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The shape is one of the most important factors in determining
the structural, physical, and chemical properties of a nanoparticle
and an assembled array of the partidi&hnape-controlled synthesis

of nanoparticles has become a recent focus, as different shapes of

the particles can introduce electronic, optical, and magnetic
properties that are different from those observed in their spherical

counterparts. Semiconductor nanoparticles have been made in

various nonspherical shapes of triangle, rod, cube, arrow, and
tetrapoc® which are interesting for quantum confinement studies
and important for potential sensor, transistor, and solar cell
applications. As the restoring force on the conduction electrons is
extraordinarily sensitive to particle curvature, nonspherical metallic
Au or Ag nanoparticles, produced via various approaéhesye
been found to shift their surface plasmon frequency drasti¢ally,
making them useful as multicolor diagnostic labels and for other
optical devices. Controlling the shape of a magnetic nanopatrticle

is even more appealing as the shape may lead to anisotropic

magnetic properties of the nanopartictedithough recent progress

in shape-controlled synthesis of magnetic nanoparticles has led to

nanorod$, nanocubes,and other variously shaped f& nano-
particles? there is still no example of using nanoparticles with
different shapes as building blocks to control the crystal orientation

Figure 1. TEM images of the as synthesized (A) 12 nm cubelike and (B)
12 nm polyhedron-shaped Mnf& nanoparticles. HRTEM images of a
part of a single (C) cubelike and (D) polyhedron-shaped M@ke
nanoparticles.

nanoparticles could become useful building blocks for the construc-

of the nanopatrticles in an assembly. As the magnetic easy axis oftion of functional nanostructures.

a particle correlates closely with its crystal structitee shape-

induced crystal orientation of each nanoparticle in an assembly
would lead to an aligned magnetic easy axis. Such alignment is
often a necessity for a nanoparticle assembly to be suitable for

The size of the MnF©, particles is tuned by varying the
concentration of the precursors, while the shape is controlled by
the amount of stabilizers added to the reaction mixture. For a
reaction containing 2 mmol of Fe(acacl mmol of Mn(acac)

various magnetic applications in such as data storage and advancedo mmol of 1,2-hexadecandiol, 6 mmol of oleic acid, 6 mmol of

magnetg?
Here we report shape-controlled synthesis of Mikzenano-

oleylamine, 20 mL of benzyl ether gave 12 nm MpBg while
22 mL or 25 mL of benzyl ether yielded 10- or 8 nm particles,

particles and shapejinduced texture of the particles in a self- respectively. When the surfactant/Fe(agaalio is smaller than
assembled superlattice. We recently reported that reaction of3:1 the particles are nearly spherical with no well-defined fatets.

Fe(acag and M(acacg) with 1,2-hexadecanediol, oleic acid, and
oleylamine in a high-boiling ether solvent could lead to mono-
disperse MFgD, nanoparticles (M= Fe, Co, Mn, Mg, etc.). The
composition of the particles was controlled by the initial molar ratio
of Fe(acag) and M(acac), and the size was tuned by varying the
reaction conditions or via seed-meditated groWti@ur further
experiments indicated that the size of the MBgparticles (M=

Mn in this work) could be tuned more conveniently through a one-
pot reaction by changing the concentration of the reactants. More
importantly, this one-pot reaction could also lead to the particles
with controlled shapes. Slow evaporation of the particle dispersion
yielded nanoparticle superlattices. The nanoparticles within the
superlattice exhibited preferred alignment of crystal orientations
correlated with their shape. With this texture control, the shaped
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Increasing the ratio to 3:1 yields cubelike particleH.the particles
were prepared using the seed-mediated growth as reported before,
polyhedron-shaped particles were obtained. Figure 1 shows the
representative TEM images of the MnBa nanoparticles with
different morphologies, with 1A being cubelike and 1B polyhedron-
shaped particles. The HRTEM image of a part of a single cubelike
MnFeO, nanoparticle (Figure 1C) shows lattice fringes with the
interfringe distance measured to be 0.214 nm, and that of a
polyhedron-shaped particle (Figure 1D) shows the interfringe
distance to be 0.257 nm, close to the lattice spacing of 4I9€)}
planes at 0.213 nm anf311} planes at 0.256 nm in the cubic
spinel-structured MnE©®,. HRTEM further reveals that thigd0G
lattice fringes are parallel to the edges of the cube, whild 22€}
fringes (spacing 0.301 nm) run face-diagonally in the clibe,
indicating that the cubelike particles are terminated Wit0}
planes. The TEM tilted angle analyses of the polyhedron-shaped
particles indicated that the hexagon shape shown in Figure 1B likely

10.1021/ja045911d CCC: $27.50 © 2004 American Chemical Society



COMMUNICATIONS

that chemical process can be used to regulate the growth of a particle
and control the crystal orientation of a particle in a superlattice
assembly. Such capability of control will be significant in future
fabrication of high-performance magnetic nanodevices. A robust
magnetic nanoparticle superlattice array with an aligned magnetic
easy axis and controlled magnetic interactions between the neigh-
boring particles may revolutionize the information storage technol-
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Figure 2. TEM images of 12 nm MnF©®, nanoparticle superlattices of

) ogy with unprecedented sensitivity and density.
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(A) cubelike and (B) polyhedron-shaped nanoparticles. XRD (Goik=
1.788965 A) of (C) cubelike and (D) polyhedron-shaped nanoparticle
superlattice on Si(100) substrates.

comes from a truncated dodecahedron projected alongltt]
direction, an observation that is similar to that of polyhedron-shaped
Fe0s nanoparticles reported previously.

Controlled evaporation of the carrier solvent from hexane
dispersion {2 mg/mL) of the particles led to MnE®, nanoparticle
superlattices. Figure 2A shows the superlattice assembly from the
cubelike particles, while Figure 2B is the assembly from the
polyhedron-shaped patrticles. The fast Fourier transformation (FFT)
of these two images reveals four-fold symmeéthjndicating that
both assemblies have the cubic packing. Scanning electron micros-
copy (SEM) images of the self-assembled nanoparticle superlattices
on Si (100) substrate show large-area superlattice pattesinslar
to those shown in Figure 2A,B. Although the assembly structures
are the same for both cubelike and polyhedron-shaped particles,
the different shapes possessed by each group of the particles do
affect the crystalline orientation of individual particles within the
self-assembled superlattices. XRD of the self-assembled cubelike
particles on Si (100) substrate shows the intensified (400) peak
(Figure 2C), and that of polyhedron-shaped particles reveals two
strong reflections from (220) (Figure 2D) and (440) planes (not
shown here}? These are markedly different from that of a 3-D
randomly oriented spinel-structured MnBPg nanoparticle as-
sembly, which shows a strong (311) péaRhe fact that the XRD
of the cubelike particle assembly shows a strong (400) peak
indicates that each of the cubelike particles in the cubic assembly
has preferred crystal orientation wi{li0G planes parallel to the
Si substrate. Selected area electron diffraction (SAED) on the
assembly shown in Figure 2A reveals a single-crystal-like patfern,
indicating strong preferential alignment. The strongest reflections
from {400, and {440, show four-fold modulation of the ring
intensity, which is due to the coherent alignment of the individual
particle’s spinel lattice within the cubic superlattice. This means
that the incident beam is parallel to tiEOQ Jorientation, further
confirming the XRD observation shown in Figure 2C. Similarly,
for the polyhedron-shaped particle assembly, both XRD in Figure
2D and SAED? indicate that thg 110 planes are parallel to the
substrate. These demonstrate clearly that particle shape can indee
induce texture in a self-assembled nanoparticle superlattice.

The present study on shape-controlled synthesis and shape-
induced texture of MnF©, nanoparticles offers a practical example
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