Intensive Blue Light Emission from p-Ga20 3
Nanowires[Nanotapes and Nanosheets
by Carbothermal Synthesis
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Absract 0Gallium oxide nanowireslnanotapes and nanosheets were synthesized by carbothemal method using carbon

nanotubes as reactant and characterized by means of scanning electron microscopy [BEMUO and transmission electron

microscopy [OTEM O It was conf rmed tha gallium oxide nanostructures were single caystalline. Photoluminescence [PL O
gearum of the product displayed an intensive bluelight enissonpeak at 487 nm at room temperature.
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|  Introduction

Monoclinic gallium oxide [p-Ga20 3] with a wide
band gap [Eg' 4.9 eV['] exhibits excellent electronic
and optical properties[2lland is used in optoelectronic
devices and gas sensOrs[3. Recentlydlow dimensional
[3Gad 3 nanostructuresdsuch as nanowiresInanotapes
and nanosheetsChave attracted considerable attention due
to its unique structurel exceptional properties and
potential applications. Zhang et al[4 fabricated Ga20 3
nanowires using simple physical evaporation of pure
metal gallium. It was also reported that GaN powder
could be used as a source material for the production of
Ga20 3 nanowires by DC arc-discharge[sl. Carbothermal
approach has also been developed to obtain large scale of
Ga20 3 nanowires[6L Reaction between metallic Ga and
H2D was another eff cient way to synthesize Gad 3
nanostructures[q]. Physical evaporation of the mixed
Ga-Ga203 0r GaN powders could successfully produce
single crygaline Ga20 3 nanotapes[d and the mixtures of
nanotapes and nanosheets@ GaX2 3 nanowires were
potential blue and ultraviolet light emitters[ ]0 while
Gad 3 nanotapes and nanosheets presented a stable blue
light emission peak at 460 nm|[7L

Carbon nanotube is an excellent template to
synthesize nanowires by its confinement effect[lo]. In this
paperlcarbon nanotubes are used as a reactant. p-Ga20 3
nanow iresCnanobelts and nanosheets are found in the
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productOand PL propertieshave been characterized

2 Experimental

In a typical procedureldgallium oxide powder was
mixed with multi-wall carbon nanotubes prepared by
pyrolysis of acetylenel"] with the weight ratio of | -
11.5. The mixture was charged in a ceramic vessel
covered by a piece of molybdenum plate to keep ahigh
gallium oxide vapor pressure during the reaction process.
The vessel was then placed at the center of a quartz tube
fixed in a horizontal furnace. T he furnace was heated up
t0 950@ - 980'C in 30 minutes and ran for 2 h-4 h in
nitrogen atmosphere. After the furnace was cooled down
to room temperatureOw hite f uffy product was collected
from the inner surface of the vessel and Mo plate.

The general morphology of the product was
observed by SEM. X-ray diffraction [XRDO was
performed using CuKa radiation. TEM observation and
selected area electron diffraction (BAEDOwere carried
out using Philips CM200 Operated at 200 kV. X-ray
energy dispersive spectrum [EDSOwas performed by
EDAX equipped inthe TEM . PL spectrawere carried out

in af uorescence spectrophotometer at room temperature.

3 Results and Discussion

T he general morphology of the product formed on

molybdenum plate is shown in Fig.l. The product
consistsof nanowires and nanosheetslas shown in Fig.l a
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Fig.lb showsa curved nanotapes at a high magnification

Most of nanotapes are curveddit is suggested that they
areelagicaly f exible.

Fig.l SEM imagesof nanowiresChanosheets [all

and nanotapes [

Fig.2 digplays TEM images of as-synthesized nano-
structures. Some straight nanowires with diameter
ranging from 60 nm t0 100 nm and length up to tens of
micrometers are shown in Fig.2a. All nanowires are
homogeneous without nanoparticles at tipsOsupporting
the expectation that no other metal nanoparticles helped
to catalyze the observed nanowire growthOwhich

suggests a different growth mechanism from vapor-
liquid-solid WL SCE']. Some thin nanosheets are al so
presented in Fig.2a and their thickness is estim ated to be
tens of nanometer. The inset in Fig.2a is a SAED pattern
of a single nanowiredwhich confrms that the nano-
structures are single crystal. Fig.2b shows several

nanowiresOnanotapes and nanosheets. The ripple-like
contrast in the thin tapesis due to the residual strain in
the curved tapes. On the other handOmicrotwins were
found in some nanowireslJas shown in Fig.2c. It shows a
zigzag nanowire with adiameter around 400 nm Cand one
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Fig.2 TEM images of Ga20 3 nanostructuresfalbland a zigzag
nanowire €[]

set of SAED patten s corresponding to marked circle
areas | t0 3. SAED patterns of area | and 3 appear to
have mirror-symmetry with identical parameters. While
the SAED pattern of area2 is a superimposition of these
from area | and 3 with a small angle deviation that may
be caused by crysta structure. It is proved that area 2
covered atwin boundary and it waslocated between area
land 3. Similarlydsome symmetric twinnings were also
observed in high-resolution TEM of Ga20 3nanowires[4l.
The twinning structures could play important roles for
the growth of nanowiresviaa vapor-solid [V SOprocessecil
The EDS analysis confrms the presence of galliumO
oxygenOcarbonOand copperOw here elements C and Cu
came from the carbon coated copper grid. The EDS
result implies that these nanostructures are gallium
oxide.

The XRD pattern of the product 0On Fig.30 is
recorded with Mo plate. Most of the diffraction peaks
Ondicated by solid trianglesd can be indexed to be a
monoclinic phase peakOwhich is consistent with bulk
B-Ga20 3[(PDF No.41-11030 T he relative intensity of the
peak s differs from that of bulk Ga20 30which result from
the formation of nano-sized structures. No crystaline
phases other than Mo Ondicated by solid circlesdthat
was used as superstratum in the experiments were found
within the detection limit. Hencel the as-synthesized
products are pure. It is proved that carbon nanotubes
only act as a reactant and have not been introduced into
the sample.
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Fig.3 XRD patten of as-synthesized sample on Mo plae

The various morphologies of Ga20 3 nanostructures
imply that carbon nanotube-confined reaction can not
occur here[lo]. The chemical reactions are ascribed to a

carbothermal process@&L T here are several growth mech-
anisms developed to explain one-dimensiona growth.
One is VL S process[" Jdin which meta nanoparticles as
catalyst were capped at the tip of nanostructures. The
other is VS mechanism[1210in which nanostructures were
fabricated from the vapor of precursor directly without a
liquid state. For the Ga20 3nanostructures sy nthesized in



our cases0VS mechanisnL is dominantd because no
catalysts were involved and observed. The growth
process herein may be as follows. Carbon atoms from
carbon nanotubes f raly react with powdered Ga203to
form Ga20 and Ga vapor. The reaultant vapor is trans-
formed into Gad 3 by oxygen idizati On[6] .
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Fig.a PL spectnim of G a20 3nanostructures atroom tem perature

PL spectrum of Ga20 3product presented in Flg.4 is
detected w ith excitation wavelength of 377 nm at room
belong to blue light ranged can be activated. As an
excellent material for blue photoluminescencell Ga20 3
has been intensiVely studied. Hanvlg and K ellendouk
once proposed that the blue emission was due to the
recombination of an electron on a donor forlled by
oxygen Vacancles and a hole on an acceptor formed by
gallium Vacancles[130 Vasil'stiv Pf 03 suggested that the
acceptor should be foO ed by a gal lium-exygen vacancy
qaerL4D Fnr thp nrpCpnt f[l]]‘n‘.‘ nan"ahl[l]h.r[IE‘I‘ 0 kOO

Vacancy palrs may be formed readily. It should be put
0 ward that In some investigations on photolumines.

cence of galium oxide crygal or nanowiresfdnot only
blue but also ultraviolet emission has been foundt26]
How everlin the recent report[71and our work[only blue
emission peak has been detected for nanostructures
including nanobelts and nanosheets.
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these nanostructures belongs to a VS mechanism. PL

speCtrum at rOOm temperature ShOwvs an intenSe blue
light el SSQOn & 487 nm.
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