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ABSTRACT

In this paper, we implement rotational flow aohton a polymeric microfluidic “lab-on-a-disc” diee by
combining serial siphoning and capillary valving fequential release of on-board stored liquid eatsy The
functionality of this integrated, multi-step cefildgal assay platform is tightly linked by the caitiabto establish
reproducible, capillary-driven priming of the inabt hydrophobic siphon microchannels. We here destnate for
the first time that spin-coated hydrophilic polymefiims of poly(vinyl alcohol) and (hydroxylpropyhethyl
cellulose provide stable contact angles.
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INTRODUCTION

One of the most crucial steps in biological analysystems is the spatio-temporally controllableasé of a
repertoire of assay reagents. On the here consids¥etrifugal microfluidic “lab-on-a-disc” platformwe chose
serial siphoning to direct the sequential delivefybioreagents [1, 2]. However, their main drawbadtkserial
siphoning constitutes the requirement of low-contagle polymeric microchannels [3, 4]. While thdeea
well-documented suite of surface functionalizatimocesses such as oxygen plasma treatment, chewgipal
deposition, UV-irradiation [5-7], still most of theare either of transient nature (plasma treatm@nit)volve rather
complex process steps and equipment.

The present paper proposes the deposition of hidiopolymeric thin films onto polymer (disc) sutetes,
such as PMMA, using the commonly used spin coafiing. main advantages of the method include quiokidtion
of uniform layer (within 20 min), stability (overraonth) and low-complexity / low-cost infrastruaur

EXPERIMENTAL AND RESULTS

The PMMA disc is constituted of five layers (Figr)11) top PMMA disk 1.5 mm-thick with sample loagiand
venting holes, 2) top pressure-sensitive adhe$&A], 3) middle, 2mm-thick PMMA disc exhibiting CNilled
chambers, valves and siphon microchannels (Fig.4))ottom PSA layer and 5) a blank, 5 mm-thickN@Mdisc
for the sealing of the microchannels at the botsike. The microchannels are 250 wide and 25Qum deep, the
capillary valves are 350m and the loading chambers are 1.7 mm deep, résggciThe basic design paradigm of
the disc-based functional structures is motivatgeg@revious publications [4].
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Figure 1: a) Schematic illustration of the 5-layered disc assembly which features four devices, b) Schematic of the

main microfluidic layer (middle disc) which consists of four chambers, valves and siphon microchannels for the
introducing of different liquidsto a common chamber.
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The polymeric materials deposited onto middle rdiltisc are 2-4% aqueous solutions of poly(vinybhtu)
(PVA) and (hydroxylpropyl)methyl cellulose (HPMCJhe PVA molecular weight is 31K-50K, 87-89% hyddy.

The film formation conditions are: spin coating3800 rpm, for 30 seconds and baking on a hot plaé& C for 20
minutes. The selection of those coatings has beadenusing as a criterion their enhanced hydrojtyilim

comparison with PMMA. The static contact angledoth PVA and HPMC have been measured as’;s ®fereas

the plain PMMA sheet contact angle amounts to°~(Fg. 2). The respective surface energy valuess8renN m*
(hydrophilic coatings) and 31 mNh{PMMA) which have been calculated by using deiedizvater, chloroform,
isopropanol and cyclohexane as test liquids. Theease in surface energy significantly influendesftow rate of
liquids in the siphon microchannels. The high stefanergy of the coated PMMA substrate is furttEnehstrated
by the concave meniscus of the liquid in the mibeomel (Fig. 3).

(a) Plain PMMA (b) PMMA + 4% HPMC
CA: 70° CA: 20°

Figure 2. Satic contact angle measurements of PMMA sheet surface a) before and b) after the deposition of
hydrophilic HPMC coating.
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Figure 3. @) Image of the capillary liquid (water) flow through the siphon microchannels of an HPMC-coated

PMMA disc, b) Zoom in the meniscus shape.

T

The effectiveness of the PVA and HPMC coatingstanliquid flow rate in the siphon microchannels basn
demonstrated using food dyes in phosphate buffetiso (PBS). As shown in Fig. 4a, all chambers gne-loaded
with food dyes and the disc is spun at 975 rpm. (&), where the centrifugal force dominates, tease the liquid
into the microchannels. After about 1 min, the tiotzal frequency is reduced to 75 rpm where capilf@rces
prevail in order to prime the microchannels (Fig).AVhile staying below the burst frequency, ligsidpped just
before the valve. Figure 4d establishes the suftdesdivery of food dye from the first siphons whthe speed was
increased again up to 975 rpm and Fig. 4e disglagssecond siphon priming. Finally, in the 3 lasdges (Fig.
4f,9,h), the liquid delivery of the remaining sipfsoare portrayed, which occurred by repeating Hreescyclic
change in the spinning frequencies.

CONCLUSION AND OUTLOOK

Compared to our previous publication [8], this e tfirst time that sequential release of liquids teeen
demonstrated by the serial siphon paradigm on ¢bigtrifugal microfluidic lab-on-a-disc platform. &hsame
sequential release has been recorded by usinggalaeagents such as 3% bovine serum albumin {BSRBS.
The future work focuses on the application of theppsed surface-modified lab-on-a-disc platfornatoange of
biochemical assays and enzyme-based reactions derim both clinical and industrial environments. r®lo
specifically, we intend to use the microfluidic {itam for bioprocess monitoring of therapeutic boties such as
human immunoglobulin G (IgG).

ACKNOWLEDGMENTS

This work has been supported in part by the FP-TAENorogramme CAJAL4EU, ERDF, Enterprise Irelandd&
No IR/2010/0002) and the Science Foundation ofihél(Grant No 10/CE/B1821).

1256



Figure 4. Microscope images of the sequential release of food dyes from four individual chambers (30 ul volume) to
the common central chamber through the siphon microchannels: a) liquid loading in the reservoirs, b) high-speed /
centrifugal forces, c) low-speed / capillary forces, d) first liquid delivery €) second siphon primes, f,g,h) second, third
and fourth liquid delivery, respectively.
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