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Synopsis. The fundamental and second harmonic
responses of the Zn(II)/Zn(Hg) electrode agreed with the
theory with respect to the phase angle. Th ekinetic param-
eters of the systems were: k,=(2.8-+0.3) X 10-%cm/s, a=
0.304-0.05 in 1 M NaClO, and k,=(3.340.3) x 102 cm/s,
a=0.2740.03 in 1 M KCIL

Fourier transform AC polarography has the advan-
tage of allowing the simultaneous measurement of the
amplitude and phase angle for the components of the
fundamental and higher harmonic AC current.l-9)
This opens a way to investigate the reaction at the
electrode surface with different time scales, and it
would probably be very useful for kinetic investigations.

The purpose of the present paper is to examine,
taking the Zn(II) ion as an example, whether or not
any discrepancy exists between the fundamental(lst)
and second(2nd) harmonic responses under the same
experimental conditions.

The apparatus and experimental procedures were
the same as those of the previous paper.®) The fre-
quencies, f, of the applied AC potentials were 27.9,
55.8, 111.6, and 173.6 Hz, each with an amplitude,
AE, of 5mV. All the chemicals used were of analytical
reagent grade, except for Zn(ClO,),-6H,0, which was
prepared by the usual method.

The actual steps of the measurements were as follows:
1) The kinetic parameters were first roughly estimated,
by which the computer simulation of Procedure 2) was
started. 2) Simulation was continued by varying the
kinetic parameters until the calculated curve for cot ¢
vs. &/w at peak potential, E,, of the 1st harmonic AC
polarogram coincided with the experimental curves,
where ¢ is the phase angle and w is 2zf. 3) The 2nd
harmonic AC polarogram was then calculated by the
use of the kinetic parameters which had just been
obtained by the preceding procedure, after which the
polarogram was compared with the experimental curve.

1) The standard rate constants of the electrode
reaction, £, were calculated by means of Eq. (1);
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where ¢ is the phase angle between the 1st harmonic
AC current and the applied AC potential at the re-
versible half-wave potential, Ef.. D, and D, are the
diffusion coefficients of the oxidized and reduced forms
respectively, and a, the transfer coefficient. By plotting
cot ¢ against the frequency of the AC potential, kg is
calculated from the slope of the cot ¢ vs. //w curve,
with the intercept of 1.19 In the present case, the
cathodic peak potential, E,¢, of the 2nd harmonic AC
polarogram was used as the Ef. value, and a was

roughly taken as 0.3 for both systems. These values
of Ei, and « were actually the averages of the values
in the literatures.®~11:18) The observed values of £ were
(3.540.9) X 10-3 cm/s for the Zn(II)-1 M NaClO, sys-
tem and (3.7-40.5) x 10-2 cm/s for the Zn(II)-1 M KCl
system.

2) Simulation was performed by varying the values
of k, and «, until the calculated curve (cotd vs. +/®)
coincided with the experimental curves within the limit
of experimental error, where theoretical calculation was
based on the expanding-plane model.!® The experi-
mental values of cot ¢ used in this procedure were those
obtained at E,, where the current intensity is larger
than that at EI,, which improved the precision of the
phase angle. The kinetic parameters thus obtained for
these systems were as follows: k;=(2.840.3) x10-3
cmfs and «=0.3040.05 for Zn(II)-1 M NaClO,
([H+]==1 mM), and k,=(3.340.3) X 10-3 cm/s and a=
0.2740.03 for Zn(II)-1 M KCl([H*]=1mM). In
these cases, D, was obtained experimentally, and D,
was taken from Ref. 15.

3) Using the kinetic parameters obtained from the
above procedure, the theoretical curves of the 2nd
harmonic AC polarogram were described (Fig. 1).
The frequency dependence of the several parameters,
ie., the phase angles (Fig. 2), the ratio of I,¢ to I2
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Fig. 1. 2nd harmonic AC polarogram of Zn(II)-1 M
NaClO, ([H*]=1 mM) system.

f=279Hz; ()—in-phase component
@ —quadrature component
f=111.6 Hz; A —in-phase component

A—quadrature component

simulation curves for £,=2.8x 10-® cm/s and «=0.30
S=279Hz ( ), f=111.6 Hz (——)

LI’=in-phase component

ILII’=quadrature component

AE=5mV, n=2, [Zn(II)]=1.01 mM, D,=0.71X%
10-% cm?/s, D,=1.70 X 10-% cm?/s, drop time=3.58s,
electrode area=0.015 cm?2.
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Fig. 2. Phase angle of the 2nd harmonic AC polarogram
of Zn(II)-1 M NaClO,([H*]=1 mM) system.
o: f=27.9Hz, x: f=111.6 Hz
simulation curves
S=27.9Hz ( ), Sf=111.6 Hz (——-)
same parameters as Fig. 1.

(cathodic and anodic peak currents respectively), and
the separation between E ¢ and E,? (the anodic peak
potential), were consistent with the theoretical predic-
tions. However, the amplitude of the experimental
curve was considerably (about twice) larger than that
of the theoretical one in both systems. To confirm
that the discrepancy was larger than the experimental
error, the D, of Zn(II) (for the case of 1 M KCl solu-
tion) was measured by using different starting materials
(ZnCl, and zinc metal). The D, found after four
measurements was (0.734+0.02) X 10-% cm?/s; its error
gave only an error of less than 29, in the amplitude.
In conclusion, the results for the 1st and 2nd harmonic
AC polarograms for the present systems agree with
each other with respect to the phase angle. The
kinetic parameters obtained from the phase angle of the
Ist and 2nd harmonic responses are in good agreement
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with those previously reported.?-11,16)

The observed amplitude, which was larger than the
theoretical one, is assumed to be due to the effect of
In the present systems, the
departure of the measured amplitude from the theoreti-
cal amplitudes was larger than in the cadmium system.®)
This may be qualitatively interpreted in terms of the
fact that the spherical diffusion influences both the
surface concentration and the deviation from the elec-
trochemical equilibrium.!?
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