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Abstract

The potential of transition metal dichalcogenides (TMDCs) in nano energy has garnered considerable interest. Layered
materials from the transition metal dichalcogenides provide 2D systems a rich, mainly unexplored source of diversity.
Exfoliation or vapour phase deposition techniques may be used to create better the right-sized, adjustable-thickness, and better
transition metal dichalcogenides layers electrical and optical characteristics. Due to their very high surface areas and electrical
characteristics, semiconducting transition metal dichalcogenides monolayers have been shown to be practical for various
energy-related applications, including nanogenerators, energy storage, electrocatalytic hydrogen synthesis, and green
electronics. In this review, we first describe the structure including surface growth as morphology, domain size and grain
boundaries and orientation, characteristics, and preparation including top-down and bottom-up methods. Top-down method as
liquid exfoliation and mechanical cleavage, bottom-up method as chemical exfoliation, chemical vapor deposition, and
solvothermal before going into great depth about the creation of Applications for nano energy based on transition metal
dichalcogenides.

Keywords: Transition Metal Dichalcogenides, Surface Growth of Materials, Top-Down synthesis, Bottom-Up synthesis,
Energy applications

1. Introduction

Due to the scarcity of fossil fuels, green energy
foundations are generally acknowledged as the only
practical solution to guarantee the long-term growth of
the global economy and society. Due to their erratic
nature, renewable energy sources provide power (such
as solar, wind, and hydraulic), making it difficult to
utilize them effectively and consistently. New energy-
generating and storage technologies have received
much attention. The 3D-perovskite halides have set
themselves apart from similar semiconductor materials
because they achieved a remarkable high-power
conversion efficiency of 25.2% within a decade [1]. As
organometal halide perovskite has intense
photoluminescence (PL) emission, which plays a good
role in energy applications, affecting solar cell
efficiency 2-4 3-arylazo-thieno[3,2-b]  good
possibilities for p-type electronics include pyranone
dyes (hole transport layer) [5]. A simple one-step
hydrothermal process successfully created carbon and
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nitrogen co-doped MoS; nanoflakes [6]. Perovskites
have effectively used chalcogenide quaternary
electronics as an inorganic hole-transport component
[7, 8]. Electronics with "low power consumption and
great performance" are needed for intelligent and
effective energy use. Due to their intriguing basic
features and possible energy applications, transition
metal dichalcogenides (TMDCs) in two dimensions
(2D) have received a lot of interest [9-15]. A transition
metal M layer is sandwiched between two atomic layers
of chalcogens X in a one-layer TMDC, which belongs
to the family of layered materials known as 2D
TMDCs. TMDC layers only exhibit weak van der
Waals interactions with one another, similar to
graphene.

The weak interlayer coupling also alters their
electrical structures, which is interesting since TMDCs
exhibit major changes in their properties as they
approach one monolayer thick. Numerous prospective
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green energy applications, including as energy
production [16], energy storage [17-20], catalysis [21-
25], and electronic devices [10], may be facilitated by
monolayer 2D TMDCs. They are able to achieve this
because of unique basic characteristics that have never
been seen in their bulk counterparts. Only a few of the
special features of monolayer semiconducting TMDCs
with a direct band gap include strong interactions with
light [26, 27], valley-dependent physics [28], strong
piezoelectric coupling [16, 29, 30], and a high current
on-off ratio for field effect transistors [31]. These
special qualities of 2D TMDCs open up a wide range
of possibilities for their use in the nano energy sector.
TMDC:s are attractive active materials in piezoelectric
nano energy generators because to their high
piezoelectric coupling, which is similar to that of
conventional bulk wurtzite structures. Optoelectronics
based on TMDC:s are anticipated to have the benefits of
rapid responses, compactness, low weight, and energy
efficiency. The existing electronics industry may
undergo a full transformation because of the TMDC-
based transistor's significant promise for low power
consumption products [10].

In order to investigate the possibility of material
band-structure engineering for cutting-edge energy
applications like solar energy harvesting [32, 33],
electrochemical energy storage [17], and catalytic
energy conversion[21, 22], these materials' properties
can also be changed through doping, surface
adsorption, straining, and interaction with other
materials. Therefore, notably in the field of nano
energy, 2D TMDCs has emerged as one of the most
active study fields. Transition metal compounds have
many applications as photodegradation for example it
was obtain that methyl green with Fe(ll)-o-
phenthroline incorporated into zeolite reach up 45.4%
of photocatalytic degradation, AgBr and g-
CsN4 semiconductor material enhancement the activity
of photocatalytic and the CdS-AgBr nanocomposite in
the degradation of methylene blue showed good
activity in photocatalytic also transition metal
compounds have effective applications as heavy
qualifications by using electrochemical sensors, drug
delivery [34-43]. We discuss the production,
characteristics, and prospective applications of 2D
TMDCs in a variety of nano-energy systems in this

paper.
2. Material synthesis

Nowadays, many methods are used to synthesized
two dimensions transition metal dichalcogenides (2d
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TMDCS) [44, 45]. There are mainly two approaches,
top-down synthesis [46] and bottom-up synthesis. The
top-down synthesis includes three methods mechanical
cleavage, liquid exfoliation [47, 48], and chemical
exfoliation [49-51]. The bottom-up synthesis involves
other two methods as chemical vapor deposition (CVP)
[52, 53] and solvo-thermal synthesis [54, 55].

2.1 Top-Down synthesis
2.1.1 Mechanical Cleavage

Mechanical cleavage is the top-down synthesis that
occurs most often. In this technique, the bulk crystal is
transformed into a monolayer or few-layer structure
using the adhesive force of scotch tape [44, 56, 57].
Advantages and drawbacks of mechanically exfoliated
ultrathin 2D TMDCs are present. The ultrathin 2D
TMDCs are manufactured by mechanical cleavage to
produce huge, crystalline nanosheets with minimal
flaws that are used in electrical devices and basic
research on the physicochemical characteristics of
matter. The pace of manufacturing is minimal, and it is
challenging to regulate the size and thickness. The
nanosheet needs the substrate to be supported. The 2D
TMDC:s that this approach generates are challenging to
use in biomedicine [58]. The exfoliation behavior of
layered compounds has been studied for more than 50
years, such as the mechanical exfoliation of smectite
clay minerals in aqueous solution to obtain single layers
of clay and the physical exfoliation of graphite into
single layer graphene as shown in Fig. 1. The host
materials, or the layered materials, which consist of 2D
platelets weakly stacked to form 3D structures, such as
graphite and MoOQ3 [59, 60].

Mechanical exfoliation

> Jﬁ>

Exfoliation

Layered

host crystals Nanosheets

Fig. 1 Demonstrates how stacked host materials are
mechanically exfoliated. Reproduced with permission
from Ref. [61].

2.1.2 Liquid Exfoliation

A further common top-down synthesis is liquid
exfoliation. This technique may demonstrate that bulk
crystals were successfully exfoliated using ultrasonic
energy in a particular solvent [62-65]. Since the contact
generated by sonicating is the week van der Waals, yet
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weak covalent connections in-plane cannot be broken,
the appropriate ultrasonic intensity and duration are
crucial for accomplishing the optimal exfoliation of
bulk crystals. Solvent molecules primary roles are to
produce exfoliated nanosheets and  prevent
reassembling.

Solvent molecules with the proper surface energy
adhere to nanosheet surfaces via the van der Waals
interaction. To improve exfoliation efficiency, the
degree of compatibility between solvent molecules and
nanosheets is crucial. The most popular organic
solvents are N-methyl-pyrrolidone (NMP) and
dimethylformamide (DMF) [66]. The several ultrathin
2D TMDCs that have been created so far via liquid
exfoliation are MoS; [64], WS, [48], NbSe,, TeSe,, and
NiTe, [47]. By addressing certain mechanical cleavage
shortcomings, liquid exfoliation enables the mass
production of ultrathin 2D TMDCs with favourable
photoelectric characteristics. But since it's difficult to
make single-layer 2D TMDCs using this technique,
organic solvents are undesirable in the applications that
come after. The experimental setup for the bulk
synthesis of monolayer 2D TMDCs liquid exfoliation
could realize successful exfoliation of bulk crystals via
ultrasonication in specific solvent shown in Fig. 2.
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Fig. 2 Liquid-based exfoliation of bulk MoS,. The
MoS; crystal structure is depicted in (A), along with (B)
SEM images of pure MoS, powder, (C) a photo image
demonstrating the impact of exfoliation with NaOH (on
the right side) and without NaOH (on the left, the
control sample), (D) a SEM image of exfoliated MoS;
nanosheets with NaOH in NMP, (E) a UV-vis spectrum
(with an inset photo image of the MoS; dispersion
(F)The characteristics of a 2H-MoS; nanosheet may be
responsible for the "a" and "b" peaks, which are
representative of the smallest direct transition.
Reproduced with permission from Ref [64].

2.1.3 Chemical Exfoliation

Chemical exfoliation employs ultrasonication in
water and intercalators to effectively exfoliate the bulk

3
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crystals' interlayer [49, 67]. This method involves first
intercalating the intercalators into the interlayer of bulk
TMDCs in ethanol or water, and then sonicating the
bulk TMDCs to exfoliate them into ultrathin
nanosheets. The most common intercalators consist of
organometallic substances like butyllithium, naphthyl
sodium, etc. The quantity of intercalators and their
insertion into the bulk TMDCs generated by the battery
were set up by adjusting the voltage [50]. In
biomedicine, chemical exfoliation is utilised to make
ultrathin 2D TMDCs without the use of safe solvents.
The direct synthesis of free-standing SnO/SnO, and
ZnO ultrathin nanosheets via mechanical exfoliation or
combined chemical intercalation and liquid exfoliation
has shown in Fig. 3 Machado et al. have synthesized
bimodal ZnO nanostructures with ZnO nanosheet
decorated by dodecylsulphate intercalation of zinc
hydroxy salt, Zns(OH)s(DS),-mH,0 [68, 69].
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Fig. 3 Shows chemical intercalation-induced
exfoliation. Reproduced with permission from Ref.

[61].

2.2 Bottom-Up synthesis
2.2.1 Chemical Vapor Deposition (CVD)

A classic bottom-up synthesis is CVD. High
temperature and high pressure are used throughout
exposing the reaction process via reaction precursors
to the substrate. The precursors provide the
chalcogenide and transition metal atoms, which
generate ultrathin 2D TMDCs by reaction. The
ultrathin 2D TMDCs are created when the reaction
product is subsequently applied to the substrate [51, 53,
70, 71]. This technique produces an ultrathin 2D
TMDCs nanosheet with excellent electrical properties
and superior crystal quality. However, this process
requires a high vacuum and temperature. The substrate
is also used to improve the transfer of nanosheets.
Normally, a two-step thermolysis process was used to
obtain high-quality thin film, as shown in Fig. 4(a) [51].
After dip-coating of (NH4):Mo0S4 on substrates, Ar/H,
mix flow were introduced and kept at relative low
temperature and low pressures (500 °C, 1 Torr) for an
hour to remove the residual solvent, NH3, H2S and other
byproducts; then at second step of annealing, high
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temperature (1000 °C) and additional sulfur were
applied to improve the crystallinity and electrical
performance. The extra sulfur helped to remove excess
oxygen and mitigate sulfur deficit caused by organic
solvent evaporation. As shown in Fig. 4(b), in a typical
growth, rhomboidal MoO, microplates nucleated and
grew on substrate through thermally evaporation, and
then reduced by sulfur vapor at 650— 850 °C, then
MoO; were sulfurized to MoS; layer-by-layer at higher
temperature to control number of layers [53]. As shown
in Fig. 4(c), high quality MoS, was deposited on
insulating substrate (placed at cooler zone, ~650 °C)
via vapor—solid growth mechanism under Ar gas [72].
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Fig. 4 Demonstrates 4 possible development paths for
TMDCs. (a) two-step thermolysis technique is used to
create (NH;)2:MoS, from a precursor on SiO2/Si or
sapphire substrates. This process is then transferred
onto another substrate after going through two phases
of annealing on insulating substrates. (b) the layer-by-
layer transfer of MoS, from MoO; to a different
substrate by surface sulfurization. (c) using a
straightforward vapour transport method and an
ambient atmosphere, MoS; films were created on an
insulating substrate at a high temperature. (d) (i) low
pressure CVD system setup for TMDCs (ii) Mo-O-S
Ternary phase diagram illustrating the CVD
development of MoS; from precursors of MoOs (iii)
and possible growth pathways of MoS; through the
reaction of MoOs and S. Reproduced from Reference
with permission [51, 53, 72, 73].

In Fig. 4(d(i)), synthesizing TMDs materials by CVD
method involves vapor phase reaction of two precursors
e.g., transition metal oxides/halides and chalcogen
precursors. This kind of CVD process is classified into
atmospheric pressure CVD (APCVD), modified metal—
organic CVD (MOCVD) and low-pressure CVD
(LPCVD). For CVD growth of MoS; from MoO3 and
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sulfur powder, the Mo—O-S ternary phase diagram as
shown in Fig. 4(d(ii)). It has been considered that
MoOj reacts with sulfur and produces MoS; as shown
in Fig. 4(d(iii)) [73], and according to the following
equations

2Mo0O3 + xS — MoOs-« + XSO»
2M00Os+ (7 —x)S — xMoS; + (3 — x)SOx.

Nevertheless, several researchers have found that H»
also plays a vital role for the growth of TMDs. It acts
as an additional reducing agent with Se during the
growth of MoSe, nanosheets [74]. High quality single
crystalline 3R-MoTe, were synthesized by CVD
method and using MoCls as Mo precursor [75].

2.2.2 Solvo-Thermal Synthesis

Another bottom-up synthesis is solvo-thermal
synthesis. By using appropriate solvent and reaction
time conditions, this approach produces ultrathin 2D
TMDCs from precursors [54, 76, 77]. Thiourea
interacts with molybdic or tungstic acid for three hours
at 773 K. The end product contains very thin MoS; or
WS; nanosheets. This method's strength has ability to
create ultrathin 2D TMDCs with high yield and at a
cheaper cost. Bismuth (Bi) possesses high X-ray
attenuation in computed tomography (CT) imaging
[78], as it shows a dose-enhanced capability in tumor
RT [79, 80]. Bi-containing composites have been
widely researched in biomedical applications. Biatoms
show a strong photoelectric absorbance capacity under
X-ray radiation and can generate numerous short-range
secondary electrons, thus enhancing the X-ray
deposition in tumor tissues and accelerating the DNA
breaking. Ammonium tetra-thiomolybdate ((NH. ).
MoS,) has been introduced in the solvo-hydrothermal
production of MoS, nanosheets and NPs [81].
production of 2D polyethylene glycol (PEG)-ylated
MoS; nanosheets by solvothermal treatment of
(NH4)2MoS, and PEG-400 aqueous solution for tumor
PTT [82]. Wang et al., inspired by the stoichiometric
proportion of Mo and S atoms in (NH4 ).MoS, to
design a reaction with two extra S atoms and Bi
atoms during the solvothermal treatment, to obtain
MoS; /Bi;Ss-PEG (MBP) composite nanosheets
MoS,/Bi,S3-PEG (MBP) nanosheets As shown in Fig.
5 [83]. exhibited broad absorption in the NIR region.
As MoS,/Bi,S3-PEG (MBP) nanosheets dispersions to
the NIR laser at a pre-determined power density to
explore the correlation of the photothermal
performance with the concentration, irradiation time
and power density.
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Fig. 5 The solvothermal production of MoS,/Bi,Ss-
PEG (MBP) nanosheets, tumour photothermal
treatment (PTT), and radiation are shown schematically
(RT). Reproduced with permission from Ref.[83]

3. Surface Growth of Materials

The scalable synthesis of TMDCs layers with
consistently excellent quality has been authorised due
to the potential uses in electrical and optoelectronic
devices. High crystallinity, large domain, few grain
boundaries and defect-freeness are all examples of high
quality. Large-scale uniform MoS, layers' quality is
greatly influenced by structural elements such grain
boundaries, morphology, and orientation.

3.1 Morphology

Morphological control is essential for ensuring good
quality and high performance for applications in
electrical and  optoelectronic  features  when
synthesising high-quality TMDCs on a large scale. The
CVD process has been used to create single-layered
TMDCs with a variety of morphologies, including
triangles, stars, pentagons, and hexagons [84].
Numerous studies have shown that the substrates, gas
flow velocity, temperature, precursors ratio and
concentration all have an impact on the form of the
TMDCs layers as they develop. For instance, it was
discovered that hydrogen has a significant impact on
the morphologies of TMDCs during development and
that a little quantity of H, gas may be used to modify
the morphology from jagged-like structures to straight
edge and monolayer triangle [85]. The same is true
when the H, concentration rises. Likely due to the
deposition of W atoms onto Se edges, more WOs3 is
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reduced by H»as H; concentration rises, resulting in the
formation of volatile WOs.x. While the right fluxes of
WOs. and Se result in the creation of hexagons with
great selectivity or triangles with W/Se edges by
managing the H; pressure [75]. Additionally, the
regulation of MoS; morphology is significantly
impacted by the distance between the metal source and
substrate, which controls the concentration of vapour
metal precursor [86]. MoS; changes from a medium-
sized truncated triangle of 6 metres to a huge triangle of
50 metres when the distance between it and the
precursor increases, before rising to a medium-sized
truncated triangle of 2 to 3 metres as in Fig. 6(a). As the
development rate of various edge terminations
substantially influences the characteristics of this form.
The ratio of Mo to S changed to 1:2 when the growth
rates of the various edge terminations became equal,
producing the hexagonal form. Otherwise, when the
ratio of Mo to S exceeds 1:2, the tendency of S atoms
to form bonds with free Mo atoms causes S zigzag
termination to develop more quickly than Mo zigzag
termination, resulting in the final structure of twisted
triangles. However, when the ratio of Mo to S is less
than 1:2 and the concentration of Mo vapour falls, the
S vapour gradient becomes tiny and the substrate moves
far from the Mo source, resulting in S zigzag triangles.
When crystal orientation is determined by optical
microscopy, Mo zigzag triangle is more effective
because its edges are crisp and straight than the S zigzag
triangle [87]. According to the Kinetic Monte Carlo
simulation, MoS, will change in size and form
depending on the precursor concentration Fig.6(b) [88].
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Fig. 6 Displays the control over shape of TMDCs
materials. (a) MoS; CVD growing system, to start. The
MoS; may be seen in a variety of sizes and forms in the
optical pictures. (b) Theoretical and experimental
measurements of the effects of precursor concentration
on the sizes and forms of TMDCs during CVD
development. Reproduced with permission from Ref.
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3.2 Domain size and grain boundaries

Using CVD synthesis, the grain size of large-scale
polycrystalline MoS, film can be adjusted up to
micrometres. The Raman spectra exhibited almost little
variation in peak location and intensity as the grain size
rose from 20 to 600 nm, but band-gap adjustment
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allowed for the detection of PL shift. Additionally, as
the grain size was decreased, there was greater
scattering at the grain borders, which lowered the
carrier mobility. The thermal conductivity of CVD-
grown polycrystalline MoS; has recently decreased at
the low-angle grain boundaries. The grain size and the
nucleation density are strongly connected [89]. The
following equation illustrates the relationship between
the source and growth distance (d) with thermodynamic
and kinetic growth factor the concentration of gaseous

MOSZ (Cg)
2

d
Cq(d,t) = C4(0,t)exp (— m)

equationl where t is time and D is the diffusion
constant.

The average domain size and surface coverage
as a function of distance are shown in Fig. 7(a) [90].
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Fig. 7 Controlled by grain size and limits. As a
precursor/substrate distance, MoS;'s surface coverage
and average domain size. (a) Surface coverage and
average domain size of MoS, as a function of
precursor/substrate distance. (b) Flow diagram shows
different ways for the synthesis of distinct types
TMDCs by the chemical vapor deposition method.
Different routes indicated the nucleus formation and
their growth mechanism as a function of mass flux of
precursor and growth rate Ref [90, 91].
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Numerous tiny MoS; domains adapt and overlap at
the border with high surface coverage as a result of the
distance of less than 7 mm demonstrating high Cq
adequate source supply and high nuclei distance. The
biggest single crystal size (>300um) was demonstrated
under the conditions of an adequate source supply and
a high nuclei density (d = 7 mm). However, when (d >
7 mm), Cq decreases as a result of the limited source
supply, average domain size and surface coverage both
decline [59]. Fig. 7(b) divided into four routes
depending on the growth of 2D TMDCs that change by
changing the mass flux and the growth rate [91]. In
route (1), while the mass flux is high, the growth rate is
low to obtain a polycrystalline film with many grain
boundaries and small grain size. Route (1) as the mass
flux is high, and the growth rate is high, which causes
smooth monolayer film with limited grain boundaries
and large grain size. Route (111) as the mass flux is low,
the growth rate is low, and so it is suitable for a single
crystalline with a small domain. Route (IV), while the
mass flux is low, the high growth rate showed a large
monolayer single crystalline [91]. The grain boundary
affects the quality of layered TMDCs so it's an
important factor [92].

3.3 Orientation

Different misorientations of neighbouring grains
create grain borders, which therefore allow for the
formation of various electronic structures [93]. As is
well known, the quality of TMDCs reduced as electrical
devices by deforming the grain boundaries due to the
high misorientation angle. In a similar vein, grain
orientation control is crucial as a grain-size controlled
technique. It allows for the production of well aligned
2D TMDC growth and creates homogeneous layers of
a large area. Two processes have been explained by the
prevalent 60° misorientations. There were a few pre-
aligned 2D islands at 60° in the first mechanism, while
random island orientation was dragged into 60°in the
second mechanism by capillary forces [94]. Today, a
large number of aligned growths have been
successfully completed on single crystal substrates
such as c-plane (0010) facet sapphire, mica, or GaN
[95]. These substrates provided guidance for TMDCs
growth orientation by step edges at relatively high
temperature or through van der Waals interaction as the
substrate and TMDCs lattice matched [96].

The low potential energy between the tiny MoS;
seeds and the c-plane sapphire substrate has also been
mentioned as a possible explanation for how the little
MoS;, seeds were able to spin to advantageous
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orientations so quickly (0°, 60°). However, during the
first nucleation process, the ratio of precursors (S,
MoOs3) determines the shape of a rotatable seed (Fig.

8(2)) [97].

a b

High Sulfurization

ALOs ing (> N, /)

Fig. 8 The orientation control of TMDs materials is
done during the first nucleation processes. (a) MoS;
seed rotation in relation to the precursor ratio
(S/M00s3). (b) MoS; epitaxial growth on the surface of
mica. Reproduced with permission from Ref. [97, 98].

The triangular MoS, seeds were predominantly
aligned along two opposed orientations [98, 99], and
mica substrate was employed in the synthesis as
illustrated in Fig. 8(b). The virtually lattice-matching
property seems to have led to a much-reduced growth
temperature (530 °C). Furthermore, studies revealed
that a high hydrogen concentration promoted the
development of an active Al-rich sapphire surface,
which improved the interaction between sapphire and
WS, and led to the production of a well-oriented
triangle and a successful stitch of merged grains [100].

4. Energy Applications

2D TMDCs are employed in solar cells by forming
a Schottky or p-n junction, which acts as the interface
for segregating charge carriers. Too important at this
time of the Schottky junction kind, the TMDC
semiconductor is in contact with a metal or graphene
contact. The power conversion efficiency (PCE) of the
An Interfacial solar cell made of a metal (Au) base and
MoS; nanomembrane was measured at 1.8 percent for
stacks of MoS, that were around 220 nm thick [101].
With a multilayer graphene contact and a WS;
nanosheet with a thickness of around 37 nm, A greater
PCE of 3.3 percent might be generated using
WS,/graphene-based solar cells [102]. Contrary to
projections that TMDC absorbs 5-10% of incoming
sunlight to be around one order more than GaAs and Si
of the very same thickness (1 nm), an ultrathin solar cell
composed of MoSz/graphene layered monolayers may
attain a PCE of around 1% in just 1 nm thickness [33].
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Fig. 9 Diagram of a solar cell using parallel-connected
tandem TMDCs. The TMDCs heterojunction
photovoltaics MoSe,/WTe, (1.18-1.58 eV) and
MoS,/WSe; (1.61-1.89 eV) have
similar.complementary absorption windows that are
joined together using graphene as an intermediary
layer. Graphene and ITO anodes effectively separate
and extract photo-excited electrons and holes.
Reproduced with permission from Ref. [103].

A monolayer WSe; p-n diode's PCE is estimated to
be about 0.5 percent [104]. A layer photovoltaic cell
with layered MoS, and WSe; layers have a PCE of
0.2% [105]. The n-type monolayer MoS2's quantum
efficiency (EQE) is high, p-type silicon heterostructure
exceeds 4% [106], and the MoS,/Si-based photovoltaic
systems could achieve a high PCE of over 5% [32]. By
stacking TMDCs with With graphene serving as the
intermediate, distinct band gaps linking them as
photovoltaic devices with energies varying from optical
to near-infrared, as shown in Fig. 9, it is possible to
overcome the inherent limitations enforced by the thin
layers' narrow optical absorption paths [103, 107].
TMDC:s can be used as hole extraction buffer layers or
catalytic counter electrode (CE) materials in the
photovoltaic  industry and as  photoactive
semiconductor layers [108]. A comparatively high PCE
of 8.11 percent may be achieved [109] by integrating
ultrathin, an effective hole-extraction layer for
photovoltaic devices made on 2D MoS; nanosheets.

The transition metal dichalcogenides (TMDCs) have
applications in Photoelectrochemical (PEC) water
splitting which can produce water electrolysis which
can lower overpotential and speed up absorption of
light energy [110, 111]. The combunation of MoS;
with graphene enhance condutivity as the graphene
make conducting network between the MoS; and
substrate electrode [21]. The transition metal
dichalcogenides (TMDCs) can use for energy storage
as it not need high charge carrier mobility like other
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electronics-based applications as CVD method can
control morphology and gives heterojunctions in lateral
or vertical geometries with seamless atomic stitching of
sub-atomic layers [112, 113]. The transition metal
dichalcogenides (TMDCs) has application in energy
generation as Photovoltaics as it has direct bandgap
energies and broad optical absorptions in a range of
infrared to visible light, Semiconducting 2D TMD
layers [33]. p-type organic semiconductors such as C8-
BTBT were described to epitaxially grow on the top of
n-type 2D MoS; monolayers, achieving PV p-n
junctions [114].

5. Conclusion

The energy problem is one of the most pressing and
vital in our contemporary civilization. In order to lessen
our over-dependence on non-renewable fossil fuels,
there has been an increase in the need for energy storage
and conversion technologies that are economical,
effective, and ecologically beneficial. In this case,
TMDCs have shown tremendous promise. Recent
developments in components for monolayer 2D
TMDCs, including characterization and the creation of
devices, have benefited the research of related 2D
materials. Layered materials have long been understood
and researched. The development of nano energy
applications, including photovoltaics, H, production,
piezoelectric, and lithium-ion batteries, may be
facilitated by the unique features of 2D TMDCs. Other
2D TMDC:s are receiving increasing attention, and it is
hoped that innovative new applications will soon
emerge.
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