Jasetn

Journal of Applied Science, Engineering, Technology and Management

Vol. 02, Issue 02, December 2024 pp. 25 - 28

Synthesis and Characterization of Zn-doped SnO;
Nanoparticles through Co-Precipitation Technique:
A Comprehensive Analysis

Anisha Joseph
'Research Centre in Physics, Mar Athanasius College
(Autonomous),
Kothamangalam, Kerala, India, 686666.

2Department of Science and Humanities, Federal Institute of
Science and Technology,
Angamaly, Kerala, India, 683577
anishajoseph@fisat.ac.in

Abstract— Tin oxide (SnO:) nanoparticles are of significant
interest due to their unique properties and diverse applications.
In this study, pristine and Zn-doped SnO: nanoparticles (with
Zn doping levels of 1.9 wt% and 3.7 wt%) were successfully
synthesized using the co-precipitation method, followed by
annealing at 500 °C for 5 hours. X-ray diffraction (XRD)
analysis confirmed that all samples exhibited a tetragonal
cassiterite structure, with crystallite sizes ranging from 22.5 nm
to 28.2 nm, consistent with values obtained from the
Williamson-Hall (W-H) plot. The nanoparticles demonstrated
preferential orientation along the (110), (101), and (211) planes.
Scanning Electron Microscopy (SEM) showed that the Zn-
doped SnO: nanoparticles had a denser microstructure
compared to the pristine samples. The energy band gap, as
determined by diffuse reflectance spectroscopy, was found to be
in the range of 3.10 eV to 3.22 eV. Fourier Transform Infrared
(FTIR) spectroscopy revealed characteristic peaks at 459 cm™,
604 cm™, 924 cm™, 1976 cm™, 2117 cm™, and 3651 cm™,
corresponding to the vibrations of various functional groups
present in the material.
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. INTRODUCTION

Metal oxide nanoparticles exhibit unique properties that
differ significantly from their bulk counterparts due to their
enhanced physical and chemical characteristics [1]. These
enhanced properties have led to their application across
various fields, including energy storage, photocatalysis,
sensors, and biomedical engineering [2]. Among the various
metal oxide nanoparticles, tin oxide (SnO:) is particularly
noteworthy, especially in sensing applications, due to its high
sensitivity, selectivity, and rapid response and recovery times

[3].

Nanoparticles can be synthesized using a variety of
methods, with chemical methods being particularly important
as they allow for precise control over particle size, shape,
composition, and surface properties. Commonly used
chemical synthesis methods include sol-gel, hydrothermal,
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chemical oxidation, chemical reduction, co-precipitation, and
chemical vapor deposition [4]. In the present work, the co-
precipitation method was employed for the fabrication of tin
oxide (SnO:) nanoparticles. This method was chosen for its
cost-effectiveness, simplicity, and the ability to control the
composition and size of the nanoparticles [5].

Il. MATERIAL AND METHODS

The co-precipitation method was employed to
synthesize pristine and zinc-doped tin oxide (SnOz)
nanoparticles. Initially, 11.28 g of SnCl.-2H.O (Sigma-
Aldrich, 99.99%) was dissolved in 100 ml of double distilled
water under constant stirring using a magnetic stirrer. The
appropriate weight percentage of zinc chloride (ZnCl2) was
then added to the precursor solution to achieve the desired
doping concentration. 1 Molar ammonia solution was
prepared and added dropwise to the precursor solution at a
rate of 5 drops per minute. This addition was conducted under
continuous stirring to maintain a stable reaction environment
and to ensure the pH of the solution reached 7, at which point
precipitation began. The mixture was stirred for 5 hours to
allow for complete precipitation. The resulting precipitate
was thoroughly washed with double distilled water 4 to 5
times to remove any impurities, followed by filtration. The
purified precipitate was then dried in a hot air oven at 70 °C
for 4 hours. After drying, the material was ground into a fine
powder using an agate mortar. Subsequently, the powder
underwent calcination at 500 °C for 5 hours to obtain the final
SnO: nanoparticles [6]. This procedure was repeated with
varying weight percentages of Zinc Chloride to produce
different concentrations of Zinc-doped tin  oxide
nanoparticles [7].

The structural properties of the prepared samples were
analyzed using an X-ray diffractometer (Bruker D8
Advance). The X-ray diffraction (XRD) patterns were
recorded to identify the crystalline phases present in the
samples. The morphology of the samples was examined using
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a Scanning Electron Microscope (Jeol 6390 LA). This
analysis provided detailed images of the sample surface,
enabling the study of particle size and surface texture. The
optical properties of the samples were investigated using
Diffuse Reflectance Spectroscopy (DRS) with a Perkin EImer
Lambda 365 spectrophotometer. The DRS measurements
were carried out over a wavelength range of 200 nm to 1000
nm, providing insights into the optical absorption
characteristics of the samples. Fourier Transform Infrared
(FTIR) spectroscopy was conducted to determine the
compositional properties of the samples by identifying the
functional groups present in the samples.

I1l. RESULTS AND DISCUSSIONS

A. X-ray diffraction Studies

The diffraction pattern of SnO, NPs was characterized by
using X-Ray diffraction of Bruker D8 diffractometer. Fig. 1
shows the X-Ray diffraction pattern of the prepared samples
and it is observed that all the diffraction peaks of pristine and
Zn doped SnO, nanoparticles are perfectly matched with
JCPDS Card No.21 -1250 [8].
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Fig. 1. XRD pattern of the pristine and Zn-doped SnO, samples

The intensity of the planes decreases with Zn doping
concentration. The crystalline size of the prepared samples is
calculated using Debye-Scherrer’s equation [9],
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Where k is a constant with value 0.9,
A is the wavelength of incident X-Ray beam,
B is the full width half maximum and
0 is the Bragg angle.
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The crystalline size is also calculated using Williamson-
Hall plot and is in well aligned with that of the value
calculated from XRD data [10].

0.0060

0.0058
Size =35 9am 4 Size = 359 am -
0.0056 Strain 000138 0.0058 Strain =0.00167
0.0054 0.0056
@ ==
@ @
§ oos2 g 00084
Q. Q.
0.0050 0.0052
0.0048 0.0050 190 wt% Za:Sn0, NP
. Undoped Sn0, NP =~ A
0.0046 0.0048
08 10 12 14 16 18 08 10 12 14 16 18
4 Sino 4sin0
0.0067 .
Shie= 226m
0.0066
@
@ 0.0065
o
=-0.0064
0.0063
. 3.7 W% Zn:5n0; NP
0.0062
08 10 12 14 16 18
4 Sing

Fig. 2. Williamson- Hall plots of pristine and Zn-doped SnO, samples

The structural parameters are calculated from XRD data
and W-H plot (Fig. 2) and is given in Table I.

TABLE |: STRUCTURAL PARAMETERS CALCULATED FROM XRD

SnO2 NP 1.9 wt% Zn:SnO2NP 3.7 wt% Zn:SnO2 NP
Sample Name
p Scher_rer W-H Plot Scherrer W-H Plot Scher_rer W-H Plot
Equation Equation Equation
Grain Size(nm)  28.2 35.9 28.03 35.9 22.56 22.6
Lattice Strain ~ 0.00429  0.00138 0.00431  0.00167  0.00541  0.00073
Stacking Fault 0.00244 0.00246 0.00305
Dislocation
Density (x10°15) 1.278 1.296 1.962
Lattice Parameters  a=b=4.7246 A°, a=h=4.7261 A°, a=b=4.7168A°,
A) c=3.1804A° c=3.1807A° c=3.1768A°

The texture coefficient of the prepared samples along
the prominent planes (110), (101) and (211) is calculated
using equation 2 and a graph was plotted with texture
coefficient versus prominent plane (Fig. 3).
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The equation for the texture coefficient for specific
plane (hKl) is given by

I(hkD)
1o(hkl)
iym 1(hkD);
n“ 11 (hkl);

TCphpy =

Where, TCpipy is the texture coefficient of the (hkl) plane.

I (hkl) is the measured intensity of the (hkl) plane from the
XRD pattern and I, (hkl) is the standard intensity of the
(hKI) plane from a reference pattern and n is the number of
diffraction peaks considered.

B. Morphological analysis

Fig. 4 shows the FESEM images of pristine and Zn
doped Tin oxide Nanoparticles annealed at 500 °C. There is
a significant agglomeration of particles in all samples, which
is common in nanoparticle synthesis In Fig. 4(a) the
individual particles are not distinctly visible, and this
indicates that the pristine tin oxide has a high degree of
aggregation.
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Fig.4.SEM Micrographs of (a) Pristine , (b)1.9 wt% Zn doped SnO, NP
(c) 3.7 wt% Zn doped SnO, NP

In 1.9wt.% Zn-doped SnO. NP, the agglomeration
seems to persist but the particle size may be slightly reduced.
There is a potential refinement in the particle size and a slight
change in the morphology for 3.7 wt.% Zn doped SnO2 NP.
Thus, Zn doping facilitates the reduction in particle size, as
in Fig. 4(c). This may be attributed to the increase in surface
area of the Zn-doped nanoparticles [11].

C. Optical Studies

Diffuse Reflectance Spectroscopy (DRS) and Tauc plots
were employed to determine the optical band gap of the
nanoparticles. Fig. 5 presents the DRS spectra of pristine
Sn0Oz, 1.9 wt% Zn-doped SnO-, and 3.7 wt% Zn-doped SnOs-.
The calculated band gap energies range from 3.22 eV to 3.10
eVv.
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Fig. 5. Diffused Reflectance Spectroscopy- Tau plots of a) Pristine
(b)1.9 wt% Zn doped SnO2 NP (c) 3.7 wt% Zn doped SnO, NP

Zn doping is known to introduce defects, such as
oxygen vacancies or interstitial zinc atoms, which generate
localized states within the band gap. These defect states serve
as intermediate energy levels, reducing the energy required
for electronic transitions, thereby lowering the overall band

gap [12], [13].
D. FTIR

In Fig. 6 Fourier Transform Infrared Spectrum (FTIR) of
Pristine and Zn-doped Tin oxide Nanoparticles are plotted.
The peaks at 459 cm™ and 604 cm™* are generally due to Sn-
O stretching vibrations in Tin oxide. This confirms, the
materials core structure of Tin oxide. The peak at 924 cm!
indicates the vibrations associated with Zn-O bonds. Changes
in these regions are due to the doping with Zinc and are
visible in the FTIR spectrum compared to pristine tin oxide
nanoparticle.
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Fig. 6. Fourier Transform Infrared Spectrum of Pristine ,1.9 wt% Zn
doped SnO2 NP and 3.7 wt% Zn doped SnO, NP

The peaks at 1976 cm™ and 2117 cm are due to metal
oxide lattice vibrations and may be linked with the changes
introduced by doping with Zinc, whereas the peak at 3651
cm? is attributed due to O-H stretching vibrations from the
surface of hydroxyl groups or adsorbed water molecules on
the nanoparticles. It is common in materials having surface
interaction with atmospheric moisture. The shifts and
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intensity changes in the FTIR spectra suggest the structural
and bonding modifications in the doped samples [14].

Additionally, the intensity variations and shifts in these
peaks with Zn doping suggest significant modifications in the
local environment of the metal-oxygen bonds [15]. These
modifications may arise from the substitution of Zn?" for
Sn%, introducing oxygen vacancies and altering the overall
bonding configuration [16], [17]. The observed changes in
the FTIR spectra provide further evidence of the structural
and chemical alterations in the doped SnO: nanoparticles,
likely affecting their surface properties and interaction with
external species, which can be crucial for applications such
as gas sensing [18].

IV. CONCLUSION

The pristine and Zn-doped SnO: nanoparticles were
successfully synthesized via the co-precipitation method and
annealed at 500°C. XRD analysis confirmed the
polycrystalline nature of the samples, with a significant
reduction in crystallite size observed for the 3.7 wt% Zn-
doped SnO: nanoparticles. The crystallite size reduction was
further validated using Williamson-Hall plots and supported
by FESEM imaging. A decrease in peak intensity was noted
in the XRD pattern, particularly for preferred orientations at
higher Zinc dopant concentrations. Additionally, the band
gap energy of the Zn-doped samples decreased at this dopant
level, likely due to an increase in carrier concentration. FTIR
spectroscopy confirmed the formation of SnO2 nanoparticles,
with observed shifts and intensity changes in the spectra of
the 3.7 wt% Zn-doped sample suggesting significant
structural alterations. These findings, particularly the reduced
grain size and modified spectral characteristics, highlight the
potential of Zn-doped SnO. nanoparticles for gas sensing
applications.
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