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Introduction 

In the previous reports regarding the 

investigation of the relation between solubi-

lities of inorganic salt and dielectric constants 

of solvents, the solubilities of silver bromate 

in dioxane- and sucrose-water mixed solvents 

were describedt1,2) . In the present work, the 

solubility of silver bromate in tetrahydrofuran-

water mixed solvents which have a wide 

range of dielectric constant dependent on the 

composition was measured at 20•K, 25•K and 30•Ž. 

These data were examined using the theoretical 

formula 3) concerning the solubility of sparingly 

soluble salt and the dielectric constant of the 

solvent. 

With regard to the investigations which 

use tetrahydrofuran as the solvent, few re-

ports have appead so far. The physical 

properties of the tetrahydrofuran-water sys-

tem have been studied by Erva4) and Yoshioka 

et al.5) Likewise, the solubility of silver 

bromate in this mixed solvent has not yet 

been measured.

Experimental 

(1) Preparation of Solute and Solvent.-The 

silver bromate was prepared from the dilute 

solution of silver nitrate and potassium bromate 

by the infinite dilution method. The precipitates 

were recrystallized from boiling conductivity 

water by the modified Reedy's method 6), and 

stocked in the vacuum. 

After the inhibitor was removed, the tetra-

hydrofuran (from Badische Anilin and Sodafabrik 

A. G.) was purified twice by fractional distillation 

in a special rectifier with threefold reflux tube 

(30 cm. in length) and glass spiral (25 cm. in length) 

in its inner tube. The fraction boiling at 64.5•K-

65.5•Ž was used for the present experiment. From 

the density determination at 25•Ž using a Sprengel 

type pycnometer, this fraction was found to have 

a purity of 99.15% (wt.), when calculated after 

Critchfield's empirical equation assuming water to 

be the only impurity. This grade of purity was 

sufficient for the present purpose. 

Eleven tetrahydrofuran-water mixed solvents 

were prepared from the purified tetrahydrofuran 

mentioned above and the conductivity water 

(1•~10-5 mho at 20•Ž), the concentrations of which 

are ranging from zero to 64.232 per cent by 

weight of tetrahydrofuran. 

(2) Determination of the Solubility of Silver 

Bromate.-The mixed solvent and excess solute 

were placed in shaking bottles made of quartz, 

and sealed. The bottles were rotated in thermo-

stats regulated within t 0.02°C of 20•K, 25•K and 30•Ž,

1) E. Koizumi and H. Miyamoto, J. Chem. Soc. Japan 
(Pure Chem. Sect.), 75, 1302 (1954). 

2) E. Koizumi and H. Miyamoto, J. Chem. Soc. Japan 
(Pure Chem. Sect.), 77, 193 (1956). 

3) E. Koizumi, J. Chem. Soc. Japan. 68, 19 (1947). 
4) J. Erva, Suomen Kemistitehti, 28B, 131 (1955). 
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(Ind. Chem. Sect.), 57, 747 (1954). 6) J. H. Reedy. J. Am. Chem. Soc., 43, 1440 (1921).
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respectively. These bottles were slowly rotated 
for seventy-two hours, which were sufficient to 
give the saturated solutions. 

The solubility of silver bromate was determined 
volumetrically from the total silver ion using 
dichlorofluorescein as the indicator. To the sample 
to be determined was added a definite excess 
of sodium chloride solution (0.050 mol./l.), then the

sodium chloride remaining was determined by 
titration with 0.025 mol./l. silver nitrate solution. 

Results and Discussions 

(1) Results.-The solubilities of silver 
bromate and other values are shown in Tables 
I, II, III and IV. The observed solubilities

TABLE I 

SOLUBILITY OF SILVER BROMATE IN TETRAHYDROFURAN-WATER MIXED SOLVENT 

AT 20•Ž

TABLE II 

SOLUBILITY OF SILVER BROMATE IN TETRAHYDROFURAN-WATER MIXED SOLVENT 

AT 25•Ž

TABLE III 

SOLUBILITY OF SILVER BROMATE IN TETRAHYDROFURAN-WATER MIXED SOLVENT 

AT 30•Ž
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TABLE I V 

SOLVATION RADIUS OF SILVER BROMATE IN TETRAHYDROFURAN-WATER MIRED SOLVENT

of silver bromate in tetrahydrofuran-water 

mixed solvents at 20•K, 25•K and 30•Ž are listed 

in the fourth column (S•~103mol./l.) and in 

the fifth column (S'•~10•K mole fraction) of 
'Table I

, II and III, respectively. The probable 

error of observed solubility is •}0.02•~10-3 

mol./l. Further, the observed densities of the 

tetrahydrofuran-water system are given in 

the second column of Tables I and III. The 

densities listed in Table II were obtained by 

applying Critchfield's experimental equation. 

The probable error of the observed density 

is •}0.9•~10-5g./cc. The dielectric constants 

(D) at 20•K, 25•K and 30•Ž are those from the 

data of Critchfield7). 

(2) The Relation between the Solubility 

and the Dielectric Constant.-The relation 

between the solubility (S) and the dielectric 

constant (D) is shown graphically in Figs. 1 

and 2. In Fig. 2, these curves are approxi-

mated by straight lines in the region of higher 

dielectric constant (about 60-80), in the range 

of concentration smaller than about twenty 

per cent by weight of tetrahydrofuran, while 

in the whole range of concentration we can 

see the smoothly continuous curves. 

When the concentration of tetrahydrofuran

Dielectric Constant 

Fig. 1. Relation between solubility 
and dielectric constant.

Fig. 2. Relation between logarithm of 
solubility and reciprocal of dielectric 

constant.

in solution is relatively low, and provided 
that the molecular association of the solvent 
does not exist, the relation between the 
observed solubility and the dielectric constant 
of solvent was expressed by the following 
theoretical equation (I)3

(I)

where N, R, T, Z, k and ƒÃ are the Roschmidt 

number, gas constant, absolute temperature, 

valency, Boltzman number, and electric 

elementary quantum, respectively, Co and Do 

are the solubility of the solute in water and 

the dielectric constant of water, C1 and D1 

are the solubility of the solute in tetrahydro-

furan-water mixed solvents and the dielectric 

constant of these solvents. 

In the equation, as C0 and D0 are constant 

at constant temperature, assuming the solva-

tion radius rs being constant, neglecting the 

second term as it is very small compared with. 

the first, the logarithm of solubility of the 

electrolyte should be reciprocally proportional
7) F. E. Critchfield. J. A. Gibson and J. L. Hall, J. 

Am. Chem. Soc., 75, 6044 (1953).
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to the dielectric constant. The theoretical 
equation (I) agrees almost exactly with the 
experimental results shown in Fig. 2 in the 
region of higher dielectric constant. 

On the other hand, no linear relation was 
found in the wide range of the dielectric 
constant of concentrated tetrahydrofuran-
water mixed solvents. Undoubtedly, the 
equation (I) is in such a case incorrect 
due to the approximations adopted in its 
theoretical treatment. Since the equation 
was derived to investigate the relation be-
tween the solubility of sparingly soluble salt 
and the dielectric constant of the solvent, it 
is not satisfactory for this investigation. 

Generally speaking, the solubility of the 
inorganic salt does not merely depend upon the 
dielectric constant of the solvent, but it may 
also depend on the chemical constitution of 
the solvent. Thus, in a more improved 
treatment, the intermolecular reaction of the 
solvent (tetrahydrofuran) and water should be 
considered. Also to know the effect of polari-
zation of the solubility of inorganic salt in 
the mixed solvents, the dipole moment of the 
solvent should be taken into account. Further 
investigations are necessary in regard to 
these point. 

(3) Calculation of Solvation Radius.-The 
solvation radius (rs) of silver bromate in these 
mixed solvents, was calculated by using values 
of observed solubility. The solvation radius 
is about 1 A at each temperature in the

solvent of high water concentration. These 
are listed in Table IV, the values in column 
(A) were calculated by the equation (I), the 
values in column (B) by the equation without 
the second term of the equation (I). The 
effect of the second term increases with the 
decrease of the dielectric constant, in a non-
linear range of curve in Fig. 2. The solva-
tion radius of this solvent is smaller than 
in the case of any other previous reports1,2).

Summary

To investigate the relation between the 

solubility of inorganic salts and the dielectric 

constants of solvents, the solubility of silver 

bromate in tetrahydrofuran-water mixed sol-

vent was determined at 20•K, 25•K and 30•Ž, 

respectively. The logarithm of solubility is 

almost reciprocally proportional to the di-

electric constant of the solvent in the region 

of the higher dielectric constant. But no 

linear relation was found in that of the lower 

dielectric constant of tetrahydrofuran-water 

mixed solvent. 

Also, the solvation radius of silver bromate 

was calculated applying the above-mentioned 

data. The solvation radius is about 1 A at 

each temperature. 
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