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A new t h i n - l a y e r s p e c t r o e l e c t r o c h e m i c a l c e l l w i t h an o p t i c a l l y 

t r a n s p a r e n t t h i n - l a y e r e l e c t r o d e (OTTLE) has been d e s i g n e d and 

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

s u p p o r t i n g e l e c t r o l y t e i n aqueous s o l u t i o n as model system. The 

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

and s o l u t i o n . 

The c e l l i s made of p l e x i g l a s s and i s equ i p p e d w i t h two s e m i -

t r a n s p a r e n t t i n o x i d e c o a t e d g l a s s windows a t a d i s t a n c e o f 50-150um, 

i . e . s m a l l e r t h a n t h e s e m i - i n f i n i t e e l e c t r o c h e m i c a l d i f f u s i o n l a y e r 

t h i c k n e s s . The i n t e r i o r volume v a r i e s f rom l - 1 0 u l a c c o r d i n g t o t h e 

s p a c i n g between t h e t i n o x i d e windows and can be used e i t h e r i n a 

s t a t i o n a r y mode o r i n a c o n t i n u o u s f l o w system. Flow c e l l s [1,2] have 

the advantages of the s t e a d y s t a t e a t t a i n a b l e i n a hydrodynaraic 

system, assuming l a m i n a r f l o w w i t h i n t h e t h i n l a y e r c e l l , and removal 

of any gaseous r e a c t i o n p r o d u c t s . 

D e s i g n o f the c e l l i s s u c h t h a t p l a t i n u m w i r e o r tube, o r t i n 

o x i d e c o a t e d windows can be used as w o r k i n g o r c o u n t e r e l e c t r o d e s , t h e 

r e f e r e n c e e l e c t r o d e b e i n g A g l A g C l (0.1M KC1). I t can be mounted 

d i r e c t l y i n a c o n v e n t i o n a l s p e c t r o p h o t o m e t e r by s i m p l y u s i n g a s m a l l 

a d a p t a b l e s u p p o r t . 
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A l l s o l u t i o n s were p r e p a r e d from t r i p l y d i s t i l l e d water and 

a n a l y t i c a l grade r e a g e n t s . 

C y c l i c voltammograms o f t h e f e r r i / f e r r o c y a n i d e c o u p l e i n the t h i n -

l a y e r c e l l , F i g . 1, e x h i b i t , a t a s c a n r a t e o f 5mV s _ 1 , some e f f e c t 

from uncompensated r e s i s t a n c e due t o the c e l l d i m e n s i o n s . 
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F i g . 1 C y c l i c voltammograms f o r 1.4xlO- 3M JLtFeCCIDs i n 1.0M KC1 i n 
OTTLE c e l l , t h i c k n e s s 250;im, and s c a n r a t e of 5mV s _ 1 . 
Working e l e c t r o d e SnCb, r e f e r e n c e e l e c t r o d e A g l A g C l (0. 1M KC1) 
and c o u n t e r e l e c t r o d e ( ) S n 0 2 o r ( ) Pt tube. 

The e f f e c t of t h e uncompensated r e s i s t a n c e i s l e s s when u s i n g a 

much h i g h e r c o n c e n t r a t i o n o f s u p p o r t i n g e l e c t r o l y t e , F i g . 2, and a v e r y 

low s c a n r a t e of O.lmV s - ' . The d i f f e r e n c e between t he a n o d i c and 
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c a t h o d i c peak p o t e n t i a l s i n c y c l i c voltammograms i s l e s s t h a n lOmV 

which s u g g e s t s a good c e l l d e s i g n . The f o r m a l p o t e n t i a l o b t a i n e d f o r 

th e f e r r i / f e r r o c y a n i d e s y stem of +0.26V vs. A g l A g C l (0. 1M KC1) i s i n 

good agreement w i t h t h a t expected. 

(a) (b) 

F i g . 2 C y c l i c voltammograms f o r 3.9xlO-*M IUFe(C]i)6 i n 3. OK KC1 i n 
OTTLE c e l l , t h i c k n e s s 250jnn, a t a s c a n r a t e o f O.lmV s - 1 . 
Counter e l e c t r o d e Pt tube, r e f e r e n c e e l e c t r o d e A g l A g C l 
(0.1M KC1) and w o r k i n g e l e c t r o d e : (a) Pt w i r e and (b) S n O i . 

R e s u l t s w i t h t h i s c e l l i n t he f l o w - t h r o u g h mode g i v e t h e s i g m o i d a l 

shape o b t a i n e d i n c o n v e n t i o n a l s t e a d y - s t a t e c u r r e n t - v o l t a g e c u r v e s . 

The voltammograms o b t a i n e d b o t h i n the s t a t i o n a r y and f l o w - t h r o u g h 

modes show the t h i n - l a y e r t e c h n i q u e i s a v e r y l o n g t i m e s c a l e 

v o l t a m m e t r i c t e c h n i q u e , a s the b e t t e r r e s u l t s a r e f o r s c a n r a t e s of 

the o r d e r o f O.lmV s " 1 . However, t h i s c o u l d be advantageous f o r 

q u a n t i t a t i v e s t u d i e s of e l e c t r o d e r e a c t i o n s w i t h s m a l l heterogeneous 

r a t e c o n s t a n t s . 
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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. 

R e f e r e n c e s 

1. J.O'M. B o c k r i s and B. Yang, J . E l e c t r o a n a l . Chem. , 1988,252,209. 

2. G. Fars a n g , T. Dankh a z i , J . L o r a n t h and L. D a r u h a z i , T a l a n t a , 

1988,35,855. 

3. W.R. Heinemann, F.M. Hawkridge and N. B l o u n t i n E l e c t r o a n a l y t i c a l 

C h e m i s t r y ed. A.J. Bard, Dekker, NY, Vo l . 1 3 , 1984,1-113. 

ELECTROCHEMICAL BEHAVIOUR OF RHODIUM CONTAINING NiCo„0. ELECTRODES 
2 4 

H.M. Carapuça , M.I.S. P e r e i r a and F.M.A. da Costa 

* C.Q.F.R., * C E . C U . L / ( I N I C ) - F.C.U.L. 

R. E s c o l a Politécnica, 58, 1294 L i s b o a Codex - P o r t u g a l 

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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