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Abstract

This thesis presents models and simulations of dielectrophoretic separation
of micro and nano particles. The fluid dynamics involved and the dielectric
properties of water inside single-walled carbon nanotube are studied as well.

Based on the effective dipole moment method, the particle dynamic model
focuses on the translational motions of micro particles. The hydrodynamic
force between the particles and the particle-particle electrostatic interactions
are considered as well. By comparing the dimensionless parameters, the
dominating force can be determined. Based on a simplified version of the
particle dynamic model, two numerical simulations are carried out to predict
the efficiency of dielectrophoretic separation of micro size particles. The first
calculation suggests a strategy to improve the trapping efficiency of E.coli
bacteria by applying superimposed AC electric fields. The second calculation
discusses the concept of mobility and improves the separation rate of particles
by a multi-step trapping-releasing dielectrophoresis strategy.

The model is extended down scale to calculate the separation of metallic
and semiconducting single-walled carbon nanotubes by the modified effective
dipole moment method for prolate ellipsoids. The steeply changed gradient
of electric field results in the local joule heating therefore creates gradient
of dielectric properties in the solution. As a result, certain pattern of fluid
flow with a considerable strength is created and affects the motion of carbon
nanotubes especially close to the electrode gap, which indicates that the so-
called electrothermal flow should be considered in designing the experiment to
separate single-walled carbon canotubes.

When the length scale of particles is comparable to that of the electrodes,
the calculation of dielectrophoretic force by the effective dipole moment is
considered not to be accurate since only the electric field in the center point
is taken into account. Hence in the thesis a new method based on distributed
induced charge is suggested. By approximating a straight slender body as a
prolate ellipsoid, the electric field of multiple points along the centerline are
all considered in the calculation and the interaction between particles could be
concurrently taken care. This method is expected to be an improved method
to calculate the dielectrophoretic force of rod-like virus, DNA, nanowires and
carbon nanotubes.

The dielectric property of water confined in carbon nanotubes is expected
to be dramatically different from that of bulk water. The thesis also contains
a molecular dynamics study to reveal the difference also a dependence on the
diameter of carbon nanotubes. The results show that along the axial direction,
both the static permittivity and the relaxation time are larger than the isotropic
bulk water, and in the cross-section plane it is opposite. When the radius of the
carbon nanotubes increases, the properties of water inside become closer to the
bulk water.
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