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SOLUBILITIES OF SODIUM AND POTASSIUM
IODIDES IN WATER-#-PROPYL ALCOHOL
MIXTURES AT 25°C

ANNA KACPERSKA

Department of Physical Chemistry, University of £6d2,
Pomorska 18, 91-416 £od?, Poland.

(Received 4 September 1992)

The solubilities of Nal and KI and solid phase composition existing in equilibrium with saturated salt
solution in water-n-propy! alcohol system at 25°C have been determined. It was found that the solubility
curve of Nal as a function of alcohol content is divided into two areas oppositely to KI, where the observed
dependence is monotonic. The changes of the plot of the solubility curves reflect the changes in the solid
phase compositions. It was concluded that Nal was preferentially hydrated in almost the whole range of
water-n-propyl alcohol mixture.

The dependencies of the logarithm of solubility on the reciprocal of electric permiitivity of mixed solvent
exhibit two linear sections with intersection points ca. 60-65 mol% of alcohol. The influence of the electric
permittivity on solubility is more distinct in the case of KI.

The precipitating constant of n-propyl alcohol is for KI ten times higher than for Nal. So, n-propyl
alcohol is a good precipitator for KI and worse for Nal in water-n-propyl alcohol mixture.

KEY WORDS: Solubility of Nal, solubility of KI, Water-n-Propyl alcohol mixture.

Previously, many properties of alkali halides in water-alcohol systems has been
studied in our laboratory'~28. Now, I decided to undertake the solubility investigations
of these systems, because the literature data for these systems are only fragmen-
tary®12,

It is known that the solubility of sparingly soluble electrolytes in different solvents
are related to the electric permittivity of these solvents. According to the Born’s
equation®3-14:

S Ne* i1 1
Ig s, = 0.4343 RT (r* +r7)7 e ey ) (1
or its modification’'!® which correlates the solubilities of a salt in two solvents 1
and 2 with the reciprocal of the electric permittivities of the solvents, one can predict
solubility of the salt in different solvent knowing the solubility in one of them and
the electric permittivities of both of the solvents.

The solubility investigations especially in water-alcohol mixtures showed the
deviations®!” from the above rule. Thus, the solubilities of salt in water-alcohol
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mixtures cannot be predicted from other solubility data and have to be studied
experimentally.

I began my investigations from the solubility measurements of Nal and KI in
water-n-propyl alcohol system at 25°C.

EXPERIMENTAL

Sodium iodide (Merck, analytical grade) was dried under vacuum at 70°C. Potassium
iodide (Merck, suprapur grade) was dried at 105°C. n-Propyl alcohol (puriss grade,
produced by POCh Gliwice, Poland) was purified by standard methods.!®

The solubility measurements were performed in the glass vessels with capacity of
ca. 100 cm 3. The vessels with thermostatic jackets were embedded in the thermo-
static covers of the cells and then placed in the cells of a large thermostat which
temperature was kept within +0.01°. The vessels were covered by glass-stoppers with
glass stirrers and two glass tubes in them. The first one served for introducing the
salt and the second for venting. There were the stopcocks above the bottom (ca. 2 cm)
of the vessel to collect the samples of the saturated solutions.

The mixed solvent and the salt were placed in vessels and closed with tight
glass-stoppers. The solution was continuously stirred. The salt was added by glass
tubes when necessary. At least 24 hours were left for equilibration. Then the solution
was filtered off (and the samples were taken out). The amount of solute in the
saturated solution was determined in two ways: by potentiometric titration and
evaporating to dryness.

During the potentiometric titration, the excess of AgNO; solutions of known
concentrations was added to weighed and diluted with water samples of iodides and
then potentiometrically titrated with NaCl solution of known concentration. The
results of solubility were the average values of three independent determinations.

The samples with volume of ca. 5 cm® were evaporated to dryness at about 30°C
under vacuum and then dried to their constant weight at 60°C.

The results of solubility were the average values of the data obtained from both
the methods. All solubility measurements were performed twice.

The thermogravimetric method was applied to determine the composition of solid
Nal and KI existing in equilibrium with saturated salt solutions in water-n-propyl
alcohol mixtures at 25°C. The saturated salt solutions in the investigated mixed
solvent were prepared by weight in order to obtain ca. 0.5 g of Nal and KI in solid
phase. The solutions were kept in darkness in thermostat cell at constant temperature
for about four days in order to reach the equilibrium between solid and liquid phases.
Then they were filtered off under vacuum and the precipitates were analyzed
immediately without drying in order to avoid the changes of the composition of salt.
The measurements were made with a 102/1500 derivatograph (MOM, Hungary)
recording TG, DTA and DTG curves. Samples of 250 mg were heated in static air
in ceramic crucibles, Al,O was a reference material, at a heating rate —2.5 deg min !
and with sensitivities TG —200 mg, DTG — 1/10 and DTA - 1/5. The samples were
heated to 300°C only, because the earlier measurements showed that above 250°C
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Table 1 Solubility and solid phase compositions of Nal in water-n-propyl alcohol mixtures at 25°C.
Electric permittivity data from Ref. (19).

X, N p [ ncg 1/, Solid phase
g/100 g gcem™3 mol dm™3 composition
solvent

0.0 65.0 1.925 8.34 212 0.0127 Nal*2H,0

0.10 57.5 1.660 6.37 1.85 0.0168 Nal*2H,0

0.20 51.7 1.469 5.07 1.62 0.0216 Nal*2H,0

0.30 453 1.350 4.08 141 0.0259 Nal*2H,0

0.40 39.2 1.239 324 1.18 0.0321 Nal*2H,0

0.50 345 1.162 2.68 0.984 0.0356** Nal*2H,0

0.55 321 1.125 241 Nal*2H,0O

0.60 30.7 1.104 226 0.817 0.0400 Nal*2H,0

0.70 28.0 1.058 197 0.680 0.0427*+* Nal*2H,0

0.80 27.3 1.028 1.88 0.629 0.0455* Nal*H,0O

0.90 26.0 0.998** 1.73*%* 0.548** 0.0472* Nal

0.95 24.0 0.987 1.58 0.457 0.0483* Nal

1.00 220 0.0492* Nal

* Data from Ref. (20).
** Interpolated data.

there was only pure Nal in the sample and it decomposed at ca. 630°C. The products
of decomposition were calculated on the basis of TG curves weight losses.

RESULTS AND DISCUSSION
The solubilities of Nal and KI in water n-propyl alcohol mixtures and the solid phase
composition at 25°C are collected in Tables 1 and 2, respectively. The dependencies

of solubility on mixed solvent composition for both systems are shown in Figure 1.

Table 2 Solubility and solid phase composition of KI in water-n-propyl alcohol mixtures at 25°C.
Electric permittivity data from Ref. (19).

X, s p Cs In ¢, 1/e, Solid phase
g/100 g gcm™3 mol dm™3 composition
solvent

0.0 59.9 1.722 6.21 1.83 0.0127 K1

0.10 49.4 1.466 437 1.47 0.0168 K1

0.20 40.7 1.295 317 1.15 0.0216 KI

0.30 326 -1.162 2.28 0.830 0.0259%* KI

0.40 25.3 1.061 1.62 0.480 0.0321 K1

0.50 19.0 0.989 1.13 1.126 0.0356** K1

0.60 13.1 0.928 0.733 —0.311 0.0400 KI

0.70 7.83 0.877 0414 —0.882 0.0427** K1

0.80 3.67 0.839 0.185 —1.69 0.0455* KI

0.90 1.38 0.815 0.068 —2.69 0.0472% K1

1.00 0.456 0.801 0.022 —3.82 0.0492* KI

* Data from Ref. (20).
** Interpolated data.
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Figure 1 Solubilities for Nal, KI and NaCl in the mixtures of water with ethyl and n-propyl alcohols
at 25°C; data for Nal and KI in water-ethyl alcohol from Ref. (9); data for NaCl in water-ethyl and
n-propy!l alcohol from Ref. (10).

The slopes of both curves are very similar in the water-rich region up to 70 mol%
n-propyl alcohol. In the range of compositions of 70-85 mol% alcohol the solubility
of Nal changes very slightly and have an inflection point about 80 mol%. Then, above
ca. 85 mol% alcohol the changes of Nal solubility are significant. The curves for Nal
can be divided into two sections. The first one i.e. water-rich region and up to x, < 0.8
and the second in the alcohol rich region for x, > 0.8. It was found that the changes
on the solubility curves reflected the changes in the compositions of solid Nal existing
in equilibrium with saturated salt solutions (see Table 1). In the composition range
0 < x, < 0.8 Nal is solvated by two molecules of water, then in the alcohol-rich
region pure Nal was found in solid phase. So, it can be concluded that Nal is
preferentially hydrated in almost the whole range of water-n-propyl alcohol mixture.

In the case of KI the solubility changes were monotonic with alcohol content in
the whole range of the mixed solvent composition and in the solid phase only pure
KI was found. So, it points out that KI is not solvated in the solid phase.

In Figure 1, I compared the above presented data and available in literature data
on Nal, KI and NaCl solubilities in the mixtures of water with ethanol.®>-*® The
solubilities for all salts, except for Nal, in water-alcohol systems have a monotonic
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course with increase of alcohol content in the mixtures. These observed differences
are connected with the changes of composition in the solid phase. As it is known,’
the saturated solutions of Nal in water-ethyl alcohol system exist in equilibrium with
Nal*2H,O in water-rich region up to ca. 60 mol% alcohol and above 60 mol%
alcohol with anhydrous Nal contrary to KI for which the solid phase was found to be
unhydrous KI in the whole range of the mixed solvent composition. So, it confirmed
my earlier conclusion that the changes of the plot of the solubility curves are closely
connected with the changes of the solid phase composition.

The dependencies of the logarithm of solubility (in moles of salt per dm? of solution)
for Nal and KI on the reciprocal of the electric permittivities of the mixtures of water
with ethyl and n-propyl alcohol are shown in Figure 2. Unfortunately, a comparison
with NaCl is impossible because of the lack of density data of saturated solutions.

For all systems, as it can be expected, the functions In ¢, vs. 1/¢, are divided into
two straight sections® with different slopes in water- and alcohol-rich regions,
respectively. But there are evident differences in behavior of Nal and KL In the
case of KI, the slopes in the alcohol rich-region are higher than in the water-rich
region for both alcohols. In pure alcohols the solubilities of KI are low ie.

in CS

Nal

Ki

-4

00 003 003 004

Figure 2 Dependence of the logarithm of the solubility of Nal and KI on the reciprocal of the electric
permittivity of water-ethyl and »r-propyl alcohol mixtures at 25°C; A, [J = data for water-ethyl alcohol
from Ref. (9), O, O = our data.
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0.096 mol dm~* in ethyl alcohol and 0.022 mol dm ™2 in n-propyl alcohol, thus the
saturated solutions ar¢ dilute and the Born’s assumption that their electric permittivi-
ties are close to their values for the solvent is fulfilled. With the increase of the salt
solubility the electric permittivity of the solvent becomes more and more different
from the real electric permittivity of the saturated solution, the Born’s assumption
becomes unjustified and the values of electric permittivity of the solvent should be
replaced by those for saturated solution. According to Delesalle et al.® the extrapola-
tion of the dependencies In ¢, = f{1/¢,) observed in alcohol-rich region to the value
of In ¢, corresponding to pure water should give the value of electric permittivity for
saturated solution of KI in water. It is not true because the values of electric
permittivity obtained by extrapolation of the straight lines in both alcohols are
different. So, the explanation of the existence of two straight sections with different
slopes is not simple.

In the case of Nal the straight lines corresponding to different alcohols are very
close to each other and their slopes in the water-rich regions are higher than in the
mixtures rich in alcohol. This observation is very difficult to explain. The intersection
point for both systems is observed at ca. 70 mol% alcohol and corresponds to the
change of solid phase composition for both systems.® Moreover, the fact that the
lines for both systems are very close points out that the decrease of electric
permittivity caused by the change of alcohol is not significant in the case of such a
well soluble electrolyte like Nal.

My investigations confirm the expected deviation from the Born’s equation for
sodium and potassium iodides in water-n-propyl alcohol system.

Besides, I have observed disagreement of my solubility data for Nal in water with
the Delesalle et al. value.® The values of the solubility in g of salt per 100 g of solutions
are the same i.e. 65 g/100 g solution but in moles of salt per dm® of solution are
different (my value —8.34 and the Delesalle et al. —10.91). The error is connected
with the determination of density for saturated solution (1.92 gcm ™3, my value and
2.5 gem 3, the Delesalle et al. one®).

The solubility of several electrolytes in homogeneous mixtures of water-organic
solvent was found to obey the equation?!:

S =8, exp(—4ix) (2)

where S, and S are the solubilities of salt (in moles dm™3) in water and in the
mixture, respectively, and x is the molar fraction (or volume fraction) of the organic
solvent. The constant, A, is named the organic solvent precipitating constant for an
electrolyte and has the thermodynamic explanation?®!:

L0
i—RT(u Hw) 3

where u® and pul are standard chemical potentials of electrolyte in the organic
solvent and water, respectively. The difference between the standard chemical
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potentials of the electrolyte in two solvents is the free energy of transfer of electrolyte
from one solvent to another.
Rearranging Eq. (3) to the form:

S
Iny=In—=—4 4
ny=l x (4)

w

we can obtain the coefficient A.

The dependencies of the logarithm of the ratio of solubility in the mixed solvent
to the solubility in water, y, on molar fraction of alcohol, x, are presented in Figure
3 for Nal and KI in water-n-propyl alcohol mixtures as well as for both these
electrolytes in water-ethyl alcohol systems. As it is seen the straight lines observed
for all investigated system in alcohol-rich region break down in the middle range of
mixed solvent compositions. So, in all cases the relationship: In y = f(x,) is divided
into two straight sections with different slopes. In the case of KI the slopes are
significantly different and larger in the alcohol-rich region. The precipitating con-

lnXﬂ

I {

i |
0.2 04 0.6 08 10
mole fraction of alcohol

Figure 3 Dependence of the ratio of solubility in water-alcohol mixtures to the solubility in water, 7, as
a function of molar fraction of alcohol for KI and Nal in the mixtures of water with ethyl and n-propyl
alcohol; (———-) water-ethyl alcohol and (——) water-n-propyl alcohol systems.
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stants, 4, are 5.6 and 10 for ethyl and n-propyl alcohol, respectively. The larger value
of 4 for n-propyl alcohol agrees with its lower electric permittivity and indicate that
n-propyl alcohol is a better precipitator than ethanol.

The behavior of Nal is quite different than KI. In the alcohol-rich region the A
constants are very close to each other (0.78 and 1 for ethyl and n-propyl alcohol,
respectively). So the decrease of the electric permittivity of the solvent does not play
such an important role for Nal as for KI and alcohols are not very good precipitators
for Nal. Moreover, the slopes of the straight lines in the water-rich region are higher
than in alcohol-rich region and the precipitation of Nal by n-propyl alcohol is larger
in water-rich region than in aicohol region.
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