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Zn2SnO4 (ZTO) nanowires with a unique dendritic nanostructure were synthesized via a simple one-step thermal

evaporation and condensation process. The morphology and microstructure of the ZTO nanodendrite have been inves-

tigated by means of field emission scanning electron microscopy (SEM), x-ray diffraction (XRD) and high-resolution

transmission electron microscopy (HRTEM). SEM observation revealed the formation of branched nanostructures and

showed that each branch exhibited a unique periodic structure formed by a row of overlaid rhombohedra of ZTO

nanocrystals along the axis of the nanobranch. HRTEM studies displayed that the branches grew homoepitaxially as

single-crystalline nanowires from the ZTO nanowire backbone. A possible growth model of the branched ZTO nanowires

is discussed. To successfully prepare branched structures would provide an opportunity for both fundamental research

and practical applications, such as three-dimensional nanoelectronics, and opto-electronic nanodevices.
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1. Introduction

Nanostructures, such as nanowires and nanobelts,
are well-known as key building blocks for nanoscale
science and technology. It is necessary to implement
the ‘bottom-up’ approach in nanoscale fabrication
so that specific nanostructures with unique physical
properties could be assembled into photonic and elec-
tronic devices. Semiconductor nanowires are promis-
ing low-dimensional materials with a wide range of
photonic and electronic applications, including field-
effect transistors,[1] lasers,[2] photodetectors[3] and
sensors,[4] etc. Diverse applications are enabled by
synthetic control over nanowire composition and ge-
ometry. Branched and/or hierarchical nanostructures
not only increase the complexity of nanowire materi-
als but also offer the flexible building blocks, which
will yield diverse functions based on well-defined se-
quence/structure variations. Recently, a few groups

have synthesized branched and multi-branched hier-
archical nanowire structures. Wan et al [5] have grown
ITO nanowire arrays by the vapour transport method
based on the vapour–liquid–solid (VLS) growth mode
at 800–900◦C, using indium and tin monoxide pow-
ders as the source materials. Samuelson et al [6]

have synthesized GaP nanotrees with the assistance
of Au aerogel through multi-step vapour processes. In
Ref.[7–10], it has been systematically investigated that
the hierarchical ZnO and In2O3 nanostructures grown
by chemical vapour deposition process, and the orien-
tation relationship was analysed between the core and
the branches.

Zn2SnO4 (ZTO, Eg=3.6 eV) is one of the signif-
icant functional materials with high electrical con-
ductivity and low absorption of visible light, which
make it a good candidate for wide applications, includ-
ing sensors and photovoltaic elements.[11−13] To date,
many efforts have been made to fabricate ZTO nanos-
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tructures by the ‘bottom-up’ approach, such as wires,
belts, and rings etc.[14−18] The ZTO dendrite-shaped
nanostructures could be a new candidate for nanode-
vices. Meanwhile, the investigation of the crystallo-
graphic relation between branches and trunks can help
us to understand the growth process in detail. In this
paper, we report that a unique nanoscale ZTO den-
dritic structure could be realized by a simple one-step
thermal evaporation and condensation process. A pos-
sible mechanism of the formation of dendrite-shaped
structures is discussed. The nanodendrite structures
might have potential applications in optical and opto-
electronic devices.

2. Experimental details

ZTO nanowires were grown in a horizontal tubu-
lar furnace. The source material was a mixture of
commercial ZnO powder, SnO powder and activated
carbon powder (weight ratio 6:4:1). The silicon (Si)
slices coated with gold film of 0.5–1.0 nm in thickness
were used as the substrates. After the furnace was
heated up to the desired temperature of 900◦C, the
source and the Si substrates, held in a slightly smaller
quartz tube, were loaded into the furnace quickly in
a place to keep the source at the centre of the fur-
nace tube while the Si substrates at the downstream
site 12–15 cm away from the source. Then the furnace
tube was evacuated by a mechanical pump and aer-
ated with Ar gas and a little O2. During the growth,
the furnace was maintained at 900◦C and the pressure
in the reaction tube was kept at about 2 Pa at a gas
flow rate of 300 sccm (standard cubic centimetres per
minute) Ar and 1 sccm O2. The reaction time was
about 3 h. Then the products were quenched to room
temperature.

A thick layer of white fluffy product was collected
on the Si substrates after the reaction. The morphol-
ogy and the structure of the products were character-
ized by x-ray powder diffraction (XRD, PANalytical
X’Pert PRO) with Cu-Kα radiation (λ=0.15406 nm),
field-emission scanning electron microscopy (SEM,
Hitachi S-5200) equipped with energy disperse x-
ray (EDX) spectrometer (Thermoelectron), and high-
resolution transmission electron microscope (HRTEM,
Philips CM200ST/FEG and FEI Tecnai G2, acceler-
ating voltage 200 kV) with electron diffraction. The
room temperature photoluminescence (PL) spectrum
was recorded in the spectral range of 350–800 nm us-

ing a He–Cd laser (325.0 nm) as the excitation light
source.

3. Results and discussion

A typical XRD pattern of the as-deposited prod-
uct is shown in Fig.1. Most peaks can be indexed in
the face-centred cubic spinel structure of ZTO with
lattice constant of a=0.8650 nm, which is consistent
with the standard data file (PDF No. 24–1470). The
residual weak peaks can be indexed as ZnO (PDF No.
36–1451), indicating that there are small quantities
of ZnO in the as-prepared product. Most of reported
results about ZTO nanostructures also showed the ex-
istence of a little ZnO impurity.[14−18]

Fig.1. XRD pattern of the as-synthesized product.

Representative SEM images of the as-synthesized
products on Si substrates are shown in Fig.2. The
low-magnification SEM image reveals that the prod-
ucts mostly consist of dendritic nanostructures and
a portion of nanowires can be of over several hun-
dreds of micrometres in length (as shown in Fig.2(a)).
On one dendrite, the branch arrays are distributed
only on one side of a rough trunk to form a den-
dritic structure as shown in Fig.2(b), implying that
the branches have a preferred growth direction and
possess a well-defined relationship with the trunk.[19]

Moreover, the branches have a nearly uniform diame-
ter about 75 nm, distributed as a pseudo-periodic ar-
ray, and connected to the trunk through a pyramid.
The high-magnification image in Fig.2(c) reveals that
the branch has its own periodic structure formed by
a row of overlaid rhombohedra of nanocrystals along
the axis of the branch, and there are a number of pe-
riodic stripes on the branch. Similar stripes were also
found on the trunk. The image clearly illustrates the
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pyramid at each junction between the trunk and the
branch. Besides the ZTO dendrites, there are some
axially periodic ZTO nanowires as shown in Fig.2(d),

which are similar to the morphology of the branch and
the trunk.

Fig.2. Representative SEM images of the ZTO nanostructures: (a) Low-magnification image of the

dendritic ZTO nanostructures. (b) Image showing the branches grown exclusively on one side of and

perpendicular to the trunk. (c) High-magnification image of an axially periodic ZTO nanobranch struc-

ture. (d) SEM image of ZTO nanowires.

To obtain more detailed information about the
structure and composition of our product, the struc-
ture and the morphology of the ZTO dendrite were
further characterized by TEM and EDX. The as-
synthesized products were transferred into the ethanol
solution and dispersed onto a copper grid with porous
carbon film. Figure 3(a) is a bright-field TEM image
of one of the dendritic structures, which shows that the
branch with a diameter of about 75 nm grows epitax-
ially from the trunk, and a pyramidal pedestal exists
at the junction between the branch and trunk. The
typical EDX spectra obtained from the branch and
trunk are presented respectively in the upper right and
lower left insets in Fig.3(a). The EDX spectra reveal

that both the branch and the trunk consist of Zn, Sn
and O elements only (Cu line comes from the copper
grid). Furthermore, HRTEM is employed to analyse
the trunk, branch and junction. The HRTEM image
in Fig.3(b) is taken from the trunk, which demon-
strates that the trunk basically keeps well crystallized
with a clear lattice fringe, and the interplanar spac-
ing is 0.296 nm, corresponding to that of ZTO (220)
planes. The inset is the fast Fourier transform (FFT)
of the corresponding HRTEM image, indicating that
the growth orientation of the trunk can be assigned
to [110]. Figure 3(c) is a typical HRTEM image of
the branch, and the inset is the typical selected area
electron diffraction (SAED) pattern. The clear lattice
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fringes in the HRTEM image confirm the high crys-
talline nature of the branch with few defects. The
growth orientation of the as-synthesized axially peri-
odic branch can be indexed as [111] according to the
SAED pattern. Also shown in the HRTEM image in
Fig.3(c), the lattice spacing is about 0.494 nm, corre-
sponding to the spacing of the (111) planes of ZTO
spinel structure. Figure 3(d) is a typical HRTEM im-
age of pyramidal junction corresponding to the dashed
circle region in Fig.3(a), which reveals that no defects
are observed at the junction, and the fringes are con-

tinuous in the region of junction, confirming that the
dendritic nanowire extending from the pyramidal base
has a uniform structure and grows epitaxially from the
trunk. All of the above mentioned results demonstrate
that the branch grows from the (111) plane of the
ZTO trunk, which explains the perpendicular growth
of the branch with respect to the growth orientation
of the trunk. Moreover, the coherent growth of ZTO
{111} surfaces induces periodic microfaceting in every
branch and the zigzag appearance.

Fig.3. (a) Bright-field TEM image of one of the dendritic structures. The upper right and lower left

insets corresponding to the typical EDX spectra of the branch and trunk, respectively. (The dashed

circle shows the region enlarged in the HRTEM image.) (b) HRTEM image of the trunk. (c) HRTEM

image showing the perfect and identical crystal structure of one branch on ZTO dendritic structure. (d)

Corresponding HRTEM image of the dendrite junction.

In addition, a few twinning structures can be ob-
served in some branches of a ZTO dendrite. Fig-
ures 4(a)–4(c) shows the bright TEM image of one
branch with twinning structures and the correspond-

ing diffraction pattern. The white arrow head in
Fig.4(a) indicates the clear twinning boundary. Figure
4(b) presents the HRTEM image showing the morpho-
logic property of twinning boundary. It is known that
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the (111) twinned crystals have a relative rotational
angle of 70.5◦. Therefore, the inner angle of the
zigzag as indicated by the white lines is about 141◦, in
good agreement with the theoretical and experimen-
tal results.[20] The electron diffraction pattern shown
in Fig.4(c) arises definitely from the (111) twinning
structure commonly appearing in the fcc systems. All
diffraction spots in the present pattern can be indexed
by using twinned nanocrystals, which also proves that
the periodic microfacets in every branch are the ZTO
(111) facets.

The growth process can be understood via the in-
vestigation of the details of growth. Fig.5(a) is a typ-
ical image of ZTO nanodendrite with the end of the
trunk (a-1 the high-magnification image of the trunk
tip), which shows the Au-rich nanoparticle at the tip
of the trunk. Also, every branch has a tip with one
Au-rich particle for the short-time experimental sam-
ple shown in Figs.5(b) and (b-1), which further reveal
the growth of the branch. The lowest two EDX spectra
in Fig.5 correspond to the images of the tip particles
in Figs.(a-1) and (b-1), respectively.

Fig.4. (a) TEM image of a ZTO nanobranch with twin-

ning structures. A twinning structure is shown by an ar-

row head. (b) HRTEM image of a local part of the ZTO

nanobranch, showing the twinning boundary clearly. (c)

Corresponding electron diffraction pattern of the twinning

structure.

Fig.5. (a) The SEM image of ZTO nanodendrite with the end of the trunk ((a-1) the high-magnification image of the trunk

tip). (b) A typical image of ZTO dendrite with one particle on the tip of every branch ((b-1) is a typical tip of a branch with

one particle). The lowest two EDX spectra correspond to the particles in (a-1) and (b-1) images respectively.
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As discussed above, the ZTO dendritic growth
process is mainly a VLS one,[21] including the Au-
assistant catalytic reaction for the trunk and the
branch. Here, we propose the catalyst-assisted epi-
taxy as the growth mechanism of the dendritic struc-
ture in the VLS growth process. The process includes
the following typical steps:

Firstly, zinc and tin vapour, obtained by a car-
bothermal reduction process of ZnO and SnO, react
with Au film to form Au-Zn-Sn alloy. Then this alloy
further reacts with oxygen, and the nanowires of ZTO
nucleate after the alloy becomes supersaturated with
reactant species and grow out, as shown in Fig.6(a).[22]

Secondly, The nanowires grown at the first stage can
serve as a substrate for the secondary deposition of the
Au catalyst to grow branches (Fig.6(b)). Thirdly, ev-
ery particle on a ZTO nanowire trunk then serves as
a preferential site for absorbing the reactant species
(Zn, Sn and O species). In the absorption process,
the particle will be a little bigger until the supersatu-
ration (Fig.6(c)). A key issue is the formation of pyra-
midal mounds on the nanowire trunk during growth
while the reactant vapour is available (Fig.6(d)). Once
the catalyst particle is supersaturated, a nucleus will
be formed and further grow up with a certain crys-
tallographic relation. In our experiments, pyrami-
dal mounds have been found on the nanowire sub-
strate during its growth, indicating that the growth is
roughly a three-dimensional overlayer. The time evo-
lution of this type of junction may result from two pos-
sible effects: a noisy (thermal) flux of impinging atoms
and the relaxation of the structure. The latter governs
the rearrangement of different atoms once they arrive
at the surface, because the different crystal face has
the different growth kinetic energy. Consequently, it is
essential to consider the specific relaxation mechanism
that is relevant to the growth on crystalline surfaces:
nucleation, surface diffusion, and diffusion over the
crystalline surface step ledges, which needs further in-
vestigation. Finally, the axial periodic nanobranches
grow parallel to each other and perpendicular to the
axial direction of the trunk (Fig.6(e)). Thus, epitax-
ial growth can occur at the nucleation stage of branch
growth, and the branches may reproduce the structure
of the backbone substrate; this fact can interpret the
result that no defects have been found at the junction.

PL measurements of the as-synthesized sample
were carried out at room temperature at an exciton
wavelength being 325 nm. The PL signals were col-
lected on ensemble product with both nanodendrites

Fig.6. Schematic diagram of the growth mechanism of

ZTO nanodendrite. (a) A nucleation and growth process

for the substrate nanowire occurs by Au catalysis. (b) The

deposition of tin and zinc species on the nanowire surface

with the assistance of Au particles. (c) Growth of the Au

particles with the absorption. (d) Formation of pyramidal

base on the nanowire substrate. (e) Growth of the axially

periodic nanobranches.

and nanowires. Thus the PL result obtained should
reflect an average characteristic of the sample. The
PL spectra taken for different sites show similar fea-
ture, that is to say the sample is uniform. Figure 7
illustrates the dominant emission peaks located in vio-
let, blue, and orange regions. A multi-peak Lorentzian
fit gives three Lorentzian bands centering at 380, 438,
and 598 nm, respectively. As indicated in Fig.7, the
Lorentzian curve fits well to the experimental one,
which demonstrates that the PL spectrum mainly con-
sists of three emission bands at 380, 438 and 598 nm.
Due to the presence of ZnO in our samples as shown
in the XRD pattern, the emission band centred at
380 nm could be accounted to the ZnO impurity. The
two latter emission bands are obviously different from
the reported PL spectra of ZTO nanowires that have
been assigned to the effects of the oxygen vacancies.[15]
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According to the analyses of structure and composi-
tion by TEM and EDX, the emission band centred at
438 nm (reported in Ref.[23]) and the seriously broad-
ened orange emission band,which has never been re-
ported elsewhere, should be ascribed to other lumines-
cence centres, such as crystal stoichiometric vacancies
or interstitial impurities in the ZTO dendritic struc-
tures.

Fig.7. Room-temperature PL spectrum of the as-

synthesized sample.

4. Conclusions

ZTO dendritic nanowires have been successfully
synthesized by evaporating a powder mixture of ZnO,
SnO and activated carbon. The morphology and the
structure of the unique type of ZTO dendrites have
been characterized in detail by SEM, HRTEM, SAED
and EDX. The growth mechanism is proposed for in-
terpreting the formation of the dendritic structure.
Moreover, the room temperature PL spectrum shows
that it mainly includes three parts: the violet emis-
sion band centering at about 380 nm, the blue emission
band centering at about 438 nm and the orange emis-
sion band broadened seriously around 598 nm. The
hierarchical structures of nanomaterials offer a route
for increasing structural complexity and for achieving
novel properties of materials.
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