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O i-meter. A l l measurements were done i n a 0. 1M phosphate b u f f e r 

s o l u t i o n of pH=6.87. 

In F i g . 1 are shown c a l i b r a t i o n c u r v e s of the enzyme sens o r , which 

show good l i n e a r i t y f o r c o n c e n t r a t i o n s from 1 0 _ 5 M t o 3.10~ 3M, and good 

l i f e t i m e of one month. The d i f f e r e n c e i n i n i t i a l response and 

response a f t e r 15 days i s s m a l l . The senso r i s v e r y p r e c i s e and can 

be a p p l i e d t o non c o l o u r e d s o l u t i o n s , thus h a v i n g an advantage over 

the c o l o r i m e t r i c method C3I. 

Response t i m e s a r e shown i n F i g . 2 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 

t o g e t h e r w i t h the c o r r e s p o n d i n g c a l i b r a t i o n p l o t . The f i n a l p o t e n t i a l 

i s reached w i t h i n l e s s than a minute, and does not a l t e r w i t h time. 

T h i s c a t a l a s e s e n s o r i s q u i t e r o b u s t and p o r t a b l e e n a b l i n g i t s use 

f o r measuring hydrogen p e r o x i d e in situ. The q u a n t i t y of sample used 

i s v e r y s m a l l . Comparing w i t h the methods n o r m a l l y used f o r hydrogen 

p e r o x i d e d e t e r m i n a t i o n the e l e c t r o c h e m i c a l method seems a ve r y 

r e l i a b l e one. 

In c o n c l u s i o n , t h i s enzyme sensor responds l i n e a r l y t o hydrogen 

p e r o x i d e over a wide c o n c e n t r a t i o n range, has a good d e t e c t i o n l i m i t , 

a v e r y s h o r t response time and a re a s o n a b l e l i f e t i m e f o r the 

im m o b i l i s e d enzyme. 
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In a n o d i c s t r i p p i n g voltammetry from mercury e l e c t r o d e s , mercury 

t h i n f i l m e l e c t r o d e s (MTFE) o f f e r advantages over hanging mercury drop 

e l e c t r o d e s (HMDE), i n t h a t the c u r r e n t peak i n r e d i s s o l u t i o n i s 

narrower and the peak c u r r e n t h i g h e r , o f f e r i n g improved s e n s i t i v i t y , 

d e t e c t i o n l i m i t s and r e p r o d u c i b i l i t y . G l a s s y carbon s u b s t r a t e s are 

g e n e r a l l y used, and p r e - d e p o s i t i o n or c o - d e p o s i t i o n of mercury w i t h the 

metal i o n s u c c e s s f u l l y employed. An important advantage of the MTFE i s 

t h a t i t i s d i r e c t l y u s a b l e i n f a r c e d c o n v e c t i o n systems w i t h e l e c t r o d e 

movement or s o l u t i o n f l o w , thus b e i n g a p p l i c a b l e t o o n - l i n e 

e l e c t r o a n a l y s i s . A d d i t i o n a l l y , a t p o s i t i v e p o t e n t i a l s the bare g l a s s y 

carbon e l e c t r o d e can be used f o r o t h e r e l e c t r o d e r e a c t i o n s , s i n c e the 

mercury i s r e a d i l y removed e l e c t r o c h e m i c a l l y o r m e c h a n i c a l l y , 

C o n v e n t i o n a l l y , a l t h o u g h the p r e - c o n c e n t r a t i o n (or d e p o s i t i o n ) 

s t e p i s c a r r i e d out w i t h f o r c e d c o n v e c t i o n , t h i s i s stopped d u r i n g 

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

use of e l e c t r o c h e m i c a l d e t e c t o r s i n f l o w systems, p a r t i c u l a r l y o n - l i n e , 

makes i t d e s i r a b l e t o c o n t i n u e s o l u t i o n flow. We have t h e r e f o r e r e 

examined the q u e s t i o n w i t h r e s p e c t t o l i n e a r s c a n s t r i p p i n g , 

t h e o r e t i c a l l y and e x p e r i m e n t a l l y , a t the r o t a t i n g d i s c e l e c t r o d e 

( u n i f o r m l y a c c e s s i b l e and w i t h e l e c t r o d e movement) and at the w a l l - j e t 
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d i s c e l e c t r o d e ( n o n - u n i f o r m l y a c c e s s i b l e and w i t h moving s o l u t i o n ) as 

t y p i f y i n g the v a r i o u s e x p e r i m e n t a l c o n d i t i o n s t h a t can a r i s e , 

R e v e r s i b l e e l e c t r o d e k i n e t i c s are assumed. 

The models used f o r d e r i v i n g the t h e o r e t i c a l shape of the 

r e d i s s o l u t i o n peaks a t v e r y t h i n MTFE's are shown i n F i g . l . S t r i p p i n g 

F i g . 1 Models f o r (a), c o n v e c t i v e and (b) n o n - c o n v e c t i v e s t r i p p i n g from 
MTFE; ca c o n c e n t r a t i o n of metal i o n i n s o l u t i o n and C R c o n c e n t r a t i o n of 
metal i n mercury, 

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

mercury f i l m and c o n s t a n t s o l u t i o n c o n c e n t r a t i o n of metal i o n s at a l l 

p o i n t s [ 1] i the f a i r l y symmetric peak agrees w e l l w i t h experiment, 

C o n v e c t i v e s t r i p p i n g [2,3] r e s u l t s i n a narrower, a s y m m e t r i c a l peak, 

c a l c u l a t e d assuming no c o n c e n t r a t i o n g r a d i e n t i n the mercury f i l m and a 

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

the e l e c t r o d e s u r f a c e . In terms of the d i m e n s i o n l e s s sweep r a t e 

cr (=(nF/RT)v) the c u r r e n t peaks can be e x p r e s s e d i n both c a s e s by 

i = Z (o-t)nFAo'CRl 

where c R i s the c o n c e n t r a t i o n of metal i n the mercury b e f o r e s t r i p p i n g 

b e g i n s and Z(<rt) a c u r r e n t f u n c t i o n whose maximum v a l u e i s 0,298 (non-

c o n v e c t i v e ) and 0.368 ( c o n v e c t i v e ) , F i g . 2 shows the shape of the 

c u r r e n t peaks and i n Table 1 the expected h a l f w i d t h s ( n b i / a ) and peak 
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F i g . 2 T h e o r e t i c a l peak shape f o r (a) c o n v e c t i v e , and (b) n o n - c o n v e c t i v e 
s t r i p p i n g from MTFE. Z(<rt) i s d i m e n s i o n l e s s c u r r e n t f u n c t i o n and EP 

peak p o t e n t i a l (see t e x t ) . 

Table 1, Parameters d e s c r i b i n g the r e d i s s o l u t i o n c u r r e n t peaks 

C o n v e c t i v e s t r i p p i n g Non-convective s t r i p p i n g 

i P 0.368nFAo-c Rl 0.298nFAo-c Rl 
nbi/a/mV 62.8 75.5 

• < w » > * F Mir) -»•«•" MS) 

p o s i t i o n s are g i v e n . The narrower c o n v e c t i v e s t r i p p i n g peaks and t h e i r 

l a c k of symmetry can b r i n g important advantages t o peak r e s o l u t i o n i n 

mi x t u r e s . 

The wave shape and p o s i t i o n f o r c o n v e c t i v e s t r i p p i n g were s t u d i e d 

e x p e r i m e n t a l l y u s i n g s o l u t i o n s of P b ( I I ) w i t h preformed mercury f i l m s 

i n KNOa/HKOs e l e c t r o l y t e [33, The assumption of z e r o c o n c e n t r a t i o n 



- 24 -

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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THE GLASSY CARBON ELECTRODE/TETRABUTYLAMMONIUM ELECTROLYTE 

SOLUTION INTERFACE IN N,N-DIMETHYLFORMAMIDE SOLVENT 
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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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