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Abstract — Densities of solutions of NaCl, CaCl, and LaC13 in a series of water-methanol mixtures have
been measured at 25 °C. The partial molal volumes of salts V2 and the ionic partial molal volumes V ion
in water-methanol mixtures have been determined.

It was found that the applicability of the Debye-Hiickel theory decreases in the order NaCl >CaQl, >
LaCl; and decreases with increasing methanol content in water-methanol mixtures, and that the electro-
striction partial molal volumes of ions V otect ate greater in methanol than in water and increase with the
valency of the cation. The increments of V2iec: in water, ¥V Siect in methanol, and ( ¥ eiect in methanol —

V iect in water) with the valency of the cation are approximately 25, 55 and 30 ml/mole, respectively.
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The results also indicate that up to 0.5 ~ 0.7 mole fraction of methanol (i.e., in water-rich regions of
water-methanol mixtures) the preferential hydration around ion occurs, while above this threshold content
of water in these mixtures the change of the solvation layer results in the strong electrostriction of the

solvent.
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Table 1. S, values of NaCl,CaCl, and LaCl; in water- methanol mixtures at 25°C.

mf. of D* %ﬁ xr® k S v
MeOH (10""Pa - (10-"Pa™) | (ml mol¥kgd)| NaCl | cacL | LaCl,

0.0mf. | 78.54 47.10 45.23 1.868 1.868 | 9.706 | 27.454
0.1mf. | 70.86 48.85 43.54 2,337 2.337 | 12143 | 34.347
0.3mf. | 58.45 55. 08 50. 60 3.472 3.472 | 18.041 | 51.028
0.5mf. | 48.41 63. 31 66. 10 4,975 4975 | 25.850 | 73.118
0.7mf. | 40.19 74.29 83. 86 7.383 7.383 | 38.362 | 108.508
0.9mf. | 33.78 92. 28 110. 30 11. 481 11.481 | 59.655 | 168.736
L0mf. | 31.59 104. 20 124. 50 14. 340 14.340 | 74.511 |210.755

*Ref. 4,5

Table 2. V¢, b, S¥ and %Ku values of NaCl, CaCl, and LaCl; in water- methanol mixtures

at 25°C.
Values V2 (ml/mol) [ b g lK
Extrap’n eq'ns Redlich Masson Owen- ’ ’ 2"
Salts -Meyer eq'n eq’n Brinkley eq’n
0.0 mf. 17.1* 17.3 0.2 3.8
0. 1mf. 16. 8* 17.1 -0.8 3.5
0.3 mf. 15.9* 16.3 -3.1 3.1
NaCl 0.5mf. 13.0* 13.6 -7.5 1.7
0.7 mf. 9.3* 10.3 -12.8 0.2
0.9 mf. 2.0* 3.3 -14.1 7.7
1. 0 mf. -4, 9* -3.3 -15.6 11.9
0.0 mf. 19. 1* 20.5 -1.5 14.0
0.1mf. 17, 4* 19.3 -8.1 9.7
0.3 mf. 15, 9* 18.7 -13.8 12.3
CaCl, 0.5 mf. 8. 1* 11.8 -17.7 21.6
0.7 mf. -4, 9* 1.0 -41.0 14.8
0.9 mf. -23.8* -15.8 -62.3 30.1
1.0 mf. -43.4* -33.7 -66. 4 52.6
0.0 mf. 13.7 17.9 14.9* -23.1 16.3 7.3
0. 1 mf, 10.3 15.8 12.1* -30.0 17.5 8.5
0.3 mf. 2.6 11.3 5.9* -45.5 21.9 11.0
LaCl, 0.5 mf. -10.6 0.7 -6.8* -72.5 30.9 11.9
0.7 mf, -32.1 -13.7 -25. 4* ~105. 8 38.5 14.5
0.9 mf. -68.3 -43.3 -59.7* -178.8 62.3 18.8
1.0 mf. -99.2 -69.3 | -88.9* -233.4 74.3 19.8

(cf.) Superscript#ss on V{ values represent the values adopted in this work.
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NOMENCLATURE

a : average distance of the closest approach
of ions as ion size parameter in A unit




v

Nl»—-

° z3 2

e

vzs ¢”:

Vi

o

empirical deviation constant of the actual
system from the limiting law behavior
dielectric constant of the solvent

density of the solution and solvent (g/
ml), respectively

electronic charge

intrinsic equilibrium constant for the
successive steps upon displacement of
one of a-solvent molecules (S ) from
ionic coordination by one of b-solvent
molecules ( Sb’)

N,: empirical parameters for Owen-
Brinkley extrapolation eq’n

molecular weight of the solute

molal conc’n of the solute (mole/kg)
Avogadro’s No.

critical ion separation of oppositely
charged ions for formation of ion-pairs
ion separation of oppositely charged
ions

Debye-Hiickel theoretical limiting slope
experimental slope based on Masson
eq’n

: volume change upon transfer of ions

from water to methanol (ml/mole)
partial and apparent molal volume of
the solute (ml/mole), respectively

partial molal volume of the solvent at
infinite dilution (ml/mole)

V, (=09 : V, (= $,) at infinite dilution (m}/

o
Viryse, .

o
Vlon *
Zl

K

K

v,

mole)
Visora. , Veiect, , Ve crystal, dis-
ordered, electrostriction, and intrinsic

VO

ion’ respectively

. partial molal volume of the ion at in-

finite dilution (ml/mole)

valency of the ion of species ; formed
by one molecule of electrolyte

reciprocal of the average radius of ionic
atmosphere

isothermal compressibility of the solvent
No. of ions of species i formed by one
molecule of electrolyte
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