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Research Synopsis
1. Synthetic biology enabled by microfluidics.

We are interested in experimentally characterizing biochemical reactions that occur
inside of cells by utilizing a bottom-up approach known as synthetic biology.
Intracellular macromolecules will be encapsulated in vitro inside of femtoliter sized water
droplets, which serve as substitutes for the cellular membrane. These droplets will then
be fused together in an oil microchannel to controllably study dynamic
microcompartmentation and the effects of macromolecular crowding and confinement on
biochemical reactions.

2. Spontaneously jumping condensate on superhydrophobic surfaces.
A new mechanism was discovered for liquid transport: powered by surface tension,
microscopic dew forming on a superhydrophobic surface will spontaneously jump out-of-
plane off the surface upon coalescence with neighboring drops. This novel and effective
form of continuous dropwise condensation is of interest for phase-change heat transfer
applications and for enabling anti-dew and anti-frost surfaces.

3. Thermal diodes.
We utilized parallel superhydrophobic and superhydrophilic surfaces separated by an
insulating gasket to invent a new type of phase-change thermal diode for asymmetric heat
transfer. This planar phase-change thermal diode is over 100 times more thermally
conductive in the forward mode compared to the reverse mode, and operates
independently of gravity and orientation. Planar thermal diodes are of interest for
more efficient solar energy harvesting and for the thermal regulation of buildings.
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Physics Letters 99, 234105 (2011).
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