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This paper brings further results on the degrees of dissociation (o) and hydration numbers (n,) of strong
electrolytes in aqueous solutions at 25 °C, evaluated for the first time from osmotic coefficients (¢).
Presented here are also the equations for the non-ideality parameters, ¢ and y, (the mean molal ionic acti-
vity coefficient), in terms of o and ny,

Researches on the properties of strong electrolytes in aqueous solutions have lead! = *

to the conclusion that incomplete dissociation® and hydration are the main causes of
non-ideality as supposed earlier®. This conclusion is in accord with the increasing
number of publications on ionic association; cf. the literature cited in ref.3. However,
the existing theories of non-ideality are mostly based on the assumption of complete
dissociation” = °.

It was demonstrated>* that the values of a and n, evaluated from the data on vapour
pressures enable the quantitative interpretation of many other equilibrium properties of
solutions. The values of n, obtained were found! ~ 3 to be close to those used by the
authors in ref.® to get best-fits of their equation for y, based on the idea of complete
dissociation. Also, it was shown® that the equivalent conductivity of dilute solutions
decreases linearly with the degree of association (1 — @), and that the Debye, Hiickel
and Onsager’s limiting law is an asymptotic law for complete dissociation at infinite
dilution. The molal volumes of solutions were also accounted for in terms of o and
(1 — ) as in the case of weak electrolytes’*,

Thus, for one mole of an electrolyte B composed of v, cations B% of charge z, and
v_anions B? of charge z_, the following association/dissociation equilibrium,

B <—> v,B% + v_B*
(1-a) v,a v_a )

holds, where v,z, = —=v_z_. Thereby, the actual number of moles of solute in the solution
= [1 + (v - 1)a] = i, the van’t Hoff’s factor, where v, + v_ = v. At infinite dilution, B
dissociates completely and hence a = 1 and i = v, whereas form > 0, oo < land i < v,
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Both a and n, can be evaluated by the method described in ref.}, from the data on
vapour pressures. The ratio of the vapour pressure (p,) over a solution of molality m to
that (p9) over the pure solvent (A), was found to be equal to the mole fraction N ¢ of
“free” solvent:

PA/PC)\ = Ny = nae/(npe+np) . @

In the above equation, nse = (55.51 — m ny) is the number of moles of “free” water,
and ng = i m is the number of moles of solute in the solution. (Note that Eq. (2) is a
modified form of Raoult’s law which incorporates the effects of hydration and
incomplete dissociation on the vapour pressure.) The above vapour pressure ratio, defi-
ned”® as the solvent activity a,, was calculated from the tables of data on ¢ in ref.,
using the relation®

Ina, = -=vm¢/55.51. 3

It follows from Egs (2) and (3) that the non-ideality parameter ¢ defined by Eq. (3)
stands for

¢ = —(55.51/vm)InN, “

on the basis of the idea of incomplete dissociation and hydration. On the other hand, the
equations for ¢ based on the assumption of complete dissociation are quite complicated,
e.g., see ref.%,

With the knowledge of the “ionic molality”, a m, which was hitherto inaccessible
(cf. the “elusive” single ionic activity®), the e.m.f.s, AE of concentration cells were
shown! to be equal to

AE = -(0,vR T/n F)In[(aam/npg)/ (o m/na)"] , )

where 0, is a constant and n = v, z, = -v_z_; 3, was obtained from the slopes of the
linear graphs of AE vs In (o m / nyg) (see e.g., Fig. 3 for HCI, NaCl and KBr in ref.}).
Since 8, was found to be < 1, it implies a decrease of e.m.f., due probably to the
solute—solvent (polarization) interaction, e.g. see ref.}? and the literature cited therein.
When the ratio (a0 m / n,g) is equal to the ratio (ot m / nae)° of the solution in the refer-
ence cell, the value of AE = 0.

As the data on AE are stored® in the form of values of y, which is defined by the
equation”®

AE = ~«(WRT/nF)Inmy, , 6)
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3, can be obtained directly as the slope of the linear plot of Inm y, vs In (a0 m / nyg). In
Eq. (6), the product m vy, is defined’ as the mean ionic activity a,; and AE = 0
corresponds to a, = 1. On comparing Eqs (5) and (6), one finds that y, stands for

. = (1/m) (o m/npd)/ (0 m/np) ") ™)

in terms of o and n,e. As in the case of ¢, the equations® for y, based on the idea of
complete dissociation are quite complex.

The values of a, n, and 8, for several strong electrolytes, evaluated from the ¢ and
v, data in ref.® by the method described beforel, are presented in Table I. As in the case
of the data for seventy [ive strong electrolytes published earlier! ~ 3, o decreases from
the value of unity at jnfinite dilution to a constant minimum value o, over a consider-
ablc range of concentrations (marked by asterisks in Table I). The values of ny, and 8,
are constant in the range of concentrations for which the data are presented. These were
calculated by linear regression using the method of least squares; the correlation coeffi-
cients obtained were above 0.999. The state of electrolytes in solutions of concentra-
tions higher than those presented in Table I here and in the Tables elscwhere! = 3, have
yct to be investigated.

REFERENCES

1. Heyrovskd R.: Collect. Czech. Chem. Commun. 53, 686 (1988).
2. Heyrovsk4 R.: Collect. Czech. Chem. Commun. 54, 1227 (1989).
3. Heyrovskd R.: Electrochemistry, Past and Present (J. T. Stock and M. V. Orna, Eds), ACS Symp. Ser.
No. 390, Chap. 6, April 1989. .
4. Heyrovskd R.: Proc. J. Heyrovsky Centennial Congress on Polarography and 41st ISE Meeting,
Prague 1990, p. 112.
. Arrhenius S.: Z. Phys. Chem. 1, 631 (1887).
. Bousfield W. R.: Trans. Faraday Soc. 13, 141 (1917).
. Lewis G. N., Randall M.: J. Am. Chem. Soc. 43, 1112 (1921).
. Robinson R. A, Stokes R. H.: Electrolyte Solutions, Chaps 2, 8, and 9, App. 8. Butterworths, London
1970.
9. Bates R. G.: Electrochemistry, Past and Present (J. T. Stock and M. V. Orna, Eds), ACS Symp. Ser.
No. 390, Chap. 10, April 1989.
10. Smith R. L., Rodgers M. L., Olesen B.: J. Chem. Educ. 65, 817 (1988).

0o =2 O W

Collect. Czech. Chem. Commun. (Vol. 57) (1892)





