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Sol-gel was used to make molybdenum disulfide nanoparticles (MoS2) for this work. X-ray diffraction
(XRD), Field emission scanning electron microscopy (FESEM), and Fourier transform infrared spectroscopy
(FTIR) methods were used to examine the results. The XRD test showed that the nanoparticles were
hexagonal, and the Scherrer method was used to find out that the average crystallite size (Dav) of the
nanoparticles that were produced was around 40 nm. According to FESEM images, the crystalline forms are
heterogeneous in size and shape, and the MoS2 nanosheets stack together to form a huge block with varying
internal thicknesses. The average size distribution of MoS2 is about 42 nm. These results are consistent with
the XRD. FTIR measurements performed for MoS2 nanoparticles showed that the strong and weak absorption
bands of the (S - S) bond are located between (543-809) cm™!, while the bands located (1100-1630) cm™ are

due to the (Mo-S) bond, while the bands located at (2740-2357) cm™ are due to the (O-H) bond.

1 INTRODUCTION

Scientists are very interested in transition metal
dichalcogenides (TMDs) in two dimensions right
now because they have some very interesting
properties. The chemical formula for two-
dimensional transition metal dichalcogenides is MXa.
Ti, chromium, manganese, zirconium, nickel,
molybdenum, tectonic, hydrogen, and iron are all
transition metals from Group 1VB to Group VIIB,
which includes M. As a chalcogen atom, X is
composed of selenium, sulfur, and copper [1].
Figure 1 [2] illustrates that TMD materials can be
constructed in both layered and non-layered fashions.
A high surface-to-volume ratio, significant catalytic
activity, a high degree of hydrophilicity, a large
number of edge facets, a high chemical inertness, and
a changeable band gap are some of these materials'
physical and chemical characteristics. Developments
in atomically thin two-dimensional transition metal
chalcogenides have produced a number of exciting
innovations in  photonics, energy  storage,
nanoelectronics, sensing, and optoelectronics [3].
Molybdenum disulfide is used in solid lubricants,
photovoltaics, and rechargeable batteries, among
other things, because it has good optical, electrical,
and mechanical properties. The crystal structure of

molybdenum disulfide is hexagonal, with two sulfur
layers in the middle of metal layers that are held
together by weak van der Waals forces [4]. MoS; is a
layered transition metal chalcogenide that has been
studied a lot. A straight band gap of 1.8 eV is found
in MoS2 when it is in a single layer [5]. It's good news
that MoS; can mostly make up for gapless graphene's
flaws, because this means that two-dimensional
materials can be used in photonic and next-generation
switching devices [6]. The sol-reaction method was
used to make MoS2 nanoparticles for this study, and
XRD and FESEM were used to look at their structural
features.

2 EXPERIMENTAL DETAILS

MoS; nanoparticles were prepared by sol-gel method
by following the following steps:

1) Sodium molybdate dihydrate Na;M004.2H,0
with a 241.95 g/mol molecular weight and a
density of (g/cm3) was dissolved in deionized
distilled water at a concentration of 0.1 M.
Thiourea SC(NH2), with a purity of 99%, a
molecular weight of 12.76 g/mol, and a
concentration of 0.1 M, prepared by (Poole-
England-General Purpose Reagent Limited),
was also used. Citric acid
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Figure 1: The components of TMDs are composed of three chalcogen atoms and sixteen transition metals [9].

with a molecular formula of C6H807, a
concentration of 0.5 M, and a molecular weight
of 192.123 g/mol was also added.

After completing the dissolution process, the
acidity (pH) of the solution was measured and it
was (pH=1.4). To make the solution neutral,
ammonia solution (NH,OH) was added at a
concentration of (25%), prepared by SIGMA, in
drops to the prepared solution at intermittent
intervals, while the solution remained on the
magnetic mixer until the solution became
neutral (PH=7 % 0.05), and the solution turned
white.

Before the solution turned into gel, the magnetic
mixer's temperature was raised until it reached
80°C. The temperature stayed the same, and the
solution was left on the magnetic mixer for 40
to 50 minutes so that the liquid would slowly
evaporate, as shown in Figure 2.

In order to eliminate all water molecules and
other liquids, the resultant particles were
annealed in an electric furnace set at 500°C for
two hours. The particles were then left inside the
furnace for two hours, and the particles were left
inside the furnace for 24 hours until its
temperature reached room temperature as
shown in Figure 1, after that (MOS2) particles
were obtained.

Figure 2. Steps for preparing MoSz nanoparticles by sol-
gel method

3 RESULTS AND DISCUSSIONS

3.1. Results of XRD

The XRD of the produced MoS; nanoparticles is
displayed in Figure 3. The diffraction peaks
20~14.36°, 28.96°, 32.61°, 33.42°, 39.45°, 44.05°,
49.68°, 58.18°, 60.62°, 75.83° and 88.44° have
appeared. It is referred to as Miller index favored
directions (002), (004), (100), (101), (103), (006),
(105), (110), (114), (116), and (118), respectively.
The card number (01-075-1539) of MoS, from the

Inorganic Crystal Structure Database (ICSD) is
exactly what these wvalues correspond [7].
Additionally, results indicated the hexagonal

structure of the nanoparticles.
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Figure 3: XRD of MoS: nanoparticles.

Figure 4: An FESEM image of MoSz nanoparticles a) and b).

Table 1: The MoS: nanoparticles' structural characteristics.

0° (deg.) d-spacing (A) FWHM (rad) average crystallite Micro Strain SSA
size (Dav ), (nm) *10°° (m2.g1)
14.36 6.22457 0.2798 29 1.09295 41
28.96 3.09608 0.2058 40 0.34275 30
32.61 2.73764 0.2673 31 0.39945 38
33.42 2.67751 0.3577 29 0.8713 41
39.45 2.28262 0.5564 41 1.14817 29
44.05 2.06161 0.1965 32 0.2684 37
58.18 58.3337 0.1811 50 0.14795 59
60.62 1.53129 0.1895 48 0.14083 25
75.83 1.25372 0.2273 44 0.17428 27
88.44 1.10444 0.2442 45 0.13915 26
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Figure 5: FTIR measurements for MoS:z nanoparticles.

Using Bragg's law and the relation (1) [8], the
distance between interplanar spacing (dnq) with the
same Miller's coefficients (hkl) was computed [8] .
when it was discovered that the value of (dn) is close
to and consistent with the MoS; standard card (ICSD
card no. 75-1539) [7]

1A= dhx Sin Og . (1)

Where: dng - the distance between interplanar
spacing, Og: Bragg angle, A - wavelength, n - order of
reflection.

For the produced MoS; nanoparticles, the crystal
lattice constants (a, = b, and ¢,) were computed using
the hexagonal structure relation, (2) [9]. Table 1
displays these values

1 4 (h2+hk+k? 12
dzh_3( a? )+c§' @)

From planes 110 and 114, we found the lattice
constants a, and c,. The numbers h, k, and | stand for
Miller coefficients. It was found that the values of
the lattice constants are the same as those on the MoS;
international card number 75-1539. The information
is shown in Table 1. We used the Scherrer method
and (3) [10]-[12] to figure out the average crystallite
size (Dav) of the nanoparticles that were made:

Do =1L/ (B cos 63). 3)

The quantity of deficiencies in the crystal is
measured by the dislocation density (8). Good
crystallization of MoS; nanoparticles made using the
sol-gel approach was confirmed by the minimal
dislocation density value found in this work (4) was

used to compute the dislocation density [13] as shown
in Table 1:

6=1/Dn> (4)

According to one meaning, specific surface area
(SSA) is the area measured in mass units (m?/g). It
determines the quality of materials and is a very
significant attribute for nanomaterials. It also
provides information regarding  surface-level
interactions [14]. The SSA values determined using
the following (5) [15] are displayed in Table 1:

SSA=Sy/p. (5)

When Ksy is set to 6, which is the number for a
sphere, the surface density (SV) is displayed.and Day,
while p is the material density (p = 5.06 g/cm® for

K
MoS; nanoparticles)., i.e., SV :D—S” . Rearranging
av
(5) yields the following (6 ):
SSA =6 x 10°/ (D p). (6)

3.2 Analysis of FESEM

FESEM analysis was performed on the sol-gel-
prepared MoS, nanoparticles. Figure 4a and 4b
illustrates that the crystalline formations exhibit
diverse, heterogeneous sizes and morphologies, and
that the MoS; nano sheets stack together to form a
large block with different internal thicknesses. These
results are consistent with studies [16], [17], [18].
Figure 4b shows the average size distribution of MoS;
approximately 42 nm. The X-ray diffraction results
are in agreement with these results.
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3.3 FTIR Measurements

FTIR analysis was performed on MoS; nanoparticles
made using the sol-gel process in the 400-4000 cm*
range. by computing the wavenumber dependency of
the transmittance spectrum. The transmittance
spectrum was measured as a function of wavenumber.
Figure 5 shows relatively strong absorption bands at
(543, 617, 806, 1100, 1441, 1630, 2357, and 3740)
cmt, These results are consistent with studies [19],
[20], [21], which showed that the strong and weak
absorption bands of the (S - S) bond are located
between (543-809) cm™, while the bands located
(1100-1630) cm* are due to the (Mo-S) bond, while
the bands located (2740-2357) cm™ are due to
the (O-H) bond.

4 CONCLUSIONS

Sol-gel was used to make molybdenum disulfide
nanoparticles (MoS2) for this work. Transition metal
dichalcogenides (M0S2) nanoparticles were prepared
by sol-gel method using sodium molybdate dihydrate
[Na2M004.2H20] with thiourea (SC(NH2)2. The
XRD examination yielded nanoparticles with an
average size of 41 nm, which matched the particle
size estimated from FESEM images, which was
approximately 42 nm, therefore, MoS2 nanoparticles
can be used in the field of batteries and catalysts. The
average size distribution of MoS2 is about 42 nm.
These results are consistent with the XRD. FTIR
measurements performed for MoS2 nanoparticles
showed that the strong and weak absorption bands of
the (S - S) bond are located between (543-809) cm™,
while the bands located (1100-1630) cm™ are due to
the (Mo-S) bond, while the bands located at (2740-
2357) cm™! are due to the (O-H) bond
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