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Abstract — Ion concentration polarization (ICP) is one of the essential important mechanisms for biomolecule
preconcentration devices as well as a fundamental transport phenomenon found in electrodialysis, electrochemical cell, etc.
The ICP triggered by externally applied voltage enables the biomolecular analyte to be preconcentrated at an arbitrary
position by a locally amplified electric field inside the microchannel. Conventional preconcentration methodologies using
the ICP have two limitations: uncertain equilibrium position and hydrodynamic instability of preconcentration plug. In
this work, a new preconcentration method in the dead-end microchannel around cation exchange membrane was
numerically studied to resolve the limitations. As a result, the numerical model showed that the analyte was concentrated
at a shock front developed in a geometrically confined dead-end channel. Furthermore, the electrokinetic behaviors
for preconcentration dynamics were analyzed by changing microchannel’s applied voltage and volumetric charge
concentration of microchannel as key parameters to describe the dynamics. This work would provide an effective means
for a point-of-care platform that requires ultra-fast preconcentration method.

Key words: Ion concentration polarization, Preconcentration, Electrokinetic shock propagation, Electrokinetic dynamics
of charged molecule, Area-averaged electrokinetic model
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Fig. 1. Schematic of dead-end microchannel for analyte preconcen-
tration.
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Table 1. Characteristic scales
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Parameter Value Description
Vep 2.5,5,10,20V Applied voltage
P, -0.001,-0.005,-0.01, -0.05 Charge concentration
D, 0.1 Analyte diffusivity
Z, -1 Analyte valence
T 300 K Ambient temperature
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Fig. 2. Transient responses of ion concentration polarization inside
dead-end microchannel when V,,,=5V and p, =—0.01. (a)
Temporal current characteristic where each symbol is matched
with the data of (b). (b) Spatiotemporal concentration distri-
butions where each line represents 7 =10, 10755 1075, 1075,
107,105,103, 1025, 102, 1075, 10! and 10°%5, (c) Propaga-
tion length of concentration shock compared with scaling law.
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i

1 : Dimensionless current density

iy  : Diffusion-limited current density [A m~]

L : Distance from CEM to bulk [m]

q, : Surface charge density of microchannel [C m?]
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W

: Gas constant [J mol”' K]

: Bulk concentration-scaled charge concentration [C m™]

: Volumetric charge concentration of microchannel [C m™]

: Dimensionless volumetric charge concentration of microchannel
: Ambient temperature [K]

: Time [s]

: Dimensionless time

: Diffusion time scale

: Applied voltage [V]

f/app : Dimensionless applied voltage

: Thermal voltage [V]

: spatial coordinate in x-direction [m]

: Dimensionless spatial coordinate in x-direction

: Propagating length of concentration shock [m]

: Dimensionless propagating length of concentration shock

: charge valence of analyte
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