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Synthesis of Nano-Crystalline Tin Dioxide and its Effect on Calcination
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Nitrate-citrate gel-combustion method was used in this study to prepare nano-crystalline tin dioxide. The samples were calcined at a
temperature range of 543-1173 K. The prepared powder was characterized by SEM, TEM and X-ray diffraction. On increasing the
temperature with limited supply of air (calcination), there is a systematic increase in tin content accompanied by a reduction in oxygen.

carbon content systematically decreased.

| The tetragonal nano tin structure formed during the process has about 20 nm in lateral size. With increase in calcination temperature, the |
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INTRODUCTION

In recent years inorganic nano-materials have become an
active area of research due to their captivating property which
are unique from that of their bulk states [1,2]. They have unique
physical, chemical and opto-electronic properties owing to
their finite size and high surface-to-volume ratio [3,4]. Since
the surface to volume ratio is much larger than that commonly
found for semiconductor materials both the surface properties
and grain boundary distribution become predominant. This
renders these materials as good candidates for applications
that will take advantage of the high surface to volume ratio,
such as chemical sensors or luminescent semiconducting
sensors [5]. They have numerous applications such as photo
catalysts, battery materials, solid state gas sensor devices and
optoelectronic devices. This is due to their quantum confine-
ment effect and size and shape-dependent characteristics [2].
Oxides exhibit an extensive range of electrical properties which
vary from wide band-gap insulators to metallic and super-
conducting. This makes them a potential candidate for indus-
trial applications.

Owing to their electrical properties and potential appli-
cations in the field of material science, SnO, nanostructures
have been identified as one of the most essential oxide nano-
structures. It is an important n-type wide band gap (E, = 3.64
eV at 300 K) semiconductor [1,6]. The key for understanding
many aspects of SnO,, surface properties is the dual valency
of Sn. Tin dioxide belongs to a class of materials that combines

high electrical conductivity with optical transparency in the
visible range of electromagnetic spectrum.They also reflect
infrared light and exhibit good chemical and mechanical
stability [7,8]. The most important use of SnO; is that of an
active layer in gas-sensing devices, for the detection of noxious
and explosive gases such as hydrogen, carbon monoxide, ethanol
and methanol [4,5,7-9]. They exhibit changes in electrical
resistivity in the presence of certain gases [4]. The sensing
properties of SnO, sensors such as reproducibility sensitivity
and selectivity greatly dependent on several factors, which
include size and particle distribution as well as specific surface
area. These morphological traits contribute great significance
due to the fact that surface reactions are more relevant than
bulk changes. During the reactions between surface oxygen
species and reducing gases like CO and alcohol are to be detected.
This can be enhanced by increasing the sensing surface area
[10]. The sensitivity is set to increase sharply as crystalline
size decreases below a critical value [11].

Due to these properties of SnO,, there is a great industrial
and commercial demands for reproducible low cost synthesis
methods. Tin dioxide nanoparticles are prepared by various
methods such as sol-gel, hydrothermal, co-precipitation, spray
pyrolysis, electrochemical deposition laser ablation and micro
emulsions technique [3]. Out of these different techniques,
co-precipitation is less expensive and easy to implement
especially when it is compared with sol-gel method. But, the
chloride ions could also contaminate the material and thereby
changing the surface and electrical properties. In this current
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work facile synthesis of SnO, nanoparticles by a novel gel
combustion technique is reported. The effect of calcination
on the lateral size of the nano tin crystals is also highlighted.

EXPERIMENTAL

Synthesis of SnO; nano crystalline: Tin oxide nanopar-
ticles were prepared by nitrate-citrate gel combustion technique
which was followed by calcination at high temperatures. Nitric
acid was used to provide the oxidizing ions while the fuel
used was citric acid which is also the reducing agent. Metallic
tin of purity 99.9 % was used for the production of SnO,
nanoparticles. An aqueous solution of pure metallic tin (1 g)
dissolved in nitric acid (50 mL) along with citric acid (50 mL)
and ammonium hydroxide (50 mL). The solution was heated
in a magnetic stirrer at 363 K in a borosil vessel without produ-
cing any precipitation. The solution was heated till it turned
into a white viscous gel.

The resultant gel was heated on a hot plate under high
temperature. When the temperature is above 543 K the gel
then undergoes a strong self propagating combustion reaction
which is highly exothermic due to the reaction between nitrate
and citrate ions. This leads to emission of large amountof non-
toxic gases. This process promotes the disintegration of the
precursor thereby producing nano-crystalline particles. The
entire process was over within 3-4 min. Citric acid not only
works as the fuel for the exothermic reactions but also it forms
tin complexes which prevents hydroxylated tin compounds.
The synthesized materials were collected and calcined at
different temperatures (543, 673, 773, 873, 1023 and 1173
K) for about 1 h for the decomposition of the carbonaceous
residues. The samples were characterized by XRD, SEM and
TEM.

The whole process is summarized as follows:

2HNO;—— H,0 +2NO, + O (1)
Sn+ O —— SnO 2)

2HNO; + Sn — H,0 + 2NO, + SnO 3)
SnO + 2HNO; — Sn(NOs), + H,O 4)

Sn(NOs) »+ NH,OH ——> Sn(OH,) + 2NH.NO;  (5)
3SH(OH2) + 2C6H307H (C12H10014)Sn3+ 6H20 (6)
(C12H10014)Sn3+ 02 —> SHOZ + 2C02+ SHQO (7)

Characterization: The phase identification and size of
the nanocrystalline tin dioxide were obtained by X-ray powder
diffraction (XRD) using (Bruker AXS D8 advance) with CuK,,
radiation (A = 1.5418 A). Data were collected in the 26 range
from 20° to 60°. In order to calculate the crystallite size, the
Scherrer formula was used:

D =0.94 M cos 0 [12,13] (8)
where D is the average size of the crystal, A is the wavelength,
B is the corrected line width at half-peak intensity and 6 is
the diffraction peak angle. Scanning electron microscopy

(SEM, Joel model JSM-6390 LV) and TEM (Jeol/JEM
2100) techniques are used in order to study the surface mor-

phology.

RESULTS AND DISCUSSION

Structural characterization: The synthesized nano
crystalline tin dioxide is calcined at different temperatures to
the structural modification. The X-ray analysis of the product
obtained is depicted in Fig. 1.

X-ray diffraction pattern shows peaks at 20 values of
26.60°, 33.80°, 37.90°, 51.80° of tin dioxide nanoparticles
(Fig. 1). These values can be associated with (110), (101),
(200), (211), (220) plane of the tin oxide. The sharp diffraction
peak at respective diffraction angles also indicate high degree
of crystallization with calcination. As the temperature increases
the peak at 33.8 shift to lower angle and a broadened profile is
formed at 1173 K. The 51.80° peak also shows a similar trend
but disappeared at 1173 K. The X-ray diffraction profile shows
rapid changes with calcination. It was also observed a broad-
ened amorphous peak owing to the content of carbon in the
samples.
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Fig. 1. XRD pattern of the SnO, nanoparticle at various temperatures

Intensity (a.u.)

In the 26 about 34°region, the non-symmetrical line shape
originated from the broadening of the peak 101 (Fig. 1). The
structural parameters of the synthesized nanostructure is eluci-
dated with modified Scherrer formula [12-19] and is presented
in Table-1.

TABLE-1
D VALUES FROM XRD PATTERN
USING SCHERRER FORMULA
Temperature of calcinations (K) D (nm) Lateral dimension
543 19.23
673 17.86
773 16.13
873 19.92
1023 23.90
1173 23.93

We found the FWHM of the peak obtained at 34.3° and
the particle size was found to be in the range of 16-24 nm.
The size of the particle initially decreased with the increasing
calcination temperature. At high temperature, it is again
increased and become constant at 23.9 nm and optimized.
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Morphological characterization: Fig. 2 shows the SEM
images of the resulted SnO; nano structures by combustion
and calcination process. In order to remove the carbon content
present in the samples and to make the sample more suitable
for the application purposes, the SnO, powder obtained calcined
at different temperatures as shown in Fig. 2 (a-543 K), (b-773
K) and (c-1023 K) and (d-1173 K). At lower temperature the
nanostructure was evident as particle and at high temperature
the silky layers are formed. The surface looks more uniform.
Flakes are also noticed. Itis an indication of crystalline structure
is formed.

Fig. 2. SEM images of SnO, nanoparticles at different temperatures

As the temperature increases to 1023 K, the particle size
decreases and the surface looks like a silky form as shown in
Fig. 2(d).

TEM analysis of the product was carried out and is pre-
sented in Fig. 3. It revealed that most of the nanoparticles
are highly agglomerated and nearly spherical shape with size

around 20 nm. The crystalline size observed by TEM is in
good agreement with that calculated using Scherrer formula
from XRD analysis as shown in Table-1. The SAED pattern
as shown in Fig. 3(b) exhibits continuous ring pattern indi-
cating the nanosized and highly crystalline nature of the SnO,
particles. Multiple rings are seen in SAED spectrum, as expected
from the XRD pattern. The bright field image confirms that
the nanoparticle are spherical in shape and have a narrow
distribution of the particle size [4]. The Fig. 3(d) reveals the
crystalline nature of the sample higher at high temperature.
Fig. 3(e&f) shows the lattice fringes, which is about 0.33 nm
attributed to the (110) plane of the rutile structure of nano
crystalline tin oxide. The TEM images are supporting the
findings of the X-ray and FE-SEM analysis [13,20].

Conclusion

Synthesis of nano crystalline SnO, by auto ignition of a
citrate-nitrate gel method has been reported. Pure and single
crystalline SnO, was successfully synthesized via sol-gel
combustion process using tin nitrate as precursor. During the
study, it was observed that when the gel was heated, a highly
exothermic reaction between nitrate and citrate ions took place.
The temperature required for the phase transformation was
given by the reaction itself. The diffraction peaks observed in
the XRD pattern indicates crystallization in the SnO, nano-
particles. The size of the particles prepared was of nanometric
range and calculated using Scherer’s formula from the XRD
pattern and it was found to be 16 to 23 nm. SEM and TEM
images reveal the formation of crystalline SnO, nanoparticles.
SAED pattern showed continuous ring pattern which indicates
nano crystalline nature. Some of the important applications of
SnO, areas catalysts, energy-saving coatings, preparation of
liquid crystal displays, gas sensors, optoelectronic devices are
worth investigating.It is a low temperature process in which

Fig. 3. TEM images ofSnO, nanoparticles at different temperatures
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final products are formed almost instantaneously due to the
exothermic reaction.
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