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A facile thermal evaporation method was developed to synthesize face-centered cubic spinel zinc stan-
nate (Zn,Sn0O4) nanowires at high temperature. The Zn,SnO4 nanowires are well crystalline and the
average lengthis about 10 pum. It is found that the growth process follows Au-catalytic vapor-liquid-solid
(VLS) mechanism. The cathodoluminescence (CL) spectra of individual nanowires reveal unusual red
emission band centered at 637 and 710 nm, respectively. The excess Zn?* is the main reason for the emis-
sion band centered at 637 nm, and the other red emission at 710 nm probably originates from the typical
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1. Introduction

Transparent conducting oxides (TCO) are certain to be required
for various important optical and electric applications due to
their interesting cubic spinel structure (AB,04) [1-5]. As one of
the most important TCO semiconductors with wide band gap of
3.6 eV, zinc stannate (Zn,SnOy4) has been considered as promising
materials as chemical sensors, TC electrodes and photocatalysts
due to its high chemical sensitivity, low visible absorption and
low electrical conductivity [6-11]. Recently, Zn,Sn0O4 nanowires
have attracted considerable attentions due to their potential scien-
tific studies and applications in optoelectronics and photocatalysis
[12,13]. Up to now, the generally chemical vapor deposition (CVD)
based methods have been developed to synthesize the Zn,SnO4
nanowires. Vapor-liquid-solid (VLS) assisted by Au catalysts and
direct vapor-solid (VS) processes were employed to fabricate the
nanowires using ZnO/Zn and SnO,/Sn0O as source materials[14-17].
Nevertheless, as a well-known synthesis route to various kinds
of nanowires, direct thermal evaporation has not reported up
to now. In this paper, we reported a facile thermal evaporation
route to well crystalline Zn,SnO4 nanowires assisted with Au
catalysts. The structural properties and growth mechanism were
investigated. Moreover, cathodoluminescence (CL) properties of
individual nanowires are also measured and presented some inter-
esting features.
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2. Experimental

The Zn,Sn04 nanowires were fabricated by a facile thermal evaporation method
using Zn,Sn04 powders as source materials. In the experiment, Zn,SnO4 powders
were placed in an alumina boat loaded inside the center of alumina tube reac-
tor. Si substrates coated with 1 mM HAuCl,-3H,0 ethanol solution was positioned
at a distance of 20cm from the alumina boat. Ar with flow rate of 200 sccm was
introduced in the whole experiment process. The furnace temperature was set to
1700°C and held at the peak temperature for an hour. Finally, the temperature was
cooled down to room temperature and white precipitates were found to deposit
on the Si substrates. The crystal structure of the products was analyzed by X-
ray diffraction (XRD, Rigaku, Cu Ko radiation, A=1.5418 A at 40kV and 160 mA).
The morphology, microstructures and chemical composition of the products were
characterized by field emission scanning electron microscopy (FE-SEM; FEI XL30
S-FEG), and transmission electron microscope equipped with energy-dispersive X-
ray spectroscopy (TEM; Philips CM200), respectively. The diffraction peaks were
indexed according to the standard diffraction data shown in the software PCPDFWIN
(http://icdd.com/products/pdf2.htm). The lattice constants were calculated by using
the computer software Divol. The CL studies of individual nanowires were per-
formed in the scanning electron microscope equipped with an Oxford Instruments
MonoCL2 spectrometer. For the CL measurement, the accelerating voltage and probe
current were 20 kV and 300 pA, respectively.

3. Results and discussion

The morphology of the as-deposited product is shown in Fig. 1.
There are large amount of wire-like products with average length
of 10 wm grown on the Si substrates (Fig. 1a). These nanowires are
straight along growth direction (Fig. 1b), while the surface is not
smooth, which is due to instability of atmosphere in the furnace.
The composition of the nanowires was measured by EDS, as shown
in Fig. 2a. The nanowires are mainly consisted of Zn, Sn and O ele-
ments. The detected Si signal came from the Si substrates and is
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Fig. 1. (a and b) SEM and enlarged SEM image of the nanowires, respectively.
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Fig. 2. (a) EDS spectrum of the nanowires. (b) XRD pattern of the nanowires.

not related to the composition of the nanowires. Fig. 2b presents
the XRD patterns of the as-synthesized nanowires. The diffraction
peaks of (220),(311),(222),(400),(331),(422),(511),(440)
and (53 1) reflections can be indexed as face-centered cubic spinel
Zn,Sn04 with constants of a=8.643(6)A, agreeing well with the
calculated diffraction pattern (ICDD-PDF No. 24-1470). Combined
the XRD and EDS results, the nanowires are Zn,SnO4 nanowires
with face-centered cubic spinel structure.

Fig. 3a shows typical image of an individual Zn,SnO,4 nanowire.
The diameter and length of the nanowire are ca. 100 nm and 10 pum,
respectively. A nanoparticle is observed to attach on the tip of the

nanowire. The nanoparticles are confirmed as metal Au, indicat-
ing the typical Au-catalytic VLS growth process. The corresponding
TEM-based EDS spectrum (Fig. 3b) exhibits that the nanowire is
composed of O, Zn and Sn elements. The ratio of Zn/Sn is about
2.181:1, indicating the excess Zn in the formation of Zn,Sn04. As
shown in Fig. 3¢, the HRTEM image of the Zn,SnO4 nanowires
clearly indicates that spacing distance of two adjacent fringes is
0.305 nm, matching well with that of (2 2 0) planes of face-centered
cubic Zn,Sn04 (ICDD-PDF No. 24-1470). No obvious bulk defects
such as stacking faults and dislocations can be observed in the
crystal lattice, indicating the perfect single-crystal nature of the
nanowire. Combined with the HRTEM image and Fast Fourier trans-
formation (FFT) pattern, the growth direction is determined to grow
along [111].

We also conduct the experiment without Au catalyst. No prod-
ucts were detected to deposit on the Si substrates, revealing that
Au catalyst plays an important role in the growth of the Zn,Sn0O4
nanowires. It can be clearly seen from the TEM image (Fig. 3a) that
the growth mechanism follows typical Au-catalytic VLS process.
We deduce that the growth of the nanowires involves a three-
step process: Zn,Sn0O4 source materials first decompose into Zn,
Zn0x and SnO, vapor at high temperatures. Then, the melting Au
liquid drop continuously absorb Zn, ZnOx and SnO, vapor to fur-
ther form Zn,Sn04 droplet. When the supersaturation of Zn,Sn04
is up to critical value, the Zn,Sn0,4 droplet will be deposited into
solid nuclei. Finally, the growth process will continuously occur,
resulting in the formation of Zn,Sn0,4 nanowires.

Fig. 4 presents the room temperature CL spectra of individual
Zn,Sn04 nanowires. Here we measure CL spectra of four nanowires
that are denoted by (a), (b), (c) and (d) in Fig. 4. The spectra have
been normalized for comparing the difference in position of emis-

Fig. 3. (a) TEM image of an individual nanowire. (b) TEM-based EDS spectrum of the nanowires. (c) HRTEM image of the nanowire. (d) FFT pattern of the nanowire.
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Fig. 4. (a-d) CL spectra taken from the different individual Zn,SnO4 nanowires,
respectively.

sion peaks of these four spectra. As shown in Fig. 4, four CL spectra
exhibit similar emission characteristics: strong and broad red emis-
sion band centered at 637 and 710 nm, respectively, which is not
been reported before. The exact CL mechanism is rather compli-
cated. Various emission bands e.g. green emission, yellow emission,
and red emission had beenreported [13,16-18]. It is concluded that
the emission properties of Zn,Sn0,4 nanowires are very sensitive to
that Zn/Sn stoichiometry and point defects. It is demonstrated from
the EDS result (Fig. 3b) that Zn is relatively excess in the Zn,SnO4
nanowires. As is known, Zn,SnO4 belongs to the group of “4-2”
cubic oxide spinels with general formula AB;04 [19,20]. Zn,Sn0y4 is
stable in the inverse spinel structure with a face-centered cubic unit
cell. Zn%* (B) ions occupy tetrahedral voids and Zn?* (B) and Sn**
(A) ions randomly occupy tetrahedral voids [21]. If Zn2* ions are in
excess, the excess Zn2* located at Sn?* site in the spinel structure
surrounded by six 02~ to form the distorted octahedral structure
[22]. The interactions of p orbitals in Zn2* with the orbitals of the six
02~ in the distorted octahedral structure will lead to the splitting of
new orbitals [23]. It is firmly believed that the emission band cen-
tered at 637 nm is attributed to the radiative transition from new
energy levels resulting from the distorted octahedral structure. The
origin of emission band centered at 710 nm is unknown. Some other
factors such as vacancies (Vsy, Vzn, Vo) and intestinal (Zn;, O;) may
be the mainreasons for the unique 710 nm emission band. The exact
mechanism needs to be further investigated in detail.

4. Conclusions

In summary, single crystalline Zn,SnO,4 nanowires with cubic
spinel structure were synthesized via a facile thermal evapora-

tion method assisted by Au catalysts. The Zn,SnO4 nanowires
were well crystalline and were straight along growth direction.
It is found that the growth mechanism follows a typical VLS pro-
cess. The CL spectra of individual nanowires indicate unusual red
emission bands centered at 637 and 710 nm, respectively. It is
thought that excess Zn?* is the main reason for the emission
band centered at 637 nm. The excess Zn?* located at Sn** sites
in the inverse spinel structure surrounded by six 02~ to form
the distorted octahedral structure, which leads to the radiative
transition from new energy levels. The other unusual red emis-
sion band at 710 nm probably originates from the typical point
defects.
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