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An Analysis of Current Density-Overpotential Curve for
Quasi-reversible Electrode System

Yuji Imashimizu

Abstract

It has been considered that the analysis of the current density-overpotential curve for the quasi-

reversible electrode system would be complicated, while that for the reversible and irreversible ones

could be done approximately by using the reduced forms of the general expression which represents the

steady-state current flowing at the electrode under an overpotential.

In this report, it is shown that if the anodic and cathodic diffusion-limited current densities were

given for a quasi-reversible electrode system by some proper method, the activation and concentration

overpotentials under a polarization of the electrode could be determined so that the current density-

overpotential curve would be analyzed explicitly by the general expression, resulting in the estimation of

the exchange current density and the transfer coefficient. This approach is applied to analyze the current

density-overpotential curve for an anodic dissolution of the (111) surface of copper single crystal in a

concentrated solution of NaCl containing NaBr and a small amount of CuCl, and proved reasonable.
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Fig. 1 Electrolytic cell. S : copper crystal, E : electrolyte
which consists of 5 kmol/m® NaCl, 0.25 kmol/m* NaBr
and 10*kmol/m® CuCl?, RE : reference electrode, WE,
and WE, : lead wires for the detection of potential and cur-
rent, CE : counter electrode, Rt : rotator, St : stirrer, T :
thermostatic bath and Th : thermometer.
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Fig. 2 Current density — time curves under potentiostatic
electrolysis of the (111) surface of copper crystal at 298 K.
(a) and (b) show the curves measured at overpotentials of
80 mV and 150 mV, respectively.
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Fig. 3 Plot of the current density i versus overpotential for the anodic and cathodic polarization of the (111) surface

of copper crystal in the electrolyte at 298 K.
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Fig. 4 Plotof In((I-(i/i,))'iog™") versus
nen /kT in the region of lower overpotential than
110 mV. The straight line is drawn by the method of
least squares. Its slope and intercept on the ordinate
give the transfer coefficient o of 0.84 and the ex-
change current density i, of 6.4 X 10? A/m? respective-

ly.

IE»TFay PLTFig 4%18/7. Il Ti .« <
I xTHY, <110 aVTid i/ <1 THEHD
T, RUDOFHETIEH 1L -(i/7x)=1& L7 C
OFRBICBWTHEMBHLUERRGRL T HERE
B, 20 oV< 7 <110 oV, OB/N_FHEICLER
(1) OESBERIIEBED LS, oEEHIS
B R a =0.84, F/-METIR > O XHBBHREE
70=6.4x10"% A/n® DPHEEEIN S, Table 1 IZi2
3OoDRLAFER/EREHOTRE L 7 -7 Mk
%, LCOBFBHEICLDBIFLTKRDIcaBLD 7o

Table 1| The transfer coeffisient o and the exchange
current density i, for the electrode reaction shown by eq.
(13), which were estimated from the present analysis of
the anodic current density-overpotential curves for the
(111) surface of copper crystals in the electrolyte at 298 K.

Sample | Transfer Exchange current
coefficient density
a io/ A m?
1 0.84 0.064
2 0.85 0.050
3 0.80 0.065
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Fig. 5 (a) Nomalized current density i , i,,and
(b) the o4 asafunctionof nen kT. Solid line
in (a) shows the curve calculated from the equation (4)
and that in (b) the one from the equations (6), (7) and (10)
baised on the calculated current density in (a). Open
circles show those values given by experimental values of
current densities.
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