
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    My research is aimed at understanding and exploiting fluid motion, colloidal assembly, and 

dynamics of macromolecules under the influence of various forces so as to design, control, and 

manipulate processes at small scales. As phenomena typically occur within 10nm-100mm, there 

often involve interplays among different mechanisms with more than one length/time scale. Our 

efforts first combine theoretical and experimental approaches to unravel the natures of 

phenomena, and then apply the knowledge to design microfluidic devices for fulfilling  desired 

functions. The current research interests are focused on the following subjects. 

 

Directed Assembly of Colloids and Macro molecules  with AC Electric F ields  

    When an object is placed in an AC field especially at high frequencies, it often undergoes 

charge polarization far from Poisson-Boltzmann equilibrium. Such polarization can cause 

induced dipoles aligned to the applied field and hence furnishes the advantages of guiding fluids 

or suspended colloids at small scales. Our efforts are not only to understand a variety of the 

field-induced polarization phenomena, but also to explore rich dynamic assembly behavior of 

polarized colloids in the presence of AC electrokinetic flow. This research further enables us to 

design robust microfluidic devices for concentrating dilute DNA solutions and rapid assembly of 

submicron colloids.  

 

 

 

 

Rapid focusing of DNA molecules with ac electric fields 
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Dynamic assembly of colloids in an oblique electrode array subjected to ac signals 

 

Dynamic Manipulation  of Single  DNA Molecules  within Interfacial Confinement  

We devise a new microfluidic approach capable of achieving a diversity of manipulations of 

DNA with electric fields. It invokes the formation of a submicron film using a closely fitting 

microdroplet, creating a natural confinement for rendering conformation changes of DNA 

underneth the droplet. We find that a confined DNA can undergo entropic trap, chain 

stretching/relaxation, and cyclic stick-slip motion. In addition, with the aid of surface 

modification effects, DNA molecules can be combed onto the channel surface and undergo 

long-range self aggregation after the removal of the applied field. Currently, we are developing 

theoretical models in concert with Brownian dynamics simulations to account for the observed 

phenomena.   

 

 

 

 

 

 

 

 

 

 

 

 

 

Electric-field-driven stretch of confined DNA beneath a closely fitting microdroplet  
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Stationary Oil SlugDNA
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