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A Simulation of Advanced Multi-dimensional Isotachophoretic Protein Separation for
Optimal Lab-on-a-chip Design
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ABSTRACT

In this paper, a computer simulation is developed for isotachophoretic protein separation in a serpentine microchannel for optimallab on a
chip design using 2D Finite Element Method. This 2D ITP model is composed of 5 components such as hydrochloric acid as Leader, caproic
acid as terminator, acetic acid and benzoic acid as two proteins, and histindine as background electrolyte. The computer mode] is based on mass
conservation equation for 5 components, charge conservation equation for electric potential, and electroneutrality condition for pH calculation.
For the validation of the 2D spatial ITP model, the results are compared with the Simul 5 developed by Bohuslav Gas Group. The simulation
tesults are in a good agreement in a 1D planar channel. This proves the precision of our model. The 2D protein separation is conducted in a 2D
curved channel for Lab on  a chip design and dispersions of proteins are revealed during the electrophoretic process in a curved shape.
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Figure 1. ITP process by two sample proteins
PA, PB (T: Terminator, L: Leader)
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Table 1. physico-chemical properties of components
used ITP simulation

NAME Type pKs ok pk;  w(10E-9 mis)
Hydrochiloricacid  Leader{l) -2 - - 791
Caproicacid  Terminator(T) 4.857 . - 302
Aceticacid  ProteinA(P) 4.756 . . 424
Benzoicacid  ProteinB (Ps) 4.203 - - 36
Histidine BE 2 6.04 933 288
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Figure 2. Two types of Microchannels for ITP
simulations: (a) planar channel, {(b) sudden expansion
and contraction channel(a: 20cm, B3: 300um, y: 20cm,

& 1om, e 300, & 300pm)
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