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Abstract: This study presents the preparation of double emulsions in a poly(dimethylsiloxane) (PDMS)-based
microfluidic device. To improve the wettability of hydrophilic continuous phase onto a hydrophobic PDMS
microchannel, the surface was modified with 3-(trimethoxysilyl) propyl methacrylate (TPM) and then sequentially
reacted with acrylic acid monomer solution, which produced selective covalent bonding between acrylic acids and
methacrylate groups. For the proof of selective surface modification, tolonium chloride solution was used to identify
the modified region and we confirmed that the approach was successfully performed. When water containing 0.5% w/
w sodium dodecyl sulfate and 1% w/w Span80 with hexadecane were loaded into the selectively modified microfluidic
channels, we can produce stable double emulsion. Based on the spreading coefficients, we predict the morphology of
double emulsions. Our proposed method efficiently produces monodisperse double emulsions having 48.5 pm
(CV:1.6%) core and 65.1 um (CV:1.6%) shell. Furthermore, the multiple emulsions having different numbers of core
were easily prepared by simple control of flow rates.

Keywords: microfluidics, surface modification, monodisperse, double emulsion, multiple emulsion.
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Figure 1. (a) The generation of double emulsions in the modified
PDMS microfluidic system. Water-in-oil-in-water (W/O/W) double
emulsions were obtained from 3 pL/min of Q, (0.5% w/v SDS in water),
1 uL/min of Q,, (1% w/w Span80 in hexadecane), and 0.2 pL/min of
0; (0.5% w/v SDS in water); (b) A schematic diagram of a process of
surface modification of PDMS. The surface modification sequentially
consists of oxygen plasma treatment for the activation of PDMS surface,
3-(trimethoxysilyl)propyl methacrylate (TPM) coating, selective grafting
of acrylic acid onto PDMS surface and photopolymerization under the
UV irradiation.
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Figure 2. Partially grafted channel with PAA stained blue. Stained
cross-section of PAA treated microchannel with tolonium chloride (TC).
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Figure 3. (a) Structure of formation of double emulsion and illustration
immiscible outer phase (Water phase), middle phase (Oil phase), and
inner phase (Water phase); (b) Schematic dagram of possible config-
urations corresponding to each spreading coefficient (S, and S,) when
S; is always negative value.
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Figure 4. (a) Generation of double emulsions in the modified micro-
fluidic device; (b) Bright-field micrograph of the uniform double emulsion
dispersed in outer phase; (c) and (d) Size distributions of monodis-
perse double emulsion for both the inner and outer droplets mean val-
ues of 48.5 um(CV: 1.6%) and 65.1 pm(CV: 1.6%), respectively.
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Figure 5. Images of multiple emulsion generation in modified micro-
fluidic device. The number of inner droplets encapsulated can be con-
trolled by adjusting only inner flow rate: (a) one; (b) two; (c) three; (d)
four inner droplets in each W/O/W double emulsions.
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