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The t h e o r y f o r the e l e c t r o c h e m i c a l b e h a v i o u r o f t h i n - l a y e r c e l l s 

i s w e l l e s t a b l i s h e d [31. The o x i d a t i o n and r e d u c t i o n peaks a r e 

s y m m e t r i c a l about E°' , t h e c u r r e n t maximum o c c u r r i n g a t E P 1 and i P . i s 

d i r e c t l y p r o p o r t i o n a l t o s c a n r a t e 

n ^ V C ^ ' v 
i P = 

4RT 

where v i s scan r a t e , V i s the c e l l ' s i n t e r i o r volume, C R 0 ' i s t h e 

i n i t i a l c o n c e n t r a t i o n o f R (assuming o x i d a t i o n ) and a l l t h e o t h e r 

symbols have the u s u a l s i g n i f i c a n c e . 

I t i s i n t e n d e d t o a p p l y t h e c e l l t o in situ s p e c t r o p h o t o m e t r y 

m o n i t o r i n g of u v / v i s / n e a r - i r absorbance changes due t o e l e c t r o d e 

r e a c t i o n s o f b i o l o g i c a l l y e l e c t r o a c t i v e compounds, as w e l l as f o r the 

d e t e c t i o n of a b s o r b i n g i n t e r m e d i a t e s . The e l e c t r o c h e m i c a l i n f o r m a t i o n 

i s a c u r r e n t r e l a t e d t o t h e c o n c e n t r a t i o n of 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 , w h i l e s p e c t r o s c o p y g i v e s t h e t o t a l amount of the a b s o r b i n g 

s p e c i e s i n the c e l l . Complementary i n f o r m a t i o n f r om t h e two 

t e c h n i q u e s s h o u l d be v a l u a b l e i n e l u c i d a t i o n o f r e a c t i o n r a t e s and 

mechanism. 
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1. INTRODUCTION 

The s p i n e l type oxide NiCc^O^ i s one of the most p r o m i s i n g anode 

m a t e r i a l s f o r oxygen e v o l u t i o n i n a l k a l i n e s o l u t i o n | l | . Haenen et a l . | 2 | 

have s t u d i e d the NiCo20^ e l e c t r o c a t a l y t i c a c t i v i t y as a f u n c t i o n of i t s 

s t r u c t u r a l and p h y s i c o - c h e m i c a l p r o p e r t i e s . I t has a l s o been shown t h a t the 

e l e c t r o c a t a l y t i c a c t i v i t y presented by t h i s oxide i s determined not only 

by the s u r f a c e area and morphology, but a l s o by the s u r f a c e c o m p o s i t i o n , 

s i n c e • the oxygen e v o l u t i o n r e a c t i o n occurs via the f o r m a t i o n of s u r f a c e 

highe r oxides on the r e a c t i v e s i t e s |3|. These s t u d i e s have demonstrated 

the importance of c h a r a c t e r i z i n g the oxide e l e c t r o d e s u r f a c e . 

In the present work, two s e t s of e l e c t r o d e s were prepared: NÍCO2O, 

e l e c t r o d e s and NiCo20^ e l e c t r o d e s m o d i f i e d by the presence of Rh^ + c a t i o n s . 

The p a r t i a l s u b s t i t u t i o n of c o b a l t by rhodium was motivated by the hi g h 

s t a b i l i t y of t h i s element i n the (+3) o x i d a t i o n s t a t e and a l s o by i t s 

pre f e r e n c e i n occupying the o c t a h e d r a l s i t e s i n the s p i n e l s t r u c t u r e . 

Moreover, t h i s s u b s t i t u t i o n may l e a d to a b e t t e r understanding of the r o l e 

of c a t i o n s l o c a t e d • i n o c t a h e d r a l s i t e s i n the c o r r e s p o n d i n g e l e c t r o d e 

a c t i v i t i e s . 

P r e l i m i n a r y s t u d i e s made w i t h NiCo^O^ e l e c t r o d e s , prepared a t 300, 350 

and 400°C showed t h a t t h e i r behaviour i s s t r o n g l y dependent on the 

temperature of s y n t h e s i s , |4| . I t has a l s o been observed t h a t the 

a c t i v i t y , as measured by the c u r r e n t d e n s i t y , i n c r e a s e s as T decreases. 
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However, the e l e c t r o d e s prepared at the lowest temperature showed l a c k of 

mechanical and chemical s t a b i l i t y . T h e r e f o r e , the NiCo„0, e l e c t r o d e 
2 4 

performance was o p t i m i z e d f o r T g = 350°C. Hence, the rhodium c o n t a i n i n g 

NiCo„0^ e l e c t r o d e s were a l s o prepared at t h i s temperature. 

2. EXPERIMENTAL DETAILS 

The e l e c t r o d e s were prepared by c o a t i n g a n i c k e l f o i l support w i t h 

s u c e s s i v e l a y e r s of the oxides.These were optained by thermal decomposition 

at T s = 350°C f o r l h of the c o r r e s p o n d i n g n i t r a t e s ( N i ( N 0 3 ) 2 . 6 H 2 0 , 

C o ( N 0 3 ) 2 . 6 H 2 0 , pro-analyse Merck and Rh(N0 3) 3.2H 20 p u r i s s . F l u k a ) . 

A l l e l e c t r o c h e m i c a l experiments were performed i n a t h r e e compartment 

g l a s s c e l l , a t room temperature. The e l e c t r o l y t i c s o l u t i o n was 5M KOH ( p r o -

analyse Merck) prepared from double d e s t i l l e d water. 

The o b t a i n e d e l e c t r o d e s presented: ( i ) good mechanical and c h e m i c a l 

s t a b i l i t y i n a l k a l i n e s o l u t i o n s , ( i i ) q u i t e high s u r f a c e area and ( i i i ) low 

e l e c t r i c a l r e s i s t a n c e (0.5 - 1 fi). 

3. RESULTS AND DISCUSSION 

The behaviour of the two s e t s of e l e c t r o d e s i s e x e m p l i f i e d i n f i g . 1. 

F i g . 1. C y c l i c voltammograms of NiCo 0. ( ) and NiCo„0, containing Rh ( ) electrodes 

Experimental c o n d i t i o n s : 5H KOH, sweep r a t e : 10 mV s 
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I t i s c l e a r t h a t the e l e c t r o d e c o n t a i n i n g rhodium p r e s e n t s higher 

c u r r e n t d e n s i t i e s , lower o v e r p o t e n t i a l f o r 0 2 e v o l u t i o n and h i g h e r c h a r g i n g 

c u r r e n t than the NiCo„0, e l e c t r o d e . Even the s u r f a c e c a t i o n i c a c t i v e 2 4 

c o m p o s i t i o n appears to be d i s t i n c t f o r each s e t of e l e c t r o d e s . 

These r e s u l t s suggest t h a t the e l e c t r o d e s c o n t a i n i n g rhodium have a 

higher s u r f a c e a r e a ; t h i s was confirmed by B.E.T. s u r f a c e area measure­

ments, as show i n t a b l e I . 

3+ 
TABLE I . B.E.T. s u r f a c e a r e a f o r NiCo„0, and N i C o 9 0 , c o n t a i n i n g Rh . 

M a t e r i a l A B E T ^ m 8 

N i C o o 0 . 18 2 4 
Rh"^+ c o n t a i n i n g NiCo„0, 74 

Scanning E l e c t r o n i c Microscopy (SEM) s t u d i e s confirmed t h a t the 

morphology of the two k i n d s of e l e c t r o d e s i s q u i t e d i f f e r e n t . T h e e l e c t r o d e s 

c o n t a i n i n g rhodium are porous and rougher than N i C o 2 0 ^ ones, i n d i c a t i n g a 

h i g h e r s u r f a c e area ( f i g . 2). 

F i g . SEM micrographs of the surface of IMiCo^O^ electrode (I) and NiCo^O^ electrode c o n t a i n i n g 

R h 3 + ( I I ) prepared at 350°C. 
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Concerning the oxygen e v o l u t i o n r e a c t i o n , the e l e c t r o d e s c o n t a i n i n g 

rhodium showed a much higher c a t a l y t i c a c t i v i t y i n terms of both o v e r -

p o t e n t i a l and c u r r e n t d e n s i t y as i t can be confirmed i n f i g . 3. 

18 
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F i g . 3. Ta f e l p l o t s for 0^ ev o l u t i o n r e a c t i o n i n 5I\I K0H 

3+ 

A - Rh containing NiCo^O^ electrode 

B - N i C o ^ electrode 

T h i s f a c t i s even more e v i d e n t when the o v e r p o t e n t i a l s f o r 0^ 

_2 

e v o l u t i o n , obtained at 100 mA cm , are compared ( t a b l e I I ) . 

The rhodium c o n t a i n i n g e l e c t r o d e presents the lowest o v e r p o t e n t i a l , 

even when compared w i t h the value o b t a i n e d by Haenen et a J. 151 , where the 

N i C o 2 0 ^ performance was o p t i m i z e d by u s i n g a n i c k e l screen as a support. 

In a d d i t i o n , our n o v e l e l e c t r o d e m a t e r i a l r e v e a l e d a good s t a b i l i t y 

a f t e r being used f o r 30 h as anode f o r 0 2 e v o l u t i o n . C y c l i c voltammograms 

obtained a f t e r prolonged use showed s i m i l a r f e a t u r e s to the new ones; 
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a c c o r d i n g to t h i s , i t i s reasonable to assume t h a t the s t a t e of the s u r f a c e 

has not changed s i g n i f i c a n t l y . 

-2 

TABLE I I . O v e r p o t e n t i a l f o r 0 2 e v o l u t i o n , a t 100 mA cm , f o r d i f f e r e n t 

m a t e r i a l s 
ELECTRODE ï] n / u u lu n 02/mV vs Hg/Hg0 

R h 3 + c o n t a i n i n g N i C o ^ 260 Th i s work 
NiCo 00, 415 Th i s work 2 4 
N i C o 2 0 4 360 Haenen et a l | 3 | 

In c o n c l u s i o n , the present work has shown t h a t both .long term 

s t a b i l i t y and e l e c t r o c a t a l y t i c a c t i v i t y of the N i C o , ^ e l e c t r o d e can be 

improved by the i n t r o d u c t i o n of Rh^ + i n the s t r u c t u r e . 

A s t r u c t u r a l c h a r a c t e r i z a t i o n of t h i s n o v e l m a t e r i a l i s now i n course. 
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