
Research ArticleMATERIAL SCIENCE ISSN: 2690-2532

1

 DOI : https://doi.org/10.35702/msci.10028

Citation: Karami MH, et al. (2024). Antibacterial Activity of Nanosheets and Nanoflowers in Molybdenum Disulfide: A Comprehensive Review. 
Material Science. 6(1):28.

Antibacterial Activity of Nanosheets and Nanoflowers in 
Molybdenum Disulfide: A Comprehensive Review
Mohammad Hossein Karami*, Behzad Aghabarari

Nanotechnology and Advanced Materials Department, Materials and Energy Research Center, Karaj 31787- 

316, Iran

*Corresponding author:

MohammadHossein Karami

Nanotechnology and Advanced Materials Department,
Materials and Energy Research Center, Karaj 31787-316,
Iran;
Email: karami.polymerphd@gmail.com

Received :  May 28, 2024
Published : June 18, 2024

ABSTRACT

Untreated or persistent wounds have a detrimental impact 
on patient well-being and place a substantial strain on global 
public health. Reactive oxygen species (ROS) are pivotal in 
impeding the healing of wounds. Ailments pose a significant 
hazard to human health. Inappropriate use of antibiotics can 
weaken the immune system and result in numerous negative 
effects on the human body. Antibacterial agents based on 
nanomaterials represent a promising method to prevent 
infections and inhibit bacterial growth. Recent studies have 
emphasized molybdenum disulfide (MoS2) as an exceptional 
member of transition metal dichalcogenides (TMDs) due to its 
expansive surface area, strong near-infrared (NIR) absorption, 
high biocompatibility, and low toxicity towards cells. MoS2-
based nanomaterials have displayed efficacy in inhibiting 
bacterial growth across various systems. This review aims 
to present an outline of recent research on the antibacterial 
attributes of MoS2-based nanomaterials, encompassing 
MoS2 nanosheets, nanoflowers, cytotoxicity, innovative 
nanosystems, and quantum dots (QDs).

Keywords: MoS2, Nanosheets, Nanoflowers, Cytotoxicity, 
Novel Nanosystems, Quantum Dots

INTRODUCTION

More and more people are falling ill due to germs such as 
bacteria and viruses, leading to millions of deaths worldwide. 
Bacterial infections result from germs entering the body 
through cuts or the airway, triggering specific reactions within 
our bodies [1]. Bacterial infections pose a significant threat to 
society as they can result in numerous deaths and immense 
suffering. The most effective way to treat these infections is 
with appropriate antibiotics [2].

Getting treatment for bacterial infections is very important as 
untreated infections can lead to serious health problems. Many 
bacterial illnesses can be effectively treated with antimicrobial 
drugs. These drugs function by disrupting crucial processes 
within the bacteria's cells, such as their cell walls, DNA, and 
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proteins. However, the effectiveness of traditional antibiotics 
is diminishing due to the increasing resistance of bacteria, 
leading to high treatment costs [3]. The misuse of antibiotic 
drugs is a growing issue, resulting in various side effects [4].

Also, some studies have shown that excessive antibiotic use 
has led to the emergence of bacteria that are resistant to 
multiple drugs. Therefore, it is crucial to utilize advanced 
antibacterial materials to combat these issues. Nanomaterials 
are currently being extensively utilized in the fields of business 
and medicine. At the nanoscale level, materials exhibit unique 
properties compared to their larger forms, primarily due 
to their small size, shape, and high surface area-to-volume 
ratio [5]. As a result, nanomaterials may serve as a promising 
alternative to conventional antibiotics in addressing bacterial 
resistance [6].

Nanomaterials are more effective at killing bacteria than 
regular materials due to their unique properties. Carbon-
based materials, small pieces of metal, metal compounds, and 
modified plastics are being used as antibacterial materials in 
minute sizes [7]. Non-biological tiny particles interact with 
germs in a highly effective manner. Nanoparticles contain 
specific components that can exterminate bacteria by 
producing chemicals that react with oxygen and discharge 
metal particles. Composite materials consisting of metal oxides 
are beneficial for the environment as they are affordable, 
stable at high temperatures, and non-toxic to humans [8].

Kannan and his colleagues showed a mixture of special earth-
based metal oxide nanohybrids and tested their effectiveness 
in killing bacteria. The nanocomposites demonstrated an 
exceptional ability to eliminate bacteria, making them suitable 

for use in chemical and environmental applications [9].

The use of 2D nanomaterials like MXene, graphene, h-BN, and 
TMDs for antibacterial purposes is increasing. These materials 
have a large specific surface area and surface modifications 
that enhance their adherence to bacterial membranes. By 
functionalizing these nanomaterials, they can effectively 
interact with bacterial membranes, thereby enhancing their 
antibacterial properties [10].

Unlike conventional antibiotics, antibacterial agents made 
from 2D nanomaterials can be utilized in smaller quantities, 
reducing the risk of side effects and resistance issues. TMDs 
such as MoS2 show promise in combating cancer and 
bacteria in the medical field due to their mobility, stability, 
affordability, compatibility with the body, versatility, and 
ease of production [11]. Researchers are exploring various 
applications of MoS2, including enhancing performance, 
medical uses, and electronics. While MoS2 nanomaterials 
possess significant attributes, there are limitations when using 
them in medicine without proper modification. Enhancing 
MoS2 by incorporating additional functionalities can expand 
its potential applications. Additionally, combining MoS2 
with other antibacterial materials can greatly enhance its 
effectiveness [12].

The research on assessing the antibacterial properties of 
MoS2-based materials is rapidly expanding, making it a crucial 
area of study at present. This review aims to provide an 
overview of the latest research on the antibacterial properties 
of MoS2-based nanomaterials, including MoS2 nanosheets, 
nanoflowers, cytotoxicity, novel nanosystems, and quantum 
dots (QDs)(Fig.1).

Figure 1: Important findings regarding the antibacterial properties of MoS
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Toxicity of MoS2 based nanomaterials

The increased use of MoS2-based nanomaterials in various 
applications poses a threat to the environment and human 
health. A study found that larger quantities of MoS2 are more 
harmful than thin sheets of the material. Different organisms 
were tested, and it was found that Daphnia magna, a type of 
aquatic creature, was the best test organism for evaluating the 
effects of MoS2 [13]. Another study showed that MoS2 film and 
microparticles have toxic effects on cells, but MoS2 thin films 
are safe for cell use at low concentrations. In testing on guinea 
pigs, the impact on the animals' skin was minimal. MoS2 
nanosheets were found to be more harmful to soil bacteria 
compared to bulk MoS2 [14]. They were also less effective at 
killing bacteria compared to other antibacterial medications. 
The extraction process of MoS2 was found to affect its 

toxicity, with certain chemicals causing less harm to cells. 
Ingesting small particles of MoS2 led to oxidative stress and 
altered behavior in Asian weaver ants. However, MoS2 did not 
significantly harm human macrophages or liver cancer cells. 
It was also found that MoS2, WS2, and TiS2 accumulate in the 
body's immune organs after administration [15]. Amazingly, 
the MoS2-PEG was completely eliminated from the body 
after 30 days. The mouse's organs contained more titanium 
or tungsten when they were exposed to TiS2-PEG or WS2-PEG. 
However, when TiS2 is exposed to oxygen, it transforms into 
TiO2. TiO2 is insoluble in water and is challenging to eliminate 
from the body. WS2 resists breaking down when exposed to 
chemicals, resulting in prolonged retention in the body. Figure 
2 presents the main findings from experiments conducted in 
animals and in a laboratory setting [16].

Figure 2: Analyzing the cytotoxic effects of MoS2 nanoparticles

Antibacterial studies in MoS2 based nanomaterials

Nanomaterials are being increasingly used to kill bacteria 
due to their large surface area, ability to penetrate layers, 
adjustable surface, compatibility with living tissues, and 
antibacterial properties. These properties enable them to 
effectively kill bacteria with smaller amounts of medicine, 
reducing side effects. The antibacterial action of 2D 
nanomaterials is caused by physical damage, oxidative 
stress, and light-induced processes [17]. The process of 

killing bacteria involves applying nanomaterials to the cell 
wall, disrupting the membrane, and inhibiting the bacteria's 
functions and structure. The sharp edges of nanosheets can 
harm the cell membrane, leading to leakage and death of 
microorganisms. Oxidative stress is another mechanism that 
inhibits bacterial metabolism and kills bacteria [18]. ROS can 
severely damage bacteria, breaking down the cell wall and 
allowing harmful substances to penetrate. Excessive ROS can 
also damage cell pathways, impacting crucial components 
of the cell or microbial structure. Light-activated methods, 
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such as photodynamic, photocatalytic, and photothermal, 
can be used to eliminate bacteria with fewer side effects and 
target specific areas [19]. Graphene and MoS2 are extensively 
used in medical applications, with graphene-based materials 
having various uses in delivering medicine, imaging, disease 
treatment, immune system sensors, and the food industry. 
MoS2, with its structure and chemical composition, also 
possesses antibacterial properties through physical contact, 
oxidative stress, and exposure to light. Overall, nanomaterials 
and light-activated substances offer promising strategies for 
killing bacteria effectively and reducing side effects [20].

MoS2 nanosheets

The use of MoS2 in killing bacteria is gaining importance, 
especially when using smaller nanosheets that can harness 
light for the process. Thinner and smaller MoS2 nanomaterials 
can efficiently break down pollutants using light and inhibit 
bacterial growth. Even under normal light conditions, the 

production of ROS can effectively kill bacteria [21]. 1T MoS2 
has better conductivity for carrying electrons, making it more 
suitable for reactions when exposed to light, unlike 2H MoS2. 
Chemically exfoliated MoS2 nanosheets show antibacterial 
properties, including producing ROS and inducing oxidation. 
Ce-MoS2 nanosheets have stronger antibacterial effects due to 
their larger surface area and open edges, allowing for a greater 
interaction with bacteria and more efficient electron exchange 
[22]. Higher concentrations of MoS2 nanosheets lead to cell 
membrane destruction and decreased bacteria viability, while 
lower concentrations increase intracellular metabolites [23]. 
Using chitosan, MoS2 nanosheets can effectively kill bacteria 
by damaging their outer layer, halting their metabolism, 
and inducing oxidative stress within the cells. However, the 
mechanism behind MoS2 nanosheets' antibacterial abilities 
without external forces or antibiotics is not well understood. 
Figure 3 depicts the main points from both in vivo and in vitro 
analyses [24].

Figure 3: The purpose of the antibacterial activity of CS-MoS2 nanosheets

CS-MoS2 nanosheets have shown good compatibility with 
mammalian cells and efficacy against biofilm. The antibacterial 
and anti-biofilm properties of chitosan-exfoliated MoS2 
nanosheets need to be evaluated without the use of additional 
substances [25]. Altering the synthesis methods can impact 
the morphology and structure of MoS2, giving different 
properties. In their study, Zhang's team experimented with 
MoS2 using ultrasound treatment, intercalation, and liquid 
phase exfoliation [26]. They found that MoS2 produced via 
intercalation (IN-MoS2) had potent sterilization capabilities, 
smaller particle size, and higher metal content compared to 
the other methods. IN-MoS2 generated more oxygen species 

due to enhanced electron transfer and improved separation 
of light-induced charge carriers. Gel electrophoresis showed 
that IN-MoS2 caused significant DNA damage [20]. In another 
study, Kumar and his team developed surgical masks with a 
layer of MoS2 nanosheet-modified polycotton fabric, which 
had photothermal and excellent antibacterial properties. 
The fabric showed complete self-disinfection in sunlight and 
maintained its antibacterial function after multiple washing 
cycles. The antimicrobial activity was attributed to oxidative 
stress and surface-contact-mediated membrane disruption 
[27].
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MoS2 nanoflowers

A recent investigation has compared the antibacterial 
potency of MoS2 nanosheets with that of MoS2 nanoflowers. 
The researchers found that the larger surface area of the 
nanoflowers allowed for greater contact with bacteria, 
resulting in higher bacteria-killing abilities compared to the 
nanosheets. The absence of superoxide anion production 
indicated that the antibacterial mechanism relied on ROS. 
Additionally, the nanoflowers demonstrated a higher capability 
to oxidize GSH [28]. A study was conducted to investigate the 
antibacterial properties of 2H-MoS2 and 1T-MoS2 nanoflowers 
when exposed to light. 1T-MoS2 nanoflowers showed strong 
antibacterial efficacy by generating superoxide anion radicals 
when exposed to light. In contrast, recombination in 2H-MoS2 
nanoflowers decreased ROS production and antibacterial 
activity [29]. 

MoS2, which mimics peroxidase, has the potential to be 
used in treating cancer and has shown efficient conversion 
of light into heat. Researchers developed a germ-killing 
system using MoS2 nanoflowers treated with polyethylene 
glycol, which enhanced its biocompatibility and germ-killing 
capabilities. PEG-MoS2 nanofibers demonstrated bacteria-
killing abilities without relying on ROS [30]. TiO2 nanotubes 
coated with MoS2 nanoflowers exhibited high effectiveness in 
treating bacteria by enhancing their water-cleaning abilities. 
Further investigation is needed to explore and enhance 
the antibacterial properties of MoS2 nanomaterials using 
appropriate chemicals or materials [31].

MoS2 quantum dots

Changing the positioning of the band hole in MoS2 
nanomaterials can enhance their ability to utilize light for 
chemical reactions. This indicates that reducing the size 
and thickness of MoS2-based nanomaterials can increase 
their capacity to initiate chemical reactions through light 
absorption. MoS2 quantum dots (QDs) are minute fluorescent 

materials with unique light properties that are being 
researched for their benefits in biological applications [32-
35]. MoS2 QDs are ideal for implementing in photocatalytic 
processes due to their ability to carry various charges, possess 
multiple facets, and offer a large surface area [20].

Although 2D MoS2 nanosheets are effective in combatting 
bacterial infections, there is limited exploration on the 
antibacterial attributes of MoS2 QDs. In 2D MoS2, the active 
regions are primarily concentrated at the edges, as the flat 
surface of MoS2 is not conducive for catalytic reactions. 
Additionally, MoS2 hinders the movement of electric charges. 
Integrating QDs with photocatalysts can assist in regulating 
the flow of charge carriers produced from light exposure [36].

In their study, Meng and his team successfully created 
heterostructures by combining MoS2 QDs with bismuth 
tungstate (Bi2WO6) structures using a straightforward 
sonication technique. These novel heterostructures 
demonstrated significantly improved efficacy in wastewater 
treatment and toxin removal compared to using MoS2 and 
Bi2WO6 materials independently [37-39].

The plate check method was used to test the germ-killing 
properties of MoS2-Bi2WO6 p-n heterojunction. The study 
found that the heterostructure had a lower amount of E. 
coli compared to pure Bi2WO6 and MoS2. The creation of this 
heterojunction enhanced the efficiency of capturing electrical 
carriers, resulting in a decrease in E. coli survival under visible 
light [40]. MoS2 QDs were found to effectively produce Reactive 
Oxygen Species, aiding in killing bacteria. Additionally, tests 
on living organisms showed its effectiveness in healing 
wounds [41].

Novel nanosystems containing MoS2 for wound healing 
applications

The most recent nano systems containing MoS2 nanoparticles 
are compiled in Table 1.
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Table 1: Novel nanosystems incorporating MoS2 for wound healing

Sample Year Important Conclusion References

MoS2-NS/Sericin 2024 MoS2/Sericin shows superior wound healing properties under 808 nm 
irradiation [25]

In situ 3D-bioprinting MoS2 2023
Accelerated wound healing, closure, reduced oxidative stress, and 
bacterial elimination are valuable for managing chronic wounds in 

diabetic patients
[26]

LAMC-MoS2@PDA 2024 Hydrogels exhibit antibacterial effects, promote wound healing, and 
have clinical potential [20]

Ag/MoS2 Nanozyme Hydrogel 2023 An adhesion-enhanced self-healing nanozyme-modified hydrogel 
dressing provides promising biocompatible, antimicrobial surfaces [28]

Biogenic capping agent l-cys-
teine (MoS2-cys NFs). 2024

Modifying the surface of the flower-shaped MoS2 improves its ability 
to eliminate bacteria. This enhanced feature can be utilized for appli-

cations such as antibacterial coatings, water purification, and aiding in 
the healing of wounds

[29]

It is essential to include MoS2 nanoparticles in all wound 
dressings for wound healing. By 2024, the use of nanoparticles 
in wound dressings could help heal infected wounds by 
applying heat and radiation, as well as speeding up the healing 
process. Chronic injuries can be painful and burden healthcare 
systems worldwide [42-45]. A hydrogel made of MoS2 can 
remove harmful reactive oxygen species and promote quicker 
wound healing. It can also aid in the growth of blood vessels, 
showing promise for medical purposes [46-48].

CONCLUSION

The increasing prevalence of bacterial infections poses a 
significant threat to human health, despite advancements in 
modern medicine. Recently, there has been interest in utilizing 
MoS2-based structures to eliminate bacteria. By altering the 
shape of the band gap in MoS2 nanomaterials from circular to 
straight, they have been found to be more effective in sunlight 
and better at eradicating bacteria. The mechanisms by which 
MoS2 structures can eliminate bacteria include factors such as 
stretching, oxygen, and heat from sunlight. While research on 
MoS2 nanosheets and modified shapes has shown promising 
outcomes, exploration into MoS2 nanoflowers and quantum 
dots is still in its early stages. Furthermore, the combination 
of MoS2 with other two-dimensional materials has not been 
extensively studied. Understanding the potential harmful 
effects of MoS2-based materials, despite limited research in this 
area, is crucial. Ultimately, MoS2 has the potential to enhance 
the properties of biodegradable materials and develop 
antibacterial composites for medical applications. However, 
further research is necessary to fully comprehend the health 
and environmental risks associated with MoS2 nanomaterials.
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