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The voltammetry of the Cu?*—Cu™ reduction wave on the glassy carbon rotating disk electrode
has been studied in weakly acid solutions of potassium chloride. In the same solutions was also
studied the kinetics of the adsorption of copper(l) on Dowex 50 WX 8 cation exchange resin by
continuous measurement of the diffusion current of the Cu?>*—Cu™* reduction wave. The kinetic
type was determined and rate constants calculated under various conditions; the activation energy
for the film kinetic process was found.

Part I of this series!, which utilized the voltammetric metal ion concentration moni-
toring method using a rotating disk electrode?, dealt with the kinetics of the ad-
sorption of iron(1II) from strongly acid media (up to 3-0 molar) on Dowex 50W X 8.
This method has now been applied to studying the adsorption of copper(II) from
potassium chloride solutions on the same ion exchange material. As a basis of the
study, the voltammetric behaviour of copper(II) in this medium has been studied
at the glassy carbon rotated disk electrode, which has already proven to be an ad-
vantageous indication device!+3~°. The adsorption rate and kinetic type were studied
with varying pH and temperature, as well as at various concentrations of KCl and
varying adsorbent-adsorbate ratios.

EXPERIMENTAL

Reagents and apparatus. The copper solutions used were prepared from *“Specpure” copper(Il)
oxide (Johnson, Matthey, England), and were standardized by EDTA titration. The KCl, KOH
and HCI solutions were prepared from the p.a. chemicals. The catex was Dowex 50W X 8, 50/100
mesh, H¥ cycle (The Dow Chemical Co., U.S.A.) (Grain radius, %, centres around 1-1. 1072
cm). The rotating disk electrode and instrumentation used were described in a previous paper!.
pH measurements were made on the pH Meter 25 (Radiometer, Copenhagen).

Procedure. The copper(Il) reduction wave in neutral KCl media is sufficiently well separated

* Part I: This Journal 37, 123 (1972).
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from the reduction wave of dissolved oxygen that it is not necessary to deaerate the solutions prior
the measurement. However, in acid media, the oxygen reduction wave is shifted to positive
values and deaeration becomes necessary. The experimental procedure and instrumentation were
identical to that described in the preceeding paper!, where a schematic representation of the ex-
perimental curves is given. The pH was adjusted with HCl and KOH in both the copper solution
and in Dowex suspension, and measured in both prior to the kinetic measurement. In all cases,
the pH and temperature of the Dowex suspension were identical to those of the copper solution.

RESULTS AND DISCUSSION

The Voltammetry of Copper(II) in KCl Solutions

The reduction wave of Cu?* to Cu™ in KCI at the glassy carbon rotating disk electrode is well
formed and has a clearly defined current plateau. The half-wave potential is dependent on the
concentration of KCl, increasing with increasing KCl but is independent of the pH in the range
studied (1-0 to 3-5). Resolution from the reduction wave of dissolved oxygen is increasingly
marked with increasing pH, due to the shift of the latter to positive potentials with increasing
acidity. The dependences of the current, both at an overvoltage of 50 mV and on the diffusion
controlled plateau, on the square root of the electrode rotation rate are linear and pass approxi-
mately through the origin, in accordance with the Levich equation for reversible systemsG. The
diffusion coefficient, calculated from this equation, has the value 72 . 1076 cm_z/s at pH 3-5
and 0-5M-KCl, as compared to literature value of 6-8 . 1076 cmz/s in the same solution7, found
using a gold r.d.e. The diffusion current was found to be independet of both the concentration
of KCl and of the pH in the range studied. The decrease in the diffusion current with time on conti-
nuous polarization at either 0 or —100 mV (s.c.E.) is small and linear after the first 5—10s;
the current stability is good.

The voltammetric wave was studied in the temperature range, 20— 50°C. In all cases, the wave
stability remained good and the noise level was low. The decrease in the diffusion current with
continuous polarization remained linear after the first few seconds at all temperatures, but was
somewhat more marked at higher temperatures. The half-wave potential increased slightly
(2mV/°C), and the diffusion current increased in a manner corresponding to reversible systems
(2:3%/°C) (cf9). Calculation of the charge transfer rate constant at the standard potential6 gave
k°® > 1072, i.e. the system behaves “‘reversibly”” under the given conditions.

The Kinetics of the Adsorption Process

The rate of the exchange process was followed at various concentrations of copper(IL),
and using various volumes of Dowex, from 2 to 8 cm? (total electrolyte volume =
= 100 m} before addition of Dowex, which was suspended in a total of 10 ml of the
appropriate solution). At sufficiently Jow concentrations of copper(Il) and high
volumes of Dowex, the reaction rate becomes independent of the concentration
of both Dowex and copper, as was similarly found during the study of iron(III)
adsorption on the same resin!. In this region, i.e. with low concentrations of ad-
sorbate and high concentrations of adsorbent, the rate of the adsorption process
should be controlled by film kinetics®. The kinetics type was tested using 8 cm®
of Dowex and with 2. 107 of Cu®* in a final volume of 110 ml. The reaction rate
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was found to be controlled by film kinetics, i.e. to conform to the equation®
In(l ~U) = ket (n

where U is the fractional adsorption at time ¢, and kg is the film kinetics constant.
At pH 3-5 and a temperature of 24°C, a value of kg = 4:90. 1072 s~ was found.
With lower concentrations of Dowex (2 cm?) in a final volume of 110 ml) and at higher
copper concentrations (above 4.107*M), gel kinetics becomes the rate controlling
process, i.e. the process follows the equation®:®

U= ket UZ005, 2

where kg is the gel kinetic rate constant. This dependence is again in keeping with
theoretical predictions for larger concentrations of adsorbate and smaller amounts
of adsorbent®. With the above mentioned ratios, at 24°C and pH 35, a gel kinetic
constant of kg = 6:96. 1071 s71/2 was found, giving, for the diffusion coefficient
in the grain, the value Dg = 5:0. 107% cm?fs, where Dg = k&n3(r°)?[36 (cf.®).

The effect of pH. The kinetic ion exchange curves were studied for the adsorption
of 2. 107*M-Cu®* on 8-:0 cm® Dowex in 2 final volume of 110 ml in the pH range
1:0 to 3-5. The rate decreases progressively with decreasing pH, and the kinetics is
in all cases film controlled. The dependence of k; on the pH is linear and conforms
to the equation k; = (1-53 pH ~ 0-30). 1072 s ! in the range studied.

The effect of temperature, E,.. It was found that, at pH 2-5, IM-KCl, the ad-
sorption of 2. 107*m Cu?* on 8 cm® Dowex in a final volume of 110 ml is controlled
by film kinetics (Eq. (1)) in the temperature range, 20— 50°C. The rate of the process
increases continuously; typical values of kg for various temperatures are as follows:

T,°C 23 32 37 45
ke.10%,s71 460 620 784 11-30

A plot of log kg vs 1/T (where T'is in K) is linear, and gives a value of E,,, at this
pH, of 74 kcal/mol. In all cases, the gel kinetic plot is non-linear.

The effect of the concentration of KCl. The rate of the process was found to in-
crease somewhat with increasing concentration of XCI (up to 1-5M). The process
was controlled at all.concentrations by film kinetics, although conformation to equa-
tion (1) was not so satisfactory at higher KCI concentrations. At the same time, the
process also did not conform to equation (2). At pH 2:3, the value of kr was found
to increase to 140% of its original value when the KCI concentration was increased
from 0-1m to 1-5m. The value of kg increased linearly with the square of the KCl
concentration. Nardin and coworkers'®, in their equilibrium experiments, also

Collection Czechoslov. Chem. Commun. /Vol. 38/ (1973}



2444 Vydra, Stulikova

found that the concentration of alkali metal chloride effects the adsorption of cupric
ions on Dowex resins.
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