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Interest in nanoparticles is stimulated from their technological
importance, as they exhibit unique electrical, optical, and magnetic
properties, which differ from their respective bdii€ Magnetic
nanoparticles with the size of-2L0 nm are particularly important
because they are potentially useful in terabit magnetic storage, as
carriers for biochemical complexes, as MRI contrast enhancing
agents, eté.Core/shell nanopatrticles, produced by various methods,
can be applied for sensing, for high-density information storage,
etc’c8Here we present the one-step synthesis of core/shell magnetic
nanoparticles and their characterization.

The nanoparticles were prepared by adding 0.21 mL of Fe{CO)
and 39.98 mg pf of Cr(CQ)to 100 mL of degassed mesitylene
(preheated to 70C). The molar ratio surfactant:carbonyls:solvent
was 1:100:40000, and 9:1 for Fe(G@r(CO). After stirring for
5 min, 226 mg of the polymer surfactant, Pluronic F127, was added.
The temperature was then raised to refled 65°C) for 24 h under
reducing environment (5% 4495% Ar). After cooling to room
tgmperature, th,e resulting preCIplt,ate was collected by centrifuga- Figure 1. TEM image of the core/shell nanoparticles. (Inset) Histogram
tion, washed with toluene, and dried under vacuum. prepared by measuring ca. 200 nanoparticles.

The TEM image (Figure 1) shows the particles have spherical
shape. The insert histogram shows particles size distribution of 13 The Mtssbauer spectra (Supporting Information) are in good
+ 4 nm. The narrow size distribution is in good agreement with agreement with the results from SQUID (Supporting Information).
the magnetic measurements (Supporting Information). A small They are characterized by a doublet at room temperature and by a
group of particles with the diameter4 nm might be the result of sextet at 4.2 K. The change is due to the fact that the magnetic
decomposition at lower temperatdrén interesting feature in the ~ Mmoment in the particles is random at room temperature, and they
image (see arrows) is a small dot inside of each particle core/shel therefore behave like paramagnetic while there is an internal field

structure. This suggests that the particles are not homogeneous anft the blocked state at low temperatures, which generates a Zeeman
the material of the core differs from that of the shell. splitting of the levels. At 295 K one observes two components:

The synchrotron powder XRD pattern (Supporting Information) Feit (96.57%) exhibiting superparamagnetic behavior and a small
. . . . i i +
of nanoparticles was fitted to more than one index, which supports ImpuUrity of F&* (3.43%). At 77 K we also observe Feand Fé*,
finding heterogeneous particles from the TEM image. Apparently but in lower amounts. Since almost all of the Fe atoms are trivalent,

the majority of the sample matches the=e,0; crystal structure.  the crystal structure can be confirmed;afe,0;. Notice that no
However, since both Fe and Cr have the same crystal structureFeo could be detected, which indicates that the metal component
with different lattice constants, it is hard to determine what is the T the XRD pattern is Cr. To ascertain the exact structure of the

metal pattern at this point. core/shell nanoparticles, we have carried out HR-TEM, EELS, and

iron mapping.
 Polytechnic University Nanoparticles of approximately 12 nm in diameter were imaged
#University of Groningen. by the HR-TEM, showing a high contrast core of about 4.5 nm in
; gfgo\lg’]‘g\fg:]aﬂgt:gﬁgﬁuﬁggrgtcc;%?Ce diameter (Figure 2a). The electron energy loss spectrum (EELS)
Ulnstitut de Physique et Chimie des Meeix. ) (Figure 2d) clearly shows three edges: the O K, Cr L2, and Fe L2.
7 The NSF Garcia MRSEC for Polymers at Engineered Interfaces. Quantification of the EELS, from such particles, revealed an Fe:
Current address: Department of Bioengineering, University of Washington, . . L .
Seattle, WA 98195. Cr ratio of about 9:1, which is in good agreement with the

#Current address: Infineon Technologies NA, 2070 Route 52, Zip 130, Hopewell i A H H
Junction, NY 12533, stoichiometry of the reaction. However, there is more than one

* Current address: Department of Chemistry, Bar-llan University, Ramat-Gan source of oxygen, polymer, and oxide layers, so that the amount

52900, Israel. f : :
&Cumrent address: CIRIMAT UMR 5085, 118 route de Narbonne, 31062 Of 0Xygen varied at different spots of the sample. This result
Toulouse Cedex 04, France. suggests that the sample is not homogeneous which is in good
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core presumably results from accelerated decomposition of Cg(CO)
catalyzed by the Fe clusters. The Cr core is then used as the
nucleation seed to form an Fe shell layer. Since particles of this
size cannot stay stable as metal, the Fe shell oxidizedR&,0s,
which protects the core from oxidation; in addition Cr has strong
oxidation resistance. Therefore, the particle core stayed as Cr.

In conclusion, by mixing Fe(C@)and Cr(COj in the 9:1 ratio,
we have successfully synthesized core/shell nanoparticles 13.5 nm
in diameter, with uniform spherical shape and narrow distribution.
The core/shell structure is formed by%Fgusters catalyzing the
decomposition of Cr(CQ) TEM image reveals the heterogeneous
nature (core/shell structure), which is in good agreement with the

) . ) . ) synchrotron powder XRD pattern. The pattern shows more than
Figure 2. (a) HR-TEM image of a core/shell nanoparticle with intensity

profile of the lattice fringes, (b) zero loss image, (c) iron mapping, (d) EELS one crystal structure in the materials. On"e was identifieﬂiﬁ@O;

of the core/shell nanoparticles. and the other as a metal crystal structurésbstmuer spectra, which
agreement with the TEM and XRD results. The EELS analysis of support the tsugerpa:arr:lgnetlc t;ehawcl;: determlr;eéjf %}:{IH

a single core/shell particle was performed in nanoprobe mode. Onemeasurtentfrl ih 0 mt) Is ow any ¢ ra_cietlbe gmggl_s | S d
measurement on the entire particle resulted in an O:Cr:Fe ratio of Stggests that ine metal component might be r. analysis an
10:1.1:9.3, while a second measurement performed with the electron™" Mapping suggest controlied stoichiometry and confirm a core
probe on the shell resulted in an O:Cr:Fe ratio of 10:0.3:6.3. This made of Cr and a shell made pfFe,0s.
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Energy-filtered imaging was performed by using a 40 eV energy
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