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Note

Thermodynamics of KCI, KBr and KNO3 in dioxane—water mixtures from
conductance measurements
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Department of Clzemistr:v, Ravenshaw College, Currack-3 (India)
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Studies of electrolytic conductance in dioxane-water mixtures of varying
compositions and at 30, 35, 40 and 45°C were initiated in which the variations in the
Walden product with solvent composition and temperature were reported and dis-
cussed with respect to theories concerning solvent structure and ion-solvent inter-
action!!. In the present communication, attempts have been made to evaluate the
thermodynamic functions for the transfer of KCI, KBr and KNO; from water to
the respective dioxane—water media, which would give some information regarding
the ionic solvation.

MATERIALS AND METHODS

The salts and dioxane used were of E. Merck “Extra-pure” varieties. Purifi-
cation of dioxane, preparation of solvents, solutions and conductance measurements
have been reported earlier!. The conductance measurement was of an accuracy of
-2 in 1000. The concentration range was from 0.01 to 0.001 mole [7!.

RESULTS AND DISCUSSION

The plot of A vs. C'/? was found to be linear and A° has been obtained from
the extrapolated values at zero concentration. The Walden product is almost constant
at all temperatures and at all solvent compositions'. This constancy is presumably
due to the contribution of the positive temperature coefficient of the conductivity
with the negative temperature coefficient of the viscosity of the solvent. Hence, it is
extremely difficult to make predictions about the breaking or promoting structure
of the solvent within the temperature range studied here (i.e. from 30 to 45°C).

Since the dielectric constant of the medium is less, the dissociation constant,
K, has been calculated by the method Fuoss and Krauss® and that of Shedlovsky?

* To whom correspondence should be addressed.
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TABLE 1
FREE ENERGY, ENTHALPY aMD ENTROPY of KCl, KBr anp KINQ:; FOR THE TRANSFER FROM WATER TO
DIOXANE-WATER AT DIFFERENT TEMPERATURES

Temp. AGO (J mole~1) —AHY (J mole=1) — A8 ¢ K male—t)
c 109, 200, 307, 6%, 207 36°, 107, 200, 30%,
dioxane dioxane dioxane dioxane dioxane diagxane dioxane dioxane dioxane
KC!
30 524 1072 1443 302 551 1050 2.73 6.85 §.23
35 513 1014 1614 204 720 1243 2.33 5.64 9.29
40 622 1498 1772 476 788 1556 3.50 7.29 10.62
45 782 1594 2101 704 1121 1937 4.36 8.52 12.68
KBr
30 513 1013 1445 31 212 1214 292 6.35 8.77
35 S04 1123 1505 512 913 1612 3.30 6.61 10.13
40 901 1248 1863 S80 1236 1900 4.72 7.92 12.00
45 913 1582 2083 813 1514 2510 5.44 992 14.42
KNQq
30 563 1103 1467 403 912 1115 3.19 0.65 8.52
35 608 162 1675 403 1313 1516 3.29 7.46 10.36
40 978 1680 1864 306 1094 1766 4.73 8.85 11.58
45 972 1672 243 204 1715 2317 53.71 10.64 14.86

which were found to be the same. The standard thermodynamic parameters, 4GP,
AH® and AS°, have been calculated*. The plots of AG®, AH® and 45° vs. solvent
compositions were found to be lincar. The extrapolated values give the thermo-
dynamic parameters for water. The standard thermodynamic quantities (4G?, AH?
and AS?) for the transfer process, from water to 10, 20 and 307/ dioxane-water
mixtures, could be calculated from the values of water and different percentages of
dioxane—water mixtures® by using the method of Feakins and Turner’. These values
arc tabulated in Table 1. The probable uncertainties in 4G?, AH? and AS%are 161
mole™!, =18 J mole™* and —+0.5 JK~! mole™!, respectively, in 10,20 and 30%;
solvent compositions.

The standard Gibbs free energy of transfer, 4G?, is observed to be positive at
all solvent compositions and at all temperatures. The positive value indicates that
the salts KCI, KBr and KNOj; are in a higher free cnergy siate in dioxane - water
mixtures than in water, suggesting that water has more affinity for the salts than for
dioxane - water mixtures. The values of 4 H? and AS? are negative for all the solvent
mixtures, so the enthalpy in dioxane - water mixtures is less than in pure water and
hence the net amount of order created by the salts in dioxane -~ water mixtures is
more than in pure water.

Since single ion values of free energy are not available for the solvent mixture
studied, the method adopted by Khoo and Chan® was followed to study ion-solvent
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interaction. Since AGy,—~A4GY,,~, and 4GQ 5, —~4G]o,-, are mostly positive, there
is qualitative agreement with the Born theory. Therefore, a better fit of the Born
equation may be expected as the dioxane content of the mixture is increased. The
same observations were made by Feakins and Turncr”. It may be possible to split
the AG? values into two parts, as done Roy et al.”: a nonelectrostatic or chemical
contribution, denoted in their terminology by AGf’(Ch,, and an electrostatic contribu-

tion G§,,, which has been calculated from the Born equation

" Ne* \ { | 1y (1 1
AG‘(‘”=( 2 )(z—‘ _8.)(7'—.—+—;i—> - (D)

- ‘S -+

where r, and r_ are the crystallographic radii of the cation and anion, respectively,
g, and ¢,, are the dielectric constants of the mixed solvent and water, respectively.
To calculate the electrostatic part of the entropy of transfers after differentiation

and algebraic manipulation, eqn. (1) yields

Ne? 1 dine, 1 din e, 1 1 )
_ . wo__ " s 9
AS,(c” ( 2 ) [8“, dTr £ dT ] (r+ + F_ . @

“~ S

where the values of ding,./d7T and ding,/dT can be evaluated from the simple empirical
equation

dineg i
= 3
dT 0 3
where 0 is a constant, characteristic of the medium, so eqn. (2) may be written as
Ne? i I ( ] I
0 — — R
a5t = = () (5~ =) (= + ) @

e and 4S7 . the electrostatic part of the enthalpy change
has been computed. The chemical contribution of the free energy of transfer (4G{¢,)-
entropy of transfer (AS(Ch)) and enthalpy of transfer (4 H° «cm) can then be obtained
by subtracting the respective electrostatic contribution values from the molar quanti-
ties. These values are presented in Table 2

It is evident from examination of Table that the chemical contribution of the
free energy of transfer is negative in almost all cases and hence is thermodynamically
favourable. Since 4Gy, is positive, the lesser the value the greater is the ion-solvent
interaction. Hence, from Table 2 it can be said that the ion-solvent interaction is of
the order: NO; > Br™ > CI™ and is in accordance with our viscosity and apparent
molar volume results®. AH?, is negative, whereas 4H?.,, is positive, and both
increase with increase in dicxane content. AS7,), is negative in all cases and becomes
more and more negative with increase in dioxane content, indicating the orderliness
in the solvent structure. 4S% «cny 1s always positive (except in a few cases) and decreases
with increase in temperature and increases with increase in dioxane content, indicating

the disorderliness of chemical interaction.

From a knowledge of 4G°
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