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U r e a h e r b i c i d e s a r e some o f t h e most w i d e l y u s e d f o r 
weed c o n t r o l a n d , a s f o r a k . r g e number o f h e r b i c i d e s , t h e y 
a c t a s i n h i b i t o r s o f t h e p b o t o s y n t h e t i c e l e c t r o n f l o w by 
c o m p e t i t i v e b i n d i n g [ 1 3 . The u s e o f t h e s e c h e m i c a l s i n c r o p 
u r o t e c t i o n h a s h a d d i s a s t r o u s c o n s e q u e n c e s i n t h e 
b i o l o g i c a l e q u i l i b r i u m ; n o t o n l y p a t h o g e n s a n d p e s t s a r e 
d e s t r o y e d b u t a l s o many l i v i n g o r g a n i s m s a n d p l a n t s p e c i e s . 
T h e s e s i d e e f f e c t s a r e w e l l r e c o g n i s e d a n d i t i s i m p o r t a n t 
t o u n d e r s t a n d t h e m e c h a n i s m s o f a c t i o n a n d d e g r a d a t i o n o f 
t h i s t y p e o f compound. Some p r e v i o u s w o r k on t h e 
e l e c t r o c h e m i c a l d e t e c t i o n o f t h e s e h e r b i c i d e s 121 made u s 
i n t e r e s t e d i n i n v e s t i g a t i n g t h e o x i d a t i o n m e c h a n i s m o f t h i s 
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w i t h d i f f e r e n t X i a n d X_-. T h e i r c o m m e r c i a l names a r e 
F e n u r o n (Xi=H,X*=H>, D i u r o n (X T=C1,Xs=Cl> , C h l o r t o l u r o n 
C X i = C l , X2=CHs.) , F l u o m e t u r o n (X Y =CF •,, X,- = H) . 

F i g 1 R e s u l t s f r o n d i f f e r e n t i a l pulse experiments w i t h c h l o r t o l u r o n 
(concn. 5 x 1 0 - A mol dm - 3). E l e c t r o l y t e : b u f f e r + 5% ethanol. 
(a) Voltammagrams (b) 3-D p l a t showing v a r i a t i o n of peak p o t e n t i a l , 
E P, and log(peak c u r r e n t ) , l o g i E . , with pH. 
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A n o d i c o x i d a t i o n o f t h e s e c o m p o u n d s was s t u d i e d o v e r a 
w i d e r a n g e o f pH ( 0.95 -» 13.10) a t a s t a t i o n a r y g l a s s y 
c a r b o n d i s c e l e c t r o d e i n b u f f e r e d a q u e o u s m e d i a u s i n g 
d i f f e r e n t i a l p u l s e v o l t a m m e t r y . C y c l i c v o l t a m m e t r y h a d 
a l r e a d y s h own t h e c o m p l e t e i r r e v e r s i b i l i t y o f t h e o x i d a t i o n 
r e a c t i o n . 

I n F i g . 1 ( a ) we show d i f f e r e n t i a l p u l s e v o l t a m m o g r a m s 
f o r c h l o r t o l u r o n . The t h r e e d i m e n s i o n a l p l o t i n F i g . 1 Cb> 
shows t h e p r o g r e s s i v e c h a n g e i n t h e p o s i t i o n o f t h e 
o x i d a t i o n p e a k w i t h pH f o l l o w i n g a l i n e o f s l o p e 59 m V / u n i t 
o f pH s u g g e s t i n g a one e l e c t r o n t r a n s f e r r e a c t i o n . T h e s e 
a r e t y p i c a l r e s u l t s f o r t h e g r o u p o f h e r b i c i d e s s t u d i e d . 
F i g . 2 s h o w s t h e v a r i a t i o n o f p e a k p o t e n t i a l w i t h pH f o r a l l 
t h e h e r b i c i d e s o f t h i s s t u d y . 
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F i g . 2 P l o t of peak p o t e n t i a l , E P, vs. pH from d i f f e r e n t i a l p u l s e 
voltammograms f o r a l l h e r b i c i d e s . H e r b i c i d e concn. 5 x 10~A mol dm - 3; 
e l e c t r o l y t e - b u f f e r + 5 % ethanol. 



More i n f o r m a t i o n may be o b t a i n e d f r o m a n a l y s i n g t h e 
s h a p e o f t h e d i f f e r e n t i a l p u l s e v o l t a m m o g r a m s . M e a s u r e m e n t 
o f t h e p e a k w i d t h a t h a l f - h e i g h t o f t h e d i f f e r e n t i a l p u l s e 
v o l t a m m o g r a m , V^, a n d u s e o f t h e f o r m u l a [ 3 ] 

Vu, = 3. 52RT/nF 
e n a b l e s c a l c u l a t i o n o f n, t h e number o f e l e c t r o n s 
t r a n s f e r r e d . F r o m o u r v o l t a m m o g r a m s we f o u n d v a l u e s o f n 
b e t w e e n 0.5 a n d 1.0 f o r t h e d i f f e r e n t h e r b i c i d e s . T h i s 
r e s u l t s u g g e s t s a d e g r a d a t i o n m e c h a n i s m t h a t i n c l u d e s t h e 
f o r m a t i o n o f d i m e r s a t some pH's. 

The a n o d i c o x i d a t i o n m e c h a n i s m o f t h e s e u r e a 
h e r b i c i d e s l e a d s t o v a r i o u s p r o d u c t s . Ve h a v e e v i d e n c e t h a t 
t h e f i n a l p r o d u c t s a r e n o t e l e c t r o a c t i v e a n d a d s o r b 
i r r e v e r s i b l y a t t h e s u r f a c e o f t h e e l e c t r o d e : t h i s was 
c o n f i r m e d b y b u l k e l e c t r o l y s i s w h e r e t h e r e was t o t a l 
b l o c k a g e o f t h e e l e c t r o d e s u r f a c e b y t h e p r o d u c t s . An HPLC 
a n a l y s i s o f t h e p r o d u c t s o f e l e c t r o c h e m i c a l d e g r a d a t i o n o f 
F e n u r o n show t h r e e d i f f e r e n t compounds w h i c h we a r e t r y i n g 
t o i d e n t i f y u s i n g i . r . a n d n.m.r. s p e c t r o s c o p y . S i m i l a r 
s t u d i e s a r e b e i n g c a r r i e d o u t w i t h t h e o t h e r h e r b i c i d e s . 
H owever i t seems t h a t a p l a u s i b l e e x p l a n a t i o n i s t h a t t h e 
o x i d a t i o n o f t h e s e u r e a s h e r b i c i d e s f o r m s a r a d i c a l t h a t 
may d i m e r i s e , p o l i m e r i s e o r c l e a v e . 
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T h e r e d u c t i o n o f O2 o n g o l d was s h o w n to be s t r u c t u r e d e p e n d e n t 

( 1 , 2 ) . T h e ( 1 0 0 ) s u r f a c e r e d u c e s O2 at a l o w e r o v e r p o t e n t i a l t h a n the 

( 1 1 0 ) a n d ( 1 1 1 ) s u r f a c e s ; m o r e o v e r , i n a lka l ine s o l u t i o n s a n d at low 

o v e r p o t e n t i a l s , the f o r m e r su r f ace i s ab le to r e d u c e O2 to H O 2 " whe rea s 

the l a t te r r e d u c e O2 o n l y to H O 2 " . 

We f o u n d (3 ) tha t i n a lka l ine s o l u t i o n s O2 i s r e d u c e d to H O 2 " o n 

p o l y c r y s t a l l i n e g o l d a n d o n t h i n f i lms o f g o l d d e p o s i t e d o n g r a p h i t e a n d 

p l a t i n u m . T h e p o l a r i z a t i o n c u r v e s r e l a t i v e to O2 r e d u c t i o n o n the a b o v e 

men t i oned s u r f a c e s s h o w c o n s i d e r a b l e h y s t e r e s i s w h e n r e c o r d e d between 

- 5 0 mV a n d ~ 1 2 7 0 m V ( po t en t i a l s a re r e f e r r e d to the h y d r o g e n e l e c t r o d e 

immersed i n the same s o l u t i o n ) . 

If h o w e v e r the p o t e n t i a l i s s l ow l y s c a n n e d f r o m - 5 0 mV to « 1 0 0 0 mV 

i n a lka l ine s o l u t i o n s , the shape o f the p o l a r i z a t i o n c u r v e s f o r b o t h t h i n 

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

shape o f the p o l a r i z a t i o n c u r v e s o f the ( 1 0 0 ) s u r f a c e ( F i g . 1 ) . T h i s 

c h a n g e is f o l l o w e d b y a dec rea se o f the h y s t e r e s i s . 

T h e c y c l e d ( " 1 0 0 " ) su r f a ce i s s tab le o u t o f the c e l l , b o t h i n p y -

r o l y z e d water a n d i n a i r . It is a l so s tab le i n a c i d s o l u t i o n s . In I O - 2 M 

HC10«, we f o u n d the same r e l a t i v e a c t i v i t y f o r the " 1 0 0 " a n d the u n -

c y c l e d p o l y c r y s t a l l i n e ( " 1 1 1 " ) s u r f a c e s ( F i g . 2) as tha t r e p o r t e d by 

J i i t t n e r ( 4 ) f o r the ( 1 0 0 ) a n d the ( 1 1 1 ) s i ng l e c r y s t a l s u r f a c e s . T h e 

" 1 0 0 " face r e v e r t s to the " 1 1 1 " face w h e n the p o t e n t i a l i s c y c l e d 
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