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Study of the Magnetic Phase of
Fe-Pt Alloy Nanoparticles
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High temperature solution phase decomposition of Fe(CO);5 and reduction of Pt(acac), in the pres-
ence of stabilizers of oleic acid and oleyl amine are employed to produce Fe,_,Pt, alloy nanopar-
ticles. The Fe and Pt composition of the nanosized materials can be tuned by adjusting the molar
ratio of Fe(CO)s to Pt(acac),, and the compositions ranging from Fe,oPtg, to Feg Pty are obtained.
This study is to investigate the influence of the composition on Curie temperature (7;) of Fe,_,Pt,
nanoparticles monitored by thermomagnetic analysis (TMA).
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1. INTRODUCTION

Magnetic nanoparticles with sizes ranging from 2 to
20 nm in diameter represent an important class of arti-
ficial nanostructured materials. Their magnetic properties
change drastically with their size, as the relaxation of the
magnetization orientation of each particle is determined
by 7 = 7,eX¥/*T, in which s is the relaxation time at one
orientation, K is the particle’s anisotropy constant, V' is

_ the particle volume, k is Boltzmann’s constant, and T is

temperature."? The term KV was measured as the energy
barrier between two orientations. As the size of the parti-
cle decreases to a level where KV becomes comparable to
the thermal energy kT, its magnetization starts to fluctuate
from one direction to another. As a result, at this T the
overall magnetic moment of this particle is randomized to
zero, and the particle is said to be superparamagnetic.
The FePt compound with the tetragonal L1o-type struc-
ture; space group P4/mmm are of fundamental interest
because their magnetic anisotropy based on 3d and 5d
electrons is as large as that of the well-known rare earth
transition metal high performance magnets based on the
3d-4f-systems.>® The large magnetic anisotropy of the
3d-5d ferromagnets is due to the large spin-orbit coupling
in the 5d-element. Magnets made of the Llo phase have
attracted much attention recently because of their poten-
tial usage in ultra high-density data storage® and perma-
nent magnets for special applications. Distinct advantages
of these compounds are, as opposed to the performance
magnets, that they are very ductile and chemically inert.
Self-organized magnetic arrays of dispersed Llo particles
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(diameter ~10 nm) are expected to be superparamagn
only at elevated temperature. Therefore they are con:
ered as candidates for future thermally stable magn
recording media with densities as high as 1 Tb
The understanding and the control of magnetocrystal
anjsotropy energy in Fe-Pt alloy nanoscale building bl
is a crucial task to design new devices with desir
magnetic properties.

According to the Fe-Pt phase diagrams in Figure 1
close to equiatomic Fe-Pt alloys exhibit a typical disord
transformation from the disordered face-centered cub
Al-type structure with low magnetic anisotropy whe
the temperature is lowered below 1300 °C and 825
respectively.® Unfortunately, it is not evident that bulk prof
erties can be directly applied to nanoparticles systen
Curie temperature (T,) is one of the widely used to detg
mine magnetic phase. At temperatures below the T, U
magnetic moments are partially aligned within magoe
domains in ferromagnetic materials. As the temperature.
increased from below the 7T, thermal fluctuations increa
ingly destroy this alignment, until the net magnetizati
becomes zero at and above the T,. Above T, the matef!
is purely paramagnetic. Herein we report an experimen
determination of the T, for different compositions.
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2. EXPERIMENTAL DETAILS

Fe(CO);, Pt(acac),, oleylamine, and benzyl ether WeF § lereasing
purchased from Aldrich Chemical Co.; Oleic acid W& & d finjte..
purchased from Junsei Chemical Co. Ltd. Ethanol 3 The na
cyclohexane were purchased from Fisher Scientific. TOP® @ “mpositic

. . : W
pare monodispersed Fe, ,Pt, magnetic nanoparticles tha star
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h temperature solution phase decomposmon of
and Pt(acac), in the presence of oleic acid,
ine, and benzyl ether as solvent as described
1ere.” The composition of the Fe, Pt nanoparticles
ontrolled by turning the molar ratio the metal pre-
5. The resulting solution was dried and resulted in
rming of an air-stable powder, which could be redis-
ed in hexane at any concentration.

etermine the size distribution of the particles, TEM
were carried out using HITACHI H-7500 electron
scopc operated at 80 kV. TEM specimens were pre-
by dropping particle solution on the copper grid.
p was poured onto a porous carbon film supported
opper grid, then slowly evaporated. FE-SEM exam-
on was performed in JEOL JSM 6700F operating at
for structure and shape of FePt alloy nanoparticles.
ntal analysis of the sample was performed by using
dispersive X-ray microanalysis (EDX) on a JEOL
2010 FE-SEM operated under an acceleration volt-
of 200 kV. Curie temperature (7,) measurements were
& using temperature scans of the thermo-gravimetry
g a microbalance with a magnetic field gradient posi-
below the sample was used for the measurement of
o-magnetic analysis (TMA, Perkin-Elmer (U.S.A),
) curve showing the downward magnetic force ver-

)s

sle ma temperature. Sample was heated from 50 to 850 °C
/min) and cooled from 850 °C to 50 °C occurred

/min). The applied field was pu,H = 6 mT. Under the

etocrys
ilding conditions, a pure Fe standard used for the calibra-
with. as given T, =770+ 1 °C and pure Ni standard T, =

2 °C (an average of three measurements). The mag-
¢ properties of the nanoparticles were studied using
perconducting quantum interference device (SQUID,
MS XL 7) magnetometer.

RESULTS AND DISCUSSION

hat bu
icles sy tingly, FePt nanoparticles containing a near-equal
used t percentage of Fe and Pt are an important class of

metic nanomaterials. They.are known to have a chem-
y disordered face-centered cubic (fcc) structure or a
mically ordered face-centered tetragonal (fct) structure,
liown in Figure 1.1

fee-structured FePt has a small coercivity and is
ietically soft. The fully ordered fct-structured  FePt
viewed as alternating atomic Jayers of Fe and Pt
ked along the [001] direction (the c-axis in Fig. 1(c)).
aim of the present study is to investigate the influ-
{ the composition on the T, of Fe,_,Pt, nanoparti-
he contribution of the orbital magnetism, which is
onsible for the T, is found to change as a function of

temperal

zyl ethe ing Pt contents, indicating the importance of surface
Dleic ac nite-size effects in these composite of nanoparticles.
d. Ethaﬂ01 le nanoparticles exhibit spherical morphology, for
sientific. T sitions FeyPt,,. The mean particle diameter is 8 nm

anoparticl 12 standard deviation of 0.6 nm. In Figure 2 we show
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Fig. 1. Equilibrium phase (a) of the Fe-Pt system shown schematically
are crystallographic structures of the phases in the corresponding phase
equilibrium regions. Schematic illustration of the unit cell of (b) chemi-
cally disordered fcc, and (c) chemically ordered fct FePt.
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one example of many TEM microscopes for Fes,Pt,, that
presents nanoparticles.

Figure 3 shows the FE-SEM images of each
Fe,_,Pt, nanoparticles with various compositions. The

Fig. 2. TEM micrograph of the Fe;Pt,, nanoparticles dried on a con-
ventional TEM grid. The inset shows spherical nanoparticle. Scale bar is
5 nm.
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Fig. 3. FE-SEM images and energy dispersive X-ray microanaly-
sis (EDX) of Fe,_,Pt, nanoparticles; (a) FessPty,, (b) FeyPts, and
(c) Feg,Pt,,.

morphologies heavily depend on the composition of
Fe, Pt nanoparticles. Table I summarizes the variation.

For the Fes¢Pt,, and Fe, Pt products, the particles size
distributions are narrow (10-25 nm) and spherical parti-
cles are obtained. When the Pt content is decreased, as
found for Fe,Pt,;, the particle size distributions are broad-
ened and change the spherical to octahedral morphology
collapses.

With the variation of the composition ratio, the mor-
phology of the Fe; Pt, changed. Also, energy disper-
sive X-ray analyses (EDX) in the FE-SEM measurements
were performed to determine the chemical compositions of
the Fe, ,Pt, nanoparticles. A detailed statistical analysis
of the EDX spectra recorded for many particles showed
that the nominal Fes,Pt,, Fe,Pty, and Feg,Pt;; particle
composition varied by up to 3% around the nominal
composition (Table I).

Fe, Pt nanoparticles were subjected to the TMA. The
obtained TMA data were plotted in Figure 4. We find
that the 7, for the Fe,_ Pt, nanoparticles depend curvedly
on composition as predicted. As decreasing Pt contents,
the T, increased except a near-equal atomic percentage of
Fe and Pt. This range cause chemically ordered fct FePt
nanoparticles during TMA measurement.

Table I. Composition of the Fe,_ Pt nanoparticles.

Molar ratio of (a) 2:1 (b) 2:3- (c) 32

Fe(CO);:Pt(acac),

Chemical 55.52:44.48 39.62:60.08 87.67:12.33
composition
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Fig. 4. Room temperature magnetic hysteresis 1oop of 7, megg
Fe;_,Pi, nanoparticles; (a) FessPt,,, (b) FeyPlgy, and (c) Feg,Pt .
Fig. 5. Plotted T, values of each of Fe, ,Pt,.
The magnetic properties of Fe,_,Pt, nanoparticles
studied by hysteresis loop of SQUID at room tempera
after TMA measurement in Figure 5. The coercivities
the Fe, Pt, nanoparticles at room temperature are d
mined as 3.8, 1.3, and 0.08 kOe. A decreasing tenden
of coercivity is good agreement with Gaussian typ
described elsewhere.!!
4. CONCLUSION
In conclusion, by monitoring 7, experiment we ha
shown that the 7, and coercivity of Fe, ,Pt, nanop
ticles increases as a function of decreasing Pt contd
except a near-equal atomic percentage of Fe and Pt
is demonstrated that T, for the Fe,  Pt, nanopartick
depend curvedly on composition. Although more work
needed, there are promising fundamental knowledge
understand and the control of Curie temperature in Fé-
alloy nanoscale building blocks in order to design ™
devices with desired magnetic properties. '
Acknowledgments: Thank Dr. Sun Bae Kang at'
Cooperative Lab. Center of Pukyong National Univers
. L J :
J. Nanosci. Nanotechnol. 8, 4666—4669, 2 & Nanosci.




al.

Study of the Magnetic Phase of Fe-Pt Alloy Nanoparticles

ssisting in the TEM and FE-SEM measurements. This
ch was supported by the Program for the Training of
Juate Students in Regional Innovation which was con-
ted by the Ministry of Commerce, Industry and Energy
¢ Korean Government, Brain Korea 21 project in 2007
Nano R&D Program (Korea Science and Engineering
adation, Grant 2007-02628).

erences and Notes

. H. Morrish, The Physical Principles of Magnetism, Wiley, New

ork (1965), Chap. 7.

. M. Unruh and C. L. Chien, Nanomaterials: Synthesis, Properties
2 d Applications, edited by A. S. Edelstein and R. C. Cammarata,

%0 Institute of Physics Publishing, Bristol, UK (1996), Chap. 14.

T,

<

eg,Pt,

Tt

Nanosci. Nanotechnol. 8, 4666-4669, 2008

3. R: Skomski and J. M. Coey, Permanent Magnetizm, IoP Publishing,
. Bristol (1999).
4. N. 1. Vlasova, G. S. Kandaurova, and N. N. Shchegoleva, J. Magn.
" Magn. Mater. 222, 138 (2000). ) )
5. 0. A. Ivanov, L. V. Solina, V. A. Deinshina, and L. M. Magat, Phys.
Metall. Metalloved 222, 138 (2002).
6. S. Sun, C. B. Murray, D. Weller, L. Folks, and A. Moser, Science

~ 287, 1989 (2000). -

7. T. I. Klemmer, C. Liu, N. Shukla, X. W. Wu, D. ‘Weller, M. Tanase,
D. E. Laughlin, and W. A. Soffa, J. Magn. Magn. Mater. 266, 79
(2003).

8. O. Gutfleisch, J. Lyubina, K. H. Muller, and L. Schulta, Adv. Eng.
Mater. 7, 208 (2005).

9. M. Chen, J. P. Liu, and S. Sun, J. Am. Chem. Soc. 126, 8394 (2004).

10. S. Sun, Adv. Mater. 18, 393 (2006).
11. S. Sun, E. E. Fullerton, D. Weller, and C. B. Murray, IEEE Trans.
Magn. 37, 1239 (2001).

Received: 9 May 2007. Accepted: 20 September 2007.

4669

s
m
)
m
>
)
0
T
>
)
=
)
|
m




