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We study the ground-state properties of MgTe and the behavior under pressure using the first-principles
tight-binding linear muffin-tin orbital method within the local density approximation~LDA !. The calculations
clearly indicate that there is a structural transition from theB8 t
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o B2, confirming recent experimental sugges-
tions. We have further observed that there is an indirect band overlap metallization just before the structural
transition.
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I. INTRODUCTION

The high-pressure behavior of alkaline-earth chal
genidesRX (R5Be, Mg, Ca, Sr, Ba;X5S, Se, Te! have
been extensively studied. Under normal conditions th
compounds crystallize in the rocksalt structure (B1) with
sixfold coordination. The exceptions are Be chalcogenid
which are zinc blende (B3) under normal pressures, an
MgTe.

Experimental structural studies on MgTe are less f
quently reported mainly because of its high hygroscopici1

The pioneering works by Zachariasen2 and Klemn and Wahl3

showed that MgTe crystallizes~high-temperature phase! in
the hexagonal wurtzite structure which has been widely
cepted and experimentally reproduced.1,4 But recently the
first-principles local-density formalism~LDF! based calcula-
tions on MgTe by Yehet al.5 and Campet al.6 predicted the
ground state of MgTe to beB8. Recent high-pressur
energy-dispersive x-ray diffraction~EDXD! experiments by
Ting Li et al.7 on MgTe in a diamond-anvil cell indicate
pressure induced structural phase transition from the wur
to the B8 structure at pressures of'1 –3.5 GPa and also
suggested that the thermodynamic stable phase at no
temperature and pressure to beB8 in support of the earlier
theoretical predictions.5,6 They have also suggested that t
system may go from the B8 phase to theB2 or the PH4I and
then to theB2 structure at a pressure much higher than
GPa. However, no theoretical calculations have been
formed for these structures so far. The present work has b
aimed to understand the pressure behavior of MgTe
identify the pressure induced structural phase transforma
from B8 to B2 structure.

In this paper, we examine behavior of MgTe under pr
sure using the tight-binding linear muffin-tin orbital~TB-
LMTO! method.8–10 The calculations were performed in th
wurtzite,B8, B2, and PH4I-type structures. Our calculation
also show that the ground-state phase of MgTe to beB8. Our
results for theB8 and wurtzite are in excellent agreeme
with the earlier theoretical calculations.5,6

II. RESULTS AND DISCUSSIONS

We have resorted to the TB-LMTO method within th
framework of density-functional theory~DFT!11 in its local-
-
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density approximation~LDA ! ~Ref. 12! to obtain the elec-
tronic structure, total energies, and its variation with volum
of MgTe in the wurtzite,B8, B2 and PH4I phases. The
exchange-correlation potential has been chosen to be th
the von Barth and Hedin scheme.13 We have taken the
ground-state volumeV0 to be 674.1797 (a.u.3) for all the
structures under consideration andc/a51.623, 1.633, 0.729
for B8, wurtzite and PH4I structures as a guideline from Va
Campet al.6 The calculated total energy/primitive cell as
function of reduced volume for theB8, wurtzite, B2, and
PH4I phases are shown in Fig. 1.

The total energies in these phases were fitted to the B
equation of state14 to obtain the pressure-volume relatio
(P5dE/dV). Figure 2 represents the variation ofP with
V/V0. The structural phase stability is determined throu
the Gibb’s free energy (G5Etot1PV1TS). The calculated
equilibrium lattice parameters in different phases, cohes
energy (Ecoh), bulk modulusB0, transition pressurePc , and

FIG. 1. Variation of the total energy/primitive cell as a functio
of the reduced volume for MgTe in the wurtzite,B8, B2, and PH4I
phases. They axis represents energy with respect to a refere
value227958.0 Ry.
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the volume reduction are given in Table I and are compa
with the earlier literature.

From Fig. 1 it is clear that theB8 phase is the stable
ground phase of MgTe, in very good agreement with t
earlier theoretical and experimental results.5–7 It follows
from Fig. 1 that the wurtzite phase stabilizes atV/V0
.1.293, remains to be stable only at the expanded lat
(V/V0.1.2), and structural transition from this phase to t
B8 occurs just belowV/V051.2, in agreement with the pre
diction of Li et al.7 It is to be noted that Van Campet al.6

have done the calculations for the structures mention
above up to only a reduced volume of 0.60. In the lowV/V0
regime, the total energy of PH4I is slightly higher than that
of B8, but lower than the other two phases. However, ju
before theB8 to B2 phase transition, theB2 phase becomes
lower in energy than that of the PH4I. We have calculated
the structural transition pressure, from theB8 to B2 phase as
Pc5190.8 GPa corresponding to a reduced volume
0.479 in theB8 phase, where the enthalpy of both phases
the same. This is consistent with the experimen
predictions7 of @60 GPa.

In Fig. 2 we present the calculatedP-V relation is in
excellent agreement with that of the experiment.7 We predict
the volume reduction for theB8 to B2 structural transition to
be 2.92%~see Table I!.

FIG. 2. The variation~in Mbar! of pressure as a function o
reduced volume for theB8 and B2 phases. The1 signs in the
figure indicate the experimentally obtained values.
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III. CONCLUSIONS

The structural and electronic properties of MgTe in t
wurtzite,B8, B2, and PH4I phases were calculated. The ca
culated lattice parameters, bulk modulus, and theP-V rela-
tion were found to be in good agreement with the experim
tal and the theoretical results. From the energy-volu
relation, we find that this compound is stable in theB8 phase
at ambient conditions and undergoes a structural phase
sition to the B2 phase at high pressure. Importantly, o
calculations also revealed that wurtzite phase is stable o
in the expanded lattice.

We have also observed within the local-density appro
mation, just before the structural transition, a pressure
duced metallization due to the indirect band-gap closure.
ambient conditions, this compound is an indirect band-g
semiconductor and the gap is very small in theB8 phase as
compared to that of the wurtzite phase.

TABLE I. The calculated lattice parameters (a,c) in a.u., bulk
modulus (B0) in GPa, Ecoh , transition volume (V1 /V0) and
(V2 /V0), and transition pressure (Pc in GPa! for MgTe in different
phases.

MgTe
Expt.a Present Pseudo.b Pseudo.c

a(wurtz) 8.542 8.510 8.513 8.889
c(wurtz) 13.946 13.899 13.902 13.70
B0(wurtz) 41.74 37.30
a(B8) 7.822 7.827 7.750
c(B8) 12.698 12.711 12.661
B0(B8) 55.70 51.40
Ecoh(B8) 0.535
a(B2) 6.906
B0(B2) 53.22
a(PH4I) 9.667
c(PH4I) 7.045
B0(PH4I) 58.04
V1(B8)/V0 ,0.6 0.479
V2(B2)/V0 0.465
DV% 2.92
Pc .60 190.8

aReference 2.
bReference 5.
cReference 6.
t

J

*Electronic address: chhanda@boson.bose.res.in
1A. Kuhn, A. Chevy, and M. J. Naud, J. Cryst. Growth9, 263

~1971!.
2W. Zachariasen, Z. Phys. Chem., Stoechiom. Verwandtscha

128, 417 ~1927!.
3W. Klemm and K. Wahl, Z. Anorg. Allg. Chem.266, 289~1951!.
4S. G. Parker, A. R. Reinberg, J. E. Pinnell, and W. C. Holton,

Electrochem. Soc.118, 979 ~1971!.
5C. Y. Yeh, Z. W. Lu, S. Froyen, and A. Zunger, Phys. Rev. B46,

10 086~1992!.
6P. E. Van Camp and V. E. Van Doren, Int. J. Quantum Chem.55,
sl.

.

339 ~1995!.
7T. Li, H. Luo, R. G. Greene, and A. L. Ruoff, Phys. Rev. Lett.74,

5232 ~1995!.
8D. J. Chadi, Phys. Rev. Lett.72, 534 ~1994!.
9M. Inoue, J. Phys. Soc. Jpn.26, 1186~1969!.

10O. K. Andersen and O. Jepsen, Phys. Rev. Lett.53, 2571~1984!.
11P. Hohenberg and W. Kohn, Phys. Rev. B136, 864 ~1964!.
12W. Kohn and L. J. Sham, Phys. Rev. A140, 1133~1965!.
13F. von Barth and L. Hedin, J. Phys.: Condens. Matter5, 1629

~1972!.
14F. Birch, J. Geophys. Res.83, 1257~1978!.


