l w i r e h a s s e v e r a l a d v a n t a g e s a s a r e s u l t o f 
t h e i r v e r y s p e c i f i c p r o p e r t i e s , ( i ) s i n c e t h e y a r e v e r y 
s m a l l ( d i a m e t e r < 100 Jim) t h e y d r a w v e r y s m a l l c u r r e n t s , 
t h u s d e c r e a s i n g t h e e f f e c t o f u n c o m p e n s a t e d i R d r o p a n d 
a l l o w i n g m e a s u r e m e n t s t o be made i n v e r y c o n c e n t r a t e d 
s o l u t i o n s o f e l e c t r o a c t i v e s p e c i e s , o r i n h i g h l y r e s i s t i v e 
m e d i a ; ( i i ) h i g h r a t e s o f s t e a d y s t a t e d i f f u s i o n c a n be 
o b t a i n e d a l l o w i n g t h e s t u d y o f f a s t 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 a n d c o u p l e d c h e m i s t r y , ( i i i ) t h e 
f a r a d a i c / c h a r g i n g c u r r e n t r a t i o i s e n h a n c e d . 

We h a v e b e e n i n t e r e s t e d i n a p p l y i n g m i c r o e l e c t r o d e s t o 
a s e r i e s o f s y s t e m s i n o r d e r t o d e t e r m i n e t h e k i n e t i c s o f 
f a s t h e t e r o g e n e o u s 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 b y u s i n g 
f a s t sweep c y c l i c v o l t a m m e t r y * 3 > . I n v e r y s h o r t t i m e s c a l e 
e x p e r i m e n t s , t h e l i n e a r d i f f u s i o n f l u x t o t a l l y p r e d o m i n a t e s 
o v e r t h e s p h e r i c a l d i f f u s i o n f i e l d a n d i t i s p o s s i b l e t o 
u s e t h e e q u a t i o n s a n d 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 t o o b t a i n t h e k i n e t i c p a r a m e t e r s . 
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F i g u r e 1 shows a c y c l i c v o l t a m m o g r a m r e c o r d e d a t a P t 
m i c r o e l e c t r o d e f o r f e r r o c e n e i n CH3CN a t a s c a n r a t e o f 
1000 Vs- 1 . 

i/A c m ' ' 

F i g u r e 1. C y c l i c v o l t a m m o g r a m r e c o r d e d a t a P t 
m i c r o e l e c t r o d e , r a d i u s 5|jm f o r 10 mmol dm - 3 f e r r o c e n e i n 
0.5 mol d m - 3 B u i N B F 4 i n CH3CN a t a p o t e n t i a l s c a n r a t e o f 
1000 Vs- 1 . 

The p e a k s e p a r a t i o n s a t v a r i o u s s c a n r a t e s a n d f o r 
s e v e r a l c o n c e n t r a t i o n s a r e shown i n t a b l e 1 d e m o n s t r a t i n g 
t h a t t h e d a t a a r e i n d e e d f r e e f r o m d i s t o r t i o n s b y i R d r o p . 

T a b l e 1 

D a t a t a k e n f r o m c y c l i c v o l t a m m o g r a m s o f f e r r o c e n e i n 
BU4NBF4 + CH 3CN. E l e c t r o d e 10pm P t d i s c . 

[ C p 2 F e ] / m m o l d m - 3 

500 
Ep mv a t v / V s - 1 

1000 3000 
2 80 90 115 
5 90 100 115 

10 85 90 110 
20 85 90 110 

k/cm s~ 1 1 .10 1.13 1.13 
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Our i n t e r e s t s h a v e a l s o b e e n d i r e c t e d t o t h e s t u d y o f 
e l e c t r o c h e m i c a l s y s t e m s t h a t w o r k i n ' h i g h l y c o n c e n t r a t e d 
s o l u t i o n s o f t h e e l e c t r o a c t i v e s p e c i e s . A t y p i c a l e x a m p l e 
i s t h e s o - c a l l e d " B a i z e r p r o c e s s " w h i c h p r o d u c e s 
a d i p o n i t r i l e b y e l e c t r o d i m e r i z a t i o n o f a c r y l o n i t r i l e ( 4 > . 
The f a c t t h a t t h i s r e a c t i o n o n l y o c c u r s a t v e r y h i g h 
c o n c e n t r a t i o n s o f a c r y l o n i t r i l e e x c l u d e s t h e a p p l i c a t i o n o f 
c o n v e n t i o n a l e l e c t r o c h e m i c a l t e c h n i q u e s . H o w e v e r , we h a v e 
f o u n d t h a t m i c r o e l e c t r o d e s p r o v i d e r e l i a b l e d a t a w h i c h c a n 
be u t i l i z e d t o s t u d y t h e m e c h a n i s m f o r t h e d i m e r i z a t i o n 
p r o c e s s . 

F i g u r e 2 shows a l i n e a r p o t e n t i a l s c a n r e c o r d e d a t a 
m e r c u r y m i c r o e l e c t r o d e w i t h a s l o w p o t e n t i a l s c a n r a t e . A 
r e d u c t i o n wave, E i / 2 = - 2 . 0 3 V v s SCE i s c l e a r l y o b s e r v e d a n d 
t h e p l a t e a u r e g i o n c a n be p r e d i c t e d a l t h o u g h a f u r t h e r 
r e d u c t i o n r e a c t i o n i s s e e n a t a p o t e n t i a l c l o s e t o t h e 
commencement o f t h e p l a t e a u r e g i o n . 

8 

4 

U 2 - ° " . E / V v s S C E 

F i g u r e 2 . i - E c u r v e r e c o r d e d a t a Hg m i c r o e l e c t r o d e , 
r a d i u s 5 f o r a c r y l o n i t r i l e 1.5 M i n 0.4% B u 4 NHSO-i , 15 % 
Na 2HPO4 i n Hz 0 a t a p o t e n t i a l s c a n r a t e o f 50 m V s - 1 . 

1 0 7 l / A 
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The p l o t o f E v s l o g ( i i - i / i ) i s ' l i n e a r w i t h t h e s l o p e 
o f 120 mv i n d i c a t i n g t h a t t h e f i r s t e l e c t r o n t r a n s f e r i s t h e 
s l o w s t e p . 

The e f f e c t o f c o n c e n t r a t i o n i s shown i n t a b l e 2. 

T a b l e 2 

D a t a t a k e n f r o m c y c l i c v o l t a m m o g r a m s o f a c r y l o n i t r i l e 
i n B U 4 N H S C M + N a 2 H P 0 4 + H 2 0 . 

E l e c t r o d e : 10 urn Hg d i s c . 

[CH 2 =CHCN] m o l 
dm - 3 

0.1 0.25 0.5 0.75 1.0 1. 5 

10" U / [CH 2 =CHCN] A m o l - 1 

dm 3 

20 19 17 18 10 9 

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

T h i s i s c o m p a t i b l e w i t h t h e o b s e r v e d f o r m a t i o n o f 
a d i p o n i t r i l e a t h i g h c o n c e n t r a t i o n s and o f p r o p r i o n i t r i l e 
a t l o w e r c o n c e n t r a t i o n s . 
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P O L A R O G R A P H Y O F T H E C O P P E R A D E N I N E S Y S T E M IN 

S U L P H U R I C A C I D M E D I U M 

3.E.Simao and H.M.Tavares, Centro de Qufmica Pura e Aplicada, University of 
Minho, 4719 Braga Codex, Portugal. 

Introduction 

It has been s h o w n ^ that in the presence of adenine copper (II) ions 
in 0.25M F^SO^ are reduced at the mercury electrode in two distinct stages; this is 
a consequence of the interaction of adenine with copper (I) ions. 

In attempt to c l a r i f y which are the reactions involved, the nature 
of the complexes formed and the respective formation constants a series of 
experiments using polarographic techniques (sampled DC and DP Polarography) was 
carried out. 

Apparatus 

A polarographic analizer PAR Mod. 174-A with a PAR SMDE 303 
stand with Ag/AgCl reference electrode and XY Recorder Mod. PM 8041 Philips was 
used. 

The measurements were made at room temperature after 
deaerating with purified nitrogen for 12 minutes. 

In DPP pulse amplitude was 25 mV and drop time 0.5 sec. 

Chemica ls 

Adenine p.a. supplied by Merck was used without further 
purification. A l l other reagents were of analytical grade. 

Results and discussion 

-4 
In a typical experiment the polarogram of a solution of 10 M 

Cu(II) in 0.2 5M h^SO^ was recorded and a single reduction wave, corresponding to the 
2 electron Cu(II) - Cu (0) reduction was obtained. Increasing quantities of adenine 
solution were then added until a Cu:Ade ratio of 1:1 was obtained. Under these 
circunstances two reduction waves were obtained, the f i r s t , at more anodic 
potentials than the original Cu(II) - Cu(0) reduction, corresponding to the reduction 
Cu(II) - Cu(I), and the second, at more cathodic potentials than the original Cu(II) -
Cu(0) reduction, corresponding to the reduction Cu(I) - Cu(0 ) Hg. (Fig. 1.) 

The half-wave potentials of these new waves became progressively 
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