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Electrokinetic actuation of active colloids
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Electrokinetically driven metallo-dielectric Janus particles (JP) represent a unique platform, lying at
the intersection of the traditional fields of self-propulsion and phoresis, since although the particles
will only move in the presence of an externally applied field (similar to phoretically driven colloids),
their direction of motion is not restricted by this field and they are free to translate along individual
pathlines and also exhibit group behavior, hence may best be classified as active colloids. Within this
work, we focus on two important nonlinear mechanisms, which govern the mobility of symmetry-
broken Janus spheres subject to AC electric fields; induced-charge electroosmosis (ICEO) and
dielectrophoresis (DEP). While at low frequencies the JPs are shown to travel with their dielectric
hemisphere forward (ICEO dominated), at high frequencies, well beyond the charge relaxation time
of the induced electric double layer, the JPs reverse direction, traveling with their metallic hemisphere
forward (DEP dominated). Within this body of work, we aim to experimentally characterize the
electric field frequency and amplitude response of these particles in terms of their mobility and in
particular the orientation of the metallo-dielectric interface while traversing along either insulating or
conducting walls. These are explained by the competition between ICEO, electro-orientation and
gravity. It is also demonstrated that these Au half-coated JP can further enhance electro-rheological

effect relative to their homogenous dielectric counterparts.
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