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Abstract— This paper focuses on the controlled size of manganese-doped zinc sulfide nanocrystalline powders made via an
easy-to-understand aqueous chemical procedure that eliminates the requirement for a capping agent. It was examined by the size
of the ZnS nanoparticles was exaggerated by varying calcination temperatures. Rendering to W-H analysis, ZnS nanoparticles’
average crystallite size rose as the calcination temperature rose Spectroscopy of UV-vis in diffused reflectance (DR) mode was
employed to analyze optical properties, It demonstrated a notable reflective feature at 420 nm at 500 °C calcination temperature
and a sharp rise in reflectivity at 375 nm. Morphology and elemental compositions were investigated via transmission electron
microscopy (TEM) and scanning electron microscopy (SEM). As the calcination temperature was elevated, ZnS nanoparticles'
average crystallite size grew in accordance with Scherrer's formula and W-H analysis. UV-vis spectroscopy in diffused
reflectance (DR) mode was employed to analyze optical properties, which, at 500 C calcination temperature, had a notable
reflective characteristic after 420 nm and a sharp rise in reflectivity at 375 nm. In comparison with pure ZnS NPs, Mn-doped
ZnS (15 mol%) NPs shown greater antibacterial activity against Shigellaflexneri, Salmonella typhi, E. coli, and
Staphylococusaureus.

Keywords— Mn-doped nanoparticles, zinc sulfide, Scherrer's equation, Transmission electron microscopy, Antibacterial
activity, nanoparticles

transformation [13]. From all of these studies, it has been
determined that the particular preparation technique used as
well as the applied experimental circumstances significantly
affect the size of the particlesand luminous characteristics of
ZnS powders. This work is the first in a series devoted to
comparing the morphostructure of ZnS:Mn particles in

1. Introduction

More than 25 years have passed since the discovery of
nanocrystalline materials [1]. Their peculiar characteristics,
which derive from the high atom concentration at the
interfacial structure and the comparatively easy methods of

production, are the primary cause. Because of its potential
uses in molecular electronics, nonlinear optics, sensors,
catalysis, and other fields, zinc sulfide nanoparticles have
recently been the focus of extensive research [2, 3].
Simultaneously, more research is required to synthesize zinc
sulfide (ZnS) particles with a limited size variation and
consistent shape. Numerous chemical methods for preparing
nanoparticles have been developed as a result of the growing
interest in these materials. These methods include sputtering
[4], co-evaporation [5], ultrasound irradiation [6], Microwave
irradiation [12], ion complex transformation [11], gas-phase
condensation [9], liquid-phase chemical precipitation [10],
solid-state reaction [8], sol—gel technique [7], and biological
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nanocrystalline form using various synthesis techniques. In
this regard, precipitation is the method used in attempts to
produce manganese doped ZnS nanoparticles. ZnS: Mn
nanoparticles were analyzed using techniques such as
transmission electron microscopy (TEM) and scanning
electron microscopy (SEM). This part addressed the study's
goal and provided an overview of the study. The paper's
remaining sections are arranged as follows. The pertinent
work from previous researchers on the production and
evaluation of zinc sulfide nanoparticles doped with
manganese is included in Section 2.
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Section 3 describes the methods for figuring out how to make
manganese-doped zinc sulfide nanocrystalline powder.
Section 4 outlines the process. The results and discussion are
shown in Section 5. Section 6 discusses the study's findings
and future directions.

2. Related Work

Maskaeva et al. [14] used chemical deposition on frosted
glass substrates. They created CuS(Mn) and CuS(Ni) powders
and thin films doped with nickel or manganese. The thickness
of these materials varied between 170 and 200 nm. It was
shown that CuS-based dispersions displayed the hexagonal
crystalline structure by the use of X-ray diffraction.
Venkatarao et al. [15] studied the ZnS-MoS,. Semiconducting
natured undoped and Mn?*" doped nanocomposites were
prepared by bottom-up hydrothermal synthesis. Using X-ray
diffraction analysis (XRD), diffuse reflection spectroscopy
(DRS), Fourier transform infrared spectroscopy (FT-IR),

scanning  electron  microscopy (SEM), and PL
photoluminescence techniques, the structural, optical
absorption,  morphological, infrared  spectral, and

luminescence properties of the produced powder samples
were assessed. They reported the produced nanocomposites
of an average crystallite size of 12-20 nm. The produced
samples' different functional groups and molecular vibrations
were investigated using the FT-IR spectra. Mostafa et al. [16]
focused on characterizing Mn-doped ZnS. They employed a
straightforward wet chemical technique to create highly
photoluminescent (PL) material, which they then covered
with 3-mercaptopropionic acid (MPA). They created ZnS
doped with Mn. X-ray diffraction (XRD), High resolution
transmission  electron  microscopy (HRTEM), and
fluorescence emission spectra were used to evaluate the
generated Mn doped ZnS QDs (quantum dots) and the pure
ZnS QDs.

Mn-doped ZnS QDs had dual emission peaks at 425 and 570
nm, whereas pure ZnS QDs exhibited a very weak emission
PL Gaussian peak at about 395 nm. Mn*" doped and Cu?'-
included Sn,S3 nanocrystals (NCs) created by chemical bath
deposition were reported by Noppakuadrittidej et al. [17]. The
Cu?" ions formed an anorthic an+-d0ped Cu,SnS; structure
with Eq = 1.44 eV, which altered the material's optical and
photo/electrochemical properties. Photoluminescence spectra
blue shifted from 411.69 nm to 411.13 nm after Mn*doped
Sn,S; or Mn?*-doped Cu,SnS; NCs were applied to the bare
Nb,Os electrode.

The Cu®-incorporated sample showed a slightly higher
emission at the same place as the sample without Cu®,
according to changes at the interface of Mn?*-doped Cu,SnS;
NCs. The crystalline structure's disarray might be the reason
of this. They claimed that since the Mn®*-doped Cu,SnS; had
a greater electroactive surface area, electrochemical testing
demonstrated a decreased charge transfer resistance. Bansal
and associates [18] developed the undoped and transition
metal (Cu, Mn, and Cu: Mn) doped ZnS nanoparticles by
using an aqueous synthesis method. They studied structural
and optical properties of synthetic materials by using a
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variety of techniques. They reported the crystallite sizes of
undoped, Cu, Mn, and Cu: Mn doped ZnS nanoparticles as
1.68, 1.87, 1.50, and 1.42 nm, respectively, based on X-Ray
diffraction (XRD). XRD, Selected Area Electron Diffraction,
and High Resolution Transmission Electron Microscopy all
confirm that ZnS nanoparticles have a stable hexagonal phase
at low temperatures.

Energy dispersive spectroscopy was used to verify
nanoparticle doping. The blue shift in UV absorbance shows
that the optical band gap rises as particle size falls.

Using the chemical precipitation approach, Rao et al. [19]
created the ZnO-CdS composite nanopowder doped with
Mn2+. Their optical, magnetic, and structural characteristics
were examined in relation to Mn?* doping. This investigation
indicates that the average crystallite size is 18 nm, and the
XRD pattern shows the hexagonal phase of both ZnO and
CdS. The morphological investigations reveal irregularly
dispersed, spherically shaped structures with minimal
aggregation.

The special electrical and semiconducting characteristics of
metal sulfide nanoparticles were the main focus of Athanassio
et al. [20]. By cautiously altering the sulfur amount and
composition of the flame gas, the formation of oxide
nanoparticles in flames may be expanded to sulfides.

Ni-doped ZnS NPs were created by Munir et al. [21], who
also investigated their characterisation by in-vitro bioassays
employing the well diffusion method to evaluate their
antiseptic and anticancer qualities against B. cereus, E. coli,
and the HepG2 liver cancer cell line. The data provide
impressive results, with a maximum inhibition zone of around
9 to 23 mm against E. coli and 12 to 27 mm against B. cereus,
respectively. Saroja et al. [22] used the in vitro disk diffusion
technique, for the antibacterial activity of the ZnS thin film as
deposited against a variety of pathogens. According to them
from this experiment Mn doped ZnS thin film revealed better
antibacterial activity and photo catalytic degradation
capabilities in comparison to undoped ZnS thin film.

Ali, et al. [23] used a co-precipitation technique to produce
the cubic zinc blende structure's manganese-doped zinc
sulfide nanoparticles, which had an average crystallite size of
around 3.56 nm.

By utilizing the well diffusion technique to measure the width
of the inhibition zone against two different bacterial strains,
the antibacterial activity of (ZnS: Mn®") nanocrystals was
examined. The inactivation method of microorganisms was
thought to be sort-dependent. Bacillus subtilis showed the
highest antibacterial sensitivity (35 mm) to ZnS: Mn2+
nanoparticles at a dosage of 50 mM, but Escherichia coli
produced the largest zone of inhibition (20 mm) at the same
concentration. The study's inferences showed that in clinical
settings, ZnS: Mn2+ nanoparticles workwise repressed both
Gram-positive (Bacillus subtilis) and Gram-negative (E. coli)
bacteria.
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3. Theory/Calculation

3.1 Scherrer's equation

The widening of a powder's powder diffraction peaks is
related to its mean crystallite size by the Scherrer equation to
get the crystallite size of that powder. By using Scherrer's
equation to the X-ray line broadening approach, the crystallite
size of the ZnS nanoparticles was determined:

D= KA KL
- ﬂhkl CcOS () BhkiCoso

(1)

where A is the wavelength of the Cu K, radiation (1.5406
°A),), K is the form factor (0.9), Brq is the scattering angle, D
is the crystallite's size, and FWHM is the full width at half
maximum (FWHM) in radians [24].

3.2 Williamson—-Hall analysis

Average coherently diffracting domain size and strain can be
determined using Williamson-Hall X-ray line broadening
analysis. Because of crystal imperfections, strain-induced
peak broadening occurs; and distortion, which had been
computed utilizing the relationship:

c= ﬂhkl

= 2
4tanéd

A modified Scherrer's formula was proposed by Williamson

and Hall and was computed using the relation [25]:

L COS O = %+4gsin 0 ©))

3.3 Optical study: UV-vis analysis

A theoretical method for examining how a substrate's color
changes following the application of a paint layer is the K-M
model. Kubelka-Munk function was used to calculate the
band gap energies [26].

(-R)

F(R) = @

In this case, the absorption coefficient is equal to F(R), and
(R) is the reflectance's absolute value. An estimate of ZnS's
direct band gap was obtained by graphing

[F(R)-hv] 2 vs. hv (eV) (5)

4. Experimental Method

This section has been divided into two parts, first part
describes the experiment procedure of manganese doped zinc
sulphide nano crystalline powder and second part of the
section describes the characterization of nanoparticles.
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4.1 Synthesis of ZnS nanoparticles
All of the chemical reagents used in the experiment, namely
Merck with 99% purity, were analytical grade and required
no further purification for the formation of ZnS nanoparticles.
This study aimed to produce controlled-dimension
manganese-doped zinc sulphide ZnS: Mn?" nanoparticles. Zn-
Mn acetate combination and sodium sulfide were the starting
points for the preparation of ZnS: Mn*" powders, with the
addition of methacrylic acid as a particle size regulator. The
SegAdd approach was utilized to produce precipitation at a
low temperature. ZnS nanoparticles with varying Mn-doping
levels were produced by using Zn-Mn acetate solutions of
different compositions. Zn-Mn double sulphide is the
precipitation product that was formed, and the general
equation for the chemical reaction can be used to explain it:
(1-X)Zn(CH3CO0),+xMn(CH;CO0),+Na,S —>
(1-X)ZnS.xMnS+2CH3COONa

The sample was made in this way using a combination that
included the Mn/(Zn+Mn) ratios: 15 mol%. It must be
mentioned that the quantity of included Mn is around 0.1%.
Mn-doped ZnS powders were made by precipitating Zn-Mn
acetate and sodium sulfide in an aqueous solution at low
temperatures (5°C) using the SegAdd technique. This was
proficient by producing a Zn-Mn acetate amalgamation with
15 mol Mn/100 mol (Zn+Mn) from 1M Zn(CH;COO), and
1M Mn(CH5COO), solutions, which was then diluted with
deionized water that included a-methacrylic acid (MA). After
adding the Na,S aqueous explanation drop by drop to the
mixed solution above, it was rapidly tense for half an hour.
Following centrifugation and washing, the resultant powder
was vacuum-dried at 80°C. The washing procedure was
carried out using isopropyl alcohol and deionized water. In
contrast, pure ZnS nanoparticles were also made with the
aforementioned technique.

4.2 Characterizations

The Rigaku X Ray Diffractometer (Model: Smart Lab) was
used to collect ZnS nanoparticle powder X-ray diffraction
data. 3 KW. Micro Universal Testing Machine (Micro UTM)
for Scanning Electron Microscopy (SEM) Tensile Stage
Module Model: EVO MA 5 Micro Test 5000W: The
elemental compositions and morphology were examined
using a 5000N load cell. The size and form of the particles
were shown in studies using scanning electron microscopy
(SEM) and transmission electron microscopy (TEM).

The antibacterial efficacy of ZnS and Mn**doped ZnS NPs
against gram negative Salmonella typhi, Shigellaflexneri, and
E. coli bacteria as well as gram positive Staphylococcus
aureushacteria was assessed using the disc diffusion
technique. They report the related activity indexes.

5. Results and Discussion

5.1 X-ray diffraction analysis of ZnS nanoparticles

Figure 1(a, b) illustrates the impact of various calcination
temperatures on pure ZnS and Mn doped ZnS (15 mol%)
nanoparticles. The fact that all of the peaks sharpened at
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temperatures above 200 °C supports the idea that crystals can
develop at higher calcination temperatures. Figure 1 makes it
evident that ZnS only produced one phase, which is the
hexagonal phase. When compared to lower calcination
temperatures, Higher-temperature-calcined ZnS nanoparticles
travel at peak places.

(1 11), (220), and (311) towards the lower Bragg's angle.
Table 1 displays the average crystallite size of the ZnS
nanoparticles, which was determined by calculations to be
between 28 and 42 nm.

“Zn8 nanoparticies] A

Mo-doped 2n§ nanoparticies|

Intensity (au.)
Intensity (a.u)

Zmlm(d-;«l
, @ (b)
Fig. 1. Powder X-ray diffraction patterns of ZnS nanoparticles (a) The
recorded XRD patterns for ZnS nanoparticles (b) The recorded XRD patterns
for Mn-doped ZnS nanoparticles(15mol%)

2 theta (degree)

One of the most used quantitative analytic tools for
estimating crystallite size is still the X-ray diffraction (XRD).
Although the Scherrer formula is often employed to predict
nanostructural parameters, it overlooks the significant
intrinsic strain contribution and only takes into account the
impact of crystallite size on the XRD peak broadening [27,
28]. The size of articulately deflecting fields and the
spreading of lattice coefficients from lattice disarticulations
are dignified by lattice strain and crystallite size, respectively
[29]. The point blemish, scrap frontier, and amassing
culpabilities are the main grounds of the lattice strain
subsequently to doping, which may eventually cause lattice
extension or reduction in the nanocrystals [30]. As the
attentiveness of Mn®" ions increases, the preoccupation peaks
shift to the longer wavelength side [31].

The flared in Bragg's peaks is presumed by the abridged WH
indicative tool to be the total of peak lengthening brought on
by persuaded strain and partial crystallite size [30, 32]. Since
the crystallite size of as-synthesised ZnO (as determined by
XRD) is knowingly greater than the Bohr stirring radius of
Zn0, which is 2.34 nm, the increase in band gap or blue shift
in absorption may not be the result of the quantum
confinement effect. [33]. Rather, the Burstein-Moss effect,
which has been well documented in the literature (for ZnO),
has been credited causing a comparable band gap widening
[34, 35].

Tablel. Comparison of the geometric parameters of Mn-doped ZnS (15
mol%) nanoparticles obtained from Scherrer’s formula and W—H analysis at
150°C, 300°C and 500°C

Calcination Average crystallite size, D (nm)

temperature | Scherrer’s D (nm) Williamson—Hall analysis
C) D (am) E

150 28 47 0.0076
300 39 66 0.0054
500 42 70 0.0038
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The linear plot of fncosd against 4 sin® for the
Mn-doped ZnS (15mol %) calcined at 150 ‘C, 300
‘C, and 500 "C temperatures shown in Figure. 2 is
represented by Eq. (3). The plots' slope yields the
strain (g) values, which are 0.0071, 0.0045, and
0.0056, in that order. Using the XRD-derived
crystallite sizes (Scherrer's formula), where tiny &
lead to large crystallite size, the results made sense.
Small grain size and small crystallite size were
caused by large €. The results of the calculations
demonstrated that the strain linked to the samples
reduced as the crystallite size progressively grew as
the calcination temperature rose from 150 °C to
500 °C, as indicated in Tablel.

0.02 -
Y= 0.007100X + 0.0022 &
0.015 - 150°
0.01 - L 2
2
0.005 -
2
O T T 1
0 1 2 3
(@)
Y = 0.0045X+ 0.0037
0.008 -
0.006 - L 4
* *
0.004 - L 4
0.002 -
0 T T T 1
0 1 2 3 4
(b)
Ve
Y=0.0056X + 0.0016
500
X
|
- J
(©)

Fig. 2. Williamson—Hall analyses of ZnS nanoparticles calcined at (a) 150-C,
(b) 300 -C and (c) 500 -C temperatures assuming UDM plot.
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5.2 Morphological evaluation

Investigations using scanning (SEM) and transmission (TEM)
electron microscopy provided proof of the morphology and
particle size. ZnS: Mn?* powder, according to the SEM
picture of the 15 mol% sample, is composed of 1-3 um
aggregates of closely spaced particles that are less than 45 nm
(Fig. 3). The same sample's TEM image (Fig. 4) demonstrates
that, in reality, the ZnS: Mn®* powder is made up of
minuscule particles, or quantum dots, that have dimensions
smaller than three nanometers. These nanoparticles exhibit a
significant tendency to agglomerate into considerably bigger
particles due to their high surface area. The Mn-doped ZnS
(15 mol %) ' crystallite sizes were determined to be in the
nanometer range based on the SEM pictures. The crystallite
sizes grew from 28 nm to 44 nm when the calcination
temperature amplified from 150 °C to 500 °C. The nucleation
rate of the particles increased through the calcination
temperature. This is because the crystal core-forming process
was accelerated within a certain time frame by the enhanced
super saturation of the reaction products. Under these
conditions, the formation of the crystal nucleus becomes the
governing phase of the reaction instead of grain development.
As the temperature rises, it becomes evident that the rapid
creation of crystal nuclei is causing a phenomenon known as
"nuclear-aggregation,” which causes the crystal nuclei to
aggregate. One important factor influencing the final
products' shape and structure (crystallineness) is the rate of
particle aggregation. The greater variations in height (Z
range) at the margins of larger grain samples were found to
be intrinsically rougher than those of smaller grains. But in
every instance, the morphologies were quite similar. One can
infer a comparable conclusion from the SEM observation. It
was discovered that the process parameters had a significant
impact on the morphology.

TO. 800 O. See o

Fig. 3. SEM image of ZnS: Mn% (15 mol%)
(scale bar = 1 um)

Fig. 4. TEM image of ZnS: Mn* (15 mol%,
(scale bar=50 nm)
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The geometric properties of ZnS nanoparticles, as determined
by W-H analysis and Scherrer's formula, are compiled in
Table 1. By relating the regular crystallite size values
resulting from W—H analysis, it was exposed that strain has a
very trivial impression on the typical crystallite size of ZnS
nanoparticles. The inconsistency in be an average of particle
size dispersal was the purpose of the little difference in the
regular crystallite size determined by Scherrer's formula and
W-H analysis.

5.3 Optical study: UV-vis analysis

The findings of a study on the effects of varying calcination
infections on the optical possessions of ZnS nanoparticles are
exposed in Figure 5. The subtle reflectance spectra of the
500°C-calcined probationary exhibited a notable upsurge
about 375 nm, and the substantial showed a high imitating
feature beyond roughly 420 nm.

This resulted from the increased likelihood of photons with
insufficient energy to engage with atoms or electrons
reflecting back. It was shown that the particle sizes had a
significant impact on the ZnS nanoparticles' ability to absorb.
As the temperature rise from 150 °C to 500 °C, the obtained
band gap energy (Eg) values were 3.13, 3.12, and 3.10 eV,
respectively. The optical absorption edge somewhat migrated
toward a longer wavelength in comparison to the reported
band gap energy of bulk ZnS (E; = 3.27 eV) [36]. Higher
calcination temperatures may have increased grain size,
which is what produced this change. [37].

100

80+

60+

Reflectance %

404

204

o T T T
300 500 600
Wavelength (nm)
Fig 5. Diffuse reflectance spectra of the ZnO nanoparticles
calcined at 150°C, 300 -C and 500 C temperatures

5.4 Antibacterial Activity

The antibacterial activity of ZnS and Mn2+doped ZnS NPs
against gram positive Staphylococcus aureus and gram
negative Shigella flexneri, E. coli bacterium, and
Salmonella typhi was assessed using the disc diffusion
technique.

They report the related action indexes. Figures 6 and 7

display the activity index for each catalyst as well as the
zones of inhibition's average and standard deviation

11
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After a 24-hour incubation period, Mn-doped ZnS shows
strong bactericidal activity measured in terms of zone of
inhibition (mm). Table 2 demonstrates that Mn-doped ZnS
has better antibacterial efficacy against microorganisms than
pure ZnS.

It is found that the Mn-doped ZnS standard error (SEM) and
mean concentration needed for halting the development of
Staphylococusaureus Salmonella typhi, Shigellaflexneri
and E. coli are 18.08+2.02, 12.08+0.04, 16.3+1.12 and
13.8+0.10, respectively as accessible in Table 3. The
increased activity of Mn-doped ZnS is caused by the
improved adherence of Mn atoms to the cell walls of
bacteria.lt is generally accepted that metal ions bind to cell
membranes via interfering with protein thiol groups, which
inactivates respiratory enzymes. Moreover, it has been
recommended that the improved electrostatic exchanges amid
the NPs and the cell surface progressively modify the shape
of the cell, cumulative penetrability and causing NPs to
accumulate in the cytoplasm of the cell [38]. By encouraging
lipid peroxidation and inner oxidative stress, the
accumulating NPs damage DNA [39]. Therefore, it is
possible to explain why NPs have bactericidal activity by
pointing to their increased production of ROS and buildup,
which frequently causes cell wall break and ultimately
culminates in cell demise [40]. Ag-doped TiO, NPs shown
outstanding antibacterial action against E. coli, according to
According to Djokic and Burrel [41], Ag ions bind
significantly with thiol groups. A decrease in the zone of
inhibition over time might be brought on by several variables
pertaining to the characteristics of the antimicrobial drug, the
microbiological population, and the experimental setup [42,
43].

Therefore, it is abundantly evident from the current work that
doping NPs can greatly boost antimicrobial action, and that
varying the dopant dosage can also greatly boost activity. In
light of this, Mn may be regarded as a significant metal
dopant that may have antibacterial properties.

It can also be explored as a significant candidate material in

subsequent research, which will allow for the investigation of
even larger percentages of metal ion doping. Pure and doped
ZnS NPs were found to have strong antibacterial action
against Staphylococusaureus, Salmonella typhi,
Shigellaflexneri and E. coli bacteria. The pure 15 mol %
showed the most activity. Mn-doped ZnS NPs have the ability
to successfully stop the growth of Staphylococusaureus,
Salmonella typhi, Shigellaflexneri and E. coli four bacterial
pathogens. The adhesion effectiveness of The increased
activity of Mn-doped ZnS is due to the addition of Mn atoms
to the bacterial cell walls. It is generally accepted that metal
ions bind to cell membranes by interacting with protein thiol
groups, deactivating respiratory enzymes and causing reactive
oxygen species (ROS) to be produced [43]

© 2025, IISRPAS All Rights Reserved
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Table 2. The antimicrobial activity of ZnS with zone of inhibition

Organism Zone of inhibition (mm) Mean Activit
Concentration of ZnS in | value = |y
pg/ml SEM index
20 | 40 | 60 | 80 | 100
0 0 0 0 0

Salmonella typhi 13 |14 | 14 | 15 | 17 14.6£1.0 | 0.7809

4
Shigellaflexneri 9 10 |11 |12 | 14 11.2#0.4 | 0.7454
4

Staphylococusaure | 12 | 13 | 14 | 16 | 18 14.6+2.1 | 0.7629

us 3

E.coli 8 9 95 |10 | 11 9.5+0.19 | 0.5818

Table 3. The antimicrobial activity of ZnS (15mol % Mn doped) with zone of

inhibition
Organism Zone of inhibition (mm) Mean Activit
Concentration Mn-doped of ZnS value £ Y
in pg/ml SEM index
200 | 400 | 600 | 800 | 100
0
Salmonella typhi 15 17 18 19. | 21. 18.08+2. 0.8607
2 2 02
Shigellaflexneri 9 11 12. | 13. | 14. 12.08+0. | 0.8231
5 7 2 04
Staphylococusaur | 13 | 15 16. | 17. | 18. 16.3+1.1 | 0.8011
eus 8 9 8 2
E.coli 11. | 12. | 13. | 15. | 16. 13.8+0.1 | 0.7435
5 7 5 2 3 0

25

20

15
B Pure Zn5

5

]

@ & &
((ptr- -:31”& & o
o ? o
Mutrm‘?gamsm

Zone of inhibition (mm)

Fig. 6. Error bar with standard error for the antimicrobial activity

B3] gm“_

Microorganism

07438
u PureZnd
u Ma-doped
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I

Fig.7. Bar plot for the activity index for samples of pure ZnS and Mn—doped'
ZnS Nanoparticles
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6. Conclusion and Future Scope

By precipitating, manganese-doped ZnS nanoparticles were
produced utilizing the sequential reagent addition method
(SegAdd). As a particle regulating agent, methacrylic acid
was utilized to control the size and shape of the particles. ZnS
nanoparticles were effectively created using an aqueous
chemical process having crystallite sizes ranging from 28 to
42 nm on average. It was examined how the structural and
optical characteristics were affected by varying calcination
temperatures. Both pure and Mn-doped ZnS (15mol %) had
pure wurtzite ZnS phase with good crystallinity, according to
the XRD data. Both pure and doped ZnS NPs were found to
have strong antibacterial action against Salmonella typhi, E.
coli, Staphylococusaureus, and Shigellaflexneri. The pure 15
mol % showed the highest activity.

The bacterial pathogens Shigella flexneri, Salmonella typhi,
E. coli, and Staphylococcus aureus could all be efficiently
inhibited from growing by Mn-doped ZnS NPs. These
promising results show that Mn-doped ZnS NPs have a
variety of biological applications. The doped ZnS
nanomaterials will be useful in the future for wound healing
and hyperthermia treatment. In the commercial market,
manganese-based nanoforms can be easily used in
conjunction with other substances based on the phases of
development, optimization, and appropriate biosafety
assessment. Before being used commercially, the other
aspects, such as pharmacokinetic studies, immunogenicity,
metabolic destiny, and effectiveness, should be thoroughly
assessed. The latest article will attract a broader range of the
scientific community (both specialized and non-specialized),
given that manganese provides a number of benefits in the
food, textile, electronics, and water industries in addition to
the healthcare industry.
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