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Abstract

Two-dimensional (2D) transition metal dichalcogenides (TMDCs) materials have potential
applications in the fields of electronic and optoelectronic devices. In the present work, we have
studied the structural, electronic, magnetic, and dynamical properties of MoSe; and MoTe, (3x3)
supercell monolayer structures using the density functional theory (DFT) method with the PBE+U
functional, employing the quantum ESPRESSO computational package. The structural properties
of the considered materials are studied by the analysis their estimated ground state energy and
bond length between nearest-neighbors atoms present in the structures. MoSe; and MoTe;
materials are found to be structurally stable, having hexagonal structures. To predict the electronic
and magnetic properties of the materials, we have interpreted their band structure, density of states
(DoS), and partial density of states (PDoS) plots. From the discussion, it is found that MoTe, and
MoSe, have small band gap and non-magnetic properties. Hence, they are classified as small band
gap semiconducting, non-magnetic materials. Moreover, we have developed the phonon dispersion
curves to predict dynamical stability of the materials. It is found that all the frequencies at each
symmetric points of the considered materials have positive values. This implies that they are
dynamically stable materials. Hence, based on the analysis of the electronic, magnetic and
dynamical properties of MoTe> and MoSe; materials, they can be used in the fields of electronic and
optoelectronic device applications.
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Introduction

The discovery of transition metal and optoelectronics devices; and bulk
dichalcogenides (TMDCs) materials has been structures are used in the thermal coatings,
transformative for modern science. The and catalysis etc. Thus, these materials are
emergence of TMDCs materials is due to the good candidates for real-world applications [1-
attributed to the availability of various 5]. TMDCs materials have form the formula TC,
structural forms such as monolayers, (such as MoTes, MoSe., WSe», etc.), where T is
multilayers, heterostructures, and bulk a transition metal like Mo or W etc. and C
structures. Mostly, monolayers are used in the represents chalcogens like Te, or Se; etc. [1, 4].
field effect transistor (FET), photodetectors, Mo-based TMDCs materials have been
flexible and transparent electronics, sensors; garnering attention in recent times due to their
multilayers are used in memory devices, unique and wide range (1.50 eV to 3.90 eV) of
thermoelectric devices, photovoltaics; properties  [6-8]. They mostly exhibit
heterostructures are used in the spintronics semiconducting behavior with a wide range of
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band gap energies. In some cases, band gap
energy depends on the number of layers in the
material. However, it can be modified by doping
or creating vacancy defects as needed, which
opens door for the development of better
microprocessors and other electronic devices
[9-11]. The Mo-based TMDCs have one Mo atom
lodged between two chalcogen atoms [1, 6].
Both of these materials primarily crystallize in
either of hexagonal or monoclinic phase,
depending on the temperature of formation [7,
8]. Additionally, TMDCs materials exhibit
different magnetic properties depending on
their phase and purity. These properties can be
altered with the help of vacancy or doping [12-
14]. Therefore, they are also well suited for
spintronics applications; that is, they can be
used in nanotechnology, biomedicine, cloaking,
energy harvest, and other fields [15, 16].

Numerous studies on Mo-based TMDCs
materials have been reviewed, and various
parameters, such as band gap energy and the
distribution of spin states in atomic orbitals

etc., have been calculated using density

functional theory (DFT) technique with the GGA:

PBE functional [1,_ 6, 9, To our best
knowledge,
analysis of Mo-based MoTe; and MoSe; TMDCs
materials using the PBE+U functional has been
Thus,

the

12].

no thorough computational

reported in the literature. we are

prompted to investigate structural,
dynamical, electronic, and magnetic properties
of MoTe, and MoSe, TMDCs materials based on
the DFT approach using the PBE+U functional,
employing the computational tool Quantum
ESPRESSO. Multiple physical properties of
TMDCs materials using the DFT method based
on the PBE functional have been are reported
[17-19]. However, the PBE+U functional uses
the Hubbard potential (U) with the GGA: PBE
functional, which significantly affects the

physical properties of materials. Moreover, we
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have not found any reported studies

investigation the electronic, magnetic, and
dynamical properties of MoTe, and MoSe:
compounds using the DFT method with the
PBE+U functional because for elements with d-
orbitals in the structure, the inclusion of the U
parameter is more suitable for accurately
estimating their band gap energy. This
represents the research gap between previously
reported works and present study. Hence, we
explored the structural, electronic, magnetic,
and dynamical properties of MoTe; and MoSe,
(3%3) supercell monolayer TMDCs materials
using the DFT method with the PBE+U
functional.
Materials and Methods

This work was conducted within the
quantum mechanical framework by employing
the density functional theory (DFT) method. All
DFT calculations were performed using a plane
wave basis set with the computational tool

Quantum ESPRESSO (QE) [20-23]. The PBE+U

functional was  utilized alongside the
generalized gradient approximation (GGA)
approach with ultrasoft pseudopotentials

(USPS) to calculate the exchange-correlation
energy (Exc) [24-26]. In the present work, the
electron correlation energy was determined
using the PBE+U functional, where U denotes
the Hubbard potential (i.e., Uy = 3 eV was used
to p-orbitals, and Uq = 5 was used to d-orbitals
the (21, 23]
Additionally, the software packages XCrySDen

of atoms in structures)
and Xmgrace were used for crystal structure
visualization and graph plotting, respectively
[27]. First, the wunit cell structures of the
considered materials were optimized using self-
consistent fields (scf) calculations, in which k-
points, kinetic energy cutoff, and lattice
parameters were estimated. The kinetic energy
cutoff values for MoTe, and MoSe, materials

were found to be 690 eV (50.71 Rydberg) and
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471 eV (34.61 Rydberg), respectively. These
estimated parameters were used in the input
file, which
performed. The relaxed structures of MoTe; and
MoSe> the

after relax calculation were

were obtained. Subsequently,
(3x3)

structures of MoTe; and MoSe; materials were

optimized and relaxed supercell
created, as shown in Figure 1. These supercell
structures were prepared by extending the unit
cell structures three times along the x-axis and
three times along the y-axis. The supercell
structures were then again relaxed for further
The
sampled by using an (8x8x1) Monkhorst-Pack

(MK) k-point grid [28]. The Gamma-centered k-

calculations. reciprocal lattice was

point grid was used due to its low computation
cost. Moreover, density of states (DoS) and
partial density of states (PDoS) calculations
were performed on a denser (24x24x1) grid for
more resolved and smooth plots. After that, we
estimated the ground state energy of the
materials and the bond lengths of atoms
present in the structures to determine the
structural properties. Electronic and magnetic
properties were studied using band-DoS and
DoS-PDoS plots. the

stability of MoTe, and MoSe, materials was

Finally, dynamical
predicted using phonon dispersion curves for

the PBE+U functional.

Results and Discussion

In this section, we discuss the structural,
electronic, magnetic, and dynamical properties
of the (3x3) supercell structures of MoTe,; and
MoSe,> materials using the DFT approach.
Additionally, we compare our findings with the
available data from reported studies on similar
materials.
Structural Properties

The structural properties of MoTe, and
MoSe, materials are studied wusing their
estimated ground state energy, and the bond

length between the nearest atoms in the
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materials. The lattice constant (a) values for

MoTe, and MoSe; are found to be 5.90 A and
5.83 A, respectively. The optimized and relaxed
of MoTe; and MoSe, TMDCs
materials are shown in figures-1(a, b) and 1(c,

structures

d), respectively.

The structures of MoTe, and MoSe, are
hexagonal when observed from the front side;
however, the atoms in the structures are
arranged in a zigzag pattern when viewed from
the top side. The difference between structures
before and after relaxation can be seen by
comparing the interatomic distances between
atoms. We measured the interatomic distances
between Mo-Se, Mo-Te, Te-Te, and Se-Se atoms
in both structures and found them to be equal.
The interatomic distance between Mo-Se and
Mo-Te atoms before relaxation is found to be
2.53 A, whereas Mo-Mo, Se-Se, and Te-Te
in the
separation of 3.32 A. Similarly, after relaxation,
the bond length changes to 2.54 A for Mo-Se

and Mo-Te atoms, which is in good agreement

atoms structures have an equal

with the previously reported value of 2.73 A for
TMDCs materials [7]. The interatomic distances
of Mo-Mo, Se-Se,

measured to be 3.31 A, indicating a decrease to

and Te-Te atoms are
3.31 A, which is also close to the previously
reported value of 3.51 A [29]. From these
calculations, it is found that the interatomic
distance between molybdenum and chalcogen
atoms increases after relaxation. Hence, similar
atoms (i.e., Mo-Mo, Te-Te & Se-Se) become
This

discrepancy in the interatomic distances can be

more compact after relaxation.
attributed to the random configuration and
excited energy of atoms before relaxation. After
relaxation, however, all the forces cancel out,
and the system attains minimum energy
because relaxation process minimizes the total
energy of the system by adjusting atomic
coordinates and possibly the cell dimensions.
This process obeys the principle of minimum
energy, which states that stable structures
exist at local or global minima of the potential

energy surface.

https://www.nepjol.info/index.php/INCS
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Figure 1: (Color online) (a) Front view of (3x3) supercell MoTe:z after relaxation, (b) Top view of (3x3) supercell
MoTe: after relaxation, (c) Front view of (3x3) supercell MoSe:2 after relaxation, and (d) Top view of (3x3)

supercell MoSez after relaxation.]
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Figure 2: (Color online) (a) Optimization vs changes in energy of MoTez and of MoSe2 materials before relax
calculations, and (b) Optimization vs changes in energy of MoTez and of MoSe2 materials after relax

calculations.]
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Table 1: The interatomic distances between atoms present in MoX2 materials where, E & R represent estimated

and reported values respectively, X represents Te & Se atoms, and Eg represents the ground state energy of

materials.
Mo-X Mo-X | Mo-Mo | Mo-Mo X-X X-X E, of | Eq of
State (X=Te, Se) (R) (E) (R) (E) (R) MoTe, MoSe:
(E)
Before 2.53 A - 3.32A - 3.32A - -179.71 | -179.71
Relaxation
V) (eV)
2.73 A 3.51A 3.51A
After
. o 2 -244.20 | -244.20
2.54 A 3.31A 3.31A
Relaxation (7] (25] [29]
(eV) (eV)

We obtained the energy optimization plots
before and after the relaxation calculations,
which are illustrated in Figure 2(a) and 2(b),
respectively. It is observed that the ground
state energy of the relaxed 2D monolayer MoTe:
and MoSe: is equal to -244.20 eV. This value is
lower than the energy values obtained for
MoTe. and MoSe: the

calculations. materials

before relaxation
the

structurally stable, as materials with lower

Hence, are
ground state energy and higher binding energy
are generally more stable. The estimated values
of ground states energy and interatomic
distances for MoSe, and MoTe; materials are
given in Table-1.
Electronic properties

We have studied the electronic properties of

monolayer MoTe, and MoSe; materials using

band structure and density of states (DoS) plots.

Band Structure

We have analyzed band structures of MoTe,
and MoSe; materials to study their electronic
properties, which are illustrated in figures-3(a)
and 3(b). In both structures, the horizontal
dotted line represents the Fermi energy level,
and the vertical dotted lines denote high-
symmetric points. Here, I" represents the center
of irreducible Brillouin zone (BZ).
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Figure 3: (Color online) (a) band structure of MoTez,
and (b) band structure of MoSe2, where Fermi level
is set at O eV. The horizontal dotted line represents
Fermi level and vertical dotted line represents high
symmetric points.]

These symmetry points have been used to
determine whether the material has a direct or
indirect band gap. From the analysis of
materials band structures, it is found that the
Fermi level is close to the valence region, and
both the conduction band minimum (CBM) and
valence band maximum (VBM) lie at high-
symmetric point I', indicated that they have
direct band gap semiconducting properties.

https://www.nepjol.info/index.php/INCS


http://www.nepjol.info/index.php/JNCS

Journal of Nepal Chemical Society, July, 2025, Vol. 45, No.2

This means, MoTe, and MoSe; have electron
momentum that does not change during
transition. Moreover, a greater number of band
states are presented in the valence band region
compared to the conduction band region.

Table 2: Fermi (Eg),

minimum (Ecem), valence band maximum (Evsm),

energy conduction band

and band gap energy (Eg) of monolayer MoTe2 and

MoSez supercell structures.

Parameter MoTe: (eV) MoSe: (eV)
Ef -0.70 -0.54
Ecam 0.63 0.70
Evem -0.77 -0.61
Eg 1.40 131
Additionally, no band crosses from the

conduction region into the valence region or
vice versa, which further supports that our
The
energies difference between the CBM and VBM

materials are non-metallic in nature.
of MoTe; gives its band gap, which is found to
be 1.40 eV, which is comparatively close to
other computationally calculated values of 1.23
eV, 1.23 eV and 1.18 eV for TMDCs materials
[10, 11, 13, 30]. These estimated values of band
gap energies are slightly greater than the
experimental reported value of 1.10 eV for
TMDCs materials [10]. Also, the band gap
energy of MoSe; is found to be 1.31 eV, which
is in good agreement with the computationally
reported value of 1.44 eV [10, 11, 30, 31], and
the experimental reported value of 1.50 eV for
[10, 32]. these

calculations, it is found that MoSe; has a

others materials From
slightly smaller band gap energy compared to
MoTe,. This indicates that MoSe; has more
affinity to undergo faster electronic transition
than the MoTe, upon the absorption of the
particular wavelength of light. From the
observation of the band structure of the

considered materials, we found that the
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distance from the valence band maximum to

the Fermi energy level is shorter than that from
the conduction band minimum to the Fermi
energy level. This means a greater number of
band states (charge carriers) are present in the
valence band than in the conduction band;
the exhibit  p-type

based on

hence, materials

semiconducting nature.  Hence,
these findings, we conclude that both materials
are p-type semiconductors, and have direct
band gap energies. Thus, MoSe; and MoTe,
materials are good absorbers of visible light and
infrared radiation due to their small band gaps
because for infrared region, photon energy
range is found to be (0.001 — 1.65) eV, and for
visible region, photon energy range is found to
be (1.65 -3.26) eV. Therefore, they can be used
in the fields of photoelectronic applications.

Density of state (DOS)

DoS (states/oV)

1
I
I
1
'
1
I
|

¥ o
Energy (eV)

DoS (states/oV)

v o
Energy (eV)

Figure 4: (Color online) (a) DoS plot of MoTe2, and (b)
DoS of MoSe2 with Fermi level at O eV, where vertical
dotted line separates region to the left of Fermi level
is valence band and region to right is conduction
band and horizontal dotted line distinguishes

between up spin and down spin.]

Density of states (DoS) is defined as the number
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of states per unit of energy range. DoS is used
to study electronic occupational probability in
the materials. High DoS implies higher
occupation probability at a given energy
interval, but a lack of DoS means there are no
states available for occupation. Therefore, the
DoS plot is essential for understanding the
(33, 34].

Figures 4(a) and 4(b) represent DoS plots of

electronic properties of materials

MoTe; and MoSe; materials. In Figure 4(a), the
DoS plot of monolayer MoTez is shown along
with the TDoS of molybdenum and tellurium
atoms. The up-and-down-spin channels are
separated by a blue horizontal dotted line. As
the curves suggest, the DoS at the top of the
(VB)

composed mainly of Mo-atoms, with a very

valence band (near Fermi level) is
small contribution from the Te-atom. Similarly,
the bottom of the conduction band (CB) is also
due to Mo atom, where the Te atom has no
contribution. This suggests that the Mo atom is
the dominant element in MoTe, material, which
is also supported by the theoretically reported
data [35]. So, it is only natural to assume that
molybdenum plays a significant part in
determining the electronic properties of the
material. A deeper analysis (done using a PDoS
plot) shows that the DoS contributions for the
Mo atom are mainly composed of 4d electrons,
whereas for the Te atom, the contributions
come from Sp electron states. The curves in
figure-4(b) illustrate the DoS plot of a MoSe;
supercell structure. As can be seen from the
figure, molybdenum again contributes to the
top of VB and the bottom of CB, with high
contributions from 4d orbital electrons. So,
again, Mo atom is the dominant element, with
similar characteristics to that of MoTe,, and
once determines various electronic properties
of MoSe, as well. For the Se atom, the
contributions come from 4p electron states.

Here, the nature of both graphs is quite similar.
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This can be attributed to the Mo atom’s
dominance in determining the nature of both
materials. From both figures, we see that the
Fermi level is closer to the valence band, which
supports the result obtained from the band
structure analysis. There are more band states
available at the Fermi level, however there is a
band gap in the conduction region supporting
our previous result that the materials are
semiconducting in nature. There are few
electronic states present at the Fermi level
suggesting electrons can be excited into the
conduction band more easily. Furthermore, it
suggests that few electrons can be excited
thermally in the conduction region which
results in poor conduction at low temperatures.
Magnetic Properties

DoS plot is also used to study the magnetic
properties of a material, since the magnetic
properties of a material are related to density of
states [36, 37]. If the DoS has symmetrically
distributed spin states (i.e. up-spin and down-
spin), then the material is considered to be non-
magnetic. However, asymmetrical distribution
of up-spin and down-spins states indicates that
the material has magnetic properties. The
better understand the magnetic properties of
the material, we have analyzed the partial
density of states (PDoS). Figure 5(a) and 5(b)
respectively represent the PDoS plots of MoTe
and MoSe; materials. In the Figure 5(a), both
up-spin and down-spin states of electrons
present in the individual orbital of atoms in the
materials are symmetrically distributed around
the Fermi energy level. This gives a net
magnetic moment value of O pg/cell. This
means that the MoTe, (3x3) supercell structure
has non-magnetic nature. The electronic
configuration of the Mo atom is [Kr] 4d5 Ss!. We
analyzed the PDoS plots of Mo atom, and in
both cases, we found that there is no significant

contribution of spin states of electrons in the

https://www.nepjol.info/index.php/INCS
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4p orbitals of atoms, which also agrees with the

theoretical prediction of the materials [38].

DoS (states/eV)
|
S
o
Do (states/eV)

. Pokharel et.al 2025
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Figure 5: (Color online) (a) PDoS plot of supercell MoTez, (b) PDoS plot of supercell MoSez, where in both plots,

vertical dotted lines represent Fermi energy, which separates the valence and conduction bands.
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Figure 6: (Color online) (a) PDoS plot of Mo- atom in MoTez, (b) PDoS plot of Te-atom in MoTe2, where in both

plots vertical dotted lines represents Fermi energy, which separates the valence and conduction bands.

Similarly, the 5s orbital has very little
contribution to the production of the magnetic
moment. So, most of the contribution to the
PDoS comes from the 4d orbital. Further
analysis performed to study the contribution
from sub-orbitals shows hybridization between
4dyy and 4dx2, and hence they have equal
contribution to the DoS of the Mo atom.
Moreover, there is another overlap in the sub-
orbitals 4dy, and 4dy, as well. The graph reveals

that the DoS at the Fermi level is due to the 4dyy

18

and 4dx2 orbitals of the Mo atom. The total
magnetic moment produced by the Ss, 4p and
4d-orbitals of electrons is the same and equals
0 the
configuration of the Te atom is [Kr] 4d10 5s2 Sp#.
When the PDoS plot for the Te atom is analyzed,

ps/cell. Similarly, electronic

we saw that the highest contribution comes
from Sp orbital, as there is no contribution from
the 4d orbital and very little contribution from
the 5s orbital in the structure. Moreover, the

sub-orbitals 5py and 5px overlap with each

https://www.nepjol.info/index.php/INCS
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other and have DoS at the Fermi level as well.
The total magnetic moments produced by the
spin states of electrons in the Ss, 4p, and 4d
orbitals of the atoms have the same value,
which is equal to O pg/cell. This shows that the
up and down spin states in the orbitals as well
as sub-orbitals are symmetrically distributed in
the case of monolayer MoTe, material. The
PDoS of plots of Mo, and Te atoms in MoTe,
material are illustrated in figures-6(a) and 6(b)
respectively.

The Figure 5(b) illustrates the the PDoS
plot of MoSe, material. Similar to MoTe,, MoSe>
also has non-magnetic properties. The PDoS of
molybdenum in MoSe; is similar to that of the
MoTe, material. As we know, the electronic
configuration of MoSe; is [Ar] 3d19,4s2, 4p*. As
can been from figure-5(b), the contribution to
the PDoS by up-spin and down-spin states
comes only from the 4p-orbitals. The
contribution at the Fermi level for the Se atom
comes from the 4py and 4px orbitals. As is the
case with tellurium, the 4py, and 4px sub-
orbitals overlap with each other for the
selenium atom. All the spin channels of
different orbitals are symmetrically distributed
for the Se atom as well, implying the non-
magnetic behaviors of the Se atom and MoSe,
material as a whole. More clearly, we have
developed a PDoS plot for Se atoms in MoSes,
which is shown in Figure 7. The estimated
values of magnetic moment given by the
distributed up-and down-spin states elections
in the individual orbitals of Mo, Te, & Se atoms

in the MoTey; and MoSe, materials are given in
Table 3.
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Figure 7: (Color online): PDoS plot of Se-atom in
MoSe2, where vertical dotted line represents Fermi
energy level, which separates the valence and
conduction bands.]
Dynamical Properties

Dynamical properties of considered
materials are studied by the analysis of their
phonon dispersion curve, which is given as
following
Phonon Dispersion

Dynamic stability is an important property
of a material, as it helps in classifying the
material as unstable, metastable, or stable [39,
40].

dynamically stable,

If a material is mechanically and

then the material is
considered to be structurally stable. This has
profound implications for its application in the
electronics field. To study the dynamic stability
of the material, we have used a phonon
dispersion curve. The figures-8(a) and 8(b)
show the phonon dispersion relation between
highly symmetric points (I, M, K, I, A, L, H) and
the frequency of phonon waves. Two types of
frequency branches (acoustic branch and
optical branch) are seen in the Figures 8(a) and
8(b). The the

frequency branch, where two particles in a unit

acoustic branch is lower
cell oscillate in phase. In contrast, particles in
the optical branch have a higher frequency,
(hence, higher energy) and the particles
oscillate in opposite directions (move out of
phase with each other). In our phonon curves,

there are three acoustic waves and six optical

https://www.nepjol.info/index.php/INCS
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waves. The frequencies of both acoustic and

optical branches are estimated at the high
symmetric points. The phonon (optical) band
gap energy of MoTe; and of MoSe; materials are
estimated and given in Table 4. Here, we have
calculated the maximum acoustic frequency
and minimum optical frequency at symmetric
points to determine the phonon band gap

energy of the considered materials.

Frequency (cm™")
Frequency (em™)

Symmetric points

Symmetric points

Figure 8: (Color online): (a) phonon dispersion curve of MoTez supercell structure, and (b) phonon dispersion
curve of MoSe2 supercell structure, where vertical dotted lines represent highly symmetric points, and vertical
dotted line represents zero frequency point. The frequency is in the unit cm-1.

Table 3: The magnetic moments given by up-and down-spin states of electrons in the individual orbitals of Mo,

Se and Te atoms in MoTe2 and MoSe2 materials using PBE+U functional.

MoTe: (us/cell) MoSe: (us/cell)
Orbitals Mo Te Mo Se
Up-spin Down-spin | Up-spin | Down-spin | Up-spin Down-spin | Up-spin | Down-Spin
s 0.09 -0.09 0.69 -0.69 0.09 -0.09 0.68 -0.68
py 0.04 -0.04 0.47 -0.47 0.03 -0.03 0.44 -0.44
p: 0.04 -0.04 0.42 -0.42 0.04 -0.04 0.41 -0.41
Px 0.03 -0.03 0.47 -0.47 0.04 -0.04 0.44 -0.44
dyy 0.39 -0.39 0.01 -0.01 0.38 -0.38 0.01 -0.01
dy: 0.35 -0.35 0.01 -0.01 0.34 -0.34 0.01 -0.01
dz? 0.38 -0.38 0.007 -0.007 0.38 -0.38 0.007 -0.007
20
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di: 0.35 -0.35 0.01

-0.01

0.34 -0.34 0.01 -0.01

dy? 0.39 -0.39 0.01

-0.01

0.38 -0.38 0.01 -0.01

It is clear that optical phonons have higher
oscillation frequencies than acoustic phonons.
Moreover, acoustic phonons have zero
frequency at symmetric points (I). This is a
indication that our materials are

stable.

strong

dynamically Furthermore, neither
acoustic phonons nor optical phonons have
imaginary frequencies throughout the Brillouin
zone (BZ). Due to the positive frequency of
phonons, it is concluded that monolayer MoTe,
and MoSe; are dynamically stable materials.

Hence, these materials can be used to create

reliable, flexible, and high-performance devices.

Table 4: Phonon band gap energy (PBG) of MoTe>
and MoSe2 materials are estimated using the values

of acoustic maximum frequency (AMF) and optical

minimum frequency (OMF) at high symmetric points.

All the values have been calculated using phonon
dispersion curves. The values of frequencies are

given in cm-1.

Highly AMF [cm) OMF (cm) PBG (cm)

Symmetric Points MoTe: MoSe: MoTe: MoSe: MoTe: MoSe:

r o 0 3.68 4.65 3.68 4.65
M 3.63 433 4.01 5.11 038 0.78
K 3.57 435 4.23 5.35 0.66 1.00
r 1] 1] 3.65 4.64 3.65 4.64
A 3.63 434 4.02 511 0.39 0.77
L 3.38 408 4.23 5.42 0.85 1.34
H 3.66 433 4.06 5.12 040 0.79
Conclusion

In the present work, we investigated the
structural, electronic, magnetic, and dynamical
properties of MoTe, and MoSe; (3x3) supercell
structures. All the calculations performed
using the density functional theory (DFT)
approach with the computational tool quantum
ESPRESSO. Firstly, we studied structural
properties of the considered materials using
ground state energy and the bond length of

atoms present in the structures. The structural

21

analysis reveals that both TMDCs materials are
structurally stable and have a hexagonal form.
MoSe; and MoTe; have equal minimum ground
state energies of -244.20 eV, which means that
The

electronic properties of MoTe; and MoSe;

the materials are structurally stable.

materials are investigated by analyzing the
band structure and density of states (DoS) plots.
From the calculations of the band structure
and DoS plots, it is found that both considered
materials are p-type semiconductors. The band
gap energy of MoSe; is found to be 1.31 eV,
which is smaller as compared to the band gap
energy of MoTe, (1.40 eV). This suggests that
MoSe; can be used for effective absorption of
visible and infrared radiation. To explore the
magnetic properties of materials, the material’s
density of states (DoS) and partial density of
states (PDoS) were analyzed. In both plots, we
analyzed the distribution of up-spin and down-
spin states of electrons in the individual atoms
present in the material. That are found to be
symmetrically distributed, hence net magnetic
moment of the material is found to be zero.
Thus, MoTe, and MoSe; have non-magnetic
properties. Moreover, we have developed the
phonon distribution curves of the phonon
waves of the studied materials. It is found that
the phonon dispersion frequencies at all
symmetric points have positive values. This
conclusively proves that both materials are
dynamically stable. Therefore, from the
analysis of the materials electronic, magnetic,
dynamical properties, it is found that MoTe,
and MoSe; are semiconducting, non-magnetic,
Based on

and dynamically stable materials.

these determined properties, we recommend
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that MoTe; and MoSe; can be used in the fields

0.
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