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It can be taken as a firmly established fact that electrochemical discharge is a retarded process [1]. The ex-
change current of the electrochemical reaction and the so-called transfer coefficient are used as parameters in the
theoretical equation for the retarded discharge. When oxidation-reduction reactions are considered, the rate con-
stant kg of the chemical reaction at standard potential can be conveniently used instead of the exchahge current,
and the retardation of the electrochemical stage can be characterized by the length el = D/kg, where D is the

diffusion coefficient, The parameter L®! has the dimension of a length and may be called the effective length of
the electrochemical reaction,

Analysis of the known methods [1-12]used in investigating electrochemical reactions reveals that, in order to obtain
reliable data on the electrochemical stage of an electrode process, the effective length of the electrochemical reac-

tion L&) must be larger than, or comparable to, the diffusion length Ldif fast electrochemical reactions the
length L8 is short and this makes it necessary to reduce the diffusion length L9, Thin diffusion layers (small Ldify
are produced by applying sinusoidal currents. In this case

8 V Djo,

where w is the frequency of the variable current. The faster the electrochemical reaction the higher must be the
frequency w, However, application of high frequencies gives rise to complications due either to the charge current
of the double layer capacitance and the ohmic resistance of the solution (method of Faraday impedance), or to con-
siderable technical difficulties (method of Faraday rectification), Consequently, it is undoubtedly of interest to
work out a method by which at least one of the parameters in the theory of retarded discharge — the transfer co-
efficient o — can be determined at low frequencies, however fast the electrochemical reaction may be. Such a
method would considerably facilitate the determination of the rate constants of fast electrochemical reactions by
means of other methods in which the nonlinear properties of the cell are utilized, In fact, if o were known, the
rate constant k; might be determined fairly accurately at diffusion lengths L9if in the order of L€}, whereas much

higher frequencies must be used to determine the two parameters in the theory of retarded discharge in the event
o is unknown [4].

The main aim of the present paper is to show that the coefficient & can be determined by applying a low fre-
quency and using the relationship between the electrode potential and the phase shift of the second harmonic in the
variable potential with respect to the phase of the purely sinusoidal current polarizing the electrode. In paper [13]
the amplitudes and the phases of the second harmonic of a variable potential were calculated for conditions near
equilibrium, and it was proposed that electrochemical processes should be studied by measuring the amplitudes
(method of Faraday distortion), When allowance is made for the dependence of the concentration near the elec-
trode on the potential, further analysis of the equation for the oxidation-reduction reaction

Ox + ne- = Rd
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leads to the formula
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Dy and D, are the diffusion coefficients of the substances Ox and Rd, respectively;

F (2)
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¢ denotes the potential and ¢ 1 the halfwave potential:
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O being the standard potential, The phase X appears as follows in the equation for the electrode potential com-
ponent varying with the frequency 2w.

(0

Qo = Paq COS (200F — ).

The variable current polarizing the electrode is given by
I = 1O cos ot.

The magnitude of Y is comparable to the L"'I/LCIlf ratio and is small at low frequencies even in fast electro-
chemical reactions, In Fig. 1 it is shown how in this case the phase of the second harmonic X depends on the param-
eter P as found from formula (2), It will be seen that phase X is equal either to +7/2 or to —n/ 2. Phase reversal
takes place at the halfwave potential (P = 1, phase reversal I) and at a definite potential value (P = P, phase re-
versal 11) depending solely on the transfer coefficient: P = (1—a) /o, or

1 (3)
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Consequently, if the value of the electrode potential ¢ q at

, ; LA . 7_:{ = _— which phase reversal II takes place is known, then, the transfer co-
Z 3 3 [ 2] 3 3 efficient can be easily found from formulas (2) and (3).,*
& I
:% I g e P % 2 g 1.r Application of methods utilizing nonlinear properties of the
5 g, @ ® cell normally implies that second-order terms of the signal ampli-
. 2 z z % -§ l_ tude (voltage or current rectification, amplitudes of the second har-
-7 -~ ~3 ol monic, etc,) have to be measured, Here, we need to record only
H Z the potential at which one of the parameters reverses its phase. This
Fig. 1 must, of course, lead to considerable technical simplifications,

Utilization of low frequencies, i.e., of frequencies at which the elec-
tric resistance of the electrode -solution boundary is determined by the Faraday impedance, eliminates the effect of
the double layer capacitance which causes the effective signal to drop at high frequencies when the method of Fara-
day distortion is applied [13].

It is also of definite interest to measure the electrode potential as a function of the phase shift of the second
harmonic at higher frequencies where el ~pdi . As follows from Eq. (1), the sharp phase reversal I disappears and
is replaced by a smooth transition, whereas phase reversal II is preserved, In this case the rate constant ks can be

* We note that the phase reversal may be used to record the halfwave potential more accurately.
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determined from the x versus P curve (the parameter o is assumed to be known from measurements at a low fre-
quency). However,this method of determining kg cannot be used in the most interesting case where fast chemical
reactions and low concentrations of the potential-determining ions are involved, since under these conditions the
resistance resulting from the double layer capacitance is lower than the Faraday impedance, and the effective signal
intensity drops, This circumstance also limits the application range of the Faraday distortion methods, Nonetheless,
the method of measuring the X versus P curve at high frequencies may have some advantages over the two methods
mentioned above: unlike the Faraday impedance method it eliminates the ohmic resistance of the solution, and un-

like the Faraday distortion method it does not require knowledge of the potential electrode component varying at
the main frequency,

Since the transfer coefficient o can be determined at low frequencies, it is particularly advantageous to com-
bine the method of Faraday heterodynization [14] with our method of measuring the X versus P curve at low fre-
quencies in order to determine simultaneously the parameters which appear in the equation of the theory of retarded
discharge and characterize fast chemical reactions. In this case all measurements can be performed in the stationary
regime and only sinusoidal currents and voltages have to be used,

The authors thank Academician A. N, Frumkin, P, Sh, Nigmatullin and S. B, Tsfasman for their valuable dis-
cussions,
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All abbreviations of periodicals in the above bibliography are letter-by-letter transliter-
ations of the abbreviations as given in the original Russian journal. Some or all of this peri-
odical literature may well be available in English translation. A complete list of the cover-to-
cover English translations appears at the back of this issue.
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