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LEC 06 Electrochemistry

Principle and tasks
Electrode polarization and the pres-
ence of overpotentials are important
concepts in understanding electrode
processes. They underlie the fact that
galvanic cells always deliver current at
less than the equilibrium e.m.f. and that
an applied potential greater than the
equilibrium e.m.f. is required in order to
drive a reaction in an electrolytic cell.

The current-potential curve for the
electrolysis of a 1 M hydrochloric acid
solution is recorded using graphite rod
electrodes, and the decomposition
voltage is determined. By replacing the
graphite rod cathode with a series of
different metal rod electrodes, the
overpotentials for hydrogen evolution
at these metals can be compared.

Current-potential curve for the electrolysis of HCl solution using graphite
electrodes.
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3. Concentration or diffusion overpotential at one or both elec-
trodes due to the presence of concentration gradients in the
vicinity of the electrode surface. As a result of electrochemi-
cal reaction, the concentrations at the electrode surface no
longer have their equilibrium values. If migration through the
electric double-layer is very rapid then, at high cell currents,
diffusion from the bulk of the solution towards the electrode
will be unable to replenish the ions at the double-layer quick-
ly enough and a concentration gradient will result.

The decomposition voltage measured here has no easily defined
theoretical significance since it consists of two individual elec-
trode potentials and the ohmic ( IR ) drop between them. Each
electrode will also exhibit an overpotential which depends upon
temperature, concentration, electrode current density and the
physical and chemical nature of the electrode surface. Thus

Vd = E + hA +  hC + IR (2)

where E is the magnitude of the back e.m.f. of the galvanic cell
formed (see Eq. 1) and hA and hC are the overpotentials at the
anode and cathode respectively. By keeping the anode
(graphite) and the electrolyte solution (1 M HCl) constant, the
variation of the decomposition voltage with cathode material
may be used to provide an approximate indication of the relative
sizes of the cathodic overpotential hC required to generate
hydrogen. The results are shown in Fig. 5 and 6. Since the gra-
dients are all similar, one may immediately arrange the order of
the hydrogen overpotentials in the electrolysis of 1 M hydrochlo-
ric acid as follows:

Ni � Fe < Cu < Zn < Pb
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