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Abstract:   
Surface acoustic waves are nanometer amplitude analogues of earthquakes that 
propagate along the substrate of a piezoelectric material. The transmission of 
acoustic energy into a liquid as a result of the intricate fluid-structural coupling 
from the substrate vibration gives rise to bulk fluid motion known as acoustic 
streaming. Our recent work attempts to uncover the multiscale facet of these 
flows and how the complex nonlinear hydrodynamics arising from such sound 
wave interactions give rise to novel wetting and colloidal phenomena. These 
include a recently discovered acoustowetting phenomenon that exhibits unique 
flow reversal, fingering instability and soliton-like wave pulse propagation, as 
well as rich and peculiar complex pattern formation dynamics in which colloidal 
islands assemble and evolve along the interface of a sessile drop due to the 
coupled action between the acoustic force and capillary wave vibration on the 
colloidal particles. Additionally, we show that the capillary wave dynamics 
induced by high frequency (>10 MHz) SAW excitation curiously exhibits a 
marked departure from the classical Faraday parametric excitation theory and 
offer insight into why such an anomaly might arise. Beyond merely elucidating 
the underlying fundamental mechanisms governing the complex 
physicochemical hydrodynamics associated with SAW microscale and nanoscale 
flows, we further demonstrate the powerful potential for exploiting these flows 
to drive a broad range of chip-scale functions for drug delivery, point-of-care 
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diagnostics, biosensing, biomaterials synthesis and tissue engineering. As an 
example, we show the possibility for inducing a rapid microcentrifugation effect 
for micromixing and bioparticle concentration/separation, as well as for rapidly 
spinning millimetre diameter discs on which an assortment of 
microarchitectures can be fabricated to carry out a variety of microfluidic 
operations—the so called Lab-on-a-Disc. In addition, we demonstrate the 
capability of the SAW for the generation of slender jets and aerosol droplets, 
and the encapsulation of drugs within, which can be exploited for drug and gene 
delivery, polyelectrolyte multilayer nanoparticle synthesis, and template-free 
polymer array patterning. 
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