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C e n t r o d e E l e c t r o q u í m i c a e C i n é t i c a d a U n i v e r s i d a d e d e L i s b o a 

R . d a E s c o l a P o l i t é c n i c a , 5 8 , 1 2 9 4 L i s b o a C o d e x 

l a > F a c u l d a d e d e F a r m á c i a d a U n i v e r s i d a d e d e L i s b o a 
th) 

F a c u l d a d e de C i ê n c i a s d a U n i v e r s i d a d e d e L i s b o a 

C o n v e n t i o n a l a s s i g n m e n t o f pH s t a n d a r d v a l u e s , p H ( S ) , i s 

a t t a i n e d f r o m e . m . f . m e a s u r e m e n t , E , o f H a r n e d c e l l s ( I ) 

c o n t a i n i n g t h e r e f e r e n c e b u f f e r s o l u t i o n s u n d e r c o n c e r n t o 

w h i c h KC1 h a s b e e n a d d e d ( k e e p i n g t h e i o n i c s t r e n g t n , 

I < 0 . 1 ) 

P t : H I R e f e r e n c e b u f f e r s o l u t i o n , K C l ( m ) I A g C l : A g 
2 CL 

C a l c u l a t e d v a l u e s o f t h e a c i d i t y f u n c t i o n p ( a > ) 
' H C l 

E-E ° 

P ' V c l
1
 = " l 0 9 ( V c i ! = 2 , 3 0 2 6 R T / F + l o g m c l ( 1 ) 

a r e e x t r a p o l a t e d t o m = 0 i n o r d e r t o o v e r c o m e t h e e f f e c t 
C L 

o f t h e a d d e d c h l o r i d e . 

A d d i t i o n o f KC1 i n t r o d u c e s m i n o r c h a n g e s t o p ( a y ) , 

p a r t i c u l a r l y i n t h e ' c a s e s w h e r e t h e b u f f e r c o n c e n t r a t i o n 

e x c e e d s t h e o n e o f a d d e d c h l o r i d e [ 1 ] . 

F o r a m o n o p r o t i c a c i d , H A , i t i s 
HA t A " + H + 

a n d t h e a c i d i t y f u n c t i o n p ( a y ) c a n a l s o be d e f i n e d i n 
H c l 

t e r m s o f t h e c o r r e s p o n d i n g a c i d d i s s o c i a t i o n c o n s t a n t 

a . a 
K = A H 
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m y • Y-
P ( a

H Y c l ) = PK + l o g - 7 — ~ l o g — — — (2 ) 

F o r a b u f f e r r a t i o m /m = 1. t h e l a s t t e r m b e i n g 
A H A 

n e g l i g i b l e , i t i s p ( a
H ^ c l ) — p K a ^ o r a ^ c h l o r i d e 

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

F o r p o l i p r o t i c a c i d s , e . g . H g A w i t h a c i d d i s s o c i a t i o n 

c o n s t a n t s K , K a n d K , i t i s 
1 ' 2 3 ' 

1 1 m 

P < V O I ) = " T ! p K i + D K 2 + p K
3 ' + - 3 " l o g T T - + 2 1 0 9 r ± ( 3 ) 

w h e r e v i s t h e a c t i v i t y c o e f f i c i e n t o f m o n o c h a r g e d s p e c i e s . 
1 

A l l o t h e r t e r m s b e i n g c o n s t a n t , t h e a d d i t i o n o f KC1 

m o d i f i e s l o g y t h r o u g h t h e i o n i c s t r e n g t h , t h u s i n t r o d u c i n g 
1 

a s m a l l n e g a t i v e s l o p e f o r t h e l i n e a r v a r i a t i o n o f p l a y ) 

v s . m . 
c l 

A p p l i c a t i o n o f e q u a t i o n (3 ) t o c i t r i c a c i d , 0 . 0 1 m H C i t , 

w h e r e 

H C i t + H 0 t H C i t " + H 0 + pK = 3 . 1 2 8 
3 2 2 3 i 

H C i t " + H O t H C i t 2 - + H 0 + pK = 4 . 7 6 1 
2 2 3 2 

H C i t 2 " + H 0 t H C i t 3 " + H 0 + pK = 6 . 3 9 6 

l e a d s t o [ 1 ] 

p ( a y ) = ~ ( 3 . 1 2 8 + 4 . 7 6 1 + 6 . 3 9 6 ) + -4- 1og 0 . 0 4 7 2 1 7 x 1 0 ~ ? -

- - i - l o g 0 . 0 0 7 5 0 2 1 + 2 l o g 0 . 9 4 6 3 1 = 2 . 6 4 7 

C o n s i d e r i n g a l l t e r m s c o n s t a n t , e x c e p t l o g y d u e t o t h e 

a d d i t i o n o f K C l , e q u a t i o n (3 ) l e a d s t o l i n e a r r e p r e s e n t a t i o n 

p ( a Y ) V B - r n .) - 3 . 5 s l o p e ( T a b l e 1; F i g . 1) a n d 
H c l c l 

i n t e r c e p t d i f f e r e n t f r o m 2 . 6 4 7 . 
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T A B L E 1. C a l c u l a t e d ( e q u a t i o n 3 ) v a l u e s o f I , l o g y a n d 

P ' V o l
1

 f D r ° - 0 1 r n H
3

C l t s o l u t i o n s w i t h a d d e d KC1 

K C l ( m ) I l o g y 
P (

V c l
J 

0 0 . 0 0 2 5 - 0 . 0 2 3 9 6 9 
C l ] 

2 . 6 4 7 

0 . 0 0 5 0 0 0 7 5 - 0 0 3 9 1 5 1 2 . 6 1 7 

0 . 0 1 0 0 1 2 5 - 0 0 4 8 9 0 7 2 . 5 9 7 

0 . 0 1 5 0 . 0 1 7 5 - 0 . 0 5 6 3 8 4 2 . 5 8 2 

F I G U R E 1. 

V a r i a t i o n o f c a l c u l a t e d ( e q u a t i o n 3 ) p ( a y ) v a l u e s o f 
H C l 

0 . 0 1 m H a C i t s o l u t i o n s w i t h a d d i t i o n o f K C 1 . 

An e x p e r i m e n t a l s t u d y by B a t e s et a I. [ 2 ] o f a s i m i l a r 

s y s t e m w i t h a p p l i c a t i o n o f e q u a t i o n (1 ) p r o d u c e d a s t r a i g h t 

l i n e o f p o s i t i v e s l o p e , F i g . 2 . 
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0 . 0 0 5 0.010 
mol kg ' 1 K C l 

0.01b 

F I G U R E 2 

V a r i a t i o n o f e x p e r i m e n t a l l y a c c e s s e d ( e q u a t i o n 1) p ^ a
H

r
c 0 

v a l u e s o f 0 . 0 1 m H C i t s o l u t i o n s w i t h a d d e d K C 1 . 

F o r 0 . 1 rnol d m " 3 K H C i t s o l u t i o n s , b o t h c a l c u l a t e d a n d 
2 

e x p e r i m e n t a l [ 2 ] r e s u l t s p r o d u c e n e g a t i v e s l o p e s , a s c a n be 

s e e n f r o m T a b l e 2 , F i g . 3 a n d F i g . 4 . 
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T A B L E 2 . C a l c u l a t e d ( e q u a t i o n 3) v a l u e s , o f I , l o g y a n d 

p ( a y ) f o r 0 . 1 m KH C i t s o l u t i o n s w i t h a d d e d KC1 
H ' C l 2 

KC1 ( m ) I l o g ri p (
 V c l

} 

0 0 1 1 5 - 0 1 1 4 9 5 3 . 8 3 0 

0 . 0 0 5 0 1 2 0 - 0 1 1 6 4 4 3 . 8 2 7 

0 . 0 1 0 125 - 0 1 1 8 0 1 3 . 8 2 4 

0 . 0 1 5 0 . 1 3 0 - 0 . 1 1 9 5 3 3 . 8 2 1 

3.810 

3 .800 

0. 005 0 . 0 1 5 

mo l kg " ' K C I 

F I G U R E 3 

V a r i a t i o n o f c a l c u l a t e d ( e q u a t i o n 3) ( p ( a .v ) v a l u e s o f 
H CL 

0 . 1 m KH L i t s o l u t i o n s w i t h a d d i t i o n o f K C I . 
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0.005 0.010 0.016 

mal kg"' KCI 
F I G U R E 4 

v a l u e s 

v a r i o u s b u f f e r s o l u t i o n s , a t 25 C , w i t h a d d i t i o n o f K C I 

V a r i a t i o n o f e x p e r i m e n t a l l y a c c e s s e d [ 2 ] p ( a > ) 
H c l 

o f 

1 . 0 . 1 m KH ( C 0 ) 2 . 
3 2 4 2 

3 . 0 . 1 m KH C i t 4. 
2 

5 . 0 . 0 5 m KH P h t h a l . _ 6 . 

7 . ( 0 . 0 1 m / 0 . 0 1 ffi) H A c / N a A c 8 . 

9 . ( 0 . 0 1 m / 0 . 0 1 m) KH PO /Na HPO 

0 . 0 2 m KH (C 0 ) 
3 2 4 2 

0 . 0 2 m KH C i t 
2 

( 0 . 1 m / 0 . 1 m) H A c / N a A c 

0 . 0 2 5 m / 0 . 0 2 5 m ) KH PO /Na HPO 
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O b s e r v a t i o n o f F i g . 4 s h o w s t h a t b i g g e r d i s a g r e e m e n t s 

o c c u r f o r m i x t u r e s o f s a l t a n d a c i d a t h i g h e r i o n i c 

s t r e n g t h s . 

W h i l e c a l c u l a t e d v a l u e s ( e q u a t i o n 3 ) a l w a y s p r o d u c e a l i n e 

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

[ 3 ] f r o m v a r i o u s s u p p l i e r s ( A , B , C ) p r o d u c e d s l o p e s t h a t 

r a n g e d f r o m p o s i t i v e t o n e g a t i v e , F i g . 5 , t h u s a r i s i n g t h e 

q u e s t i o n o f i n t e r p r e t a t i o n . 

z 

3.800 I , , 

0.005 0.010 0.0I5 

mol kg - ' KCI 

F I G U R E 5 

V a r i a t i o n o f e x p e r i m e n t a l l y a c c e s s e d ( 1 , 2 , 3 , 4 , 5 ) a n d 

c a l c u l a t e d (6 ) p ( a y ) v a l u e s o f c i t r a t e b u f f e r s o l u t i o n s 
H C l 

f r o m v a r i o u s s u p p l i e r s ( A , B , C ) 
1. 0 . 0 2 m KH C i t (A ) 2 . 0 . 0 5 m KH C i t (A ) 

2 2 
3 . 0 . 1 m K H C i t (A ) 4 . 0 . 1 m KH C i t ( B) 

2 2 
5 . 0 . 1 m KH C i t (C ) 6 . 0 . 1 m KH C i t 
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T h i s c o u l d be e x p l a i n e d i n t e r m s o f . d i s p l a c e m e n t i n t h e 

e q u i l i b r i u m c o n d i t i o n s , p r o m o t e d by t h e a d d i t i o n o f K C 1 , w i t h 
m 

A , 

c o n s e q u e n t i n c r e a s i n g o f t h e b u f f e r r a t i o — , n o t 
H A 

3 

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

E v a l u a t i o n o f pH v a l u e s f o r KH C i t b u f f e r s y s t e m 

e v e n t u a l l y c o n t a m i n a t e d w i t h H g C i t i s , t h e r e f o r e , b o u n d t o 

s u f f e r f r o m u n p r e c i s e e x t r a p o l a t i o n . N e v e r t h e l e s s , 

c o m p a i r i s o n o f c a l c u l a t e d a n d e x p e r i m e n t a l r e s u l t s p r o v e d t o 

be a g o o d i n d i c a t i o n o f a c i d c o n t a m i n a t i o n a n d h a s l e d t o t h e 

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

s o l i d r e a g e n t [ 4 ] . 
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The electrochemical nature of electroless plat ing is widely accepted [1,2]. The 

electrode processes involve simultaneously the anodic oxidat ion of a reductant and the 

cathodic metal deposition and these part ial reactions may proceed by several steps. 

In connection w i th the catalytic act iv i ty of the substrates there is experimental 

evidence for considering the reductant oxidat ion the dominant factor in electroless 

process [3,4]. 

In this work specpure nickel and cobalt were used to study the electrochemical 

behaviour of d imethylamine borane ( D M A B ) in acetate containing solutions of sl ightly 

alkaline p H . The effect associated to the presence in the electrolyte of thiourea and 

N-methyl thiourea was also considered. 

A t a given concentration of the reductant, N i and Co present different 

behaviours, as can be seen by the evolution of the electrode open-circuit potential w i th 

t ime, i l lustrated in figure 1. However, as the concentration of D M A B increases the 

" induc t i on " period is shorter for Co and N i substrate can present catalyt ic act iv i ty , 

which suggests an interaction between the substrate and the reducing agent - e. g. 

adsorption as a first step. 

A subsequent formation of radicals is l ike ly to occur as well as its oxidat ion, 

reactions 1 and 2. 

[ ( C H 3 ) 2 N H B H 3 + O H " —» ( C H 3 ) 2 N H + B H 3 0 H " ] 

B H 3 O H - - ^ T B H 2 ( O H ) a d s + H a d s 

B H 2 ( 0 H ) ; d g + O H " — B H 2 ( O H ) 2 + e 

( i ) 

(2) 
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