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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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E s t a m e t o d o l o g i a e s ú t i l p o l a r o g r á f i c a m e n t e c u a n d o l a c o n c e n -

t r a c i ó n d e i ó n m e t á l i c o e s d e i o r d e n d e 1 0 ~ 5 M , p e r o p a r a l a s 

c o n c e n t r a c i o n e s d e l a s a g u a s f l u v i a l e s ( 1 0 - s M ) , a l n o o b t e n e r 

u n p o l a r o g r a m a u t i l i z a b l e , hemos t e n i d o q u e r e c u r r i r a l a t é c ­

n i c a d e i p s e u d o p o l a r o g r a m a d e B u b i c y B r a n i c a ( 1 ) . 

E X P E R I M E N T A L 

P a r a l a r e a l i z a c i ó n p r á c t i c a s e p r e p a r a u n " a g u a m o d e l a d a " , 

t o m a n d o 5 m l d e KNOa 0 , 0 9 1 M + y m l d e l i g a n d o X , e n r a s a n d o a 

50 m l c o n a g u a d e s i o n i z a d a . 

De e s t a s d i s o l u c i o n e s s e t o m a n 2 0 m l d o n d e s e c o n p r u e b a l a 

c a n t i d a d d e C d p r e s e n t e como i m p u r e z a m e d i a n t e u n método d e 

a d i c i o n e s p a t r ó n d e u n a d i s o l u c i ó n d e c o n c e n t r a c i ó n c o n o c i d a . 

A o t r o s 20 m l s e l e s c o m p l e t a l a c a n t i d a d d e C d h a s t a 5 u g / 1 

( c a n t i d a d máxima p e r m i t i d a p o r l a l e g i s l a e i ó n v i g e n t e ) y e n 

e s t a d i s o l u c i ó n s e r e a l i z a e l t r a z a d o d e i p s e u d o p o l a r o g r a m a , 

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

n e s d e L e d e n . 

L a F i g . 1 m u e s t r a l o s v o l t a m p e r o g r a m a s a d i s t i n t o s p o t e n c i a l e s 

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

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

T$ hp/mm 
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D e b i d o a l a m o r f o l o g i a d e l a s c u r v a s , l a o b t e n c i ó n d e l o s 

p o t e n c i a l e s d e o n d a m e d i a , s e h a r e a l i z a d o a n a l i t i c a m e n t e , 

a j u s t a n d o p o r mínimos c u a d r a d o s l a f u n c i ó n 

i d - i i - n F n F 
l o g = [ E l / z ] + E i 

i ± 2 , 3 0 3 RT 2 , 3 0 3 RT 

p a r a l o c u a l s e m i n i m i z a S = 2 w i e i 2 

d o n d e e i e s l a p a r t e e s t o c á s t i c a d e l a f u n c i ó n y w i e s e l p e s o 

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

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

e r r o r e s v i e n e d a d o p o r : ( i a - i ± ) 2 

w i = 
1 + ( i d / i i ) 2 

p u d i e n d o o b t e n e r s e a s í l o s p a r â m e t r o s d e l a l í n e a y a p a r t i r 

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

E i / 2 = - o r d e n a d a en e l o r i g e n / p e n d i e n t e 

E n l a t a b l a 1 s e r e c o g e n l o s v a l o r e s o b t e n i d o s p a r a e l c a s o 

d e i C d - H C O a - . P u e d e o b s e r v a r s e q u e E 1 / 2 v a t o m a n d o v a l o r e s más 

n e g a t i v o s a m e d i d a q u e d i s m i n u y 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 , 

h a s t a a l c a n z a r u n v a l o r e s t a b l e q u e c o r r e s p o n d e a l d e i cádmio 

s i n c o n p l e j a r . D e b i d o a l a e x i s t ê n c i a d e r e a c c i o n e s p a r a s i t a s 

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

aL<H> p a r a e s t a b l e c e r l a c o n c e n t r a c i ó n r e a l d e l i g a n d o e n l a 

f o r m a d e s e a d a . E n l a t a b l a p u e d e o b s e r v a r s e t amb i én l o s v a l o ­

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

q u e c o i n c i d e n c o n l a s a l t u r a s máximas a l c a n z a d a s p o r l o s 

p s e u d o p o l a r o g r a m a s y l a i n t e n s i d a d d e d i f u s i ó n d e i m e t a l s i n 

c o m p l e j a r . 

T a b l a 1 

[HCOa " ] t OLÍM (H ) [ H C 0 3 - ] r E l / 2 (mV) E l / 2 Io 

0 , 2 5 0 1 , 0 3 5 0 , 2 4 1 - 6 7 9 . 53 - 7 0 . 1 6 1 5 . 0 0 
0 , 1 0 0 1 . 0 3 5 0 . 0 9 7 0 - 6 6 1 . 10 - 5 1 . 7 3 1 3 . 0 0 
0 , 0 2 5 0 1 . 0 3 5 0 . 0 2 4 0 - 6 4 3 . 15 - 3 3 . 7 8 1 2 . 2 5 
0 , 0 1 0 0 1 . 0 3 5 9 . 7 0 e - 3 - 6 3 0 . 38 - 2 1 . 0 1 8 . 5 0 
3 . 0 0 e - 3 1 . 0 3 4 2 . 9 0 e - 3 - 6 1 5 . 00 - 5 . 6 3 2 . 2 5 
2 . 0 0 e - 3 1 . 0 3 6 1 . 9 3 e - 3 - 6 1 2 . 22 - 2 . 8 5 4 . 7 5 
2 . 5 0 e - 4 1 . 2 0 0 2 . 0 8 e - 4 - 6 0 9 . 37 — 4 . 5 0 

L a r e p r e s e n t a c i ó n 

m u e s t r a c l a r a m e n t e 

g r á f i c a d e 

l a d i s m i n u c i ó n 

E i / 2 = f ( [ H C O 3 - ] ' ) , 

a n t e s i n d i c a d a . 

F i g . 
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E.rt/mV 

P a r a l a d e t e r n i n a c i ó n d e l a s c o n s t a n t e s d e c o m p l e j a m i e n t o s e 

h a p r o c e d i d o m e d i a n t e u n 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 i t i p o y = p ( l ) x + p ( 2 ) x 2 + p ( 3 ) x 2 + . . . d e l a f u n -

c i ó n Fo ( x ) - 1 = e x p [ - n F / R T E i / z ] + l n I»/Ic = 0 i [HCO3-] 
+02 [ H C 0 3 - ] 2 + . . . 

c o n s i d e r a n d o como m o d e l o v á l i d o 

a q u e l q u e p r o p o r c i o n a l a mínima 

suma d e c u a d r a d o s . 

P a r a e l s i s t e m a d e i c a r b o n a t o 

b á s i c o e l m o d e l o a d o p t a d o e s 

y = p ( l ) x + P ( 2 ) x 2 

d a n d o o r i g e n a d o s c o n s t a n t e s , 

0 Í = 1 2 9 . 6 4 y 0 2 = 6 6 0 . 3 6 . 

E s t a s c o n s t a n t e s s o n c o n d i c i o -

n a l e s , p o r l o q u e p a r a l a o b t e n -

c i ó n d e l o s v a l o r e s a p a r e n t e s e s 

n e c e s a r i o e v a l u a r e l c o e f i c i e n t e 

a c d ( O H ) . C o n e l l o y m e d i a n t e l a 

e x p r e s i ó n : 

l o g 0 = l o g 0 "+ l o g a c d < O H > 

s e h a n e n c o n t r a d o l o s v a l o r e s d e 

l a T a b l a 2 . 

T a b l a 2 

•og Meo-

L i g a n d o A j u s t e E s t e q u i o m e t r i a 0 C d C L ) l o g 0 

C d ( H C 0 a ) + 1 2 9 . 6 4 2 12 
H C O a - y = P d ) x + P ( 2 ) x 2 

C d ( H C 0 3 ) 2 6 6 0 . 3 6 2 8 1 

H P O 4 - y = P ( D x C d ( H P 0 4 ) 2 6 7 8 . 9 0 3 4 3 

C d C l + 5 . 7 4 0 76 
c i - y = P ( D x + P ( 2 ) x 2 

C d C l 2 4 3 . 2 8 1 64 

S 0 4 2 - y = P ( 2 ) x 2 C d ( S 0 4 ) 2 2 - 1 2 . 1 4 1 08 

R e f e r e n c i a s : 

( 1 ) B u b i c , S . a n d B r a n i c a , M . , T h a l a s s i a J u l o s l a v i c a 9 ( 1 / 2 ) 

4 7 - 5 3 ( 1 9 7 3 ) 
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I N T E R A C T I O N O F 6 - A M I N O P U R I N E ( A D E N I N E ) A N D O F 6 - D I M E T H Y L A M I N O P U R I N E W I T H 
C O P P E R IONS IN A Q U E O U S M E D I U M . F O R M A T I O N O F C u (I) C O M P L E X E S 

J.E. Simão and H.M, Tavares 
Centro de Química Pura e Aplicada - Universidade do Minho 

4719 B R A G A C O D E X - P O R T U G A L 

A B S T R A C T 

Differential pulse polarography (DPP) has been used to elucidate the interaction of adenine with copper and the 
interaction of 6-dimethyladenine with copper using sulphuric acid 0.1 M as supporting electrolyte. 

As has been verified with other purines in this and other media, copper (II) ions are reduced at the mercury electrode 
in two stages via an intermediate valency state, and two reduction peaks may be observed. 

Taking into account the variation of the differences (AEp) between the peak potential of each complex and the metal 
ion with the logarithm of concentration of adenine and the 6-dimethyladenine, respectively, we can conclude that the 
numbers of the ligands are equal in the two cases and the stability constants are of the same order of magnitude. 

I N T R O D U C T I O N 

In aqueous solution purines can exist in a variety of tautomeric and ionic forms. Information about the species 
present under particular conditions is of great importance in the interpretation of biochemical processes. Under the 
experimental conditions of pH adenine and 6-dimethyladenine can exist in one of three forms: 

the neutral (AdH and 6-DimAdH) 

the protonated (AdH 2 and 6-Dim AdHj) or 

the anionic (Ad" and 6-DimAd") 

Under our experimental conditions 6-aminopurine (adenine) and 6-dimethylaminopurine (6-dimethyladenine) exist in 

the protonated forms (AdHj and 6-Dim AdHj) (1) with principal site of protonation (Nl) (2). 

The voltammetry of the copper (II) in complexing solutions indicates that in some complexing solutions reduction 
proceeds straight to the metal, but in others via the +1 state. Ligands which sterically or electronically destabilize 
tetragonal Cu (II) and/or enhance the stabilization of the Cu (I) can shift the formal Cu (II) - Cu (I) reduction potential to 
more positive values (3,4), inversely the Cu (I) - Cu (Hg) reduction potential is shifted to more negative values. 

This is verified with the copper (II) in adenine solutions or in 6-dimethyladenine solutions. 
The normal pulse polarography (NPP) has shown there is no adsorption for the experimental conditions used. 
Analysis of the cyclic voltammetric responses with scan rates < 200 mV/s gives evidence for a reversible electron 

transfer for each reduction step. 

Cu (II) + X H j + e = Cu (I) X H + H + 

Cu (I) X H + H + + e = Cu (Hg) + XH+
2 

X H 2 denotes the protonated form of adenine or 6-dimethyladenine 

The aim of this work is to describe the equilibria between purines and copper ions and to determine the stability 
constants of these complexes. A reaction mechanism has been proposed by comparing the complexation of the adenine 
with copper ions, with the complexation of the 6-dimethyladenine. 

6 : > t x > 
N N N N 

I I 
H H 

6-aminopurine 6-dimethylaminopurine E X P E R I M E N T A L 

Instrumentation 

Differential pulse polarography and normal pulse polarography were carried out with a PAR 174 A polarographic 
analyzer coupled to a PAR 303 static mercury dropping electrode (SMDE) assembly. Polarograms were recorded using a 
Philips 8041 X Y recorder. The potentials were reported vs silver/silver chloride. A PAR model 175 universal programmer 
was used for cyclic voltammetry. A three electrode cell was used with the mercury electrode (HMDE) operating as the 
working electrode, a platinum wire as counter electrode and the potentials were reported vs satured calomel electrode. 
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