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INTRODUCTION

Bjerrum has recently outlined an electrosta
tic theory of solubility applicable only to substances 
existing in the solid state as ionic lattices and com
pletely dissociated in solution. The fundamental as
sumption is that the solubility of such a salt is chief
ly dependent on the electrostatic forces between the sol
ute ions and the solvent molecules. This is precisely 
the contention of Hildebrand if one remembers that 
other factors such as melting points, "molecular" weights 
and specific crystalline structure are at least very 
closely related to these electrostatic forces. In fact 
there is every reason to assume that such properties are 
actually determined by these electrostatic forces. There
fore, in view of the absence of any evidence to the con
trary, one seems justified in assuming that solubility of 
salts within the limits of the present study, is an elec
trostatic phenomenon.

In this paper, solubility in terms of a single 
solute, potassium chloride will be studied. It is as
sumed that the properties of potassium chloride, con
sidered in a microscopic sense, are not affected by a 
transformation from the solid state to the liquid
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state * Thus, allowing for constant solute factors, the 
solubility of potassium chloride should depend entirely 
on the properties of the solvent. The problem is now 
relatively simple and can be attacked in a semi-quanti- 
tative way.

Consider a crystal of potassium chloride in con
tact with an ionizing solvent ^) * ^5). as ions escape 
from the orystal lattice into the solvent, each ion sets 
up an electric field in the solvent. If the molecules of 
the solvent medium have permanent electric moments, as is 
the case with most ionizing solvents, the solvent mole
cules will be attracted to the ions. Obviously, the great
er the value of the electric moment of the solvent mole
cules, the greater will be the attraction. Thus, each ion 
will be surrounded by an "atmosphere" of solvent molecules. 
This "atmosphere” has two immediate effeots: (a) Due to 
their physical dimensions and positions, the solvent mole
cules associated with the dissolved ions tend to prevent 
ionic association; and (b) depending upon the dielectric
constant of the medium, this solvent atmosphere about the/
ions will diminish the strength of the electric field ema

*This assumption is at least partially verified by 
the work of Platt and Jordan (3) which indicates that both 
the potassium and chloride ions occupy the same vqlume in 
solution as in the crystalline state. Furthermore, neither 
the potassium nor the ohloride ion is hydrated.
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nating from each dissolved ion. This effect will reduce 
the force of attraction "between ions of unlike charge.
The two effects, then, should account for the difference 
in solubility of potassium chloride in different solvents* 
providing that the effects of purely chemical properties 
are negligible.**

According to this picture then, the permanent e- 
lectric moment of the solvent molecules and the dielectric 
constant of the solvent should determine, to a large ex
tent, at least, the relative solubility of potassium chlo
ride. However, there are difficulties involved in any at
tempt to verify this theory experimentally. According to 
Debye and Pauling (6), the dielectric constant of the sol
vent in the vicinity of ions is, without doubt, different 
from the dielectric constant of the pure solvent. This 
difference has not been determined either theoretically 
or experimentally for concentrated solutions. Therefore, 
any significant experimental verification would of neces
sity, eliminate these apparently indeterminate factors.

The logical and simplest course, then, is to com-
4

* Perhaps the size of the solvent molecules should 
also be considered here but a mere qualitative discussion could not be convincing.

It is significant that the chemical properties of 
the solvent have an effect only for solvents having a very low dielectric constant (4).
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pare the solubility of potassium chloride in several ser
ies of solvents having approximately the same range of di
electric constants. That is, compare the changes of sol
ubility in a series of chemically similar solvents cov
ering a certain range of dielectric constants with the 
solubility in another series of solvents having a slight
ly different * set of properties but covering approxim
ately the same range of dielectric constants. Thus, as
suming that the microscopic dielectric constant is the 
same for any of a series of solutions providing that the 
solvents in all cases have identical macroscopic dielec
tric constants, we may study the effects of the solvent 
properties--other than the dielectric constant--on the 
solubility of the salt.

Some recent measurements of the dielectric con- 
stants of various alcohol-water mixtures by Akerlof (7) 
indicate that the range of the dielectric constants of 
methanol-water mixtures is approximately the same as the 
range of dielectric constants obtained for glycol-water 
mixtures. A comparison of the solubility of potassium 
chloride in these two series of solvents should, then, 
indicate the general validity of the theory.

"the only significant difference in properties 
here will be in the values of the electric moments.
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The solubilities of potassium chloride in meth
anol-water mixtures at 25° have recently "been determined

(a}by Aker1of and Turck ' ' but a further search in the lit
erature showed that the solubilities of potassium chlo
ride in glycol-water mixtures at 25° have not been deter
mined. The following sections, therefore, describe such 
measurements and their comparison with measurements in 
other solvents taken from the work of Akerlof and Turck.

EXPERIMENTAL

Materials.— Potassium chloride; Mallinokrodt1s 
analytical reagent, previously heated for three days at 
180° C wash shown, by preliminary solubility tests, to be 
of sufficient purity for the purpose. Ethylene glycol: 
the Eastman Kodak Company’s product was used without fur
ther purification. The chief impurity was assumed to be 
water.* Ethylene glycol-water mixtures: These were made 
up approximately by volume and the proportions accurately 
calculated from refractive indices and densities.
The refractive indices were measured with an Abbe refrac- 
toraeter at 20° C. The instrument was adjusted so that 
the reading for pure water was 1.3330, the accepted value 
for sodium light. The densities were measured by means

*3ince water mixtures were being used and the water 
content could be determined accurately and easily, this 
aqueous impurity was not regarded as a difficulty.



of a Westphal "balance also at 20° C.
Procedure.-- The method of Moody and Leyson 

was followed, using about 100 cc of solvent mixture for 
each determination. The solvent was placed in a 150 cc 
pyrex flask with an excess of the dried salt. The mix
ture was stirred constantly for from 36 to 48 hours im
mersed in a water thermostat regulated to 25° 0 with a 
precision of .03°. Samples of from 5 to 7 cc were fil
tered into a pipette and then into small weighing bot
tles. The weighed samples were evaporated to constant 
weight at 180° 0, the residual salt weighed and the mol- 
al solubility calculated. Each determination was run in 
duplicate; the average deviation from the mean was in all 
cases, less than 0.1^.

RESULTS

The solubility data for potassium chloride in eth
ylene glycol-water mixtures are presented in table I. The 
first column gives the refractive indices of the solvent 
mixture; the second, the corresponding densities; and the 
third, the weight per cent of glycol in the mixture. The 
fourth column gives the mole fraction of glycol in the mix
ture while the last column gives the molal solubility of 
potassium chloride in the mixtures.
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TABLE I

Solubility Measurements of Potassium Chloride at 
25° C with Ethylene Glycol-Water Mixtures as Solvents.

4 ° D20 W# H S

1.33298 .9983 .000 0.000 4.822
1.3419 1.0079 9.197 0.0260 4.202
1.3520 1.0240 19.32 0.0652 3.584
1.3626 1.0385 29.70 0.110 3.018
1.3758 l -0556 42.24 0.175 2.410
1.3834 1.0666 49.31 0.220 2.047
1.3949 1.0807 59.71 0.301 1.613
1.4042 1.0901 68.10 0.382 1.308
1.4137 1.0992 76.58 0.467 1.043
1.4229 1.1071 84.64 0.615 .8391
1.4314 1.1145 92.03 0.774 1 .6997
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Mole-fraotion

The logarithm of the solubility of potassium 
chloride plotted against the alcohol mole fraction.(O Glycol-water mixtures. •  Methanol-water mixtures.)
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Dielectric Constant of Solvent

The logarithm of the solubility of potassium 
chloride plotted against the dielectric constant of 
the solvent. ( G Glycol-water mixtures. #  Methanol- water mixtures.)



DISCUSSION

In figure 1, the logarithm of the solubility of 
potassium chloride is plotted against the corresponding 
mol fraction of the alcohol component of the mixture.
The curve for glycol-water mixtures practically coincides 
with that drawn from the data of Akerlof and Turck for 
the methyl alcohol-water mixtures up to an alcohol mole 
fraction of about 0.1. It is evident that for high alco
hol concentrations the solubility of potassium chloride 
in glycol-water mixtures is much greater than in methanol- 
water mixtures of the same aleohol mole fraction.

In figure 2, the logarithm of the solubility in 
the two series of mixtures is plotted against the dielec
tric constants of the solvent mixtures. Again, the curves 
for methanol-water mixtures and glycol-water mixtures prac
tically coincide up to an alcohol mole fraction of about
0.1. From that point, the solubility of potassium chloride 
is definitely greater in the glycol-water mixtures than in 
the methanol-water mixtures of the same dielectric constants.

The values for the electric moments of methanol (n)
(12)and glycol ' are 1.68 and 2.2 debyes respectively while 

that of water is 1.86 . Thus, a given salt should

* These values are given for the gaseous state. It 
is assumed that their relative values are approximately the 
same for all physical states of the substances considered (13).
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be definitely more soluble in pure glycol or its water 
mixture than in pure methanol or its water mixtures pro
viding the corresponding dielectric constants are the 
same. Again one may consider the relative sizes of the 
solvent molecules. If it is assumed that solubility in
creases with increasing molecular size--a questionable 
assumption,--one might predict that, apart from dipole 
considerations, the solubility of potassium chloride would 
be greater in glycol-water mixtures than in methanol-water 
mixtures because glycol molecules are probably larger than 
methanol molecules. These effects seem to be borne out by 
the above data, at least in a qualitative way.

Apparently, then, for solvents having the same 
dielectric constant, the electric moment of the solvent 
molecules--and also possibly the molecular sizes--are the 
factors affecting solubility of potassium chloride. How
ever, since the solubility of potassium chloride is defin
itely less in all glycol-water mixtures than it is in wat
er in spite of the fact that the electric moment of glycol
is greater than that of water, the only possible conclusion

1is that the dielectric constant is of much greater impor
tance in determining solubility than is the electric moment 
of the solvent molecules.

Unfortunately, there is no theoretical relation be
tween the electric moment and the dielectric constant for
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the liquid state. If such a relation existed, these ex
planations could he given a rigorous analytical inter
pretation. However, more experimental data might indic
ate a possible procedure for a theoretical treatment.

SUMMARY

1. The solubility of potassium chloride in glycol- 
water mixtures was determined. These data were compared 
with corresponding measurements in methanol-water mixtures 
taken from the literature.

2. It was found that the solubility of potassium 
chloride in glycol-water mixtures is definitely greater 
than in methanol-water mixtures for a given value of the 
dielectric constant.

3. A qualitative explanation, in terms of Bjerrum’s 
electrostatic hypothesis was attempted.

/
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