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Electrodialysis is a desalination technology where ions are separated 
under an applied electric field, relying on ion-exchange membranes in order to 
separate feed streams into depleted (deionized) and enriched (concentrated) 
streams [1]. Due to the charge-selective interfaces involved, there is a complex 
interplay between applied potential and the resulting ion transport phenomena. 
Under high electric-field strengths, ions will deplete on one side of the interface 
and enrich on the other in a manner that breaks local electroneutrality [2]. 
Combined with the action of the electric field, this can lead to electrokinetic 
vortices in the bulk (electro-osmosis of the 2nd kind). This allows for operating 
beyond the diffusion-limited current (Ohmic regime), in what is known as the 
overlimiting current regime [2]. Introducing heterogeneous interfaces through 
geometric structuring can also play an important role, as the mismatch in 
zeta potential and permittivity/conductivity leads to surface electro-osmotic 
effects in addition to vortices [3]. A microfluidic electrodialysis stack consisting 
of alternating cation and anion-exchange hydrogels (shown in Figure 1) 
was utilized to investigate these effects through a combination of electrical 
measurements and visualization with fluorescence microscopy, fluorescent 
lifetime imaging microscopy and particle tracking velocimetry, providing an 
advantage as visualization would not have been possible when using a 
conventional ED stack [3-6]. 
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a) perspective view of desalination 
system, b) schematic of ED 
concept, c) flat, d) rectangular and 
e) trapezoidal hydrogels [3]
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Topology or heterogeneity in charge-selective interfaces can have a number of effects, including inducing surface 
electro-osmosis by distorting electric-field lines. It can also lead to pinning of ion-depletion zones as well as induced 
electrokinetic vortices.  This was visualized by following the fluorescence intensity of the negatively charged dye, Alexa. 
Depletion zones develop adjacent to the hydrogels after application of an electric field, leading to the three different patterns 
illustrated in Figure 2. Surface electro-osmosis in the case of the rectangular and trapezoidal heterogeneous systems led to 
higher ion-transport than diffusional (conductivity) alone even at low potentials. Pinning of vortices also led to a higher ion-
transport rate in the overlimiting regime in the case of trapezoidal geometries.  In order to measure the concentration profile 
of anions directly, fluorescence lifetime imaging microscopy (FLIM) was carried out using the Cl- sensitive dye lucigenin, as 
shown in Figure 3. This allowed for direct quantification of ion-concentrations near interfaces in time. The work carried out 
highlights the important role of topology in ion-transport, as well as the versatility of using microfluidic systems to understand 
the behavior of these systems.
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