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In,05 semiconductor hanowires were synthesized by the chemical
vapor deposition method through carbon thermal reduction at 900
°C with 95% Ar and 5% O, gas flow. The In,O3 nanowires were
characterized by field emission scanning electron microscopy (FE-
SEM), high-resolution transmission electron microscopy (HRTEM),
and photoluminescence spectroscopy (PL). For the first time, we
observed the formation of corundum-type h-In,03; nanowires and
branched In,0; nanowires. The PL spectra of In,O3 nanowires
show strong visible red emission at 1.85 eV (670 nm) at low
temperature, possibly caused by a small amount of oxygen
vacancies in the nanowire crystal structure.

Semiconductor nanowires have been extensively investi-
gated as building blocks for nanoscale electronic and
optoelectronic devices, with the applications ranging from
molecular chemical and biological nanosensors, nano-
computing, and data processing to nanoscale light-emitting
diodes!t? On the basis of the bottom-up paradigm for
fabricating functional nanoscale devices, controllable syn-
thesis of semiconductor nanowires is especially important.
Binary semiconducting oxide nanowires have distinctive
optical and electronic properties. A number of semiconductor
nanowires, such as @&as, SnO, CdO, Zn0O, and KOs, have
been synthesized by the thermal evaporation methat0;

flat panel displays, gas sensors, and photocatalyaidium
oxide thin films have been investigated both as electronics
and gas sensors. High-performance thin-film transistors
(TFTs) using transparent4@; thin films have demonstrated
excellent operating characteristics with large field-effect
mobilities, a good drain-source current on/off modulation
ratio, and near-zero threshold voltagel,0; thin films
prepared by the selgel method have exhibited the capability
to detect low levels (several hundred ppb) of nitrogen dioxide
in air” Nanobelts of 1sO; have been synthesized via
evaporation of 1g0; crystalline powders at 140 3¢ Here,

we report an efficient technique for synthesizingQg
nanowires by a carbon thermal reduction method. The crystal
structure and optical properties of the as-prepare®4n
nanowires were examined by HRTEM and photolumines-
cence spectroscopy.

Figure la shows the X-ray diffraction patterns ofQg
nanocrystalline powders and the as-grown nanowires. All
diffraction lines can be indexed to a cubic structure of the
bixbyite Mn,Os (1) type, which belongs to the space group
a3 (206). The lattice parameter of s nanowires was
calculated to be = 10.115 A, which is consistent with the
standard value for k®©; powders (JCPDS 06-0416). Com-
paring the diffraction patterns of 4@; powders and 503
nanowires, it can be seen that theda nanowires present

is a wide band gap transparent semiconductor (direct band (3) (a) vang, P.: Lieber, C. MScience1996 273 1836. (b)Ying, Z.:

gap of 3.55-3.75 eV and indirect band gap of 2.6 eV), which
can be widely used in electronic and optoelectronic devices,
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i " Figure 2. (a) TEM image of a straight b®3 nanowire. (b) TEM image
Figure 1. (a) X-ray diffractions of 1nOs crystalline powders and of a ribbonlike IrO3; nanowire with bending contour. (c) TEM image of a
as-prepared nanowires. (b) FE-SEM image showing straigfizsInano- branched 1803 nanowire with Au nanoparticle at one end. (d) HR-TEM
wires. (c) FE-SEM image showing the quadrilateral cross-section ofxIn  image of the interface of AulnzOs.

nanowire. (d) FE-SEM image showing the hexagonal cross-section of a

In203 nanowire. the basis of a previous report, directly evaporatingdhat
1400 °C can yield a majority percentage of nanobéits.

their strongest diffraction I.ine at [4QO] .instead of [222] as Through both SEM and TEM observation, we found that
for In,O3 nanopowders. This clearly indicates that thglin there are 10% nanobelts formed among the deposite In

nanowir_e Iatti(_:e grows prefer_ential_ly along the [0_10] di_rec- nanowires in our carbon thermal reduction process. Figure
tion. No impurity phases were identified by X-ray diffraction. 2¢ shows a branched L-shaped®@s nanowire with an Au

After the deposition, we examined the morpholagy of the particle at one end. EDX analysis performed at the dark dot

Whti)tet fitbrobusFlélyglrE'\(Ajeposliteq 0: the Sulrfl‘:aéesgvlthe Sl confirmed the Au element. The presence of the Au catalyst
substrate by FE- analysis. A genera ) IMage 5t the end of nanowires indicated that the growth eOin

of the as-grown Ig0; nanostructure is shown in Figure 1b. nanowires follows the vapetliquid—solid (VLS) mecha-

Elgh—d%ns% IQIO‘"* nanowires had beetn .Sl:](t:ceszfurllly SYN nism. A lattice image of the interface between the Au catalyst
d.eS|ze - 'he 123 naggwwes ar(fa S rhalgd ‘3” av€ A and the InO3 nanowire is further shown in Figure 2d, which
lameter ranging from 30 nm to a few hundred nanometers clearly elucidates the intimate connection between the Au

g_ndla Ietr;]gth ex(;e_:w(:mglto more t?an ];@m Figure _1C catalyst and the ®O3; nanowire. This is the first time that
Isplays the quadrilateral cross-section of aiymanowire the formation of complex branched L-shapedQg nano-

with a width- to—thicknes; ratio_ of about 1:1. However,_ We |\ ices has been reported. It seems that thi©jmanowire
also observgd @3 nanowwes.wn_h hgxagonal cross-sections grew along one direction, then suddenly turned @@d
(as shown in Figure 1d), '“d'c‘f"“”g the corundum-type continued to grow perpendicularly to the previous direction.
h-InzOs structure. The preparation of o structure oo chanism governing such complicated growth is

Le:quges high tertrml)er?]ture r;nd high tﬁresﬁu?ecte ntly,b. tunknown. Nevertheless, the synthesis of branched nanowires
“IeBs nanocrystals have been syninesized at ambient, ;o very important for fabricating complex heterostruc-
pressure via surfactant-assisted hydrothermal prédesee, tures and nanoscale devices

\(;VG ar?{_ able to Syr? tp estlﬁe fhz?lf[ Nanowires via vapor Selected area electron diffraction (SAED) on a sing©in
e?ﬁﬂ lon tarlinoact or de Irs hln?e. f individ nanowire demonstrated a single crystalline cubic (bcc)
€ crystal structure and morphology of Indivi uai®y structure (as shown in Figure 3a). The SAED recorded along
nanowires were further_ charactenzgd by TEM and HRTEM the [001] zone axis indicated that the@ nanowires were
e>_<am|nat|_on. The 'i‘?s fI.bI‘OU_S deposits were peele(_j off the growing along the [010] direction. Figure 3b further shows
Si wafer via ultrasonic vibration and then dispersed in ethanol the HRTEM image of an ks nhanowire. It reveals the lattice
to form a suspension. The suspension was then dropped ontq’ringes of (400) planes, which is perpendicular to the

a holey cgrbon grid for TI.EM apalysi;. Figure 2a shows a nanowire growth axis [010] direction. We measured the
single stralgh't 1605 nanowire with a diameter of about 40 spacing of the Is0; nanowire (400) lattice plane to be 2.50
nm. Energy dispersive X-ray analysis (EDX) was performed A. The presence of Au nanoparticles at the ends g®dn

on the individual I1aO; nanowire, revealing that the nanowire nanowires directly proves the VLS growth mechaniérin
COI’]SI-StS of o_nly _the elements In and O V\_"th a ratlo_of In/O our carbon thermal reduction process, several steps toward
of 41:59, which is close to the @5 stoichiometry. Figure the growth of InOs nanowires may be involved. First @

2b shows the bending contour under electron diffraction of powders react with carbon, producing In and CO 'orZCO

a ribbonlike 1505 nanostructure with a width of 40 nm. On Simultaneously, indium is evaporated and transported by the
(8) Prewitt, C. T.. Shannon, R. D.; Rogers, D. B.: Sleight, A. Marg. flowing gas. At a high temperature, when the indium vapor

Chem 1969 8, 1985.
(9) Lee, C. H.; Kim, M.; Kim, T.; Kim, A.; Paek, J.; Lee, J. W.; Choi, S.  (10) Li, S. Q.; Liang, X. Y.; Wang, C.; Fu, X. Q.; Wang, T. Appl. Phys.
Y.; Kim, K.; Park, J. B.; Lee, KJ. Am. Chem. So2006 128 9326. Lett. 2006 88, 16311.
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Figure 4. Photoluminescence spectra of (aj®g crystalline powders and
(b) as-prepared h®©3; nanowires. The PL spectra were recorded at 10 K
with the laser excitation of 325 nm.

route may lead to varied oxygen vacancies. The lack of PL

emission from the as-prepared,@ nanowires at room

Figure 3. (a) TEM image of a single kO; nanowire with a diameter of  temperature indicates that there could be only small amount

40 nm. The inset is the SAED recorded along [001] zone axis. (b) HRTEM f ] ted in theQ .

image of InO; nanowire lattice. of oxygen vacancies presented in theQn nanowires
prepared by CVD process under the oxidizing synthetic

atoms come into contact with Au on the Si substrate, they atmosphere (5% £. The visible red PL emission of 4®;

form a liquid Au—In eutectic alloy. Because the carrier gas at 10 K is similar to that of 1505 thin films that exhibited

contains 5% @and indium can form a strong covalent bond Orange emission at 637 nthSince the diameters of 405

with oxygen, indium will be oxidized to kDs, resulting in nanowires are much larger than the Bohr radius @Oin

the continuous growth of lzﬁ)3 nanowires. (214 nm), quantum—confinement effects can be excluded.
The photo|uminescence (PL) spectra of the bul}On Therefore, the observed PL emission could be attributed to

crystalline powders and the as-depositegDinnanowires @ small amount of oxygen vacancies in theGnnanowire

were measured both at room temperature and at low Crystal structure.

temperature. The excitation source was a 325 nm-Eie In summary, semiconductor #@; nanowires can be

laser with a power density of 4 mW crh Contrary to the massively synthesized via a carbon thermal reduction process.

previous reportsl12we did not observe any luminescence HRTEM analysis confirmed that theB; nanowires grow

at room temperature, either for,®s powders or for 1605 preferably along the [010] direction and follow the VLS

nanowires. However, we detected a strong red luminescencedrowth mechanism. Complex, branched L-shapegDdn

emission centered at 680 nm for@; powders and 670 nm ~ Nanowires were also observed, which could assist in syn-

for In,03 nanowires at 10 K, which correspond to 1.80 and thesizing branched semiconductor nanowires. We have

1.85 eV, respectively. The PL spectra of@3 powders and detected visible red PL emission at low temperature for as-

nanowires are shown in Figure 4. We noticed that the PL Prepared IOs nanowires.
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