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Abstract

Monodispersed CoPt alloy nanoparticles were synthesized by a pulsed laser ablation (PLA) technique
coupled with a low-pressure operating differential mobility analyzer (LP-DMA). The CoPt alloy nano-
particles were generated by laser ablating a solid Co–Pt target. In CoPt alloy nanoparticles synthesized
from a target with a Co composition of 75 at%, the nanoparticle surfaces were covered by an oxide layer
and exhibited a core-shell structure. In contrast, no shell was observed in particles generated from a target
with a Co:Pt ratio of 50:50 at%. According to an EDX analysis, the compositions of the individual
nanoparticles were almost the same as that of the target material. Finally, the magnetic hysteresis loops of
the CoPt alloy nanoparticles exhibited ferromagnetism.

Introduction

With the recent progress in nanotechnology, man-
ufacturers face a growing need for fabrication
processes with nanometer-scaled precision and
high production yields. Due to the drastic change
in the electron structures, nanoparticles, particu-
larly smaller than 20 mm in diameter, exhibit
unique properties unseen in bulk materials. For
this reason, nanoparticles are now considered as
promising building blocks for nano-structured
materials and nano-devices. Nanoparticles are
conventionally prepared via a liquid phase process
that provides a low cost and permits good control
over the particle sizes and shapes. In spite of these

advantages, however, the solvents and precursors
in the liquid phase process damage the generated
nanoparticles by introducing a significant level of
impurity into the system. To reduce the impurities,
the liquid phase process is followed up with
annealing or other after-treatments that agglom-
erate the nanoparticles.
Laser ablation, an alternative to the liquid phase

process, adopts a novel gas phase method. When a
solid target material is irradiated by a high-energy
laser beam, the material vaporizes and condenses
into nanoparticles. Compared with dry processes
such as physical and chemical vapor condensation,
laser ablation is a typical ‘cold wall’ process wherein
the laser beam heats up a specific part of the target.
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The precise focusing capability of the laser provides
several advantages: in addition to enabling almost
complete elimination of impurities, it provides a
high energy density (gigawatt level) capable of
vaporizing high-melting-point materials, including
ceramics.
As the nanoparticles generated by laser abla-

tion are free from contaminants, they exhibit
various nano-scale properties. The chain
agglomerates of metal oxides generated by laser
ablation show elastic properties under the elec-
tron microscope (Ogawa et al., 2000). Laser-syn-
thesized silicon nanoparticles emit visible light at
room temperature (Yamada et al., 1996; Orii
et al., 2003). El-Shall (1996) developed a method
of laser-vaporization-controlled condensation
(LVCC) and used it to fabricate various kinds of
nanoparticles. The chief drawback of the laser
ablation approach is the difficulty in controlling
the nanoparticle properties due to the relatively
wide size distribution and agglomeration. Several
groups have investigated the size distribution of
laser-ablation-generated nanoparticles using a low
pressure operating differential mobility analyzer
(LP-DMA) technique (Kawakami et al., 1999;
Makino et al., 1999; Camata et al., 2000).
According to their observations, the agglomera-
tion can be minimized by reducing the operating
pressure. LP-DMA can be operated at a pressure
as low as 600 Pa (Seto et al., 2001a, b), Suzuki
et al. (2001) a level that makes it compatible with
the laser ablation process under optimum condi-
tions. This combination of laser ablation and
LP-DMA provides a powerful tool for the anal-
ysis of various properties of nanoparticles. In the
last 2 years, for example, we have used this
combination to study the size-dependent optical
properties of Si nanoparticles (Orii et al., 2003)
and the magnetic properties of Ni nanoparticles
(Seto et al., 2004).
In the present study we make a first attempt to

synthesize metallic nanoparticles of CoPt alloy by
laser ablation. Because of their large magnetic
anisotropy, CoPt and FePt alloy nanoparticles are
thought to hold great promise as candidates for the
next generation of ultrahigh-density magnetic
recording media (Sun et al., 2000; Yu et al., 2002;
Sui et al., 2003). When these alloys are synthesized
by the conventionalmethods of liquid phase process
and sputtering, however, the size and crystal struc-
ture cannot be controlled with the precision

required to obtain largemagnetic anisotropy. In the
following section we describe our attempts to syn-
thesize monodispersed CoPt alloy nanoparticles.

Laser synthesis of monodispersed nanoparticles

As in other gas phase processes, the size distribu-
tion of nanoparticles generated by laser ablation is
rather wide due to the random Brownian collision
between primary particles. In the hopes of finding
a solution, we are now developing a method to
obtain nanometer-scale prototype devices using
monodispersed nanoparticles as building blocks by
combining aerosol techniques with laser ablation.
As shown in the schematic illustration in Figure 1,
the particles generated by laser ablation are
transported by the gas stream and then sintered
into a single sphere by aerosol post-annealing. The
process significantly improves both the shape and
crystallinity. After annealing, the polydispersed
aerosols are classified by the balance between the
electrostatic mobility and gas velocity using LP-
DMA. Finally, monodispersed particles are
deposited onto the substrate.
This system has four important advantages.

(a) The composition of the nanoparticles is
almost the same as that of the target material
since the nanoparticles are formed from the
re-condensed atoms of the vaporized target
material.

(b) The crystal structure can be controlled by
performing the post-annealing separately from
the generation and classification.

(c) The LP-DMA precisely controls the size of
the nanoparticles with a geometric standard
deviation of less than 1.2.

(d) The entire process is sequential and nano-
particles can be synthesized without exposure
to room atmosphere.

In order to synthesize alloy nanoparticles, we used
a sintered Co–Pt powder mixture as a target. Once
the nanoparticles were obtained, we analyzed them
by a high-resolution transmission electron micro-
scope (HR-TEM), electron diffraction (ED), and
an energy dispersive X-ray (EDX) spectrometer.

Experimental procedures

The details of the experimental system are descri-
bed elsewhere (Seto et al., 2004). A double
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harmonic wave of a pulsed Nd:YAG laser (model
INDI, Spectra Physics Inc, wavelength 532 nm,
pulse width about 5 ns, spot diameter 2 mm, pulse
energy 160 mJ/pulse, frequency 20 Hz) was used
for the ablation. High purity helium (99.999%)
was used as carrier gas and sheath gas of LP-
DMA). The flow rates of carrier gas and sheath
gas were 0.4 and 2.0 standard liter per minute,
respectively. The pressure of the system was con-
trolled to be 1000 Pa by the valves. As shown in
Figure 1, the laser beam was focused to a diameter
of 2 mm on a rotating target disk (50 mm dia.,
rotating speed 20 rpm). Targets with two different
compositions were used to generate the CoPt alloy
nanoparticles (Co:Pt=50:50 and 75:25 at%). The
ablated species, that is, the atoms and clusters,
formed into laser-induced plasma (see Figure 2).
The nanoparticles were produced by the conden-
sation of ablated species at the edge of the plasma
region. In the aerosol post-annealing, the particles
were transported by the carrier gas with the flow
rate of 0.4 standard liter per minute and then
introduced into the tubular furnace maintained at
a temperature of 1000�C. An alumina tube with
12 mm in inner diameter and 600 mm in length
was used as an annealing tube. The effective
heating zone of the furnace was 200 mm. Thus, the
total residence time from ablation chamber to LP-
DMA and the residence time in the heating zone
were 66 ms and 6 ms, respectively. The residence

time in the heating zone was relatively short, but
this was enough to sinter the particles into single
spheres, as shown later.
The LP-DMA was a modified version of the

Vienna type DMA operable under reduced pres-
sures as low as 200 Pa. The performance of the LP-
DMA used in this study was calibrated in our
previous report (Kim et al., 2004). We used depo-
sition nozzle with 2 mm in diameter and the Stokes
number is larger than unity for the particles with
5 nm in diameter. Thus, the particles were depos-
ited by the inertial impaction. After the size-clas-
sification by the DMA, the particles were deposited
onto the substrate (TEM micro-grid for HR-TEM,
ED and EDX; Si for SQUID magnetometry).

Results

Morphology of the generated particles

Figure 3 shows the size distribution of CoPt alloy
nanoparticles measured by a LP-DMA and an
electrometer. As shown in Figure 3, the average
diameter decreased from 19 nm to 14 nm with
increasing annealing temperature due to the sin-
tering of agglomerates.
Figure 4 shows the transmission electron

micrographs of CoPt alloy nanoparticles gener-
ated from the two target compositions. The

Figure 1. Laser synthesis of monodispersed nanoparticles.

373



particles were classified by DMA to be 20 nm in
mobility equivalent diameter by LP-DMA. In
both compositions, the particles were spherical
and single crystalline due to the aerosol post-
annealing process at 1000�C. As shown in Fig-
ure 4a, the shell covered surfaces of the particles
generated from the 75:25 at% target, resulting in
core-shell structures. The shell is considered to be
cobalt oxide generated by the reaction between
oxygen and the excess Co atoms at surface during
exposure to room air. Similar core-shell structures
have also been observed for Nickel particles
(Sakiyama et al., 2004). On the other hand, the
particles generated from the 50:50 at% target
completely lacked a surface oxide layer. From the
phase diagram of the Co–Pt system, the one-to-
one alloy of CoPt was dominant from about 40
to 75%-Pt at room temperature. Given that the
CoPt alloy should be anti-oxidative if formed, the
excess Cobalt atoms in the composition (about
15% in the case of 75:25% target) are separated

out from alloy and they were thought to con-
tribute to the oxide layer formation. On this
basis, we speculate that core-shell structures can
be realized when the Co content is more than
60% and that the thickness of the shell can be
controlled by changing the composition of the
target material.
In observing the electron diffraction (Figure 5a

and b), we see that the patterns coincided with
those from the CoPt alloy indicated for each plane.
Further, the diffraction patterns of the two nano-
particle compositions were completely the same.
Given the absence of patterns such as those
observed in the CoO shells shown in Figure 5a, it
appeared that the shells were amorphous. Typical
patterns from the ordered structure (L10, CuAu
structure) such as 100 and 110 were not observed
from either of the nanoparticle compositions.
Thus, we concluded that the annealing in the gas
phase was sufficient to sinter the particles into
single spheres and a single crystalline form, but not

Figure 2. Laser induced plasma plume.
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to order the atomic structure. Further annealing
after the deposition (typically more than 30 min,
Sun et al., 2000) is required to obtain ordered L10
phase.

Figure 6 shows a typical energy dispersive X-ray
(EDX) spectrum from single 20-nm CoPt alloy
nanoparticles generated from the 50:50 at% tar-
get. The EDX apparatus was attached to the
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Figure 3. Size distribution of CoPt alloy nanoparticles for the different annealing temperatures.

Figure 4. Transmission electron micrographs of CoPt alloy nanoparticles. (a) CoPt alloy nanoparticle generated by laser
ablation of Co–Pt target with Co:Pt composition of 75:25 at%, and (b) those generated from 50:50 at% target.

375



HR-TEM and operated to obtain a signal from
each nanoparticle focused in the HR-TEM view
scope (e.g., Figure 4a). The peaks of Co and Pt
from the spectrum were clearly distinguishable
from some of the background peaks of silicon and

copper. An element analysis from Co-K and Pt-L
bands provided us with the composition data
shown in Table 1. Based on this data, we found
that the generated nanoparticles had almost same
(slightly lower Co) composition as the target. The

Figure 5. Electron diffraction patters of CoPt alloy nanoparticles. (a) CoPt alloy nanoparticle generated by laser ablation of
Co–Pt target with Co:Pt composition of 75:25 at%, and (b) those generated from 50:50 at% target.

Figure 6. EDX spectrum from single CoPt alloy nanoparticle (20 nm) generated by the laser ablation of Co:Pt = 50:50 at%
target.
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discrepancy, we concluded, was probably due to
the different condensation rates of Pt and Co
during particle generation. The Co composition of
the particles of at least 20 nm in mobility diameter
was about 3% larger than that of the particles with
a diameter of 15 nm or less. It should be noted
that the deviation of the composition was small
(about 3%) in both diameters.

Magnetic property of CoPt alloy nanoparticles

The ordered L10 structure of CoPt is known to
have a high magnetic anisotropy suitable for use in

nano-magnets or high-density magnetic recording
media. In the present experiment we measured the
magnetic properties of laser-synthesized nanopar-
ticles using a superconducting quantum interfer-
ence device (SQUID) magnetometer. In brief,
nanoparticles of 15-nm in mobility diameter were
deposited on a silicon substrate and then annealed
at 700�C for 2 h to transfer the crystal structure
from random face-centered-cubic (fcc) to ordered
face-centered-tetragonal. As shown in Figure 7,
ferromagnetism was observed at 5 K. The mag-
netization was about 83.7 emu/g, almost double
the magnetization of bulk CoPt (44 emu/g), when
bulk density (8.12 g/cc) was applied for the cal-
culation. Similar results have been obtained with
measurements for Ni (Seto et al., 2004). On the
other hand, the coercive force was smaller than the
reported value for ordered L10 composed of
chemically synthesized CoPt alloy nanoparticles
(24.2 kOe; Sui et al., 2003). This was probably due
to the lack of ordering or to the slight difference in
the composition.

Summary

CoPt alloy nanoparticles were synthesized by laser
ablation coupled with the LP-DMA technique. The
shape and crystallinity were both improved by the
aerosol post-annealing process. The composition
of the generated nanoparticles was almost identical
to that of the target material. The generated

Table 1. EDX element analysis data for 14 individual
nanoparticles

No. dp (nm) Co at% Pt at%

1 15 43.9 56.1
2 15 43.9 56.1
3 15 40.4 59.6
4 15 44.9 55.1
5 15 44.6 55.4
6 15 44.5 55.5
7 15 42.9 57.1

Ave. 43.6±3.2 56.4±3.2
8 20 49.3 50.7
9 20 48.7 51.3

10 20 44.1 55.9
11 20 45.3 54.7
12 20 45.1 54.9
13 20 44.1 55.9
14 20 47.7 52.3
Ave. 46.3±3 53.7±3
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Figure 7. Magnetic hysteresis curve for the CoPt alloy nanoparticles generated by laser ablation. The particles were classified
to be 15 nm by LP-DMA and annealed at 700�C for 2 h.
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nanoparticles exhibited ferromagnetism at 5 K.We
demonstrated that the current process has a sig-
nificant potential to analyze various properties of
nanoparticles for other material systems.
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