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SnO, POWDERS PREPARED BY WET CHEMISTRY
METHODS

Andrei-Dan BUSUIOC?, Teodor VISAN?

SnO, powders were synthesized by three different wet chemistry methods:
precipitation, sol-gel and Pechini, each of these leading to zero dimensional
structures, suitable for the development of nanoscale devices. SnCl,-2H,O was
employed as tin precursor, the preparation procedures being conducted in basic or
acidic medium. The resulting materials were characterized in terms of composition,
structure and morphology with the help of the thermal analysis, X-ray diffraction,
scanning electron microscopy and laser granulometry. The final features of the
oxide powders were correlated with the processing parameters.

Keywords: tin oxide, precipitation, sol-gel, Pechini, gas sensors
1. Introduction

Based on the ability of changing its electrical conductivity in a
measureable and quantifiable way upon exposure to a gaseous specie, a chemical
gas sensor is a device which mimics the olfactory discrimination mechanism [1].
Therefore, it is employed in a wide range of industries, on one hand for safety
reasons and on the other hand for environmental monitoring, ultimately ensuring
the human welfare.

Considering the field of equipments which signal, evaluate and monitor
the presence of certain gases, the oxide based sensors play an important role both
for the research and fabrication concerns due to their notorious chemical
resistance and high operating temperatures [1]. The response of the corresponding
devices strongly depends on the composition, crystal structure, size, shape and
surface of the active material [2]. In the case of metal oxide sensors, the
conductivity is determined by the concentration of carrier electrons, which is
subsequently controlled by the surface adsorption sites; the activation energy is
correlated with Fermi energy changes [3]. In this context, the shift to low
dimensional structures achieved through wet chemistry methods [4-7] offers a
solution for tuning the physical and chemical properties. Moreover, this group of
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techniques provides a good control in terms of stoichiometry, purity, homogeneity
and morphology, while significantly reducing the processing temperature [8, 9].

In this context, tin oxide (SnO,) represents an appropriate choice for
developing oxide based sensors for selective gas detection, since the material is a
well-known n-type semiconductor with a wide direct band gap (3.6 eV) [2] and
the derived devices are simple to implement and low cost, offering good stability
and sensitivity [10]. As well, besides its gas sensing capability [11], SnO; is a
promising candidate for photocatalysts [12], dye-sensitized solar cells [13],
lithium-ion batteries [14], as well as spintronic devices [15].

The aim of the current paper was to synthesize SnO, powders by different
wet chemistry methods, starting from the same inorganic precursor and focusing
on the implication of the processing complexity and calcination temperature on
the properties of the resulting zero dimensional oxide structures.

2. Experimental

Precipitation, sol-gel and Pechini techniques were approached for the
preparation of SnO, powders, all of them employing tin chloride dihydrate
(SnCl,-2H,0, Sigma-Aldrich, > 98 %) as source of tin cations.

In the first case, the precipitation procedure was conducted in basic
conditions, provided by an excess 25 % ammonia solution (3 mL), which led to
the precipitation of Sn** ions from the solution obtained by dissolving the
necessary amount of SnCl,-2H,0 (7.49 g) in a minimum volume of distilled water
(5 mL). Thus, a white precipitate was formed, namely Sn(OH),, where n =2 or 4,
the resulting suspension being further filtered and the collected solid being
intensively washed with distilled water in order to remove the residual CI" ions.
Then, the precipitate was dried at 100 °C for 12 h, followed by calcination at 400
°C for 2 h in order to achieve a crystalline oxide phase.

For the sol-gel method, the same initial steps as in the previous case were
applied, but the white precipitate consisting of tin hydroxides was dissolved in
glacial acetic acid (10 mL) and then ethylene glycol (corresponding to a molar
ration between acetic acid and ethylene glycol of 2:1) was added to the solution in
order to ensure the formation of tin complexes. Even though the stirring and
heating at 100 °C were continued for 12 h, until the acetic acid was completely
removed, the solution formed a viscous gel only when a small amount of citric
acid (0.1 g) was added, which probably favoured the polycondensation reaction.
The resulting gel was aged for 24 h, dried in similar conditions as mentioned
earlier and subsequently calcined at 500 °C for 2 h for eliminating the organic part
and determining the oxide nucleation and growth.

Finally, the Pechini method was carried out starting from a solution of
SnCl,-2H,0 (7.49 g) in ethylene glycol (10 mL), in which a quantity of citric acid
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was added, corresponding to a molar ration between SnCl,-2H,0 and citric acid
of 1:1. A resin type precursor was obtained by estherification at 140 °C for 6 h,
which was further burned at 800 °C for 2 h in order to remove the polymeric
matrix and promote the formation of SnO; crystalline network.

The as-obtained precipitate, dried gel and resin type precursor were
subjected to thermal analysis in air, in the 20 - 1000 °C temperature range, this
being performed on a Shimadzu DTG-60 equipment. The phase composition and
crystal structure of the powders obtained after calcination were investigated by
means of X-ray diffraction (XRD), with a Shimadzu XRD 6000 diffractometer
with Ni filtered Cu Ka radiation (4 = 1.5406 A), 26 ranging between 20 and 80 °.
A Malvern Mastersizer 2000 laser diffraction particle size analyzer was used to
evaluate the particle size distribution in liquid suspension, while a FEI Quanta
Inspect F scanning electron microscope (SEM) was employed to visualize the
morphology of all samples.

3. Results and discussion

The thermal analyses performed on the intermediate materials obtained for
the three approached wet chemistry methods are displayed in Fig. 1. The weight
loss curves give information about the gravimetric modifications occurred during
heating with a constant rate up to 1000 °C. For the precipitation method, the
corresponding curve indicates two weight loss steps (with maxima at 187 and 320
°C), but also a significant weight gain step (centred at 266 °C); if the first two can
be attributed to the decomposition of different hydrated species emerged in the
precipitation process, with water vapour elimination, the third one is related to the
oxidation of Sn®* to Sn**, with oxygen incorporation in the crystalline network.
Going to the sol-gel technique, the dried gel suffers a major weight loss process
up to 318 °C, followed by a minor one, which ends at 500 °C; both decreases can
be assigned to the organic part removal, with the crystalline structure formation.
Finally, the Pechini method generates a precursor that displays a continuous multi
step weight loss in the 30 - 800 °C temperature range, in correlation with the
burning of the resin type precursor and other unreacted excess compounds. Thus,
based on the thermal analyses, the calcination temperatures were established, so
that the calcined material to contain only crystalline oxide phase. The specific
values are as follows: 400 °C for the precipitation method, 500 °C for the sol-gel
method and 800 °C for the Pechini method, temperatures over which there are no
significant mass losses.
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Fig. 1. Weight loss curves for the as-obtained precipitate (pp - precipitation),
dried gel (sg - sol-gel) and resin type precursor (Pc - Pechini).

Fig. 2 shows the XRD patterns of the calcined powders synthesized by the
three wet chemistry methods. All diffraction peaks are typical of SnO, phase with
tetragonal symmetry (JCPDS 01-080-6727), except the powder prepared by the
Pechini technique, for which a small amount of secondary phase is present
alongside the desired oxide phase. Otherwise, the intense and narrow diffraction
peaks indicate a high crystallinity for all three cases. Further, the average
crystallite size was estimated by using Scherrer equation: D=K:1/(B-cos0), where
K is a dimensionless shape factor with a typical value of about 0.9, 4 is the X-ray
wavelength (0.154 nm), £ is the full width at half maximum value and 8 is Bragg
angle. A mediation on the values achieved by employing the first three most
intense diffraction peaks ((110), (101) and (211)) was made. The calculated values
are as follows: 53 nm for the precipitation method, 56 nm for the sol-gel method
and 93 nm for the Pechini method, respectively. As expected, the increase of the
calcination temperature led to larger crystallites even if the synthesis procedures
showed different peculiarities.
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Fig. 2. XRD patterns of SnO, powders synthesized by different
wet chemistry methods (pp - precipitation, sg - sol-gel, Pc - Pechini).

Fig. 3 exhibits the morphological properties of SnO, powders through the
SEM images captured on representative samples. Thus, in the case of the
precipitation method, the calcined powder consists of quasi spherical or
polyhedral particles with dimensions from several nanometers to tens of
nanometers, but also few particles with prismatic shape, a peculiarity of the
synthesis procedure (Figs. 3 a and a'). The gel derived powder presents particles
with a large dimensional range: fine spherical particles with sizes below 10 nm,
medium quasi spherical or polyhedral particles with dimensions below 1 um and
large irregular micro sized particles (Figs. 3 b and b’). In the third case, the
particles from the calcined powder are more rounded and uniform in dimension,
with an average diameter of 80 nm, while the minor, soft and laced phase can be
associated with the secondary phase revealed by the XRD investigation (Figs. 3 ¢
and c¢").
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Fig. 3. SEM images of nOz powderssynthesized by different wet chemistry methods:
(a and a") precipitation, (b and b") sol-gel and (c and c') Pechini.

In order to get more information about the particle size distribution
features of SnO, powders synthesized by different wet chemistry methods, Fig. 4
presents the specific curves recorded with the help of a laser granulometer, using
water as dispersion medium. The fine granulometric fraction, with dimensions
below 1 um, is evidenced for both precipitation and sol-gel methods, whereas the
bands located at larger particle sizes can be attributed to the presence of
aggregates that could not be separated by ultrasonication. Going to the Pechini



SnO; powders prepared by wet chemistry methods 39

technique, the majority of the particles seems to be placed at around 100 pum, fact
that is not sustained by the previous investigation method (SEM); this means that
the individual particles are strongly gathered as compact bunches, as a
consequence of the high calcination temperature (800 °C).
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Fig. 4. Particle size distribution curves for SnO, powders synthesized by different
wet chemistry methods (red - precipitation, green - sol-gel, blue - Pechini).

4. Conclusions

SnO; powders were successfully prepared by three wet chemistry methods
(precipitation, sol-gel and Pechini) by starting from the same precursor. The
intermediates were calcined at different temperatures in order to obtain single
phase oxide materials. All powders consist of tetragonal SnO, with high
crystallinity, except for the Pechini technique, when a small amount of secondary
phase was evidenced. The morphological investigation revealed particles with
dimensions from several nanometers to tens of nanometers in the case of the
precipitation method, a large dimensional range for the sol-gel technique and
more rounded, uniform in size and tight agglomerated particles for the Pechini
method.

Such zero dimensional structures can be easily integrated in nanoscale
devices for the gas sensors field, the functional properties being directly
determined by the material properties, which can be tuned in the desired way via
adequate processing parameters.
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