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ABSTRACT

Sn02 nanoparticles were produced in aqueous solution utilizing green method without the need of any templates,
catalysts, or organic reagents in this study. Powder X-ray diffraction (XRD), scanning electron microscopy (SEM), and
transmission electron microscopy (TEM), high-resolution TEM (HRTEM), Fourier transform infrared (FT-IR) spectroscopy
measurements were used to characterize the as-prepared SnO2 nanoparticles. Microwave irradiation can create SnO2
with a consistent size and shape, as well as a high crystallinity. A probable production mechanism of SnO2 nanoparticles
was hypothesized based on experimental results. Furthermore, environmental catalytic performance of the obtained
Sn0Oz nanoparticles in the degradation of Rhodamine B (RhB) in aqueous solution was discovered, showing that these
Sn0:2 nanoparticles are very promising for wastewater treatment.
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Chemists are being challenged to investigate
environmentally friendly techniques to synthesis target
materials as cleaner and more benign chemical processes based
on green chemistry principles are developed [1]. Synthetic
chemists identified "safer solvents" and “better energy
efficiency" as two of the 12 principles of green chemistry [1-
4]. Recently, there has been a lot of effort put towards
developing and using unconventional solvents for material
synthesis. Recently, there has been a lot of effort put towards
developing and using unconventional solvents for material
synthesis [5, 6]. Water, supercritical carbon dioxide, ionic
liquids, perfluorinated solvents, and other unusual media are
examples. Water is the most readily available and
environmentally friendly of these unusual solvents. Meanwhile,
microwave heating has been proven and approved as a
promising technology for rapid volumetric heating, high-
response rate and selectivity, short reaction time, and high yield
when compared to conventional heating methods [7—12]. This
allowed for the rapid processing of materials in a short amount
of time while maintaining great energy efficiency [13].
Microwaves are now often employed in a wide range of
chemistry applications, from analytical chemistry to liquid-
phase organic synthesis to solid-state processes.

Because of their unique physical and chemical
properties, SnO; in various phases has drawn a lot of research
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and has a lot of potential as selective heterogeneous catalysts,
adsorbents, and battery materials [14-21]. They've been
employed in a variety of industrial catalytic processes,
including ozone decomposition, photocatalytic oxidation of
organic pollutants, nitric oxide reduction, selective carbon
monoxide oxidation, hydrogen peroxide breakdown, and so on
[22-26]. Nanostructured materials have been increasingly
appealing in recent years due to their favourable and increased
physical and chemical properties. The fabrication of SnO,
nanostructures with various morphologies has received a lot of
attention [27-30]. However, only a few studies have been
published on the synthesis of SnO, nanoparticles using
microwave irradiation [31-35].

We present a green approach for synthesizing SnO;
nanoparticles with uniform size and well-defined shape in
aqueous solution using a microwave-assisted process [36-40].
This method has at least two clear benefits: the process is quick
and easy, and no high-pressure or high-temperature equipment
is required [41-45]. Furthermore, we discovered that as-
prepared SnO, nanoparticles performed admirably on the
Fenton oxidation of Rhodamine B (RhB) in aqueous solution,
indicating that SnO, nanoparticles are potential materials for
environmental catalysis.

MATERIALS AND METHODS
Chemicals
All of the chemicals used in this investigation were
bought from Sinopharm Chemical Reagent Co. Ltd. and were
of analytical quality (Shanghai China). In all of the trials,
deionized water was used.

Preparation of the SnO, samples
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Microwave irradiation was used to make SnO;
nanoparticles in an aqueous solution Aloe vera extract and
Sn(NQ3), were dissolved in 20 mL distilled water in a 100 mL
silica crucible in an usual technique. The resultant aqueous
solution was then reacted for 10 minutes using microwave
irradiation generated by a microwave oven. The resulting solid
product was rinsed with deionized water to eliminate any ions
that may have remained in the final goods, and then dried in an
air oven at 70°C.

Characterization

On a Bruker D8 Advance X-ray diffractometer, powder
diffraction patterns were acquired using Cu Ko radiation (A=
1.54178A). A LEO 1450VP scanning electron microscope was
used to create the images. On a Philips CM-120 electron
microscope, a transmission electron microscopy (TEM)
investigation was performed. The TEM samples were made by
dispersing the final powders in ethanol and then dropping the
dispersion onto carbon-copper grids. A high-resolution
transmission electron microscope (HRTEM; JEOL JSM-2010
microscope) operating at 200 kV was used to examine the
powders placed on a copper grid. The usual KBr pellet approach
was used to record Fourier transforms infrared (FT-IR) spectra
were on a Nicolet Nexus spectrometer.

Environmental catalytic activity of the as-prepared SnO;
nanoparticles

The catalytic reaction was carried out in a 250mL glass
flask with 100mL of RhB dye solution (5mgL ') and 100mg of
produced SnO, nanostructure catalysts without any pH
adjustments. The final solution had a pH of approximately 6.2,
which was neutral. The mixture was allowed to react at room
temperature under continuous stirring after adding 2mL of 30
wt. percent H»O, solution. The solution was immediately
centrifuged to remove the catalyst particles, which tend to
scatter the incident beam, before UV-vis absorption
measurements.  Colorimetry with a U-3310 UV-vis
spectrometer (HITACHI) was used to measure the content of
RhB at its maximum absorption wavelength of 555nm at 10-
minute intervals.

RESULTS AND DISCUSSION

Fig 2 SEM images of SnO, nanoparticles

XRD analysis

The phase structure of the as-prepared SnO, samples was
studied using X-ray diffraction. The X-ray diffraction (XRD)
pattern of the SnO; product produced in aqueous solution under
microwave irradiation is shown in (Fig 1). The pattern of the as-
prepared sample closely resembles the standard patterns of
SnO; (JCPDS file no. 14-644), where the diffraction peaks can
be attributed to the reflection of the SnO- planes [46-50]. There
are no peaks for other contaminants, indicating that the as-
synthesized product is quite pure. Furthermore, the broadening
of the XRD peaks reveals the material's nanocrystalline
structure. According to the XRD pattern, crystalline SnO.
samples can be easily generated using this environmentally
friendly process.
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Fig 1 XRD pattern of SnO, nanoparticle
SEM analysis

Scanning electron microscopy was used to examine
the morphology of the obtained sample. Scanning electron
microscopy (SEM) pictures of the product created under
microwave irradiation are shown in (Fig 2). We discovered that
the SnO, nanoparticles included a large number of particles
with a ratio of nearly 100 percent (Fig 2). The nanoplates are
clearly defined and homogeneous. The nanoparticles are 15—
20nm in diameter, according to a high-magnification SEM
photograph (Fig 2).

50 nm

Fig 3 TEM images of SnO, nanoparticles
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TEM analysis

The crystal structure of the produced nanoparticles was
further investigated using transition electron microscopy
(TEM) and high-resolution transition electron microscopy
(HRTEM) (Fig 3). The plate-like structure of the as-prepared
sample is confirmed by TEM imaging (Fig 3) nanoparticles
diameters range from 15 to 20 nm. HRTEM revealed the single-
crystal nature of the nanoparticles. The distance between
adjacent lattice planes of SnO, nanoparticles is roughly 2.42A,
which corresponds to the distance between [51] crystal planes
of manganese oxide's gamma phase (JCPDS file no. 14-644).

FT-IR analysis

The functional groups on the surface of the final sample
were identified using the FT-IR spectra. The spectra of SnO;
nanoparticles generated under microwave irradiation is shown
in (Fig 4). The stretching vibrations of hydrogen-bonded
surface water molecules and hydroxyl groups are thought to be
connected with the broad band at 3395cm. Furthermore, the
bands at 1614 and 1384cm correlate to the presence of a
substantial number of residual hydroxyl groups, implying that
residues of adsorbed water are vibrating in the O—H mode. The
Sn—O vibrations of SnO nanoparticles are responsible for the
band at 525cm™*. The results of the FTIR analysis provided here
are congruent with those found in the literature [51-56]. Based
on IR spectra, no organic groups were observed to be adsorbed
on the surface.
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Fig 4 FT-IR analysis of SnO, samples

CONCLUSION

Using microwave irradiation, we established a green
technique for synthesizing SnO. nanoparticles in agqueous
solution. The synthesis route does not require templates,

Preliminary environmental catalytic activity

One of the most successful advanced oxidation processes
(AOPs) for wastewater treatment is the Fenton-like reaction.
However, when employing the classic Fenton process to treat
wastewater, pH is a significant operating parameter because
these Fenton systems can only work efficiently in very acidic
conditions (pH 2-3). To achieve this pH requirement, powerful
acids must usually be added to wastewater before typical
Fenton reactions may be used. This prevents the classic Fenton
procedure from being used in wastewater treatment in the
future. As a result, numerous researchers began to create active
heterogeneous systems to allow the Fenton reaction to operate
at pH levels close to neutral [57-60].

For H,O, breakdown, SnO. nanoparticles can act as
Fenton-like catalysts. We studied the catalytic efficacy of SnO,
nanoparticles produced by microwave irradiation on the Fenton
oxidation of RhB dye in this study (Fig 5). We discovered that
using SnO; nanoparticles as the catalyst, a Fenton-like system
could efficiently decompose RhB in aqueous solution. In the
presence of both SnO; nanoparticles and H,O,, however,
considerable deterioration occurred [61-65]. Surprisingly, in
the presence of SnO nanoparticles, RhB degradation might
reach 65% in 5 minutes at neutral pH. As a result, the as-
prepared SnO, nanoparticles have a high-Fenton oxidation
activity on RhB degradation, making them ideal for
environmental remediation. Environmental catalytic uses of
SnO; nanoparticles are being studied in more depth.
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Fig 5 PCD efficiency of SnO, samples

catalysts, or organic reagents. In addition, the SnO;
nanoparticles excelled at catalytic discolouration of RhB via
Fenton reactions. For the manufacture of environment catalysts,
this green synthetic technique and the capability of scale
manufacturing of SnO, nanoparticles are particularly appealing.
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