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Theoretical Investigation of Structural
Properties of CuCl, CuBr and Cul Compounds
under Hydrostatic Pressure

S. Louhibi-Fasla®, H. Rekab Djabri®, H. Achour® and K. Kefif’
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EI M’Naouer, 31000, Algérie.
®Laboratoire de Physique des Couches Minces et Matériaux pour [’Electronique,

Université d’ORAN, Es-senia, Algérie.

Abstract. We have applied a recent version of the full potential linear muffin-tin orbitals method
(FPLMTO) to study the structural properties of copper halides CuX (X=Cl, Br, I) under high
pressure using the generalized gradient approximation (GGA) for the exchange and correlation
potential by Perdew et al. Results are given for lattice parameters, bulk modulus and its first
derivatives in the wurtzite( B4), zinc-blende (B3), CsCl (B2), rock-salt (B1), and PbO (B10)
structures. The results of these calculations are compared with the available theoretical and
experimental data.

Keywords: FPLMTO; structural properties; Copper halides; Phase transitions.
PACS: 71.15.Mb; 74.62.Fj; 71.20.Nr

INTRODUCTION

The copper halides Cul, CuCl and CuBr in their bulk form present many unusual
features compared to IV-IV, III-V and II-VI binaries [1-5]. In an attempt to help
understand the bulk structural parameters of these materials in different phases, we
report a detailed calculation of structural properties of these materials in the
wurtzite(B4), zinc-blende (B3), CsCl (B2), rock-salt (B1), and PbO (B10) structures at
zero temperature.

The calculations were made using the all-electron full potential linear muffin-tin
orbital (FPLMTO) augmented by a plane-wave basis (PLW) [6]. The exchange-
correlation energy of electrons is described in the generalized gradient approximation
(GGA96) using the parameterization of Perdew et al [7]. The available computer code
ImtART [6,8] was used in the present work.

THEORETICAL FRAMEWORK

The details of calculations are the following. Both LMTO-basis set and charge
density are expanded inside the muffin-tin spheres in spherical harmonic functions
with cut-off /y.x, and in Fourier series in the interstitial region In the muffin-tin
spheres (MTS) of radius RMT, the upper limit on the angular momentum expansion of
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the smoothed Hankel functions about a given atomic site is carried out up to /m.,=06. In
the interstitial region, the s, p and d basis functions are expanded in a number (NPLW)
of plane waves determined automatically by the cut-off energies In order to achieve
convergence of energy eigenvalues, the wave functions in the interstitial region are
expanded in plane waves with a cutoff of Ryt x Kmax equal to 8, where Kyax is the
maximum modulus for the reciprocal lattice vector and Ry is the average radius of
the MT spheres.

RESULTS AND DISCUSSION

Using the present FPLMTO for the three binaries compounds, we have calculated
the equilibrium volume corresponding to the lowest total energy, the equilibrium
lattice constants, the bulk modulus and its derivative by fitting the total energy as a
function of volume to the Murnaghan equation of state [9]. The results are
summarized in Table 1, and the total energy variations with volume for the different
phases are displayed in figure 1, figure 2 and figure 3. Volume and energy are as per
the single formula unit.
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FIGURE 1. Calculated total energy versus relative volume for CuCl
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FIGURE 2. Calculated total energy versus relative volume for CuBr
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FIGURE 3. Calculated total energy versus relative volume for Cul

TABLE 1. Calculated structural parameters equilibrium volumes Vj (in A*), lattice constants a
(in A), structural parameter c/a, b/a, and the internal structural U, and bulk moduli B, (in GPa) and
their first derivatives B’, for B1,B2,B3,B4 and B10 phases.
* Present work, “—Ref. 10, *—Ref. 11-with LDA, “—Ref. 11-with GGA, —Ref. 12, *— Ref. 13,
,——Ref.14,%—Ref. 15, "—Ref. 16,—Ref. 13, *—Ref. 16.

Parameters B1 CsCl (B2) 7Zb (B3) WZ(B4) PBO
CuCl

V(A% 39.768* 39.093* 41.094* 41.623* 37.306*
ao (A) 5.152%5.156" 3.393*%  5.77%5.420%5.246° 4.162% 3.575%
By (GPa)  55.312* 59.05" 45.014*  44.426*48.38° 49° 40.601* 54.724*
B’ 4.680%4.733% 5340%  5.018%5.142°5.196° 4.92% 4.806*
U 0.412%

c/a 1.601%* 1.633*
CuBr

V(A% 39.766* 33.053* 48.702% 48.6.5% 42.352%
ao (A) 5.418%5.417" 3.209%  5.797%5.744°5.732¢ 4.382% 3.729%*
B, (GPa)  48.398*51.592%  53.841*  37.806*36.6" 37.218* 49.428%*
B’ 4.967%4.977" 4.908* 4.754%4.567° 5.299% 4.732%
U 0.382*

c/a 1.601%* 1.633*
Cul

Vo(AY) 47.798* 48.747* 47.798* 57.426* 50.436*
ag (A) 5.760%5.744" 3.653%* 5.760%5.885" 4.598%* 3.953%
B, (GPa)  57.69* 46.116" 27.803* 42.219%39.7¢ 37.776% 45.210%
B’ 5.016%4.672" 5.410* 5.015%4.704° 4.425% 5.223%
U 0.422%

c/a 1.638* 1.633*

To determine the most stable structure at finite pressure and temperature, we have
used the enthalpy H=FE+PV since we consider the temperature constant. Our
calculations show that the ground state configuration phase for the three binaries is the



zinc-blende (B3) structure at ambient conditions. Nevertheless, depending on the
pressure, these compounds, exhibit PbO, NaCl and CsCl from zinc-blende structures.

The results for the transition pressure from B3 to PbO structure for CuCI, CuBr and
Cul are of 5.37GPa, 3.52 GPa and 4.20 GPa. We also report that for our three
compounds respectively, a transition pressure from B3 to B2 occurs at 24.74 GPa,
20.38 GPa and 26.95 GPa. However, no theoretical values and experimental data have
been reported so far to the best of our knowledge regarding these transitions. We
notice for the transition pressure from B3 to B1 structure for the three compounds, a
good agreement with literature. Our results for the three compounds respectively are
6.89 GPa, 5.97 GPa and 6.021 GPa.

CONCLUSION

We have investigated the performance of a recent version of first principle
technique FPLMTO combined with GGA96 for the calculation of the structural and
phase stability properties of copper halides CuCl, CuBr and Cul. We confirm that the
zinc-blende (B3) structure is the most stable at ambient pressure for the three binaries
compounds. Depending on the pressure, these compounds, exhibit PbO, NaCl and
CsCl from zinc-blende structures. In all cases, the wurtzite (B4) phase is close to the
zinc-blende (B3) phase especially for Cul where the difference is 6.32meV only.
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