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Abstract

Two-dimensional transition metal dichalcogenides (TMDCs) have attracted a lot of interest in
optoelectronic applications because of their special optical and electrical characteristics.
Tungsten diselenide (WSe>) is unique among them because of its powerful photoluminescence,
high charge carrier mobility, and adjustable bandgap. The synthesis and characterization of
WSe, nanosheets made using a hydrothermal process are investigated in this work. Diffuse
reflectance spectroscopy (DRS), and X-ray diffraction (XRD) were used to examine the optical
and structural characteristics. According to the findings, the WSe> nanosheets have a bandgap
of about 1.87 eV, which qualifies them as possible options for high-efficiency solar cells and
photodetectors.
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Introduction

With the development of nanotechnology,
2D materials have emerged as promising
candidates for next-generation optoe-
lectronic devices [1]. 2D materials are the
crystalline materials in which atoms
contain layered arrangement with having
strong covalent bonds with each layer and
between layers is Weak Vander Waals
forces which make it useful for different
applications [2]. The appropriate band gaps
for 2D arranged semiconductors are
between 1 to 2eV. Two-dimensional
layered semiconductors are very flexible,

translucent, and photoluminescent single
layers that are only three atoms thick. These
special qualities make these 2D materials
promising in a number of applications,
including solar cells, chemical and
biological sensors, electron devices,
optoelectronics, catalysts, and energy
storage devices. The controlled
development of 2D materials’ thickness,
size, and crystallinity is essential.
Graphene, Transition Metal Dichalco-
genide TMDCs, nanosheets, thin film are
the examples of 2D materials. Graphene is
a poor semiconductor device material. It is
also a very good conductor of electricity
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[3]. Graphene has a zero bandgap. which is
not suitable for optoelectronic application
fabrication of good quality of graphene is
expensive and complex process because
toxic chemicals are being used at high
temperature, so we are looking for alternate
materials like TMDCs [4]. Transition-metal
dichalco-genides (TMDCs) are
representative 2D semiconductors with
tunable band gaps and good mobility of
electrons. TMDCs consists of an individual
atom thick layer with MX2 structure, in
which M is a transition metal (Re, W, Mo,
NDb, etc) and X is a chalcogen atom (Se, Te,
S, etc).This type of material gives
semiconductor, and it depends on the
combinations of both transition metal and
chalcogen atoms [5]. Additionally, the band
structures of many TMDCs vary noticeably
as the number of layers decreases from the
bulk crystal, giving the TMDCs a special
sensitivity to thickness [6]. Band structure
engineering allows for the tuning of 2D
TMCDs' diverse features, such as values of
bandgap that match the solar spectrum [7,
8], suppress defects [9], or altering the
number and type of free carriers [10] for p-
n junctions and field-effect transistors
(FETs), which are crucial components for
optoelectronics and integrated electronics.
Additionally, these materials are great
choices for their application since they can
tolerate  high strain levels without
deteriorating. TMDCs have a strong
potential for integration into several
electronic device applications based on
two-dimensional materials since there are
numerous material combinations accessible
in this class of compounds. Similar to
graphene and h-BN, TMDCs compounds
exhibit a number of thickness-dependent
characteristics, such as changes in band gap
behaviour from direct to indirect with
thinning from multi to few-layer films for a
number of dichalcogenide compounds,
such as MoS2 and WS2 [11]. Tungsten
selenide having the formula WSe2, it is an
inorganic compound [12]. WSe2 is
hexagonal crystalline structure. Each
selenium atom is covalently connected to

three tungsten atoms in a pyramidal
geometry, whereas each tungsten atom
forms a trigonal prismatic organization
sphere with six selenium ligands by
covalent bonds. The distance between the
selenium atoms in tungsten selenium is
0.334 nm, while the bond length of the
tungsten—selenium link is 0.2526 nm [13].
It is a well-studied example of layered
material. [14, 15] studied the van der Waals
interactions between the layers WSe2.
WSe2 is a very stable semiconductor in the
group-VI transition metal dichalcogenides.
With a band gap that varies from an indirect
gap of 1.2 eV in the bulk to a direct gap of
around 1.6 eV in the monolayer [16]. It was
reported that the different morphologies of
synthesized rod-like tungsten disulfide
(WS2) nanostructures [17, 18]. To create
superior WSe2 films on a quartz substrate,
a hydrothermal approach was devised [19].
A modified hydrothermal method has been
developed and employed for synthesis of
few layers Tungsten disulfide-nanosheets
(WS2-NS) [20] Tungsten selenide (WSe2)
film was successfully deposited on FTO
substrate by brush plating technique. A
two-dimensional semiconductor, WS2 has
attracted great attention due to its rich
physical  properties and  potential
applications [21].

Experimental details

Materials

The complete details of chemicals used for
the synthesis of the tungsten diselenide

nanosheet are stated below in Table 1.

Table 1: list of chemicals used for the
synthesis of WSe2 nanosheets.

S/No | Compounds Chemical | Moler | Purity

Formula | Mass (%)
1 Selenium SE 78.96 >99%
p | Tungstic HoWO4 | 249.9 | >99%
acid
Sodium R
3 borohydride NaBH4 37.83 >99%
4 DMF C3H7NO | 73.09 >98%
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Hydrothermal synthesis of tungsten
diselenide nanosheet

Tungsten diselenide Nanosheets were
synthesized by using the hydrothermal
method. 2.82gram solution of tungstic acid
having molarity 0.12M, 1.51grame of
selenium having molarity 0.24M and 1.14
grams of sodium borohydride was added
into the beaker of 80ml with the DMF.
Stirring the solution continuously up to
1.30 hours without heat during constants
stirring until the color of the solution
changed from greenish-yellow to black
then the reaction was transferred to
autoclave in the furnace for 2 hours at 200
degree centrifugate. After the completed
the reaction, autoclave was naturally cooled
down up to 12 hours mixture was washed
with distilled water and centrifuged several
time the product was dried at 100 degree
centrifugate for 3 hours at the last grading
the same procedure was followed with
different concentration as shown in Figure

1.

2,828 1.51g 141g
(Tungstic Acid) (Selenium) (tungstic acid)
Autoclave in

irri ‘ 80MI
furnace for 24 <j St"":g::s”m <:| (DMF)
hours at 200c
Washed

Autoclavein o Black Products
furnace for 24 |:> distilled Water |:> of Wse,
hours at 200¢ and Ethanol obtained

Centrifuge
Figure 1: Synthetic representation of Wse>.

Results and Discussion
X-ray diffraction analysis

X-ray diffraction characterization
techniques have been used to investigate
the phase identification and crystalline
structure of materials synthesized by
Hydrothermal method. This technique is
used to calculate the average crystallite size
of the sample. To examine, the tungsten
diselenide nanosheet crystal structure (unit
cell, lattice constant, and unit cell volume,
etc.) XRD data of all the samples. The XRD
spectrum of Tungsten Selenide (WSe2)
nanosheet is shown in Figure 2, These
samples were synthesized at different
concentrations viz 0.01, 0.02 and 0.05
which are labelled respectively. The XRD
patterns of these samples show similarity in
the peak position and intensity distribution
as can be seen All the peaks might be
indexed to Hexagonal structure (JCPDC
File No. 00-038-1388) the sample
synthesized at low in the diffraction peaks
were observed at 13.624, 27.463, 31.410
and 37.805 which corresponds to (002),
(004), (100), and (102) planes respectively
for Tungsten Selenide (WSe2) nanosheet.

D 091
~ B cos6

Where ‘D’ is the crystallite dimension ‘A’
wavelength of incident CuK. radiation
beam, and ‘B’ is the calibrated as full width
at half maximum (FWHM) ‘0’ the Bragg’s
angle. Table 2 provides the crystallite size
values derived from these diffraction
results, while Figure 2 illustrates the XRD
patterns of WSe, samples 1-4.

Table 2: Crystallite size of WSe, samples 1- 4.

Crystallite size

Miller indices

Sample No 20 FWHM (rad) (nm) (hkI)
13.6 0.0052 24.3 002
27.4 0.003 214 004
1 31.4 0.0027 20.3 100
37.8 0.0036 27.6 103
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JCPDS Card No. 00-038-1388

(Intensity (a. u.)

20

Sample No 20 FWHM (rad) Cryst(ﬁlrlrl]t)e size MI"%LILT)dICES
14.5 0.0056 26.6 002
5 28.3 0.0036 22.9 004
34.3 0.0026 31.8 100
384 0.0035 384 103
13.6 0.0056 24.8 002
27.4 0.0076 29.5 004
314 0.0065 30.7 100
3 34.1 0.0035 18.7 101
37.8 0.0086 34.9 102
39.2 0.0076 16.8 103
42.1 0.0097 22.7 006
14.4 0.0058 23.9 002
235 0.0087 31.98 004
33.3 0.0045 29.9 100
4 34.6 0.0079 17.9 101
36.1 0.0085 40.8 102
39.2 0.0069 15.7 103
43.3 0.0089 23.8 006
g Sample 1 Sample 2

(Intensity (a. u.)
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Figure 2: XRD patterns of WSe, samples 1 - 4.
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Diffuse reflectance spectroscopy (DRS)

Diffuse reflectance spectroscopy is in
optical techniques use for finding the band
gap of material. The optical band gap of
powder samples is calculated by using
kubelka-munk function. First of all, the
percentage reflected date is converted into
the kubelka-munk function, and the graph
is plotted between kubelka-munkl and

energy.
« hv = (E — hv)"

The value of ‘n’ shows the transition from
allowed energy states which deepened on
the material. The diffuse reflectance
spectroscopy (DRS) results used to
estimate the optical band gap of WSe,
samples 1-4 are shown in Figure 3.
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Figure 3: Diffuse reflectance spectroscopy (DRS) of WSe, samples 1- 4.
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Conclusion

TMDCs materials such as WSe2 is p-type
2D material. WSe2 showed great interests
for electronic engineering for device
design. WSe2 was successfully synthesized
by a hydrothermal method. DMF was used
to dissolve selenium powder and tungstic
acid, and sodium borohydride was used as
a reducing agent. Direct Band gap of WSe2
is 1.87 eV which is calculated by using
diffuse reflectance spectroscopy (DRS)
which show that is promising for
optoelectronic applications. XRD patterns
show that WSe2 is a hexagonal structrure.
Crystallite size for WSe2 was calculated by
using Scherrer equation at different
temperature.
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