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In the past decade, the recognition of the strongly size- and shape- a
dependent physicaichemical properties of inorganic materials at | _
the nanoscalehas stimulated efforts toward the synthesis of b
nanocrystals in a systematic and controlled mafAierdate, many
colloidal semiconductor, magnetic, and noble metal nanocrystals s
with interesting properties differing from those of the bulk materials
have been successfully synthesized. ! \

The potential applications ofHIIl —VI chalcopyrites for non- ;“i;:-‘
linear optical devices and photovoltaic solar cells have long been " ~
recognized and studi¢dAgInSe, a semiconductor with a band "‘f’} W
gap of 1.19 eV, is a ternary analogue of CdSe which has been used 4 B -
for a number of electronic devicésExtensive studies on the
electrical and optical properties of AginSeave been carried ofit.
So far, most of the studies are confined to bulk and thin film
AgInSe due to the limitation of the available synthetic methdds.

In this communication, we report a novel one-pot synthesis of
close to monodispersed, one-dimensional (1D) Agin&aorods
(as shown in Figure 1) in which the single-source precursor is ' :
thermally decomposed in mixed amine and thiol solution. In Figure 1. Low-magnification TEM images of (a) Aging@anorod, (b)

o . AgInSe nanocrystal. (c) HRTEM micrograph showing the crystal lattice
addition, the morphology of the nanoparticles has been turned from ', i Gividual nanorod. (d) SAED pattern of AginSeanorod.
a 1D rodlike structure to close to sphere-shaped nanoparticles.
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Usually tetragonal or cubic Agingeare the thermodynamically
stable products in most of the synthe&e3ur synthetic method
yields a previously unknown orthorhombic phase, AgnSéiich

is isostructural with the well-known AgIinJCPDS-00-025-1328)

characterization by X-ray powder diffraction (XRPD) and transmis-
sion electron microscopy (TEM).

As demonstrated in Figure la, the synthesized Agin@o-
particles form a 1D rodlike structure. The synthesized nanorods

phase. The synthesized nanoparticles can be dispersed freely irare close to monodispersed with dimensions of (3930) nm x
organic solvents such as toluene, CE@Ir hexane. (14.5+ 1.8) nm (measured from the TEM images based on 350
Previously, we have demonstrated that metal selenocarboxylatesnanorods). The average aspect ratio of the synthesized nanorods is
are good single precursors to prepare metal selenide nanopdtticles.3.5+ 0.6. Figure 1¢ shows a HRTEM micrograph of an individual
We also found that amine could lower the thermal decomposition nanorod where the lattice fringes show that the nanoparticles are
temperature of the precursor and facilitate the formation of well crystallized. It is observed that the nanorods do not grow on
nanoparticles at low temperatifeOleylamine (OA) and dode-  a preferred axis. As the reaction temperature is increased to 250
canethiol (DT) have been widely used as surfactants for synthesizing®C, only irregularly shaped Agingeanoparticles are obtained after
various nanoparticles, and they are often reported as reagents tha2 h of heating as shown in Figure 1b. It is likely that the precursor

promote the anisotropic growth of nanoparticlesdence, we
choose OA and DT as our reaction medium for synthesizing
AgInSe nanoparticles.

In a typical experiment, 0.03 mmol (50 mg) of [(PiAgIn-
(SeG O} Ph)]*! was added to a flask containing both OA (1.10
mL, 3.37 mmol) and DT (0.81 mL, 3.37 mmol). The precursor
dissolved immediately and formed a black solution. This solution
was then degassed for 15 min in a vacuum and heated t6a85
in an oil bath for 17 h in an Ar atmosphere. At the end of the
reaction, a black precipitate was found at the bottom of the flask.

is less stable in the amine solution at high temperature and that
less monomer is available to promote the anisotropic growth of
nanocrystal§2 We found that both DT and OA are equally
important in the synthesis of AginS@anorods. By heating the
precursor in OA alone, irregularly shaped AglaSgarticles
(resembling melted particles) are obtained with unidentified impuri-
ties as indicated from their XRPD pattern. In the case of heating
with DT alone, only bulk AginSgis obtained! FTIR and EDX
analysis confirmed that the majority of the surface of the nanorods
is capped by OA with a slight amount of DF Thus, we propose

A small amount of toluene and a large excess of EtOH were addedthat the OA acts as both activating agérind capping agent. As

to the reaction solution, and AginSeanocrystals were separated

for DT, it may guide the particles to grow in a 1D manner. The

from the reaction solution by centrifugation. The nanocrystals were 9rowing mechanism of the nanorod is under investigation. When
washed with EtOH, dried in a desiccator, and used for structural OA iS replaced with an equal amount of hexadecylamine (HDA),
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identical AginSe nanorods are obtainéd.This shows that the
morphology of the AginSenanocrystals is governed by the DT.
When the reaction time is shortened from 17 to 1.5 h, small
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8 thesis, a mixture of orthorhombic (minor) and tetragonal (major)
phases of AginSeis observed in the former case, and impurities
are formed together with the orthorhombic phase product in the
latter casé?

To summarize, we have synthesized close to monodispersed
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’ t Ag'”s (/CPDS-00-025-1328) AgInSe nanorods at 185C in a thiol and amine medium. For the
1 th. tas te, first time, orthorhombic AginSehas been synthesized, and this
o ® 40 theta (Degress 60 7 new material may inherit some interesting electronic properties from

its isostructural analogue, AglaSThe good solubility of the

3
synthesized AglnSenanorods opens a venue for studying the novel
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e A A 8 properties of this material, e.g., third-order nonlinear optical
properties, and it also allows one to utilize the nanopatrticle in many
AglnSe, (JCPDS-00-035-01089) applications, e.g. fabrication of polymer thin films containing
5 o p 1 o - ) discrete nanocrystals. Finally, the work reported here demonstrates
2 Theta (Degrees) that perfect matching of two or more surfactants might be the key

Figure 2. (A) XRPD pattern of AginSgnanorods obtained from OA and 0 obtaining high-quality nanocrystals for many novel materials.
DT at 185°C. (B) Bulk AgInSe obtained from pyrolysis of the precursor.  This method may be applicable to other importartlll —VI

nanorods mixed with polyhedron-shaped AglnpBanoparticles are semiconductor nanocrystals such as AgGael AgGag

obtained as shown in the TEM imageTo our surprise, the Acknowledgment. NUS (Grant number R-143-000-283-112)
diameter of the nanorods remains unchanged on prolonged heatingis thanked for their generous support.

An XRPD pattern of the synthesized AginS&norods and the
bulk AginSe (synthesized by pyrolyzing the precursor in a vacuum) Supporting Information Available: Synthesis of the precursor,
is shown in Figure 2. The broadening of the diffraction peaks is Cell data, IR, EDX, and XPS analyses of AglaSmnorods, XRPD
characteristic of nanoparticles. As mentioned earlier, 12 types of Patterns, and TEM images of AginSeanoparticles synthesized from
AglnSe have been reportédHowever, the XRPD patterns of the various experimental conditions. This material is available free of charge
synthesized AglnSenanorods do not match any of the patterns of via the Internet at http://pubs.acs.org.
the reported AglinSsstructures, not even that of the most common
tetragonal AginSg(JCPDS-00-035-01099). Careful examination
of the XRPD pattern reveals that it resembles the XRPD pattern of (1) }((2;"3'7‘%3, é- ﬁgﬁig?gglggg(fgi;?g)- éﬁ)ggan&nﬁlﬁaacﬁi W.;
orthorhombic Aging with a consistent shift of the peaks to low Res.2001, 34, 257. ' ~Sayed, M. Asce. Them.
angles. By using the cell parameters of orthorhombic AgheSa (2) (a) Peng, X.; Manna, L.; Yang, W.; Wickham, J.; Scher, E.; Kadavanich,
reference, we have calculated a new set of cell parameters for the ﬁ;n'zly"’,'\f“'_"f’;sbﬁégﬁ!\'ja]t.”/&'ﬁog%e“n%ssogéég)l31“2”3 El\é\é z‘se,\',lgh}%’;
synthesized AginSenanorods?! With the new set of parameters, L.; Milliron, D. J.; Meisel, A.; Scher, E. C.; Alivisatos, A. Nat. Mater.
all the diffraction peaks can be indexed accordingly, as shown in 2003 2, 382. (d) Jun, Y.-W.; Jung, Y.-Y.; Cheon, 1. Am. Chem. Soc.

2002 124, 615.
Figure 2. Hence, the synthesized nanorods are a new phase of (3) Cozzoli, P. D.; Manna, L.; Curri, M. L.; Kudera, S.; Giannini, C.; Striccoli,
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