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Abstract
Metal nanoparticles decorated Molybdenum disulphide (MoS2) nanosheets have received great attention
of researchers due to their potential applications in biosensing, optoelectronics, photocatalysis, SERS, etc.
Here, we report the enhanced optical and electrical properties of wide band gap MoS2 nanosheets when
decorated with silver nanoparticles (Ag-MoS2 nanosheets). Field Emission Scanning Electron
Spectroscopy (FESEM) images reveal the formation of well-shaped MoS2 nanosheet-like structures
decorated with silver nanowires. MoS2 nanosheets are 27.9 µm long and 12.9 µm wide and the thickness
is in the range of nanometer. X-ray diffraction (XRD) spectra show peaks at 25.46°, 33.79°, 36.28°, and
50.97° corresponding to (111), (100), (102), and (105) crystalline planes for pure MoS2 and at 47.26° and
78.28° corresponding to the (200) and (311) crystalline planes for silver in Ag- MoS2 nanosheets
respectively. The UV-Vis absorption peak is observed at 340 nm for MoS2 but gets blue-shifted for Ag-
MoS2 nanosheets. The calculated band gap is found to be 3.05eV for MoS2 nanosheet, so it falls under
the category of wide band gap (2–4 eV) semiconductors which can have potential application in UV
photodetection. From the photoluminescence spectra, we have observed enhanced emission for Ag-MoS2

in the range of 410–470 nm for the excitation wavelength 280 nm. Raman peak intensity of MoS2

nanosheet has increased significantly when decorated with Ag nanostructure which can have potential
SERS application. I-V characteristic of Ag-MoS2 nanosheets under illumination exhibits negative
photoconductivity but is positive for pristine MoS2 nanosheets.

1. Introduction
In the pursuit of next-generation materials for electronic and optoelectronic applications, two-dimensional
materials have emerged as exceptional candidates[1]. Two-dimensional (2D) Transition Metal
dichalcogenides (MoS2, WSe2, WS2, MoSe2, MoTe2) have received great attention due to its unique
optical, electrical, and mechanical properties[2–4]. Among them, Molybdenum disulfide (MoS2)
nanosheets are the most promising candidates because of their potential applications in optoelectronic
devices, catalysis, highly effective sensors, batteries, supercapacitors, water desalination, energy storage
and many other fields[5–9]. MoS2 nanosheet has garnered significant attention owing to its unique
properties including mechanical flexibility, and a large surface area, number of layers dependent tunable
band gap, etc. Bulk MoS2 has an indirect band gap small indirect band gap of 1.29 eV but MoS2 in
monolayer form has a direct band gap of about 1.9 eV [4] and this bandgap increases with number of
layers [10, 11]. Few layer MoS2 with band gap in the range of 2–4 eV falls under the category of wide
band gap semiconductors[12, 13]. Wide band gap semiconductors have high optical transparency,
controllable carrier concentration, and tunable electrical conductivity and can withstand higher
temperatures, voltages and frequencies. So, wide band gap MoS2 can have potential application in UV
photodetector and other optoelectronic devices as[14]. However, to fully exploit its potential, researchers
are exploring innovative strategies to enhance its optical and electrical properties. In this context, the
incorporation of metal nanoparticles into two-dimensional materials has proven to be a promising



Page 3/18

avenue for tuning the optical and optoelectronic properties. Decoration of metal nanoparticles such as
nanoparticles of gold, silver, platinum and palladium on the surface of the MoS2 nanosheet enhances its
properties due to the synergistic advantages of MoS2 and the plasmonic capabilities of metal nano-
particles [15–19]. Plasmonic nanoparticles can enhance the absorption and scattering of light can also
improve carrier generation and collection in MoS2[20–22].

There are different methods to fabricate MoS2 nanosheets, including mechanical cleavage, solvothermal
synthesis methods, chemical vapor deposition (CVD), exfoliation methods, and solvent-based sonication
[23–25]. Among all these method, hydrothermal method is simple for facile synthesis of MoS2

nanosheets.

We report here simple hydrothermal method for the synthesis of well-shaped Molybdenum disulfide
(MoS2) nanosheet with wide band gap and silver (Ag) nanoparticles decorated MoS2 nanosheet.

The primary objective of this study is to investigate the impact of silver nanoparticles on the optical and
electrical properties of wide band gap MoS2 nanosheets. By strategically decorating MoS2 with silver
nanoparticles, we aim to enhance light-matter interactions. Through a systematic exploration of the
underlying mechanisms, this research seeks to contribute to the fundamental understanding of the
synergies between wide band gap MoS2 and silver nanoparticles for its application as optoelectronic
device.

2. Experimental

2.1 Material used
To prepare the MoS2 nanosheet, the materials used are Ammonium heptamolybdate tetrahydrate
(NH4)6Mo7O24.4H2O citric acid (C6H8O7), Ammonia water solution, and Thiourea (CH4N2S). For the
synthesis of the Ag-MoS2 nanosheet, Silver Nitrate (AgNO3) is used. Ammonium heptamolybdate
tetrahydrate (NH4)6Mo7O24.4H2O and Silver Nitrate (AgNO3) are acquired from Sigma-Aldrich Company
and 99.9% pure, citric acid (C6H8O7), Ammonia water solution and Thiourea (CH4N2S) are obtained from
E -Mark Company and 99.9% pure are used.

2.2 Method of Synthesis and Characterization
For the synthesis of MoS2 nanosheets, 1.7 mmol of ammonium heptamolybdate tetrahydrate
(NH4)6Mo7O24.4H2O and 3.6 mmol citric acid (C6H8O7) are mixed at 90°C with constant stirring for 60
minutes. To achieve a pH of 4.90, the ammonia water solution is added dropwise. 17.08 m mol thiourea
(CH4N2S) is added drop-by-drop to the solution which is continuously stirred for 30 min at 60°C. The color
of the solution changes to pale blue. The mixture is then put into a Teflon autoclave for two hours at
120°C.
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To prepare Ag-MoS2 nanosheet 20mM and 25mM Silver Nitrate (AgNO3) in 10 ml of water (AgNO3) is
added dropwise to the MoS2 solution at a temperature of 60°C and stirred for 45 minutes, Now the
solution is cloudy and covered with precipitate.

3. Characterization
The morphology of the three hydrothermally prepared samples MoS2 nanosheet, 20 mM Ag- MoS2
nanosheet and 25 mM Ag- MoS2 are studied using Field Emission Scanning Electron microscopy
(FESEM) images collected by FESEM (ZEISS). Structural properties are characterized by X-ray diffraction
(XRD) data collected by EMPYREAN, PANalytical with Cu-Kα (0.15418 nm) radiation. For optical
properties, UV–Vis optical absorption spectra are recorded by CARY-300 spectrophotometer, and
Photoluminescence (PL) spectra are taken by JASCO FP- 8300 Spectrofluorometer. TGA analysis is done
by Mettler Toledo, TGA/DSC-1, star System. Raman spectrometer is recorded by Horiba Jobin Yvon
LabRam HR. The electrical properties of the three samples are measured by recording data for current–
voltage (I-V) characteristics and photocurrent using Keithly 2400 source meter.

4. Result and discussion

4.1 Morphological study and elemental analysis
The surface morphology of pristine MoS2 nanosheet, 20 mM Ag- MoS2 nanosheet, and 25 mM Ag- MoS2

is studied using a field emission scanning electron microscope (FESEM). The FESEM images are shown
in Fig. 1 (a), (b), and (c). In the FESEM pictures, it is observed that the nanosheets have thickness in the
nanometer range and length and breadth in the 25–45µm range. The nanosheets are seen to be piled
together in various locations in the FESEM pictures shown in Fig. 1 (a). Silver nanostructures with erratic
shapes are seen above the MoS2 nanosheets in Figs. 1(b) and 1(c).

The electron dispersion X-ray (EDAX) of the three samples is shown in Fig. 2(a), (b), and (c). In addition to
the elements Mo and S, the findings of the EDAX spectrum analysis reveal a rather high oxygen
concentration. This is because MoS2 nanosheet has a high surface energy that quickly interacts with
water molecules and forms bonds with oxygen [26].

4.2 Structural analyses
Using the X-ray diffractometer, the phase identification and associated microstructural investigations are
carried out (EMPYREAN, PANalytical). At an accelerating voltage of 45 kV and an anode current of 40 mA,
the diffractometer is in operation. Cu K radiation with an X-ray wavelength of 0.15406 nm is permitted to
impact the samples. The XRD patterns are captured at a step size of 0.026 in the 2 range of 10°-800.
According to Fig. 3, the characteristic peak of MoS2 prepared at 120°C for an autoclave is seen at 36.28°,
50.97°, and 72.04°, which correspond to (102), (105), and (203) planes (JCPDS 00-037-1492). Also,
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according to JCPDS 00-001-1164, a distinctive silver peak can be seen in silver-decorated MoS2 at 47.26°
and 78.28°, which correspond to the (200) and (311) planes, respectively (JCPDS 00-001-1164). This
indicates that the Ag nanoparticles are decorated on the MoS2 nanosheet.

4.3 Optical Properties

4.3.1 UV–Visible absorption spectra
The UV–Visible absorption spectra are shown in Fig. 4(a). The transition from the valence band to the
conduction band is characterized by a distinctive absorption peak at about 340 nm. The K point of the
Brillouin zone causes an additional board peak to be seen between 600 to 800 nm, which is connected to
the excitonic A transition [27]. The absorption peak is blue-shifted with the increase in silver nitrate
concentration. The optical band gap is determined by using the Tauc plot relation Fig. 4(b) and is given
by,

(αhν)n = B(hν − Eg)

where α is absorbance, (hν) is the incoming radiation's energy, B is the proportionality constant, h = 1.38 
1023 is the Plank's constant, and Eg is the material's band gap. In the Tauc plot relation, for indirect

band gap material value of n = 1/2. The band gap for indirect transition may be determined from the
extrapolation of the linear section of the curves to the x-axis for (α(ν)hv)1/2 = 0. The calculated band gap
is found to be 3.05eV, 3.16 eV, and 3.23eV for MoS2 nanosheet, 20 mM Ag- MoS2 nanosheet and 25 mM
Ag- MoS2 respectively. The increase in band gap of the nanocomposite may be due to the quantum
confinement effect. The calculated band gap indicates that the samples fall under the category of wide-
bandgap semiconductors [28, 29].

4.3.4 Photoluminescence (PL) spectra
The room temperature photoluminescence (PL) spectra of the MoS2 nanosheet, 20 mM Ag- MoS2

nanosheet, and 25 mM Ag- MoS2 nanoparticles are shown in Fig. 7. The PL spectra are recorded by the F-
7000 FL Spectrophotometer with an excitation wavelength of 280 nm. From the figure, it is seen that for
pristine MoS2 there is a board emission spectrum center around 413nm, the band gap calculated from
this peak is 3.0 eV which is slightly less than the indirect bandgap calculated from UV-vis data. For silver-
embedded MoS2 there are two peaks around 398nm (3.115eV) which is somewhat less than the bandgap
estimated from the UV-vis data and a peak at 469nm is mainly due to radiative recombination of bound
excitations from traps and defects levels[30]. The enhancement of the PL intensity after embedding silver
may be due to the surface plasmonic effect [31].

4.4 Raman Spectroscopy

×
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Figure 8 displays the Raman spectrum of as-prepared MoS2 and Ag-MoS2 nanocomposites. Raman

spectra of MoS2 reveal three distinct Raman peaks that can be attributed to the E1g, A1, and E1
2g

vibrational modes of the S atoms with respect to the Mo atom, respectively. Also, a typical peak of 454
cm− 1, in the spectrum is designated as 2LA (M)[32]. The Ag-MoS2 nanocomposite also displays similar
Raman peaks of MoS2, which suggests that the reduction process had little to no impact on the chemical
composition of the nanosheets[33]. Additionally, the Raman peak intensity is noticeably increased which
indicates that the Ag Nanoparticle decorated structure has potential in SERS application [34].

4.5 Thermogravimetric analysis
Thermogravimetric analyses (TGA) were used to investigate the thermal stability of MoS2 and silver-
decorated MoS2 nanocomposite in an N2 environment. The results are shown in Fig. 9. Around 100°C,
MoS2 experiences an initial weight loss that is ascribed to water molecules that have been adsorbed.
Additionally, MoS2 exhibits weight loss at temperatures near 400°C, which may be due to MoS2 being
oxidized into MoO3[32, 35]. Future no degradation is observed for temperatures from 500°C to 700°C. On
the other hand, for silver decorated MoS2 the TGA curve shows that the sample lost the majority of its
weight between 200 and 300°C. Above 300°C, there is hardly any dominant weight loss till 700°C. It can
be generally attributed to the evaporation of organic substances[36].

4.6 Electrical properties
Electrical properties of MoS2 nanosheet, 20 mM Ag- MoS2 nanosheet and 25 mM Ag- MoS2 are measured
through I-V characteristics curves under dark as well as under illumination of 365nm and 440nm. At room
temperature (300K), the I-V characteristic is determined by two probe method using two fine copper wires
into a tiny film region using silver paste. The I-V characteristics are shown in Fig. 10(a), (b), (c) it is
observed that the photocurrent increases slightly in pristine MoS2 and 20mM silver-decorated MoS2 but
we can observe a gradual decrease in photocurrent for 25mM silver-decorated MoS2. Decorating silver
nanoparticles over MoS2 nanosheets led to increase in numbers of defects and trap levels. These
Shallow traps that function as donor or acceptor states are thought to be the cause of negative
photoconductivity. The ratio between the rates of recombination and generation is the main qualitative
factor contributing to negative photoconductivity [37, 38].

Conclusion
We have successfully synthesized well shaped MoS2 nanosheet and silver-decorated MoS2 nanosheet
using a simple hydrothermal process within 3 hours. Characterization of these samples is carried out
using SEM, XRD, UV-Vis, and PL spectroscopy. When the concentration of silver varied, a noticeable effect
on MoS2 is noticed. The creation of stacked MoS2 nanosheets containing silver particles is verified by
SEM pictures. The energy-dispersive X-ray analyzer confirms the produced MoS2 constituent
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composition. Ag peaks at 47.26° and 78.28° correlate to (200) and (311) planes with an average
crystallographic size of 55.23 nm, whereas MoS2 characteristics peaks at 36.28°, 50.97°, and 72.04°
correspond to (102), (105) and (203) planes. The straight transition from the deep valence band to the
conduction band causes the UV-Vis absorption spectra to exhibit significant absorption at about 340 nm.
PL measurements depict that the MoS2 with silver nanostructure exhibits emission peaks in the PL
spectrum at 469 nm, suggesting emission from the silver also indicated that the intensity of the emission
spectra increases with the addition of silver due to the surface resonance effect. The investigation of
electric properties using I-V characteristics under dark and illumination at 300 K reveals that conductivity
diminishes as silver content increases showing negative photoconductivity.
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Figure 1

FESEM images of (a) Pristine MoS2 (b) 20mM Ag-MoS2 and (c) 25mM Ag-MoS2
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Figure 2

Electron dispersion X-ray (EDAX) of the three samples is shown in the figures. (a) pristine MoS2. (b)
20mM Ag-MoS2 (c) 25mM Ag-MoS2
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Figure 3

Shows the Powder X-Ray diffraction of the pristine MoS2 nanosheet, 20 mM Ag- MoS2 nanosheet, and 25
mM Ag- MoS2. 
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Figure 4

(a) UV-Visible spectrum of pure MoS2 (blue), 20mM Ag-MoS2 (black) and 25mM Ag-MoS2 (red). (b)
shows the tauc plot for pure MoS2 (blue), 20mM Ag-MoS2 (black) and 25mM Ag-MoS2 (red).
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Figure 5

Shows the photoluminescence spectrum of pure MoS2 (blue), 20mM Ag-MoS2 (red) and 25mM Ag-MoS2

(black) with excitation wavelength of 280nm
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Figure 6

Shows the Raman spectroscopy of the pure MoS2 nanosheets(red) and Ag-doped MoS2

nanosheets(black) for 663nm laser radiation.
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Figure 7

Shows the Thermogravimetric analysis of pure MoS2 nanosheets(black) and Ag dopped MoS2

nanosheets (red) in N2 environment. The inset picture shows the 1st derivative of weight with respect to
temperature. 
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Figure 8

Shows the IV characterization of the as-synthesis samples under different illumination. (a) shows the I-V
Characteristic of   pure MoS2 whereas (b) shows the IV characteristic of 20mM Ag-MoS2 and (c) 25mM
Ag-MoS2.


