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Abstract: 
A plethora of microstructured surfaces with a wide range of surface chemistries and topographies 
have been investigated for controlling the wetting (or non-wetting) properties of a fluid/solid 
interface.  Experimental advances in nanofabrication have led to the ability to achieve 
unprecedented control over the micro- and nano-texture of a substrate and this can result in almost 
perfect superhydrophobicity. Outstanding challenges include scalability, robustness and super-
oleophobicity; i.e. resistance to wetting by low interfacial tension liquids such as hydrocarbons. 
Fluorinated silsesquioxanes are nanometer-scale caged molecules that can be heavily fluorinated 
and molecularly dispersed in a range of polymers to systematically control both the hydrophobicity 
and oleophobicity (oil-repellency) of substrates.  Microtextured re-entrant structures coated with 
FluoroPOSS are the most oleophobic surfaces produced to date, with alkane contact angles greater 
than 160˚ and low wetting hysteresis.  We have also developed single-step dip-coating and spray-
coating processes for applying such omniphobic coatings to a wide-range of substrates.  We use 
dip-coated feathers as natural microstructured and re-entrant structures to illustrate the systematic 
changes in thermodynamic stability against wetting by water and oil that can be achieved through 
nanodispersed surface chemical treatments.  Real-world applications of these multiscale structured 
coatings include fabrics with enhanced solvent/oil resistance, efficient separation processes for 
oil/water dispersions, reduction of ice- and gas hydrate adhesion in deep-sea oil/gas exploration as 
well as ‘fog-harvesting surfaces’ that greatly enhance our ability to collect solar-desalinated water 
from wind-borne fog, and ‘spray-on’ coatings for reducing frictional drag through modification of 
the no-slip boundary condition.  We demonstrate drag reduction on these surfaces of up to 20%, 
corresponding to effective slip lengths of approximately 20 µm, at Reynolds numbers Re ≤ 80,000.  
By using active replenishment of the air layer we can increase this drag reduction to greater than 
80% friction reduction. 
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