Examining frequency dispersion in non-linear electrokinetic flow using µPIV 
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Non-linear electrohydrodynamic flows, including induced-charge1 (ICEO) and alternating-current2 (ACEO) electroosmosis have received much attention amongst the micro/nanofluidic community over the past decade for their potential to produce net flow even under ac electric forcing, with suggested applications ranging from electroosmotic pumps3 to externally controlled micromotors4 and mixers. The advantages of ac electric forcing over its more commonly used dc counterpart include lower applied voltages and the suppression of Faradaic reactions and bubble generation which can block and degrade microfluidic systems. 





The advent of such non-linear electrokinetic flows is strongly dictated by the frequency of the applied field. However, to date, there exists no unifying theory which can precisely predict both the strength and frequency dispersion of such electrokinetic flows, including the exact location of the maxima which is generally associated with the charge relaxation time of the system,  (where  is the characteristic length of the system (for example, the distance between electrodes (ACEO) or radius of polarizable particle (ICEO)),  the thickness of the Debye layer and  the diffusivity of the suspending medium). On either side of this maximum, ACEO flows are expected to decay as the electrodes become fully screened (DC limit) while at high frequencies (tens to hundreds of kHz) the flow tends to zero as the Debye layer at the electrode surface has insufficient time to charge. In the case of ICEO, maximum velocity is actually predicted in the DC limit (although in practical systems electrode screening and faradaic reactions usually prevent this from occurring) while again decaying beyond the charge relaxation time of the system. 

Using µPIV and temperature sensitive dyes we demonstrate that these experimental tools can be used to assess the presence of additional physical phenomena such as dielectrophoresis, electrothermal flow and wall effects which can compete with induced-charge electrokinetic flow, influencing both the strength and frequency dispersion of the electrohydrodynamic flow. Within the context of this talk, we examine two very different geometries; asymmetric metallodielectric Janus particles and a weakly-polarizable dielectric channel corner. The results are of both fundamental and practical importance and may be used to further refine non-linear electrokinetic theory and optimize the flow parameters of electroosmotic pumps and the mobility of electrokinetically driven micromotors or carriers in lab-on-a-chip analysis systems.
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