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Abstract: Ecosystems worldwide face a serious and life-threatening water crisis due to water con-
tamination. Nanotechnology offers a promising solution to this issue by providing methods for
removing pollutants from aquatic sources. In this study, we utilized a green and simple approach to
biosynthesize NiSe NPs using Hibiscus rosa-sinensis extract as the bio-source. The plant extract acts as
a reducing, stabilizing, and capping agent in the synthesis process. A simple hydrothermal method
was employed to blend the NiSe NPs photocatalysts. UV-Visible DRS spectroscopy was utilized to
confirm the reduction in and stabilization of Ni** and Se?>~ ions. The resulting NiSe NPs have a
bandgap of 1.74 eV, which facilitates electron and hole production on their surfaces. To characterize
the functional groups on the NiSe NPs and their surface interactions with bio-compounds, FTIR
spectroscopy was utilized. XRD analysis revealed the crystallite size of the NiSe NPs to be 24 nm,
while FE-SEM and TEM imaging showed their spherical shape and material distribution. EDX spec-
troscopy confirmed the integrity of the NiSe NPs” material. XPS analysis provided information on the
chemical composition, nickel and selenium valency, and their interface. The efficacy of the NiSe NPs
as a blended photocatalyst in photodegrading Methylene Blue (MB) dye was tested under visible
light, resulting in 92% degradation. Furthermore, the NiSe NPs exhibited bactericidal activity against
Escherichia coli and Staphylococcus aureus bacteria due to their advanced oxidation and reduction in
charge particles, which increased the degradation efficiency and suppressed cell proliferation. Based
on the obtained findings, the NiSe NPs show promise as a powerful agent for water remediation and

microbial resistance.

Keywords: green synthesis; NiSe; nanoparticles; photocatalysis; degradation and antibacterial

resistance

1. Introduction

As the world’s population grows, so does the demand for customer products. Ad-
ditionally, the production of colored products increases day by day, resulting in severe
atmospheric pollution. The issue of water pollution is one of the most serious environmen-
tal issues of the present and the future. Most water contamination is caused by organic
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contaminants, dyes, and heavy metals. Among the main sources of these contaminants in
water are the pharmaceutical, textile, dyeing, and metallurgical industries. Textile, leather,
pharmaceuticals, and paper mill waste are among the leading polluters of water, posing
severe hazards to human and environmental health. The three main types of dyes are acid
dyes, basic dyes, and vat dyes [1]. The most harmful dyes are cationic dyes, which are
tough on receiving water’s ecology [2]. The cationic dye methylene blue (MB) is often
called methylthioninium chloride and belongs to the thiazine family. It has adverse conse-
quences for both the environment and humans [3]. Moreover, due to their complex aromatic
structure, these dyes are difficult to degrade in the atmosphere, resulting in serious water
contamination and civic health problems such as allergic dermatitis, skin irritation, cancer,
mutation, and genetic effects on marine life and humans [4,5].

In the treatment of wastewater, various chemical, physical, and biological methods
have been utilized, including filtration, advanced oxidation, flocculation, chemical precipita-
tion, solvent extraction, nanofiltration, ion exchange, ozonation, electrochemical techniques,
coagulation, catalysis, photodegradation, chemical degradation, and adsorption [6-11].

Additionally, several of these systems have disadvantages such as high operational
costs, secondary sludge generation, and a greater use of electricity and chemicals [12].
Photocatalytic dye degradation generates no sludge, reduces undesirable odors, and may
produce byproducts [13]. The photocatalytic treatment is one of the most studied dye
removal techniques due to its great effectiveness, nontoxicity, low cost, and ease of re-
moval [14]. There are many materials that are commonly used as photocatalysts, including
biosorbents, zeolites, multiwalled carbon nanotubes, cellulose-based activated carbon,
ZnS, CdTe, TiO,, ZnO, CdS, SnO;, HgS, and selenide [15-21]. The higher band gap of
semiconductors (3 eV) and lower catalytic harvesting efficiency make them less efficient at
utilizing solar light or separating charges. The fascinating physical and chemical character-
istics of selenium (Se)-based materials have drawn considerable attention in the past few
years, as they have a low bandgap, and are regarded as a key family of semiconducting
chalcogenides [22].

A number of metal selenides are commonly used as photocatalysts, including CdSe,
ZnSe, PbSe, CuSe, HgSe, and NiSes [23-27]. The unique characteristics of nickel selenide
have attracted tremendous interest around the world. Several applications can be made
with nickel selenide due to its attractive magnetic and electrical properties, including solar
cells, conductivity, and sensors [28,29]. Nickel selenide (NiSe) is the most widely applied
class of materials with applications in electrocatalysts [30], supercapacitors [31], sensors [32],
electrolysis [33], optical applications [34], photocatalysts [27], and Dye-Sentisized Solar
Cells (DSSCs) [35]. Hibiscus rosa-sinensis is a species of Malvaceae found in abundance in
the Western Ghats of India, especially in Tamilnadu. Hibiscus rosa-sinensis is traditionally
known as shoeblack pant in Tamil. Due to its good medicinal value, its leaves are used to
treat gastrointestinal disorders such as gastric ulcers and stomach pain [36-39]. Among
the active chemicals found in Hibiscus rosa-sinensis leaf extracts are alkaloids, tannins,
flavonoids, and phenols [40]. We present herein a green method to synthesize nickel
selenide NPs using Hibiscus rosa-sinensis as the source of metals and metal oxides such as
Fe;O3, Ag, Cul, and Ag/ZnO [41-45]. Green synthesis of NPs refers to a novel approach of
producing NPs using plant extracts or other natural sources, such as fungi and bacteria,
rather than conventional chemical methods. The process has several advantages, such as
being eco-friendly, cost-effective, and sustainable. However, there are also some limitations
to this method that need to be considered. One major limitation is the lack of control over
the size and shape of the NPs. The composition and concentration of the plant extracts or
other natural sources used can vary, resulting in a wide range of sizes and shapes of NPs,
which can affect their properties and applications. Another limitation is the reproducibility
and scalability of the process. The composition of the plant extracts or other natural sources
used can vary between batches, resulting in inconsistencies in the size, shape, and quality
of the NPs [46]. Additionally, the process may not be scalable to large-scale production,
which can limit its potential applications. Another limitation is the potential toxicity
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and stability issues associated with the NPs produced. Plant extracts and other natural
sources may contain impurities or compounds that can affect the properties and stability
of the NPs. The potential toxicity of these NPs to human health and the environment is
not yet fully understood. Finally, the scope of applications of green synthesis NPs may
be limited compared to those produced by conventional chemical methods due to their
different properties and functionality. Despite these limitations, green synthesis of NPs is a
promising approach for the development of eco-friendly and sustainable nanomaterials.
Further research is needed to overcome these limitations and improve the reproducibility,
scalability, and safety of the process.

NiSe NPs have several identification gaps that require further research. Firstly, the
crystal structure of the NiSe NPs is not yet fully understood, and more studies are needed
to determine the exact crystal structure and its correlation with the properties of the NPs.
Additionally, synthesizing the NiSe NPs with well-controlled size and shape is still a
challenge, and further research is necessary to develop effective synthesis methods that
can produce NPs with specific size and shape. Furthermore, the surface chemistry of NiSe
NPs, which includes surface energy, surface charge, and surface functionalization, can have
a significant impact on their properties and applications, and more research is needed to
understand the surface chemistry of the NiSe NPs and develop methods for controlling
their surface properties. The stability and reactivity of the NiSe NPs under different
environmental conditions are not well understood, and more studies are necessary to
investigate their stability and reactivity and potential applications in various fields. Lastly,
the toxicity and biocompatibility of the NiSe NPs are important factors to consider for
their potential use in biomedical applications, and more research is needed to understand
their toxicity and biocompatibility and develop methods for minimizing any potential
adverse effects. A wide range of characterization techniques were employed to analyze the
synthesized nickel selenide NPs, including XRD, FTIR, UV-DRS, FE-SEM, TEM, EDX and
XPS. This study examined the degradation of MB dye and resistance to noxious bacteria by
nickel selenide.

2. Materials and Methods
2.1. Synthesized Materials

In this experiment, nickel chloride (NiCl3—6H,O) and selenium powder (90%
Sigma-Aldrich) were purchased from Sigma-Aldrich and used without supplemental
distillation. Leaves of Hibiscus rosa-sinensis were collected from Tirunelveli in fresh and
healthy condition.

2.2. Preparation of Hibiscus rosa-sinensis Leaf Extract

In order to remove any foreign contaminants, the leaves collected from Hibiscus rosa-
sinensis were washed several times with distilled water before being used. The cleaned
leaves were dried in air for ambient temperature for 24 h. The leaves were chopped into
fine powder using an oxidized knife. A mixture of 100 mL of double-distilled water and
100 mg of these chopped Hibiscus rosa-sinensis leaves was then heated at 120 °C for two
hours. As soon as the final solution was collected, it was filtered and saved for further
preparation of the NPs.

2.3. Synthesis of NiSe NPs

A stochiometric molar ratio of nickel chloride (0.5 g) and Selenium powder (0.5 g) was
mixed with 10 mL plant extract in a 250 mL beaker and stirred for an hour. The color of the
mixture changed when it delivered the initiation of reaction. The solution was powdered
and put into a thermal reactor for 24 h at 120 °C. After centrifuging the solution, it was
calcined for two hours at 500 °C. After washing and drying the precipitate, it was kept for
further analysis [47].
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2.4. Characterization of NiSe NPs

Optical efficiency of the NiSe NPs was capitalized from UV-Visible DRS spectroscopy
(Shimadzu-2600, Kyoto, Japan). Fourier transform infrared (FTIR)-spectra were obtained in
the range from 4000 to 400 cm™! using a (PerkinElmer, Waltham, MA, USA) spectropho-
tometer. Powder XRD analysis was conducted using an X-ray diffractometer (X-Pert Pro,
Overijssel, The Netherlands) (20 range 20-80°), 40 kV, 30 mA Cu K alpha radiations with
the wavelength of 1.540 A. Field Emission Scanning electron microscopy (FE-SEM) coupled
with energy dispersive X-ray (EDX) analysis of the NiSe NPs was carried out using a Carl
Zeiss Field Emission Scanning Electron Microscopy (FE-SEM) coupled with EDAX with
an accelerating voltage of 25 kV. Transmission electron microscopy (TEM) was carried
out using Titan (Julich, Germany). Binding energy of the NiSe NPs was examined from
X-ray photoelectron spectroscopy (XPS, PHI 5000 Versa Probe III, Physical Electronics,
Chanhassen, MN, USA).

2.5. Bacterial Suspension

In an antibacterial test, Escherichia coli 745 and Staphylococcus aureus 9779 were utilized
as sources of microorganisms. E. coli is a gram-negative bacterium, whereas S. aureus is a
gram-positive bacterium. Both of them were grown in the LB medium for 48 h at 36 °C. The
well diffusion method was utilized to test the prepared composite and standard sample.
A cork-borer with a diameter of 0.85 cm was used to create a well in the LB medium.
Approximately 5 mL of the test sample was then injected into the well and incubated at
36 °C for 24 h. The diameter of the zone of inhibition was used to assess microbial growth.
The experiment was repeated five times to determine the mean value. The results were
then compared to a standard antimicrobial, streptomycin (20 mm) disc.

2.6. Photocatalytic Degradation Experiment

Using visible light radiation, the NiSe NPs degrade the MB dye. To begin the reaction,
50 mL of MB (1 x 10~> M) was placed in a 250 mL beaker. To determine the adsorption
and desorption kinetics, 0.05 (g) of photocatalyst was added to the solution and left in the
dark for 2 h. After 2 h, the solution was exposed to visible light irradiation while being
continuously stirred at 550 rpm. The simulate light is almost 10 cm away from the beaker.
The aliquot solution was then withdrawn every 10 min, centrifuged, and the rate of dye
degradation was measured using an MB spectrophotometer at 654 nm.

The removal percentages % of the dye were determined using the following formula:

Percentage (%) of dye removal = Cyg; — Cypr/Cumpi X 100

Cpmpi—Initial dye concentration of MB dye solution

Cmpr—Light-irradiated dye concentration with different time intervals [48,49].

3. Results and Discussion
3.1. UV-Visible DRS Analysis

UV-DRS spectroscopy was used to characterize optical absorption and defects as
shown in Figure 1a,b. The optical absorption edge spectra of the green synthesized NiSe
NPs are located at 570 nm and describe electron excitation of Ni to the Se element [50].
The NiSe transitions were observed in the visible region and electron excitations were
confirmed. In the visible region, electron excitation has a great potential for light harvesting
and can effectively infect organic dye bonds [51]. In order to calculate the bandgap, the
defect of the NiSe NPs was used. From the Tauc plot in Figure 1b, we can see that the plot
is linear and indicates a direct transition. In the NiSe NPs, the bandgap was determined to
be 1.74 eV, which is consistent with the previous literature [52,53]. The green synthesized
NiSe NPs have a narrow bandgap, which enable control of the release of ions to the target,
and increased surface areas, which determine the antibacterial and degradation properties
against the toxic elements.
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Figure 1. UV-DRS optical absorbance (a) and bandgap (b) spectra of green synthesized NiSe NPs.

3.2. XRD Analysis

Figure 2 represents the X-ray diffraction pattern of green synthesized NiSe NPs. The
observed peaks at 20 values are 32.5°,44.3°, 50.4°, 59.2°, 61.7° and 69.6°, which corresponds
to the (101), (102), (110), (103), (201), and (202) planes, respectively. Diffractive patterns
of the green synthesized NiSe NPs are in good agreement with the standard JCPDS card
(75-0610) hexagonal crystalline structure of NiSe, and these formations are a result of
the interaction between the Ni and Se atoms [54-56]. The phenolic bio-compounds were
responsible for the growth of the particles and the construction of their interfaces. Particle
formation and nucleation evolution were determined by the lattice parameters, such
as strain, size, density, and surface area. Using Scherer’s equation, an average particle
size of 24 nm was determined. The NiSe NPs synthesized with the smallest crystallite
size produced the largest surface area and enhanced lattice strain. As a result of the
narrow crystallite size, the electron mitigation toward the conduction band is enhanced
and promotes the active sites in degradation.

3.3. FTIR Analysis

Figure 3 shows the FTIR spectroscopy of the green synthesized NiSe NPs. Ni reduction
and Se stabilizations were attained from the Hibiscus rosa-sinensis plant extracts. The NiSe
NPs have a large and intense band at 3558 cm . This band is associated with the vibrational
modes of the -OH groups bonded to the peripheral hydrogen and atoms of the NiSe NPs
structural moieties [57]. The weaker band at 1665 cm ! is associated with the C-H bending
vibrations, which come from the amide and amine compounds of plant bio-molecules [58].
The band appearing in the range from 850 to 500 cm~! indicate the occurrences of the
NiSe bonds in the NiSe NPs [59]. The composition can affect the broad and asymmetric
band centered at 600 and 500 cm !, which is attributed to the vibrational mode of Se-Metal
stretching [60-62]. The Ni and Se stretching bonds are derived from the phase purity of the
metal compounds, and their edge was attained by plant bio-nutrients. The bio-nutrients
can produce the pure metal selenide compounds with low agglomeration.
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Figure 3. FTIR spectra of green synthesized NiSe NPs.
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3.4. FE-SEM with EDX Analysis

The morphological and elemental compositions of the green synthesized NiSe NPs
were investigated by field emission-scanning electron microscopy (FE-SEM). Figure 4a,b
illustrate the FE-SEM images at the different magnifications. The average diameter of these
microspheres is 26 nm, and their spherical particles are not distributed uniformly. The
green synthesized NiSe NPs have large aggregated and irregular sphere particles on their
surface. The larger surface area and numerous active sites of the aggregated NiSe NPs
are responsible for their increased photocatalytic activity [63,64]. The EDAX technique
is one of the most commonly used techniques for elemental analysis on the NiSe NPs.
EDAX analysis (Figure 4c,d) was performed over the surface of the NiSe NPs for analyze
purity, and the non-stoichiometric percentage of Se and Ni implies the accurate crystal
arrangement. Finally, the EDAX analysis revealed that only Ni and Se were present in the
synthesized materials.

A, ) &
Signal A = InLens System Vacui EHT = 10.00 kV Signal A = InLens System Vacuum = 3.65e-06 mbar |
Mag= 10.00 K X Gun Vacuum = 2.29e-09 mbar WD= 89 mm Mag= 50.00 KX Gun Vacuum = 2.29e-09 mbar

B Spectrum 17
Wtk o

Se 872 137
128 137

Figure 4. (a,b) SEM and (c,d) EDAX analysis of green synthesized NiSe NPs.
3.5. TEM Analysis

The green synthesized NiSe NPs’ surface area, particles size, shape and texture were
identified from the TEM analysis and their two different magnified images are shown in
Figure 5a,b. The green synthesized NiSe NPs express the spherical shape and oval-like
shape particles in the TEM images. The spherical shape particles majorly occupy the surface
compared to the oval-like structure. The spherical shapes have reduced the edges and form
an oval-like structure. The particles distribution of the NiSe NPs is even with an average
size around 24 nm, which well match the crystallite size and their oval-like structure. The
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results infer the electron migrations and large surface area of the materials [65,66]. The
NiSe NPs of spherical shape re-ensured the narrow bandgap and smallest crystallite size of
the green synthesized NiSe NPs.

Figure 5. (a,b) TEM images of green synthesized NiSe NPs.

3.6. XPS Analysis

Based on the XPS analysis, the chemical composition and surface cationic electronic
state were characterized. The XPS spectrum of the NiSe NPs displays the survey, nickel,
selenide, and carbon spectrum in Figure 6a—d. According to the survey spectrum, pure
NiSe NPs are present on the catalyst surfaces, showing the presence of nickel and selenide.
In the case of the pure nickel elements, the binding energies of 857 eV, 862 eV, 871 eV, and
880 eV correspond to Ni** [67-69]. Given the Ni existence and its stability with selenide
materials, Ni?* is stronger than Ni**. The Ni?* valency of the nickel elements associated
with the Ni-2p state and their splitting energy is Ni-2p;, and Ni-2p3,,. The binding
energies of 54.2 eV (Se-3d5,,) and 55.6 eV (Se-3d3,,) [70-72] were consistent with the NiSe
and Se-Se bonds on the NPs. The Se-3d state of the selenium elements indicates that
selenium interacts with the cationic metal, and their interface is exposed by the NiSe bonds.
Plant bio-fuels formed the interface between the metal and selenide compounds, as shown
by the carbon peaks at 285 eV (Figure 6d) [73,74]. The phase pure Ni-2p and Se-3d and
their reactions were well matched with the EDX, XRD, and FTIR characterizations.

3.7. Photocatalytic Activity

The photocatalytic activity of the NiSe NPs against the cationic MB dye is shown in
Figure 7a—c. The absorbance spectrum at 664 nm (Figure 7a) decreases due to the exposure
of light, which clearly indicates the degradation of dye molecule by the generation of the
reactive intermediates. The dye photodecomposition involves two phenomenon such as
(i) the adsorption and (ii) the photolysis of heterogeneous structure. The photocatalytic dye
degradation mechanism of the NiSe NPs involves a process known as photodegradation,
which occurs when the catalyst absorbs light and generates electron-hole pairs. These pairs
are then utilized in the degradation of organic pollutants. One possible mechanism for this
process involves several steps. First, when exposed to light, the NiSe NPs absorb photons
and generate electron-hole pairs. These pairs are separated due to the different energy
levels of the NiSe NPs, which create a charge imbalance on the surface of the catalyst.
Next, the electrons on the surface of the catalyst react with oxygen in the environment
to produce superoxide radicals. These radicals react with water molecules to produce
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hydroxyl radicals, which are strong oxidizing agents capable of breaking down organic pol-
lutants. The hydroxyl radicals then attack the dye molecules, breaking down their chemical
bonds and reducing them into smaller, less harmful molecules such as carbon dioxide and
water. Finally, the resulting by-products are either released into the environment or further
degraded by other chemical reactions [75-80]. It is important to note that this mechanism is
a simplified explanation of the photocatalytic dye degradation process, and that the actual
reaction mechanism may involve more complex intermediate steps.

Furthermore, MB might be devoured by these radicals, which have a strong oxida-
tion capacity and can destroy the organic dye matrix into CO,, oxygen, peroxide, and
other fragmental byproducts. Figure 7c shows that after 120 min, the NiSe NPs exhibit
92% degradation of MB. Based on its reduced band gap, high light harvesting efficiency,
and restricted electron-hole recombination rate, the NiSe photocatalyst shows superior
catalytic activity [81]. The degradation rate of the NiSe NPs follows the pseudo-first-order
kinetics and the value is 0.01886 min~!, Figure 7d. The mechanism of the photocatalytic
dye degradation is illustrated in Figure 8. In comparison with metal selenide and its
associated compounds (Table 1) [82-92], the green synthesized NiSe NPs demonstrated
equal degradation performance.
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Figure 6. XPS survey (a), Ni-2p (b), Se-3d (c), C-1s (d) spectra of green synthesized NiSe NPs.
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Figure 8. Mechanism of photocatalytic dye degradation of NiSe NPs.
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Table 1. Photocatalytic dye degradation comparison table of various Metal-Se-NPs.

Si. No Material Dye Dye Volume Ci?:gﬁ Light Source Efficiency Ref
1. PbSe NPs Rh-B 50 mL 50 mg 50 Wl'igﬁioge“ 82%/30 min [82]
2. CuSe 2-x MB 50 mL 0lg Sunlight 93.4% [83]
3. PtSe; / graphene MB 80 mL 10 mg Visible light source ~ 95%/180 min [84]
4. ZnSe MO 100 mL 10 mg XENON LAMP 80% /120 min [85]
5. BISe-CM Cv 20 mL 02g Natural Sunlight 98% /150 min [86]
6. CoSe Rh-B 50 mL 50 ug/mL UV light 98% /120 min [87]

Ag- 300 W mercury o .
7. CdSe/GO@CA Mg 30 mL 120 mg lamp light s 97% /25 min [88]
8. SnSe MB 100 mL 010g Sunlight 98.4% /60 min [89]
250 W
9. CuSe/MoSe; MB 100 mL 20 mg high-pressure 95% /120 min [90]
mercury lamp
10. CdSe-rGO MB 80 mL 30 mg 8 W-Hg lamps 70%/210 min [91]
1. PtSey~ Rh-B 80 mL 10 mg UV light 70%/180 min [92]
graphene/TiO,
12. NiSe MB 50 mL 50 mg Visible light 92%/120 min P:Vejfli‘t

3.8. Antimicrobial Activity

The antimicrobial activities of the NiSe NPs were investigated against Gram +Ve,
S. aureus and Gram -Ve, E. coli bacteria (Figure 9). The bacteria of E. coli 10 mm and
S. aureus 15 mm exhibit the antimicrobial activity with the standard drug gentamycin
when measured against the zone of inhibition (18 mm). E. coli, or Escherichia coli, is a
type of bacteria that is commonly found in the intestines of humans and animals. Most
strains of E. coli are harmless and even beneficial, aiding in digestion and the production
of certain vitamins. However, there are some strains of E. coli that can produce toxins
that cause foodborne illness. S. aureus, or Staphylococcus aureus, is a type of bacteria that is
commonly found on the skin and in the nose of healthy individuals. While it is generally
harmless, certain strains of S. aureus can produce toxins that cause food poisoning [93-95].
One such toxin is enterotoxin, which can cause symptoms such as nausea, vomiting, and
diarrhea. In severe cases, it can lead to dehydration and require hospitalization. It is
important to note that proper food handling and hygiene can help prevent the spread of
both E. coli and S. aureus infections. The antibacterial mechanism of the NiSe NPs is not
yet fully understood, but several studies have proposed some possible mechanisms. One
such mechanism is the generation of reactive oxygen species (ROS) such as superoxide
anion radicals, hydroxyl radicals, and singlet oxygen by the NiSe NPs, which can damage
bacterial cell membranes and disrupt intracellular metabolism, leading to bacterial growth
inhibition and cell death [96]. Another proposed mechanism is that the NiSe NPs can
penetrate bacterial cells and interact with intracellular components such as DNA and
proteins, causing damage and impairing bacterial function. Additionally, some studies
have suggested that the antibacterial activity of the NiSe NPs is related to factors such as
their size, shape, and surface charge, as well as the bacterial species and environmental
conditions [97]. Further research is needed to fully understand the antibacterial mechanism
of the NiSe NPs and to optimize their antibacterial properties for various applications. The
zone of inhibition of the NiSe NPs is depicted in Figure 9. The mechanism of antimicrobial
activities of the green synthesized NiSe NPs is illustrated in Figure 10.
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4. Conclusions

We concluded that the structural, morphological, photocatalytic, and antimicrobial
properties of NiSe NPs synthesized using the green method. The XRD, FTIR, EDAX, and
FE-SEM clearly show the homogeneous formation of the NiSe NPs. The photocatalytic
results show that the NiSe NPs degrade 92% of the MB dye in 120 min using simulated solar
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radiation, indicating good degradation ability. A kinetic analysis reveals that the photo
degradation of the NiSe NPs obtained the enhanced degradation under light irradiation.
The investigation of antibacterial activity reveals that the NiSe NPs have higher resistivity
toward E. coli and S. aureus, with the greatest inhibition of bacterial growth. The generated
charge carriers, ROS, Ni?* and Se?~ ions are deliberately attacking the bacterial toxins and
the MB dye. In conclusion, the smaller crystallite size (24 nm), narrow bandgap (1.74 eV),
valency of Ni-2p, Se-3d, and spherical morphology of the green synthesized NiSe NPs
could be a better replacement for various microbial resistant activities, and it may be a
viable approach for the complete removal of environmental pollutants.

5. Future Works

NiSe NPs have shown promising results in photocatalytic water treatment applica-
tions, but there is potential for their use in other areas such as air purification, solar energy
conversion, and waste remediation. Further investigation is needed to determine the effec-
tiveness of the NiSe NPs in these applications and optimize their performance. The NiSe
NPs have demonstrated antimicrobial properties, making them a potential candidate for
use in medical applications such as wound dressings or implant coatings. Further research
is necessary to evaluate their effectiveness and safety for use in such applications. The
NiSe NPs have unique electronic properties that make them a potential candidate for use
in energy storage applications such as batteries and supercapacitors. Investigation into
their performance in these applications and optimization of their properties is necessary
to fully realize their potential. The NiSe NPs have shown promise as a catalyst in various
chemical reactions, including hydrogen evolution, CO; reduction, and organic synthesis.
Further investigation is necessary to optimize their performance and explore their potential
in other catalytic reactions. As with any new material, it is important to study the potential
toxicity of the NiSe NPs in vivo and in vitro to evaluate their safety for human and envi-
ronmental exposure. The synthesis of the NiSe NPs at a large scale while maintaining their
properties and reducing production costs is an important consideration for their potential
commercialization. Research into scalable and cost-effective synthesis methods is necessary
to enable their widespread use.
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