urface modification ot poly
PDMS (Poly—dimethy/siloxane)




= PPNS(pely—dimethyisilexane)?

= Applicatons: Soit lithography:

Advantages &

|Isotropic and homogeneous
Chemically inert

Optically transparent

Good thermal stability
Easily and inexpensively
fabricated

Bio sensor by microcontact printing

Micromolding
Micro fransier moldingl & Decal transier molding

Microfluaics
Lalb onra Chip
U_

Disadvantage

Extremely hydrophobic

Strong tendency to adsorb other
molecules onto the surface
Unstable and poorly controlled
electroosmotic flow







Monolayers on Disordered Substrates: Self-Assembly of
Alkyltrichlorosilanes on Surface-Modified Polyethylene and

Poly(dimethylsiloxane) Macromolecules 1993, 26, 5870-5875

Gregory S. Ferguson,!* Manoj K. Chaudhury,'* Hans A. Biebuyck, and
George M. Whitesides"

Table I. Advancing (¢,) and Receding (#;) Contact Angles
on Hydrocarbon Surfaces?

water hexadecane

Scheme I. Schematic Illustration of the Synthesis of
SAMs on PE[0x]/Si0, and FDMS[ox}*

\\ material B By fa 0,

NPEY ke PE[0x]/Si02/038i(CHz)1oCHs 113 104 48 40

PE[0x])/Si0y/03Si(CHy)yCH=CH, 106 100 38 31

\ PDMS[0x)/038i(CHz)10CH; 112 103 46 45

W PDMS[0x]/0sSi(CH)gCH=CH, 104 99 36 35

Si/Si04/038i(CHz)10CHj 112 102 41 39

| $i/8i0/038i(CHz)sCH—CH, 101 92 30 24

SO | trapon Au/S(CHy)1oCHg 115 105 48 42

i Au/S(CH,)CH=CH, 107 97 39 33
PE-C0:(CHgz)1:CH3 126 =40 wets

a The thickness of the surface film of Si0; on polyethylene is
probably between 200 and 1000 A, depending on the number of
treatments with SiCL, (see Experimental Section) and is not drawn
to scale.’* The thickness of the silicate layer on PDMS[ox] is
less than 50 A5



Dynamics of Polymeric Solid Surfaces Treated with Oxygen Plasma
Effect of Aging Media after Plasma Treatment

JOURNAL OF COLLOID AND INTERFACE SCIENCE 202, 37—44 (1998)

“). yL 1s the surface

vi(l + cos 8) = 2VyE8yf + 20yEByE + 2yyiyl

vs 15 the surface free energy of solid (mJ/m~)

d /s the dispersion force component
0 IS the polar component

h is the hydrogen bonding component of
surface free enerqgy,

tot /s the total surface free energy

,}_,tot — ,P,d + ,},p + ,}J,il..



Contact Angles and Oxygen Concentrations on Polvmer Surfaces

Untreated O, plasma-treated Washed with methanol®
Contact Oxygen Contact Oxygen Contact Oxygen
Polymer angle (%) (at.%)" angle (%) (at.%) angle (%) (at.%a)
J2 916 0.5 69 193 639 144
PFR 624 202 112 387 85 365
PDMS 1099 308 84 535 690 398

a
E
E
4
5
g
+
5
=
5
w

[} plasma treatment
& Mt:DfH ‘n."-"'dbhmg

0

PDMS

1‘ D ]l}[l 2[)[] 31}[} 400 SII}D 600

original Aging time (h)

In Nitrogen

Surface free energy (mJ/m®)

Ln
o=
T

plasma treatment
& Me{}H washmg

0

! {] l{}ﬂ 200 30'1} 400 SUG 600

original Aging time (h)

In Water




—For PS & PDMS, washing with methanol after plasma treatment led to a decrease in
surface oxygen concentrations: the low—molecular—weight oxiaation proaucts were
removed from the polymer surface.

—7, 0f PDMS is below RT and the mobility of the molecular chain is high.

—In water, the oxygen—containing polar functional groups in the surface layers of the

films were thought to orient toward the topmost surfaces.

Summary of Surface Free Energies

yp (mJ/m?)® y1 (mI/m’)’

Polymer

Ps 40 57
PDMS 10 50
PFR 58 =100

Medium vy (mI/m?®)*

Water 728
Nitrogen ~0

? vp. the surface free energy of the untreated polymer film.
¥ y+. the surface free energy of the O,-plasma-treated layer.
v the surface free energy of the aging medium.



The interface free energy: A—B

TAB (Vya — Vys)

| untreated polymer film 0| &

= Ct etN =48 e HEH =

| D2 R 20| o2 LI2LAM
BE2CF. ( In nitrogen =2l agin

N OS o

RS 22 LX)

n 3. EESVERT
e

S0 PFR= aging
@05l bulk Z2 2 Skot



Microfluidics is th
wWiter serell ejteinitities

Yy Microglticlics?
— Minleaize onysical size el sosce
Layw goawer anel oW aracticilan casi ggr cavics

Efficient Use of reecafis aricl rgacian)is
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Sitirreice Wladlfieation Wairiods of PEMIS

1

Ultraviolet polymer graiting

Covalently attached coatings

- Shuwen and Allbritton, 2002 with selectable surface
properties




Tailoring the Surface Properties of Poly(dimethylsiloxane)
Microfluidic Devices

Shuwen Hu,! Xueqin Ren,' Mark Bachman,*S Christopher E. Sims,!
G. P. Li,*"8* and Nancy L. Allbritton*-'/

I R3

0 | 0
CH,= C=C—=RI I

| .
CH;—Si—CH, I CH,—Si —CH,
| () |

O + 0 R3 R4
[ R4 I

CH,=Si =(CH,~ E‘); (cH fl:)p— E‘.I—]z

.
CH;=Si—CH, I
I CH,=C=- ii -R2
O . 0 C=RI C=R2
| 0 1 I T
O O
R1,R2: — OH acrylic acid (AA)
= NH, acrylamide (AM)
= N(CH;), N.N-dimethylacrylamide (DMA)
= OCH,CH,OH 2-hydroxyethyl acrylate (HEA)
= O(CH,CH,0),CH; poly(ethylene glycol) monomethoxy acrylate (PEG)
— OCH,CH,N(CH,)'Cly”  (2-methacryloxyethyl)trimethylammonium chloride (MATC)

R3,R4: — H AA, AM, DMA, HEA, PEG
= CH, MATC




Graft Density (pg/cmz)

Graft Density (;.Lg/cmz)
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Table 1. Contact Angles of Devices Grafted with
Co-Mixed Monomers?

ratio graft density? contact angle?
mixture (w/w) (ug/cm?) (deg)
HEA/AA 10:1 58+ 2 524+ 1
AM/AA 10:1 67T £+ 2 61 £1
DMA/AA 10:1 434+ 2 75+2
PEG/AA 10:1 29+ 1 75+ 2
HEAMATC 10:1 52+ 2 5541
AMMATC 10:1 591+ 2 63+ 1
DMAMATC 10:1 36+ 2 (==
PEG/MATC 10:1 27T+ 1 7T +2
native PDMS 109¢
oxidized PDMS 15¢
¢_____.__-——C>
/Q/
?f
7
?
<
0 10 2 0 4w s
Exposure Time (h)
D
tb\\@
\@
i N
—
i“““i&@
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2 10
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. Polymer = 04= modification ofJ| 2ol A= B A £
04 activation AlZ40F etLt,
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