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Synthesis of Tin-Oxide One-Dimensional Nanomaterials
and Their Characteristics
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We synthesized one-dimensional (1D) nanomaterials of tin oxide (SnO2 ) by carrying out the
thermal evaporation of solid Sn powders and varying the O2 partial pressure in an Ar/O2 ambient
gas. We analyzed the samples with scanning electron microscopy, X-ray diffraction, transmission
electron microscopy and photoluminescence (PL). Reactions with a higher O2 content mainly gave
rise to wider or thicker structures. The obtained 1D nanomaterials were single crystalline with a
tetragonal rutile structure. The PL spectrum exhibited visible light emission.
PACS numbers: 81.07.-b, 78.55.Hx
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at various partial pressures of the O2 ambient gas. We
investigated the samples with respect to their structural
and photoluminescence (PL) characteristics.

I. INTRODUCTION
Tin oxide (SnO2 ), an n-type semiconductor with a
wide band gap (Eg = 3.6 eV at 300 K), is regarded as one
of the most promising materials for gas sensors, heat mirrors, photovoltaic solar energy conversion devices, and
transparent electrodes because of its good conductivity
and transparency in the visible region of the spectrum
[1–3]. Inorganic materials with different morphologies
and sizes can exhibit different properties [4] even if they
are made up of the same elements. Due to their unique
properties and promising applications in electrical, optical, and magnetic devices [5–8], one-dimensional (1D)
structures have attracted a great deal of attention. Accordingly, apart from the well-studied SnO2 thin films
[9–11], various structural and morphological forms of 1D
SnO2 materials have been fabricated over the past several years, including wire-like structures with circular
cross-section [12–15] and ribbon- or belt-like structures
with rectangular cross-sections [16–21].
The 1D nanostructure, due to its special morphology,
may be an ideal system for fully understanding dimensionally confined transport phenomena and for fabricating functional nanodevices. For further investigations
of the novel physical properties and preferred designs of
nanodevices, 1D nanostructures with various sizes and
shapes need to be fabricated by controlled growth. However, to present, there have been few reports on the effects of processing conditions on the growth or the characteristics of the products. In the present research, we
have demonstrated the synthesis of SnO2 1D nanomaterials by employing a simple evaporation of Sn powders
∗ E-mail:

II. EXPERIMENTS
The synthesis process was carried out in a quartz tube
(diameter: 55 mm). The source material was pure Sn
powders. We employed Au-coated Si substrates. In order to fabricate the Au-coated Si substrates, we used Si
as the starting material onto which a layer of Au (about
150 nm) was deposited by using radio-frequency magnetron sputtering. On top of the alumina boat with the
source material, a piece of the substrate was placed with
the Au-coated side downwards. The vertical distance
between the boat and the substrate, which were in the
middle of quartz tube, was approximately 10 mm. The
quartz tube was inserted into a horizontal tube furnace.
During the experiment, the furnace was maintained at a
temperature of 900 ◦ C with the ambient gas (Ar + O2 )
being at a constant total pressure of 1 Torr. Since our
objective was to investigate the effect of O2 gas injection,
the percentages of the O2 and the Ar partial pressures,
respectively, were set to 3 and 97 %, 4 and 96 %, and
6 and 94 %. After the system had been cooled down to
room temperature after 2 h of typical deposition, white
wool-like products were found on the substrate surface.
The as-grown samples were characterized and analyzed by using glancing-angle X-ray diffraction (XRD,
Philips 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
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ultrasonically dispersed in acetone, and a drop of the
solution was placed on a Cu grid coated with a porous
carbon film. PL measurements were performed by using
a He-Cd laser line (325 nm, 55 mW) as the excitation
source at room temperature.

III. RESULTS AND DISCUSSION
Figure 1 shows the XRD patterns recorded from the
samples using different partial pressures of O2 gas. The
Miller indices are indicated on each diffraction peak. All
sharp peaks can be clearly indexed to the tetragonal rutile structure of SnO2 with lattice constants of a = 4.738
Å and c = 3.187 Å (JCPDS File No. 41 – 1445). No
reflection peaks from the impurities, such as unreacted
Sn or other tin oxides, were observed, indicating the high
purity of the products. In the XRD measurements, the
angle of the incident beam to the substrate surface was
approximately 0.5◦ , and the detector was rotated to scan
the samples. Therefore, we surmise that the peaks are
mainly from the products. These results indicate that
products are pure SnO2 phase, regardless of O2 partial
pressure in the range of 3 – 6 %.
Figures 2(a), 2(b), and 2(c) show typical top-view
SEM images of the samples for O2 partial pressures of
3, 4, and 6 %, respectively, revealing that the products
mainly consist of 1D materials, regardless of the O2 partial pressure during the synthetic process. Statistical
analysis of many SEM images indicated that the width

Fig. 1. XRD patterns of the products for various O2 partial
pressures: (a) 3 %, (b) 4 %, and (c) 6 %.

Fig. 2. SEM images of the products for various O2 partial
pressures: (a) 3 %, (b) 4 %, and (c) 6 %. The Inset in Figure
2(a) is a closer view showing the tip of a 1D nanomaterial.

(in case of a rectangular cross-section) or diameter (in
case of a circular cross-section) of the SnO2 1D nanomaterials produced with O2 partial pressures of 3, 4, and 6
%, respectively, were in the range of 50 – 500 nm, 150
nm – 1.8 µm, and 400 nm – 6.3 µm. These results indicate that the average width or diameter of the structures
increases overally with increasing O2 partial pressure in
the range of 3 – 6 %. The upper right inset in Figure
2(a) reveals that no catalyst particle can be seen at the
tips of the 1D structures.
TEM analysis of individual 1D nanomaterial provides
further insight into the structural properties. A magnification TEM image is shown in Figure 3(a), indicating
that the individual structure has a straight and almost
uniform width or diameter along its length. The 1D
structures are also observed to be almost electron transparent, which further suggests that the structures shown
in Figure 3(a) are belt-like with relatively small thicknesses compared to their widths. In the TEM image in
the bottom right inset of Figure 3(a), no metal particle
can be seen at the ends of the structure, which agrees
with the SEM image. The associated selected area electron diffraction (SAED) pattern (Figure 3(b)), recorded
perpendicular to the long axis, can be indexed for the
[01̄1] zone axis of a tetragonal rutile SnO2 . The SAED
pattern indicates that the SnO2 structure is single crys-
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Fig. 4. Room-temperature PL spectrum with an excitation
wavelength at 325 nm.

Fig. 3. (a) Low magnification TEM image of SnO2 1D
nanomaterials. The inset shows the end of a nanomaterial.
(b) Corresponding SAED pattern of the [01̄1] zone axis and
(c) HRTEM image.

talline and grew along the [011] direction. A representative high resolution TEM (HRTEM) image enlarging
part of the structure in Figure 3(a) is given in Figure
3(c). The interplanar spacings are about 0.47 nm and
0.26 nm, corresponding, respectively to the (100) and
the (011) planes of tetragonal rutile SnO2 .
In the present work, although Au-coated substrates
were employed, from the SEM and the TEM analyses,
there is no evidence that a catalyst is present at tips
of the structures. Therefore, the growth of the SnO2
structure in the present route cannot be dominated by
a vapor-liquid-solid mechanism. This type of growth,
which is close to a vapor-solid process, might be attributed to a diffusion-limited process in a supersaturated environment [22]. The variation of the width or the
diameter with the O2 content indicates that O2 gas plays
an important role in controlling nucleation and growth of
SnO2 1D nanomaterials (Figure 2). The melting points

of Sn and SnO2 , respectively, are approximately 232 ◦ C
and 1630 ◦ C. At a synthesis temperature of 900 ◦ C in the
present study, liquid Sn will oxidize rapidly in the presence of oxygen gas, ultimately resulting in the production
of solid SnO2 . It is generally agreed that the SnO forms
at the initial stage of oxidation of Sn (2Sn + O2 −→
2SnO) and that the SnO is metastable, spontaneously
decomposing into liquid Sn and solid SnO2 according to
the reaction: 2SnO −→ SnO2 + Sn [23–25]. At the processing temperature, the SnO vapor can be transported
to the substrate [18]. The higher oxygen partial pressure provides additional oxygen, which may facilitate a
large supersaturation of O2 gas, subsequently leading to
a large supersaturation of SnO in its gaseous state and
resulting in a fast condensation of solid SnO2 on the substrate. Therefore, a large supersaturation may acitivate
secondary growth sites and heterogeneous nucleation on
the side of the 1D structures, tending to produce wider
or thicker structures. Under small supersaturation, however, narrow 1D structures are easy to grow. This result
is similar to that of a previous work reporting on the
growth of Ga2 O3 , in which a small oxygen supersaturation facilitated the growth of 1D nanomaterials [26].
When the synthesis was carried out under the same
conditions as those in the present work with an oxygen
partial pressure of 3 %, except that SiO2 substrates were
used in the absence of Au layers, we obtained clusterlike structures without any 1D nanomaterial (not shown
here). We surmise that the SiO2 substrate provides additional oxygen at high substrate temperatures [27] and
tends to produce the thicker structures instead of thin
1D nanomaterials. We surmise that Au is not easy to
oxidize; thus, the elemental Au provides less additional
oxygen to the growing SnO2 nanostructures, contributing to the production of 1D nanomaterials. Efforts are
now in progress to pursue these routes in more detail to
reveal the synthesis mechanism.
The PLs for the samples obtained with various O2 par-
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tial pressures are almost identical, and a typical roomtemperature PL spectrum is shown in Figure 4. The
products have a strong peak centered at around 595 nm
(corresponding to 2.09 eV). The visible light emission
spectrum is similar to that of SnO2 1D nanomaterials
previously synthesized by using laser ablation [28] and
solution phase growth [29]. The visible light emission
of SnO2 is known to be related to defect levels within
the band gap of SnO2 , associated with O vacancies or
Sn interstitials that formed during the synthesis process
[28–30].

IV. CONCLUSIONS
In summary, we report the preparation of SnO2 1D
nanomaterials by heating Sn powders under various O2
partial pressures at 900 ◦ C. The O2 partial pressure
determines the morphology of the final nanostructures.
The resulting SnO2 structures are single crystlalline. No
Au-containing nanoparticles are observed on the ends of
the as-synthesized SnO2 1D nanomaterials. We speculate about the mechanism by which the O2 content affects the morphology. The room-temperature PL spectrum shows an apparent visible light emission band centered at 595 nm.
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