WALAILAK JOURNAL

http://wjst.wu.ac.th MiniReview

Synthesis of Patterned Media by Self-Assembly of FePt Nanoparticles

Komkrich CHOKPRASOMBAT

Molecular Technology Research Unit, School of Science, Walailak University,
Nakhon Si Thammarat 80161, Thailand

(Corresponding author; e-mail: komkrich28@gmail.com)

Received: 29 April 2011, Revised: 22 August 2011, Accepted: 6 September 2011

Abstract

Patterned media is one of the most promising candidates for ultrahigh magnetic storage. Commonly,
electron beam lithography is used to synthesize a very high areal density media beyond 1 Tb/in’
However, such techniques require very high budgets and are time consuming. Self-assembly of magnetic
nanoparticles, especially FePt nanoparticles, has been realized as another prominent technique.
Nevertheless in order to successfully exploit FePt nanoparticle self-assembly in patterned media
fabrication, FePt nanoparticles of proper composition with the desired size and shape as well as a
technique to control the assembled behavior of the particles in long range order are required. This review
is focused on the chemical synthesis of FePt nanoparticles and how the particles self-assemble into
regular arrays.

Keywords: Patterned media, FePt nanoparticles, magnetic nanoparticles, magnetic recording media,

magnetic storage, self-assembly

Introduction

Magnetic recording media play an important
role in the development of non-volatile data
storage technologies. Particularly, magnetic hard
disk drives are important parts in many devices
such as video cameras and computers. In 1956, the
first magnetic hard disk with a recording density of
2 kb/in* was successfully built by IBM [1]. Since
then, the areal density (the number of bits/unit area
on a disk surface) has successively increased [2].
Nowadays, products with an areal density of more
than 700 Gb/in> are commercially available [3].
The increase in the areal density needs to be
continued due to the future demand for
information storage. Areal density in a level of
1 Tb/in® or more would be unavoidable.

Conventional magnetic recording media are
thin granular films of Co, Cr and Pt, with
additional elements such as B or Ta. They are
deposited onto either a glass or NiP-coated
aluminum substrate. With segregation by a non-
magnetic element, each grain (around 10 nm)
behaves as a single-domain particle with the easy

axis usually parallel to the film plane [4]. It is
necessary to average the contributions from several
hundred grains in order to form a bit which can be
read with a sufficient signal-to-noise ratio (SNR)
[5]. The recording density can be increased with a
decrease in the grain size. However, when the
grain size is very small, thermal energy is
sufficient to reverse their magnetization
spontaneously. This consequent loss of the
recorded signal is known as the
“superparamagnetic effect”. To overcome this
obstacle, materials with high magnetic anisotropy
have been employed to prevent the thermal effect
but a drawback arises regarding the higher
magnetic field required for the write head [6].

In pursuit of higher areal density, novel
fabrications of magnetic recording media have
been introduced [7,8]. Magnetic bit patterned
media (or patterned media) consist of a regular
array of magnetic dots, each of which has uniaxial
magnetic anisotropy. The easy axis can be oriented
parallel or perpendicular to the substrate. Each dot
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stores one bit, depending on its magnetization state
(i.e. “up” direction could represent 1, and “down”
direction could represent 0) [9]. Unlike
conventional magnetic media, the grains within

each bit patterned are coupled so that the entire
element behaves as a single magnetic domain.
Ideal patterned media should have a perfect
pattern, long range order as shown in Figure 1.

single domain magnetic dot (island)

+ magnetization

- magnetization

Figure 1 Schematic illustration of ideal patterned media.

In the past decade, several methods have
been used to fabricate nanometer scale magnetic
dot arrays such as electron beam lithography
[9,10], extreme UV lithography [11], X-ray
lithography [12], nanoimprint lithography [13,14]
and self-assembly of magnetic nanoparticles on a
modified surface [5,15]. Among these methods,
self-assembly of magnetic nanoparticles have a lot
of advantages including highest areal density, low
cost and long range order. However, there are
issues that need to be resolved before this method
will be commercially implemented. The tunable
morphology and composition of the particles, the
aggregation of the particles due to the high
temperature annealing, the orientation of the easy
axis and the controlling of the self-assembly of

nanoparticles into regular arrays are particularly
challenging.

This paper briefly reviews the magnetic
properties of FePt nanoparticles, recent progress in
chemical syntheses and self-assembly of
monodisperse FePt nanoparticles for use as
patterned media.

Magnetic properties of FePt nanoparticles
Magnetic  recording media must be
ferromagnetic. The ferromagnetic behavior can be
illustrated by a hysteresis loop as shown in
Figure 2a. In the absence of an external field, the
magnetic moment of each particle points in
different directions and the average magnetic
moment is zero. When the magnetic field is
applied, the magnetic moment of the particles is
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forced to align along the field direction leading to
an increase in magnetization. When all magnetic
moments point in the same direction as the field,
the magnetization is highest at a constant value
called the saturation magnetization (M;). However,
when the field is removed, the magnetization does
not become zero. This residual magnetization is
called the remanent magnetization (M,). To reduce
the magnetization to zero, the external field must
be reversed and increased until the magnetization
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Figure 2 Schematic illustration

superparamagnetic nanoparticles.

Very small magnetic nanoparticles usually
lose their ferromagnetic properties due to the
random flip of the magnetization direction under
the influence of temperature. The relaxation time

of the magnetization orientation of each particle is

KV [2ksT

determined by 7 =7,e , in which 7 is the

relaxation time at one orientation, 7, is called the

attempt time which is typically 10~ - 107'° second,
K is the particle’s anisotropy constant, V is the
volume of the particle, kg is Boltzmann’s constant,
and T is temperature [16]. In the case of small
particles, the term KV becomes comparable to the
thermal energy kgT, and therefore, the relaxation
time is very short. The magnetization can then
fluctuate from one direction to another. As a result,
the overall magnetization becomes zero, and the
particle is referred to as superparamagnetic.

is zero. This value is called the coercive field (H,).
By contrast, superparamagnetism is described by
the hysteresis loop as shown in Figure 2b, the
magnetization increases rapidly with an increase in
the magnetic field. When the external field is zero,
the magnetization is also zero. Hence, superpara-
magnetic materials cannot be used as magnetic
recording media due to the absence of remanent
magnetization.

G .

M (emu/cm™)

of typical hysteresis loops for (a) ferromagnetic and (b)

FePt nanoparticles are suitable materials for
magnetic recording applications because of their
large uniaxial magnetocrystalline anisotropy
(about 7 x 10° J/m’) and good chemical stability
[17]. The FePt nanoparticles with a near-equal
atomic percentage of Fe and Pt can be
ferromagnetic at room temperature even when the
particle size is as small as 3 nm [18]. However, the
particles must have a face-centered tetragonal
structure (fct) in which the Fe and Pt atoms are
arranged in alternate layers along the [001]
direction [16] (Figure 3b). Another possible phase
of FePt nanoparticle is face-centered cubic (fcc)
(Figure 3a) in which the Fe and Pt atoms in the
crystal are randomly positioned. In this phase, the
particles are superparamagnetic and therefore not
appropriate for magnetic recording media.
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Figure 3 Schematic illustration of the unit cell of (a) chemically disordered face centered cubic and (b)

chemically ordered face centered tetragonal FePt.

Chemical synthesis of FePt nanoparticles
Previously, many researchers have attempted
to chemically synthesize monodisperse FePt
nanoparticles with controllable size, shape and
composition [16-23]. Their results show that the
quality of the nanoparticles can be controlled by
the reaction conditions. Unfortunately, as-
synthesized FePt nanoparticles usually have an fcc
structure, leading to no magnetic ordering at room
temperature. To achieve a high magnetic ordering,
the particles have to be transformed to the fct
structure. Such phase transformation typically
occurs at high temperature annealing, however this
leads to particle aggregation, and wider size
distributions. To prevent particle agglomeration,
many methods have been developed such as
doping with Ag, Au, and Cu in the FePt phase to
lower the onset temperature for the fcc to fct phase
transformation [24-26], coating FePt with iron
oxide [27], SiO, [28], or MgO [29], direct
synthesis of the fct structured particles by a polyol

process using high boiling point solvents [30,31],
and annealing with salt (i.e. NaCl) [32,33].
Nevertheless, a definitive technique for magnetic
recording fabrication has not been achieved yet.

Chemical synthesis of FePt nanoparticles
mainly involve the thermal decomposition of iron
pentacarbonyl {Fe(CO)s} and the reduction of
platinum acetylacetonate  {Pt(acac),} by a
polyalcohol (i.e. 1,2 hexadecanediol) in the
presence of solvent such as dioctyl ether or benzyl
ether with oleic acid and oleylamine as surfactants
[17,19]. The synthetic chemistry is illustrated in
Figure 4. Fe(CO)s is decomposed at high
temperature to carbon monoxide and Fe. Pt(acac),
is reduced to Pt by a reducing agent. A small group
of Fe and Pt atoms combine to form clusters that
act as nuclei and then the crystal growth process is
activated, forming FePt nanoparticles. The
surfactants are required for surface passivity and
particle stability.
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Figure 4 Schematic illustration of FePt nanoparticle formation from decomposition of Fe(CO)s and

reduction of Pt(acac),. (Adapted from [16])

In the procedure described above, the
composition of FePt particles is controlled by the
Fe(CO)s/Pt(acac), ratio. However, some of the
Fe(CO)s does not contribute to the FePt alloy
formation since Fe(CO)s has a low boiling point
(103 °C). At high temperature (usually about
300 °C), Fe(CO)s is actually in the vapor phase
and slowly decomposes. Comparing to the shorter
time period of the FePt nanoparticle formation,
therefore, the consumption of Fe(CO)s cannot be
completed within the synthetic time period.
Usually, an excess of Fe(CO)s is used in the
synthesis of FePt nanoparticles with a near-equal
atomic percentage of Fe and Pt.

In a study using Fe(CO)s as a starting
material [21], it was found that the surfactants and
their concentration, type of solvents, nature of
precursors, and heating rate played crucial roles in
controlling the size and shape of FePt
nanoparticles. At a fixed heating rate, the particle
size increases with an increase in surfactants to
Pt(acac), ratio but beyond a certain concentration
of surfactants (the molar ratio of surfactants to
Pt(acac), was 10) the particle size did not change.
They also found that the heating rate of the
reaction at about 5 °C/min gave rise to the largest
particle size. In addition, when benzyl ether was
used as a solvent, spherical particles with narrow
size distribution were obtained. By contrast, octyl
ether gave faceted cubic shape particles. However,
the effect of the solvent on the shape of the particle
was hard to find in the particle with particles
smaller than 7 nm. The time interval of surfactant

injection into the reaction mixture is another factor
that influences the particle shape. Using benzyl
ether as a solvent, rod shape nanoparticles with
few spherical ones were obtained when oleylamine
was injected 5 min after injecting oleic acid.
However, the same result was not observed when
octyl ether was used as the solvent.

An alternative approach to the synthesis of
FePt nanoparticles using Fe(CO)s is to synthesize
Pt/Fe,O3 core-shell nanoparticles [34]. The core-
shell particles were synthesized by using Fe(CO)s
and Pt(acac), as precursors and then were
deposited as a monolayer on a substrate using a
Langmuir-Blodgett (LB) technique. Annealing at
either 550 or 650 °C for 9 h under a gas flow of
Ar(95 %)/Hy(5 %) in a tube furnace can convert
the Pt/Fe,O; core-shell nanoparticles to FePt
nanoparticles.

Although high quality FePt nanoparticles
may be synthesized from Fe(CO);s it is very toxic
and a highly flammable liquid at room
temperature. Moreover, the exact composition of
the FePt particles is difficult to control due to the
reaction temperature being above the boiling point
of Fe(CO)s. Therefore, less toxic precursors such
as Fe(acac), and Fe(acac); have been tested in the
synthesis of monodisperse FePt nanoparticles
[21,35-37]. The co-reduction of Fe(acac); or
Fe(acac), and Pt(acac), with 1,2 hexadecanediol
can produce monodisperse 2-3 nm diameter FePt
nanoparticles. For example [27], Fe(acac); (0.5
mmol), Pt(acac), (0.5 mmol), 1,2 hexadecanediol
(5.0 mmol), oleic acid (0.5 mmol), and oleylamine
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(0.5 mmol) were mixed in 20 mL of octyl ether at
room temperature using standard techniques. The
mixer was then heated to reflux at 286 °C for 30
min. Then, the heat source was removed and the
product solution was cooled to room temperature
under a N, blanket. The particles were then
purified by centrifugation, e.g., ethanol (~40 ml)
was added in the solution and centrifuged again.
The supernatant was discarded. The black
precipitate was dispersed in hexane (~25 ml), oleic
acid (0.05 ml), oleylamine (0.05 ml) and
precipitated out by adding ethanol (~20 ml)
followed by centrifuging. The product was
dispersed in hexane (~20 ml) again and
centrifuged to remove any undissolved precipitate,
and precipitated out by adding ethanol (~15 ml)
and centrifuging. The final product was
redispersed in hexane and stored under N,.

Although Fe(acac); is easier to handle than
Fe(CO)s, it is still very hard to control the size,
shape and composition of the particles. Nandwana
et al. [21] found that when Fe(acac); was used as a
starting material, the particles around 2 nm were
always obtained although the amount of surfactant
and heating rate were varied. Elkins et al. [35] also
found that even the final particle composition was
changed by changing the initial mole ratio of the
precursors. The initial ratio was not retained in the
final product. For example, using a 2:1 mole ratio
of the precursors, FeyPts¢ particles are produced.
To obtain precise composition particles, other
precursors and reducing agents have also been
studied [38,39]. The initial molar ratio of the metal
precursors is carried over to the final product by
reduction of FeCl, and Pt(acac), mixtures in
diphenyl ether by lithium triethylborohydride
(LiEt;BH) in the presence of oleic acid,
oleylamine, and 1,2 hexadecanediol at 200 °C.
After refluxing at 263 °C, FePt nanoparticles
around 4 nm in size were obtained [38]. Fe(CO);s
can also be replaced by Na,Fe(CO), which acts as
both a reducing agent and Fe source [39]. In this
reaction, the anion Fe* from Na,Fe(CO), transfers
two electrons to Pt*". The Pt*" is reduced to
metallic Pt while the Fe” is oxidized to metallic
Fe, which then combine to form FePt. This assures
a 1:1 stoichiometry of the final product.

To date, the effective method to control size,
shape, and composition of FePt nanoparticles by
using low toxic precursors remains a challenge that

must be overcome before their

applications will be fulfilled.

potential

Self assembly of magnetic nanoparticles

A control of the self-assembly of
nanoparticles into regular arrays is very difficult
particularly in creating long range order, because
the interactions of such small particles are not
precisely known or controlled [40]. Hence,
lithography-assisted  self-assembly has been
adapted. The pre-patterned substrate is fabricated
by lithography techniques and then the template
for assembly of nanoparticles is formed by self-
assembly of block copolymers [41-45].
Nevertheless, perfect ordering over large areas and
circumferential geometry has not yet been
achieved. Recently, Park et al. [46] reported that
without lithography heating can modify the faceted
surface of commercially available sapphire wafers
to guide the self-assembly of block copolymers
into oriented arrays with a long range order over
arbitrarily large wafer surfaces. Areal density in
excess of 10 Tb/in’ was obtained as a result.
However, this method is not yet the most
promising route due to the need for high
temperature annealing (1,300 - 1,500 °C) for 24 h
and some defects are present. Furthermore, the
assembly of magnetic nanoparticles into such
arrays has not been studied. Block copolymers are
very expensive and require modification of the
capping ligands to make the nanoparticles
compatible with a specific side of the copolymers,
which can be synthetically challenging [47].
Therefore, a controllable, simple, and low cost
method to assemble the nanoparticles into regular
arrays is still required.

The LB technique is another powerful and
simple method to fabricate high-density
nanoparticle monolayers and multilayer films with
controllable layer numbers and thickness [48]. In
principle [49], hydrophobic nanoparticles are
assembled at the air-water interface of the LB
trough and then the particle layer is compressed by
the barriers until the desired surface pressure is
achieved. The wuniform monolayer can be
transformed to a substrate by vertical dipping of
the substrate into the densely packed film. In the
past decade, many nanoparticle monolayers and
multilayers have been prepared by the LB
technique such as Au [50,51], Ag [52], y-Fe,O3
[53], and Fe;O0, [54,55]. Moreover, FePt
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nanoparticle monolayers have been fabricated [56-
58]. Wang et al. [56] synthesized monodisperse
FePt nanoparticles with a mean size of around 4
nm and then created a monolayer on a glass
substrate using the LB technique. They found that
the transfer of nanoparticle layers onto a solid
substrate surface was quite efficient for the first
few layers. Patel er al. [57] dispersed FePt
nanoparticles onto the water surface in the LB
trough. When the desired surface pressure was
achieved, a polydimethylsiloxane (PDMS) stamp
fabricated by conventional photolithography was
carefully brought into contact horizontally with the
water surface. As a result, the pattern was
transferred to the silicon substrate. By this
approach, micrometer-size circles, lines, and
square patterned monolayers and multilayers of
FePt nanoparticles may be prepared. Heitsch et al.
[58] reported a study of an ordered hexagonal
monolayer of FePt nanocrystals fabricated using
3 techniques (LB, Langmuir-Schifer, and spin
coating). The results indicated that the LB
technique provided the most ordered superlattice
films.

Conclusion

This article has reviewed the research and the
challenges in the synthesis of FePt nanoparticles
for patterned media applications. Chemical
synthesis has been shown to be a promising route
to produce FePt nanoparticles with a narrow size
distribution. However, there are some issues that
need to be resolved before their applications will
be realized such as less toxic precursors, shape
control, precise composition, and prevention of
particle agglomeration due to the high temperature
annealing. Another task is the control of self-
assembly of the particles to provide long range
order. Self-assembling on pre-patterned block
copolymer substrate and LB technique are possible
candidates for success in this area. The novel
simple, low-cost, and more effective technique will
most likely be discovered in the near future. When
this happens, many applications for self-assembled
nanoparticles will become a reality.

Acknowledgements

This work was financially supported by
Industry/University Cooperative Research Center
(/UCRC) in HDD Component, the Faculty of

Engineering, Khon Kaen University and National
Electronics and Computer Technology Center,
National Science and Technology Development
Agency. The author also would like to thank
Assoc. Prof. Dr. Chitnarong Sirisathitkul for his
comments on the manuscript and Asst. Prof. Dr.
Phimphaka Harding for her suggestions regarding
chemical synthesis.

References

[1] D Weller and A Moser. A thermal effect
limits in  ultrahigh-density = magnetic
recording. [EEE Trans. Magn. 1999; 35,
4423-39.

[2] ZZ Bandi¢ and RH Victora. Advances in
magnetic data storage technologies. Proc.
IEEE 2008; 96, 1749-53.

[3] Toshiba Corporation. Toshiba boosts
performance with industry-leading areal
density on 1TB 2.5-inch hard disk drive for
PC consumer electronics applications,
Available at:  http://www.toshibastorage.
com/, accessed August 2011.

[4] A Moser, K Tanako, DT Margulies, M
Albrecht, Y Sonobe, Y Ikeda, S Sun and EE
Fullerton. Magnetic recording: advancing
into the future. J. Phys. D: Appl. Phys. 2002;
35, R157-R167.

[5] BD Terris and T Thomson. Nanofabricated
and self-assembled magnetic structures as
data storage media. J. Phys. D: Appl. Phys.
2005; 38, R199-R222.

[6] R Sbiaa and SN Piramanayagam. Patterned
media towards nano-bit magnetic recording:
fabrication and challenges. Recent Pat.
Nanotechnol 2007; 1, 29-40.

[7] CA Ross, HI Smith, T Savas, M
Schattenburg, M Farhoud, M Hwang, M
Walsh, MC Abraham and RJ Ram.
Fabrication of patterned media for high
density magnetic storage. J. Vac. Sci.
Technol. B. 1999; 17, 3168-76.

[8] BD Terris. Fabrication challenges for
patterned recording media. J. Magn. Magn.
Mater. 2009; 321, 512-7.

[9] CA Ross. Patterned magnetic recording

media. Annu. Rev. Mater. Res. 2001; 31,

203-35.

A Girardino, ED Fabrizio, A Nottola, S

Cabrini, G Giannini, L Mastrogiacomo, G

Gubbiotti, P Candeloro and G Carlotti.

[10]

Walailak J Sci & Tech 2011; 8(2) 93



Self-Assembly of FePt Nanoparticles

Komkrich CHOKPRASOMBAT

http://wjst.wu.ac.th

[11]

[12]

[13]

[14]

[15]

[17]

Electron-beam lithography patterning of
magnetic nickel films. Microelectron. Eng.
2001; 57-58, 931-7.

HH Solak. Nanolithography with coherent
extreme ultraviolet light. J. Phys. D: Appl.
Phys. 2006; 39, R171-R188.

F Rousseaux, D Decanini, F Carcenac, E
Cambril, MF Ravet, C Chappert, N Bardou,
B Bartenlian and P Veillet. Study of large
area high density magnetic dot arrays
fabricated using synchrotron radiation based
x-ray lithography. J. Vac. Sci. Technol. B
1995; 13, 2787-91.

SY Chou, PR Kraus and PJ Renstrom.
Imprint of sub-25 nm vias and trenches in
polymers. Appl. Phys. Lett. 1995; 67, 3114-6.
T Bublat and D Goll. Large-area hard
magnetic  L1y-FePt  nanopatterns by
nanoimprint lithography. Nanotechnology
2011; 22, 315301.

SB Darling, NA Yufa, AL Cisse, SD Bader
and SJ Sibener. Self-organization of FePt
nanoparticles on photochemically modified
diblock copolymer templates. Adv. Mater.
2005; 17, 2446-50.

S Sun. Recent advances in chemical
synthesis, self-assembly, and applications of
FePt nanoparticles. Adv. Mater. 2006; 18,
393-403.

S Sun, CB Murray, D Weller, L Folks and A
Moser. Monodisperse FePt nanoparticles and
ferromagnetic FePt nanocrystal superlattices.
Science 2000; 287, 1989-92.

CB Rong, N Poudyal, GS Chaubey, V
Nandwana, R Skomski, YQ Wu, MJ Kramer
and JP Liu. Structural phase transition and
ferromagnetism in monodisperse 3 nm FePt
particles. J. Appl. Phys. 2007; 102, 043913.
M Chen, JP Liu and S Sun. One-step
synthesis of FePt nanoparticles with tunable
size. J. Am. Chem. Soc. 2004; 126, 8394-5.

[25]

[26]

(27]

[29]

composition. Nanotechnology 2009; 20,
485602.
N Poudyal, GS Chaubey, CB Rong and JP

Liu. Shape control of FePt nanocrystals. J.
Appl. Phys. 2009; 105, 07A749.

T Maeda, T Kai, A Kikitsu, T Nagase and J
Akiyama. Reduction of ordering temperature
of a FePt-ordered alloy by addition of Cu.
Appl. Phys. Lett. 2002; 80, 2147-9.

S Kang, JW Harrell and DE Nikles.
Reduction of the fcc to L1, ordering
temperature  for  self-assembled  FePt
nanoparticles containing Ag. Nano Lett.
2002; 2, 1033-6.

CL Platt, KW Wierman, EB Svedberg, RV
Veerdonk, JK Howard, AG Roy and DE
Laughlin. L1, ordering and microstructure of
FePt thin films with Cu, Au, and Au additive.
J. Appl. Phys. 2002; 92, 6104-9.

C Liu, X Wu, T Klemmer, N Shukla, D
Weller, AG Roy, M Tanase and D Laughlin.
Reduction of sintering during annealing of
FePt nanoparticles coated with iron oxide.
Chem. Mater. 2005; 17, 620-5.

S Yamamoto, Y Morimoto, Y Tamada, YK
Takahashi, K Hono, T Ono and M Takano.
Preparation of monodisperse and highly
coercive L1,-FePt nanoparticles dispersible
in nonpolar organic solvents. Chem. Mater.
2006; 18, 5385-8.

J Kim, C Rong, Y Lee, JP Liu and S Sun.
From core/shell structured FePt/Fe;0,/MgO
to ferromagnetic FePt nanoparticles. Chem.
Mater. 2008; 20, 7242-5.

B Jeyadevan, A Hobo, K Urakawa, CN
Chinnasamy, K Shinoda and K Tohji.
Toward direct synthesis of fct-FePt
nanoparticles by chemical route. J. Appl.
Phys. 2003; 93, 7574-6.

K Sato, B Jeyadevan and K Tohji.
Preparation and properties of ferromagnetic

[20] M Chen, J Kim, JP Liu, H Fan and S Sun. FePt dispersion. J. Magn. Magn. Mater.
Synthesis of FePt nanocubes and their 2003; 266, 227-30.
oriented self-assembly. J. Am. Chem. Soc. [32] KE Elkins, D Li, N Poudyal, V Nandwana, Z
2006; 128, 7132-3. Jin, K Chen and JP Liu. Monodisperse face-
[21] V Nandwana, KE Elkins, N Poudyal, GS centered tetragonal FePt nanoparticles with
Chaubey, K Yano and JP Liu. Size and shape giant coercivity. J. Phys. D: Appl. Phys.
control of monodisperse FePt nanoparticles. 2005; 38, 2306-9.
J. Phys. Chem. C 2007; 111, 4185-9. [33] D Li, N Poudyal, V Nandwana, Z Jin, K
[22] L Colak and GC Hadjipanayis. Chemically Elkin and JP Liu. Hard magnetic FePt
synthesized  FePt  nanoparticles  with nanoparticles by salt-matrix annealing. J.
controlled particle size, shape and Appl. Phys. 2006; 99, 08E911.
94 Walailak J Sci & Tech 2011; 8(2)



Self-Assembly of FePt Nanoparticles

Komkrich CHOKPRASOMBAT

http://wjst.wu.ac.th

[34]

[36]

[37]

[38]

[43]

[44]

[45]

X Teng and H Yang. Synthesis of face-
centered tetragonal FePt nanoparticles and
granular films from Pt@Fe,O; core-shell
nanoparticles. J. Am. Chem. Soc. 2003; 125,
14559-63.

KE Elkins, TS Vedantam, JP Liu, H Zeng, S
Sun, Y Ding and ZL Wang. Ultrafine FePt
nanoparticles prepared by the chemical
reduction method. Nano Lett. 2003; 3, 1647-
9.

C Liu, X Wu, T Klemmer, N Shukla, X
Yang, D Weller, AG Roy, M Tanase and D
Laughlin. Polyol process synthesis of
monodispersed FePt nanoparticles. J. Phys.
Chem. B 2004; 108, 6121-3.

V Nandwana, KE Elkins and JP Liu.
Magnetic hardening in ultrafine FePt
nanoparticle assembled films.

Nanotechnology 2005; 16, 2823-6.

S Sun, S Anders, T Thomson, JEE Baglin,
MF Toney, HF Hamann, CB Murray and BD
Terris. Controlled synthesis and assembly of
FePt nanoparticles. J. Phys. Chem. B 2003;
107, 5419-25.

LE Howard, HL Hguyen, SR Giblin, BK
Tanner, I Terry, AK Hughes and JS Evans. A
synthetic route to size-controlled fcc and fct
FePt nanoparticles. J. Am. Chem. Soc. 2005;
127, 10140-1.

M Grzelczak, J Vermant, EM Furst and LM
Liz-Marzan. Directed self-assembly of
nanoparticles. ACS Nano. 2010;4, 3591-605.

SO Kim, HH Solak, MP Stoykovich, NJ
Ferrler, JJ de Pablo and PF Nealey. Epitaxial
self-assembly of block copolymers on
lithographically  defined  nanopatterned
substrates. Nature 2003; 424, 411-4.

JY Cheng, AM Mayes and CA Ross.
Nanostructure engineering by templated self-
assembly of block copolymers. Nat. Mater.
2004; 3, 823-8.

YS Sung and CA Ross. Orientation-
controlled self-assembled nanolithography
using a polystyrene-polydimethylsiloxane
block copolymer. Nano Lett. 2007; 7, 2046-
50.

YS Jung, JB Chang, E Verploegen, KK
Berggren and CA Ross. A path to
ultranarrow patterns using self-assembled
lithography. Nano Lett. 2010; 10, 1000-5.

R Ruiz, H Kang, FA Detcheverry, E Dobisz,
DS Kercher, TR Albrecht, JJ de Pablo and

[46]

[47]

(48]

[54]

PF Nealey. Density multiplication and
improved lithography by directed block
copolymer assembly. Science 2008; 321,
936-9.

S Park, DH Lee, J Xu, B Kim, SW Hong, U
Jeong, T Xu and TP Russell. Macroscopic
10-Terabit-per-square-inch arrays from block
copolymers with lateral order. Science 2009;
323, 1030-3.

Y Zhao, K Thorkelson, AJ Mastroianni, T
Schilling, JM Luther, BJ Rancatore, K
Matsunaga, H Jinnai, Y Wu, D Poulsen, JMJ
Fréchet, AP Alivisatos and T Xu. Small-
molecule-directed nanoparticle assembly
towards stimuli-responsive nanocomposites.
Nat. Mater. 2009; 8, 979-85.

V  Aleksandrovic, D  Greshnykh, 1
Randjelovic, A Fromsdorf, A Kornowski, SV
Roth, C Klinke and H Weller. Preparation
and electrical properties of cobalt-platinum
nanoparticle monolayers deposited by the
Langmuir-Blodgett technique. ACS Nano.
2008; 2, 1123-30.

DR Talham, T Yamamoto and MW Meisel.
Langmuir-Blodgett films of molecular
organic materials. J. Phys.: Condens. Matter.
2008; 20, 184006.

XY Chen, JR Li and L Jiang. Two-
dimensional arrangement of octadecylamine-
functionalized gold nanoparticles using the
LB technique. Nanotechnology 2000; 11,
108-11.

S Chen. Langmuir-Blodgett fabrication of
two-dimensional robust cross-linked
nanoparticle assemblies. Langmuir 2001; 17,
2878-84.

A Tao, P Sinsermsuksakul and P Yang.
Tunable plasmonic lattices of silver
nanocrystals. Nat. Nanotechnol. 2007; 2,
435-40.

Q Gou, X Teng, S Rahman and H Yang.
Patterned Langmuir-Blodgett films of
monodisperse nanoparticles of iron oxide
using soft lithography. J. Am. Chem. Soc.
2003; 125, 630-1.

DK Lee, YH Kim, CW Kim, HG Cha and
YS Kang. Vast magnetic monolayer film
with surfactant-stabilized Fe;0,
nanoparticles  using  Langmuir-Blodgett
technique. J. Phys. Chem. B 2007; 111,
9288-93.

Walailak J Sci & Tech 2011; 8(2)

95



Self-Assembly of FePt Nanoparticles

Komkrich CHOKPRASOMBAT

http://wjst.wu.ac.th

[55]

[56]

F Mammeri, YL Bras, TJ Daou, J-L Gallani,
S Colis, G Pourroy, B Donnio, D Guillon and
S Begin-Colin. Formation of ferromagnetic
films  with  functionalized  magnetic
nanoparticles using the Langmuir-Blodgett
technique. J. Phys. Chem. B 2009; 113, 734-
8.

Y Wang, B Ding, H Li, X Zhang, B Cai and
Y Zhang. Fabrication and transformation of
FePt nanoparticle monolayer. J. Magn.
Magn. Mater. 2007; 308, 108-15.

[57]

(58]

RN Patel, AT Heitsch, C Hyun, D-M
Smilgies, A de Lozanne, Y-L Loo and BA
Korgel. Printed magnetic FePt nanocrystal
films. ACS Appl. Mater. Interfaces. 2009; 1,
1339-46.

AT Heitsch, RN Patel, BW Goodfellow, D-
M Smilgies and BA Korgel. GISAXS
Characterization of order in hexagonal
monolayers of FePt nanocrystals. J. Phys.
Chem. C 2010; 114, 14427-32.

96

Walailak J Sci & Tech 2011; 8(2)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


