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Conventional thermodynamic 
parameters like free energy, 
activity, equilibrium constant, 
temperature and pressure 
dependence  and cell potentials 
and its coefficients with 
variables
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�������� Metal/Electrolyte InterfaceMetal/Electrolyte Interface

1/Cdl =  1/CH +  1/CGC

���� The density of states is 1022 cm-3V-1

���� The space charge of the metal is all squeezed onto the surface.

���� Field gradient is absent in the bulk of metal.
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� Electron transfer at Metal electrode/electrolyte interface

�Gurney’s model : Electron passes from

Oxidation →→→→ Filled donor state of redox species to the Fermi level of the metal

Reduction →→→→ Fermi level of the metal to the empty  acceptor states of an oxidant

�Electron transfer rate at Metal/electrolyte interface

�The electron transfer occurs in an 
energy range close to the Fermi 
level

� not too far from equilibrium 
condition – does  not to go to high 
overvoltages
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�������� Rate equation at Metal electrodesRate equation at Metal electrodes

����The integrals represents the 
currents for metal electrodes 

→→→→ probability 
distribution of energy states in 
the  Ox+ or Red species.

→→→→ density of 
occupied or vacant electronic 
states in the solid
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���� Semiconductor/Electrolyte Interface

1/Cdl =  1/CSC +  1/CH +  1/CGC

����The potential due to atmosphere of holes 
and electrons is given by

χ=  (8πηπηπηπηoeo
2/εεεεkT)1/2

χχχχ-1 →→→→ Thickness of the Garrett-Brattain
space charge inside a semiconductor.
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�� Effect of potential on the Energy levels of the SemiconductorEffect of potential on the Energy levels of the Semiconductor

���� The energy bands near the surface of the Semiconductor 
are 

disturbed by the existence of the field.

���� The bending of the bands up or down depends on the sign 
of 

the ionic charge populating the OHP.

���� Field penetration exists inside the Semiconductor.

���� Field gradient depends on 

(i)    Density of states

(ii)   Surface states

(iii) Adsorption capacity
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���� Electron transfer at Semiconductor electrode/electrolyte interface

Redox system 1   →→→→ Eo
redox close to CB edge

Accumulation layer

High rate of e- exchange 
can be expected

Redox system 2   →→→→ Depletion layer

Electron transition to 
Ox+ species nor from 
reduced species reach the 
conduction band energy.

Redox system  3   →→→→ The barrier height for 
electron is even higher 

(close to Eg energy)

Eo
redox close to VB edge

e- exchange is possible 
with VB edge.

Reference:  H. Gerischer, Electrochimica Acta, 35 (1990) 1677.
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�������� Electron transfer at the Semiconductor/electrolyte interface:Electron transfer at the Semiconductor/electrolyte interface:

Current via the conduction band

jc = kc
+ . Nc

. Nred – kc
- . ns . Nox

ns = no
. exp(eo∆ϕ∆ϕ∆ϕ∆ϕSC/kT)

where ns is surface concentration of electrons

Current via the valence band

jv = kv
+ . ps

. Nox – kv
- . Nv . Nox

ps = po
. exp(eo∆ϕ∆ϕ∆ϕ∆ϕSC/kT)

where ps is surface concentration of holes

���� Equilibrium between the Semiconductor electrode and a redox 
system/depolarizer in solution can result in a situation where the Fermi level is 
located in the band gap of the semiconductor.

���� Considerable electron transfer can occur only if the redox potential of the 
redox system is located close to the band edges of a semiconductor. 

���� The rate of electron transfer across the semiconductor/depolarizer depends 
only the         surface concentration of the charge carriers (density of states). 
H. Gerischer, Electrochimica Acta, 35 (1990) 1677

A. M. Kuznetsov and J. Ulstrup, Electrochimica Acta, 45 (2000) 2339
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�� Fermi level and Density of statesFermi level and Density of states

���� The position of the Fermi level determines the chemisorption
properties of the surface and controls the equilibrium 
population of the various species created by the adsorbed 
species.

���� By suitable doping of oxides with small amounts of foreign atoms
alters the Fermi level which reflects the availability of carrier 
concentration (density of  states)  at the surface.

→→→→ accelerated by the rise of F.L – availability of 

electrons – n-class or acceptor reaction

→→→→ accelerated by lowering of F.L – availability 

of  holes – p-class or donor reactions.

���� States without intervention of foreign atoms – broken bonds on 
the surface.



3/26/2007 NCCR 42

���� Selection criteria for Multicomponent system

1. Field gradient

Insulators (105 V/cm)

Semiconductors

Metals (107-108 V/cm)

2. Adsorption capacity depends on the nature of

active site

depolarizer

3. Potential range of application

4.   Identifying the possible candidates

���� Perovskites, Pyrochlores and Spinels - satisfies the 
above  condition to some extent


