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CHRONOPOTENTIOMETRY OF METALS

by

Lana LeGrand

&pecial Studies
Spring Semester 1967
Instructor: Dr, Alex Nisbet



"Chronopotentiometry is the name given to electrolysis experiments
in which the time-dependent variations of the potential of an electrede
caused by the passage of current through it are measured." Usually the
current is Kept constant but it can be taken as a function of time.1

For a long time now the general characteristics of potential-time
curves in constant current electrolysis have been known and studied.
In 1901 SBand derived his equation giving a relationship for the transition
time V( sec. ), providing that the solution is unstirred and linear

diffusion is the controlling factor. The Sand equation is as follows:

rh: TinEaphc

where C is concentration ( moles/cm3 ) of the electroactive species in

selution, i is constant electrolysis current ( amp. ), D is the diffusion
coefficient of the reacting species ( cm.2/sec, ), F is the faraday

( 96,500 goulombs ), A is the elsctrode area ( cm..2 ), n is the number

of faradays per molar unit of reaction.2

Verification of the diffusion control ecen be made by measuring

verious currents and transition times, keeping all other values constant,

These should give s constant value for 1T 3. 3

1Fred €. Anson, "Chronopotentiometry," The Encyelopedia of
Electrochemistry, ed. Clifford A, Hampel, ( New York, Beinhold
Publishing Company, 1964 ), pp. R04~205.

2

Jemes J. Lingane, Electroanalvtical Chemistry ( New York,
Interscience Publishers, Inc., 1958 ), p. 620.

3Lingane, ps 620.



There are usuelly three electrodes in the electrolysis cell.
These are the working electrode where the reaction prodeeda; a reference
electrode, which is usually saturated calomel, ageinst which the potential
of the working eledtrode is measured; and the auxiliery electrode to
complete the electrolysis circuit.4

The auxiliary electrode is isolated'by plaecing it in a compartment
which makes contact with the test solution by a sintered glass disk,
A simple glass tube with a sintered glass bottem immersed in the solution
is sufficient. Also, the tip of the salt bridge on the reference
electrode should be placed as close gs possible to the surface of the
working elsctrode to minimize the iR drop included in the apparent
potential of the working electrode,”

It is important that the solution be kept undistubbed so that
the transition time is due to the diffusion of the reactant, Therefore,
the cell should be mounted so that there will be the minimum of ¥ibration
or disturbance. Also, there should be a large concentration of a
supporting electrolyte to help carry the current and to cut down the
resistance of the éolution. If several measurements are belng made
with the same solution the solution should be gtirred after each trial
to destroy the diffusion layer at the electrode from the previous trial.

Then it should be allowed to settle for about a minute.6

4Anson, PPe 204-205.
5Lingane, p. 627,
6Lingane, p. 628,



When the electroylsis current is flowing, what gctually happens
is that the reactsnt is consumed and its concentration at the surface of
the electrode is decreased, causing a concentration gradient. This
concentration gradient ecauses reactant from the body of the solution
to diffuse toward the electrode., The supply of reactant due to
diffusion is not sufficient to maintain the constant current which is
flowing; therefore, & second electrode reaction must commence in order
to keep the current constant. Most often in solutions of one component
this second reaction is the decomposition of fhe solvent, This reaction
takes place at an electrode potential quite different from that at which
the primery reactant is consumed, ordinarily, sc that:a sharp change in
the potential results, The time that passes befween the initiation of
the current through the cell and this sharp change, signifying the
consumption of essentially all &f the reactant at the electrode surface,
is called the transition time ‘T .7

The relationship between the transition time and the other given
conditions is ghven by the Sand equation as stated above. The constant
current used in the acgquired data of this paper was furnished by a

360 volt power supply with an gdjustable number of resistors in series.

7Anson, pp. 204-205,
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