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THEORETICAL CALCULATION FOR THE
EQUATION OF STATE AND PHASE TRANSITION
OF LITHIUM HYDRIDE CRYSTAL

QINGQUAN GOU, XINQIANG WANG and JINFANG MENG

Institute of High-Temperature and High-Pressure Physics, Chengdu University of
Science and Technology, Sichuan, P.R. China

(Received June 21, 1989)

From the point of view of overlapping interactions between the nearest neighbours, while considering the
compression effect of each ion, an ionic overlap-compression model is founded and applied to lithium
hydride. The repulsive potential and cohesive energy curves of the crystal are calculated by a one-
parameter variational method. The obtained equilibrium lattice constant (3.865 a,), cohesive energy
(—218.82 kcal/mol), and bulk modulus (353 kbar) agree with experimental values surprisingly well. The
calculated values of the equation of state also reach a good agreement with the experimental ones available
below 40 kbar. A phase transition from NaCl to CsCl structure is predicted to occur around 0.85 Mbar,
with a volume jump of about 6%.

KEY WORDS: lonic overlap-compression model, equation of state, phase transition, lithium hydride.

1 INTRODUCTION

Lithium hydride (LiH) is an important material, and also the simplest one in ionic
crystals. The first quantum mechanical investigation about it was carried out by
Hylleraas' in 1930, where the Heitler-London scheme was applied to a solid-state
problem. After that, the same approach was used by other authors’, though
Lundqvist* had pointed out that Hylleraas’ results only corresponded to the first
order in a highly divergent expansion of overlap integrals of the wave functions
centered on various ions. Ewing and Seitz® firstly used the cellular method of band
theory to calculate the single-electron band structure of LiH crystal. A relatively
new calculation for its band structure was made by Kunz and Mickish®.

The theoretical studies mentioned above did not deal with the equation of state
and phase transition. But now, much attention is paid to the high pressure
properties of LiH crystal because of its important use in nuclear fusion researches.
The problem of phase transition is the focus to study all the time. Schumacher’
firstly used the semiempirical Born-Mayer method to estimate that a NaCl-to-CsCl
structure transition in LiH crystal would occur at about 4 kbar. But subsequent
experimental studies did not find such a transition up to 0.5 Mbar'’-'>. On the
other hand, there have been a few theoretical studies for its high pressure
properties by using the methods of bind theory. Among them may be mentioned
the works of Perrot'' and Hama er al'®, where the equation of state and the
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metallization of LiH crystal under high pressure were studied, but the
transformation from NaCl to CsCl structure was not concerned. From another
aspect, Hammerberg'? predicted that the first metallization of LiH crystal will
occur at about 2 Mbar, while its structure will change from NaCl to CsCl type.
Whether such a structural phase transition exists or not still needs, however, to be
confirmed by high pressure experiments above 0.5 Mbar. And a further theoretical
study of this problem is also very useful.

In this paper, we propose a new theoretical model, in which the compression
effect of ions in the crystal is considered. A detail description of this model will be
given in the following part. All the results will be presented in the later part.

2 THEORETICAL MODEL

2.1 Basic ldea

Generally, every ion in an ionic crystal has a closed shell structure similar to a
noble gas atom, and the interactions of each ion with all the others possess a rather
high degree of symmetry, especially for NaCl and CsCl structures. If we
approximately take such a symmetry as a spherical type, then the wave function of
each ion in the crystal will keep its spherical symmetry unchanged as an isolated
one. Therefore, when we calculate the repulsive interaction between such two ions,
the effects of all the neighbours can be considered naturally. From this point, we
may simplify a many-body problem in an ionic crystal to a two-body one.
Furthermore, we find that the compression effect of ions must be taken into
account, especially in alkali hydride crystals under high pressure. At the same time,
we noticed the work of Fischer er al'®, in which the repulsive potential of LiH
crystal was calculated under two-body approximation by Heitler-London method,
but the compression effect was not included. So their results were not good
compared with the experiment. Actually, because the distribution of the two
electrons around the nucleus of a H™ ion in alkali hybrides is rather loose, it is easy
to be compressed. This effect gives a large modification to the repulsive interaction.
It is unreasonable to ignore this fact. We should emphasize that overlap and
compression effects are two inseparable aspects of the interactions between ions in
an ionic crystal under high pressure. This is just the key point to establish our new
model.

2.2 lonic Overlap-Compression Model
This model is based on the following two assumptions:

i ) The wave function of each ion in the crystal overlaps only with the nearest
neighbours.

ii) The wave function of each ion keeps its spherical symmetry unchanged during
compression.



EOS AND PHASE TRANSITION OF LiH CRYSTAL 143

A schematic description of the model is shown in Figure 1. Let v, (i=1, 2, 3)

be the wave functions of a positive ion or a negative one in three different states
with energies E. "/, respectively.

@ (1) isclared state

U crystallization

——

&

Y
+ )

, ~
:\ I .B (2) equilibrium state
\

U compression

’-\
Oy G‘a (3) compressed state
\

=T ‘

Figure 1 Ionic overlap-compression model.

In two-body approximation, the repulsive overlapping interaction between a
positive ion and a negative ion is defined as

_<‘PIHI‘I‘>_(E:,+E!,)+2Z+Zw

V', = = g
ol (R) <I]J"'|lp“)> R

(1)

where H is the total Hamiltonian of the two-ion system, W= A (y,"y_") the
total antisymmetrized wave function (A the antisymmetrization operator), Z, the
number of the net charge of a positive or a negative ion (Z, =1 for LiH), and R the
interionic distance. All the expressions in this paper are in Rydberg atomic unit.
The energy change of a “single” ion because of compression is defined as

AE,=E!-E.". (

[§S]
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According to assumption (/) and above two definitions, we can deduce the
expression of the cohesive energy as following.
If there are N pairs of ions in the crystal, the total cohesive energy is

2

>z

U= v (3)

!

to | —

1

o
~

where V) is the interaction potential between i and j ions. If we neglect the surface
effect, all the positive (or negative) ions can be treated as equal. Then we have
1 2N 2N
UrN(Z Vi +2 Vy |, (4)
7?2

J7 1

where
2N 2N
2 Vil2 Vs
1# 1 Jj#2

is the sum of the interactions of a positive (negative) ion with all the others. In
present model, the sum includes three parts: (i) Coulomb potential (or Madelung
term), (ii) repulsive overlapping interaction potential, and (iii) the energy change of
the ion because of compression. So we have

AN 2a,, 7.7 L
> V= -"2mCf e MoV T(R)+AE, (5)

J# 1

and

X 20, 2.7
S V,‘,=—-%+M- VI (R)+AE (6)

where a,, i1s the Madelung constant, M the number of the nearest neighbours, and
R now the shortest interionic distance.
Put (5)and (6 ) into (4), we have

ga,,,Z*Zﬁ

U=N|- +M-Vy (R)+(AE . +AE _)/2]. (7)

Therefore, the cohesive energy per pair of positive and negative ions of the crystal
by ionic overlap-compression model is

U
E l(’('= .
N

_2@nZiZ- |y (R)+(AE. + AE_ )2, (8)



