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Tailoring magnetic properties of core/shell nanoparticles
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Bimagnetic FePt/MR©O,(M=Fe,Cg core/shell nanoparticles are synthesized via
high-temperature solution phase coating of 3.5 nm FePt core with®}Fhell. The thickness of

the shell is controlled from 0.5 to 3 nm. An assembly of the core/shell nanoparticles shows a smooth
magnetization transition under an external field, indicating effective exchange coupling between the
FePt core and the oxide shell. The coercivity of the FeRkearticles depends on the volume

ratio of the hard and soft phases, consistent with previous theoretical predictions. These bimagnetic
core/shell nanoparticles represent a class of nanostructured magnetic materials with their properties
tunable by varying the chemical composition and thickness of the coating materi&d®0®
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Nanoscale magnetism has stimulated great interest duend the shell are effectively exchange coupled and magneti-
to its importance in mapping the scaling limits of magneticzation of both core and shell reverses cooperatively. As a
information storage technology and understanding spinfesult, the magnetic properties, such as magnetization and
dependent transport phenomér?aRecent progress in the coercivity, of these core/shell nanoparticles can be readily
production of nearly monodisperse magnetic nanoparticlesontrolled by tuning the core/shell geometrical parameters
from metallic Fe, Co and Ni, to iron oxides, Mf&, and  and chemical compositions.
FePt and CoPt intermatellic compounds provides various Monodisperse 3.5 nm FePt nanoparticles were synthe-
systems suitable for nanomagnetic studi@sAn assembly  sized by thermal decomposition of ([&0); and polyol re-
of monodisperse magnetic nanoparticles with controlled induction of Ptacacds simultaneously as reported befdre.
terparticle spacing will allow detailed studies on magnetiza-The iron oxide coating was achieved via mixing and heating
tion, anisotropy, as well as magnetization reversal processgfie FePt nanoparticle seeds with (&agds/polyol, or
and interparticle interactions of the particles with differentco(acag,/Fe(acags/polyol  precursors as  published
sizes and surface properties. An interesting magnetic nansewheré? The structure of the nanoparticle assemblies
particle system is that of core/shell structured nanoparticleg,5s examined by transmission electron microscopEM)
in which the magnetic core is coated with a layer of & noN-gjectron diffraction, and x-ray diffractioiXRD). The mag-
magnetic, qntlferrpmggnetlc, or fe_rro/ferrl-magnet_lc shell. Apetic properties were measured by a superconducting quan-
nonmagnetic coating is used routinely for magnetic core stag, interference device magnetometer.
bilization and surface functionalization for biomedical Figures 1a) and Xb) show representative TEM images
applications7. An antiferromagneti_c coa.ting over a ferromgg- of the FePt/FgD, and FePt/CoR®, core/shell structured
netic core leads to exchange bigs shift of the hysteresis ,nqnarticles, respectively. The cores appear darker and
loop along the f|eldé<;:1xbs and improvements in the thermal gp,q)5 jighter in the images due to the large difference in
Stab'“tnyf the ﬁolrl - Compared with these two dlafelrlent electron penetration efficiency on FePt and oxides. The FePt
tyﬁes o chore/s e sys;elrlns, a blma?netlc core/shell oNg,,re has a diameter of 3.5 nm, the shell thicknesses are about
where both core and shell are strongly magnéfiicro- or - 5 1y iy poth images. The shell thicknesses observed are
ferri-magnetig is less studied yet more interesting due 10y ite yniform throughout the particles, with a standard de-
the|r. po_tentlgllllln electromagnetic and .pe.rmanent magnetigiaiion of about 10%. For FePt/F®, nanoparticles, the
applications®>** In such a system, the intimate contact be'main phase of the shell composes,Bg as it is obtained
tween the core and shell leads to effective exchange couplinﬁ;om the same chemistry used to make,®g particles
and therefore cooperative magnetic switching, facilitating thepreviously? and its structure is confirmed by both XRD and
fabrication of nanostructured magnetic materials with t“”'high resolution TEM(HRTEM). Figure 2a) is the HRTEM

able properties. _ _ _ _ image of a single FePt/E®, particle. It reveals the crystal-
Here we report magnetic properties of a bimagnetic Corefine “shel| with the distance between two lattice fringes

shell nanoparticle system with ferromagnetic FePt core anﬂwatching with the lattice spacing of §@,. The HRTEM
thlc_kness-tunable (0.5-3 nm, ferrimagnetic MFgO, ;155 shows a partially coherent interface between the FePt
(M=Fe,Co shell. We observe a single-phase-like smootheqre and the F©, shell, indicating possible epitaxial growth
variation of magnetization with field, indicating that the core f the shell over core during the coating process. Figiiog 2
shows a typical electron diffraction pattern of FePy®g
?Electronic mail: haozeng@us.ibm.com nanoparticles with 2 nm shell. Diffraction rings from both
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FIG. 2. () HRTEM image of a single FePt/E®, nanoparticle, andb)
electron diffraction pattern of an assembly of FePt@enanoparticles.

FIG. 1. TEM images ofa) FePt/FgO, and (b) FePt/CoFgO, core/shell K, for the FePt nanoparticles is calculated to be on the order
structured nanoparticle assembly with shell thickness of 2 nm. of 5x10° erg/cn?. Plugging this K, value into &y
~(AIK,)Y2® where A is the exchange constar(t-1

X 1076 erg/cm, we can estimaté,, to be about 10 nm. The

disordered fcc FePt and spinel hase can be clearl
I pinelEx p y Fes0, shell in this study is less than 3 nm and well within

observed, as indexed in the figure.
Both FePt and F®, nanopatrticles are ferromagnetic at

10 K. The coercivity for 3.5 nm FePt nanoparticles is ‘o

5.5 kOe, while that for 4 nm R©, is only 200 Oe. The (@) -

large coercivity from disordered fcc FePt nanoparticles likelys /7/’— *]

originates from a uniaxial surface anisotrdfy’ The 3 1/ g o

FePt/FgO, core/shell nanoparticle is therefore a two-phaseg -‘;' £ gl

system consisting magnetically of a hafeeP} and a soft _% aal

(F&;0,) phase. Figure@) shows the 10 K hysteresis loop of

the 3.5 nm FePt/1 nm E®, core/shell nanoparticle assem- = % e @ o, s wm  m

bly. Despite consisting of both hard and soft phases, the hys H (kOe)
teresis loop shows a single-phase-like behavior, with the
magnetization changing with the applied field smoothly. The (c)
coercivity is determined to be 2.3 kOe, a value in betweerg
that of FePt and R©,. This indicates that the intimate con- § ‘.-"‘
tact between the FePt core andi®gshell leads to an effec- § 7 ",r'
tive interphase exchange coupling, which results in coopere€ J
tive magnetization switching of the two phases.

Earlier theoretical studies suggest that for hard and sof
phases to reverse cooperatively in a hard—soft composite sy H (kOe)
tem, the critical dimension of the soft phadg) should be
less than twice the domain wall widtf,) of the hard f'? 3. (@ gtypi'fr?l rr?al??hgtili hysteffelSiS(I‘%OD of a? Fthe{ngé}tr;?pafr-

. ICle assem with she ICKNess O nQaow) normalized coercivi O

phase1.5 Usmg the meas_ured 10 HC of th_e FePt' na,'nOpa_r' FePt/FgO, n;/noparticles as a function of &, volume fraction[the CLCJrve
ticles as an approximation for the effective uniaxial aniso-is calculated from Eq2), and dots are data poiftend(c) hysteresis loop

tropy field, andK,~ MJHy, the effective anisotropy constant of FePt/CoFgO, nanoparticles with CoR8, shell thickness of 2 nm.
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the limit tg= 246,y of 20 nm. Hence, the switching of the hard shell system are therefore reversed, with FePt being magneti-
and soft phase should indeed occur coherently, leading to eally softer and CoR®, harder. Figure @) shows the 10 K
smooth magnetization transition. hysteresis loop of FePt/F&o0, with 2 nm shell. It can be
The coercivity of the core/shell particles is observed toseen that thél, increases from 5.5 kOe for FePt to 8 kOe, as
decrease with increasing shell thickness. According to Refexpected for such an exchange-coupled system. Since the
15, the coercivity of a hard-soft exchange-coupled systeranisotropy of the hard and soft phase in this system is rather

with collinear easy axis is close, Eq(2) cannot be used to describe such systéms.
Kufo + Ko In conclusion, a class of bimagnetic core/shell nanopar-
H'H S's . . . . . .
He=2——"—"——~ (1) ticles can be readily synthesized via solution phase chemis-

Mufis + Msfs try. Magnetic properties of these core/shell nanoparticles can

whereK is the anisotropy constan¥) the saturation magne- be tailored by controlling the core/shell dimensions, and by

tization, f the volume fraction, and the subscripisandS  tuning the material parameters of both core and shell. Such
denote the hard and soft phases, respectively. Equét)da  systems may show interesting nanomagnetism emerging
only strictly valid for uniaxial anisotropy, with the easy axes from the exchange-coupling between the core and the shell,
of the hard and soft phases being collinear. Neverthelesand may yield finely tailored materials for various nanomag-

since Ky of 5x 10° erg/cn? is about 20 times larger than netic applications.

that of FgO,, we can ignore the teridsfsin Eq. (1) for the ) ) ]
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