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Dominant research areas

Physico-Chemical Hydrodynamics: 1. Theory of electrodiffusion of ions
in aqueous systems, 2. Membrane transport, 3. Electroconvection and the-
ory of nonequilibrium electrokinetics, 4. Ionic transport in microstructures
and microfluidics, 5. Novel physics of desalination.



¢ Research profile

In the last 20 years most of my research, joint with Isaak Rubinstein, con-
cerned electric conduction from an electrolyte solution into a charge selective
solid, such as ion exchange membrane, electrode or micro-nano-channels ar-
ray. Our main finding is that this conduction becomes unstable when the
electrolyte concentration near the interface approaches zero due to diffusion
limitation. The sequence of events leading to instability is as follows: upon
the decrease of the interface concentration, the electric double layer (EDL)
at the interface transforms from its common quasi-equilibrium structure to
a different, non-equilibrium one. The key feature of this new structure is
an extended space charge added to the usual one of the quasi-equilibrium
EDL. The non-equilibrium electro-osmosis related to this extended space
charge renders the quiescent conductance unstable. The resulting vortical
flow destroys the diffusion layer and, thus, greatly hastens the ion supply
towards the interface. This finding, besides its fundamental importance due
to the central role of EDL in interface phenomena and significance of con-
ductive instabilities in Newtonian fluids (compare with Benard-Rayleigh and
Marangoni instabilities in thermal conduction), is of a potential applicative
value. The major potential applications are in the areas of electrochemistry
and micro-fluidics, including intensification of ionic mass transport near the
electrodes and design electro-kinetic micro-pumps. The original motivation
for our study came from the search for explanation of the phenomenon of
over-limiting conductance through charge-selective membranes (employed
in fuel cells, electrodialysis, microfluidic preconcentration devices) which
remained a challenge for many decades. Our found explanation of this phe-
nomenon may be helpful for development of efficient desalination process
based on ‘over-limiting’ high current electrodialysis. The applied benefits of
our research also root in the possibility to use the obtained know-how on
non-equilibrium electro-kinetic phenomena for efficient operation and con-
trol of ion-exchange membrane and electrode devices operating in the regime
of high concentration polarization as well as their micro-fluidic nano-channel
counterparts.



