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There has been a growing interest in developing lab-on-a-chip (micro/nanofluidic) systems 

for bio-detection, biotechnology, chemical and biological reactors, and medical, 

pharmaceutical, and environmental monitoring.  The success of the lab-on-a-chip 

technology is subjected to the possibility of handling tiny amounts of samples in a rapid 

and cheap manner. Among the variety of force fields applied to manipulate ions, fluids, and 

particles, electric field driven transport is most suitable and sophisticated.  In this work we 

describe the fundamentals of the electrokinetic phenomenon of dielectric dispersion in 

aqueous colloidal suspensions. The mathematical treatment of the problem is rather 

complex, and analytical solutions are only available in a limited number of cases. Our 

numerical model is based on the non-linear Nernst–Planck equations for ion transport 

coupled with the Navier–Stokes equations and the Poisson equation for an electric field. 

The colloid particles suspended in aqueous medium is enveloped by the electric double 

layer ( EDL). Migration of the particle and the imposed electric field leads to a deformation 

of the EDL and the double layer polarization phenomena (DLP) occurs. The DLP effect 

induces an electric field, which retards the applied field strength. For permeable particles ( 

polyelectrolyte), the penetration of counterions inside the particle causes a neutralization of 

the particle charges ( counterion condensation, CC), which reduces the electric force 

exerted on the particle. When the particle is polarizable then under an external field it 

acquires a non-uniform surface charge in addition to its native surface charge. The 

polarization of the particle produces a reduction on its electrophoretic velocity compared to 

a non-polarizable or insulated particle. The particle velocity is found to be no longer linear 

with the imposed electric field. In this paper we have analyzed those nonlinear effects on 

electrokinetics of suspended micro-size rigid/soft or porous particles. A comparison with 

the linear theory is made in the present analysis. 
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