646

ALFRED S. BrROWN

Val. 56

[CONTRIBUTION PROM THE LABORATORIES OF THE ROCKEFELLER INSTITUTE FOR MEDICAL RESEARCH ]

A Type of Silver Chloride Electrode Suitable for Use in Dilute Solutions

By ALrreED S. BrOwn!

Silver chloride electrodes have proved to be an
important aid in many studies of solutions of
electrolytes. In this Laboratory we have recently
had occasion to use them in several investigations.
Although many forms of these electrodes have
been described, they may be grouped into three
main classes, those prepared: (a) with precipi-
tated silver chloride,®? (b) by the electrolytic
chloridizing of reduced silver oxide paste® and
(c) by the electrolytic deposition of both silver
and silver chloride.* As preliminary tests have
indicated that eleetrolytically formed electrodes
(type ¢) are best suited to the problems at hand,
this investigation is concerned with some of the
factors involved in the preparation of that type
of electrode. The study has been limited to
electrodes of small bulk and surface, as these may
be expected to have the least disturbing effect on
dilute solutions.

The Construction and Cleaning of the Electrode Base.—
Platinum wire, 0.040 to 0.045 cm. in diameter is sealed di-
rectly through the end of a2 Jena ‘‘“Thermometer Glass”
tube, leaving about 1 em. of wire outside of the tube.
The end of the wire is fused in order to remove the sharp
edges formed when the wire is cut. It is essential that the
wire have a smooth surface. Carmody’s* method of clean-
ing the electrodes in beiling concentrated nitric acid has
been found to be satisfactory.

The Silver-Plating Solution.—An excess of silver cyanide
is added to a hot, filtered solution containing 209, of
potassium cyanide.®? After stirring for about half an hour,
the undissolved silver cyanide is filtered off and the solu-
tion cooled. The precipitated potassium silver cyanide
is recrystallized from water and may be dried by centri-
fuging. Jena sintered glass filters have been used in the
filtrations.

The silver plating solution is prepared by dissolving
about 10 g. of the potassium silver cyanide in a liter of dis-
tilled water. Free cyanide is reduced to a minimum by
adding enough dilute silver nitrate solution to produce a
faint cloud of silver cyanide. After this has settled, the
clear solution is decanted. It is desirable to precipitate a
little silver cyanide from the solution each time the solu-
tion is used.

The Electrolysis.——The electrodes are supported by rub-
ber stoppers inserted into holes drilled through a plate
glass disk. This disk, which is 13 c¢m. in diameter and
0.6 em. thick, also provides an easily cleaned, non-corro-
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dible cover for the beaker used as electrolyzing bath. A
platinum anode is used in the silver plating since silver
anodes were found to polarize readily (due, possibly, to the
absence of free cyanide). At a platinum anode, hydro-
cyanic acid is evolved and silver cyanide precipitated from
the solution. Contamination of the main body of the
solution by the produets of the anode reaction is effectively
eliniinated by isolating the anode with a porous diaphragm.
This eonsists of a Pyrex tube (about 1 cm. in diameter
and 8 cm. long) into which an alundum disk (9 mm. in
diameter and 2 mm. thick) has been sealed. The tube is
flared at the top so that it may be hung from the edge of the
central hole in the glass disk.

Each group of six electrodes is silver plated by electroly-
sis for two to six hours at a total current of 2 to 0.5 milli-
amperes. The electrodes are then carefully rinsed and
kept (usually overnight) in distilled water until they are
chloridized.

The group of electrodes is chloridized by electrolysis for
half an hour in 0.1 normal hydrochloric acid at a total
current of about 2 milliamperes The platinum cathode is
introduced through the central hole in the glass disk.
Electrodes prepared in this manner have a purplish-brown
color. As these electrodes are not affected, either in color
or in electrical behavior, by sunlight, they may be prepared
and used without the inconvenience of working in rooms
with restricted illumination.

Tests of the Electrodes

Electrodes prepared according to the directions
given in this paper have been tested in sodium
chloride solutions, silver nitrate solutions, alka-
line solutions containing a chloride ion consti-
tuent® and hydrochloric acid solutions.” Since
the results of the tests in the first division are
representative, they alone will be presented in
detail.

Table I contains a summary of about a thousand
observations of the differences in the potentials
assumed by several pairs of electrodes in neutral
sodium chloride solutions, each pair being tested
at two or more salt concentrations in the range 0.2
to 0.0002 normal. In this table, the first two
columns indicate the electrodes measured, the
third and fourth columns show the average and
maximum potential differences between the elec-
trodes, and the last column contains the number
of days over which the tests extended. These
results give 0.02 millivolt as the average repro-
ducibility of the electrodes, and show that while
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differences as high as 0.05 millivolt are sometimes
observed, it is possible to select electrodes that
agree to 0.01 millivolt.

Electrodes of different groups and different ages
have been inter-compared in numerous solutions.
These tests are important because they show
that the reproducibility of the electrodes from
group to group is the same as that within a single
group, and is independent of the age of the elec-
trodes. The data in Table I, then, are sufficiently
representative of the behavior of this type of
silver chloride electrode under all the conditions
to which they have been subjected.

TaBLE 1

REPRODUCIBILITY OF SILVER CHLORIDE ELECTRODES IN
Soprum CHLORIDE SOLUTIONS
Potential diff, between Duration

Electrodes electrodes, mv. of tests
Group Pair Average Maximum indays

A 1-2 0.01 0.01
3-4 .01 .01 54

B 1-2 .02 .02 9
3-4 .01 .01

C 1-2 .01 .01 1
3-4 .04 .07

D 1-2 .03 .03 1
3-4 .03 .03

E 1-2 .02 .02 16
3-4 .02 .02

F 1-2 .01 .01
3-4 .01 .01

G 1-2 .02 .02 31
3-4 .03 .05

Misc. 1-2 .01 .02 )

3-4 .01 .02 4
5-6 .01 .02
7-8 .01 .01 j

% Only one observation greater than 0.05.

Discussion

Carmody, in an interesting paper,? has de-
scribed a method of preparing reproducible, white
silver chloride electrodes. He emphasizes the
necessity of (a) removing free cyanide from the
silver-plating solution, (b) washing the silver-
plated electrodes for at least five days, (c) pro-
tecting the silver chloride electrodes from day-
light, and expresses the opinion that the electrodes
must be white in order to be reproducible and
stable. It unfortunately is impossible to dupli-
cate his technique exactly since he does not specify
the current densities that he used. However, if
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the effective area of his platinum gauze is assumed
to be the area of a piece of foil having the same
over-all dimensions, Carmody’s current densities
fall within the ranges suggested in this paper.

The present investigation has confirmed his
observation that the silver-plating solution must
be free from excess cyanide and a simple method
of obtaining this result is described. On the
other hand, the author, in spite of repeated at-
tempts, has been unable to prepare white elec-
trodes similar to those described by Carmody.
The duration of the washing to which the silver-
plated electrodes were subjected has been varied
frotii a few hours to three weeks without affect-
ing either the color or the electrical behavior of
the electrodes. It seems probable, therefore, that
some factor other than this washing is responsible
for the production of white electrodes. Prolonged
washing may even be disadvantageous as it in-
creases the chance of contamination of the silver
by the dust and fumes in the laboratory atmos-
phere.

The color of the electrodes described in this
paper has been found to be governed by the cur-
rent density used in chloridizing. Uniformly
dark-colored electrodes always resulted from
chloridizing at a total current between 2 and about
0.5 milliampere (current density of 2.5 to 0.6
milliamperes per square centimeter), whereas
electrodes prepared at lower current densities
were spotted with grayish patches which did not
darken on exposure to sunlight. The spotted
electrodes exhibited a somewhat erratic electrical
behavior in the silver nitrate solutions in which
they were tested. A white but insufficiently ad-
herent form of silver chloride is probably pro-
duced at very low current densities.®

The author wishes to express his appreciation
of the advice and assistance so generously given
him by Dr. Duncan A. MacInnes.

Summary
A simple and rapid electrolytic method of
preparing silver chloride electrodes is described.
The stability and reproducibility of these elec-
trodes are within a few hundredths of a milli-
volt, even in extremely dilute solutions.
New York, N. Y.
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