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For a b e t t e r understanding of adsorption of organic matter on 

p a r t i c l e s i n n a t u r a l waters i n terms of k i n e t i c s and e q u i l i b r i u m , 

a d s o r p t i o n s t u d i e s of s i n g l e compounds and t h e i r mixtures on a mercury/ 

/aqueous s o l u t i o n i n t e r f a c e are being done using a l t e r n a t i n g c u r r e n t 
1 2 . . . 

voltammetry . This i n t e r f a c e has been chosen si n c e the behaviour of 

t e n s i o a c t i v e compounds on n a t u r a l hydrophobic i n t e r f a c e s i s s i m i l a r to 

the one shown on the mercury/water i n t e r f a c e . The species adsorbed, 

the c o n c e n t r a t i o n below which there i s no adso r p t i o n , the time r e q u i r e d 

to a t t a i n e q u i l i b r i u m as a f u n c t i o n of con c e n t r a t i o n , and a d s o r p t i o n 

constants are the major parameters to be determined. 

In t h i s context s t u d i e s were c a r r i e d out on the ad s o r p t i o n of : 

a) some aminoacids e x i s t i n g i n n a t u r a l waters, w i t h a r e l a t i v e l y long 

a l i p h a t i c hydrocarbonated chain or TT bonds, namely, l y s i n e and phenyl

a l a n i n e , b) some aromatic organic l i g a n d s , c h e l a t i n g p a r t s of humic and 

f u l v i d a c i d s , namely, b e n z y l i m i n o d i a c e t i c , p y r i d i n e - 2 , 6 - d i c a r b o x y l i c and 

py r i d i n e - 2 c a r b o x y l i c a c i d s , c) mixtures of p o l y e t h y l e n e g l y c o l w i t h a 

molecular weight of about 8000 and p t h a l i c a c i d . 
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The experimental r e s u l t s presented were obtained by ac voltammetry , 

at 25°C, i n KNO^ medium 1.0 M. This technique i s widely used i n ad s o r p t i o n 

studies because i t allows the determination of c a p a c i t i v e currents d i r e c t l y 

r e l a t e d to the c a p a c i t y of the double l a y e r . 

For a l l the li g a n d s s t u d i e d the adsorption i s maximum at the p o t e n t i a l 

of zero charge (E c = -0.55V) which corresponds to the adsorption of n e u t r a l 

groups. The r e s u l t s presented i n t h i s paper were obtained f o r t h i s p o t e n t i a l . 

For the aminoacids and aromatic l i g a n d s , the t o t a l a d s o r p t i o n e q u i l i b 

rium a t t a i n e d when the c o n c e n t r a t i o n at the electrode surface before s a t u r a 

t i o n i s equal to the bulk c o n c e n t r a t i o n i s reached i n some seconds f o r con-
-3 

c e n t r a t i o n s higher than 10 M. This i s experimentally checked from the 

constancy of the c a p a c i t i v e current a f t e r some seconds, at ^•^}ZC- I t I s worth

whi l e emphasizing that the time required f o r the e q u i l i b r i u m depends on the 

adsorption constant and on the concentration of the l i g a n d , decreasing w i t h 

the increase of each one of these. 

In e q u i l i b r i u m c o n d i t i o n s the c a p a c i t i v e current decreases, i . e . , the 

adsorption increases when the l i g a n d concentration i n c r e a s e s , up to the 

l i m i t of the t o t a l s a t u r a t i o n of the e l e c t r o d e . From t h i s decrease the 

surface degree of coverage of the ele c t r o d e can be determined f o r each 
l i g a n d c o n c e n t r a t i o n (0 - A i / A i , where A i i s the c a p a c i t i v e current ° max 
decrease from the e l e c t r o l y t e currents and A i the maximum value of A i , 

max 
i . e . , when s a t u r a t i o n i s a t t a i n e d ) . 

Table 1 shows the adsorption constant values obtained by f i t t i n g the 

experimental points to a Langmuir isotherm, using bulk l i g a n d concentra

t i o n s since the t o t a l e q u i l i b r i u m i s reached. I f the molecule i s charged i t 
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would be b e t t e r , i n p r i n c i p l e , to use the Frumkin isotherm, which takes i n t o 

account the i n t e r a c t i o n s between molecules. However, f o r these l i g a n d s , 

molecular i n t e r a c t i o n s should be very small s i n c e the f i t t i n g to a Frumkin 

isotherm gives the same order of magnitude f o r adsorption constants and a 

value f o r b parameter w i t h i n the experimental e r r o r s . 

O c o . 

pyridine - 2 - cartxuoylic acid 

0.8x10 5k10 

not adsorbed — 

HOOG H COOH 
8.5 1?~ 

pyridine -dioarboxylic add 

fx 10 2.0xK>3 lxlC."6 

8.5 1?~ + HL~ O.9k103 2k10 - 5 

benzyl ImlnrrHwnetlc nr\A 

7.8 
S H - (CH,), - CHNH COOfl 

9.5 

1.0O2 0.7K10 -6 7.8 
S H - (CH,), - CHNH COOfl 

9.5 l-lo2 O.SxlO"6 

lysijie 11.0 • L~ l.SxlO 5 0.7x10"* 

Q̂̂ -CW,-CmWH,JCOOH 
HL° O.7*103 2«10 - 5 

11 l " o.SkIo3 2«1D~5 

Table 1 

From Table 1 one can see that the valuesof adsorption constants are 
2 3 - 1 

i n the range of 10 - 10 M , being higher at pH values where the molecule 

i s n e u t r a l . However, w h i l e the charged groups of p y r i d i n i c a c i d s , d i r e c t l y 

bound to the aromatic r i n g , hinder the adsorption of the hydrophobic p a r t 

of the molecule, f o r the other ligands the adsorption constant doesn't change 

s i g n i f i c a n t l y w i t h pH. For these compounds the charged groups ( h y d r o p h i l i e 

groups) are w e l l separated from the hydrophobic groups and do not g r e a t l y 

a f f e c t the adsorption of the l a t t e r ones on mercury. 

The f u l v i c a c i d s ; c o n s i s t i n g of complex mixtures of compounds, need 

much more time to a t t a i n t o t a l adsorption e q u i l i b r i u m than the ligands 
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s t u d i e d above, due to t h e i r lower d i f f u s i o n r a t e (high molecular weight) 

and slower adsorption k i n e t i c s (conformational changes take place along the 
3 4 

time, tending to e x p e l l the h y d r o p h i l i c groups ' from the s u r f a c e . 

For an approach c l o s e r to the r e a l i t y of f u l v i c a c i d s , we have s t u d i e d 

the adsorption of organic mixtures where a more s t r o n g l y adsorbed s u r f a c t a n t 

can d i s p l a c e one w i t h a higher d i f f u s i o n c o e f f i c i e n t but l e s s s t r o n g l y 

adsorbed. 

The r e s u l t s obtained on thé'competitive adsorption of a mixture of 

polye-thyleneglycol (PEG) w i t h a molecular weight of 8000 and p t h a l i c a c i d 

w i l l be presented. However, i t i s important, f i r s t of a l l , to have an i n s i g h t 

i n t o the behaviour of the PEG i t s e l f . From the surface coverage degree versus 

the square root of time, i n non e q u i l i b r i u m c o n d i t i o n s , F i g . l a , one can 

determine the time r e q u i r e d . f o r the s a t u r a t i o n of the mercury s u r f a c e i n ad

s o r p t i o n processes i f the d i f f u s i o n i s the l i m i t i n g step and the l i g a n d con

c e n t r a t i o n i n s o l u t i o n at the i n t e r f a c e i s n e g l i g i b l e compared w i t h the bulk 

c o n c e n t r a t i o n up to s a t u r a t i o n . Indeed, i n these c o n d i t i o n s the degree of 

surface coverage i s a l i n e a r f u n c t i o n of the square root of time and from 

the slope one can determine the s a t u r a t i o n time"". For the hanging mercury 

e l e c t r o d e one has: 
/ a, _1/2 „bulk 1/2 , t

1 / 2 

T = 4.84 x 10 x D x C T x t and a = t  
L ~ Ï72 

sat 
2-1 • 

where D(cm s ), C L(M), t ( s ) . From the slope of the l i n e a r r e l a t i o n s h i p of 

l i g a n d c o n c e n t r a t i o n versus the inverse of the square root of s a t u r a t i o n 

time, F i g . l b , the area of the adsorbed molecule can be determined i f the 

d i f f u s i o n c o e f f i c i e n t i s known' 
C T

b u l k = 2.07 x 10 3 D ~ 1 / 2 i t~Ji2 

L A sat 

? 
where A (cm") i s th.; s u r f a c e covered by one mole. 
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l i g a n d c o n c e n t r a t i o n s / M : 

( O ) 2 . 0X1CT 7 ; ( # ) 3 . 0 X 1 0 - 7 ; ( * ] 5 . 7 X 1 0 " 7 ; 

(o) .nxio-7. F i g . 1 - a and b 

In the presence and absence of p t h a l i c a c i d , the e v o l u t i o n of the 

c a p a c i t i v e current f o r PEG along the time i s q u i t e d i f f e r e n t - F i g . 2. The 

competitive a d s o r p t i o n between PEG and p t h a l i c a c i d depends on the species 

present and t h e i r c o n c e n t r a t i o n . As the c o n c e n t r a t i o n of p t h a l i c a c i d i n 

creases, the c a p a c i t i v e current decreases at the beginning of the contact 

mercury/solution due to the adsorption of t h i s l i g a n d , w i t h a higher d i f 

f u s i o n c o e f f i c i e n t . However, as time i n c r e a s e s , p t h a l i c a c i d i s being 

replaced by PEG (which has a lower d i f f u s i o n c o e f f i c i e n t but a h i gher 

adsorption constant) u n t i l f u l l coverage of the e l e c t r o d e i s a t t a i n e d . 



— 196 — 

REFERENCES 

1 J . B u f f l e , A.M. Mota, M.L. Simões Gonçalves, J . E l e c t r o a n a l . Chem., 

223 (1987) 235. 

2M.L. Simões Gonçalves, M.M. C o r r e i a dos Santos, S c i . T o t a l Environm. 

(sub m i t t e d ). 

3 J . B u f f l e and A. C o m i n o l i , J . E l e c t r o a n a l . Chem., 121 (1981) 273. 

4 J . B u f f l e , Complexation Reaction i n A q u a t i c Systems, E l l i s Chorwood, 

C h i c h e s t e r , i n p r e s s . 

5 J . Heyrovsky, P r i n c i p l e s of Polarography, Czechoslovak Academy of 

Sciences, Prague 1965. 

— 197 — 

ULTRAMICROELECTRODES: SMALL I S BETTER 
M.I. M o n t e n e g r o * a n d D. P l e t c h e r + 

* C e n t r o de Química P u r a e A p l i c a d a d a U n i v e r s i d a d e do M i n h o 
L a r g o do Faço, 4719 B r a g a C o d e x , P o r t u g a l 

+ D e p a r t m e n t o f C h e m i s t r y , The U n i v e r s i t y 
S o u t h a m p t o n S09 5NH, U.K. 

I n r e c e n t y e a r s , m i c r o e l e c t r o d e s h a v e a t t r a c t e d 
a t t e n t i o n i n many f i e l d s o f e l e c t r o c h e m i s t r y a n d t h e i r 
p o p u l a r i t y h a s g r o w n r a p i d l y d u e t o a r e c o g n i t i o n o f t h e 
s i g n i f i c a n t a d v a n t a g e s t o be d e r i v e d f r o m t h e i r 
a p p l i c a t i o n s ' 1 • 2 > . 

The u s e o f v e r y s m a l l e l e c t r o d e s made o f c a r b o n f i b r e 
o r a t h i n m e t a l w i r e h a s s e v e r a l a d v a n t a g e s a s a r e s u l t o f 
t h e i r v e r y s p e c i f i c p r o p e r t i e s , ( i ) s i n c e t h e y a r e v e r y 
s m a l l ( d i a m e t e r < 100 Jim) t h e y d r a w v e r y s m a l l c u r r e n t s , 
t h u s d e c r e a s i n g t h e e f f e c t o f u n c o m p e n s a t e d i R d r o p a n d 
a l l o w i n g m e a s u r e m e n t s t o be made i n v e r y c o n c e n t r a t e d 
s o l u t i o n s o f e l e c t r o a c t i v e s p e c i e s , o r i n h i g h l y r e s i s t i v e 
m e d i a ; ( i i ) h i g h r a t e s o f s t e a d y s t a t e d i f f u s i o n c a n be 
o b t a i n e d a l l o w i n g t h e s t u d y o f f a s t e l e c t r o n t r a n s f e r 
r e a c t i o n s a n d c o u p l e d c h e m i s t r y , ( i i i ) t h e 
f a r a d a i c / c h a r g i n g c u r r e n t r a t i o i s e n h a n c e d . 

We h a v e b e e n i n t e r e s t e d i n a p p l y i n g m i c r o e l e c t r o d e s t o 
a s e r i e s o f s y s t e m s i n o r d e r t o d e t e r m i n e t h e k i n e t i c s o f 
f a s t h e t e r o g e n e o u s e l e c t r o n t r a n s f e r r e a c t i o n s b y u s i n g 
f a s t sweep c y c l i c v o l t a m m e t r y * 3 > . I n v e r y s h o r t t i m e s c a l e 
e x p e r i m e n t s , t h e l i n e a r d i f f u s i o n f l u x t o t a l l y p r e d o m i n a t e s 
o v e r t h e s p h e r i c a l d i f f u s i o n f i e l d a n d i t i s p o s s i b l e t o 
u s e t h e e q u a t i o n s a n d d i m e n s i o n l e s s p l o t s o f N i c h o l s o n a n d 
S h a i n t o o b t a i n t h e k i n e t i c p a r a m e t e r s . 
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