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An Approach for Irreversible Bonding of PDMS-PS Hybrid
Microfluidic Chips at Room Temperature

Hu, Xianqgiao He, Qiaohong* Bai, Zeqing Su, Faming Chen, Hengwu*
(Department of Chemistry, Institute of Microanalytical Systems, Zhejiang University, Zijin’gang Campus, Hangzhou 310058)

Abstract In some circumstances, hybrid polymer microfluidic chips composed of both elastic, gas-permeable polydi-
methylsiloxane (PDMS) and rigid plastics are needed. However, it is quite difficult to bond PDMS irreversibly to plastics
such as polystyrene (PS). In this article, a facile method for irreversible bonding of PDMS to PS was proposed based on
UV/Os-assisted surface modification in combination of surface silanization. Firstly, a PS sheet was exposed to UV/O; to
produce oxygen-containing polar moieties, such as hydroxyl and carboxylic acid, on its surface. Secondly, the UV/O; treated
PS sheet was silanized with (3-aminopropyl)triethoxysilane (APTES) via the reaction between the oxygen-containing polar
moieties on the PS surface and the molecules of APTES. Thirdly, the silanized-PS sheet and the PDMS substrate with micro
channel network were treated with UV/O; again to generate silanol moieties on both surfaces. Finally, the UV/O; treated
PDMS was immediately brought intimate contact with the UV/O; treated silanized-PS, and irreversible bonding of PDMS
with PS occurred after putting the PDMS-PS complex at room temperature for 1 h through the condensation reaction between
silanol moieties. Contact angle measurement, X-ray photoelectron spectroscopy, total reflection Fourier transformation infra-
red spectrometer were applied to characterize the surface chemistry of the PS during the UV/O; treatment and silanization.
The hybrid PDMS-PS microfludic chips prepared with the established method can bear a gas pressure higher than 0.5 MPa
and a water stream at a flow rate higher than 170 pL/min (the test channels were 2.5 cm in the length, 50 um in the width,
200 pm in the depth). A hybrid PDMS-PS microfluidic chip composed of gas-permeable PDMS substrate with channel net-
work and excellently biocompatible PS cover sheet was fabricated for cell culture. The experimental results showed that
HeLa cells cultured in the hybrid PDMS-PS microchip grew much better than those cultured in the full PS microchip, and
slightly better than those in the full PDMS microchip.
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Figure 1  XPS spectra for the PS sheets at the different stages of surface
modification

(a) Full XPS spectra for native PS (I), UV/Os-PS (II), APTES-PS (III), and
UV/O3-APTES-PS (IV); (b) XPS data of the Si2p region for APTES-PS; (c)
XPS data of the Si2p region for UV/O3-APTES-PS
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Figure 2 ATR-FT-IR spectra for the PS sheets at different stages of
surface modification

(a) Native PS; (b) UV/O5-PS; (c) APTES-PS; (d) UV/O;-APTES-PS
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Figure 4 Photo pictures of the bonded hybrid PDMS-PS chips

(a) A PDMS-PS chip damaged during peel test; (b) A PDMS-PS chip filled
with carminum solution, the channel was 200 um in the width and 15 pm in
the depth

2.3 PDMS-PS & &= b i A T 4mpaiEsE
FERIAR 0 I Y R FE 40 e, DR 40 i 5 R

1538  http://sioc-journal.cn

© 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

W PPRIUGE S, I PDMS J2 64 40 s 95 05

ATTEER AR T PS HATARE UF M E DA E,
FUSEg AT ) “—IRPE” A TR IS PS
#%. (H PS ANEAEAME, EE A4 PS B liE N K
FRANMAEAE R AE. T2, FRATK PDMS [ R4FiE S
PS ¥ RL&F NIPERIE e PE 2 Gk ok, #]#5LL PDMS
NIBIEHL . PS R Y PDMS-PS &4, M
TR R R AN MR TR SR T PR I R v A
HIE LR UO(E 5a). LA E SR 40 HeLa 15 JyBiAi4n
J, W5 PDMS-PS E &0 F G FRBUR. SLs ), K
HeLa 4 BUFCHI7E 10%05 24 10037 () DMEM £53% 4l
JRIREE A 9X 107 //mL (FI40 HLE . SRJS, 1085 i
Rt N — 2 F () A0 ki, 2 ) S B4 D) Rl
W B AU ) i, FE ST AEANIEE S, 7R
LIRS SR ISR = A R S 7 T P AR R RN TR =T
M Parafilm F} AR EE (BT 1IEE TR ZER), TN
CO T FRMH 137 CFREFR, B 12 h ¥ —IRKIG TR 24
h JE WS40 fifE PDMS-PS & ATyt b (R I BERG
R, 54 PS 14 PDMS 5 F R IR FR R R A T3 L,
SR ILE 6. MK 6a rTLLE ], K] PDMS-PS H A1
WEES T, 24 h 545 80% LA L 1) HeLa 41 iy CL48 Ui i fif g
TEIRJZ PS SR b, FEH 40 M e 3 Pl il 2R K R
U, XEHT PDMS-PS {5 TSR T AW 25 4 (1)
PS JEJE, A3 AT RGN A g I B AR KDL AR, SR 4
PS (57, 24 h J5 PS HIE N COME AR A7 AR (&
6b). XA PS 4IRS AN IE S, 1A
L7556 T — 2R85B Parafilm S5, PRI 76 6 Tt 3T
FOAS AR 140 M PR e, 5 35040 B s T 5 Rl i 1T
BB A L. X EWARBE S 4 PS S il
NI G TH IR M. R4 PDMS {57, 24 h J5id
N O A PR A A R EE TR )Z ) PDMS S I,
1 UG BE SRR T PDMS-PS E4 05 . HLR A T R
JE R EHK ) PDMS FANAIE & I R 40 i fr A KL

= __>—

(a) (b)
B s FIT4IkEsEK PDMS-PS 515 H
(a): U5 T B A Y, ) 6 IE K 5.0 mm, % 1.5 mm; PILZE I K
3.0 mm, % 0.5 mm; JEIEREIA 200 pm; (b) LA a EEHE K PDMS-PS 41
HRETRS P R
Figure 5 The hybrid PDMS-PS microchip for cell culture
(a) The layout of the microchip, the wide section of channel was 5.0 mm in the
length and 1.5 mm in the width, and the narrow sections of the channel were
3.0 mm in the length and 0.5 mm in the width, the depth of the channel was
200 pm; (b) photo picture of the fabricated microchip
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Figure 6 Morphology of the HeLa tumour cells cultivated in the hybrid
PDMS-PS microchip (a), full PS microchip (b) and full PDMS microchip
(c) for24 h
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