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Abstract
In this work, the Fe60Pt40 nanoparticles were synthesized through the chemical reduction method by using the Fe(CO)5 and the
Pt(acac)2 as the metallic precursor. The particle size of the synthesized FePt nanoparticles was controlled by adjusting the reaction
conditions involving of the Fe(CO)5-injecting temperature and the soak time of reaction. The structure, morphology, and
magnetic properties of the synthesized FePt nanoparticles were characterized by XRD, TEM, and vibrating sample magnetom-
eter (VSM), respectively. The synthesized nanoparticles exhibit uniform size and good dispersity. The magnetization behaviors
indicate that the nanoparticles present the core-shell magnetic structure including the ferromagnetic core part and the spin-
disorder shell part. There exists a spin pinning effect of the shell part on the core part. The increase of particle size weakens
the spin pinning effect.
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1 Introduction

Nowadays, the magnetic nanoparticles (NPs) including the
FePt and CoPt NPs have attracted considerable attention due
to their peculiar magnetic properties such as high magnetic
coercive force, high saturated magnetization, and the effect

of magnetic hyperthermia. Among them, the FePt nanoparti-
cles are mostly studied because of their potential applications
in high-performance permanent magnets, high-density data
storage, biomedicine, novel inks for inkjet printer, and so on
[1–5]. The FePt nanoparticles present different crystalline
structures rest with the synthetic method and synthesis condi-
tion. The FePt nanoparticles with the different crystalline
structures show the different magnetic properties and are ap-
plicable in different fields. The as-grown FePt nanoparticles
mostly have a face-centered cubic structure (fcc-FePt). The
fcc-FePt shows superparamagnetic behavior [1]. When the
atomic ratio between Fe and Pt is approximated to 1, the
FePt nanoparticles with the tetragonal structure, named as
L10-FePt or fct-FePt, could be synthesized. In the fct-FePt,
Fe and Pt place the ordered arrangement [6, 7]. Because of this
chemical order and the strong spin-orbit coupling, the L10-
FePt possesses high magnetic coercive force at room temper-
ature, which makes the L10-FePt applied in the field of high-
density data storage. Additionally, there exists a third ordered
cubic crystalline structure in the FePt NPs named as L12-
FePt3. The L12-FePt3 NPs show superparamagnetism ascrib-
ing to the high magneto-crystalline anisotropy energy and
could be used in biomedicine [8–11].

The FePt nanoparticles are generally synthesized by the
chemical reduction method. The crystalline structure of the
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synthesized FePt nanoparticles is related with the reaction
kinetics in the synthesis process which is controlled by the
synthesis condition including the mole ratio between Fe and
Pt, the type and quantity of surfactants, solvents and reducing
reagent, reaction temperature, and the time of keeping reaction
temperature. The fcc-FePt phase is easily synthesized on ac-
count of the low reaction kinetic energy. The L10-FePt is also
a relatively stable phase. Furthermore, the L10-FePt nanopar-
ticles were mostly studied because of their highly potential
application in the high-density data storage [11]. Few works
were focused on the fcc-FePt nanoparticles [6]. However, the
magnetic properties of the fcc-FePt nanoparticles still need to
be further clarified as the particle size decreases to the nano-
scale. In this work, we investigated the magnetic properties of
the fcc-FePt nanoparticles with the varied nanoparticle size.
The interesting spin pinning effect is found in the fcc-FePt
nanoparticles with the core-shell magnetic structure. This pin-
ning effect is adjusted by the particle size of nanoparticles.

2 Experimental

2.1 Synthesis

The chemical reduction method was employed to synthesize
the FePt nanoparticles. In this method, Fe(CO)5 was used as
the metallic precursor of Fe [12]. We used the poly(N-vinyl-2-
pyrrolidone) (PVP) instead of the low molecular weight li-
gands as the stabilizer and surface dispersant to get the FePt
nanoparticles without post-annealing in one of the ways [13,
14]. The synthesis of FePt nanoparticles was implemented in
an inert gas of nitrogen in the whole process. At first, the
Pt(acac)2 (0.3933 g, 1.0 mmol) was added into the four-neck
flask. Then, the benzyl ether, oleyl amine (OAm; 2.0 mL), and
oleic acid (OA; 1.0 mL) were pipetted in the flask successive-
ly. In this method, Pt(acac)2 and Fe(CO)5 were used as the
metallic precursors. Benzyl ether and OAm were used as the
solvents. The OA and OAm were used as the surfactants.
Subsequently, the mixture was stirred adequately and
degassed at constant temperature of 100 °C for 90 min.
Then in the following process, the mixture was under the
continuous nitrogen atmosphere. In the meantime, the
Fe(CO)5 (0.3 mL) was injected into the mixture. Then the
mixed solution was heated to 240 °C and soaked at this tem-
perature for 1 or 2 or 3 h. After that, the mixture was cooled to
the room temperature spontaneously [15–17]. The experimen-
tal product was washed by hexane and ethanol thoroughly. To
make the product more pure, the product was centrifuged
several times and dissolved into the ethanol to store. In other
synthesizing processes, in order to control the size of the FePt
nanoparticles, the reaction conditions were adjusted. In this
work, the temperature of the Fe(CO)5 injecting and the time
of reaction were varied in the different reaction.

2.2 Characterization

The structure and morphology of the FePt nanoparticles were
explored by the X-ray diffraction (XRD) and the transmission
electron microscopy (TEM), respectively. The element analy-
sis was carried out through the energy-dispersive X-ray spec-
troscopy (EDX). The magnetic properties of FePt nanoparti-
cles were measured by vibrating sample magnetometer
(VSM) [18–20].

3 Results and Discussion

Figure 1 shows the XRD pattern of one of the typical synthe-
sized FePt nanoparticles. The peaks of the XRD pattern can be
indexed under the fcc structure. There are no other impurity
peaks. Therefore, the product is the pure fcc-FePt without
other impurities.

In this work, the FePt nanoparticles with different average
particle sizes were achieved. Figure 2 exhibits the TEM im-
ages of the FePt nanoparticles with the average particle diam-
eters of 2, 3, 4, and 5 nm. It can be found from the TEM image
that the sample has a good dispersion and the particle size is
uniform.

To determine the composition of the products, we investi-
gate the composition of the synthesized FePt NPs. Figure 3
shows the EDX pattern of the typical FePt nanoparticles with
the average particle diameters of 4 nm. Only the Fe and Pt
peaks appear in the EDX spectra. This also confirms the syn-
thesis of the pure FePt nanoparticles. Through calculation of
the EDX spectra, the molar rate of Fe and Pt is obtained to be
60:40% (inset of Fig. 3). Therefore, the synthesized FePt NPs
are Fe60Pt40. In this work, we controlled the same molar rate
of the precursors Fe(CO)5 and Pt(acac)2 in the different reac-
tions and obtained the same composition of the FePt NPs.

Fig. 1 The XRD pattern of the typical synthesized FePt nanoparticles
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The magnetic properties of the FePt nanoparticles with
different average particle sizes were measured at 5 K.
Figure 4 shows the field dependence of magnetization for
the FePt nanoparticles with the average particle diameters of
2, 3, 4, and 5 nm at 5 K. The 2-nm FePt nanoparticles show the
magnetic hysteresis loop at 5 K. The shape of magnetic

hysteresis is not normal and like dumbbell with the coercive
field of 0 Oe. When the particle size increases, the phenome-
non of the magnetic hysteresis loop weakens and disappears
for the 4- and 5-nm FePt nanoparticles. The phenomena are
ascribed to the core-shell magnetic structure in the FePt nano-
particles. At low temperature of 5 K, spins in the core region

Fig. 2 The TEM images of the
FePt nanoparticles with the
average particle diameters of a 2,
b 3, c 4, and d 5 nm

Fig. 3 The EDX pattern of the
typical FePt nanoparticles. The
inset shows the histogram of Fe
and Pt percentile
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align the ferromagnetic order and spins in the shell region
present disorder due to crystalline mismatch. In the field-
magnetizing process, when the magnetic field is zero, the
magnetizations of all nanoparticles direct randomly due to
the good diversity of the nanoparticles. Thus, the whole mag-
netization is zero and the coercive field is 0 Oe.When the field
increases, the spins in ferromagnetic core region will rotate to
the direction of the external field whereas the spins in the shell
region persist disorder. Furthermore, the spin-disorder shell
generates the pinning effect on the ferromagnetic core region.
This pinning effect is the origin of magnetic hysteresis. When
the size of nanoparticle increases, the core part increases and
the volume rate between the shell and core region decreases,
which leads to the weakness and disappearance of the pinning
effect. Thus, the spin pinning effect could be adjusted by the
particle size.

4 Conclusion

The homogeneous Fe60Pt40 nanoparticles were successfully
synthesized through the chemical reduction method. The par-
ticle size of the synthesized FePt nanoparticles was controlled
by adjusting the reaction conditions. The synthesized nano-
particles show uniform size and good dispersity. The magne-
tization behaviors indicate that the nanoparticles present the
core-shell magnetic structure including the ferromagnetic core
part and the spin-disorder shell part. There exists the spin
pinning effect of the shell part on the core part when the

external magnetic field increases. The increase of particle size
weakens the spin pinning effect.
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