
- 30 -

REFERENCES 

1. A.T.Hubard, R.P.Ishikawa and l .Ka t eka ru , 3.Electroanal . Chem. 

86 (1978) 271. 

2. K.Yamamoto , D . M . K o l b , R . K o t z and G.Lehmpfuhl, 3.Electroanal . 
Chem. 96 (1979) 233. 

3. ' J . C l a v i l i e r , 3.Electroanal . Chem. 107 (1980) 211. 

it. A.Wieckowski , B.C.Schardt , S. D.Rosasco, 3. L . Stickney and 
A.T.Hubard, Surf. Sei . 146 (1984) 115. 

5. N .Markov ic and P .N.Ross , Langmuir, 9 (1993) 580. 

6. 3.H.White and H.D.Abruna , 3.Phys.Chem. 94 (1990) 894. 

7. D.Dicker tmann, F . D . K o p p i t z and 3.W.Schultze, Elec t rochim. A c t a , 
21 (1976) 967. 

8. 3 .Clav i l i e r , R.Faure , G.Guinet and R.Durand, 3.Electroanal . Chem. 
107 (1980) 205. 

9. D.A.Scherson and D . M . K o l b , 3.Eiectroanal. Chem. 176 (19 84) 35 3. 

10. D . M . K o l b , M.Przasnyski and H.Gerischer , Elektrokhimiya, 13 (1977) 

700. 

11. D . M . K o l b , K.A13aaf-Golze , M . Z e i , Dechema-Monographien, Verlag 
Chemie, Weinheim, Vol.12 (1986) 53. 

(Received, 27 July, 1994 
Revised form, 7 March 1995) 

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 Z inc i n A l k a l i n e C a r b o n a t e S o l u t i o n s 

V i s a l a k s h i R a v i n d r a n a n d V . S . M u r a l i 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 623 006 
I n d i a 

A b s t r a c t 

C a r b o n a t i o n b y a t m o s p h e r i c c a r b o n d i o x i d e i s a p r o b l e m 
in a f f e c t i n g t h e p e r f o r m a n c e o f e l e c t r o d e s u s e d in a l k a l i n e 
b a t t e r i e s . Z inc e l e c t r o d e s s u f f e r l o s s o f s h e l f - l i f e , d i s c h a r g e 
c a p a c i t y a n d c y c l e l i f e w h e n c a r b o n a t e s c o n t a m i n a t e t h e 
e l e c t r o l y t e . C y c l i c v o l t a m m e t r i c s t u d i e s on z i n c in a l k a l i n e 
c a r b o n a t e s o l u t i o n s r e v e a l e d t h e f o r m a t i o n o f t w o t y p e s o f 
p a s s i v e f i l m s . I n c r e a s e o f c a r b o n a t e and h y d r o x y I ion 
c o n c e n t r a t i o n s causes t h e d i s s o l u t i o n o f b o t h t h e s e f i l m s . The 
e n h a n c e d d i s s o l u t i o n is r e s p o n s i b l e f o r t h e l o s s o f c y c l e l i f e . 
D e t a i l e d m e c h a n i s m o f f i l m - f o r m a t i o n and d i s s o l u t i o n i s d i s c u s s e d . 

I n t r o d u c t i o n 

I n t e r e s t i n t h e u n d e r s t a n d i n g o f t h e p a s s i v a t i o n o f z i n c 
in a l k a l i n e c a r b o n a t e s o l u t i o n s i s r a i s e d , in p a r t i c u l a r w i t h t h a t 
o f c a r b o n a t e ' s d e l e t e r i o u s e f f e c t i n a l k a l i n e e l e c t r o c h e m i c a l c e l l s 
w h i l e u s i n g z i n c as a r e c h a r g e a b l e a n o d e . C a r b o n a t e s s l o w l y 
a c c u m u l a t e due t o t h e a b s o r p t i o n o f a t m o s p h e r i c CO^ o r i t i s 

i n t r o d u c e d w i t h t h e t a p p i n g - u p w a t e r . E x c e s s amoun t s o f 
c a r b o n a t e s i n t h e e l e c t r o l y t e s o f N i - Z n c e l l s a r e k n o w n t o h a v e 
a d e t e r i m e n t a l i n f l u e n c e on t h e c e l l p e r f o r m a n c e ; t h e c e l l s 
become s l u g g i s h due t o t h e d e c r e a s e in c o n d u c t i v i t y [ 1 ] , 
H o w e v e r , a f e w s t u d i e s w e r e made on t h e e f f e c t o f c a r b o n a t e s 
on t h e d i s s o l u t i o n and p a s s i v a t i o n o f z i n c [ 2 , 3 , 4 ] . 

The c h e m i c a l s p e c i e s l i k e l y t o b e f o r m e d b y t h e 
o x i d a t i o n o f z i n c i n d i l u t e a l k a l i a n d a l k a l i n e c a r b o n a t e s 
s o l u t i o n s may b e an a m o r p h o u s f o r m and s i x o t h e r c r y s t a l l i n e 
f o r m s d e s i g n a t e d as , j3 f , PJ. , y , £ a n d £ . The mos t s t a b l e 
one i s € - Z n ( 0 H ) o r s e v e r a l b a s i c c a r b o n a t e s may be f o r m e d 

2 -
in a d d i t i o n t o ZnCO^ s p e c i e s i n e x c e s s c a r b o n a t e s o l u t i o n s . 
Z n 5 ( O H ) 6 ( C 0 3 ) 2 i s w e l l c h a r a c t e r i s e d among o t h e r b a s i c 

c a r b o n a t e s . I t o c c u r s n a t u r a l l y as h y d r o z i n c i t e among o t h e r b a s i c 
c a r b o n a t e s . I t o c c u r s n a t u r a l l y as h y d r o z i n c i t e w h i c h c o n s i s t s 

o f Zn + i n c o o r d i n a t i o n w i t h 6 and 4 in t h e r a t i o o f 2 : 3 [ 5 ] , 

I t i s a l s o i m p o r t a n t t o e s t a b l i s h w h e t h e r t h e f o r m a t i o n 
Z n C 0 3 i n v o l v e s t h e d i r e c t f o r m a t i o n o f a s o l i d s t a t e o x i d a t i o n 

o r d i s s o l u t i o n - p r e c i p i t a t i o n . 

Portugaliae Electrochimica Acta, 13 (1995) 31-40 
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E x p e r i m e n t a l 

Z inc e l e c t r o d e (99 .999% p u r i t y ) o f 0 . 5 c m 2 a r e a was 
u s e d as w o r k i n g e l e c t r o d e . A l a r g e p l a t i n u m a n d Hg j HgO| OH 
e l e c t r o d e s w e r e u s e d as a u x i l i a r y a n d r e f e r e n c e e l e c t r o d e s 
r e s p e c t i v e l y . The s o l u t i o n s w e r e d e o x y g e n a t e d b y p a s s i n g N 2 

gas b e f o r e t h e e x p e r i m e n t s . The A n a l a r c h e m i c a l s w e r e d i s s o l v e d 
in d o u b l e - d i s t i l l e d w a t e r . S o l u t i o n s o f 0 . 1 M t o 6 . 0 M KOH, and 

KOH s o l u t i o n s c o n t a i n i n g 1 0 - 1 M t o 8 x 1 0 _ 1 M K 2 C 0 3 w e r e u s e d . 

R e s u l t s 

1 . B e h a v i o u r i n a l k a l i s o l u t i o n s 

When p o l a r i s e d f r o m -1500 mV to -900 mV an a n o d i c p e a k 
a p p e a r e d a t -1200 mV ( F i g u r e 1 ) . The r e v e r s e scan e x h i b i t e d 

5̂00 fit. b= 

0 9 0 0 - 1 0 0 0 -1 100 - 1 - 2 0 0 - 1 - 3 0 0 - 1 - 4 0 0 - 1 - 5 0 0 -1 600 -1 7 0 0 - 1 - 8 0 0 

E / V 

F i g . 1 : T y p i c a l c y c l i c v o l t a m m o g r a m s o f z i n c in KOH 
s o l u t i o n s a t 50 m V / s 

( a ) 0 . 1 M ( b ) 6 . 0 M ( c ) 1 0 . 0 M 

a c a t h o d i c p e a k a t -1350 m V , f o l l w e d b y h y d r o g e n e v o l u t i o n 
in 0 . 1 M KOH. The a n o d i c p e a k p o t e n t i a l was i n d e p e n d e n t o f s w e e p 
r a t e . T h e a n o d i c p e a k c u r r e n t s d e c r e a s e d w i t h s w e e p r a t e . T h i s 
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i s b e c a u s e t h e e l e c t r o d e s u r f a c e i s g e t t i n g p a s s i v a t e d . The 
p a s s i v e f i l m f o r m a t i o n e x c e e d s t h e d i s s o l u t i o n o f z i n c in 0 . 1 M 
KOH. 

A t h i g h e r KOH c o n c e n t r a t i o n s ( 1 . 0 M t o 6 . 0 M KOH) t h e 
a n o d i c p e a k p o t e n t i a l a n d a n o d i c p e a k c u r r e n t v a r i e d l i n e a r l y 

1/2 
w i t h NTV L s w e e p r a t e J s u g g e s t i n g t h a t - t h e d i f f u s i o n o f 
z i n c ions in t h e s o l u t i o n i s s l o w . 7 

Log a n o d i c p e a k c u r r e n t s v a r i e d w i t h log aQ^~ i o n s . 

A v a l u e o f 0 .72 was o b s e r v e d in t h e c o n c e n t r a t i o n range o f 0 . 1 M 

t o 1 .0M s u g g e s t i n g t h e p a r t i a l c o v e r a g e o f t h e s u r f a c e b y OH~ 

i o n s , w h i l e c o m p l e t e c o v e r a g e o f t h e s u r f a c e b y OH ions 
o c c u r r e d in 1.0M t o 6 .0M KOH s o l u t i o n s , as i n d i c a t e d b y a v a l u e 
o f 0 . 8 9 . 

2 . B e h a v i o u r i n a l k a l i n e c a r b o n a t e s o l u t i o n s 

A . 0 . 1 M KOH + H 2 C 0 3 s o l u t i o n s 

F i g u r e 2 p r e s e n t s t h e e l e c t r o c h e m i c a l s p e c t r u m i n 0 . 1 M 
KOH c o n t a i n i n g K CO s o l u t i o n s . In 0 . 1 M KOH + 0 . 1 M K_CO_ 

1 • ' 1 1 — I I I 
- 0 9 -"° E / V 

F i g . 2 : T y p i c a l C y c l i c V o l t a m m o g r a m s o f z i n c i n 0 . 1 M KOH 
s o l u t i o n c o n t a i n i n g ( a ) 0 . 1 M K 2 C 0 3 , ( b ) 0 . 3 M K 2 C 0 3 , 

( c ) 0 . 5 M K _ C 0 _ . E . = - 0 . 9 V ; E 4 = - 1 . 5 V ; V = 5 

mV s 
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s o l u t i o n s , a n o d i c p e a k a p p e a r e d a t - 1 2 3 4 mV in t h e f o r w a r d scan 
a n d t h e c u r r e n t h a d f a l l e n t o a l o w v a l u e s u g g e s t i n g t h e 
p a s s i v a t i o n o f t h e s u r f a c e . A s i n g l e c a t h o d i c p e a k a p p e a r e d a t 
- 1424 m V . 

The a n o d i c p e a k p o t e n t i a l became n o b l e wlfch s w e e p r a t e 
w i t h IdEp Id l og y J 0 H - = 4 0 + 1 0 mV /decade ', T h e a n o d i c 
p e a k p o t e n t i a l s v a r i e d w i t h c a r b o n a t e ion c o n c e n t r a t i o n s . A t 

c o n s t a n t 0 H ~ ions and s w e e p r a t e , [ d E Id l og a r n 2 - ] = 30 
1 P , a 3 

mV d e c a d e . The v a r i a t i o n o f l og i w i t h log c a r b o n a t e a t 
P ' a - i 

a c o n s t a n t s w e e p r a t e i n t h e s w e e p r a t e range o f 5 t o 10 mV s 
g a v e a v a l u e o f 0 . 5 . T h i s sugges t s t h a t t h e r e i s a h i n d e r e n c e 
t o t h e d i s s o l u t i o n o f z i n c b y c a r b o n a t e ions and t h a t d i f f u s i o n 

o f t h e c a r b o n a t e in s o l u t i o n i s s l o w . H o w e v e r a b o v e 10 mV s , 
2 -

a v a l u e o f 0 .78 s u g g e s t s t h a t a d s o r p t i o n o f C o 3 i ons on t h e 

s u r f a c e t a k e s p l a c e a n d w i t h t i m e t h e c a r b o n a t e s d i f f u s e i n s i d e 
t h e p a s s i v e f i l m . In a l l c a r b o n a t e s o l u t i o n s , t h e v a r i a t i o n o f 
Q ( c h a r g e f l o w e d u n d e r an a n o d i c p e a k ) w i t h s w e e p r a t e 

3 
s u g g e s t s t h a t t h e p a s s i v a t i o n i s p r e d o m i n a n t f o r s h o r t p e r i o d s 
a n d w i t h t h e passage o f t i m e t h e p a s s i v e f i l m d i s s o l v e s in t h e 
p r e s e n c e o f e x c e s s c a r b o n a t e s . 

B . 1 .0M KOH + K 2 C 0 3 s o l u t i o n s 

F i g u r e 3 p r e s e n t s t h e c y c l i c v o l t a m m o g r a m o f z i n c in 
1 .0M KOH s o l u t i o n s c o n t a i n i n g K

2
C 0 3 - W h e n p o l a r i s e d f r o m 

-1500 m V , t h e f o r w a r d scan r e v e a l e d t w o a n o d i c p e a k s a t - 1 2 4 0 
mV f o l l o w e d b y a s h a r p p e a k a t - 1100 m V . C o m p l e t e p a s s i v a t i o n 
was o b s e r v e d u p t o - 9 0 0 m V . Beyond -900 m V , t h e c u r r e n t began 
t o r i s e . On t h e r e v e r s e scan a c a t h o d i c p e a k a p p e a r e d a t - 1 4 1 7 
mV a n d t h i s was f o l l o w e d b y h y d r o g e n e v o l u t i o n . 

F i r s t a n o d i c p e a k : 

The a n o d i c p e a k p o t e n t i a l v a r i e d w i t h l og v w i t h a 

v a l u e o f 40 mV d e c a d e - 1 . T h e a n o d i c p e a k p o t e n t i a l a n d p e a k 
c u r r e n t v a r i e d w i t h V v l i n e a r l y / s u g g e s t i n g t h a t t h e d i f f u s i o n 

o f c a r b o n a t e ions o r OH ions i s r a t e - c o n t r o l l i n g . T h e a n o d i c 
p e a k p o t e n t i a l v a r i e d w i t h log c a r b o n a t e ion c o n c e n t r a t i o n 
s u g g e s t i n g t h e p a r t i c i p a t i o n o f c a r b o n a t e i o n s , a n d t h e v a l u e 

o f 30 mV d e c a d e . T h e e l e c t r o n s may i n v o l v e s t e p w i s e e l e c t r o n 
t r a n s f e r and a c h e m i c a l s t e p s u c c e e d i n g t h e e l e c t r o n s t r a n s f e r 
i s s l o w . 
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Fig.3: T y p i c a l C y c l i c V o l t a m m o g r a m s o f z i n c in KOH s o l u t i o n s 
c o n t a i n i n g 0 . 5 M K 2 C 0 3 . ( A ) 0 . 1 M KOH ( B ) 1 .0M KOH 

E » = - 0 . 9 V ; E v = - 1 . 5 V ; V = 5 mV s " 1 . 

The a n o d i c p e a k c u r r e n t s d e c r e a s e d w i t h c a r b o n a t e ion 
c o n c e n t r a t i o n a n d 

[
d log i -, 

d log a C 0 3 2 - J v 0 H -

T h i s s u g g e s t s t h a t t h e d i s s o l u t i o n o f Z n 2 + i ons o u t s i d e 
t h e m e t a l i s h i n d e r e d w h i l e t h e p a s s i v e f i l m c o n t a i n i n g 
c a r b o n a t e f o r m a t i o n i s f a c i l i t a t e d . The a n o d i c c h a r g e (Q ) 
d e c r e a s e d w i t h v . T h e f l o w o f m e t a l ions l e a v i n g t h e lattice 
was f a c i l i t a t e d w i t h t h e p a s s a g e o f t i m e . 

A t c o n s t a n t s w e e p r a t e t h e i n c r e a s e o f Q w i t h c a r b o n a t e 
ion c o n c e n t r a t i o n may b e d u e t o t h e d i s s o l u t i o n o f Zn(OH) in 
p r e s e n c e o f c a r b o n a t e s . 

Second a n o d i c p e a k : 

The a n o d i c p e a k p o t e n t i a l v a r i e d w i t h l og v w i t h a 
s l o p e o f 70 m V / d e c a d e , and w i t h c a r b o n a t e i ons w i t h a s l o p e 

o f 30 mV d e c a d e 1 . T h e s e sugges t t h e p a r t i c i p a t i o n o f c a r b o n a t e 
ions a n d i n c o r p o r a t i o n o f c a r b o n a t e s in t h e p a s s i v e f i l m 
f o r m a t i o n a n d d i s s o l u t i o n . A t h i g h e r v . 
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b 9 j 3 2 - ~ 7 = 0 - 3 3 
L d log C 0 3 J v 

was o b s e r v e d , w h i c h became one a t low s w e e p r a t e . T h i s i s 
because o f t h e t i m e d e p e n d e n c y o f t h e a d s o r p t i o n o f c a r b o n a t e 
ions a n d m i g r a t i o n i n s i d e t h e f i l m . 

C . 6M KOH + K 2 C 0 3 s o l u t i o n s 

F i g u r e 4 p r e s e n t s t h e c y c l i c v o l t a m m o g r a m o f z i n c i n 
6M KOH c o n t a i n i n g K CO s o l u t i o n s . Even in t h e p r e s e n c e o f 
c a r b o n a t e s , t h e E p s h i f t e d t o w a r d s a c t i v e d i r e c t i o n w i t h v , 
s u g g e s t i n g t h a t t h e d i s s o l u t i o n o f z i n c as z i n c a t e o r z i n c 
h y d r o x y c a r b o n a t e s i s f a v o u r e d . T h e c a r b o n a t e s d i d no t 
i n f l u e n c e t h e d i s s o l u t i o n as e v i d e n c e d b y t h e i n d e p e n d e n c y o f 
E w i t h C O * - ' i ons c o n c e n t r a t i o n . In s o l u t i o n s c o n t a i n i n g 

p ,a 3 

2 > 0 . 3 M K 2 C 0 3 t h e a n o d i c p e a k c u r r e n t d e c r e a s e d w i t h v . T h i s 

sugges t s t h a t t h e r e i s a c o m p e t i t i o n b e t w e e n OH ions and C 0 3 

ions f o r t h e d i s s o l u t i o n a n d p a s s i v a t i o n r e s p e c t i v e l y . 

F i g .4: T y p i c a l C y c l i c V o l t a m m o g r a m s o f Z inc i n 6 . 0 M KOH s o l u ­
t i o n s c o n t a i n i n g : ( a ) + 0 . 1 M K 2 C 0 3 ; ( b ) + 0 . 3 M K 2 C 0 3 ; 

( c ) + 0 . 5 M K 2 C 0 3 . 

E . = - 1 . 2 mV; E . - 1 . 7 mV; V = 5 mV s 1 . 
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D i s c u s s i o n s 

M o s t o f t h e l i t e r a t u r e on t h e m e c h a n i s m o f p a s s i v a t i o n 
sugges t an a d s o r p t i o n m o d e l o r a m o d e l i n v o l v i n g t h e n u c l e a t i o n 
and g r o w t h o f a t w o d i m e n s i o n a l l a y e r , t h o u g h a d i s s o l u t i o n -
p r e c i p i t a t i o n m e c h a n i s m was t h e e a r l i e s t one k n o w n [ 6 - 9 ] . 

In 0 . 1 M KOH, t h e E was i n v a r i a n t w i t h s w e e p r a t e 
s u g g e s t i n g p ' a 

Zn + O H " — > ZnOH + e 

a n d t h e b l o c k i n g o f t h e a c t i v e s i t e s c a u s e d a d e c r e a s e o f 
d i s s o l u t i o n c u r r e n t . T h i s a d s o r b e d i n t e r m e d i a t e r e j e c t s a p r o t o n 
a t t h e c r i t i c a l p o t e n t i a l t o f o r m a p a s s i v e o x i d e l a y e r . The log 
i g v s l og a Q H _ v a r i a t i o n w i t h a s l o p e o f 0 .72 s u g g e s t s t h e 

f r a c t i o n a l c o v e r a g e b y ZnO w h i c h may be a l o o s e f l o c c u l a n t 
f i l m . 

Z n O H g d s + O H " — > ZnO + H 2 0 + e 

In h i g h e r c o n c e n t r a t i o n s o f a l k a l i , a v a l u e o f 

r t'_°_g.'p.a_ n = ° - 8 9 

L d log a Q H - J 

sugges t s t h a t t h e p a s s i v a t i o n may be due t o t h e f o r m a t i o n o f 
a m o n o l a y e r p h a s e r e s u l t i n g f r o m t h e n u c l e a t i o n g r o w t h a n d 
o v e r l a p o f t w o d i m e n s i o n a l o x i d e c l u s t e r s . 

An u n d e r l y i n g l a y e r o f Z n ( O H ) , w i t h an o v e r l a y e r o f 
ZnO may be f o r m e d in 0 . 1 M t o 1 .0M KuH s o l u t i o n . The p r e s e n c e 
o f o v e r l a y e r may r e s u l t f r o m t h e age ing o f t h e Z n ( 0 H ) 2 f i l m 
o r f r o m f i e l d e f f e c t s t o p r o d u c e a m o r e c o m p a c t ZnO s t r u c t u r e 
[ 1 0 ] . 

In t h e p r e s e n c e o f c a r b o n a t e s , t h e d e n s e f i l m on z i n c 
was n o t s t a b l e [11J a n d h i g h e r a n o d i c p o l a r i s a t i o n causes t h e 
a d s o r p t i o n o f COf"~ i o n s . I f t h e a d s o r p t i o n o b e y s L a n g m u i r 
i s o t h e r m [ 1 2 ] 

RT v oc F RT 
E = -ft, [ -3 + - - - E - In v 

P ' a oLa F KRT * a
F 

The £cL E pa«x/ d log v J w o u l d g i v e t h e a n o d i c T a f e l s l o p e 
o f t h e dissolution r e a c t i o n . The o b s e r v e d T a f e l s l o p e o f 35 

± 10 mV d e c a d e 1 s u g g e s t s t h a t 
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T h e n , 

Zn + OH ZnOH + e 

ZnOH + 0 . 4 C 0 3
2 " + 1.6 OH~ — > Z n ( O H ) 1 g ( C O ^ ^ + e 

i a = K^K 1 ( Z n ) ( O H ~ ) 2 ' 6 ( C 0 3
2 ~ ) 0 , 4 e x p ( 1 + | 3 ) F A ^ / R T 

When t h e c o n c e n t r a t i o n o f OH ions was r a i s e d t o 1 . 0M ̂  t h e 

E was d e p e n d e n t on t h e CO., ion and | d E / d log a „ „ 2 - 1 
p , a _ i 3 L p , a 3 C 0 3 J v 

= 30 mV d e c a d e 

T h i s s u g g e s t s t h a t 

Zn + O H " ^ ZnOH + e 

ZnOH + O H " ^ Z n ( O H ) 2 + e 

Z n ( O H ) 2 + C 0 3
2 " > Zn C 0 3 + 2 0 H " 

N e r n s t e q u a t i o n g i v e s 

E e = E e ° - 2 .303 R T / 2 F log [ C 0 3
2 " ] 

The f o r m a t i o n o f ZnCO o c c u r s v i a t h e m i g r a t i o n a n d 
2 -

d i f f u s i o n o f CO ions i n s i d e t h e Zn (OH)_ f i l m and m i g r a t i o n 
2 + 2 + • . 2 + 

o f Zn ions f r o m Zn r i c h l a y e r o u t s i d e . The o u t c o m i n g Zn 
2 -

ions r e a c t w i t h C 0 3 i ons r e s u l t i n g in t h e f o r m a t i o n o f d e n s e 

Z n C 0 3 f i l m o u t s i d e . 
F i g u r e 5 p r e s e n t s a s c h e m a t i c d i a g r a m s h o w i n g t h e 

a p p e a r a n c e o f Z n C 0 3 o n t h e f i l m / s o l u t i o n i n t e r f a c e . 

In h i g h a l k a l i s o l u t i o n s ( > 1.0M KOH) i t was p o i n t e d 
ou t e a r l i e r [ 1 3 ] t h a t z i n c d i s s o l v e s as 

Zn + O H " ^ ZnOH + e 

ZnOH + O H " ^ Z n ( O H ) 2 " 

Z n ( O H ) 2 + O H " — > Zn ( O H ) 3 " + e 

Z n ( O H ) 3 " + O H " Zn ( O H ) ^ " 

In t h e p r e s e n c e o f % 0 . 3 M K X O . , s o l u t i o n s t h e i 
" 2 3 _ p , a 

d e c r e a s e d w i t h v s u g g e s t i n g t h e c o m p e t i t i o n b e t w e e n OH a n d 
2 -

CO ions f o r d i s s o l u t i o n . 
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IN ALKAU CARBONATE SOLUTIONS 
IN ALKALI SaUTONS: 

NHERENT / 
ZINC RJCH LAYER 
SOUD STATE IS "^ER ZINC 
COMPACT RICH LAYER 

F i g . 5 : S c h e m a t i c d i a g r a m s h o w i n g t h e n a t u r e o f p a s s i v e f i l m s 
f o r m e d in b o t h a l k a l i and a l k a l i c a r b o n a t e s o l u t i o n s . 

Zn + O H " ZnOH + e 

ZnOH + OH~ ^ Z n ( O H ) 2 " 

Z n ( O H ) 2 " + O H " Z n ( O H ) 3 " + e 

Z n ( O H ) 3 " + C 0 3
2 " - - ^ > Z n C 0 3 + 3 O H " 

T h e c a r b o n a t e f i l m i s f o r m e d b y t h e d i s s o l u t i o n o f z i n c and 
b y t h e p r e c i p i t a t i o n as Z n C 0 3 < 

C o n c l u s i o n s 

In d i l u t e a l k a l i s o l u t i o n s t h e f o r m a t i o n o f ZnCO b y t h e 
2 -

m i g r a t i o n a n d d i f f u s i o n o f C 0 3 i ons i n s i d e Z n ( O H ) 2 f i l m . 
I n c r e a s e o f a l k a l i c o n c e n t r a t i o n c a u s e d t h e f o r m a t i o n o f 
Zn(OH) ~" w h i c h s u b s e q u e n t l y r e a c t e d w i t h c a r b o n a t e s t o f o r m 
Z n C 0 3 . 3 
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IONIC SOLVATION 

V.M.M. Lobo and Ana C F . R i b e i r o 
D e p a r t m e n t o f C h e m i s t r y - U n i v e r s i t y o f C o i m b r a 

3000 C o i m b r a - PORTUGAL 

A b s t r a c t 

The c o n c e p t o f i o n i c s o l v a t i o n and t h e way i t has 
b e e n p r e s e n t e d i n t h e l i t e r a t u r e i s c r i t i c a l l y d i s c u s s e d . 

Key w o r d s 

I o n i c s o l v a t i o n , i o n i c h y d r a t i o n , e l e c t r o l y t e s 

The e v o l u t i o n o f t h e c o n c e p t o f i o n s o l v a t i o n 

The c o n c e p t o f i o n i c h y d r a t i o n , an e x a m p l e o f i o n i c 
s o l v a t i o n , where t h e s o l v e n t i s w a t e r , was f i r s t l y 
i n t r o d u c e d when K a b l u k o w [ 1 ] s a i d , i n 1891: " I n my 
o p i n i o n , w a t e r , a s i t decomposes t h e m o l e c u l e s o f t h e 
d i s s o l v e d s u b s t a n c e , f o r m s w i t h t h e i o n s u n s t a b l e 
compounds w h i c h e x i s t i n a d i s s o c i a t e d s t a t e " . 

M a c l n n e s [ 2 ] i n 1939 d e f i n e s s o l v a t i o n a s : 

" . . . c o m p l e x f o r m a t i o n b e t w e e n t h e s o l u t e and t h e 
s o l v e n t . W i t h a q u e o u s s o l u t i o n s i t i s c a l l e d hydration. 

i i 

When d e f i n i n g t o t a l i o n i c s o l v a t i o n a s a s e t o f 
p r e d o m i n a n t l y c o u l o m b i c i n t e r a c t i o n s b e t w e e n t h e s o l v e n t 
m o l e c u l e s and a c e r t a i n i o n , B o c k r i s [ 3 ] , i n 1949 a d m i t s 
two t y p e s o f s o l v a t i o n , p r i m a r y and s e c o n d a r y : 

" A c c e p t a n c e o f a c o u l o m b i c v i e w o f t h e s o l v a t i o n o f a 
s i m p l e i o n d o e s n o t s u f f i c e f o r a s a t i s f a c t o r y d e f i n i t i o n 
o f s o l v a t i o n . I t f o l l o w s f r o m t h e B o r n - F a j a n s c o n c e p t t h a t 
a c e r t a i n number o f s o l v e n t m o l e c u l e s w i l l be f i r m l y 
a t t a c h e d t o t h e i o n and t h a t a f u r t h e r i o n - d i p o l e 
i n t e r a c t i o n t a k e s p l a c e i n v o l v i n g s o l v e n t m o l e c u l e s 
o u t s i d e t h e i n n e r i o n - s o l v e n t e n t i t y . I t may be s u g g e s t e d 
t h a t t h e t e r m " p r i m a r y s o l v a t i o n " i s u s e d i n r e f e r e n c e t o 
t h e a t t a c h m e n t o f s o l v e n t m o l e c u l e s t o i o n s i n s o l u t i o n 
f o r w h i c h ( i ) t h e i o n and i t s a t t a c h e d s o l v e n t m o l e c u l e s 
move t o g e t h e r a s one e n t i t y d u r i n g e l e c t r o l y t i c t r a n s p o r t ; 
( i i ) t h e s o l v e n t i o n s h a ve c o m p l e t e l y l o s t t h e i r own 
s e p a r a t e t r a n s l a t i o n a l d e g r e e s o f f r e e d o m . " S e c o n d a r y 
s o l v a t i o n " may be s u g g e s t e d a s t h e t e r m r e f e r r i n g t o a l l 
e l e c t r o s t a t i c i n t e r a c t i o n s w h i c h a r e n o t i n c l u d e d i n t h e 
d e f i n i t i o n o f p r i m a r y s o l v a t i o n g i v e n a b o v e . The t e r m 
" t o t a l s o l v a t i o n " w o u l d t h e n r e f e r t o t h e sum o f t h e s e two 
t y p e s o f s o l v a t i o n . ..." 
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