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Abstract

This thesis presents two new concepts for separation of micro particles using
dielectrophoresis, demonstrated by calculated examples, as well as a new
method for obtaining dielectric data on living cells. The thesis is based on four
papers.

Paper I describes how the trapping efficiency of micro particles may be
significantly increased when superpositioned electric fields are employed in a
high conductivity medium. Avoiding low conductivity media is important when
working with living cells. Calculations were performed to predict trajectories of
Escherichia coli bacteria in the system with superpositioned electric fields, and
a model was developed which employed two arrays of interdigitated electrodes
in a micro channel.

Paper II proposes a new concept for separation of micro particles, based on
repetitive dielectrophoretic trapping and release in a flow system. Calculations
show that the resolution increases as a direct function of the number of trap
and release steps, and that a difference in size will have a larger influence on
the separation than a difference in dielectrophoretic properties. Polystyrene
beads in deionized water were used as a model, and calculations were
performed to predict the particle behavior and the separation efficiency. It
should be possible to separate particles with a size difference of 0.2 % by
performing 200 trap-and-release steps. The enhanced separation power of
multi step dielectrophoresis could have significant applications, not only for
fractionation of particles with small differences in size, but also for measuring
changes in surface conductivity.

Paper III presents a new calculation method for predicting dielectrophoretic
motion of micro particles. The method is based on a soft sphere method
often used in molecular dynamics. Results from the calculations are in good
agreement with theoretical predictions as well as initial experimental results,
showing that the method provides good efficiency and accuracy.

Paper IV describes a new method for measurements of conductivity of
living bacteria. To obtain reliable conductivity values, it is important to handle
the cells as gently as possible during the measurement process. A standard
conductivity meter was used in combination with cross-flow filtration. In this
way, repeated centrifugation and resuspension is avoided which otherwise
may cause damage to the bacteria. The conductivity of Bacillus subtilis was
determined to be 7000 μS/cm by means of the cross-flow filtration method,
and the values differ from earlier published values by almost an order of a
magnitude.

In addition to the work presented in the papers, some experimental
dielectrophoresis work in chip-based systems was performed. The behavior of
Escherichia coli and polystyrene beads at different voltages and frequencies
were studied. Separation of beads with different sizes was achieved on an
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array of interdigitated electrodes. Using electrodes with a pointed shape,
alignment in different directions, pearl-chain formation, rotation, and other
dielectrophoretic motion of E. coli were observed.
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