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1. Introduction 
 

Recently, the control spin-based electrical currents have 
opened a new discipline in the electronics industry named 
Spintronics [1-6]. Half-metals are materials that are 
suitable candidates in the spintronics industry to increase 
magnetic memories and application in NMRs and GMRs. 
[7] These materials are metallic in one spin and 
semiconductor in the other, with a gap near the Fermi 
surface. So, these materials are completely magnetic and 
have a large magnetic polarization near the Fermi surface. 
Generally, three classes of half-metals named the binary 
and the full-Heusler, and the half-Heusler compounds are 
of intense interest [8-10]. Groot et al for the first time 
predicted the half-metallic property in the NiMnSb and 
PtMnSb Heusler compounds [11,12]. Then other half-
metallic Heusler compounds (HM), such as CoMnSi, were 

studied and synthesized [13-15]. For well-chosen lattice 
constants, these binary materials have a half-metallic 
property similar to Heusler compounds. Then, by 
calculating the crystal’s energy in ferromagnetic (FM) and 
antiferromagnetic structures (AFM), the FM structures of 
these binary materials [16-18] were found to be more stable 
[19,20]. In recent years, a lot of theoretical and 
experimental efforts have been made on these compounds. 
Compounds like CrTe, MnSb, MnAs, and CrSb [12,15] are 
generally crystallized in two Zinc-blend and NiAs-type 
phases. These new half-metals are used to make electronic 
components, such as transistors, magnetic memories, etc, 
which is simultaneous with the discovery of tunneling 
magnetic resistors (TMR) and giant magnetic resistors 
(GMR) [21,22]. 
It has been found in recent years that changing material 
from bulk to layer causes fundamental and basic changes 
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in the electronic, optical, and even mechanical properties 
of matter, a prominent example of which is differences in 
the behavior of graphene compared to graphite structure, 
and similar situation for graphene-like structures such as 
Co2Val and MoS2 and Cu2Si, etc [23-30]. The existence of 
the particular geometric structure that governs single-layer 
materials, as well as the presence of dangling bonds at their 
surface, make significant changes in the behavior of these 
compounds. Therefore, in this study, we established a 
single-layer structure along (111) direction of the MnAs 
bulk in the stable phase of NiAs and calculated its 
structural, electronic, and magnetic properties compared to 
the bulk structure for the first time. 
 
2. Computational details 
 
In this paper, we used the Wien2K computational software 
to calculate the physical properties of the crystal [31,32]. 
In this software, one firstly needs to specify the crystal’s 
atoms, the crystal’s structure type, the atomic positions, 
and desired crystal parameters. We used a 9-atom structure 
with a lattice constant a = b = 12.182 Bohr, c = 23.04 Bohr, 
and the lattice angles α = β = 90 and γ = 118.25. One of the 
parameters that is specified in the case.struct file is the 
radius of the Muffin-tin sphere (RMT), which is chosen to 
be 2.12Å and 2.23Å for Arsenic and Manganese 
respectively. To calculate the exchange-correlation energy 
used in the Cohen-Sham equations, a specific 
approximation has to be chosen; hence, we used the 
Perdew-Burke-Ernzerh of generalized gradient 
approximation (PBE-GGA) approximation for pure MnAs 
supercell, and then, after optimization the cutoff energy for 
expanding the electronic charge density and the potential 
and the cutoff energy for expanding wave functions 
denoted by GMAX and RMTKMAX are chose 8 and 14 
respectively [33]. By choosing mesh 4 × 10 × 10, 200 K-
points were generated in the first Brillouin zone. The 
separating energy is 8 Ry, and the inter-atomic forces were 
minimized below 1.0 mRy/a.u. 
 
3. Results and Discussion 
 
Here is another look at MnAs properties, which is to create 
a nanosheet in line with (111) direction, with respect to 
Miller indices, with potential benefits to use in the industry 
of nano-electronic devices. Nano industry and science is a 
well-known and very interesting field [34-51]. With three 
non-collinear points that specify a plane, one can cut the 
crystal in the desired directions. If we consider these points 
on the crystal axes, then the plane can be obtained by 
specifying the coordinates of these points in terms of the 
lattice constants (a, b, c), so we study the nanosheet and 

find usage for this material as a magnetic metal in the 
electronics industry. Figure 1 shows the two-dimensional 
nanosheet MnAs in the NiAs phase along (111) direction. 
 

 
Fig. 1. Two views of MnAs nanosheet (111). 

 
By creating a surface (111) from the bulk structure of 
MnAs, and in order to make more symmetries in the 
crystal, our space group is changed from a simple cubic (P) 
to a 47_Pmmm space group leading to 8 symmetries in the 
crystal in the k space. The nanosheet’s primitive cell (111) 
consists of 5 Mn atoms and 4 As atoms located in nine 
different positions. In this case, the bond length of the Mn-
As and Mn-Mn bonds was found to be 2.57Å and 2.85Å 
respectively. In the primitive cell (Fig. 1), each As atom is 
surrounded by three Mn atoms, and the Mn atoms 
themselves are bonded with 4 As and 2 Mn atoms (6 
bonds). Using this information, our nano-structure was 
constructed and then we attempted to minimize the force 
between atoms. With these interpretations of the structural 
properties of crystals, we now look at the electronic and 
magnetic properties. 
 
3.1 Study of electrical and magnetic properties 
 
Figure 2 shows the density of states curve of the MnAs in 
bulk and in monolayer (111) phases. Our calculations are 
of spin-polarization type, which gives us accurate 
information about the magnetic and electronic properties 
of the crystal. 
As it is seen, at both spins up and down, the electronic 
states cut the Fermi surface of the bulk MnAs, and have a 
very small spin polarization of about 10%. Most of the 
magnetic behavior of this compound is observed near the 
Fermi surface, which is what we expect from the NiAs 
phase. It is noteworthy that the major contribution to the 
density of states in the Fermi range belongs to the half-
filled d-orbital of the Mn atom. 
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Fig. 2. The density of states of the nanosheet (111) in spin up 

and down. 

 
In the monolayer, as shown in Figure 2, the density of 
states curve cut the Fermi surface at both spins up and 
down, so there are electronic states at the Fermi surface, 
i.e., this crystal is a conductor. The figure also shows that 
the graph is not symmetric for up and down spin states, 
especially around the Fermi surface, which means that the 
crystal is a magnetic metal. In this crystal, the total 
magnetic moment is 19.6 µB, which is very strong. The 
strongest effect to create such strong magnetization in the 
crystal is related to Mn atoms with magnetization of about 
3.7 µB for each of them, and the other four atoms, As atoms, 
have smaller magnetic moments of approximately 0.15 µB. 
The remarkable point for the nanosheet (111) of crystalline 
MnAs is that the crystal which is a metal with low 
magnetization, and a low metallic property has turned into 
a good conductor of high magnetization. That is, by cutting 
the bulk crystal along (111) direction, we turned a half-
metal into a conductor which can be useful for the industry 
of nano-electronic components. 
To further study the electronic properties of the nanosheet 
(111) and the reason why it becomes a metal, we 
investigate the density of states curves of the Mn and As 
atoms and the partial density of states of each atom. Figure 
3 shows the electronic density of states of the atoms Mn 
and As in the crystal's primitive cell compared to the total 
graph of the crystal in up and down states. 
Fig.3a shows the density of states diagram of the Mn and 
As atoms in comparison with total states at spin up. As is 
evident in the figure, the most effect below the Fermi 
surface, and especially in the valence band, is related to the 
Mn atoms, while the As atom is far less effective. The 

maximum effect of the Mn atom's DOS is related to the 
energies of -4 eV to -2 eV. However, in the conduction 
band above and near the Fermi surface, the effects of the 
two atoms in the crystal are approximately equal. 
In Fig.3b, we see that the maximum effect around the 
Fermi surface, particularly in the conduction band, belongs 
to Mn atoms, while the As atom has far less influence.  
We can even state that As has almost no effect at the Fermi 
level compared to Mn. However, in the conduction band 
above the  
Fermi surface, and in the valence band below the Fermi 
surface, the effect of the two atoms in the crystal is 
approximately the same. 
 
3.2 Optical Properties 
 
The dielectric tensor is used to investigate the crystal 
response to electromagnetic fields in different directions. 
Figure 4 illustrates the diagrams of the real and imaginary 
parts of the dielectric function in the x and z directions. The 
x-direction means the state where the light is irradiated to 
the (111) MnAs monolayer nanostructure in its plane while 
the z-axis direction is considered to be perpendicular to it. 
The peaks of the real part of the dielectric function are the 
material response to the incident photon. It can be seen that 
for both the x and z directions, the static value of the 
dielectric function tends to infinity.  Moreover, this 
compound has long peaks in both directions in the IR 
region, and the transitions are the intraband type, indicating 
the metallic behavior of the structure in both directions. As 
the energy of the incident photon increases in the x 
direction, its first peak is observed in the IR region at the 
energy of 0.5 eV. Additionally, its highest peak is in the 
same area and at an energy of 1.5 eV. By increasing the 
incident light energy, the intensity of the peaks in the 
visible light region decreases, and a further decrease can be 
detected in the ultraviolet region. The graph becomes 
negative in the range of 0.6 eV to 0.8 eV, preparing the 
ground for metamaterial behavior. The presence of two 
roots around 0.6 eV to 0.8 eV can be a sign of the formation 
of Plasmon oscillations, but the material response in the z 
direction is higher than that of the x direction. In addition, 
the highest peak for both directions is observed in the 
visible light region and at the energy of 0.2 eV. The value 
of the real part of the dielectric function becomes less than 
1 after the energy of 6 eV, so insulator and transparent 
behavior is expected for this compound.
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Fig. 3. The electronic density of states of the crystal's atoms for spins up (a), and down (b). 
 

 
 

Fig. 4. Diagrams of real and imaginary parts in two symmetrical directions of x and z.
  

In Figure 4, the imaginary part of the dielectric function 
has also been shown for the two mentioned directions, and 
each peak of this electron diagram represents a transition 
from filled levels to empty ones. The diagram shows that 
this compound has long peaks in the IR region in the x and 
z directions, and the transitions are the intraband type, with 
both directions exhibiting metallic behavior. Calculations 
provide that there is no significant peak in both directions 
after the peaks of IR and visible light regions at the 
energies higher than 7 eV, so for the material behaves 
transparently both directions and above 7 eV. 
Figure 5 displays the Eloss function spectra. The main 
peaks of this function for both x and z directions occurred 
at the energies higher than 13 eV. Therefore, this 
compound can be used in the IR, visible and UV regions 
with the lowest spectrum of energy loss in optical 
applications. 
The summary of the electronic results can be seen in Figure 
6 (right side), that is, optical conductivity. As a result of 

absorbing energy in the optical spectrum, the electrons of 
the bands of each material can gain energy and go to higher 
bands (unfilled) to cause conductivity. This diagram 
contains important information about the electronic 
structure of the material. Figure 7 illustrates the structure 
conductivity in terms of the incident photon energy in the 
x and z directions. The previous statements in the infrared 
region is emphasized again in the x and z directions. In the 
range of 0.5 eV, a sharp drop in conductivity is observed, 
which is due to the reduction of metal Plasmon oscillations 
in this range. However, the highest conductivity peaks are 
observed in the energy range from 5 eV to 6 eV, in which 
the conductivity peak occurs. By increasing the incident 
photon energy, the amount of this conductivity declines, 
and fewer electrons participate in the conductivity to reach 
a fixed saturation level. 
In Figure 7 (left side), the real part of the refractive index, 
n(ω), of this compound is displayed in the x and z 
directions. 
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Fig. 5. Spectrum of the energy loss function for two directions 

of x and z. 
 

As mentioned before, due to the metallic nature of this 
compound, its refractive index is large in static state in both 
directions. In all the IR and UV regions, the value of the 
real part of the refractive index faces almost little changes, 
and a sharp drop can be witnessed for these graphs. In both 
directions, the value of the refractive index becomes less 
than one from the energy of 6 eV onwards, indicating the 
superluminal phenomenon. From this energy onwards, the 
phase speed of light in this material becomes greater than 
the speed of light in vacuum. 

  

 
Fig. 6. Electrical conductivity diagram and real part of 

refractive index. 
 
4. Conclusion 
 
In this work, we studied the structural, electronic and 
magnetic properties of nanosheet MnAs (111) and 
compared them with the bulk case. This nanosheet can be 
advantageous in the industry of nano-electronic devices or 
other applications. In terms of structural properties, the 
material has become a nanosheet with a thickness of about 
5 Å and is completely different from its bulk. The density 
of states curve cut the Fermi surface states, so we have 
electronic state at the Fermi surface, which means that our 
crystal is conductive. Also, we found that the graph for the 
spins up and down is different, especially around the Fermi 
surface suggesting a magnetic metal. In this crystal, the 
total magnetic moment is equal to 19.6a.u, whose 
magnetization is much stronger than the bulk state. The 
notable point in the nanosheet (111) of crystalline MnAs is 
that the crystal with half-metallic properties and lower 
magnetization and metallic property has become a good 
conductor of high magnetization. The major effect on the 
increasing magnetic property in MnAs (111) crystal is due 
to Mn. Interestingly, in spin up, the highest electronic state 
of Mn is in the valence region, and in spin down it is near 
the Fermi surface and the conduction region. The highest 
response is seen in the visible light region for both x and z 
directions, although the first peak is observed in the x 
direction in the IR region and Plasmon fluctuations can be 
seen in this region. At low energies, especially in the IR 
and visible light regions, the energy loss is low, and the 
peak of the energy loss is at higher energies than the 
infrared region. The transitions are the intraband type in the 
static state of the material in both directions, revealing its 
metallic properties, which is confirmed by the large 
refractive index in this area. 
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