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Physicsfor Scientists and Engineers
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Ligand-directed Targeting of Iron Oxides:
Another example of targeted iron oxide
nanoparticles are SPIO coupled to humanized
biotinylated monoclonal antibody (Herceptin) that
was targeted to the human Her-2/neu (c-erb B-2)
tyrosine kinase receptor expressed by human
breast cancer cell lines [37]. This formulation
yielded contrast proportional to the expression
level of Her-2/neu receptors. Other investigators
have employed polyacrylamide to encapsulate
10-15 crystals of iron oxide within the particle
matrix, for blood pool imaging of gliomas [38].
Future applications of these nanoparticles may
include direct targeting of ligands.

The combination of superparamagnetic and non-
superparamagnetic  nanoparticle technologies
such as near-infrared fluorescent (NIRF) probes,
which can be targeted to different proteases in
tissues [39, 40], has also been employed. Upon
phagocytosis by macrophages, detection is
facilitated by light scattering with charge-coupled
device (CCD) cameras [41] or fluorescence-
mediated tomography (FMT) [42, 43]. CLIO-NIRF
nanoprobes have been used to coincidently
localize axillary and brachial lymph nodes by MRI
and NIRF imaging following intravenous injection
into C57BL/6 mice.
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Brownian motion

Brownian motion refers to the random diffusive
motion of microscopic particles suspended in a
liquid or a gas. This motion was first studied in
detail by Robert Brown in 1827 when he
observed the motion of pollen grains in water
through his microscope. More systematic studies
found the motion depends on patrticle size, liquid
viscosity and temperature and around 1905
Albert Einstein and M.Smoluchowski
independently connected Brownian motion to the
kinetic theory.

aigl ol a s,
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Historical

The use of ion beams to modify the properties of
surface layers of solids is a relatively recent
innovation. The main stimulus, and currently the
main application, has been in the production of
solid state electronic devises. The first transistor
was developed in 1948 and already by 1956 the
potential of ion implantation for introducing the
electrical-active dopants in a controlled fashion
had been realized and a number of patents field.
The first application was in the fabrication of
nuclear particle detectors’. These large-area,
shallow diodes are suitable for the new technique
because the dopant ion beam is easily scanned
across large areas and the penetration depth
controlled by ion energy. The relatively slow
employment of ion implantation accelerated from
about 1966 so that by early 1970s most major
organizations producing electronic devices were
actively engaged with the new technique. In
many cases ion implantation is used as research
tool in the development of devices, but it is also
becoming an integral part of manufacturing
methods for large-scale production.
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Spin Coating

This method is the most commonly used in the
application of polymer precursors to a substrate
surface. For example, commercial polyimides are
provided as solutions of a polyamic acid (PAA),
that has been prepared by condensation of a
dianhydride and a diamine. A commonly used
aromatic polyamic acid is formed by condensation
of pyromellitic  dianhydride (PMDA) and
oxydianiline (ODA) in n-methyl pyrrolidone (NMP)
solution. This solution is then dispensed in a
measured amount upon the surface of a
substrate. The substrate is then spun on a
vacuum chuck at a high speed (up to 5000 rpm),
and the solution is evenly distributed across the
substrate surface. The thickness of the deposited
film is a function of the ratio of solids and solvent
in the precursor solution and the spin speed. The
deposited precursor is then cured in a convection
furnace at temperatures sufficient (>300°C
typically)to complete the polymerization of the
constituents and formation of the polyimide film.
The spin-coating process is shown pictorially in
Figure 2.9.
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Biomedical Applications of Magnetic
Nanoparticles

As discussed in Chapter 3, the magnetic
properties of magnetic nanoparticles are
determined by their elemental compositions,
crystallinitys, shapes and dimensions. Various
magnetic nanoparticles have been developed.
Therefore, the selection of proper magnetic
nanoparticles with the desired properties is the
first but crucial step for certain Introduction 131
bioapplications. For example, ferromagnetic
nanoparticles (e.g. Fe nanoparticles) have a large
magnetic moment and they can be the best
material candidate in magnetic biosensors
because they not only produce a better signal but
respond to an applied magnetic field readily. On
the other hand, iron oxide nanoparticles with
superparamagnetic behavior do an excellent job
when used to enhance the signals in magnetic
resonance imaging examinations. With the help
of iron oxide nanoparticles a sharpened image
with detailed information can be achieved
because of the change of behavior of nearby
biomolecules by introduced nanoparticles
(Bystrzejewski et al. 2005). For many biomedical
applications, magnetic nanoparticles presenting
superparamagnetic behavior (no remanence
along with a rapidly changing magnetic state) at
room temperature are desirable. Biomedical
applications are commonly divided into two major
categories: in vivo and in vitro applications.
Consequently, additional restrictions apply on
various magnetic nanoparticles for in vivo or in
vitro biomedical applications.
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