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Herein we report the bulk synthesis of single crystalline GaN
nanowires. Laser ablation of a composite target of GaN and a |(Fe,Ga,N)liquid  nucleation nanowire  nanocluster solidifies;
catalytic metal generates liquid nanoclusters that serve as reactive “a““l“Stfr from  of nanowire growth growth ends
sites confining and directing the growth of crystalline nanowires, | '2ser ablation
Field emission scanning electron microscopy (FE-SEM) shows
that the product primarily consists of wire-like structures. Powder . . -
X-ray diffraction (PXRD) analyses of a bulk nanowire sample material and a catalyst, and the resulting liquid nanoclusters
can be indexed to the GaN wurtzite structure. and indie®8% formed at elevated temperature direct the growth and define the
phase purity. Transmission electron microscopy (TEM), conver- diameter of crystarll}ilzrlgﬂaanowwes through a vapliquid—solid
gent beam electron diffraction (CBED), and energy-dispersive 9roWth mechanisn:1o%% A key feature of this method is that
X-ray fluorescence (EDX) analyses of individual nanowires show the catalyst used to define 1D growth can be selected from phase
that they are GaN single crystals with a [100] growth direction. diagram data and/or kn.ovvlled.ge of (;hem|cal reactivity. A related

Nanostructured GaN materials have attracted extensive interes@PProach termed solutierliquid—solid phase growth has been
over the past decade due to their significant potential for USed by Buhro and co-yvorgkers 10 prepare nanowires of several
optoelectronica. These studies have primarily focused on zero- Il ~V materials in solutiort? although not nitrides?
dimensional (0D) quantum détg and two-dimensional (2D) In the case of GaN, de§a|led information on ternary phase
quantum well structure® ! which can be readily synthesized diagrams relevant to LCG (i.e., catalysba—N) is unavailable.
using established methods. Investigations of one-dimensional (1D)However, we can use the knowledge of the growth process to
GaN nanowires, which could enable unique opportunities in choqse.aca.talyst ranonally. Specifically, the catalyst should form
fundamental and applied reseaiéf? have been limited due to & Miscible liquid phase with GaN but not form a more stable
difficulties associated with their synthesis. Specifically, there has SOlid phase under the nanowire growth conditions. The guiding
been only one report of GaN nanowire growth In this work, principle suggests that Fe, which dissolves both Ga afitiaNd
carbon nanotubes were used as templates in the presence of G4lo€s not form a more stable compound than GaN will be a good
oxide and NH vapor to yield GaN nanowires. We have exploited catalyst fqr GaN nanowire growth by LCG. The overall evolut|9n
the predictable synthetic approach for GaN nanowire growth Of nanowire growth following the generation of the catalytic
called laser-assisted catalytic growth (LC&Y67In this method, nanocluster by laser ablation is illustrated in Scheme 1.

a pulsed laser is used to vaporize a solid target containing desired  Significantly, we find that LCG using a GaN/Fe target produces
a high yield of nanometer diameter wire-like structures. A typical
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Figure 1. (a) FE-SEM (LEO 982) image of bulk GaN nanowires Figure 2. (a) Diffraction contrast TEM (Philips, EM420) image of a
synthesized by LCG. The scale bar corresponds taml (b) PXRD GaN nanowire that terminates in a faceted nanoparticle of higher (darker)

(Scintag, XDS2000) pattern recorded on bulk GaN nanowires. The contrast. (Inset) CBED pattern recorded along @@l zone axis over
numbers above the peaks correspond to ki) alues of the wurtzite the region indicated by the white circle. The white scale bar corresponds
structure. to 50 nm. (b) HRTEM (JEOL 2010) image of another GaN nanowire
with a diameter of ca. 10 nm. The image was taken alond@i# zone
lattice constants of = 3.187 A andc = 5.178 A. These values  axis. The [100], [010], and£110] directions are indicated with the [100]
are in good agreement with literature values for bulk GaiN= parallel to the wire axis. The white scale bar corresponds to 5 nm.
3.189 A andc = 5.182 A23 In addition, comparison of the : : :
background signal and observed peaks indicates that the GaNthe important role of the catalyst and how it can be rationally

) ; - chosen.
0,
wurtzite phase represents95% of the crystalline material Last, we have characterized the structure of GaN nanowires

produced in our syntheses. . in greater detail using CBED and high-resolution TEM (HRTEM).
The morphology, structure, and composition of the GaN A typical CBED pattern (inset, Figure 2a) of a nanowire exhibits
nanowires have been characterized in further detail using TEM, 4 sharp diffraction pattern consistent with the single-crystal
CBED, and EDX. TEM studies show that the nanowires are g ctyre inferred from the diffraction contrast images. Indexing
straight with uniform diameters, and typically terminate in @ tnis pattern further demonstrates that the [100] direction is aligned
nanoparticle at one end. Figure 2a shows a representativey|ong the wire axis. In addition, Figure 2b shows a lattice resolved
diffraction contrast image of one nanowire. The uniform contrast {HrTEM image of a GaN nanowire with an ca. 10 nm diameter.
along the wire axis indicates that the nanowire is a single crystal. o image, which was recorded along fB81zone axis, shows
The nanoparticle (dark, high contrast feature) observed at the cjeqrly the single-crystal structure of the nanowire and the lattice
nanowire end is faceted as expected following crystallization of planes along the [100], [010], anet110] directions. This image
the liquid nanocluster (Scheme 1). We have also used EDX 10 qemonstrates that the [100] direction runs parallel to the wire
address the composition of the nanowires and terminal nanopar-ayis and thus confirms the [100] growth direction in GaN
ticles. Data recorded on the nanowire show only Ga and N in @ nanowires.
ratio ca. the same as a GaN standard, while the nanoparticles |, conclusion, we have exploited the LCG method for the

contain Ga, N, and Fe. The presence of Fe (with Ga and N) only rational synthesis of GaN nanowires. Highly pure GaN nanowires
in the termlna[ nanoparticle confirms the catalytic nature of Fe \yere optained as single crystals with a unique [100] growth
in the synthesis. direction. We believe that this approach, which is based on the
To probe further the importance of the catalyst, we have also predictable choice of catalyst and growth conditions, can be
investigated GaN nanowire growth using a Au catalyst. Gold has readily extended to the synthesis of InN, (Galn)N alloys, and
been used recently as a catalyst for growth of a number of related nitride nanowires. The synthesis of bulk quantities of
nanowires of lI-V and Il-VI material” and as such might be  single-crystal nanowires of GaN and other technologically
expected to also function effectively in the growth of GaN important semiconducting nitride materials is expected to open
nanowires. However, Au exhibits poor solubility of™Nand thus up many opportunities for further fundamental studies and
may not transport N efficiently to the liquid/solid growth interface. applications.
Consistent with this analysis, we have been unable to obtain GaN
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