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S u m m a r y : R e s u l t s of an inve s t i g a t i o n of electrochemically c a t a l y s e d 
n u c l e o p h i l i c s u b s t i t u t i o n of 4-bromobenzophenone i n the presence of 
phenoxide ions, as nucleophile, are reported. The data obtained are analysed 
by comparing the limiting currents of the reduction waves i n the presence and 
i n the absence of the nucleophile, and a value of 1.9 x 1 0 5 M" 1 s- 1 was 
obtained for the rate constant of the substitution reaction. 

N u c l e o p h i l i c a r o m a t i c s u b s t i t u t i o n s c a t a l y s e d b y e l e c t r o n i n j e c t i o n , 
i.e., r e a c t i o n s o c c u r i n g b y a n S R N I m e c h a n i s m (1), c a n b e i n d u c e d i n 
v a r i o u s m a n n e r s o f i n j e c t i n g e l e c t r o n s : p h o t o c h e m i c a l l y (2) , 

e l e c t r o c h e m i c a l l y (3), b y s o l v a t e d e l e c t r o n s f r o m a l k a l i m e t a l s d i s s o l v e d i n 
l i q u i d a m m o n i a (2), o r b y o t h e r e l e c t r o n - t r a n s f e r r i n g r e a g e n t s (4). 

S e v e r a l e x a m p l e s o f e l e c t r o c h e m i c a l l y i n d u c e d a r o m a t i c 
n u c l e o p h i l i c s u b s t i t u t i o n r e a c t i o n s i n o r g a n i c s o l v e n t s h a v e b e e n 
r e p o r t e d (5) w h i c h c o n f i r m s t h a t a l a r g e v a r i e t y o f n u c l e o p h i l e s r e a c t w i t h 
a r o m a t i c s u b s t r a t e s i n S R N I p r o c e s s e s . 

H o w e v e r , t h e r e a c t i o n i s i n d e e d e n o u g h c o m p l e x b e c a u s e s o m e s i d e 
r e a c t i o n s c a n o c c u r w h i c h c o m p e t e w i t h t h e s u b s t i t u t i o n p r o c e s s (3). 

I n t h i s p a p e r w e p r e s e n t t h e r e s u l t s o b t a i n e d i n t h e s t u d y o f t h e 
n u c l e o p h i l i c s u b s t i t u t i o n o f 4 - b r o m o b e n z o p h e n o n e b y p h e n o x i d e i o n s a s 
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n u c l e o p h i l e , i n N , N - d i m e t h y l f o r m a m i d e , a t g o l d m i c r o d i s c s o f d i f f e r e n t 

r a d i i . 

T h e v o l t a m m o g r a m s o f B r - C 6 H 4 C O C 6 H 5 i n 0.1 M T B A B / D M F i n 

t h e a b s e n c e o f C e H s O ' N + i C H s U , s h o w two v e r y c l o s e s u c c e s s i v e w a v e s , 

a s s h o w n i n f i g u r e 1. 

•|-10 3j/Acm 

6 0 -

2 0 -

l u - E / V ( F J S C E ) 

F i g u r e 1 - I-E curve for a solution of 1.5 mmol dm" 3 p-Br-CeHsCOCeHs i n 0.1 
mol dm" 3 B U 4 N B F 4/DMF. 

T h e f i r s t w a v e , p r o b a b l y , c o r r e s p o n d s t o t h e e l e c t r o n t r a n s f e r t o t h e 
s u b s t r a t e , A r X , f e a t u r i n g t h e r e a c t i o n s e q u e n c e : 

A r X + e- ^ = A r X - " 

A r X - " - V A r - + X" 
A r • + e" — • A r 

or: 
A r • + A r X - " — • A r " + A r X 
A r " + p r o t o n s o u r c e — • A r H 

a l t h o u g h t h e a r y l r a d i c a l , A r - , i s w e l l k n o w n t o b e a b l e t o a b s t r a c t a n 
h y d r o g e n a t o m f r o m t h e s o l v e n t : 

A r - + S H A r H + S-
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w h i c h m a y e x p l a i n t h e e x p e r i m e n t a l o b s e r v a t i o n t h a t t h e A r X r e d u c t i o n 
w a v e s e e m s t o i n v o l v e t h e e x c h a n g e o f l e s s t h a n t w o e l e c t r o n s p e r 
m o l e c u l e . T h i s f e a t u r e i s s t i l l u n d e r i n v e s t i g a t i o n . 

T h e s e c o n d w a v e p r o b a b l y c o r r e s p o n d s t o t h e e x c h a n g e o f a n o t h e r 
e l e c t r o n p e r m o l e c u l e . It f e a t u r e s t h e r e d u c t i o n o f b e n z o p h e n o n e , A r H , 
f o r m e d a t t h e f i r s t w a v e , i n t o i t s a n i o n r a d i c a l : 

A r H + e- A r H - " 

U p o n a d d i t i o n o f p h e n o x i d e i o n s , w e o b s e r v e d t h a t t h e h e i g h t o f 
t h e t w o w a v e s o f b r o m o b e n z o p h e n o n e d e c r e a s e a n d a n e w w a v e a p p e a r s 
a t m o r e n e g a t i v e p o t e n t i a l w h i c h p r o b a b l y c o r r e s p o n d s t o t h e r e d u c t i o n 
o f t h e s u b s t i t u t e d p r o d u c t ( f i g u r e 2) . 

-103j/Acm2 

6.0 -

2.0 -

F i g u r e 2 - I-E curve for a solution of 1.5 mmol dm" 3 p-Br-CeHsCOCeHs, 0.6 
mmol dm" 3 C 6 H 5 0 " N + ( C H 3 ) 4 i n 0.1 mol dm' 3 Bu 4NBF 4/DMF. 

T h e e x t e n t o f t h e s u b s t i t u t i o n i n c r e a s e s w h e n r a i s i n g t h e 
n u c l e o p h i l e c o n c e n t r a t i o n , f o r a g i v e n s u b s t r a t e c o n c e n t r a t i o n , a s i t i s 
s h o w n i n t h e t a b l e 1. 
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T A B L E 1 

Data obtained i n the aromatic nucleophilic substitution of bromobenzophenone. 

104 d / cm 
(WE=Au) 

1.5 mM B1C5H5COC6H5 

0.075 M C6H50-N+[CH3l4 

0.1 MTBAB 
DMF 

1.5 mM B1C6H5COC6H5 

0.15 M C6H50"N*lcH3l4 
0.1 MTBAB 

DMF 

1.5 mM BrC6H5COC6H5 

0.3 M C6H50-N+(CH3)4 
0.1 MTBAB 

lOSld/ 
A 

loSlc/ 
A 

lc /W 109ld/ 
A 

109lc / 
A 

lc / 1<J 109|d/ 
A 

lO l̂c / 
A 

lc / Id 

10 2.8 1.8 0.69 2.6 1.6 0.62 2.2 1.2 0.55 

25 6.4 4.5 0.70 6.4 4.1 0.64 5.4 3.0 0.56 

60 19 14 0.73 19 12 0.63 16 8.S 0.55 

id - diffusion wave current of the substrate in the absence of nucleophile 
lc . diffusion wave current of the substrate in the presence of nucleophile 
ic / Id - current function 

F r o m t h e d a t a i n t a b l e 1 w e c a n a l s o o b s e r v e t h a t t h e c u r r e n t 
f u n c t i o n ( i c / i d ) i s i n d e p e n d e n t o f t h e r a d i u s o f t h e m i c r o e l e c t r o d e . T h i s 
f a c t , t o g e t h e r w i t h l o w e f f i c i e n c y o f t h e s u b s t i t u t i o n p r o c e s s ( a s o n e c a n 
see t h r o u g h t h e v a l u e s o f t h e c u r r e n t f u n c t i o n w h i c h d o n o t d e c r e a s e 
d o w n t o ze r o ) l e a d u s t o c o n c l u d e t h a t p r o b a b l y t h e r e i s a c o m p e t i t i o n 
b e t w e e n t h e n u c l e o p h i l i c a t t a c k a n d e l e c t r o n t r a n s f e r f r o m ' t h e e l e c t r o d e 
to t h e a r y l r a d i c a l , o r H - a t o m t r a n s f e r . 

T h u s , t h e m e c h a n i s m t h a t w e a s s u m e i s : 

A r X + e" A r X - " 

A r X - " A r - + X" 

Ar- + N u " > A r N u - " 
A r N u - - - e" A r N u 
a n d / o r 
A r N u - " + A r X A r X - - + A r N u 

a l t h o u g h a c o m p e t i n g r e a c t i o n o c c u r s w h i c h i s t h e r e d u c t i o n o f A r - a t t h e 
e l e c t r o d e : 
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A r - + e" — • A r ¬

A r " i s t h e n f i n a l l y c o n v e r t e d i n t o A r H b y p r o t o n a b s t r a t i o n f r o m t h e 
s o l v e n t i n t h e a b s e n c e o f a d d e d w a t e r : 

A r " + S H — • A r H + S" 

A n o t h e r c o m p e t i n g r e a c t i o n t h a t m a y o c c u r i s t h e H - a t o m 
a b s t r a c t i o n f r o m t h e s o l v e n t b y Ar-: 

A r - + S H A r H + S-

w i t h f u r t h e r e l e c t r o n t r a n s f e r t o S- l e a d i n g t o S". 

I n t h e s i t u a t i o n w h e r e t h e r e i s E C E / S R N I c o m p e t i t i o n , t h e h e i g h t 

o f t h e s u b s t r a t e w a v e m u s t v a r y w i t h t h e p h e n o x i d e c o n c e n t r a t i o n 
a c c o r d i n g t o t h e f o l l o w i n g e q u a t i o n : 

( i d / i c ) - 1 = ( k 2 / k j ) 1/2 ( [ N u " ] ) 1/2 ( i ) 

w h e r e : 
k 2 - s e c o n d - o r d e r r a t e c o n s t a n t o f t h e n u c l e o p h i l i c s u b s t i t u t i o n 
k i - r a t e c o n s t a n t f o r t h e c l e a v a g e o f t h e i n i t i a l a n i o n r a d i c a l , A r X - -

B u t i f t h e r e i s E C H / S R N I c o m p e t i t i o n t h e h e i g h t o f t h e s u b s t r a t e w a v e 

m u s t v a r y w i t h [ Nu"], a c c o r d i n g t o : 

( i d / i c ) - 1 = ( k 2 / k 3 ) ( [ N u " ] ) (2) 

H o w e v e r , a p o o r a g r e e m e n t w a s o b t a i n e d w i t h t h e e q u a t i o n (2) 

s i n c e i n t h e c o r r e s p o n d i n g p l o t d o e s n o t g i v e a z e r o i n t e r c e p t . T h i s f a c t 
l e a d s t o t h e d i s c a r d i n g a n E C H / S R N I c o m p e t i t i o n . 

O n t h e o t h e r h a n d , t h e p l o t o f t h e p a r a m e t e r , ( i d / i c ) - 1. a g a i n s t 
t h e s q u a r e r o o t o f t h e n u c l e o p h i l e c o n c e n t r a t i o n g i v e s a s t r a i g h t l i n e 
w h i c h p a s s e s t h r o u g h t h e o r i g i n , a s i t i s s h o w n i n t h e f i g u r e 3. 



F i g u r e 3 - A plot of the parameter (Id/ic) - 1 as a function of the square root of 

the nucleophile concentration. 

T h e va lue of the rate cons tan t of the s u b s t i t u t i o n r eac t i on , k 2 , c a n 

be ob ta ined f rom the s lope of the s t ra ight l i ne . T h u s , u s i n g the v a l u e of 

k i f ound i n the l i t e ra tu re a n d equa l to 8 x 1 0 4 s _ 1 , i t i s f o u n d tha t k 2 = 

1.9 x 1 0 5 M " 1 s"1-
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ELECTROCATALYTIC BEHAVIOUR OF DIFFERENT SUBSTRATES FOR THE 

ELECTROOXIDATION OF DMAB IN ELECTROLESS METAL DEPOSITION 
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(2) Departamento de Química, Faculdade de Ciências, 1800 Lisboa, PORTUGAL. 

ABSTRACT - The electrooxidation of dimethylmineborane (DMAB) on specpure and electrolytic Ni 
and Co in succinate containing solutions of slightly acid pH has been studied by cyclic voltammetry 
and potential time measurements. The results have shown differences in electroactivity which can be 
related with surface morphologies. The study has been extended to electroless Ni-B and Co-B 
substrates and the electrocatalytic properties of the alloys compared to those of pure metals. 

INTRODUCTION 
It is usual practice to evaluate the conditions for electroless metal deposition (EMD) by the 

measurement of the potential evolution with time of a given substrate in the electroless solution [1]. 
Therefore, the substrate catalytic activity can be referred to its ability to reach the stable EMD 
potential. Being this critical potential closely related with the behaviour of the system 
substrate/reducing agent [2], the evaluation of the relative catalytic activity of different substrates 
can be carried out in metal ions free media. 

Extensive investigation on suitable experimental conditions (presence of complexants, pH, 
temperature) for electroless Nickel and Cobalt deposition, using dimethylamineborane (DMAB) as 
reductant, was recently reported [3]. The aim of this work is to present the influence of substrate 
morphology on the first stages of the deposition. Considering that the process evolution is 
determined by the deposited first layers, the electrooxidation of DMAB on Ni-B and on Co-B is also 
investigated. 

EXPERIMENTAL 
Cyclic voltammetry and potential time measurements were carried out in adequate 

electrochemical cells with specpure and electrolytic metals, electroless Ni-B and Co-B working 
electrodes. The counter electrode was a platinum foil and electrode potentials were controlled with 
respect to a saturated calomel electrode by EG k. G potentiostat/galvanostat model 273. Rotating 
electrode experiments were performed with a RDE EG k G model 616. The results were collected 
with a XY-t recorder. 

The solutions were prepared with Analar grade reagents and de-ionised bidestilled water and 
specpure substrates were polished to a mirror finishing before each experiment. A l l measurements 
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