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ABSTRACT

Published: 30-09-2020

Magnesium-doped tin oxide (SnOz) nanoparticles were synthesized by the chemical precipitation method. This
comes under bottom-up approach. The obtained results of metal oxide nanoparticles were characterized by XRD, FTIR,
SEM, EDAX, UV and PL, respectively. The average grain size was calculated from XRD spectrum, which confirms the
crystalline nature. Then the presence of functional groups was determined using Fourier Transform Infrared spectroscopy
(FTIR), and surface morphology and particle size examinations were carried out by Scanning electron microscope (SEM).
The purity and elemental composition of the sample were identified from EDAX. Finally, the optical properties and bandgap
energy were analyzed by using UV-Visible spectroscopy and PL. It was concluded from the results that the samples
synthesized were suitable for the application of dye degradation.
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1.INTRODUCTION

Nanotechnology is a rapidly growing field of
science and engineering due to the unique properties of
nanoparticles, such as phase transition temperature,
melting point and better solubility (Alivisatos et al.
1996). Nanotechnology has a wide range of uses in
medicine, industry, material science, environmental
science and other fields. SnO is a well-known n-type
semiconductor with a large bandgap that is useful in gas
sensors, solar cells, glass electrodes and secondary
lithium batteries. It has a tetragonal rutile structure with
n-type dopants in the form of inherent oxygen vacancies
(Monredon et al. 2002). The efficiency of nanoparticles
is directly proportional to their size, and thus has a strong
correlation with the method of synthesis.

By reducing the size of SnO; particles and/or
adding dopants (typically noble metals or other metal
oxides, such as ZnO, Nb,Os, MnO, Li,O and Al;O3) to
Sn0,, the system efficiency has been increased (Morales
et al. 1999; Kumari et al. 2014). Due to the enhancement
of properties when doped with Mg, SnO, nanoparticles
are considered possible materials for product fabrication.
Because of its higher thermal solubility, Mg ion may be
a promising choice to replace Sn ion in the SnO; lattice.
The ionic radius of Mg?* is 72 nm, which is similar to the
ionic radius of Sn**, which is 71 nm. As a result,
replacing Sn with Mg has little effect on lattice constants
or crystal structure (Wang et al. 2003). By doping SnO;

with a suitable Mg ratio, it could be possible to increase
material efficiency and tune the energy band structure.
Microwave-assisted solvothermal, polymeric
intermediate, sol-gel hydrothermal, hydrothermal and
chemical co-precipitation routes are among the methods
used to make Mg-doped SnO, nanoparticles (Nurul
Syahidah Sabri et al. 2012). Co-precipitation is a
straightforward technique for producing homogeneous
nanoparticles for a variety of applications. SnO-'s
microstructure, morphology and luminescence efficiency
are all highly dependent on the conditions under which it
is prepared, which leads to a variety of possible
applications (Nayral et al. 2000). The aim of this study is
to design and test a co-precipitation method for Mg-
doped SnO; nanoparticles for a range of renewable
energy applications.

2. MATERIALS & METHODS

2.1 Chemical synthesis of Pure and Mg-doped
SnO.,

Co-precipitation is a simple, economical and
industrially viable technique that can be used for the
synthesis of oxide materials. Using this process, it is
possible to prepare flowable powders without any
additional agglomeration steps. One can tailor the
process to get nano- or micron-size particles by adjusting
the pH, the precipitating agent, temperature and solvents.
This process has been successfully used for the



Kavitha et al. / J. Environ. Nanotechnol., Vol. 9(3), 24-28 (2020)

preparation of ceramic oxide powders suitable for
suspension plasma spraying and powder plasma

spraying.
2.2 Preparation of SnO; nanoparticles

6 g of tin oxide was dissolved in 200 ml distilled
water, and the mixture was stirred for 20 minutes using a
magnetic stirrer. Then few drops of Ammonia solution
were added to the solution to maintain the pH level at 7.
The mixture was stirred for 2 hours using a magnetic
stirrer. The brown colour precipitate was obtained and
filtered using Whatman No.1 filter paper to get a clear
solution. It was kept in a microwave oven at 75 °C for 30
minutes, and again dried in a muffle furnace at 400 °C for
4 hours. The dried nanoparticles were taken in a mortar
and made into a powder.

23 Precipitation of Sno;

nanoparticles

Mg-doped

6 g of tin oxide was dissolved in 100 ml distilled
water and stirred for 1 hour using a magnetic stirrer. Then
0.207 g of magnesium was added to the above solution.
The mixture was stirred for 1 hour. A few drops of
Ammonia solution were added to maintain pH level at 7
and continuously stirred for 3 hours. Then the precipitate
was collected, kept in a microwave oven at 75 °C for 30
minutes and then dried in a muffle furnace at 400 °C for
4 hours. The dried Mg-doped nanoparticles were taken in
a mortar and into a powder.

3. CHARACTERIZATION TECHNIQUES
3.1 XRD Analysis

X-ray diffraction (XRD) is one of the most
important non-destructive tools to analyze all kinds of
matter, ranging from fluids to powders and crystals. It is
a laboratory-based technique commonly used for the
identification of crystalline materials and analysis of unit
cell dimensions. This pattern predicts the lattice
parameter, unit cell, volume and crystalline size of the
sample. The mean crystalline size (D) of the particle was
calculated from XRD line broadening measurement from
the Debye-Scherrer formula.

D = KA/Bcos 6

where, D denotes the average crystalline size of the
sample, K represents the broadening constant, A denotes
the wavelength of CuKa radiation source (1.54 A), B
represents full width at half-maximum and 6 denotes the
angle of diffraction.
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3.2 FTIR Analysis

Fourier transform infrared spectroscopy (FTIR) is
an analytical technique used to identify organic (and in
some cases inorganic) materials. This technique
measures the absorption of infrared radiation by the
sample material. The infrared absorption bands identify
molecular components and structures. The FTIR
spectrometer uses an interferometer to modulate the
wavelength from a broadband infrared source. A detector
measures the intensity of transmitted or reflected light as
a function of its wavelength. The signal obtained from
the detector is an interferogram, which must be analyzed
with a computer using Fourier transforms to obtain a
single-beam infrared spectrum. The frequency ranges are
measured as wave numbers typically over the range of
4000 - 600 cm'™.

3.3 SEM and EDAX Analyses

The SEM analysis was used to investigate the
size and morphology of pure and Mg-doped SnO;
nanoparticles. Energy-dispersive X-ray spectroscopy
(EDAX) is a qualitative and quantitative study; X-Ray
micro-analytical technique can provide information on
the chemical composition for elements and purity of the
sample.

3.4 UV Spectroscopy

UV-Visible spectroscopy refers to absorption
spectroscopy or reflectance spectroscopy in part of
the ultravioletand the full adjacent visible spectral
regions (Warnken et al. 2001). It uses light in the visible
and adjacent ranges. The absorption or reflectance in the
visible range directly affects the perceived colour of the
chemicals involved. In this region of the electromagnetic
spectrum, atoms and molecules undergo electronic
transitions. Absorption spectroscopy is complementary
to fluorescence spectroscopy in that fluorescence deals
with transitions from the excited state.

3.5 PL Analysis

Photoluminescence (PL) is the spontaneous
emission of light from a material following optical
excitation. It is a powerful technique to probe discrete
energy levels and to extract valuable information about
semiconductor sample composition, quantum well
thickness or quantum dot sample mono-disparity.
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4. RESULTS AND DISCUSSION
4.1 XRD Analysis

The X-ray powder diffraction (XRD) pattern of
pure SnO; and Mg-doped SnO; nanoparticles were
shown in Fig. 1. The XRD pattern confirms the
crystalline structure with all possible peaks. The peaks in
XRD pattern were observed at 20 values, which
correspond to the lattice planes 110, 101, 200, 211, 220
and 002 according to the database. XRD results have
shown that Mg-doped SnO; grain size is higher than pure
SnO; nanoparticles.

1200

(110)

1100

(101)

1000 4

(211)

900 4

(200)

800 4
700 4

i
|

5 L ,J\ I MgSn02
é 500 Wbyl o] o U‘JJ‘JW
:_g 400 4 | {
300 \‘ ‘ ‘I‘
200+
100 (- [ Ly Sno2
Wyt et o st WA “‘w.f\.,., M}\ \

T T T T T T T T T 1
10 20 30 40 50 60 70 80 90

2Theta(degree)

Fig. 1: XRD Patterns of Prepared Samples

Fig. 1 shows the typical patterns of pure and
Mg-doped SnO. nanoparticles. The diffraction peaks of
SnO; nanoparticles at 20 = 26.7, 34.0, 39.2 and 64.8 are
clearly distinguishable and could be indexed to the hkl
planes are (110), (101), (111) and (211) tetragonal phases
were observed. The results were in good agreement with
the standard data file (JCPDS card No.: 41-1445). The
calculated average crystalline size (D) of pure and Mg-
doped SnO; nanoparticles is 14.02 nm and 13.45 nm. The
crystalline size decreases for Mg-doped SnO;
nanoparticles due to the concentration of doping material.

4.2 FTIR Analysis

The presence of functional groups in the
samples has been analysed by using FTIR. Fig. 2 shows
the spectra of pure and Mg-doped SnO; powder sample.
The chemical structure of the synthesized nanoparticles
was observed in the range of 400 cm™* to 4000 cm™. The
P-O stretching was confirmed from the observed peaks at
572 cmt. CHjs stretching was confirmed from the peak at
1000 cm and the peak at 3000 cm™ corresponds to C-H
stretching.
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Fig. 2. FTIR Analyses of Pure and Mg-doped SnO:
Nanoparticles

Table 1. XRD region of Pure SnO2 and Mg-doped SnO:
Nanoparticles

20 D Crystal Average
Sample (deg) spacing size crystal size
s A  (m) (nm)
267999 3.32388 14.7788
pure 340811 262858 14.7787
SnO2 391000 230195 122040  -H029%
649300 1.43503 14.2680
267094 3.33494 12.3227
Mg- 340002 263397 127157
: ' : 13.4577
dsc;]'[gf 302000 229631 158115 %
64.8625 1.43636 12.9839

Table 2. FTIR Analyses of Pure and Mg-doped SnO; Nanoparticles

Wave number, cm?

S.

No. Sample O-H stretching C-H stretching C=C stretching CHs stretching P-O Stretching
vibration vibration vibration vibration vibration

1. SnO2 3766.76 2918.88 1582.19 1338.86 563.44

2. Sl\rA\%z 3785.14 2927.54 1582.19 1411.31 563.44
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4.3 SEM Analysis

Scanning electron microscopy was used to
investigate the surface morphology and particle size of
pure and Mg-doped SnO; nanoparticles. Fig. 3 shows the
SEM images of the synthesized Mg-SnO.. It clearly
reveals that both samples were spherical in shape and the
particles were agglomerated. Finally, SEM image reveals
that with the increase of doping concentration the grain
size also increases.

4.4 EDAX Analysis

EDAX is used to identify the purity and
composition of elements of the desired nanoparticles.
Fig. 4.4 shows the presence of elements such as Sn (Tin)
and O (Oxygen), which determines the pure tin oxide
nanoparticles. Then Mg (Magnesium), Sn (Tin), O
(Oxygen) represents the Mg-doped Sn nanoparticles.
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Fig. 4: EDAX Analyses of Prepared Samples
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4.5 UV Analysis

The UV-Visible spectra of pure SnO; and Mg-
doped SnO, nanoparticles are shown in Fig. 5. The
spectrum was recorded in the range of 200-800 nm. The
absorbance peaks for both samples have a sharp peak in
UV region. The bandgap energy of the sample can be
predicted by the formula Eg=hc/A. The absorption
wavelength for pure tin oxide is 284 nm and for Mg-
Sn0O; is 290 nm. The bandgap energies for pure and
doped-tin oxide nanoparticles were 4.37 and 4.28 eV,
respectively.
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Fig. 5: UV Spectra of Prepared Samples
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Fig. 6: PL Analyses of Prepared Samples
4.6 Photo Luminescence Spectroscopy

The PL spectra of pure and Mg-doped SnO;
nanoparticles were shown in Fig. 6. For Mg-doped SnO,,
all peaks were slightly red-shifted, and the intensity of
the peaks has also increased. The wavelength of the
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spectrum for pure SnO; is 481 nm and Mg-doped SnO;
is 436 nm.

5. CONCLUSION

The present work deals with the synthesis and
characterization of pure and Mg-doped SnO;
nanoparticles. The XRD revealed the average crystalline
size of pure SnO; nanoparticles as 14.02 nm and Mg-
doped SnO; nanoparticles as 13.45 nm. The FTIR study
determined the presence of functional groups in the
sample. SEM has revealed that both samples have
spherical shaped morphology and EDAX has shown the
purity and elemental composition of the sample. Then
UV and PL analyses have aided in investigating the
optical properties, and the bandgap energies for pure and
doped-tin oxide nanoparticles were found to be 4.37 and
4.28 eV, respectively.
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