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Wet chemical synthesis of nanomaterial has earned reputation
for producing size and shape controlled nanomaterials with fair
reproducibility. In the present work, size controlled tin oxide
nanoparticles have been synthesized by chemical precipitation
method using SDS as capping agent. X-ray diffraction spectra
(XRD) confirm the formation of tetragonal rutile SnO2
nanoparticles with average crystallite size in the range of
25-35 nm. Fourier Transform Infrared Spectroscopy (FTIR)
complimented the XRD results with the peak of Sn-O-Sn stretching
at 643 cm’'. Surface morphology of prepared nanoparticles
has been studied with the help of scanning electron microscopy
(SEM). A direct band gap of 2.97 eV has been calculated
for the synthesized nanoparticles using UV-Vis spectra and Tauc
plots. Synthesized nanoparticles show excellent photocatalytic
degradation of water pollutant dye congo red and also illustrate
antimicrobial action against human pathogen bacteria
Pseudomonas aureginosa and Staphylococcus aureus.
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Nanotechnology plays a major role in the development
of new products with improved properties and
environment friendly nature. Nanomaterials find their
applications in the fields of cosmetics, textiles, paints,
medicine, energy and environment'*,

Nanostructures of metal oxide have been explored
in the recent past due to their exciting properties and
applications. Nano tin oxide has been one of the most
important oxide nanostructure due to their properties
and potential application®”’. Nano tin oxide is among
the most explored metal oxides as it has properties of
wide band gap semiconductor. It has high optical
transparency, chemical sensitivity which makes it a
very attractive material for solar cells, heat mirrors,

catalysis and gas-sensing applications®. Nanoparticles
of tin oxide have also find applications in ceramic
devices, lithium batteries, transparent electrodes and
photocatalysts® 2.

TiO;, SnO, and ZnO have been identified as
dynamic photocatalysts for the degradation of several
organic contaminants including synthetic dyes'>!.
Nano SnO; possesses many active sites on the surface
giving rise to elevated radiations absorption efficiency
and high surface reactivity thus making it suitable for
photocatalyst!®>. These may be used in future at large
scale water purification because SnO; nanoparticles
show better physiochemical and catalytic properties's.
Nano SnO; has been reported to possess as well as to
increase antimicrobial activities'”.

There are several reported methods for the synthesis
of nanomaterials including synthesis of nano tin
oxide'®?. In the present work, SnO, nanoparticles
were prepared by simple chemical precipitation
method and have been employed for the remediation
of water pollutant dyes and microbes.

Experimental Section

Materials

Dihydrated tin chloride (SnCl,.2H,O) was used as
precursor and was procured from Sigma-Aldrich.
Sodium dodecyl sulphate (SDS), ethylene glycol,
ammonia and congo red dye (Cs:HnNeNaOsS»)
(Fig. 1) were supplied by S. D. Fine Chemicals. All the
chemicals were of analytical grade and were used as
supplied, without any further purification. Double
distilled water with specific conductance in the range
of 0.1 x 1076 to 1.0x107°Q 'cm™! was used for carrying
out all experiments?®?’,

Synthesis of SnO2 nanoparticles

SnO, nanoparticles were prepared by the use of
surfactant assisted chemical route employing SDS
as capping agent. Separate solutions of SDS and
tin chloride were prepared and mixed at room
temperature to generate a stable suspension. Ethylene
glycol was added into the prepared dispersion under
continuous stirring. Subsequently ammonia solution
was added drop wise to keep the pH above 7 and
mixture was stirred for two hours. The resulting
solution was kept overnight and then centrifuged to
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separate the solid product. Precipitates were washed
several times with distilled water and ethanol.
Precipitates were dried under vacuum followed by
sintering at 400°C for 2 h to get fine powder of SnO».

Characterization

The molecular structure information of the particles
was collected by FTIR spectra (Perkin-Elmer BXII
FTIR spectrometer). The crystalline phase of SnO;
particles were determined by X-ray diffraction
(Panalytical S X. Pert Pro) using CuK, radiation with
a wavelength A =1.5418 A at 20 values between
20° to 80°. The surface morphologies of samples were
characterized using SEM (Quanta 250 FEI D9393).
The dc resistivity was measured using Keithley 2611
system. UV-Vis spectra were recorded by a Systronics
double beam UV-vis spectrophotometer.

Optical band gap studies

The optical band gap calculations were done
by recording UV-Vis spectrum of nanomaterial
suspensions prepared in ethanol by ultrasonication for
1 h. Tauc relation was then utilized to calculate band
gaps using recorded UV-Vis spectrum. According to
the Tauc relation [28], the absorption coefficient () is

given by
ahu=B(hu-E)" )]

where B is constant having different values for
different transitions, E, is the band gap energy, hv is
the energy of photon and m is an exponent with values
1/2, 3/2, 2 and 3 depending upon the electronic
transition. The linear portion of the plot between
(ahv)? versus hv taking m = 1/2 (for direct band gap
semiconductors) was extrapolated to obtain the optical
band gap®.

Electrical resistivity studies
DC resistivity (o) of the prepared nanoparticles was

obtained using I-V curves values in relation
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Fig. 1 — Molecular structure of congo red dye (C32H22NsNa206S2)

P . (2)

where V/I was obtained from the slope of [-V curve,
A is the cross sectional area of the pellet and
t is the thickness of the pellet*’. Temperature variation
of DC resistivity was also studied and the activation
energy was calculated using Arrhenius equation for
crystalline semiconductors

o=o0, exp(f}f] .3
b

where, E, is activation energy, ks is Boltzmann constant
(8.617 x 10 V), T'is the absolute temperature and oo
is the parameter depending on the material®'.

Water treatment experiments

Treatment of pollutant dyes

The water pollution due to dye congo red was
treated using photocatalytic action of prepared SnO;
nanomaterials. The effect of irradiation time on dye
degradation using SnO, nanomaterials was studied.
The experiment was done taking congo red dye
(10 pumol/L) and SnO, nanomaterials (0.1 mg/mL)
exposed to direct sunlight for recording absorbance at
suitable intervals. The experiment was completed in
open system nearly at 30°C and at neutral pH 7.
The absorbance was recorded at 497 nm?2,

Treatment of bacteria

Two human pathogenic bacteria, Pseudomonas
aureginosa and Stphylococcus aureus present in water
were eliminated using antibacterial effect of SnO,
nanoparticles. The method of growth curves taking
optical density as an equivalent of bacterial growth
was employed for the treatment of Pseudomonas
aureginosa and Stphylococcus aureus bacteria. The
bacteria cultures were grown in separate incubator
shakers for overnight in nutrient broth (13 mg/mL).
Nanomaterials (1.67 mg/mL or 3.33 mg/mL) were
added subsequently to these bacterial cultures and
growth of bacteria was recorded by measuring optical
density at 600 nm after fixed intervals.

Results and Discussion

FTIR
The various peaks in the FTIR spectra of SnO, and
nickel doped SnO, nanoparticles showed the

successful synthesis of SnO; and nickel doped SnO..
The peak at 643 c¢m’! corresponds® to Sn-O-Sn
stretching in SnO,. Other small absorption peak at
3432 cm! is attributed to -OH groups of adsorbed
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water bound at SnO; surface while, peak at 1018 cm!
is due to C-H stretching mode. Peak at 1602 cm!
is related to bending vibrations of water molecule
trapped in SnO, sample®*.

X-ray Diffraction (XRD)

The XRD pattern of SnO, nanoparticles (Fig. 2)
shows strong and sharp diffraction peaks suggesting
perfectly crystalline nature of prepared SnO;

nanoparticles. The various peaks at 26.5, 33.8, 37.8,
51.7, 54.7, 61.8, 659, 71.2 and 78.6 are well in
agreement with the standard® SnO, JCPDS file no.
41-1445. The average crystallite size was found in
the range of 25-35 nm and the crystal structure can be
indexed as tetragonal rutile*® with P4,/mnm. The lattice
area=b =

constants calculated from XRD data3”3?

4737 A and c =3.186 A.
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Fig. 2 — XRD pattern SnO2 nanoparticles
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Scanning Electron Microscopy (SEM)

The detailed information related to microstructure
and morphology was obtained from scanning electron
microscope images (Fig. 3) of prepared SnO;
nanoparticles. Smaller individual SnO» nanoparticles
are visible along with agglomerated SnO,nanoparticles at
some places.

UV-Vis spectral analysis

UV-visible absorption spectra of SnO, nanoparticles
showed absorption peak at 262 nm, which is the
characteristic ~ wavelength of tetragonal SnO;
nanoparticles®®. The optical band gap calculated
from Tauc plots (Fig. 4) for prepared SnO»
nanoparticles 2.97 eV which is lower than that of
reported*® SnO, (3.44 V).
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Fig. 4 — Tauc plot for SnO2 nanoparticles

Fig. 3 — SEM images of SnO2 nanoparticles
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Electrical resistivity studies

DC resistivity of prepared nano SnO; was observed
to be decreasing with increase in temperature (Fig. 5).
This decrease in resistivity swith increase in
temperature depicts the semiconducting nature of
synthesized SnO, nanoparticles*'. The drift mobility
of the charge carriers increases with increase in
temperature and participation of bound charges in the
process of conduction increases thus decreasing
the resistivity and increasing the conductivity®'. The
activation energy as calculated from Arrhenius
equation was found to be 0.45 eV suggesting that
conduction in synthesized SnO nanoparticles is due to
thermally supported tunneling of the charge carriers
across the grain boundary and transition from the donor
level to the conduction band*.

Water treatment
Dye remediation

Photocatalytic activity of synthesized SnO;
nanoparticles was utilized for the remediation of water
polluted by congo red dye. SnO nanoparticles showed
high photocatalytic activity and degrade around 83%
the dye in 2 h (Fig. 6).

The percent degradation of the dye was obtained
using the relation

% degradation = (%) x 100 .. (4)
t

where Cy and C; are the dye concentrations initially
and at time t respectively.

As the energy band gap of SnO, nanoparticles
is lower than that of bulk SnO;; on irradiation with
UV-visible light, SnO, nanoparticles easily generate
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Fig. 5 — Variation of DC resistivity with temperature for SnO:
nanoparticles

electron-hole pairs with sufficient energy to facilitate
production of hydroxyl and superoxide radicals form
water. These highly reactive species react abruptly
with conjugated organic dye disrupting its conjugation or
may also mineralize it. The photocatalytic reactions
catalyzed by semiconductors involve parallel mechanisms
of oxidation and reduction. Divalent Sn** ion act
as electron scavenger to slow down the charge
carriers’ recombination and thus imparting improved
photocatalytic action (Scheme 1).

The rate of photodegradation was also calculated for
the degradation of congo red dye using pseudo-first-
order kinetic model*®

n (“¢) = kat - (5)

where k. is the apparent rate constant. The
photodegradation of congo red dye using SnO;
nanoparticles follows the pseudo-first-order kinetics

with rate constant of 0.015 min".

Treatment of microbes

The prepared SnO, nanoparticles were found
effective to control the growth of both Pseudomonas
aeruginosa and Staphylococcus aureus bacteria
(Figs 7 and 8). SnO, nanoparticles inhibit the growth
of Pseudomonas aeruginosa to higher extent than
Staphylococcus aureus. On increasing the concentration
of prepared SnO, nanoparticles, Pseudomonas aeruginosa
growth was more retarded whereas, Staphylococcus
aureus growth was at less even at lower concentrations.
This bacteriacidal effect may be due to binding of
nanoparticles to outer membrane of bacteria causing
the inhibition.

5 60 /
B
=]
i
> 40
(m]
X
| ]
20
0l =
0 20 40 60 80 100 120

Time (min)

Fig. 6 — Photodegradation of congo red dye using SnO2 nanoparticles
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Scheme 1 — Schematic representation for photodegradation of
congo red dye using SnO2 nanoparticals under (a) visible light (b)
UV light.
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Fig. 7 — Effect of SnO: nanoparticles on the growth of
Pseudomonas aeruginosa bacteria
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Fig. 8 — Effect of SnO: nanoparticles on the growth of

Staphylococcus aureus bacteria

Conclusion

SnO; nanoparticles are successfully synthesized and
characterized by XRD, SEM, FTIR and UV-VIS
spectroscopy. XRD results reveal that synthesized
nanomaterials are of crystalline nature with average
crystallite size in the range of 25-35 nm. Band gap
of synthesized nanoparticles is found to be 2.97 eV
which enhanced the photocatalytic action of
SnO; nanoparticles. The prepared SnO; nanoparticles
degrade water solutions of congo red dye
efficiently following pseudo-first-order kinetics. These
nanoparticles also possess high bacterialcidal effect as
they inhibited the growth of Pseudomonas aeruginosa
and Staphylococcus aureus Dbacteria thus can be
used in medicines.
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