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Abstract

SnO2/In2O3 one-dimensional nano-core–shell structures have been synthesized at 1350 ◦C by thermal evaporation of the mixture of metal Sn,
Fe(NO3)3 powders and In particles. The as-synthesized products have been characterized by energy-dispersive X-ray spectroscopy, selected-area
electron diffraction and high-resolution transmission electron microscopy. Microstructure characterization indicates the orientation relationship
between core and shell is [001]In2O3 ‖ [001]SnO2 , (010)In2O3 ‖ (010)SnO2 . The formation mechanism of this nano-core–shell structure can be
attributed to the cover of In2O3 on the surface of SnO2 nanochains. The photoluminescence properties of the nano-core–shell structures have been
measured. The PL spectrum shows some difference with the result from pure SnO2 and In2O3 nanostructure that be deemed to relate to interface
defects in SnO2/In2O3 nano-core–shell structure.
c© 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Recently, compound semiconductor one-dimensional (1D)
nanostructures have attracted significant research interest, due
to their important application potential as building blocks of
nanoscale electronic or optoelectronic devices exploiting their
properties not achievable in bulk states [1–3]. Among all the
1D nanostructures, 1D nano-core–shell structures (or named
nanocables) have more extensive application in field emitter
devices, electronic transport and other electrical devices,
because of their distinct double layer structure and interaction
of double layer. The first 1D nano-core–shell structures are
silicon carbide and silicon oxide sheathed with boron nitride
and carbon that was synthesized by means of reactive laser
ablation in 1998 [4], in succession, a series of metal–metal,
metal–metal oxide and metal oxide–metal oxide 1D nano-
core–shell structures successfully synthesized by thermal
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evaporation, chemical vapour deposition, coelectrodeposition
and epitaxial synthesis method [5–11].

In particular, as wide band gap semiconductor (direct band
gap energy of 3.6 eV), IIIB, IVB group oxide SnO2 and
In2O3 1D nanostructures are more attractive because they
are candidates for fabricating electronic and optoelectronic
nanodevices [12–14]. Therefore, various SnO2 and In2O3 1D
nanostructure have been synthesized successively via different
preparation methods [15–18]. However, to our knowledge,
preparation and study of SnO2/In2O3 1D nano-core–shell
structures have not been reported up to now.

In this paper, we report the successful synthesis of
SnO2/In2O3 1D nano-core–shell structures by thermal evap-
oration of the powders of metal Sn, Fe(NO3)3 and In par-
ticles. The as-synthesized products have been characterized
by energy-dispersive X-ray spectroscopy (EDX), selected-
area electron diffraction (SAED) and high-resolution trans-
mission electron microscopy (HREM). The photoluminescence
(PL) properties of the as-synthesized products have also been
measured. On the basis of investigation of the microstruc-
tures, the possible formation mechanism of SnO2/In2O3
1D nano-core–shell structures and the potential relation
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between microstructure and photoluminescence properties
were discussed.

2. Experimental

A horizontal alumina tube was mounted inside a tubular
furnace. Powders of metal tin (3 g, 99.0%), Fe(NO3)39H2O
(20 g), and indium particles (3 g, 99%), were mixed and then
placed in an alumina crucible. After transferring the crucible
to the center of the alumina tube, the tube was evacuated
by a mechanical rotary pump to pressure of 10 Pa. During
the experiment, a constant flow of Ar mixed with 5% H2
was maintained at a flow rate of 50 sccm (standard cubic
centimetres per minute) and the pump continually evacuated
the system so that the pressure inside the tube was kept at
2 × 104 Pa. The temperature of alumina tube was increased
from room temperature to 1350 ◦C and held at this temperature
for 100 min. After the furnace was cooled down to room
temperature, grayish cotton-like products were found on the top
of inner wall of tube. Low-magnification images and selected-
area electron diffraction of the as-deposited products were taken
on a JEOL-2010 transmission electron microscope. Tecnai G2

F30 transmission electron microscope, equipped with high-
angle-angular-dark-field (HAADF) detector, Gatan imaging-
filter (GIF) and energy X-ray dispersive spectroscopy (EDX)
systems, was used for Z-contrast imaging and composition line
analysis. Room-temperature PL spectrum was measured on a
Hitachi F-4500 fluorescence spectrophotometer equipped with
a Xe lamp.

3. Results and discussion

Fig. 1(a) is a TEM image clearly showing the typical
morphology of the as-synthesized products. The products are
mainly constituted of 1D nano-core–shell structures, among
which representative one was marked by a black arrow. A small
amount of nanobelts and nanowires were also observed. It is
seen that the diameters of these 1D nano-core–shell structures
are about several hundred nanometers and the lengths range
from several micrometres to several-hundred micrometres.
Fig. 1(b) is a low magnification HAADF image of one of the
nano-core–shell structures. It can be clearly found that many
rhombi-like structures kinked and grew to constitute the cores.
To verify the composition of the shells and the cores, the EDX
point and line scanning have been performed from the point and
the line in Fig. 1(b). As shown in Fig. 1(c), the point scanning
result reveals that the nano-core–shell structures are constituted
of In, Sn, and O element where the Cu and C are from microgrid
and carbon film used to support the 1D structures. Fig. 1(d) is
the EDX line-scanning result that can give a detailed analysis of
composition fluctuation across the diameter of the 1D structure.
It is seen that a clear heave of Sn and descent of In occurs in
part of the core. But the fact that the middle of the 1D nano-
core–shell structure does not have the least In content may
imply the existence o some indium element in the core. The
fluctuating result of the oxygen element is not given here for its
change is unclear.

Fig. 2(a) is a low-magnification TEM image of a nano-
core–shell structure showing clearly core-shell structure and

Fig. 1. (a) A TEM image shows the typical morphologies of the as-synthesized
products, (b) A low magnification HAADF image of one of the SnO2/In2O3
1D nano-core–shell structures, (c) and (d) EDX analysis results corresponding
to the point scanning and line scanning across the 1D nano-core–shell structure
in (b).

rhombi-like cores. The sharp angle of the rhombi is about 77◦

that marked in a rhombus. In addition, some ledges marked
by arrows were found on the two sides of the nano-core–shell
structure. Fig. 2(b) is the corresponding SAED pattern from
the nano-core–shell structure in (a). The SAED pattern can
be indexed as In2O3 with a body centred cubic structure and
SnO2 with orthorhombic structure, their lattice constant is a =

10.05 Å for In2O3 and a = 4.72 Å, b = 5.73 Å, c = 5.21 Å
for SnO2. They agree well with the reported values from JPCDS
card (76-0152) and (29-1484). The characteristic diffraction
spots of SnO2 and In2O3 were signed with subscript ‘S’ and
‘I ’, respectively. This SAED pattern was gained with incident
beam parallel to [001] direction of In2O3 and SnO2, in which
the orientation relationship is given as [001]In2O3 ‖ [001]SnO2 ,
(010)In2O3 ‖ (010)SnO2 . The growth direction of the In2O3
shell and SnO2 cores are same along the [010] lattice direction.
Because of their near plane distance, the (100) diffraction spots
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Fig. 2. (a) A low-magnification TEM image showing general characteristics
of microstructures in the as-synthesized 1D nano-core–shell structures (b) the
corresponding SAED pattern from the nano-core–shell structure in (a). (c)
HREM image from the area marked in (a). (d) The HREM image corresponding
to one of the ledges marked by arrows. (e) The FT pattern of the HREM image
in (d).

plane of SnO2 is overlapped with the (200) diffraction spots
of In2O3. Their diffraction spots along [100] direction can be
distinguished at high-index spots, for example, the inserted
partial magnified image shows the (600) diffraction spot of
SnO2 is easily distinguished from the (1200) diffraction of
In2O3. In contrast to that, the (010) plane distance of SnO2 is
much bigger than that of the (020) from In2O3, the diffraction
spot is split obviously. The results of HREM in Fig. 2(c)
further verified this conclusion of SAED results, in which the
characteristic lattice image of In2O3 is signed. Fig. 2(c) also
shows a corner of the rhombi-like cores, the morie pattern
comes from the overlapping of SnO2 cores and In2O3 shell.
The characteristic ledge also was magnified in Fig. 2(d), and the
corresponding Fourier Transformation (FT) pattern was given
in Fig. 2(e). Obviously, the tip of ledges is SnO2 while the
bottom is a mixture of SnO2 and In2O3. The FT pattern shows
the growth direction of the ledge is [001] lattice direction of
In2O3.

As to formation mechanism of these 1D nano-core–shell
structures, a possible schematic illustration was provided in
Fig. 3. It is well-known that Fe(NO3)3 decomposes stepwise
Fe2O3, NO2, and O2 at temperature higher than 125 ◦C. The
melting point of metal indium and tin are relative lower, at
430 K, 505 K, respectively. When the temperature reaches a
critical value, the two metals start to melt, the melted quantity
of indium being less than that of tin since the surface to
volume ratio of indium particles is much smaller than that of tin
powders. The melting metal tin will react with the oxygen and
yield tin oxide. A little of the melting indium may be enclosed
by tin. As the {110} planes are relative closed packed with
orthorhombic tin oxide, the rhombi constituting SnO2 {110}

lattice plane were formed. It is the reason that the angle of the
rhombi in Fig. 2(a) is about 77◦, which is approximately equal
to the angle 78.9◦ between lattice plane (110) and (110). A few
indium elements in the formed rhombi may act as a catalyst.
When the SnO2 rhombi with a little of indium and indium

Fig. 3. Schematic illustration showing the possible growth process of
SnO2/In2O3 1D nano-core–shell structures.

oxide are formed, many SnO2 rhombi start to link and form
a chain. Then, the In2O3 formed and adhered to the surface
of SnO2 chains, because the metal indium start to melt in
large quantity with raise of the temperature, so the 1D nano-
core–shell structure formed. Later, durative evaporation of two
sorts of metal, react with oxygen will formed the ledge in the
tube wall. Because of uncontrollable detailed react condition
and stochastic partial air flow and air pressure, In2O3 covered
the SnO2 nanochains unevenly. So there exists a different
thickness in a nano-core–shell structure, and even some places
are bare core because of not being covered.

The PL spectra of SnO2/In2O3 1D nano-core–shell
structures at room temperature were measured by using a xenon
lamp as an excitation source, which is shown in Fig. 4. It is
clear that there are three strong peaks at 397, 451, and 468 nm,
respectively. Also two weak peaks are observed at 483 and
492 nm. Besides, two shoulder peaks at 353 and 511 nm are
also found in the PL spectrum. It has been observed that PL
peak of In2O3 nanotubes and nanowires is at 475 and 450 nm,
respectively, in previous reports [19–21]. The PL studies of
SnO2 nanostructures, PL peaks at 392, 439, and 399 nm have
also been reported [16,19]. Clearly, the PL spectra that we
have received have some difference from previous reports. The
emissions at these peaks are obviously not the band-to-band
transition because of the wide band gap of bulk SnO2 and
In2O3 [19]. The outer electronic structures of In and Sn are
4d105s25p1, and 4d105s25p2, respectively. Hence, the ability
of the oxygen atom to comkbine with both Sn and In atoms
is nearly the same for approximate outer electronic structures.
The uninterrupted contention of the oxygen atom easily leads
to the formation of oxygen vacancies and electronic defaults on
the interface. In addition, the mismatch of two lattices of SnO2
and In2O3 may also cause some faults. Therefore, the present
PL emissions may be attributed to other luminescence centres,
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Fig. 4. Room temperature PL spectra of the SnO2/In2O3 1D nano-core–shell
structures.

such as oxygen vacancies, defects in the interface between the
In2O3 and SnO2.

4. Conclusion

In summary, SnO2/In2O3 1D nano-core–shell structures
have been synthesized at 1350 ◦C by thermal evaporation of
the mixture of metal Sn, Fe(NO3)3 powders and In particles.
EDX, SAED and HREM have been jointly applied to phase
identification and microstructure characterization in this 1D
nanostructure. The characteristic orientation relationship of
core and shell was educed from microstructure analysis,
[001]In2O3 ‖ [001]SnO2 , (010)In2O3 ‖ (010)SnO2 . Owing to
the different melting and evaporation speed resulting from
the different existence state of indium and tin reagent, 1D
nano-core–shell structures are formed. The photoluminescence
properties have some distinctness from previous works, which
may be related to interface structures between the indium oxide
and tin oxide.
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