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ABSTRACT 

The i n t e r f a c i a l r e g i o n between a g l a s s y c a r b o n e l e c t r o d e and 
tetrabutylammonium e l e c t r o l y t e s ( h a l i d e , p e r c h l o r a t e and t e t r a f l u o r o -
b o r a t e ) i n N,N-dimethylformamide has been s t u d i e d u s i n g impedance 
t e c h n i q u e s a t v a r y i n g e l e c t r o l y t e c o n c e n t r a t i o n (0.01M -í 0.20M) i n the 
p o t e n t i a l range 0.0 -> -2.0V vs. SCE. The s p e c t r a c an be d i v i d e d i n t o a 
c o n c e n t r a t i o n independent low freq u e n c y p a r t «100Hz) w h i c h i s the same 
f o r a l l these e l e c t r o l y t e s and a h i g h f r e q u e n c y p a r t depending on 
e l e c t r o l y t e and i t s c o n c e n t r a t i o n but not dc p o t e n t i a l . Comparison i s 
made w i t h s p e c t r a o b t a i n e d i n aqueous s o l u t i o n . The r e s u l t s a r e 
d i s c u s s e d i n terms of the p h y s i c a l p r o p e r t i e s o f t h e s o l v e n t , e l e c t r o l y t e , 
g l a s s y c a r b o n , and the s t r u c t u r e o f the i n t e r f a c i a l r e g i o n . The low 
frequ e n c y f e a t u r e i s a s c r i b e d t o e l e c t r o l y t e / e l e c t r o d e i n t e r a c t i o n s and 
e l e c t r o d e p o r o s i t y , and the h i g h frequency f e a t u r e t o p r o c e s s e s i n v o l v i n g 
the e l e c t r o l y t e a n i o n . 

KEYVORDS: g l a s s y c a r b o n e l e c t r o d e , e l e c t r o d e / e l e c t r o l y t e i n t e r f a c e , DMF, 

impedance, tetrabutylammonium s a l t s . 

IITRODÜCTIOI 

Many e l e c t r o d e r e a c t i o n s i n non-aqueous media a r e c a r r i e d out u s i n g 
alkylammonium s a l t s as s u p p o r t i n g e l e c t r o l y t e s [11. The l a r g e n e g a t i v e 
p o t e n t i a l range on mercury e l e c t r o d e s can be i n c r e a s e d i n the p o s i t i v e 
d i r e c t i o n by t he use o f s o l i d e l e c t r o d e s s u c h as g l a s s y carbon. As i n 
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aqueous media, the s t r u c t u r e o f the double l a y e r can have an i m p o r t a n t 
e f f e c t on e l e c t r o d e k i n e t i c s and the e l e c t r o l y t e can even t a k e p a r t i n the 
r e a c t i o n o f e l e c t r o a c t i v e s p e c i e s . The i n t e r f a c i a l r e g i o n between mercury 
and alkylammonium e l e c t r o l y t e s has been the s u b j e c t o f a number of 
s t u d i e s i n aqueous media [23, and i n N,N-dimethylformamide (DMF) w i t h 
r e s p e c t t o t h e f o r m a t i o n o f sodium amalgam [33. At s o l i d e l e c t r o d e s i n 
DMF a few k i n e t i c s t u d i e s have been c a r r i e d out [43, but t h e i n t e r f a c i a l 
r e g i o n has been l i t t l e s t u d i e d . 

Our i n t e r e s t i n t h e i n t e r f a c e g l a s s y carbon/alkylammonium 
e l e c t r o l y t e i n DMF stemmed from work c a r r i e d out on the e l e c t r o c h e m i c a l 
r e d u c t i o n o f p o r p h y r i n f r e e b ases i n t e t r a a l k y l a m m o n i u m e l e c t r o l y t e s i n 
DMF a t g l a s s y c a r b o n e l e c t r o d e s [53. In t h e s e e l e c t r o d e r e a c t i o n s t h e 
i d e n t i t y o f the e l e c t r o l y t e c a t i o n was found t o have l i t t l e e f f e c t on 
p o r p h y r i n r e d u c t i o n , but t h e a n i o n i d e n t i t y ( h a l i d e o r p e r c h l o r a t e ) 
a f f e c t e d t h e v o l t a m m e t r i c p r o f i l e s i g n i f i c a n t l y . A s t u d y o f t h i s 
i n t e r f a c e u s i n g impedance t e c h n i q u e s f o r a number of d i f f e r e n t t e t r a -
butylammonium s a l t s , namely h a l i d e s , p e r c h l o r a t e and t e t r a f l u o r o b o r a t e , 
was i n i t i a t e d i n o r d e r t o p r o b e the r o l e o f t h e s u p p o r t i n g e l e c t r o l y t e , 
f o r v a r y i n g e l e c t r o l y t e c o n c e n t r a t i o n (0.01M -» 0.20M) and dc p o t e n t i a l 
(0.0 -» -2.0V vs. SCE). Owing t o t h e s u r f a c e c o n d i t i o n o f g l a s s y c a r b o n 
[63, a p u r e l y c a p a c i t a t i v e b e h a v i o u r o f t h e i n t e r f a c e i s not t o be 
e xpected and a f u l l impedance spectrum i s n e c e s s a r y . C y c l i c voltammo-
grams i n e l e c t r o l y t e show a s i g n i f i c a n t background c u r r e n t (=-30 uA a t 
-1.5V vs. SCE) p a s s i n g t h r o u g h z e r o a t about -0.8V i n t h o r o u g h l y 
deoxygenated s o l u t i o n and w h i c h does not d i m i n i s h w i t h t i m e e l a p s e d a f t e r 
s t a r t i n g t h e experiment. Some p r e l i m i n a r y r e s u l t s f o r c h l o r i d e , bromide 
and p e r c h l o r a t e have a l r e a d y been p r e s e n t e d [73. 

EXPERIMENTAL 

The s o l v e n t , U.U-dimethylformamide (DMF) (Merck p r o a n a l y s i ) , and 
the tetrabutylammonium s a l t s : p e r c h l o r a t e (TBAP), i o d i d e (TBAI), bromide 
(TBAB), c h l o r i d e (TBAC) and t e t r a f l u o r o b o r a t e (TBATFB) ( F l u k a p u r i s s i m u m 
- purum i n the c a s e o f TBAC) were p u r i f i e d as d e s c r i b e d e l s e w h e r e [53 and 
a c c o r d i n g t o s t a n d a r d p r o c e d u r e s [83, and d r i e d under vacuum. DMF was 
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s t o r e d o v e r L i n d e 4A m o l e c u l a r s i e v e s i n t h e d a r k and used w i t h i n 24h. o f 
d i s t i l l a t i o n . 

A g l a s s y c a r b o n ( P l e s s e y ) d i s c w o r k i n g e l e c t r o d e o f a r e a O.SScm 2 

e n c l o s e d i n a K e l - F s h e a t h was p o l i s h e d w i t h diamond a e r o s o l (Hyprez 
Diamond S p r a y , E n g i s ) down t o lum on a p o l i s h i n g t a b l e . I t was p o l i s h e d 
r e g u l a r l y w i t h 0.3um a l u m i n a i n a s l u r r y and t h e n c l e a n e d c a r e f u l l y w i t h 
t r i p l y d i s t i l l e d water, d r i e d and r i n s e d i n DMF b e f o r e b e i n g i n t r o d u c e d 
i n t o t h e c e l l . A p l a t i n u m c o u n t e r e l e c t r o d e and a Radiometer K401 SCE 
r e f e r e n c e e l e c t r o d e i n s e r t e d i n t o a L u g g i n c a p i l l a r y were employed. The 
c e l l was p a i n t e d b l a c k t o a v o i d p h o t o c h e m i c a l d e g r a d a t i o n of t h e s o l v e n t , 
and t h e r m o s t a t t e d a t 25.0°C. S o l u t i o n s were deoxygenated by b u b b l i n g 
w i t h DMF-saturated o x y - f r e e n i t r o g e n f o r l h . p r i o r t o i n i t i a t i n g 
e x p e r i m e n t s ; d u r i n g e x p e r i m e n t s n i t r o g e n was p a s s e d o v e r t h e s o l u t i o n . 

Impedance s p e c t r a were r e c o r d e d o v e r t h e range 0,1Hz -» 65kHz 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 S o l a r t r o n 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 c o n t r o l l e d by a HP9816 microcomputer. A 
5mV rms s i n u s o i d a l p e r t u r b a t i o n was used and t h e r e s p o n s e r e c o r d e d by 
means of t h e auto i n t e g r a t i o n f a c i l i t y (max. 1% s t a n d a r d d e v i a t i o n ) . 

RESULTS AID DISCUSSIOI 

General remarks 

A t y p i c a l example of t h e impedance s p e c t r a o b t a i n e d i s shown i n 
F i g . l . In a l l c a s e s , r e g a r d l e s s of t h e e l e c t r o l y t e , c o n c e n t r a t i o n o r dc 
p o t e n t i a l a "low" f r e q u e n c y and a " h i g h " f r e q u e n c y f e a t u r e were 
encountered. F o r c o m p a r a t i v e purposes, and i n o r d e r t o t e s t whether 
th e s e r e s u l t s depend on e l e c t r o d e m a t e r i a l , e l e c t r o l y t e o r s o l v e n t , some 
e x p e r i m e n t s were undertaken i n aqueous s o l u t i o n w i t h t h e same 
e l e c t r o l y t e s and w i t h o t h e r e l e c t r o l y t e s . Fig.2 shows t y p i c a l s p e c t r a f o r 
0.01M TBAI and 1.0M KC1. I t can be deduced t h a t t h e f o rm o f t h e low 
frequency f e a t u r e i s not s o l v e n t dependent - t h i s w i l l be d i s c u s s e d 
f u r t h e r below. 

Low frequency 
Low f r e q u e n c y i n . t h i s c o n t e x t s i g n i f i e s up t o about 100Hz. The 

form of the s p e c t r u m i s a l w a y s the same, b e i n g a l i n e w i t h a s l i g h t , but 
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F i g . l A t y p i c a l impedance spectrum: 0.05M TBAB i n DMF a t g l a s s y c a r b o n 
e l e c t r o d e . F r e q u e n c i e s i n Hz. 

(a) (b) 
3 -

Fig.2 Impedance s p e c t r a i n water a t g l a s s y c a r b o n e l e c t r o d e ; f r e q u e n c i e s 
i n Hz (a) 0.01K TBAI; (b) 1.0M KC1. 
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m o r e l e s s c o n s t a n t , c u r v a t u r e , independent of the e l e c t r o l y t e and i t s 
c o n c e n t r a t i o n , the o n l y dependence b e i n g i n t h e i n t e r c e p t on t h e r e a l a x i s 
by e x t r a p o l a t i o n . As t h i s i s a measure of s o l u t i o n r e s i s t i v i t y , 
d i f f e r e n c e s between e l e c t r o l y t e s can be e x p l a i n e d by d i s s o c i a t i o n o f i o n 
p a i r s o c c u r r i n g t o d i f f e r e n t e x t e n t s and t h e consequent e f f e c t on the 
e l e c t r o l y t e i o n a c t i v i t y . Assuming a s i m p l e c h a r g e t r a n s f e r p r o c e s s , a 
r e s i s t a n c e o f around 8kQ_ c m 2 and a c a p a c i t y of 15-20uF cm" 2 a r e o b t a i n e d 
f o r a p a r a l l e l RC c i r c u i t . No dependence on dc p o t e n t i a l was found i n 
the range s t u d i e d , d e s p i t e t h e f a c t t h a t n e g a t i v e of -0.8V v s SCB 
c u r r e n t s a r e c a t h o d i c , and p o s i t i v e t h e y a r e a n o d i c . 

The low f r e q u e n c y f e a t u r e s o f F i g s . l and 2a a r e of a v e r y s i m i l a r 
form, and t h u s we deduce t h a t t h e low f r e q u e n c y p a r t o f t h e s p e c t r u m i s a 
f u n c t i o n o f e l e c t r o l y t e and e l e c t r o d e m a t e r i a l . Fig.2b g i v e s a s t r a i g h t 
l i n e d i f f u s i o n a l impedance (of s l o p e =35°) and shows t h a t t h e e l e c t r o l y t e 
i s i m p o r t a n t , but a l s o s u g g e s t s t h a t s u r f a c e roughness of t h e e l e c t r o d e 
s h o u l d be c o n s i d e r e d , and p o s s i b l y i t s s t r u c t u r e and s u r f a c e groups. 

G l a s s y c a r b o n i s an i s o t r o p i c e l e c t r o d e m a t e r i a l w i t h two 
i m p o r t a n t c h a r a c t e r i s t i c s r e l a t i v e t o o t h e r s o l i d e l e c t r o d e s . F i r s t l y , i t s 
a b i l i t y t o a f f e c t t h e r a t e of e l e c t r o c h e m i c a l r e a c t i o n s i s v e r y pronounced 
owing t o t h e ease w i t h w h i c h s u r f a c e l i n k s can be farmed, p a r t i c u l a r l y 
w i t h oxygen and hydrogen, a p r o p e r t y used t o good e f f e c t i n e l e c t r o d e 
m o d i f i c a t i o n C9], and i n e l e c t r o c h e m i c a l p r e t r e a t m e n t of g l a s s y c a r b o n t o 
improve t h e k i n e t i c s [103, and t o reduce a d s o r p t i o n [113. S e c o n d l y , i t 
e x h i b i t s s i g n i f i c a n t p o r o s i t y [12,133: i t has been found [133 t h a t t h e 
p o r e s o f g l a s s y c a r b o n a r e s u f f i c i e n t l y l a r g e t o accomodate TEA"*', but i t 
i s u n l i k e l y t h a t TBA"*" can e n t e r . 

The roughness of t h e e l e c t r o d e can be c o n s i d e r e d f o l l o w i n g t h e 
e x p r e s s i o n 

I . * * = bY 1'™ (1) 

a c c o r d i n g t o the de L e v i e c r i t e r i a [14,153, where T«.xP i s t h e o b s e r v e d 
a d m i t t a n c e o f a rough i n t e r f a c e t h a t when smooth has a d m i t t a n c e Y, a i s 
an exponent t h a t v a r i e s between % f o r a f u l l y porous e l e c t r o d e and 1 f o r 
a smooth e l e c t r o d e and b i n c l u d e s a l l the f r e q u e n c y independent p a r t s . 
A p p l y i n g t h e e x p r e s s i o n i n r e v e r s e i.e. r a i s i n g t h e impedance modulus t o 
the power of 1/ot and m u l t i p l y i n g t h e phase a n g l e by 1/cc l e a d s t o v a l u e s 
f o r a. Doing t h i s g i v e s a minimum v a l u e o f cx=0.8 (lower v a l u e s t r a n s f o r m 



- 22 

0.01M 0.05M 0.10M 0.20M 

Fig.3 High frequency f e a t u r e s of the impedance s p e c t r a a t v a r y i n g 
c o n c e n t r a t i o n f o r : (a) TBAC; (b) TBAB; (c) TBAI. F r e q u e n c i e s i n Hz. x - a x i s -
Z'/kQi y - a x i s : -Z'VkQ. 

0.01 M 0.05M 0.10M 0.20M 

Fig.4 High frequency f e a t u r e s of the impedance s p e c t r a a t v a r y i n g 
c o n c e n t r a t i o n f o r : (a) TBAP; (b) TBATFB. Frequencies i n Hz. x - a x i s : Z'/kQ; 
y - a x i s ; -Z'VkQ. 
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the i n i t i a l s l o p e t o a n e g a t i v e v a l u e ) , the c e n t r e of the s e m i c i r c l e 
moving up t o the r e a l a x i s . A p p l y i n g (1) t o the KC1 s p e c t r a , i n o r d e r t o 
o b t a i n a l i n e of 45° s l o p e c o r r e s p o n d i n g t o a d i f f u s i o n a l impedance a l s o 
l e a d s t o a value of o~0.8. The agreement between the v a l u e s i n the 
d i f f e r e n t media c o n f i r m s the importance o f s u r f a c e roughness. 

Ve can thus conclude t h a t the shape of t h i s f e a t u r e i s caused by 
the p o r o s i t y of the g l a s s y c a r bon and by the e l e c t r o l y t e i d e n t i t y . 

High frequency 
In c o n t r a s t t o the low frequency p a r t , a t f r e q u e n c i e s h i g h e r than 

100Hz an o t h e r f e a t u r e appears whose form v a r i e s w i t h a n i o n i d e n t i t y and 
c o n c e n t r a t i o n , but i s e s s e n t i a l l y based on a s e m i c i r c u l a r shape, Fig.3 
shows r e s u l t s f o r h a l i d e e l e c t r o l y t e s and Fig.4 f o r the o t h e r two 
e l e c t r o l y t e s . Once a g a i n t h e r e i s l i t t l e dependence on a p p l i e d dc 
p o t e n t i a l , except a s m a l l d i f f e r e n c e between z e r o v o l t s (anodic c u r r e n t ) 
and the o t h e r v a l u e s (see F i g , 5 ) . At v e r y h i g h frequency, i.e. )• 10kHz, 
th e r e a r e i n d u c t i v e a s p e c t s i n some cases: s i n c e t h i s may be due t o c e l l 
geometry o r e x t e r n a l c o n n e c t i o n s and l e a d s etc., t h i s p a r t of the s p e c t r a 
w i l l not be used f o r q u a n t i t a t i v e a n a l y s i s . 

Fig.5 E f f e c t of dc p o t e n t i a l on h i g h frequency f e a t u r e f o r 0.05M TBAI i n 
DMF a t (a) -2.0V (b) -1.0V (c) 0.0V vs. SCE. Fre q u e n c i e s i n Hz. x - a x i s : 
Z'/kfi; y - a x i s : -Z'VkQ. 

The appearance of a s e m i c i r c l e s u g g e s t s t h a t a rough 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 y due t o t h i s e l e c t r o d e p r o c e s s can be made f o r a 
p a r a l l e l RC c i r c u i t , Values o b t a i n e d a r e of the o r d e r expected f o r t h i s 
type of i n t e r f a c e i.e. e l e c t r o l y t e s o l u t i o n i n a p r o t i c s o l v e n t . 
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Fig.6 P l o t s of double l a y e r c a p a c i t y , Ca, from h i g h frequency f e a t u r e 
vs. c 1 ' 2 . (a) H a l i d e e l e c t r o l y t e s : f TBAC, • TBAI, k TBAB; 
(b) Other e l e c t r o l y t e s : • TBATFB, • TBAP. 

Fig,6 d i s p l a y s t h e r e s u l t s o b t a i n e d i n p l o t s done s u p p o s i n g a Gouy-
Chapman t y p e dependence on e l e c t r o l y t e c o n c e n t r a t i o n . As can be seen, 
t h i s i s not a v e r y s a t i s f a c t o r y a p p r o x i m a t i o n . 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 and appears t o reach a maximum val u e a t 0.10M. The o r d e r 
o f c a l c u l a t e d c a p a c i t i e s i s 

CI " > B F 4 - > CIO*" > I" > B r ~ 
whereas i o n s i z e i s i n the o r d e r (Table 1) 

CI- < B r " < I- < BF*- < C10*-
s i n c e s o l v a t i o n numbers seem t o be a p p r o x i m a t e l y the same (see Table 1 
and next s e c t i o n ) . Thus, as B F A " and CIO*" have m o r e l e s s the same 
r a d i u s , i t i s C I " t h a t i s c l e a r l y out of order, T h i s a n i o n must t h e r e f o r e 
have a d i f f e r e n t t y p e of i n t e r a c t i o n a t the e l e c t r o d e s u r f a c e t h a n t h e 
ot h e r s . We a l s o note t h a t i n d u c t i v e l o o p s occur m o s t l y w i t h CIO* - and 
BF*~, s o i t may be t h a t charge d i s t r i b u t i o n w i t h i n the a n i o n i s a f a c t o r 
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t o be taken i n t o account. Indeed, as Fig.6b shows, t h e s e two a n i o n s show 
a h i g h e r dependence of Cci on c o n c e n t r a t i o n than the h a l i d e i o n s . 

TABLE 1 C r y s t a l r a d i i [16] and s o l v a t i o n numbers [17] 
f o r s e l e c t e d i o n s i n DMF 

C r y s t a l S o l v a t i o n 
r a d i u s / n m number 

<Me)*F + 0.347 1.5 
<Et>*I* 0.400 1.7 
( n - P r U N - 0.452 
(n-Bu)*IT 0.494 
C I - 0.181 1.6 
B r - 0.195 1.5 
I - 0.216 1.4 
CIO*" 0.292 1.4 
BF*~ 0.275* 

» Not a v a i l a b l e 
b From Ref ,18, equal to mean B—F bond d i s t a n c e i n c r y s t a l l i n e NaBF4 + 0,136nn». 

Final Remarks 
I t i s u s e f u l t o c o n s i d e r the r o l e p l a y e d by the s o l v e n t . DMF i s an 

a p r o t i c s o l v e n t of bu l k r e l a t i v e p e r m i t t i v i t y £r=36.7, r o u g h l y h a l f t h a t 
of water, Table 2, X-ray s t u d i e s of the pure l i q u i d have demonstrated 
o n l y a weak i n t e r m o l e c u l a r i n t e r a c t i o n [193. The way i n which t h e 
molecules a l i g n themselves i s i m p o r t a n t and which i s h i g h l y dependent on 
the o t h e r s p e c i e s p r e s e n t . I t i s u s e f u l f o r m o d e l l i n g purposes t o d e f i n e 
a s p h e r i c a l r a d i u s : one value suggested i s 0.34nm [3], i n r e a s o n a b l e 
agreement w i t h the s t r u c t u r a l d a t a , t a k i n g as the s i z e a sphere 
encompassing an e n t i r e molecule; from the molar volume, assuming c c p o r 
hep p a c k i n g , one o b t a i n s a r a d i u s of 0.28nm [20]. The s o l v e n t molecules 
are of a s i m i l a r s i z e t o the e l e c t r o l y t e a n i o n s , but s m a l l e r than t h e 
=0.5nm of TBA*\ 

S o l v a t i o n can be d i s c u s s e d i n terms of the Gutmann donor number DN 
( n u c l e o p h i l i c i t y ) and a c c e p t o r number AN ( e l e c t r o p h i l i c i t y ) . Values f o r 
DMF and f o r s e v e r a l o t h e r often-employed non-aqueous s o l v e n t s p l u s water, 
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t o g e t h e r w i t h the D i m r o t h - R e i c h a r d t E T v a l u e s [23] t h a t l i k e t h e a c c e p t o r 
numbers measure a c i d i c c h a r a c t e r , a r e shown i n Table 2. I t can be seen 
t h a t DMF, DMSO and AcN p r e s e n t v e r y s i m i l a r v a l u e s . 

TABLE 2 P h y s i c a l p r o p e r t i e s of s e l e c t e d s o l v e n t s . Gutmann donor 
number <DN) and a c c e p t o r number (AN), D i m r o t h - R e i c h a r d t parameter E T , 

and r e l a t i v e p e r m i t t i v i t y , e,~. 

S o l v e n t DN- AN b ET* e ,-

D i m e t h y l f o r m a m id e (DMF) 26.6 • 16. 0 43.8 36. 7 
D i m e t h y l s u l p h o x i d e (DMSO) 29. 8 19.3 45. 0 48. 9 
A c e t o n i t r i l e (AcN) 14. 1 18.9 46. 0 38. 0 
Water 33. 0 54.8 63. 1 80. 4 

• U n i t s i n k c a l mol equal to the negative of the e n t h a lpy change f o r r e a c t i o n 

of the s o l v e n t w i t h S b C U to form a 1:1 adduct [213, 
b From 3 , P nmr measurements of t r i p h e n y l p h o s p h i n e o xide d i s s o l v e d i n the s o l v e n t C223, 
c U n i t s i n k c a l m o l - 1 , energy of ir -» ir* t r a n s i t i o n , dependent on the s o l v e n t [233, 

With r e s p e c t t o i o n - s o l v e n t i n t e r a c t i o n s , K r y g o w s k i and Fawcett 
[243 d i d some c a l c u l a t i o n s f o r s o l v e n t a c t i v i t y c o e f f i c i e n t s f o r s e v e r a l 
c a t i o n s and a n i o n s i n a number of s o l v e n t s based on DN and ET v a l u e s : 
f o r h a l i d e i o n s they o b t a i n e d the o r d e r Br->C1~>I- f o r DN c o e f f i c i e n t s 
("small" and p o s i t i v e ) and r~>Br->CT- f o r Er c o e f f i c i e n t s ("large" and 
n e g a t i v e ) - the l a t t e r t h e r e f o r e b e i n g predominant and showing the 
s t a b i l i s a t i o n e f f e c t of a n i o n s o l v a t i o n . These c a l c u l a t i o n s a r e 
e s s e n t i a l l y e n t h a l p i c ; however, s o l v a t i o n can be h i g h l y dependent on 
e n t r o p i c c o n s i d e r a t i o n s . Based p u r e l y on the e n t r o p i c c r i t e r i o n i o n 
s o l v a t i o n numbers have been c a l c u l a t e d [17], and a r e shown i n Table 1 f o r 
s e v e r a l i o n s : the v a l u e i s around 1.5 f o r a wide v a r i e t y of i o n s i n DMF. 

I t i s c l e a r from Table 2 t h a t a l t h o u g h most of the p r o p e r t i e s of 
DMF w i t h r e s p e c t t o i n t e r m o l e c u l a r i n t e r a c t i o n s , as indeed o f o t h e r 
common non-aqueous s o l v e n t s , are s u b s t a n t i a l l y d i f f e r e n t from t h o s e of 
water, the DN v a l u e s a r e s i m i l a r . T h i s agrees w i t h the impedance r e s u l t s 
f o r TBA e l e c t r o l y t e s ' "low frequency" f e a t u r e b e i n g v e r y s i m i l a r i n DMF 
and i n H*0, as the DN r e f e r s t o c a t i o n s a l v a t i o n . 
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Research on mercury e l e c t r o d e s i n aqueous s o l u t i o n found t h a t the 
a d s o r p t i o n of symmetric tetraalkylammonium i o n s o c c u r r e d w i t h t h r e e 
a l k y l c h a i n s d i r e c t e d towards the e l e c t r o d e , presumably d i s p l a c i n g 
s o l v e n t and g i v i n g an i o n i c r a d i u s of 0.50nm [253 ( c f . c r y s t a l r a d i u s 
0.494nm - Table 1), In a f u r t h e r s t u d y [263, the i n f l u e n c e of the a n i o n 
on the a d s o r p t i o n of the TBA* c a t i o n was demonstrated, a t t r i b u t e d t o the 
f o r m a t i o n of n o n - p a i r e d and p a i r e d i o n s [27] i n the i n t e r f a c i a l r e g i o n , 
the i o n p a i r s r e s u l t i n g p a r t l y from t h e f a c t t h a t near the i n t e r f a c e the 
s o l u t i o n i s e f f e c t i v e l y more c o n c e n t r a t e d . S a t u r a t i o n c o u l d t h e r e f o r e be 
reached as found i n t h i s work f o r c h l o r i d e i o n s . 

The r e s u l t s suggest t h a t i t i s l e g i t i m a t e t o c o n s i d e r an 
i n t e r f a c i a l r e g i o n w i t h a s t r u c t u r e s i m i l a r t o t h a t i n aqueous s o l u t i o n , 
depending more on e l e c t r o l y t e i d e n t i t y t h an s o l v e n t o r s o l v a t i o n , a t l e a s t 
between DMF and water. In e x p l a i n i n g the d i f f e r e n c e s o bserved between 
TBA e l e c t r o l y t e and KC1, i t s h o u l d be remembered t h a t the a n i o n s w i l l be 
no c l o s e r t h a n the second l a y e r , perhaps as i o n p a i r s i n the former case 
as d e s c i b e d above f o r mercury, and the h i g h frequency l o o p c o r r e s p o n d s t o 
p r o c e s s e s i n v o l v i n g t h i s l a y e r o f s p e c i e s on the e l e c t r o d e s u r f a c e . 

COICLUSIOIS 

T h i s s t u d y has demonstrated t h e i n f l u e n c e of the e l e c t r o l y t e a n i o n 
on the s t r u c t u r e of the i n t e r f a c i a l r e g i o n a t g l a s s y c a r b o n e l e c t r o d e s i n 
DMF and t h e i n f l u e n c e of e l e c t r o d e s u r f a c e roughness on the impedance 
s p e c t r a . A more complete e l u c i d a t i o n of the i n t e r f a c e w i l l r e q u i r e a 
deeper knowledge of i o n i c s o l v a t i o n and l i q u i d s t r u c t u r e c l o s e t o the 
e l e c t r o d e i n these media, 
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ABSTRACT 

A g e n e r a l s t u d y o n c u r r e n t r e v e r s a l c h r o n o p o t e n t i o m e t r y a t 

s p h e r i c a l e l e c t r o d e s ( a s a r e t h e h a n g i n g m e r c u r y d r o p e l e c t r o d e 

o r t h e s t a t i c m e r c u r y d r o p e l e c t r o d e ) i s c a r r i e d o u t . The 

e f f e c t s o f amalgam f o r m a t i o n , i n s o l u b i l i t y o f r e a c t i o n p r o d u c t 

a n d e l e c t r o d e c u r v a t u r e o n t h e p o t e n t i a l t i m e f u n c t i o n s a r e 

p r e s e n t e d . The v a l u e o f t h e r a t i o f / t 2 ( w h e r e f i s t h e 

t r a n s i t i o n t i m e i n t h e r e v e r s e s t e p a n d t 2 i s t h e p r e v i o u s 

e l e c t r o l y s i s t i m e ) c a n be u s e d as d i a g n o s t i c c r i t e r i o n t o d e t e c t 

a m a l g a m a t i o n o r i n s o l u b l e p r o d u c t f o r m a t i o n . M e t h o d s t o 

d e t e r m i n e k i n e t i c p a r a m e t e r s and t h e f o r m a l s t a n d a r d p o t e n t i a l 

o f t h e e l e c t r o a c t i v e c o u p l e i n a l l t h e p o s s i b l e b e h a v i o u r s o f 

t h e r e d u c e d s p e c i e s a r e p r o p o s e d . 
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