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i m p r o v e s d i f f u s i o n . T h e MnO^ h e a t e d t o 5 7 5 K h a s t h e o v e r a l l 

b e s t p e r f o r m a n c e . T h i s i s s i m i l a r t o t h e e a r l i e r work. a l s o . 

T h e p r e s e n c e o f g a m m a - b e t a MnCL i s r e s p o n s i b l e f o r t h i s . 

T h e h i g h e r c h a r g e t r a n s f e r r e s i s t a n c e v a l u e s i n d i c a t e t h a t 

t h e l i t h i u m h a s a s u r f a c e f i l m . 

M n C ^ h e a t e d t o 573 K a n d a n e l e c t r o l y t e c o m p o s i t i o n 

o f P C : D M E , 3 : 1 c o n t a i n i n g 1 m o l a r c o n c e n t r a t i o n o f l i t h i u m 

p e r c h l o r a t e s e e m s t o b e t h e b e s t f o r l i t h i u m b u t t o n c e l l s . 
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P R E L I M I N A R Y S T U D I E S ON T H E B E H A V I O U R O F M A N G A N E S E D I O X I D E 

I N P R O P Y L E N E C A R B O N A T E BY C Y C L I C V O L T A M M E T R Y - I 

R . J a n a k i r a m a n , K . G o p a l a k r i s h n a n , P . N . N . N a m b o o d i r i a n d 

R . G a n g a d h a r a n , C e n t r a l E l e c t r o c h e m i c a l R e s e a r c h I n s t i t u t e , 

K a r a i k u d i - 6 2 3 0 0 6 , I n d i a . 

SUMMARY 

H e a t t r e a t e d e l e c t r o l y t i c m a n g a n e s e d i o x i d e i s 

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

b a t t e r i e s . H e a t t r e a t m e n t a t 4 0 0 ° C , r e m o v e s t h e o c c l u d e d 

w a t e r i n t h e M n 0 2 . A l s o , p a r t i a l c r y s t a l c h a n g e f r o m p u r e 

g a m a t o a m i x t u r e o f g a m a - B e t a o c c u r s d u r i n g t h i s h e a t 

t r e a t m e n t . I n t h i s p a p e r t h e r e d u c t i o n m e c h a n i s m o f h e a t 

t r e a t e d M n 0 2 i n 0 . 5 M L i C 1 0 4 / P C - 2 M L i C 1 0 4 / P C h a v e b e e n 

s t u d i e d b y c y c l i c v o l t a m m e t r y . T h e m e c h a n i s m o f M n 0 2 r e d u c ­

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

I N T R O D U C T I O N 

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

f a b r i c a t i n g l i t h i u m / m a n g a n e s e d i o x i d e c e l l s i n n o n - a q u e o u s 

m e d i a [ 1 , 2 , 3 ] . O n e o f t h e s o l v e n t s u s e d f o r t h i s p u r p o s e 

i s p r o p y l e n e c a r b o n a t e ( P C ) . MnO u s e d f o r t h e L i / M n O _ c e l l s 
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i s g a m a MnO - o r b e t a M n O - . G e n e r a l l y / o c c l u d e d w a t e r i n 

t h e a b o v e f o r m s o f M n 0 2 i s r e m o v e d b y h e a t i n g t h e c a t h o d e 

m a t e r i a l f o r m o r e t h a n 4 8 h o u r s a t 4 0 0 ° C . T h e s a m p l e t h u s 

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

m a n g a n e s e d i o x i d e c e l l . T h e r e d u c t i o n b e h a v i o u r o f MnC< 2 i s 

n o t w e l l u n d e r s t o o d i n s p i t e o f s e v e r a l i n v e s t i g a t i o n s 

c o n d u c t e d [ 1 , 4 , 5 ] b y v a r i o u s r e s e a r c h w o r k e r s . T h i s p a p e r 

a t t e m p t s t o s t u d y i n a d e t a i l e d w a y t h e b e h a v i o u r o f M n 0 2 i n 

p r o p y l e n e c a r b o n a t e c o n t a i n i n g L i C 1 0 4 b y c y c l i c v o l t a m m e t r i c 

e x p e r i m e n t s . 

E X P E R I M E N T A L 

a ] A p p a r a t u s 

A W e n k i n g p o t e n t i o s t a t L B 7 5 H , S c a n G e n e r a t o r 

V S G 72 a n d a D i g i l o g 2 0 0 0 x - y r e c o r d e r w i t h m o d u l e t y p e s 

7 a n d 8 e a c h h a v i n g 17 r a n g e s o f s e n s i t i v i t y w e r e u s e d . 

A n I R d r o p c o m p e n s a t o r w a s s p e c i a l l y d e s i g n e d f o r t h e s e 

e x p e r i m e n t s t o c o m p e n s a t e t h e h i g h r e s i s t a n c e o f t h e n o n ­

a q u e o u s m e d i u m . 

t>] C e l l 

A t h r e e e l e c t r o d e c e l l was u s e d f o r e x p e r i m e n t s . 

A P t f o i l w a s u s e d a s a n a u x i l i a r y e l e c t r o d e a n d L i m e t a l 

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

T h e A r g o n g a s w a s p u r i f i e d b y m e a n s o f a ' R a r e g a s p u r i f i e r 

4 ' s u p p l i e d b y M / s B r i t i s h O x y g e n L t d . , L o n d o n . 

T h e e x p e r i m e n t s w e r e c o n d u c t e d b y k e e p i n g t h e 

c e l l i n a g l o v e b o x a s d e s c r i b e d b e l o w . S i l i c a g e l ( B D H ) 

w a s u s e d f o r i n d i c a t i n g t h e r e l a t i v e h u m i d i t y a n d ^ 2 ^ 5 

( R a n b a x y ) w a s u s e d f o r d r y i n g t h e a t m o s p h e r e . B e f o r e i n t r o ­

d u c i n g t h e c e l l A r g o n was f l u s h e d i n s i d e t h e g l o v e b o x . 

c ] E l e c t r o d e s 

EMD o b t a i n e d f r o m C e n t r a l E l e c t r o c h e m i c a l R e s e a r c h 

I n s t i t u t e , K a r a i k u d i , I n d i a / h a s b e e n u s e d f o r p r e p a r i n g 

t h e e l e c t r o d e . T h e EMD w a s w a s h e d s e v e r a l t i m e s t o r e m o v e 

c h l o r i d e i m p u r i t i e s a n d t h e n p o w d e r e d a n d s i e v e d . M n 0 2 

p o w d e r w a s s i e v e d t h r o u g h a m e s h s i z e o f 2 0 0 . T h i s w a s 

h e a t e d t o 4 5 0 ° C f o r m o r e t h a n 4 8 h o u r s t o g e t b e t a M n 0 2 

[ 1 ] . T h i s w a s m i x e d w i t h 10% a c e t y l e n e b l a c k a n d c o l l o i d a l 

P T F E b i n d e r a n d d r i e d a t 1 1 0 ° C f o r t w o h o u r s . P e l l e t s w e r e 

2 

m a d e a t a p r e s s u r e o f 5 0 0 0 k g / c m . T h e s u b s t r a t e f o r t h e 

p e l l e t w a s n i c k e l m e s h . L e a d s w e r e t a k e n f r o m t h i s m e s h 

t h r o u g h a g l a s s t u b e f o r e l e c t r i c a l c o n n e c t i o n s . 

P l a t i n u m f o i l e l e c t r o d e w a s c l e a n e d i n n i t r i c 

a c i d , w a s h e d w i t h w a t e r f o l l o w e d b y a w a s h i n a c e t o n e a n d 

d r i e d . 

d ] E l e c t r o l y t e 

P C s u p p l i e d b y R i e d e l / W . G e r m a n y was d i s t i l l e d 

u n d e r r e d u c e d p r e s s u r e a n d d r i e d o v e r 4 A m o l e c u l a r s i e v e s 
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( L i n d e ) . T h i s s a m p l e was f u r t h e r d i s t i l l e d w i t h L i m e t a l 

p o w d e r ( F o o t e , U S A ) . W a t e r c o n t e n t w a s b r o u g h t d o w n t o 

3 0 ppm a n d e s t i m a t i o n o f w a t e r c o n t e n t w a s d o n e b y a n a u t o ­

m a t i c K a r l F i s c h e r T i t r i m e t e r ( T o s h n i w a l , I n d i a ) . L i C l 0 4 

s a m p l e ( f l u k a ) was d r i e d u n d e r v a c u u m a t 1 2 0 ° C f o r 4 8 h o u r s . 

T h e s o l u t i o n s w e r e p r e p a r e d i n a g l o v e b o x . 

C y c l i c v o l t a m m o g r a m s f o r v a r i o u s c o n c e n t r a t i o n s 

r a n g i n g f r o m 0 . 5 M t o 2 M L i C 1 0 4 i n P C w e r e o b t a i n e d f o r 

s w e e p r a t e o f 2 0 mV s e c . P o t e n t i a l s c a n s w e r e m a d e f r o m 

R e s t p o t e n t i a l (+ 3 . 2 V ) u p t o + 2 V a n d b a c k . A l l e x p e r i ­

m e n t s w e r e c o n d u c t e d a f t e r 15 m i n u t e s o f i m m e r s i o n o f t h e 

M n 0 2 e l e c t r o d e i n t h e e l e c t r o l y t e . 

R E S U L T S AND D I S C U S S I O N 

F i g . 1 t o 3 s h o w t h e v o l t a m m o g r a m s f o r t h e b e t a 

M n 0 2 . T h e n o n - s t o i c h i o m e t r y o f M n 0 2 i s i n t h e r a t i o o f 

1 : 0 . 8 . F o r a 0 . 5 M L i C 1 0 4 c o n c e n t r a t i o n i n P C , t h e r e v e r s i ­

b i l i t y o f t h e M n 0 2 i s a f f e c t e d . T h i s i s d u e t o t h e f a c t 

t h a t t h e r e d u c t i o n o f M n 0 2 h a s n o t f a v o u r a b l y o c c u r r e d i n 

t h i s c o n c e n t r a t i o n . B u t o n i n c r e a s i n g t h e c o n c e n t a t i o n 

t o 1 Mr a r e v e r s i b l e v o l t a m m o g r a m i s o b t a i n e d i n d i c a t i n g 

t h a t r e d u c t i o n o f M n 0 2 t a k e s p l a c e a t a p e a k p o t e n t i a l o f 

2 . 6 5 w i t h r e s p e c t t o l i t h i u m . T h e s a m e c o n d i t i o n i s r e p e a t e d 

f o r 2 M s o l u t i o n . H o w e v e r , t h e r e a r e t w o p e a k s a t 2 . 8 5 V 

a n d 2 . 3 5 V i n d i c a t i n g t h a t t h e r e d u c t i o n i s n o t t a k i n g p l a c e 

i n a s i n g l e s t a g e a n d i n v o l v e s m o r e d e t a i l e d e x a m i n a t i o n . 
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2-5 

P O T E N T I A L / VOLT 

F I G . 1 . C Y C L I C V O L T A M M O G R A M OF M n 0 2 IN P C 

C O N T A I N I N G L i C I O / , ( 0-5 M ) 

S W E E P R A T E : 20 m V S" 1 

3-15 2-65 

P O T E N T I A L / VOLT 

S W E E P R A T E 2 0 m V S 
•1 

2-15 

F I G . 2 . C Y C L I C V O L T A M M O G R A M OF M n 0 2 i n P C 

CONTAINING L i C l O ^ ( 1-OM ) 
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T h e p o s s i b l e m e c h a n i s m o f r e d u c t i o n MnC>2 i n a l i t h i u m c e l l 

f i r s t p r e d i c t e d b y I k e d a [ 1 ] i s t h a t t h e i n t e r c a l a t i o n o f 

3 + + 

L i i n t o t h e p o r e s o f ( M n 0 2 t a k e s p l a c e a n d Mn ( L i t y p e 

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

v e r i f i e d b y M a r i a e t a l [ 4 ] i n t h e i r c h r o n o p o t e n t i o m e t r i c 

s t u d i e s . B u t i n a l l t h e s e e x p e r i m e n t s t h e a b o v e a u t h o r s 

h a v e u s e d L i a s a n a u x i l i a r y e l e c t r o d e a n d i t i s q u i t e l i k e l y 

t h a t t h e e l e c t r o n i c r e d u c t i o n o f MnO _ i s a c c o m p a n i e d b y 

t h e d i s s o l u t i o n o f L i i o n s . I n t h i s i n v e s t i g a t i o n e x p e r i ­

m e n t s h a v e b e e n c a r r i e d o u t u s i n g i n e r t P t e l e c t r o d e i n 

t h e p l a c e o f L i . I n s u c h a s i t u a t i o n we e x p e c t t h a t t h e 

p o s s i b l e e l e c t r o n i c r e d u c t i o n o f M n O £ m i g h t b e d i f f e r e n t 

f r o m t h e o n e w h i c h h a s b e e n p r e d i c t e d b y I k e d a . I t i s 

e v i d e n t f r o m t h e c h a n g e s o f c o n c e n t r a t i o n / s t a r t i n g f r o m 

0 . 5 M t o 2 M / t h e p a t t e r n o f c y c l i c v o l t a m m o g r a m v a r y f r o m 

n o p e a k t o t w o p e a k s . A s t h e c o n c e n t r a t i o n i n c r e a s e s f r o m 

1 H t o 2 Hi t h e p r o c e s s o f r e d u c t i o n o f Mn02 v a r i e s . 

T i k h o n o v a n d h i s c o w o r k e r s [ 6 ] s u g g e s t e d t h a t a c h e m i c a l 

r e a c t i o n m i g h t f o l l o w t h e r e d u c t i o n o f M n 0 2 . F r o m t h e v a r i a ­

t i o n o f c o n c e n t r a t i o n o f t h e e l e c t r o l y t e t h e m e c h a n i s m o f 

t h e r e d u c t i o n v a r i e s . H e n c e / t h e o b s e r v a t i o n made by I k e d a 

a n d T i k h o n o v f o r s p e c i f i c r e d u c t i o n o f M n 0 2 d o n o t a g r e e 

w i t h t h e p r e s e n t r e s u l t s . We c o n c l u d e t h a t i n p r e s e n c e 

o f a n i n e r t e l e c t r o d e t h e r e d u c t i o n o f M n 0 2 d e p e n d s o n c o n ­

c e n t r a t i o n o f t h e e l e c t r o l y t e p o s s i b i l y v a r y i n g f r o m c h e m i c a l 

t o e l e c t r o c h e m i c a l r e d u c t i o n . 



- 198 -

R E F E R E N C E S 

1 ) H . T . I k e d a a n d ' H . T a m u r a , M a n g a n e s e d i o x i d e S y m p o s i u m , 

V o l . 1 , C l e v e l a n d , ( 1 9 7 5 ) p . 3 8 4 

2 ) A . N . D e y , E x t e n d e d A b s t r a t s , V o l 7 3 - 2 , O c t . ( 1 9 7 3 ) 

A b s t r a c t N o . 5 4 , p . 1 3 2 

3 ) K . V . P r a s a d , P . N . N . N a m b o o d i r i a n d R . G a n g a d h a r a n , 

P r o c . S y m p . A d v a n c e s i n E l e c t r o c h e m i c a l E n e r g y S t o r a g e 

a n d C o n v e r s i o n , C E C R I , K a r a i k u d i , I n d i a . , J a n . ( 1 9 8 3 ) 

4 ) M . B e l t o w s k a , E . D u t k i e w i c z a n d J . S t u c z y n s k a , 

J . E l e c t r o a n a l . C h e m . , V o l . 1 3 5 , ( 1 9 8 2 ) p . 1 0 3 

5 ) D a o - z h i B i , J i - q i a n g W a n g , D a n g - J u n , P r o c . P o w e r S o u r c e s 

f o r B i o m e d i c a l i m p l a n t a b l e a p p l i c a t i o n s a n d a m b i e n t 

t e m p e r a t u r e l i t h i u m b a t t e r i e s e d s B . B . O w e n a n d N . 

M a r g a l i t , T h e E l e c t r o c h e m i c a l S o c i e t y , I n c . , P r i n c e t o n , 

( 1 9 8 0 ) p . 2 8 3 

6 ) K . I . T i k h o n o v , S . L . T s a p a k h a n d K . A . M i k h a i l o v a , 

S o v i e t E l e c t r o c h e m i s t r y , V o l . 1 6 ( 1 9 8 0 ) p . 1 2 3 

( R e c e i v e d , 22 O c t o b e r 1992 

R e v i s e d f o r m , 17 May 1993) 

A Voltammetric Study of Silver Electrodeposition Coupled 
with Hydrogen Peroxide Oxidation and Reduction 

on Carbon Microelectrodes 

J.P. SOUSA 
Departamento de Engenharia Química 
Faculdade de Engenharia da Universidade do Porto 
Rua dos Bragas 
4099 Porto Codex 
PORTUGAL 

ABSTRACT 

Measurements are reported of the linear sweep voltammograms of silver 
on the presence of mixed catalytic oxidation/reduction of hydrogen peroxide on 

to vitreous carbon microdisk electrode. The catalytic rate constants were 

determined by performing theoretical simulations of the expected responses of 
the current-potential profiles and good agreement was found between these 

calculated profiles and the experimental responses in the cathodic branch for 
k 9 ° = 2.5 . 10" 6 mol cm'^s'. The occurrence of a nonelectrochemical pathway 

reaction associated to the catalytic behaviour of hydrogen peroxide at silver 
substrates was observed experimentally and the density flux rate constant of 

this reaction was found to be 3.2 . 10~6 mol cm'^s'K 

INTRODUCTION 

The coupled reduction and oxidation of hydrogen peroxide has 
been repeatedly investigated following the initial work towards the 
end of the last century [1]. The interest in this reaction has stemmed 
both from the view that it should be one of the simplest examples of 
catalytic processes (a view hardly born out by the results obtained 
experimentally) and, latterly, because of the participation of hydrogen 
peroxide as an intermediate in the technologically important 
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