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Self-assembly of magnetic biofunctional nanoparticles
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Spherical, ferromagnetic FePt nanoparticles with a particle size of 3 nm were prepared by the
simultaneous polyol reduction of FEEag; and Ptacag, in phenyl ether in the presence of oleic

acid and oleylamine. The oleic acid ligands can be replaced with 11-mercaptoundecanoic acid,
giving particles that can be dispersed in water. Both x-ray diffraction and transmission electron
microscopy indicated that FePt particles were not affected by ligands replacement. Dispersions of
the FePt particles with 11-mercaptoundecanoic acid ligands and ammonium counter ions gave
self-assembled films consisting of highly ordered hexagonal arrays of particl280®American
Institute of PhysicgDOI: 10.1063/1.1846293

I. INTRODUCTION This work describes an effective way to increase the
dispersity of oleic acid stabilized FePt nanoparticles in water.
Nanobiotechnology is a promising new field incorporat-By employing thiol ligand chemistry, the stabilized FePt
ing nanocomposite materials designed for biologicalnanoparticles can be effectively transferred from hexane to
function."~® While biochemical applications are under heavyaqueous solutions with the objective of biocompatibility.
exploration, much of the diversity in nanoparticles systems is
limited. Many challenges clearly remain before magneticII EXPERIMENTAL DETAILS
nanoparticles can achieve their full biological potential.
Smaller and smarter magnetic iron oxide nanoparticles havA. Synthesis of FePt particles
been explored for biological applications both as tags in
sensing and imaginEf.5 Recently, highly monodisperse mag- Fe(
netic na_nopa_rtlcles, Sl_JCh as Co, ZFePt, angDgehave beep tions were carried out under an argon atmosphere in a 50-mL
synthesized in organic solverits” The advantage of this e necked round bottom flask equipped with magnetic
nonaqueous method is control over the particle size an@yying 4 reflux condenser, a thermometer, and rubber
shape with close to atomic layer precision, which stronglysepta' A solution of Fecad; and Ptacag, and 1,
affects the chemical and physical properties of the Nanopas_nexadecanediol in phenyl ether was heated to 80 °C. Then
ticles. In almost all of these colloidal systems, a layer ofOleic acid and oleylamine were added via syringe. The solu-
surfactant molecules is essential to prevent aggregglﬁnfn. tion was refluxed at-260° for 30 min. The reaction mixture
ten these surfactants are hydrophobic chains, causing trWas allowed to cool to room temperature, giving a dark dis-
nanoparticles to be immiscible in the aqueous solutions. Thiﬁersion. A 10-ml ethanol was added to precipitate the par-

make_s_, biologic_a_l applications .difﬁCUIt’ due to the re‘fjlcﬁonticles, and the particles were isolated by centrifugation. The
conditions requiring hydrophobic solvents. To fulfill their po- final FePt nanoparticles were redispersed in order to make

tential for biological applications, it is therefore important to thin films and perform liquid phase reactions using a small

deve_lop 5me_thods.to tra}nsfer the particles into aqUEOUZ mount of dispersion solution containing hexane, octane,
solutions? It is feasible to increase the aqueous phase dispers qic acid. and oleylamine

sity of nanoparticles by modification of their soft surfaces,
i.e., the surface-bound surfactant layers, of the nanoparticles. . _ o
An effective strategy is to use ligand exchange with “waterB: FePt nanoparticles with dodecanethiol ligands

friendly” surfactants to increase the aqueous dispersity. Some  The FePt particles with oleic acid ligan@.03 g were

pioneering works have established model systems of gold Qedispersed with a minimal amount of 50/50 hexane and
silver particle transfer from organic solvent to aqueous phasgctane. Following the additon of a 2.84 mL of

through surface modification, improving the dispersity of1_godecanethiol, the solution was shaken fet min. The

This synthesis is based on a polyol reduction of
acag; and Ptacag, by 1,2-hexadecanedilThe reac-

. . 4

nanoparticles in aqueous phage 10-mL centrifuge tube was filled with ethanol, sealed, and set
aside to allow the particles to precipitate; the precipitated

¥Electronic mail: sunxiangcheng@yahoo.com particles were mixed into a suspension in ethanol, centrifuge
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FIG. 1. The x-ray photoelectron spectrum of as-prepared FePt particles,
metallic platinum, carbon, oxygen, and iron peaks was clearly presented. FIG. 2. 2D self-assembly arrays of as-prepared oleic acid stabilized FePt
particles cast from hexane solutions.

in 10-min. intervals and the supernatant removed. This pro-
cess was repeated until the supernatant was clear and coIcW—' RESULTS AND DISCUSSION
less. The final resulting particles were almost black. The as-prepared FePt particles had a coating of oleic
acid which allowed dispersion of the particles in hydrocar-
bon solvents in order to cast thin films and perform solution
C. FePt nanoparticles with 11-mercaptoundecanoic phase chemistry. The particles have a chemically disordered
acid ligands face-centered cubidcc) structur€ and a particle size of ap-
The FePt nanoparticles with oleic acid ligan@04 g prox_imately_ 3 nnf The XPS of the as-prepared FePt nano-
were redispersed in a minimal amount of 50/50 hexane anBarticles, Fig. 1, showed the expected peaks due to metallic
octane in a 10-mL centrifuge tube. To this dispersion wad!atinum, carbon, and oxygen. The iron peaks were weak and
added a 50 mL of a saturated solution of 11_the binding energy was consistent with high valence iron.
mercaptoundecanoic acid in cyclohexanone. The dark browh"€ HAADF images of two-dimension&2D) self-assembly
solution was shaken for 1—2 min., whereupon the particle&°" Particle arraysare shown in Fig. 2. The EDAX analysis
precipitated giving a clear grayish supernatant. The particle§oNfirms the presence of iron and platinum in varying com-
were rinsed first with cyclohexanone, then ethanol, and ﬁposmonal percentages between prepa_rat|ons. The general
nally, acetone until the supernatant was clear. After eaclyend of the data suggests that FePt particles prefer to form in
wash the particles were centrifuged for 10 min and the parcompositional ratios of 35:65 or 45:55 Fe:Pt.
ticles were redispersed with a minimal amount of cyclohex- |t has been shown that the surfactants, oleic acid, and
anone. The vial was filled with distilled water and a 5.0 mL
of 1.48-M ammonium hydroxidéNH,OH) was then added.
After shaking, a dark brown dispersion formed.

D. Characterization

A JEOL2010F scanning transmission electron
microscope/transmission electron microscég& EM/TEM)
analytical electron microscope was performed to record
high-angle annular dark-fieldHAADF) images. All the
TEM specimens were made by placing a drop of organic or
water suspension of particles on a carbon-coated copper gric
and all the solvent solutions were allowed to evaporate at
room temperature. X-ray diffraction curves were measured
on a Rigaku thin-film x-ray diffractometer. The x-ray photo- 0o 2(')0 : 4(')0 : ec;o : scl>o : 10'00 : 12'00 7200
electron spectréXPS) were recorded on an AXIS 165 x-ray L

. . . Binding energy (eV)
photoelectric spectrometer with an aluminum x-ray source.
The composition of the particles was determined using amiG. 3. x-ray photoelectron spectrum of FePt nanoparticles with 11-
energy dispersive x-ray analygiEDAX) detector on a Phil- mercaptoundecanoic acid ligands by using JOH on Si wafer. N and S
ips XL 30 scanning electron microscope. were detected.
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these aqueous particles retain their physical properties and
are able to form excellent 2D or three-dimensiofs) self-
assembly arrays which are easily seen in HAADF images, as
shown in Fig. 4b). They also exhibit the same XPS peak
shift for the S peak and are stable for up to a year in basic
solution, demonstrating the preferentiality for the thiol func-
tionality at the surface of the FePt particles.

IV. CONCLUSIONS

A polyol reduction approach has been used to prepare
FIG. 4. (a) High-angle annular dark-field images for FePt particles having3-nm FePt nanopatrticles. It has been revealed that these sur-

dodecanethiol ligandgb) High-angle annular dark-field images for assem- factants, oleic acid, and oleylamine can be replaced by or-
blies of FePt particles having 11-mercaptoundecanoic acid ligands with am- ' !

monium counter ions cast from aqueous dispersion. The inset selected argz?r_"C compqunds . containing a th'.0| functional ) group. In
electron diffraction(SAED) pattern confirms the high degree of hexagonal Which, by using thiol surface chemistry, these highly func-

particle positional ordering. tionalized FePt particles can then be applied to many biologi-
cal applications.
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