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Abstract:

Semiconductor nanoparticles exhibit size dependent properties due to quantum confinement effect that are
not present in their bulk counterparts. In this work, extremely fine and pure SnO, nanoparticles of ~1.1
nm size were synthesized by a solution process, in which amorphous precipitate of SnO, was crystallized
by microwave heating. The particles sizes varied from ~I1.1 to ~2.7 nm. By XRD analysis, the particle
size, crystal structure and purity of the samples were determined. The UV-Vis measurements of SnO,
nanoparticles, showed that, excitonic peaks existed at ~237, ~250 and ~279 nm corresponding to ~1.1, ~2
and ~2.7 nm clusters respectively. The STM analysis showed that the nanoparticles were spherical in shape,

having narrow size distribution.
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1. INTRODUCTION

Over the past few decades, nanoparticles and
nanostructural materials have become an attractive
group of materials due to their novel properties
[1-3]. In the nanometer region, various quantum
mechanical effects, such as the increase in the
energy gap of a semiconducting material with a
reduction in size are observed [4,5].

The possibility of a continuous tuning of electronic
and optical properties of materials by particle size
variation is viewed as a promising trend for future
applications [6]. The nanoparticles of semiconduct-
ing materials, including SnO, have been the subject
of numerous investigations in the past decades.

If a semiconductor particle becomes smaller than
Bohr radius of the exciton, the so called quantum
size effect occurs [7]. As a result, the gap of
semiconducting material increases, and at the edges
of the (valence and conduction) bands, discrete
energy levels occur. Therefore, a blue shift is readily

observable in the absorption edge. Shift in the
excitonic peak position occurring due to reduction
of size is given as follows according to the effective
mass approximation theory [8],
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where R is the cluster radius. Interestingly, the
oscillator strength of the exciton also begins to
increase with the reduction of the particle size [7].
SnO,, a wide band gap n-type semiconductor
(with a Eg =3.6-3.8 eV [9-10]), has a wide range of
applications such as in gas sensors [11-12], transparent
conducting electrodes [13], dye-sensitized solar cells
[14-15], catalysts [16], white pigments for conducting
coatings [17] and secondary Lithium batteries [18].
Therefore, the synthesis of high quality SnO,
nanoparticles with a diameter less than or
comparable to excitonic Bohr radius (~ 2.7 nm) is
extremely important from the basic research and
application point of view [25].
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A variety of techniques such as sonochemical [19],
hydrothermal [20], solvothermal [21], sol-gel [22],
microwave-assisted hydrothermal [23] and spray
pyrolysis [24] have been proposed to synthesize
SnO, nanoparticles. Among the chemical methods,
microwave-assisted hydrothermal synthesis has the
advantage of having short processing time, good
control of particle size, uniform nucleation and
purity of the final product.

In the past, many attempts have been made to
prepare SnO, ultrafine nanoparticles using various
methods. For example, zhang et al. [25], Zhu et al.
[26] and Pinna et al. [27] have reported the synthesis
of SnO, nanoparticles ranging from 2 to 5 nm size,
but there is no clear evidence of the quantum size
effect (excitonic peaks) in their UV-Vis Spectra.
Here, in this work we report the single phase pure
SnO, nanoparticles synthesized by microwave
heating of the reacting solution. The solutions with
constant molarities were irradiated with microwaves
for various durations to obtain different sizes of
nanoparticles. For the first time, we carried out a
systematic particle size variation from ~1.1 nm to
~2.7nm. The excitonic peaks observed in the optical
absorption spectra, also exhibited a blue shift due
to the reduction in the particle size. Bulk SnO, had
an energy gap of ~3.7 eV which rose up to 5.22 eV
due to quantum confinement at ~1.1 nm cluster size.

2. EXPERIMENTAL

The following method was used for synthesizing the
SnO, nanoparticles. A first 100 ml aqueous solution
(102 M and pH=1.3) was prepared by dissolving ap-
propriate amount of SnCl,.5H,0O in dilute HCI. A sec-
ond aqueous solution (10> M) was prepared by mixing
appropriate amount of NH,OH in de-ionized water.

The latter solution was then added drop by drop
to the former solution at room temperature by
moderate stirring to obtain a precipitate until the
pH of the solution increased to 4. After the reaction
completed, the precipitate was washed several times
with de-ionized water and ethanol to remove excess
ions. The precipitate was dispersed in water and then
irradiated with microwave (Samsung, cambi model
2450 MHz). Several experiments were carried out in
order to investigate the effect of irradiation time at
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constant 900 watt irradiation power. The parameters
studied are shown in table 1.

The Samples were characterized by X-Ray
Diffraction (XRD), using a Philips PW 1830
diffractometer (CuKa = 1.5418 A, 40 KV, 30
mA) and the optical absorbance spectra of the
samples were recorded by a Hitachi UV-Vis
3310 spectrophotometer. The shape and size of
nanoparticles was observed by Scanning Tunneling
Microscopy (STM) with Natsyco model SS/1.

3. RESULTS AND DISCUSSION

X-Ray diffraction technique was used to identify
the crystalline structure (phase) as well as the mean
particle size of the samples. Figure 1 illustrates
the XRD patterns of the SnO, samples prepared
under various durations of microwave irradiation
(5, 10 and 15 minutes) and molarity (1 x 102 M) at
constant 900 watt irradiation power.
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Figure 1: XRD patterns of SnO, nanoparticles
treated at 900 watt irradiation power for:
a) 5 minutes b) 10 minutes and c) 15 minutes.

All patterns exhibit three broad peaks which are
attributed to the tetragonal phase of SnO,. However,
samples treated under longer durations of irradiation
show more intense peaks compared to the samples
treated for shorter durations. This is the indication of
particle size growth. The agreement of the d-values
of observed peaks and those reported for SnO, is
excellent [28].
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Figure 2: Optical absorption of SnO,
nanoparticles prepared at different durations of, a)
5 minutes b) 10 minutes and c) 15 minutes at 900
watt microwave irradiation power

The XRD results also have a resemblance to the
diffraction patterns shown in references [20] and
[22]. Thus, here we observe a variation in the particle
size due to variation of irradiation time. The average
particle size were determined from full-width at
half-maximum (FWHM) of the most intense peaks
(110) at 26=26.588 using scherrer’s equation, i.e., D
=0.90/Bcos0, where D is the average grain size, A is
the X-ray wavelength, B is the FWHM of (110) the
peak. The calculated average sizes of the particles

obtained (from Figure 1) were ~1.5, ~ 2.3 and ~3
nm respectively. The broad diffraction peaks reveale
the very small size of the SnO, nanoparticles.

It is believed that the band gap of semiconductor
nanoparticles increases with the decrease of its particle
size, and the absorption edge will be blue shifted due
to quantum size effect. Figure 2 shows the optical
absorption of the SnO, samples with the variation of
sizes (from Figure 1) ranging from~1.5 -~3 nm. The
reported band gap value of bulk is ~3.6-3.8 eV at the
expected absorption peak of ~335-344 nm [8-9].

The excitonic peaks are evident in the samples
irradiated at 900 watt microwave power from 5 to
15 minutes with molarity remaining constant at
10 M. For the finest particle (sample SnO_-1), the
excitonic peak appeared at ~237 nm (~5.22 eV). For
samples irradiated for 10 and 15 minutes, the peaks
shifted to ~250 and ~279 nm respectively.

For the sample irradiated for more than 15 minutes,
no excitonic peak was observed. This is the
indication of particle size growth (beyond Bohr
radius). Here, it can be seen that, the excitonic peaks
for different samples have shifted from ~237 nm to
~279 nm corresponding to energy gaps from ~5.22
eV to ~4.44 eV. In Table 1, position of excitonic
peaks (energy gap) and the particle size (calculated
from XRD patterns) are shown at various durations
of microwave irradiation. In order to confirm

the particle size and shape of the particles, STM
was performed for the SnO, sample obtained by
irradiation of the precipitate (1x102 molarity) at
900 watt for 5 minutes.

Figure 3: STM images of the SnQO,
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Table 1: Concentration, conditions, particle sizes and positions of excitonic peaks
of hydrothermal treatment applied to the starting solutions.
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Sn0,-1 102 %107 500 5 237 15 5.22
$n0,-2 102 1x102 900 10 250 23 4.96
$n0,-3 102 1x10°2 900 15 279 3 4.44

From Figure 3, it is observed that the particles
are spherical and highly monodispersed. It can be
noticed that the particle size is ~1.1 nm. The size is
slightly smaller but still closely matches with that
estimated from the scherrer formula (1.5 nm).

4. CONCLUSION

By using microwave irradiation, SnO, nanoparticles
with narrow size distribution of various sizes
(comparable or less than Bohr radius) were obtained.
The SnO, samples showed strong excitonic peaks
in the UV-Vis absorption spectra which were absent
in SnO, bulk sample. A blue shift of up to ~237 nm
corresponding to an energy gap of ~5.22 eV was
observed for the finest particle size of ~1.1 nm. From
the STM images, the narrow size distribution of the
particles was also determined. Hence, the blue shift
in the UV-Vis absorption spectra, the line broadening
in the XRD pattern and the size in the STM image,
all confirmed that the nanoparticles synthesized here
were indeed in the quantum confinement region.
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