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The sonochemical preparation of FePt/s#dd FePt/ZnS/Si©core—shell and hollow microspheres,
as well as their self-assembly into a quasi-monolayer, was demonstrated. Uniform FePt nanoparticles
can be deposited on silica microspheres modified with polyelectrolytes by a sonochemical process, using
iron and platinum acetylacetonates as metal precursors. The amine and carboxylic functional groups in
the polyelectrolyte layer provided nucleation sites for FePt nanoparticles. Alternatively, if the silica was
precoated with ZnS, the nucleation of FePt nanoparticles on the ZnS shell can occur. A high coercivity
of 12 kOe for these microspheres was obtained after annealing. A bifunctional microsphere with both

luminescence and magnetic properties could be generated after the FePt/Zn8i8it3phere was
annealed in a vacuum.

Introduction Hard magnetic FePt has attracted considerable attention

due to its high magnetocrystallinityK(, ~6.6 x 10’ erg/

cn?) and magnetic anisotropy. Self-assembled FePt magnetic
and biotechnolog§ Among them, magnetic coreshell and nanoparticles offer the potential to store data at areal densities
hollow capsules have received growing attention due to a -1 Tkgt/lfnch?. Tk;!n ?Ims O.f thh§3ﬁ ;herg{ored c?n bte r‘;%gl_
variety of biomedical applications such as separation, cancer©€€ otr app |ca%g|onsd|nb. '9 d E.’nz'lyH a s Oth &
detection, and drug delivery system by noncontact magneti_perman_en magnets, and _blomedicine. However, the
cally guided transpoftS The strategy of using silica or magnetic prope_rtles of FePt nano_partlcles deper_ld crltlca_llly
polymer as a templating core, followed by nucleation and on the preparation processes, which can detgrmme thg final
growth of a shell, allowed a hollow sphere to be generated shap? gntﬂ S'Zﬁ d|_str||but(|jon tf)f th? Pntanopar(tjlcllzes. Elkins
after selective removal of the core by etching, dissolution, reported the chemical re “CO'O'T‘ 0 (a@aa:r) e(acag)_

or thermal decompositiohln the context of magnetism, a by 1,2—hexadecaned|ol a295 C n 30'.”“‘”! phase to obtain
magnetic hollow sphere can show several unique aspectsmonod|sperse FePt nanopatrticles with sizes bet_ween 2 and
compared to the flat thin film&%7 A hollow sphere can 4 nm. Jeyadevah reported the reduction (?f iron and
maintain single-domain behavior at a much larger diameter plattllnum daceté/l?ctetohnates ?yFetgi/lenelgli/)col 'Btzqo?jndH i
than a solid spheréThere is also anisotropic distribution partly ordered Ict pnase of Fert could be obtained. Hea
of magnetization due to the curved surface and a decreasd'®atment is required to induce phase transformation from
in magnetic switching field if the direction of the external
magnetic field is applied to the sphere at oblique angles.

Core—shell and hollow colloidal particles can find many
application$#in areas such as photonic crystatstalysts
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Scheme 1. Schematic lllustration of Sonochemical Preparation of FePt CoreShell Spheres and the Self-Assembly of the FePt
Microsphere Monolayer (PEI, poly(ethyleneimine); PAA, Poly(acrylic acid))
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fcc to the hard magnetic fct phase. The coalescence of FePgenerating a bifunctional magnetiuminescent micro-
nanoparticles during annealing can be prevented by coatingsphere.

the FePt nanoparticles (such as FeRkg* FePt/SiQ,'®
FePt/MnG39 with oxide matrix. Recently, Salgu€irika-

ceird” reported the adsorption of FePt nanoparticles on silica
sphere via electrostatic attraction; however, the magnetic
properties of these adducts were not investigated. FePt

nanocomposites, such as FePdS® and FeP+zZnS?®

Experimental Section

Materials and Instruments. Chemicals (Aldrich) were pur-
chased from Sigma-Aldrich, Singapore, except for platinum(ll)
acetylacetonate (Pt(acac®8%, Acres Organics) and zinc acetate
((CH3COO0):2H,0, Merck). Iron(ll) acetylacetonate (Fe(acac)

bimodal nanoparticles, have recently been investigated to actgg 95%), iron(lll) acetylacetonate (Fe(acacd9.9%), ethylene
as bifunctional nanoparticles showing dual properties of glycol (99%), thioacetamide (98%), poly(ethyleneimine) (PEI, 50%
magnetism and luminescence. These properties are potengw/v) in H,O, My, 200 000), poly(acrylic acid) (PAAW, 450 000),
tially useful in biomedicine, although one issue may be the tetraethyl orthosilicate (99%), ammonia (280%). The chemicals
quenching of luminescence by FePt in the case of CdS inwere used without further purification.

core—shell FePt/Cd%°

Ultrasonic irradiation was carried out using a high-intensity

High-intensity ultrasound has become a useful tool to ultrasonic probe (Sonics & Materials, VCX-750, 13 mm diameter

synthesize a number of nanosize mateftaf§ including
core—shelP32*and hollow sphere®.Acoustic cavitation can
produce hot spots (instantaneous000 K,~1000 atm, and
guenching rates abovexl 10'° K/s) and unusual physical
and chemical effect®:?® Very recently, FePt nanoparticles
with high coercivity were prepared by ultrasonically assisting
decomposition of synthesized precursosHef(CO);52" In
this work, surface chemistry was applied to modify the

Ti horn, 20 kHz). The Suslick cell has a diameter of 25 mm. The
ultrasonic probe was usually immersed cm under the reaction
liquid surface, and the amplitude (power) of sonication was
controlled at 25-40% of total power output (750 W).

(1) Modification of Silica Spheres.(a) Deposition of Polyelec-
trolyte Layers of PEIl and PAA using Layer-by-Layer Technique
(P2/SiQ). Electrostatic attraction is the main driving force
for the deposition of positively charged PEI with Bkbr NH3*)
groups and negatively charged PAA withCOOH (or —COQO")

interface between FePt and the silica microsphere so thatgroups on the negatively charged surface of the silica template.
the nucleation of the FePt on the surface-modified silica can Silica spheres were synthesized following théstomethod?

be achieved. Finally, we investigated the possibility of
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The silica particles in water dispersion were deposited by a two-
layer polyelectrolyte of aqueous PEI and PAA. Typically, 2
mL of PEI (2 mg/mL, pH was preadjusted te3 by 1.0 mol/mL
of HCI) was added into a colloidal dispersion of 0.1 g of silica/30
mL of deionized water, followed by a bath sonication to get a
colloidal dispersion. It was then centrifuged and washed by
deionized water three times. A similar process was applied to coat
PAA (2 mg/mL, pH was adjusted te8 by 1.0 mol/mL of NaOH
to have a more negative charge with met€ OO~ groups on PAA)
on the PEl-coated SiO Finally, the white powder was dried
at 60°C.

(b) ZnS-Coated SifCore—Shell Sphere (ZnS/SiD Typically,
100 mg of SiQ (heated at 180C for 12 h in advance) was added
into a solution of Zn(Acy2H,O (600 mg, 2.73 mmol) in 40 mL
of deionized water and sonicated ferlO min for dispersiof?
Thioacetamide (205 mg, 2.73 mmol) was then added into the
dispersion and sonicated in air for 3 h. The total amount of
sonochemical energy delivered to the probe was digitally displayed
as~8 x 1074 J. The resulting white powder was recovered by

(28) Stdoer, W.; Fink, A.; Bohn, EJ. Colloid Interface Scil968 26, 62.
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Figure 2. SEM image of a quasi-monolayer of FePt/ZnS/Sifcrospheres
assembled on Si substrate (left inset, magnified image; right inset,
photograph of samples-6 x 8 mm) scattered in thgl11} planes, showing

red color reflection).

maximum applied field of 50 kOe. X-ray powder diffraction (XRD)

) were recorded at a scan rate of C8lusing theKa line of copper
Figure 1. TEM images of fcc phase FePt cerghell spheres: (a) average g PP

size~240 nm FePt/Si@using Fe(lll)(acag)as iron precursor, (b) HRTEM (1‘540600_ A). Transmission electron_ microscopy (TEM) Images
image of dense-35 nm FePt clusters on the FePt/Sighell (inset,~120 were obtained with a JEOL 3010 microscope at an acceleration

nm FePt/SiQ using Fe(ll)(acaeg)as iron precursor, and SAED pattern of  voltage of 300 kV and JEOL UHV-TEM with a base pressure of
FePt shows fcc phase), (c) FePt/ZnS/Sii@set, the thickness of ZnSshell  ~1 x 109 Torr. SEM images were taken on JEOL 6701 FESEM

and FePt shell is-30 nm and~15 nm, respectively), (d) HRTEM of FePt : el ; ; ;
and ZnS nanoparticles on the shell (0.312 nm for ZAS1} plane, 0227 (field emission scanning electron microscopy). Photoluminescence

nm for FeP{ 111} plane, inset SAED pattern shows fcc FePt and crystaline (PL) Spectra were recorded for the solid samples on the/SIO
zZns). substrate with a Renishaw 2000 micro-PL setup equipped with 325

nm excitation from a He Cd laser. X-ray photoelectron spectros-
centrifugation, washed repeatedly with deionized water, and then copy (XPS) was performed with the Phobios 100 electron analyzer,

dried at 60°C. using an unmonochromated AlokX-ray source (1486.6 eV).
(2) Sonochemical Preparation of FePt-Based CoreShell
Sphere (FePt/SiQ and FePt/ZnS/SiQ). Typically, 0.010 g of P2/ Results and Discussion
SiO, in 12 mL of ethylene glycol was sonicated for about 10 min . . .
to get a colloidal dispersion. Pt(acat).060 g) and Fe(acad0.078 One unique aspect of the current approach is the direct

g, or 0.108 g of Fe(acag)were then added into the dispersion and SOnochemical redUC_tion O_f iron and platinum precursors to
sonicated for 24 h under an Ar gas flow. (For synthesis of FePt/  form FePt nanoparticles in ethylene glycol at a relatively
ZnS/SiQ, the amounts of ZnS/SiOPt(acac), and Fe(acagdded low temperature of 120C. No chemical reducing agent such
were typically 0.020, 0.985, and 0.127 g, respectively.) During the as 1,2-hexadecanediol, or the use of surfactants to stabilize
sonication, the temperature increased to +15°C automatically.  these nanoparticles, is needed. In this case, the sonochemi-
The black mixture was centrifuged; the black precipitate was washed cally reduced FePt nanoparticles were deposited directly on
several times with ethanol and then dispersed in hexane thatihe polyelectrolyte-coated spheres. In addition, sonochemistry
contained several drops each of oleic acid and oleylamine, yqqists with the uniform coating of FePt on the spherical
centrifuged, and washed by hexane. ) ) template by a surface self-cleaning effect; this arises from
(3) Self-Assembly of FePt Core-Shell Colloidal Particles and microiet “sputtering” driven by ultrasonic cavitatii?s To

Thermal Annealing. The FePt coreshell particles were dispersed . .~ ! . P .g y . '

initiate high-density nucleation of FePt uniformly on the

and washed by a chloroform solution witil. mg/mL of stabilizer, o ) . g .
which consists of equivalent amounts of oleic acid and oleylamine. Silica microsphere, we used amine and carboxylic functional

A black chloroform dispersion consisting of 10 mg/mL FePt/znS/ groups to decorate the surface of the silica microsphere by
SiO, particles,~0.1 mL of oleic acid/oleylamine, and0.02 g/mL codepositing a polyelectrolyte layer of PEI (poly(ethylene-
acrylic acid was used for the two-dimensional self-assembly. Severalimine) and PAA (poly(acrylic acid)). It is well-known that
drops of this dispersion were dropped onto the ethylene glycol FePt has a high affinity for carboxylate and amine groups;
surface at room temperature. After the evaporation of chloroform for example, surfactant exchange has been used routinely in
from the two-dimensional self-assembly on the ethylene glycol the |iterature as a strategy to control the interparticle spacing
surface, the self-a_ssembled Ia)_/er was transferred onto _the_ Slin FePt nanoparticle assemblies by replacing long-chain
fs(;JlEﬁféebsmjzm%nv%imeeﬁgﬁg:'gTh;g;&EE; ;%Zﬁg\tggzgﬂﬁfd oleate and oleylamine with short-chain acid and arfifee

' COOH group of PEI can covalently bond to Fe, forming

for the self-assembly of a monolayer of FePt/giO . . .
The annealing of the film was performed in a vacuum ok 1 iron carboxylate { COO-Fe) in monodentate fashion, or

10 Torr. Magnetic properties were measured at room temperature @S chelate ligand to binding with Fe via two O atoms,
using a Lake Shore 7400 vibrating samples magnetometry (VvSM) Whereas the amine group, as electrodonor, can bind to Pt
instrument with an applied magnetic field up to 20 kOe and a Via coordination bond.The layered deposition of PEI and
superconducting quantum interference device (SQUID) with a PAA can also help to provide a uniform charge distribution
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Figure 3. XRD patterns of FePt/Sig¥ilms on SiQy/Si substrate annealed
for 30 min under a high vacuum (% 107° Torr): (a) sonochemically
prepared powder without annealing; (b) annealed at 400, (c) 500, and (d)
600°C.

(110)

~Substrate

Figure 5. In situ TEM observation of FePt/SiCannealed at different
temperatures; samples were mounted on silicon-oxide-coated Mo grids and
annealed in a vacuum (& 107° Torr, inset bar is 20 nm).

Intensity

Figure 1 shows the TEM images of the FePt/Sand
FePt/ZnS/Si@ microspheres. In images b and d of Figure
1, it can be seen that FePt, with a particle size 663 im,
forms a densely packed shell. The crystal lattic€.228

2 theta (degree) nm) of the FePt cluster and the selected area electron
Figure 4. XRD patterns of FePt/ZnS/SiCfilms on SiQy/Si substrate diffraction (SAED) pattern in the inset in Figure 1b indicate
annealed under a high vacuum for 30 min at different temperatures: (a) that the FePt is fcc phas€111}, {113, {20G, {220}).°
ZNSISiQ powder, (b) 450, (c) 500, (d) 530, and (e) 60 Smaller-sized silica particles typically result in a thinner shell
of FePt due to higher surface area presented to the reagents
(image a and the inset of image b in Figure 1). A double
shell structure was formed around silica in the case of FePt/
ZnS, as shown in Figure 1d. The measudespacings are

Alternatively, a ZnS shell was first synthesized around the ;O.3iflan?~0.22f7 nrk?, rgsge?'c\:’glg’s ngg%hs'g% Welljw'lt;]l
silica spheres, and then sonochemical irradiation of platinum e (111) plane of cubic ZnS ( A ) and (111)

and iron acetylacetonates in ethylene glycol was carried out,plane of fcc FePt. The SAED pattern n the inset confirmed
as shown in Scheme 1. FePt clusters nucleate on the znshe presence of both phases of crystalline ZnS and fcc FePt.

shell because of the excellent lattice match between the (200y<PS @nd EDX analysis revealed that the composition of FePt
(~1.93 A) planes of FePt (JCPDS 43-1359) and the (220) particle is Pt_-rlch, with 4Q47 at_ % Fe. XPS studies (see
(~1.91 A) plane of ZnS (JCPDS 05-0566), as well as the the .Supportmg Information, Figure S_l) reveal that the
formation of sulfide bonds like FeS and PtS. Another ~ Pinding energy of Fe2p (711.1 eV) shifts to lower energy
motivation for selecting ZnS as a component of the double (7075 V) when FePYZnS/Si@ annealed at 30(C, which
shell is its fluorescence property, which is useful for 1S probably due to the removal of organic ligands, because
generating the bifunctional particle in this case. the content of carbon is reduced and the binding energy of

Our strategy to compress FePt ceshell colloidal carbon shifted from 285.1 to 284.7 eV). The photoemission
particles into a self-assembled film at the-géthylene glycol ~ Peaks of Zn and S could not be observed before the sample
interface involves the stabilization of these particles using Was annealed to 300C, indicating the formation of a
equivalent volumes of oleic acid and oleylamine in chloro- uniform coating of FePt on the ZnS shell. The Zn and S
form. A drop of this surfactant-stabilized system was then Peaks can be seen clearly following annealing above
introduced onto the surface of ethylene glycol. Acrylic acid 300°C due to clustering of FePt on the ZnS shell, exposing
(CH=CH—COOH) was selected as a spreading agent the ZnS underlayer. Annealing to 52050 °C initiates some
because of its ability to tune the surface stress between theevaporation of ZnS from the sample. By 530, the Zn peak
drop of chloroform dispersion and the liquid surface of vanished completely in the XPS spectrum, whereas the sulfur
ethylene glycol. It has a good solubility in ethylene glycol peak still remained, which suggests the formation of e
and bonding to Fe of FePt with carboxylic acid group. and P+S bonds. No significant change in the size and
Following the formation of a self-assembled monolayer of composition of the FePt nanoparticles was observed when
micropheres on the surface, this can be transferred to solidiron precursors (Fe(ll) (acacr Fe(lll)(acacy) with different
substrate by stamp-transfer. oxidation states were used.

that is useful in the uniform coating of FePt on silica spheres.
The thickness of the FePt shell formed can be controlled by
adjusting the ratio of FePt precursors and the concentration
and size of the silica microsphere used.
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As shown in Figure 2, a quasi-monolayer of FePt/ZnS/
SiO, core—shell microspheres~240 nm) can be obtained
by a self-assembly process at the-diquid interface. This
is a useful property that allows these FePt microspheres to
be manipulated in hydrophilic environment. Interestingly, the
monolayer can exhibit a color reflection in th&l11} planes,
which is related to the interdistance of partict€sThe
phenomenon indicates that the FePt-nanoparticle-coated silica ;
sphere can be self-assembled to form periodic arrays.rigure 7. TEM images of hollow spheres derived from the FePt eore
Potentially, such types of FePt cershell microsphere may  shell spheres: (a) hollow FePt, (b) hollow FePt/ZnS double shells (inset,
be developed into magnetic photonic crystal, or undergo SEM image).
architectured assembly to form magnetic superlatfites. ) o ) .

Figure 3 shows XRD patterns of the FePt cesdell 10 °C/min. FePt exists in a chemically disordered fcc phase
spheres before and after annealing at different temperaturesWith very small coercitivity and soft magnetism initially and
Before annealing, the sonochemically synthesized FePtneeds thermal annealing to transform it into the chemically
exhibits a chemically disordered A1-FePt phase (fcc phase,ordered fct phase with large coercitivity and hard magnetism.
Figure 3a), which is magnetically soft. After annealing at The{001} diffraction spots started to appear at temperatures
~400 °C, a partial L15-FePt phase (fct phase) starts to ranging from 400 to 460C. The lattice spacing of the (111)
develop. It can be seen that (001) and (201) peaks of fctplane after annealing to 41TC is ~0.221 nm, which is
FePt appear and (111) peak shifts to higher ardjfe 0.224  indicative of the phase transformation from fcc to fct at a
nm), following an annealing process-a#00°C for 30 min. relatively low temperaturé Diffraction rings {110, {001},

A chemically ordered fct structure (JCPDS 43-1359) that {201}, {112) corresponding to the fct phases become
exhibits hard magnetism was obtained when the film was gpservable at an annealing temperature of &2@nd became

annealed at 600C for 30 min (thed value of (111) peak 1y developed at 700C, as shown in Figure 5. The FePt
shifts to~0.219 nm), as shown in Figure 3d. The narrowing aricies on the shell clustered with increasing annealing

of the XRD peaks with the increase in annealing temperaturetemperature, but generally remained stable against evapora-

is indicative of grain growth. ) . .
. . . tion and larger scale aggregation to 700. In situ TEM
The sonochemically prepared ZnS/si@owder is a observation reveals that the ripening of the FePt particle on

mixture of cubic sphalerite (JCPDS 05-0566) and hexagonal FePUZNS/Si h lowlv than the FePYSiO
wurtzite (JCPDS 80-0007), as seen in Figure 4a. When the e_ nS/SiQoccurs ch more slowly than the FePU/zi
(Figure 6). After annealing to a temperature of 680 the

FePt/ZnS/Si@samples were annealed at 48D, the partial ) J
phase transformation of FePt occurred. XRD analysis of FePyParticle size was between 8 and 15 nm, much smaller than
ZnS/SiQ shows that the size of the FePt particle grown on that observed for FePt/SiOwhich was larger than 25 nm.
ZnS is smaller than that of FePt/Si(Figures 3 and 4). The ~ This may be explained by the formation of+8 and Pt-S
size of the FePt particle could be estimated from Scherrer'sbonds on ZnS, which increased the activation energy for
equation; it was around 20 nm for FePt/Si&hd 10 nm for diffusion and aggregation of FePt partiéleThe onset
FePt/ZnS/Si@annealed at 500C. temperature for FePt phase evolution was also observed to
To observe the particle agglomeration process and phasebe higher on ZnS.
transformation of the FePt nanopatrticles on the microsphere,
we performed in situ TEM thermal annealing of the FePt
under high vacuum conditions, utilizing a heating rate of

Hollow spherical FePt particles can be obtained when FePt
core—shell particles were reacted with 2 wt % HF/ethanol

(29) (a) Gates, B.; Xia, YAdv. Mater.2001, 13, 1605. (b) Baryshev, A. (30) Dai, Z. R.; Sun, S.; Wang, Z. INano Lett.200% 1, 443.
V.; Kodama, T.; Nishimura, K.; Uchida, H.; M. Inoué&, Appl. Phys. (31) Yu, A. C. C.; Mizuno, M.; Sasaki, Y.; Inoue, M.; Kondo, H.; Ohta,
2004 95, 7336. I.; Djayaprawira, D.; Takahashi, M\ppl. Phys. Lett.2003 82, 4352.



Bifunctional FePt Core-Shell and Hollow Spheres Chem. Mater., Vol. 19, No. 10, 2071

0.002

0.002 . — : :
3 A , """77;"“ 5 n?:-:z
£ 0.0011 ; | 5 g 0.00 /

S b/ / <
8 0.000 | / % 0.000d—ti o
g / J ’ §
8-0.001 / <
=0 2 -0.004 -
‘{ =

-0.002 v 0.002L—C !

60 40 -20 0 20 40 60 60 40 20 0 20 40 60
Magnetic field (kOe) Magnetic field (kOe)

Figure 8. Room-temperature hysteresis loops. (A) FePSi@) 400°C for 20 min @), (b) 600°C for 10 min (). (B) FePt/ZnS/Si@at 530°C for 30
min: (c) core-shell @), (d) hollow (a).

1.0 radiation, which suggests the quenching of the defect-
1 dominated luminescence by FeP#* After annealing of the
087 monolayer array in a high vacuum, photoluminescence from
%;‘ u.s: the FePU/ZnS/SiPwas recovered. One explanation is that
> guenching by FePt occurs for the defect-dominated green
2 04- luminescence of ZnS; after annealing, the defect-related sub-
E gap states were removed and near-band-edge radiation was
0.24 emitted instead, and the energy transfer between ZnS and
1 FePt was preventefl. As shown in Figure 9, emission
0.0+ peaks in UV band was observed for the samples annealed at
300 ' 460 ' 560 ' 560 ' 760 ' 860 ' 900 400-550 °C for 30 min under a h|gh vacuum and the

Wavelength (nm) intensity increased with annealing temperature. The peaks
Figure 9. Photoluminescence of FePt/ZnS/gifdm annealed at various at ~361 nm (3'43 eV) and~402 nm (3'08 eV) may be
temperatures: (a) 400, (b) 500, (c) 530, and (d) 560reacted with HF/ attributed to near-band-edge emission of wurtzite Znhs.
e/{hinglzéonrn?)m&vseet'Si%I)Cc())rr:s’c(:chseSSOSOC'rl g)ezr;‘iiis;%,irfg; %OQ;FE;‘)”SZ{L weak peak at-720 nm (1.72 eV) is the first-order harmonic.
gf;;er e of 405 (Olympus Fluoview FV1000). g Y9 Figure 9 (inset) shows a confocal micrograph of the

microspheres where fluorescence from individual micro-

to remove the Si@core. The magnetic properties of hollow sphere could be observed. Therefore, the annealing process
spheres can be tuned from soft to hard magnetism byunder a vacuum has the dual role of generating hard
controlling the annealing process. Figure 7 shows FePt andmagnetism from the coreshell microspheres and recovering
FePt/ZnS hollow spheres derived from the etching eore fluorescence from the ZnS shell.

shell spheres annealed at 480 under N. _ To summarize, the sonochemical approach describes here

The core-shell and hollow particles were transformed into 3¢ general validity for coating of metal nanoparticles on
magnetically hard materials after annealing. As seen in Figure mogified surfaces of nanotubes, nanosheets, or nanospheres.
8A, FePUSIQ core—shell particles exhibit coercivity of 3.5 | principle, the sonochemical process described here could
and 12.5 kOe at room temperature when annealed under &so be extended to other core systems like polymer spheres,
high vacuum at 400C for 20 min and 600C for 10 min  \here following the deposition of FePt, the polymer could
for a and b, respectively. These values are comparable tope evaporated during the annealing process to generate the
reported work using the same iron precurSgf. The  pojiow FePt spheres. Alternative bifunctional, hybrid systems
coercivity of hard magnetic FePY/ZnS/Sil8 usually higher  gych as FePt/znO, or FePt/PbS, can also be attempted.
than FePUSi@for the same annealing conditions, which may  Transient localized hot spots caused by ultrasonic cavitation
be attributed to the smaller degree of grain coalescence ofimprove the thermal decomposition of organometallic acety-
FePt on ZnS layef As shown in Figure 8B, the coercivity  |acetonate precursors to form nanometer-sized FePt. Without
of the FePY/ZnS/Siecore-shell sample annealed at 530 power sonication, little FePt was formed at 120 in the

is 12.0 kOe; when the coreshell samples were transformed g5 me reaction system, which indicates that sonochemistry
into hollow shells, the coercivity becomes 12.5 kOe. The

removal of nonmagnetic core may improve the magnetic

(34) (a) DeLoach, L. D.; Page, R. H.; Wilke, G. D.; PayneAS.Krupke,
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Although the ZnS/Si@core—shell sample before coating Deshmukh, N.; Shinde, R. F.; Date, S. K.; Kulkarni, S.JXMater.
; eai Sci 1999 34, 6087.
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J. J.; Gutierrez, H. R.; Redwing, J. M.; Lew Yan Voon, L. C.; Lassen,
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Iskandar, F.; Iwaki, T.; Toda, T.; Okuyama, Klano Lett.2005 5, Qin, G. G.Nanotechnologp004 15, 581. (b) Wu, Q. Z.; Cao, H. Q.;
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has an important effect on the formation of FePt at arelatively Conclusion
low temperaturé?® The sonochemical deposited FePt nano- . . .
FePt/SiQ and FePt/ZnS/Si© core-shell micros-

particles have sizes of-% nm, which are close to the heres with a dense-®% nm fcc FePt coating were obtained
superparamagnetic limit of FePt (4 nm), but following heat P . ) ) g wer
by sonochemical reduction of platinum and iron acetyl-

treatment, they ripened and phase-transformed to reach a : (20 °
stable size of~10 nm on the spheres and became magneti- acetonz?\tes aF a relatively low temperature~df20 °C. A

cally hard by 530C. The geometry of the spherical surface nove! air-liquid process could be used t_o self-assemble the
along with the coating of materials like ZnS or polyelectro- quasi-monolayer of FePt spheres. High magnetic coer-

lytes on it, serves to isolate the FePt and prevents a IargerCIVIty (H. ~ 12 kQe) could be obtained for corshell and

X - : hollow spheres after phase transition into the fct phase
degree of sintering; therefore, an assembly of such micro-. ) : .
. : : induced by thermal annealing. Bifunctional ceshell FePt/
spheres on surfaces potentially allows for high density, three- : -

} . . : . ZnS/SiQ and hollow FePt/ZnS spheres exhibiting both
dlmen5|onal loading c.)f fe-rromagnetlc nanopamcles.. The hard magnetism and luminescence have been successfully
ghﬁgfgilo(::rvnflg[xgljna?éz dwnﬁn)glff];gogrsatthtf]eF:dplttuﬂ:jlcm- synthesized. Smaller FePt nanocrystals were obtained on
SP i P ) Y . ZnS-coated silica microsphere compared to polyelectro-
interfac; such hydrophilic EePt microspheres could be readily lyte-coated microsphere. The synthesized nanoparticles may
trar)sferregl onto hydrophilic 'surfaces, Where the dual mag- have potential applications in the biomedical field and data
netic—luminescence properties of the microspheres afford storage
ready optical imaging and magnetic actuation in nanome- '
chanical devices. The readiness of the FePt microspheres to Acknowledgment. The work was supported by National
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