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Abstract
The potential applications of materials are determined by their existing properties. In this
work, we used first-principles approach to investigate the structural, mechanical, dynamical,
thermal, electronic, magnetic, and optical properties of (3×3) supercell structure of Tungsten
ditelluride (WTe2) compound using GGA-PBE functional of density functional theory (DFT)
method. Structural properties of WTe2 compound are studied by measuring bond lengths be-
tween the atoms in structure, and ground state energy. It is found to be structurally stable
material. Electronic band structure and density of states (DOS) plot shows that the mate-
rial has direct band gap p-type semiconductor. Magnetic properties of WTe2 compound are
predicted by the analysis of its density of states (DOS) and partial density of states (PDOS)
plots, material is found to be non-magnetic in nature. The mechanical properties of consid-
ered compound are examined by the calculations of its modulus of rigidities, elastic constants,
elasticity and anisotropy index. WTe2 has ductile and anisotropic properties. Moreover, we
have examined the dynamical stability of considered material through the phonon dispersion
curve, it reveals that WTe2 is dynamically stable material. Based on the calculations of
phonon velocities and Debye temperature, it is found that WTe2 has low value of specific heat
capacity. Dielectric function, optical conductivity, absorption, transmission, and reflection
coefficients of WTe2 compound are examined for the exploration of its optical characteristics.
At higher photon energy region, WTe2 has transparent and anisotropic in nature, higher value
of conductivity, lower values of absorption and reflection coefficient. Hence, it can be used in
the fields of electronic, optoelectronic, sensing, and energy storage devices.
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1 Introduction

Two-dimensional (2D) materials are made up of
a single or few layers of having a thickness of a
few nanometers or less [1,2]. Graphene, transition-
metal dichalcogenides (TMDCs) materials, hexag-
onal boron nitride (h-BN) etc. are the common
examples of 2D materials [3–5]. TMDCs materials
are the types of 2D materials having a structure
of the form MX2, where M represents transition
metals from group IV-X (W or Mo), and X rep-
resents Chalcogens material (Te, S, or Se) [6]. M
is sandwiched between two layers of X atoms by
forming the X-M-X honeycomb pattern [7]. There
is a strong covalent bond between the atoms in
each layer, but the layers are stacked together by
weak van der Waals forces [8]. TMDCs pose ex-
ceptional catalytic [9], photoluminescence [10] di-
rect band gap, and water resistance properties [11].
So, they are used in the field of electronics and
nanoelectronics for making devices such as tran-
sistors, integrated circuits (ICs), and memory de-
vices [9, 10]. They are used in flexible and wear-
able electronics, spintronics, quantum computing,
and spin hall effect devices [12]. Similarly, they
are used in energy storage devices like batteries
and capacitors, hydrogen evolution reactions, elec-
trocatalysis, gas sensors, biosensors, thermoelectric
devices, water purification technologies, and solid
lubricants [13]. TMDCs are used in optoelectronic
devices and photo detectors due to its tunable band
structure [14, 15]. Thus, 2D materials have poten-
tial applications in the fields of industrial as well as
academic sectors.

We have reviewed the various literature related
with the TMDCs materials [16, 17] it is found that
bulk WTe2 has large magnetoresistance and finds
application in magnetic sensors and memory de-
vices. To our best knowledge, a comprehensive
study of structural, mechanical, dynamical, ther-
mal, electronic, magnetic, and optical properties of
monolayer WTe2 TMDCs material have not been
studied well. These are the research gaps between
the previous researcher’s works and our work. The
tunability of these properties of TMDCs has made
them a topic of great research. So, we are motivated
to explore the structural, mechanical, dynamical,
thermal, electronic, magnetic, and optical proper-
ties of (3×3) monolayer supercell structure of 2D
WTe2 TMDCs compound computationally by us-
ing Density Functional Theory (DFT) method em-
ploying quantum ESPRESSO as a computational
tool.

2 Methods and Material

First-principles calculations based on plane wave
function and ultrasoft pseudopotentials (USPPs)

are performed using the density functional the-
ory (DFT) technique by employing the Quantum
ESPRESSO as a computational tool [17]. To
handle the exchange-correlation interactions, we
employed the generalized gradient approximation
(GGA) in Perdew-Burke-Ernzerhof (PBE) form
[18,19]. Firstly, we have constructed the optimized
and relaxed unit cell structure of WTe2 material by
using the optimized values of lattice parameter 12
Bohr (6.35 Å), kinetic energy cutoff 45 Ry (612.25
eV), and k-points (12) through Broyden–Fletcher–
Goldfarb–Shanno (BFGS) method [20]. The k-
point grid of mesh (12×12×1) is used to sam-
ple Brillouin zone by using -centered Monkhorst–
Pack (MP). The optimized and relax structure unit
cell structure of WTe2 is extended three times
along x-and y-directions to form (3×3×1) mono-
layer supercell structure of WTe2. Then after relax
calculations are done by using Broyden–Fletcher–
Goldfarb–Shanno (BFGS) method [20], which gives
the optimized and relax supercell structure of
WTe2. This structure is used for further calcula-
tions. The structural properties of considered ma-
terial are studied by the calculations of its ground
state energy through self-consistent field (scf) cal-
culations where (12×12×1) k-point mesh is used.
For the study of material’s electronic and magnetic
properties, band structure, density of states (DOS)
and partial density of states (PDOS) calculations
are done. For this denser mesh (22×22×1) is used
since denser mesh gives the smoother DOS states.
The mechanical and thermal properties of material
are examined by the calculations of its modulus of
rigidity and elastic constants through Voigt-Reuss-
Hill approach [21]. Based on the computed values of
elastic constants, we have estimated the Shear mod-
ulus (G), Bulk modulus (B), Young’s modulus (E),
Poisson’s ratio (v), Pugh’s ratio (B/G), Debye tem-
perature (D), Longitudinal phonon wave velocity
(vl), transverse phonon wave velocity (vt), and aver-
age phonon wave velocity (vavg). Additionally, den-
sity functional perturbation theory (DFPT) tech-
niques are used to analyze the dynamical properties
of the materials under consideration [22]. The op-
tical properties of WTe2 compound are studied by
calculating it dielectric function, optical conductiv-
ity, transmission, reflection and absorption coeffi-
cient through the uses of time-dependent ground
state perturbation theory under random phase ap-
proximation (RPA) [23].

3 Results and Discussion

In this section, we have discussed the major findings
and their interpretation of (3×3) monolayer super-
cell structure of 2D WTe2 TMDCs compound.
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3.1 Structural Properties

The structural properties of WTe2 unit cell com-
pound are studied by calculating its optimized val-
ues of kinetic energy cutoff, lattice parameters, and
k-points. They are found to be 45 Ry, 6.35 Å,
and 12 respectively. Then, relax calculations are
done by using (12×12×1) k-point mesh. The re-
lax and optimized unit cell structure is extended
along x-and y-axis by three times to construct its
(3×3) supercell structure. The ground state energy
of supercell structure is estimated through its self-
consistent fields (scf) calculations, and found to be
-238.10 eV. This minimum value of ground state
energy revels that WTe2 is a stable material. The
optimized and relax structure of WTe2 supercell is

shown in figure-1(a & b).

Figure 1: (Colour Online) (a) top view of (3×3) su-
percell structure of WTe2 compound (b) side view
of (3×3) supercell structure of WTe2 compound.

Table 1: Inter-atomic distance between W-W, W-Te, and Te-Te before and after relaxation compared
with previously reported values.

Bond length Before relaxation (Å) After relaxation (Å) Reported values (Å)

W–W 3.57 3.32 3.55
W–Te 2.73 2.53 2.73
Te–Te 3.57 3.23 [24]

Figure-1(a) is the top view of the monolayer
WTe2 supercell compound from z-axis. The unit
cell is hexagonal structure with alternating W and
Te atoms arranged in hexagonal shape. Figure-1(b)
shows the side view (i.e. x-axis or y-axis) of WTe2
supercell material. In this view, the layer of W
is sandwiched between two Te layers. Table-1 sum-
marizes the bond lengths before and after the relax-
ation of a considered compound. Before relaxation,
the inter-atomic distance between adjacent W-W,
W-Te, and Te-Te atoms are found to be 3.57 Å, 2.73
Å, and 3.57 Å respectively. Whereas after relax-
ation the inter-atomic distance reduces to 3.32 Å,
2.53 Å, and 3.23 Å respectively of these atoms in a
structure. These values are closely agreed with the
previously reported values of stable TMDCs mate-
rials [24]. Hence, from these calculations, we con-
firmed that our considered material is a structurally
stable.

3.2 Mechanical, Dynamical and Thermal
Properties

Mechanical behavior of WTe2 compound such as
stiffness, deformation response, and stability under
different external loads are determined by the mea-
surement of parameters like elastic constants and
modulus of rigidities (Young’s modulus, Shear mod-
ulus, Bulk modulus), and compressibility (β). Ap-
proximations like Voigt (V) [25], Reuss (R) [26], and
Hill [27] are used to calculate these mechanical pa-

rameters. The Voigt model assumed uniform strain
throughout crystal and calculated the upper bound
of the elastic moduli whereas Reuss model assumed
a uniform stress across the material and calculated
the lower bound of the elastic moduli. Hill model
calculated the parameters by averaging the results
obtained from formed two models. The Bulk mod-
ulus (B) measures the material’s resistance to uni-
form compression. In case of hexagonal system, it is
determined by averaging the Bulk modulus of elas-
ticity from the Voigt (BV) and Reuss (BR) models
and given by;

BH =
1

2
(Bv +BR) (1)

The Shear modulus (SH) measures the material’s
resistance to shearing forces. It is determined by
averaging the Shear modulus from the Voigt (SR)
models;

SH = (SV + SR) (2)

For hexagonal crystal systems, the Voigt ap-
proximations for the Bulk modulus BV and Shear
modulus SV are expressed as;

BV =
1

9
[2 (C11 + C12) + 4C13 + C33] (3)

Sv =
1

30

[
(C11 + C12) + 2C33

− 4C13 + 12C44 + 12C66

]
(4)
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For the Reuss approximation, the Bulk modulus
BR and Shear modulus SR are defined as;

BR =
(C11 + C12)C33 − 2C2

13

C11 + C12 + 2C33 − 4C13
(5)

SR =
5

2

(C11 + C12)C33 − 2C2
13

[3BvC55C66 + (C11 + C12)C33 − 2C2
13]

2
(C55 + C66)
(6)

The compressibility (β) measures how much the
material’s volume changes under pressure and it
is given by the inverse of the Bulk modulus (B)
i.e. β = 1/B. For pristine WTe2, Young’s modulus
(Y) is an important mechanical property that indi-
cates the material’s stiffness or rigidity. It measures
how much WTe2 deforms under stress, providing in-
sight into its ability to resist elastic deformation. A
higher Young’s modulus means that WTe2 is stiffer
and deforms less under a given load. Young’s modu-
lus can be determined using the Hill approximation,
which is approximate for polycrystalline materials
like WTe2. The formula for Young’s modulus is;

Y =
9BHSH

3BH + SH
(7)

where BH is the Hill Bulk modulus, which quantifies
WTe2’s resistance to uniform compression and SH

is the Hill Shear modulus, which describes WTe2’s
resistance to shearing forces. By applying this for-
mula, we can accurately assess how the pristine
WTe2 will behave under mechanical stress. For
WTe2, elastic anisotropy (A) measures the varia-
tion in stiffness with direction.

It reflects how mechanical properties like stiff-
ness and deformation change depending on the di-
rection of applied force. High anisotropy (A) means
WTe2 behaves differently along different crystallo-
graphic directions. For hexagonal systems, it is ex-
pressed as [28];

A =
4C44

C11 + C33 − 2C13
(8)

Poisson’s ratio (ν) is calculated using an equation
(9);

ν =
3B − 2SH

2 (3B + SH)
(9)

The calculated values of various parameters for
the examination of mechanical properties are men-
tioned in the Table-2.

Table 2: Estimated values of Bulk modulus (B), Young’s modulus (Y), Shear modulus (G), Poisson’s
ratio (ν), P-wave modulus, and Pugh’s ratio (B/G) of WTe2 compound.

Mechanical Properties Voigt Reuss Hill

Bulk Modulus B (GPa) 14.78 -0.73 7.03
Young’s Modulus Y (GPa) 24.74 -2.57 10.85
Shear Modulus G (GPa) 10.13 -1.40 4.37
Poisson’s Ratio (ν) 0.22 -0.08 0.24
P-wave Modulus (GPa) 28.29 -2.60 12.85
Pugh’s Ratio (B/G) 1.46 0.52 1.61

The Bulk modulus (B) of WTe2 is found to be
7.03 GPa which indicates that it requires 7.03 GPa
to uniformly compress its volume by 1%. Hence, it
is relatively compressible compared to other materi-
als like diamond [29]. The Young’s modulus (Y) of
WTe2 is 10.85 GPa means that it is relatively flexi-
ble as compared to the material with higher Young’s
modulus such as steel [30]. The Shear modulus (G)
of WTe2 is calculated as 4.37 GPa indicates that
it is relatively soft in the resistance compared to
the material like steel which has Shear modulus of
80 GPa. A Poisson’s ratio (ν ) of WTe2 is found
to be 0.24, which indicates that the contraction in
perpendicular direction at 24.3% of the rate of elon-
gation when stretched out in one direction. This is
moderate value. It has a P-wave modulus 12.85

GPa, which means that it can efficiently transmit
compressional waves. The Pugh’s ratio (B/G) of
WTe2 material is found to be 1.61, it suggests that
the material is relatively ductile [31–33]. Further-
more, the Kleinman’s parameter is calculated to be
0.45 which is less than the reference value 0.5 that
determines the type of deformations when external
perturbations are applied. Thus, it suggests that
bond bending is more dominant than bond stretch-
ing [31–33].

The dynamical properties (stability) of the ma-
terial are determined by studying its phonon dis-
persion curve. Phonon dispersion curve measures
how the phonon frequencies (measured in terms
of wavenumber) vary with wave vectors across the
Brillouin zone [34]. Figure-2 shows the phonon
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dispersion curve of WTe2 compound, where wave
numbers (frequency) are plotted along y-axis and
wave vectors (symmetric points) are along x-axis.
The graph does not show any negative wavenum-
ber which indicates the absence of negative fre-
quency. Thus, the material is found to be dynami-
cally stable. The lower three bands are for acoustic
phonons whereas the upper six bands are for opti-
cal phonons. The acoustic phonons at the center of
Brillouin zone (i.e. Γ point) have zero frequencies.
But the optical phonons have non-zero frequencies
and are found to be 3.55, 5.27, 5.76, and 7.16 in
units of per centimeters. The above results are con-
sistent with previous studies [35,36]. It is seen that
there is phonon band gap energy of values 0.30 per
centimeter, which is calculated from the lower po-
sition of optical branches and upper position of the
acoustical branches.

Moreover, we have investigated the thermal
properties of WTe2 compound by estimated its
phonon velocities and Debye temperature. For that
we have estimated the longitudinal velocity, trans-
verse velocity and average velocity of phonon wave
of WTe2 material. They are found to be 1665.76
m/s, 971.05 m/s, and 1077.12 m/s respectively. We
have estimated the Debye temperature of WTe2 ma-
terial, and found to be 85.6 K. It reflects that WTe2
has a low melting point and has low value of specific
heat capacity.

3.3 Electronic and Magnetic Properties

The wave functions that describe the electrons in
solid can be studied by sampling on the Brillouin
zone (BZ). Highly symmetric points in the BZ are
used to study the material’s band structure. In the
present work, we have studied the electronic prop-
erties of pristine WTe2 compound with the help of
band structure and density of states (DOS) plots.
Figure-3(a & b) respectively represent the band
structure and DOS plots of considered material,
where the horizontal dot line indicates the Fermi
energy level. It separates the electronic bands. The
region below the Fermi line is called valence band,
and above the Fermi line is called conduction band.

Figure-3(a) is the band structure of WTe2 com-
pound with high symmetric points are in the x-axis
and Fermi energy level is adjusted in the unit of
eV along y-axis. The blue dashed line set at 0 eV
is the Fermi energy level. The plots in red lines
(states) represent the band states of the electrons
located at different points in Brillouin zone. The
region below the Fermi level are valence bands, and
the region above the Fermi level are conduction
bands. The plot shows a clear gap between the
valence band maxima and conduction band min-
ima. Thus, monolayer WTe2 shows semiconductor
nature. From the calculations, the value of con-

duction band minimum (CBM) is found to be 0.95
eV, and the valence band maximum (VBM) is 0.04
eV both lying at symmetric points. Thus, the
band gap, defined as the gap between VBM and
CBM, is calculated to be 0.99 eV. This value is
consistent with previous reported values of mate-
rials that is in the range of (0.70 -1.18) eV. This
material has direct band gap energy because CBM
and VBM both lie at point which signifies that the
inter-band transition of electrons happened without
change in momentum. The valence band is closer to
Fermi level than the conduction band, this suggests
the higher probability of finding holes in the va-
lence band and material shows p-type semiconduc-
tor behavior. Finally, we can conclude that pristine
monolayer WTe2 is a p-type and direct band gap
semiconductor, and thus it has potential applica-
tions in semiconductor industries.

Table 3: Valence band maximum (VBM), conduc-
tion band minimum (CBM), band gap energy (Eg),
and Fermi energy (Ef ) in units of eV for WTe2
monolayer system.

VBM
(eV)

CBM
(eV)

Eg (eV) Ef (eV)

0.05 0.94 0.99 0.98

Figure 2: (Colour Online) phonon dispersion curves
of WTe2 compound, where frequency in term of
wave numbers is plotted in y-axis and highly sym-
metric points are taken along the x-axis. Vertical
dot lines touch the highly symmetric points.
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Figure 3: (Colour Online) (a) band structure of
WTe2 compound where high symmetric points are
taken along the x-axis and corresponding energy are
taken in y-axis. (b) density of states (DOS) plot
of WTe2 compound where energy of DOS states is
taken along the y-axis and DOS states are taken
along the x-axis. The horizontal dot line represents
the Fermi energy level for both plots.

Figure-3(b) represents the DOS plot of WTe2
compound, where energy levels are plotted along
y-axis and corresponding DOS states are plotted
along x-axis. The blue dashed horizontal line at 0
eV separates the upper conduction band from the
lower valence band. There is a gap between valence
band and conduction band of value 0.91 eV. This
verifies the findings from band structure. Near the
immediate Fermi region, both in conduction and
valence band, the DOS value is dominated due to
W atoms. This suggests that near Fermi energy
level greater quantum states that are available to
be occupied are due to W atoms.

DOS and partial density of states (PDOS) calcu-
lations are used to explore the magnetic properties
of material [37, 38]. PDOS is the measurement of
DOS contributed by each sub-orbitals present in the
material. Electrons with opposite spin couples and
the magnetic moment becomes zero leading to non-
magnetic nature. But, the presence of an unequal
number of quantum states at a particular energy
level, few electrons remain uncoupled contribute a
non-zero magnetic moment which leads to magnetic
properties. The PDOS plot of WTe2 compound is
shown in figure-4, where energy values of electronic
states are plotted along x-axis and corresponding
states are plotted along y-axis. The vertical blue
dashed line at 0 eV represents the Fermi energy
level situated at the boundary of the left valence
band region and right conduction band region. The
horizontal dot lines separate the distributed up-spin
and down-spin states of electrons in the individual
orbitals of atoms present in the material.

Figure 4: (Colour Online) partial density of states
(PDOS) plot of WTe2 compound, where horizontal
dot lines separated the up and down spin states and
vertical dot line distinguish the valance band region
and conduction band region and is called fermi en-
ergy level.

Tungsten (W) has electronic configuration [Xe]
4f14 5d4 6s2 where Xe represents Xenon atom and
Tellurium (Te) atom is [Kr] 4d10 5s2 5p4. The con-
tribution due to sub-orbitals present in valence shell
has been plotted. The top plot is the total PDOS
plot of considered material. The graph is symmetri-
cal along the horizontal line; that suggests the pres-
ence of equal number of states available for both
up-spin and down-spin electrons at a given energy
level. Thus, the net magnetic moment of the sys-
tem is zero and the material shows non-magnetic
properties. The middle plot is the PDOS plot of W
atoms. The d-orbitals in W atom has higher PDOS
values as compare to its p and s-orbitals. The sub-
orbital 5dx

2 has prominent values of PDOS states
near the Fermi energy level whereas the sub-orbital
5dz

2 have dominant value of PDOS. It means, a
greater number of unoccupied PDOS states are seen
near the Fermi energy level. The bottom plot is
the PDOS of Te atoms. In this case, p-orbitals
have larger contribution for the production of mag-
netic moment. Near the Fermi energy level, PDOS
states of 4pz sub-orbitals have higher peaks than
the PDOS states of s sub-orbitals. They reflect
that there are a greater number of unoccupied or-
bitals are presented. The contribution of magnetic
moment is due to the paring of up-and down-spins
states. PDOS states of both W and Te atoms are
symmetrical distributed around the Fermi energy
level in the plots. Thus, it can be concluded that
the net magnetic moment contributed by W and Te
atoms have zero. Hence, the material shows non-
magnetic properties.
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3.4 Optical Properties

When a material is exposed to electromagnetic
(EM) waves, many phenomena such as reflection,
transmission, polarization of charges etc. are oc-
curred [17]. A meticulous study of these phenomena
can help to explore the potential usage of the mate-
rials in optoelectronics, energy storage, and sensing
devices [26,39]. In this section, we discussed the op-
tical properties of WTe2 compound by the analysis
of its dielectric function, optical conductivity, trans-
mission, reflection and absorption coefficient. We
have calculated dielectric tensor with the variation
of photon energy in the range of 0 eV to 8 eV, for the
study of material’s dielectric function (constant).
Dielectric tensor measures the dielectric constant
in response to an applied electric field of material
in a particular plane. The real and imaginary com-
ponents of dielectric function are expressed by the
relation: ε(ω) = ε1(ω) + iε2(ω) [40].

Figures-5(a & b) are the imaginary and real di-
electric function with respect to the photon ener-
gies plots of WTe2 compound respectively, where
dielectric function are taken along the y-axis and
corresponding photon energy (eV) are taken in x-
axis. These plots also show the variation of dielec-
tric properties when an applied electric field is per-
pendicular (εzz) and parallel (εxx) and (εyy) to the
plane of the material. Figure-5(b) shows the ele-
ments of the real part of the dielectric tensor, which
indicate the degree of dipole polarization (and thus
energy-storing capacity) caused by the applied elec-
tric field [41]. Polarization depends on the relative
orientation of electric field to the plane of the ma-
terial, where charges response due to the applied
electric force. In 2D materials like monolayer WTe2,
there is a strong in-plane covalent bond with dense
electron clouds. An applied electric field lies par-
allel to the plane, which caused the high polariza-
tion. Whereas in the case of between layers, two
layers are bounded due to weaker van der Waal’s
force with less electron distribution. Hence, the
applied electric field acted perpendicularly on the
plane of material, which causes comparatively low
polarization. That explained the higher value of
εxx and εyy than εzz which are depicted in figure-
5(b). At zero frequency, there is a finite static di-
electric constant of magnitude 7.87 (of εxx = εyy)
and 2.69 (of εzz) raised due to strong covalent bond-
ing and van der Waals interaction. At lower fre-
quencies of applied electric field, the charges can
polarize effectively without any lag which gives the
higher value of εxx, εyy and εzz in that frequency
range. With the increase in frequency, charges with
higher masses lag to polarize and thus resulting in
a decreased polarization. It explains the decreasing
value of dielectric function, and hence εzz becomes
zero at 4.65 eV. The εxx and εyy of real dielectric
functions become zero at 3.47 eV while εxx and εyy

of imaginary dielectric functions show peaks at 3.47
eV. At that energy, the charge oscillators resonated
with the applied electric field, and leading to no net
polarization. Hence, real dielectric function plots
equal to zero. That phenomenon results maximum
energy absorption. In the negative region, the ma-
terial does not store energy. At higher energies, ε1
reached to zero which is due to rapid response of
electron for the oscillation of electric field. It signi-
fies that monolayer WTe2 becomes transparent to
high energy photons. Similar results are obtained
in previous computational and experimental stud-
ies of other TMDCs materials [42]. These unique
properties of WTe2 can be exploited in photonic
and energy storage devices.

The imaginary part of the dielectric function
ε2 in figure-5(a) represents the energy loss (or ab-
sorption) of photons due to lagging response of
electrons to the electric field (or inter-band tran-
sitions) [43]. The imaginary part of dielectric func-
tion also showed anisotropic properties. In layer,
strong covalent bonding and denser electron cloud
results greater energy loss and absorption than that
of the out-plane region. It explained the higher
value of εxx = εyy than εzz. The dielectric con-
stant rises from zero to maximum value with several
peaks and dips gradually falling back to zero with
the increasing photon energy values of material. In
the energy range below the band gap energy (0.99
eV) value, the dielectric function is determined to
be zero. It is signifying that there are no excitonic
transitions [44], and hence electrons polarize well
in response to the slow changing electric field with-
out any lag. When the energy of photons increased
beyond 0.99 eV, the energy becomes sufficient for
electronic transitions from valence band to conduc-
tion band. That explains the sudden increases the
graph after energy more than band gap energy. At
energy 2.05 eV, distinct peaks can be seen in the
graph which showing the absorption of energy due
to inter-band electronic transition. A dip region can
be seen at energy 2.71 eV, representing the electron
unavailability of transition states around this en-
ergy range. It could be explained by the change
the electronic structure of material. The peaks at
4.65 eV of εzz, at 3.47 eV of εxx and εyy are ob-
tained due to energy loss caused by resonance of
charged oscillators and electric field. The material
became transparent in increasing value of photon
energy because there is not transition of photon in
the region. This means, no energy loss occurred
as a result the graph approaches to a zero value is
shown in figure-5. Our obtained results are liked
similar with the results obtained by others authors
in the reported literature [45].

When light interacts with electrons in a sub-
stance, an oscillating electric field is created, which
explains optical conductivity. The induced cur-
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rent density J(ω) is given due to the oscillating
electric field which is calculated as the product
of optical conductivity σ(ω) and the applied elec-
tric field E(ω). It is expressed by the relation:
J(ω)=σ(ω)ε(ω), where ω is the angular frequency
of the applied field . Studying optical conductiv-
ity is crucial to understanding how well a material
can conduct electricity or release energy when ex-
posed to light. Optical conductivity is also a com-
plex quantity that is σ (ω)=σ

′
(ω)+iσ

′′
(ω), where

σ
′
(ω) is the real part measuring energy loss due to

absorption and σ
′′
(ω)) is imaginary part measuring

reactive components relating to energy storage and
phase shift [22]. In the present work, we have calcu-
lated the optical conductivity of WTe2 monolayer
material. The real part of optical conductivity is
related to the imaginary part of dielectric function.
These two quantities are related by Maxwell’s equa-
tion [23], σ

′
(ω)=ω ε0 ε2(ω). where ε0 is the per-

mittivity of free space. Thus, the plot of these two
quantities is similar evident from figure-5(a) and
figure-5(d). In figure-5(d), the real optical conduc-
tivity is plotted against increasing energy of light.
Below 0.99 eV (i.e. band gap energy value), the
graph is flat and equal to zero. It suggests no elec-
tric current, hence absence of excitonic states. But,
as the energy is increased above band gap energy
value, the graph sharply increased. It represents
the increasing conductivity. A sharp peak in graph
at 2.05 eV is due to increase conductivity caused
by inter-band electronic transition. An increased
conductivity can be seen within the range 3 eV to
4 eV which is due to resonance of electrons with
the electric field. Conductivity is unaffected by ad-
ditional light energy because electronic transitions
are uncommon at this level.

The imaginary optical conductivity σ2(ω) is re-
lated to the real part of dielectric function. Figure-
5(c) shows the variation of imaginary optical con-
ductivity (plotted along y-axis) with the increasing
photon energy (plotted along x-axis). As the pho-
ton energy increases, the value of σ2(ω) decreases
gradually below zero and makes a peak at 1.82 eV
photon energy. Further increasing the photon en-
ergy results in an increase in the curve below zero,
and the curve touches the zero level at energy 3.32
eV. Beyond this, the graph increases in the posi-
tive region making peaks and dips representing the
intensity of polarization in the material.

Additionally, we have discussed about the ab-
sorption, reflection and transmission coefficient a
material through the analysis of its photon energy
plots which are shown in figure-6(a-c) respectively.

At lower frequency (below band gap energy 0.99
eV), the absorption coefficient is reached zero as
shown in figure-6(a). It suggests that there is no
energy loss and inter-band electronic transition be-
cause there is only occurred excitonic transitions.

Hence, zero absorptance is possible below the en-
ergy of 0.99 eV. Phonon assisted transition and
inter-band electronic transition in the region of pho-
ton energy greater than 0.99 eV. Thus, the ab-
sorption curve increases with increase the frequency
having certain peaks. They are representing elec-
tronic transitions from valence band to conduction
band. At energy 2.10 eV, a significant peak can be
observed in absorption curve which is due to inter-
band transition of electrons. A significant absorp-
tion of energy can be seen within the energy range
3 eV to 4 eV because in that region greater amount
of energy loss of a material due to the resonance
of electrons. Beyond 4 eV photon energy, the ab-
sorption curve gradually decreases to zero because
at higher energy inter-band transitions become un-
likely and the materials become transparent.

Transmission coefficient of material is explored
by carefully interpretation by the variation of trans-
mission coefficient with the values of photon energy,
which is shown in figure-6(b). Transmission curve is
symmetrical and inversely related to both absorp-
tion and reflection coefficient curves. The absorp-
tion or reflection curves are increased due to the
decrease the value of transmission coefficient of a
material and vice versa. It is also found that 100%
transmissivity of material is seen below the value of
photon energy 0.99 eV. This is due to no interaction
between electrons and photons for inter-band elec-
tronic transition. But, energy of the photon is in-
creased, the inter-band electronic transitions are oc-
curred, and transmissivity of the material decreases
which are illustrated in figure-6(b). decreasing the
transmission coefficient of a material is due to exis-
tence of inter-band transition and resonance of elec-
trons at 2.10 eV, and within (3-4) eV energy range
respectively. The energy of photon is further in-
creased beyond 4 eV, which reflects that there will
be less value of reflection coefficient of a considered
material.

Reflectivity represents the fraction of incident
light that gets reflected from the surface of a mate-
rial [31–33]. The figure-6(c) represents the variabil-
ity of reflectivity of the material against the energy
of the incident photons. Below the photon energy
0.99 eV, the reflection curve is horizontal and equal
to zero. It indicates, no reflection of incident pho-
tons. The reflection curve suddenly raised with in-
crease of its photon energy because of increasing the
interaction between photons and electrons. Differ-
ent peaks of reflection coefficient are seen at 1.99 eV
and in between (3-4) eV photon energy. They hap-
pened as a result of a severe electron transition that
caused a large amount of photon reflection. But, at
high energy region, reflection coefficient approaches
to zero value of photon energy which, indicates the
decreasing the reflectivity.



Sukrit Kumar Yadav et al./ BIBECHANA 22 (2025) 237-247 245

Figure 5: (Colour Online) plots of dielectric func-
tion and optical conductivity with phonon energies,
(a) imaginary part of dielectric function, (b) real
part of dielectric function, (c) imaginary optical
conductivity, and (d) real part of optical conductiv-
ity. All of these graphs are plotted against photon
energy (eV).

Figure 6: (Colour Online) graph between photon
energies with absorption, transmission and reflec-
tion coefficient, (a) Absorption coefficient with pho-
ton energy, (b) Transmission coefficient with pho-
ton energy, and (c) Reflection coefficient with pho-
ton energy.

4 Conclusions

In this work, we explored the structural, electrical,
magnetic, mechanical, dynamical, thermal, and op-
tical characteristics of a WTe2 monolayer supercell
structure computationally by using density func-
tional theory (DFT) technique. We found that
WTe2 compound is structurally, and dynamically
stable p-type semiconductor. From the interpreta-
tion of material’s density of states and partial den-
sity of states plots, it was found that up-and down-
spins states of electron in the orbitals of atoms

are symmetrically distributed around the Fermi
energy level, and hence WTe2 monolayer super-
cell structure has non-magnetic properties. Me-
chanical properties of a considered material are
studied by calculating the parameters like modu-
lus of rigidities, elastic constants, compressibility,
and anisotropy factor. The material is found to
be ductile and anisotropic in nature. Furthermore,
thermal properties of a material are examined by
calculating material’s phonon velocity and Debye
temperature. The longitudinal, transverse, average
phonon velocities and Debye temperature of consid-
ered material are found to be 1665.76m/s, 971.05
m/s, 1077.12 m/s and 85.6K respectively. Hence,
WTe2 is a low melting point material. Additionally,
optical properties of WTe2 compound are predicted
through its dielectric function, optical conductiv-
ity, absorption coefficient, transmission coefficient,
and reflection coefficient. At high photon energy re-
gion, WTe2 has been more transparent, anisotropic
nature, increasing conductivity, small values of ab-
sorption and reflection coefficients. Hence, it can
be used in the fields of optoelectronic and energy
storage devices.
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