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Abstract

We have predicted the phase transition pressure in some alkali halides NaCl and KCIl using an
interatomic potential approach based on a rigid ion model. We have obtained phase transition pressures
28.69 and 2.4 GPa, respectively, and are in close agreement with their corresponding experimental
transition pressures 29.0 and 2.0 GPa. This approach is promising with respect to the prediction of the
phase transition pressures of other alkali halides.
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1. Introduction

The alkali halides are the simplest ionic solids on which much experimental and theoretical work has
been domne [1] to validate new theories. They generally crystallize in either the NaCl (B1l) or the CsCl
(B2) structure. Their elastic, dynamic and thermodynamic properties have been extensively investigated by
various experimental and theoretical workers [2, 3]. These solids undergo structural phase transition Bl —
B2 at elevated pressures [4]. A survey of the literature reveals that, although a large amount of experimental
work has been done on the phase transition in alkali halides [5], very scant attention has been paid to their
theoretical understanding.

The effects of such a non-rigidity of ions via three-body interaction have been incorporated in the suc-
cessful study of the phase transition and high-pressure elastic behaviors of I1I-VI and III-V compound semi-
conductors [6] and divalent metal oxides [7]. Motivated by these facts, we thought it pertinent to apply the
Woodcock potential for the prediction of the phase transition pressures in NaCl and KC1 [8].

In this paper, the three-body interaction has been considered to arise from the effects of non-rigidity
of ions caused by the deformation of the electron shells of the overlapping ions. We have adopted the
graphical method for predicting the phase transition pressure by plotting the Gibbs free energy as a function
of pressure.

2. Theory and Method of Calculation

The lattice energy for an ionic crystal in terms of an effective pair potential is written as [9]
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where 7;; is the interionic distance. The first term on the right hand side of Eq. (1) is the long-range
electrostatic Madelung energy term, the second term represents the short-range overlap repulsive interac-
tion; and the last two terms represent the Van Der Waals dipole-dipole and dipole-quadrupole interactions,
respectively. Following Michielsen et al. [10], we take n=4 and m=1 so that

2
apre V;‘j C D
_ L~z 2
o) == (2)

where V;; = ;;bexp(—r;j/pi;) is a short range potential. The equilibrium condition is [1].

b/TO{ﬂzj exp(r; +1rj — 10)/pij] + 285 exp[(2r; — V2ro)/ pi;]

+20;; exp[2r; — \/iro)/pij]} = (2apr/3)2%% /20, (3)

where (3;;(1,j=1,2) are the Pauling coefficients, b and p are the range parameters, v is the unit cell volume.
For simplicity we denote p instead of the p;;.

This potential has only two parameters b and pand can be determined from the equilibrium condition
using the value of the lattice constants [11]. The calculated values of these parameters (b, p) and input
parameters, such as ro r4,7— and By were taken from the literature [11] and are listed in Table 1 and are
used to compute the phase transition pressure and volume collapses in NaCl and KCl at 0 K.

Table 1. Input data and model parameters for NaCl and KCI.

70 T4 r_ By fo Model parameters

B(10- 7 erg)  p(A7)

NaCl 2.82 1.54 1.99 240 8.78 0.341 0.353
KCl 3.14 1.51 1.63 173 32.547 0.313 0.315

ro,r4+ 7— are in A units and By (Bulk Modulus is x10® Pa) [10].

Thermodynamically, a phase transition is said to occur when the changes in structural parameters of the
phase are caused by variation of free the energy. The compound then transforms from its initial B1 (NaCl)
state to the B2 (CsCl) structure. The difference between the free energy of the two phases becomes zero
at the phase transition pressure. The stability of a particular structure is decided by the minimum of the
Gibbs energy

G=p+ PV -TS, (4)
where ¢ is the internal energy, which at 0 K corresponds to the cohesive energy; S is the vibrational entropy

at absolute T', pressure P and volume V.
The Gibbs free energies Gp1(r) = Ugi(r) + 2Pr® for the NaCl Bl phase and Gpa(r') = Upa (1) +

8v/3/3 Pr *for the CsCl B2 phase become equal at the phase transition pressure P and temperature 0 K, i.e.
the point where AG = G — Gpabecomes zero. The Up; and Ups phases are given by [1]

Upi(r) = —1.7475€*Z(Z + 6 f(r) /1 + 6Vi; (1) + 6V;i(r) + 6V;(r),

and
Up2(r') = —1.7627*Z(Z + 8f(r") /1’ + 8Vi; (") + 8V (1) + 8V (1), (5)
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respectively. Here, r and r’ are nearest neighbor separations corresponding to NaCl and CsCl phases,
respectively. f(r) and f(r’) are the three-body force parameters for NaCl and CsCl, respectively, and are

expressed as [12]

f(rl) :_fo eXP(—T/IPij) ()
f(r') = foexp(=r'/pij).

Here, the input values of fy are taken to be the same for both structures (NaCl and CsCl) [13 ].
For predicting transition pressure, we have minimized the Gibbs free energies with respect to interatomic

separations and calculated AG = Gp; — G s for various pressures. The pressure at which AG approaches
zero corresponds to the phase transition.

3. Results and Discussion

Figures 1la and 2a show that AG tends to 0 at the phase transition pressure 28.69 Gpa for NaCl and
2.4 Gpa for KCI crystals. These values of the phase transition pressures are in good agreement with the

available experimental results [2, 5, 14].
We have also calculated the percentage of relative volume changes using the compression curve and showed

the data in Figures 1b and 2b. The values of these volume collapses AV (P)/V(0) have been obtained at
the phase transition pressures and are listed in Table 2 along with their available experimental data [2, 15].
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Figure 1la) NaCl : Variation in relative volume Figure 1b) NaCl : Variation in Gibbs free- energy dif-
V(P)/V(0) with pressure P. ference AG with Pressure P.
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Figure 2a) KCl: Variation in relative volume Figure 2b) Variation in Gibbs free- energy difference
V(P)/V(0) with pressure P. AG with Pressure P.

Table 2. Phase transition pressures and volume collapses of alkali halides.

Volume collapses

Phase transition pressure(Gpa) AV (P)/V(0)(%)
Crystal Present Experiment Others Present Experiment
NaCl 28.6 29.0% 27.0° -4.5 -5.8¢
27.4°¢
23.94
KCl 2.4 2.0/ 1.1° -14.3 -12.37
1.99

@] Ref. [14], [ Ref. [16], [ Ref. [17], [ Ref. [18], ¢} Ref. [15], ] Ref. [2], 9} Ref. [5]

The results shown in Table 2 reveal that the phase transition pressure and the associated volume collapses
are, in general, in good agreement with the available experimental results and better than those obtained

by other theoretical workers.
On the basis of overall achievements, it may be concluded that effective pair potential model approach
adopted by us is capable of providing a better understanding of the high pressure phase transition behavior

of alkali halides.
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