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Semiconductor nanowires (NWSs) represent a broad class of
nanoscale building blocks that have been used to assemble a range
of electronic and photonic structures, including light emitting
diodes! photodetectordand lasers: Critical to the properties and
behavior of these and other potential devices are the crystallinity,
stoichiometry, and size of the NW building blocks. These key
properties can, in principle, be varied during growth, and thus the
development of synthetic methods that enable their precise control
is expected to have a significant impact on progress. For example,
CdS and ZnS NWs, which are direct band-gap semiconductors with
attractive photonic properties, have been prepared previously using ¢
several approaches including laser-assisted catalytic and vapor-phase Jo 0170 . 1700
growth method$:® The laser-based and vapor-phase synthetic '
methods have demonstrated considerable flexibility in studying a
wide range of NW systems; yet the heterogeneous reactants
produced by laser ablation and difficulty in controlling nucleation
in vapor-phase growth have limited the control of key properties
with these methods.

On the other hand, molecular reactants are precisely defined and
can thus enable a much higher degree of synthetic control as shown
with the growth of silicon and germanium nanowire heterostructures
using silane and germane reactants, and the growth of CdSe, CdTe,
and InAs nanorods using organometallic sourcesierein, we
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report the first use of single-source molecular precursors for the .
growth of CdS and ZnS NWs by a nanocluster-catalyzed vapor 3
liguid—solid mechanism. By using well-defined molecular reactants, -E 054 )
we have been able to prepare in high yield single-crystal nanowires =
with controlled diameters and high-quality optical properties. g
Our synthetic approach (Scheme 1) follows the nanocluster- £ "9 . ; :
catalyzed vapotliquid—solid growth process described previ- s00 g00 1oo
Y porliq 9 P P Wavelength (nm)
Scheme 1. Nanowire Growth from a Single-Source Molecular Fi 1 FESEM i f CdS NW: thesized using 20 Id
echanism grown from 20 nm gold nanoclusters. Scale bar is 10 nm. (inset) Two-
& dimensional Fourier transform of the TEM image. (¢) HRTEMa® nm
Gt ,.)? diameter nanowire grown using 10 nm gold nanoclusters. Scale bar is 10
LA ® TR nm. (inset) Two-dimensional Fourier transform of the TEM image. (d)
A .% + . — e Photoluminescence spectrum recorded at room temperature on a single 25
I S nm diameter CdS NW. The NW was excited at 400 nm.
*]
single-source nanocluster nanowire

NW synthesis experiments were carried out in a quartz tube heated
within a tube furnace using monodisperse gold nanocluster catalysts
supported on the oxide surface of Si8 substrates. The solid
ously?** where Cd(8CNEt), and Zn(SCNEt), molecular pre-  yq1e0i1ar precursors were located upstream of the substrates at
cursors serve as sources_for Cd and S or Zn and S reactants, o antrance to furnace where the lower temperature-180°C,
respectively. In this synthe.tllc method, the smglg-source precursorsproduced gas-phase reactants without thermal decomposition.
undergo thermal decomposition in thg g.rovvth region of.a furiface, A representative field-emission scanning electron microscopy
form M—S—Au (M = Cd or Zn) liquid solutlon_s with the Au (FESEM) image of CdS NWs grown using 20 nm diameter catalyst
nanocluster catalysts, and then undergo nucl_eatlon and NW growthcIusters shows that this approach produces NWs in good yield and
when the nanodroplets become saturated with readtét.16All with uniform ca. 20 nm diameters (Figure 1a). Transmission
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with the NW axis. EDX measurements confirm that the composition
of ZnS NWs is stoichiometric (%Zr 49.7; %S= 50.3) with no
detectable oxygen. These results thus show that high-quality ZnS
NWs can also be prepared by our approach.

In conclusion, we have demonstrated that single-source molecular
precursors can be used as well-defined reactants for the synthesis
of CdS and ZnS compound semiconductor NWs. The molecular
precursors enable controlled diameter growth of single-crystal
materials. These high-quality CdS and ZnS NWs represent well-
defined nanoscale structures needed both for fundamental optical
studies and as building blocks for the assembly of photonic
devices'™ More generally, we believe that our new approach for
the growth of I-VI semiconductor NWs opens up the possibility
of the well-defined synthesis of metal or chalcogenide alloy NWs,
as well as the synthesis of axial and radial NW heterostructufes

Figure 2. (a) HRTEM of a 17 nm diameter ZnS nanowire grown using 20

with novel functions.
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respectively.

14 4+ 6 and 24+ 7 nm, respectively, and showed that most NWs
terminate at one end with a nanocluster as expected for the growth
mechanism (Scheme 1). The good correlation between the NW
diameter and the catalyst diameter is consistent with previous
studie4® and is indicative of a well-controlled growth process.
High-resolution TEM (HRTEM) images of representative CdS
NWs prepared using 10 and 20 nm diameter nanoclusters show
that NWs are single-crystal (Figure 1b¥)The reciprocal lattice
peaks, which were obtained by two-dimensional Fourier transform
of the lattice resolved imagés;an be indexed to a wurtzite (W)
structure (insets, Figure 1b,c) with a lattice cons@ant 4.1 nm.
The W-phase is consistent with previous studies of CdS RWs,
thin films prepared using the same precur$and the stability of
W versus zinc blend (ZB) phas&s:The indexed reciprocal lattices
for the 23 and 9 nm diameter NWs also show that the (]@hd
[1120] directions, respectively, are aligned with the NW axes. In
addition, energy-dispersive X-ray spectroscopy (EDX) measure-
ments confirm that the composition of CdS NWs is stoichiometric
(%Cd = 50.7; %S= 49.3) with no oxygen within the limits
(<0.1%) of this technique.
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