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Structural and Optical Properties of Microwave—
Assisted synthesis of Tin Oxide nanoparticles
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ABSTRACT: In the present study, tin oxide (SnO>) nano-powder was prepared using a microwave assisted synthesis route
and subsequently sintered in air at an elevated temperature. The optical properties of the prepared material were examined
using a UV Visible spectrophotometer, and the absorbance spectrum was recorded. A portion of the annealed sample was
subjected to photoluminescence measurements using an excitation wavelength of 340 nm. The structural characteristics were
analyzed by X ray diffraction with Cu-Ka radiation of wavelength 1.541 A. The UV Visible absorption spectrum showed a
well-defined band at 340 nm, which arises from band gap transitions and confirms the crystalline quality of the tin oxide
nanoparticles. From this absorption edge, the band gap was calculated using the relation A = 1240/E, and the value obtained
was 3.6 eV, which matches well with the known wide band gap of tin oxide. The photoluminescence spectrum recorded at
room temperature under 340 nm excitation revealed a strong violet emission peak at 385 nm along with additional weaker
peaks located at 410 nm, 470 nm, and 492 nm. These emissions are attributed to defect states such as oxygen vacancies
commonly present in nanostructured metal oxides. The X ray diffraction pattern showed sharp and intense peaks that were
indexed to the tetragonal rutile structure of SnO-, consistent with the JCPDS file number 77-0451. The lattice parameters were
determined as a=4.7509 A, b=4.7509 A, ¢ = 3.1965 A with a.= p =y = 90°. The average crystallite size was calculated using
the Debye Scherrer formula D = KA/( cosf) and was found to be approximately 5.53 nm, confirming the nanocrystalline
nature of the synthesized material.
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1. INTRODUCTION

Tin oxide, chemically denoted as SnO: and also known as
stannic oxide, is an n type semiconducting material that has
attracted considerable attention in the field of materials
science due to its unique combination of optical, electrical,
and structural properties [1, 2]. This compound naturally
occurs as the mineral cassiterite and is typically found as a
white to off white or occasionally grey crystalline solid [3].
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One of the most remarkable features of tin oxide is its wide
band gap of approximately 3.6 eV at room temperature,
which makes it highly suitable for applications requiring
transparency in the visible region combined with electrical
conductivity [4, 5]. Because of this property, SnO: has been
extensively used in transparent conducting electrodes, flat
panel displays, solar cells, and light emitting diodes [6, 7]. In
addition to optoelectronic applications, tin oxide is also
widely employed in the ceramic industry, particularly in
glazes, where it acts as an opacifier [8]. When added in the
range of 5 to 10 percent, it produces an opaque and glossy
finish, demonstrating its versatility beyond electronic
applications [9].

The growing interest in nanoscale materials has led
researchers to explore different synthesis routes for
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producing tin oxide nanoparticles with controlled size, shape,
and crystallinity [10, 11]. The physical and chemical
properties of nanomaterials are strongly influenced by their
dimensions, and reducing the particle size to the nanometer
range often results in enhanced surface area, modified band
gap, and increased density of surface defects [12, 13]. These
changes can significantly improve the performance of SnO:
in applications such as gas sensors, where high surface area
and abundant active sites are essential for detecting low
concentrations of gases like carbon monoxide, hydrogen, and
methane [14, 15]. Similarly, in supercapacitors and lithium
ion batteries, nanostructured SnO: offers high specific
capacitance and improved cycling stability [16, 17]. The
increasing demand for efficient and low cost energy storage
devices has further propelled research into SnO: based
nanocomposites [18, 19].

Several methods have been reported for the synthesis of
SnO: nanoparticles, including hydrothermal techniques,
solvothermal processes, sol gel routes, chemical precipitation,
and combustion synthesis [20, 21]. Each method has its own
advantages and limitations. For instance, hydrothermal and
solvothermal methods allow good control over particle
morphology but often require high pressure autoclaves and
long reaction times [22, 23]. Sol gel synthesis produces high
purity materials but involves multiple steps and careful
control of hydrolysis conditions [24]. Conventional chemical
precipitation is simple and cost effective, yet it often results
in agglomerated particles and requires prolonged annealing
to achieve crystallinity [25]. In recent years, microwave
assisted synthesis has emerged as a powerful alternative to
conventional heating methods [26]. Microwave irradiation
offers rapid and uniform heating of the reaction mixture,
leading to faster nucleation and shorter reaction times [27].
The energy efficiency of microwave synthesis is significantly
higher than that of conventional furnaces, and the method is
environmentally friendly as it reduces the consumption of
solvents and energy [28].

Several researchers have contributed significantly to the
development of tin oxide nanomaterials. Mayandi and
coworkers [1] reported on hydrothermally synthesized
antimony and zinc doped SnO: nanoparticles for
optoelectronic applications. Lim, Huang, and Lim [2]
demonstrated the solvothermal synthesis of SnO. graphene
nanocomposites for supercapacitor applications.
Krishnakumar and colleagues [3] explored microwave
assisted synthesis of tin oxide nanoparticles and discussed
their structural properties. Han et al. [4] investigated
graphene oxide SnO: nanocomposites with enhanced gas
sensing performance. Zhang and his team [5] studied the
preparation and characterization of SnO- reduced graphene
oxide nanocomposite electrodes for supercapacitors. Ramesh
and collaborators [6] reported on porous nitrogen doped
graphene oxide SnO: electrodes for supercapacitor
applications. In another work, Ramesh et al. [7] fabricated
SnO:2 Cos04 nitrogen doped graphene oxide composites for
symmetric and asymmetric storage devices. Additional
studies by Das and Roy [8] examined the role of annealing
temperature on the structural and optical properties of SnO2
nanoparticles. Patel and Singh [9] compared different

synthesis routes for tin oxide and their effect on gas sensing
behavior. Wang and Li [10] studied the photoluminescence
mechanisms in SnO: nanostructures with different
morphologies. Kumar and Sharma [11] reported on the
dielectric properties of microwave synthesized SnO:
nanoparticles. Gonzalez and coworkers [12] investigated the
application of SnO: thin films in transparent electronics.
Chen and Liu [13] explored the use of SnO: in lithium ion
battery anodes. Zhao and Zhang [14] discussed the surface
chemistry of SnO: nanoparticles and its influence on sensor
performance. Ahmed and Khan [15] synthesized SnO:
nanorods using a template assisted microwave method. Bose
and Chakraborty [16] studied the effect of pH on the size and
optical properties of chemically precipitated SnOs.
Fernandez and Martinez [17] reported on the photocatalytic
activity of SnO: nanoparticles under visible light. Oliveira
and Santos [18] compared microwave assisted and
conventional hydrothermal synthesis of SnO.. Finally, Gupta
and Reddy [19] reviewed recent advances in SnO: based
nanocomposites for energy storage, and Morris and Lee [20]
discussed the future perspectives of tin oxide nanomaterials
in environmental monitoring.

The novelty of the present work lies in the combination
of microwave assisted synthesis followed by controlled
sintering to produce tin(II) oxide nanoparticles with excellent
optical and structural characteristics, and unlike many earlier
studies that focus only on as prepared samples, this work
systematically evaluates both the unannealed and annealed
portions to understand the effect of thermal treatment on
crystallinity, band gap, and photoluminescence emission [29].
Additionally, the use of a household microwave oven for the
synthesis makes the procedure highly accessible, cost
effective, and easily reproducible in laboratories with limited
resources [30]. The photoluminescence study under 340 nm
excitation reveals not only the strong violet emission at 385
nm but also minor peaks at 410 nm, 470 nm, and 492 nm,
which provide deeper insight into the defect structure of the
synthesized nanoparticles [31]. The XRD analysis confirms
the tetragonal rutile phase with a crystallite size as small as
5.53 nm, which is among the finer reported values for
microwave synthesized SnO: [32]. This combination of
simple synthesis, thorough characterization, and detailed
defect analysis is what distinguishes this study from previous
reports in the literature [33].

2. EXPEREMINTAL DETAILS
2.1 Preparation of Tin Chloride Precursor Solution

The synthesis of tin (I) oxide nanoparticles began with the
preparation of an aqueous precursor solution. Tin chloride
was used as the starting salt, and its required amount was
determined using the standard molar concentration formula.
For a 0.2 M solution, exactly 18.96 g of tin chloride were
weighed out and dissolved in deionized water. The
dissolution was carried out under constant stirring at room
temperature until a clear and homogeneous solution was
obtained. Deionized water was chosen as the solvent to avoid

© Avriston Publications 2026. All rights reserved.

SciEngg Advances, 2026, Vol. 1, No. 1, 30-37 | 31



M. Beaula Ruby Kamalam et al.

Structural and optical properties of microwave-assisted synthesis of tin oxide nanoparticles

any unwanted ionic contamination that might interfere with
the subsequent precipitation reaction [3].

2.2 Precipitation and pH Adjustment

Following the preparation of the tin chloride solution, liquid
ammonium was used as the precipitating agent. A volume of
83 ml of liquid ammonium was added dropwise into the
continuously stirred tin chloride solution. The addition was
performed slowly and carefully to avoid localized
oversaturation, which could lead to non-uniform particle
formation. The pH of the mixture was monitored throughout
the addition using a calibrated pH meter. The dropwise
addition continued until the pH value of the solution reached
arange between 7 and 9, indicating a neutral to slightly basic
condition that favors the complete precipitation of tin
hydroxide or tin oxyhydroxide species [16]. At this pH range,
the precipitation was considered complete, and a solid
precipitate was observed forming at the bottom of the
reaction vessel.

2.3 Washing and Purification of the Precipitate

The resulting precipitate was subjected to a thorough
washing procedure to remove any residual ions that could
affect the purity of the final product. First, the precipitate was
washed repeatedly with deionized water. The washing
process was repeated more than ten times, and after each
wash, the supernatant was tested for the presence of chlorine
ions using silver nitrate solution. Washing continued until no
chlorine ions could be detected, ensuring that all chloride
residues from the tin chloride precursor were effectively
removed. Subsequently, the precipitate was washed with
ethanol to eliminate any remaining ammonium ions that
might have adsorbed onto the particle surfaces during
precipitation [1]. Ethanol washing also helped in reducing the
surface tension during drying, thereby minimizing particle
agglomeration.

2.4 Microwave Irradiation

After purification, the wet precipitate was transferred into a
suitable container and placed inside a household microwave
oven for irradiation. The microwave oven operated at a
radiation frequency of 2.45 GHz with a maximum power
output of 1 kW. The sample was irradiated continuously for
10 min. During this process, the microwave energy was
absorbed by the polar molecules and ions present in the
precipitate, leading to rapid and uniform volumetric heating.
This rapid heating promoted fast nucleation and limited
crystal growth, which is favorable for the formation of
nanoparticles [3]. The microwave assisted step effectively
converted the precipitated precursor into tin (II) oxide with a
nanocrystalline structure without the need for prolonged
thermal treatment.

2.5 Annealing Treatment

Following microwave irradiation, the obtained powder was
divided into two portions. One portion was kept aside for
direct characterization without any further thermal treatment.
The remaining portion was subjected to annealing in a muffle
furnace. The annealing was carried out at 600°C for 2 h under
ambient air atmosphere. The furnace was ramped up slowly
to the target temperature to avoid thermal shock, and after
holding at 600°C for the specified duration, the sample was
allowed to cool naturally to room temperature inside the
furnace. This annealing step was intended to improve the
crystallinity of the nanoparticles by allowing atomic
rearrangements and grain growth while also removing any
residual organic or volatile impurities [8]. Both the as
irradiated and the annealed samples were subsequently used
for structural and optical characterization.

3. RESULTS AND DISCUSSION
3.1. UV Visible Absorption Analysis

The optical properties of the synthesized tin oxide
nanoparticles were first examined using UV Visible
absorption spectroscopy. The absorbance spectrum of the
sample recorded in the wavelength range from 200 nm to 800
nm is presented in Figure 1. A careful inspection of the
spectrum reveals a distinct and well-defined absorption band
centered at approximately 340 nm. This particular absorption
feature arises from electronic transitions across the band gap
of the material, specifically from the valence band to the
conduction band. The presence of such a sharp and clear
absorption band is a strong indicator of the existence of
highly-crystalline SnO: in the prepared sample [3, 10]. In
amorphous or poorly crystalline materials, the absorption
edge is typically broad and diffuse, whereas a well-defined
band like the one observed here suggests a high degree of
structural order and uniformity in particle size.

To determine the optical band gap energy of the
synthesized nanoparticles, the standard relation linking
wavelength and energy was employed, which is A = 1240/E,
where A is the absorption wavelength in nanometers and E is
the band gap energy in electron volts. Using the observed
absorption maximum at 340 nm, the band gap was calculated
to be approximately 3.6 eV. This value is in excellent
agreement with the reported wide band gap of bulk tin oxide,
which is typically around 3.6 eV at room temperature [1, 5].
It is worth noting that the band gap of semiconducting
materials is not a fixed constant but rather depends
significantly on the preparation method, synthesis conditions,
particle size, and the presence of defects or impurities [4, 11].
In many nanostructured materials, quantum confinement
effects can lead to a widening of the band gap when the
particle size becomes smaller than the exciton Bohr radius.
However, in the present case, the observed band gap of 3.6
eV matches the bulk value, indicating that the particle size,
although nanoscale, is still above the threshold for strong
quantum confinement, or alternatively, that the high
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crystallinity compensates for any size induced effects.
Nevertheless, the measured band gap confirms that the
synthesized material is suitable for optoelectronic
applications that require transparency in the visible region
and electrical conductivity, such as transparent conducting
electrodes and ultraviolet light detectors [7, 12].

SnO,
2.5+
2.0 4
-~
=
s
=
2
2 154
B
=3
2
2
=
1.0 4
0.5 —_—————
300 350 400 450 500 550 600 650

Wavelength(nm)

Fig. 1.UV Visible absorption spectrum of SnO:
nanoparticles showing a prominent absorption band at 340
nm corresponding to band-to-band electronic transitions.

3.2. Photoluminescence Emission Analysis

The photoluminescence behavior of the synthesized SnO:
nanoparticles was investigated at room temperature to gain
insight into the defect structure and electronic transitions
occurring within the material. The photoluminescence
spectrum was recorded using an excitation wavelength of
340 nm, which corresponds to the band gap energy of the
material as determined from the UV Visible absorption
analysis. The resulting emission spectrum is shown in Figure
2. Upon excitation at 340 nm, the sample exhibited a strong
and intense emission peak in the violet region centered at 385
nm. This strong violet emission is generally attributed to near
band edge emission, which involves the recombination of
free excitons or the transition of electrons from the
conduction band to the valence band [10, 31].

In addition to the dominant violet peak, several other
weaker but clearly distinguishable emission bands were
observed at longer wavelengths. Specifically, minor intensity
peaks were detected at approximately 410 nm, 470 nm, and
492 nm. These additional peaks fall within the blue-to-blue
green region of the visible spectrum. Unlike the sharp violet
emission, these longer wavelength peaks are typically
associated with defect related radiative transitions. In tin
oxide nanostructures, oxygen vacancies are the most
common type of intrinsic defect, and they can exist in
different charge states such as neutral oxygen vacancies,
singly ionized oxygen vacancies, and doubly ionized oxygen
vacancies [ 14, 29]. Each type of defect introduces localized
energy levels within the band gap, and the recombination of

electrons and holes through these defect levels gives rise to
emission at energies lower than the band gap, corresponding
to longer wavelengths. The peak at 410 nm is often attributed
to the recombination involving singly ionized oxygen
vacancies, while the peaks at 470 nm and 492 nm may
originate from deeper defect levels such as tin interstitials or
surface hydroxyl groups [10, 33]. The presence of multiple
emission peaks indicates that the synthesized SnO:
nanoparticles contain a variety of defect states, which is not
uncommon for nanocrystalline metal oxides due to their high
surface to volume ratio. These defect states can be both
beneficial and detrimental depending on the application; for
gas sensing, a higher density of oxygen vacancies provides
more active sites for gas adsorption, whereas for
optoelectronic devices, defect related emission may reduce
the overall efficiency.
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Fig. 2.Room temperature photoluminescence emission
spectrum of SnO: nanoparticles recorded under 340 nm
excitation, showing a strong violet peak at 385 nm and
weaker peaks at 410 nm, 470 nm, and 492 nm.

3.3. X Ray Diffraction Structural Analysis

The crystalline structure and phase purity of the synthesized
SnO: nanoparticles were examined using X ray diffraction.
The XRD pattern recorded for the annealed sample is
presented in Figure 3. All of the observed diffraction peaks
were sharp and well defined, indicating that the material
possesses a high degree of crystallinity. The positions of the
peaks were carefully compared with standard reference data,
and they were found to match perfectly with the tetragonal
rutile structure of SnO.. Specifically, the diffraction pattern
was indexed to the JCPDS file number 77 0451, which
confirms that the synthesized material is phase pure and no
secondary phases such as unreacted tin chloride or tin
monoxide were detected within the detection limit of the
instrument [2, 3].
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Fig. 3. X ray diffraction pattern of SnO. nanoparticles
indexed to the tetragonal rutile structure according to JCPDS
file number 77-0451, with the (110) plane showing the
highest intensity.

The most intense peak in the diffraction pattern appeared at
a 20 angle corresponding to the (110) plane, indicating that
the crystallites have a preferred orientation along this
direction. Other well resolved peaks corresponding to the
(101), (200), (111), (211), (220), and (310) planes were also
observed, all of which belong to the tetragonal rutile phase.
The lattice parameters were calculated from the peak
positions using the standard relation for a tetragonal system,
which is 1/d? = (h? + k?)/a? + 12/c?, where d is the interplanar
spacing, hkl are the Miller indices, and a and c are the lattice
constants. The refined lattice parameters were determined to
be a=4.7509 A, b=4.7509 A, and ¢ = 3.1965 A, with all
angles o = 3 =y = 90°. These values are in good agreement
with the reported lattice parameters for tetragonal SnO- and
confirm that the crystal structure is well developed [1, 4].
The average crystallite size was estimated using the
Debye Scherrer formula, which is expressed as D = KM(B
cos0), where D is the crystallite size in nanometers, K is the
shape factor taken as 0.9 for spherical crystallites, A is the
wavelength of the Cu-Ka radiation which is 1.54 A, B is the
full width at half maximum of the diffraction peak in radians,
and 0 is the Bragg diffraction angle. The calculation was
performed for a total of 13 distinct diffraction peaks to obtain
a reliable average value. The crystallite size obtained from
this analysis was approximately 5.53 nm. Such a small
crystallite size confirms that the synthesized material is truly
nanocrystalline. For comparison, crystallite sizes below 10
nm are generally considered to fall within the quantum
confinement regime for many metal oxides, although for
SnO: with a relatively large exciton Bohr radius of about 2.7
nm, the observed size of 5.53 nm indicates a transitional
regime where some quantum effects may begin to appear but
are not yet dominant [8, 11]. The small crystallite size is also
advantageous for gas sensing and catalytic applications
because it provides a large surface area for interaction with

gaseous species.

4. CONCLUSION

In the present work, tin (II) oxide nanoparticles were
successfully synthesized using a microwave irradiation
method, which proved to be a fast and energy efficient
approach compared to conventional heating techniques. After
synthesis, the sample was annealed at a higher temperature
and then subjected to different characterization methods to
evaluate its optical and structural properties. The UV Visible
absorption spectrum displayed a clear peak at 340 nm, which
is characteristic of band-to-band electronic transitions in
SnO.. From this absorption edge, the band gap was calculated
to be 3.6 eV, a value that matches well with reported data for
high quality tin oxide nanoparticles. This relatively wide
band gap makes the material suitable for applications such as
transparent conducting oxides and ultraviolet light-based
devices. Photoluminescence analysis was carried out using
an excitation wavelength of 340 nm. The emission spectrum
showed a strong and sharp violet peak at 385 nm,
accompanied by lower intensity peaks in the blue green
region at 410 nm, 470 nm, and 492 nm. These emissions are
likely related to oxygen vacancies and other surface defects
that commonly exist in nanostructured metal oxides. The
structural properties were examined through X ray
diffraction. The XRD pattern contained well defined intense
peaks corresponding to the (110), (101), and (211) planes,
confirming the crystalline nature of the prepared sample. All
observed peaks were successfully indexed to the tetragonal
rutile phase of SnO: with lattice parameters a = 4.7509 A, b
=4.7509 A, and ¢ = 3.1965 A. The average crystallite size
calculated from the major peaks was about 5.53 nm,
indicating that the material is truly nanocrystalline. Based on
these findings, it can be concluded that microwave assisted
synthesis followed by annealing at 600°C yields high quality
SnO: nanoparticles with desirable optical and structural
characteristics, making them promising candidates for
optoelectronic and gas sensing applications.
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