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ON THE MECHANISM OF THE MIGRATON CURRENT 
EXALTATION EFFECT IN  ACID SOLUTIONS 
Yu. I .  Kharkats and A.V. Sokirko 
A.N.Frumkin I n s t i t u t e  o f  Electrochemistry o f  the  
Academy o f  Sciences o f  t he  USSR, Moscow 

The Problem o f  d i f f u s i o n  - migra t ion  i o n i c  t ranspor t  i n  

p a r a l l e l  Processes o f  c a t i o n  reduct ion  and molecular  oxigen 
reduct ion  i s  t h e o r e t i c a l  studed. For the case o f  a c i d  so lu t i ons  

the recombination r e a c t i o n  o f  H+ ions and OH- ions generated . a t  
the e lec t rode due t o  oxigen reduct ion  i s  taken i n t o  account. I t  
i s  shown t h a t  a t  r a t h e r  h igh  H+ ions concent ra t ion  i n  the  bu lk  
so lu t ion ,  when t h e i r  f l u x  t o  the e lec t rode i s  h igh  the  recombina- 
t i o n  reac t i on  takes p lace i n  the  narrow rea ion c lose t o  t he  
e lec t rode.  Therefore i n  t h i s  case the Process o f  oxieen reduct ion  
proceeds w i t h  p a r t i c i p a t i o n  o f  H+ ions.  A t  moderate H+ ions con- 
cen t ra t i on  i n  the  bu lk  s o l u t i o n  the process o f  H+ and OH- ions 

recombination i s  l o c a l i z e d  due t o  h igh r a t e  o f  recombination 
procces i n  a  narrow reg ion  i ns ide  the d i f f u s s i o n  l aye r  which i s  
much l ess  then the  th ickness o f  Nernst d i f f u s i o n  l aye r .  D i f f u s i o n  
laver  cons i s t s  i n  t h i s  case o f  two regions.  I n  t he  f i r s t  one 
spaced near the  e lec t rode the  H* ions are p r a c t i c a l  l y   absent and 

the corresponding system o f  e l e c t r o d i f f u s i o n  equations co ins ides  
w i t h  t h a t  used i n  the  theory  o f  migra t ion  cur rent  e x a l t a t i o n  ( 1 ) .  
I n  t he  second reg ion the  OH- ions are p r a c t i c a l  ly absent and the  
corresponding system o f  e l e c t r o d i f f u s i o n  equations co ins ides  w i t h  
t h a t  used i n  the  theory  o f  c o r r e l a t i o n  e x a l t a t i o n  o f  m ig ra t i on  
cur rent  ( 1  . 

I t  i s  shown t h a t  t he  l i m i t i n g  cur rent  o f  ca t ions  discharge 
increases w i t h  the  growth o f  oxigen reduct ion  cur rent ,  t h i s  
increase beeine most Pronounced a t  low H+ concentrat ions.  For 
ra the r  a c i d  so lu t i ons  the  inusual  l i m i t i n g  d i f f u s i o n  - m ig ra t i on  
cur rent  o f  ca t i ons  discarge must be r e a l i z e d  due t o  the  decrease- 

o f  t h e i r  concent ra t ion  t o  zero i ns ide  the d i f f u s i o n  laver  ( 2 ) .  
The anomalous charac ter  o f  space charge dens i ty  d i s t r i b u t i o n  

i s  found i n  the  reg ion o f  t he  H+ and OH- ions recombinat i on  where 

the abrupt change o f  e l e c t r i c  f i e l d  takes p lace.  
( 1 )  Yu.I.Kharkats, Elektrokhimiya. 1978, 14,1716, 1840. 

( 2 )  A.V.Sokirko, Yu.I.Kharkats, Electrokhimiya, 1989, 2 5 ,  232.  



THE THEORY OF HIDDEN LIMITING DIFFUSION CURRENTS. 
Yu.I.Kharkats, A.V.Sokirko 

A.N.Frumkin I n s t i t u t e  o f  Electrochemistry  of t h e  
Academy o f  Sciences o f  the  USSR, Moscow 

The phenomenon o f  hidden l  i m i t i n g  cur rent  i s  obsered i n  
s i  stems where t h e  Product o f  e lectrochemical  reac t  i o n  
i r r e v e r s i b l y  i n t e r a c t s  i n  the s o l u t i o n  w i t h  t h e  depolarizaton o f  
another p a r a l l e l  e lectrochemical  reac t i on  ( 1 ) .  As a r e s u l t  o f  
such i n t e r a c t i o n  the  d i f f u s i o n  f l u x  t o  the  e lec t rode o f  rec tan t  
o f  secound reac t i on  depends on the r a t e  o f  f i r s t  reac t ion ,  i .e. 
bo th  Processes a r e  not  independent. 

Let, f o r  example, two substances A and B are  reduced a t  the  
e l e c t  rode, ~+ne-A*, B+me-+rBD . I f  I n  so l  u t  i on bu l  k  reac t  i on, 
pAD+qE3 -+ A:B- takes place, then according t o  d e f i n i t i o n  given i n  
(1) t h e  hidden l i m i t i n g  cur rent  Ai=i,-i; i s  t h e  d i f f e rence  o f  
l  i m i t i n e  cu r ren t  o f  B  reduct ion  in  the  absence o f  A  i, and i n  i t s  
presence 1;. 

The t h e o r e t i c a l  ana lys is  o f  hidden l i m i t i n e  cu r ren ts  
descr ibed i n  ( 1 )  was v a l i d  on ly  f o r  t he  case o f  i n f i n i t e l y  h lgh  
r a t e  o f  homogeneous reac t ion .  

I n  t he  Present work a  theory o f  hidden l i m i t i n g  cu r ren ts  i s  
developed which i s  v a l i d  f o r  a r b i t r a r y  values o f  ra tes  o f  homoge- 
neous Process ( 2 ) .  The d i s t r i b u t i o n s  o f  reac tant  B and reac t i on  
product A* i n  d i f f u s i o n  l aye r  are descrided by equat ion 

Here DA* and Dm are corresponding d i f f u s i o n  c o e f f i t i e n t s ,  K 

i s  t h e  r a t e  constant  o f  homoeeneous reac t ion ,  x  i s  coordinate.  
The a n a l y t i c a l  s o l u t i o n  o f  the problem  has been der ived f o r  

the  cases: 1 )  h i gh  o r  slow ra tes  o f  homogeneous reac t ion :  2 )  the  
f luxes o f  substance A are  la rge or  smal l .  A t  in te rmedia te  'values 
o f  these parameters t he  problem was solved numer ica l ly .  

(1) W.Kemula, Z.R.Grabowski, Roszn.Chem.,1952, 25, 516. 
(2) A.V.Sokirko, Yu.I.Kharkats, Elektrokhimiya,  1989, 25, 34. 


