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The design and synthesis of architectural nanocrystals have been
among the important research topics of nanoscience due to their
unique size and shape-dependent phenorh&harefore, systematic
directions for synthetic methods and an understanding of the
mechanisms by which the size and shape of the nanocrystals can
be controlled are of particular interest. Recent demonstration of a
variety of novel shapes such as rods (Cd3eyanched rods (CdS,
CdTe, MnSyb-d stars (PbSj¥e and tetrahedrons (Pt, CdS)
developed by us and others suggest that the role of capping ligand
plays a critical role in the shape-control processes.

While shape-control studies are actively being pursued on the
semiconductor and metal nanocrystaslittle work exists for
magnetic metal oxide system despite their unique nanomagnetism
and important technological applications including magnetic in-
formation storage, biological tags, and ferroflufdRecent suc-
cessful synthetic studies of iron oxide nanocrystals have mostly
focused on 0-D spheréMultistep synthetic processes or the use
of multireagents (e.g., additional oxidant) was typically required
in these methods. Although iron oxide nanopyramids via a polymer- = 3t
assisted synthetic approach has been reported, their structurakigure 1. (A) TEM images of~12 nmy-Fe0s nanocrystals and HRTEM
characterizations were not clearly elucidated. images of (B) diamond, (C) sphere, (D) triangle shapes and (E) 3-D and

In this communication, we report the shape evolutions of 2-D model projected alongl10direction of a diamond structure.
magnetic iron oxide nanocrystals utilizing a simple one-step
synthesis without any additional reagents such as;[§BHD.5> We
also examine the roles of parameters critical to the size- and shape- | g
guiding processes.

Structurally well-defined iron oxide nanocrystals with shapes |*
consisting mainly diamonds, triangles, and spheres were obtained
from the thermal decomposition of Fe(GOn) a hot solution (180
°C) containing capping ligand (dodecylamine (DDA)) under aerobic
condition with a precursor-to-capping ligand molar ratio of 1:1.
During this thermolysis and air oxidation process, the initial orange | ;
color of the solution changed to deep red-brown. After 9 h, the I A e etede o ' T : m
resulting solution was separated and analyzed. TEM analysis (Figure™ o csfal : : : :

1) shows a mixture of diamond-~40%), sphere-+30%), and Figure 2. (A) TEM image ofy-FeO3 spherical nanocrystals after the shape-
triangle-shaped~30%) nanocrystals all similar in size-Q2 nm). ~ Selection process and (B) hexagonal close-packed superlattigeSe@0Ds
HRTEM images illustrate that these nanocrystals are high-quality obtained by slow evaporation of a solvent.

single-crystalline maghemite’{Fe,Os) (Figure 1B-E). The inter-
planar distances of diamond- and sphere-shaped nanocrystals ar

4.92, 2.08, and 2.95 A along th&100zone axis with separation of y-Fe0; respectivelyta Further X-ray absorption and Raman

angles of 70 and 90 between the planes, which are consistent g0 qo5c0pic analyses of the sample confirm that these nanocrystals
with known values for thg 111}, {040}, and {202 planes of are indeed/-Fe,05.78

y-F&0s, respectively (Figure 1B, C)The structure of the diamond- Spherical nanocrystals were isolated from the mixtures via a
shaped nanocrystals is a dodecahedron truncated along the [1lle,impIe precipitation method. TEM image shows monodisperse
and [100] directions (Figure 1E). The spherical nanocrystals POSS€S1anocrystals of 12 nma( = 4.6%) (Figure 2A), and these

weak facets similar to those of the diamond structures, but they o crvstals can further be assembled into well-ordered three-
are not as pronounced (Figure 1C). In triangular nanocrystals, the 4 ansional (3-D) hexagonal close-packed superlattices upon

lattice plane distance of 2.96 A in tf@2G} planes along thel 110 recrystallization by slow evaporation of a high-boiling point solvent
zone axis (Figure 1D) suggests that it is a nanoprism highly g, a5 toluene (Figure 2B). This also demonstrates the high
truncated along thgl11} face of a tetrahedron. X-ray photoelectron uniformity of the nanocrystals.
T Current address: Samsung Electronics, Yong-In 449-711, Korea. The_sha_lpe and size ptFe,03 nanocrystals can be furthgr tuned
*Korea Basic Science Institute, Daejeon 305-333, Korea. by adjusting growth parameters. When the molar ratio of the

g oL 0 e

spectroscopic data show peaks at 710.5 and 723.4 eV which are in
ﬁood agreement with the known values of Fe2mnd Fe(2p,)
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time of 16 h. Remaining smaller nanocrystals are rare, and even
some observed are very small in size3(nm)” These results are
consistent with the Ostwald ripening process during which large
crystals grow even larger at the expense of smaller nanocrystals.
In contrast, when strongly binding ligands such as TOPO are used,
only small nanocrystals~<6 nm) result.

Size-dependent magnetic properties were also investigated, and
12 nm spherical nanocrystals exhibit magnetic coercivity) @1
520 Oe at 5 K, but are superparamagnetic (i.e=H0 Oe) at 300
K. Formation of iron oxide superlattices induces a slight increase
of Hc. to 554 and 9 Oe at 5 and 300 K, respectively. Large hexagon-
shaped nanocrystals-60 nm) exhibit H of 730 Oe at 5 K and
ferrimagnetism with K of 52 Oe at 300 K.

In a summary, shape- and size-controlled synthesis of single-
crystalline maghemiteytFe,O3) nanocrystals are performed by
utilizing a solution-based one-step thermolysis method. Modulating
the growth parameterssuch as the type and amount of capping
ligands as well as the growth timés shown to have a significant
effect on the overall shape and size of the obtained nanocrystals
and on the ripening process itself. The resulting shapes of the novel
structures are diverse, including slightly faceted spheres, diamonds,
prisms, and hexagons, all of which are in fact truncated dodeca-
hedron structures with different degrees of truncation along the
{111}, {11@, or {100 faces. These types of studies concerning
the shape evolution of nanocrystals should be valuable for further
design and for greater understanding of advanced nanoscale
building-block architectures.

Figure 3. (A) TEM image of hexagon-shapeg-Fe0Os; nanocrystals
obtained at high capping-ligand concentration. (B) HRTEM images of fringe
patterns of a hexagon. (C) 3-D and 2-D model projected aldrigC
direction.
capping molecule (DDA) to the precursor (Fe(GQO} increased
to 10:1, much larger nanocrystals are obtained. The TEM image
shows hexagon-shaped nanocrystals on the order of 5@ (
10.4%) (Figure 3A) and some appearing aligned like a “necklace”-
type pattern due to the their strong dipolar magnetic interactions.
The HRTEM image shows that the interplanar distancglafl}
planes is 4.81 A with their separation angle of 1&fbng thel1100 Acknowledgment. This project is funded by the U.S. Depart-
zone axis with the electron diffraction patterns also being consistent ment of the Navy (N62649-03-1-0008), KOSEF (1999-1-122-001-
with those of ay-Fe,O3 structure (Figure 3B). Careful examination 5), and National R&D Project for Nano Sci. and Tech. of Korea.
of this hexagon structure indicates that it is, in fact, a decagon underWe thank Prof. Kwan Kim for the Raman studies, Dr. Min Gyu
2-D projection with dominant facets df111} and {110 faces Kim for XAS analyses, KBSI for TEM data, and Prof. Insung S.
(Figure 3B, C). Its 3-D structure is{d 11} truncated dodecahedron  Choi for his kind help.

with comp_lete growth in [100] dlrectlons_. . Supporting Information Available: XPS, XRD, XAS, Raman,
The typlcal structure of a seed for .the inverse spinel structure of SQUID, and further TEM analyses pfFe.O; nanocrystals (PDF). This
y-F&0s is based on an fcc model W'th three I_ow-energy surfaces material is available free of charge via the Internet at http://pubs.acs.org.
{100}, {11G, and{111} .° It is possible that highl{ 111} face-
developed diamonds and prisms are obtained when the majority of References
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The alkylamine ligand used in this study seems to bind weakly
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