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Introduction

The study of phase diagrams of 1onic systems in which the phase separation 1s mainly
driven by electrostatic forces 1s of great fundamental interest and of practical impor-
tance. Electrolyte solutions, molten salts and 1onic liquids are examples of systems
with strong Coulomb interactions. The simplest representation of the systems domi-
nated by Coulomb interactions 1s provided by the so-called primitive models (PMs).
The 1nteraction potential of a two-component PM can be presented as

Uap(r) = 05 (r) + 0g5(7),

where gg(r) 1s the interaction potential between the two additive hard spheres (HS)
of diameters 0o and Op. @ 4(r) is the Coulomb potential: ¢ 5(r) = gaqp/(€7). The

model 1s characterized by the parameters of size and charge asymmetry:
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The purpose of this work 1s twoftold: first, to determine the dependence of the width
of the phase diagrams and the slope of the coexistence-curve diameters on size and

charge asymmetry; and second, to analyze the shape of the coexistence curves in
terms of the critical exponent f3.

Theoretical background

A theoretical background for this study is the statistical field theory that exploits the
method of collective variables (CVs) [1]. The theory enables us to derive an exact
expression for the functional of grand partition function of the model and on this
basis to develop the perturbation theory [1]. The well-known approximations for the
free energy, in particular Debye-Hiickel limiting law and MSA, can be reproduced
within the framework of this theory [2].

We study the gas-liquid phase diagrams of asymmetric PMs using the method pro-
posed 1n [2]. First, we pass from the 1nitial dimensionless chemical potentials v, and
V_ (Vo = B Ug) to their linear combinations
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Chemical potential v; 1s conjugate to the order parameter for the gas-liquid phase

transition &:
£ — 1 <1+22 11—z )

CVs poy = 0po.++ 0po — and po o = z0P0+ — O0Po — describe long-wavelength fluc-
tuations of the total number density and charge density respectively. v, 1s conjugate

to Po,p-
We derived an explicit expression for the chemical potential conjugate to the order
parameter which includes the effects of correlations up to the third order [3]:
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v} is the mean-field part of the chemical potential, @gﬁ (k) is the Fourier transform of

the Coulomb potential ¢§5 (r). The nth cumulant 91, 4, coincides with the Fourier
transform of the n-particle connected correlation function of the two-component HS
system [1]. ¢ and 91, are matrices of elements ,B(/;gﬁ (k) and M, p(k), respectively.
Apart from Iy, o,, Eq. (1) Includes the third order cumulants.

Based on Eq. (1) supplemented by the Maxwell construction we calculated the co-
existence data and the corresponding critical parameters: critical temperature 7
(T* = kgTeoL/|qaqp|) and critical density p; (p* = po3).

In order to determine the asymptotic shape of the coexistence curve we apply the
scaling law that uses the leading amplitude term of the Wegner expansion

PL—Ps _ gIe*1B, ¢ =|T—T.|/T.—>0._.
2P,
We assume the rectilinear law for the diameter of the coexistence curve
2P,
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Figure 1: Phase diagrams for 1:1 PMs with different A in the (T*, p*)-plane
(left) and in the (t*,Ap*)-plane (right), ©* = |T —T.|/T., Ap* = (p — p¢)/Pe-
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Figure 2: Same as in Fig. 1 for 2:1 PMs.

0,048

0.000 F

0,046

0’044 | -0.005

0,042
-0.010
— 0,040

0,038 -0.015

0,036

-0.020 —

0,034

0,000 0,005 0,010 0,015 0,020 0,025 0,030 0,035
*

p

Figure 3: Same as in Fig. 1 for 3:1 PMs.

Tables: Critical temperature 1, critical density p?, slope of the coexistence-curve

diameter A, amplitude of the coexistence curve B and critical exponent B for 2:1
(left) and 3:1 (right) PMs at different values of A; |t*| < 0.01.

A 10°TF 10°pF A B fB A 10°TF 10°pF A B fB
0.33 5.87 4.58 12.67 5.87 0.501 0.2 4.41 3.80 13.02 5.63 0.489
0.5 6.14 5.45 12.38 5.85 0.502 0.5 4.66 4.67 12.42 5.87 0.503
0.67 6.30 6.19 12.67 5.78 0.498 0.75 4.71 5.11 12.56 6.0 0.504

1 640 7.20 14.42 6.26 0.502 1 470 5.49 14.08 6.18 0.502
1.5 6.11 6.16 13.72 6.03 0.499 15 443 4.65 13.85 6.15 0.501
2 5.83 5.28 13.25 5.96 0.499 2 420 3.92 1331 6.01 0.5
3 553 4.61 14.07 6.21 0.502 3 3.95 3.35 13.72 6.01 0.497

Summary

e We propose the theory for the study of effects of charge and size asymmetry on the
gas-liquid critical point of 1onic PMs. The theory allows one to take into account
the higher order fluctuation corrections.

e Within the framework of the same approximation we obtain the trends of 7" and
p. with size asymmetry that qualitatively agree with Monte Carlo findings.

e Using the corresponding-state variables we analyze a dependence of the critical
amplitude of the coexistence curve and the slope of the coexistence-curve diameter
on the 10n size ratio at a fixed valence. It 1s shown that the both characteristics take
maximum values 1n the equisize case and demonstrate a nonmonotonous behavior
with A at z > 2. Besides, the critical amplitude depends on A very weakly.

e The approximation considered predicts the mean-field critical behavior for PMs.
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