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E l e c t r o c h e m i s t r y can be d e f i n e d as the s c i e n t i f i c b r a n c h w h i c h 
i n v o l v e s changes o c c u r r i n g i n c h e m i c a l systems due t o th e s u p p l y o f 
e l e c t r i c a l e n e r g y , o r o f c h e m i c a l changes t h a t a r e accompanied by the 
r e l e a s e o f e l e c t r i c a l e n e r g y . 

As m a t t e r i s c o n s t i t u t e d o f p a r t i c l e s w i t h e l e c t r i c a l c h a r g e , 
e l e c t r o c h e m i s t r y i s a v a s t domain w h i c h i s i n t i m a t e l y r e l a t e d t o 
p r a c t i c a l l y a l l t h e a r e a s o f c h e m i s t r y . The terms e l e c t r o a n a l y s i s , 
e l e c t r o c a t a l y s i s , o r g a n i c e l e c t r o s y n t h e s i s , p h o t o e l e c t r o c h e m i s t r y a r e 
examples o f t h i s . A l s o , t h e r e a r e no w e l l - d e f i n e d f r o n t i e r s w i t h o t h e r 
s c i e n c e s , and i m p o r t a n t i n t e r d i s c i p l i n a r y a r e a s have been e s t a b l i s h e d , 
such as b i o e l e c t r o c h e m i s t r y . 

The l a r g e number o f i n d u s t r i a l p r o c e s s e s w h i c h have an e l e c t r o 
c h e m i c a l b a s i s s t r o n g l y c h a r a c t e r i s e s i t as an a p p l i e d s c i e n c e . W i t h o u t 
s e e k i n g t o do so e x h a u s t i v e l y , we can note some o f th e i n d u s t r i a l 
a p p l i c a t i o n s . The p r o d u c t i o n o f m e t a l s ( l i k e a l u m i n i u m , sodium, 
l i t h i u m , magnesium, z i n c , and c o p p e r ) o f gases ( l i k e h y d r o g e n , 
c h l o r i n e ) o f i n o r g a n i c compounds ( l i k e t h e h y d r o x i d e s o f sodium and 
p o t a s s i u m , and sodium h y p o c h l o r i t e ) , o f o r g a n i c compounds ( e . g . 
a d i p o n i t r i 1 e , t e t r a e t h y l l e a d , o r g a n o p h o s p o r o u s compounds) a r e c o u n t e d 
as some o f the most i m p o r t a n t p r o d u c t s . The m e t a l l i c c o a t i n g o f 

a) Based on the i n v i t e d l e c t u r e delivered at the 
Celebratory Session of 5th Anniversary of the Portuguese 
Electrochemical Society, Lisbon, 1989 . 
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s u r f a c e s by e l e c t r o d e p o s i t i o n ( g a l v a n o p l a t i n g ) has been i n use f o r a 
l o n g t ime t o m o d i f y t h e a p p e a r a n c e , h a r d n e s s , r e s i s t a n c e t o c o r r o s i o n , 
o f a l a r g e number o f m a t e r i a l s , i s a n o t h e r e x p a n d i n g i n d u s t r y whose 
f i e l d has been broadened r e c e n t l y t o i n c l u d e the m a n u f a c t u r e o f 
c i r c u i t s i n t e n d e d f o r modern means o f communication and computer 
t e c h n o l o g y . A l o n g s i d e t h e s e p r o c e s s e s , w h i c h a r e consumers o f 
e l e c t r i c a l e n e r g y , many on a l a r g e s c a l e , t h e r e a r e e l e c t r o c h e m i c a l 
systems s u p p l y i n g e n e r g y and t h e s e a r e r e a l l y q u i t e i m p o r t a n t i n t h e 
economy and d a y - t o - d a y l i v i n g . B a t t e r i e s and a c c u m u l a t o r s a r e examples 
o f t h e s e s u p p l i e r s . 

In t h i s a c c o u n t we a r e p r e s e n t i n g t h e most s i g n i f i c a n t s t e p s i n 
the h i s t o r y o f e l e c t r o c h e m i s t r y . I t does not p r e t e n d t o be a h i s t o r y , 
but s i m p l y a way t o remember i n a commemorative s e s s i o n l i k e t h i s , 
some a s p e c t s o f t h e l i f e o f t h e s c i e n c e w h i c h i s b e i n g honoured h e r e 
t o d a y . 

I t i s custo m a r y t o r e f e r t h e b i r t h o f e l e c t r o c h e m i s t r y t o t h e 
s t u d i e s o f G a l v a n i 1 w h i c h were c a r r i e d o u t between 1780 and 1790, L u i g i 
G a l v a n i , p r o f e s s o r o f m e d i c i n e a t t h e U n i v e r s i t y o f B o l o g n a , s t a r t e d 
i n v e s t i g a t i n g t h e a c t i o n o f an e l e c t r i c a l c u r r e n t on muscle t i s s u e . In 
the c o u r s e o f h i s e x p e r i m e n t s he n o t e d t h a t when a t i s s u e p r e p a r a t i o n 
made from the mu s c l e s and n e r v e o f a f r o g ' s l e g was p l a c e d n e a r a 
w o r k i n g e l e c t r o s t a t i c machine and was touched by a metal wire', a 

m u s c u l a r c o n t r a c t i o n was o b s e r v e d . 
S u r p r i s e d by t h e s e o b s e r v a t i o n s , he 
c a r r i e d o u t e x p e r i m e n t s under 
v a r i o u s c o n d i t i o n s , i n some o f w h i c h 
t h e p r e p a r a t i o n was f i x e d between 
two w i r e s made from d i f f e r e n t m e t a l s , 
i r o n and b r a s s , and no t e d m u s c u l a r 
c o n t r a c t i o n , j u s t the same, as seen 
as t h e two w i r e s t o u c h e d each o t h e r , 
even though t h e e l e c t r o s t a t i c 
machine was not w o r k i n g . 

G a l v a n i a t t r i b u t e d t h e e f f e c t s 
o b s e r v e d t o t h e d i s c h a r g e o f an 
e l e c t r i c i t y i n h e r e n t i n t h e b o d i e s 

' o f a l l l i v i n g t h i n g s , c a l l e d a n i m a l 
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e l e c t r i c i t y . The muscle s and t h e n e r v e o f t h e a n a t o m i c a l p r e p a r a t i o n 
o f t h e f r o g behaved i n t h e same way as the c o a t i n g s o f a Leyden j a r 
( v e r y p o p u l a r a t t h a t t i m e ) , r e s u l t i n g i n t h e e l e c t r i c a l d i s c h a r g e 
t h r o u g h t h e metal w i r e f i x e d i n t h e t i s s u e . 

H i s work De Viribus electricitatis in Motu Musculari Commentarius 

was p u b l i s h e d i n 1791 i n t h e Opuscula o f t h e Academy o f S c i e n c e s and 
A r t s o f B o l o g n a - 2 

T h i s d i s c o v e r y caused a g r e a t d e a l o f s c i e n t i f i c and even p o p u l a r 
i n t e r e s t , and t h e m i r a c u l o u s e x p e r i m e n t w i t h f r o g s was r e p e a t e d e v e r y 
where. P o p u l a r i t y was an i m p o r t a n t f a c t o r f o r t h e c o n t i n u i t y o f t h e 
r e s e a r c h , and perhaps because o f t h i s , v a r i o u s v e r s i o n s o f t h e 
a c c i d e n t a l n a t u r e o f G a l v a n i 's d i s c o v e r y have been handed down t o us. 

One o f t h e p e o p l e who became i n t e r e s t e d i n G a l v a n i 's r e s u l t s was 
the P r o f e s s o r o f P h y s i c s a t t h e U n i v e r s i t y o f P a v i a , A l e x a n d e r V o l t a 3 

who, i n 1792, w r o t e t o him w i t h t h e i n t e n t i o n o f o b t a i n i n g an 
i n t e r p r e t a t i o n o f t h e o r i g i n o f t h e c u r r e n t , but found t h e r e p l a y 
u n s a t i s f a c t o r y . So he began t o do some r e s e a r c h i n t h i s a r e a u s i n g 
d i f f e r e n t m e t a l s and t i s s u e s , not j u s t t h o s e o f f r o g s , but o t h e r s 
a n i m a l s . T h i s l e d him t o t h e c o n c l u s i o n t h a t t h e e l e c t r i c i t y was 

g e n e r a t e d on t h e c o n t a c t o f t h e 
m e t a l s h e l d by the t i s s u e , and t h a t 
t h e l a t t e r o n l y s e r v e d as an 
i n d i c a t o r o f t h e e x i s t e n c e o f an 
e l e c t r i c a l c u r r e n t . T h i s i n t e r p r e 
t a t i o n was p r e s e n t e d i n two l e t t e r s 
p u b l i s h e d i n t h e P h i l o s o p h i c a l T r a n s 
a c t i o n s under t h e t i t l e Account of 

some Discoveries made by Mr. Galvani 

of Bologna with Experiments and 

Observations on Them. 

The c o n f i r m a t i o n t h a t t h e f r o g 
c o u l d be r e p l a c e d by a p i e c e o f c l o t h 
o r c a r d soaked i n a s o l u t i o n o f s a l t 
must have l e d him t o i n v e n t t h e f i r s t 
g e n e r a t o r o f e l e c t r i c a l c u r r e n t o f 

c h e m i c a l o r i g i n . The f i r s t v e r s i o n was a "crown o f c u p s " w h i c h was a 
b a t t e r y o f c e l l s o f s i l v e r and z i n c d i p p e d i n s a l t w a t e r . T h i s was 
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f o l l o w e d by a n o t h e r , shaped l i k e a column, c o n s i s t i n g o f p a i r s o f 
s i l v e r and z i n c d i s c s , a r r a n g e d a l t e r n a t e l y w i t h a d i s c o f damp c a r d 
o r c l o t h between each c o u p l e . T h i s model was more compact and o c c u p i e d 
l e s s space than t h e f i r s t one. In t h e f i g u r e some o f t h e v a r i o u s 

V o l t a ' s b a t t e r y , 
b e s i d e s b e i n g o f s c i e n t i 
f i c i n t e r e s t i n t h e manner 
o f i t s i n v e n t i o n , came t o 
have a d e c i s i v e r o l e i n 
the development o f e l e c 
t r o c h e m i s t r y as a s o u r c e 
o f e l e c t r i c c u r r e n t f o r 
the r e s e a r c h s t u d i e s t h a t 
f o l l o w e d . I t d i f f e r e d 
from the f r i c t i o n machine 
i n t h a t i t p r oduced a more 
s t a b l e , h i g h - i n t e n s i t y , 
low v o l t a g e c u r r e n t . T h i s 
was, f o r about f o r t y y e a r s , 
t h e o n l y g e n e r a t o r o f 
e l e c t r i c a l c u r r e n t used i n 
e l e c t r o c h e m i c a l s t u d i e s . 

V o l t a went on t o 
st u d y t h e b e h a v i o u r o f 

e l e c t r i c a l c o n d u c t o r s w h i c h he c l a s s i f i e d i n t o two gr o u p s . Good e l e c 
t r i c a l c o n d u c t o r s such as m e t a l s and c a r b o n belonged t o the f i r s t g r o u p , 
and s o l u t i o n s t o t h e second. 

C o n d u c t o r s i n the f i r s t group were f u r t h e r a r r a n g e d by him i n a 
" s e r i e s o f t e n s i o n s " a c c o r d i n g t o the way i n w h i c h the c u r r e n t p a s s e d 
from one o f t h o s e p l a c e d h i g h e r i n the o r d e r t o one o f t h e lower p l a c e d , 
when two o f them were put i n c o n t a c t w i t h a c o n d u c t o r from t h e second 
c l a s s , i . e . a s o l u t i o n . 

J u s t a f t e r V o l t a e s t a b l i s h e d the e l e c t r o m o t i v e s e r i e s , Johann¬
W i l h e l m R i t t e r ^ a member o f t h e Munich Academy, showed t h a t t h i s 
a g r e e d w h i c h one metal p r e c i p i t a t e d the o t h e r s from the r e s p e c t i v e 
s o l u t i o n s . For example, z i n c p r e c i p i t a t e d c o p per from a s o l u t i o n o f t h e 
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l a t t e r , w h i l s t c o p p e r , i n t u r n , p r e c i p i t a t e d d i s s o l v e d s i l v e r . The 
o r d e r i n g was: f i r s t ; z i n c , f o l l o w e d by c o p p e r , a nd, l a s t , s i l v e r . 

O s t w a l d c o n s i d e r e d t h i s work, w h i c h was g i v e n l i t t l e p r ominence 
a t t h e t i m e , t h e f i r s t s t u d y i n e l e c t r o c h e m i s t r y . 

On 2 0 t h March 1800, V o l t a s e n t a l e t t e r t o the P r e s i d e n t o f t h e 
Royal S o c i e t y i n London, S i r J o s e p h Banks. In i t he i n c l u d e d t h e 
c o m m u n i c a t i o n : On the Electricity Excited by the Mere Contact of 

Conducting Substances of Different Kinds. Banks showed t h e l e t t e r 
p r i v a t e l y t o C a r l i s l e 5 w h o d i s c u s s e d i t w i t h N i c h o l s o n , 6 owner o f a 
s c i e n t i f i c j o u r n a l , Journal of Natural Philosophy, Chemistry and the 

Arts, b e t t e r known as Nicholson's Journal. 

In May o f t h a t y e a r t h e s e two r e s e a r c h e r s s t a r t e d a s e r i e s o f 
e x p e r i m e n t s w i t h a b a t t e r y b u i l t by t h e f o r m e r . T h i s l e d them t o t h e 
c o r r e c t f o r m u l a t i o n o f t h e o r i g i n o f v o l t a i c e l e c t r i c i t y and t o t h e 
d e m o n s t r a t i o n o f d e c o m p o s i t i o n o f w a t e r by t h e a c t i o n o f the e l e c t r i c 
c u r r e n t . 

In t h e c o u r s e o f t h e i r e x p e r i m e n t s t h e two i n v e s t i g a t o r s showed 
t h a t when a drop o f w a t e r was p l a c e d on t h e c o n t a c t o f the metal w i r e 
and t h e b a t t e r y ' s z i n c d i s c , e n s u r i n g b e t t e r e l e c t r i c a l c o n d u c t i o n , 
hydrogen was r e l e a s e d . As a r e s u l t o f t h i s o b s e r v a t i o n , o r perhaps 
because o f t h e knowledge g a i n e d about t h e e f f e c t o f e l e c t r i c i t y on 
w a t e r from work p u b l i s h e d i n that j o u r n a l , t h e y a p p l i e d t h e c u r r e n t 
s u p p l i e d from t h e b a t t e r y t o two m e t a l s w i r e s p l a c e d a t t h e o p p o s i t e 
ends o f a tube f u l l o f w a t e r . They t h e n o b s e r v e d t h e r e l e a s e o f 
hydrogen near t h e w i r e c o n n e c t e d t o t h e z i n c t e r m i n a l o f t h e b a t t e r y 
and o f oxygen n e x t t o t h e o t h e r t e r m i n a l . They a l s o d i d not f a i l t o 
n o t i c e t h a t the w a t e r i n the r e g i o n where hydrogen was l i b e r a t e d 
became a l k a l i n e and t h a t where oxygen was r e l e a s e d became a c i d . 

C a r l i s l e and N i c h o l s o n w a i t e d f o r t h e r e a d i n g o f V o l t a ' s com
m u n i c a t i o n b e f o r e p u b l i s h i n g t h e i r r e s u l t s , even though r e f e r e n c e s had 
a l r e a d y been made t o them by some n a t u r a l p h i l o s o p h e r s i n t h e p r e s s 
and a t c o n f e r e n c e s . The communication was read b e f o r e t h e Royal 
S o c i e t y on 2 6 t h June and p u b l i s h e d t h e f o l l o w i n g autumn. 7 Then, In J u l y , 
N i c h o l s o n p u b l i s h e d t h e work t h a t he had done w i t h C a r l i s l e i n h i s own 
j o u r n a l . 8 In t h i s , the two s c i e n t i s t s n o t e d t h a t the e l e c t r i c c u r r e n t 
was o r i g i n a t e d f r o m t h e c h e m i c a l a c t i o n o c c u r r i n g between t h e metal 
and t h e l i q u i d and not fro m t h e c o n t a c t between t h e m e t a l s , as 
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s u g g e s t e d by V o l t a , and t h a t the e l e c t r i c a l c u r r e n t decomposed w a t e r 
t o g i v e oxygen and hydrogen. T h i s was, e f f e c t i v e l y , the f i r s t work i n 
w h i c h the two e l e c t r i c a l phenomena a r e s t a t e d as p r o v e d . 

V a r i o u s r e s e a r c h e r s t r i e d t o i n t e r p r e t t h e d e c o m p o s i t i o n o f 
w a t e r by t h e e l e c t r i c c u r r e n t , but a l t h o u g h a c o n s i d e r a b l e number o f 
theories was p r e s e n t e d between 1800 and 1801 , none was c o n v i n c i n g . 
W i t h the knowledge a v a i l a b l e a t t h e time c o n c e r n i n g s o l u t i o n s i t would 
not have been p o s s i b l e t o f i n d an e x p l a n a t i o n f o r t h e e l e c t r o c h e m i c a l 
p r o c e s s e s . 9 

The o b s e r v a t i o n t h a t hydrogen and oxygen a r e e v o l v e d a t d i f f e 
r e n t s i t e s , s e p a r a t e d by t h e 5 - 6 cm d i s t a n c e between the two w i r e s 
c a r r y i n g t h e e l e c t r i c c u r r e n t gave D a v y 1 0 the i d e a t h a t one c o u l d 
o b t a i n t h e components o f c h e m i c a l s u b s t a n c e s by e l e c t r o l y s i s . 

Through a s e r i e s o f i n g e n i o u s 
e x p e r i m e n t s , t h i s s c i e n t i s t was a b l e 
t o o b t a i n oxygen and hydrogen i n two 
s e p a r a t e j a r s w h i c h were c o n n e c t e d 
by a c o n d u c t i n g medium such as 
a p i e c e o f a m o i s t e d s t r i n g . 
S u r p r i s e d a t not b e i n g a b l e t o 
o b t a i n t h e c o n s t i t u e n t s o f p o t a s h by 
e l e c t r o l y s i s o f an aqueous s o l u t i o n 
o f t h a t compound, he a p p l i e d a 
c u r r e n t t o f u s e d p o t a s h and then 
o b t a i n e d a g l o b u l e o f p o t a s s i u m a t 
the c a t h o d e , metal unknown a t t h e 

)cc*4/'' t i m e . The method was s u b s e q u e n t l y 
a p p l i e d t o o b t a i n sodium and, l a t e r to 
o t h e r m e t a l s . 

The b e h a v i o u r e x h i b i t e d by t h e compounds r e l a t i v e t o e l e c t r i c i t y 
l e d Davy t o f o r m u l a t e a t h e o r y o f c h e m i c a l a f f i n i t y . A c c o r d i n g t o him, 
when two s u b s t a n c e s were p l a c e d i n c o n t a c t w i t h one a n o t h e r e l e c t r i c a l 
c h a r g e s o f o p p o s i t e s i g n s d e v e l o p e d , with bonding r e s u l t i n g f r o m e l e c 
t r o s t a t i c i n t e r a c t i o n . The two p a r t s c o u l d be s e p a r a t e d by t h e a c t i o n 
o f the e l e c t r i c c u r r e n t , w i t h each fragment g o i n g t o the t e r m i n a l w i t h 
the c h a r g e o f the o p p o s i t e s i g n . 
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B e r z e l i u s 1 1 was a l s o i n t e r e s t e d i n e l e c t r o c h e m i s t r y . H i s work on 
t h e a c t i o n o f e l e c t r i c c u r r e n t on some d i s e a s e s , w h i c h he p r e s e n t e d 
when he got h i s degree i n m e d i c i n e , a r o u s e d l i t t l e i n t e r e s t . But i n 
t h e n e x t y e a r ( 1 8 0 3 ) , i n c o l l a b o r a t i o n w i t h H i s s i n g e r , a r i c h Swedish 
mine owner who had been B e r z e l i u s 1 p a t r o n a t t h e s t a r t o f h i s c a r e e r , 
he p u b l i s h e d work on t h e d e c o m p o s i t i o n o f c e r t a i n s u b s t a n c e s by 
e l e c t r i c c u r r e n t where m i g r a t i o n o f m e t a l s t o t h e n e g a t i v e p o l e and o f 
n o - m e t a l s t o the p o s i t i v e p o l e o c c u r r e d . 1 2 

However, B e r z e l i u s 1 fame i n e l e c t r o c h e m i s t r y i s a s s o c i a t e d w i t h 
the c h e m i c a l t h e o r y o f t h e c o m p o s i t i o n o f m a t t e r ( d u a l i s t i c t h e o r y ) 

w h i c h he proposed i n 1811 and 
f o r m u l a t e d more t h o r o u g h l y e i g h t 
y e a r s l a t e r . A c c o r d i n g t o t h i s 
t h e o r y some atoms were p o s i t i v e l y 
c h a r g e d and o t h e r s n e g a t i v e l y . When 
they combined t h e r e was a c e r t a i n 
n e u t r a l i s a t i o n o f c h a r g e , w i t h an 
e x c e s s o f e i t h e r p o s i t i v e o r 
n e g a t i v e e l e c t r i c i t y o c c u r r i n g i n 
t h e compound, d e p e n d i n g on t h e 
n a t u r e o f t h e atoms i n v o l v e d . The 
a c i d s , w h i c h c o n t a i n n o n - m e t a l l i c 
r a d i c a l s and o x y g e n , showed an 
e x c e s s o f p o s i t i v e e l e c t r i c i t y ; t h e 
b a s e s , composed o f m e t a l s and 

o x y g e n , were e x c e s s i v e l y n e g a t i v e l y c h a r g e d ; s a l t s composed o f one 
a c i d and one base r a d i c a l c o u l d be decomposed by t h e p a s s a g e o f an 
e l e c t r i c c u r r e n t , g i v i n g two p a r t s w i t h o p p o s i t e c h a r g e s . In B e r z e l i u s 1 

time oxygen was t h o u g h t t o t o o k p a r t i n e v e r y t h i n g r e l a t i n g t o 
c h e m i c a l c o m p o s i t i o n . 

The f u n d a m e n t a l s o f t h e d u a l i s t e l e c t r o c h e m i c a l t h e o r y were a l s o 
e x p r e s s e d by Davy, and t h i s gave r i s e t o c o n t r o v e r s y , s t i l l c o n t i n u i n g 
t o d a y , as t o w h i c h o f t h e i n v e s t i g a t o r s can r e a l l y c l a i m p r i o r i t y . 
T h i s seems t o r e s t w i t h B e r z e l i u s , however, p o s s i b l y because he f ormu
l a t e d h i s t h e o r y more e x p l i c i t y and c o m p l e t e l y . 

The d u a l i s t e l e c t r o c h e m i c a l t h e o r y was a c c e p t e d , u n q u e s t i o n e d , 
f o r more t h a n t w e n t y y e a r s , and i t remained f o r a much l o n g e r p e r i o d 
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i n some bran c h e s o f c h e m i s t r y . The work o f F a r a d a y , D a n i e l l and o t h e r 
a u t h o r s , mentioned l a t e r on, as w e l l as those o f o r g a n i c c h e m i s t s , 
came t o c a l l t h e t h e o r y i n t o q u e s t i o n . 1 3 However, O s t w a l d , i n h i s book 
Die wis sens ahafttichen Grundlagen der analytisohen Chemie3 p u b l i s h e d 
i n 189^, t u r n e d a g a i n s t the f a c t t h a t a u t h o r s were s t i l l , a t t h a t 
t i m e , w r i t i n g the f o r m u l a o f p o t a s s i u m s u l p h a t e as K 20 and SO3.14 

Meanwhile t h e r e was a n o t h e r p r o b l e m w h i c h was b e g i n n i n g t o c l a i m 
r e s e a r c h e r s ' a t t e n t i o n , namely, t h a t o f t h e mechanism whereby l i q u i d s 
c o n d u c t e d e l e c t r i c i t y . One t h e o r y t h a t was a c c e p t e d by t h e s c i e n t i f i c 
w o r l d f o r about t w e n t y - f i v e y e a r s owed i t s e x i s t a n c e t o G r o t t h u s 1 5 

( 1 8 0 5 ) . E l e c t r i c a l c o n d u c t i o n t h r o u g h w a ter was e x p l a i n e d t h u s , by 
t h i s t h e o r y : A m o l e c u l e o f w a t e r (OH, a t t h e t i m e ) was made p o l a r by 
t h e a c t i o n o f t h e e l e c t r i c c u r r e n t , l e a v i n g the hydrogen atom p o s i t i v e ; 
l y c h a r g e d and t h e oxygen n e g a t i v e l y c h a r g e d . The m o l e c u l e s were 
o r i e n t e d , t h e n , i n a c c o r d a n c e w i t h t h e c h a r g e s i g n o f t h e t e r m i n a l s , 

^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ the hydrogen atom t u r n i n g t o t h a t 

w h i c h had t h e n e g a t i v e c h a r g e and 
t h e o x y g e n a t o m t u r n i n g 
t o t h e o t h e r . When t h e c h a r g e a t t h e 
t e r m i n a l s was h i g h enough i t neutra_ 
1 i s e d t h e c h a r g e i n t h e n e a r b y 
hydrogen and oxygen m o l e c u l e s , the 
r e s u l t i n g n e u t r a l s u b s t a n c e s b e i n g 
l i b e r a t e d as g a s e s . The oxygen and 
hydrogen atoms r e m a i n i n g i n t h e 
1 i q u i d , combined w i t h hydrogen and 
oxygen o f t h e n e i g h b o u r i n g w a t e r 
m o l e c u l e s and, a s u c e s s i v e s e r i e s 

o f d e c o m p o s i t i o n s and r e c o m b i n a t i o n s 
o c c u r r i n g t h r o u g h o u t the whole l i q u i d and t h e i n i t i a l s i t u a t i o n was 
r e s t o r e d . 1 6 

A new landmark i n the h i s t o r y o f e l e c t r o c h e m i s t r y was e s t a b l i s h e d 
i n 1833 w i t h t h e p r o p o s i t i o n o f F a r a d a y ' s L a w 1 7 . 1 8 From a p r a c t i c a l 
p o i n t o f v i e w t h e s e laws made i t p o s s i b l e t o measure the amount o f 
e l e c t r i c i t y s u p p l i e d t o an e l e c t r o c h e m i c a l system. In the t h e o r e t i c a l 
f i e l d t h e y c o n t a i n e d t h e e s s e n t i a l c o n c e p t t h a t c o n s t i t u e n t s o f m a t t e r , 
t h a t were s e p a r a t e d by t h e a c t i o n o f e l e c t r i c a l c u r r e n t , had a f i x e d 
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amount o f c h a r g e , and t h a t i t was 
t h e s e p a r t i c l e s , c a l l e d i o n s , t h a t 
were r e s p o n s a b l e f o r t r a n s p o r t i n g elec_ 
t r i c i t y i n s o l u t i o n s . The i d e a t h a t 
i o n s e x i s t e d i n s o l u t i o n s was f i r s t 
s u g g e s t e d by F a r a d a y , a l t h o u g h t h i s 
w o r k e r was c o n c e r n e d n e i t h e r w i t h 
t h e i r o r i g i n nor w i t h t h e i r number. 
B e s i d e s the d e s i g n a t i o n " i o n " , s e v e r a l 
o t h e r e l e c t r o c h e m i c a l t e r m s , w h i c h a r e 
s t i l l used t o d a y , owe t h e i r o r i g i n t o 
F a r a d a y , e.g. c a t i o n , a n i o n , c a t h o d e , 
anode, e l e c t r o l y s i s an e l e c t r o l y t e . 1 9 

M . F A R A D A Y F a r a d a y ' s Laws broke t h r o u g h t h e 

r e s t r a i n t s o f t h e d u a l i s t i c t h e o r y once a c c o r d i n g t o t h i s t h e amount 
o f c u r r e n t needed t o decompose a p a r t i c u l a r s u b s t a n c e depended on i t s 
a f f i n i t y ; t h e g r e a t e r t h i s was, t h e g r e a t e r t h e amount o f c u r r e n t 
needed f o r d e c o m p o s i t i o n . T h i s f a c t gave r i s e t o l i v e l y d i s c u s s i o n 
between Faraday and B e r z e l i u s . 

In t h e 1S'+Os e l e c t r o c h e m i s t r y was e n r i c h e d by some t e c h n i q u e s 
w h i c h c o n t r i b u t e d s i g n i f i c a n t l y t o i t s development by p e r m i t t i n g more 
q u a n t i t a t i v e r e s u l t s t o be o b t a i n e d . 

In I 8 3 6 t h e e n g l i s h c h e m i s t , D a n i e l l , 2 0 b u i l t a t w o - l i q u i d 
b a t t e r y w h i c h b e a r s h i s name. In c o n t r a s t t o V o l t a ' s b a t t e r y , t h i s 
one c o m p r i s e d a r e v e r s i b l e e l e c t r o c h e m i c a l c e l l . I t was t h e f i r s t 
s o u r c e o f c o n s t a n t p o t e n t i a l w h i c h a l l o w e d a c c u r a t e r e s u l t s t o be 
o b t a i n e d . P o g g e n d o r f 2 1 (1841) p u b l i s h e d a d i a g r a m o f an e l e c t r i c 
c i r c u i t f o r m e a s u r i n g e l e c t r o m o t i v e f o r c e s by the c o m p e n s a t i o n method 
and, two y e a r s l a t e r , W h e a t s t o n e 2 2 p u b l i s h e d a n o t h e r f o r m e a s u r i n g 
e l e c t r i c c o n d u c t i v i t y . 

The e x p e r i m e n t a l d a t a w h i c h were b e i n g o b t a i n e d c o n t i n u e d , f o r 
s e v e r a l y e a r s , t o c a s t d o u b l e on t h e a c c e p t e d n o t i o n s about c o n d u c t i o n 
o f c u r r e n t by s o l u t i o n s and on t h e p i v o t a l q u e s t i o n o f t h e i r s t r u c 
t u r a l c o m p o s i t i o n . 

D a n i e l l d i d some e x p e r i m e n t s on e l e c t r o l y s i s i n w h i c h a known 
amount o f c u r r e n t was s u p p l i e d s i m u l t a n e o u s l y t o a d i l u t e s o l u t i o n o f 
s u l p h u r i c a c i d and a s o l u t i o n o f sodium s u l p h a t e . 2 3 He n o t e d t h a t 
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hydrogen and oxygen were r e l e a s e d i n equal q u a n t i t i e s i n t h e two j a r s 
c o n t a i n g t h e s o l u t i o n s , but i n t h a t w h i c h c o n t a i n e d the s a l t , a c i d was 
formed on the anode and base on t h e c a t h o d e i n q u a n t i t i e s e q u i v a l e n t t o 
th o s e o f the r e l e a s e d hydrogen and oxygen. 

These r e s u l t s c o u l d not be 
e x p l a i n e d by B e r z e l i u s 1 t h e o r y , a c c o r 
d i n g t o w h i c h from t h e o b s e r v e d 
p r o d u c t s o f t h e d e c o m p o s i t i o n , i f 
hydrogen and oxygen from t h e w a t e r and 
a c i d and base from t h e s a l t , the second 
j a r would r e q u i r e t w i c e as much 
e l e c t r i c i t y as t h e f i r s t one. D a n i e l l 
s u g g e s t e d t h a t the c a t i o n N a + was 
d i s c h a r g e d from t h e cathode and t h e 
a n i o n S O ^ 2 - from t h e anode. These 
d i s c h a r g e d s p e c i e s , on c o m b i n i n g w i t h 
t h e w a t e r , l e d t o hydrogen and oxygen, 
r e s p e c t i v e l y , b e i n g formed. 

A l t h o u g h t h i s e x p l a n a t i o n was i n c o r r e c t one v e r y i m p o r t a n t 
c o n c l u s i o n was drawn by D a n i e l l t h a t the c h a r g e d s p e c i e s w h i c h c o m p r i s e d 
t h e s a l t were N a + and SO42-. 

In 1853 H i t t o r f 2 1 * showed t h a t t h e v a r i a t i o n i n t h e i o n c o n c e n t r a t i o n 
i n t h e p r o x i m i t y o f t h e e l e c t r o d e s was 
dependent on t h e m o b i l i t y o f t h e i o n s . 
D u r i n g the n e x t s i x y e a r s he d e t e r m i n e d 
the t r a n s f e r e n c e number (a c o n c e p t 
i n t r o d u c e d by him) o f s e v e r a l s p e c i e s 
i n s o l u t i o n s 2 5 These r e s u l t s d i d not 
a r o u s e much i n t e r e s t a t t h e t i m e , but 
th e y were e v e n t u a l l y i m p o r t a n t i n t h a t 
they s e r v e d as a base f o r t h e t h e o r e t i 
c a l development w h i c h came a f t e r him 
and i t i s , f o r t h i s r e a s o n t h a t he has 
remained as one o f t h e c l a s s i c r e f e 
r e n c e s i n t h e h i s t o r y o f e l e c t r o l y t i c 
s o l u t i o n s . 

K o h l r a u s c h 2 6 i n v e s t i g a t e d t h e e l e c 
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t r i c a l c o n d u c t i v i t y o f s o l u t i o n s and i n t r o d u c e d some i n n o v a t i o n s i n 
the t e c h n i q u e s o f d e t e r m i n a t i o n , such as t h e use o f an a l t e r n a t i n g 
c u r r e n t t o p r e v e n t p o l a r i s a t i o n and the t e l e p h o n e i n s t e a d o f t h e 
g a 1 v a n o m e t e r . 2 7 

From I876 t o 1879 he produced a u s e f u l s e t o f r e s u l t s from w h i c h 
he drew some i m p o r t a n t c o n c l u s i o n s , 
namely, t h a t t h e v e l o c i t y o f an i o n 
i s not dependent on o t h e r i o n s w i t h 
w h i c h i t was f o r m i n g m o l e c u l e s , and 
t h a t e l e c t r o l y t e s c o n d u c t t h e e l e c t r i c 
c u r r e n t even when t h e a p p l i e d c u r r e n t 
has l o w - v a l u e p o t e n t i a l s . 2 8 

G r o t t u s 1 t h e o r y , w h i c h h e l d sawy 
f o r t wenty y e a r s as t h e e x p l a n a t i o n o f 
e l e c t r i c c u r r e n t c o n d u c t i o n i n s o l u t i o n s , 
was c i t e d by C l a u s i u s 2 9 i n 1857- The 
arguments used by t h i s famous mathema
t i c i a n / p h y s i c i s t were based on expe
r i m e n t a l e v i d e n c e o f c o n d u c t i o n 

o c c u r r i n g even when t h e p o t e n t i a l o f t h e a p p l i e d c u r r e n t was low. T h i s 
f a c t i n d i c a t e d t h e e x i s t e n c e o f f r e e i o n s i n the s o l u t i o n , s i n c e i f t h e s e 
were t h e r e s u l t o f t h e a c t i o n o f t h e e l e c t r i c c u r r e n t on t h e m o l e c u l e s , 
then c o n d u c t i o n would o n l y o c c u r a t 
p o t e n t i a l s above a g i v e n v a l u e . 3 0 

A c c o r d i n g to Clausius the ions would come 
from molecular v i b r a t i o n s which would have an 
energy greater than t h a t required for molecular 
decomposition. The charged p a r t i c l e s t h us 
formed, even i f s m a l l i n n u m b e r , 
would e n s u r e t r a n s p o r t o f t h e c u r r e n t . 

In the p e r i o d from 1890s i n t o 
the f i r s t decades o f t h e 20 t h c e n t u r y , 
e l e c t r o c h e m i s t r y was dominated by 
thermodynamics. A f t e r t h e work by 
G i b b s 3 1 and H e l m h o l t z 3 2 the a p p l i c a t i o n 

J . 

of thermodynamic p r i n c i p l e s t o c h e m i c a l phenomena became t h e methodology 
f o l l o w e d i n s t u d y i n g them. The t h e o r i e s d e v e l o p e d by t h e s e two s c i e n t i s t s , 
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e s p e c i a l l y by G i b b s , c o n s t i t u t e d m a t h e m a t i c a l g e n e r a l i s a t i o n s o f 
fundamental c o n c e p t s w h i c h were shown as v i r t u a l l y i n e x h a u s t i b l e 
s o u r c e s o f s u p p l y . 

G i b b s 1 work, p u b l i s h e d i n t h r e e p r o c e e d i n g s o f the T r a n s , o f 
Academy o f C o n n e c t i c u t between I 8 7 6 - I 8 7 8 , had no immediate impact on 

c h e m i s t r y , p a r t l y because t h e j o u r n a l i n 
w h i c h i t was p u b l i s h e d was not v e r y 
known, and, m o s t l y on a c c o u n t o f i t s 
m a t h e m a t i c a l n a t u r e , i t d i d n o t e 
become e a s i l y a c c e s s i b l e . I t was 
d i v u l g a t e d by means o f t r a n s l a t i o n , 
a p p l i c a t i o n and development o f t h e o r i e s 
on one o r a n o t h e r o f them by n o t e d 
s c i e n t i s t s . 

O s t w a l d 3 3 i s one f i g u r e who can be 
h i g h l i g h t e d i n t h i s p e r i o d . He had d i s 
t i n g u i s h e d h i m s e l f as a r e s e a r c h w o r k e r , 

^X^"" 1 a u t h o r and e d i t o r . In 1887 he founded 
the j o u r n a l Zeitsahift fur Pysikalische Chemie d e d i c a t e d t o p h y s i c a l 
c h e m i s t r y , a new d i s c i p l i n e t h a t came i n t o b e i n g w i t h thermodynamics. 
Works o f e n d u r i n g fame i n t h e h i s t o r y o f e l e c t r o c h e m i s t r y , and c h e m i s t r y 
i t s e l f , were p u b l i s h e d i n i t . mm 

In the f i r s t volume of t h i s j o u r n a l , Van't 
H o f f 3 4 published an a r t i c l e on the theory o f osmo
t i c pressure which became very important with the 
development of the chemistry o f s o l u t i o n s . 3 5 In 
th i s a r t i c l e the author demonstrated that dilute 
solutions e x h i b i t e d a behaviour similar to that o f 
the gases w h i c h obeyed t h e Boy 1 e - M a r i o t t e 
and Gay-Lussac Laws. 

But a l m o s t a t once Van't H o f f d i s 
c o v e r e d t h a t e l e c t r o l y t i c s o l u t i o n s 
behaved i n an anomolous way, making i t 
n e c e s s a r y t o i n t r o d u c e a c o e f i c i e n t i 
(al w a y s g r e a t e r than one) i n t h e e q u a t i o n o f gases when a p p l i e d t o t h e s e 
s o l u t i o n s . 

A n o t h e r famous a r t i c l e was p u b l i s h e d i n the f i r s t volume o f Z. Phys. 
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Chem. by Svante A r r h e n i u s . 3 6 In i t he expounded h i s h y p o t h e s i s o f 
e l e c t r o l y t i c d i s s o c i a t i o n . T h i s was not h i s f i r s t p u b l i c a t i o n on t h e 
t h e o r y , s i n c e i t had been p r e s e n t e d i n h i s d o c t o r a l t h e s i s f r o m U p s a l a 

U n i v e r s i t y . A r r h e n i u s e x t r a c t e d two 
p a p e r s , p u b l i s h e d i n t h e B i h a n g o f t h e 
Swedish Academy o f S c i e n c e i n 188*», 
fro m h i s t h e s i s . 3 7 

In view of t h e d i f f i c u l t y he had 
e n c o u n t e r e d i n g e t t i n g h i s i d e a s 
a c c e p t e d by t h e U n i v e r s i t y ' s p r o f e s s o r s , 
A r r h e n i u s had r e c o u r s e t o i n t e r n a t i o n a l 
h e l p , s e n d i n g r e p r i n t s o f h i s p u b l i c a 
t i o n s t o famous european s c i e n t i s t s . 
The most e f f e c t i v e r e p l y came f r o m 
O s t w a l d , whose r e c o g n i t i o n o f t h e new 
t h e o r y ' s w o r t h was an i m p o r t a n t f a c t o r 
i n h i s argument and d i s s e m i n a t i o n , 

b a t t l e t o w h i c h Van't H o f f a s s o c i a t e d h i m s e l f . I t was j u s t a t t h a t 
moment when t h e a r t i c l e was p u b l i s h e d i n Z. Phys. Chem., s e t t i n g down 
the t h e o r y i n a more co m p l e t form w h i c h s u p p o r t i n g e v i d e n c e f r o m 
c h e m i c a l , e l e c t r i c a l and thermodynamic 
d a t a . 3 7 The new t h e o r y gave a s a t i s f a c 
t o r y e x p l a n a t i o n f o r t h e r e a c t i o n s o f 
v a r i o u s compounds i n s o l u t i o n , t h e 
r e s u l t s o b t a i n e d by K o h l r a u s c h and by 
A r r h e n i u s h i m s e l f f o r e l e c t r i c a l 
c o n d u c t i o n , t h e need t o i n t r o d u c e t h e 
c o e f f i c i e n t (as shown by Van't H o f f ) 
i n t h e o s m o t i c p r e s s u r e e q u a t i o n . The 
r e s u l t s w h i c h had, meanwhile, been 
o b t a i n e d , as O s t w a l d ' s d i l u t i o n law 
f o r m u l a t e d i n t h e f o l l o w i n g y e a r , 
s e r v e d as a t e s t f o r i t . 3 8 

A r r h e n i u s ' t h e o r y was an h i s t o r i c landmark, not o n l y f o r making 
fundamental a s p e c t s o f t h e s t r u c t u r e o f e l e c t r o l y t i c s o l u t i o n s , but a l s o 
as a f i r m s t a r t i n g p o i n t f o r s t u d y i n g t h e p r o p e r t i e s o f t h e s e s o l u t i o n s . 

As t h e e x i s t i n g e n t i t i e s i n s o l u t i o n s b e i n g c h a r g e d p a r t i c l e s , 

S . A R R H E N I U S 
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the e l e c t r o l y t i c d i s s o c i a t i o n t h e o r y opened two a r e a s f o r s c i e n t i f i c 
r e s e a r c h ; the i n t e r a c t i o n o f t h e i o n s w i t h one a n o t h e r , and t h e 
i n t e r a c t i o n between them and t h e s o l v e n t m o l e c u l e s . These domains,' 

however, d i d not emerge by a n a t u r a l 
p r o c e s s o f e x t e n s i o n o f the f i e l d o f 
r e s e a r c h but r a t h e r as a t t e m p t s t o 
e x p l a i n anomalous b e h a v i o u r shown by 
the s t r o n g e l e c t r o l y t e s . I t was pr o v e d 
e a r l y on t h a t f o r t h e s e s o l u t i o n s t h e 
i n c r e a s e i n c o n c e n t r a t i o n a f f e c t e d 
t h e i r thermodynamic p r o p e r t i e s 
( o s m o t i c p r e s s u r e and c r y o s c o p i c 
d e p r e s s i o n ) and t h e i r e l e c t r i c a l 
c o n d u c t i v i t y . The v a l u e s o b t a i n e d f o r 
the degree, o f e l e c t r o l y t i c d i s s o c i a t i n , 

p D E B Y E c a l c u l a t e d by t h e d i f f e r e n t p r o p e r t i e s , 

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

c i a t i o n o f the e l e c t r o l y t e a t f i n i t e c o n c e n t r a t i o n s . For o t h e r w o r k e r s 
t h e s e would be the r e s u l t o f t h e f o r m a t i o n by t h e i o n s o f o t h e r c h e m i c a l 
s p e c i e s i n s o l u t i o n , e.g. com p l e x e s . 

A l o n g s i d e t h e s e a t t e m p t e d e x p l a n a t i o n s i n v o l v i n g a c h e m i c a l b a s i s , 
o t h e r s were p r o p o s e d w h i c h assumed t h a t d i s s o c i a t i o n i s c o m p l e t e , but 
t h a t the d e v i a t i o n from t h e b e h a v i o u r o f i n f i n i t e l y d i l u t e s o l u t i o n s 
was produced by i o n i c i n t e r a c t i o n s . 

The f i r s t i n v e s t i g a t o r t o c a l l a t t e n t i o n t o the p o s s i b l e e f f e c t s 
o f p a r t i c u l a r l y i n t e n s e e l e c t r i c f i e l d s o f i o n s was Van L a a r . 3 9 Some 
y e a r s l a t e r , S u t h e r l a n d t r i e d t o i n t e r p r e t the d e c r e a s e s i n c o n d u c t i v i t y 
by i o n i c i n t e r a c t i o n s . 4 0 R e f e r e n c e s h o u l d a l s o be made t o t h e s t u d i e s o f 
B j e r r u m , who c o n f i r m e d t h e i n f l u e n c e o f i n t e r m o l e c u l a r f o r c e s by means 
o f t h e a b s o r p t i o n s p e c t r a o f chromium s a l t s . 4 1 However, t h e f i r s t quan
t i t a t i v e t r e a t m e n t o f t h e s e i n t e r a c t i o n s i s due t o M i l n e r , who, s t a r t e d 
p r o d u c i n g a p h y s i c a l model w h i c h was i d e n t i c a l t o t h a t a c c e p t e d by Debye 
and Huckel a decade l a t e r . 1 * 2 M i l n e r ' s t h e o r y was more c o m p l i c a t e d 
m a t h e m a t i c a l l y , hoewer, and so d i d n o t a c h i e v e much s u c e s s . In 1923, 
D e b y e 4 3 and H u c k e l 4 4 l i k e M i l n e r , acknowledged t h a t t h e i o n i c d f s t r i - : 
b u t i o n c o u l d be g i v e n by a Boltzmann e q u a t i o n , but whereas t h e l a t t e r 
used a c o m p l i c a t e d p r o b a b i l i s t i c t r e a t m e n t t o d e t e r m i n e the p o t e n t i a l 
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e n e r g y , Debye and Huckel used t h e P o i s s o n e q u a t i o n t o r e l a t e t h e c h a r g e 
d e n s i t y to t h e p o t e n t i a 1. 4 5 Following f r o m t h e above two e q u a t i o n s , t h e y s u c 
ceeded in d e r i v i n g an e x p r e s s i o n f o r t h e c o e f f i c i e n t o f d e v i a t i o n o f t h e 
b e h a v i o u r o f e l e c t r o l y t e s r e l a t i v e t o t h e i d e a l s t a t e a t i n f i n i t e d i l u 
t i o n , a l t h o u g h i t was o n l y a p p l i c a b l e t o d i l u t e s o l u t i o n s . I t i s w o r t h 
n o t i n g t h a t i n such a b a s i c t r e a t m e n t Debye and Huckel had t h e m e r i t o f 
p r o v i d i n g a s i m p l e t h e o r y on i o n i c i n t e r a c t i o n s w h i c h was a b l e t o e x p l a i n 
any o f the a n o m a l i e s a t t r i b u t e d t o e l e c t r o l y t e s . 

The s o l v a t i o n s p a r k e d the a t t e n t i o n o f c h e m i s t s from t h e end o f 
the p r e v i o u s c e n t u r y . However, i t was o n l y w i t h B o r n , i n 1920, t h a t i t 
was t r e a t e d i n q u a n t i t a t i v e t e r m s . 4 6 From then i t became an a r e a o f 
g r e a t s c i e n t i f i c a c t i v i t y , p a r t i c u l a r l y a f t e r the 1960s. 

In s p i t e o f t h e imp o r t a n c e t h a t t h e s e two s c i e n t i f i c a r e a s have 
i n t h e u n d e r s t a n d i n g o f e l e c t r o c h e m i c a l p r o c e s s e s , t h e number o f s i g n i 
f i c a n t works c a r r i e d out i n them r e c e n t l y i s so g r e a t t h a t i t i s t o t a l l y 
i m p o s s i b l e t o g i v e an a c c o u n t , i n a p r e s e n t a t i o n such t h i s , o f each 
one's e v o l u t i o n . At t h i s p o i n t we w i l l end the d e s c r i p t i o n o f t h e 
h i s t o r y on i o n i c s o l u t i o n s . 

Most e l e c t r o c h e m i c a l systems a r e h e t e r o g e n e o u s , c o n s i s t i n g o f an 
e l e c t r o d e i n c o n t a c t w i t h a s o l u t i o n . The e l e c t r o d e a c q u i r e s e l e c t r i c a l 
c h a r g e , r e s u l t i n g from a c h e m i c a l 
r e a c t i o n between i t s e l f and the 
s o l u t i o n (as w i t h g a l v a n i c c e l l s ) , 
o r a p p l i e d from an e x t e r n a l 
s o u r c e (as w i t h e l e c t r o l y t i c 
e e l 1 ) . 

The f i r s t s t u d i e s on the 
t h e o r y o f the e l e c t r o d e p o t e n t i a l 
were c a r r i e d out by N e r n s t , 4 7 who 
was one o f the be s t known f i g u r e s 
o f p h y s i c a l c h e m i s t r y a t the t u r n 
o f the c e n t u r y . He was the a u t h o r 
o f a l a r g e number o f e x p e r i m e n t a l , 
and above a l l , t h e o r e t i c a l work. 

H i s book Theoretische Chenrte, p u b l i s h e d i n 1893, was c o n s i d e r e d a s t a n -
d a r d work f o r some t h i r t y y e a r s . In 
e q u a t i o n o f t h e e l e c t r o d e p o t e n t i a l E 

, N e r n s t d e r i v e d the w e l l known 
RT P 
— In -, where p i s t h e " s o l u t i o n 
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p r e s s u r e " o f t h e m e t a l , p i s t h e " o s m o t i c p r e s s u r e " , and E i s t h e pote£ 
t i a l d i f f e r e n c e m e t a l / e l e c t r o l y t e . 4 8 T h i s e q u a t i o n was l a t e r g i v e n i n 
terms o f c o n c e n t r a t i o n , an s u b s e q u e n t l y e n t e r e d t h e h i s t o r y o f e l e c t r o 
c h e m i s t r y as t h e N e r n s t e q u a t i o n . As a d e t a i l we s h o u l d say t h a t t h e 
co n c e p t o f JE i n t r o d u c e d by N e r n s t and c r i t e r i o n o f the s i g n , w h i c h d i 
f f e r e d from t h a t used by Gibbs t e n y e a r s e a r l i e r , has g i v e n r i s e t o a 

a) 
c o n f l i c t o f s i g n s t h a t has c o n t i n u e d t o the p r e s e n t day. As a r e s u l t 
o f i t s thermodynamic base, t h e N e r n s t e q u a t i o n i s o n l y a p p l i c a b l e t o 
r e v e r s i b l e e l e c t r o d e s under c o n d i t i o n s o f n u l l c u r r e n t . 

E l e c t r o d e p r o c e s s e s a r e a s s o c i a t e d w i t h a r e a c t i o n between 
e l e c t r o d e and s o l u t i o n t h a t o c c u r s i n a g i v e n d i r e c t i o n a t a f i n i t e 
r a t e . T h e y a r e , c o n s e q u e n t l y , k i n e t i c p r o c e s s e s t h e u n d e r s t a n d i n g 
o f w h i c h r e q u i r e s a d e t a i l e d knowledge o f t h e i n t e r f a c e between t h e 
e l e c t r o d e and t h e s o l u t i o n . 

The f i r s t model o f t h e i n t e r f a c e came i n the works o f H e l m h o l t z . 
In 1853 he d e s c r i b e d t h e d i s t r i b u t i o n o f c h a r g e s formed by two m e t a l s 
i n c o n t a c t as two c h a r g e l a y e r s that a r e s e p a r a t e d by a d i s t a n c e o f 
a t o m i c d i m e n s i o n s ^ H e c a l l e d t h i s a r r a y o f c h a r g e s a " d o u b l e l a y e r " 
Some y e a r s l a t e r (1879) he i d e n t i f i e d t h e i n t e r f a c e o f a metal and an 
i o n i c s o l u t i o n w i t h t h a t d e s c r i b e d f o r two m e t a l s , where t h e e l e c t r i c a l 
c h a r g e o f t h e e l e c t r o d e i s n e u t r a l i s e d by t h e ch a r g e o f t h e i o n s o f t h e 
s o l u t i o n d i s t r i b u t e d i n a p l a n e p a r a l l e l t o i t s s u r f a c e 5 0 T h e e l e c t r o d e 
s u r f a c e and t h e p l a n e d e f i n e d by t h e i o n s was s i m i l a r t o an e l e c t r i c a l 
c o n d e n s e r . 

As a r e s u l t o f s t u d i e s c o n c e r n i n g t h e mercury/aqueous s o l u t i o n 
i n t e r f a c e f o r e l e c t r o l y t e s , Gouy ( 1910) and Chapman (1913) independen
t l y p r o p o s e d a t h e o r y f o r t h e i o n i c d i s t r i b u t i o n a t t h e i n t e r f a c e . 5 1 ' 5 2 

T h i s i n v o l v e d a d i f f u s e c h a r g e d i s t r i b u t i o n , r e s u l t i n g f r o m t h e a p p l i -

a) For Nernst E i s the p o t e n t i a l d i f f e r e n c e m e t a l / e l e c t r o l y t e being then a b i v a r i a n t 

q u a n t i t y as f a r as i t depends on the d i r e c t i o n assigned to the e l e c t r o d e p r o c e s s . 

Gibbs proposed the " e l e c t r i c a l p o t e n t i a l " of an e l e c t r o d e d e f i n e d as a measurable 

e l e c t r i c a l p o t e n t i a l d i f f e r e n c e between "two p i e c e s of the same k i n d of metal 

connected w i t h the e l e c t r o d e under c o n s i d e r a t i o n and w i t h the r e f e r e n c e e l e c t r o d e " . 

E i s t h e r e f o r e an u n i v a r i a n t q u a n t i t y . Nernst c o n s i d e r e d E being p o s i t i v e as the 

s o l u t i o n becomes p o s i t i v e and the metal n e g a t i v e l y charged, what i s the o p p o s i t e to 

Gibbs' c o n v e n t i o n . 
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c a t i o n o f Botzmann's law and P o i s s o n ' s e q u a t i o n . I t i s t o be r e f e r e d 
t h a t a s i m i l a r t r e a t m e n t was adopted by Debye e Huckel a decade l a t e r f o r 
e l e c t r o l y t e s o l u t i o n s . 

In 192^, S t e r n 5 3 proposed a t h e o r y w h i c h encompassed t h e p r e v i o u s 
two models. The i n t e r f a c e was, as s u c h , d i v i d e d i n t o two r e g i o n s : t h e 
l a y e r c l o s e s t t o t h e s u r f a c e h a v i n g i m m o b i l i s e d i o n s , w i t h t h e r e s t 
i n v o l v i n g d i f f u s e l y d i s t r i b u t e d i o n s . 5 4 

R e s u l t s o b t a i n d e d f o r e l e c t r o c a p i 1 l a r y c u r v e s o f mercury w i t h 
d i f f e r e n t s o l u t i o n s o f d i f f e r e n t s a l t s l e d Grahame t o pr o p o s e a more 
c o m p l e t e f o r m u l a t i o n s . 5 5 In t h i s model a d i s t i n c t i o n i s made between 
t h e two d i s t a n c e s o f c l o s e s t a p p r o a c h o f metal i o n s t o t h e e l e c t r o d e 
a c c o r d i n g t o whether t h e i n t e r a c t i o n i s e x c l u s i v e l y e l e c t r o s t a t i c , o r 
whether o t h e r c o n t r i b u t i o n s a r e c o n s i d e r e d ( s p e c i f i c a d s o r p t i o n ) . S t i l l , 
t h e l a y e r o u t s i d e t h i s r e g i o n i s o f d i f f u s e t y p e . 

Both the q u a n t i t a t i v e models o f Gouy and Grahame were e s t a b l i s h e d 
on t h e b a s i s o f r e s u l t s o b t a i n e d w i t h t h e mercury e l e c t r o d e , f o r w h i c h 
the c h a r g e can be c o n s i d e r e d t o be u n i f o r m l y d i s t r i b u t e d o v e r t h e whole 
s u r f a c e . T h i s a p p r o x i m a t i o n i s , however, not s a t i s f a c t o r y f o r o t h e r 
s u r f a c e s , f o r w h i c h models have been souht based on t h e d i s c r i t n e s s 
o f t h e s u r f a c e c h a r g e s s p e c i f i c a l l y t o each o f t h e s y s t e m s . 

E l e c t r o c h e m i c a l k i n e t i c s i s an a r e a d e v e l o p e d more r e c e n t l y , 
a l t h o u g h some s t u d i e s i n t h i s d i r e c t i o n had been c a r r i e d o u t a t t h e 
t u r n o f t h e c e n t u r y . In 1 9 0 3 , T a f e l , i n a st u d y c o n c e r n i n g t h e d i s c h a r g e 
o f t h e hydrogen i o n , o b t a i n e d an e q u a t i o n r e l a t i n g t h e c u r r e n t i n t e n s i t y 
w i t h t h e o v e r v o l t a g e . 5 6 However, t h e mechanism p r e s e n t e d i n t h i s s t u d y 
was s t i l l l a r g e l y i n f l u e n c e d by thermodynamics. The hydrogen i o n would 
r e a c h t h e e l e c t r o d e s u r f a c e a t a p o t e n t i a l c o r r e s p o n d i n g t o e q u i l i b r i u m . 
The s l o w p a r t o f t h e p r o c e s s was the c o m b i n a t i o n o f hydrogen atoms 
formed on the s u r f a c e o f the e l e c t r o d e t o produce m o l e c u l e s o f gas . As 
s u c h , t o o b t a i n a f i n i t e i n t e n s i t y o f t h e c u r r e n t i t i s n e c e s s a r y t o 
change the p o t e n t i a l i n t h e ca t h o d e d i r e c t i o n , w h i c h w o uld i n c r e a s e t h e 
c o n c e n t r a t i o n o f i o n s a d j a c e n t t o t h e e l e c t r o d e and t h e hydrogen 
p r e s s u r e on t h e s u r f a c e , i n o r d e r t h a t t h e r e a c t i o n w o u l d o c c u r w i t h 
a f i n i t e r a t e . A l r e a d y , b e f o r e t h i s , C a s p a r i had r e c o g n i s e d t h a t t o have 
l i b e r a t i o n o f hydrogen o r oxygen i t was n e c e s s a r y t o a p p l y d i f f e r e n t 
p o t e n t i a l s t h a t depended on t h e n a t u r e o f the m e t a l s u s e d , b o t h f o r t h e 
ca t h o d e and a n o d e 5 7 T h e d i f f e r e n c e between t h e p o t e n t i a l needed f o r 
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l i b e r a t i o n o f gas and the t h e o r e t i c a l v a l u e c o r r e s p o n d i n g t o the 

r e v e r s i b l e p r o c e s s was c a l l e d "uberspannung", a term w h i c h was 

t r a n s l a t e d as o v e r p o t e n t i a 1 o r o v e r v o l t a g e . T a f e l d e r i v e d an e q u a t i o n 

w h i c h r e l a t e d the o v e r p o t e n t i a 1 w i t h the c u r r e n t i n t e n s i t y , w h i c h has 

become known by h i s name. 

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

i n the k i n e t i c p r o c e s s e s o n l y came t o be used from the 1 9 3 0 s . E r d e y -

-Gruz and Volmer were t h e f i r s t t o o b t a i n an e q u a t i o n t h a t r e l a t e d t h e 
. , 58,59 

c u r r e n t d e n s i t y w i t h the o v e r p o t e n t i a 1. T h i s q u a n t i t y was, however, 

d e f i n e d i n a somewhat i m p e r f e c t form. For them, the o v e r p o t e n t i a 1 was 

a p o t e n t i a l d i f f e r e n c e c o r r e s p o n d i n g t o the e l e c t r o s t a t i c work t o be 

s u p p l i e d t o the i o n , such t h a t i t c o u l d pass the energy b a r r i e r a t t h e 

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

e l e c t r o d e s u r f a c e . 

Contemporary w i t h the works o f t h e s e a u t h o r s were t h o s e c a r r i e d 

out by t h e R u s s i a n S c h o o l , d i r e c t e d by F r u m k i n . 6 0 These w o r k e r s 

i n t e r p r e t e d the e l e c t r o d e p r o c e s s e s i n terms o f p a r a m e t e r s c h a r a c t e r i s 

t i c o f the e l e c i r i c a l d o u b l e l a y e r . 

A t r e a t m e n t o f e l e c t r o d e k i n e t i c s i n quantum m e c h a n i c a l terms 

was made by Gurney i n 1 9 3 2 . 6 1 For him, the o v e r p o t e n t i a 1 c o r r e s p o n d e d to 

a d i s p l a c e m e n t of the Fermi l e v e l s t h a t a l l o w e d the e l e c t r o n o f t h e 

metal t o have e n e r g i e s o v e r l a p p i n g w i t h v a c a n t a c c e p t o r l e v e l s ( g i v e n 

by a B oltzmann e q u a t i o n ) i n m o l e c u l e s a d j a c e n t t o the e l e c t r o d e . 

T h i s t h e o r y d i d not k i n d l e i n t e r e s t , and the t r e a t m e n t o f t h e 

k i n e t i c s on t h e b a s i s o f quantum mechanics was o n l y r e t u r n e d t o i n t h e 

1 9 6 0 s . 
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THE GROWTH OF ELECTROCHEMISTRY IN THE UNIVERSITY 

OF COIMBRA FROM THE BEGINNING TO THE PRESENT a) 

J. SIMÕES R E D I N H A 

Departamento de Química, Universidade de Coimbra, 3000 Coimbra 

The s t u d y o f C h e m i s t r y a t t h e U n i v e r s i t y o f Coimbra began w i t h 

the 1772 r e f o r m , n o r m a l l y known as t h e Pomb a li n e r e f o r m ( a f t e r t h e 

M a r q u i s o f Pombal, K i n g J o s e p h I's Prime M i n i s t e r ) . T h i s was a p r o f o u n d 

r e f o r m o f t h e U n i v e r s i t y and among i t s g r e a t i n n o v a t i o n s the s t u d y o f 

the e x p e r i m e n t a l s c i e n c e s i s one o f them. A new F a c u l t y was t h e n c r e a t e d 

- t h e F a c u l t y o f P h i l o s o p h y - d e d i c a t e d t o t h e s e s c i e n c e s . The f o u r t h 

y e a r o f the p h i l o s o p h i c a l c o u r s e , t h e l a s t one, was o c c u p i e d w i t h t h e 

c h a i r o f c h e m i s t r y " T h e o r e t i c a l and P r a c t i c a l C h e m i s t r y " . 

The same r e f o r m a l s o s t i p u l a t e d t h e c o n s t r u c t i o n o f t h e " L a b o r a 

tório Químico" i n t e n d e d f o r the p r a c t i c e o f c h e m i s t r y . The b u i l d i n g was 

i n f a c t c o n c l u d e d i n t h r e e y e a r s w h i c h i s r e m a r k a b l e f o r t h e t i m e . For 

two c e n t u r i e s i t s e r v e d as t h e c e n t r e o f c h e m i s t r y s t u d i e s o f t h e U n i 

v e r s i t y o f Coimbra. 

The p r o g r e s s e s r e g i s t e r e d i n c h e m i s t r y u n t i l t h e end o f t h e 

e i g h t e e n t h c e n t u r y may be c o n s i d e r e d s a t i s f a c t o r y f o r the s t a r t i n g o f a 

new s c i e n c e i n a s m a l l c o u n t r y w i t h o u t much s c i e n t i f i c t r a d i t i o n and 

d i d n o t c o n t r a s t much w i t h t h e development o f t h i s s c i e n c e i n t h e r e s t 

o f E u r o p e , busy w i t h t h e c o n f l i c t between L a v o i s i e r ' s c h e m i s t r y and 

the p h l o g i s t o n t h e o r y . 

a) Based on the i n v i t e d l e c t u r e delivered at the 
Celebratory Session of the 5th Anniversary of the Portuguese 
Electrochemical Society, Lisbon, 1989. 


