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Abstract: In the scientific field, microbial contaminations are growing along with the developments of
newer research methodologies. Evaluating anti-microbial activity using newly designed materials has
been gaining importance over the years to address this issue. The present work aims to form zinc
stannate nanoparticles (ZTO NPs) through bio-synthesis and compare their biological efficiency with
the as-synthesized nanoparticles through chemical synthesis. The nanoparticles (Zn,Sn0O.) were
synthesized through a hydrothermal method by developing moderate experimental conditions. Three
different combinations were synthesized using 2:1 mole ratio of ZnCl, and SnCl, precursors, and leaf
extracts such as Aloe barbadensis mill and Terminalia catappa were used in the bio-synthesis method.
Sodium hydroxide was used as a mineralizer in the chemical synthesis method. The obtained ZTO NPs
were characterized by XRD, SEM-EDS, and UV-Visible spectral techniques. Finally, the antibacterial
and anti-fungal activities were evaluated using the Agar-well diffusion method. Competitive biological
activity response from the bio-synthesized ZTO NPs against the selected bacterial (Bacillus subtilis, S.
Aureus, E. Coli, and P. Aeruginosa) and fungal strains (A. Niger and C. albicans). The synthesized ZTO
NPs were highly efficient in exhibiting potential biological activity against the selected microbes.
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1. Introduction

Zinc stannate is known to act as ternary semiconducting material [1], and about the
property, it can exhibit high electron mobility and electrical conductivity and is widely used in
piezoelectric nanodevices, photovoltaic devices, polymer-based electronics, etc. [2-5]. They
belong to the perovskite group of oxides and are generally crystallized in ilmenite structure
enabled by face-centered-cubic (fcc) closed packing [6]. Various synthesis routes such as
thermal evaporation [7], co-precipitation [8], low-temperature ion exchange [9], solvothermal
[10], high-temperature calcination [11], sol-gel [12], and hydrothermal methods [13-16] were
incorporated to form these materials with high purity.

Wang et al. [17] have demonstrated the synthesis of zinc stannate nanoparticles (ZTO
NPs) in which the morphology was observed to be nanosheets embedded with hollow spheres.
The hydrothermal method was used by the research group by including
cetyltrimethylammonium bromide (CTAB) as the mineraliser. Geng et al. [18] have performed
the synthesis of polyhedral ZTO microcrystals by wet chemical methods near 85°C. Zeng et al.
[19] have reported the formation of ZTO nanocages through zinc acetate and tin (IV) chloride
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as the precursors via. hydrothermal method. The method successfully formed the nanoparticles
in the range of 200 — 400 nm scale, which were used in the gas-sensing properties. J. Huang et
al. [20] have formed porous ZTO nanocubes through zinc sulfate heptahydrate and tin (1V)
chloride as the precursors through the thermal treatment method. The NPs obtained in this
methodology were observed to be pH sensitive, and the particles were formed in the range of
80 — 100 nm at pH 12.0 and 280 — 310 nm near pH 12.6. The NPs were used in the gas-sensing
applications and photocatalytic degradation of Rhodamine B solution (50 mL of 10 mg per L).
J. E. Jeronsia et al. [21] have reported the antibacterial efficiency of ZTO NPs (Zn2Sn0.),
which were synthesized through the hydrothermal method with chloride salts of zinc and tin as
the precursors. The NPs have displayed potential antibacterial activity against gram-positive
(S. Aureus, Bacillus subtilis) and gram-negative (K. Pneumonia, E. Coli) bacteria.

Over the past years, microbial contamination has been identified to be increasing with
the growing advancements in scientific research [21, 22, 23]. To inhibit their growth, various
materials have been used. Some of these materials are metal oxide nanoparticles like TiO2,
ZnO, Fe203, WOs3, etc. [24,25]. Nano-metal composites are other biocompatible materials that
are efficient in restricting the growth of microorganisms. Composites of TiO, such as x %
graphene-oxide-TiO2, were reported to display efficient antibacterial and anti-fungal activities
[25]. The materials were able to control the growth of various microorganisms like Escherichia
coli, Staphylococcus aureus, Salmonella paratyphi, Bacillus subtilis [26,27].

Based on these inputs, it has been observed that there is significant scope for developing
biologically active ZTO NPs in a novel approach to obtaining nanoparticles of different
morphology. Therefore, the major objective of the present research work is to form ZTO NPs
(Zn2Sn04) through a bio-synthetic approach by embedding with leaf extracts of Aloe
barbadensis mill and Terminalia catappa. Pure ZTO NPs (without leaf extract) were also
synthesized through the hydrothermal method, and all the synthesized NPs were characterized
using XRD, SEM-EDS, and UV-Visible spectroscopic techniques. The anti-microbial activity
of the synthesized NPs was evaluated against selected bacterial (Bacillus subtilis, S. aureus, E.
coli, and P. aeruginosa) and fungal strains (A. Niger and C. albicans).

2. Materials and Methods

The chemical reagents used in synthesizing the ZTO NPs and the microorganism strains
selected for the anti-microbial studies were discussed under materials and methods. All the
experimental results were presented, and these results were compared with the standard
literature. The obtained results could be analyzed, and supportive discussions were presented
based on the outcomes achieved in the present research work.

Zinc stannate nanoparticles (Zn.SnOs, ZTO NPs) were synthesized using Stannous
chloride (SnCly»), zinc chloride (ZnCly), and sodium hydroxide (NaOH), which were procured
from Qualigens (AR grade). All the chemical reagents were used in the experimentation
without any further purification. The entire process was carried out with double distilled water.
To investigate the anti-microbial activity of the synthesized NPs, microorganisms such as
gram-positive bacteria (B. subtilis, and S. aureus), gram-negative bacteria (P. aeruginosa, and
E. coli), and fungal strains such as A. niger and Candida albicans.

In the present research work, the Zn,SnOs NPs were synthesized using the
hydrothermal method [28], and the antibacterial activity of the NPs was evaluated using the
Agar-well diffusion method [29].
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2.1. Synthesis procedure of ZTO NPs.
2.1.1. Bio-synthesis.

The precursor solution was prepared with 2:1 mole zinc chloride and tin chloride
concentrations. In two separate containers, the above solution was added with the leaf extracts
of Aloe barbadensis mill and Terminalia catappa, which acts as mineraliser. These containers
were kept under magnetic stirring for about 3 h to perfectly blend the leaf extracts and the
chemical precursors. The obtained thick solution was then slowly transferred into a Teflon
container equipped with a stainless-steel autoclave. The autoclave is maintained near 200°C
for 24 h. The obtained powders were then cleaned and annealed at 600°C for 4 h. Thus, and
the obtained materials were ground into fine powders and named ZTO 21A (leaf extract: Aloe
barbadensis mill) and 21B (leaf extract: Terminalia catappa), respectively.

2.1.2. Chemo-synthesis.

A similar procedure was followed for the chemo-synthesis of ZTO NPs, in which
sodium hydroxide solution was used as the mineraliser, and it was also able to maintain the pH
of the reaction medium. The finally obtained powder was named ZTO 21C.

2.2. Media preparation for evaluating the anti-microbial activity.

In the present research work, Mueller Hinton agar medium was used for regular
susceptibility testing of bacteria due to its acceptable reproducibility and satisfactory growth
of most pathogens [30]. Sabouraud’s dextrose agar was used for the susceptibility testing of
fungi [31]. These two media were prepared by dissolving the synthetic powder in distilled
water. The medium was adjusted to pH 7.0 with NaOH (1N) and made up to 1 L with remaining
distilled water. The conical flask was sealed properly with the help of a cotton plug. The
medium and Petri plates (100 mm x 15 mm) were autoclaved at 121°C, 15 Ibs for 20 min. The
autoclaved medium was allowed to cool to 45°C and transferred into Petri plates (20 ml/plate)
under disinfected conditions of laminar airflow.

3. Results and Discussion

3.1. Instrumentation.

The crystalline structure of the ZTO NPs was characterized using X-Ray
Diffractometer. Their absorbance was measured using UV-Vis spectra and were recorded using
Single Monochromator UV-2600. Field Emission Scanning Electron Microscopy investigated
the morphology of the as-synthesized samples.

3.2. Results and discussion.

The results obtained in the characterization of the ZTO NPs and anti-microbial activity
studies were presented. All the results were interpreted, and the outcomes were discussed
concerning the standard scientific reports.

3.2.1. PXRD analysis.

https://nanobioletters.com/ 30f13


https://doi.org/10.33263/LIANBS124.138
https://nanobioletters.com/

https://doi.org/10.33263/LIANBS124.138

The crystalline structures of ZTO 21A, 21B, and 21C NPs were identified through the
PXRD patterns, and the same were presented in figures 1 to 3, respectively. The diffraction
planes (111), (220), (311), (222), (422), and (511) were obtained at 26 17.7°, 29.1°, 34.2°, 35.8°,
52.1% and 54.7° respectively, corresponding to the standard Zn,SnO4 material with JCPDS File
No. 24-1470 [32]. The average crystallite size (D, nm) was calculated through the FWHM

method using Debye-Scherrer’s equation.
KA

D =
B cos6
where, A is the wavelength of the X-ray source used (copper, A=1.54 A®), B is the line width at
the half of maximum intensity, k is Scherer constant, and 0 is denoted Braggs angle. This
equation obtained the average crystallite size as 17.8, 18.3, and 18.6 nm for ZTO 21A, 21B,
and 21C NPs, respectively.
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Figure 1. PXRD spectra of ZTO NPs extracted with Aloe barbadensis mill.
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Figure 2. PXRD spectra of ZTO NPs extracted with Terminalia catappa.
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Figure 3. PXRD spectra of ZTO NPs formed through chemo-synthesis.
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3.2.2. SEM-EDS.

The SEM images of all the ZTO NPs are shown in figures 4(a), 4(b), and 4(c),
respectively. It can be observed that the ZTO NPs formed through the chemo-synthesis method
were formed in the form of nano-spheres (figure 4c). Including the leaf extracts in the synthesis
method, the ZTO NPs were modified into forming agglomerated spherical-shaped
nanoparticles (figures 4a & 4b). Further, the EDS spectra are shown in figures 4(d) and 4(e).
In these spectra, the presence of the respective atoms (Zn, Sn, and O) was observed, which
confirms the formation of the ZTO NPs.
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Figure 4. SEM images of (a) ZTO 21A NPs; (b) ZTO
21B NPs; (c) ZTO 21C NPs; EDS spectra of (d) ZTO
21A NPs; (e) ZTO 21B NPs.

3.2.3. UV-Visible spectroscopic studies.

The percentage transmittance (% T) of the synthesized ZTO NPs was measured using
a UV-Vis spectrophotometer over the 350 — 1000 nm wavelength range. The % T of ZTO 21A
NPs was maximum in 470-500 nm (figure 5). The % T of ZTO 21B NPs has shown a gradual
increase in % transmittance with an increase in wavelength and reached a maximum value near
1000 nm (figure 5). The % transmittance of ZTO 21C NPs was maintained in the range of 97
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—98% (figure 5). These results showed that the % transmittance has increased in the ZTO NPs
synthesized with the leaf extract of Terminalia catappa and Aloe barbadensis mill over a broad
wavelength range of 380-880 nm, was nearer to that of the ZTO 21C NPs. Hence, there is a
subsequent constructive change in the % T of ZTO NPs, including the leaf extracts.
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Figure 5. UV-Vis spectra of ZTO 21A, 21B and 21C NPs.
3.2.4. Evaluation of anti-microbial activity (Agar-well diffusion testing).

The cup plate method or agar well diffusion method depends upon the diffusion of
antibiotics from a vertical cylinder through a solidified agar layer in a Petri dish or plate to an
extent such that the growth of added microorganisms is prevented entirely in a zone around the
cylinder containing a solution of the antibiotics.

Antibacterial activities of the compounds investigated were first evaluated by the agar
well diffusion method. The standardized cultures of test bacteria were first evenly spread onto
the surface of Mueller Hinton Agar plates using sterile cotton swabs, and fungi were spread on
Sabouraud’s Dextrose Agar plates using sterile cotton swabs. Five wells (6 mm diameter) were
made on each plate with a sterile cork borer. Fifty microliters of each compound and positive
control were added to wells. Streptomycin (100 pg per mL) was used as the standard drug for
comparing the results obtained with the ZTO NPs. Diffusion of compounds, antibiotics, and
DMSO was allowed at room temperature for 1 h. All the plates were then covered with lids
and incubated at 37°C for 24 h. The quantities of the contents used in the Mueller-Hinton
method are shown in Table 1. Post incubation, the plates were measured for the inhibition zone
of bacterial growth. The anti-microbial activity of the compounds was expressed in terms of
the average diameter of the inhibition zone (in mm). Compounds with an inhibition zone
diameter of less than 6 mm are inactive.

Table 1. Composition of Mueller Hinton Agar.

S. No. Name of the ingredient Quantity (9)
1 Beef Infusion 3.00
2 Casein acid hydrolysate 17.50
3 Starch 1.50
4 Agar 17.50
5 Final pH (at 25°C) 7.3+0.2

The anti-microbial activity studies were conducted with ZTO NPs obtained at 5000
rpm; it was observed that the inhibition tendency was predominant at higher concentrations of

the medium. The ZOI for all the selected bacterial strains was higher for ZTO 21B NPs than
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21C and 21A NPs, at 10 mg per L concentration. The ZTO 21B NPs have shown maximum
ZOI with all the selected bacterial strains, and the ZTO 21C NPs have exhibited the next
superior activity after 21B NPs. However, at 5 mg per L concentration of the NPs, the activity
was almost negligible against S. aureus and E. Coli strains. The bacterial strains were
significantly inhibited at higher concentrations (10 mg per L). Moreover, the antibacterial
activity of the ZTO 21A NPs was predominantly more than ZTO 21C NPs. These results
indicate the effectiveness of the green synthesized ZTO NPs in inhibiting the growth of the
selected bacterial strains, and the results are presented in Table 2.

In the anti-fungal activity studies, the ZOI of A.niger was highest with ZTO 21B NPs.
The ZTO 21A & 21C NPs have shown equal performance against the fungal strain at both
concentrations. The ZOI of the fungal strain C. albicans was observed to be maximum with
ZTO 21A NPs than the 21C NPs. These results indicate the ability of the green synthesized
ZTO NPs to perform efficient anti-fungal activity. The results are presented in Table 3, and the
images of anti-microbial studies are shown in figure 6.

Table 2. Zone of inhibition antibacterial activity of compounds

Zone of inhibition (mm)
S. No ZTO NPs Bacillus subtilis S. aureus E. coli P. aeruginosa
10mg 5mg 10mg 5mg 10mg 5mg 10mg 5mg
1 21A 10 8 12 10 10 8 12 8
2 21B 21 17 16 14 18 14 13 8
3 21C 16 8 8 0 10 0 10 7

Table 3. Zone of inhibition anti-fungal activity of compounds.

Zone of inhibition (mm)
S. No ZTO NPs A. niger C. albicans
10mg 5mg 10mg 5mg
1 21A 8 0 14 12
2 21B 12 8 16 13
3 21C 8 0 8 0
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Figure 6. (a) anti-bacterial activity of ZTO 21A NPs against B. Subtilis (1) 10 mg; (2) 5 mg; (3) Streptomycin 100
Mg; (4) Negative control (DMSO). (b) activity of ZTO 21B NPs& (¢) ZTO 21C NPs. (d) anti-bacterial activity of
ZTO 21A NPs against S.aureus (1) 10 mg; (2) 5 mg; (3) Streptomycin 100 ug; (4) Negative control (DMSO). (e)
activity of ZTO 21B NPs & (f) ZTO 21C NPs. (g) anti-bacterial activity of ZTO 21A NPs against E. Coli (1) 10
mg; (2) 5 mg; (3) Streptomycin 100 pg; (4) Negative control (DMSO). (h) activity of ZTO 21B NPs & (i) ZTO 21C
NPs. (j) anti-bacterial activity of ZTO 21A NPs against P. aeruginosa (1) 10 mg; (2) 5 mg; (3) Streptomycin 100
1g; (4) Negative control (DMSO).(K) activity of ZTO 21B NPs & (1) ZTO 21C NPs. (m) anti-fungal activity of ZTO
21A NPs against A. niger (1) 10 mg; (2) 5 mg; (3) Streptomycin 100 pg; (4) Negative control (DMSO). (n) activity
of ZTO 21B NPs & (0) ZTO 21C NPs. (p) anti-fungal activity of ZTO 21A NPs against C. albicans (1) 10 mg; (2)
5 mg; (3) Streptomycin 100 ug; (4) Negative control (DMSO). (q) activity of ZTO 21B NPs & (r) ZTO 21C NPs.
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After analyzing various research articles, it was found that the nanoparticles constructed
through the leaf extracts can exhibit various biological functions. Further, the eco-friendly
synthesis of nanoparticles has been challenging the traditional chemo-synthesis of
nanoparticles in displaying equal and, in some cases, potential biological, photocatalytic, and
photovoltaic applications. In the present research scenario, finding an environmentally benign
methodology to address the existing research limitations has become inevitable. The present
work contributes to this research loop as well. The research article presents the anti-microbial
activity studies of zinc stannate nanoparticles synthesized through the leaf extracts of Aloe
barbadensis mill and Terminalia catappa. The XRD plots have revealed the formation of
corresponding diffraction planes of the ZTO NPs, and the average crystallite size of the NPs
was observed to form in the range of 14-18 nm. The morphology of the NPs through these leaf
extracts has changed from nanoplates to nano-spherical particles. Further, the transmittance of
the NPs formed through bio-synthesis was slightly higher than those formed through chemo-
synthesis. The biological activity of the ZTO NPs was investigated against various bacterial
and fungal strains. In this regard, the biological activity of some of the potential nanoparticles
synthesized through the leaf extracts of Aloe barbadensis mill and Terminalia
catappa.Rajkumari et al. [33] have demonstrated the antibacterial activity of titanium dioxide
nanoparticles extracted with Aloe barbadensis mill against P. aeruginosa. The aqueous leaf
extract acted as a reducing and stabilizing agent inducing the highest cell viability in
30.76+3.96%. This profound activity was observed with 31.25 pg per mL of the NPs. Bhuvan
Ran et al. [34] have presented the biological activity of eco-friendly synthesized CeO2 NPs
using Aloe barbadensis mill extract. The average crystallite size of these NPs was found to be
13 nm, and the antibacterial activity was investigated against Escherichia coli, Klebsiella
pneumoniae, Pseudomonas aeruginosa, and anti-fungal activity was performed against
Aflatoxigenic Aspergillus flavus PPBS1. Highest zone of inhibition was observed with P.
aeruginosain on the order of 10+1 mm. As a whole, the maximum growth inhibition was
noticed to be 3 cm, and % of inhibition was obtained as 75% at a concentration of 5ug per mL.
Vijaykumar et al. [35] have synthesized ZnO NPs through the leaf extract of Aloe barbadensis
mill. The NPs were obtained in a hexagonal wurtzite structure with an average crystallite size
of 16 nm. The NPs were applied in biosensing and photocatalytic activity studies. Naresh
Kumar et al. [36] have reported the fabrication of ZnO nanoparticles extracted with the fruit
pigments of Terminalia catappa. The research has exposed the fruit extract's effectiveness in
generating potential dye-sensitized photovoltaic cells, with 1.58% efficiency. Balaprasad [37]
has performed the eco-friendly synthesis of gold nanoparticles through the leaf extract of
Terminalia catappa (Almond). The leaf extract was observed to act as a reducing and stabilizing
agent in forming the nanoparticles with high purity. The absorbance of the Au-NPs formed
through the leaf extract was higher than the absorbance of the pure leaf extract. The average
crystallite size of the NPs was formed in the range of 20-25 nm scale, and the established
method successfully formed a green synthesis technique. Lembang et al. [38] have presented
their research article on the green synthesis of Nd>Oz NPs through aqueous leaf extract of
Terminalia catappa. The absorbance of the NPs was higher than that of the leaf extract, and
the average crystallite size was observed to be less than 100 nm. In general, the anti-microbial
activity of the NPs depends on their composition, particle size, and morphology [39]. In a
typical anti-microbial mechanism, the microbes and the NPs will be associated through
electrostatic attraction, which disrupts the cell walls of the microbes. This phenomenon leads
to the permanent disability of the selected microbial strains [40-45]. In the present studies, all
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the synthesized ZTO NPs (21A & 21B) exhibited antibacterial and anti-fungal activities. The
NPs formed through the bio-synthesis method have shown competitive biological activity
compared to those formed through chemo-synthesis. This phenomenon was observed in the
zone of inhibitions of the bacterial strains Bacillus subtilis, S. Aureus, P. Aeruginosa, and the
fungal strain C. albicans.

These outcomes propagate that the synthesized ZTO NPs are biologically active, which
drives them toward exhibiting potential biomedical and pharmaceutical applications. Further,
it was also presented in the scientific literature that the ZTO NPs are applied in photovoltaic
devices owing to their higher conducting properties. In these aspects, the synthesized ZTO NPs
can display conducting properties by coating with a suitable metal halide salt such as
magnesium fluoride (MgF2). These MgF,-coated ZTO NPs can also demonstrate higher
transmittance, and that would enhance the conducting properties of the synthesized zinc
stannate nanoparticles. These aspects can contribute to the future scope of the present research
work.

4. Conclusions

Zinc stannate nanoparticles with composition Zn,SnOs were synthesized using
reducing/stabilizing agents such as the leaf extracts of Aloe barbadensis mill and Terminalia
catappa. Chemical synthesis was also conducted with sodium hydroxide as the mineralizer.
The crystalline nature and the morphology of the NPs were interpreted through XRD and SEM-
EDS instrumental techniques. The transmittance of the NPs was measured through a UV-Vis
spectrophotometer, and all the characterization results have shown the significance of forming
the NPs through the leaf extracts. The anti-microbial activity of the NPs was investigated
against selected bacterial and fungal strains. In these studies, the ZTO NPs extracted with
Terminalia catappa have presented higher biological performance. Further, the ZTO NPs
extracted with Aloe barbadensis mill have displayed reasonable activity compared to those
synthesized through a pure chemical pathway. Hence, it was concluded that the ZTO NPs are
highly efficient in inhibiting the growth of various microbes. The established methodology was
successful in all aspects of scientific research.
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