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Abstract

Sn0; nanoparticles were synthesized by using cost-effective chemical co-precipitation method. To study the influence of pH on
structural and optical properties of SnO, nanoparticles, pH value was varied from 7-12. Structural, surface morphology, chemical
analysis and luminescence properties of prepared SnO, nanoparticles were studied by X-ray diffraction (XRD), fourier transform
infrared spectroscopy (FTIR), scanning electron microscope (SEM) attached with energy dispersive spectroscopy (EDS) and
photoluminescence studies (PL). X-ray diffraction study reveals the nano-size particle distribution of the samples with tetragonal
rutile structure in the range of 2 to 4 nm. FTIR spectra show the structural confirmation of SnO; nanoparticles. Various PL signals
were observed in the visible region around 400 to 600 nm due to oxygen vacancies and interfacial Sn vacancies present in the

prepared nanosamples.
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1. Introduction

SnO; is an n-type semiconductor with wide bang gap of 3.6
eV at room temperature. In nanotechnology the size of the
particle plays a prominent role which influences the
electrical, optical and magnetic properties. The sensitivity,
selectivity and quick response of SnO- enables us to find
many applications like transparent conducting electrodes,
optical sensors, dye-sensitized solar cell and photocatalytic
applications, chemical gas sensors [ ®. SnO, nanoparticles
can be prepared by various synthesis routes like sol-gel, spray
pyrollysis, gas-phase condensation, chemical vapour
deposition, hydro-thermal, co-precipitation, laser ablation [©
131 Among them the simplest and cheapest wet chemical co-
precipitation enables us to tune the particle size and
composition of the sample. In this paper we adopted simplest
and cheapest wet chemical co-precipitation method to prepare
SnO; nanoparticles and studied the structural, morphological,
compositional and photoluminescence properties of SnO;
nanoparticles at different values of pH. Ethylene diamine
tetra acetic acid was used as the capping agent for getting fine
particle distribution.

2. Experimental and Characterization techniques

All chemicals were of analytical reagent grade and were used
without further purification.  SnO, nanoparticles were
prepared by chemical co-precipitation method using
SnCl2.2H,0 as reactant material. Ethylene diamine tetra
acetic acid (EDTA) was used as the capping agent.
Ultrapure de-ionized water was used as the reaction medium
in all the synthesis steps. In a typical synthesis, SnCl,.2H,0O
in 100 ml was dissolved in ultrapure de-ionized water and
stirred for 30 minutes. Stirring process is carried out at a
temperature of 90°C and NaOH solution was drop wisely
added to the solution to adjust the pH value 7. Stirring was
continued for three hours to get fine precipitation. The
obtained precipitate was washed with de-ionized water for

several times. Finally, the powders were vacuum dried for 3
hours at 80°C to obtain SnO, nanoparticles. The same
procedure was repeated by varying the pH = 9, 11 and 13.
The dried powder was characterized for structural,
morphological and optical studies.

The X-ray diffraction patterns of the samples were collected
on a Rigaku D X-ray diffractometer with the Cu-Ka radiation
(A=1.5406A°). FTIR studies were carried out by fourier
transform infrared spectrophotometer (FTIR-4700typeA).
Morphology and elemental composition of the prepared
samples were analyzed through EDAX using Oxford Inca
Penta FeTX3 EDS instrument attached to Carl Zeiss EVO
MA 15 scanning electron microscope. Photoluminescence
spectra were recorded in the wavelength range of 400-600
nm using PTI (Photon Technology International)
Fluorimeter with a Xe-arc lamp of power 60 W and an
excitation wavelength of 320 nm was used.

3. Results and Discussion

3.1 Structural analysis

The XRD patterns for the prepared SnO, nanoparticles at
different pH values are shown in Fig.1. From the fig. 1 it is
obvious that the peaks are indexed as (110), (101), (200),
(211), (220), (002) and (310), planes at 26 values 26.91°,
34.11°, 38.31° 52.17°, 54.96°, 58.22° and 62.24° that
correspond to tetragonal rutile structure of polycrystalline
SnO; which are in consistent with the JCPDS (No. 72-1147)
data.

The average particle size was estimated Using the Debye—
Scherrer’s formula,

D= 0.944
By cos @

Where, D is the average Particle size,
Bnwi is full width at half maximum of XRD peak expressed in
radians and '9' is the position of the diffraction peak.
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= p:97 ————— The average crystallite sizes of as deposited SnO;
= & s nanoparticles prepared at different pH values (7, 9, 11 and
13) were of 3.2, 2.9, 3.4 and 3.5 nm, respectively. The
= decrease in average particle size is due to the increase in the
s nucleation rate with increasing the pH of the reaction
%‘ _ mixture. The increase of particles size at higher pH is due to
s agglomeration of Sn-Sn atoms.
[ =
s 3.2 Morphological studies
Figure 2 shows the surface morphology of SnO;
nanoparticles. Figures 2(a), 2(b), 2(c) and 2(d) show the SEM
pui/ G S i LTy . images of SnO, nanoparticles at pH= 7, 9, 11 and 13
M 2o S0 4 S0 s Y0 8n respectively. From SEM images it was clearly observed that
26 (degree) the particles were agglomerated. The sample prepared at
Fig 1: XRD patterns of SnO> nanoparticles synthesized at different pH=9 exhibits slightly decreased agglomeration compared to
pH conditions (pH - 7, 9, 11, 13) other samples.
=2000kv  Signal A= SE1 EHT=2000kV  SignalA=SEl
WD = 8.0 mm Mag= 10.00 K X WD=:8.056m Mag= 10.00 K X
5:—1;: 2000'-\:':\/ l\wag: 1;;DKX B B Date :11 May 2016 7 ‘ kel .S\:'DT: ’;’000::\/. z:;a:l S B Date :11 May 2016 ZEISS
Fig 2: SEM images of SnO; nanoparticles prepared at (a) pH=7, (b) pH=9, (¢) pH=11 and (d) pH=13
3.3 Compositional analysis that no other elemental peaks other than Sn and O are
The EDAX profile of SnO, nanoparticles at pH=7, 9, 11 and observed. This confirms the effective formation of SnO;
13 is shown in Fig.3. It is evident from the EDAX Spectra nanoparticles.
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Fig 3: The EDAX profile of SnO2 nanoparticles prepared at (a) pH=7, (b) pH=9, (c) pH=11and (d) pH= 13

3.4 Photo Luminescence

Fig. 4 shows the PL spectra of SnO2 nanoparticles excited at
230 nm. As seen in Fig.4, all the samples showed multiple PL
emission bands at 3.31 eV (375 nm), 3.16 eV (392 nm), 2.83
eV (438 nm), 2.72 eV(456 nm), 2.23 eV (557 eV), 2.07 eV
(598 nm) resulting from the surface oxygen vacancies of
Sn0O; nano samples [ 11 ng impurity peaks were observed.
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Fig 4: PL spectra of SnOz2 nanoparticles at pH=7, 9, 11 and 13

It is found that the PL intensity is enhanced at pH value 9 and
decreased for higher pH values. This may be due to the
increment in the agglomeration and hence particle size. The
emission peaks observed in the UV and Visible regions are
attributed to a recombination of free excitons and defect
energy levels originated due to oxygen vacancies present in
the band gap of the SnO; nano particles. These oxygen
vacancies are present in three different charge states vq’, vo*
and v,2* and acts as radiative centers [°1,

3.5 FTIR studies

FTIR spectra of prepared nanosamples at different pH values
are shown in fig.5. The FTIR band observed around 659 cm™
may be assign to the antisymmetric Sn-O-Sn strectching
mode 17 1€, The Sn-O-Sn band indicates the excited states of
OZ in the SnO; host material. The bands 1047 and 1400 cm™
may be attributed to the bending of vibration of NO ions
present in the sample. The FTIR band observed at 1635 cm!
can be attributed to the overtones of Sn-O-Sn mode and the

band at 3415 cm™ indicates the presence of O-H oscillators
[19, 21]
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Fig 5: FTIR spectra of SnO2 nanoparticles prepared at pH=7, 9, 11
and 13

4. Conclusions

EDTA capped SnO; nanoparticles were successfully prepared
by chemical co-precipitation method at pH values 7, 9, 11
and 13. XRD and FTIR studies revealed the tetragonal rutile
structure of polycrystalline SnO, nanoparticles. From SEM
micrographs, it is observed that the sample prepared at pH
value 9 shows decreased agglomeration compared to other
samples and EDS studies confirms the effective composition
of the samples. Compared to other samples, SnO;
nanoparticles prepared at Ph =9 exhibited better
luminescence properties.
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