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SUMMARY 

C y c l i c v o l t a m m e t r i c s t u d i e s on t h e r e d u c t i o n o f t h e 

t i t l e c o m p l e x e s were c a r r i e d o u t i n a c e t i c a c i d - s o d i u m a c e t a t e 

b u f f e r a t t h e HMDE. The mechanism o f t h e s e p r o c e s s e s i s 

d i s c u s e d . The c o m p l e x s p e c i e s i n s o l u t i o n o f t h i s s y s t e m have 

been d e t e r m i n e d , d e p e n d i n g on m e t h i o n i n e and g l y c i n e 

c o n c e n t r a t i o n s , pH v a l u e s and p o t e n t i a l s c a n r a t e . 

Portugaliae Electrochimica Acta, 6 (1988) 235-266 
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INTRODUCTION 

Mixed amino a c i d p e p t i d e copper ( I I ) complexes have 

r e c e i v e d c o n s i d e r a b l e a t t e n t i o n because of t h e i r o c u r r e n c e and 

invo l v e m e n t i n the t r a n s p o r t of copper ( I I ) i o n s i n b i o l o g i c a l 

systems (1). S e v e r a l t e r n a r y amino a c i d or p e p t i d e s complexes 

of copper ( I I ) have been d e s c r i b e d i n both s o l u t i o n and s o l i d 

s t a t e (2-5). 

M u l t i l i g a n d - m u l t i m e t a l e q u i l i b r i a a r e q u i t e common i n 
b i o l o g i c a l systems s i n c e m i l l i o n s of p o t e n t i a l l i g a n d s compete 
f o r metal i o n s found i n v i v o (6-14). 

Copper i s one of the most i m p o r t a n t t r a c e elements f o r 
p l a n t s and a n i m a l s (15-21). In a number of b i o l o g i c a l 
p r o c e s s e s copper ( I I ) i s i n v Q i v e d i n m i x e d - l i g a n d c c m p l e x 

f o r m a t i o n and l i g a n d c a t a l y s e d complex f o r m a t i o n r e a c t i o n s 
(22) . 

The major copper-amino a c i d complex found i n the serum 

u l t r a f i l t r a t e i s c o p p e r - L - h i s t i d i n e . A l o ng w i t h t h i s complex, 

s e v e r a l t e r n a r y complexes i n v o l v i n g amino a c i d s a r e p r e s e n t i n 

human serum. Copper bound t o a l b u m i n i s i n r a p i d e q u i l i b r i u m 

w i t h t i s s u e copper and i s hence c o n s i d e r e d t o be the immediate 
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t r a n s p o r t form of copper i n b l o o d . V a r i o u s e q u i l i b r i a 

g o v e r n i n g t h i s t r a n s p o r t can be r e p r e s e n t e d as: 

Copper + Amino a c i d ••. Copper - Amino a c i d 

Copper-Amino acid+Albumin : = Albumin-Copper-Amino a c i d 

Albumin-Copper-Amino a c i d Albumin-Copper + Amino a c i d 

The above mechanism c o u l d p l a y an i m p o r t a n t r o l e i n the 

exchange of copper between a macromolecule and a low-

m o l e c u l a r - w e i g h t s u b s t a n c e , which i n t u r n may h e l p i t s 

t r a n s p o r t a c r o s s the b i o l o g i c a l membrane. K i n e t i c a n a l y s i s d i d 

show t h a t the t e r n a r y complex i n v o l v i n g a m i n o a c i d s p l a y s an 

im p o r t a n t r o l e i n the exchange and t r a n s f e r of copper ( I I ) 

between amino a c i d and albu m i n (23). 

Except f o r a s h o r t r e p o r t on the r e d u c t i o n of some 

h i s t i d i n e c o n t a i n i n g mixed amino a c i d copper ( I I ) complexes by 

p o l a r o g r a p h y , we have no r e p o r t about the redox b e h a v i o u r of 

the s e complexes. In view of the above f a c t s , s t u d i e s on mixed 

l i g a n d complexes of copper ( I D i n v o l v i n g amino a c i d s a r e of 

g r e a t i m p ortance i n b i o l o g i c a l p r o c e s s e s (24). 

T h i s r e p o r t d e s c r i b e s s t u d i e s on the r e d u c t i o n of 

met h i o n i n e c o n t a i n i n g t e r n a r y copper ( I D g l y c i n e complexes by 

c y c l i c voltammetry. 
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INSTRUMENTATION 

Valtammograms have been r e c o r d e d u s i n g a Amel 563 

p o l a r o g r a p h c o u p l e d w i t h a H e w l e t t - P a c h a r d 7047 A X-Y 

rec o r d e d . The t h r e e e l e c t r o d e c e l l was equipped w i t h a hanging 

mercury drop e l e c t r o d e as worki n g e l e c t r o d e and a p l a t i n u m 

a u x i l i a r y e l e c t r o d e . The r e f e r e n c e e l e c t r o d e i s a s a t u r e d 

c a l o m e l e l e c t r o d e t o which a l l the p o t e n t i a l s a r e r e f e r r e d . 

E x p e r i m e n t s have been c a r r i e d out a t 25° C ± 0.1° C i n a c e l l 

T hermostated by a C o l o r a M.B. U l t r a t h e r m o s t a t . pH ar e measured 

u s i n g a Beckman Expandomatic SS-2. 

REAGENTS 

A l l the r e a g e n t s used were of a n a l y t i c a l grade. 

S u p p o r t i n g e l e c t r o l y t e s , made of 0.25 M sodium 

p e r c h l o r a t e and 0.1 M a c e t i c a c i d - s o d i u m a c e t a t e b u f f e r , a re 

pr e p a r e d i n double d i s t i l l e d water. Oxygen i s removed from the 

s o l u t i o n by b u b b l i n g o x y g e n - f r e e n i t r o g e n b e f o r e each 

measurement. 
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RESULTS AND DISCUSSION 

I- RESULTS FROM SOLUTION OF DIFFERENT pH VALUES 

I-a) CuCII) (Methi) (Give) s o l u t i o n s i n u n b u f f e r e d 

medium 

C y c l i c voltammetry (CV) of th e s e t e r n a r y complexes i s 

performed i n aqueous s o l u t i o n s a pH= 5.5 u s i n g NaClOa as 

s u p p o r t i n g e l e c t r o l y t e . 

F i g u r e 1 r e p r e s e n t s the CV b e h a v i o u r of the r e d u c t i o n of 

meth i o n i n e c o n t a i n i n g mixed amino a c i d Cu(11) complex, 

Cu(Methi) ( G l y c ) . 

/ "̂̂ ••-*L 
/ „ \+-"^f 

+100 0 ~ -100 - 200/-' -3 00 
I I L _ i U.+ 1 — 

~ " / " 4"* v—_^<- -'unbuffered 
B 2 \ / 

\ ! 

buffered\ / 

HAc/Ac 

Fig. 1.- Voltammograms of Cu(II) 5.1Q~A M in NaClO* at pH=5.5 

A( )Methi=8.10_- M. Glyc=8.10~- M-, B< )Glyc=8.10" 

C(. .-,. )Xethi=8,lO - 3" M, Glyc=8, 10 - 3 M 
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I-b) C u ( I I ) ( M e t h i ) ( G l y c ) s o l u t i o n s i n b u f f e r e d medium 

When the pH v a l u e of s o l u t i o n s c o n t a i n i n g Cu(11) (Methi) 

( G l y c ) i s f i x e d w i t h a c e t i c a c i d and sodium a c e t a t e , i t i s 

f i r s t noted t h a t peak Bas ( F i g . l ) d i s a p p e a r s . The o x i d a t i o n 

peak B.- remains and becomes more e v i d e n t a t pH v a l u e s c l o s e t o 

the m e t h i o n i n e i s o t o n i c p o i n t . The appearance of t h i s 

o x i d a t i o n peak i m p l i e s a d e c r e a s e s the i P . v a l u e c o r r e s p o n d i n g 

t o the f i r s t o x i d a t i o n peak. The e x p e r i m e n t a l c o n d i t i o n s and 

the r e s u l t s o b t a i n e d a r e shown i n Table I. F i g . 2 shows the 

voltammograms a t d i f f e r e n t pH v a l u e s . 

TABLE I 

Voltammetric results from solutions at different pH values: 

a) With excess methionine 

Methi=2.10"3 M 

Glyc= 10^1 Clu:II)=5.10"4 M and NaC104=0.25 M 

Buffered solution :AcH/Ad~ 

pH i / A pc' i / A pa' i / i pa pc E /mV pc E /mV pa 

4.2 5.7 9.3 1.6 -12 +38 50 
4.5 4.7 7.8 1.6 -14 +36 50 
5.1 5.3 7.8 1.4 -40 +16 5b 
5.5 5.1 6.4 1.2 -62 0 62 
5.7 5.3 6.7 1.2 -58 +6 64 
6.2 4.5 5.5 1.2 -90 -12 78 

t>) With excess glycine 

Mehti=2.10 - 3 M 
-3 M 

Glyc=8.10 
4.5 5.6 9.4 1.6 -32 +24 56 
5.1 7.0 10.3 1.4 -62 0 62 
5.3 7.1 10.5 1.4 -66 0 66 
5.7 5.9 8.5 1.4 -86 -22 64 
6.2 5.4 8.1 1.5 -122 -46 76 
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Fig.2.- Voltammograms of Cu(II) 5.10-* M + Methi + Glyc in HaClCu 
at different pH values fixed with HAc/Ac". 

I t i s o b s e r v e d t h a t t h e r e i s a s h i f t of E„. t o more 

n e g a t i v e v a l u e s , when the m e t h i o n i n e or g l y c i n e c o n c e n t r a t i o n s 

i n c r e a s e . 

In a pH range between 4.2-5.2 t h e r e i s no change i n the 

peak f o r m f o r b o t h the c a t h o d i c and the a n o d i c peaks. 

AE,=. v a l u e s a r e c l o s e t o 55 mV and the i p „ / i p e r a t i o i s 

g r e a t e r t h a n one. The Ep, v a l u e s i n t h i s pH range ar e of the 

same magnitude as t h o s e f o r C u ( I I ) / C u redox p r o c e s s i n t h i s 

medium w i t h o u t c o m p l e x i n g agent. 
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In a pH range between 5 and 6.2, EP.C v a l u e s s h i f t t o 

more n e g a t i v e v a l u e s when the m e t h i o n i n e or g l y c i n e 

c o n c e n t r a t i o n s i n c r e a s e . <Fig. 3 ) , 

Fig.3,- Variation of E P values versus pH, 
a)"' With excess of Methi; b) with excess of Glyc. 

In a pH range between 4.5 and 5.0 a l i n e a r v a r i a t i o n of 

E Pe and E,=,« was found ( F i g . 3 ) . The s l o p e s of t h e s e p l o t s a r e 
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about 48 mV. Around pH 5.3 - 6.2 the i , , .„ / i r . r a t i o d e c r e a s e s 

s l i g h t l y and a second o x i d a t i o n peak i s o b t a i n e d a t more 

p o s i t i v e p o t e n t i a l s . 

Owing t o the f a c t t h a t when the O H c o n c e n t r a t i o n i s 

i n c r e a s e d the voltammograms shape i s changed, the second 

o x i d a t i o n peak e i t h e r does not appear, or i s v e r y s m a l l , and a 

b i g s h i f t of the p o t e n t i a l v a l u e s i s observed. ( F i g . 2 ) . 

In v i e w of the above f a c t s , the bond between C u ( I I ) and 

m e t h i o n i n e - g l y c i n e i s l a b i l e i n and H A c / A c m e d i u m and OH" 

i o n s qare a b l e t o compete w i t h the amino a c i d m o l e c u l e s 

j o i n i n g t o C u ( I I ) . 

I I - VARIATION OF METHIONINE, GLYCINE CONCENTRATIONS 

I t i s known t h a t f o r the C u ^ ( G l y c ) t y p e complexes, the 

o v e r a l l e l e c t r o d e p r o c e s s e s have been i n d e n t i f i e d as r e s u l t i n g 

f rom t h e f o l l o w i n g r e a c t i o n s sequences (26): 

+ 1 e 
Cu ( I I ) (Glyc):.> , *" Cu (I) ( G l y c ) a ( 1 ) 

Cu ( I ) ( G l y c ) » »- Cu" (Hg) + 2 G l y c (2) 
- 2 i 

Cu" (Hg) , - C u ( I I ) aq. (3) 
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The i m p o r t a n t s t e p i n t h e s e r e a c t i o n s i s t h e p r o d u c t i o n 

of t he i n t e r m e d i a t e C u d ) s p e c i e s , which can e i t h e r be 

r e o x i d i s e d t o Cu(11) o r undergo c h e m i c a l r e a c t i o n s t o g e n e r a t e 

Cu ~ (Hg) which s u b s e q u e n t e l y can undergo a two - e l e c t r o n 

o x i d a t i o n . The presen c e of peaks (22) c o r r e s p o n d i n g t o 

e q u a t i o n (1) and (3) shows t h a t a c e r t a i n f r a c t i o n of the 

C u d ) s p e c i e s i s r e o x i d i s e d w h i l e the o t h e r f r a c t i o n undergoes 

c h e m i c a l r e a c t i o n s (22). The Peaks of o x i d a t i o n and r e d u c t i o n 

D and C r e s u l t f r o m t he redox p r o c e s s d e s c r i b e d i n e q u a t i o n 

(1 ) , w h i l e peaks B and A r e s u l t f r o m the p r o c e s s shown i n 

e q u a t i o n (3) (26). 

I l - a ) V i t h e x c e s s m e t h i o n i n e 

I.E. c u r v e s were o b t a i n e d w i t h d i f f e r e n t m e t h i o n i n e 

c o n c e n t r a t i o n s , from s o l u t i o n s w i t h the same Cu ( I I ) and 

g l y c i n e c o n c e n t r a t i o n s a t same pH v a l u e s . 

The r e l e v a n t c y c l i c v o l t a m m e t r i c d a t a f o r Cu (11) 

( M e t h i ) ( G l y c ) a r e g i v e n i n T a b l e I I and F i g . 4 ( a ) . 
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TABLE II 

Voltammetric results from solution at d i f f e r e n t methionine and glycine 

concentration values. 

Cu(II)=5 10 4 M.NaC104=0 25 M.AcH/Ac 

Methi V A i / A pc E /mV pa' E 
pc 

i 
pa 

A E 
P 

6 E p/^log.Methi. 

2x10" 3M 6 . 2 4. 8 -12 -68 1 . 2 56 
4x1O ' ^ M 7 . 0 5. 3 -8 -76 1 .3 5 8 
6x10" 3M 
8xlO" 3M 

6 
5 
. 1 
. 7 

4 . 
4 . 

5 
7 

-28 
-36 

-86 
-94 

1 
1 
. 3 
. 2 

58 
58 -29 mv-. 

1 0"2M 5 .8 5. 0 -38 -94 1 . 1 56 
1,2x10" 2M 4 . 5 4. s -30 -82 1 . 0 62 

1 0"3M 6 .8 5. 1 + 10 -86 1 . 3 96 
2x10" 3M 5 . 5 4 . 4 -26 -1 04 1 . 2 78 
3 x 1 0 " ^ 5 . 2 4 . 0 -36 -116 1 . 3 80 -42 mv. 
4x1 0"3M- 5 . 5 4. 3 -44 -112 1 . 2 6 8 
6x l O " 3 M 4 7 4 . 0 -54 -118 1 . 1 64 

b) With excess glycine 
Methi.=10 

•x. p. 

2x10" 3M 7. 8 5. 4 -2 -60 

4 x 1 0 _ 3 M 7 6 5 . 0 -14 -80 

6x10"^M 8 0 5 . 7 -24' -88 

8x1G*"3M S 5 5 9 -22 -86 

10" 2M S 0 5 5 -26 -86 

1 ,6x10" 2M 8 6 5 9 -32 -90 

2x10" 3M 6 5 4 .5 -12 -86 

4x1 (T^M 7 S 5 6 -30 -104 

6x10" 3M 6 9 4 . 9 -42 -114 

8x10 _ : )M 7 5 5 . 1 -42 -110 

1 0"2M 7 . S 5 . S -54 -124 

1 ,6x10" 2M 7 . 2 5 . 2 -64 -132 

1 .4 
1 . 5 
1 .4 
1 .4 
1 . 4 
1 .4 

1 .4 
1 . 5 
1 .4 
1 . 4 
1 . 5 
1 . 5 

58 
66 
64 
6 4 
60 
5 8 

74 
74 
72 
bS 
70 
6 8 

-31 mv 

5 0 mv 
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Fig.4.- Voltammograms of CuCII) 5.1Cr4:a) at different Methi concentration 
and Glyc=103M;b) at different Glyc. concentration and Methi=2.10"3M 

At pH= 4.5 the E,=. v a l u e s became mare n e g a t i v e as the 

m e t h i o n i n e c o n c e n t r a t i o n i n c r e a s e s , w i t h c o n s t a n t Cu(11) 

c o n c e n t r a t i o n s and pH v a l u e . 

The p l o t of EP, v e r s u s l o g ( M e t h i ) i s a s t r a i g h t l i n e and 

the s l o p e v a l u e i s -30 mV and about -60 mV when the pH r e a c h e s 

5.0. 

For the complex s p e c i e s , the s l o p e v a l u e s c o u l d be i n 

agreement w i t h a c o o r d i n a t i o n number, between z e r o and one, i f 

the p r o c e s s i s assumed t o be as d e s c r i b e d below (25): 
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Cu ( I I ) (X)p, + 6 ». Cu + pX; X= l i g a n d 

I f t he r e d u c t i o n p r o c e s s i s : 

+ 1e 
CuCII) <X) R • CuCI><X>c + (p-q)X 
z e r o and one s h o u l d be (p-q) v a l u e s . 

At pH 5.5-6.2 the p l o t Ep. v e r s u s l o g ( M e t h i ) i s a 

s t r a i g h t l i n e ( S l o p e s -29 mV and -42 mV) . 

The AEp, v a l u e i n c r e a s e s w i t h t h e pH and i s 

a p p r o x i m a t e l y c o n s t a n t w i t h the m e t h i o n i n e c o n c e n t r a t i o n . 

At pH v a l u e c l o s e t o 6.2, Ep. v a l u e s s h i f t t o more 

n e g a t i v e v a l u e s , but g e n e r a l b e h a v i o u r i s s i m i l a r t o t h a t 

o b s e r v e d a t lower pH's (Slope -62 mV). 

The voltammagrams a t d i f f e r e n t m e t h i o n i n e c o n c e n t r a t i o n s 

f o r a l l pH"s ( F i g . 4 (a)) a l s o show the second o x i d a t i o n peak, 

which appears when the m e t h i o n i n e c o n c e n t r a t i o n and pH v a l u e s 

i n c r e a s e . I t i s i n t h e s e c o n d i t i o n s t h a t the Cu (I I.) 

( M e t h i ) ( G l y c ) complex becomes more s t a b l e . 
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A l l the r e s u l t s l e a d t o the c o n c l u s i o n (25) t h a t the 

C u ( I ) ( M e t h i ) ( G l y c ) complex must be c o n s i d e r e d as an 

i n t e r m e d i a t e compound i n the e l e c t r o c h e m i c a l r e d u c t i o n of 

Cu ( I I ) (Methi) ( G l y c ) t o copper metal. Other a u t h o r s have 

reached t h i s same c o n c l u s i o n f o r o t h e r l i g a n d s (26-28). T h i s 

C u ( I ) ( M e t h i ) ( G l y c ) complex i s u n s t a b l e and d i s m u t a t i o n s t e p s 

w i l l t a k e p l a c e . 

I I - b ) With e x c e s s g l y c i n e 

I-E c u r v e s were o b t a i n e d w i t h d i f f e r e n t g l y c i n e 

c o n c e n t r a t i o n s from s o l u t i o n s w i t h the same Cu(11) and 

m e t h i o n i n e c o n c e n t r a t i o n s and pH v a l u e . 

V o l t a m m e t r i c r e s u l t s a r e g i v e n i n T a b l e I I (b) and F i g . 

4 ( b ) . 

When an amino a c i d i s added t o the s o l u t i o n c o n t a i n i n g 

C u ( I I ) and m e t h i o n i n e , the Ep> s h i f t s t o a more n e g a t i v e v a l u e , 

which i n d i c a t e s the f o r m a t i o n of the t e r n a r y complexes (20) . 

At a l l pH's v a l u e s t h e E,;, v a l u e s become more n e g a t i v e when the 

g l y c i n e c o n c e n t r a t i o n i n c r e a s e s . These Ep, v a l u e s a r e h i g h e r a t 

pH between 6 - 6.5. 
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The p l o t of Ep.<s a g a i n s t l o g ( G l y c ) i s a s t r a i g h t l i n e and 

the s l o p e i n c r e a s e w i t h t h e pH v a l u e . These s l o p e s a r e : -31 mV 

t o pH= 5.5 and -50 mV t o pH= 6. 

The A v a l u e i n c r e a s e s w i t h t h e pH but i s p r a c t i c a l l y 

t h e same when the g l y c i n e c o n c e n t r a t i o n i n c r e a s e s (Table 

11(b)) a t a p o t e n t i a l s c a n r a t e of 20 mV/s. On the o t h e r hand, 

i F. i a./i|.e r a t i o n s were h i g h e r t han one, under e q u a l e x p e r i m e n t a l 

c o n d i t i o n s . 

The voltammograms a t d i f f e r e n t g l y c i n e c o n c e n t r a t i o n s , 

f o r a l l pH's v a l u e s , a l s o show t h e second o x i d a t i o n peak wic h 

appears when bot h g l y c i n e c o n c e n t r a t i o n and pH i n c r e a s e ( F i g . 

4 ( b ) ) . In a p r e v i o u s paper (25) we have c o n c l u d e d t h a t : 

the Cu ( I ) (Methi) ,;n complex must be c o n s i d e r e d as an 

i n t e r m e d i a t e compound i n the e l e c t r o c h e m i c a l r e d u c t i o n of 

Cu ( I I ) (Methi ) F, t o copper metal. T h i s Cu(I)(X). :, complex i s 

u n s t a b l e and a d i s m u t a t i o n s t e p t a k e s p l a c e : 

Cu ( I I ) - X 

2 Cu(I) X 

Cu 
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Three s t e p s can be c o n s i d e r e d f o r the r e d u c t i o n and o x i d a t i o n 

of the capper - m e t h i o n i n e system i n HAc/Ac— medium and pH 

v a l u e s between 4.5 and 6.5. 

The p r o c e s s s h o u l d be s i m i l a r (25) f o r the 

Cu ( I I ) (Methi) ( G l y c ) complex: 

C u ( I I ) + [ XH + X~] ~ — Cu (I I) (X),:,. + xH* (a) 

(b) 

[ Cu ( I I ) C X V ] 

Cu(Hg) + pX~ (c) 

At low p o t e n t i a l s c a n r a t e s , s t e p a-b i s f a v o u r e d by 

i n c r e a s i n g amino a c i d s c o n c e n t r a t i o n and pH. 
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The second s h a r p o x i d a t i o n peak a p p e a r i n g i n the 

voltammograms c o u l d e i t h e r c o r r e s p o n d t o the o x i d a t i o n of 

copper metal and amino a c i d s adsorbed at the e l e c t r o d e t o 

C u ( I ) - ( X ) ( s t e p c-b) or t o s t e p ( b - a ) , which i s the o x i d a t i o n 

of Cu ( I ) - ( X ) (ad) t o C u d l ) - ( X ) . In o t h e r s papers, o t h e r 

i n v e s t i g a t o r s have reached t o the same c o n c l u s i o n f o r o t h e r 

l i g a n d s (26-28). 

Vhen the s c a n r a t e i s i n c r e a s e d t h i s second o x i d a t i o n 

peak d i s a p p e a r s and the c u r v e s a r e d i f f e r e n t . 

On the o t h e r hand, the AE,::> v a l u e s i n c r e a s e s w i t h the pH 

and the amino a c i d s c o n c e n t r a t i o n s (Table I I I ) . The p r o c e s s i s 

l e s s r e v e r s i b l e and, under t h e s e c o n d i t i o n s , the redox p r o c e s s 

t h a t t a k e s p l a c e i s s t e p ( a - c ) and c o n v e r s e l y ( c - a ) . 

S i n c e the d e p r o t o n a t e d form of the amino a c i d s i n c r e a s e s 

w i t h t h e pH, the number of p r o t o n s , i n the p r o c e s s (x) changes 

f r o m 1 t o z e r o . L i k e w i s e , the (p~q) v a l u e changes from 1 t o 

z e r o when the pH i n c r e a s e s , as shown by t h e e x p e r i m e n t a l 

r e s u 1 t s . 

In t h e pH range between 4.5-6 i n low p o t e n t i a l s c a n r a t e 

the f i r s t o x i d a t i o n waves c o r r e s p o n d s t o the o x i d a t i o n of 

Cu (Hg) -*Cu (11) X and t h e i , . . , . / i , . <. r a t i o i s h i g h e r t h a n one, t h i s 
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v a l u e decrease when I n c r e a s e t h e pH and amino a c i d s 

c o n c e n t r a t i o n . In f a c t , t h e s e a r e the best c o n d i t i o n s f o r 

C u d ) X s t a b i l i t y . 

The p r o c e s s a t low p o t e n t i a l s c a n r a t e a t pH 4.5 - 6 i s 

r e v e r s i b l e and q u a s i r e v e r s i b l e when pH= 6 - 6.5. 

I l l - VARIATION OF POTENTIAL SCAN RATE 

In o r d e r t o c o n f i r m s t e p s a,b,c assumed b e f o r e , a s t u d y 

at d i f f e r e n t p o t e n t i a l s c a n r a t e , v, was c a r r i e d out. 

I I I - a ) - At low p o t e n t i a l s c a n r a t e : 2-20 mV/s 

At pH 4.5 - 6. 1 i p c and ip,,* a r e p r a c t i c a l l y c o n s t a n t o r 

t h e r e i s a s l i g h t i n c r e a s e w i t h .the s c a n r a t e . i,..,c:/ v •' x • •' i s 

independent of v and ipa««/ v l / v : d e c r e a s e s when v i n c r e a s e s . 

These r e s u l t s a r e i n agreement w i t h t h e r e d u c t i o n 

p r o c e s s c o n t r o l l e d by d i f f u s i o n and the o x i d a t i o n of Cu(Hg). 

T h e r e f o r e , t a k i n g i n t o account the p r e v i o u s l y p r e s e n t e d 

p r o c e s s a t t h i s pH v a l u e i t can be deduced t h a t t h e f i r s t 

o x i d a t i o n peak b e l o n g s t o a C.E. p r o c e s s <27,28). 
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On t h e o t h e r hand, t h e CV f o r t h e t e r n a r 

C u ( I I ) ( M e t h i ) ( G l y c ) complexes (Table I I K a ) , f i g . 5 ( a ) ) i n t h 

pH range between 4.5 and 6 a t low p o t e n t i a l s c a n r a t e , shows 

f i r s t peak of o x i d a t i o n t h a t i n c r e a s e s a t low s c a n r a t e . 

(a) t...... v 

if/,'—'-?, 
•100 J ? / 

o 7J -io( 

I ! I: 

mV 

v= 20 mV/s 
v= 10 " 
v = 5 " 
v = 2 ii 

•s s V 

(b) .100 

mV 
v= A0mV/s 

-•-v=80 M 
- - v=U0 II 
•••• v=200 M 

Fig.5.- Voltammograms of Cu(II) 5.10-4M. Methi. =8.10-3M. Glyc.=2.10~3M 
a) Influença of the potential scan rate v= 2-20 mV/s. 
b) Influence of the potential scan rate v= 40-200 mV/s. 
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TABLE III 

Influence of potential scan rate i n di f f e r e n t pH values. 
Methi.=2.1G_3M ;Cu(II) -5.104 M ;NaC104 =0.25 M 

Glyc. = 10~ 3 M. 

a) v =2-20 mV/s. 

5 

v/mV/s i p c / A • / 1/2 
1 /v pc' E /mV i / A pc pa 

• / 1/2 n l /v E pa pa /mV i / i 2}E /mV pa pc ^ p' 

2 1 . 9 1 .3 -62 7.6 5.3 . c 4.0 48 
5 2 . 7 1 . 2 -60 7 . 5 5.3 -10 2.7 50 

1 0 4. 0 1 .2 -60 7.9 2.5 -8 1 .9 52 
20 5. 0 1 .1 -62 7.8 1 . 7 -8 1 . 5 54 

2 1 . 9 1 .5 -112 4.8 5.4 -58 2.5 74 
5 2. 7 1 . 2 -1 1 0 5.0 2 . 2 -56 1 .8 74 

2 10 •3 . 7 1 .1 -110 5.6 1 .7 -40 1 . 5 70 
20 5. 2 1 . 1 -112 6. 1 1 .5 -40 1 .1 72 

) v- 40- 200 mV/s Mejhi .=2.10-3 M; Glyc.= S. 10~^\. 

40 5 .5 0.51 - 5 6 5 . 2 0.51 + 20 0.9 66 
6 0 5.8 0.49 - 57. 3 . 5 9.45 + 26 0.9 70 
80 4.2 0.46 - 61 3.6 0.40 + 50 0 . 8 7 6 

1 20 4.8 0.44 - 69 3.7 0.54 + 52 0 . 7 85 
140 5.4 0.45 - 74 4.1 0 .34 + 50 0.7 89 
1 80 6.1 0.45 - 75 4.2 0.31 + 56 0.7 91 
200 6.7 0.47 - 77 4 .6 0.52 + 56 0.7 95 
40 5 . 0 0.4 7 - 1 20 2.6 0.41 -90 0.8 7 5 
6 0 5.5 0.4 5 - 1 2 5 3 . 0 0.5S -SS 0 .8 79 
8 0 4 . 3 0.4 8 - 1 24 3.5 0 . 59 -SO 0.8 8 4 

100 4.4 0.44 - 1 26 3.6 0.56 -78 0.8 87 
120 4 . 6 0.4 2 - 1 29 3 . 7 0. 55 -70 0 . 8 94 
140 5 . 1 0.4 5 - 1 30 3.9 0 . 55 -62 0 . 7 99 
180 5 . S 0.45 - 1 3 5 4.2 0.51 . -56 0.7 107 
20 0 6.0 0.4 2 - 1 56 4.4 0.51 -52 n 7 1 1 n 
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I I I - b ) - At p o t e n t i a l scan r a t e : 40-200 mV/s. 

The r e l e v a n t CV d a t a f o r the complexes a r e g i v e n i n 

T a b l e 111(b), f i g . 5 ( b ) . When the p o t e n t i a l s c a n r a t e was 40¬

200 mV/s. , a l l the r e s u l t s l e a d t o c o n f i r m t h a t the p r o c e s s 

under c o n s i d e r a t i o n was a-c i n the whole pH i n t e r v a l . 

For the h i g h e s t s c a n r a t e s , as i s w e l l known, a t h i g h e r 

s c a n r a t e s the amount d i f f u s i n g m a t e r i a l i s r e l a t i v e l y s m a l l 

when compared w i t h the adsorbed m a t e r i a l reduced a t the 

e l e c t r o d e . 

So a d s o r p t i o n i s predominant i n r e l a t i o n t o the 

d i f f u s i o n mechanism. T h i s b e h a v i o u r i s c h a r a c t e r i s t i c of weak 

a d s o r p t i o n when t h e r e i s r e v e r s i b l e charge t r a n s f e r , the r a t e 

of a d s o r p t i o n - d e s o r p t i o n i s s u f f i c i e n t e l y f a s t i n terms of the 

time s c a l e of the t e c h n i q u e , and the i n i t i a l p o t e n t i a l i s a t 

l e a s t 200/n mV more p o s i t i v e t h a n the f i r s t p e ak(30). The 

r a t i o i|-,«/ip.c d e c r e a s e s w i t h the s c a n r a t e . For the range 

between 40-200 mV/s. the p o t e n t i a l of the peak E,„,:; s h i f t s 

c a t h o d i c a l l y by about 25-35 mV f o r the complexes w i t h 

m e t h i o n i n e - g l y c i n e . On the o t h e r hand, the d i f f e r e n c e E P,c -Ep.«. 

= A Ep. t e n d s t o a i n c r e a s e w i t h the s c a n r a t e . For t h e s e 

complexes t h e c a t h o d i c peaks a r e p e r t u r b e d depending on the 
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time of c o n t a c t of the e l e c t r o d e s p e c i a l l y i n terms of w i d t h 

s i n c e t h e y a r e broader. So, i n t h i s case, a l t h o u g h t h e r e i s 

p r o b a b l y a d s o r p t i o n superimposed on a k i n e t i c mechanism, the 

f i r s t e f f e c t i s more pronounced. 

I f the amino a c i d s can be adsorbed as e l e c t r o i n a c t i v e 

s u b s t a n c e s , t h e y may i n f l u e n c e the r a t e of t h e r e d u c t i o n 

p r o c e s s by a s t e r i c e f f e c t . There i s a l s o t h e p o s s i b i l i t y of 

a d s o r p t i o n of the complexes t h e m s e l v e s on t h e e l e c t r o d e . A 

c o m p e t i t i o n between the two mechanisms i s a l s o p o s s i b l e . 

S e v e r a l a u t h o r s have s t u d i e d a d s o r p t i o n of amino a c i d s 

(30-32) and have n o t i c e d t h a t when t h e r e a r e s h o r t h y d r o c a r b o n 

c h a i n s as, f o r example, i n g l y c i n e , the a d s o r p t i o n near the 

p o t e n t i a l of z e r o charge p.z.c. i s n e g l i g i b l e and t h e r e i s an 

i n c r e a s e of c a p a c i t y a t b o t h ends of the c u r v e (Cs vs E) (33), 

as opposed t o what happens w i t h the amino a c i d s w i t h l o n g 

h y d r o c a r b o n c h a i n s where t h e r e i s a d e c r e a s e i n c a p a c i t y near 

the p.z.c. 

At h i g h e r p o s i t i v e or n e g a t i v e p o t e n t i a l t h e amino a c i d 

m o l e c u l e i s a d s o r b e d w i t h the z w i t t e r i o n group more or l e s s 

o r i e n t e d , w i t h the p o s i t i v e end (at n e g a t i v e p o t e n t i a l s ) or 

i t s n e g a t i v e end (at p o s i t i v e p o t e n t i a l s ) toward t h e e l e c t r o d e 

s u r f a c e . 
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I t has a l s o been n o t i c e d t h a t the i n c r e a s e of the p o l a r 

c h a r a c t e r of amines o r a c i d s r e s u l t s i n a d e c r e a s e of t h e i r 

s u r f a c e a c t i v i t y . So g e n e r a l l y we can c o n c l u d e t h a t f o r 

o r g a n i c compounds the n e u t r a l s p e c i e s a r e more adsorbed than 

the c h a r g e d ones, s i n c e mercury i s an h i d r o p h o b i c s u b s t a n c e 

uncharged s p e c i e s have more a f f i n i t y f o r - i t . On the o t h e r 

hand, p h y s i c a l f o r c e s of an e l e c t r o s t a t i c c h a r a c t e r have t o be 

c o n s i d e r e d s i n c e the e l e c t r o d e has a charge and the m o l e c u l e s 

have p o s i t i v e o r n e g a t i v e groups. 

I t has been n o t i c e d (33) t h a t the amino - a c i d s a r e 

a dsorbed m a i n l y on the p o s i t i v e s i d e of t h e maximum of the 

e l e c t r o c a p i 1 l a r y c u r v e , which i s c o n s i s t e n t w i t h g e n e r a l 

a d s o r p t i o n b e h a v i o u r , t h a t i s , the a n i o n s a r e p r e f e r e n t i a l l y 

adsorbed. However, w i t h the e x c e p t i o n of m e t h i o n i n e and o t h e r 

amino a c i d s the c a p a c i t a n c e c u r v e s (33) cannot be 

d i s t i n g u i s h e d f r o m each o t h e r w i t h i n the e x p e r i m e n t a l e r r o r s . 

T h i s shows t h a t the amino a c i d s e i t h e r of HL or HL~ type a r e 

weakly a d s o r b e d on t h e mercury, as was a l s o o b s e r v e d by Bangh 

and P a r s o n s (31), u n l e s s t h e r e i s a s u l p h u r group i n the 

s t r u c t u r e ( m e t h i o n i n e ) or the bonds ( h i s t i d i n e ) or a l o n g e r 

h y d r o c a r b o n c h a i n . The complexes Cu (11) (Methi) ( G l y c ) a r e not 

s t r o n g l y a d s o r b e d on mercury s i n c e t h e y a r e c h a r g e d (33). 

However, t h e r e i s a weak but net a d s o r p t i o n p r o b a b l y due t o 
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the a d s o r p t i o n of the l i g a n d i t s e l f t r o u g h t h e s u l p h u r group 
of methionine. 

The a d s o r p t i o n of the l i g a n d i t s e l f can i n f l u e n c e the 

r e d u c t i o n p r o c e s s of copper i o n from d i s s o c i a t i o n of the 

complex by a s t e r i c e f f e c t , o r , as the amino a c i d s group i s 

d i r e c t e d t o the aqueous s o l u t i o n , the copper complex can be 

formed d i r e c t l y r e d u c e d on the mercury. 

•n the o t h e r hand, when p o t e n t i a l s c a n r a t e was 40-200 
mV/s. the A E,, c o u l d c o r r e s p o n d t o a q u a s i r e v e r s i b l e two-
e l e c t r o n p r o c e s s . 
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CONCLUSIONS 

The a c e t i c a c i d i n h i b i t s t h e f o r m a t i o n of c h e l a t e (31) 

type complexes between amino a c i d s and Cu ( I I ) . T h i s i s due t o 

the f a c t t h a t a bond can be farmed t h r o u g h a hydrogen b r i d g e , 

between the a c e t a t e i o n and the n i t r o g e n of amino a c i d s . 

The r e d u c t i o n p r o c e s s of Cu<11) and m e t h i o n i n e - g l y c i n e 

a r e a d s o r b e d on the mercury e l e c t r o d e . An o x i d a t i o n peak, due 

t o t h e adsor b e d amino a c i d s , i s observed. 

The r e d u c t i o n p r o c e s s of Cu< 11) (Methi) ( G l y c ) i n HAc/Ac " 

medium, t o copper metal, , i s t h r o u g h an i n t e r m e d i a t e C u d ) 

amino a c i d s . T h i s s p e c i e s i n v o l v e s a d i s m u t a t i o n s t e p (27-28). 

At low p o t e n t i a l 

Cu ( I I ) ( Methi) ( G l y c ) e x h i b i t s a 

h i g h e r v a l u e s of p o t e n t i a l s c a n 

a q u a s i r e v e r s i b l e t w o - e l e c t r o n 

s c a n r a t e t h e system 

r e v e r s i b l e p r o c e s s , w h i l e a t 

r a t e , the AE,~, v a l u e s e l u c i d a t e 

p r o c e s s . 
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