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Original Research Abstract:

Received: Tin-doped Manganese Sulphide (TMS) was created by utilizing green synthesis with grape juice. The prepared
11 February 2025 TMS nanomaterial underwent examinations with the X-Ray Diffraction (XRD), UV-visible spectral (UV),
zRgxgseq; 2025 Scanning Electron Microscope (SEM), Atomic Force Microscope (AFM), High Resolution Transmission
Acceg?e i@ Electron Microscope (HRTEM), Selected Area Electron Diffraction (SAED), Energy Dispersive Spectroscopic
3 May 2025 (EDS), and Vibrating Sample Magnetometer (VSM) techniques. The TMS material’s structure was discovered
Published online: by the XRD method to have a cubic structure, and the sample’s particle size was calculated to be 22.651 nm.
10 May 2025 According to a SEM analysis, the sample contains particles that are somewhat agglomerated and have the
f;ﬂl)\ldiShe;Oizﬂ;SSllei shape of flowers. It has been determined from HRTEM and SAED tests that the nanoparticle is a single crystal.

ay

The EDS method was used to identify elements like Mn, S, and Sn. The band gap of TMS nanomaterial is
©2025 The Author(s). Published by estimated to be 3.42 eV by UV-visible spectral analysis and AFM investigation provides 2-d and 3-d pictures
the OICC Press under the terms of ¢ ¢ sample. According to VSM characterisation, TMS nanomaterial is a type of paramagnetic material.
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1. Introduction tic ceramics, nonlinear optics, optoelectronics, photonics,
sensing, storage and processing adsorbents, catalysis, quan-
tum electronics, nonlinear optics, and optoelectronics [1-4].
Semiconductor metal sulphide nanoparticles have been stud-
ied by numerous researchers, and they possess a number of
unique properties that suggest potential applications in a va-
riety of fields, including photo-catalysis, solar cells, display
panels, and devices like single electron transistors, among
others, Novel eco-friendly synthesis of pyranopyrimidinone
and xanthene derivatives using ZnO-starch nanocomposite
catalyst [5-7]. Alcohol oxidation is a crucial reaction in
organic synthesis [8]. A semiconductor with potential appli-
cations, manganese sulphide (MnS) can be found in three
forms: -MnS, -MnS, and -MnS [9, 10]. By heating a com-
bination of sulphur and manganese chloride in oleyamine,
Joo et al. published a study on MnS nanoparticles [11].

In recent years, interest in nanocrystalline materials has
grown due to the promise they offer for technological appli-
cations as well as the problems they bring to our knowledge
of basic science. The peculiar and frequently advantageous
features that nanocrystalline materials possess as a result
of the advent of crystalline boundary-dominated physics
when the crystalline size approaches roughly 100 nm and
lower are the source of this interest. The nanocomposite
synthesized via reduction agent shows uniform distribution
and enhanced thermal stability. Crystalline grain bound-
aries are no longer considered to be planar defects at these
incredibly small length scales since their volume is equiv-
alent to the interior of the crystalline. Nanomaterials have
a wide range of uses, including in solar cells, superplas-
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Puglisi et al. have created MnS nanomaterial by degrading
manganese oleate and elemental sulphur [12]. Star-shaped
MnS nanocrystals with a coercive field were made by Tian
and his colleagues [13]. In recent years, composite nano-
materials have attracted a lot of attention due to the cou-
pling of two semiconductor nanocrystals, which results in a
number of unique optical and electrical features [14]. The
formation of semiconductor nanocomposites, such as Zn-
S/CdS, CdS/HgS, ZnO/LaMnOs3, ZnO/SnO; and ZnS/CdSe,
has been the subject of several studies [15—19]. Nanocom-
posites have shown promise in various applications. This
research investigates the molecular stability and bonding
mechanisms of doped nanoparticles using computational
methods [20]. In this study, it is intended to manufacture
tin-doped MnS nanomaterial by green method, taking into
consideration the varied applications of undoped and doped
semiconductor nanomaterials. The produced nanomaterials
have undergone numerous characterization investigations,
including FTIR, XRD, SEM, UV-visible spectral, and pho-
toluminescence investigations. The results are discussed in
this paper.

2. Experimental and methods

2.1 Synthesis of the sample by green method

MnS: Sn (TMS) nanoparticles were synthesized by the
green synthesis, which is a simple and environmentally
friendly method [21-23]. The precursor components in-
cluded manganese acetate, tin chloride, and thiourea, which
were all purchased from Merck India. In Tamilnadu, green
grapes were purchased from a fruit stand. After washing
and air-drying the grapes, green grape juice was extracted.
In the sample preparation process, double distilled water
was employed as the solvent. Aqueous saturated solutions
of manganese acetate, thiourea, and tin chloride were com-
bined with 15 mL of green grape juice in a 1:1:0.02 molar
ratios. Using a hot-plate magnetic stirrer, this liquid was
constantly swirled for three hours at 80 degrees Celsius. By
adding a 1 M aqueous solution of sodium hydroxide, the
pH of the solution was brought down to 10. The material
developed a brown precipitate, which was then removed
using high-quality filter paper. The generated sample was
cleaned in double-distilled water and acetone before being
dried at 35 °C. Fig. 1 shows an image of the prepared TMS
nanomaterial. It can be noted that the sample has a little
blackish-brown colour.

2.2 Instrumentations

The powder X-ray diffraction (XRD) pattern of the as-
prepared sample was recorded using a Rigaku D/max-rB
powder X-ray diffractometer with CuK« radiation (A =
1.54178) at a scanning rate of 6 °C/min in the 20 — 80°
range. The SEM image of the nano-powdered sample was
captured using a Hitachi SEM S 2400 instrument. EDX
measurements, typically attached to SEM equipment, were
also performed. High-resolution images of the sample were
obtained using a JEOL 3010 HRTEM with a UHR pole
piece operating at an accelerating voltage of 300 kV in se-
lected area electron diffraction (SAED) mode to analyze
the TMS nanomaterial. The TMS nanomaterial was mixed
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Figure 1. The synthesized tin-doped MnS nanomaterial.

with acetone and placed on a Si substrate for AFM analysis
using a Nanosurf easy 2 scan instrument. The infrared spec-
trum of the sample was recorded in the 400 — 4000 cm™!
range using a Shimadzu 8400S FT-IR spectrometer. The
powder sample was finely dispersed in KBr using an agate
mortar, well-ground, and then pressed into circular discs of
approximately 10 mm diameter and 0.5 mm thickness at a
pressure of 250 MPa. The pellet was dried with IR light be-
fore recording the FT-IR spectrum. The ultraviolet, visible,
and infrared absorbance spectra of the TMS nanomaterial
were captured using a Varian Cary SE UV-Vis-NIR spec-
trophotometer. Impedance analysis was conducted using an
IM 6 ZAHNER impedance analyzer from Germany. At IIT
Madras, a VSM investigation was performed on the TMS
nanomaterial. Cyclic voltammetric studies were carried out
using a CH1650C electrochemical station. Thermal analysis
was performed using a Hitachi STA7000. Fluorescence stud-
ies were analyzed with a Varian/Cary Eclipse/Winflr/De-
fault: An FMSW instrument. Antimicrobial studies were
conducted using the disc diffusion method.

3. Results and discussion

3.1 Powder XRD studies

Fig. 2 displays the MnS: Sn nanomaterial’s recorded XRD
pattern. On the pattern, every diffraction peak was linked
to a cubic unit cell and the reflection planes are assigned
with Miller indices such as (111), (002), (200), (220), (311),
(222), and (400). Since the reflection planes belong to the
cubic system, the lattice parameter (a) of the sample has
been calculated using the relation a = d(h? + k* + 1?)1/2
where d is the interplanar spacing and £, k, [ are the Miller
indices of the crystal planes. The estimated value of lat-
tice parameter of the tin-doped MnS sample is 5.2301 A.
It is noted that the recorded powder XRD pattern of TMS
nanoparticles and the JCPDS file No. 01-072-1012 are
in good agreement [24]. The Scherrer’s formula (D =
0.94/B cos0) was used to determine the sample’s crys-
tallite size. Here A is the wavelength of X-rays, B is the
full width at half maximum and 6 is the Bragg’s angle. The
sample’s nanoparticles were found to have an average crys-
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Figure 2. Powder XRD pattern of tin-added MnS nanomaterial.

tallite size (D) of 26.437 nm. The microstrain is caused by
the point defects, grain boundary, stacking faults etc and the
value of strain (€) can be found by relation € = 3 /4tan6.
The estimated average value of microstrain for TMS nano-
material is 7.137 x 1073, The dislocation density measures
the number of dislocations in a unit volume of the material
and it is determined by using the relation p; = 1/D? where
D is the crystallite size. The calculated value of disloca-
tion density is 1.431 x 10'> m~2 and this value is large due
nano-size of the particles in the sample.

3.2 SEM studies

The SEM image of tin-added MnS (TMS) nanomaterial is
shown in Fig. 3, and it can be seen from the fig. that the
majority of the sample’s particles are flower-shaped and
slightly agglomerated. The image also shows that supra-
aggregates of nanoparticles have formed. The particle size
distribution in the photograph shows that the range of the
size of the particles is between 15 and 35 nm.
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Figure 3. SEM image of TMS nanomaterial.

3.3 EDS studies

Analytical method like energy dispersive spectroscopy
(EDS) is used to determine a sample’s chemical or ele-
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mental makeup. It is an application of X-ray fluorescence
spectroscopy that looks at how electromagnetic radiation
and matter interact to reveal information about the sample.
The detector for an EDS facility typically comprises of a
lithium-drifted silicon device, and it is typically attached to
a SEM equipment. A charge pulse proportional to the inci-
dent X-ray energy is produced when it strikes the detector.
A charge-sensitive preamplifier transforms the charge pulse
into a voltage pulse. The signal is then sent to a multichan-
nel analyzer where the pulses are sorted by voltage. The
energy determined from the voltage measurement for each
incident X-ray is sent to a computer for display and further
data evaluation [25, 26]. The EDS spectrum of tin-added
MnS (TMS) nanomaterial was recorded using a Scanning
Electron Microscope attached with EDS facility and it is
shown in the Fig. 4. From the spectrum, it is ascertained
that the elements such as Mn, S, Sn are mainly present in
the sample and other additional elements like O, Na and CI
appear in the spectrum because reactants like tin chloride,
sodium hydroxide, graph juice were used for preparation of
the sample. The values of weight percentage of different
elements present in TMS nanomaterial are provided in the
Table 1.

Figure 4. EDS spectrum of MnS:Sn nanomaterial.

Table 1. Weight percentage of elements in MnS:Sn nanomaterial.

Element Weight (%)
Mn 27.21

Sn 23.44

S 47.27

Cl 1.45

¢] 2.37

Na 0.75

3.4 HRTEM and SAED studies

Transmission electron microscopes (TEM) make images
by detecting the transmitted electrons from the sample, as
opposed to scanning electron microscopes (SEM), which
produce images by detecting the reflected electrons from
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the sample’s surface. As a result, TEM provides more inter-
nal data, including information on crystal structure, shape,
and stress state. The TEM focuses an electron beam on the
material to produce a highly detailed and magnified image.
It is used to research nanostructured materials and its magni-
fication power is more than 2 million times greater than that
of a light microscope. The primary components of a TEM
are an electron gun, an image-producing system, and an
image-recording system, and they can be used to learn more
about a nanoparticle’s internal structure. The resolution of
a high-resolution TEM (HRTEM) is greater than that of
a TEM. While TEM has a resolution of 0.5 nm, HRTEM
has a lattice resolution of 0.14 nm [27, 28]. Figs. 5 (a, b)
displays the recorded HRTEM pictures of the TMS sample,
while Fig. 6 displays the sample’s SAED pattern. From the
images, it is observed that there are spherical and elongated
shaped nanoparticles and also there are agglomerations of
particles in the prepared TMS nanomaterial. The particle
sizes are estimated in the range of 18 to 25 nm. This value
is close to that obtained by XRD studies. Each ring in the
SAED pattern is filled with numerous white dots. From
the spot pattern, it is deduced that nanoparticle is a single
crystal and each spot on the ring indicates a crystal plane.
A ring’s spots all signify a collection of parallel planes with
the same Miller indices. Thus, the (111), (200), (311) and
(222) planes of the cubic crystal structure can be assigned
to the four diffraction rings on the SAED pattern [29].

3.5 AFM study for TMS nanomaterial

The TMS sample was subjected to nanoparticle examina-
tion utilizing an atomic force microscope (AFM), which
is regarded as one of the most well-liked scanning probe
microscopes. In order to manipulate nanoparticles, the re-
lationship between nanoparticles and the AFM probe was
investigated. The size of the isolated nanoparticles may be
easily calculated from the AFM picture by measuring the
nanoparticle image height, as long as the substrate is flat
[30, 31]. Measurements were made in an ambient environ-
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ment, with an image resolution of 500 x 500 pixels and a
scan speed of 1 to 5 m/s. The obtained 2-d and 3-d images
for TMS nanomaterial are shown in the Fig. 7 (a, b, ¢). It is
seen that there are white patches in AFM images and they
are representing the dopant particles in the TMS sample
[32].

3.6 Antimicrobial studies

Since their features are derived from their high area to vol-
ume ratio and high amount of surface atoms, nanomaterials
have attracted a lot of attention recently. As the particles
size shrinks, its accessible surface area increases, affecting
the particle’s characteristics. This feature makes nanopar-
ticles wonderful and amazing materials for biomedical ap-
plications because many biological processes occur at the
nanoscale level. Since viruses and bacteria are more likely
to attack at the nanoscale, it is imperative to examine the
antibacterial activity of the nanomaterials [33-35]. Five
bacterial strains, including Klebsiella pneumonia, Strepto-
coccus, Staphylococcus aureus, Pseudomonas aeruginosa,
and E. Coli, were employed in this work to examine the
antibacterial activity of TMS nanomaterial. The bacterial
strains were sub-cultured in nutrient agar medium and the
composition of the medium consists of (g/L): glucose - 0.5
g; yeast extract - 0.1 g; peptone - 0.25 g; KH,PO4 - 0.05
g; MgSOy4 - 0.01 g and NaCl - 1.0 g. The medium pH was
adjusted to 7.0 by using HCI/NaOH. Then the isolates were
inoculated individually and incubated at 37 °C for 24 h.
Experiment was carried out in 100 mL Erlenmeyer flasks
containing 50 mL of the culture medium and incubated for
1 day. The culture medium was poured into Petri dishes
under sterile condition. Antibacterial activity against the
bacterial strains was assessed and the diameter of the zone
of inhibition was measured in mm. Five different bacterial
strains were tested for antibacterial activity for the stan-
dard solution and the produced TMS nanomaterial. In the
Figs. 8: (a) Klebsiella pneumonia, (b) Streptococcus, (c)
Staphylococcus aureus, (d) Pseudomonas aeruginosa, and

Figure 5. HRTEM images of TMS nanomaterial.
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Figure 6. SAED pattern of TMS nanomaterial.

(e) E. Coli, photos related to a study on antibacterial activ-  tibacterial activity against the three pathogens Klebsiella
ity are displayed. These images were used to quantify the  pneumonia, Escherichia coli, and Streptococcus because
diameter of the zone of inhibition, and the zone of inhibi- its zone of inhibition values are comparable to those of the
tion measurement results are shown in Table 2. According  standard solution.

to the results of Table 2, TMS nanomaterial has high an-
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Figure 7. AFM images for TMS sample deposited on a substrate.
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Figure 8. Photographs in connection with antibacterial activity for TMS nanomaterial against bacteria samples of a) Klebsiella pneumonia, b)
Streptococcus, c) Staphylococcus aureus, d) Pseudomonas aeruginosa and e) E. Coli.

3.7 FTIR studies

The presence of functional groups of the as-prepared MnS:
Sn nanoparticles synthesized by the present microwave-
assisted solution method are analyzed using FTIR spec-
troscopy. The FTIR spectrum of the nanoparticles of tin-
doped MnS is shown in Fig. 9. The broad absorption band
located around 3420 cm ™! corresponds to the O-H stretch-
ing vibration of residual water and hydroxyl groups, while
the absorption bands at 1620 cm~! and 1460 cm ™! are due
to the scissor bending mode of associated water. The band
at 1153 cm™! can be attributed to C-O stretching vibration.

3.8 UV-visible spectral studies

UV-visible spectroscopy is used to investigate absorption,
transmittance, reflectance, optical band gap, and other linear
optical constants. Fig. 10 displays the spectrum. The main
characteristics of an absorption band are its position and

intensity. The wavelength of radiation that has the same
energy as an electronic transition determines the position of
an absorption band. This spectroscopy has made it possible
to monitor the band gap and absorption characteristics of
nanoparticles. The sample absorbs less in the visible spec-
trum than in the UV spectrum, with the largest absorption
occurring at A = 362 nm. Using the formula E, = 1240/,
the band gap of TMS nanomaterial is determined to be 3.42
eV. Beyond 1850 nm, the absorbance increases slightly with
increasing wavelength, contrary to the infrared portion of
the spectrum where absorption is observed to be decreasing
with increasing wavelength. Since absorbance is determined
by the relationship A = log,,(1/T), where T is the trans-
mittance, the transmittance spectrum of TMS nanomaterial
is shown in Fig. 11 and exhibits the opposite behaviour of
the absorbance spectrum. This graph shows that transmit-
tance values are low in the UV and visible spectrums and

Table 2. Values of zone of inhibition for TMS nanomaterial against five bacterial strains.

Zone of inhibition (mm)

Bacteria

S4 (Mns:Sn)  Standard
Streptococcus aureus 15 25
Streptococcus 12 15
Klebsiella pneumonia 15 15
Pseudomonas aeruginosa 18 30
Escherichia coli 18 30

2008-8868[https://dx.doi.org/10.57647/j.ijnd.2025.1604.27]
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Figure 9. FTIR spectrum of the prepared MnS:Sn nanoparticles.
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Figure 11. Transmittance spectrum of TMS nanomaterial.

high in the infrared spectrum [36, 37]. The linear refractive
index of the TMS nanosample was calculated using the UV-
visible spectral data and the relation used to determine the
refractive index isn = (1/T) +[(1/T) — 1] where T is the
transmittance value. Fig. 12 shows the sample’s refractive
index change with photon energy. According to the find-
ings, the TMS nanomaterial’s refractive index (dispersed in
acetone) marginally falls in the infrared region before rising

IIND16 (2025) -162527 7/12

when photon energy rises in the same region. Refractive
index rises in the visible range and slightly falls in the UV
range. Using the following relation, the sample’s extinction
coefficient (K) was calculated.

_al

K==
4r

ey
where « is the linear absorption coefficient, and A is the
light’s wavelength. A graph is plotted between optical en-
ergy and extinction coefficient for TMS nanomaterial is
shown in the Fig. 13. From the results, it is observed that
the extinction coefficient decreases with increase in photon
energy. The synthesized TMS nanomaterial has a low at-
tenuation coefficient of the order of 10~>, which suggests a
weak interaction between photons and electrons [38—40].

The complex dielectric constant of the sample is written as

e =g+ j& = (n+ jK)* 2)

where €, is the real part of dielectric constant, & is the
imaginary part of dielectric constant, n is refractive index
and K is the extinction coefficient. The above relation can
be written as

e =g+ j&=n’—K>+ j2nK (3)
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Figure 12. Variation of refractive index with photon energy for TMS
nanomaterial.
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Figure 13. Variation of extinction coefficient with photon energy for TMS
nanomaterial.
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And hence the real and imaginary parts of dielectric constant
can be written as

& =n>—K? and & = 2nK %)

Using the aforementioned relations, the real and imaginary
parts of the TMS material’s dielectric constant were cal-
culated [41]. For TMS nanomaterial, graphs of the real
and imaginary parts of the dielectric constant as functions
of wavelength are shown in Fig. 14. The obtained results
demonstrate that as the wavelength grows, the real part re-
duces and the imaginary part increases. The sample is made
of a high-quality material because of the sample’s low imag-
inary part of dielectric constant value.

A parameter used to determine a material’s optical qualities
is its optical conductivity, which is computed in SI units
using the formula given in equation [42].

Oop = Ecnal )

where c represents the velocity of light in free space, « is
the absorption coefficient, &) is the permittivity of free space
or vacuum and 7 is the refractive index. The variation of
optical conductivity with wavelength for TMS nanomaterial
is shown in the Fig. 15. From the results, it can be seen that
the sample’s optical conductivity is highest in the UV re-
gion and that it decreases with increasing wavelength in the
visible and near infrared regions while slightly increasing
in the far infrared region.

3.9 Fluorescence studies

When exposed to visible or ultraviolet light, many samples
not only absorb the light but also re-emit it at a different
wavelength. Fluorescence is an effect that can be used to dis-
tinguish between different substances and determine their
exact composition. Thus, fluorescence spectroscopy is a
method of investigation that relies on a substance’s ability
to emit light rather than its propensity to absorb a partic-
ular wavelength of light. In this instance, the utilisation
of light for excitation is referred to as photoluminescence.
All directions receive the emission of the fluorescent light.
As excitation sources, a variety of light sources, includ-
ing lasers, may be employed. The light source for this
experiment is a xenon arc lamp, which has a continuous
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Figure 14. Plots of Real part of dielectric constant or imaginary part of
dielectric constant with photon energy for TMS nanomaterial.
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Figure 15. Variation of optical conductivity with wavelength for TMS
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emission spectrum and virtually constant intensity. The ex-
periment’s excitation wavelength is 240 nm. It is necessary
to maintain a consistent excitation light wavelength when
measuring the fluorescence spectrum. Biochemical, medici-
nal, and nanomaterial emission properties are investigated
using photoluminescence spectroscopy [43]. Fig. 16 depicts
the emission spectra of tin-doped MnS (TMS) nanomaterial.
The emission peaks in the spectrum are located at wave-
lengths of 363 nm, 377 nm, 441 nm, 492 nm, 520 nm, 541
nm, and 593 nm. Among these peaks, 363 nm and 377 nm
emission peaks belong to UV region and 441 nm, 492 nm,
520 nm, 541 nm and 593 nm peaks belong to visible region
of the electromagnetic spectrum. Thus, TMS nanomaterial
is an important UV and visible light emitting material when
it is excited with 240 nm.
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Figure 16. Photoluminescence spectrum of TMS nanomaterial.

3.10 TG/DTA studies

Fig. 17 displays the recorded TG/DTA curves of the TMS
sample, which can be used to analyze the sample’s thermal
stability. A three-step breakdown process is depicted by the
TG curve. Below 100 °C, the first stage can be seen with
a weight loss of about 10% caused by the elimination of
water that has been absorbed. The sample decomposes in
the second step at a temperature of 500 °C. The emission of
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gaseous particles from the sample causes the third stage of
breakdown at 500 °C, and in this instance the DTA curve
displays the broad exothermic peak. The material is melting
and decomposing, causing the peaks at 300 °C and 500 °C.
Hence, TG/DTA studies show that tin-doped MnS sample
has high decomposition point.
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Figure 17. TG/DTA thermograms for TMS nanomaterial.

3.11 Cyclic voltammetric studies

The working electrode, reference electrode, and counter
electrode are the three electrodes that make up a cyclic
voltammetric (CV) device. Between the working electrode
and the counter electrode, the potential is measured, and
between the working electrode and the reference electrode,
the current is measured. By putting the solution in contact
with the working electrode surface and then making the
electrode surface sufficiently positive or negative in voltage
to compel electron transfer, the solution component is elec-
trolyzed (oxidized or reduced) in this experiment. In CV,
the working electrode’s potential is swept across a poten-
tial range at a consistent pace while the resulting current is
measured. This technique is utilized to get the peak current,
peak potential, and distinctive voltammograms. Figs. 18 (a,
b) show the cyclic voltammograms that correspond to the
measurements of the current fluctuation with potential TMS
nanomaterial at various scan speeds, including 0.05 V/s
and 0.1 V/s. According to the findings, the peak current is
higher for 0.1 V/s scan rates than for 0.05 V/s scan rates.
The TMS sample exhibits a full cycle of voltammograms
for both scan rates, indicating that the sample provides a
full cycle of electrochemical reaction [44, 45].

3.12 Impedance studies

Impedance is a crucial factor used to describe the samples’
electrical characteristics. The total resistance a device or
circuit offers to the passage of an alternating current (AC) at
a specific frequency is known as impedance (Z). A system’s
A.C. response to a sinusoidal disturbance is analyzed using
an impedance analyzer, and the impedance is then calcu-
lated as a function of the perturbation’s frequency. The real
and imaginary components of impedance are denoted by
7' and Z", respectively, in the complex impedance formula
7* =Z7'— j7" where Z' and Z" are the real and imaginary
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Figure 18. Plots of current versus potential at different scan rates like (a)
0.05 V/s and (b) 0.1 V/s for TMS nanomaterial.
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components of impedance. The sum of a single RC cir-
cuit with parallel combination can be used to demonstrate
the complex impedance of an electrode/insulator/electrode
capacitor. The TMS preparation sample was formed into
pellets with a 10 mm diameter and 2 mm thickness. A high-
quality graphite paste was applied to the pellet’s surfaces
that came into contact with the electrodes. This experimen-
tal setup was protected from electricity and put in an electric
oven to change the temperature. In order to measure the
sample’s real part and imaginary part of impedance, the elec-
trodes of the experimental cell were linked to an impedance
analyzer (IM 6 ZAHNER, Germany) for measuring the real
part and imaginary part of impedance of the sample and the
measurement was carried out at different frequency values
and at 30 °C and 50 °C. The frequency-dependent real (Z)
and imaginary (Z") component impedance of TMS nano-
material is shown in Figs. 19 and 20. The figs’ values of
Z' appear to converge more frequently. The findings indi-
cate that impedance values are higher at 30 °C and lower at
50 °C. Additionally, when temperature increases, the peak
widens, indicating the presence of an electrical relaxation
mechanism. TMS nanomaterial’s crystalline boundary resis-
tance values are 1 x 10° Q and 2.4 x 10* Q at 30 °C and 50
°C, respectively. As a result, this sample has a negative tem-
perature coefficient of resistance, indicating semiconducting
or insulating behaviour [46, 47].
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Figure 20. Impedance curve for TMS nanomaterial at 50 °C.

3.13 VSM studies

The magnetic characteristics of sample are determined using
a vibrating sample magnetometer (VSM) instrument. Due
to a change in the sample’s magnetic field brought on by
the vibrating component, a coil using Faraday’s law of
induction produces an electrical field. The sample is placed
inside the sensing coils and the vibrating sample is caused
to undergo mechanical vibration if it is exposed to a uniform
magnetic field H, which will induce magnetization M in
the sample and in the VSM. Once the vibration starts, a
magnetic field forms around the sample, and as variations in
the time of movement take place, the magnetization of the
sample can be examined. Because changes in magnetic flux
produce a voltage in the detecting coils that is proportional
to the sample’s magnetization [48]. At IIT Madras, a VSM
investigation was conducted on TMS nanomaterial, and
the resulting hysteresis curve is displayed in Fig.21. The
values of the TMS nanomaterial’s saturation magnetization
(M), remanent magnetization (M), and squareness ratio
are provided in Table 3. The findings show that the TMS

sample falls under the category of paramagnetic material.

The squareness ratio (M/Mjs) was calculated, and the low
value of M,/M; indicates that the crystalline of the sample
are subject to magneto-static interaction.

4. Conclusion

Tin-doped MnS (TMS) nanomaterial was created using
green synthesis, and various characterization tests were
performed on it. The powder XRD technique revealed
that the TMS nanomaterial’s average particle size was

Krishnasamy et al.
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Figure 21. Hysteresis curve for TMS nanomaterial.

Table 3. Magnetic parameters of TMS nanomaterial.

Magnetic properties Values

Saturation magnetization (My) 5.604 x 1073 emu
7.755 x 1076 emu

0.00138

Remanence magnetization (M;)

Squareness ratio (M,/Mjs)

26.437 nm. A SEM analysis of TMS nanomaterial revealed
the presence of agglomerated particles in the form of
flowers. When the TMS nanomaterial’s EDAX or EDS
spectra was recorded, it was discovered that Mn, S, Sn,
O, Na, and CI were present. It can be seen that the
TMS sample contains spherical and elongated-shaped
nanoparticles from the HRTEM pictures that were captured.
The Miller indices (111), (200), (311) and (222) have been
assigned to the diffraction rings on the SAED pattern of
the TMS sample. It has been determined that the white
patches in the AFM photos are dopant particles in the
manufactured TMS sample, which was dispersed in acetone
and submitted to the AFM research. Five microorganisms,
including Staphylococcus aureus, Streptococcus, Klebsiella
pneumonia, E. coli, and Pseudomonas aeruginosa, were
used in the antibacterial activity analysis of the TMS
sample. For the TMS sample, an FTIR research was used
to do functional group analysis. For TMS nanomaterial,
UV-visible spectrum experiments were conducted, and
numerous optical characteristics were identified and
analyzed. When TMS sample was activated with UV light
of 240 nm, it is seen from the fluorescence spectra that
there are numerous emission peaks at 363 nm, 377 nm,
441 nm, 492 nm, 520 nm, 541 nm, and 593 nm. For the
TMS sample, the TG/DTA thermal curves exhibit two
peaks at 300 °C and 500 °C, which are caused by the
sample’s melting and disintegration. According to cyclic
voltammetric analysis, the peak current is higher for 0.1 V/s
scan rates than for 0.05 V/s. From the hysteresis curve, the
values of saturation magnetization, remanent magnetization
and squareness ratio of TMS nanomaterial were evaluated
and it is concluded that TMS belongs to the category of
paramagnetic material. Since this sample has the interesting
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optical, magnetic and antibacterial properties, it could be
useful in various fields like optoelectronics, solar energy
conversion, fluorescence, and photocatalytic applications.
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