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& Ao A= Poly (dimethylsiloxane) (PDMS)2] 52 45407 AAREAFE2] HIS0|4 &2 A& sdsr] 9

T o
3l PEO-PPO-PEO 55 35 &A12] 32wl (embeddeing) 3] % olgato] &1 W A A o9 HAF e A}

SISt 214 3EH U] SAE PDMS Yol Zulje £5 358A12 55, 3 (water-soaking), 2! A4 THOE
S5 AZE 59 S 78ISt 1A E PDMS B2 450l T (2 mg/mlyZlA] T 0] nj5o]d A v
EAS HgloH, “6} O/W (Oil-in-Water) | 2A-& A7 3 5= A3t

Abstract — In this study, we optimized a method of PEO-PPO-PEO block copolymer embedding, for solving non-spe-
cific protein and biomolecular adsorption and high hydrophobicic surface property, which is widely known as problems
of poly (dimethylsiloxane) (PDMS) that has frequently been used in basic biological and its applied research. We assessed
its surface modification by controlling the concentration of embedded block copolymer, water-soaking time, and recovery
time as variables by contact angle measurements. In order to evaluate its antifouling ability, adsorption of FITC-BSA
molecules was quantified. Furthermore, we generated oil-in-water (O/W) emulsion as a proof-of-concept experiment to
confirm that the optimized surface modification works properly.
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2-1. ME X FH|

2 Aol ARESE Poly (dimethylsiloxane) (PDMS, sylgard 184)=
Dow corning (MI, USA) A|&#S& 79138t 2831311, PEO-PPO-
PEO &5 §HA|= Al E-d Al A2 2] Pluronic P105, F127- Sigma-
Aldrich (ML, USA)elA Faljeigict. &2t 4355 571k A3l At
43t Fluorescein isothiocyanate labelled bovine serum albumin
(FITC-BSA) 4! £1l9l Phosphate Buffered Saline (pH 7.4)&
Sigma-Aldrich A|F-5- © -85t vlAlFAl 4= 2 e d <l8h
ARE-3E 713 Al (photoresist) ] SU-8 30252} T A+ (SU-8 developer)>
MicroChem Corp. (MA, USA)ol A F+ull 811 T, 2 A4S £]5)¢]
AFE8E Poly(vinyl alcohol) (PVA, 87~89% hydrolyzed) 2! sorbitan
monooleate (span 80), n-hexadecane->- Sigma-Aldrich (MI, USA)

AFE Fostol AHgIgicE.

A&7 5745 $13) Optical tensiometer (KSV Instruments Ltd,
Helsingki, Finland)E AF-311 00| olz] &40 1l ohuls] g 2jaks.
B7vet7] 98 @3 #Ar) 4 (Nikon TE-2000, Japan)¥ 48 CCD
7+ 2H(Coolsnap, Roper Science, USA)E AF-&-3F3I T}, 2431 o]
u] 2| = o] x| 4] 3 2 7291 Image-Pro Plus (Media cybernetics,
CA, USA)S} Image J (NIH, MD, USA)Z o] &-afo] F-413813]c},

2-2. PDMS H[Z ¥ 2N

PDMS 2] B2 & §J&l] A3t PEO-PPO-PEO &5 A+
PEGS} PPOS] 74 H]&ol me} 5A4/04 vl&S vehil=
] %Q1 HLB (hydrophilic and lipophilic balance) Zto] G}zl t} &
Ao A= HLB #te] ©& Pluronic P105 (HLB = 15), Pluronic
F127 (HLB =22) 7 7H 35 &A1& ©]8-3to] PDMSe} E3}a}o
HHEA A3E sl 7|4 0 ® ) PDMSE Aol &
ZH]Q1 oligomers} 7 SHAIE 10:19] HIE= EFato] A|xstet.
st Z%ﬂxﬂﬂ Euj¥l PDMSE ol&H2-9] 200 mg/mlZ 35

15 8321715, o] SHES 24712 PDMS &35 1 g 0~20 ulX
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[ Air

_| Water

[| PDMS base
7~ PDMS molecular chain

Scheme 1. Principle of PDMS surface modification. Block copoly-
mer molecules migrate toward water-filled channels by
solubility gradient.
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fluorescein isothiocyanate — BSA (FITC-BSA, ~66 kD)E 7] Al|3-Z ]|
INZE Bt ST Foll Ak oA oS FF AT A4S T
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o]=5 A4 3)el7] $3l FITC-BSA £912] oF% © 2 PBS M-S
Z2]50] FITC-BSA &o] nAfES F4F5 et S2EEF
AT, 573 o]u] 2| = Image] 2! ImagePro ~Z E o] & o] &

sto] AT

-

3. 41} ¥ EQ|
£ Al A= 1597} -2 (antifouling)ye SAlo] Foi gt 4
3l+= PDMS 7Hﬂ ! ‘%’j © 7 2+#]% PEO-PPO-PEO 35341 S 3
st PDMSE] 7HE i o] 22 3kE 11siSivt. PEG M7l e ==
Pluronic P1052} F1272] = 7H4] Y& X543 /474 1] (@2 HLB
=15, 22)F %= PEO-PPO-PEO 35 AIE AHE-al3l om, sl

T A e wek 39 2*%%—% FHEEIATH(Fig. 1). AF
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P105 in PDMS

(A) 150 —
= 125} o 1
K]
(=2}
c
& 100t
(%]
s
c
S 75t

50

0 0.04 02 04 2.0 4.0
Concentration (mg/g)

F127 in PDMS

(B) 150 . .
I Initial
B Final

< 125}

2

(=2}

c

& 100}

o

©

8

c

S 75t

0 004 02 04 20 4.0
Concentration (mg/g)

Fig. 1. Contact angle measurements of (A) P10S, (B) F127 triblock
copolymer embedded PDMS for optimizing the surface
modification with concentration of 0, 0.04, 0.2, 0.4, 2.0, 4.0
mg/g PDMS.

st PDMS?] 35~3 1 71 vy 793

£ AHESIGITE A8 271 AH 2] PDMSS] JE57hE S A
A o s Yehiglar, 314 B et 4843 et =
off FA| T 5 AollA 48A1%F F Az W WA E Fof| 738k
AEZE JeISih 7 7 3 A Bl 358 w5
7} 7Vl Wb HEH7RE 54 sk kAt At F
T oAM= AEZ 7447 3= 73S ¥ 9t} Pluronic
P105¢] 7% 0.2 mg/gell Al 84°7hA] A3 F2to] 7F 233 I (Fig. 1A),
F1272] 7399 0.4 mg/golA 74°74A] =7 o] 7FAslth(Fig.
1B). 3l'F &% o)/dellA O o] FH7 AT S7FeHA = o]
iz PDMSS] EHO R BolE 4 Q= F5 A 42 757t
galA qlo] 54 s % oldelM= M gt ZslEE Blo®
dE A AATH26,27]. F T AMEATE 2V ohe 23} w5 E
Hol= AL A xpolel] &3] ]Itk & = L=, P105<]
79 B-2FeFo] 6,500 g/mol, F1272] 75 12,600 g/mol £4] 7S
AgmkE SolQlvta shrlet s Bal#ko] P1057) F1279] Hl&) &
Hhylof] E[%] ¢ko B R Fx}o] Ayt F vl o ol ZE o
%fii 3|4 g = qlrt. ﬁi}%E FETAE 7= 2
232 717} 84°%) 7408 S E A=), o) A2 el ERulE
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B0 AR, 2 L] EAF E9E] glojgks
F1270] 7 W7} & B 7 B R odageE dlA 2
NEE F o7k goug 3d H&7he o7t U= 5oz A
7Z4ek 4= Qlvh A wag A4 8 @ kA | ekl
Algro 2= PDMS?] -5 Eolth PDMSe g8 5532
57t 7S v A (micelle) 2 22 2~E(cluster) 5ol &3
sRre & Q18| B JA S A ﬂA%PB &S w3t o2t
’$& PDMS UellA] dofjuhks d& ArgEe s st e of
AAAY E7FsIA B o]F Haslsly] 218l EshE= AR
oM 2] FEE AEEIGITE ol o] B AjelA T A A=
23} 524 P105 0.2 mg/g, F1272 0.4 mg/gS AHE-31 ).
] tolrt, PDMS el E3kE o] Sl S A7 BH O R o]
sk Aol wet W H570] DLEM%XJ S5 W] Sl
, A7 L PDMSE Bofl FA1Z A7kl w45
t& 57313l tk(Fig. 2). 7] PDMSE oiw 70 A 5o S %k
%£712] %, 3 FAE H71sHA] -2 PDMS (‘bare PDMS’) 2,
P105 0.2 mg/g<S 713 PDMS (‘P105 PDMS’), F127 0.4 mg/gs
7718t PDMS (“F127 PDMS”)°A 32l PDMS2] &~54E
1100 o)de] HEZS B, e, Zek=et A E ¢ 2 $
AA] BE AEe] mo] w9 52 143E v o R W)
&0 10° 0|8t HEHZS 7= 2 0.2 YEiTH PDMS7) Eo
HFE o] Q= AlZro] F7hgrel| whel, &2 o] Aat F7tste]
‘Bare PDMS’ ¢} ‘P105 PDMS’ 2] A 722744 F7}8hH, ‘F127
PDMS’ 9] -9~ 63°7H4] S7Feh= s Bttt & 7k 53
w3k H oA, HE Mgl w2 P105 PDMS’ 2] H57F S8
o] ‘F127 PDMS’ K.t} o=t o]&= Anbrlato 7 zke Ha 4
712 Q&) A o2 =2 At Al (diffusion coefficient)E 714
U% PDMS :FLZ A]_oli E‘:]' _,47.]] EJ,]_GL 2= olgoi o) zs]- 74012
58k 2= ok 13 244171 0] 50f| 4 P105 PDMS’ S} ‘Bare PDMS’
HE2}o) 7]9] FU A= 7 07 elo] Fi=d), 0|23t TS
WO F o]F(migration)sll& P105 &5 A A7} F1272 v] 1
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Fig. 2. The effect of immersion time on contact angle of surface
modified PDMS. The ‘Bare PDMS’ is marked with closed
circle, ‘P105 PDMS’ with closed square, and ‘F127 PDMS’
with closed triangle. The letters a, b, ¢, d, e in the images of
contact angle visually show the data point in the graph.
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Fig. 3. Time-dependent recovery of modified surface of PDMS after
24 hr water immersion with (A) contact angle measurements.

Change of contact angle of (B) bare PDMS, (C) P10S embedded
PDMS, and (D) F127 embedded PDMS.
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dHH o= Ak Zof7) gof A wAke] FHe Fs] B
55t A0 2 AR HTH33].

9 7d¥ ppMSE 1 SAS AAA o7 Frshar (it
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Water) '8/ AlZs13lth Anta 0% o/w od/dS vk=7] 9
alxtis viAl A @ A7E AEER B3 R 2 ARE
o o] Hof et 7k do] 2 Aoy At AREE AME
1ol ofef 2ol k. whebA 47 viAl o/w A& ]
L3l B AAkEe] Hidg WA o2 PDMSE 7idste] o/w 9
Aa Azsfghe webA o] Nﬁ’oﬂ M= 2 A WA S A st
O/W mAl A S ER7 v ¢ la& HojF Ak siglv) ol &
S1al] vAl A W o] %*éﬂL T-F el 2 $H(T-junction)”}4] €]
T A 50 pm, o] A o]Felli= 200 pme] AL FH}
80 um?] £0]5 7 %=% RH5olX PDMS VIAGAIGA = XﬂZL
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Fig. 4. Optical test of protein adsorption by FITC-BSA. Scheme (A) shows the experimental procedure for protein adsorption and washing
with PBS buffer. (B) Fluorescent images and line profiles of gray values of surface modified PDMS channels with no treated, P105
embedded PDMS, and F127 embedded PDMS, respectively. Scale bars in (B) indicate 200 pm.
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Fig. 5. Generation of O/W emulsion with F127 embedded PDMS channel. (A) Scheme of flow-focusing device. Bright-field image of (B) drop-
let generation and (C) generated droplets. (D) Quantification of the size of generated O/W emulsion. Scale bars in (B), (C) indicate 200 pm.
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