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g r a d i e n t w i t h i n the mercury f i l m l i m i t s the maximum scan r a t e t o around 

20mV s" 1 . Good r e p r o d u c i b i l i t y was found w i t h e x p e r i m e n t s a t the 

r o t a t i n g d i s c and at the w a l l - j e t d i s c e l e c t r o d e . At the former 

e x c e l l e n t agreement was found between experiment and t h e o r y a t a 

v a r i e t y of r o t a t i o n speeds and scan r a t e s . However, a t the w a l l - j e t 

e l e c t r o d e , broader peaks were found except a t v e r y h i g h f l o w r a t e s 

O0.125 cm 3 s" 1) and low scan r a t e , a l t h o u g h the asymmetric wave shape 

t y p i c a l of c o n v e c t i v e s t r i p p i n g was s t i l l apparent. Two f a c t o r s can be 

invoked t o e x p l a i n the d i f f e r e n c e s , r e f l e c t i n g the n o n - a p p l i c a b i l i t y of 

assumptions i n the model a t the w a l l - j e t : 

( i ) The non-uniform a c c e s s i b i l i t y i m p l i e s the p o s s i b i l i t y of 

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

w i l l be more a c c e n t u a t e d the lower the f l o w - r a t e . 

( i i ) D i f f u s i o n p a r a l l e l t o the e l e c t r o d e s u r f a c e i s s i g n i f i c a n t a t 

low f l o w r a t e s , s i n c e r a d i a l c o n v e c t i o n i s low. 

D e s p i t e the broader peaks at the w a l l - j e t e l e c t r o d e advantages i n 

peak r e s o l u t i o n , due t o peak asymmetry, and the good r e p r o d u c i b i l i t y 

are t o be g a i n e d from c o n v e c t i v e s t r i p p i n g . T h i s i s i m p o r t a n t f o r the 

o n - l i n e use of t h e s e e l e c t r o d e s . 

S i m i l a r c o n s i d e r a t i o n s can be a p p l i e d t o t u b u l a r and channel 

e l e c t r o d e s , which are more u n i f o r m l y a c c e s s i b l e than the w a l l - j e t 

e l e c t r o d e . 
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Carbon e l e c t r o d e s have the advantage of b e i n g u s a b l e over a wide 

p o t e n t i a l range i n a v a r i e t y of s o l v e n t s , t h a t has made t h e i r 

a p p l i c a t i o n widespread. However, owing t o the e x i s t e n c e of s u r f a c e 

groups on the carbon, they cannot be regarded as i n e r t , which i s o f t e n 

m a n i f e s t e d by s i g n i f i c a n t background c u r r e n t s . 

S t u d i e s p r e v i o u s l y undertaken by o u r s e l v e s u s i n g g l a s s y carbon 

(GO e l e c t r o d e s i n tetraalkylammonium e l e c t r o l y t e s i n N, JP-dimethyl-

formamide (DMF) [ 1] have shown the l a r g e background c u r r e n t s o b t a i n e d 

i n s u p p o r t i n g e l e c t r o l y t e o n l y at n e g a t i v e a p p l i e d p o t e n t i a l s . 

A d d i t i o n a l l y , c y c l i c voltammograms show v a r i a t i o n w i t h the a n i o n and, 

as shown i n F i g . l , s m a l l peaks can appear, i n t h i s case f o r c h l o r i d e 

a n i o n at -0.7V. 

In t h i s work the g l a s s y carbon e l e c t r o d e / t e t r a b u t y l a m m o n i u m 

(TBA) e l e c t r o l y t e i n t e r f a c e i n DMF was f u r t h e r s t u d i e d f o r p e r c h l o r a t e 

(TBAP), bromide (TBAB) and c h l o r i d e (TBAC) s a l t s a t v a r y i n g 

c o n c e n t r a t i o n s from 0.01M -» 0.20M and over the p o t e n t i a l range 0.0 ^ 

-2.0V vs SCE. The s t r u c t u r e of the i n t e r f a c e was probed u s i n g the ac 

impedance t e c h n i q u e w i t h a S o l a r t r o n 1250 Frequency Response A n a l y s e r 

c o u p l e d t o a 1286 E l e c t r o c h e m i c a l I n t e r f a c e and HP9816 computer. A 

s i n u s o i d a l p e r t u r b a t i o n of 5mV rms was superimposed on top of the dc 
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( a ) 

F i g . 1 C y c l i c voltammograms of 0. 1M tetrabutylammoniura e l e c t r o l y t e i n 
DMF at GC e l e c t r o d e (area 0.38*). Scan r a t e 100 mV s " 1 , Deoxygenation 
i hr. (a) p e r c h l o r a t e ; (b) c h l o r i d e . 

p o l a r i s a t i o n f o r f r e q u e n c i e s v a r y i n g between 0.1Hz and 65kHz. TBAP and 

TBAB (purissimum) and TBAC (purura) were o b t a i n e d ' from F l u k a and 

c a r e f u l l y d r i e d ; a n a l y t i c a l grade DMF was d r i e d , d i s t i l l e d and s t o r e d 

over Lin d e 4A m o l e c u l a r s i e v e s i n the dark b e f o r e b e i n g used ( w i t h i n 

48hr.). S o l u t i o n s were deoxygenated w i t h o x y - f r e e , DMF-saturated N.; 

f o r l h r . b e f o r e and d u r i n g e x p e r i m e n t a l runs. The GC e l e c t r o d e was 

p o l i s h e d w i t h diamond paste down t o lum and r i n s e d i n DMF b e f o r e use. 

A t y p i c a l impedance frequency spectrum, i n the complex plane, i s 

g i v e n i n F i g . 2 f o r TBAB, showing c l e a r l y the e x i s t e n c e of f a r a d a i c 

p r o c e s s e s , and i n F i g . 3 the v a r i a t i o n of the h i g h frequency p a r t w i t h 

TBAB c o n c e n t r a t i o n . The low frequency p a r t of the spectrum i s 

v i r t u a l l y the•same f o r the t h r e e TBA s a l t s and i s not a f f e c t e d by s a l t 

c o n c e n t r a t i o n ; o n l y the h i g h frequency p a r t changes. With r e s p e c t t o 

the h i g h frequency f e a t u r e , was found: 

( i ) V a r i a t i o n w i t h a n i o n i d e n t i t y and e l e c t r o l y t e c o n c e n t r a t i o n ; 

( i i ) No v a r i a t i o n of impedance w i t h a p p l i e d p o t e n t i a l . 
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T h i s second o b s e r v a t i o n i s perhaps r a t h e r s u r p r i s i n g s i n c e the dc 

c u r r e n t s are a n o d i c at OV, pass through z e r o at -1.0V and are 

s i g n i f i c a n t l y c a t h o d i c a t -2.OV, 

In e x p l a i n i n g these r e s u l t s we must c o n s i d e r the porous nature of 

g l a s s y carbon, and t h a t at these p o t e n t i a l s the main s p e c i e s a t t a c h e d 

t o the GC e l e c t r o d e w i l l be DMF m olecules w i t h a l e s s e r q u a n t i t y of 

b u l k y TEA' c a t i o n s , the a n i o n e f f e c t b e i n g secondary. Thus the low 

frequency b e h a v i o u r p r o b a b l y i n v o l v e s the pores and s o l v e n t molecules. 

Even though DMF i s a p r o t i c , i t has a d i e l e c t r i c c o n s t a n t of 37' and 

donor number 26,6. The h i g h frequency p a r t i s p r o b a b l y due t o 

p r o c e s s e s o c c u r r i n g on the more a c c e s s i b l e s u r f a c e o u t s i d e the pores of 

the g l a s s y carbon e l e c t r o d e . C a l c u l a t i o n of the double l a y e r 

c a p a c i t a n c e from the s e m i c i r c l e s g i v e s low v a l u e s (<4uF cm _ i) w i t h 

v a l u e s f o r TBAB<TBAP<TBAC and i n c r e a s i n g w i t h c o n c e n t r a t i o n [23. 

Although c h l o r i d e g i v e s the h i g h e s t v a l u e s as would be p r e d i c t e d , i t i s 

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

c o n t r a r y t o expected. I t i s i n t e n d e d t o i n c l u d e o t h e r s a l t s i n t h i s 

study i n o r d e r t o take more complete c o n c l u s i o n s . 
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SUMMARY 

A d s o r p t i o n mechanism of p o l y e t h y l e n e g l y c o l 8000 on mercury/ 
/water i n t e r f a c e i s d i s c u s s e d on the b a s i s of k i n e t i c s and d i f f u s i o n 
s t e p s . The maximum number of adsorbed molecules per u n i t a r e a , the 
r a t e c o n s t a n t of a d s o r p t i o n and the e q u i l i b r i u m a d s o r p t i o n c o n s t a n t 
are determined u s i n g a.c. voltammetry, at the p o t e n t i a l of z e r o 
charge of the e l e c t r o l y t e (NaF), where n e u t r a l m o l e c u l e s a r e s t r o n g l y 
adsorbed. 

INTRODUCTION 

For a b e t t e r u n d e r s t a n d i n g of a d s o r p t i o n of o r g a n i c m a t t e r 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 models of f u l v i c components ar e b e i n g done on 
a mercury/water i n t e r f a c e ( B u f f l e e t a l . | l | ) . T h i s i n t e r f a c e has 
been chosen because i t s i m u l a t e s the b e h a v i o u r of t e n ' s i o a c t i v e com
pounds on n a t u r a l h y drophobic i n t e r f a c e s and i s v e r y c o n v e n i e n t i n 
e l e c t r o c h e m i c a l terms. 

A l t h o u g h a l a r g e number of s m a l l and w e l l d e f i n e d o r g a n i c 
m o l e c u l e s was s t u d i e d d u r i n g the 1960's and 1970's, o n l y a few s t u d i e s 
e x i s t about a d s o r p t i o n of macromolecules and t h e i r m i x t u r e s due t o the 
h i g h e r c o m p l e x i t y of the p r o c e s s . 

THEORY 

The degree of coverage i s expressed by 

C, = C, . (1-6) + 9 C, _ d d e l d s a t 
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