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ABSTRACT 

The p o l a r o g r a p h i c behaviour of C o ( I I ) i n B r i t t o n - R o b i n s o n me
d i a i s s t u d i e d by Kalousek's p o l a r o g r a p h i c methods. The e x p e r i m e n t a l 
c o n t r i b u t i o n a t the study of the r e d u c t i o n of C o ( I I ) and r e - o x i d a t i o n 
of C o(0), mechanism which takes p l a c e on the d.m.e. , i s d i s c u s s e d . The 
na^ and na^ v a l u e s correspond to processes where m o n o e l e c t r o n i c t r a n s f e r 
steps are coupled w i t h c h e m i c a l - p h y s i c a l s t e p s . 

INTRODUCTION 

The p o l a r o g r a p h i c r e d u c t i o n of C o ( I I ) has been taken as a p a t 
t e r n of an i r r e v e r s i b l e p r o c e s s * - 5 . In the pre s e n t work, we show r e s u l t s 
o b t a i n e d by Kalousek p o l a r o g r a p h y 7 - 1 1 i n the study of c a t i o n C o ( I I ) i n 
B r i t t o n - R o b i n s o n b u f f e r media. The o b j e c t i v e i s v e r i f y i f the p a t t e r n 
that e x p l a i n s e l e c t r o c h e m i c a l o x i d a t i o n s and r e d u c t i o n s of some o r g a n i c 
substances, i n base to a s u c e s s i o n of m o n o e l e c t r o n i c t r a n s f e r steps 
coupled w i t h q u i c k c h e m i c a l - p h y s i c a l s t e p s , a l s o i s v a l i d f o r processes 
that i n v o l v e the c a t i o n C o ( I I ) . 

EXPERIMENTAL 

A P o l a r e c o r d E-506 (Metrohm S.A.) polarograph was used f o r dc, 
K j , K 2, K3 and K4 techniques of c o n t r o l l e d drop time. P o t e n t i a l s were 
measured w i t h r e s p e c t to the f o l l o w i n g r e f e r e n c e e l e c t r o d e : A g / A g C l ( s ) , 
K C l ( s a t . ) . An a u x i l i a r y Ag/AgCl(s),KC1(sat.) e l e c t r o d e was used a l s o . 
The pH va l u e was measured w i t h a grade of accuracy of ±0.01 u n i t s , w i t h 
the a i d of a Radiometer PHM-62 pH-meter. 

S o l u t i o n s were thermostated a t 298±0.2 K. A l l s o l u t i o n s were 
prepared w i t h reagents grade Merck and d i s t i l l a t e water. The sto c k of 
the d e p o l a r i z e r was prepared d i s s o l v i n g C0CI2 (reagent grade Merck). 
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F i g . i a 
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F i g . l b 

Morphology of C o ( I I ) 
waves and measure c r i -
t e r i o n s . 
a) 0.01% of g e l a t i n e . 
b) 0.01% of T r i t o n - X . 

-4 
T=303 K, c=4.10 M, 
pH=7.3, 1=0.5 M, t=0.4s 
m=0.88 mg.S , f =150 Hz 
U v ( K i ) = -1.500 mV , pb 
U , ( K 2 ) = -1.200 mV. pb 

G e l a t i n e and T r i t o n - X , used f o r these s t u 
d i e s , had a c o n c e n t r a t i o n of 0.01% i n the 
f i n a l s o l u t i o n . B r i t t o n - R o b i n s o n b u f f e r 
s o l u t i o n s 1 2 ' 1 3 have been prepared l i k e i t 
has a l r e a d y been d e s c r i b e d p r e v i o u s l y 1 1 * . 

The amplitude of Kalousek p o l a r o g r a 
phy i s determined by the i n i t i a l and f i n a l 
v o l t a g e ( U _ , U + AU) of the s t e p . & s t a r t s t a r t v 

For K j ( a n o d i c r e c o r d e r ) and K 2 ( c a t h o d i c 
r e c o r d e r ) methods, the p u l s e base v o l t a g e 
i s a d j u s t e d . I n the base of K3 (anodic r e 
cord e r ) and Ki+ ( c a t h o d i c r e c o r d e r ) methods, 
the p u l s e amplitude superposed to dc sweep 
i s f i x e d a t 50 mV. 

The c a t h o d i c (net ) and anodic (not ) c a 
parameters were o b t a i n e d from the s e m i l o -
g a r i t h m i c treatment of and K 2 waves, 
r e s p e c t i v e l y , a c c o r d i n g to the f o l l o w i n g 
equations : 

not F In ( i / i - i ) 
R T 

( E - E 1 / 2 ) 

/ - / • - ̂  net F ,„ r , I n (1/1-1) a U-E , ?) 
R T ' 

(1) 

s i m i l a r y to the treatment of dc waves i b . 

Measure c r i t e r i o n s are shown i n 

F i g . l a and l b . 

RESULTS AND DISCUSSION 

In the presence of g e l a t i n e as 
suppressor of p o l a r o g r a p h i c maxima, the 
same pre-wive observed i n dc polarography 
can be recorded by Kalousek c a t h o d i c p o l a 
rography ( K 2 and K4). However, u s i n g T r i 
ton-X t h a t pre-wave can be e l i m i n a t e d and 
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E f f e c t o f the s e l e c t e d 
p u l s e base on (a) i 
and (b) E o f c i ( I I ) 
waves. T=298 K , pH=7.02 

,-4 c=4.10 
1=0.5 M , m=0.88 mg.s 

M (0.01% T r i t o n - X ) , 
-1 

t=0.6 s 

a s i n g l e wave i s recorded c o r r e s p o n d i n g 
to the r e d u c t i o n process of C o ( I I ) . 

In B r i t t o n - R o b i n s o n b u f f e r media, 
the e x i s t e n c e of C o ( I I ) can be admitted 
i n the form of hexahydrated complex 5 

CotHoO)^ , s i n c e none of pr e s e n t com-
6 -ponents i n the s o l u t i o n (PO^ , CH 3C00 , 

4 
B0 ; C l ) form s t a b l e complexes w i t h 
C o ( I I ) . 

While thèse s o l u t i o n s were s t u 
d i e d by Kalousek po l a r o g r a p h y (Kj and 
K 2 w i t h v a r i a b l e p u l s e s , K 3 and Ki+ w i t h 
c o n s t a n t p u l s e s ) , i t was observed t h a t 
n e u t r a l or s l i g h t l y b a s i c pH and i n the 
presence of g e l a t i n e as suppressor of 
p o l a r o g r a p h i c maxima, a s m a l l pre-wave 
(A) observed by B r d i c k a i n dc p o l a r o g r a 
phy was recorded d i s p l a c e d +0.2 V from 
t h a t c o r r e s p o n d i n g to the r e d u c t i o n wave 
of C o ( I I ) , wave ( B ) . T h i s pre-wave i s 
recorded by K 2 r e d u c t i o n technique i n 
the range 5°C < T < 50°C, w h i l e i n Ki+ 

and dc r e d u c t i o n techniques t h i s wave i s 
recorded at temperatures h i g h e r than 30°C, 
With o x i d a t i o n t e c h n i q u e s , o n l y one wave 
( K i ) i s recorded or e l s e the dc component 
of the o v e r a l l process ( K 3 ) ( f i g . 4 ) . 

f, =75 Hz. k Acc o r d i n g to B r d i c k a ' s s t u d i e s 1 ' 2 , 
t h i s pre-wave (A) i s due to a p a r t i a l 

d e h y d r a t a t i o n of the complex C o ( H 2 0 ) 2 

The f o l l o v ^ m g e q u i l i b r i u m : 

C o ( H 2 0 ) 2 + 0 0 ( 1 ^ 0 ) 5 0 ^ 
6 

+ H (3) 

i s e s t a b l i s h e d s l o w l y , 



0.91 1.60 2.52 3.9 4.3 5.01 5.7 

E f f e c t of the p u l s e frequency on 

L1,P of C o ( I I ) waves. T=298 K , 

c=4.10 M (0.01% g e l a t i n e ) , pH=7.02 
1=0.5 M, m=0.88 mg.s" 1 , t=0.4 s , 
U p b ( K l ) = ~ 1 5 0 0 m V ' U p b ( K 2 ) = ~ 1 2 0 0 m V -

N e v e r t h e l e s s , i t has been 
proved t h a t i n the presence of 
sm a l l t r a c e s of T r i t o n - X the 
pre-wave (A) i s not d e t e c t e d , 
and o n l y the wave ( B ) , c h a r a c 
t e r i s t i c of the c a t i o n C o ( I I ) 
( f i g . l b ) , i s re c o r d e d . The K 3 

waves p r e s e n t o n l y dc component 
such as i t i s c o r r e s p o n d i n g to 
an i r r e v e r s i b l e p r o c e s s 1 7 . For 
t h i s reason, we w i l l a b s t a i n 
to study K3 waves s i n c e they 
do not p r o v i d e i n f o r m a t i o n 
about r e - o x i d a t i o n processes 
of the d e p o l a r i z e r . 

The amplitude of a p p l i e d p u l s e s to the Ki and K 2 r e c o r d e r s has 
i n f l u e n c e not o n l y on the c u r r e n t i n t e n s i t i e s ( f i g . 2 a ) , but a l s o on h a l f -
wave p o t e n t i a l s ( f i g . 2b). We have worked w i t h v a l u e s of p u l s e base (U ) 

pb 
p r e v i o u s l y f i x e d to o b t a i n w e l l d e f i n e d and reproduced waves. 

A q u a n t i t a t i v e r e l a t i o n between i . ( K i ) and the p u l s e frequency 
( f f c ) c o u l d not be e s t a b l i s h e d ( f i g . 3 ) . The c u r r e n t i n t e n s i t y of K 2 waves 
f u l f i l l s the f o l l o w i n g e x p e r i m e n t a l e q u a t i o n : 

1/6 (K- ,) a + b f. (4) 

The waves are not dependent of the frequency. 

We have s t u d i e d the e f f e c t of drop time from t=0.4 s to t=2 s , 
on Kalousek's P o l a r o g r a p h i e waves of Co ( I I ) : 

.1/3 
a) In the presence of T r i t o n - X , i , ( K i ) and i , ( K 2 ) values depend 

on t"' " being t h i s dependence lower than the one e s t a b l i s h e d by R u z i c ' s 
e x p r e s s i o n 1 1 f o r a r e v e r s i b l e p r o c e s s , w h i l e i , (Ki+) depends approximately 

1 /6 
on t , i n accordance w i t h I l k o v i c 1 s e x p r e s s i o n (Table l a ) . 

b) When g e l a t i n e i s used as suppressor of maxima, the i n f l u e n c e of 
drop time i s s i m i l a r to the pr e v i o u s r e s u l t s (Table l b ) . 
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Table l a . - E f f e c t of drop time on Kalousek waves of C o ( I I ) . 
T=298 K, c=4.5.10~ 4 M (0.01% T r i t o n - X ) , pH=7 , 
1=0.5 M, m=0.88 mg.s" 1 , f k=75 Hz, U b ( K x ) = -1500 mV, 
U , ( K o ) = -1200 mV , 0.4 < t < 2 s. pb 

In i , _(UA) » E + b In t (s) E. ,„ imV) » e ' •+• b' In t" (s) 

S b c a ' c' 

h 0. 07 0.34 0.99 -1470 14.2 0.99 

0.69 0.32 0.99 -1427 20.3 0. 99 

C. 26 0.23 0.99 -1518 1° . 3 C .99 

Table l b . - E f f e c t of drop time on Kalousek waves of C o ( I I ) . 
T=298 K, c=4.10~ 4 M (0.01% g e l a t i n e ) , pH=7 , 
1=0.05 M, 

U p b ( K 2 ) = 

m=0.88 mg 
-1200 mV. 

s 1 , f, =75 k Hz, V (Kx)= -1500 

l a i 2 (yAJ - a + b I n t (s) E 1 / 2 (mV) « a' •+ b ' I n t (s) 

z b c b' c' 

1.500 0.38 0.99 -1457 29. 3 0.99 

h ; U ) C.620 0.22 0.99 -1183 .17. 0 0.99 

2.200 0.33 0.99 -1353 27.. 1 0.99 

1. 057 0.5 0.99 -1323 34. i 0.99 

In a l l techniques, v a l u e s of c u r r e n t i n t e n s i t i e s are prop o r 
t i o n a l to h 2 / 3 , namely to the su r f a c e of the mercury drop; and the 

c i i r r 
s m a l l d e v i a t i o n observed i s a t t r i b u t e d to the e f f e c t of the cha r g i n g 
c u r r e n t 1 8 

In d e s p i t e of the i r r e v e r s i b i l i t y of the e l e c t r o d i c p r o c e s s , 
K i , K 2 and K 4 p o l a r o g r a p h i c waves of Co(II) can be used a n a l y t i c a l l y 

-5 -4 . i n the range of c o n c e n t r a t i o n s from 10 M to 4.10 M. In t h i s i n t e r -
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v a l , the half-wave p o t e n t i a l or peak p o t e n t i a l s are not dependent w i t h 
the c o n c e n t r a t i o n of Co( I I ) (Table 2 ) . 

Table 2.- E f f e c t of the c o n c e n t r a t i o n of Co ( I I ) on i ^ . 
T=298 K, 0.01% T r i t o n - X , pH=6.98 , 1=0.5 M , 
m=0.88 mg.s" 1 , f,=75 Hz, U , ( K i ) = -1500 mV, k ph 
U . (K

2
)= -1200 mV. 

In i 
l.P 

(uA) • £ + b l o c (M) E l / 2 , p ( o V> 
a b 0 

6.1 1 00 0.99 -1425 

4. E 0 95 U.98 -1485 

h 5.9 0 96 0.99 -1445 

6.3 1 10 0.99 -1535 

The i n f l u e n c e of the temperature on waves i n a s o l u t i o n of 
Co(I I ) has been s t u d i e d , u s i n g g e l a t i n e as suppressor of maxima, i n 
ord e r to anal y s e the e v o l u t i o n of pre-wave (A) and wave (B) rec o r d e d 
i n c a t h o d i c p r o c e s s e s . I t was observed ( f i g . 4) t h a t pre-wave (A) i s 
det e c t e d by K 2 p o l a r o g r a p h y d u r i n g a l l the s t u d i e d i n t e r v a l (5°C < T < 50°C), 
w h i l e i t begins to become d i s c e r n i b l e by dc and techniques a t tempe
r a t u r e s h i g h e r than 30°C a p p r o x i m a t e l y . R e l a t i o n s between I n i . . v s . 1/T 

1»P 
and v s . T were a n a l y s e d and c a l c u l a of a c t i v a t i o n e n e r g i e s (Q) 
were made i n proce s s e s a s s o c i a t e d w i t h recorded waves of C o ( I I ) by dc 
and Kalousek polarography i n accordance w i t h the f o l l o w i n g A r r h e n i u s 
e x p r e s s i o n s 1 9 : 

i = A . exp (-Q/RT) (5) 

i = A . exp (-Q/RT) (6) 
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Table 3.- E f f e c t of the temperature on i ^ of C o ( I I ) 
waves and a c t i v a t i o n energy v a l u e s . 

-4 
c=4.10 M (0.01% g e l a t i n e ) , pH=7 , I =0.5 M, 

m=0.88 mg.s , t= 0.4 s , f, 
K 
=75 Hz , 

U p b ( K l ) = 
-1500 mV, Upb ( K 2 > = -1200 mV. 

In i . L P (uA) » a -r b.l/T (K) Q (Kcal/tnol) 

1 a b 0 

tic (AUE) 5°C<T<50
T
'C 4.08 -1280 0.99 2.5 

i dc (A.) ?>3C"C Z3.22 -7701 0. 99 14.2 

dc (£) r>3c*c -4.30 1125 0.99 -2.2 

R l 
T>30°C 

T O O " : 

5.20 

9.58 

-1631 

-2929 

0.99 

C. 98 

3.0 

5.4 

R, (ATS) 

T>30
E
C 

T<30*C 

1.35 

3.60 

-219 

-904 

0.99 

0.99 

0.4 

1.6 

K2 U ) 5°C<:T<5C
0
C . 5.94 -3250 0.98 5.9 

R
2 

(B) 

T>30°C 

?<30°C 

-4.18 

3.13 

1371 

-813 

0.99 

J. 99 

-2.5 

1.5 

K, (AUE) 5*
,
C<r<50"C 4 .24 -1264 0.98 2.3 

(A) T>30"C 25.68 -8415 0.99 15.5 

(E) T>30°C -0.87 246 0.99 -0.5 

A c c o r d i n g to the Q o b t a i n e d v a l u e s , i t i s e v i d e n t t h a t the 
pre-wave (A) i s c o n t r o l l e d by a chemical s t e p , p r o b a b l y due to the de¬
h y d r a t a t i o n r e a c t i o n (3) of the complex C o ( H 2 0 ) z which i s fav o u r e d 

6 

by the presence of g e l a t i n e (Table 3 ) . The d i s m i n u t i o n i n the i n t e n s i 
t y v a l u e o f wave (B) w i t h the i n c r e a s e o f the temperature i s due to 
the p r o g r e s s i v e i n c r e a s e experimented by the pre-wave (A) ( f i g . 4 ) . As 
f o r the complete pr o c e s s (wave A U B ) , c a l c u l a t e d a c t i v a t i o n e n e r g i e s 
show t h a t the pr o c e s s i s c o n t r o l l e d by d i f f u s i o n (Table 3 ) . The r e - o x i -
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d a t i o n process a s s o c i a t e d w i t h the anodic wave (K^) i s c o n t r o l l e d by 
d i f f u s i o n (Table 3 ) . 

F i g . 4.- E f f e c t of the temperature on the morphology of Kalousek 
and dc waves of C o ( I I ) . c=4.10~ 4 M (0.01% g e l a t i n e ) , 
1=0.5 M , pH=7.02 , m=0.88 mg.s" 1 , f k = l 5 0 H z » 
t=0.4 s , U u ( J C i ) = -1500 mV , U ( K 2 ) = -1200 mV. pb Pb 

— 13 — 

A p p l y i n g e q u a t i o n s (1) and (2) to Kj and K 2 waves, the na^ = 
na - 0.5 v a l u e s are o b t a i n e d and t a k i n g i n t o a c c o u n t t h a t the e l e e t r o -a 
d i e p r o c e s s of C o ( I I ) i n v o l v e s two moles of e l e c t r o n s per mole of depo
l a r i z e r , t h i s behaviour corresponds to a t o t a l l y i r r e v e r s i b l e p r o c e s s . 

The presence o f g e l a t i n e f a v o u r s the e l e c t r o d i c p r o c e s s a s s o c i a 
ted to the pre-wave ( A ) , due t h i s substance possesses amino groups which 
a c t as a c t i v e c e n t e r s capable of i n t e r a c t i n g w i t h C o ( I I ) p r e s e n t on the 
e l e c t r o d e , so t h a t the r e a c t i o n (3) i s f a v o u r e d . 

Both pre-wave (A) ;nd wave (B) appear to i n v o l v e two moles of 
e l e c t r o n s per mole of d e p o l a r i z e r , a l t h o u g h i t i s admitted t h a t they are 
p r o c e s s e s w i t h m o n o e l e c t r o n i c t r a n s f e r steps where c h e m i c a l and p h y s i c a l 
s t e p s are i n s e r t e d . 

Devanathan's e x p r e s s i o n 2 0 : 

j c = n a c + 1/2 (7) 

i s s a t i s f i e d by K 2 c a t h o d i c waves of C o ( I I ) . The determinant step of r e 
d u c t i o n p r o c e s s i s the f i s t m o n o e l e c t r o n i c t r a n s f e r , 1 , i n the ex
p e r i m e n t a l c o n d i t i o n s t r i e d . By means of anodic Devanathan's e x p r e s s i o n 

j = n - nct a + 1/2 (8) 

v a l u e s o f the determinant m o n o e l e c t r o n i c t r a n s f e r s t e p , j a = 2 , are c a l 
c u l a t e d from K i waves. T h i s shows t h a t the determinant step of r e - o x i d a 
t i o n p r o c e s s i s the second m o n o e l e c t r o n i c t r a n s f e r . As r e d u c t i o n process 
o f C o ( I I ) as o x i d a t i o n of Co(0) can be e x p l a i n e d by m o n o e l e c t r o n i c trans
f e r s c o u p l e d w i t h c h e m i c a l - p h y s i c a l p r o c e s s . 

The na v a l u e s have been c o r r o b o r a t e d a l s o by Voltammetry on a 
Kemula e l e c t r o d e . A l s o , The na =0.5 v a l u e s have been o b t a i n e d by t h i s 

c 
method and "dc", "np", "dp", "ac 1" and "ac 2" p o l a r o g r a p h y . 

The na v a l u e s o b t a i n e d f o r another d i v a l e n t c a t i o n s 2 1 i n d i f f e 
r e n t media, can be proved i n the base o f a model i n which m o n o e l e c t r o n i c 
t r a n s f e r s t e p s and c h e m i c a l - p h y s i c a l s t e p s are c o u p l e d , l i k e s t r u c t u r a l 
changes a t the i n t e r f a c e , t r a n s p o r t , s o l v a t a t i o n changes and o t h e r s . 
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ABSTRACT 

D i f f e r e n t i a l p u l s e polarography and anodic s t r i p p i n g voltammetry 

can be used d i r e c t l y i n suspensions without p r e - f i l t r a t i o n ; heavy metals 

l i k e c o p p e r ( I I ) and l e a d ( I I ) adsorbed on hydrous oxides such as s i l i c a 

and ct-goethite are not being r e l e a s e d d u r i n g the time s c a l e of the 

techniques and are thus not sensed by these techniques. 

In samples w i t h c o l l o i d s and organics such as EDTA and NTA i n the 

presence of heavy m e t a l s , when the complexes are n o n - l a b i l e but e l e c t r o -

c h e m i c a l l y r e d u c i b l e at a more negative p o t e n t i a l , one can determine 

the l i g a n d c o n c e n t r a t i o n and the b i n d i n g c a p a c i t y of the c o l l o i d from 

the voltammetric measurements of i n d i v i d u a l batches w i t h d i f f e r e n t 

amounts of c a t i o n s l i k e c o p p e r ( I I ) and l e a d ( I I ) . 

From the d i f f e r e n t i a l p u lse measurements of s o l u t i o n s w i t h heavy 

metals and the o r g a n i c l i g a n d s EDTA and NTA, i t i s p o s s i b l e to know 

d i r e c t l y the amount of metal bound to each one of the l i g a n d s and the 

free c a t i o n . T h i s can a l s o be determined by anodic s t r i p p i n g voltam

metry at d i f f e r e n t d e p o s i t i o n p o t e n t i a l s . 
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