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The recent developments in biocompatible,
functionalized magnetic nanoparticles  show
considerable promise for both enhanced and novel
applications in biomedical and diagnostic fields,
ranging from targeted drug delivery to MRI
contrast enhancement. Magnetite (Fe3O4) and

related oxides, which are chemicaly stable,
nontoxic, non-carcinogenic and have attractive
magnetic properties, have been pursued for many
years [1,2]. As an dternative, we are aso
exploring synthesis and properties of graphite or
SO, encapsulated superparamagnetic (ESP)
nanoparticles. The ESP nanoparticles provide
exciting prospects of not only biocompatibility
but aso the robust protection of inert graphite
coating, which permits encapsulation of otherwise
toxic high magnetic moment metals/alloys such as
Ni-Pd, FePt, Co-Sm [3-5].

In our group, two approaches have been applied
to synthesize magnetic nanoparticles. Magnetite,
magnetic ferrites, Co, FePt nanoparticles were
prepared by standard wet chemica method but
using procedura and surface chemica control for
narrow size distribution. Graphite and SiOx
encapsulated  Ni/Co/Fe nanoparticles were
prepared by arc evaporation and the CVD coating
approach [3, 6-8].
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Fig. 1. TEM image of graphite encapsulated Ni
nanoparticle.

Figures 1 to 3 show the morphology of the
nanoparticles of graphite encapsulated Ni and
SOy, encapsulated Ni nanoparticles and
monodispersed Fe;0,.
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Fig. 2. TEM images of silica encapsulated Ni
nanoparticles.
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Fig. 3. TEM images of monodispersed magnetite
(Fe;0,) nanoparticles.

The magnetic properties of monodispersed
magnetite nanoparticles have been measured by
SQUID (Figures 4 and 5). The results indicated
that the monodispersed magnetite nanoparticles
show superparamagnetic behavior a room
temperature. The blocking temperature decreased
with increasing strength of the magnetic field.

There has been consderable interest in
developing methods for patterning nanostructured
magnetic particles because of their potentia
applications for biomarkers and biosensors.
Herein we present a new and straightforward
strategy, based on Dip-pen nanolithography
(DPN), for preparing nanometer scale magnetic
structures with precise feature size control [9,10].
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Fig. 4. Fes0, nanoparticles magnetization.
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Fig. 5. Zero-field cooled and field cooled
measurements at different magnetic fields.

To confirm the concept, nano-scae FeO, and
MnFe0O, have been patterned successfully via
Dip-pen nanalithograpgy. Figures 6 and 7 show
the patterns of the magnetic nanostructures.
Patterning of metal nanoparticles with precise
control will be done later in the project. The
objective is to use biochemicd markers (eg.
DNA/proteins) as templates for nanoparticle
assembly and vice versa.
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Fig. 6. An array of magnetite dots patterned by
Dip-pen nanolithography. (a) AFM topography
image of the dots. (b) Three dimension
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topography image for a selective area (marked
square). (c) Cross section topography of the dots.
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Fig. 7. Manganese ferrite nanostructures
patterned via Dip-pen nanolithography. (a) AFM
image of patterned dots and line. (b) AFM image
of an array of dots.

In summary, metal, nonmetal and encapsulated
magnetic nanoparticles have been synthesized by
chemical and arc evaporation methods. We have
presented a versatile new method for generating
magnetic nanostructures down to sub-100 nm
with precise control, alowing a magor step
towards biodiagnostics at nanoscale.
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