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Abstract

Currently, there is an immense interest in the preparation of magnetic polymeric composite particles (MPCPs)
for their application in biomedical, bioengineering, and biotechnology fields, such as cell separation,
immunoassays, nucleic acid purification and DNA separation, enzyme immobilization, magnetic resonance
imaging, hyperthermia, and so on. This interest is because the MPCPs exhibit high magnetic susceptibility to an
external magnetic field; and in addition, they are easily further functionalized and surface modified by the
attachment of various bioactive molecules.

MPCPs should fulfill certain criteria to be suitable for biomedical applications: no sedimentation, uniform size
and size distribution, high and uniform magnetic content, superparamagnetic behavior, no toxicity, no iron
leaking, and so on. But in general, the polymerization process for the encapsulation of magnetite may produce
three possible types of particles in the resulting magnetic latex, i.e., magnetic polymeric composite particles
(MPCPs, with magnetite encapsulated inside), pure polymer particles (PPPs, without magnetite inside) and
exposed (free) magnetite particles (BMPs, without polymer coating). The existence of PPPs is not desirable
because the magnetic properties of the composite particles will be reduced, and the existence of BMPs is also not
desired because they cannot be further functionalized due to the lack of polymer on their exposed surfaces. In
addition, the particle size distribution (PSD) should be as narrow as possible so that MPCPs can respond to
external magnetic field as uniformly as possible.

Therefore, the challenges in almost all the strategies to prepare MPCPs are to minimize, even eliminate, the
formation of PPPs and BMPs in production. A more difficult challenge is to obtain MPCPs with very narrow
PSD. These important issues, however, have not been reported and discussed in detail in the literature.

For the preparation of hydrophobic MPCPs, an hydrophobic polymer such as polystyrene was used to
encapsulate magnetite particles, miniemulsion polymerization should be the most appropriate and effective
method to successful encapsulate magnetite, because in miniemulsion polymerization nucleation occurs in
monomer droplets, when magnetite particles are hydrophobic and being dispersed directly in monomer droplets
before polymerization, they will be encapsulated by monomer transferring into polymer directly and do not need
to diffuse into micelle, thus the mass transfer of “huge” magnetite particles in volume will be avoided thoroughly
by miniemulsion polymerization.

In this work, surfactant-free miniemulsion polymerization, in the presence of hydrophobic magnetite particles,
was used to produce self-stabilized MPCPs with narrow PSD (Figure 1) by using styrene (St) as monomer,
sodium p-styrenesulfonate (NaSS) as ionic comonomer, hexadecane (HD) as hydrophobe, azodiisobutyronitrile
(AIBN) as initiator. The particle sizes and PSDs, morphology and magnetite distribution, colloidal and surface
characteristics, such as surface charge density, surface hairy layer, colloidal stability against electrolytes and
magnetic responsibilities were investigated in detail.
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Figure 1. TEM micrograph of monodisperse MPCPs
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