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Abstract In this study, the electronic and structural properties of the semiconductor MoS: (molybdenum disulfide)
were investigated using Quantum ESPRESSO software. MoS: has attracted significant attention as a two-
dimensional (2D) material due to its unique electronic and optoelectronic properties in the fields of nanomaterials
and nanotechnology. Density Functional Theory (DFT) calculations were performed with various approximations,
including the Generalized Gradient Approximation (GGA) and the inclusion of Spin-Orbit Coupling (SOC) effects.
The band structure, Density of States (DOS), and energy gap of MoS: were calculated and analyzed. The results
indicate that MoS: exhibits a direct energy gap in the monolayer form and an indirect gap in the multilayer state.
Also, SOC effects result in energy band splitting and significant changes in the material’s electronic properties.

Fermi Level This study provides valuable insights into the electronic behavior of MoS., which can be used in the design of
future nano electronic and optoelectronic devices.
https://doi.org/10.30501/jamt.2025.510618.1323 URL: https://www.jamt.ir/article 231360.html
1. INTRODUCTION renowned for its high accuracy, flexibility, and

Molybdenum disulfide (MoS:2), as one of the best-
known two-dimensional (2D) materials in the family of
optical transmitters, has attracted significant attention in
recent years in the fields of nanomaterials and new
technologies. Due to its unique layered structure as well
as special electronic, optoelectronic, and mechanical
properties, MoS: has become a leading candidate for use
in advanced devices such as Field-Effect
Transistors(FETs)(Yoon et al., 2011) sensors, solar
cell(Feng et al., 2012), and even catalysts. In its
monolayer form, MoS: exhibits a direct band gap (~1.8
eV), making it ideal for optoelectronic applications such
as Light-Emitting Diodes (LEDs) and photodetectors
(Fortin & Sears, 1982). In contrast, in its multilayer
form, MoS: possesses an indirect energy gap(Mak et al.,
2010; Lu et al., 2012; Pan & Zhang, 2012), resulting in
different electronic behavior and enabling a wide range
of applications (Novoselov et al., 2005; Joensen et al.,
1986; Coleman et al., 2011).

To gain a deeper understanding of the electronic and
structural properties of MoS:, computational methods
based on Density Functional Theory (DFT) are
employed as powerful and accurate tools. These
methods facilitate the simulation and prediction of the
material’s behavior at the atomic scale, making the
analysis of the material’s properties feasible without the
need for complex and expensive experiments. Quantum
ESPRESSO software (Giannozzi et al., 2009), as one of
the popular tools for performing such calculations, is

extensive capabilities in simulating materials systems.
This software uses advanced numerical methods and
incorporates  various approximations, such as
Generalized Gradient Approximation (GGA) as well as
Spin-Orbit Coupling (SOC)effects, to calculate the
electronic and structural properties of materials
(Atashbar Tehrani & Morshedian, 2025)

In this study, Quantum ESPRESSO was employed to
thoroughly investigate the electronic properties of
MoS:, including its band structure, Density of States
(DOS), energy gap, and Spin-Orbit Coupling (SOC)
effects. These calculations allow us to analyze the
material’s electronic behavior in both monolayer and
multilayer forms and to investigate the impact of various
parameters, such as layer thickness and SOC effects, on
its properties. The results of this study offer valuable
insights for the design and optimization of
nanoelectronics and optoelectronic devices based on
MoS.. The main objective of this research is to provide
a comprehensive and accurate analysis of the electronic
properties of MoS: based on advanced computational
methods. This analysis not only contributes to a deeper
understanding of the fundamental physics of this
material but also suggests ways to improve the
performance of MoS:-based devices in practical
applications. Focusing on the high potential of MoS: in
modern technologies, this study can be an important step
toward the development of the next-generation
nanoelectronics and optoelectronic devices.

Using Quantum Espresso Software.
https://doi.org/10.30501/jamt.2025.510618.1323.
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2. MATERIALS AND METHODS

The methods used for this research are the calculation of
the density of partial states, the density of total states,
and the Fermi level for the MoS, crystal. We use for
calculation Quantum Espresso package.

3. RESULTS AND DISCUSSION

This Quantum ESPRESSO study successfully
characterized the electronic structure of bulk MoS::

Semiconducting Nature: The DOS calculation
confirmed MoS: is a semiconductor with a DFT band
gap of ~1.8 eV.

Orbital Contributions: The PDOS analysis revealed the
complex orbital interplay, with the valence band edge
dominated by Mo-d orbitals and the lower valence
bands by S-p orbitals. The conduction band minimum
is also primarily of Mo-d character.

Validated Structure: The absence of a Fermi surface is
a strong indicator that the calculation was set up
correctly and converged, accurately capturing the
intrinsic insulating behavior of the material.

These results provide a foundational understanding of
MoS:'s electronic behavior, which is essential for
interpreting its optical properties and designing devices
based on this versatile material.

4. CONCLUSION

In this study, the electronic and structural properties
of the semiconductor molybdenum disulfide (MoS:z)
were investigated using Quantum ESPRESSO software
and Density Functional Theory (DFT)-based methods.
The results showed that MoS: has a direct energy gap
(~1.8 eV) in the monolayer form, while its energy gap
becomes indirect in the multilayer form. The d orbitals
of molybdenum and p orbitals of sulfur make the main
contributions to the electronic structure of MoS., and
Spin-Orbital Coupling (SOC) effect leads to the splitting
of energy bands. The Fermi level of MoS: also shows a
strong dependence on the layer thickness and SOC
effects. These findings indicate that MoS. has great
potential  for  applications in  nanoelectronic,
optoelectronic, and spintronic devices due to its tunable
energy gap and wunique electronic properties.
Calculations performed with Quantum ESPRESSO
offer a powerful tool for the design and optimization of
MoS.-based devices.
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