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Electrokinetics of Nanochannels: 
A New Paradigm for Bio-molecular Detection and Ion Permselective Devices
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Electrokinetics (the use of electric fields to impart a force on liquids and colloids) promises to be the technique of choice for many portable and miniaturized micro- and nano-fluidic based devices (e.g. diagnostic chips, fuel cells etc.) and will become increasingly important for many future nanoscale materials with large surface to volume ratio. Nanofluidics is not just a scaled-down version of microfluidics, but has fundamental differences with new forces at play. In particular, when the cross section dimensions of the nanochannel approach those of the electric Debye layer (EDL) (~10-100 nm), overlapping of opposite wall EDLs result in its ion-permselective properties. Combining electrokinetics and nanofluidics forms a basis for novel energy-related, healthcare/environmental applications and other ion/proton permselective devices. However, despite two centuries of research, our understanding of ion transport and electro-osmotic flow in and near nano-channels/nanoporous membranes remains woefully inadequate. With the advent of nanofabrication technology, we can now fabricate well controlled nanochannel structures that exhibit such ion perm-selective characteristics. The talk reviews various ion-flux and hydrodynamic anomalies unraveled by us in such devices and speculates on their potential applications. In particular, we demonstrate how the concentration-polarization phenomenon, occurring at relatively high voltage, can be utilized to amplify the effects of nanocolloids/biomolecules on nanochannel conductance. Furthermore, we are using the instability induced electro-convection vortices to trap and concentrate nanocolloids to enhance the sensitivity and speed of biosensors. Such a novel nano-slot sensor that employs an electrochemical impedance meter was recently demonstrated by us to be able to quantify DNA concentration with pico-molar sensitivity. Other phenomena such as ionic current rectification, nanochannel array communication and field focusing effect are shown to enable the control of the nanochannel overlimiting current so as to perform various nanofluidic-based nano-analytics functionalities.
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