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In-droplet preconcentration of microparticles using surface acoustic waves

Kwangseok Park*, Jinsoo Park*, Jin Ho Jung*,
Ghulam Destgeer*, Husnain Ahmed, Raheel Ahmad and Hyung Jin Sung’

Abstract In droplet-based microfluidic systems, in-droplet preconcentration of a sample is one of the
important prerequisites for biochemical or medical analysis. There have been a few studies on
preconcentration in a moving droplet, but they are limited to practical applications since 1) their
method are time-consuming or 2) they require specific properties such as electric and magnetic
properties. In this study, we demonstrated the position control of polystyrene particles of 5 and 10
pm in diameter inside a moving water-in-oil droplet using traveling surface acoustic waves. Since
the frequencies for effective control of each diameter were found, microparticles with no labels could
be utilized. In addition, the proposed method enabled on-demand preconcentration inside a
polydimethylsiloxane microchannel. In-droplet preconcentration of microparticles was realized by
splitting a mother droplet with manipulated particles at a downstream bifurcation zone. Given these
advantages, the proposed system is a promising acoustofluidic lab-on-a-chip platform for
preconcentration inside a droplet.
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Fig. 1. Top view schematic of position control
and in-droplet preconcentration of microparticles
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Table 1. Affecting frequency to control polystyrene
microparticles with the size of 5, 10 #m

d, £ (MHz)
(pmy| 125 |[127.5| 130 |132.5| 135 | 1375 | 140
5 X A O O O X X
10 A O O A X X X

O: strongly effective, A: weakly effective, X: not manipulated
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Fig. 3. (a) Top view snapshots for control of
polystyrene particles inside the droplets
(droplet velocity 12.5 mmys). (b) Side
view of in-droplet particle control.
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Fig. 4. In-droplet position control of PS particles
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Without TSAW. (b) With 130 MHz TSAW.
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Fig. 5. Control efficiency of 5 and 10 #m polystyrene
microparticles under 130 MHz TSAW.
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Table 2. Comparison of total particle concentration
with the size of 5, 10 um.

Total particle concentration
SAW | Run ( #x106 of particles/mL )
1 2.58 5.07 0.09
2 2.53 4.98 0.08
3 2.46 4.83 0.07
ON 4 2.64 522 0.06
5 2.53 4.94 0.11
Avg | 2.55+0.07 | 5.01£0.15 | 0.085+0.02
1 2.71 335 2.07
2 2.61 2.76 247
3 2.65 3.31 2.00
OFF 4 2.64 2.97 2.31
5 2.49 2.92 2.06
Avg | 2.6240.08 | 3.06+0.26 | 2.18+0.20

* M : the mother droplet
** U: the Ist daughter droplet (upper)
**% 1. the 2nd daughter droplet (lower)

43 2

2 Al olsshs A el 53
= AR Ee]EelRl i) f1A1E Alofs)
A& Hhrol xkE EFsolth wolAm Al
glof 4] o] 2:0]3= PDMS AdolA] olEah=
A ui-el 4ARS A71ek Tkl uhE 530
o] A=g d8sto] 7} =719 RS 90% o1
Alfstglet. ® of& o83l Al Ak FeE
L96H B s=slirt. ofefeh e SR At
o S a7k ool 719 7Nk T o
Al AR Ao} g AP sk Eek Al
ARERH T A7) wel e S S BARE ¢ 9le.
PR 2 AT vk 5 vlele AEe] oA ]
A Ao} B2 5 7hse 58 vlelaR
A R AR el &g o 9l A
o8 A,

> Koo

r
12

oy

-

o~




52 Bl A B AR ]2 Fouel oS- kY ofule - 49

ot

7|

This research was supported by the Creative Research
Initiatives (No. 2017-013369) program of the National
Research Foundation of Korea (MSIP) and the
KUSTAR-KAIST Institute, KAIST, Korea.

REFERENCE

1) Leng, X et al., 2010, "Agarose droplet microfluidics
for highly parallel and efficient single molecule
emulsion PCR", Lab Chip, Vol. 10(21), pp.2841-2843
2) Oh, J. K et al, 2008, "The development of
microgels/nanogels for drug delivery applications”,
Prog. Polym. Sci., Vol. 33(4), pp.448-477

3) Millman, J. et al., 2005, "Anisotropic particle
synthesis in dielectrophoretically controlled microdroplet
reactors", Nat. Mater., Vol. 4, pp.98-102

4) Zheng, B. et al., 2003, "Screening of Protein
Crystallization Conditions on a Microfluidic Chip
Using Nanoliter-Size Droplets”, J. Am. Chem. Soc.,
Vol. 125(37), pp.11170-11171

5) Utech, S. et al., 2015, "Microfluidic Generation of
Monodisperse, Structurally Homogeneous Alginate
Microgels for Cell Encapsulation and 3D Cell Culture",
Adv. Healthcare Mater., Vol. 4(11), pp.1628-1633
6) Hein, M. et al., 2015, "Flow field induced particle
accumulation inside droplets in rectangular channels",
Lab Chip, Vol. 15(13), pp.2879~2886.

7) Link, D R et al., 2006, "Electric control of
droplets in microfluidic devices", Angew. Chem. Int.
Ed., Vol. 45(16) pp.2556~2560.

8) Chen, C. -H. et al., 2009, "Microfluidic Assembly
of Magnetic Hydrogel Particles with Uniformly
Anisotropic  Structure", Adv. Mater. Vol. 21(31)
Pp-3201~3204

9) Enger, J. et al., 2004, "Optical tweezers applied to
a microfluidic system", Lab Chip, Vol. 4(3) pp.196~200
10) Petersson, F. et al, 2007, "Free Flow
Acoustophoresis: Microfluidic-Based Mode of Particles

and Cell Separation", Anal. Chem., Vol. 79(14),
pp.5117~5123

11) Cho, S. K. et al., 2007, "Concentration and binary
separation of micro particles for droplet-based digital
microfluidics", Lab Chip, Vol. 7(4), pp.490~498
12) Brouzes, E. et al., 2015, "Rapid and continuous
magnetic separation in droplet microfluidic devices",
Lab Chip, Vol. 15(3), pp.908~919.

13) Fornell, A. et al., 2015, "Controlled Lateral
Positioning of Microparticles Inside Droplets Using
Acoustophoresis", Anal. Chem., Vol. 87(20), pp.10521~
10526.

14) Hasegawa, T. & Yosioka, K., 1969, "Acoustic-
Radiation Force on a Solid Elastic Sphere”, J. Acoust.
Soc. Am., Vol. 46(5B), pp.1139~1143

15) Destgeer. G. et al., 2015, "Microchannel
Anechoic Corner for Size-Selective Separation and
Medium Exchange via Traveling Surface Acoustic
Waves", Anal. Chem., Vol. 87(9) pp.4627~4632.
16) Jung, J. H. et al, 2016, "On-demand droplet
splitting using surface acoustic waves", Lab Chip,
Vol. 16(17), pp.3235-3243



