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Fig. 1. Scheme for measuring the capacitance of the double layer: 0 —
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CAPACITANCE OF THE DOUBLE LAYER IN
THE BINARY MELT PbCl2—KCl
The capacitance of the double electric layer in melts has been studied by few au-
thors (1−6). These investigations were carried out in order to determine points
of zero charge, the contact potential difference, and to elucidate the kinetics of
certain electrode processes. Measurements of capacitance in melts of different
composition were episodic in character: the capacitance was measured when
one ion was completely replaced by another (1,5). For investigating the depen-
dence between the capacitance of the double layer and the composition of the
electrolyte, the study of binary melts is of interest. These data may prove useful
both for characterizing the double electric layer and for physicochemical analy-
sis of melts and for judging the chemical interaction between the components
of a salt melt. In this respect, the capacitance of the double layer has not been
investigated at all. We chose for study the system PbCl2—KCl, for which the
phase diagram is well known (7).
Fig. 1. Scheme for measuring the capacitance of the double layer: 0 —audio-
frequency generator, 1 —cell, 2 —active resistance

Measurements of the double-layer capacitance were carried out by means of
experimental methods developed by us (6). The schematic diagram of the ap-
paratus is shown in Fig. 1. The voltage from an audio-frequency generator 0
with a frequency of 500 Hz was applied to the series-connected cell 1 and active
resistance 2. The voltages 𝑈0, 𝑈1, 𝑈2 were measured with an oscillograph. The
active component of the vector 𝑈1 is equal to

𝑈1,𝑎 = 𝑈2
0 − 𝑈2

1 − 𝑈2
2

2𝑈2
, (1)

its reactive component is equal to
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𝑈1,𝑐 = √𝑈2
1 − 𝑈2

1,𝑎, (2)

and the reactive resistance of the cell is equal to

𝑋 = 𝑅 ⋅ 𝑈1,𝑐
𝑈2

. (3)

Another method used for determining the value 𝑋 consisted in using a phase-
sensitive voltmeter, which directly gave the value 𝑈1 ⋅ sin(𝑈1, 𝑈2), if the vector
𝑈2 was used as the reference voltage.

For the binary melt PbCl2—KCl, it would have been most interesting to study
the capacitance of a lead electrode. However, the capacitive resistance of the
cell Pb (l) |PbCl2, KCl| Pb (l) was equal to zero. This is naturally explained by
the absence of electrochemical polarization and charging of the lead electrode
in this circuit. Therefore platinum electrodes were chosen for the capacitance
measurements. The measurements were carried out on two electrodes prepared
from platinum wire sealed into glass, with a diameter of 384

0.5 mm. The length of the free end was 2 mm. The cell was a porcelain crucible
filled with the molten salt. Before the measurement the electrodes were boiled
in concentrated hydrochloric acid.

The data we obtained, together with the phase diagram of the system, are pre-
sented in Fig. 2. Curve 2 represents the isotherm of capacitive resistance, taken
at 540°. Curve 3 represents the capacitive resistance measured at temperatures
50° above the corresponding points on the liquidus curve of the phase diagram.
The extrema of both curves correspond to the extrema on the phase diagram.

Thus, capacitive resistance can be used as a property for physicochemical anal-
ysis of molten salt systems. Curve 2 can be interpreted as follows. When lead
chloride is diluted with potassium chloride from 100 to 77% PbCl2, the composi-
tion of the melt and the capacitance of the double layer change correspondingly,
which apparently indicates a similar change in the composition of the melt and
the composition of the double layer. In the range from 77 to 52% PbCl2, the ca-
pacitance of the double layer and, evidently, its composition remain practically
constant. This may possibly be explained by specific adsorption of the product
of electrolytic dissociation of the compound 2PbCl2 ⋅ KCl and by the discrep-
ancy between the composition of the double layer and the overall composition
of the electrolyte. At 52% PbCl2, a rearrangement of the double layer occurs,
which corresponds to the next plateau on the composition—capacitive-resistance
isotherm.

Fig. 2. Composition—property diagram of the PbCl2—KCl melt: 1 —phase
diagram, 2 —isotherm of capacitive resistance at 540°, 3 —capacitive resistance
at temperatures 50° above the liquidus curve.
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Fig. 2. Composition–property diagram of the PbCl2—KCl melt: 1 —phase
diagram, 2 —isotherm of capacitive resistance at 540°, 3 —capacitive resistance

at temperatures 50° above the liquidus curve

Figure 2: Fig. 2. Composition–property diagram of the PbCl2—KCl melt: 1
—phase diagram, 2 —isotherm of capacitive resistance at 540°, 3 —capacitive
resistance at temperatures 50° above the liquidus curve

As a result of the work carried out, a method is proposed for investigating
composition—double-layer-capacitance curves in order to judge the structure of
the electrical double layer in molten salts, and the capacitance of the double
layer on platinum electrodes in the binary melt PbCl2—KCl has been studied.
The assumption is put forward that complex ions from the melt are specifically
adsorbed, causing a difference between the composition of the double layer and
the overall composition of the melt.
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