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ABSTRACT 

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

the s t r i p p i n g s t e p of ASV, i n a complexing medium, i s d i s c u s s e d 

i n terms of d e t e r m i n a t i o n of s t a b i l i t y c o n s t a n t s , from the 

r e s u l t s f o r P b ( I I ) + TETA system. 

Subsequently s t a b i l i t y c o n s t a n t s of C d ( I I ) + carboxy-

p h e n y l i m i n o d i a c e t i c a c i d , p h e n y l m e t h y l i m i n o d i a c e t i c a c i d , 

p y r i d i n e - 2 , 6 - d i c a r b o x y l i c a c i d and p y r i d i n e - 2 - c a r b o x y l i c a c i d 

have been determined and the v a l u e s compared w i t h those o b t a i n e d 

by ot h e r t e c h n i q u e s . 
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1. INTRODUCTION 

Anodic s t r i p p i n g voltammetry i s a v e r y u s e f u l t e c h n i q u e f o r the 

d e t e r m i n a t i o n of heavy m e t a l s i n n a t u r a l w a t e r s , due to i t s v e r y low 
. . 1,2 

d e t e c t i o n l i m i t . From t h i s p o i n t of view i t i s , i n f a c t , the most 

convenie.it t e c h n i q u e w i t h i n the v o l t a m m e t r i c methods, s i n c e d u r i n g the 

e l e c t r o l y s i s step the m e t a l i s p r e c o n c e n t r a t e d i n the e l e c t r o d e , 

b e f o r e the anodic v o l t a m m e t r i c s t e p . However, t h i s c o m b i n a t i o n of 

methods, r e s p o n s i b l e f o r the h i g h s e n s i t i v i t y of the t e c h n i q u e , can 

.introduce some l i m i t a t i o n s owing to the volume c o n c e n t r a t i o n of the 

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

h i g h e r than i n the b u l k s o l u t i o n . So i f l i g a n d s are p r e s e n t i n s o l u t i o n 

together w i t h m e t a l s , the h i g h r a t i o C^/C^ n e c e s s a r y f o r the a p p l i c a 

t i o n of the v o l t a m m e t r i c methods to l a b i l e complexes may not e x i s t at 

the e l e c t r o d e s u r f a c e d u r i n g the s t r i p p i n g s t e p , even when t h i s happens 

i n the t u l k of the s o l u t i o n . T h i s s u r f a c e e f f e c t i s d i s c u s s e d i n t h i s 

paper i r terms of d e t e r m i n a t i o n of s t a b i l i t y c o n s t a n t s . 
2. EXPErIMENTAL 

S o l u t i o n s were prepared from d e - i o n i s e d water and reagent grade 

chemicals ( p u r i t y > 98%). The s o l u t i o n s of the m e t a l i n the presence 

of the l i g a n d were b u f f e r e d a t pH -7.5 - 8.5. I n the absence of the 

l i g a n d lead s o l u t i o n s were used at pH ~ 5.5 and cadmium s o l u t i o n s at 
3 

pH ~ 5-.' to prevent the h y d r o l y s i s of the metal i o n . 

r.'he measurements were done at 25.0°C i n 0.10 M KNO^ f o r the 

system P b ( I I ) + t r i e t h y l e n e t e t r a m i n e (TETA) and 0.10 M Na ClO^ f o r the 

o t h e r systems. The pH of each s o l u t i o n i n the c e l l was measured w i t h 

an e r r o r < 0.01 u n i t s of pH. 

D i s s o l v e d oxygen was removed by b u b b l i n g p u r i f i e d n i t r o g e n 
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through the s o l u t i o n s . 

The ASV voltamograms f o r the system P b ( I I ) + TETA were 

o b t a i n e d w i t h a T a c u s s e l PRG5 p o l a r o g r a p h and f o r the o t h e r systems 

w i t h a PAR Model 174. The w o r k i n g e l e c t r o d e was a METRHOM EA-290 

hanging mercury drop. The s o l u t i o n s were s t i r r e d d u r i n g the d e p o s i 

t i o n s t e p w i t h a t e f l o n magnetic bar f i t t e d to the i n t e r n a l bottom 

diameter of the c e l l to prevent any l a t e r a l movement. The p o t e n t i a l 

a p p l i e d d u r i n g t h i s s t e p was E d = -0.700 V f o r the P b ( I I ) system 

and E, = -0.900 V f o r the C d ( I I ) systems. B e f o r e the anodic scan d 
the s o l u t i o n was m a i n t a i n e d u n s t i r r e d f o r 30 sec. 

The r a d i u s of the Hg drop was determined by w e i g h i n g a f i x e d 

numbei of drops i n s o l u t i o n s . 

The average t h i c k n e s s of the d i f f u s i o n l a y e r - 6 - i n the 

s o l u t i o n d u r i n g the d e p o s i t i o n s t e p , was c a l c u l a t e d my measuring the 

average v a l u e of the d e p o s i t i o n c u r r e n t - i - i n an uncomplexing 

-, • * s o l u t i o n : 

6 = nFS D C_, / i , pb Pb d 

-6 2 -4 where n = 2, F = 96500 C. D „ v = 8.3 x 10 cm / s , C B, = 10 M 
Pb l b 

S = s u r f a c e area of the Hg drop. 

The r e p r o d u c i b i l i t y of ASV r e s u l t s i s l a r g e l y a f f e c t e d by 

exper:.mental parameters and so i t i s v e r y i m p o r t a n t to keep them 

cons t n n t . 

For the d e t e r m i n a t i o n of the s t a b i l i t y c o n s t a n t s of cadmium 

s y s t e n s by ASV, the m e t a l c o n c e n t r a t i o n i n s o l u t i o n was kept c o n s t a n t 

at (5-10) x 1 0 _ 7 M and C T/C„ v a r i e d between 80 and 1000. The e x p e r i -L M 
mental parameters were: 

http://convenie.it
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r = 0 0 4 0 cm; = 1.7 x 10 cm; t , = 15 - 180 s; scan r a t e = 10 mV/s. o d 

3. RESULTS AND DISCUSSION 

In o r d e r to study the i n f l u e n c e of the s u r f ace e f f e c t i n the 

d e t e r m i n a t i o n of the s t a b i l i t y c o n s t a n t s by ASV and how to a v o i d t h i s 

e f f e c t , the system P b ( I I ) + TETA has been chosen s i n c e t h i s l i g a n d 

forms . i v e r y s t a b l e ML complex t h a t behaves r e v e r s i b l y and i s l a b i l e 

w i t h i n the time s c a l e of the anodic s t r i p p i n g t e c h n i q u e . 

SURFACE CONCENTRATION EFFECT 

a) Qualitative interpretation 

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

s t e p has a s i g n i f i c a n t i n f l u e n c e i n the peak parameters of the ASV 

curve Ln a complexing medium where l a b i l e complexes are b e i n g formed. 

A q u a l i t a t i v e d e s c r i p t i o n of the shape of ASV curves should then 

be g i v a n i n terms of the m e t a l i o n volume c o n c e n t r a t i o n at the e l e c 

t r o d e s u r f a c e , C°, which i n c r e a s e s w i t h the d e p o s i t i o n time, t , : 

1) For v e r y low t ^ v a l u e s and h i g h l i g a n d c o n c e n t r a t i o n s , 

C° >> C ° , (C° - |ML|°) - C° and C° ~ C . The s u b s c r i p t o r e f e r s to 

the volume c o n c e n t r a t i o n at the s u r f a c e and C^ r e p r e s e n t s the t o t a l 

l i g a n d c o n c e n t r a t i o n i n the b u l k s o l u t i o n . 

I n these c o n d i t i o n s the DeFord-Hume' s method"', a p p l i e d to l a b i l e 

and r e v e r s i b l e systems, i n i t i a l l y developed f o r DC p o l a r o g r a p h y , c o u l d 
M M+L 6 a l s o be a p p l i e d to ASV, i / i = 1 s i n c e D ~ D p • p M ML 

_ „ M M+L RT . ... M ,. M+L. ,. . n , , , 
p - E

P " E p = n¥ l n ( ( 1
P
 7 l p ML C L / a H ) } ( 1 ) 

where: i ) M and M+L s t a n d r e s p e c t i v e l y f o r the uncomplexing and com-

p l e x i r g medium,ii) i ^ and E r e p r e s e n t the c u r r e n t and the p o t e n t i a l of 

— 297 — 

H i i H i 12 the peak, i i i ) a = 1 + B. H + B |H | , i v ) the o t h e r l e t t e r s have H i / 
t h e i r u s u a l meaning. 

2) For low d e p o s i t i o n time where > C ° but C T / C° i - s 

s i g n i f i c a n t l y s m a l l e r than C /C , the peak i s s h i f t e d to more p o s i 

t i v e v a l u e s because of the lower C T / C ° r a t i o observed, and i t i s 
L M 

broadened, due to the decrease of c - r / c ^ r a t i o d u r i n g the r i s i n g p a r t 

of the ASV v o l t a g r a m ( F i g . 1, curve 1 ) . 

3) For h i g h e r d e p o s i t i o n times ( F i g . 1, curve 2 and 3) where 

C ° > C , a s h o u l d e r of c o n s t a n t h e i g h t can be n o t i c e d which remains at M L 

the ssme p o t e n t i a l v a l u e w i t h the i n c r e a s e of t , , w h i l e the peak i n 

c r e a s e s and i s s h i f t e d to p o t e n t i a l v a l u e s c l o s e r to the peak of the 

non ccmplexed m e t a l i o n . The s h o u l d e r can be a t t r i b u t e d to the r e -

o x y d a t i o n of M under the ML form; i t s c o n s t a n t h e i g h t i s due to the 

s a t u r a t i o n of L at the e l e c t r o d e s u r f a c e , w h i l e the peak i s due to 

the r e d u c t i o n of the excess of the f r e e m e t a l i o n ( C ° > C ). I t i s 
M L 

i m p o r t a n t to note t h a t i n F i g . 1 the n o r m a l i s e d h e i g h t of the s h o u l d e r , 

i ' , = i , / t . , d ecreases when t . i n c r e a s e s because i , i s a c o n s t a n t sh sh d' d sh 
v a l u e 

b) Quantitative interpretation 

I n o r d e r to q u a n t i f y t h i s s u r f a c e e f f e c t we s h o u l d be a b l e to 

d e t e r n i n e C ° at each d e p o s i t i o n time. The f o l l o w i n g e q u a t i o n M 

was ieduced f o r the hanging mercury drop e l e c t r o d e (HMDE) i n r e -

v e r s i s l e c o n d i t i o n s , i n the absence of l i g a n d , f o r a d e p o s i t i o n 

p o t e n t i a l (E^) on the p l a t e a u of the r e d u c t i o n wave and f o r scan 

r a t e s of the s t r i p p i n g s t e p , i n such a way t h a t M(Hg) = c o n s t , i n s i d e 

the mercury drop (v > 5 mV/s)^: 
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\ 0.08 — 

0.04 

F i g . 1 - N o r m a l i s e d ASV voltamograms of l e a d i o n (C = 1.00 x 10 M i n 
-4 M 

the presence of TETA (C L= 0.98 x 10 M) - curves 1, 2, 3 
r e s p e c t i v e l y , w i t h t , = 1; 7; 25 mn -, and i n i t s absence d 

curve 4 sh " s h o u l d e r e d ' 

D 1 / 2 D 1 / 2 

ox r 
r 6 

(2) 

where r Q i s the r a d i u s of the mercury drop, 6 i s the t h i c k n e s s of 

the d i f f u s i o n l a y e r , D and D are the d i f f u s i o n c o e f f i c i e n t s of ox r 

the metal i n s o l u t i o n and i n the mercury, C° i s the c o n c e n t r a t i o n at 

the e l e c t r o d e s u r f a c e f o r the peak p o t e n t i a l , and K i s a c o n s t a n t 

v a l u e t h e o r e t i c a l l y e q u a l to 0.44''. 

From t h i s e q u a t i o n and u s i n g t y p i c a l parameters i t i s p o s s i b l e 

to e s t i m a t e t h a t C
f ° / C

M = 20 t d , t b e i n g expressed i n minutes. T h i s 
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means, t h e r e f o r e , t h a t f o r a t y p i c a l d e p o s i t i o n time of 3 minutes the 

metal c o n c e n t r a t i o n of the e l e c t r o d e s u r f a c e can be 60 times as h i g h 

as the v a l u e of the b u l k of the s o l u t i o n . 

I n o r d e r to see i f e x p r e s s i o n (2) can be a o p l i e d i n a complex-

i n g medium where l a b i l e complexes are b e i n g formed, the v a l i d i t y of 

the l a s t e x p r e s s i o n was checked f o r the system P b ( I I ) + TETA^. Ex

p e r i m e n t a l l y , one cannot d i r e c t l y measure C° , but the c r i t i c a l 

d e p o s i t i o n time c o r r e s p o n d i n g to C° - can be determined 

superimposing i ^ v a l u e on the p l o t of i vs t ^ f o r the me t a l 

( c o n s i d e r i n g DxrT - D w) , where i , i s the h e i g h t of the s h o u l d e r ML M sh 
( F i g . 1 ) . T a k i n g i n t o account t h i s d e f i n i t i o n and assuming t h a t 

eq. (2) i s s t i l l v a l i d i n the presence of l i g a n d s , we have, r e p l a c i n g 

C° i n eq. (2) by CT and t , by t : M L d c 

n In = I ^ o x r
 t ( 3) V S l K ' ' c U ) 

r o 

where D = D,_ = D„. 

ox ML M 

In f a c t , a l i n e a r r e l a t i o n s h i p between t and the r a t i o 

^ s o b t a i n e d e x p e r i m e n t a l l y ( F i g . 2 ) , f o r d i f f e r e n t l i g a n d 

and m ; t a l c o n c e n t r a t i o n s , d i f f e r e n t r a d i i of mercury drops and f o r 

some v a l u e s of s t i r r i n g r a t e s ( e x p e r i m e n t a l c o n d i t i o n s are g i v e n i n 

Table I ) . 

The l i n e a r i t y observed proves t h a t e x p e r i m e n t a l parameters 

a f f e c t , i n a s i m i l a r way, C° v a l u e i n a complexing or uncomplexing 

medium. In the complexing medium an e x p e r i m e n t a l v a l u e K = 0.61 + 0.04 

i s found t h a t i s of the same ord e r of magnitude as the t h e o r e t i c a l 

r e s u l t o b t a i n e d i n the absence of l i g a n d . 
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F i g . 2 - I n f l u e n c e of the e x p e r i m e n t a l parameters 
6 («), r (o) and C T/C (*) on the c r i t i c a l 

o L M 
d e p o s i t i o n time t . E x p e r i m e n t a l c o n d i t i o n s 
are g i v e n i n Ta b l e I . 

Table I 

V c l u e s of t c found f o r d i f f e r e n t v a l u e s of the e x p e r i m e n t a l 
pcrameters r ,6 and C. ,/C„ . o L f I 

( c m ) ( c m ) ( n i i n ) 

0 055 1 2 X -3 
10 98 6 2 

0 044 1 2 X _3 
10 J 136 7 1 

c 044 1 2 X -3 
10 98 5 2 

c 044 1 2 X -3 
10 65 3 4 

c 044 1 7 X l O " 3 98 7 6 

0 044 2 3 X 1 0 ~ 3 98 11 0 

0 032 1 2 X i o - 3 98 3 4 
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The v a l i d i t y of e x p r e s s i o n (2) i n the presence of the l i g a n d 

can al.'so be observed i f one compares the e x p e r i m e n t a l v a l u e s of the 

peak p o t e n t i a l (E ) of the voltamograms o b t a i n e d by ASV f o r s e v e r a l 

d e p o s i t i o n t i m e s , w i t h the v a l u e c a l c u l a t e d from DeFord Hume's 

method'': 

where the f r e e c o n c e n t r a t i o n of the l i g a n d at the e l e c t r o d e s u r f a c e , 

| L | ° , i s o b t a i n e d from the mass b a l a n c e e q u a t i o n s of the t o t a l con

c e n t r a t i o n of l i g a n d and m e t a l a t the e l e c t r o d e s u r f a c e (C_ = and 

C° g i v i n by eq. (2) w i t h K = 0.61). A r e a s o n a b l e agreement w i t h i n the 

e x p e r i m e n t a l e r r o r (AE < 5 mV) (Table I I ) , i s observed f o r low v a l u e s 

of t , (C° > C°) when o n l y one peak appears - see F i g . 1 -, and f o r 

h i g h v a l u e s of t , (C° < C°). For i n t e r m e d i a t e v a l u e s (C T/C° between 1 d M L L M 

and 0.2) f o r which the h e i g h t and the p o t e n t i a l of the s h o u l d e r are 

c l o s e to the peak, the measurement of the peak p o t e n t i a l has a b i g 

Tabl e I I - E x p e r i m e n t a l and c a l c u l a t e d peak p o t e n t i a l s E^ f o r 
d i f f e r e n t d e p o s i t i o n times 

td(mn) C L E 
P 
exp(V) E 

P 
c a l c . ( V ) E exp - E c a l c 

P P 
(mV) 

0.5 8 -0 .410 -0 .413 +3 
1 4 -0 .407 -0 .411 +4 
2 2 -0 .402 -0 .406 +4 
7 0 . 5 -0 .350 -0 .324 -26 

15 0 . 25 -0 .330 -0 .318 -12 
17.5 0 .2 -0 .326 -0 .317 -9 
25 0 . 15 -0 .320 -0 .316 -4 
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DETERMINATION OF STARILITY CONSTANTS BY ASV 

I t i s i m p o r t a n t to develop new methods which a l l o w the d e t e r m i 

n a t i o n , of s t a b i l i t y c o n s t a n t s from techniques t h a t c o u l d be used f o r 

low metal c o n c e n t r a t i o n , as i s g e n e r a l l y the case i n n a t u r a l w a t e r s . 

In t h i s c o n t e x t ASV technique seems to be one of the best 
-9 

becau.se i t can d e t e c t metal c o n c e n t r a t i o n as low as 10 M. 

I f the complexes are l a b i l e d u r i n g the s t r i p n i n g step the peak 

p o t e n : i a l s h o u l d change w i t h the l i g a n d c o n c e n t r a t i o n f o r the same 

depos:.tion time or w i t h the d e p o s i t i o n time f o r the same l i g a n d con

c e n t r a t i o n . Depending on the C T/C° r a t i o , two cases sh o u l d be con-
L M 

s i d e r c d : 

1) I f C >> C° (!ML!° << C ). The s t a b i l i t y c o n s t a n t c o u l d be 

o b t a i n e d from e q u a t i o n 1 as was d i s c u s s e d i n the p r e v i o u s s e c t i o n . 

From eq. (2) i t can be seen t h a t t h i s c o n d i t i o n i s o n l y o b t a i n e d 

i f C /C^ > 1000, assuming C° << 5% C , and u s i n g t y p i c a l e x p e r i m e n t a l 

d 
-3 

parameters ( r = 0.040 cm; <5 = 1.2 x 10 cm, t = 3 minutes, 
-5 2 D ~ D -10 cm Is). ox r 

2) I f > C° but |ML | i s not n e g l i g i b l e i n comparison w i t h 

the peak p o t e n t i a l s h i f t s to more p o s i t i v e v a l u e s w i t h the i n c r e a s e of 

t ^ , and a l i n e a r p l o t of vs t ^ i s e x p e r i m e n t a l l y found f o r 

t ^ < 1. ( F i g . 3 ) . T h i s c o u l d be a n t i c i p a t e d from e q u a t i o n (4) i f : 

a) |M| << |ML I (which i s v a l i d f o r t ^ < t ^ and s t r o n g 

complexes). 

b) C° - C and C° g i v e n by e q u a t i o n ( 2 ) . 

d c 

Indeed, i n these c o n d i t i o n s one o b t a i n s a l i n e a r r e l a t i o n s h i p 
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between AE and t , : p d 

A E P = n f l n * 
C T / 0 + M I D 1/ 2

 D l / 2 c t R j ( 5 ) 

ox r M d o L nF K 

and from the i n t e r c e p t (AE ) 
p t d = 0 n f l n ( W L / a H J ( V aH i f t h £ 

medium i s w e l l b u f f e r e d ) the s t a b i l i t y constant 

determined. 
ML can be e a s i l y 

The e x t r a p o l a t i o n to t,= 0 s i g n i f i e s the e l i m i n a t i o n of the 

s u r f a c e e f f e c t , which i s n e g l i g i b l e from a t , v a l u e depending on the 

r a t i o C T/C . 
L M 

The mean v a l u e of l o g B j ^ determined by t h i s method f o r the 

system P b ( I I ) + TETA from the e x p e r i m e n t a l c o n d i t i o n s of Table I and 

F i g . 3 i s l o g ML = 10.25 + .04 which i s i n good agreement, w i t h i n 

F i g . 3 - Change of AE with' t , , f o r t , < t . 
p d d c 

E x p e r i m e n t a l c o n d i t i o n s : 
R = 0.040 cm 
° 4 (•) C T/C = 1225; C T= 4.9 x 10 M; pH = 7.80 ' L , 

(*) C L/C M= 306; C L= 4.9 x 10 M; pH = 7.81 
(-*) CT/CX,= 98; C = 0.98 x 10~ 4M; pH = 8.05 L' M 

5 = 1.2 x 10 _ 3cm 
6 = 1.2 x 10~ 3cm 
6 = 1.7 x 10 _ 3cm 

http://becau.se
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the e x p e r i m e n t a l e r r o r s , w i t h the v a l u e o b t a i n e d by DC voltammetry 

w i t h a HMDE: l o g 6_ = 10.19 + .03. ML 

Hence, from the study of P b ( I I ) + TETA system we can conclude 

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

be determined by DeFord and Hume's method a f t e r e x t r a p o l a t i o n of E^ 

at t = 0. d 

T h i s study was extended to o t h e r systems w i t h C d ( I I ) and some 

c h e l a t i n g groups of humic or f u l v i c a c i d s found i n n a t u r a l w a t e r s : 

c a r b o x y p h e n y l i m i n o d i a c e t i c , p h e n y l m e t h y l i m i n o d i a c e t i c , p y r i d i n e - 2 -

- c a r b o x y l i c and p y r i d i n e - 2 , 6 - d i c a r b o x y l i c a c i d s . The s t a b i l i t y constants 

have a l s o been determined u s i n g d i f f e r e n t a n a l y t i c a l t e c h niques b e s i d e s 

ASV l i k e d i f f e r e n t i a l p u l s e p o l a r o g r a p h y , normal p u l s e p o l a r o g r a p h y 

w i t h r e v e r s e d p u l s e mode and p o t e n t i o m e t r y . 

The comparison of the v a l u e s o b t a i n e d by DPP and ASV i s im p o r t a n t 

s i n c e i n the f i r s t t e c h n i q u e there i s o n l y the r e d u c t i o n s t e p whereas i n 

ASV bor_h r e d u c t i o n and o x i d a t i o n steps o c c u r ; i f the v a l u e s o b t a i n e d by 

both tachniques agree, i t may be i n f e r r e d t h a t a slow s t e p does not 

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

t r o d e p r o c e s s , e i t h e r i n the d e p o s i t i o n step or i n the s t r i p p i n g one. On 

the o t h e r hand, the comparison of the s t a b i l i t y c o n s t a n t s o b t a i n e d by pH 

t i t r a t i o n and ASV i s a l s o i m p o r t a n t , s i n c e the f i r s t t e c h n i q u e , which 

needs l i g h e r c o n c e n t r a t i o n i n s o l u t i o n , i s g e n e r a l l y more a c c u r a t e and 

p r e c i s e . S i n c e v o l t a m m e t r i c t e c h n i q u e s use a h i g h excess of l i g a n d 

(C^ > 20 C M ) , complexed s p e c i e s w i t h h i g h e r r a t i o of l i g a n d to me t a l 

i o n s might be formed compared w i t h the ones formed i n p o t e n t i o m e t r y . 

However, i n our systems the same s p e c i e s are found i n the samples what

ever t i e t e c h n i q u e used, except f o r the system C d ( I I ) + p y r i d i n e - 2 , 6 -

- d i c a r :>oxylic i n which under p o t e n t i o m e t r i c c o n d i t i o n s the ML and ML„ 
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s p e c i e s are formed whereas w i t h ASV o n l y the KL^ s p e c i e s have been ex

p e r i m e n t a l l y d e t e c t e d . 

I t was shown t h a t the l i n e a r i t y of the E vs t , p l o t should 
p d r 

be v a l i d f o r s m a l l v a l u e s of t ^ and f o r a system w i t h one s t r o n g com 

p l e x form, the s l o p e b e i n g p r o p o r t i o n a l to ^ /C f o r the same e x p e r i 

mental c o n d i t i o n s . 

If t h e r e are two s t r o n g complexes i n s o l u t i o n , ML and ML^, AE p 

becomes: 

AE • - H l n ( 1 + 3 j L|° + 3 | L | ° 2 

p nF ML 1 ML 2
 1 1 ) 

where ILI° can be determined as a f u n c t i o n of t , from the mass 
a 

b a l a n c e e q u a t i o n s (assuming C° = C^ and C° g i v e n by e q u a t i o n ( 2 ) ) , 

and so a curve i s expressed from AE^ vs t ^ . However, r e p l a c i n g the 

e x p e r i m e n t a l parameters f o r the v a l u e s used i n t h i s work, and the 

s t a b i l i t y c o n s t a n t s f o r the v a l u e s o b t a i n e d by p o t e n t i o m e t r y , one can 

f i n d t h a t the c a l c u l a t e d p o i n t s (AE , t , ) , f o r s m a l l v a l u e s of t , , 
p' d d 

f i t a s t r a i g h t l i n e w i t h i n g the e x p e r i m e n t a l e r r o r s . So one should 

expect at l e a s t a rough l i n e a r r e l a t i o n s h i p AE^ vs t ^ f o r a l l the 

systems s t u d i e d i n t h i s work, p r o v i d e d s m a l l t ^ v a l u e s are used. 

T h i s b e h a v i o u r has been found f o r the systems P b ( I I ) + TETA 

and C d ( I I ) + c a r b o x y p h e n y l i m i n o d i a c e t i c a c i d . I n the o t h e r systems 

the s l o p e i n c r e a s e s f o r h i g h e r c o n c e n t r a t i o n s of l i g a n d and a break 

p o i n t i s sometimes observed f o r s m a l l v a l u e s of td ( t d < 3 mn), as 

can be seen i n F i g . 4 where two segments are o b t a i n e d f o r td < 1 min 

and 1 • td < 3 min. 
T h i s o b s e r v a t i o n must be compared to the r e s u l t s of a d s o r p t i o n 

9 • 
s t u d i e s on the Hg drop: i t has been n o t i c e d t h a t t h e r e i s no adsorp
t i o n f o r P b ( I I ) + TETA and C d ( I I ) + c a r b o x y p h e n y l i m i n o d i a c e t i c system 
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but a strong evidence of a d s o r p t i o n i s observed w i t h the complexes 

C d ( I I ) and p h e n y l m e t h y l i m i n o d i a c e t i c , p y r i d i n e d i c a r b o x y l i c and p y r i d i n e -

c a r b o x y l i x a c i d s . I n f a c t , u s i n g the NPP te c h n i q u e w i t h d i r e c t s c a n , i t 

has been n o t i c e d t h a t f o r the l a s t t h r e e systems the polarograms p r e 

sent a t y p i c a l a d s o r p t i o n maximum at the b e g i n n i n g of the w a v e ^ , t h i s 

e f f e c t b e i n g m i n i m i z e d w i t h r e v e r s e p u l s e mode. T h i s a d s o r p t i o n can be 

a n t i c i p a t e d due to the h i g h e r a f f i n i t y of n e u t r a l s p e c i e s to the 

mercury i n t e r f a c e , s i n c e the ML s p e c i e s formed i n system no. I (see 

Tabl e ILI) i s n e g a t i v e l y charged, whereas the ML s p e c i e s formed w i t h 

systems nos. I I and I I I and ML^ w i t h the system IV have no charge. I t ' 

i s then l i k e l y t h a t the d i f f e r e n c e between the p l o t s vs t ^ i n 

F i g . 4, compared w i t h those of si m p l e l a b i l e systems, i s due to 

a d s o r p t i o n problems. 

_ 0.66 

0.60 

0.55 

1 2 3 

t . (mn) 

F i g . 4 - Changes i n the.peak p o t e n t i a l f o r s m a l l v a l u e s of t ^ , f o r 
the system C d ( I I ) + p h e n y l m e t h y l i m i n o d i a c e t i c a c i d . 
C„, = 5 x 1 0 _ 7 M 

-ft 
C = 30 x 10 M 

-6 
C = 50 x 10 M 

—6 
C = 148 x 10 M 

— 6 
C L =' 493 x 10 M 

From Table I I I i t can be seen t h a t i n g e n e r a l DPP i s more 

a f f e c t e d by a d s o r p t i o n problems s i n c e the s t a b i l i t y c o n s t a n t s c o u l d 

not be determined f o r the cadmium complexes w i t h two of the l i g a n d s . 

However, the a d s o r p t i o n w i t h these systems becomes more d i f f i c u l t i n 

RNPP because an adequate i n i t i a l p o t e n t i a l can be used where the adsorp

t i o n Is made d i f f i c u l t . Comparing the r e s u l t s o b t a i n e d by p o t e n t i o m e t r y , 

ASV and RNPP (E, v a l u e i n ASV beinp, c o i n c i d e n t w i t h the E. p o t e n t i a l • L 

of RNPP and eq u a l to -0.9 V ) , i t can be n o t i c e d from T a b l e I I I t h a t the 

v a l u e s o b t a i n e d by the l a s t two techniques are s l i g h t l y h i g h e r 

than p o t e n t i o m ' e t r i c v a l u e s , which can be c o n s i d e r e d more a c c u r a t e . T h i s 

can be. due to the f a c t t h a t the a d s o r p t i o n e f f e c t s on the mercury may 

not be c o m p l e t e l y e l i m i n a t e d i n ASV and RNPP t e c h n i q u e s . The r e s u l t s 

o b t a i n e d w i t h the f i r s t t e c h n i q u e are c l o s e r to the p o t e n t i o m e t r i c 

v a l u e s p r o b a b l y due to the lower c o n c e n t r a t i o n of the l i g a n d s used i n 

ASV. 

Both to understand and to a v o i d the k i n d of a d s o r p t i o n p r e s e n t 

i n these systems, a study i s b e i n g undertaken by RNPP and a.c. p o l a r -

o g r a p f y , a n a l y s i n g the e f f e c t s of the i n i t i a l p o t e n t i a l , l i g a n d con

c e n t r a t i o n and drop time, as w e l l as the p u l s e d u r a t i o n i n the f i r s t 

t e c h n i q u e . 

CONCLUSIONS 

ASV t e c h n i q u e can be used f o r the d e t e r m i n a t i o n of s t a b i l i t y 

c o n s t a n t s u s i n g DeFord-Hume's method w i t h the peak p o t e n t i a l of the com-

p l e x e d form, i f C^/C^ > 1000 and d e p o s i t i o n times are l e s s than 3 min., 
-3 

f o r t y p i c a l e x p e r i m e n t a l parameters ( r = 0.04 cm; 6 = 1.2 x 10 cm; 
-5 2 -1 D ~ D - 10 cm s ) . ox r 

For lower CT/C v a l u e s the d e t e r m i n a t i o n of s t a b i l i t y c o n s t a n t s 
T. M J 
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Table [ I I 

S t a b i l i t y c o n s t a n t s o b t a i n e d by ASV, e x t r a p o l a t i n g 
E P f o r fcd = °' a n d b y o t h e r a n a l y t i c a l t e c h n i q u e s , 
at 25 C and 0.10 M NaCIO '4 

System 

C d ( I I ) -

ASV pH t i t r a t i o n NPP r e v e r s e DPP 
.scan 

Carboxy-
p h e n y l -
i m i n o -
diacet:.c 
a c i d . 

l o g ML 7.15 7.31 7.11 
not* 

p o s s i b l e 

Phenyl--
methyl--
i m i n o -
d i a c e t i c 
a c i d 

l o g 0 ML 
II 

l o g ML 

7.0 

11.45 

6.16 8.3 

11.26 12.0 

a d s o r p t i o n 

P y r i d i n e l o g ß 
d i c a r -
b o x y l i c 
a c i d 

ML 
I I I 

l o g B 
ML- 11.45 

6.36 

10.90 11.47 

P y r i d i n e l o g 0 4.6 
c a r -
boxylic. 
a c i d 

IV 

l o g 3 ML- 8.4 

4.36 

7.99 

4.8 

9.0 

4.5 

Q u a s i - l a b i l e system w i t h the r e d u c t i o n peaks of the f r e e metal a f t e r 
d i s s o c i a t i o n and of the complex i t s e l f very c l o s e to each o t h e r . ' 
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i n v o l v e s a p r e v i o u s e x t r a p o l a t i o n of E vs t , curve f o r t , = 0 i n 
p d d 

orde r to a v o i d the s u r f a c e c o n c e n t r a t i o n e f f e c t . T h i s e x t r a p o l a t i o n 

can be done 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 s i n c e a l i n e a r r e l a t i o n s h i p 

s h o u l d be expected between AE^ and t ^ f o r s m a l l v a l u e s of t ^ . 

The s t a b i l i t y c o n s t a n t s c a l c u l a t e d by ASV f o r the system 

P b ( I i ; + TETA and C d ( I I ) + p h e n y l m e t h y l i m i n o d i a c e t i c a c i d agree w i t h 

those o b t a i n e d by o t h e r t e c h n i q u e s . 

D e v i a t i o n s from the above mentioned l i n e a r i t y as w e l l as the 

h i g h e r v a l u e s o b t a i n e d f o r s t a b i l i t y c o n s t a n t s by ASV and RPP compared 

w i t h p o t e n t i o m e t r i c ones, i n the systems C d ( I I ) + b e n z y l i m i n o d i a c e t i c , 

p y r i d : . n e - 2 , 6 - d i c a r b o x y l i c and p y r i d i h e - 2 - c a r b o x y l i c a c i d s , might be 

due to a d s o r p t i o n problems of the l i g a n d s or the complexes on the 

mercury drop. 
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ELÉCTRODO SELECTIVO PARA CATIÃ0 POTÁSSIO COM SENSOR IMOBILIZADO 

EM PVC APLICADO A UM SUPORTE DE RESINA CONDUTORA* 

José L.F.C.Lima e Adélio A.S.C.Machado 
C.I.Q.(U.P.),Departamento de Química,Faculdade de Ciências,4000 Porto 

RESUMO: Descreve-se uma nova técnica de construção de eléctrodos selectivos 
de membrana de PVC que'consiste na formação desta sobre um suporte de resina 
condutora epoxi à base de prata. A técnica foi usada na montagem de um eléctrodo 
paracatião potássio em que se utilizou o sensor Corning 477317. 0 estudo das 
características de resposta do eléctrodo mostrou que este apresenta qualidade 
semelhante à do eléctrodo de membrana de PVC de construção convencional (com 
solução e eléctrodo de referência internos) com o mesmo sensor, mas durabi
lidade apreciavelmente superior. Discutem-se as vantagens e desvantagens da 
técnica proposta sobre as técnicas de construção de eléctrodos de membrana de 
PVC anteriormente usadas (preparação de eléctrodos convencionais ou de "tio 
recoberto"). 

ABSTRACT: Potassium Ion Selective Electrode with a PVC 
Membrane Applied to a Conductive Epoxy Support. A new technique for 
the construction of "all solid state" PVC membrane electrodes which consists of 
direct formation of the membrane on a support of silver loaded conductive epoxi 
is described. The response characteristics of a potassium electrode with the 
Corning 47731 7 sensor prepared by this technique are presented. The electrode 
shows performance similar to the conventional (with internal solution) 
electrode with the same sensor, but longer durability. The advantages and 
shortcomings of the present construction technique over the procedures 
previously described for the assembly of PVC membrane electrodes (of 
conventional or "coated-wire" types) are discussed 

* Apresentado, em parte, à Quarta Reunião Nacional de Electroquímica, Braga, 1983, 
Comunicação C30.4 (ref.M]). 
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