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Abstract. This study has examined the ground-state electronic, structural and, in addition,
paramagnetic properties of semiconductor MgTe in its zinc blende phase by using the
density functional theory (DFT). Exchange-correlation potentials have been approximated
with the Projected Augmented Wave (PAW) Generalized Gradient Approximation (GGA).
From the calculated lattice parameter, we determined the bulk modulus and first pressure
derivative. Also, reported are other ground state properties: density of states (DOS), band
structure, projected DOS (PDOS) and magnetic properties. A direct large band-gap of
2.358 eV was observed from the band structure that has close concurrence with former
reported values. Although this value is also smaller than the reported experimental values,
it is the closest of all the calculated values. The magnetic state of the compound was
observed to be paramagnetic in the ground state.
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1. Introduction

Compounds of the alkaline earth chalcogenides (AECs)
are reportedly to be of great relevance in technology with
its application not limited only to catalysis or
microelectronics [1, 2]. This has motivated several
research works both theoretically and experimentally.
They are also very germane in fabricating luminous
devices [2-6]. Magnesium telluride is II-VI semicon-
ductor and also AEC.

In MgTe, the valence band has some lowered
maxima, which consequently increase their fundamental
band gap [7]. MgTe has been reported to have the
possibility of exhibiting several crystallographic phases
such as cubic and hexagonal states. While the cubic
phase can be the rock salt (B1) and zinc blende (B3), the
hexagonal structure exhibits wurtzite (B4), and NiAs
(B8) phases, respectively. In some experimental studies,
MgTe has been predicted to have a stable hexagonal
wurtzite structure in its ground state [4, 8-11] and for the
possibility of experiencing a phase transition from this
wurtzite phase to the NiAs one, its pressure should be
increased between 1...3.5 GPa [13, 21]. However, some

local density approximation (LDA) calculations
predicted the NiAs phase to have the stable structure of
MgTe in its ground state [14-16].

Drief et al. [15] used full potential-linear-
augmented plane-wave (FP-LAPW) of the LDA scheme,
in studying MgTe properties (structural, electronic and
optical) both in the B3 and B8 phases. Also, the full-
potential linear muffin-tin orbital method (FP-LMTO)
local density approximation was used by Rached et al.
[17] to calculate the electronic band structures of MgTe
as well as its total energies in its B8 and high pressure
phases, respectively. Their results that also include the
pressure at which the compound undergoes phase
transition from B8 phase to the CsCl phase were found to
be consistent with previous works.

Lattice dynamics of MgTe under its various
structural phases (B1, B3, B8 and B4) was investigated
by Gokhan [18] using the DFT [19, 20] within plane-
wave pseudo-potential method and the generalized
gradient approximation (GGA) functional [19, 20]. His
results showed that MgTe exist in the ground state as a
fourfold wurtzite structure, which agrees well with both
experimental and computational studies.
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This work aim is to provide worthwhile contri-
butions to the several existing works, moreover a good
validation to the works of Gokhan Gokoglu [18, 21]
where MgTe was studied with the GGA formalism.
Therefore, our primary objective is to use the density
functional theory (DFT) within projected augmented
wave (PAW) of the Perdew—Burke—Ernzerhof (PBE) [22,
23] exchange correlation for GGA to study magnesium
telluride in its zinc blende phase (B3), since PAW (GGA)
calculations have been accepted to give better and
accurate calculations than the LDA method [22, 23] that
was widely used by previous researchers [15, 17, 24-26].

It is also worthy of note that while few studies of
B3 phase of MgTe existed within the GGA formalism,
PAW GGA studies has only been made once for the
compound. To the best of our knowledge, calculation of
the magnetic state of this compound being reported for
the first time.

2. Method of calculations

The calculations in this work were done with the plane
wave self-consistent field (PWSCF) code contained in
the Quantum ESPRESSO package [27-29]. The
Hohenberg and Kohn equations [30, 31] within Perdew—
Burke-Ernzerhof (PBE) [22, 23] in the density functional
theory were solved using the PAW GGA exchange
correlation for the MgTe compound. The ultrasoft
pseudo-potentials [32] of PAW were used for both the
magnesium and telluride atoms.

For the magnesium atom, the valence state was
taken as 3s”, while for the tellurium atom 5s°5p* was
considered as the valence one. The Brillouin zone
sampling was performed automatically with 6x6x6
k-point mesh in the Monkhorst and Pack scheme [33].
This k-point yields 55 k-points, which was employed in
plotting the band structure.

Using the plane wave bases, wave functions were
expanded by setting up the kinetic energy cut-off value to
70 Ry, while 280 Ry was used as the charge density cut-
off resulting from high ionicity characteristic of the
compound. Self-consistent computations were performed
for MgTe to the point of convergence with these values.
The Davidson diagonalization method was iteratively
used for solving Kohn-Sham equations keeping the
convergence threshold of the energy as 1- 107 Ry.

The lattice parameter with the bulk modulus, pressure
derivative, volume and the ground state energy were
obtained from the output data sets fitted to the
Murnaghan equation of state [35]. The pressure can be
calculated from the equation:

()

We will be able therefore to deduce the volume from the
equation (1) above as follows:
-1

1)

B\ B
V(P)=V,|1+P| =% | |,
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)

where P, V, V,, By, B0' are the pressure, volume,
equilibrium volume, bulk modulus and bulk modulus
pressure derivative, respectively.

These values were found to agree well with
previous calculations on MgTe. Using the non-
logarithmic scale, the charge density was also plotted,
while the magnetization [41] for the compound defined
as M was calculated in accord with the equation

M=y,H

, 3)
where y,, is the magnetic susceptibility given as
Xm =M, =1 4)
3. Results and discussion
Fig. 1. Magnesium telluride crystal structure in the

conventional zinc blende phase (B3) exhibiting the face-
centered cubic (FCC) structure.

Table 1. Comparison of the obtained ground state structural parameters for magnesium telluride with the

previous works.

Para- | This Theoretical data taken from Expe(;;ltlgental
k

meter | Work IRl T sl | 211 | 361 | 371 | 021 | 381 | 351 | [39]

a 12.31 | 12.337 | 12.079 | 12.306 | 12.174 | 12.066 | 12.32 | 12.10 | 12.132 | 12.019

B, 33.2 33.8 38.0 34.1 38.0 39.0 34.3 38

By’ 3.73 431 3.79 4.30 3.96 4.31 4.01

Notes. Lattice parameter a in a.u., By in GPa, B’ is dimensionless.
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Table 2. The calculated band-gap energy compared with
theoretical and experimental works

Band-gap energy (eV)
This work 2.358
Theory [12] 2.31
Theory [40] 2.29
Theory [21] 2.32
Experiment [10] 3.50

The structural properties of MgTe obtained in this
work have been compared with the previous studies
(theoretical and experimental) shown in Table 1. The
ground state equilibrium properties (equilibrium lattice
constant, bulk modulus (B;) alongwith its pressure
derivative (B,) was obtained by fitting the calculated
total energies to the Murnaghan equation of state. The
pressure for each volume was calculated analytically
from the first derivative of the Murnaghan equation
according to volume equations (1), (2). The calculated
lattice parameter 12.31 a.u. agrees well with the previous
works by Gokoglu, 2010, Gokoglu et al., 2009, and Guo
etal., 2013, where the GGA formalism was used,
whereas other results where the LDA formalism have
been adopted gave a value closer to the experimental
values. This observation is accounted for by the over-
estimation of the GGA potentials. On the other hand, the
bulk modulus and pressure derivative, 33.2 and
3.73 GPa, respectively, are the lowest of all other
computed values. The bulk modulus and pressure
derivative of this study agree with the works of Drief
et al., 2004, and Gokoglu, 2010, even though the former
adopted LDA formalism and the latter — GGA formalism.
This validates the uniqueness of the PAW GGA
formalism over LDA.

The MgTe band structure crystalizing in the zinc
blende phase shown in Fig.2 was calculated later
following the high symmetry points of the Brillouin
zone. The Fermi energy level was positioned at the zero
point on the energy scale level with the symmetry
position shown via the vertical lines. MgTe depicts a
direct band gap semiconductor from the maxima of the
valence band as well as the minima of the conduction
band occurring at the I'-point, respectively. This band
structure agrees well with the previously reported results
from experimental and theoretical works shown in
Table 2. Although there is a little difference in our band-
gap value when comparing with other computed values,
this difference exists as a result of the pseudo-potential
used. Even though, the band-gap value predicted by
Gokoglu et al., 2009 is the closest to our calculated band-
gap, this work still gives the closest value to the
experimental value, which is also a justification on the
accuracy of the PAW GGA formalism.

The total density of states (DOS) representing the
number of electrons in the available states per unit
volume per unit energy is shown in Fig. 3. Total DOS
also shows the same trend of large band-gap
semiconductor (between 0.13 and 2.48 eV) as we have in
the band structure (Fig.2). Also DOS has its peak
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Fig. 2. Band structure of MgTe in B3 phase.
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Fig. 4. Partial density of states of MgTe in the zinc blende
phase (B3).

location between 11.02 and 13.22 eV. The DOS energy
spectra show that charges are only distributed between
the ranges of —3.46 to 14.57 eV.

Partial DOS of MgTe was plotted in Fig. 4
depicting the major contribution of orbitals in the band
structure. PDOS presents different layers of sinusoidal
curves with each curve denoting a particular orbital of the
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Fig. 5. Charge density of MgTe in the phase B3. Black circle —
Mg atom, grey circle — Te atom.
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Fig. 6. Total energy against lattice parameters of the non-
magnetic (+), ferromagnetic (—) and antiferromagnetic (x)
magnesium telluride.

constituent atoms. The first region represents the valence
bands occurring within the energy range of —3.39 and
0.16 eV, which comprises Mg 3s, Mg 3p, Te 5s and Te
Sp orbitals. The lower part is largely dominated by the
Mg 3s, 3p and Te 5s states with the upper part being
dominated by the Te 5p states. The second region
representing the conduction band occurring the energy
range between 2.64 and 14.43 eV. This part is majorly
dominated by Mg 3s and Mg 3p states with participation
of Te 5p and S5s orbitals in the lower region. However,
the energy band-gap value of the compound is
contributed by Te 5p orbital as the maxima of the valence
band at 0.16 eV and Mg 3s orbital as the minima of the
conduction band at 2.51 eV.

The dynamic charges of zinc blende representing
the bond existent between the atoms of MgTe were
predicted from the charge density plot. To account for the
bonding type, whether ionic or covalent, we present the
real space for the electronic charge densities of MgTe in
the plane (110) shown in Fig. 5. The figure revealed the
existence of covalence bond evidenced from the partial
sharing of electron. However, it is worth to note that this

covalent bond is not strong, since we only observe a
weak sharing in the middle of the atoms as shown above.
Upon the introduction of spin into the compound and
calculating the lattice parameter for every change in the
kinetic energy cutoff, we obtain various data sets for the
non-magnetic MgTe, ferromagnetic MgTe as well as its
antiferromagnetic state. The plot of the corresponding
lattice parameters against the respective ground-state
energy helps to reveal its magnetic status. The lattice
optimization plot for these three different magnetic states
all fall on the same point as shown in Fig. 6. This is an
indication of the ground state magnetic state of the
compound revealing MgTe to be non-magnetic.
Furthermore, the output data for the magnetization of the
compound in its ferromagnetic and antiferromagnetic
states revealed that the total and absolute magnetization
for MgTe are both zero. Therefore, we conclude that
MgTe is a paramagnetic compound.

4. Conclusion

We have examined ground-state electronic, structural and
paramagnetic properties of the magnesium telluride with
DFT. We obtained structural properties and the electronic
properties that compared well with experimental studies
and recent theoretical calculations. A direct large band-
gap of 2.358 eV was observed from the band structure.
The magnetization revealed in MgTe in the ground state
is paramagnetic.
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