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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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where ^^ei i-s t n e c a p a c i t y of the double l a y e r i n the absence of 
o r g a n i c s and the c a p a c i t y when the s u r f a c e i s s a t u r a t e d w i t h the 
o r g a n i c m o l e c u l e s . The c a p a c i t y can be o b t a i n e d from the e x p e r i m e n t a l 
v a l u e s of the c a p a c i t i v e c u r r e n t (|2|). 

The p r e v i o u s e x p r e s s i o n assumed a model of two p a r a l l e l c a p a c i t o r s 
f o r mercury/water i n t e r f a c e , one due t o the water m o l e c u l e s a t the i n t e r 
f a c e and the o t h e r due t o the o r g a n i c s adsorbed ( | 3 |) . 

In t h i s study two mechanisms have been t r i e d i n o r d e r to i n t e r p r e t 
the e x p e r i m e n t a l r e s u l t s of a d s o r p t i o n of PEG 8000: 

1) a d s o r p t i o n c o n t r o l l e d by the d i f f u s i o n s t e p 
2) a d s o r p t i o n c o n t r o l l e d by d i f f u s i o n and k i n e t i c s a t the 

i n t e r f a c e 

The ma t h e m a t i c a l treatment f o r each one l e d to the f o l l o w i n g ex
p r e s s i o n s : 

1 - d i f f u s i o n c o n t r o l l i n g s t ep 

From: 

a) C o t t r e l l e q u a t i o n f o r l i n e a r and s p h e r i c a l d i f f u s i o n (|4|) 

§ • f <c-c°) m 

w i t h T - n9 of adsorbed molecules per u n i t a r e a , D - d i f f u s i o n c o e f f i c i e n t , 
A - drop a r e a , 6 - t h i c k n e s s o f the d i f f u s i o n l a y e r (6 = /Dirt f o r non s t i r 
r i n g medium), C - b u l k s o l u t i o n c o n c e n t r a t i o n , C° - s o l u t i o n c o n c e n t r a t i o n 
at the i n t e r f a c e (C° << C up t o s a t u r a t i o n f o r s t r o n g a d s o r p t i o n ) . 

b) 0 d e f i n i t i o n : 6 = T/T (3) 

max 

and assuming t h a t C° << C, the f o l l o w i n g e x p r e s s i o n s can be d e r i v e d : 

I.I - non s t i r r e d medium 
A - l i n e a r d i f f u s i o n 

6 = ( t / t g a t ) 1 / 2 (4) 
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c = i , 1 / 2 D - 1 / 2 r t " 1 / 2 (5) 
2 m s a t 

w i t h : t _ - time r e q u i r e d to a t t a i n s a t u r a t i o n , where T = V s a t i 
B - s p h e r i c a l d i f f u s i o n 

,2R + /DiTt „ t 1/2 
8 = ( - — ) - (6) 

2R + /Dut t ' sa t s a t 

, 1 / 2 D - 1 / 2 R r ... 
C = — x t ~ 1 / 2 (7) 

(2R + /Dirt J S a t 

s a t 

w i t h : R - mercury drop r a d i u s 

1.2 - s t i r r e d medium with linear d i f f u s i o n 

= t / t (8) sa t 

C = D _ 1 T 6 t ~ 1 (9) m s a t 

2 - d i f f u s i o n and k i n e t i c s c o n t r o l l i n g s t e p s 

From: 

a) d i f f u s i o n and k i n e t i c s a t the i n t e r f a c e e q u a t i o n s : 

% - f (C-C°) (10) 

45 - (k c° u-e) - k, e) (li) 
dt a d 

k & and k^ b e i n g r e s p e c t i v e l y the a d s o r p t i o n and d e s o r p t i o n r a t e c o n s t a n t s 
and 

b) Langmuir i s o t h e r m 9/(1-9) = g x C 

one can d e r i v e 

= C - 9 / ( (1-9) g ) ( 1 2 )-
T /((1-9) k ) + Fm 

a — 6 
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where 3 i s 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 (8 = k /k,).When t h e r e 
a d 

are i n t e r a c t i o n s between adsorbed m o l e c u l e s , eq. (12) can s t i l l be 
a p p l i e d , b u t 8 , k & and k^ depend on 0: 

b 0 
6 = B e b° (13) k = k ° e X 6 (14) k, = k ° e ( 1 _ A ) (15) o a a d d 

where b i s the f t u m k i n parameter r e l a t e d t o the i n t e r a c t i o n f o r c e s 
(b > 0 ( b < 0) f o r a t t r a c t i v e ( r e p u l s i v e ) f o r c e s ) , and A i s a parameter 
between 0 and 1. 

EXPERIMENTAL RESULTS 

ELECTROLYTE 

50 100 t ( s ) 

F i g . 1 - C a p a c i t i v e c u r r e n t versus time (curves A,B,C,D), i n a non 
s t i r r e d medium 0.5 M NaF f o r PEG 8000 c o n c e n t r a t i o n s 
(2,4,5,10) x 10' •7 M. 

For a g i v e n c o n c e n t r a t i o n of PEG 8000 the c a p a c i t i v e c u r r e n t decreases 
w i t h time due to the a d s o r p t i o n p r o c e s s . The c o n s t a n t i v a l u e o b t a i n e d 

v - ac 
a f t e r a c e r t a i n time i s the same f o r d i f f e r e n t c o n c e n t r a t i o n s , which means 
t h a t s a t u r a t i o n s of the mercury drop i s a t t a i n e d . However, the time f o r 
s a t u r a t i o n to be reached decreases w i t h the i n c r e a s e of c o n c e n t r a t i o n and/or 
the s t i r r i n g speed. 

The l i n e a r i t y of 0 vs t 1 ^ 2 f o r 0 < 0.8 and C ^ 5 x 1 0 ~ 7 ( F i g . 2) 
suggests t h a t the l i n e a r d i f f u s i o n i s the c o n t r o l l i n g s t e p (eq. ( 4 ) ) . 
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0.8 -

0.5 -

F i g . 2 - 6 vs t ^ 2 f o r PEG 8000 c o n c e n t r a t i o n s ( •- J, x - 5, O- 7.5, 
+ - 10) x ÎO-'' M, i n a non s t i r r e d medium, 0.5 M NaF. 

For c o n c e n t r a t i o n s lower than 5 x 10 M s p h e r i c a l d i f f u s i o n has to 
be c o n s i d e r e d , which e x p l a i n s the d e v i a t i o n from the l i n e a r i t y of 0 vs t 

r m can be o b t a i n e d from exp. (5) (or ( 7 ) ) , u s i n g s a t u r a t i o n times 
c a l c u l a t e d from eq. (4) (or ( 6 ) ) . The d i f f u s i o n c o e f f i c i e n t was e s t i m a t e d 
from the e m p i r i c a l e x p r e s s i o n l o ~ ^ 

1/2 

D 
(PM) 1/2 

( 5 ) 

The T v a l u e determined was: 

(7.8 + .2) x 10 1 2 mols/cm 2 

w i t h good agreement f o r l i n e a r and s p h e r i c a l d i f f u s i o n . 

I n a s t i r r e d medium an a p p r o x i m a t e l y l i n e a r r e l a t i o n s h i p of 0 vs t 
f o r each s t i r r i n g r a t e and c o n c e n t r a t i o n i s observed f o r 0 ^ 0.8, which 
i n d i c a t e s t h a t d i f f u s i o n s h o u l d s t i l l be the c o n t r o l l i n g p r o c e s s ( e q . ( 8 ) ) 

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 - 6 - was determined f o r each 
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s t i r r i n g r a t e from eq. 9, u s i n g t determined w i t h eq. 8 and T 
s a t m 

v a l u e determined i n a non s t i r r i n g medium. The v a l u e s o b t a i n e d were com
pared w i t h 6 v a l u e s f o r cadmium ( o b t a i n e d from the l i m i t i n g c u r r e n t o f 
i t s f a r a d i c r e d u c t i o n ) , f o r each s t i r r i n g r a t e , t hrough the e x p r e s s i o n 

fi n a 

, PEG, = . PEG. 
6 C d " °Cd 

where a shou l d be independent of the s t i r r i n g r a t e ( t h e o r e t i c a l l y a = 0.3 
f o r pure s p h e r i c a l d i f f u s i o n (|6|). 

The mean a v a l u e o b t a i n e d from f i v e d i f f e r e n t s t i r r i n g r a t e s was 
= 0.50 + 0.02, q u i t e r e a s o n a b l e s i n c e the e l e c t r o d e geometry and convec

t i o n c u r r e n t s cause d e v i a t i o n s from a pure s p h e r i c a l d i f f u s i o n . 

I n o r d e r to i n t e r p r e t the s h i f t s from the l i n e a r i t y f o r 6 > 0.8, 
both steps - d i f f u s i o n and k i n e t i c s a d s o r p t i o n a t the i n t e r f a c e - have to 
be c o n s i d e r e d . 

Assuming Langmuir i s o t h e r m (b = 0 ) , i t i s found from the e x p e r i m e n t a l 
v a l u e s t h a t k a° i n c r e a s e s w i t h the s t i r r i n g r a t e . T h i s seems t o i n d i c a t e 
t h a t there s h o u l d be some a t t r a c t i v e f o r c e s between adsorbed m o l e c u l e s , i . e . , 
b > 0. 

The b e s t f i t t i n g of e x p e r i m e n t a l p o i n t s dO/dt to the t h e o r e t i c a l 
e x p r e s s i o n - eq. 12 - was o b t a i n e d f o r b = 2.0, Ab = 1.4 and F , k °, 

o m a 
l o g p r i v e n i n Table 1. 

l o g k a ° 
lo g B c 

( c m . s " ] ) 

WITHOUT 7 x 10 5 x 10 - 3.1 9.7 

STIRRING 12 x 10~ 7 5 x l o " 1 2 - 3.2 9.6 

P0S. 1 3 x 10~ 7 4 x 1 0 ~ 1 2 - 3.2 10.1 

P0S. 2 3 x 10~ 7 3 x 1 0 ~ 1 2 - 3.3 10.4 

P0S. 3 2 x 10~ 7 5 x 1 0 ~ 1 2 - 2.8 10.5 

3 x 1 0 - 7 4 x 1 0 ~ 1 2 - 3.0 10.3 

P0S. 4 2 x 10~ 7 4 x 1 0 " 1 2 - 3.0 10.6 

P0S. 4 3 x 10~ 7 4 x 1 0 ~ 1 2 - 2.9 10.3 

P0S. 5 3 x 10~ 7 4 x 1 0 ~ 1 2 - 2.9 10.3 

Table 1 - PEG 8000 a d s o r p t i o n values determined c o n s i d e r i n g 

both steps - d i f f u s i o n + k i n e t i c s a d s o r p t i o n at the i n t e r 

f ace - using Frumkin parameters o f : b = 2.0, Ab = 1.4. 
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From t h i s t a b l e i t can be n o t i c e d t h a t T i s about h a l f the v a l u e 
m 

o b t a i n e d from the d i f f u s i o n c o n t r o l l i n g s t e p . T h i s seems t o i n d i c a t e t h a t 
even a s m a l l c o n t r i b u t i o n of a d s o r p t i o n k i n e t i c s a t the i n t e r f a c e f o r the 
o v e r a l l p r o c e s s s i g n i f i c a n t l y a f f e c t s T v a l u e but not the l i n e a r i t y of 
9 vs ( o r e vs t ) f o r 0 < 0.8 i n a non s t i r r i n g (or s t i r r i n g ) medium. 

CONCLUSION 

A d s o r p t i o n o f PEG 8000 s h o u l d be i n t e r p r e t e d c o n s i d e r i n g b o t h s t e p s -
- d i f f u s i o n and k i n e t i c s a d s o r p t i o n a t the i n t e r f a c e - w i t h a t t r a c t i v e 
f o r c e s between adsorbed m o l e c u l e s . 

The a d s o r p t i o n v a l u e s found f o r t h i s compound a r e : 

b = 2.0 Ab = - 1.4 

T = (4+1) x 10 ~ 1 2 m o l e s cm" 1 2 k ° = (8+3) x 10~ 3cm s " 1 l o g 8° = 10.2+0.4 m - a - -

I t s h o u l d be emphasized t h a t s a t u r a t i o n i s a t t a i n e d f o r a l l c o n c e n t r a 
t i o n s (15 x 10-'' >. C > 2 x 1 0 - ^ M) , which accounts f o r the low p r e c i s i o n of 
lo g 6 . Lower c o n c e n t r a t i o n s ( t o a v o i d s a t u r a t i o n ) cannot be used due to the 
competation of the i m p u r i t i e s of the medium. 
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