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The present contribution deals with the structural and magnetic properties of MnS at normal and high-
pressure. The calculations are performed using the pseudopotential plane-wave method within the generalized
gradient approximation. The non-magnetic and antiferromagnetic spin arrangements are examined. The effect of
pressure on the lattice parameter and magnetic moment is analyzed and discussed. At zero pressure, our findings
are found to be in reasonably good accord with experiment. All features of interest show a monotonic behavior
under applied pressure.
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1. Introduction

Due to their interesting fundamental properties
which include optical, transport, and magnetic proper-
ties, bulk chalcogenides materials have attracted great
interest [1–9]. MnS is a semiconductor which has tech-
nological applications in solar cell coatings and in sev-
eral other optoelectronics [2]. The material of interest
was grown in the cubic zinc-blende structure (β-MnS)
in bulk [1].

The knowledge of the structural and magnetic prop-
erties of semiconductors is important for device design
and fabrication. The investigation of the behavior of
these properties under pressure has become an important
subject both theoretically and experimentally [10–19].
This is essentially due to the experimental advances
and reliable computational methods for band structure
calculations.

In spite of the importance of the fundamental proper-
ties of MnS, only about them limited data are published,
to the best of our knowledge [2, 4]. In this regard, the
present contribution deals with the structural and mag-
netic properties of MnS semiconductor material in the
zinc-blende structure at zero and under applied pressure.
The aim of this work is to see how the properties of in-
terest behave under applied pressure.
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2. Computational details

Computations are carried out using the full-potential
linearized augmented plane wave (FP-LAPW) method
as implemented in the WIEN2K code [20], based on the
density functional theory (DFT) [21]. The spin polar-
ized calculations are performed with both spin-up and
spin down channels. The exchange-correlation potential
is described using the generalized gradient approxima-
tion (GGA) of Wu and Cohen (WC-GGA) [22]. In the
FP-LAPW method, each unit cell is divided into non-
overlapping muffin-tin (MT) spheres of radii RMT and
an interstitial region.

A plane wave cutoff of RMTKmax = 8 (where Kmax

is the cut-off of the plane waves) is used in the present
calculation. The RMT values are chosen to be 2.1 a.u.
for Mn and 1.8 a.u. for S. The k integration over the
Brillouin zone is performed using the Monkhorst and
Pack scheme [23], where a grid of 10 × 10 × 10 is con-
sidered.

3. Results and discussion

Figure 1 shows the variation in the total energy versus
the volume for MnS in the zinc-blende structure in the
antiferromagnetic (AFM) and non-magnetic (NM) spin
arrangements. By observing Fig. 1, it is obvious that
the AFM zinc-blende MnS is more stable than NM zinc-
blende MnS.

The variation in the total energy as a function of the
volume for MnS has been computed. The obtained curves
are fit to the Murnaghan equation of state. This has
allowed the determination of the equilibrium structural

(483)

http://doi.org/10.12693/APhysPolA.137.483
mailto:a.khaldi@univ-bba.dz


484 A. Khaldi, A. Gueddim, N. Bouarissa, L. Tabourot

Fig. 1. Total energy as a function of volume for zinc-
blende MnS in the AFM and NM spin arrangements.

Fig. 2. Lattice parameter as a function of pressure in
zinc-blende MnS.

parameters such as the lattice parameter a0, the bulk
modulus B and its first-pressure derivative B′ similarly
to the works reported in Refs. [24, 25]. Our findings
yielded values of a0 = 5.57 Å, B = 71.2 GPa, and
B′ = 5.8 for zinc-blende MnS. The experimental value of
a0 = 5.60 Å quoted in Ref. [26] seems to deviate from our
obtained value by less than 1%. On the other hand, re-
cently Kavci and Cabuk [2] have calculated a0, B, and B′

for zinc-blende MnS using the norm-conserving pseudo-
potentials method within the local spin density approx-
imation. Their results yielded values of a0 = 5.598 Å,
B = 64.486 GPa, and B′ = 3.372. Although their
value of a0 agrees well with our calculated one, our ob-
tained values of B and B′ appear to be somewhat larger
than theirs.

The evolution of a0 as a function of pressure for zinc-
blende MnS is illustrated in Fig. 2. Note that as pres-
sure is increased, the lattice parameter decreases. The
behavior is monotonic and almost linear. In fact, the
enhancement of pressure leads to the presence of more
cloud overlap of electrons which increases the amount of
charges migrating from the cation Mn to the anion S [27].
This in turn decreases the bond length and hence reduces
the lattice parameter.

Fig. 3. Total magnetic moment as a function of pres-
sure in zinc-blende MnS.

The total magnetic moment is an important parameter
in the study of magnetic properties [28]. This parameter
has been computed at various pressures ranging from 0 to
1 GPa (pressures that cover the full stability range of the
zinc-blende structure). The pressure dependence of the
total magnetic moment for MnS in the zinc-blende struc-
ture is displayed in Fig. 3. We observe that as pressure
is enhanced from 0 to 1 GPa, the total magnetic moment
decreases monotonously and in a non-linear way.

4. Conclusion

To summarize, the pressure dependence of the struc-
tural and magnetic properties of zinc-blende MnS was
investigated using the FP-LAPW method in the frame
work of the DFT in the GGA approach. Our results
showed that the AFM zinc-blende MnS is more stable
than NM zinc-blende MnS. The behavior of the lattice
parameter and total magnetic moment versus pressure
was examined and discussed. Our findings showed that
the studied features are significantly affected by pressure.
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