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Chemical synthesis has produced nice examples of well-defined
nanocrystals (NCs)Semiconducting NCs have been the object of
great interest and solution synthesis leading to a variety of shapes,
including rods? tetrapods, prisms? cubes’ and additional shapés.

In the case of tetrapods, the synthesis involves a two-step
mechanism, which clearly separates nucleation from growth.
Tetrapods crystallized as regular tetrahedra from both gas phase
and solution phase synthesi¥his approach was a first step to the
architectural control at the nanoscale as has already been observed
on the molecular scale. Shape control was achieved mainly for a
material which presents an anisotropic crystal structure, for instance,
a hexagonal compact lattice. A second step would be the shape
control for any highly symmetric crystal structure, as already
explored for noble metals such as silfegold,? or platinum?° ;

In this communlcatlon, We report th? smgle-_step synthesrs of Figure 1. Overview TEM image of an assembly of MnO multipods (a), a
manganese oxide (MnO) single-crystalline multipods. The unique hexapod (b), and a pentapod (c).
characteristics of transition metal oxides make them the most diverse
class of materials, with properties covering almost all aspects of samples were prepared by placing a drop of a dilute cyclohexane
materials science and solid state phy$icsinO is considered as  dispersion of NCs. XRD and SQUID measurements were performed
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a model for the understanding of magnetic propefieMinO on a powder dried at room temperature. The experimental XRD
displays an antiferromagneti¢erromagnetic transition for clusters,  pattern exhibited a series of Bragg reflections corresponding to the
and Mrt* is a spin only transition metal. standard cubic rock salt of manganosifen@m, a = 4.445 A).
Nowadays, nonhydrolytic seigel processes in organic solvents  The NCs were found to be phase pure and highly crystalline.
have become very popular for the synthesis of metal oxide RCs.  The material displayed an antiferromagnetic behavior wittiel Ne

The synthesis is based on the thermal decomposition of Mn(oleate) temperature [y = 125 K) close to the bulk valueTg = 118 K).

in n-trioctylamine. In the presence of oleic acid, the synthesis yields apove this temperature, the susceptibility followed a classical
almost exclusively hexapods that are very homogeneous in sizeCurie-Weiss law. The magnetic measurements were then found
and shape. All reactants, products, and byproducts are environ-tg be in very good agreement with the experimental studies; size

mentally friendly and very stable in air. This approtchvas and shape effects were not noticeable. Size effect was only observed
recently used to synthesize high quality oxide NCs with narrow for smaller nanocrystals which exhibited a superparamagnetic
size dispersion and without any size-selective precipitafiol. behavior!8 Contrary to spherical particles up to 25 nm, the

In a typical synthesis, 5 mmol of Mn(oleajefsynthesized  multipods exhibit a magnetic behavior similar to that of the bulk
according to published method%)and 0.5 equiv of oleic acid  despite the size of the arm.
(Aldrich) were dissolved in 30 mL of trioctylamine (Fluka) by TEM study showed very homogeneous NCs around 200 nm in
Stirring at 90°C for 15 min. The solution was then quCk'y heated size (Figure 1) Most of the mu|tip0ds appeared to be hexapods
to 320°C over 20 min and maintained at hlgh temperature for 30 with an Oy Symmetry even if some of the NCs d|sp|ayed 0n|y 2,3,
min. The orange solution turned light green. The solution was then 4, or 5 pods. All of the NCs were single-crystalline as evidenced
cooled to room temperature without stirring. The brown solution by electron diffraction and high resolution study. Cores and pods
was precipitated with ethanO', and a brown pOWder was isolated were found to be homogeneous in size and morphok)gy’ each arm
from centrifugation. The reaction yielded NCs redispersed in peing terminated by an arrow.
cyclohexane. Selected area electron diffraction (SAED) measured from isolated

The NCs were characterized using transmission electron micros-mumpods showed patterns similar to the one presented in Figure
copy (TEM, JEOL 4010 operating at 400 kV or Philips CM20 2p. The SAED showed sharp single spots characteristic of a
operating at 200 kV), X-ray powder diffraction (XRD, Philips  monocrystal of MnO (manganosite) oriented along the [001]
analytical X'pert), and a SQUID magnetometer (Quantum Design direction with its arms parallel to the [100] and [010] directions,
MPMS XL) (see Supporting Information, Figures 4 and 5). TEM  respectively. These findings were further proved by high-resolution
transmission electron microscopy (HRTEM). The image of the end

; pniversiteMontpelier Il i e-Wittenberg of an arm (Figure 2c) showed well-defined lattice planes, a
§ Max-Planck-Institute of Microstructure Physics. magnification of the white squared zone, and its power spectrum
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a truncated octahedra shape. Particle size arourdb@tm was

in good agreement with chain end diameter, and some particles
coalesced to form aggregates, as shown in Figure 3. The structure
was also manganosite as confirmed by ED.

In conclusion, we have prepared high quality single-crystalline
MnO multipods. This simple procedure offers new opportunities
for the shape control of transition metal oxide. We are currently
investigating the extension of this study to the other manganese
oxides.

Acknowledgment. We thank Dr. Peter Werner from the Max-
Planck-Institute of Microstructure Physics for assistance with the
JEOL 4010 electron microscope.

2 Supporting Information Available: X-ray powder diffraction

Figure 2. TEM image of a single tetrapod (a), SAED (b), HRTEM of a  Pattern and magnetic measurements of the MnO multipods. This
single arm (c), the magnification of the white square (d), and its square of material is available free of charge via the Internet at http://pubs.acs.org.
the Fourier transform (power spectrum) (e).
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