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Fig.5. Adsorption isotherm for cerium(II):
1) pH = 2.80; 2) pH = 3.20; 3) pH = 3.58;
4) pH = 4.00,
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Fig.6., Adsorption isotherm for
zirconium at pH 3.60.

The adsorption is, within the limits of reproducibility of
adsorption measurements, practically independent of the
previous history of the solution and is equilibrium adsorp-
tion. The value of the pre-exponential coefficient A in the
adsorption isotherm and its dependence on pH were deter-
mined from graphical analysis of the isotherms, taking into
account the relative change in the specific surface of the
precipitate, i.e.

A= AdpH) £ - (2)

The dependence of Ao on pH for cerium and zirconium is
shown in Fig.7; for strontium it is independent of pH with-
in the range 2.0-4.5. The relationship is a linear one,
which agrees well with theoretical conclusions '*»** based
on localisation of secondary exchange adsorption in a mono-
layer. TFinally, the expression for adsorption in an elec-
trical double layer with heterogeneous energy contour is

7= £ AdpH)c/" (3)
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Fig.7. Dependence of adsorption coefficient
A, on pH: 1) for cerium; 2) for zirconium.

SUMMARY

1. The adsorption isotherm for cations on basic iron(III)
acetate is expressed over a wide concentration range
by Eqn.(1). The value of the coefficient n is independ-
ent of the pH of solution and is a function of the charge
on the cation. The value of coefficient 4, on the other
hand, does depend on the pH. This affects the value of
the specific surface of the precipitate and the electrical
double layer at the solid-solution boundary in accord-
ance with Eqn. (2),

2. The cation adsorption isotherm for secondary adsorp-
tion in an electrical double layer on precipitates of
hydroxide type can be expressed explicitly by Eqn. (3).
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DETECTION OF CONCENTRATION
POLARISATION BY MEASUREMENT
OF ELECTRODE IMPEDANCE

D.L Leikis and L. L.Knots

The first question which arises in investigating the kine-
tics of electrode processes is whether the rate of the process
is limited by the diffusion of reactant species to the elec-
trode-electrolyte boundary or by the diffusion of reaction
products away from this boundary — in other words, whether
concentration polarisation occurs at the electrode. In

- Several papers measurement of the components of the im-

pedance of the electrode in alternating current of variable
frequency has been employed to settle this question. Its
use is based on the fact that concentration polarisation at
an electrode is equivalent to a capacitance and a resistance
connected either in parallel or in series, the phase shift of
the whole unit being 45°, and the components of the impe-
dance varying linearly with w=#, where wis the a.c. fre-
quency '™,
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In studies of the kinetics of electrode processes, alinear
relation between the components of the impedance of the
electrode and w-% was usually the criterion for concentra-
tion polarisation?®. Such a relationship can be observed
over a comparatively wide frequency range, however, only
if the capacitive reactance of the double layer within this
range is considerably greater than the resistance in the
concentration term, and can be neglected in comparison
with the latter, since they are connected in parallel. If it
is impossible to neglect the capacitive reactance of the
double layer, e.g. if its capacitance is extremely high, or
if the concentration polarisation is high (diffusion in solid
phase restricted), the dependence of the components of the
impedance on w~! is more complicated, and the criterion
of linearity cannot be used to detect concentration polarisa-
tion.

On analysing the dependence of the components of the
electrode impedance on w-!, taking into account the capa~
citance of the double layer, however, we discovered a pro-
perty of the active component of the impedance as a func-
tion of w=? which can be readily used to decide whether
concentration polarisation is present at the electrode. We
assumed that in the absence of concentration polarisation
any electrode can be simulated to a first approximation by
one of the four circuits depicted in Fig. 1*  The impe-
dance of this electrode is Zo = Ro~jXo, where Ro and Xo are
the active and reactive components. Let us write downthe
impedance for each of the circuits in Figs. la=1d:

P R . oRC -
Com = T (@iCr —/ T (@ler = Fow 1 Youy O]

1 -
200 = B— i 40 =Roy— i X @

* We assume that the capacitive elements of the circuits,
corresponding to the capacitance of the double layer or the adsorp-
tion capacitance, as well as the resistance elements, correspond-
ing to the resistances of the separate reaction stages, remain
unchanged while their frequency dependence is being measured.
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It is evident from the above that in all the circuits Ro is
a function tending to an upper limit, which cannot exceed
the resistances of the electrochemical stage of the elec~-
trode process or the sum of such stages, if they occur in
parallel [Eqns. (5)=(8)]. Inclusion in the electrode-simu-
lating circuit of a resistance equivalent to concentration
polarisation makes this function unbounded, since the latter
is an unbounded function of w=%. This is illustrated by
Fig. 2, in which curve 1 shows the general variation of the
active component Ro as a function of w-1! for circuit 4 in
Fig.1; curve 3 shows the corresponding curve obtained
when a concentration-dependent resistance is connected in
series with the whole circuit d in Fig.1. Curve 2 (Fig. 2)
shows the variation in Ro when the concentration-dependent
resistance is included in series with C; or Cz(circuit d in
Fig.1). It is evident from Fig. 2 that inclusionofa concen-

tration-dependent resistance transforms Ro from a bounded
to an unbounded function.

It is thus possible by measuring the variation of the ac~
tive component of the impedance with w=1 to judge whether
concentration polarisation is present at an electrode. A li-
mit to the active component of the impedance as w —#0is a
criterion of the absence of concentration polarisation. Un-
limited increase in the active component of the electrode as
w — 0 indicates the occurrence of concentration polarisa~
tion. A linear relation between R, and w=% occurs in the
presence of concentration polarisation in general only at
frequencies which are sufficiently low for the effect of the
resistance of the reaction and the capacitance of the double
layer to be neglected but not so low that the normal course
of non-stationary diffusion is disturbed by convection.

In conclusion, we wish to thank Professor B.N. Kabanov
for valuable advice.
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