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e s t a b l i s h t h i s c o n c l u s i o n and t o enable the q u a n t i t a t i v e d e t e r m i n a t i o n 

of c o r r o s i o n r a t e k i n e t i c parameters. 
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ELECTROCHEMICAI BEHAVIOUR OF THE BASAL PLATINUM f 1 10!) 

SINGLE CRYSTAL I N 0.1 M NaOH. 

E. M o r a l l o n , M. L o p e z - A t a l a y a , F. C a s e s , J • L . V a z q u e z a n d 

A. A l d a z 

D e p a r t a m e n t o de Q u i m i c a - F i s i c a . U n i v e r s i d a d de A l i c a n t e . 

A p a r t a d o 99. A l i c a n t e ( S P A I N ) . 

INTRODUCTION: 

W h e r e a s t h e 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 e p l a t i n u m 

e l e c t r o d e h a s b e e n e x t e n s i v e l y s t u d i e d i n a c i d m e d i a , m a i n l y 

due t o i t s u s e a s e l e c t r o l y t e i n f u e l c e l l s , o n l y a few 

s t u d i e s h a v e b e e n made i n o f p l a t i n u m i n a n a l k a l i n e 

s o l u t i o n [ 1 - 5 ] , b e c a u s e t h i s e l e c t r o l y t e s u f f e r f r o m 

p r o g r e s s i v e c a r b o n a t i o n d u r i n g t h e o x i d a t i o n o f o r g a n i c 

m o l e c u l e s . I n s p i t e o f t h i s , i t i s i n t e r e s t i n g t o s t u d y t h e 

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

a n d t o c o m p a r e i t w i t h t h a t i n a c i d m e d i a . 

EXPERIMENTAL: 

The e l e c t r o l y t e was a n 0.1M s o d i u m h y d r o x i d e ( P . A . 

M e r c k ) s o l u t i o n a n d t h e w a t e r u s e d f o r i t s p r e p a r a t i o n was 

f r o m a M i l l i p o r e - M i l l i Q s y s t e m . A P t c o u n t e r e l e c t r o d e was 

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

h y d r o g e n e l e c t r o d e i n t h e same s o l u t i o n ( R H E ) . 

The c y c l i c v o l t a m m o g r a m s w e r e r e c o r d e d a t room 

t e m p e r a t u r e a t a sweep r a t e o f 50 mV/s, s t a r t i n g i n t h e 

n e g a t i v e s e n s e f r o m a n i n i t i a l p o t e n t i a l o f 0.7V. 

The s i n g l e c r y s t a l e l e c t r o d e , k i n d l y p r e p a r e d by 

J . C l a v i l i e r , was t h e r m i c a l l y t r e a t e d b e f o r e e a c h e x p e r i e n c e 

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

J . C l a v i l i e r [ 6 ] . 

RESULTS AND DISCUSSION: 

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

t r a n s f e r t o t h e e l e c t r o c h e m i c a l c e l l . F i g . 1 shows t h e 

v o l t a m m o g r a m o b t a i n e d . The f i r s t n e g a t i v e sweep shows a 

p e a k , a t 0.53V, due t o t h e r e d u c t i o n o f t h e t h e r m i c a l l y 

a d s o r b e d o x y g e n . Once t h i s o x y g e n i s r e d u c e d , t h e h y d r o g e n 

a d s o r p t i o n a p p e a r s w i t h o n l y one p e a k a t 0.3V c o r r e s p o n d i n g 

t o a w e a k l y b o n d e d h y d r o g e n . The f i r s t c y c l e i n t h e p r o c e s s 

o f a d s o r p t i o n - d e s o r p t i o n o f t h e h y d r o g e n , i s s l i g h t l y 

a s s y m e t r i c b u t t h i s d i s a p p e a r s i n t h e n e x t c y c l e . 

The s t e a d y v o l t a m m e t r i c c u r v e o b t a i n e d b e t w e e n t h e 

p o t e n t i a l l i m i t s o f 0.06V a n d 0.55V i s g i v e n i n F i g . 2. The 

p e a k a t 0.3V i s s t a b l e w h e n e v e r t h e u p p e r p o t e n t i a l l i m i t i s 

m a i n t a i n e d b e l o w 0.55 V. The c h a r g e m e a s u r e d f o r t h i s p e a k 

i s 140 uC/Cm w h i c h c o r r e s p o n d s t o a ( l x l ) s t r u c t u r e . T h i s 

r e s u l t c o n t r a s t s w i t h t h a t o b t a i n e d i n 0.5 M H SO [ 7 ] a n d 
2 -A 

1 M H PO [ 8 ] i n w h i c h t h e h y d r o g e n a d s o r p t i o n c h a r g e 
3 4 

c o r r e s p o n d s t o a ( 1 x 2 ) s t r u c t u r e , c h a r g e v a l u e s b e i n g 

210-220,C/cm^ a n d 2 0 9 i C / c m 2 r e s p e c t i v e l y . So h y d r o g e n 

a d s o r p t i o n i n a NaOH s o l u t i o n d o e s n ' t c a u s e s u r f a c e 

r e c o n s t r u c t i o n f o r t h e ( 1 1 0 ) o r i e n t a t i o n c o n t r a r y t o wha t 

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

a c i d s . 

H o w e v e r i f t h e u p p e r p o t e n t i a l l i m i t i s i n c r e a s e d t o 1 

V, t h e s i n g l e p e a k u n f o l d s t o f o r m two o v e r l a p p e d p e a k s , t h e 

r e l a t i v e h e i g h t o f w h i c h c h a n g e s w i t h t h e number o f c y c l e s 

a n d t h e h y d r o g e n a d s o r p t i o n i s s l i g h t l y i n c r e a s e d ( 1 6 6 

uC/cm ). The a d s o r p t i o n o f o x y g e n i s a l s o a f f e c t e d a n d t h e 

amount o f o x i d e d e c r e a s e w i t h t h e number o f c y c l e s . F i g u r e s 

3-5 show t h e r e s u l t s o b t a i n e d , f o r t h e f i r s t , s e v e n t h a n d 

e i g h t e e n t h c y c l e . So we mus t a c c e p t t h a t o x y g e n a d s o r p t i o n 

w i t h a p o t e n t i a l o f o v e r I V s l i g h t l y m o d i f y t h e ( l x l ) 

s t r u c t u r e . 
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l.f A / c a * 

F i g . 1: Voltarnnogran f o r P t ( l l O ) i n 0.1M NaOH. Sweep 
rate 50 mV/s. F i r s t negative sweep showing 
desorption o f thermally adsorbed oxygen. Fig. 2: Steady voltanmogram f o r P t ( l l O ) i n 

0.1JM NaOH. Sweep rate 50 mV/s. 
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F i g . 3: Voltanrnogran f o r the f i r s t adsorption-
desorption of oxygen and the subsequent 
adsorption-desorption o f H f o r the P t ( l l O ) . 
Sweep rate 50 mV/s, 0.1M NaOH. 

E.VCRHE) 

F i g . 4: Seventh c y c l e to IV of Pt(HO) i n o.W NaOH 
Sweep rate 50 mV/s. 
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Fig. 5: Eighteenth cycle to IV of Pt(llO) in 0.1N NaOH. Sweep rate 50 mV/s. 
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INTRODUCTION: 

The i n t e r e s t i n t h e more e f f i c i e n t use of o r g a n i c 

f u e l c e l l s has i n c r e a s e d c o n s i d e r a b l y a f t e r t h e energy 

c r i s i s of 1973. For t h i s r e a s o n , t h e a t t e n t i o n of a.number 

of e l e c t r o c h e r n i s t has f o c u s e d on e l e c t r o c h e m i c a l energy 

c o n v e r s i o n i n c l u d i n g t h e d i r e c t o x i d a t i o n of o r g a n i c 

m o l e c u l e s . P h o s p h o r i c a c i d i s one of t h e most a t t a c t i v e 

e l e c t r o l y t e s f o r p r a c t i c a l medium t e m p e r a t u r e (>200°C) 

f u e l c e l l s C I ] , i n s p i t e of i t s d i l u t e s o l u t i o n s low 

c o n d u c t i v i t y at room t e m p e r a t u r e . I t has been w e l l 

e s t a b l i s h e d t h a t , as f o r s u l f u r i c a c i d , t h e r e i s s p e c i f i c 

a d s o r p t i o n of a n i o n s i n H PO on Pt s u r f a c e s C23. 
s 4 

The aim of t h e p r e s e n t s t u d y was t o d e t e r m i n e t h e 

hydr o g e n a d s o r p t i o n - d e s o r p t i o n b e h a v i o u r on P t ( l l O ) 

e l e c t r o d e , i n 1M p h o s p h o r i c a c i d as e l e c t r o l y t e . As i t can 

be seen, t h i s b e h a v i o u r i s v e r y c l o s e t o t h a t o b t a i n e d by 

C l a v i l i e r i n s u l f u r i c a c i d [3D. 

EXPERIMENTAL: 

The t e s t s o l u t i o n was 1M p h o s p h o r i c a c i d , t h a t was 

p r e p a r e d by m i x i n g 85% p h o s p h o r i c a c i d ( P r o - a n a l y s i , 

Merck) w i t h 30% H^O^ ( P r o - a n a l y s i , M e r ck), and t h i s 

s o l u t i o n was h e a t e d t o 90°C u n t i l gas e v o l u t i o n c e a s e d . 

The a c i d was t h e n h e a t e d t o 160°C t o r e d u c e t h e water 
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