
— 218 — 

Table 1. Cyclic voltammetry data 
for cytochrome c? D. vulgaris 
Hildenborough at a doped tin oxide 
electrode. Same conditions as in 
Figure 1. 

V ip E 
(Vs-1) (MA) (V) 

0.02 10.2 0.09 
0.05 19. 0.105 
0.10 28. 0.108 
0.20 36. 0.165 
0.30 43.5 0.195 
0.40 47. 0.205 
0.50 40. 0.222 

It i s c l e a r that further 

conclusions should only be 

drawn a f t e r coulometric 

measurements. 

The c y c l i c voltammograms 

and the p l o t of peak current 

vs square root of scan rate 

obtained for D.gigas 

cytochrome C3 at a p y r o l i t i c 

graphite electrode are shown i n Figure 2. Two cathodic and two 

anodic peacks are observed at p o t e n t i a l s close to -0.465, -0.55, 

-0.49 and -0.435 V vs SCE. These peaks are probably r e l a t e d to 

the t r a n s f e r of four electrons and further studies i n c l u d i n g 

deconvolution procedures are necessary i n order to determine the 

standard p o t e n t i a l s . 

Figure 2. Cyclic voltammogram and plot of ip vs v* for a 0.63 mM solution of 
cytochrome & D.gigas in phosfate buffer 0.1 M pH 7, at a pyrolitic graphite 
"edge" clevead electrode. Potential limits -0.3 -0.9 V, scan rate 0.02 Vs"1. 

(1) F.A.Armstrong, H.A.O.Hill and N.J.Walton, Quarterly 
Review of Biophysics 18,3(1986)261. 
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E L E C T R O C H E M I C A L BEHAVIOUR OF A R Y L T H I O E T H Y L GROUPS I N 
C ARBOXYL P R O T E C T I O N 

C M . D e l e r u e - M a t o s *, H . L . S . M a i a *, 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 Q uímica 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 d o M i n h o , 
L a r g o do P aço, 4 7 1 9 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 , T h e 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. 

E l e c t r o l y s i s c a n p r o v i d e a n a p p r o p r i a t e way t o c l e a v e 
p r o t e c t i n g g r o u p s o f i n t e r e s t i n s y n t h e s i s 1 1 > . 
A r y l t h i o e t h y l g r o u p s a r e s u i t a b l e f o r t h e p r o t e c t i o n o f t h e 
c a r b o x y l f u n c t i o n a n d a r e c o n v e n t i o n a l l y r e m o v e d b y 
t r e a t m e n t w i t h a l k a l i a f t e r c o n v e r s i o n i n t o t h e 
c o r r e s p o n d i n g s u l p h o n e b y c a t a l y t i c o x i d a t i o n ' 2 > . T h i s p a p e r 
r e p o r t s t h e i n v e s t i g a t i o n o f a n a l t e r n a t i v e r o u t e t o t h e 
o x i d a t i o n o f t h e s u l p h i d e t o s u l p h o n e b y e l e c t r o l y s i s . T h e 
m o d e l c o m p o u n d s e l e c t e d f o r s t u d y was t h e 

p - n i t r o p h e n y l t h i o e t h y l e s t e r o f a c e t i c a c i d a n d t h e d e s i r e d 
r e a c t i o n was 

- 4 e 
CH 3 C 0 2 CH 2 CH 2 S-<^oJ)-N02 > CH 3 C 0 2 CH 2 CH 2 S0 2."<^0^\N0 2 

2 H 2 0-4H + 

F o r t h e s e s t u d i e s t h e a n o d e was P t o r v i t r e o u s C a n d t h e 
m e d i u m C H 3 C N o r C H 3 C N w i t h s m a l l a d d i t i o n s o f w a t e r 
c o n t a i n i n g N a C l O o o r B u 4 N B F 4 (TBAB) 

C y c l i c v o l t a m m o g r a m s f o r t h e c o m p o u n d i n C H 3 C N / T B A B i s 
s h o w n i n f i g u r e 1. Two w e l l f o r m e d b u t t o t a l l y 
i r r e v e r s i b l e o x i d a t i o n p e a k s a t + 1.8V a n d + 2.2V vs SCE c a n 
be s e e n . 
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C o m p a r i s o n o f t h e c y c l i c v o l t a m m e t r y c h a r a c t e r i s t i c s 
o f t h e f i r s t p e a k w i t h t h o s e o f f e r r o c e n e i n d i c a t e s t h a t 2e 
p e r s u b s t r a t e m o l e c u l e a r e i n v o l v e d i n t h e f i r s t o x i d a t i o n 
s t e p . T h i s i s c o n f i r m e d b y r e s u l t s o b t a i n e d , w i t h t h e 
p o t e n t i a l s t e p m e t h o d w h i c h a l s o s u g g e s t e d t h a t t h e s e c o n d 
p e a k i n t h e c y c l i c v o l t a m m o g r a m a l s o c o r r e s p o n d s t o a 
p r o c e s s i n v o l v i n g t h e t r a n s f e r o f 2e p e r s u b s t r a t e 
m o l e c u l e . I n f a c t , t h e s l o p e f o r t h e I v s t " 1 / 2 p l o t f o r a 
p o t e n t i a l s t e p t o a p o t e n t i a l a f t e r t h e s e c o n d p e a k d o u b l e s 
t h e v a l u e f o r t h e same p l o t o b t a i n e d a t t h e f i r s t p e a k . 

C o n s t a n t p o t e n t i a l e l e c t r o l y s e s a l s o c o n f i r m t h e 
n u m b e r o f e l e c t r o n s i n v o l v e d i n e a c h p r o c e s s . When t h e 
p o t e n t i a l was s e t j u s t a f t e r t h e f i r s t o x i d a t i o n p e a k , 
c o u l o m e t r y s h o w s t h a t n=2 a n d p r o d u c t a n a l y s i s b y H P L C 
s u g g e s t e d t h e f o r m a t i o n o f s u l p h o x i d e i n g o o d y i e l d s . When 
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t h e p o t e n t i a l was s e t b e y o n d t h e s e c o n d p e a k , c o u l o m e t r y 
s h o w e d n=4 a n d t h e c o r r e s p o n d i n g s u l p h o n e was d e t e c t e d b u t 
t h e m a x i u m y i e l d was o n l y 4 9 % . T h e p r e s e n c e o f o t h e r p e a k s 
i n t h e c h r o m a t o g r a m i n d i c a t e d t h a t s i d e r e a c t i o n s t a k e 
p l a c e . T h e y i e l d s i n s u l p h o n e a r e r e p o r t e d i n t a b l e 1 f o r 
s e v e r a l e l e c t r o l y s e s c a r r i e d o u t u n d e r s l i g h t l y d i f f e r e n t 
c o n d i t i o n s . 

T A B L E 1 

M e d i u m E/V v s SCE y i e l d ( % ) 

C H 3 CN/BU4 N B F 4 

C H 3 C N / B U 4 N B F 4 + 0,2%H 2O 

CH 3 CN/BU4 N B F 4 + 2 % H 2 0 
CH 3 CN/NaC104 
CHs CN/NaC104 

+ 2.28 
+ 2.28 
+ 2.28 
+ 2.30 
+ 2.30 

33 
25 

t r a c e s 
49 
44 

D a t a o n c o n s t a n t p o t e n t i a l e l e c t r o l y s i s f o r 2 x l 0 - 4 m o l e s o f 
C H 3 C O O C H 2 C H 2 S O N 0 2 i n d i f f e r e n t m e d i a . 

H e n s e , i t c a n be c o n c l u d e d t h a t t h e o x i d a t i o n o f t h e 
a c e t i c a c i d d e r i v a t i v e o c c u r s i n t w o s t e p s a c c o r d i n g t o t h e 
s c h e m e b e l o w , a l t h o u g h p a r a l l e l r e a c t i o n s a l s o o c c u r . 

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

- 2 e 
CH 3 C 0 2 C H 2 C H 2 S ^ O ~ V N Q 2 »CH 3 C 0 2 CH 2 C H 2 S O -

H 2 O 

- 2 e 
V N 0 2 » CH 3 C 0 2 CH 2 CH 2 S 0 2 

H 2 O 
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INTRODUCTION 

Crown ether d e r i v a t i v e s ( m a c r o c y c l i c p o l y e t h e r s ) have been 

used as components i n l i q u i d membrane e l e c t r o d e s e x h i b i t i n g 

potassium i o n s e n s i t i v i t y ( 1 ) . N e v e r t h e l e s s , the performance 

c h a r a c t e r i s t i c s of such crown compound based e l e c t r o d e s , 

e s p e c i a l l y the s e l e c t i v i t y data were found i n f e r i o r to those 

of the a n t i b i o t i c v a l i n o m y c i n based sensor ( 2 ) . 

S y n t h e t i c urethane l i n k e d bis-crown ether l i g a n d s were 

designed as ionophores f o r potassium i o n - s e l e c t i v e membranes 

at the T e c h n i c a l U n i v e r s i t y of Budapest ( 3 , 4 ) . The a n a l y t i c a l l y 

important p r o p e r t i e s of these s y n t h e t i c l i g a n d based e l e c t r o d e s 

exceed the r e l e v a n t c h a r a c t e r i s t i c s of other m a c r o c y c l i c p o l y -

ether based sensors and are comparable w i t h those of the 

va l i n o m y c i n based e l e c t r o d e , the i o n - s e l e c t i v i t y of such 

sensors being advantageously a f f e c t e d not only by the r i n g s i z e 

of the crown e t h e r s and i t s s u b s t i t u e n t s , but a l s o by the 
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