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The Soret coefficients of aqueous solution of alkaline earth chlorides were determined indirectly

using combined thermocells. "Combined thermocell" refers to a cell system of a back to back

combination of two thermocells made of common electrodes and different electrolytes without

liquid junction. The values are-2.79 for MgCl2, -3.43 for CaCl2, -4.09 for SrCl2, and-4.73

for BaCl2, respectively (in the unit of 10-3deg-1) at 0.005M and 25℃. These agree with re-

ported values found by the direct method.

General Scheme

The Soret coefficients of a series of the alkaline

earth chlorides, MCl2, solution were determined by

using combined thermocells of the following system:
(1)
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where the concentrations of chloride ion are taken

common in both left and right halves of the cell.

Lithium chloride was taken as a standard reference

because it shows a very slight Soret effect. The

initial thermoelectric powers, ε0LiCl and ε0MCl, for

the left and right halves of (1) are expressed re-

spectivcly as follows:1)

where σ's are the Soret coefficients, is the ionic

transport numbers for ions indicated by the sub-

scripts. Superscripts, LiCl or MCl2, indicate the

solution phases, and so forth. B's are defined by

BLiCl=(1+dlnγ±LiCl/dlnm)T
, P

BMCl2=(1+dlnγ±MCl2/dlnm)T, P

whereγ ±'s are the mean activity coefficients in

the molality scale. Set is the transported entropy

of electrons in the metallic phase, and SCl-'s

represent the transported entropies of the chloride

ions. F, R and T have their usual significances.

The temperature coefficient of the resultant ther-

moelectromotive force, E, of (1) at the initial

state, or the initial thermoelectric power, (dE/d T)0,

of (1) is givcn by the relation, (dE,/dT)0=ε0MCl2-

ε0LiCl. Then we have

(2)

Experimental Results and Discussion

All aqueous solutions were prepared from

Wako Guaranteed Reagent grade chemicals

(99.8% purity) for a concentration of 0.01M with

respect to the chloride ion. Accuracy of the con-

centration was within ±0.4%. Experimental

equipments are entirely the same as those reported

in the previous paper.2) The measurcmcnts were

begun after allowing cells to stand at a medium

temperature near 25℃ for more than 10 days,

Fig. 1. Emf plots of combined thermocells

of the type (1) against the temperature, (T+

ΔT), around the mean temperature 25℃, where

the temperature on two terminal electrodes was

kept at 25℃ constantly. The concentration of

solutions was adjusted to 0.01M with respect to

the chloride ions.

because, in the early stage, usually during several

days after the set up of cell, the stability of electrode

system was not sufficient to get reproducible
results in measuring such a minute change in

emf as the case the present work. Emf of the

cell (1) was measured by using a precision Yokogawa

potentiometer (New type P-7 for low voltage use)

by the aid of Yokogawa sensitive galvanometer,

and was accurate within±0.1μV. The range of

ΔT was about 10°around a mean temperature

25℃, while the temperature on the terminal elec-

trodes was kept constant at 25℃. Measurements

were repeated for every possible combination of

four or five well-conditioned MCl2 thermocells

with four or five well-conditioned reference LiCl

thermocells. Some of the typical results are

represented in Fig. 1. The values of (dE/dT)0,

the initial thermoelectric power of the combined

thermocells of type (1), were determined at 25℃

with the least squares method, and are listed in

Table 1. The data are reproducible, mostly

within ±1% of fluctuation.

According to Snowdon and Turner,3) the Soret

coefficient of LiCl is 0.02×10-3deg-1 at 25.3℃

and 0.01M. This value was adjusted to the 25℃
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TABLE 1. SORET COEFFICIENTS OF ALKALINE EARTH METAL CHLORIDES AT 25℃ AND 0.005M

(The σ-value in parentheses is adopted as the standard for the relative determination of σMCl2.)

value, 0.01×10-3deg-1, and was used as the

standard in the present calculation. B-Values were

determined graphically at a concentration m=

0.01M in the case of LiCl and at 0.005M in the

case of M Cl2, respectively, at 25℃. These values

and the present data on (dE/dT)0 were used to

get the relative values of the Soret coefficients,

σMCl2, at 25℃ and 0.005M by the aid of (2). In

this treatmentSCl-=SCl-was assumed. The

results agree very well with those obtained by

the direct method by Payton and Turner,4) except

calcium chloride. According to the theory of

Helfand and Kirkwood,5) SCl-'s should differ
from solution to solution involving different cation
species, particularly of high ionic valency, however,
the present studies indicate that the difference

between SCl-'s is practically negligible. This
fact seems to indicate that our combined thermocell
method is applicable extensively to determine the
Soret coefficients of bivalent metal chlorides in

water at low concentration by assuming SCl-MCl2=

SClLiCI-.
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