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Abstract 

This review study emphasizes the significance of MoS2 nanomaterials, 

their manufacture, and their applications. This review examined 

nanomaterials and their generation processes, concentrating on laser 

ablation and nanomaterial production. This study advances nanomaterial 

synthesis and helps discover new applications by explaining the 

fundamental concepts and aspects affecting synthesis. Future studies 

should optimize laser settings, explore novel precursor materials, and 

understand laser-induced MoS2 synthesis pathways to enable customized 

nanomaterial design and engineering. 
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 المولدة بالليزر وتطبيقاتها: مراجعة 2MoSالمواد النانوية 
 فاطمة حامد رجب ، احمد الشاعر  ،  ليال عبدالكريم جاسم

 الخلاصة: 

من    على أ همية المواد النانوية المكونة  هذه  هذه    MoS2تؤكد دراسة المراجعة  فحصت  وقد  وتطبيقاتها.  وتصنيعها 

نتاج المواد النانوية. تعمل هذه الدراسة  نتاجها، مع التركيز على الاستئصال بالليزر وا  المراجعة المواد النانوية وعمليات ا 

والجوانب  شرح المفاهيم ال ساس ية  من خلال  تطبيقات جديدة  في اكتشاف  وتساعد  تخليق المواد النانوية  تعزيز  على 

عدادات الليزر واس تكشاف المواد ال ولية  التي  تؤثر على التخليق. يجب أ ن تعمل الدراسات المس تقبلية على تحسين ا 

 .ة.المس تحثة بالليزر لتمكين تصميم وهندسة المواد النانوية المخصص MoS2الجديدة وفهم مسارات تخليق 

1. Introduction  
The definition of the nano originated from a Greek 

word that means dwarf, and it denotes a size decrease 
by a factor of 10-9 meters. The substance may be 
categorized based on its size into several classes: 
macro, meso, and macroscopic. Macroscopic, which 
the naked eye can see; mesoscopic, it has micron-scale 
dimensions, such as some cells & bacteria, and this 
scale can be viewed using optical Microscopy. 
Microscopic matter, on the other hand, refers to such 
as Atoms, and the majority of molecules have 
dimensions that are less than 1 nm. Nanoscopic 
materials are another class of matter that falls between 
microscopic and mesoscopic within the size between 
1 nm – 100 nm [1]. Nanomaterials are also known as 
nanoscopic materials. Nanoparticles have sizes that 
vary between 1 and 100 nm. These particles have 
different physical properties compared to bulk 
materials due to a higher surface area to volume ratio 
than bulk materials. Nanomaterials can be available 
with a single material or multi-material as composite 
nanomaterials. Depending on the size, the property of 
nanomaterials differs from one material to another[2]. 

For example, they are (SPR) in some metallic and 
paramagnetism in some magnetic metallic NP, 
whereas they are quantum confinement in 
semiconductors. Surface Plasmon refers to the 
collective oscillation of electrons occurring at the 
interfaces of metals and dielectrics, resulting in the 
generation of surface Plasmon polaritons upon 
stimulation by light [3]. These sensations are 
influenced by the properties of materials and incident 
light, allowing for manipulation of light at the 
nanoscale. The oscillating electric fields of incident 
light interact with the cooperative motions of electrons 
on metal surfaces, allowing surface plasmons to 
propagate along metal-dielectric interfaces, resulting in 
significant field enhancement and localization of 
electromagnetic energy. If the incoming light 
corresponds to the wave vectors of the surface 
plasmons, a reduction in the intensity of reflected or 
transmitted light, known as surface plasmon resonance 
(SPR) dip, may be seen [4]. This depression is very 
sensitive to variations in the refractive indices of 
adjacent media. Consequently, surface plasmons have 
given rise to extensive applications in label-free and 
real-time detection of biomolecular interactions, such 
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as DNA hybridizations and antibody-antigen 
recognitions, facilitating nanoscale analysis of 
biological and chemical interactions based on the 
unique properties of plasmonic materials[5]. 

Quantum confinement occurs when the size of a 
semiconductor or metal particle is comparable to or 
smaller than its exciton Bohr radius, and a material that 
displays a significant alteration in electrical or optical 
characteristics due to confinement in at least one 
dimension (1D) is termed a quantum-confined 
structure. Effects on Nanomaterials: Tunable Optical 
Properties, Enhanced Reactivity, Reduced 
Conductivity[6] 

According to their size, nanomaterials can be 
classified as fine (100-2500) nm and ultra-fine (1-100) 
nm nanomaterial, whereas according to their 
morphology, the Aspect ratio distinguishes two classes 
of nanomaterials: low aspect ratio materials, like 
nanospheres and nanocubes, and high aspect ratio 
materials, like nanowires and nanotubes [2], [7].        

Nanomaterials may be classified into four 
dimensions[2].: Zero - Dimensional nanomaterials, 
often known as 0D materials, are materials of 
dimensions at a macroscopic level and the movement 
of the electrons is confined to all three dimensions. 
nanorings, nanoclusters, and nanospheres are 
examples of this type of nanomaterials; One - 
Dimensional nanomaterials  (1D) have two dimensions 
that are inside the nano-scale range, while the 3rd 
dimension is in the macro-scale region. This indicates 
that when confined, the electrons are in their 
movement in two dimensions and can only easily 
move in the remaining dimension. These items include 
nanoneedles, nanowires, and nanotubes; Two - 
Dimensional nanomaterials  (2D): 2D materials 
possess two dimensions within the macro-scale range, 
while the remaining dimension falls within the nano-
scale range. Consequently, the electrons are confined 
to a single dimension yet have the freedom to travel in 
two dimensions. Materials that have a single dimension 
at the nanometer scale are often referred to as thin 
films and layers. [8], [9]; Three - Dimensional materials  
(3D) do not have any dimensions that are in the 
nanoscale range, while all dimensions of this material 
are in the macro-scale range. This implies that the 
electrons are not restricted to the nanoscale in any 
direction and can move freely in all three dimensions 
[7], [10]. 

 

2. Nanomaterials production techniques  
There are two basic approaches for creating 

nanomaterials: The bottom-up technique incorporates 
the collection of produced molecules from smaller 
particles to generate nanostructures. On the other 
hand, the top-down technique involves eliminating 
material from the bulk material; only the required 
nanostructures remain[11]. These two methodologies 
give materials with nanoscale as shown in Figure 1 
[12]. 

From Figure 1, it can be seen that Various 
techniques have been developed not only to synthesize 
nanoparticles but also to regulate their dimensions. 
Typically, the techniques used to generate 
nanoparticles may be categorized into three distinct 

types: Various methods, including Chemical Vapor 
Deposition (CVD), sol-gel, wet chemistry, Physical 
Vapor Deposition (PVD), pyrolysis, ion sputtering 
[13], Laser ablation is a process of removing solid 
target in a liquid environment. [14], and the utilization 
of curry leaf extract can be employed for chemical, 
physical, and biological purposes.  In recent years, 
there has been an increasing fascination with utilizing 
Laser ablation was remove a solid target in a fluid 
environment as a method for creating NPs [14]-[15]. 

 

 
Figure (1): Synthesis techniques of nanomaterials 

[10]. 
This method has been applied to generate porous 

nanoparticles [16] and nanoparticles of metal oxide 
[17] and to alter the morphology of existing 
nanoparticles [18]. Some researchers choose laser 
ablation in a liquid-filled setting for synthesizing NPs 
over other traditional techniques, such as chemical 
approaches, since it produces colloidal nanoparticles 
that are free from contaminants [19] and chemical 
reagents [20]. Moreover, this technique is a very 
uncomplicated approach for synthesizing 
nanoparticles [21]-[22]. Even though several research 
scientific papers have also been published on using 
sodium dodecyl sulphate (SDS) as a surfactant in a 
colloidal solution [13]- [23] and a Polyvinylpyrrolidone 
(PVP) solution for producing noble NPs [15]-[24], 
Phuoc et al. [21]  reported that the preparation of 
nanoparticles using the chemical methods constantly 
involves reduction reactions. Furthermore, these 
particles tend to form clusters, resulting in a reduction 
of the NPs' high – surface-area potential. However, 
this might be eliminated using the laser ablation 
method in fluid media, which may be because of the 
purity of the NPs’ substance, such as free from 
irrelevant ions or chemicals. One more disadvantage 
of chemical techniques is the need for an additional 
purification procedure after synthesizing the 
nanoparticles to eliminate unintended chemical 
byproducts [25] This is an important process for 
applications like biomedical, photocatalysis, and 
sensing devices due to their need for highly purified 
nanoparticles [26]. Hahn et al. [27] also emphasized 
that chemical techniques are constrained by factors 
such as the limited availability of materials, the 
tendency of nanoparticles to clump together, the 
presence of contaminants, and the uneven distribution 
of particle sizes. The laser ablation technique in a 
water-based solution, on the other hand, can produce 
a wide range of metal nanoparticles without any 
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limitations. This approach can be carried out using 
various liquids, which adds to its convenience. 
Additionally, the ease of the procedure is a clear 
benefit over conventional methods. 

 

3. The Mechanism of generating 
nanomaterials using laser ablation in 
liquid 

The introduction of lasers initiated a new field of 
study about the interaction between radiation and 
matter. The main observable impact of laser activity on 
a solid target is the elimination of a certain amount of 
material from the surface of the target within the area 
illuminated by the laser. The method was referred to 
as "laser ablation," derived from the Latin term 
"ablatio," meaning eradication. Researchers have 
shown significant interest in the methodology of laser 
ablation of targets in fluids throughout the last decade. 
The primary reason for this is the straightforward 
nature of the experimental configuration [28]. 

The laser ablation methodology involves directing 
a laser beam onto the workpiece's surface. This is often 
achieved by utilizing suitable optics to concentrate the 
laser beam into a certain spot size. Therefore, focusing 
the laser beam onto the surface of the material will 
cause the material to be exposed to radiation. This 
continuous exposure to the laser beam will result in a 
series of sequential reactions, including heating, 
melting, boiling, and the creation of plasma[29], [30]. 
When the photons interact with the target material, the 
force of the laser's electric field leads to the atoms' 
oscillation. Consequently, the heating process occurs, 
causing the transfer of heat to occur inside the 
substance. Through further laser irradiation, enough 
energy is absorbed by the target material to intensify 
molecular vibrations, leading to a reduction in the 
intermolecular binding energy and causing the 
substance to melt. Continuing to irradiate the target 
material with the laser after it has melted increases the 
vibration of the molecules, causing the molecular 
bonding to weaken. During this phase, the substance 
will undergo evaporation. The vapour retains its ability 
to absorb the laser light, and when there is enough 
absorption, the electrons become highly agitated, 
resulting in the transformation of the gas into a plasma 
state. Figure 2 illustrates the phenomenon of 
absorption that occurs in materials because of high 
power[29]. 

The primary distinction between laser ablation 
procedures conducted in liquids and those performed 
in a vacuum or gas is the growth of the plume. When 
the plasma plume grows in a liquid environment, it 
undergoes a more considerable compression, leading 
to a more noticeable expansion of the plume. 
Furthermore, shock waves are generated at the 
boundary between the plume and the liquid, causing 
oscillations inside the plume. The expansion of plasma 
plumes shows higher levels of temperature, pressure, 
and density compared to the confinement of air or gas, 
resulting in the vaporization of the liquid at the 
interface between the plasma and the liquid and the 
creation of liquid plasma [31],[32]. Ultimately, two 
plasmas will be combined, which may lead to chemical 

reactions between the liquid plasma and the plume 
species  [32], [33]. 

 

 
Figure (2): The phenomenon of absorption occurs 

in materials because of high power [29]. 

Nanoparticles may be generated in two ways: The 
nucleation and growth of plume species or the direct 
expulsion of liquid droplets from the target. 
Ultimately, the expanding plasma plume will be 
extinguished as a result of the cooling effect caused by 
the liquid. The quick colling duration leads to 
decreased average sizes of nanoparticles compared to 
those produced by vacuum or gas techniques [31]. 
During the early phases, the liquid plasma expands 
around the plasma plume of the material, creating a 
cavitation bubble that envelops the ablated substances. 
As the bubble enlarges, its temperature and internal 
pressure fall. The bubble will attain its maximum 
dimensions when the gas enclosed inside the bubble 
achieves a state of equilibrium with the encompassing 
liquid. When the internal pressure of the bubble 
decreases below the pressure of the surrounding 
liquid, the bubble bursts and releases a 2nd shock wave 
[34]. Nanoparticles are formed inside the cavitation 
bubble as it expands, occurring within a time range of 
(10-6) to (10-4) seconds. Gas generally exhibits lower 
heat conductivity than liquid. Consequently, the 
temperature of the NPs within the cavitation remains 
higher than the temperature of the surrounding liquid. 
As a result, the temperature differential between the 
two sides of the liquid-bubble interface causes the 
condensation and creation of nanoparticles after the 

cavitation bubble collapses [35]- [36]. Figure 3 shows 
the synthesizing procedure of NPs using laser ablation 
in a fluid solution [31]. 

The process of nanoparticles occurs via a single-
step process, leading to the instantaneous synthesis of 
nanoparticles in the liquid where the target is 
submerged. The primary characteristic of the 
procedure is that, in an ideal scenario, the liquid only 
consists of nanoparticles composed of the desired 
substance and the liquid itself. The solution is devoid 
of counterions and any remnants of reducing agents. 
Laser ablation of objects in liquids might be regarded 
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as a technique for synthesizing NPs, serving as an 
alternative approach to chemical methods [28]. 

Commercially available lasers are characterized by 
several parameters, such as average and peak powers, 
pulse repetition rate, and wavelength of emission. 
These processing parameters are important for 

generating nanoparticles with desired properties, such 
as NPs size, distribution, concentration, and chemical 
composition. Additionally, the characteristics of the 
liquid have a substantial impact on the ultimate 
properties of nanoparticles produced during laser 
ablation[28].

 
Figure (3): Synthesis of NPs using laser ablation in a fluid solution [31]. 

 

4. Factors affecting nanomaterials’ 
characteristics  

Researchers have shown significant interest in the 
distinctive characteristics of NPs, distinguishing them 
from bulk substances. These unique qualities have 
found applications in several fields, including catalysis, 
magnetism, medicine, electronics, and medicine. The 
shape and dimensions of NPs determine the distinct 
characteristics of nanoparticles [37]. Phuoc et al. [21] 
favored working with suspended NPs instead of 
micro-particles because of the benefits provided by 
their smaller dimensions. For instance, nanoparticles 
exhibit a larger variety of size- and shape-dependent 
properties compared to micro-particles. These features 
include magnetic, thermal, electrical, mechanical, and 
optical characteristics. Figure 4 provides a 
comprehensive overview of the many elements that 
influence the synthesis and manufacturing of NPs by 
the laser ablation technique [38]. 

A variety of laser processing parameters has 
different effects on the efficiency of the synthesis of 
nanoparticles. When considering laser ablation of 
materials, any laser wavelength is suitable since the 
optical properties of materials are identical throughout 
the emission range of the most used lasers. 
Nevertheless, laser light may be absorbed by 
nanoparticles formed during the target's ablation. 
Many nanoparticles absorb in the “UV- region,” which 
imposes a certain disadvantage on using “excimer UV- 
lasers” to generate NPs [28]. It was demonstrated that 
it is possible to control the size of the nano colloids by 
the photon energy of the laser (wavelength); increased 
wavelength will lead to larger particle size [38]. 

According to the effect of “laser repetition rate” " 
nanoparticles (NPs) are expelled from the solid target 

during each pulse as long as the absorbed laser energy 
is enough to melt the target in a solution. 
Consequently, when the frequency of laser pulses 
increases, the concentration of the nanoparticle 
formation also increases. However, the target might be 
screened from the laser due to residual gas bubbles 
from previous pulses using a high laser frequency or 
repetition rate. To prevent this, one may use either a 
flow cell or high scanning velocity “rotation” of the 
object [28].  

According to the effect of the laser energy, power 
intensity, or fluence, the amount of material extracted 
from a target is directly proportional to the amount of 
energy applied to the target. Nevertheless, ablation is 
limited by energy. The quantity of hot electrons 
generated by rapid ablation in a liquid is directly 
proportional to the number of electrons separated 
from the target, resulting in the formation of molten 
material. Electron-phonon collisions, influenced by 
laser pulse energy, are what the latter alludes to. 
Research findings indicate that the pace of ablation is 
dependent on the pulse energy, and there is a direct 
linear relationship between nanoparticle formation 
and pulse energy. As kinetic energy increases, the 
volume of melt and the quantities of nanomaterials 
also increase, but specific restrictions limit these 
changes. Laser fluence is another factor to consider 
when a laser beam accurately focuses on the object's 
surface. This activity leads to the creation of 
nanoparticles and nanostructures. Moreover, 
increasing the laser fluence will result in a greater 
quantity of nanoparticles compared to decreasing 
fluence. At a low laser energy level, nanoparticles’ 
distribution is quite good with a small average size. 
Nanoparticles of varying sizes will be produced at the 
intermediate fluence [39]. 
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Reports have indicated that the interaction time 
affects the size of NPs as found utilizing a collection 
of experiments. Extended ablation duration resulted in 
a proportional rise in the density of nanoparticles 
(concentration) and a decrease in size [38]. It has been 
discovered that the width of the Surface Plasmon 
Resonance (SPR) line decreases as the particle size 
increases because of the inherent size effects. As the 
duration of ablation increases, the creation of 
nanoparticles initially promoted. However, this 
increase gradually approaches a state of condition. The 
accumulation of nanoparticles forms a protective 
barrier around the laser, preventing the generation of 
additional nanoparticles once they have reached their 
critical period [40]. 

The duration of the pulse is an essential 
component in the nanoparticles’ production. 
Changing the interaction time from nanoseconds to 
pico- and femtoseconds leads to a shift in the ablation 
process. Specifically, the change from nanoseconds to 
picoseconds or femtoseconds results in a shift from 
melting as well as thermal evaporation to phase 
explosion. Decreased pulse length leads to a more 
effective ablation, causing immediate vaporization and 
a smaller heat-affected area [38]. Laser pulses are a 
crucial factor that significantly affects the amount of 
material removed by ablation. Tsuji et al. [15] 
examined the impact of laser pulsewidth on NPs’ 
production using pulses of different durations: 
microsecond, nanosecond, picosecond, and 
femtosecond. They found that the diameter of the 
holes reached their maximum size when using 
microsecond pulses with 1000 pulses and nanosecond 
pulses with 250 pulses. On the other hand, the smallest 
hole size was observed with picosecond pulses (500 
thousand pulses) and femtosecond pulses (5000 
pulses). Therefore, it can be concluded that increasing 
the pulse duration leads to increasing the size of 
nanomaterials [21]. 

 
Figure )4(: Factors and processing parameters 

affecting the synthesis process of nanoparticles using 
the laser ablation technique [38]. 

 

5. MoS2 Nanomaterial  
Molybdenum disulphide (MoS2) is an inorganic 

compound belonging to the class of transition metal 
dichalcogenides (TMDs), consisting of one 
molybdenum atom and two sulphur atoms [41]. 
Molybdenum disulfide (MoS2) is of great interest due 

to its photochemical reactivity, mechanical stability, 
and tunable electrical characteristics. These materials 
have the potential for several applications, such as 
medicine [42], [43], biology[44], catalysis [45], [46], 
Hydrogen Evolution Reaction (HER)  [47]and sensing 
[48]  . Furthermore, these materials are very cost-
effective and may be easily produced employing 
several technologies, including simple water-solution-
based processes [49] and more intricate but adaptable 
plasma and discharge - based methods [50]. The MoS2 
nano-structures can exhibit either semiconducting or 
metallic properties based on the specific synthesis 
process used, such as exfoliation, laser ablation, CVD, 
etc. These nanostructures possess the ability to exhibit 
both p-type and n-type conductivity, enabling their use 
in a wide range of applications, such as biosensors, 
solar cells, improved batteries, nanoelectronics, and 
other related fields. Due to their elevated surface 
activity and distinctive characteristics, nano-structured 
MoS2 materials show great potential for many 
biological uses, such as anti-cancer treatment and 
diagnostics. 

The two main methods used in synthesizing TMD 
nano-structures are the bottom-up and top-down 
approaches [37],[51]. The top-down method relies on 
the process of selectively removing particles from a 
substrate that is overlaid with the crystals. Conversely, 
the second method involves arranging the Crystals 
stacked on the substrate. Exfoliation is a very efficient 
technique for generating MoS2 nanomaterials [52]. 
Mechanical exfoliation entails the utilization of 
adhesive tape to remove and transfer MoS2 flakes off 
a substrate. The approach yields a small quantity and 
is suitable for laboratory applications. Exfoliation may 
be achieved in the liquid phase by adding a chemical 
agent flowed by subsequent agitation, such as stirring, 
bubbling or grinding. This approach is characterized 
by its simplicity and affordability but is also associated 
with poor quality [53] [54]. Generally, top-down 
approaches are characterized by limited controllability, 
scalability, and high expense [37].  

Physical Vapor Deposition (PVD) Ion 
implantation is a bottom-up method, like molecular 
beam epitaxy (MBE) [55]. This approach only applies 
to thin layers of Molybdenum disulfide, and the 
resultant Particle sizes exhibit variability [56]. Chemical 
Vapor Deposition (CVD) is used to deposition thick 
and thin layers. In this process, a layer of Mo is 
deposited onto a substrate and then exposed to 
Sulphur vapour. This approach exhibits high quality 
but has a very modest output. The Atomic Layer 
Deposition (ALD) technique produces thin and thick 
films. The process is deemed efficient, resulting in 
layers with reduced contaminants that may be used in 
many applications, such as sensors and electronics. 
MoS2 layers may be synthesized using chemical 
solutions by hydrothermal and solvothermal 
processes. In hydrothermal reactions, both S and Mo 
react in an aqueous solution beyond its boiling point, 
while in solvothermal reactions, high temperatures 
cause them to react non-aqueously. This method 
allows for precise control over the dimension and 
structure of the layers, enabling the production of both 
powdered and thin film forms of MoS2. It is regarded 
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as cost-effective and easily expandable. Molybdenum 
disulphide (MoS2) is produced by the chemical vapor 
deposition (CVD) method, where the Liquid organic 
precursor is used over an insulating substrate. The 
procedure is highly repeatable and yields greater 
surface areas of MoS2 layers compared to techniques 
using powdered Molybdenum oxide and sulfur[57]. 
The approach of sonication and exfoliation methods 
involves incorporating quaternary ammonium 
molecules into 2D crystals. The approach yields MoS2 
nanosheets with a remarkable performance. Atomic 
Layer Deposition (ALD) and thermal evaporation are 
two different methods of depositing thin films onto a 
substrate where the conductivity and carrier density of 
MoS2 varies in response to the thickness of the layer 
[58]. 

Molybdenum disulphide (MoS2) optical, chemical, 
and electrical properties allowed this metal 
dichalcogenide to have various applications in various 
fields. Its electrical characteristics facilitated its 
integration into the fields of nanoelectronics and 
sensor applications, which subsequently extended to 
the medical area. These materials' unique electrical 
characteristics and biocompatibility provide 
opportunities for further medicinal and therapeutic 
uses. The expansion of its application range was 
facilitated by the photoluminescence and chemical 

characteristics [59]. Regarding medical treatment, 
specifically in the context of cancer, Employing 
MoS2/GO nanocomposites for the treatment of lung 
cancer in mice and the identification of cancer, 
specifically the detection of breast cancer, by 
leveraging the photoluminescence property of 
Molybdenum disulphide (MoS2). MiRNA21c, a cancer 
biomarker, undergoes a redshift of 16 nm [60]. For 
materials with antibacterial properties, the use of 
nanohole-enhanced MoS2 to eradicate 
microorganisms has been shown [61] . Solar cells are 
devices used to convert sunlight into electricity. The 
efficiency of organometallic-halide perovskite solar 
cells may be improved by utilizing MoS2 as a buffer 
[62]. In several applications, such as those using 
terahertz (THz) frequencies, wave reflectors and 
switchable consisted of layers of MoS2, SiO2, and gold, 
where the reflection phase varies between 0 and 2π, 
with a linear phase shift depending on the geometric 
dimension [63]. A nanocomposite of MoS2-PVP 
(Polyvinyl pyridine) with ZnO is used to detect 
hydrogen, where the sensor of five mg/mL of 
nanocomposite concentration exhibits eight times 
more sensing capability than pure ZnO [64]. Figure 5 
shows the techniques to generate MoS2 nanoparticles 
and applications. 

 
Figure )5(: The techniques to generate MoS2 nanoparticles and applications. 

 

6. Review of laser-generated MoS2 
nanomaterials:  

The following review will focus on the several 
methods of generating MoS2 nanostructures:  

Tugba Oztas et al. (2014) [65] synthesized different 
shapes and sizes (μm-nm) of MoS2 structures using 
laser ablation of crystalline 2H-MoS2 powder. The 
used laser was Nd:YLF of 527 nm wavelength, 100 ns 
pulse duration, 16 W average power and 15 minutes 
ablation time. They suggested that one step ablation is 
a promising method for generating 2D-3D layered 
materials spherical fullerene-like morphology MoS2 
structures. 

Shu-Tao Song et al. (2015) [66] synthesized MoS2-
Fl NPs with an average size of around 20 nanometers 
from Mo target in DMTs reactive and argon gas by a 
1064 nm Nd: YAG ablation Laser with (25 and 45 
J/pulse, 1 Hz prr, 20 ms pulse duration, time 15 min). 

They recommended that the generated NPs could be 
effectively used as heat-resistant photoelectrical and 
photodetector switches. 

Heng Deng et al. (2016) [67] used a direct laser 
writing technique to synthesize and pattern the 
MoS2/carbon hybrids with size 20-40 nm 
nanoparticles for HER electrocatalysts. Firstly, they 
prepared MoS2/carbon hybrids from chemical 
reactions then they patterned the surface of 
MoS2/carbon hybrids using a CO2 laser. They 
reported that the DLW method to produce the 
MoS2/carbon hybrids was better than the 
conventional hydrothermal method and could be used 
for fabricating micro-catalytic reactors and micro fuel 
cells. 

Le zhou et al. (2017) [68] fabricated spherical MoS2 
NPs with 10-100nm in diameter by laser ablation of 
(1064nm in wavelength, 5Hz in frequency, 10nm in 
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Duration of a pulse, 50 mJ laser power, and 1 hour in 
exposure time) in water. They concluded that the 
surface of MoS2 NPs showed onion-like structures 
that exhibited a much higher Surface-Enhanced 
Raman Scattering (SERS) effect than the MoS2 nano-
plates produced using a traditional technique.  

Bo Li et al. (2017) [69] synthesized high-purity, 
small-sized, and uniform (ranging from 1 to 5 nm) 
monolayer MoS2 Quantum Dots (QDs) using 
femtosecond (fs) laser ablation process of MoS2 bulk 
target in water with (single or multipulse of 
0.77J/cm2). They reported that nanosheet MoS2 
exhibited a significant enhancement in their catalytic 
activity for the Hydrogen Evolution Reaction (HER). 

Makoto Kanazawa et al. (2019) [70] synthesized 
MoS2 nanoparticles using Neodymium-doped yttrium 
aluminum garnet (Nd:YAG) laser (532 nm 
wavelength, repetition frequency 10 Hz, ten ns 
fwhm/pulse, 55 mJ pulse-1) for 120 minutes on 

samples immersed in various solvents (ethanol, 
methanol, and NMP of 40 ml) and they studied the 
effect of solvents on the NP characteristics. The 
researchers discovered that the shape and dimensions 
of the MoS2 NPs were influenced by the kind of 
solvent used in the laser ablation process. 

Brian Ko et al. (2020) [71] synthesized MoS2 
nanosheets with an average size of (300 to 400 nm) 
and a specific thickness of multilayer (~10nm) using 
the exfoliation/lithium–intercalation method with 

used fs laser (800 nm wavelength, 100 fs, and 30 nm 

FWHM). They reported that This process could be an 
alternative to coinage metals like gold and silver. 

Changj Pan et al. (2020) [72] used ultrashort laser 
to irradiation micro size MoS2 and analyzed the effect 
of pulse duration (1-100 ps) and laser fluence (0.4,0.15 

J / cm²) on transient reflectivity of MoS2 material both 

experimentally and theoretically, and they achieved 
two kinds of structure for MoS2. They simulated the 
electron, lattice and reflectivity of laser interaction of 
MoS2 depending on the used laser fluence. Two kinds 
of laser ablation were detected. They reported that 
their result could be useful for understanding the 
mechanism of ultrafast laser interaction with material.  

Mitra Mahdavi et al. (2020) [73] MoS2 nanosheets 
have been successfully generated with a high level of 
uniformity, purity, and a few layers with nanometer 
lateral dimension and wide band gap 4.7ev by using the 
hydrothermal method, followed by the reduction 
method using Nd: YAG pulsed laser irradiation (7mm 
beam diameter, 5ns pulse duration and 15 min) with 
various energies between 40 and 80 mJ. The result 
displayed that the widest band gap (4.7ev) was for the 
sample irradiated under 80 mJ energy of the laser.  

Fan Ye et al. (2021) [74] used fs laser irradiation 
(800nm, 35fs, and 1 kHz) to prepare MoS2 nanosheets 
with an average size of 30 nm by suspending MoS2 
powder in an ethanol/water mixture and investigated 
the impact of ultrafine Laser radiation time and 
ethanol in water concentration on oxidation of 
prepared nanomaterial and compared their results with 
conventional hydrothermal process. They found that 
fs laser could break the chemical bonds of MoS2 
efficiently. They conculcated that 80 and 90% ethanol 

concentration was the optimum one for synthesized 
plasmonic MoO3-x at 30 min radiation time, which 
could be used for photothermal cancer therapy.  

Anton S. Chernikov et al. (2023) [75] Synthesized 
molybdenum disulfide (MoS2) NPs via a femtosecond 
Yb:KGW laser ablation process in a liquid (Deionized 
water and ethanol) with (1030 nm wavelength, 150 mJ 
energy, 280 fs pulse duration, and 10 kHz PRR. and 
through laser fragmentation, which causes a 
transformation of MoS2 into its oxide MoO3x, the 
obtained NPs can be used in medical diagnostics as 
nano catalysts for chemical reactions. 

Samira Moniri et al. (2021)[76] prepared MoS2 NPs 
by (ns laser ablation process in ethylene glycol) using a 
Nd: YAG Laser (Q-switched) at various wavelengths 

(1064 and 532 nm). They reported that the MoS2 NPs 
synthesized at 1064 nm showed a 3.95-fold increase in 
absorption peak intensity compared to those prepared 
at a wavelength of 532 nm. When the laser wavelength 
was increased, the mean particle size dropped 22 - 13 
nm because of a photo fragmentation phenomenon.  

ZUO Pei et al. (2023) [77] Produced MoS2 core-
shell nanoparticles using femtosecond laser pulses 
which had the following specifications: a laser pulse 
energy of 250 µJ, a scanning speed of 400 µm/s, a scan 
spacing of 20 µm, and a scan duration of one hour. 
The MoS2 bulk target was exposed to varying amounts 
of sodium chloride solution by irradiation. The mean 
diameter of MoS2 nanoparticles was 28 nm. The MoS2 
core-shell nanoparticles were used as a reducing agent 
and Surface-Enhanced Raman Scattering (SERS) 
substrates for biological sensing and chemical 
applications. 

Tingwei Xu et al (2024) [78] prepared MoS2 
nanostructured via ultraviolet krypton fluoride (KrF) 
excimer pulse of 7 Hz frequency, 31–33 mJ energy per 
pulse with the laser spot size of 4 mm × 10 mm, and 
total pulse numbers were 2000–2500 pulses. was 
demonstrated a photodetector by integrating PbS 
CQDs with laser-assisted synthesized MoS2. The 
photodetector exhibited a competitive photo-response 
performance across various wavelengths (365–1550 
nm). 

Table 1 Listed all previous work related to laser 
generation MoS2 NP and the Figure 6 shows the laser 
systems used for the synthesis of MoS2 nanomaterial 
over the past ten years. 

 
Figure )6(: The laser systems used for the 

synthesis of MoS2 nanomaterials over the past ten 
years. 
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As we mentioned above, the generation of MoS2 
nanoparticles by laser ablation has emerged as a 
cornerstone in nanomaterial synthesis. It is renowned 
for the remarkable properties of the nanoparticles it 

produces. We noticed the fs laser ablation in water was 
synthesizes nanoparticles with a small size of about (1-
5nm). 

 

Table )1(: Review of Laser generated MoS2 nanomaterials 

Author Year Laser Process Size of NP Application Ref. 

Tugba Oztas 2014 
 Nd:YLF 

ablation laser 
laser ablation of crystalline 

2H-MoS2 powder 
μm-nm - [65] 

Shu-Tao 2015 
Nd: YAG 

ablation laser 
from Mo target in DMTs 

reactive and argon gas 
20 nm 

used as heat-resistant 
photoelectrical and 

photodetector switches 

[79] 

Heng Deng 2016 CO2 laser 
used a direct laser writing 

method 
20-40 nm 

fabricating micro catalytic 
reactors and micro fuel 

cells 

[67] 

Le zhou 2017 
Nd: YAG 

ablation laser 
by laser ablation 

10-100nm in 
diameter 

enhanced Raman 
scattering (SERS) effect 

[68] 

Bo Li 2017 fs laser 
laser ablation process of 
MoS2 bulk target in the 

water 

1-5 nm 
enhancement in their 

catalytic activity for the 
HER. 

[69] 

Makoto 
Kanazawa 

2019 Nd: YAG laser 
Laser ablation in different 

solvents 
- - [70] 

Brian Ko 2020 Fs laser 
using the lithium–

intercalation/ exfoliation 
method 

300-400nm 
used as an alternative to 
coinage metals for use 
with sensitive samples 

[71] 

Changj pan 2020 Ultrashort laser 
irradiation micro size 

MoS2 
- - [72] 

Mitra Mahdavi 2020 
Nd: YAG 

pulsed laser 

hydrothermal method, 
followed using laser 

irradiation 

- - [73] 

Fan Ye 2021 Fs laser 
suspending MoS2 powder 
in ethanol/water mixture 

30 nm 
photothermal cancer 

therapy 
[74] 

Anton S. 
Chernikov 

2023 
 Yb:KGW 

Fs laser 
laser ablation process 

range from 30 
to 340 nm 

 medical diagnostics as 
nanocatalysts for chemical 

reactions 
[80] 

Samira Moniri 2023 
Q-switched Nd: 

YAG laser 
nanosecond laser ablation 
process in ethylene glycol 

13-22 nm 
increase in absorption 

peak intensity 
[76] 

Zuo Pei 2023 
Fs laser pulse 
Ti: sapphire 
laser system 

irradiated MoS2 bulk target 
in different concentrations 

of sodium chloride 
solution 

28 nm 
used as SERS substrates 

for biological and 
chemical sensing 

[77] 

Tingwei Xu 2024 
krypton fluoride 
(KrF) excimer 

pulse laser 

ultraviolet laser-assisted 
synthesis technology 

5 nm photodetector [78] 

 

7. Conclusions 
In conclusion, this review paper highlights the 

importance of MoS2 nanomaterials and its synthesis 
methods and applications. This review focused on 
reviewing the importance of nanomaterials and 
generation methods by focusing on the laser 
generation of nanomaterials technique and mechanism 
of ablation. the technique’s versatility allows the 
fabrication of nanoparticles with diverse compositions 
and applications. By elucidating the underlying 
principles and key factors influencing the synthesis 
process, this work contributes to the advancement of 
nanomaterial synthesis and facilitates the development 
of innovative applications. Future research efforts 
should focus on further optimizing laser parameters, 
exploring novel precursor materials, and elucidating 
the mechanisms governing laser-induced MoS2 
synthesis to unlock new opportunities for tailored 

nanomaterial design and engineering. Based on the 
review the most used lasers for MoS2 Nano materials 
generation are the fs and Nd:YAG. 

 

8. References 
[1] M. Pattanayak and P. L. Nayak, “Ecofriendly green 

synthesis of iron nanoparticles from various plants 
and spices extract,” Int. J. Plant, Anim. Environ. 
Sci., vol. 3, no. 1, pp. 68–78, 2013.   

[2] B. Mekuye and B. Abera, “Nanomaterials: An 
overview of synthesis, classification, 
characterization, and applications,” Nano Select, 
vol. 4, no. 8, pp. 486–501, Aug. 2023. DOI: 
10.1002/nano.202300038 

[3] J. Guang et al., “Flexible and speedy preparation of 
large-scale polystyrene monolayer through 
hemispherical-depression-assisted self-assembling 
and vertical lifting,” ACS Appl. Polym. Mater., vol. 



NJES 28(3)351-361, 2025 
Jasim et al. 

359 

5, no. 4, pp. 2674–2683, 2023.  DOI: 
10.1021/acsapm.2c02154 

[4] Q. Wang et al., “Research on Fiber Optic Surface 
Plasmon Resonance Biosensors: A Review,” 
Photon. Sens., vol. 14, no. 2, p. 240201, 2024. 
DOI:10.1007/s13320-024-0753-3 

[5] A. C. Chaity, “Highly sensitive photonic crystal 
fiber biosensor based on surface plasmon 
resonance for six distinct types of cancer 
detection,” Plasmonics, vol. 19, no. 4, pp. 1891–
1902, 2024.   

DOI: 10.1007/s11468-024-01888-6 
[6] T. Edvinsson, “Optical quantum confinement and 

photocatalytic properties in two-, one-and zero-
dimensional nanostructures,” R. Soc. Open Sci., 
vol. 5, no. 9, p. 180387, 2018. DOI: 
10.1098/rsos.180387 

[7] N. Baig, I. Kammakakam, and W. Falath, 
“Nanomaterials: A review of synthesis methods, 
properties, recent progress, and challenges,” Mater. 
Adv., vol. 2, no. 6, pp. 1821–1871, 2021.   

DOI: 10.1039/D0MA00807A 
[8] P. G. Kuzmin et al., “Porous nanoparticles of Al 

and Ti generated by laser ablation in liquids,” Appl. 
Surf. Sci., vol. 258, no. 23, pp. 9283–9287, 2012.   

DOI: 10.1016/j.apsusc.2012.06.038 
[9] Y.-H. Chen and C.-S. Yeh, “Laser ablation method: 

use of surfactants to form the dispersed Ag 
nanoparticles,” Colloids Surf. A Physicochem. Eng. 
Asp., vol. 197, no. 1–3, pp. 133–139, 2002.   

DOI: 10.1016/S0927-7757(01)00997-6 
[10] E. U. Rafailov, The Physics and Engineering of 

Compact Quantum Dot-Based Lasers for 
Biophotonics. Chichester, UK: John Wiley & Sons, 
2013.  

[11] H.-X. Zhang, U. Siegert, R. Liu, and W.-B. Cai, 
“Facile fabrication of ultrafine copper nanoparticles 
in organic solvent,” Nanoscale Res. Lett., vol. 4, pp. 
705–708, 2009. DOI: 10.1007/s11671-009-9303-6 

[12] P. Khanna, A. Kaur, and D. Goyal, “Algae-based 
metallic nanoparticles: Synthesis, characterization 
and applications,” J. Microbiol. Methods, vol. 163, 
p. 105656, 2019. DOI: 
0.1016/j.mimet.2019.105656 

[13] F. Mafuné, J. Kohno, Y. Takeda, T. Kondow, and 
H. Sawabe, “Structure and stability of silver 
nanoparticles in aqueous solution produced by laser 
ablation,” J. Phys. Chem. B, vol. 104, no. 35, pp. 
8333–8337, 2000. DOI: 10.1021/jp001761r 

[14] P. Singh and R. B. Raja, “Biological synthesis and 
characterization of silver nanoparticles using the 
fungus Trichoderma harzianum,” Asian J. Exp. 
Biol. Sci., vol. 2, no. 4, pp. 600–605, 2011.   

[15] T. Tsuji et al., “Preparation of silver nanoparticles 
by laser ablation in polyvinylpyrrolidone solutions,” 
Appl. Surf. Sci., vol. 254, no. 16, pp. 5224–5230, 
2008. DOI: 10.1016/j.apsusc.2008.02.174 

[16] P. G. Kuzmin et al., “Porous nanoparticles of Al 
and Ti generated by laser ablation in liquids,” Appl. 
Surf. Sci., vol. 258, no. 23, pp. 9283–9287, 2012.   

DOI: 10.1016/j.apsusc.2012.06.038 
[17] Z. Liu et al., “Generation of metal-oxide 

nanoparticles using continuous-wave fibre laser 

ablation in liquid,” J. Micromech. Microeng., vol. 
19, no. 5, p. 054008, 2009.  

DOI: 10.1088/0960-1317/19/5/054008 
[18] T. Tsuji, Y. Okazaki, and M. Tsuji, “Photo-

induced morphological conversions of silver 
nanoparticles prepared using laser ablation in 
water—Enhanced morphological conversions 
using halogen etching,” J. Photochem. Photobiol. A 
Chem., vol. 194, no. 2–3, pp. 247–253, 2008. DOI: 
10.1016/j.jphotochem.2007.10.006 

[19] B. Fei et al., “Preparation and size characterization 
of silver nanoparticles produced by femtosecond 
laser ablation in water,” Chin. Phys. Lett., vol. 25, 
no. 12, p. 4463, 2008. DOI: 10.1088/0256-
307X/25/12/063 

[20] T. Tsuji, T. Kakita, and M. Tsuji, “Preparation of 
nano-size particles of silver with femtosecond laser 
ablation in water,” Appl. Surf. Sci., vol. 206, no. 1–
4, pp. 314–320, 2003. DOI: 10.1016/S0169-
4332(02)00994-5 

[21] T. X. Phuoc, Y. Soong, and M. K. Chyu, 
“Synthesis of Ag-deionized water nanofluids using 
multi-beam laser ablation in liquids,” Opt. Lasers 
Eng., vol. 45, no. 12, pp. 1099–1106, 2007. DOI: 
10.1016/j.optlaseng.2007.02.005 

[22] T. Tsuji, T. Hamagami, T. Kawamura, J. Yamaki, 
and M. Tsuji, “Laser ablation of cobalt and cobalt 
oxides in liquids: influence of solvent on 
composition of prepared nanoparticles,” Appl. 
Surf. Sci., vol. 243, no. 1–4, pp. 214–219, 2005. 
DOI: 10.1016/j.apsusc.2004.09.093 

[23] C. H. Liang, Y. Shimizu, T. Sasaki, and N. 

Koshizaki, “Preparation of ultrafine TiO₂ 
nanocrystals via pulsed-laser ablation of titanium 
metal in surfactant solution,” Appl. Phys. A, vol. 80, 
pp. 819–822, 2005. DOI: 10.1007/s00339-004-
3147-3 

[24] T. Tsuji, T. Mizuki, S. Ozono, and M. Tsuji, 
“Laser-induced silver nanocrystal formation in 
polyvinylpyrrolidone solutions,” J. Photochem. 
Photobiol. A Chem., vol. 206, no. 2–3, pp. 134–139, 
2009. DOI: 10.1016/j.jphotochem.2009.07.007 

[25] A. Hahn, S. Barcikowski, and B. N. Chichkov, 
“Influences on nanoparticle production during 
pulsed laser ablation,” Pulse, vol. 40, no. 45, p. 50, 
2008.   

[26] P. D. Cozzoli et al., “Photocatalytic synthesis of 

silver nanoparticles stabilized by TiO₂ nanorods: A 
semiconductor/metal nanocomposite in 
homogeneous nonpolar solution,” J. Am. Chem. 
Soc., vol. 126, no. 12, pp. 3868–3879, 2004. DOI: 
10.1021/ja039812e 

[27] A. Hahn and S. Barcikowski, “Production of 
bioactive nanomaterial using laser generated 
nanoparticles,” J. Laser Micro/Nanoeng., vol. 4, pp. 
51–54, 2009. DOI: 10.2961/jlmn.2009.01.0013 

[28] G. Yang, Laser Ablation in Liquids: Principles and 
Applications in the Preparation of Nanomaterials. 
Boca Raton, FL: CRC Press, 2012.   

[29] W. M. Steen and J. Mazumder, Laser Material 
Processing. London: Springer Science & Business 
Media, 2010.   

[30] A. Lipovka et al., “Laser Processing of Emerging 
Nanomaterials for Optoelectronics and 



NJES 28(3)351-361, 2025 
Jasim et al. 

360 

Photocatalysis,” Adv. Opt. Mater., vol. 12, no. 17, 
p. 2303194, 2024. DOI:10.1002/adom.202303194 

[31] N. G. Semaltianos, “Nanoparticles by laser 
ablation,” Crit. Rev. Solid State Mater. Sci., vol. 35, 
no. 2, pp. 105–124, 2010. DOI: 
10.1080/10408431003788267 

[32] S. I. Al-Nassar and F. I. Hussein, “The effect of 
laser pulse energy on ZnO nanoparticles formation 
by liquid phase pulsed laser ablation,” J. Mater. Res. 
Technol., vol. 8, no. 5, pp. 4026–4031, 2019.  DOI: 
10.1016/j.jmrt.2019.07.008 

[33] Y.-L. Wang, W. Xu, Y. Zhou, L.-Z. Chu, and G.-
S. Fu, “Influence of pulse repetition rate on the 
average size of silicon nanoparticles deposited by 
laser ablation,” Laser Part. Beams, vol. 25, no. 1, pp. 
9–13, 2007. DOI: 10.1017/S0263034607000014 

[34] M. Aliofkhazraei, Handbook of Nanoparticles. 
Cham, Switzerland: Springer, 2016. DOI: 
10.1007/978-3-319-15338-4 

[35] Z. Hussain et al., “Silver nanoparticles: A 
promising nanoplatform for targeted delivery of 
therapeutics and optimized therapeutic efficacy,” in 
Metal Nanoparticles for Drug Delivery and 
Diagnostic Applications, Elsevier, 2020, pp. 141–
173. DOI: 10.1016/B978-0-12-816960-5.00006-4 

[36] Z. Xiu, Q. Zhang, H. L. Puppala, V. L. Colvin, 
and P. J. J. Alvarez, “Negligible particle-specific 
antibacterial activity of silver nanoparticles,” Nano 
Lett., vol. 12, no. 8, pp. 4271–4275, 2012. DOI: 
10.1021/nl301934w 

[37] Á. Coogan and Y. K. Gun’ko, “Solution-based 
‘bottom-up’ synthesis of group VI transition metal 
dichalcogenides and their applications,” Mater. 
Adv., vol. 2, no. 1, pp. 146–164, 2021. DOI: 
10.1039/D0MA00663K 

[38] H. Naser et al., “The role of laser ablation 
technique parameters in synthesis of nanoparticles 
from different target types,” J. Nanopart. Res., vol. 
21, pp. 1–28, 2019. DOI: 10.1007/s11051-019-
4602-3 

[39] L. El Nadi, M. Ezzat, and Y. Ismail, “Structural 
and Optical Properties of Nano-Silicon Fabricated 
by Liquid Phase Laser Ablation Method.”   

[40] H. S. Desarkar, P. Kumbhakar, and A. K. Mitra, 
“Effect of ablation time and laser fluence on the 
optical properties of copper nano colloids prepared 
by laser ablation technique,” Appl. Nanosci., vol. 2, 
pp. 285–291, 2012.DOI: 10.1007/s13204-012-
0077-5 

[41] Z. He and W. Que, “Molybdenum disulfide 
nanomaterials: Structures, properties, synthesis and 
recent progress on hydrogen evolution reaction,” 
Appl. Mater. Today, vol. 3, pp. 23–56, 2016.DOI: 
10.1016/j.apmt.2016.02.001 

[42] C. Moore et al., “Industrial grade 2D molybdenum 

disulphide (MoS₂): an in vitro exploration of the 
impact on cellular uptake, cytotoxicity, and 
inflammation,” 2D Mater., vol. 4, no. 2, p. 025065, 
2017. DOI: 10.1088/2053-1583/aa5e2z 

[43] P. Shah, T. N. Narayanan, C.-Z. Li, and S. 
Alwarappan, “Probing the biocompatibility of 

MoS₂ nanosheets by cytotoxicity assay and electrical 
impedance spectroscopy,” Nanotechnology, vol. 26, 

no. 31, p. 315102, 2015. DOI: 10.1088/0957-
4484/26/31/315102 

[44] W. Feng et al., “Flower-like PEGylated MoS₂ 
nanoflakes for near-infrared photothermal cancer 
therapy,” Sci. Rep., vol. 5, p. 17422, 2015. DOI: 
10.1038/srep17422 

[45] R. Toy, P. M. Peiris, K. B. Ghaghada, and E. 
Karathanasis, “Shaping cancer nanomedicine: the 
effect of particle shape on the in vivo journey of 
nanoparticles,” Nanomedicine, vol. 9, no. 1, pp. 121–
134, 2014. DOI: 10.2217/nnm.13.191 

[46] S. Fukuzumi, Y.-M. Lee, H. S. Ahn, and W. Nam, 

“Mechanisms of catalytic reduction of CO₂ with 
heme and nonheme metal complexes,” Chem. Sci., 
vol. 9, no. 28, pp. 6017–6034, 2018. DOI: 
10.1039/C8SC01442A 

[47] L. Zhang et al., “In situ laser-assisted synthesis of 

MoS₂ anchored on 3D porous graphene foam for 
enhanced alkaline hydrogen generation,” Catal. Sci. 
Technol., vol. 14, no. 9, pp. 2646–2653, 2024. DOI: 
10.1039/D3CY01962A 

[48] J. K. Nayak, P. K. Maharana, and R. Jha, 
“Dielectric over-layer assisted graphene, its oxide 

and MoS₂-based fibre optic sensor with high field 
enhancement,” J. Phys. D Appl. Phys., vol. 50, no. 40, 
p. 405112, 2017. DOI: 10.1088/1361-6463/aa84a2 

[49] I. Levchenko et al., “Lightning under water: 
Diverse reactive environments and evidence of 
synergistic effects for material treatment and 
activation,” Appl. Phys. Rev., vol. 5, no. 2, 2018. 
DOI: 10.1063/1.5026644 

[50] O. Baranov et al., “Towards universal plasma-
enabled platform for the advanced nanofabrication: 
Plasma physics level approach,” Rev. Mod. Plasma 
Phys., vol. 2, pp. 1–49, 2018. DOI: 10.1007/s41614-
018-0016-5 

[51] J. Sun et al., “Synthesis methods of two-

dimensional MoS₂: A brief review,” Crystals (Basel), 
vol. 7, no. 7, p. 198, 2017. DOI: 
10.3390/cryst7070198 

[52] X. Feng et al., “Liquid-exfoliated MoS₂ by 
chitosan and enhanced mechanical and thermal 

properties of chitosan/MoS₂ composites,” 
Compos. Sci. Technol., vol. 93, pp. 76–82, 2014. 
DOI: 10.1016/j.compscitech.2014.09.003 

[53] L. Muscuso et al., “Optical, vibrational, and 

structural properties of MoS₂ nanoparticles 
obtained by exfoliation and fragmentation via 
ultrasound cavitation in isopropyl alcohol,” J. Phys. 
Chem. C, vol. 119, no. 7, pp. 3791–3801, 2015. 
DOI: 10.1021/jp511982t 

[54] M. J. Crane et al., “Rapid synthesis of transition 
metal dichalcogenide–carbon aerogel composites 
for supercapacitor electrodes,” Microsyst. 
Nanoeng., vol. 3, p. 17013, 2017. DOI: 
10.1038/micronano.2017.13 

[55] S. Vishwanath et al., “Comprehensive structural 

and optical characterization of MBE grown MoSe₂ 
on graphite, CaF₂ and graphene,” 2D Mater., vol. 2, 
no. 2, p. 024007, 2015. DOI: 10.1088/2053-
1583/2/2/024007 

https://doi.org/10.1007/s13204-012-0077-5
https://doi.org/10.1007/s13204-012-0077-5
https://doi.org/10.1016/j.apmt.2016.02.001
https://doi.org/10.1088/2053-1583/aa5e2z
https://doi.org/10.1088/0957-4484/26/31/315102
https://doi.org/10.1088/0957-4484/26/31/315102
https://doi.org/10.1038/srep17422
https://doi.org/10.2217/nnm.13.191
https://doi.org/10.1039/C8SC01442A
https://doi.org/10.1039/D3CY01962A
https://doi.org/10.1088/1361-6463/aa84a2
https://doi.org/10.1063/1.5026644
https://doi.org/10.1007/s41614-018-0016-5
https://doi.org/10.1007/s41614-018-0016-5


NJES 28(3)351-361, 2025 
Jasim et al. 

361 

[56] M. Aliofkhazraei and N. Ali, “PVD technology in 
fabrication of micro-and nanostructured coatings,” 
2014.   

[57] F. Wang et al., “Hydrothermal synthesis of flower-
like molybdenum disulfide microspheres and their 
application in electrochemical supercapacitors,” 
RSC Adv., vol. 8, no. 68, pp. 38945–38954, 2018. 
DOI: 10.1039/C8RA07494A 

[58] S. J. Kim et al., “Large-scale growth and 
simultaneous doping of molybdenum disulfide 
nanosheets,” Sci. Rep., vol. 6, p. 24054, 2016. DOI: 
10.1038/srep24054 

[59] D. K. Polyushkin et al., “Analogue two-
dimensional semiconductor electronics,” Nat. 
Electron., vol. 3, no. 8, pp. 486–491, 2020. DOI: 
10.1038/s41928-020-0450-3 

[60] S. Catalán-Gómez et al., “Breast cancer biomarker 
detection through the photoluminescence of 

epitaxial monolayer MoS₂ flakes,” Sci. Rep., vol. 10, 
p. 16039, 2020. DOI: 10.1038/s41598-020-73136-4 

[61] T. Shi et al., “Nanohole-boosted electron 
transport between nanomaterials and bacteria as a 
concept for nano–bio interactions,” Nat. 
Commun., vol. 12, p. 493, 2021. DOI: 
10.1038/s41467-020-20782-6 

[62] M. Liang et al., “Improving stability of 
organometallic-halide perovskite solar cells using 
exfoliation two-dimensional molybdenum 
chalcogenides,” NPJ 2D Mater. Appl., vol. 4, p. 40, 
2020. DOI: 10.1038/s41699-020-00173-9 

[63] E. Dejband et al., “Switchable Abnormal THz 
Wave Reflector Based on Molybdenum Disulfide 

(MoS₂),” in Proc. 5th Int. Conf. Millimeter-Wave 
and Terahertz Technologies (MMWaTT), IEEE, 
2018, pp. 58–61. DOI: 
10.1109/MMWaTT.2018.8558842 

[64] N. Goel et al., “MoS₂-PVP Nanocomposites 
Decorated ZnO Microsheets for Efficient 
Hydrogen Detection,” IEEE Sens. J., vol. 21, no. 7, 
pp. 8878–8885, 2021. DOI: 
10.1109/JSEN.2020.3045824 

[65] T. Oztas et al., “Synthesis of colloidal 2D/3D 

MoS₂ nanostructures by pulsed laser ablation in an 
organic liquid environment,” J. Phys. Chem. C, vol. 
118, no. 51, pp. 30120–30126, Dec. 2014. DOI: 
10.1021/jp505858h 

[66] S. T. Song et al., “Millisecond laser ablation of 

molybdenum target in reactive gas toward MoS₂ 
fullerene-like nanoparticles with thermally stable 
photoresponse,” ACS Appl. Mater. Interfaces, vol. 
7, no. 3, pp. 1949–1954, Jan. 2015. DOI: 
10.1021/am508750y 

[67] H. Deng et al., “Laser induced MoS₂/carbon 
hybrids for hydrogen evolution reaction catalysts,” 
J. Mater. Chem. A, vol. 4, no. 18, pp. 6824–6830, 
2016. DOI: 10.1039/C5TA09322H 

[68] L. Zhou et al., “Onion-Structured Spherical MoS₂ 
Nanoparticles Induced by Laser Ablation in Water 
and Liquid Droplets’ Radial Solidification/Oriented 
Growth Mechanism,” J. Phys. Chem. C, vol. 121, 
no. 41, pp. 23233–23239, Oct. 2017. DOI: 
10.1021/acs.jpcc.7b07784 

[69] B. Li et al., “Preparation of Monolayer MoS₂ 
Quantum Dots using Temporally Shaped 

Femtosecond Laser Ablation of Bulk MoS₂ Targets 
in Water,” Sci. Rep., vol. 7, p. 10632, Dec. 2017. 
DOI: 10.1038/s41598-017-10632-3 

[70] M. Kanazawa et al., “Effects of the solvent during 

the preparation of MoS₂ nanoparticles by laser 
ablation,” J. Phys. Conf. Ser., vol. 1230, p. 012100, 
Sep. 2019. DOI: 10.1088/1742-
6596/1230/1/012100 

[71] B. Ko et al., “Multi-pulse laser-induced bubble 

formation and nanoparticle aggregation using MoS₂ 
nanoparticles,” Sci. Rep., vol. 10, p. 72689, Dec. 
2020. DOI: 10.1038/s41598-020-72689-x 

[72] C. Pan et al., “Ultrafast optical response and 
ablation mechanisms of molybdenum disulfide 
under intense femtosecond laser irradiation,” Light 
Sci. Appl., vol. 9, p. 318, Dec. 2020. DOI: 
10.1038/s41377-020-0318-8 

[73] M. Mahdavi, S. Kimiagar, and F. Abrinaei, 

“Preparation of few-layered wide bandgap MoS₂ 
with nanometer lateral dimensions by applying laser 
irradiation,” Crystals (Basel), vol. 10, no. 3, p. 164, 
Mar. 2020. DOI: 10.3390/cryst10030164 

[74] F. Ye et al., “Synthesis of Two-Dimensional 
Plasmonic Molybdenum Oxide Nanomaterials by 
Femtosecond Laser Irradiation,” Chem. Mater., vol. 
33, no. 12, pp. 4510–4521, Jun. 2021. DOI: 
10.1021/acs.chemmater.1c00732 

[75] A. S. Chernikov et al., “Tunable optical properties 
of transition metal dichalcogenide nanoparticles 
synthesized by femtosecond laser ablation and 
fragmentation,” J. Mater. Chem. C, vol. 11, no. 10, 
pp. 3493–3503, Feb. 2023. DOI: 
10.1039/D2TC05235K 

[76] S. Moniri, A. H. Mohammad Zadeh, A. H. 
Ramezani, and M. R. Hantehzadeh, “Influence of 
laser wavelength on the optical and structural 

properties of MoS₂ nanoparticles prepared via laser 
irradiation in ethylene glycol,” J. Laser Appl., vol. 33, 
no. 3, p. 032013, Jul. 2021. DOI: 
10.2351/7.0000361 

[77] P. Zuo et al., “MoS₂ core-shell nanoparticles 
prepared through liquid-phase ablation and light 
exfoliation of femtosecond laser for chemical 
sensing,” Sci. China Technol. Sci., vol. 66, no. 3, pp. 
853–862, Mar. 2023. DOI: 10.1007/s11431-022-
2270-9 

[78] T. Xu et al., “Rapid and large-scale synthesis of 

MoS₂ via ultraviolet laser-assisted technology for 
photodetector applications,” Nanotechnology, vol. 35, 
no. 32, Aug. 2024. DOI: 10.1088/1361-
6528/ad2571 

[79] S. T. Song, L. Cui, J. Yang, and X. W. Du, 
“Millisecond laser ablation of molybdenum target in 

reactive gas toward MoS₂ fullerene-like 
nanoparticles with thermally stable 
photoresponse,” ACS Appl. Mater. Interfaces, vol. 7, 
no. 3, pp. 1949–1954, Jan. 2015. DOI: 
10.1021/am508750y 

[80] M. Zhang et al., “Visible light-induced antibacterial 

effect of MoS₂: Effect of the synthesis methods,” 
Chem. Eng. J., vol. 411, May 2021. DOI: 
10.1016/j.cej.2021.128517 

 

https://doi.org/10.1038/s41598-020-72689-x
https://doi.org/10.1038/s41377-020-0318-8
https://doi.org/10.3390/cryst10030164
https://doi.org/10.1021/acs.chemmater.1c00732
https://doi.org/10.1039/D2TC05235K
https://doi.org/10.2351/7.0000361
https://doi.org/10.1007/s11431-022-2270-9
https://doi.org/10.1007/s11431-022-2270-9
https://doi.org/10.1088/1361-6528/ad2571
https://doi.org/10.1088/1361-6528/ad2571
https://doi.org/10.1021/am508750y
https://doi.org/10.1016/j.cej.2021.128517


NJES 28(3)351-361, 2025 
Jasim et al. 

362 

 


