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(Received September 30, 1974)

An apparatus for electrochemical measurements was constructed by employing low-
cost general purpose operational amplifiers (OP-Amp). It is useful for chronoamperometry,
chronocoulometry, polarography, and potential sweep method (stationary-electrode
polarography). In spite of the use of low-cost OP-Amp, the rise time of the electrode
potential was 7 usec and the double-layer charging current decayed enough to be negligeble
compared to the faradaic currents under the experimental conditions. Kinetic parameters
of the electrode reaction of the Zn?//Zn(Hg) electrode obtained by the chronoamperometry

by use of the apparatus were in good agreement with those by the other workers obtained
by the same way.
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Fig. 1. Block diagram of the apparatus.

AP1: potentiometer for initial voltage, AP2: potentiometer for step voltage, RG: ramp wave
generator, ADD: adder, PS: voltage follower type potentiostat, CELL: electrolysis cell, CE: counter
electrode of a spiral platinum electrode, RE: reference electrode (SCE) with a Luggin capillary,
WE: working electrode (slowly dropping mercury electrode, SDME), CA: current amplifier, IG:
integrator, CONTROL: control circuit for timing and switching, K: knocker of SDME, e(E):
output of ‘“‘electrode potential”, e(i): output of “current”, e(q): output of ‘‘charge”, Trig: trigger
signal output. '

92) James S, Mattson, Harry B, Mark, Jr., and Hubert C, Macdonald, Jr. “Electrochemistry”
Marcel Dekker Inc., New York (1972), Part III, Chap, 10. '
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Fig. 2. Circuit diagram of the chlonoamperometry and chlonocoulometry.
Al-A5: Teledyne 709 CE, A6: NEC uPC 152A, B1-B2: power booster, Trl-Tr4: FET-analogue
switch, R1-R2: Helical Potentiometer (1 K&), R3: feedback resistor for gain adjustment, R4:
registor for integration, C1: damping condensor, C2: feedback condensor for integration, CONTROL:
control circuit, K: knocker of SDME.
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3) N, Tanaka, Y. Aoki and A, Yamada, Electrochim. Acta, 14, 1155 (1969).
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Fig. 3. Current-time cruves obtained in 0.4 M NaNO,; solution containing 0.1 M acetate buffer (pH

5.0) at 25°C.

a. E;=-0.1 V vs. SCE, E;=+0.25 V ws. SCE,

b. E;=-0.1 V vs. SCE, E;=+0.30 V vs. SCE,

¢. E;=-0.1 Vvs. SCE, E;=+0.30 V vs. SCE, Positive feedback operation with 50 2 resistance
in series with WE.

d. E;=-0.1'V vs. SCE, E;=-+0.14 V vs. SCE.

Fig. 4. Current-time cruve of the reduction of Cd2 ;
ions obtained in 0.9 M KNO; solution containing
2% 10-¢ M LEO and 0.1 M acetate buffer (pH 4.9)
at 25°C. Current scale is 76 yA/div, and time
scale is 0.5 msec/div.
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Fig. 5. Current-time-1/2 plot for the reduction of Cdi;r ions.

TaBLE 1. KINETIC PARAMETERS OF THE ELECTRODE REACTION OF Zn aq IONS IN
SODIUM PERCHLORATE SOLUTIONS BY CHRONOAMPEROMETRY AT 25°C.

2x10-¢ M LEO and 0.1 mM HCIO,

Kinetic Parameters Present work Tanaka et al.*
(Eo)s (V vs. SCE) —0.998 —0.998
(Ks)ms (103cm/sec) 4.47 5. 37

a, 0. 62 0.63

a, 0.26 0.29

* N. Tanaka, Y. Aoki and A. Yamada, Electrochim. Acta, 14, 1155 (1969).
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