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The p r e - c o n c e n t r a t i o n s t e p i n a d s o r p t i v e s t r i p p i n g vo l tammetry 

i n v o l v e s a d s o r p t i o n a c cumu la t i on of me ta l i on complexes o f low s o l u b i l i t y 

at the e l e c t r o d e s u r f a c e , g e n e r a l l y mercury , at a s m a l l n e g a t i v e a p p l i e d 

p o t e n t i a l i n o rde r t o ensure maximum a d s o r p t i o n . In the case o f coba l t 

and n i c k e l , d iox ime l i g a n d s form s u f f i c i e n t l y s p e c i f i c complexes f o r t h e i r 

i d e n t i f i c a t i o n and d e t e r m i n a t i o n . A f t e r a d s o r p t i o n a c cumu la t i on , the 

adsorbed me ta l i on complexes are reduced by a nega t i v e s can to the ze ro 

o x i d a t i o n s t a t e r e s u l t i n g i n a c u r r e n t peak, the he i gh t o f which i s 

p r o p o r t i o n a l to c o n c e n t r a t i o n . 

We have deve loped a procedure f o r q u a n t i f i c a t i o n o f coba l t and 

n i c k e l i n f l o w i n g s o l u t i o n at the w a l l - j e t mercury t h i n - f i l m e l e c t r o d e , 

u s i n g n iox ime (1 ,2 -cyc lohexaned iox ime ) l i g a n d i n a b i o l o g i c a l b u f f e r , HEPES 

(pKa, 7.5) [13. The o p t i m i s e d e x p e r i m e n t a l procedure i n v o l v e s , a f t e r 

f o rmat i on o f the mercury f i l m i n a c i d i c n i t r a t e medium, a d s o r p t i o n 

a c cumu la t i on of the complexes at -0 .7V vs. Ag/AgCl i n 30mM HEPES/0.1M 

NaC10 A at pH 7.6 f o l l owed by a d i f f e r e n t i a l pu l s e n ega t i v e scan from -0 .8V . 

The n i c k e l peak appears at -0 .93V and the coba l t peak at -1 .01V , t h e r e 

be ing c a t a l y t i c enhancement o f the coba l t c u r r e n t peak. T h i s method works 

w e l l i n the nanomolar c o n c e n t r a t i o n range - at h i g h e r c o n c e n t r a t i o n s the 

mercury s u r f a c e r a p i d l y becomes s a t u r a t e d w i t h complex. 

I n v e s t i g a t i o n s i n t o the n a t u r e o f the a d s o r p t i o n and r e d u c t i o n 

p rocesses were c a r r i e d out u s i n g a r o t a t i n g d i s c mercury t h i n - f i l m 

e l e c t r o d e (MTFE) formed on a g l a s s y carbon s u b s t r a t e o f g eome t r i c a r e a 

0.4CIIV2, and d iox ime l i g a n d s i n the same 30mM HEPES buf f e r/0 .1M NaC10 A 

medium by impedance and l i n e a r sweep vo l tammetry . Expe r iments f o cussed 

p a r t i c u l a r l y on n iox ime l i g a n d s . P r e v i ous work at the hang ing mercury 
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drop e l e c t r o d e i n vo l v ed d ime thy l g l yox ime (dmg) l i g a n d [23. The s t r u c t u r e 

of the d iox ime l i g a n d and HEPES a re shown i n F i g . 1. Dioxime forms square 

p l a n a r complexes w i t h Co and N i ; some d i f f e r e n c e s between dmg and n iox ime 

can be p r e d i c t e d from l i g a n d s i z e and the more r i g i d s t r u c t u r e o f n iox ime . 

(a) (b) 

N — O H 

^ N — OH 

F i g . 1 Formulae o f <a) d iox ime l i g a n d (dmg: R=R'=CH 3; n iox ime : R— R'= <CH 3 ) A ) ; 
(b) HEPES. 

Impedance s p e c t r a i n s o l u t i o n s c o n t a i n i n g o n l y l i g a n d and c o n t a i n i n g 

l i g a n d p l u s me ta l i o n are ex t r eme l y s i m i l a r and a r e o f the same form as 

from s u b s t r a t e s covered by a t h i n c onduc t i ng f i l m and e v i d e n c i n g some 

s u r f a c e roughness , as i l l u s t r a t e d i n F i g . 2 . A d d i t i o n a l l y , they do not vary 

w i t h p o t e n t i a l ove r the range - 0 . 3 to -0 .8V vs. SCE. T h i s s u g g e s t s tha t 

the adsorbed complexes are n e u t r a l caused by l o s s o f p r o t ons from the 

d iox ime l i g a n d s . 

Fig .2 T y p i c a l impedance spec t rum fo r n iox ime l i g a n d adsorbed on the 
r o t a t i n g d i s c MTFE i n 30mM HEPES/0.1M NaC10 A . E=-0.7V vs. Ag/AgCl. 
F requenc i es i n Hz. 

It can be deduced tha t a d s o r p t i o n o f the complexes p robab l y takes p l ace by 

meta l i on exchange. The mercury s u r f a c e i s covered w i t h adsorbed l i g a n d 

molecu les : a complex approaches from bu lk s o l u t i o n , the re then o c c u r r i n g 
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t r a n s f e r o f the me ta l i on t o l i g a n d mo lecu l es a l r e a d y adsorbed. Such a 

mechanism he lps to e x p l a i n s a t u r a t i o n e f f e c t s obse rved even at ve ry low 

me ta l i on c o n c e n t r a t i o n , s i n c e a c o n t r i b u t i o n from e q u i l i b r i u m e f f e c t s 

between adsorbed and non-adsorbed complexes can be env i saged . 

In l i n e a r sweep vo l tammetry expe r iments , th ree minutes 

p r e c o n c e n t r a t i o n was c a r r i e d out at - 0 .7V f o l l owed by a n e g a t i v e scan at 

sweep r a t e s v a r y i n g between 5 and 200mV s " 1 . Parameters o f i n t e r e s t were 

the v a r i a t i o n o f peak p o t e n t i a l , E p , and peak c u r r e n t , i p ) w i t h l i g a n d and 

me ta l i on c o n c e n t r a t i o n , w i t h pH and w i t h scan r a t e . T y p i c a l r e d u c t i o n 

peaks a f t e r background s u b t r a c t i o n are shown i n F i g .3 - i t can be seen 

that the n i c k e l peak i s f a i r l y s y m m e t r i c a l and the coba l t peak very 

a s ymmet r i c a l . 

(a) (b) 
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F ig .3 T y p i c a l LSV r e d u c t i o n peaks a f t e r background s u b t r a c t i o n f o r (a) N i 
and (b) Co. pH=6.8, [nioxime]= 10~*M; CM : 2-4-]=1.0>:10-sM; v=200mV s ~ \ 

Other d e d u c t i o n s tha t can be made are : 

- d i r e c t p r o p o r t i o n a l i t y between peak c u r r e n t and scan r a t e , 

c o n f i r m i n g the r e d u c t i o n o f i r r e v e r s i b l y adsorbed r e a c t a n t s ; 

- v a r i a t i o n o f E F , w i t h pH; 

- the r a t e d e t e r m i n i n g s t e p i s 1st o rd e r i n H~\ s i n c e p l o t s o f l o g i 

vs. pH at f i x e d p o t e n t i a l and scan r a t e have s l o p e o f — 1 ; 

- c a t a l y t i c enhancement o f the coba l t peak c u r r e n t , such tha t i t i s 

app rox ima t e l y t en t imes the he i gh t o f the n i c k e l peak. 
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A n a l y s i s o f the wave shape shows c u r r e n t peaks f o r the r e d u c t i o n p r o c e s s 

o f n iox ime complexes d i f f e r e n t from those w i t h d ime thy l g l y ox ime l i g a n d 121, 

and d i f f e r e n c e s between n i c k e l and coba l t . A p p l y i n g L a v i r o n ' s e x p r e s s i o n 

f o r the r e d u c t i o n o f i r r e v e r s i b l y adsorbed r e a c t a n t s [31: 

i = -Z<a t )nFAar o 

where Z(crt) i s a c u r r e n t f u n c t i o n , cr=<nF/RT)v, Tc, i s the s u r f a c e 

c o n c e n t r a t i o n and o the r symbols have t h e i r u s u a l meaning, g i v e s a 

reasonab ly good f i t f o r the main par t of the peak i f v a lu e s o f an=1.2 f o r 

N i and 0.65 f o r Co are assumed, and which co r r esponds t o c a l c u l a t e d 

coverages o f 0.19 and 1.7 nmol c m - 2 r e s p e c t i v e l y . The l e s s good f i t at 

the t a i l end o f the peak can be a t t r i b u t e d to the fac t tha t the me ta l 

r e a c t i o n product i s con f ined to the t h i n mercury f i l m . U n l i k e the dmg case 

where ocn v a l u e s o f app rox ima t e l y 1.5 were found c o r r e spond ing to a p r e -

e q u i l i b r i u m f o l l owed by a r a t e - d e t e r m i n i n g s t ep , here a d d i t i o n o f the f i r s t 

e l e c t r o n appears to be i n c l u d e d i n the r a t e - d e t e r m i n i n g s t ep . The 

d i f f e r e n c e i n the c a l c u l a t e d r o v a lues o f an o rde r o f magni tude i s 

probab ly due to the c a t a l y t i c enhancement o f the Co s i g n a l such tha t the 

N i va lue i s the c o r r e c t one. 

It i s not at p resent c l e a r how the c a t a l y t i c r e g e n e r a t i o n o f C o d i ) 

o ccurs . Apar t from c a t a l y s i s by ammonia b u f f e r , t h i s has been found i n 

the presence o f n i t r i t e , where i t was deduced tha t the r e d u c t i o n o f t h i s 

s p e c i e s caused r e o x i d a t i o n o f Co (I) [4L The f o rmu la and s t r u c t u r e o f 

HEPES ( F i g . l ) sugges t tha t i t s invo lvement i n t h i s r e g e n e r a t i o n p r o c e s s 

shou ld be cons ide red . 
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ESTÚDIO VOLTAMPEROKETRICO DE LOS C O M P L E J O S C d - L I G A N D O S I N O R ­

GÂNICOS A B A J A S CONCENTRACIONES 

E . B a r r a d o , R. P a r d o , M . H e r g u e d a s y M . V e g a 

D e p a r t a n e n t o d e Qu ímica A n a l í t i c a . F a c u l t a d d e C i ê n c i a s . 

U n i v e r s i d a d d e V a l l a d o l i d . 4 7 0 0 5 . V a l l a d o l i d . S P A I N 

INTRODUCCION 

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

d i s p e r s i ó n d e l o s m e t a l e s p e s a d o s e n e l n é d i o a m b i e n t e . P o r 

e s t o y p o r s u c a r á c t e r t ó x i c o y n o b i o d e g r a d a b l e , l o q u e l e s 

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

n i c a s , e s d e s u m a i m p o r t â n c i a c o n o c e r s u c o m p o r t a m i e n t o m e d i o -

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

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

i t a i - i t a i , p o r l o q u e s u e s t ú d i o e s d e p r i m o r d i a l i m p o r t â n c i a . 

P a r a s u d e t e r m i n a c i ó n p u e d e n u t i l i z a r s e t é c n i c a s p o l a r o g r á f i -

c a s o v o l t a m p e r o m é t r i c a s , a u n q u e a l o s n i v e l e s e n q u e s e 

e n c u e n t r a e n l a a g u a s d e r i o ( u g / 1 ) s e e s c o g e r á l a ú l t i m a d e 

e l l a s . C o n r e l a c i ó n a l t i p o d e c o m p l e j o s q u e f o r m a , p u e d e n 

a g r u p a r s e e n d o s c a t e g o r i a s l i m i t e s : l á b i l e s e i n e r t e s . L i m i ­

t a r e m o s e s t e e s t ú d i o a l o s c o m p l e j o s l á b i l e s q u e f o r m a e l C d 

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

r i o P i s u e r g a : H C 0 3 - , H P 0 4
2 - , C l - y S 0 4

2 -

P u e s t o q u e e l C d s e r e d u c e r e v e r s i b l e m e n t e s o b r e m e r c ú r i o , s i 

f o r m a u n c o n p l e j o q u e l o h a c e d e a c u e r d o c o n l a r e a c c i ó n 

MXj + n e ======= M ( H g ) + j H 

l a d e t e r m i n a c i ó n d e l a c o n s t a n t e d e e s t a b i l i d a d y d e i número 

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

A E i / 2 = ( E i / 2 ) c - ( E 1 / 2 ) f = - R T / n F l n ( B M X J [ X ] J ) 

C u a n d o s e p r o d u c e n e q u i l i b r i o s s u c e s i v o s l a d e t e r m i n a c i ó n d e 

l a s c o n s t a n t e s y e l número d e l i g a n d o s s e r e a l i z a a t r a v é s d e i 

método d e De F o r d y Hume, m e d i a n t e l a e c u a c i ó n g e n e r a l i z a d a 

( E i / 2 ) c - ( E i / 2 ) f = - R T / n F l n 2 fij [ X ] J 

c u y a r e o r d e n a c i ó n d a l u g a r a l a s f u n c i o n e s d e L e d e n : 

Fo ( x ) = 2 Bj [ X ] J = e x p ( - R T / n F E i / z ) + l n W I o = 
Bo + B i [ X ] + 0 2 [ X ] 2 + . . . 

Un a j u s t e p o l i n ó m i c o p o r mín imos c u a d r a d o s d e Fo ( x ) e n f u n c i ó n 

d e l a c o n c e n t r a c i ó n d e l i g a n d o n o s p e r m i t i r á o b t e n e r l a e s t e -

q u i o n e t r í a y l a s c o n s t a n t e s d e l o s c o m p l e j o s . 
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