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Synthesis of FePt Nanocubes and Their Oriented Self-Assembly
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Fabrication of ordered nanomagnet arrays with controlled
magnetic alignment is an important goal in achieving high density
information storageand high performance permanent magnets.
For a uniaxial anisotropic nanomagnet, magnetic alignment infers
that magnetization of the magnet lies only along the “easy |
direction”. In ferromagnetic hysteresis behaviors, such an alignment |
corresponds to a hysteresis loop with high squareness, which leads 4
to the remanent magnetization value close to the saturation one. |
Magnets with this magnetic behavior can have distinct magnetiza-
tion reversals and retain maximum magnetic energy for data storage £
and permanent magnetic applications. Among all available hard |
magnetic nanomaterials, face centered tetragonal (fct) structured !
FePt nanocrystals are especially interesting because they have [
uniaxial anisotropy along the [001] direction and their magneto- _
crystalline anisotropy constank, which measures the ease of Figure 1. TEM bright field images of (A) 6.9 nm EgPt, nanocubes; (B)
magnetization reversal along the [001] direction, can reach as highHRTEM of a single FePt nanocube; (C) FFT of the cube in (B).
as 10 J/ne 32 a value that is one of the largest among the known
hard magnetic materials. Such hard magnetic FePt nanocrystals hav
been made by high temperature (28D0 °C) solution phase

synthesis, followed by nanocrystal self-assembly and high temper- . ) .
ature (usually>550 °C) thermal annealinAs synthesized, the controlled synthesis and self-assembly can offer a simple solution

FePt nanoparticles possess face centered cubic (fcc) structure anlP fabrlcatlloln of magpetlcally a"gne‘?' FePt nanqcrystal arrays .that
are superparamagnetic at room temperature. Thermal annealingaref promising f‘: single nanoparticle recording and folr_ high
converts the fcc FePt to fct FePt, yielding nanocrystalline magnets Peformance exchange-spring nanocomposite magnet applications.

with coercivity reaching as high as 30 k&Bespite these synthetic The 6.9 nm FePo nanocubes were synthesized by mixing oleic
progresses, there is still no evidence that magnetic orientation in @id and Fe(CQwith benzy! ether/octadecene solution of Pt(agac)

FePt nanocrystal arrays can be established unless a physicaf"nd heating the mixture to 12C for about 5 min before oleylamine

deposition process is uséahich often has difficulty in controlling ~ Vas added, and the mixture was heated at"ZDor 2 h? The key
nanomagnet sizes and morphologies. to the success of the nanocube synthesis at@)Bather than 300

Here we report a chemical synthesis of FePt nanocubes and their ©_the temperature normally used for FePt nanoparticle synthesis

self-assembly into FePt nanocrystal superlattice arrays with con- S that more Fe(CQ)should be introduced to the reaction system.
trolled texture and magnetic alignment. We recently reported that The shape is controllgd by adding oleic acid first during the rea_ctlon.
the shape of the MnE®, nanoparticles could induce texture in The nanogubes are I|kely_ formeq f_r?m the growth of the.cub|c Pt-
self-assembled superlattice arrdys.an assembly containing cube- rich nuclei generated during the initial stage of the reacthn, as the
like nanoparticles, the array shows (100) texture, while in a —COOH does not have a strong tendenc_y to bind to Pt. It is known
polyhedron-like nanoparticle assembly, (110) texture was obtained. that the surface energy of crystallographic planes of a fcc Pt crystal
These early experiments indicate that structural alignment of each9enerally follow the trend of (111y (100):°In a kinetic growth
particle can be achieved if the shape of the nanoparticles is PrOcess, the Fe-rich species prefer to deposit on the (100) plane,
controlled. In searching for shape-controlled synthesis of Fept '€ading to the formation of a cube. If oleylamine was added first,
nanoparticles, we found that simultaneous decomposition of Fe- sphere-like FePt nanoparticles were separated. This indicates that

(CO) and reduction of Pt(acagyithout polyol as a reducing agent 1€ @mine reacts with Pt, forming a stable-RiH,— complex and
yielded FePt nanoparticles with sizes tunable from 3 to % @uar hindering the nucleation process. The resulting nuclei may contain

further synthetic studies revealed that, by controlling the addition more F_e in this case, producing an am_orphous spherlcal_structure.
sequence of the stabilizers (oleic acid and oleylamine) and Fe/PtThe uniform FePt nanocubes or spherical FePt nanoparticles must

ratio in the precursors, FePt nanocubes could be prepared at® derived from atomic diffusion between a Pt-rich core and an
Fe-rich shell in a process that is similar to what has been described

in a previous publicatiof.

éelatively low temperature (20%C). This communication describes
the synthesis of FePt nanocubes and self-assembly of these cubes
into textured superlattice arrays. The work demonstrates that shape-

TIBM T. J. Watson Research Center.

#University of Texas at Arlington. Transmission electron microscopic (TEM) image of the 6.9 nm
i%?]?\?;?S!;‘;%‘f’”,j‘('ev'\-lala‘;;?é%”es' FesoPlso nanocubes is given in Figure 1A. Figure 1B is the high-
*Brown University. resolution TEM (HRTEM) image of a single §Pto nanocube.
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Figure 2. (A) TEM image of a multilayer assembly of 6.9 nm sgetso

nanocubes; and (B) SAED of the assembly in (A), and (C) small angle
diffraction of the assembly in (A).

It shows the lattice fringes with an inter-fringe distance of 0.192
nm, close to the lattice spacing of th&0G planes at 0.1908 nm

in the fcc structured FePt. Fast Fourier transformation (FFT) of
the single particle (Figure 1C) reveals a 4-fold symmetry, consistent
with the fcc structure projected from the [001] direction. These
indicate that thg 100} lattice fringes are parallel to the edges of
the cube.

Controlled evaporation of the carrier solvent from the hexane
dispersion {2 mg/mL) of the nanocubes led to asfftso nanocube
superlattice array, as shown in Figure 2. FFT of the image reveals
that the assembly has the cubic packing with a view from the [001]
direction showing a 4-fold symmetPThe image from a 40tilting
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Figure 3. (A) XRD of thermally annealed FePt nanocube assembly on a

Si surface, and (B) room temperature in-plane hysteresis loop of the FePt
nanocube assembly in (A).

analysis in Figure 3A. Detailed study in shape-controlled magnetic
alignment is underway.

In conclusion, we have reported that FePt nanocubes can be
produced at 208C by controlling Fe/Pt ratio in the precursors and
addition sequence of oleic acid and oleylamine. Self-assembly of
these FePt nanocubes creates a (100) textured array. Thermal
annealing induces the internal particle structure change and
transforms the nanocube assembly from superparamagnetic to
ferromagnetic. The work demonstrates that it is possible to use
particle shape to control assembly texture and further on magnetic
alignment. When this is achieved, shape-controlled synthesis and
self-assembly will evolve as a convenient approach to magnetically
aligned FePt nanocrystal arrays for single particle recording and
for maximization of energy product in an exchange-spring nano-
composite system.
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lined with the top layef. This assembly pattern is energetically
favored as it gives the maximum van der Waals interaction energy
arising from face-face interactions in short distance of the cube
assembly! The interparticle distance is aroune-8 nm, close the
simple thickness addition of the cube coating layer25 nm, the
length of oleate or oleylamine).

Selected area electron diffraction (SAED) of the assembly in
Figure 2A exhibits four bright (200) spots that are linked by a 4-fold
symmetry, as shown in Figure 2B. The (111) diffraction ring is
very weak in this diffraction pattern. These indicate that the
assembly in Figure 2A is (100) textured. The textured cubic
assembly is further revealed by a small angle diffraction of the
assembly (Figure 2C). X-ray diffraction (XRD) of the self-
assembled FePt nanocubes on a Si(100) substrate also shows
strong (200) reflection (Figure S1B). This is markedly different
from that of a 3D randomly oriented FePt nanoparticle assembly
with a strong (111) peak,ndicating that each nanocube in the
assembly has a preferred crystal orientation Will9G; planes
parallel to the substrate.

Thermal annealing of the FePt nanocube superlattice induces FePt ®

structure transformation from fcc to fct. The XRD pattern of the
annealed assembly (678 under Ar for 1 h) has two strong (001)
and (200) peaks, as shown in Figure 3A. The narrowed peaks
indicate the particle growth during the annealing process. However,
the peak intensity is different from that of the spherical FePt
nanoparticle assembly, which shows only one strong (111) peak.
This indicates that (001) and (200) planes in the thermally annealed
FePt nanocube array are now parallel and perpendicular to the

substrate. Figure 3B is the room temperature hysteresis loop of the
annealed FePt nanocube assembly with coercivity at 22 kOe. The

loop is exactly the same in both parallel and perpendicular directions
of the assembly, confirming what is concluded from the XRD
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Supporting Information Available: Experimental procedures and
characterization data of the FePt assembly. This material is available
free of charge via the Internet at http://pubs.acs.org.
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