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Crystal structure and optical spectra of MnAs with a
NiAs-type hexagonal structure
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The crystal structure and optical spectra of MnAs with a NiAs-type hexagonal structure are investigated using spin-polarized
full-potential calculations in the framework of the density functional theory within Wu-Cohen and Tran-Blaha-modified
Becke-Johnson generalized gradient approximation approaches. Features such as lattice parameters, bulk modulus and its
first-pressure derivative are presented. The evolution of the optical spectra as a function of the photon energy for both spin
up and spin down channels is examined and discussed. The effect of spin channel on optical spectra is found to be
significant. This may provide advantage of the spin degree of freedom making thus the material of interest as a potential

candidate for use in fabrication of new functional spintronics materials.
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1. Introduction

The interest in magnetic materials is driven in part by
the desire to use the spin degree of freedom in electronics.
This has quickly expanded the field of spintronics and
exploited metal based devices making thus a revolution in
magnetic sensors [1-5]. In this respect, MnAs is a suitable
material ~ for  spin-electronic and  magneto-optic
applications [6-12]. The material of interest presents also
many advantages over transition metals as regards the
metallic component in metal/semiconductor structures [7].
MnAs crystallizes in three different structures, namely the
NiAs-type hexagonal structure as natural, the MnP-type
structure in an experimental mode, and the hypothetical
zinc-blende mode that has not yet been seen in nature
[12,13].

The chemical and physical properties of materials can
be explained by the structure and the arrangements of
atoms. In fact, the structural properties can give a useful
information on the rigidity, strength and toughness of the
material under investigation [14-17]. On the other hand,
the optical properties of materials have provided rich
information on such diverse aspects of their physical
properties [18,19]. These properties depend on the
interaction of electromagnetic radiation with matter which
is linked to the wavelength and frequency of the radiation
and material property such as dielectric constants,
refractive index, reflectivity, optical absorption and so on
[20,21].

The present investigation reports on the crystal
structure and optical spectra of MnAs material with a
NiAs-type hexagonal structure. The computations are
performed using spin-polarized full-potential linearized
augmented-plane wave (FP-LAPW) method which
employs the density functional theory (DFT). The
exchange-correlation potential has been described using
the Wu-Cohen generalized gradient approximation (WC-
GGA) for studying the crystal structure and Tran-Blaha
modified Becke-Johnson GGA (TB-mBJ-GGA) approach
for investigating the optical properties. More details about
the computations are given in section 2 of this paper.

2. Computational framework

First-principles band structure and total-energy
calculations have been carried out within the framework of
the DFT [22,23]. The WC-GGA [24] and TB-mBJ-GGA
[25] approaches have been used in order to treat the
exchange-correlation potential. The spin-polarized FP-
LAPW method as implemented in the WIEN2K code [26]
is used and applied to a two-atoms unit cell. In the FP-
LAPW method, the space is divided into two regions: a
non-overlapping muffin tin (MT) spheres region where the
spheres are centered at the atomic sites and an interstitial
region where the basis set consists of plane waves.

The magnitude of the largest k vector in the plane
wave expansion (Kmax) is taken to be 7.0/ Rut, where Ry
is the smallest of all atomic sphere radii. The adopted



54 H. Algarni, A. Gueddim, N. Bouarissa, O. A. Al-Hagan, T. F. Alhuwaymel, M. Ajmal Khan

muffin-tin radii are 2.0 atomic units for Mn atom and 2.1
atomic units for As atom. The separation energy between
the valence and the core states is -6.0 Ryd. A 10><10%10
k-point grid has been adopted to sample the Brillouin zone
using a procedure similar to that described in Refs.
[27,28]. The total energy and eigenvalues are converged to
10° and 10 Ryd, respectively.

Fig. 1 displays the crystallographic cell of MnAs with
NiAs-type crystal structure.

Fig. 1. Crystallographic cell of MnAs with NiAs-type crystal
structure(color online)

3. Results and discussion
3.1. Crystal structure

The NiAs-type hexagonal structure has been
considered which is the natural phase. Its space group is
p6s/mmc. In this structure, MnAs is a ferromagnetic metal
[12]. The structural parameters are obtained using WC-
GGA approach [24]. The equilibrium structural parameters
such as the lattice constants ag and co, the bulk modulus Bg
and its first-pressure derivative Bo' have been determined.
This has been done by fitting the data that represent the
variation of the total energy versus the volume to the
Murnaghan's equation of state. The procedure is similar to
that used previously in Refs. [29,30]. Our results yielded
values of a,=3.586 A, ¢o=5.311 A, B¢=99.038 GPa and
Bo'=5.12. The experimental lattice constants of MnAs with
a NiAs-type hexagonal structure as reported in Refs.
[9,12,31] are a,=3.722 A and ¢o=5.702 A. Our results
show very good accord with those of experiment [9,12,31]
in that the agreement between our obtained a, and that of
experiment is within 3% and the deviation between our
calculated co and that of experiment is less than 7%. For
the fact that there are no experimental or theoretical data
regarding Bo and By for MnAs with NiAs-type hexagonal
structure, to the best of our knowledge, our calculated By
and By are predictions.

3.2. Optical spectra

The accurate knowledge of the refractive index (n) is
very important for designing and fabricating devices [32-
37]. In the present contribution, the refractive index
spectra, n(E), where E is the incident photon energy, have
been computed for MnAs with NiAs-type structure for
both spin up and spin down channels using TB-mBJ-GGA
approach. Our results are plotted in Fig. 2. For a null
photon energy, our calculation yielded values for static
refractive index of n=11.60 and n=17.46 for spin up and
spin down channels, respectively. We see that at low
photon energies the values of n are more important than at
high photon energies. This is true for both spin up and spin
down channels. A similar qualitative behavior of n(E) as a
function of photon frequency (energy) has been reported
by Khan and Bouarissa [38] for ZnS at different
temperatures using molecular dynamics simulation. An
appearance of peaks can be observed. These peaks are
originated from the excitonic transitions. Generally, these
peaks are more pronounced at the spectrum for spin up
than at the spectrum for spin down. The tendency of the
excitonic effects is to increase the oscillator strength at Mo
and My points [39,40]. The main peak in n(E) is related
essentially to the 2D exciton transitions. The effect of
varying the spin channel appears to be important on n(E)
of MnAs of interest.
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Fig. 2. Refractive index spectra for MnAs with NiAs-type
crystal structure for spin up and spin down channels

The reflectivity (R) is an important measurable optical
parameter. This parameter is generally derived from the
complex dielectric function. In the present work, R is
determined for MnAs material with a NiAs-type
hexagonal structure for both spin up and spin down
channels using TB-mBJ-GGA approach in the photon
energy interval 0-14 eV. Our computed reflectivity spectra
for MnAs are shown in Fig. 3. Note that the reflectivity
spectrum for the material being considered here presents a
series of minor peaks in both spin up and spin down
channels. These peaks are derived from interband
transitions. The width of these peaks is attributed to
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phonon-phonon scattering that is responsible for the
vibrations damping. A similar qualitative behavior of R as
a function of photon energy has been reported for MnX
compounds and transition metals [9,41]. This is attributed
to the isoelectric and isostructural nature of these
materials. On the other hand, our results resembles to the
overall trend of the experimental reflectivity spectra
measured by Barner et al. [42] for MnAs in the range 0.3-
14 eV in the NiAs structure at room temperature. When
varying the spin channel, the reflectivity spectra of MnAs
are affected. We observe that when going from spin up to
spin down channel, the maximum of R(E) at zero photon
energy becomes larger and it is further shifted towards low
photon energies. At higher photon energies it becomes less
important than that of spin up. Further, it increases again
and becomes more important than the spectrum of spin up.
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Fig. 3. Reflectivity spectra for MnAs with NiAs-type crystal
structure for spin up and spin down channels

The optical absorption coefficient a(w) is a useful
optical parameter that can be used for materials so as to
check their utility in using them for the design and
fabrication of devices. For that, a(w®) has been computed in
this work for MnAs with NiAs-type structure using TB-
mBJ-GGA approach [25]. The incident photon energy is
taken in the interval 0-14 eV. Both spin channels have
been considered. Our results regarding a as a function of
photon frequency (energy) are shown in Fig. 4. Note that
the shape of the absorption coefficient spectrum for spin
up channel resembles that of spin down channel but differs
in details. The intensities for spin up channel appears to be
higher than those for spin down channel in the photon
energy interval 3.5-6 eV. However, the reverse can be
noted in the interval from about 6 to around 13.5 eV.
Hence, there is an anisotropic character of a(w) for spin up
and spin down channels.
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Fig. 4. Absorption coefficient spectra for MnAs with NiAs-type
crystal structure for spin up and spin down channels.

The top value of a(w) for MnAs with NiAs-type
hexagonal structure for spin up channel and occurs for the
photon energy of about 5.5 eV. MnAs has an absorption
band that is extended from 0 to 13.5 eV which depends on
the energy of the absorbed light and the direction of the
spin. Therefore, the material of interest offers a high
optical absorption coefficient (>10* cm™) with a large
absorption band. Changing the direction of the spin affects
generally the values of the optical absorption coefficient
which becomes lower or higher depending on the incident
photon energy interval.

For determining the electronic characteristics of
materials, the knowledge of the optical conductivity can be
a good probe [43,44]. In this respect, the optical
conductivity of MnAs with NiAs-type structure has been
calculated for both spin channels using TB-mBJ-GGA
approach [25]. Our results are illustrated in Fig. 5. We
observe that the optical conductivity depends strongly on
the photon wavelength (energy). At low photon energy
and for the spin up channel case more important optical
conductivity can be observed compared with that at high
photon energy. One can note a series of peaks from the
spectrum of the optical conductivity. The top of the
spectrum seems to be at a photon energy of about 4 eV.
The situation seems to be different for the optical
conductivity for the spin down channel case where the
maximum of the spectrum occurs at a photon energy of
about 9.5 eV and the optical conductivity appears to be
less important at low photon energies than at high photon
energies. Its spectrum exhibits series of peaks. The rate of
absorption of incident photons by electrons seems to be
strongly dependent on the photon wavelength (energy) and
differs significantly when proceeding from spin up
channel to spin down channel or vice verso.
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Fig. 5. Optical conductivity spectra for MnAs with NiAs-
type crystal structure for spin up and spin down
channels.

4. Conclusions

To conclude, the structural parameters and optical
properties of MnAs material with the NiAs-type hexagonal
structure were studied. The calculations were performed
using the spin-polarized FP-LAPW method in the WC-
GGA and TB-mBJ-GGA approaches. The obtained
structural properties were found to agree well with those
of experiment. The evolution of the optical spectra as a
function of a photon energy in the interval 0-14 eV was
examined and discussed for both spin up and spin down
channels. The effect of varying the spin channel on the
optical spectra was found to be significant. All optical
features being studied here were also found to depend on
the photon wavelength (energy). The information derived
from the present study could be useful for the use of the
material in question in the fabrication of new functional
materials that could be used in spintronics application
taking advantage of the spin degree of freedom.
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