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bstract

Core–shell nanoparticles composed of ferromagnetic cobalt platinum cores covered by non-magnetic silica shells were synthesized by laser
blation of a composite target in a helium background gas. The average diameter of the CoPt core was controlled by adjusting the CoPt/SiO ratio
2

f the ablation target and size-classifying the nanoparticles by an electrical mobility classifier. The present method successfully synthesized nearly
onodispersed nanoparticles with an average core diameter as small as 2 nm. The size-dependent magnetic properties of nano-composite films

enerated by the deposition of nanoparticles onto the substrate were investigated by a SQUID magnetometer.
2006 Elsevier B.V. All rights reserved.
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. Introduction

A nanoscale composite (nano-composite) composed of fer-
omagnetic domains dispersed in a non-magnetic matrix has
nique magnetic and transport properties suitable for magnetic
ecording mediums [1] and giant magnetoresistance (GMR)
aterials [2]. Highly anisotropic materials, such as ordered face

enter tetragonal (fct) phase CoPt and FePt can handily com-
ete with the thermal fluctuation of the electron spin, and this
bility makes good candidates as ferromagnetic domains. Nano-
omposite films of this type have been conventionally fabricated
y sputtering [1], molecular beam epitaxy [2] and pulsed laser
eposition [3]. The magnetic exchange interactions between the
omains and between the domains and matrix must be strictly
ontrolled during the fabrication. This can be challenging, how-
ver, as the variations in the generation mechanism in response

o surface nucleation and growth make it rather difficult to
ontrol the size and inter-domain distance without changing
he crystal structure. As one alternative, Sun et al. developed
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E-mail address: t.seto@aist.go.jp (T. Seto).

n
c

2

a

010-6030/$ – see front matter © 2006 Elsevier B.V. All rights reserved.
oi:10.1016/j.jphotochem.2006.04.046
lation

liquid phase method to synthesize monodispersed magnetic
t–alloy nanoparticles and their two-dimensional array [4]. This

echnique, however, brings new challenges of its own: careful
hermal treatment is requisite for the realization of an ordered
hase, and the annealing induces the nanoparticles to agglom-
rate.

We recently proposed a method to fabricate core–shell
anoparticles with a changeable core size using laser abla-
ion and electrical mobility classification (so-called laser
ano-prototyping) [5,6]. In earlier studies, we fabricated
urface-oxidized metal nanoparticles (e.g., Ni/NiO and
oPt/CoO) and investigated the magnetic properties of the
anoparticles thus produced. The electron spin in these systems
as fixed by the weak exchange coupling at the interface
etween the ferromagnetic core and antiferromagnetic shell. In
he present study, we apply laser nano-prototyping to fabricate
ano-composite composed of ferromagnetic CoPt domains
overed by non-magnetic SiO2 shells.
. Experimental procedures

Core–shell nanoparticles were synthesized by laser ablating
multi-component disk target composed of Co, Pt and SiO2.

mailto:t.seto@aist.go.jp
dx.doi.org/10.1016/j.jphotochem.2006.04.046
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Fig. 1. Experimental setup for gener

he ablation targets (50 mm in diameter, 2 mm in thickness)
ere prepared by the hot press of Co, Pt and SiO2 powders.
wo target compositions were used to control the morphologies
f the generated particles (atomic ratio, Co:Pt:SiO2 = 75:25:10
r 75:25:30). The disk target was rotated at a rate of 20 rpm
uring the laser irradiation. The target materials were simulta-
eously vaporized and condensed into nanoparticles when the
isk target was irradiated by a high-energy laser beam (Nd:YAG,
avelength 532 nm, frequency 20 Hz, pulse energy 23 mJ, spot

ize 2 mm, fluence 7.3 mJ/mm2) in a helium background gas
pressure, 1000 Pa), as shown in Fig. 1. Nano-agglomerates
ere synthesized by the Brownian collision of primary parti-

les. These generated nano-agglomerates (the mixture of Co,
t and SiO2 nanoparticles) were transported by the carrier gas
nd then annealed in the gas phase (an aerosol post annealing:
PA) at 1273 K. The nano-agglomerates were restructured and

he cores of CoPt alloy were formed during the APA process.
he SiO2 was separated out to the surface, where it formed a
hell structure, which protected the cores from further agglom-
ration and growth. The APA temperature of 1273 K was high
nough to generate CoPt alloy but too low to completely sinter
he SiO2.

An electrical mobility classifier (low-pressure differential
obility analyzer; LP-DMA) was used to select the specific
obility of the core–shell nanoparticles (8 or 15 nm in mobility-
quivalent diameters). The size-classified nanoparticles were
ollected on the TEM microgrids and the morphology (core size,
hell thickness and shape) was measured by a high-resolution
ransmission electron microscope (HR-TEM). Given that the

l

s
a

able 1
xperimental conditions and average dimensions of synthesized nanoparticles

ample Target composition
(Co:Pt:SiO2 at%)

Mobility diameter (nm) Average core d

a) 75:25:30 8 2.0
b) 75:25:30 15 2.5
c) 75:25:10 8 5.0
d) 75:25:10 15 7.5
CoPt:SiO2 core–shell nanoparticles.

lectrical mobility was nearly proportional to the square of sur-
ace area of particles, the diameter of the primary particles
btained from the electron micrographs, dTEM, differed from
he mobility-equivalent diameter, dm, in the case of the frac-
al agglomerates. We measured the core diameters and outer
iameter of shell of at least 200 primary particles from TEM
mages in order to determine the size distribution and average
ore diameters and outer diameter of shell, dcore and dshell. By
uning the target composition and mobility diameter, dcore and
shell can be controlled. We also evaluated the magnetic prop-
rties of these core–shell nanoparticles using a superconducting
uantum interference device (SQUID) magnetometer.

. Results and discussion

Fig. 2a–d are typical TEM images of mobility-classified
oPt:SiO2 core–shell nanoparticles. The experimental condi-

ions for samples (a)–(d) are listed in Table 1. Two target compo-
itions were used (atomic ratios of 75:25:30 and 75:25:10). The
articles were also classified based on two mobility-equivalent
iameters, i.e., 8 and 15 nm. In TEM images, the particles were
omposed of single crystal cores of CoPt alloy covered by SiO2
hells. We confirmed the alloying of Co and Pt from electron
iffraction. We also observed that SiO2 was localized at the sur-
ace by elemental mapping using high resolution electron energy

oss spectroscopy (HREELS) attached to the TEM.

Fig. 3 shows the size distributions of cores and shells mea-
ured from TEM images. The average diameters of the cores
nd shells increased as the mobility diameter increased and the

iameter (nm) Average outer diameter
of shell (nm)

Average shell thickness (nm)

4.5 1.25
5.0 1.25
7.5 1.25

12.0 2.25
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Fig. 2. Typical TEM images of core–shell nanoparticles generated by laser ablating Co:Pt:SiO2 targets with atomic ratios of (a and b) 75:25:30 and (c and d) 75:25:10.
The particle mobility-equivalent diameters were classified at (a and c) 8 nm and (b and d) 15 nm.

Fig. 3. Size distributions of cores and shells obtained from TEM images. The atomic ratios of the Co:Pt:SiO2 target were (a and b) 75:25:30 and (c and d) 75:25:10.
The particles were classified to mobility-equivalent diameters of (a and c) 8 nm and (b and d) 15 nm.
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ig. 4. Hysteresis curves of CoPt:SiO2 core–shell nanoparticles with average
easured at room temperature.

iO2 composition in the target decreased. The average diameters
re also listed in Table 1. The particles generated from the target
ontaining 30 at% silica had thicker surface layers than the parti-
les generated from the target containing 10 at% silica. The core
iameter was therefore much smaller than the mobility diameter
8 or 15 nm), given that most of the particles were agglomerates
nd that the primary particles were protected from grain growth
y the SiO2 shells, as shown in Fig. 2a–d. We should note here
hat the mobility diameter coincided with the outer diameter of
he core–shell nanoparticles for the sample (c) (Fig. 3(c)). In the
as phase, most of the generated particles apparently existed as
ingle spheres. The particles were agglomerates, however, when
he larger (15 nm) particles were classified or when SiO2 compo-
ition was large (30 at%). This may have been due the action of
iO2 in protecting against grain growth during the APA process.

Fig. 4 shows the magnetic hysteresis curves of the CoPt:SiO2
ano-composite films measured by a SQUID magnetometer
t room temperature. The nano-composites were prepared by
epositing core–shell nanoparticles on the silicon substrates.
ysteresis was observed for the particles with core diameters

arger than 2.5 nm, and weak ferromagnetism coupled with
uperparamagnetism was observed for the particles with the
mallest core diameter (2 nm). The coercive force rose in par-
llel with the core diameter as a result of the spin ordering,
eaching 100 Oe for the particles with the largest core diame-
er (7.5 nm). Our findings thus elucidated the effects of the core
ize on the magnetic properties of CoPt:SiO2 nano-composites.
t is known that coercivity depends on chemical composition

nd crystal structure as well as core size as observed for similar
ystem [7,8]. One of our research goals in the future may be to
nalyze how the magnetic properties change in response to the
rystal structure, shell material and inter-particle distance.

[

[

diameters of (a) 2 nm, (b) 2.5 nm, (c) 5 nm and (d) 7.5 nm. The curves were

. Summary

We synthesized core–shell nanoparticles by laser ablat-
ng a multi-component disk target composed of Co, Pt and
iO2. The diameters of the CoPt core were adjusted to 2,
.5, 5 and 7.5 nm by controlling the target composition and
erforming electrical mobility classification. The core size
ependency of the magnetic property was measured at room
emperature.
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