
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 

Portugaliae Electrochimica Acta, 5 (1987) 243-246 



— 244 — 

b e y o n d a c e r t a i n v a l u e : 1 . 2 V i n 1 M NaOH a n d 0 . 8 V i n 1 0 - 2 M HClCu, 

f o r example . Once the " 1 0 0 " s u r f a c e r e v e r t s to " 1 1 1 " i t is n o t p o s s i b l e 

to get it a g a in b y c y c l i n g ; o n l y a n i n c i p i e n t maximum is g o t i n t h i s c a s e . 

T h e CV u n d e r N2 o f the " 1 1 1 " su r f ace s h o w s a c a t h o d i c peak at 

« 8 2 5 mV to wh i ch c o r r e s p o n d s an i n c i p i e n t a n o d i c peak c e n t r e d at « 8 7 5 

mV. T h e peak c u r r e n t s o f these p e a k s a re s i g n i f i c a n t l y i n c r e a s e d b y c y 

c l i n g , as s h o w n b y the CV u n d e r N 2 o f the " 1 0 0 " s u r f a c e . T h e s e peak 

c u r r e n t s v a r y l i n e a r l y with the s c a n r a t e , wh i ch do n o t a f fect the peak 

po t en t i a l s u p to 100 mV s _ 1 ( t he maximum s c a n r a t e e x p l o r e d ) ; t h i s is 

c o n s i s t e n t with a fast a d s o r p t i o n - d e s o r p t i o n p r o c e s s ( 5 ) . A l so the peak 

p o t e n t i a l v a r i e s 60 m V / p H u n i t a n d the peak c u r r e n t i n c r e a s e s with the 

c o n c e n t r a t i o n o f O H " . T h e s e expe r imenta l f acts s t r o n g l y s u g g e s t that OH" 

is s i g n i f i c a n t l y a d s o r b e d o n the " 1 0 0 " s u r f a c e i n the 7 5 0 - 9 50mV p o t e n 

tia l r a n g e . 

Is the " 1 0 0 " s u r f a c e a r e a l ( 1 0 0 ) su r f a ce r e s u l t i n g f r o m f u l l r e s 

t r u c t u r i n g o r f a c e t i n g o f the p o l y c r y s t a l l i n e s u r f a c e ? T h e e xpe r imen ta l 

c o n d i t i o n s u s e d do n o t lead to f a c e t i n g (6 ) a n d the c a p a c i t y - p o t e n t i a l 

c u r v e s r e c o r d e d o n the " 1 0 0 " s u r f a c e seem to s h o w tha t i t i s n o t a 

r e a l ( 1 0 0 ) s u r f a c e . N e v e r t h e l e s s , o t h e r expe r imenta l f ac t s i n d i c a t e tha t 

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

pe r imenta l c o n d i t i o n s d e s c r i b e d : i) h y s t h e r e s i s is g e n e r a l l y smal le r f o r 

O2 r e d u c t i o n o n " 1 0 0 " t h a n o n " 1 1 1 " s u r f a c e s , a n d o c c u r s at d i f f e r e n t 

p o t e n t i a l r a n g e s ; ii ) c h a n g e f r o m " l l l " t o " 1 0 0 " i s q u i c k e r a f t e r m e c h a 

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

t h i n f i lms a re c y c l e d . F r o m the d i s c u s s i o n a b o v e we i n f e r tha t s u c h 

r e o r g a n i z a t i o n f a v o u r s OH" a d s o r p t i o n . 

T h e h i g h e r a c t i v i t y o f the ( 1 0 0 ) s u r f a c e i n a l k a l i n e s o l u t i o n s 

r e l a t i v e to that o f the ( 1 1 0 ) a n d ( 1 1 1 ) s u r f a c e s was exp l a ined i n two 

d i f f e r en t w a y s : 

- t h e g e o m e t r y o f the a tomic a r r a n g e m e n t o f the ( 1 0 0 ) s u r f a c e 

f a v o u r s the d i s s o c i a t i v e a d s o r p t i o n o f HO2" , wh i ch i s t h e n eas i l y r e 

d u c e d to OH - ( 1) ; 

- t h e ( 1 0 0 ) s u r f a c e a d s o r b s OH spec i e s w h i c h , c o n t r a r i l y to what 

h a p p e n s o n the o t h e r two s u r f a c e s , a re d i s c h a r g e d ; the a d s o r p t i o n o f 

H 0 2 - a n d o t h e r c h a r g e d in t e rmed i a t e s is t h e r e f o r e f a v o u r e d , a n d r e 

d u c t i o n p r o c e e d s f u r t h e r to O H - ( 2 ) . 

O u r e xpe r imen t s show that 0 2 r e d u c t i o n i n a lka l ine s o l u t i o n s s t a r t s 

at the p o t e n t i a l o f r e d u c t i o n o f the OH l aye r b o t h f o r the " 1 0 0 " a n d 

the " 1 1 1 " s u r f a c e s . T h i s fact seems to s u p p o r t A d z i c et a l ( 2 ) w h e n 

they re late O2 r e d u c t i o n o n the ( 1 0 0 ) su r f ace with a d s o r b e d OH s p e c i e s . 

H o w e v e r , c o n t r a r i l y to A d z i c v i e w s , o u r RDE expe r iment s s u g g e s t that 

the " 1 0 0 " s u r f a c e is more a c t i v e t h a n the " 1 1 1 " s u r f a c e f o r Oa r e d u c 

t i o n i n the l owe r p o t e n t i a l r a n g e mainly because it is mo re ab le to 

d i s p r o p o r t i o n a t e the HO2" f o r m e d d u r i n g the O2 r e d u c i n g r e a c t i o n i n 

that p o t e n t i a l r a n g e . 
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F i g . 1: P o l a r i z a t i o n curves f o r 0 redu c t i o n on p o l y c r y s t a l l i n e gold at 9 s 
_1 z 

and 10 mV s in a O^-saturated 1 M NaOH s o l u t i o n : ( ) "100" sur
f a c e , (...) "111" s u r f a c e ; e l e c t r o d e area: 0.126 cm 2 
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F i g . 2: P o l a r i z a t i o n curves f o r 0^ re d u c t i o n on p o l y c r y s t a l l i n e gold at 
10 mV s" 1 i n a 0 - s a t u r a t e d 1 0 - 2 M HC10, s o l u t i o n : ( ) "100" sur 

2 
face (...) "111" s u r f a c e ; e l e c t r o d e area: 0.126 cm 
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Increasing interest have been given to interfaces between two 

immiscible electrolyte solutions due to their aplication in ion selective 

electrodes and electrochemically assisted ion transfer. 

The interface between water and nitrobenzene have been studied in 

the presence of 1:1 and 2:2 electrolytes in the aqueous phase '»2 Here it 

is reported a study of the properties of the water nitrobenzene interface 

in the presence of 1:2 electrolytes In the aqueous phase and TPBTBA in 

the organic phase. The aqueous phase were 0.1 M solutions in CaCl 2, 

SrCl 2 , BaCl 2, and MgCl 2. 

Cyclic Voltammetry does not show significant dependence of the 

polarization potential l imits on the nature of the alkaline earth cation . 

The influence of the nature of the cation is more visible in the 

chronopotentiometric data in fig. 1. The data indicates that the trans

ference is diffusion cont ro l led 3 ' 4 but the relation between the tran

sition times and the values of the imposed current densities is not as 

simple as described for other systems 5. 

impedance spectra for the interface was obtained and typical results 

are illustrated in fig. 2. The nature of the cation is put in evidence in the 

semicircle observed at high frequencies. Although the semicircle obser

ved on the impedance diagram at high frequencies is an experimental 

artifact due to the reference electrode circuitry 1 the dependence of the 

radius of the semicircle on the cation may be a result of the different 

conductivities of the solutions. From the low frequency domain the 
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