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Molybdenum disulfide (MoS2) is a promising nanomaterial with a wide range of 

applications. Its outstanding properties, good biocompatibility, and band gap 

characteristics allow it to be used in biosensing, electronics, optoelectronics, and 

biological and medical applications. Furthermore, Biopolymers, including chitosan and 

PEG, are regarded as the most promising materials in the medical domain. This work 

aims to synthesize MoS2, MoS2-CS, and MoS2-PEG using laser ablation and study their 

morphological characteristics, antibacterial, and anticancer activities. Therefore, MoS2 

nanoparticles are generated using a Fiber laser in this work. Then, the MoS2-Cs and 

MoS2-PEG nanocomposites were prepared by adding previously prepared MoS2 

particles to the CS and PEG polymers. A comprehensive examination of the 

manufactured composites was performed using X-ray diffraction analysis (XRD), 

transmission electron microscopy (TEM), ultraviolet-visible spectroscopy (UV–Vis), 

energy Dispersive X-ray (EDX), Raman spectroscopy, and Fourier transform infrared 

spectroscopy (FTIR) to validate the quality and content of the newly prepared 

composites. Based on the results, MoS2NPs show a minimum average size of 20 nm 

generated using 3.2 J/m2, 250 mm/s, 127 ns pulse duration, 30 Hz pulse repetition rate, 

and 3 minutes irradiation. Furthermore, the recorded average size of MoS2-CS and 

MoS2-PEG nanocomposite were 10.5 nm and 7.8 nm, respectively. The MoS2-CS 

hybrid nanocomposite showed the highest antibacterial activity against E. coli bacteria, 

while MoS2-CS and MoS2-PEG showed the highest antibacterial activity against S. 

aureus bacteria compared to pure MoS2 NPs. The anticancer analysis demonstrated that 

the MoS2-CS nanocomposite presented the highest cytotoxic effect against the A549 

cell compared to MoS2and MoS2-PEG.  
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1. Introduction  

In recent years, there has been a growing 

interest in 2D nanomaterials due to 

advancements in nanotechnology [1]. 

Nowadays, there has been significant progress 

in the development of MoS2 nanomaterials for 

applications in energy storage [2], electronics 

[3], and catalysis [4]. The use of MoS2 

nanoparticles in biomedicine has emerged as a 

new and highly discussed subject in recent 
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years. These materials exhibit greater sensitivity 

and may be used as excellent nano-probes for 

cancer therapy [5-7] and antibacterial agents [8]. 

MoS2 nanomaterials are used in constructing 

various biosensors due to their advantageous 

characteristics, including a high surface-to-

volume ratio and exceptional stability. Recently, 

they have been regarded as a potential platform 

for detecting biomolecules [1,9].  
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There are many ways to prepare MoS2 

nanomaterials, including various top-down and 

bottom-up approaches, such as Chemical 

Vapour Deposition (CVD) [10] electrochemical 

exfoliation, laser ablation, plasma etching, and 

mechanical cleavage [11-15]. Despite the 

advancements made thus far, most 

methodologies remain time-consuming and 

highly sensitive, and environmental conditions 

limit their use in small-scale applications [16]. 

To satisfy the need for green synthesis in 

nanotechnology, it is essential to provide 

alternative methods for simple, rapid, and large-

scale production. This makes the proposed pulse 

laser ablation method suitable for preparing 

MoS2 nanoparticles and MoS2-based hybrid 

composite materials. Liquid-based pulsed laser 

ablation has become popular due to the excellent 

properties of the nanomaterials produced. 

Production methods affect the size and shape of 

nanomaterials, which determine their properties 

[17]. Pulsed Laser Ablation in Liquid Phase 

(PLAL) involves focusing a laser beam onto a 

material's surface. The intense radiation causes 

a series of effects—heating, melting, 

evaporation, and eventually plasma formation. 

As the laser interacts with the material, it excites 

atomic vibrations, generating heat and 

weakening molecular bonds. Continued 

exposure leads to melting and evaporation, and 

with sufficient energy, the vapor ionizes to form 

plasma. A liquid may then absorb and rapidly 

cool the plasma to create the desired 

nanomaterials [18]. This approach has multiple 

benefits, including its simplicity, cost-

effectiveness, efficiency, and lack of chemical 

components. It also generates nanoparticles free 

from contamination and does not result in 

environmental pollution [19].  

Several works have focused on generating 

MoS2 nanomaterials using laser technology.  Le 

Zhou et al.  [20] fabricated spherical and onion-

like structures of MoS2 NPs with 10-100nm in 

diameter using 1064nm, 10ns laser ablation in 

water. Makoto Kanazawa et al.  [21] synthesized 

MoS2 nanoparticles using 10ns, 532nm Nd: 

YAG laser for 120 minutes on samples 

immersed in various solvents (ethanol, 

methanol, and NMP of 40 ml), and they found 

that the size and morphology of MoS2 NPs 

depended on the nature of the solvent used 

during laser ablation. Samira Moniri et al. [22], 

[23] prepared MoS2 NPs by nanosecond laser 

ablation in ethylene glycol using a Q-switched 

Nd: YAG laser at different wavelengths (1064 

and 532 nm). They reported that the mean 

particle size dropped from 22 to 13 nm when the 

laser wavelength was raised because of a photo 

fragmentation phenomenon. Fan Ye et al. [24] 

employed femtosecond laser irradiation (800 

nm wavelength, 35 fs pulse duration, 1 kHz 

repetition rate) to produce MoS₂ nanosheets 

with an average diameter of 30 nm. The 

synthesis involved dispersing MoS₂ powder in a 

mixed ethanol-water solution. They examined 

the effects of laser exposure duration and 

ethanol concentration on the oxidation behavior 

of the resulting nanomaterials and compared the 

outcomes with those from a traditional 

hydrothermal approach. The study 

demonstrated that femtosecond lasers 

effectively disrupted the chemical bonds in 

MoS₂. It was concluded that ethanol 

concentrations of 80% and 90% were optimal 

for generating plasmonic MoO₃₋ₓ after 30 

minutes of irradiation, highlighting its potential 

application in photothermal cancer therapy.  

ZUO Pei et al.  [25] prepared MoS2 core-

shell NPs through an fs laser system with 

parameters of 20 µm scan spacing, 400 µm/s 

scan speed, 250 µJ pulse energy, and 1 h scan 

time. They irradiated the MoS2 bulk target in 

different concentrations of sodium chloride 

solution and achieved a 28 nm average diameter 

of MoS2 NPs. The MoS2 core-shell NPs were 

used as a reducing agent, which could be used 

as SERS substrates for biological and chemical 

sensing. Recently, Zekun Wang et al. [26] 

fabricated MoS2 electrodes using a combination 

of fs laser and hydrothermal synthesis.   

It has been reported that Polyethylene Glyco 

(PEG) has high absorbance and 

biocompatibility, making it suitable for drug 

delivery systems and improving the solubility 

and stability of MoS2 in biological environments 

[27], [28].  Indeed, chitosan is known for its 

biocompatibility and biodegradability, and it 

can be used in wound dressings, drug delivery, 

and tissue engineering applications when 

combined with MoS2 [29]. Zhang et al. reported 
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that chitosan (CS) functionalized magnetic 

MoS2 nanocomposite, infused with iron oxide 

NPs, showed considerable antibacterial efficacy 

resulting from the combined effects of magnetic 

field-assisted bacterial enrichment and near-

infrared (NIR) induced thermal generation [30]. 

Liu and co-workers demonstrated that the 

PEG-MoS2 composite could be a multi-

functional drug carrier for integrating 

photothermal and chemotherapy into a single 

compound. Two-dimensional MoS2-PEG 

nanomaterials show strong NIR absorbance, 

which makes them a promising candidate for 

photothermal therapy with anticancer effect 

[31].                                                         

To our knowledge, many published 

publications are focusing on the synthesis of 

MoS2 nanomaterials using laser ablation in 

liquids. Furthermore, there is no published work 

focused on the generation of MoS2 NPs using a 

fiber laser. Indeed, the generation of MoS2-CS 

and MoS2-PEG nanocomposites for biological 

applications using laser technology has not been 

reported yet. Therefore, this work focuses on 

synthesizing MoS2, MoS2-CS, and MoS2-PEG 

nanocomposites using fiber laser ablation in a 

water environment and studying their 

morphological characteristics and biomedical 

properties. 
 

1. Materials and methods 

1.1 Fiber laser generation of nanomaterials  

Molybdenum disulfide (MoS2) from Boyan 

Optical Co., Ltd, in the form of a disk with 

99.9% purity and a diameter of 20mm with a 

2mm thickness, was used as a target material to 

prepare MoS2 nanoparticles. As shown in Figure 

1, the MoS2 target was placed at the bottom of a 

glass vessel containing 3 mL of deionized water. 

MoS2 nanoparticles were synthesized by 

ablating a molybdenum disulfide plate with a 

1064 nm pulsed fiber laser using line-by-line 

scanning and processing parameters listed in 

Table 1.  
 

 
Figure 1. A schematic representation of laser ablation to MoS2 in a solvent 

Table 1: The laser processing parameters 

Laser Parameters Details 

Fluence [J/m2] 3.2 

Scanning speed [mm/s] 250 

Processing time [minutes] 3 

Pulse repetition rate [kHz] 30 

Focal length [mm] 100 

Pulse duration [ns] 127 

Spot size [µm] 100 

After laser-generated pure MoS2 NPs, the 

nanocomposites were produced using a green 

sonochemistry method [32]. For MoS2-PEG 

nanocomposite preparation, a solution of 3 mL 
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of MoS2 nanoparticles was initially combined 

with 0.1g of PEG through vigorous stirring. The 

mixture was then stirred at room temperature, 

with a stirring speed of 700 rpm, for 30 min. 

Following the stirring step, sonication, which is 

a process that utilizes high-frequency sound 

waves to promote the dispersion and interaction 

of particles within a solution, was performed 

using an ultrasonic probe with a power output of 

150 W for 10 minutes at a temperature ranging 

from 25 to 35 °C. This ultrasonic treatment 

enhanced the dispersion and interaction between 

the MoS2 nanoparticles and the polymer 

solution. The same method was used to 

synthesize the MoS2-CS, but before combining 

the MoS2 with chitosan, the chitosan solution 

was prepared by dissolving 1 g of chitosan in 50 

ml of 0.5% acetic acid. 

 

1.2 Characterization of synthesized 

nanomaterials  

The UV–visible absorption spectra of as-

prepared MoS2, MoS2-CS, and MoS2-PEG NPs 

were examined using a SHIMADZU UV-VIS 

(1900i/ Japan) spectrophotometer.  Fourier 

transform infrared (FTIR) spectra were applied 

using a SHIMADZU IR Affinity (-1 plus / 

Japan) spectrometer from 400 to 4000 cm-1. 

Transmission Electron Microscopy (TEM), a 

Zeiss-EM10C-100 KV, is used to determine the 

morphology and structure of the composite 

samples. X-ray diffraction is a method for 

examining materials' crystal structure and phase 

makeup; the Panalytical X-ray diffractometer 

(type PW1730) is outfitted with Cu K radiation 

(λ=1.5406 Å) at room temperature. The sample 

for the X-ray assay was prepared by dropping 

the solution on a glass substrate and then drying 

it in the air. The obtained samples' chemical 

composition was determined using an Energy 

Dispersive X-ray (EDX) inspect S50 (FEI 

company, the Netherlands). To disclose the 

chemical constituents, a few drops of colloidal 

solution were put into the glass slides to prepare 

the samples for analysis, after which the slides 

were allowed to air dry at ambient temperature. 

The analysis uses Raman (XploRA Plus, Jaban).  

 

1.3 Antibacterial activity  

  Muller-Hinton (M-H) agar was created by 

dissolving 20 mL of the powder in 1 L of 

distilled water, followed by heating on a burner 

with continuous agitation. The M-H agar was 

then autoclaved for 15 minutes at 121°C for 

sterilization. After autoclaving, the agar was 

allowed to cool to 50°C before being poured into 

Petri dishes and left to solidify for 

approximately 15 minutes. Once solidified, the 

plates were inverted and stored at 4°C for further 

use. The antibacterial activity of the prepared 

samples (MoS₂, MoS₂+PEG, MoS₂+CS, PEG, 

CS) was evaluated against Gram-negative and 

Gram-positive bacterial strains using the agar 

well diffusion method. Approximately 20 mL of 

Muller-Hinton (MH) agar was aseptically 

poured into sterile Petri dishes. The bacterial 

species were obtained from stock cultures using 

a sterile inoculation loop. After inoculating the 

organisms, wells with a 6 mm diameter were 

created in the agar plates using a sterile tip. The 

plates, containing the samples (MoS₂, 

MoS₂+PEG, MoS₂+CS, PEG, CS) and the test 

bacteria, were incubated overnight at 37°C. The 

zones of inhibition were measured, and the 

average diameters were recorded. The data 

underwent statistical analysis with GraphPad 

Prism software. Results are presented as the 

mean ± standard deviation from three separate 

trials. A statistically significant difference was 

defined as p < 0.05[33]. 

1.4 Anticancer test  

Lung adenocarcinoma A549 cell lines were 

maintained in RPMI-1640 (Capricorn, 

Germany) supplemented with 10% fetal bovine 

serum (Capricorn, Germany), 100 units/mL 

penicillin, and 100 µg/mL streptomycin. Cells 

were passaged with Trypsin-EDTA (Capricorn, 

Germany), reseeded at 80% confluence 

biweekly, and incubated at 37 °C. To determine 

the cytotoxic effect of (MoS2, MoS2-PEG, and 

MoS2-CS) nanocomposite materials, the MTT 

test was conducted on 96-well plates. Cell lines 

were inoculated at a density of 1 × 104 cells per 

well. A confluent monolayer was achieved after 

24 hours, and A549 cells were treated with 
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(MoS2, MoS2-PEG, MoS2-CS). Cell viability 

was assessed at 24, 48, and 72 hours post-

treatment with MoS2, MoS2-PEG, and MoS2-CS 

by replacing the medium, adding 100 µL of a 2 

mg/mL MTT solution, and incubating the cells 

for 2.5 hours at 37 °C. After the elimination of 

the MTT solution (Bio-World, USA), the 

crystals remaining in the wells were solubilized 

by the addition of 130 µL of DMSO (Dimethyl 

Sulphoxide) (Santacruz Biotechnology, USA), 

followed by incubation at 37 °C for 15 minutes 

with agitation. Absorbance was quantified using 

a microplate reader at 492 nm; the assay was 

performed in triplicate. The cell growth 

inhibition rate (cytotoxicity percentage) was 

determined using the following equation[34].  

Inhibition rate = (A- B)/(A*100)                 (1) 

A represents the optical density of the 

control, whereas B denotes the optical density of 

the samples.  

To observe the morphology of the cells 

using an inverted microscope, the cells were 

inoculated onto 24-well microtitration plates at 

a density of 1×105 cells mL−1 and incubated for 

24 hours at 37 °C. Then, cells were exposed to 

(MoS2, MoS2+PEG, MoS2+CS) for 24hr. After 

exposure, the plates were treated with crystal 

violet dye and incubated at 37 °C for 10 to 15 

minutes. The stain was meticulously rinsed with 

tap water until the color was eliminated. The 

cells were examined using an inverted 

microscope at 100× magnification, and 

photographs were recorded using a digital 

camera connected to the microscope [35]. The 

acquired data were statistically evaluated using 

an unpaired t-test utilizing GraphPad Prism 6. 

The data were expressed as the mean ± standard 

deviation of triplicate measurements.  

2. Results and discussion 

UV–Vis absorption spectroscopy is also 

used for the quantitative analysis of produced 

nanocomposites. Figure 2 depicts the UV-Vis 

absorbance spectra of MoS₂, MoS₂-Chitosan 

(MoS₂-CS), and MoS₂-PEG composites. The 

lowest absorbance intensity of pristine MoS₂ in 

the studied wavelength region is indicative of 

the intrinsic semiconducting character of MoS₂. 

The absorbance is notably improved with the 

addition of chitosan and PEG, with MoS₂-PEG 

resulting in the greatest intensity. The 

enhancement identifies that MoS₂ is better 

dispersed and stabilized in polymer matrices 

than PEG, exhibiting a stronger stabilizing 

effect over chitosan. In the UV region (200–

400 nm), all samples show characteristic 

electronic transition of MoS₂, and peaks for the 

composites are shifted or smoothed, which 

indicates that there are interactions between 

MoS₂ and the polymers. This increase of 

absorbance around 253 nm is due to hydrogen 

bonding or electrostatic interactions between 

chitosan and MoS₂, allowing moderate 

stabilization and dispersion of the MoS₂ in this 

composite. Conversely, the large absorbance 

increase of MoS₂-PEG further emphasizes the 

role of PEG in enabling a more uniform coating 

around the MoS₂ layer, thereby diminishing 

aggregation and improving the optical 

properties. In the visible region (>400 nm), the 

absorbance decreases for all samples as it can be 

expected from the MoS₂-based materials. On the 

other hand, MoS₂-PEG exhibits greater 

absorbance, which probably results from 

enhanced light scattering or better 

homogeneity. These conclusions further 

establish that chitosan (or PEG) incorporation 

into MoS₂ systems serves as a successful 

modifier for their optical properties and that 

PEG provides a better stabilization. This renders 

MoS₂-PEG as a promising candidate for 

enhanced optical activity and stability in 

applications, such as bioimaging or 

photothermal therapy [36]. 

 

Figure 2. The UV–Vis absorption of as-prepared pure 

NPs and hybrid nanocomposites 
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The TEM micrographs of pristine MoS₂, 

MoS₂-Chitosan (MoS₂-CS), and MoS₂-PEG 

composites are shown in Figure 3. Well-defined 

nanosheets with certain degree of 

agglomeration can be observed in the images of 

pristine MoS₂ (Figure 3a) as per its 

characteristic layered structure. They observe 

the spherical particles that are likely due to the 

native morphology of MoS₂ or contaminants. 

These sheets seem thick and stacked, suggestive 

of minimal exfoliation and the naturally layered 

character of MoS₂. The size distribution of NPs 

ranges from 1.4 to 227.8 nm, with an average 

size of 20.2nm. The penetration of chitosan 

changes the morphology dramatically in the 

case of MoS₂-CS (Figure 3b). The images show 

partially exfoliated MoS₂ sheets with lower 

aggregation in comparison to pristine MoS₂. 

The increased performance is due to chitosan's 

ability to bond onto MoS₂ with hydrogen bonds 

or participating in electrostatic interactions and 

prevents the restacking of the nanosheets. 

Moreover, a thin, amorphous coating over the 

MoS₂ sheets indicates a homogeneous 

deposition of chitosan all over the MoS₂ surface. 

The aggregation dropping further is visible for 

MoS₂-PEG (Figure 3c), suggesting well-

dispersed nanosheets. The images suggest that 

PEG coats the MoS₂ sheets more uniformly, 

hinders restacking, and enhances exfoliation. 

This uniform distribution could be 

attributed to PEG`s hydrophilic property which 

enable effective interaction and stability of the 

MoS₂ nanosheets. The spherical nanoparticles 

embedded into the PEG matrix indicate the 

better stabilization of MoS₂ and dispersion of 

the MoS₂ in polymer. The size of NPs using CS 

and PEG record an average size of 10.5nm and 

7.8nm, respectively. The TEM results clearly 

indicate that both chitosan and PEG 

considerably affect the morphology and 

dispersion of MoS₂. Although chitosan behaves 

as a partial exfoliator and hinders aggregation, it 

does not render as stable and well-dispersed 

matrix as PEG, since during the MoS₂ working, 

PEG keeps a homogenous structure and wraps 

the entire MoS₂ layers. The enhanced 

morphology also translates to better 

performance of the composites in specific 

applications [37]. 

 
 

Figure 3. TEM images of (a) pure MoS2, (b) MoS2-CS, and (c) MoS2-PEG 
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The EDX was performed to assess the 

elemental distribution of the synthesized 

nanomaterials. It can be observed that the 

elements Mo and S are uniformly distributed in 

the studied area (Figure 4a).  The atomic 

percentage of Mo, S, and O is 31.97%, 52,85%, 

and 15.18%, respectively. The figure reveals the 

dominance of Mo and S, which are the primary 

components of MoS2, and the oxygen might be 

attributed to the water. The EDX spectrum of 

MoS2-CS and MoS2-PEG nanocomposites is 

shown in Figures 4b and c. It can be seen that 

the main components are C and O, which 

recorded atomic ratios of 75.25% (C) and 

27.74% (O) in the case of MoS2-PEG and 

60.77% (C) and 32.63% (O) in the case of 

MoS2-CS.  

 
 

 

 
Figure 4. The EDX spectrum of (a) MoS2, (b) MoS2-CS, and (c) MoS2-PEG 
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Figures 5a, b, and c show the XRD curves 

of pristine MoS2, MoS2-Chitosan (MoS2-CS), 

and MoS2-PEG composites, respectively. The 

main characteristic diffraction peaks of pure 

MoS2 correspond to the hexagonal phase with 

the most conspicuous peaks at approximately 2θ 

of 25° (004), 32.6° (100), 39.5° (103), 47° (105), 

and 58.3° (110), respectively, which are in good 

agreement with JCPDS file No. 37-1492. These 

peaks verify the successful synthesis of 

crystalline MoS₂ [38]. For the MoS₂-CS 

composite, the MoS₂ characteristic peaks are 

preserved, albeit with reduced peak intensity 

and slight broadening. The incorporation of 

chitosan alleviates the stacking and causes 

partial exfoliation of MoS₂ layers. Chitosan 

being a biopolymer, interacts with MoS₂ 

moieties via hydrogen bonding and/or 

electrostatic interactions which leads to a 

distortion in the regular packing of the MoS₂ 

nanosheets [38]. XRD pattern of MoS₂-PEG is 

sharper and more intense than MoS₂-CS. This 

means that PEG supports better stabilization and 

retains the crystallinity of MoS₂. PEG can 

interact with MoS₂ layers by physical adsorption 

or weak van der Waals forces, limiting the 

aggregation while still keeping the assembly of 

the material intact. The variations in intensity 

and sharpness of peaks for the three samples 

confirm the effect of polymer matrices on the 

structural properties of MoS₂. The lowered 

intensity and peak broadening for MoS₂-CS 

imply a loss of long-range order, while the 

sharper peaks for MoS₂-PEG demonstrate a 

more preserved crystal structure. Such structural 

changes agree well with the interaction 

mechanisms of the polymers with each other 

and the ensuing effects on the MoS₂ sheets. 

Fourier-transform infrared (FTIR) 

spectroscopy is an important analytical 

instrument for the identification of chemical 

compounds in gases, liquids, powders, and films 

by the examination of their structural groups. It 

also enables the assessment of functional groups 

in polymeric materials by detecting stretching 

and bending vibration bands. Figure 6 shows the 

FTIR spectrum of the produced nanocomposite  

materials.  The FTIR spectra of MoS₂ 

nanoparticles (Figure 6a) show distinctive peaks 

associated with Mo–S bonds. Significant 

absorption bands are seen at 687 cm⁻¹, 735 cm⁻¹, 

1448 cm⁻¹, and 1624 cm⁻¹, corresponding to 

MoS₂. The peak at 466 cm⁻¹ is indicative of the 

S–S bond. The spectrum also displays 

characteristic peaks for Mo–O and Mo–S 

vibrations at around 587 cm⁻¹ and 470 cm⁻¹, 

respectively. The peak around 3426 cm⁻¹ 

corresponds to the distinctive O–H group bands 

[39].  Figure 6b displays the FTIR spectra of 

MoS₂-CS hybrid nanocomposites. The 

integration of Chitosan results in additional 

peaks associated with the functional groups 

present in chitosan. A pronounced peak at 3429 

cm⁻¹ is ascribed to the O–H stretching vibration 

of hydroxyl groups. The peak at 1420 cm⁻¹ is 

attributed to the symmetrical deformation of 

CH₃, differentiating it from both virgin chitosan 

and MoS₂. The peak at 1154 cm⁻¹ is attributed to 

the C–O skeletal stretching vibration. In the 

FTIR spectra of MoS₂-CS composites, the −NH₂ 

signal at 1563 cm⁻¹ vanishes as a result of 

interactions with MoS₂ nanoparticles. 

Additionally, all peaks are displaced toward 

lower wavenumbers relative to clean chitosan 

[38]. The results indicate that polycationic 

chitosan engages with MoS₂ via nitrogen lone 

pairs, whereas the amine groups in chitosan 

draw MoS₂ through π–π stacking interactions 

[40].  Figure 6c illustrates the FTIR spectra of 

MoS₂-PEG hybrid nanocomposites, 

highlighting the presence of polyethylene glycol 

(PEG). A pronounced and strong band at 1109 

cm⁻¹ corresponds to the C–O stretching mode, 

whilst a less intense nevertheless discernible 

band at 1465 cm⁻¹ is ascribed to the C–H 

bending mode vibration. A distinct band at 2883 

cm⁻¹ signifies the weak stretching vibrational 

mode of C–H. These findings demonstrate that 

PEG functions as a coating for MoS₂ 

nanoparticles. Additionally, bands detected at 

3457 cm⁻¹, 3741 cm⁻¹, and 3831 cm⁻¹ 

correspond to the stretching modes of inter- and 

intramolecular hydrogen bonds, together with 

hydroxyl groups absorbed from the environment 

[27] 
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Figure 5. X-ray photoelectron spectra of (a) MoS2, (b) MoS2-CS, and (C) MoS2-PEG 

Raman spectroscopy was employed to analyze 

the atomic vibrations of MoS₂ nanoparticles and 

their nanocomposites.     Figure 7a displays the 

Raman spectrum of bulk MoS₂, revealing two 

significant peaks corresponding to the in-plane 

(E2g) mode at approximately 376 cm⁻¹ and the 

out-of-plane (A₁g) mode at 448 cm⁻¹. The A₁g 

mode arises from the oscillation of sulfur atoms 

perpendicular to the basal plane, while the E2g 

mode represents the in-plane vibrational 

coupling of molybdenum and sulfur atoms in 

opposite directions [36].  The Raman spectrum 

of the MoS₂-CS nanocomposite is presented in 

Figure.7b. It exhibits the prominent E¹₂g and 

out-of-plane A₁₁g layered peaks at 398 cm⁻¹ and 

475 cm⁻¹, respectively. Notably, significant 

broadening of the Raman band peaks is 

observed compared to pristine MoS₂, indicating 

effective functionalization of chitosan onto the 

MoS₂ surfaces [41].  
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Figure 6. The FTIR of (a) MoS2, (b) MoS2-CS, and (c) MoS2-PEG 

 

 

Figure 7c illustrates the Raman spectrum of 

the MoS₂-PEG nanocomposite. In the low-

frequency region (below 480 cm⁻¹), bands 

associated with the flexural vibrational modes of 

C–O and C–O–C bonds were identified, 

alongside low-to-medium vibrations of the PEG 

backbone. The band at 590 cm⁻¹ corresponds to 

the C–C vibration within the PEG framework, 

accompanied by a prominent band at 1100 cm⁻¹. 

Additionally, the band at 992.7 cm⁻¹ is attributed 

to the stretching and bending modes of O–H 

bonds as well as the stretching of C–C bonds, 

characteristic of primary alcohols and 

prominently displayed in PEG [27].   



 
 Diyala Journal of Engineering Sciences Vol (18) No 2, 2025: 74-90 

84 

 

 

Figure 7.  The Raman spectrum of (a) MoS2, (b) MoS2-CS, and (c) MoS2-PEG 

The antibacterial activity of laser-

synthesized nanomaterials (MoS2 NPs, MoS2-

PEG, and MoS2-CS) and pure (CS and PEG) 

was carried out on two bacterial systems: E. coli 

(Gram-negative) and S. aureus (Gram-positive). 

These bacterial systems are predominantly 

found in soil, liquid, and gaseous environments. 

Staphylococcus aureus possesses a singular 

thick membrane layer composed of 

carbohydrates and amino acids, whereas 

Escherichia coli features many layers of proteins 

and lipids, and it is the fundamental bacterial 

model for antibacterial tests.  

 The antibacterial activity and the obtained zone 

of inhibition results of nanocomposites against 

Gram-negative E. coli and Gram-positive S. 

aureus are shown in Figure 8 and Figure 9, 

respectively. The laser-synthesized 

nanomaterials had significant antibacterial 

activity against both bacterial strains. Figure 8 

shows the obtained zone of inhibition results of 

MoS2, MoS2-PEG, MoS2-CS, PEG, and CS 

against E. coli as 7.75, 9.6, 15.1, 6.1, and 7.1 
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mm, respectively (Table 2). Figure 9 shows the 

obtained zone of inhibition results of MoS2, 

MoS2-PEG, MoS2-CS, PEG, and CS against S. 

aureus as 9.5, 17.25, 16.25, 6.1, and 9.5 mm, 

respectively (Table 2). The antibacterial activity 

of Figure 8 indicates that the MoS2-CS 

nanocomposite was highly effective in 

inhibiting the growth of E. coli bacterial cells 

with 15.1 mm, and its antibacterial effect was 

significantly greater than pure MoS2 and CS. 

Furthermore, the generated MoS2-PEG 

nanocomposite recorded a 17.25 mm inhibition 

zone against S.aureus bacteria. The results show 

no antibacterial activity against both Gram-

negative E. coli and Gram-positive S. aureus of 

pristine PEG, while its antibacterial activity is 

promoted by combining MoS2 as MoS2-CS, a 

nanocomposite. Pristine CS, on the other hand, 

shows antibacterial activity against both Gram-

negative E. coli and Gram-positive S. aureus, 

which is further promoted by combining with 

MoS2 as MoS2-CS nanocomposite. The 

disparity in cell wall construction signifies the 

presence of variance in the inhibition rate.  

The results show that as the particle size 

decreased, as proved by TEM (Figure 3), the 

antibacterial performance gradually improved 

by nanomaterial–bacteria contact-induced 

membrane stress by attaching contacting the 

membrane's surface and integrating into the 

membrane via creating indentations on the 

surface [42]. Indeed, the antibacterial effect is 

also attributed to the E. coli and S. aureus 

bacterial systems’ absorption of the released 

metal cations (Mo+4) and nonmetal anions (S-2) 

from the nanocomposite materials. Cellular 

components are liberated from bacterial systems 

when absorbed cations adhere to the surface of 

the phospholipids in these systems[43].  The 

metal cations from MoS2-CS and MoS2-PEG are 

the true mediators of intracellular toxicity 

toward the tested bacterial systems. The 

antibacterial efficacy of these nanomaterials 

arises from the synergistic effects of membrane 

damage, oxidative stress, and metabolic 

inactivation. 

The structural distinctions between Gram-

positive and Gram-negative bacteria account for 

the disparities in susceptibility; Gram-positive 

bacteria possess simpler and thinner cell walls, 

rendering them more susceptible to antibacterial 

agents. Therefore, we notice that they are more 

affected by pure or composite nanomaterials, as 

shown in Table 2 [44].  

 
Table 2: Antibacterial activity of pristine CS, PEG, MoS2, MoS2-CS, and MoS2-PEG nanocomposites against S. aureus 

and E. coli bacteria obtained by the Agar diffusion method 

 

Antibacterial analysis (Zone of inhibition (mm)) 

Sample C MoS2 MoS2-PEG MoS2-CS PEG CS 

E.coli 6.1 7.75 9.5 15.1 6.1 7.1 

S.aureus 6.1 9.5 17.25 16.25 6.1 9.5 

The particle size, concentration, morphology, 

shape, stability, specific surface area, technique, 

and treatment of the nanoparticles are critical 

elements affecting their antibacterial efficacy. 

The reduction in nanocomposite NP 

concentration is anticipated to increase H2O2 

production, ultimately compromising bacterial 

cell membrane integrity, leading to cell leakage 

and death, as well as the creation and activity of 

ROS. The produced reactive oxygen species 

may harm several components inside bacterial 

cells, such as the cell wall, mitochondria, plasma 

membrane, proteins, and DNA, while also 

disrupting electron transport, resulting in cell 

death[45].  

Naturally, layered structured (2D) materials, 

such as molybdenum, and biopolymers like 

chitosan, are intriguing candidates for 

anticancer therapies due to their extensive 

surface area and stable, high oxidation states 

[43].   
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Figure 8. Antibacterial activity of nanomaterials against E. coli.: C (Control),  1 (pure MoS2), 2 (MoS2-PEG),  3 (MoS2-

CS), 4 (PEG), and 5 (CS). 

 

Figure 9. Antibacterial activity of nanomaterials against S.aureus: C (Control),  1 (pure MoS2), 2 (MoS2+PEG),  3 

(MoS2+CS), 4 (PEG) and 5 (CS)

The cytotoxic effect of (NPs, NPs-PEG, and 

NPs-Chitosan) against A549 cells was studied 

(Figure 10). The antiproliferative activity of the 

(MoS2., MoS2-PEG, MoS2-CS) was tested by 

studying their ability to inhibit cell proliferation 

(Figure 11).  

From the anticancer results (Figure 10), MoS2 

shows 23.567%, 35.133%, and 72.567% of cell 

toxicity; MoS2-PEG nanocomposite shows 

32.567%, 46.033%, and 82% of cell inhibition; 

and MoS2-CS nanocomposite shows 37.833%, 

55%, and 87.333% of cell inhibition, 

corresponding to 24, 48 and 72 hrs. (Table 3 and 

Figure 10). The results demonstrated that the 

MoS2-CS nanocomposite has highly cytotoxic 

effects (Figure 10, Table 3) and all synthesized 

nanomaterials demonstrate a clear 

morphological change against the A549 cell 

line, as shown in Figure 11. The MoS2-CS 

nanocomposite exhibits the highest cytotoxicity 

effect. The anticancer activity of MoS2 

nanocomposites due to the release of positive 

charge from polymer and Mo4+ ions, which 

generate reactive oxygen species (ROS) that 

induce the death of cancer cells[46].  
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Table 3: Anticancer activity of pristine MoS2 and MoS2-PEG, MoS2-CS, nanocomposites against A549 cancer cell 

obtained by MTT assay method 

 

Cytotoxicity % 

Sample 24 hr 48 hr 72 h 

MoS2 23.567 35.133 72.567 

MoS2-PEG 32.567 46.033 82 

MoS2-CS 37.833 55 87.333 
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Figure 10. Cytotoxicity effect of (MoS2., MoS2+PEG, MoS2+CS) against A549 cells. (A) cells were treated with 

MoS2., (B) Cells were treated with NPs-PEG, and (C) Cells were treated with NPs-Chitosan 

 

 
Figure 11. (a) Control untreated A549 cells, Morphological changes in A549 cells after being treated with (b) MoS2 

NPs, (c) MoS2 -PEG, and (d) MoS2-CS. Magnification power 10x 

 

3. Conclusions 

In this study, MoS₂ nanoparticles (NPs) and 

MoS₂-CS, MoS₂-PEG hybrid nanocomposites 

were successfully synthesized via laser ablation 

and thoroughly characterized using various 

analytical techniques. Results from X-ray 

diffraction (XRD), Raman spectroscopy, atomic 

force microscopy (AFM), and transmission 

electron microscopy (TEM) confirmed that the 

MoS₂ nanomaterials were well-dispersed, 
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highly compatible, and effectively anchored 

onto the chitosan and PEG matrices, forming a 

two-dimensional layered biopolymer structure.  

The XRD analysis revealed that the diffraction 

peaks of MoS₂ corresponded to a hexagonal 

crystalline structure. MoS₂ nanoparticles 

demonstrated significant absorption in the UV 

region, indicative of their optical properties. The 

MoS₂-CS nanocomposite exhibited notable 

antibacterial activity against (E. coli), while the 

MoS₂-PEG nanocomposite showed enhanced 

activity against (S. aureus) bacterial strains. 

Additionally, the MoS₂-CS hybrid 

nanocomposites displayed significant cell 

inhibition in anticancer evaluations.   It can be 

concluded that the MoS₂-CS and MoS₂-PEG 

hybrid nanocomposites represent promising 

materials for biomedical applications, 

demonstrating both potent antibacterial and 

anticancer activities. 
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