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In this presentation, an efficient sample preparation process utilizing an ion concentration
polarization (ICP) phenomenon would be introduced, especially the simultaneous operation of
separation and preconcentration and detailed dynamics of the preconcentrated analytes. ICP is
traditional electrochemical ion transportation process and appears as a steep concentration gradient
near nanoporous membrane under dc bias [1, 2, 3]. The major function of ICP is an active ion
control by an external electric field so that it is significantly useful to study the new ion
transportation through nanoporous junction (or membrane) and develop novel engineering
applications [4, 5, 6].

Here, we would like to introduce a device as shown in Figure 1 performing selective
preconcentration and online collection of charged molecules with different physicochemical
properties based on ICP. The device allows subsequent processes of the highly preconcentrated and
separated molecules on-chip or off-chip in a single solution. The molecules were highly
preconcentrated at each equilibrium position balanced between electroosmotic drag force and
electrophoretic force. By the repeated chamber geometry, the ion depletion zone was stabilized and
the plugs were well-defined. For subsequent on-chip or off-chip application, pneumatic micro-valve
system was integrated. The successive operation of selective preconcentration and valve operation
would recover target molecules at the preconcentration factor more than 30 as shown in Figure 2.

Furthermore, we investigated the detailed spatiotemporal dynamics of preconcentrated analytes for
multiple analyte mixture. In the case of single-analyte preconcentration, there were two distinct
regimes: staking and propagating regime as shown in Figure 3. Meanwhile, the equilibrium position
of the plug was shifted in the case of multiple analyte preconcentration due to electrokinetic
intermolecular interactions. A critical mobility was extracted for determining the types of
preconcentration and it was confirmed both by experiment and numerical simulations as shown in
Figure 4.

These results would play a key role in enhancing accuracy of practical ICP applications through
elucidating comprehensive preconcentration mechanisms which are critical in analytical systems

such as diagnostics, biology researches, and point of care systems.
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Fig.1 (A) Microscopic image of the device and (B) three
steps of valve operations, consisting of an ICP
preconcentration step, a plug isolation step, and collecting
step.
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Fig. 4 Spatiotemporal dynamics of preconcentration
for relatively high mobility sample (Alexa 532) in the
case of (a) single analyte solution and (b) mixture of
analytes with low mobility (SRB). In each figure, m
was diffusion time scale.
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Fig. 2 (A) Time-lapse images of repeated valve
operations collecting selectively preconcentrated
plugs and (B) mean intensity change in the
measurement window over number of repetition of
valve operation. Note that there is no SRB in the
measurement window.
(a) SRB CoroNa
(b) Alexa 532 Alexa 488
Fig. 3 Time-lapse images of each preconcentration

behavior of (a) SRB and CoroNa (stacking regime)
and (b) Alexa 532 and Alexa 488 (propagating
regime). Two opposite white triangles designated the
preconcentration boundary of each analyte.
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