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INTRODUCTION

In past decades, nanostructured materials has evolved as
a separate class due to its unique properties and its importance.
Nanoscience is the study of phenomena and manipulation of
materials at atomic and molecular scales. The physical and
chemical properties of nanostructured materials are different
from that of bulk materials even though they have same chemical
composition. Nanostructured materials form a bridge between
the molecules and the bulk materials [1]. In the field of techno-
logy metal oxide nanostructured materials possess considerable
interest due to their wide applications [2]. The quantum confine-
ment and quantization of conduction electrons by small volume
of nanocrystals enhances the optical and electrical conductance
and it makes the metal nanoparticles a fascinating area of rese-
arch. Metal clusters can exhibit attractive electronic properties
when the crystallite size reaches the order of de Broglie wave-
length of conduction electrons [3].

SnO; is n-type semiconductor material with a wide band
gap of 3.6-3.8 eV [4] and has a tetragonal structure. Tin oxide
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In present work, a simple and facile microwave irradiated solvothermal method was applied for the synthesis of undoped and Cu** doped |
tin oxide nanoparticles. Thermal characterization was performed to study the thermal stability and to fix the annealing temperature. All |
the prepared samples were annealed at 500 °C and then characterized. Structural, morphological and optical characterizations were done
using PXRD, TEM, SEM and UV-Vis NIR analysis. The PXRD measurement shows the tetragonal phase of tin oxide. Agglomerated and |
spherical morphology was observed in SEM and TEM micrographs. Presence of blue shift was observed in the absorption spectra of the |
prepared samples. Elemental compositions of the samples were analyzed using EDX patterns. Magnetic characterization was performed |
using vibrating sample magnetometer and the analysis revealed that the prepared samples were diamagnetic in nature. Antibacterial |
studies showed the efficient activity against the Gram-positive and Gram-negative bacterial stains. |
|

Keywords: Solvothermal, Agglomeration, Annealing, Elemental composition, Antibacterial activity.

is abundant chemically stable and has high electrical conductivity.
SnO, nanoparticles can be used as catalyst for the removal of
dyes [5,6], as gas sensors [7,8], as anodes in lithium ion batteries
[9,10], efc. Synthetic techniques such as sol gel method [11],
solvothermal method [12], spray pyrolysis [13], hydrothermal
[14], pulsed laser deposition [15], precipitation method [16],
wet chemical method [17] and microwave assisted method [18]
were adopted by researchers for the synthesis of tin oxide
nanoparticles. Zhang et al. [19] adopted the spark plasma tech-
nique for the preparation of antimony doped tin oxide nano-
ceramics. High ball mill mechanochemical processing was
followed by Sabri et al. [20] to synthesize Mn doped SnO, nano-
particles.

Microbiological contaminants such as bacteria and viruses
are considered as colloids having particle size in micrometer
and nanometer range [21]. Nanomaterials may interact with
biomolecules and cellular process [22]. Improper and wide
spread use of antibiotics in various fields had led to the develop-
ment of antibiotic resistant microbial strain [23]. Common
bacterial species such as Staphylococcus aureus, Escherichia
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coli are resistant to antibiotics and this lead to a serious issue
among mankind. Metal oxide nanoparticles are considered as
the effective one for the treatment of infectious diseases to
that of antibiotic-resistant bacteria [24]. Antibacterial activity
of metal oxide nanoparticles such as SnO,, ZnO, CuO, Fe,0;
against various test stains was reported [25-27]. In present work,
a simple and cost effective microwave assisted solvothermal
technique is adopted using a simple domestic microwave oven
for the synthesis of undoped and Cu®* doped SnO, nano-
particles. The prepared samples were annealed at 500 °C and
then characterized.

EXPERIMENTAL

All the reagents and solvents required for the synthesis of
SnO, nanoparticles were commercially available and used as
received.

Synthesis of SnO, nanoparticles: Stannous chloride
dihydrate, urea, ethylene glycol and copper acetate were used
as precursors for the synthesis of undoped and Cu* doped
SnO, nanoparticles. To prepare SnO, sample stannous chloride
dihydrate and urea were taken in the molecular ratio 1:3 and
dissolved separately in 200 ml ethylene glycol (solvent). Urea
solution was added dropwise into stannous chloride solution
kept under stirring in a magnetic stirrer. The Cu®* doped SnO;
samples were prepared by taking 1 mol% Cu(CH;COO), with
the above precursors used for the preparation of undoped
samples. The dissolved solution was kept in a domestic micro-
wave oven (Onida model-Power Solo 20) operated with a freq-
uency of 2.45 GHz and power 800 Watts). Microwave irradiation
was continued till the solvent evaporates and form a colloidal
precipitate. The precipitate was washed with double distilled
water for about six times to remove the water soluble impurities
and then about three times with acetone to remove the organic
impurities present. The washed samples were dried in atmos-
pheric air and preserved as yield.

Characterization: The TGA and DTA analysis were
carried out for undoped SnO, nanoparticles with NETZSCH
STA 409 C/CD. Then the prepared samples were annealed at
500 °C for about 1 h. The annealed samples were characterized
by powder X-ray diffraction analysis using X'Pert Pro-
Panalytic instrument to analyze the structure of the prepared
sample. SEM and TEM analysis was carried out to recognize
the morphology. Elemental compositions of the samples were
identified using EDX patterns. The optical band gap energy
was calculated using UV-visible spectrophotometer Cary 5000
model instrument. The magnetic measurements were carried
out using Lakeshore, USA, model 7407 Vibrating Sample
Magnetometer.

Antibacterial activity: The antibacterial activity of the
prepared samples was carried out using Agar disc diffusion
method with Staphylococcus aureus and Escherichia coli as
the test stains.

RESULTS AND DISCUSSION

TG/DTA studies: To improve the phase purity, ordering
of the samples and to choose the appropriate annealing temp-
erature thermal analysis was performed using TGA and DTA

analysis under nitrogen atmosphere in the temperature range
30-800 °C. The TG/DTA analysis pattern is shown in Fig. 1.
Below 100 °C, a sharp decrease in the TG curve was observed,
which was mainly due to the evaporation of water adsorbed
on the particle surface [28]. Occurrence of exothermic peak
around 307 °C was observed in the DTA curve and it was due
to the decomposition of organic residues and tin oxide nano-
particles formation [29]. Around 300 °C, the TG curve shows
a slight increase in weight and it may be due to oxidation of
SnO to form SnO,. As temperature increases no such increase
in weight was observed and the sample attains thermal stability
around 800 °C. In this work, the annealing temperature was
fixed as 500 °C and annealed all the samples at this temperature
for about 1 h and then used to carry out further characterization.
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Fig. 1. TG/DTA curves for SnO, nanoparticles

PXRD studies: The PXRD patterns of undoped and Cu**
doped SnO, nanoparticles are shown in Fig. 2. The peaks in
the PXRD pattern of SnO, and Cu** doped SnO, matches well
with the tetragonal phase of tin dioxide (JCPDS card no.: 88-
0287). The cell parameter values of standard and prepared
SnO; are tabulated in Table-1.

Intensity (a.u.)
+110

+101

#200

0 10 20 30 40
20(°)
Fig. 2. PXRD pattern of undoped and Cu** doped SnO; nanoparticles

TABLE-1
CELL PARAMETER VALUES OF SnO,

Standard value Calculated value
System = = = =
a(A) c(A) a(A) c(A)
SnO, 4.737 3.186 4.7460 3.1928
SnO, + Cu* 4.737 3.186 4.7448 3.1932
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In the PXRD pattern of Cu** doped SnO, nanoparticles,
peaks corresponding to copper was not observed because only
a small amount of copper acetate was added as dopant. A slight
shift in the diffraction peak towards lower angle was also
observed. The broadening of peaks in the pattern indicates the
formation of nanostructured material [30]. The average grain
size of the particle was calculated using the Scherrer’s equation
[31].

_ Kr
BcosO

where A is the wavelength of incident beam, f3 is the full width
at half maximum of the diffraction peak (in radian), 6 is the
diffraction angle and K is the Scherrer’s constant (0.9). The
average grain size of SnO, and Cu** doped SnO, nanoparticles
are 20.710 nm and 35.960 nm, respectively. The increase in
average grain size on the addition of dopant and the shift in
peak position towards the lower angle is reported by Haider et al.
[15].

Morphological studies: The morphology and elemental
composition of undoped and Cu** doped SnO, nanoparticles

were studied using TEM, SEM and EDX analyses. The TEM
micrographs and the selective area electron diffraction (SAED)
patterns observed are shown in Fig. 3. Particle with spherical
morphology and agglomeration was observed in TEM micro-
graphs. Polycrystalline nature of the sample was confirmed
by the presence of observable rings in the SAED patterns [32].
The TEM results confirmed that the grain sizes are in nano
regime and the inter-planar spacing in the pattern matches well
with that in PXRD pattern showing rutile phase of SnO..

The EDX pattern, SEM micrograph along with size
distribution are shown in Fig. 4. Agglomeration and spherical
morphology was observed in the SEM micrographs. The agglo-
meration is higher in Cu** doped SnO, nanoparticles and it is
mainly due to the accumulation of Cu* impurity into host
matrix. Spherical morphology along with agglomeration of
particles was already reported by several researchers [33-35].
The particle size of SnO, and Cu** doped SnO, nanoparticles
are calculated as 25.5 nm and 37.7 nm.

Occurrence of carbon peaks at 0.27 keV was due to the
use of carbon tape substrate for holding the sample while taking
the measurement and gold peaks at 2.12 keV was due to the

50 nm

Fig. 3. (a) TEM micrographs and (b) SAED patterns of SnO, and Cu** doped SnO, nanoparticles
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Fig. 4. (a) EDX pattern, (b) SEM micrograph and (c) particle size distribution of SnO, and Cu** doped SnO nanoparticles
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TABLE-2
PEAK POSITIONS OF ELEMENTS AND THE ELEMENTAL COMPOSITION OF UNDOPED
AND Cu** DOPED SnO, NANOPARTICLES OBTAINED FROM EDX ANALYSIS

System (with expected

Peak positions of elements (keV)

Elemental composition (atomic %)

composition) Tin Oxygen

Copper

Tin Oxygen Copper

3.05
3.40
3.60
3.90
4.13

0.52

SnO,

20.32

79.68

3.05
3.40
3.60
3.90
4.13

0.52

SnO, + Cu*

0.90
8.00
8.90

20.21

79.57 0.22

use of gold coating in the sample [36]. The peak positions of
elements and the elemental composition of undoped and Cu**
doped SnO, nanoparticles are shown in Table-2. The EDX results
revealed that the prepared samples are free from impurities
and hence they have high phase purity.

UV-Vis NIR studies: The optical absorption spectra of
undoped and Cu** doped SnO; nanoparticles are shown in Fig. 5.
The spectrum records the variation of optical absorbance with
respect to wavelength in the range 200-900 nm. The recorded
data can be used to calculate the optical band gap of semi-
conductor materials or thin films. The prepared sample shows
low absorbance in the visible region. In the UV-Vis absorption
spectra a sharp increase in absorption was observed at the
absorption edge, which corresponds to energies closer to the
band gap [37]. The factors influencing the amount of absor-
ption in a material are energy of incoming light, density of
electron in valence band and the density of empty states in the
conduction band [38]. It was observed that the absorbance
decreases with increasing wavelength. Occurrence of absor-
ption peak is mainly due to the excitation of electron from the
valence band to the conduction and from this absorption peak
the nature and the value of the optical band gap can be deter-
mined [39]. In present work, the absorption peak was observed
at 278 nm indicating a blue shift as the absorption peak of
bulk SnO, was 340 nm. Absorption peak at 295 nm and 300 nm

1.4
(@) SI‘\O2
13
o)
e
g 12
2
o
[72]
el
<
1.1
1.0
200 300 400 500 600 700 800 900

Wavelength (nm)

Absorbance

was reported by Rajeswari et al. [40] and Alam ef al. [41] in
their work. The optical band gaps of undoped and Cu** doped
SnO, nanoparticles were calculated using the relation [42]

E (eV)= %
where h is the Planck’s constant, c is the velocity of light in air
and A is the absorption wavelength in nm. The calculated
optical band gaps were 4.474 eV and 4.458 eV.

Vibrational sample magnetometer analysis: To study
the M-H behaviour of the prepared samples VSM analysis
was carried out at room temperature. The diamagnetic nature
was observed for undoped and Cu** doped SnO, nanoparticles
in the M-H curves (Fig. 6). Researchers reported the diamagnetic
behaviour of undoped and doped SnO, nanoparticles in their
studies [43,44]. The structural disorder, electronic structural
modifications and surface nature of the nanocrystallites causes
diamagnetism in the samples [43].

Antibacterial activity: The antibacterial activity was
evaluated by measuring the zone of inhibition against the test
organisms. The zones of inhibition of undoped and Cu** doped
SnO; nanoparticles are shown in Table-3. Antibacterial activity
of undoped and Cu** doped SnO, nanoparticles are shown in
Fig. 7. The antibacterial activity occurs due to the formation
of reactive oxygen species, large surface area and small particle
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Fig. 5. UV-Vis absorption spectra of (a) SnO; and (b) Cu** doped SnO» nanoparticles
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Fig. 6. Magnetization curve of (a) SnO, and (b) Cu** doped SnO; nanoparticles
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TABLE-3
ZONES OF INHIBITION FOR UNDOPED
AND Cu** DOPED SnO, NANOPARTICLES
System (with expected Staphylococus Escherichia
composition) aureus coli
SnO, 10 No zone
Sn0O, + Cu** 10 8

Fig. 7. Photograph showing the antibacterial activity of samples against
(a) Staphylococus aureus and (b) Escherichia coli

size. The reactive oxygen species in particular H,O, formed
on the nanoparticle surface has the ability to penetrate into the
cell membrane of bacteria causing damage to the DNA and
protein which in turn lead to the death of cells [45-47]. Better
activity was observed in Gram positive bacteria than in Gram
negative bacteria and it agrees with the results reported by
Mirhosseini & Firouzabadi [48] and Azizi et al. [49].

Conclusion

Undoped and Cu** doped SnO, nanoparticles were synthe-
sized using a microwave assisted solvothermal method with
the help of domestic microwave oven. The prepared samples
were annealed at 500 °C for about 1 h. The PXRD pattern shows
the tetragonal phase of SnO.. The average grain sizes are calcu-
lated as 20.710 nm and 35.960 nm. Peak broadening in the
pattern indicates the development of nanostructured material.
Presence of observable rings in the SAED patterns confirms
the polycrystalline nature of the sample. SEM micrographs
revealed agglomeration of particles with spherical morphology.
The EDX results disclosed the phase purity of the prepared
samples. Absorption peak shows the presence of blue shift and
itis due to quantum confinement. Vibrational sample magneto-
meter analysis shows that the prepared samples possess dia-

magnetic behaviour. The antibacterial activities of Cu** doped
SnO, are competent when compared to undoped sample and
hence it can be used in pharmaceutical industries.
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