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Preparation and characterization of MoS, thin films for
thermoelectric applications using the PVD technique

Joede dos Passos*([2), Adhimar Flavio Oliveira

ABSTRACT: Molybdenum disulfide (MoS,) is a two-dimensional material with
electronic and thermal properties that make it promising for thermoelectric applications.
This research presents the results of synthesizing and characterizing MoS, thin films
obtained by Physical Vapor Deposition (PVD) on silicon dioxide (SiO,) substrates.
Three experimental approaches were explored to assess how changes in deposition
conditions affect the material quality. In the first trial, films were formed from
commercial MoS, powder in a sulfur-rich (S,) atmosphere using a PVD tubular
furnace. Next, water vapor (H,0) was added to the process to observe possible
improvements in material formation. Finally, silver doping was investigated,
introduced during deposition to examine structural and vibrational changes in the
MoS,. The samples were characterized by Optical Microscopy (OM) and Scanning
Electron Microscopy (SEM), as well as Energy Dispersive Spectroscopy (EDS),
used to evaluate surface morphology and composition. X-ray Diffraction (XRD) was
employed to identify the crystalline structure, while Raman Spectroscopy revealed
the E,g' and A, g vibrational modes, associated with the crystallinity of the material.
The results indicated that the presence of H,O during deposition favored the growth
of more ordered films, with more intense peaks in XRD and Raman spectra. On the
other hand, silver doping caused vibrational changes that suggest modifications in
the electronic structure of MoS,. These findings reinforce the material’s potential for
use in thermoelectric devices and demonstrate that variations in synthesis conditions
can significantly enhance its structural and functional properties.

Keywords: MoS, thin films, Physical Vapor Deposition (PVD), Silver doping,
Structural and morphological characterization, Thermoelectric applications

1. INTRODUCTION

Molybdenum disulfide (MoS,) is a two-dimensional semiconductor with re-
markable electronic, optical, and mechanical properties, showing great promise for
applications in energy conversion devices [ 1,2]. In its bulk form, it exhibits an indirect
band gap of approximately 1.2 eV, which becomes direct and increases to about 1.8 eV
when reduced to a few atomic layers, resulting in intense photoluminescence [3]. This
band gap transition, combined with its high absorption in the infrared region, also
favors the use of MoS, in biomedical and photothermal applications [4,5].

For the growth of MoS, thin films, several techniques have been explored, such
as micromechanical exfoliation, ionic intercalation, liquid-phase ultrasonication, and
Physical Vapor Deposition (PVD) [6]. PVD stands out for enabling the controlled
growth of nanometric films with high purity and no external contamination, in addi-
tion to allowing the tuning of parameters such as temperature, pressure, and deposi-
tion rate for optimizing the material’s properties.

Recent studies have shown that the physical and chemical characteristics of MoS,
are strongly influenced by synthesis conditions and the surrounding chemical envi-
ronment during deposition. Parameters such as sulfur partial pressure, substrate tem-
perature, and the presence of oxidizing or reducing agents can significantly modify
crystal orientation, defect concentration, and electronic behavior [7,8]. In particular,
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the incorporation of oxygen or hydroxyl species, often introduced
through residual H,O, can lead to the formation of Mo—O bonds,
altering the band structure and enhancing catalytic or photother-
mal performance [9,10].

Moreover, doping strategies have emerged as an effective route
to tune the electronic and thermoelectric properties of MoS,. The
introduction of metallic dopants such as Ag, Au, or Pt can modulate
carrier concentration, reduce thermal conductivity, and improve
charge transport by introducing localized states within the band gap
[11,12]. Silver (Ag) doping, in particular, has been associated with
enhanced Seebeck coeflicients and electrical conductivity, making
Ag-MoS, composites promising candidates for thermoelectric and
optoelectronic applications [13,14].

Considering the versatility of MoS, and the need to understand
the impact of synthesis conditions on its properties, this research
proposes an experimental approach to investigate the effects of H,O
presence and silver (Ag) doping on the morphology, structure, and
vibrational characteristics of MoS, films obtained via Physical Va-
por Deposition (PVD). The ultimate goal is to identify and enhance
material properties of interest for application in advanced energy
conversion devices, such as thermoelectric generators.

Although previous studies have investigated the role of sulfur
availability, oxygen contamination, or metal dopants independently
in Mo§, thin-film growth, the combined influence of residual H,O
during PVD deposition and Ag incorporation has not yet been sys-
tematically explored. Residual water vapor can act simultaneously
as an oxidizing and transport-assisting species, altering Mo-S bond
stability and favoring the formation of secondary phases such as
MoO,. At the same time, Ag doping is known to modify charge car-
rier concentration, local strain, and defect density in layered chal-
cogenides. However, no prior work has evaluated how these two
factors interact during PVD growth, nor how this interplay affects
the crystallinity, oxidation pathways, and functional properties of
MoS, thin films. In this context, the present study provides the first
integrated analysis of MoS, films grown under controlled H,O en-
vironments with and without Ag doping, contributing new insight
into how moisture and metal dopants jointly modulate the structur-
al and thermoelectric behavior of PVD-grown MoS,.

2. EXPERIMENTAL

The substrates were obtained from a silicon wafer (100) sup-
plied by Sigma-Aldrich and cut into pieces of approximately 10
mm? using a diamond scribe. The samples then underwent a thor-
ough cleaning procedure, beginning with immersion in acetone
and placement in an ultrasonic bath. During sonication, the sub-
strates were kept for 15 minutes to remove surface contaminants
such as dust and organic residues. Subsequently, they were rinsed
in isopropyl alcohol and then in deionized water. After cleaning,
the substrates were dried with a high-purity nitrogen jet, ensur-
ing they were properly sanitized and ready for the next processing
steps.

The cleaned samples were then placed in a furnace (model FDG
3P-S), which was heated to 900 °C and maintained at that temper-
ature for 10 hours. One of the samples was kept as a reference sub-
strate for reflectance calibration. Reflectance measurements were
performed on both the oxidized samples and the reference sample
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using a Stellarnet UV-VIS-NIR spectrometer, covering the wave-
length range from 200 nm to 1080 nm. A halogen lamp served as
the light source, and an aluminum mirror was used for calibration.
The obtained reflectance spectra were analyzed to determine the
optical properties of the samples. From these measurements, dif-
ferences between the oxidized and reference samples were iden-
tified, allowing estimation of the SiO, layer thickness formed by
thermal oxidation.

For the growth of the MoS, film without the presence of dis-
tilled water (sample J1), the SiO, substrate was placed inside the
Physical Vapor Deposition (PVD) furnace (Figure 1). Ten grams
of sulfur (Exodo Cientifica) and 10 g of MoS, (Sigma-Aldrich)
were weighed, placed in separate crucibles, and introduced into
the system. The substrate was positioned in the downstream re-
gion of the tubular furnace, where the temperature reached 800 °C.
The crucible containing sulfur was positioned outside the furnace,
inside a beaker placed on a DUBAI magnetic heater, connected by
a polyurethane hose (PU Rodo Azul, 6 mm). Nitrogen (N,) was
used as the carrier gas, passing through the sulfur container and di-
rected toward the end of the tubular furnace. A continuous N, flow
was maintained at a pressure of 75 Torr and a rate of 70 sccm. The
total growth process lasted 1.8 hours, reaching a maximum tem-
perature of 1000 °C, which was held for S minutes. This procedural
flow, summarized in Figure 2, provides a clear overview of the key
stages required for obtaining MoS, thin films under the different
synthesis conditions evaluated in this work.

The procedures for the other two samples followed similar
steps, with specific variations: in one case, a crucible containing
distilled water was added together with the sulfur source; in the
other, a crucible containing silver nitrate (AgNO;) was placed in-
side the furnace tube at the 960 °C zone to enable silver doping of
the MoS, film.

DUBAI stirrer

Figure 1. Flowchart Experimental setup for MoS, synthesis using
Physical Vapor Deposition (PVD). The system includes a tubular
furnace, a quartz tube connected to a beaker containing the sulfur
crucible, and a DUBAI magnetic stirrer used for sulfur vapor con-
trol.
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Figure 2. Schematic representation of the synthesis procedure
used for the preparation of MoS, thin films by Physical Vapor
Deposition (PVD). The diagram illustrates the sequential steps
of the process, including substrate cleaning, vacuum chamber
preparation, precursor loading, introduction of sulfur and optional
AgNO;, and the deposition/cooling stage inside the tubular fur-
nace.

Chemical and structural analyses were performed by X-ray
diffraction (XRD) using a PANalytical X'Pert PRO diffractometer
equipped with Cu Ka radiation. Scans were carried out over a 26
range from 5° to 80°, with a step size of 0.02° and a counting time of
2 s per step. Raman spectroscopy analyses were performed using a
WITec Alpha300R confocal Raman spectrometer with an excitation
wavelength of 532 nm and a 100x objective lens. The Raman spectra
were acquired with an integration time of 10 s and 5 accumulations.
The excitation laser power was kept below 1 mW to prevent local
heating or damage to the samples.

3. RESULT AND DISCUSSION

To determine the thickness of the SiO, film grown on a Si sub-
strate, reflectance measurements were performed, and the data
were subsequently fitted using the three-layer thin-film model
[15]. The average thickness obtained for the films was 280 + 10
nm, which is consistent with typical oxide growth under the re-
ported oxidation parameters. The reproducibility of this value
confirms the thermal stability and surface uniformity of the SiO,
substrate used for subsequent MoS, deposition.

The X-ray diffraction (XRD) analysis of MoS, thin films syn-
thesized under different conditions (samples J1, J2, and J3) is
shown in Figure 3. All diffraction patterns display the characteris-
tic reflections of hexagonal 2H-MoS,, with the most intense peak
located at 28 = 14.4°, corresponding to the (002) plane, indicative
of the material’s layered structure [16]. The significantly higher in-
tensity and narrower full width at half maximum (FWHM) of this
peak in sample J2, grown in the presence of H,O vapor, suggests
improved crystallinity and enhanced layer ordering. This behavior
is consistent with reports that water vapor facilitates sulfur trans-
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portand increases surface mobility during growth, promoting high-
er-quality layered films [17].

In contrast, the XRD pattern of sample J1 (synthesized without
H,0) exhibits additional reflections that do not belong to the MoS,
phase. Specifically, weak but detectable peaks at approximately 20 =
26.0° and 37.3° were identified and assigned to the (110) and (211)
planes of monoclinic MoO, (JCPDS 32-0671), respectively. These
reflections indicate partial oxidation of MoS,, likely caused by
limited sulfur availability and the presence of residual oxygen in the
chamber atmosphere, which favors the formation of Mo-O bonds
under high-temperature conditions [18]. The emergence of MoO,
is undesirable for electronic and thermoelectric applications, as this
oxide phase introduces defect levels that reduce carrier mobility
and degrade functional performance [19].

For the Ag-doped film (J3), two additional peaks were
observed at 20 = 28.0° and 26 = 44.3°, corresponding to AgNOj;
and metallic Ag, respectively, confirming successful incorporation
of Ag species during deposition. The presence of metallic Ag
suggests partial thermal decomposition of AgNO; during PVD,
consistent with previously reported Ag-MoS, composite films,
where Ag nanoparticles modify the local electronic environment
and increase carrier concentration [20]. These compositional
features are relevant for thermoelectric applications, where noble
metal doping has been shown to enhance the Seebeck coefficient
while reducing lattice thermal conductivity [21].

In all samples, an additional intense diffraction peak at 20 =
69.1° was observed. This reflection corresponds to the Si(400)
plane of the crystalline silicon substrate (Cu Ka radiation). Since
the thermally grown SiO, layer (~280 nm) is amorphous, it does
not generate Bragg reflections, allowing the substrate peak to
remain prominent. This peak is now explicitly labeled in Figure 3 to
avoid misinterpretation.

S - J1 (no H20)
—— )2 (with H20)
3.01{ — J3 (Ag-doped)
MoS: (002) MoO: (110) MoO: (211)

2.5 A ;e N
S
520 |
z E
%)
c 15 ’ \
L N )\
€ — I . N

1.0

0.5 u‘i Ag (200) Si (400)

0.0

10 20 30 40 50 60 70 80
20 (degrees)

Figure 3. X-ray diffraction (XRD) patterns of samples J1, ]2, and
J3. The diffractograms show the characteristic MoS, (002) peak
in all samples, confirming film formation. The Si(400) substrate
peak is also present in all measurements. For samples J1 and J2,
additional peaks associated with MoO, [(110) and (211)] are ob-
served, while sample J3 exhibits extra peaks attributed to AgNO,
and Ag(200), resulting from silver doping. The curves were verti-
cally offset to facilitate comparison among the patterns.
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Figure 4. SEM micrographs of Mo$, thin films: (2) sample J1 (no H,O), showing irregular grain distribution and incomplete coalescence;
(b) sample J2 (with H,0), exhibiting smoother surfaces and improved grain uniformity; and (c) sample J3 (Ag-doped), displaying densely

packed spherical grains and enhanced film compactness.

The combined analysis of the three diffractograms highlights
the beneficial effect of water vapor as amild reducing and growth-di-
recting agent that suppresses oxidation and promotes crystalline
MoS, formation (J2), while Ag incorporation (J3) introduces ad-
ditional crystalline phases that can modulate charge transport and
electronic structure. These structural differences directly correlate
with the Raman and morphological results presented in the follow-
ing sections, further demonstrating how controlled variations in the
synthesis environment can significantly influence the final quality
of MoS, thin films.

Figure 4(a—c) presents the SEM micrographs of samples J1,
J2, and J3, respectively, allowing a direct comparison of the mor-
phological evolution induced by H,O-assisted growth and Ag in-
corporation. In Figure 4(a), corresponding to sample J1, the film
exhibits a heterogeneous surface with irregular grain shapes, nonu-
niform grain distribution, and significant variations in intergranular
spacing. These morphological irregularities indicate limited adatom
mobility during deposition, leading to incomplete coalescence and
higher porosity, conditions typically associated with MoS, growth
under restricted surface diffusion.

In Figure 4(b), representing sample J2 synthesized in the pres-
ence of H,O vapor, a more uniform and compact morphology is
observed. The grains exhibit smoother surfaces, reduced voids,
and more coherent grain boundary networks. This densification
is consistent with the enhanced crystallinity revealed by XRD and
aligns with the findings of Macha et al. [22] and Cai et al. [23], who
showed that controlled H,O introduction promotes nucleation and
surface diffusion during TMD film growth.

Figure 4(c), corresponding to sample J3 doped with Ag, dis-
plays a distinctive morphology composed of densely packed, nearly
spherical grains with minimal variation in size. The incorporation
of Ag leads to a more continuous and fully coalesced microstruc-
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ture, with significantly improved grain connectivity. This is ad-
vantageous for electronic and thermoelectric applications, as it
reduces grain-boundary resistance and enhances charge-transport
pathways. Similar improvements in densification and connectivity
have been reported in noble-metal-doped MoS$, films [25].

The SEM results show a clear morphological progression: J1
exhibits incomplete grain coalescence, J2 demonstrates improved
uniformity due to water-assisted synthesis, and J3 achieves the
highest level of densification as a result of Ag incorporation.

The grain size distributions of samples J1, J2, and J3 are pre-
sented in Figure S. Sample J1 exhibits an average grain size of 2.34
* 1.04 pm, with a relatively broad distribution that reflects the ir-
regular and partially coalesced morphology observed in the SEM
images. In contrast, sample J2 (Figure S(b)) shows a significantly
smaller and more uniform average grain size of 1.28 £ 0.58 ym,
consistent with the densifying effect of water-assisted growth. The
reduced grain size in J2 also implies increased phonon scattering,
which is known to decrease lattice thermal conductivity in layered
materials [24].

Sample J3 (Figure S (c)), synthesized with Ag incorporation,
displays a distinct behavior, with an average grain size of 5.14 £2.97
pm. The considerably larger grains and wider distribution indicate
that silver doping modifies the growth dynamics, favoring coars-
ening and the formation of more interconnected microstructures.
This agrees with the SEM results, where J3 shows compact and
well-connected grains, likely supported by Ag-induced changes in
surface energy and nucleation density.

These microstructural differences are relevant for thermoelec-
tric performance. Smaller and more uniformly distributed grains
(as in J2) enhance phonon scattering and can reduce thermal con-
ductivity [24], while larger grains with improved connectivity (as
in J3) tend to lower grain-boundary resistance and favor charge
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Figure 5. Grain size histograms of MoS$, thin films: (a) J1, (b) J2, and (c) J3.]J1 exhibits a broad distribution centered at 2.34 + 1.04 pym.
J2 shows a narrower and more uniform distribution (1.28 + 0.58 ym), while J3 presents the largest grains (5.14 £ 2.97 um), consistent with

Ag-modified growth kinetics.

transport. Thus, each film offers different trade-offs depending on
whether electrical conductivity or thermal suppression is prior-
itized.

Raman spectroscopy results (Figure 6) provided complemen-
tary information about the crystallinity and oxidation state of the
films. For sample J1, a single prominent peak at 385 cm™ (E,g!
mode) was observed, while the A;g mode (~411 cm™) was absent,
indicating defective crystallinity. Additional peaks near 344 and 360
cm™ correspond to Mo-O vibrations, confirming the presence of
MoO, [9]. Conversely, the Raman spectrum of ]2 exhibited both
E,g' and A;g modes with a frequency difference of approximately
26 cm™, characteristic of few-layer MoS, [26]. The absence of Mo—
O-related peaks reinforces that H,O-assisted growth suppressed
oxidation. For the Ag-doped sample (J3), a slight redshift (~1-2
cm™) of the vibrational modes was detected, attributed to local
strain and electron—phonon coupling induced by Ag incorporation
[27].

The structural and vibrational differences observed among
samples J1, J2, and J3 are directly relevant to the photoelectric
behavior of MoS,. As alayered semiconductor, MoS, exhibits strong
light-matter interactions and photoconductive response, which
are sensitive to crystallinity, defect density, and local strain. The
improved crystallinity and reduced oxidation observed in sample J2
are expected to enhance carrier mobility and suppress non-radiative
recombination, thereby improving optoelectronic performance. In
contrast, the partial formation of MoO, in sample J1 introduces
mid-gap states that tend to trap photogenerated carriers, degrading
photoresponse. For the Ag-doped film (J3), the Raman redshift
and the presence of Ag species suggest modified charge distribution
and enhanced electron-phonon coupling, which can facilitate
charge separation under illumination and potentially improve
photoconductive gain. Although photoelectric measurements were
not performed in this work, the structural findings provide insight
into how synthesis parameters modulate properties relevant to
optoelectronic applications.

The EDS results (Figures 7-8) confirmed the presence of Mo, S,
Si, and O in samples J1 and J2, consistent with MoS, deposited on
a SiO, substrate. In Figure 9, the presence of Mo, Si, and O was also
detected; however, the Ag-doped film (]J3) exhibited an additional
silver signal (=0.11 wt%), thereby confirming the successful doping.
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The controlled Ag incorporation likely altered the local electronic
environment without forming unwanted large metallic aggregates,
as corroborated by the absence of secondary silver clusters in SEM
images. Such dopantincorporation can enhance Seebeck coeflicients
and electrical conductivity, as observed in other Ag-MoS, systems
[28].

To complement the structural and morphological characteri-
zation, Energy-Dispersive X-ray Spectroscopy (EDS) was performed
on samples J1, J2, and J3 to quantitatively evaluate their elemental
composition. This analysis provides insight into the effects of water
vapor and Ag incorporation on the chemical makeup of the MoS,
films, particularly regarding oxidation level, sulfur content, and
dopant incorporation.

—— J1 (no Hz0)
—— J2 (with H20)
—— )3 (Ag-doped)

N
o

Normalized Intensity (a.u.)
t

Iy
o

0.5

0.0

410

385
Raman shift (cm~1)

375 380 390 395 400 405 4

Figure 6. Raman spectra of MoS, thin films synthesized under
different conditions: J1 (no H,0), J2 (with H,0), and J3 (Ag-
doped). The characteristic MoS, vibrational modes E,g' and A,g
are highlighted, showing improved crystallinity for sample ]2 and
aredshift of both modes in sample J3 due to strain effects and elec-
tron—phonon coupling induced by Ag incorporation. Spectra are
vertically offset for clarity.

J.Appl.Mat. and Tech. 2025, 7(2), 49-57


https://jamt.ejournal.unri.ac.id/index.php/jamt
http://Jamt.ejournal.unri.ac.id

Applied Materials and Technology

cps/eV.

160K  SrREA

Jamt.ejournal.unri.ac.id -

MAG: 10000x

Figure 7. (a) Histogram, (b) micrograph and (c) - (f) chemical composition images obtained by SEM-EDS of sample J1.

cps/eV

140K SifEeHA

Figure 8. (a) Histogram, (b) micrograph and (c) - (f) chemical composition images obtained by SEM-EDS of sample J2.

The quantitative EDS results provide a deeper understanding
of the chemical composition of the Mo§, films. Sample J1 shows
high oxygen content and a Mo-rich composition, confirming
the presence of MoO,, in agreement with the XRD findings.
Sample ]2, synthesized in the presence of H,O vapor, exhibits
reduced oxidation and a more uniform elemental distribution,
consistent with the improved crystallinity observed in XRD and
Raman analyses. In turn, sample J3 presents clear evidence of Ag
incorporation, although the Mo signal appears low due to its island-
like growth morphology, which limits the interaction volume of the
electron beam with the MoS, phase.
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These quantitative findings reinforce and support the
structural, vibrational, and morphological results discussed
throughout the manuscript. The normalized weight and atomic
percentages obtained from EDS are summarized in Table 1.

The structural and morphological differences observed among
the samples also have relevant implications for thermoelectric
transport. The enhanced crystallinity and reduced oxidation
detected in J2 favor phonon suppression and long-range
carrier mobility, whereas the improved grain connectivity and
compact morphology of the Ag-doped film (J3) are expected
to reduce grain-boundary scattering and increase electrical
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Figure 10. Optical microscopy images of MoS, thin films: (a) J1 (no H,0), showing contrast variations and irregular domains; (b) J2
(with H,0), exhibiting more homogeneous surface texture and improved uniformity; and (c) J3 (Ag-doped), featuring dome-like bright
regions associated with Ag-induced surface reorganization.

Table 1. Quantitative EDS composition and discussion. conductivity. In contrast, the higher defect density and incomplete
coalescence observed in J1 likely limit charge-carrier pathways and

Sample  Element  Norm.wt9% Atom % Interpretation degrade thermoelectric efficiency. Although full thermoelectric

J o 31.53 65.55 High Oxygen MoO, measurements were not performed in this study, the combined
formation XRD, SEM, and Raman results already provide clear indicators of
S 2.17 2.25 Low sulfur content which growth conditions are more favorable for charge-transport-
Mo $5.30 19.17 Mo-rich/oxidation based applications.

Si 64.90 6028 Dominant substrate Figure 10(a—c) presents the optical microscopy images of
2 S 0.67 0.54 Low but uniform S samples J1,]2, and J3, respectively. In Figure 10(a), corresponding
) to J1, the film shows irregular contrast variations, nonuniform
Mo 1249 3.39 Thin MoS, layer domains, and local thickness fluctuations. These features indicate
S 84.62 76.12 Substrate due to island incomplete surface coverage and heterogeneous growth, consistent
growth with the irregular grain distribution observed in SEM and with the

O 15.07 23.80 Moderate oxidation presence of MoO, detected by XRD.
J3 Mo 0.20 0.05 Very low Mo signal Figure 10(b), referring to sample ]2 synthesized under H,O
Ag 0.11 0.03 Confirms Ag incor-  VaPOL, displays a much more uniform optical response, with
poration smoother contrast distribution and fewer defect-like regions. The

improved homogeneity reflects enhanced layer formation and
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reduced porosity, corroborating the densification and crystallinity
improvements indicated by XRD and SEM analyses.

Figure 10(c), corresponding to the Ag-doped sample J3,
reveals prominent dome-like and circular bright structures
distributed across the surface. These three-dimensional features
are indicative of localized vertical growth, strain relaxation,
and dopant-induced nucleation mechanisms. Such dome-like
morphologies have been reported in MoS, and related TMDs as
signatures of exciton confinement and enhanced light absorption.
Their presence suggests that Ag incorporation influences surface
energy and growth kinetics, consistent with the compact grain
morphology observed in SEM and the Raman redshift attributed
to Ag-induced strain effects.

The optical microscopy results complement the structural and
vibrational analyses, highlighting the distinct growth behaviors of
J1,J2,andJ3 and the strong influence of H,O vapor and Ag doping
on the surface evolution of MoS, thin films.

4. CONCLUSION

This study investigated the influence of synthesis conditions
on the structural and compositional properties of molybdenum
disulfide (MoS,) thin films deposited on SiO, substrates by Physi-
cal Vapor Deposition (PVD). The X-ray diffraction (XRD) results
demonstrated that the introduction of water vapor during synthe-
sis favored the formation of crystalline MoS,, evidenced by the
enhanced intensity of the (002) reflection and suppression of the
MoO, phase. These findings indicate that controlled water addi-
tion acts as a growth enhancer, improving crystallinity and reduc-
ing oxidation.

For the Ag-doped sample (J3), the XRD patterns revealed
well-defined peaks corresponding to MoS,, metallic silver (Ag),
and silver nitrate (AgNO3), with nanometric crystallite sizes indic-
ative of a nanocrystalline morphology. Scanning Electron Micros-
copy (SEM) confirmed the formation of spherical, densely packed
grains, enhancing intergranular connectivity and potentially facil-
itating charge transport. Energy-Dispersive X-ray Spectroscopy
(EDS) analysis confirmed the successful and controlled incorpo-
ration of silver, while optical microscopy revealed dome-shaped
features associated with vertical growth, suggesting significant
morphological reorganization induced by Ag doping.

The results collectively confirm that both water-assisted syn-
thesis and Ag incorporation play decisive roles in determining the
crystallinity, oxidation state, and surface morphology of MoS, thin
films. Water promotes improved structural order and phase purity,
whereas silver doping modifies surface morphology and may en-
hance carrier mobility by introducing additional electronic states
and improving inter-grain contact. The ability to control these pa-
rameters is crucial for optimizing the performance of Mo§, films
in functional devices.

In particular, the MoS, film synthesized in the presence of
H,O (sample J2) exhibited superior crystallinity and minimal ox-
idation, confirmed by Raman analysis, demonstrating its potential
for use in optoelectronic and thermoelectric devices. Meanwhile,
the compact and homogeneous morphology observed in the Ag-
doped sample (J3) suggests suitability for applications in field-ef-
fect transistors (FETs), gas sensors, photodetectors, and thermo-
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electric generators, where carrier mobility and structural stability
are key factors.

These structural differences also have important implications
for optoelectronic applications, since MoS, is known for its strong
photoelectric response. The enhanced crystallinity of J2 and the
modified electronic environment induced by Ag in J3 are expected
to support improved photogenerated carrier transport, while the
oxidation observed in J1 would adversely affect photoresponse.
Thus, even though photoelectric characterization was beyond the
scope of the present study, the results presented here provide use-
ful guidelines for tailoring the optical and electronic properties of
PVD-grown MoS, films.

Future work should focus on correlating the structural mod-
ifications observed here with electrical and thermoelectric per-
formance through measurements of conductivity, Seebeck coeffi-
cient, and carrier concentration. Additional studies on the thermal
and chemical stability of the films under various environmental
conditions are also recommended. Furthermore, systematic vari-
ation of synthesis parameters, such as gas flow rate, sulfur-to-metal
ratio, and temperature profile, could yield valuable insights into
the optimization of MoS,-based materials for targeted energy con-
version and sensing applications.

Although complete thermoelectric measurements were not
included in the present study due to the lack of specialized instru-
mentation, we acknowledge their importance and plan to incorpo-
rate Seebeck coefficient and electrical conductivity tests in future
work. These assessments will enable a direct correlation between
the structural and morphological findings reported here and the
actual energy-conversion performance of the Mo$, thin films.
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