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Abstract Tin oxide nanoparticles were synthesized using the sol–gel technique,
wheremetallic tin, ammonia hydroxide, nitric acid, ascorbic acid, ethanol, and deion-
ized water were used. A white powder characteristic of tin oxide was obtained. X-
ray diffraction was performed on the synthesis product and identified as cassiterite
(SnO2), with a tetragonal unit cell, which lattice parameters are at a = 4.74 Å and
c = 3.19 Å, the ICDD-PDF letter is 96-210-4755. Scanning electron microscopy
characterization showed that nanoparticles have a spherical morphology and sizes
ranging from 23 to 67.6 nm. Analysis performed by infrared spectroscopy show that
it has the tin bond oxygen 667 cm−1 region.
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Introduction

Nanotechnology has had a huge impact on science, because the small size can allow
the automation of tasks that were previously inaccessible due to physical constraints.
The main benefits of nanotechnology include improved manufacturing methods,
water purification systems, energy systems, physical improvement, nanomedicine,
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better food production methods, nutrition and large-scale self-manufacturing infras-
tructure. So nanotechnology is the study of the synthesis, characterization and appli-
cation of matter at the nanometric scale, which in recent years has seen a great
interest in nanoparticles, especially metal nanoparticles, such as zinc oxide (ZnO),
silver (Ag), gold (Au), copper (Cu) titanium dioxide (TiO2) and tin oxide (SnO),
although the latter have not been very studied because they show some limitations to
obtain them because it is complex. Tin oxide is a wide band, n-type semiconductor
(about 3.5 eV) and, in the form of thin sheets, is a transparent conductive material,
characterized by a high optical transmission (80–90%). Tin oxide has two crystalline
phases, romarchite (SnO) and cassiterite (SnO2), the latter being the most stable due
to the tetragonal arrangement of atoms [1–4]. The heat of formation of cassiterite
structure is �H = 1.9 × 103 J mol−1 and the heat capacity of the material is Cp
= 52.59 J mol−1 K−1; its density at 25 °C is 6.95 g cm−3 and the melting point
of the material is 1630 °C. This crystalline structure contains metal atoms in octa-
hedral coordination and oxygen in planar coordination; the lattice parameters are a
= 4.737 Å and c = 3.186 Å [1–3]. The physical and chemical properties of crys-
talline tin oxide are often different from crystalline or amorphous. These properties
depend on the crystalline structure and morphology, as well as on the grain size. The
synthesis of tin oxide nanostructures with the desired structure and morphology is of
great scientific and technological interest, due to their superior physical and chemical
properties and their wide range of applications, such as gas sensors, photocatalysts,
nanofiltration membranes, thermal mirrors and glass coatings. Therefore, it is very
important to develop ways to control its dimensions, structure, surface and interface
properties.

Tin oxide nanoparticles (SnO2 NP’s) can be synthesized by different methods,
generally classified as chemical, physical and biosynthesis methods. Chemical
methods are effective, because the process and equipment required are simple, and
they also offer the advantage of being easy and economical to perform. These can
be synthesized by sol–gel [1], mechanochemical [2], co-precipitation [3], hydrolysis
[4], microwave [5] and precipitation [6].

Applications reported by various authors of tin oxide nanoparticles have been
reflected as optoelectronic devices [7], catalysis [8], dye-based solar cells [9],
medicine [10], photosensors and antistatic coatings [11].

Therefore, in this work the synthesis of tin oxide nanoparticles (SnO2 NP’s) was
performed using amethodology of Zhang et al. [12] butwith a novel reagent: ascorbic
acid, in which nanoparticles of SnO2 in the form of cassiterite with a diameter
size of 23–67.6 nm were favorably obtained with a spherical morphology. By X-
ray diffraction it was possible to determine that there is a crystalline phase of tin
oxide, which has been confirmed as cassiterite and by FTIR-ATR was confirmed the
presence of metal oxides.
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Materials and Methods

For the synthesis of tin oxide nanoparticles, 8 M of HNO3 was added to a mixture
of 3 g of metallic tin shot and 10 g of ascorbic acid in a flask, stirred at 300 rpm.
The solution was filtered to remove lead in solid form, because tin was a Sn–Pb
alloy. Ammonium hydroxide (25%) was added drop by drop to the solution with
agitation until a pH of 8 was reached, the solution slowly developed into a turbid
colloidal solution. The solution was centrifuged at 300 rpm for 20 min to recover
the precipitate, and washed several times with 50/50 ethanol and water solution. It
dried at 100 °C for 5 h in a muffle. The powder obtained was ground in a mortar, and
finally roasted in an oven at 400 °C for 2 h. This whole process is shown in Fig. 1.

To identify the synthesized compound, X-ray diffraction was performed, and
equipment used is a Bruker D8 powder diffractometer, with Ni filtered radiation
from a Cu anode, kα1 = 1.5406 Å; 40 kV and 35 mA. Diffraction patterns were
recorded in the angular range 2θ of 10–80°, with a step size = 0.01° and a step time
= 3 s. Scanning electron microscopy (SEM) was used to determine the morphology
and size of nanoparticles, the equipment is a Field Emission Scanning Electron
Microscopy-Energy Dispersive X-Ray Spectrometry (FESEM-EDS a JEOL JSM-
670 IF, JEOL, Tokyo, Japan). The metal oxide was confirmed by FTIR-ATR y in a
PerkinElmer Spectrum Two with Universal ATR (PerkinElmer Inc. Waltham, MA,
USA) 2500-450 cm−1.

Fig. 1 Schematic methodology for synthesis of tin oxide nanoparticles
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Results and Discussion

The presence of tin dioxide was confirmed by X-ray diffraction, as the peaks match
with the crystallographic chart of the International Centre for Diffraction Data-
Powder Diffraction File (ICDD-PDF) 00-041-1445, which belongs to the cassiterite
(SnO2). The crystalline structure of a cassiterite is tetragonal, with lattice parame-
ters of a = 4. 7382 Å and c = 3.1871 Å. Figure 2 shows the diffractogram where
it is observed that the crystallographic planes match with those of the cassiterite,
however, noise is shown, which is attributed to the organic acid that was used.

To determine particle size and morphology, scanning electron microscopy was
used (Fig. 3), where particles with spherical morphology and size of approximately
23–67.6 nm are observed. Figure 4 shows the spectrum of energy dispersive x-ray
spectroscopy, where tin, chlorine, carbon and oxygen are observed; tin and oxygen
check the presence of nanoparticles of SnO2, the chlorine is due to the washing that
was given to the sample and the presence of carbon is due to the ascorbic acid that
remains even after the washing of the nanoparticles.

10 20 30 40 50 60 70 80

In
te

ns
ity

 (a
.u

.)

2θ (degrees)

ICDD-PDF 00-041-1445 SnO2 Cassiterite
(110)

(101) (211)

(301)

(110)

(310)(200)
(220)

Fig. 2 X ray diffractogram of the SnO2 synthesized
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Fig. 3 SEM image of the SnO2 nanoparticles

Fig. 4 EDS spectrum of the SnO2 nanoparticles

Figure 5 shows the spectrum of FTIR-ATR made to the nanoparticles of SnO2,
which shows the presence of organic compounds even afterwashing the sample, these
organic compounds belong to ascorbic acid and ammonium hydroxide. However, the
absorption bands at 856 and 667 cm−1 belong to the Sn = O bond with which the
presence of metal oxide is confirmed and suggests that it should be washed with
some solvent to remove the excess of organic material.
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Fig. 5 FTIR-ATR spectrum
of SnO2 nanoparticles
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Conclusions

The tin oxide nanoparticles were synthesized using the sol–gel method and ascorbic
acidwas added. The samplewas characterized byDRX showing that there is tin oxide
in the form of cassiterite, its unit cell parameters are a= 4.7382 Å and c= 3.1871 Å.
Samples were characterized by SEMand nanoparticles of SnO2 in sizewere obtained
between 23 and 67.6 nm. The samples were characterized by FTIR-ATR to confirm
the presence of the tin oxide bond. It is required to wash the material to remove the
most amount of organic material that have since the synthesis, however, the proposed
method has effectiveness, since particles of nanometric sizes are obtained and the
morphology is spherical.
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