"m Check for updates

Journal of Sensor Science and Technology
Vol. 30, No. 2 (2021) pp. 119-124
http://dx.doi.org/10.46670/JSST.2021.30.2.119
pISSN 1225-5475/eISSN 2093-7563

bz QR BE/RRE S8 KRGS H Y N

Development of dielectrophoresis chips and an electrode passivation
technique for isolation/separation of nanoparticles
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Abstract

Isolation and separation of biological nanoparticles, such as cells and extracellular vesicles, are important techniques for their char-

acterization. Dielectrophoresis (DEP) based on microfluidic chips is an effective method to isolate and separate the nanoparticles. How-

ever, the electrodes of the DEP chips are electrolyzed by the electrical signals applied to the nanoparticles. Thus, the isolation/separation
efficiency of the nanoparticles is reduced considerably. Through this study, we developed a microfluidic DEP chip for reliable isolation/

separation of nanoparticles and developed a passivation technique for the protection of the DEP chip electrodes. The electrode pas-
sivation process was designed using a hydrogel and the stability of the hydrogel passivation layer was verified. The fabricated DEP chip
and the proposed passivation technique were used for the collection and dispersion of the fluorescent polystyrene nanoparticles. The pro-

posed chip and the technique for isolation and separation of nanoparticles can be leveraged in various bioelectronic applications.
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Fig. 1. (a) Schematic of a microfluidic dielectrophoresis (DEP) chip.

The PDMS channel was bonded with a glass substrate that

comb-structured two electrodes are patterned. To apply the

DEP force to nanoparticles, a function generator was con-

nected with two metal pads and an AC voltage was applied

to the electrode. (b) Schematic and optical image of elec-

trodes. In an electrode-overlapped region (red rectangular),

the width of electrode is 100 pm and the interval between two

electrodes is 200 um. Blue rectangular indicates a region in

which an electric-field gradient was simulated (detailed in
Fig. 2)
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Fig. 2. (a) The COMSOL simulation result of electric-field gradient
around the electrode of the DEP chip. The electric-field gra-
dient is relatively large at the edge of electrode (scale bar: 50
um). (b) The MATLAB simulation results of the Clausius-
Mossotti(CM) factor for polystyrene(PS) bead in phosphate-
buffered saline (PBS) 1x solution (black line) and 0.1x solu-

tion (red line).
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Fig. 3. (a) Procedures for hydrogel coating on the electrode of the
DEP chip. (i) The hydrogel suspended in ethanol was
dropped on the glass substrate and (ii) spin-coated with 5,000
rpm for 2 min and (iii) dried at 60 °C for 10 min. (b) SEM
image of the glass substrate coated with hydrogel. The thick-
ness of hydrogel was uniformed (average thickness: ~ 268
nm). (c) — (f) Optical images of the electrodes (c) hydrogel
was not coated, (d) 0.1 g of hydrogel was coated, (e) 0.3 g of
hydrogel was coated, and (f) 0.5 g of hydrogel was coated.
The DEP chip was filled with PBS 0.1X solution and an AC
signal (5 V,,, 1 kHz) was applied for 4 min.
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Fig. 4. Fluorescent images of the DEP chip filled with fluorescent PS
beads suspended in the PBS 0.1X solution. (a) As-injected,
(b) an AC signal (5 V,,, 1 kHz) was applied to the PS beads
for 4 min, (c) other AC signal (5 V,,,, 1 MHz) was applied to
the PS beads for 4 min, and (d) the DEP chip was 3-times
washed with PBS 0.1X solution.
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