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ABSTRACT We report a method by which we have produced
nano-sized crystalline tin oxide (SnO2 ) particles with a rutile
structure. We have employed thermal evaporation of solid Sn
powders in ambient air. Samples were characterized by scanning electron microscopy, X-ray powder diffraction, transmission electron microscopy, and photoluminescence (PL) spectroscopy. The size of SnO2 particles in an agglomerated state
was found to decrease on decreasing the synthesis temperature in the range of 700–850 ◦ C. The product synthesized at
a low temperature of 700 ◦ C was comprised of a trace amount of
tetragonal SnO phase. Photoluminescence spectra showed visible light emission, with its overall intensity being increased on
increasing the synthesis temperature.
PACS 81.07.Wx;
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Introduction

The synthesis of nanosized particles has attracted
considerable interest in the various fields of chemistry,
physics, and materials science, due to their novel physicochemical properties differing significantly from macroscopic
phases [1–3]. With the decrease of the crystal size, the large
interfacial areas, homogeneity and highly reactive surfaces
of the nanocrystalline particles and other useful properties
have attracted much attention. In particular, semiconductor
nanoparticles have been extensively studied from both experimental and theoretical viewpoints. Among them, tin oxide
(SnO2 ) is a prototypical optically transparent n-type semiconductor with a wide band gap ( E g = 3.62 eV at 300 K),
which spans a wide range of applications such as resistors,
gas sensors, special coatings for energy-conserving “lowemissivity” windows, transparent heating elements, electrodes in glass melting furnaces, antistatic coatings, and optoelectronic devices [4–9]. In recent years, considerable efforts
have been focused on the synthesis of SnO2 nanostructured
thin films [10–14], nanowires, nanotubes, and nanoparticles,
with the exploration of their novel properties. In particular, a variety of methods, such as sol–gel [15], pulsed laser
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SEM image of the products synthesized at (a) 850 ◦ C,
(b) 780 ◦ C, and (c) 700 ◦ C
FIGURE 1
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deposition [16], mechanochemical [17] and wet-chemical
synthesis [18–22] have been used to produce SnO2 nanoparticles. Since consideration of the simplicity and affordability
of a method still remains a challenge for the scientist involved in the development of new synthetic routes, in the
present paper, we have demonstrated the synthesis of crystalline SnO2 nanoparticles by a simple and low-cost thermal
evaporation of Sn powders, which ensures a potential application to commercial VLSI devices and systems [23–25].
Here we report investigations into the changes in morphology
and other properties by varying the growth temperature. We
were particularly interested in controlling the particle size, because the physical properties of a nanodimensional material
depends on its particle size. In addition, we investigated their
structural and photoluminescence (PL) characteristics.

FIGURE 2 The diameter distribution of the products synthesized at
(a) 850 ◦ C, (b) 780 ◦ C, and (c) 700 ◦ C
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Experimental

The synthesis process was carried out in a quartz
tube (diameter: 55 mm). The source material was pure Sn
powder. We employed iridium (Ir: about 150 nm)-coated Si
substrates. On top of the alumina boat with the source material, a piece of the substrate was placed with the deposition
side downwards. The vertical distance between the alumina
boat and the substrate was approximately 10 mm. The quartz
tube was inserted into a horizontal tube furnace. During the
experiment, the furnace was kept at a constant total pressure
of 1 Torr with the ambient gas (Ar + O2) gas. The typical
percentage of O2 and Ar partial pressures were set to approximately 3 and 97%, respectively. Previous experiments indicated that no SnO2 has been deposited at temperatures below
650 ◦ C. For a comparison study, the synthesis temperatures
were set to 700 ◦ C, 780 ◦ C, and 850 ◦ C. When the system was
cooled down to room temperature after 2 h of typical deposition, the substrate was removed from the furnace for further
characterization.
The as-grown samples were characterized and analyzed
by using glancing-angle X-ray diffraction (XRD, Philips

XRD pattern of the product synthesized at (a) 850 ◦ C,
(b) 780 ◦ C, and (c) 700 ◦ C
FIGURE 3

KIM et al.

Temperature-controlled fabrication of SnO2 nanoparticles via thermal heating of Sn powders

771

Enlarged view of the XRD spectrum with the 2θ values in the range of 29.3–30.2◦ , 33.0–33.5◦ , and 50.6–51.0◦ , from the samples synthesized
at (a) 850 ◦ C, (b) 780 ◦ C, and (c) 700 ◦ C
FIGURE 4

X’pert MRD) with an incidence angle of 0.5◦ , scanning
electron microscopy (SEM, Hitachi S-4200), and transmission electron microscopy (TEM, Philips CM-200). For the
TEM observation, the products were ultrasonically dispersed
in acetone, and a drop of the solution was placed on a Cu
grid coated with a porous carbon film. Photoluminescence
measurements were performed by using a He-Cd laser line
(325 nm, 55 mW) as the excitation source at 298 K.
3

Results and discussion

Typical top-view SEM images of the samples with
synthesis temperatures of 850 ◦ C, 780 ◦ C, and 700 ◦ C, respectively, are shown in Fig. 1a–c. The products mainly consist
of particles in an agglomerated state, regardless of the temperature during the synthetic process. Close examination of
Fig. 1a reveals that most particles produced at 850 ◦ C are
nearly polyhedron-shaped with some facets. Statistical analysis of many SEM images indicates that the diameter of
particles with the growth temperature of 700 ◦ C, 780 ◦ C,

and 850 ◦ C, respectively, are in the range of 40 – 300 nm,
100– 400 nm, and 380– 880 nm. These results indicate that the
average diameter of particles overall increases with increasing
the temperature in the range of 700 – 850 ◦ C. For clarity, the
diameter distributions of the particles are displayed in Fig. 2.
They reveal that the maxima of diameter distributions occur
in range of 250 – 300 nm and 200 – 250 nm, respectively, for the
products synthesized at 780 ◦ C and 700 ◦ C.
The XRD patterns recorded from the samples synthesized
at 850 ◦ C, 780 ◦ C, and 700 ◦ C are shown in Fig. 3a–c, respectively. The diffraction peaks of the (110), (101), (200),
(211), (220), (002), (310), (112), (301) and (321) planes can
be indexed based on a tetragonal cell with cell parameters
a = 4.734 Å and c = 3.185 Å, which is in good agreement
with the known data (JCPDS No. 41-1445). For the sample
synthesized at 700 ◦ C (Fig. 3c), it is noteworthy that peaks at
around 29.82◦ , 33.34◦ , 50.78◦ , and 57.40◦ can be indexed to
the (101), (110), (112), and (211) reflection of the tetragonal structure of SnO with lattice constants of a = 3.802 Å and
c = 4.836 Å (JCPDS File No. 06-0395). Since the existence
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of those peaks is not clear from Fig. 3a and b, we have presented an enlarged view of the XRD spectra with the 2θ values
in the range of 29.3 – 30.2◦ , 33.0 – 33.5◦ , and 50.6 – 51.0◦ , as
shown in Fig. 4. Figure 4a–c show the enlarged XRD spectra with respect to the samples synthesized at 850 ◦ C, 780 ◦ C,
and 700 ◦ C, respectively. Close examination indicated that the
XRD spectra of the 700 ◦ C-synthesized sample clearly exhibited the peaks at around 29.82◦ , 33.34◦ , and 50.78◦ , whereas
the XRD spectra of the 850 ◦ C-synthesized sample did not
clearly show those peaks. Also, although XRD spectra of
the 780 ◦ C-synthesized sample exhibited the peak at around
29.82◦ , no clear peak was found at around 33.34◦ and 50.78◦ .
To summarize, we reveal that the products mainly consist of
tetragonal SnO2 phase, regardless of synthesis temperature in
the range of 700 – 850 ◦ C. In addition, the 700 ◦ C-synthesized
sample is comprised of a trace amount of tetragonal SnO
phase, whereas the 850 ◦ C-synthesized sample does not show
strong evidence for the existence of SnO phase. We suggest
that the amount of SnO phase increases with increasing the
synthesis temperature in the range of 700 – 850 ◦ C. Pure liquid
Sn is known to oxidize rapidly especially at 700– 800 ◦ C [26].
It is generally agreed that SnO, which forms at the initial stage
of oxidation of Sn, is metastable and decomposes according
to the reaction: 2SnO = SnO2 + Sn [26–29]. Moreover, the
higher the reaction temperature the faster is the rate of phase
transformation from SnO to SnO2 . Accordingly, we surmise
that the reduction of the SnO phase at a synthesis temperature
of 850 ◦ C is associated with the phase transformation of SnO
to SnO2 .
Typical low magnification TEM images of produced
nanoparticles are shown in Figs. 5a–d. We found a particle
which is polyhedron-shaped with some facets (Fig. 5a) and
a particle with a shape close to spherical (Fig. 5b). Moreover, we also observed irregularly-shaped particles (Figs. 5c
and 5d). Representative high resolution TEM (HRTEM)
image enlargement a part of the particle in Fig. 5c is given in
Fig. 5e. Lattice fringes are clearly visible from the HRTEM
image, revealing its single crystalline nature. The interplanar
spacings are about 0.32 nm and 0.33 nm, respectively, corresponding to the (001) and (110) planes of the rutile tetragonal SnO2 . The associated selected area electron diffraction
(SAED) pattern is shown in the inset of Fig. 5e, which can
be indexed as a tetragonal rutile SnO2 single crystal, in good
agreement with the XRD results presented above. It is known
that the representative high-symmetry structure of the rutile
SnO2 corresponds to a polyhedron which is formed by a Sn
atom in the center, surrounded by six O atoms in the vertex.
In the present study, polyhedron-shaped and spherical-shaped
particles coexist in the product and even the spherical-shaped
particles are close to pseudo-polyhedral structures (Fig. 5b).
The irregular-shaped nanoparticles may correspond to an
intermediate case. Usually, the polyhedral lattice space symmetry can be lowered by the various defects including vacant
lattice site, vacancy cluster, and local disorder which cause
lattice distortion [10]. However, in the present work, the
quasi-spherical-shaped nanoparticles were also crystalline
SnO2 structures. Therefore, we surmise that there is a competition between two tendencies; to grow into the polyhedronshaped structures with the extension of polyhedral lattice
space symmetry and to grow into the spherical-shaped struc-

(a)–(d) TEM images of the particles. (e) HRTEM image corresponding to an area in (c) (Inset: corresponding SAED pattern)

FIGURE 5

tures to reduce the surface energy of particles. Further study is
underway.
It can be observed that the average particle diameter increased on increasing the growth temperature (Fig. 1). One
possibility is that higher temperatures may increase the rate of
supply of Sn atoms from the evaporation source (i.e. Sn powders). The other possibility may lie in the expectation that the
higher reaction temperature enables a faster phase transformation from gaseous SnO to solid SnO2 . We surmise that both
phenomena may contribute to further formation and growth of
atom clusters, ultimately resulting in the generation of bigger
SnO2 particles. In addition, high temperature processing may
facilitate in-situ sintering or annealing, presumably resulting
in the coalescence of particles on the substrate surface. The
small particles may join-up with the neighbouring particles,
reducing the surface energy. Accordingly, although more investigation is necessary to reveal the detailed mechanism, it
is clear from our result that different sized particles can be
prepared by controlled heating.
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SnO structure. Optical measurements show that the SnO2 particles generate a visible light emission that may be exploited
in optoelectronic devices. The 850 ◦ C-synthesized sample
exhibits the higher PL emission intensity than the 700 ◦ Csynthesized sample.
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