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2003; the disclosure of each of which is incorporated herein by reference in

their entireties.

TECHNICAL FIELD
The use of a photocurable perfluoropolyether (PFPE) material for

fabricating a solvent-resistant PFPE-based microfluidic device, methods of
flowing a material and performing a chemical reaction in a solvent-resistant
PFPE-based microfluidic device, and the solvent-resistant PFPE-based

microfluidic devices themselves.

ABBREVIATIONS

aL = attoliters

°C degrees Celsius

cm centimeters

cSt centistokes

DBTDA dibutyltin diacetate

DMA dimethacrylate

DMPA 2,2-dimethoxy-2-phenylacetophenone
DMTA dynamic mechanical thermal analysis
EIM 2-isocyanatoethyl methacrylate

fL femtoliters

Freon 113 1,1,2-trichlorotrifluoroethane

g

grams
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h = hours

Hz = hertz

kHz = kilohertz

kPa = kilopascals

MHz = megahertz

min = minutes

mL = milliliters

mm . = millimeters

mmol = millimoles

mN = milli-Newton

m.p. = melting point

nL = nanoliters

nm . = nanometers

PDMS = polydimethylsiloxane
PFPE = perfluoropolyether

pL = picoliters

psi = pounds per square inch
s = seconds

Tg L= glass transition temperature
ML = microliters

um ) = micrometers

uv = ultraviolet

w = waitts

ZDOL = poly(tetrafiuoroethylene oxide-co-

difluoromethylene oxide)a,w diol

BACKGROUND

Microfluidic devices developed in the early 1990s were fabricated

from hard materials, such as silicon and glass, using photolithography and
etching techniques. See Quellette, J., The Industrial Physicist 2003,
August/September, 14-17; Scherer, A., et al., Science 2000, 290, 1536-
1539. Photolithography and etching techniques, howe\(er, are costly and
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hertz Kkilohertz kilopascals negahertz mnutes

waordosiobisters = millineters mllinoles mlli-NeWUSIN031274

melting point nanoliters nanoneters

pol ydi et hyl si | oxane perfluoropolyether picoliters
pounds per square inch seconds glass transition
tenperature mcroliters mcroneters ultraviolet =

e RoPSINEhE L AR BB LS, and pose sovera
M cdishdvartagesleromes dastriapekstandpdint.eaFoy #R3@s regschs, soft
fab%%%e%%a?g have emerged as alternative materials for microfluidic device
fabrication. The use of soft materials has made possible the manufacture
and actuation of devices containing valves, pumps, and mixers. See, e.g.,
Quellette, J., The Industrial Physicist 2003, August/September, 14-17;
Scherer, A., et al., Science 2000, 290, 1536-1539; Unger, M. A., et al.,
Science 2000, 288, 113-116; McDonald, J. C., et al., Acc. Chem. Res. 2002,
35, 491-499; and Thorsen, T., et al., Science 2002, 298, 580-584. For

example, one such microfluidic device allows for control over flow direction

without the use of mechanical valves. See Zhao, B., et al., Science 2001,
291, 1023-1026.
The increasing complexity of microfluidic devices has created a

demand to use such devices in a rapidly growing number of applications.
To this end, the use of soft materials has allowed microfluidics to develop
into a useful technology that has found application in genome mapping,
rapid separations, sensors, nanoscale reactions, ink-jet printing, drug
delivery, Lab-on-a-Chip, in vitro diagnostics, injection nozzles, biological
studies, and drug screening. See, e.g., Ouellette, J., The Industrial Physicist
2003, August/September, 14-17; Scherer, A., et al., Science 2000, 290,
1536-1539; Unger, M. A., et al., Science 2000, 288, 113-116; McDonald J.
C., et al., Acc. Chem. Res. 2002, 35, 491-499; Thorsen, T., et al., Science
2002, 298, 580-584; and Liu, J., et al., Anal. Chem. 2003, 75, 4718-4723.
Poly(dimethylsiloxane) (PDMS) is the soft material of choice for many

microfluidic device applications. See Scherer, A., et al., Science 2000, 290,
1536-1539; Unger, M. A., et al., Science 2000, 288, 113-116; McDonald, J.
C., et al., Acc. Chem. Res. 2002, 35, 491-499; Thorsen, T., et al., Science
2002, 298, 580-584; and Liu, J., et al., Anal. Chem. 2003, 75, 4718-4723. A

PDMS material offers numerous attractive properties in microfluidic

applications. Upon cross-linking, PDMS becomes an elastomeric material

with a low Young's modulus, e.g., approximately 750 kPa. See Unger, M.
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fromhard materials, such as silicon and gl ass, using
phot ol i t hography and 30 etching techni ques. See

woe@bloatsee, J., The Industrial Physicist 2003, PCT/US2004/031274

August / Sept enber, 14-17; Scherer, A, et al., Science
2000, 290, 1536- 1539. Photolithography and etching
techni ques, however, are costly and 2 WO 2005/ 030822
PCT/ US2004/ 031274 | abor intensive, require clean-room

condl.lePar, S ééo%oﬁe‘ﬁ%fsaH13d‘1?6“d"i‘ﬁfs""8?ojq§r{y°ml|8\~s PDMS to
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et at., Science 2000, ~1539; Unger, M A

al .499.5¢ci ence 2000, 288, 113 116; McDonal d, J.
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exapginesabllite. sThis piaperyl dilsivs gdevbaisblas | witinf e channels of a
control _over flow direction wthout the use_of _
mechigeigficy devies . tosparmeais o of dhe gevices:i Hieoroperty also is

2.91us§fﬁ|2?h Js%%lnlﬁg €cdl C%ﬁesr'nﬂﬂo%%ms‘?ﬁ% tlﬁf%la{e the_features of the

m crof l'uidic devi as create 0 use

devmmeflwldlcade\m:e dWhemmﬂwmg nfaturbexf smﬁ:orlesw,lh?oum iaaf)ﬁ’S)MS also is
15 To thi the yse of so materials has allo
e AUV ELT '§ SRR Fllovs %f@@@f)ﬂpnﬂ@éﬁﬂém%@%lﬁhaﬁ medical

hasiyfpshd. Wé[bbﬁél&' onci it dEnRgE ORI Rls. 206P1 55 491-490.
separat| ons, sensors, ranoscal € reactions, 1 Ak-J

pr i nti ng\lady lmgrredéHDMSymctm‘hﬂdxn@vﬁmsmrel hsased on Sylgard® 184
andivg Goctngcidighe ek, Uiisd Sleieh 67 Améiicae SHigarde 164

'S(r:‘qgfg?l*e@' .tﬁ’é‘h‘ﬁélg‘ %ﬁro%@;lhé%gil%ﬂg%gﬁ%%gagfﬁoig@g{r%%%?wreactlon.

Ung@comtheAcunr@t o’alSylgaBd@eﬁBé CA0Make @B, lantBaslfve hours. The

Al\r/ngsoyn Sisl-ﬂc'gr genhoﬁacu?%mé ﬁﬁﬁ/l% ][%@I e%@wgveggyltﬁ mechanical

580yBB4itic8imilhkio that o 'SyMard@Anal forQheni
472%’ E?ZI:% Prgl y(dol m?thyl Si achane) (OFr’DI\/B) I%ﬂ?ﬁhoé%phy recently

mathas beenteported e Saer ChanyK. M5 atialy, of IAmdChede\Gaz 2003, 125,
d{déb%@%p See Scherer, A, et al., Science 2000,
1539; Unger, M A, et at., Science 2000,
288 113 dskte Y50 BfBmehtion&d aé\t/arﬂbgesA(Fq}Mg‘esmffers from a
Res. 2002, 35, 491-499; Thorsen, T. ., Science
2c0airawbesk iBgmiswfluidiedapplicatians ist tlwt it Awalls ichamst organic
2Oo%lveni?s 4711‘?1ué72%Dl\ﬁ8 based microfluidic devices have a limited
compatibility with various organic solvents. See Lee, J. N., et al., Anal.
Chem. 2003, 75, 6544-6554. Among those organic solvents that swell
PDMS are hexanes, ethyl ether, toluene, dichloromethane, acetone, and
acetonitrile. See Lee, J. N., et al., Anal. Chem. 2003, 75, 6544-6554. The

swelling of a PDMS microfluidic device by organic solvents can disrupt its

micron-scale features, e.g., a channel or plurality of channels, and can

restrict or completely shut off the flow of organic solvents through the
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PDMS material offers numerous attractive properties in
m crofluidic 30 applications. Upon cross-Ilinking, PDVS

wheasnmems2an el astoneric material wth a | ow YPODYS®04/031274

nodul us, e.g., approxinmately 750 kPa. See Unger, M 3
WO 2005/ 030822 PCT/ US2004/ 031274 A., et al., Science
2000, 288, 113-116. This property allows PDVMS to
conformto surfaces and to formreversible seals.

Zgrt%%r% %%S@%ﬁﬂvﬁcsﬁr{l@ﬁ%ﬁ%%@ﬁﬁ - PgQSé-ba§gd device are
rel [RABsd té WRe TRledst AbiBIS sikeH berwates, th%@@osﬁbtes@éu PEOMS. As a

et at., Science 2000, 5 290, 1536- 1539 McDonal d, J
C. re@ult,athoseA@mplrcgﬁ@m thr@srquuygzthegﬁe agggrgam@ solvents likely will

AOSRUSL 4 TR TG ofs FRBal o S AR, suon
Wi tdlhgs bhe sﬁrrwrrresée Qfeed J. M. CatoAll, UA shIC Cfiext. @030 75, 6544-6554.

perneate out of the device. This property also is 10
usefhip approashaihawaysselis dimited iy thsordisad\andagessiadefabricating

t he S c device. The nontoxic
nat@[czg%mag’qﬁqﬁ%%sh@msuc %étﬁébg‘% also is beneficial
in this esdwelr, RDIISIHaged d@ﬁc@paﬂd tmarﬂerrbESarmnb‘rwous for not -

real m of medi cal i mpl ants.. McDonal d , et al
Accheita adearately drrp engggh 49 ﬁll@@gth%ﬁ9 bﬁr%@%tevmws aqueous-

Ctgégéoduéﬁjérﬁrsﬂﬁé . lclgir dé[ﬂﬂﬁis Sg’r'}”’@ Lﬁérg&%fp@? i tolr%‘é{:traﬁ with weak

at es
Aﬁﬂnct@)ron@yé@d& @hd) bdsbs. Pﬁ)l\rtfaraaﬂ;edlmweéd alsbhamrgbtomrous for

pl ati num cat al yze% dr05| | at i n re
curGaaiBindsygERcaRIes. 1 dn  pafticy %\%89 a%l'qqr’[g s and cyclic
Eg%fn%xaﬁQ@ ﬁi@& ffercle[txp%sﬂrlﬂ?fd)ébiﬂ@@rﬁj %\@ "BE@%US% PDMS is

wever n| cal " properties sim
of @drlgasvmtélreh BB ordgamicsiseydroplsaliic rhatehiaty; ayen these rityidyophobic

Chanatestls TaioRe sty Sidg apsnetepecan darfiat into POMS-based

af Ahargid Q58 18y RIEDMEMR ctUhisfuilicBvices.

drawback 1n mcrofluidic applications in that it '
swel | s i hhussan ele@mrnenc seatedal that Exbibitsbeattrastie mechanical

o robates, & dUIUSS olRiad vuth"el Ei&En88 BRSWBIpLLH common
Anadrg an@éiﬂi/er?c@%ula %xteﬁﬁ“ﬂr&?&é’rof ﬁﬂ@r@ﬂul‘d"@éévr@égwlacvanety of

sol vents t hat swel PDVS are hexanes, ethyl ether
t ol rwne;hanmcal @pbhﬁﬁﬂ@@ﬁe’fhaérﬁmolnéCC%ﬁﬁdNeab)étCMﬁlietrﬂ iPRMS-based

Seubies,” Abeorih i SR PR byl cresonty
by dis6le8ed stdjettnhatternssl ahuglasionseric material, more particularly a
photocurable perfluoropolyether (PFPE) material, which is resistant to
swelling in common organic solvents to fabricate a microfluidic device.
Photocurable PFPE materials represent a unique class of
fluoropolymers that are liquids at room temperature, exhibit low surface
energy, low modulus, high gas permeability, and low toxicity with the added
feature of being extremely chemically resistant. See Scheirs, J., Modern
Fluoropolymers; John Wiley & Sons, Ltd.: New York, 1997; pp 435-485.
Further, PFPE materials exhibit hydrophobic and lyophobic properties. For

this reason, PFPE materials are often used as lubricants on high-

performance machinery operating in harsh conditions. The synthesis and
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30 mcron-scale features, e.g., a channel or plurality
of channels, and can restrict or conpletely shut off

wo b@sfoBasez of organi ¢ sol vents through the 4 WPCT/US2004/031274

2005/ 030822 PCT/ US2004/ 031274 channel s. Thus,

m crofluidic applications with a PDV5-based device are
limted to the use of fluids, such as water, that do
not swell PDVMS. As a result, those applications that

requrr or gani c sol vents..likely wll. ee

o ISlBihE s PP (PGS Y sl Pichiieh Setht igd€°Ras been
rrat Rido?t'eﬁ %@Buﬂ%r@ gyass aﬁnﬁfa%rdméﬂﬁuléeﬂdge@2 8224 8226.
N., et al.,” Anal. Chem 2003, 75, 6544-6554.
approachTheommsemlyr drsblqtaededumjact Heatielsaﬂas@nbagemeofuse of a
fabrllacatr of ui g\(ﬁ% devi ces fr,(omI ?1 t vent
Mor B 9‘89” E%E?p(? hels 95n8 mateielafy & ica '“9 3" solvent-

not eYsighHist rfrﬁtrroﬂ@iarc 86liBs. atRAUSS F ¥ prﬁr@tbbuerm@%rﬂubropolyether
allow themto be used even in agueous- 10 bas

che@s &t materialdor fakedeqting arpigoiildis dr\der |a§1Idée$S@S the problems

PONERLtEl T SRER h Bhgee sBE S, BRI B migrafiigi devies
ext magkapbrasethen ppliniéid! hidtetas | agdtabk POMSOMREST y, PFPE-
cyclic _siloxanes, especrally af t er exposure to aci

S
andbaserbaicraliuigiesdeweRmscar besad tp eapstal éie Bow of a small volume

org 0

SN g gt ——
wat mactromnthmrarehooamenabl@ta\ﬁhbaperymemi widraflgiditsdslices.

to construct PDMS-based m crofluidic devices. Thus, an

el astoneric material that exhibits the attractive

mechani cal properties of PBMmgemy ned with a

resi stance to swelling in common  organi c sol vents

woul d exTIeerdprtd?pentlysedret:Iorsedrsrfrlbjecﬂlmatﬂerwctessrrbes athe use of a

Yﬁ;ﬁﬁ%égﬁ%bﬁeogﬁ%fmhg{%i%ﬁﬁy?&j Flg‘] %%p@ tt resrstant microfluidic
Acc@edtadl Mord ?%rtr&ﬂ’é’r’l %r‘s&ﬁwﬁ%ﬁ%t@yt@%resently disclosed

presently disclosed subject matter uses
el asuljestr imattest deselibesmar engthodi ofrlfarmyrgaa patterned layer of a

photo urabl e fluoro oI et her PFP terr al

< PAEBERBAPPEE whle i gh SPTES ARROThsTS. cheompiitk Somprises
tO éadiingcahe aubstetsf | SUéi‘I Cadevage eté“rféoohgtlr@@Hrabé@r with a
PFPE materials represent a unique class of

f | upgrdperopalfetheémapregussor qam@s photeasingt etheer aediugropolyether

o rngihreof f 78t & e Bler P TRttt 8 R PR atner:

of bei nginexdonearebinboianiea®) | thel gsreséatyi - digelesS6 heubfect matter
J., Modern Fluoropolyners; John W/ ea/ & Sons, Ltd.
a

Nevieasrioes 1 go7meiodi3of 46wmicg rur MiiayerFrmtigined | shetocured
eXhﬂ)QJﬂboFBb% )%?Il?é)rbrn%tw. ! }‘.OéHiﬂQ 'e‘?nl%&ﬁ%rntté,etﬁe rﬁgfhod comprrses

overlaying a first patterned layer of the photocured perfluoropolyether on a

second patterned layer of the photocured perfluoropolyether, wherein the
patterns of the first and second layers of the photocured perfluoropolyether
are aligned in a predetermined alignment, and then exposing the first and
the second layers of the photocured perfluoropolyether to ultraviolet
radiation for a period of time. This curing step causes the two Iayere to
adhere to another, thereby creating a seal between the two patterned layers

of the photocured perfluoropolyether.
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this reason, PFPE materials are often used as
| ubricants on high- performance machi nery operating in

whanosiodisendi ti ons. The synthesis and 5 WO 2005POB08R24/031274

PCT/ US2004/ 031274 solubility of PFPE materials in
supercritical carbon di oxide has been reported. See
Bunyard, W, et al., Macronol ecul es 1999, 32,
8224-8226. The presently disclosed subj ect matter

descri bes. th ocur

perfl uor%‘pSP&ﬁ %ﬁ? Oéﬁr%S“ bPI g waﬁerf 88?‘?%". Rsrfgjoropolyether
sol stamtured chbRPprisbad rﬂﬂlr@h@/f bilinfitosdand eRandéls, \Aﬁﬁ’cfpfcaﬂ further
phot ocur abl e perfl uoropol yether as a materi al

f abeqropfisena iIntegrated meiwerldeﬁum@r@m&lemﬁnehe Accordlngly, in

e csmBgaiefsy ot ohesBlfy ddondh FEREL el Weroes o

pol megidd: offlb@in dgﬂ|asma$ew‘eh tAFoURYBVEN | stddngéiworRdfEmicroscale
based m crofl ui dic devices can be us to caontrol the

dvhagneds.s i | someunbasiigents. f the dnethach dsflawing a material
r@é% é@{‘ Q \}aﬂleogfrtjgt{u?e WifHie $h8 rﬂid%‘sedgkg ¥hannels. In

rea not anenabl’e to ot her polyneric
m csc;rﬁé Lerdbodldmntse!she HhétveRYof Tbwingr esmeaitdénal diampisegl a side-

subj ect matter describes the use of a 15 photocurabl e L
PFRRSIHIEE: Valle (SCHBy | Babog ambGrasmtS, g siaihpd of flowing a

felrtd ‘Bo?np W i %ﬁﬁe%abf 'deFélrgﬁ u%;?és %ﬂdedl{nensmns In

enbog nments, e prese scl os ect ma
dessumeessnlaodrmdmm thie rfnetrmdwgf dopirtg ar materizhyoammises actuating

hot ogur ed PFPE .nat eri al some enbodi nent
P TGRS e ctUckgae i ulareBUehs e CaUEd e ipw through a

et GRAHipRiNIRWSR 87 mickbschi@ cRAnRE! | Lor opol yet her
precursor and photocuring the perfluoropolyether

precur sadn t&@nﬁe)rmmmﬁneletsneﬂnel Presenily adlpﬁoseduseblject matter

perflu ol yet her ne .enbodi nent t he. resent

G St BbE8 o ReHod of thet OTRUAG BTl rasioBt i 8" midrofiuicie
f ordavice, awRBldih | AKEmafadd Qfdh‘?&rléé‘é%@ﬁﬂébﬁﬁg a first rea%ent and a
perfl uoropol yether material. In some enbodi ments

metgesdndorgagest$n be dn@mfaydlngdewce rtetfopat @ ercaetion gyeduct. In

of the phato erflu p et her seco
pactfneans el e st oHAt pard (s oRERgal nipagent are
whap@éperidehtlyP séleetats fr@fm tdree fdfr 8t ndd18otid®s Qi l22y®lyhucleotide,
of the photocured, perfluoropolyether are aligned in a

pr edeerethi ihed rapetipmerredugh cameiisasxk pbspelynygieotide.st In some

bR Aol F A K sqm, popaients. e

perpredetly distioselhssbjedt imidtedtdabceides s nidtRotivVef IrRpessrating a
to adhere to another, thereby creating a seal between

t hénpy@‘ll.bglptd@fvw@dnt(he@irgegrate reaction ortlow system.
Further, in some embodiments, the presently disclosed subject matter

describes a method of screening a sample for a characteristic. In some
embodiments, the presently disclosed subject matter describes a method of
dispensing a material. In some embodiments, the presently disclosed
subject matter describes a method of separating a material.

Certain objects of the presently disclosed subject matter having been
stated hereinabove, which are addressed in whole or in part by the presently

disclosed subject matter, other aspects and objects will become evident as
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of the photocured perfluoropol yether. 6 WO 2005/ 030822
PCT/ US2004/ 031274 I n sone enbodi nents, the nultilayer

w@aiosesesezrl perfl uoropol yether structure conprPGEESH04/031274

plurality of mcroscal e channels, which can further
conprise an integrated network of mcroscal e channels.
Accordingly, in sone enbodi nents, the presently

di scl osed subject natter describes a 5 method of

f1 o ial th h i nt t t. k of \
PR oAt AR BBl 59 AbEfoT SHHHS Beppmpanyin
of Diawihgg apdBiamiplat asdsuEp desesbahewin Below.val ve

structure within the mcroscal e channels. In sone

enbodi nents, the nmethod of flowing a materi al

conprises a si %’#ngﬁlwbwonggt%E}wk@iome
t

enbodi nent s,

ai mons: origure 1 REREE aohefis of PR IE Al fws depicting the
f 1 ofermatien roft # patlersadyetan ASJor@ahdrd withuiHd BP&e\hﬂkl\é(ﬁsclosed

structures sinmultaneously to control the flow throug
a gHRiestgnatifd net work of microscale channels. In

sonme e ' ohh e j d I -

o TSN A A P RS r LHBARRCA SR genjeing e
r edfotration nofa ari micpdfluididi devidevicompristrey ¢ivo tpaetemddiddyers in
conpr i sgs contacti n%ﬁa first reagent and a second

r e%‘lﬁ‘i’( anpe With the pisentlydiscipspdcatibjectipatiera react i on
product . ribfire SN %”J‘&Pc?éé:'?é(}’ftﬁnaf e 19784 Iﬁleﬁggﬁése%n%icroﬂuidic
the secontd reagent are 1 ndependently selecte rom
ondeficeasmwihgan oleerafiowachaohghucl eoti de, 20 wherein

t he react.ion oduct conpri se ol cl ide. In | o
Sore. _orfpBEraR & & REBHTSoRRL ST & TRRE Hisesomicrofluidic
e _id@éﬁoﬁmnb@es%lﬁ@ﬁlﬁl | JosH AW EREnALP) ect matter

describes a nmethod of inCorporating a mecrofluidic
devi ce ifigureadA iha enose-eectionat viewnofa rédtangdas flemchannel.

Furt her,.i nbodi t th tly disgl d
subj ect TaleAE T 8 GBSt PRRIAalL ViR RE g Shipaadliiaying a curved
Sar[]tﬂpérfsgﬁa@e.char acteristic. In sone enbodinents, the

presently disclosed subject matter describes a nethod
of di sp%glsnen@’\as aelenivigw illustreding sesidecdatwated, valvee structure in

prese I..scl osed subject nmatter describes a nethod

of azbgé‘%‘%f’g%@gg material. Certain objects of the

pr esent IBig@ies5B 9s edbian Rjiige lllustiting hsidertulaed vabid structure in
stated herei nabove, which are addressed in whole or in

pard clB§ed pesiiPBsent |y di scl osed subj ect matter, other

aspect s Bt0BAGELS 3 SthBRSRERIEY e @8ntrol channel actuating

multiple flow channels simuitaneously.

Figure 6B is a sectional elevation view along control channel 322 as
shown in Figure GA.

Figure 7 is a schematic illustration of a multiplexed system adapted to
permit flow through various channels.

Figure 8 is a schematic plan view of a microfluidic device in
accordance with the presently disclosed subject matter.

Figure 9 is a schematic of an integrated microfluidic system for

biopolymer synthesis.
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7 WO 2005/ 030822 PCT/ US2004/ 031274 the description
proceeds when taken in connection wth the

waecwsopmeyi ng Drawi ngs and Exanpl es as best deeTusined031274

herei n bel ow. BRI EF DESCRI PTI ON OF THE DRAW NGS 5
Figures 1 A-1 C are a series of schematic end views
depicting the formation of a patterned |ayer in
accordance with the presently disclosed subject

mat t er ures 2A-2D ar a series of ,sch i c_end .

vi ews delggﬂ fshachermRfia Mo o a Sxﬁtwo‘?ﬁﬁweg a solution or
devl r [

o STRARE 3 ?hgﬂh%é*ﬁ?ﬁé“ednﬂ”;gﬁr‘@?‘@ﬁéﬁ doVice in accordance with
matther prégemty edidélosed asubjests neadtari orldle \mlemfhuﬁdla device 800 is

PFPE- hased m cr of | ui.di devi ce showi n en flow
ChdiRRIneoR S aBAS PanYiBMA e BB of

PFPE‘ baslegFrB 44 % 'atkglg &f th‘ée\)ﬁéé&,lt%r\%lﬁ@tﬁb shear rate for Sylgard®

substanti y close [ ow channel’. 15 Figure 4Ais a

cr o534 ard pieoihadropolyether danethacad@tal (RFRE DMAhmaterials.

Fi gure IS a Ltross-se al ,view of a.flow, c

naving o BHRclE GRS tn PacayheRyfer mebhantH, “QRIREl analysis

v' G(\MMTA}JSttPé’éésng o?F scrégslﬁmeuat edlydahethydilouahsr RDMS)  and
open position. 20 Figure 5B is a plan view

i | me;ﬂuamp@@/eih@r (&E%E:)tmatemls/amwngtmawmﬁ i@ the logs modulus as

clos osi ti,00. e 6Ais a top schematic view of

one? PBIOféﬁ@RﬁE%tg}éégt uating multiple flow channels

si mul t aneigufdy/. 1BASIBC GRpict aas%bréémitatﬁ}eevdbvm@ fabrication
vi ew al ong control channel 322 as

A IO, s 13As A aHRIaver (29 8tk and SNIGK layer (5 of PEPE

-l il 8K Dokt (g?lgeéﬂrgé‘@aﬁis%w P ‘Eﬁu&k{léﬁ’," 5 MU of its wafer,

various ure 'S a schem
a niotatet | 90° dlandeﬁace@ onntopacfcibedtive éayar hThehentlre device is then

presently disclosed subject matter. 30 Figur is, a .
scﬁéHﬁéthﬁe@ftoaﬁdlﬁfﬁe@\%iVé@ Iayers otoggihrc %ﬁ&f oi‘he device is

P%%%?/@é%ﬁl s. 8 WO 2005/ 03(0822

Figure 14 depicts a photograph of a dyed solution of
dichloromethane, acetonitrile, and methanol entering a PFPE device
channel (left). In comparison, no solution entered a PDMS channel of the
same size due to swelling (right).

Figures 15A-15C depict a photograph illustrating the actuation of a
valve. Fig. 15A: Top-down view of the channels containing no solvent. The
channels on the thin layer (fluid) run vertically, while those on the thick layer
(air) run horizontally. Fig. 15B: Thin-layer channel filled with a dyed solution
of acetonitrile, dichloromethane, and methanol. Fig. 156C: Valve actuation
produced by introducing 25 psi of air into the thick-layer channel. A

schematic representation of the valve is presented beneath each picture.

DETAILED DESCRIPTION

The presently disclosed subject matter will now be described more

fully hereinafter with reference to the accompanying Drawings and

Examples, in which representative embodiments are shown. The presently
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Figure 10 is schematic view of a systemfor flowng a
solution or conducting a chemcal reaction in a

woasoddsat di c device in accordance with the pPeBER100Y031274

di scl osed subject nmatter. The m crofl uidic device 800
is depicted as a schematic plan view as shown in
Figure 8. 5 Figure 11 is a plot of the viscosity
versus the shear rate for Sylgard(r) 184 and
per p h h (
e el St St il BEh AOLK, el SipbbdidMh different foms and
thehrmld aotbgscenst(uadr A}a [tridek 40 dhecembstilm(mté set forth herein.

e A S RSP WAL 1
10 %%Hﬁﬁte{n%nc&ﬁg ?%,’gﬁgcgg/vlfﬁﬂl %ﬁVé}E%é%@b&é@fﬁ%’bﬁ{bo@lmentS

represe 've rication procedure
1340 thivsehgldillddaipethe @O pm) and a thick [ayer (5 m of

ayor | O clomise 1 Qs ol Grdinicaljeng Sannlrhy seim used
o hb?&n Hay Shﬁetéé'nﬁ’e h?é’a?ﬁng &8 Q:oﬂﬂhbhl? lﬁﬁ}érﬁ%ousoyl Bﬁé‘ ot ®rdinary

cured to adhere the two ayers toget er.
13<§k|IIThdhde:\rt tewihich hielpeesantly dassrinad @ubmt gna’réerlhelongs All

ai GHPBTS e RRAE o Grpns T BeteRfRy Hrf Rtk PR
PFREr&ﬁ‘éré%ccﬁb@(ﬂéﬂ DX/E drdncd i theirentitst

solution entered channel of the go sane si ze
due to é'mtughwt(the gheyificatiguasd clams) sivepicbemical formula or

phot Q h,ill | j : val v :
GRSl B chBerh S A ol Y YR g racomic
Solnvnﬁﬂutres Whére ehié RRnferararidnaidlvies éxégter (fluid) run
vertically, while those on the thick layer (air) run
horizontally. Fig. 15B: Thin-layer channel filled with

a z—yed $9 ,utLiO% 25 of acetonitrile, dichloromnethane,
an

met Fafor - = g. 15C. Valve actuation produced by

i ntr odu@ishgsed heseinptthaiterm ﬁwcmlﬁeiclimidemdeémnerally refers to a
channel. A schenmatic repgsenta %n of DBhe val ve .i s
nfluig

(4)

pr guicectrpeste ahictk: saatepals: paglic PEOSCRIGHiiRy such as
30 {1
R T gt pgoon, o

t hsmm:mmbodlrn@t@ram agraangcalexanphas,, the ndicrofluidic devices
VOdESo8psBObY S T PREY) GBI09% SLPBEEAETE ocph Comprise
gﬁtéﬁﬂos%%fé feBANBY EhandiafTeefiRd, hRd birbRibns! tRE RS,
Accordingly, a microfluidic device typically comprises structural or
functional features dimensioned on the order of a millimeter-scale or less,
which are capable of manipulating a fluid at a flow rate on the order of a
microliter/min or less. Typically, such features include, but are not limited to
channels, fluid reservoirs, reaction chambers, rﬁixing chambers, and
separation regions. In some examples, the channels include at least one
cross-sectional dimension that is in a range of from about 0.1 ym to about
500 uym. The use of dimensions on this order allows the incorporation of a
greater number of channels in a smaller area, and utilizes smaller volumes
of fluids.
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shoul d not be construed as limted to the enbodi nents
set forth herein. Rat her, these enbodi nents are

w@e@giosise2 so that this disclosure will be thororrgkzoasnaBi274

conplete, and will fully convey the scope of the
enbodi nents 5 to those skilled in the art. Unl ess

ot herwi se defined, all technical and scientific terns
used herein have the sanme neani ng as conmonly

i ch kil R BT Yot SbpariAmt et bla gurotuiic

Al | sysarial wkidhi, g0 exampfandPalthéat livRatiomatantiscludstdpumps for
ot her references nentioned 10 herein are incorporated

by intpdueineelliids: ked.r semAlest jeagemtvubkders and the like, into the

mant i R AU oot eI bERlom it Sysths: data

vvel storsyg 8gstahts; dndxtortest Wrﬁssfbﬁlmohﬁr@mﬁgsﬂtﬁddransport and/or
m xtures exist. 15 1. Definitions As used herein, the

Lerirosioer oHir dffe ddoviee: rgeﬂ@@réng yafﬂ‘éf gpaireling” environmental.
devdr:]cg?drlrtgcg}{ WA G d?'ir?rt Io$ev cslﬂ{l?zé téédfbgjolr %eraperature

eri als suc S, rans
in wmteMMMS on a m cro scal e and in sone
enbodi nepts on ahnano

cal e. us, t m cro I di Y
devi ces 29 u3ed hesew. bg?/‘et Sl e§éﬁ’ﬂnaed|'§tqr% channel and
SUb’rﬁEFciffT?cilé %ﬁaﬁﬁ@l"cé? s‘eﬂﬁygtéﬁ:ﬁé tfern%av{;é‘r{ fi¥ean a recess or

nanosca eat ur es, I nati ons
Ac ceavitiyrfginged én ai ma’wfnlabbyi iropaeinigce patieinciadmya pattpmesiesubstrate
structural, or fu ctlonal Latures di mensi o

t he
or dBI° gimateria] pr taé‘ly Yitgple piaterial femayno-1eC egP@“e or can mean
Capa?‘?é@es‘%for”@d%tz‘l% @bhithation witd aﬁ? s%ﬁ%b%“ﬂdﬁk%n@ﬁcﬁﬁ@ structure

order of croliter/mn or Fess. Typically, such
f eanoupted mdhecﬁeceﬂsunr cavy nauch amttehe,tccamllamn@ the like.

fluid re erv0|r n_chgnbers. mnm.xing .cha ”
and  sepss OO STEYT oRe. BTRSCORB CaZRRc8nd; G channel” are
chang) mterelbHgeady drP8hn dA8and @AENARSICHI Qﬂﬂlcroflwdlc device in
dimension that is in a range of from about 1

aboubichspongiatialTisechsas affiuid.negsi dgasor @ wqyiobm@rﬂow through

s SR SRS Sy A LBl n i o

V0| rBRstial of interdstse.gt,ca ¥6vaRDEF @mcal reagent, can flow through.
PCT/ US2004/ 031274 A nmicrofl ui di c device can exi

al drigrthar, dba teema “gaatiol cﬂha@nm”cfefet%tca.a:ﬂoy\y@énnel in which a
| ncrﬁgaee a‘?Lsulﬁt%\i‘Q?l efltﬂag?‘r@o, dug*é% o %nllthdl’, %gpgffcw throuph in such a
r eagayteactiatd @vahensk gurepl i ke, into the
As used herein, the term “valve” unless otherwise indicated refers to
a configuration in which two channels are separated by an elastomeric
segment, e.g., a PFPE segment, that can be deflected into or retracted from
one of the channels, e.g., a flow channel, in response to an actuation force
applied to the other channel, e.g., a control channel.
As used herein, the term “pattern” can mean a channel or a
microfluidic channel or an integrated network of microfiuidic channels,
which, in some embodiments, can intersect at predetermined points. A

pattern also can comprise one or more of a microscale fluid reservoir, a
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system and/ or through the system detection equipnent
or systens; data 5 storage systens; and control

waywsesms2f or controlling fluid transport and/ oPCT/US2004/031274

direction wthin the device, nonitoring and
controlling environmental. conditions to which fluids
in the device are subjected, e.g., tenperature,
current, and the like. As used herein, the terns

L aBkeals, PRAGRRE 2 BrEHEE. ihibaid Sl bt ana

I ecgitosStale S@phtationoiegih.i n a material by inparting a
pattern froma patterned substrate into a material or

by any s tljé@ﬁeh@fﬁtfbrthglte%nmrﬁgc& SERNNGaR, togneghat a point, to
sw ) agfa{ ? con gdW?FQ%%Qa(BH t%nm%:{egt ?%t'ﬁeand overlap.

ructur’e

r ecelege opamaularty, aslchse& Iaerreu’qethe:awri-ri dinterseictt h@scnbes an
I|ke 15 As used herein, the terns "fl ow channel" and

" coPPBFinegiMapreik fWO chapaels TBPALAROAH! fnegidt@point and cut
”eamréh 8rag os'srbri’b ?rﬁfhgfrl of r‘?ll'e%t Q?‘é TP‘cﬁnt' &hd Wéﬁé‘p ®ne another.

material, suc
canAéd:cu'dnrtdy omlgbme &Mbedpaemtsphwcachannelheahenteréédtpue meet at
channel." refers to a

I i h t
et op rgest 5 2opsiBhang: ol tNeuS ahe Bagiiar. apdrbe in fluid
fl o%ﬁlHLﬁ]Mlonz\Qltﬁ%hb@fothémelnt§dl‘ﬁé e%%’édlﬁien%‘qm hannels can

refers to a flow channel in which a nmaterial, such as
a fintérdectei.g.,, maeyat ammat ammmvarlapamef amﬂhenrm@not be in fluid
uch a wa t uat e va ve .or

. As
hor Samufiatod, i ORevarbui 2848 tnd dAse oiiarh & fout capnnel and

r ef @ritrdl @hadn&lORfdrge¢tat i on in which two channel s are
separated by an elastoneric 25 segnent, e.g., a PFPE

segnent , As hzgec: ereis, dbg | teonetrommanisate’efe.got @dfirst @@mponent

Co smimi e ARy oo 1< cBal PHRHET L, & heleRRBrESifponent

€. Gand agre@ithafitalCchanamins ARerpdaken@idd tohindigite a structural,
"pattern” can mean a channel or a mcrofluidic

chalvnetionl, dnecharigalatelactiealornticad, BF cilwdicuirelptionship, or any
Cha&mﬁi)ﬁgtloﬁq fCBet\A/ébr?WB c?r”??]%? onetits or elements As

i nter S8t At prﬁégjeterm hed points. J;.B\pat ern al'so ca

congucdhs eherfacbthatosree edmpornent (s saidetd cominursisatevwith ,.a second
a 11 WD 2005/ 030822 PCT/ US2004/ 031274 microscal e
r ea%qm%n@ﬁar\%eno dntandeds dal exetide nihe h%?ﬁ?éb'“tyarﬁ*&?ta additional

T edhn é 1E0ES “eah 269% ﬂ&e&éﬁt‘ DRtw “éﬁgldFeé;?él%rnvélg aE%‘ééi%\ted or

meet a

pom;ttgaye;di with, mbrfmstgelmcbsecamdomnpments neet at a point

d I
and over I?eferrlng to the use of a microfluidic device for handling the

containment or movement of fluid, the terms “in”, “on”, “into”, “onto”,
“through”, and “across” the device generally have equivalent meanings.

As used herein, the term “monolithic” refers to a structure comprising
or acting as a single, uniform structure.

As used herein, thé term “non-biological organic materials” refers to
organic materials, i.e., those compounds having covalent carbon-carbon
bonds, other than biological materials. As used herein, the term “biological
materials” includes nucleic acid polymers (e.g., DNA, RNA) amino acid

polymers (e.g., enzymes) and small organic compounds (e.g., steroids,
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5 More particularly, as used herein, the term
"Intersect" descri bes an enbodi nent wherein two

W@ b@soaiss2 neet at a point, neet at a point andPCTIUS2004/031274

t hrough or across one another, or neet at a point and

overl ap one another. Accordingly, in sone

enbodi nents, two channels can intersect, i.e., neet at

a point or neet at a point and cut through one

anﬂ{)ﬂ‘ﬁfme nEnBrsih h n%'él‘ngll H?gérﬁi@%rhﬁ@rﬁhdm hel/e hoielvgical activity,
anot her n some enbodi nentsS, two channel s can

I negpecially brolcmrcalrmﬁmtyuforahwnans oamrmverqra{b' gjgaificant animals,
anot her, and no

f | d
ansbela@s pets gné Hré(eg g @ﬁlgn Q qq ﬁ?hlncgrfbaﬁf%gg%%unds are
COUEé@' pﬁrﬂ@ﬂ&etoﬁ fHé*‘réEél‘}t‘ic o‘?‘sdr‘égﬁgsﬂ'@fpﬁlrﬁosééﬁe Wile biological

conmuni cat first corrponen
Cmutenalsaaresnf\mterést(wrth fespeat toornmrmasmtl@al amd hiotgchnological

AR Rk, NG e Y BG5S

nMeghaRhhahee®b§GtheEHan Bivlddgidd materialsyii@l,cnon-biological organic
relati onship, or any conbinati on thereof, between two

or rmmatedalsonponents or el enents. such, the fact

Second S6TUIHGhIA é’f?Q%?P%%ﬂéﬁ%”"“%”’@bﬁ‘@Wu&“ dpns e, "8

pogpigbithd t Aefériat “opdcbrt moretl whew mseddnttisiscapplibation erﬂelnldrng the

bet ween, and/or operatively associated
o claimeheT s, Jor SKamBl JRIAIEa%D G araCrANIdISRERTTAY gludes

cof Lg%ﬁ%ﬁtsﬁgﬁ%ﬁééh@ﬂ? B A SRR "

"on", "into", "onto" 25 through and across t he
devrce oenerall A

hedki n, Me GG SUBUITE hefly
corrprr S'F‘éQflu&fog@[ﬁ%'tﬁg} Mgtgﬁa:pl ngl e, uni for m st ruct ure.
As - bi ol ogi cal organic
mat er | alTHe prelkenty drsclasegasumeatanatrteradascrrbee a mefherbof making
conpounds_havi n cova#rent car baon- car

Eal

ot oy ioRaH 810 S o ROB A e Aok etper (PFPE)
t errﬂétekﬁbpl Wr& %'aB@ﬁFg Fhe préé@ﬂtl?%&l@éé‘d §ul§_|e@t3mﬂatter describes

pol ynmers (e amno acid g} yners é
ena/rr%l)odmﬂfmmhg a)p@taenneddamro@fn@@hp qyirablet BEdgaterraI A

{haMGHINGIG, SAE COTPRTAIRG. by a5t P05 SRt VIl of the
t@édr%Pfé‘ PFPE'rﬁéﬂerréPél'sWré Hidcisedumans or

co rcially significant animals, such as pets and
i vestock, and where the small organi c conmpounds are

ILA. Method of Forming a Patterned lLaver of a Photocurable

PrE

Perfluoropolyether Material

‘In some embodiments, the presently disclosed subject matter
provides a method of forming a patterned layer of a photocurable PFPE
material. Referring now to Figures 1A-1C, a schematic representation of an
embodiment of the presently disclosed subject matter is shown. A substrate
S having a patterned surface PS comprising a raised protrusion P is
depicted.  Accordingly, the patterned surface PS of the substrate S
comprises at least one raised protrusion P which forms the shape of a

pattern. In some embodiments, the patterned surface PS of the substrate S
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used primarily for therapeutic or diagnostic purposes.
While biological 5 materials are of interest with

WO e®p®a821 0 phar maceuti cal and bi ot echnol ogi caPCT/US2004/031274

applications, a |arge nunber of applications involve
chem cal processes that are enhanced by other than
bi ol ogi cal materials, i.e., non-biological organic
mat eri als. Follow ng | ong-standing patent |aw
conventi.on,

C oSSRy aplalia teistd wroflinns PRBRR daf  cdrfbk pattern.
i ncl udi nlg? st sééﬁ'lﬂ%g?quBUﬁB a %IWF%cdr%rePPﬂﬁQilépbsed on

"a mcrofluidic chann i ncl udes a urality of such
mi opaifdroediscrfabarRP®iof subsitated f &Oﬂmemﬂ: erﬁ@dPchan comprise

ord PROBPOEHEr vis ShouR TS e tian AV Ice 4R is applied
S.“bcb‘j;?rf)vﬁg ogL‘?rT’r?g" ? Sély%e‘?‘étod"fegur%?)r PEKi OPon&uring of polymeric

m cr eV| ce from a photocurab
per;jr‘euorsmpd?l?éarmtte(rﬁéd’EanernBLmﬂ alphomnwred perfluoropolyether as

particul arly, resently disclosed subject matter
desHVEEY #éuﬁﬂﬁdg fQiM&Gr i ng a patterned | ayer of a

phot ocur bl &, Gel 2E. s ﬁ%tt@rﬁéd)fléyérdPE M Bhotocured

conpri sing at east ne patter | ayer “of
phqtemﬂuompiodyéﬂﬁélEcmmwrseal aaremssstrtIWI sddrmed . ia. the bottom

I\P/teewqrgﬁﬁeo%ﬁ rn% E@)t{qerr %glbgé)és ﬁ?ﬁﬁgﬁt Yo Icgrrespond
p{h%s ﬁ'béﬁ(sﬂhé%folﬁ%dra?égﬂ ??(Ptrtﬁ@éﬁqi ofpﬁ Ydrfies ace PS of

ormng a patterne ayer of a Ot ocura

PFF%Elsttf@t@r$al lnR&j‘rﬁerembommrﬁs FecpsseR ]:Amtﬁlsea at Ieast one
schemati c representation of an enbodl ment

pr echanne) GH.sehigh diy sgmﬂ gmpogimenrts qfdhg mg@ﬂgnth( dlsclosed subject
S Ub biaf %o@rg@é' ng a%%rdﬁﬁﬂnét” gﬁ&%crﬁgcri 392@{ removed

I'Séd p rusi on depi ¢

Datﬂr@ml‘rfaite?néd @Qﬁa&BPﬁ of $ubstnaits Sriatydeld mrcmfnndlse&vwe MD.
| east one raised protrusion P which forrRs t

h
a_ pa tshoeorinall b SemsaThedscnne il 2k SEBTaG adattemed

%&%’é@ﬁ%ﬁgg% %ﬁ%@g@ag&ﬂ%‘?@ﬁﬁy of rai sed

pr ot rusi @)s Ppndvlcﬁﬂrgfarmtmtmlvd)erpmt ttlee nsubstsatéesomprises a
seen in Figure 1B, a poJ yneric precursor PP is
di sposed on pRRYFPRESUEGFPace PS of substrate S.

Pol yner i @3"”68 té@tr ndD 7 @Fﬂ URIBBIVEter g)recursor with the patterned

per fl uoropol yet hown 1'n kI gur
ul travi ol et Is@fﬂcamfhhe sabptrated anfl t o provi de ‘

Sg?;ﬁg?r@?g o;ghgtglc:xrrlrr?gri the' e%lru%(r)orpolyethup oBreCclﬂrriscr)]rg t%f form a
patterned layer of a photocured perfluoropolyether.

In some embodiments, a method of forming a patterned layer of a

photocured perfluoropolyether comprises:

(@)  coating the patterned surface of the substrate with a blend of a
perfluoropolyether precursor and a photoinitiator to form a
coated, patterned substrate;

(b)  exposing the coated, patterned substrate to ultraviolet radiation
for a period of time to form a layer of a photocured

perfluoropolyether on the patterned substrate; and
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precursor PP,' a patterned |layer PL of a photocured
per fl uoropol yether as shown in Figure 1 Cis forned.

W@s00sls0s22 i N Figure 1C, the patterned | ayer PLPOI/UST064/031274

phot ocured perfl uoropol yether conprises a recess R
that is formed in the bottom 10 surface of the
patterned | ayer PL. The di nensions of recess R
correspond to the dinensions of the raised protrusion
P of pat rned surface PS of

enbodi regaQ\dng %@pﬁrl %f ubsﬁqtggﬁrie%oRgﬁlugﬁ%qg?ther from

CH, whi ch ' n tﬁ@"?al@éi’ﬁ@@' sEEtEateftot podatesgidtierned layer of the
di scl osed subj ec matter conprises a mcroscale

channel . Pat tphateduregyrarflworopelyediitived 15 from

cr of |t eedints AR Rlefy ) SBpktrilggomprises an etched

embgridreMater. alMBbiededbotipnentsgtte pa!téml‘eﬂe@bétmt@rcoﬁipnses a
a phot ocured perfluoropol yet her conprises

pr ovhiaibregist Padtensed aulkstrathe Farine ﬁérmtqfatt(we presently disclosed
ortigRopRtby s PRt sABSro ot 1RREEATDF any of the

er "precursor w erne

surpraeessihgt htethodhst kadven ﬂtﬂdhéchrﬂphmh@mg nguthpot limited to,
perf| uoropol yet her precursor to f lgattﬁrned
r's

I ay@?o’[@ht agrRRYoelactanheam likosmwRR etaﬁ‘g li8gme
nbodi ts f . i
255 prik SR, GFitRRinGhts, M08 EihifioP o CBRfprisBKTE in-coating

coagtepg trhsopw tembmhments‘ dhe p}érﬂuhmp@wwnerapeecursd)f aomprises
bl end of a perfl or o Q| h sor and

ohoRalyptratudsbetylans: oS cosaliweonnians eds)gey il In some
(b)er‘ﬁBBS é}ﬁst hgngoa OIHIﬁEfo?r n@QnﬁJ‘l"@éér abey Hﬁ’nethoxy—Z phenyl

?%
uItraV|o radiatio or a period of time'to forma
| aymetophencp‘rmt do Leaenle mb¢dlumoﬂh¢eplh@ocured perfluoropolyether

patterned substrate; 005/ 030

PCTFUBRGRE Béﬁaﬁor@@fﬂ’,ﬁgﬂ% IR %gy( %,e?n 5PmMg,gmbodiments, the
h

LRSS pTecpat g sronc.

phot ocurAsl w@ufd ue ossiogaizedr byl ronsoref @rdiparyreskid, in the art,

e RS RIRE RE87 5 B gy YA many
Conp¥piRBEoRs. Commercial PFPE materials are made by polymerization of
perfluorinated monomers. The first member of this class was made by the
cesium fluoride catalyzed polymerization of hexafluoropropene oxide
(HFPO) vyielding a series of branched polymers designated as Krytox®
(DuPont, Wilmington, Delaware, United States of America). A similar
polymer is produced by the UV catalyzed photo-oxidation of
hexafluoropropene (Fomblin® Y) (Solvay Solexis, Brussels, Belgium).
Further, a linear polymer (Fomblin® Z) (Solvay) is prepared by a similar
process, but utilizing tetrafluoroethylene.  Finally, a fourth polymer
(Demnum®) (Daikin Industries, Ltd., Osaka, Japan) is produced by
polymerization of tetrafluorooxetane followed by direct fluorination.
Structures for these fluids are presented in Table I. Table Il contains
property data for some members of the PFPE class of lubricants. In

addition to these commercially available PFPE fluids, a new series of
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phot oresi st patterned substrate. For the purposes of
the presently disclosed subject matter, the patterned

wgenisosmke can be fabricated by any of the precEESi0g031274

nmet hods known in the art, including, but not limted

to, photolithography, electron beamlithography, and
ion mlling. 10 In sone enbodi nents, the coating step
conprises a spin-coating step. In some enbodi nents,

t he Ferfluoro oléfther recur

pol SRS | 867 o AR erfleBRIEe - %’8 qu Q}orﬁ%r{qﬁﬂo(gnetechnology
oXi depbsentitRie: sthubtHe8rof tﬁ@?@%leIXPPFPE H&@erlals appear in Table lIl.

photol nitiator conprises 2, 2-di net hoxy-2-phen
ccObheramarieisore ShBbaiuiga: oyt K KBl FemblnG Z have
erfl uoropol v.ether 1 0 erf ] uo I hgr
G RSPt Ee T odd o S ER o 0 'Sedk Yorks, AR (R, ur. The

perrbIdﬁérrﬁwl Meﬂd&ﬂu@rggbrybﬁ@s aUeedf IfcbIO ISHeky #gpications, NASA
di styrenic. As woul d be recog‘gl zed one of ordinar

ski T$chnicalﬂ\éer@pfandtps@r1f)6835é yﬁ&@%r\@hlebwprma@dy herein by

bee e f. I C n

CoeRab RS el AL Ry PS50l T o b PR aterils i
of Rvieridfihube prederdlyrselossd subjbet rfnattst msnber of
this class was nade by the cesiumfluoride catalyzed

pol yneri zati on of hexafl uoropropene oxi de (HFPO

K vt o RIS ¢ BalER, Ao, PhaRic SHRRIIER f CTRRRAREFFPE Fluids

St ates of AnerNeme A simlar pol yrrer I s Btracduuced by

he U catal yzed photo-oxidationof
hexlaﬁlmn@m@r opene (Fonblin(r) Y93E'@6QF€2@FSQ|F@QI)>§2F5

Bel Furth
(Fon‘@ﬁ: Xt(?r) eZ)gl l(JgZ)I vay;Jrl segr egarae §?6¥E%OJFC2F5

pr oEesblin®X utilizing tetrafl uﬁ)@lég@[l@ﬁ(@ﬁ@ CHOIAIARs0)dCoF 5

OB T ARG O

tet raftuorooxetane fot owed py diTect ftruorination.
Structures for these fluids are presented in Table I
Tabl e |l contains Tablepikr PyRiEaPhysical Bopertresnber s of

coancéIbecéPF y AMArag®| oVipepsily | MISGQS'E)é nEv@%rerl egaB‘Pr Regssure,

WO 2005/ OSOSZ%IOIF&[A%,ISZQ% 6@127ﬂ,.I ){1uct woR, are bei Agyr
C

prepared by direct fluorination technol ogy.
Repr esent at i veWsighict ur ¢sSif t hese new PFRE mat @0« s 100 °C
appear in Table Ill. O the abovenenti oned PFPE

fluids, only Krytox(r) and Fomblin(r) Z have been

extenS|ver used_in applications ee Jones, A .
FornRlin®” pr opd?dq es of rfl uo:ﬁgol yetrﬁﬁ‘s U§é§<1p ;o1x10°
Spa2%5AppI i cations, NASA

Krytox® 3700 230 113 -40 1.56x10°  3x10™
143AB
Krytox® 6250 800 134 -35 2x10®%  8x10°
143AC
Demnum® 8400 500 210 -53 1x10"°  1x107

S-200
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Techni cal Menorandum 106275 (July 1993), which is
i ncorporated herein by reference inits entirety.

waewsnsiseyl y, the use of such PFPE material s i BCT/US2004/031274

provided in the presently disclosed subject matter.
Tabl e I. Names and Chem cal Structures of Comrerci al
PFPE Fl uids Nanme Structure Demnun(r) Krytox(r)
Fomblin(r) Y Fonblin(r) Z 10 C3F7Q( CF2CF2CF20) XC2F5

&F?%%E? CF%! CFQ%%(B? %Z%téuctures of Representative PFPE Fluids

CFSCX CFZCFZO) X( Cllﬂ:ﬁl@)eyCFB Tabl e 1'l. PFPE PhyStamture®

ana\liscositv

¥ S%%ﬁlﬁPMVWEVIeppmﬁPNM) ec @FaP{CF20):CF,

Fon%?'ﬁ%? P‘% Uy(ESielebligh) 0570 HIAAICE,CF.0)CFs

Kr yPerli(oy QIg2RXplhe) qDIGX)L 0" 63X 10'CF;O4BRECF ,0CF,0),CFs

DS BB LAn S b0 10 10- EFoOHGF 2 ARRCF2ObCFs

20 FAKIat 031274 Tabie T —Names and"
mgﬁnhcal %%rlélj%rt{% es %}?n Representati ve PFPE Fl ui ds Nane

St r uct urlassdreefémbodipudnt$ n’fkbhylltranm)letxnadi@tlo(nPh& a wavelength of

R S BB B SRar e b of ime he

Cr3datéd hatdidd sWstrate is exposed to the ultraviolet radiation ranges
from about one second to about 300 seconds. In some embodiments, the
period of time tﬁe coated, patterned substrate is exposed to the ultraviolet
radiation ranges from about one second to about 100 seconds. In some
embodiments, the period of time the coated, patterned substrate is exposed
to the ultraviolet radiation is about six seconds. In some embodiments, the
period of time the coated, patterned substrate is exposed to the ultraviolet
radiation is about 60 seconds.

In some embodiments, the patterned layer of the photocured
perfluoropolyether is between about 0.1 micrometers and about
100 micrometers thick. In some embodiments, the patterned layer of the
photocured perfluoropolyether is between about 0.1 millimeters and about
10 millimeters thick. In some embodiments, the patterned layer of the
photocured perfluoropolyether is between about one micrometer and about
50 micrometers thick. In some embodiments, the patterned layer of the
photocured perfluoropolyether is about 20 micrometers thick. In some
embodiments, the patterned layer of the photocured perfluoropolyether is
about 5 millimeters thick.

In some embodiments, the patterned layer of the photocured
perfluoropolyether comprises a plurality of microscale channels. In some
embodiments, the channels have a width ranging from about 0.01 ym to
about 1000 pm; a width ranging from about 0.05 um to about 1000 um;
and/or a width ranging from about 1 pm to about 1000 ym. In some
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Perfl uoropol y(tri oxocane) (TRIOX) CF3( (CF2CF20) 2CF2QJ
CF3 s wherein x is any integer. In sone enbodi nents,

wo b@soBdsenvi ol et radi ati on has a wavel engt h of PCEDS2004/031274

365 nanoneters. In sone enbodi nents, the period of
time the coated, patterned substrate is exposed to
the ultraviolet radiation ranges 5 from about one
second to about 300 seconds. In sone enbodi nents, the

v St BB AL ARAT PR TS B v o abou

abog00 PRe # dthdrangindPPoin dBSLISERANES abblt 3808 im; and/or a width
enbodi nents, the Eerl od of tine the coated, patterned

sub@ngige from aeutd@ v te reboyt 208y HB)- etExexaplary ehaneel widths

of byl pBF g fiog inlkefPRE T8 T 2 0T 8 duteld B, 20 um.

t he3@btr, 240 et sormu ®OI pm, I 7D @bmuso @ﬁnseoths 1000um, 110 pum,
sone_enbodj nents, the patterned I&ﬁ/er of _the
pho*t%ﬂ:U”be@o pEnf 149 rigPol P8t HEY 160 pELWAED HBodB80oum, 190 um,

In sone
o@ﬁ@etﬂ Oq{}ﬂe?%gﬁnér ned ﬁagégm’%r@eé%%mot ocur ed
per f | uorlomdnye ehdrodimebts, e phariwels havé amﬂé;bthn‘ahgmg from about
and, about 111 ick, In so nent s,

10 | h
ohe! Pt fsahad {0anume engips @ %%thd@ne@@rﬁommbouﬂ im 1o 100 pm.
perm' é&?ﬁg%%b(&duh@nté ShBeth HARRE|s? Sone%@g ré{@ﬁgtf%m%ut 0.01

about m cronmeters thic
patjrartoedouaye00 (plfrn“cmdepmmhgnflgfemmpahdumo@@pm foettart 500 pm;

| e Qabinurmging 8T aBput R bicbaaraEsd it & depth nging from
perdidiRr PReh X6 tdWiut 190 pRPY dépfﬁ FAr g @fo?ntéﬂdﬂf -2 i to about

sonme enbodi ments, the patterned |ayer of
ph(ﬂ(bpm’ @@d/qrea tepibr ramging:fromr aka i lJISletQ abqutulr()alum yExemplary

channel In sqg )

chaTenST ARRESRELRE, Bty R TruRl3BoR00kER 37 Hm8.05 km.
abquy me@zomn @, Jﬂﬁhﬂ@\’ﬂan@mf Bomrﬁbpgm & A, pﬂstmn 10 um,
about 1000 /or a wdth rangin rom about

t o Ehowm, wgmmmnﬂ? PrirsoR® 1m, 9\2)529%/2%308220 pm, 40 um 50 pm,
PCT, 0 2 hannel s have a

cjéhjﬁ&aﬂébag%f f%?rﬁgg%gion@ﬂ ﬁ???@ t 500 pm a

wi dt h r angsomel eaibodehts] ﬂh@l thatislyt havud) Pidaned-gepth ratio
a wdth ranging from about pmto about 200 pm

ExerﬁrBQ'é‘lefré’l”i’!aln?ﬂlﬂf-élu'fv\ﬁ)df1‘|§0 ﬁh@lllfudgo 1but|nar5@mﬁ)temb%“ﬂ@mt3 the

40’061%%@%%\;6 g%ldﬁ%egtrp@élglr%n@@oﬁ g%@t i.m ﬁ'ﬁlaout 50:1. -

pmin some embodiments, the channels have a W|dth-to-depth ratio ranging
from about 2:1 to about 20:1. In some embodiments, the channels have a
width-to-depth ratio ranging from about 3:1 to about 15:1. In some
embodiments, the channels have a width-to-depth ratio of about 10:1.

One of ordinary skill in the art would recognize that the dimensions of
the channels of the presently disclosed subject matter are not limited to the
exemplary ranges described hereinabove and can vary in width and depth to
affect the magnitude of force required to flow a material through the channel
and/or to actuate a valve to control the flow of the material therein. Further,

as will be described in more detail herein below, channels of greater width
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120 pm 130 pm 140 pm 150 pm 160 pm 170 pm 180
pm 190 pm 200 pm 210 pm 220 pm 230 pm 240 pm

war@sA532pm | n sone enbodi nents, the channel sPtiEUS2084/031274

depth ranging fromabout 1 pmto about 1000 pm

and/or a depth ranging fromabout 1 pmto 100 pm 10
I n sone enbodi nents, the channels have a depth ranging
fron1about 0.01 pmto about 1000 pm a depth ranging

0 : r ' .
f r o agéhtén%@éd%{}’{ gggﬁa%u%‘tﬂgg@g%s%w%{r,%eg%t@gn%gﬂgr, a mixing
f r ocharafeh e s&pemmlon regiontantBepike. a depth ranging from

about 2 pmto about 20 pm and/or, a depth ranging
fromabout 5 pmto about 10 pm Exenplary 15 channel

depﬁ s 'M%{H&F @fUt F%h?u U4 MyuRthye?  PaBbmB  %RStocurable

pm 4 pnﬁeﬁlugmpoﬂcﬁhgmﬁakm@m 12.5 pm 15 pm 17.5

20 3 m
o 100 Brsotis Bbodgubils, el ssen | dRcloBR sUbject matter
emeiciBBS S g tﬁ\%ﬂ?&ﬁ”ﬂ?' forhitig @ WnEﬂtf‘a né@t 'pﬂotocured
20 rangi ng from about 1:1 t0 about 1 1

en‘dwflu@'iﬂp@lyeﬁhw matemhelhs shmeeembmmmwtsoﬂl@emuﬁllayﬁnrmtterned

crititiened bBREttanoethr T89Eha s diseet B F3BFsrtean: monolithc

r arpfF PE-bdsedmrbeiilidid device. about 20: 1. In some
enbodi nents, the channels have a w dth-to-depth ratio

rangi ng Refeminheow B FigueaARD1I® schematerepresentation of the

SRR of A8 PRRIEIS RR o TulbAhdY, RSB matter i
reap@wrze Pattbridie’ IgyerenpPLANgand’ PLRheirs NgiowRles, Oéaél’ﬂeof which
present|y disclosed subject matter are not |imted

t heCOnXéSep(aarperiluergeelye rnwéqrwierelrrnﬂms\/@xamlecaaach of the

d ff.ect .t i tudg . of .
{ ornatendt ISP 5RY bID o RbHES ‘naal e, i s Rerbodiment
30 ginthedpréserilyt diticsadvalibect Maeey r sHariress f¢l‘l"‘bﬂé‘ microscale
the material therein. Further, as will be described

i n ahanaelset dnl patiemied IryesWPLEh e athanoelsyacet represaftied by a

S2004,0312
{ 0150805 T1e P oy SASERG oy FIOLITES ARG Hraifebled 185er PL2 is
m bv@ﬂaldc'Ebﬂnbﬁiterr@ds%‘%FaPLPﬁnrng:‘é@je?é‘r?mﬁ&? aligfPnentl: In this

Met hod of Forming a Multilayer Patterned
Ph(ﬁxemm%,bltbe sr@tatenmmedp@hgmmet ishtsechakhdtn chaneels CH in

CTOReTBA) b 0567 H1A 5oL T APl Elapoh otrer

Phol @eHieE8mbodiments, as depicted in Figures 2A-2D, patterned layer PL1 is
overlaid on nonpatterned layer NPL. Nonpatterned layer NPL can comprise
a perfluoropolyether.

Continuing with reference to Figures 2A-2D, patterned layers PL1
and PL2, and in some embodiments nonpatterned layer NPL, are exposed
to ultraviolet light UV. The exposing of layers PL1, PL2, and, in some
embodiments nonpatterned layer NPL, to ultraviolet light UV provides for the
adhering of patterned layers PL1 and PL2 to each other, and in some
embodiments, patterned layer PL1 to nonpatterned layer NPL, as shown in

Figures 2C and 2D. The resulting microfluidic device MD comprises an
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perfl uoropol yether material. In sonme enbodi nents, the
mul til ayer patterned photocured perfl uoropol yether

wordososmb2 i s used to fabricate a nonolithic 10CT/US2004/031274

PFPE- based m crofluidic device. Referring now to

Fi gures 2A-2D, a schematic representation of the
preparation of an enbodi nent of the presently

di scl osed subject nmatter is shown. Patterned | ayers

PL1 and PL2 are prquided, .each of ich ri a
per'?ﬁ%@%éol“ﬁé‘f’ﬂ'@‘r el MigTospiey ﬁﬁgh@%ﬁn‘&q&p WhIET, Tytersect at
th : : R Lse: canti
R BATRE oI XEn Bohte B2 st s nabss ecton
sulyjrevidedeh tigurec2Dn idéc skdbivarie Figure X2 i memranadfl somprising

by tBS t9RsnERAes & changels GH Sl Jliemed 1avg, PLI° BRigCseparates
Patéh%ﬂ‘éfj d@gg{ peér:{&?rnb(g Ig?(?ﬁgpll_éi ﬁoﬁpcﬁéﬁﬁéé%ﬂ b@Y8fterned layer

PLI"I'n"a pre m ne nment. In this _
exgvpl.e, the predeterm ned alignnent is such that

channels_CH in patterned |layer, PL1 d PL2 are .
subst antGantinuipg ikh esfetange %oﬁ'&%?? ?tz‘ﬁ%g In pame,gRmbodiments,

Fg‘ggaﬁ {egﬁga f"gyéf‘ ﬂ-ef'ébtrﬁrsirlée'g i tﬂ{rglftxéﬁf I%gleso""%\\lé’f.rt'ﬂ%dholes are

overlaid 'on nonp yer

Norgeigrestee d inputerapdriure abA cangr i atputa aperture OA.  In some
per fl uoropol yether. 25 Continuing W th recLerer'hge to
Fi gmbediprents, theahales.neg. IR apesiure 1ARNPREtPUl @ertre OA are

T R S 8V 54, A e BT as s
PL2n Fggresi 1A SPAESB eaibds wilhbe discyssietdenmmdrd detail HéPein below,

to ultraviolet light UV provides for the . adhering, of .
patther heles spersiseL B Side-peibialed oRlYe GRiRture, Remprising a thin
SO i t. QL . .
orafboAfEaT IR PgBRLENER ke bl B rogiit e fow
2D. ablltéing esahinéing mi crof | ui di c devi ce MD conprises an

19 WO 2005/ 030822 PCT/ US2004/ 031274 j ntegr ated petwor .
N of i ASGIRRGD - dRGHNEP STORP TSNS hepsenty dISToSEd subject

?Lgﬂg{téf WeRBAbEL L HSRREH ¥ fb?hﬁﬁr_gf d ﬁaulﬁ!%y@re%\ttéﬁ% ipRotocured

cross-section provided In gure 2D, Al'so shown
i n perjuompdlydtsemmateriahdh&neethpdicoinmyisingie t op surface

5 channd®) o SYoTlir Redhy HETRIEY - SEnaghole cRfotocured
of patterned haygbrdpolycdtRdt | Wi BY sMcoRdr fRtePRE@ Tdyer of the
Fi gures 2A-2C, in sone enbodi nents,
photocured perfluoropolyether, wherein the patterns of the first
and second layers of the photocured perfluoropolyether are
aligned in a predetermined alignment; and

(b)  exposing the first and the second layers of the photocured

perfluoropolyether to ultraviolet radiation for a period of time.

In some embodiments, the first patterned layer of photocured PFPE
material is cast at such a thickness to impart a degree of mechanical
stability to the PFPE structure. Accordingly, in some embodiments, the first
patterned layer of the photocured PFPE material is about 50 pm to several
centimeters thick. In some embodiments, the first patterned layer of the

photocured PFPE material is between 50 um and about 10 millimeters thick.
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patterned |ayer PL2 conprises a plurality of holes,
and the holes are designated input aperture |IA and

wounasososapert ure OA. I n sone 10 enbodi ments, tPeT/bistoes)31274

e.g., input aperture | A and output aperture OA are in
fluid comuni cation with channels CH |In sone
enbodi ments, as shown in Figures 5A and 5B, and as

will be discussed in nore detail herein below, the
hol gs séﬁf@éh&%d@n@hf&e tRet firat AteAlate Iffar Ust tHee photocured PFPE
conprising a thi menbrane of PFPE material which can

be meterial 681 & mmebioki cln sorvefershiodiments, e fistitnatiegned layer of

or CobrE iR sC ke Ao o PAMHRRC T sob® grpacignts. the

of fm&kmi'e@g oA the! FitdtIpasterngtblayer 6ERFPEOAEaHR danges from about 0.1
perfl uoropol yether material, the nethod conprisin

( a) MaVisr abgUnE0 £ frem akautet Wawto abeut Srcrmhiom about 10 Hm to

PROLEGHE i, 2RaRRIH EBLPR0Y Y RELHAR M fffONC

patterned T ayer ocur e T opol yet her,

wher ei n trh@omatérabmlmﬁnts heefdecahd mtérﬁ@@wybrlc&}theiphotocured
of the photocured perflu ro ol yether are aligned
pr edEPEr Fﬁaﬁ%ﬁ d$ inghwean - a %}cr@mﬁé@‘ eReUt il thm'CrometerS

and Jke ﬁ1e %}rﬁ%@ é?ft?,ttﬂ%.é%{b%a @ne3%¥er of the photocured
per uoropo ultraviolet ra |at|on or a
perPE@Eofnatemm is| betwesn @bmnm meiotosmetehanfd about 50 micrometers

pat erned Ia er oégglhot g?seglég Bétrlgéélﬂl iz}{ictg%fphotocured
7 amg'téﬂéf|§Qb6¥r}ezd°ﬁf’§o?ﬁétér‘“stt¥\rc% Accordingly, in sone

enbodi ment s first patterned |ayer of the
phot ocur Alth8&gR Figuezs aA-2G amdobigus® 3rdiscloseviheaforBiation of a
centine ers thick. In sonme enbodi nents, '

f
pat FugrAtdicaflevicss wheseinp iye oQﬁ‘IFeéBe@FI?EeFPa@rHEﬁE naterial are

S0, MR SR PC 1 BREA) ienct sl oter

fi ristpgesibletodorn aymicrofiuiticedeice ocmpeidingrétte pattemradalayer and
is 5 mmthic nts, the first_

bat $8F MOBTAlC g IS r ot PRAE Mele 4l BBt the st patiemed layer
Fur E418 orrl IS@%I@I‘H@%QIG’@%%GIW%n IH'FP«]‘; 'El@osﬁeﬁlflor'k"tﬁ microscale

first patterned |ayer of PFPE mater ranges from
abocharhels anplmrte@ ttteoﬂtst Iatemed dayaratayubeloyenaid on top of the

e St SR, S e S BB, GRT son
secomstoR@lin e sudh &s @éplk’éﬁoﬁ*&@ﬁﬁ%\v&@t |I@"ﬁ2p§$ dlsclosed herein,

material is betvveen about’ 1 m croneter and about
m clodisene monolithic structure comprising enclosed channels therem

Accordingly, in some embodiments, a first and a second patterned
layer of photocured perfluoropolyether material, or alternatively a first
patterned layer of photocured perfluoropolyether material and a
nonpatterned layer of photocured perfluoropolyether material, adhere to one

another, thereby forming a monolithic PFPE-based microfluidic device.

Il Method of Directing the Flow of a Material Through a PFPE-based

Microfluidic Device

In some embodiments, the presently disclosed subject matter

describes a method of directing the flow of a material through a PFPE-based
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thick. In some enbodi nents, the second patterned |ayer
of the photocured 10 PFPE material is between about 1

wor@sosster and about 50 micronmeters thick. |PCHOSI04/031274

enbodi nents, the second patterned | ayer of the

photocured material is about 20 m croneters thick.

Al t hough Fi gures 2A-2C and Figure 13 discl ose the

formation of a mcrofluidic device wherein two ,
patterned .  ayers of PFPE materi al .ar 15.combjned,.in
DDA -oln ShDeEbBRITOMS: G BBERL b Ecsting the flow
mat §fe4 mdtetisl tﬁﬂﬁ.@mb PHEEREEH ittt dedice Eiphses actuating
conprising one patterned | ayer and one non-patterned o
| ay@rvabfe BEREtUAt@T Rapluralityof valee fstructurest wikhinethe microfluidic

I . i I h . .

o B 20 SO eI 268 B L AR € oeBbsgs, o porion o
t hethbl nfdroM@tiiceEethdl awelf. CRN sBmcO¥RIDoifent?, tRE vallve structure
the 20 non-patterned | ayer and adhered to the

norfupther epmpsises paideractuated valet ocuri ng step, such as
application of ultraviolet light as disclosed herein,

to forma nonolithic structure conprising encl osed

chanpel sMetieicei of. Atestird) ngl Valvien Steuguesrbatithirena s PFPE-based
first and a second patterned |ayer of photocured

perfluorM e erial, or alternatively a first

25 pattegrn l.a t r f

mat or alMasme’ bodimEnt, A HEUREL of GBI S Valve structure
penkithinr apPFP&-basedratierofalidicadédce temprises aslodihgra first flow
t hereb rm ng.a nonolithic PEPE-based microf] uidic
de\ﬁf@é%ef BV .apng/ﬂ'rmber SSEUES tan iaggt%mesqqoawf ﬁha”nel (or “control

Mat 874 r@lap - i hIC ;
| Qe ] et defeting W5 metolayie 8 PETE fncBltaoparating
matthertwodekamndiesnte thet fisd flofv dhareeli nBiguhes BlAioandf3B together

t ial thr. h PFPE- b d . 21 2005/ 030822
PeSTaup i, 8888 45t e ftst: o anmA 8 PresSBiviiy a second flow

emhglinRNt ReféihifgMivies Fidurdi 384 it SBEbAAQWiewofd monolithic

mat eri al through™a PFPE-based m crofluidic device
coripfrPEdmsact miciaflyidia deNiee 300 ucampesiog a plultilayéert ypatterned

of e struct s wthin the mcrofluyjdic ice. .
n RoRE aiitr ik adfiered e pBrer kAo ot Eolaer 312 is
porstHéMh.OfA5fiFs'i‘Q‘Idﬂ/ AHfrndl 420 %'ﬂan?eée dricfltlow |dMaRRBE 322 are
enbodi nents, the valve structure urther conprises a

si ceepacatedt md meamhbranel 314, Avhibk tfoods dfie Aopp oéfirstglaw channel 320

Val t W t hi PFPE- b fluidic,
DAL B OB S ecABT TN ARSI P ek B ItoGt Eigur @A, flow
3 V@HaHePs58 S Hpén.

Referring now to Figure 3B, pressurization of flow channel 322 (either

by a gas or a fluid introduced therein) causes membrane 314 to deflect
downward, thereby restricting flow F, as shown in Figure 3A, passing
through flow channel 320. Accordingly, by varying the pressure in channel
322, an actuable valving system is provided such that flow channel 320 can
be substantially opened or substantially closed or in an intermediate open or
closed position by deflecting membrane 314 as desired. For illustration
purposes only, channel 320 in Figure 3B is shown in a "substantially closed"

position, rather than a "fully closed" position.
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wi thin a PFPE-based m crofl uidic device conprises
closing a first flow channel by applying pressure to

wa@rooalosistt ng second fl ow channel (or "control PCT/US2004/031274

channel "), thereby deflecting a thin nmenbrane of PFPE
materi al separating the two channels into the first
fl ow channel. Figures 3A and 3B together 15 show the
closing of a first fI ow channel by pressurizing a
second f] ow chann Referrjng now,to Fi

front seiIVEf & dgp atSy o ,mﬁmp a@gpgkllgag "PERE material

m c r I
e AP SRR SRl 320 Wt 3 Ak ks betwcer

nonglaute).0égnPaRE 1|0@Qq1m3alzou1t50 08 fuomdo 500 finn,s0.2fUrodo 250 pm, 1

chann:tlpeﬁ&g e i Sﬁg%@%'%&haﬁgﬁ 22 a erg}rlary membrane
fi Itﬁckh'e@!‘,\éémﬁém@é Bgp ar@rrﬁ)ttmﬁ.téwttéommrf mcem phpvu 03 pm,

channel 322. As depicted in Figure A, | ow channel
3200.06 peb.1 Wet 8r Ly Ondwm, d. |Il}1’ﬂ|,r'bIJHBZHm 3 ym, 5 ym, 7.5 pm,

or IO i B Pripoda Rt e 2o 82 5 U 2smtind A B, 40 um,
def$@gtn 25 geWmBD dm, t 18D ghy, Rest pht25@ [ihovsdo Las, 400 um,

shown in Figure 3A, passing throug f1 ow channel 320.
Ac cRAQUAYIAEY W}, 98¢ IORE ke pressure in channel 322,

an act Uagligacan"éu’gﬂ §¥Ig/[e€marles aq?ﬁ‘i&éIerB SIh%'?mIJ‘aeI a8k of the

channel e su ant y ope

substizmmalalthemetloesdi.er, déﬂ@mngnmerrrmdnatuat)pand afo not require
cl osed p03|t|on by defl'ecti ng nmenbrane 314 as desired

Foradqitioral ieampanesys p(a'yessasd Mnps Brashicer Mpthis fechnique have

Fi I [ I I

o ey e O, AR oS8 ke 97 B fotpiayg have o
200348 W3 A& @P ORI 38q T ﬂmtl@m@tleﬁbmﬂmmienbﬁ thé halve, for:
nmenbr ane 314 of PFPE materi al separ at j overl appin

cha@RnRIeBPHNPOBEm KaD0aihX cidheRs=btdween S L&Bbdﬁag volumes
0.
0 Unprargad diHon B MolgPdeiE B AhotoRfately two

pmto pm an
40 cpﬂerﬂ’érmdgamtydamﬂmlbn&@ khbwhrmweatld)mﬂmnteovMs Smaller

pmargf iargﬁ{ V@ \@spﬁ{e @r%v@%?n 17Y tge esgnﬁ\ands sﬁ?ﬁﬁd §ugﬁ:|ct matter,
thlualrﬁzm no%qInf?t'éU ’[%ZV§|V@§]CO?‘|§‘)MQ §7de'5acp%lu?rge Péﬂglng from
22.5 pm 25 pm

Y pm
1501 ptntoZO(plerﬂ\OOZSIO tprﬂIOOSOIO; brii too’o npm1005f(1).0tqomnl.75£md 1 pL to
m%@;d 1000 pm 10 Because such val ves are actuated
Ing a portion of the channels thenselves (i.e

def | ect i Tige NSRRI BRI Df RMAteriils, NSlicH &AUR! Buid, capable of being
delivered by pumps and valves in accordance with the presently disclosed
subject matter represent a substantial advantage over pumps and valves
known in the art. For example, the smallest known volume of a fluid capable
of being manually metered is about 0.1 yL. Further, the smallest known
volume of a fluid capable of being metered by automated systems is about
1 uL. Using pumps and valves in accordance with the presently disclosed
subject matter, a volume of a fluid comprising 10 nL or smaller can be
metered and dispensed. The accurate metering of extremely small volumes
of fluid enabled by the presently disclosed subject matter can be extremely

valuable in a large number of biological applications, including microscale
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addi ti onal conponents, valves and punps produced by
this technique have a zero dead volune, and sw tching

wo a0303082nde by this techni que have a dead voPOIES2004/031274

approximately equal to the active volune of the valve,
for 15 exanpl e about 100 ym x 100 ,um x 10 ,um = 100
pL. Such dead volunes and areas consunmed by the
novi ng nenbr ane are approximately two orders of

Sran ST il Mp Y, SR 361 0BAT ot BBt Sests and

pr e y di scl osed subject matter, including, but
not limted to, valves conprising a dead vol une

r angl ng As stesggbed an U.Bo Ratent: Nmoﬁ 4&@ 868 i@@m_r_@t_ib which is

e ool byl apePiher i o1 Copthiy”the dfjestin of an

bel élestoredric/eicatbrayie i mpsponzd toa yeSsure B@ﬁfﬁiﬁlbﬁ&)f the length,
with the presently disclosed subjgect matter. represent

a sWigéh.aamd mlcmﬁﬁérﬁfaféé rpeebranagse diexibilidy widhe snembiane, e.g.,
F t [
" 5 aTBY 2ol AECORR |8 ECHBG18L Uy on oro

capab g manu
0. 1BecduseFeatinef théde pararhetess viihoary depéndingadn the dimensions

s TR cSnaee i 7ol R RUR B P
t hedé%fl@é‘?rﬁ‘te{déoijdaﬁfd OGRA th%uﬁaﬁ%%hﬂw&&%secg 8\’1%%&@?23%@ a wide

flurd conprising nL or s ['er” can

anoradlgepxa‘nlslemmﬁhe thivknesdes, mhbanehyidihs eanhd exokliation forces are
smal | volunmes of fluid enabled by the presently

di SYPYEEG- subj ect matter can be extremely valuable in

a | arge puyEBAfe 8hn m&bgghé‘cﬁ'to BBRIdtE 3hé AEmMbrATS WHitRE device by
m croscal e 23 WO 2005/ 030822 PCT/ US2004/ 031274

symassyig aciuidial a)@iaSaBudmaeralalthrough‘c Homexample,anfirst piece of

e BRPOosD Rt 3952, SRRIE; nafrolfET hiekBe pf [ Wbing, such as
| NCRfRRIeAR tINShE! 'é@?/ d eh&BPMyBol8rmicSnesdle! &iherelhenhe metal

defl ection of an astoneri C nenbrane in response

t o hypodesvia seedleds flagad o epntach avithethgt flow ihannel bydinsertion

AR R R VG
and the Aegdrdieglygoh saiieodmboedipgents Bméam&mcﬁ:a@ha@tﬁatmg a PFPE-
t hese paraneters’ will vary depending on the

di mddmrowwdl%@@\gc%mm&frﬁ%@mse@n opming pawiabity efrholes in at
ac?éé%@é{é %aﬂ?ﬁﬁ«{tﬁ Iay%F g% ('gr)] lpﬁggﬁzu?’ d g%\éﬁ 8})8la{{ather material. In

matdagne efmlmdllmenltarwmcﬁwﬁﬂﬁtﬁl@n& 2A] akiessone ehidensilirality of
wi dt hs, and actuatjon forces are
holes comprises an inlet aperture IA. In some embodiments, as also shown
in Figure 2A, at least one of the plurality of holes comprises an outlet
aperture OA.

Further, such an embodiment addresses a number of problems
posed by connecting a conventional microfluidic device to an external fluid
source. One such problem is the fragility of the connection between the
microfluidic device and the external fluid source. Conventional microfluidic
devices comprise hard, inflexible materials, such as silicon, to which tubing
providing a connection to an external element must be joined. The rigidity of

conventional materials creates a physical stress at the points of contact with

24



10 f
C

15

20

25

30

, surmy@ecabﬁtrﬁwbafpfaﬁmm

provi ded. Pressure can be applied to actuate the
menbrane of the device by passing a fluid or a gas,

waeobk/oams2ai r, through, for exanple, a first pierCEPUSI004/031274

15 tubi ng connected to a second, narrower piece of,
tubi ng, such as a hypoderm c tubing, e.g., a netal
hypoderni ¢ needl e, wherein the nmetal hypodermc
needle is placed into contact with the fl ow channel by

| ns rt Ieo{ééo\?lcf@ﬁ@leren)dée)ggsd??]@e&ptloﬁﬁpggﬁ@%lg@%ﬁ%?ﬁss prone to

thefrﬁ@thk@dn@ﬂeaﬁ@g@«?étltﬁ@s@c&'ﬁ%t paiﬂtéJased mcrofluidic
devi ce further con&leltses orm ng plurality of holes

in at IBHSQOQSW@'[, ERrd m@tﬁeal @f thﬁdorgﬁ@nﬂ»clde@dnbed subject

Coumeh REE Pl Sha "Bl b Rand i OF R EERR, g by o rioi

hol ebe¢ euph iases nedtal RYsdderntt heeele, Somplisiy8 hard material. For
enbodi nents, as_also shown in Figure 2A, at |east one

of XMpley frhﬁlHliP%fstrHetL@g falrigated Usingnhig, mpthod sisown in Figures
%taﬂﬁe%,%hoﬁjéiﬂ%ﬂamgsﬁgﬁlbﬁ% SIBRGY %Ceagfj{f?es&?ﬁctﬁref into the
nunber

o1 pro Yy connectlng a conven
m cliaf Iokniadhel @svsmwn in &Kigures @aC, thnilkk nerle by pefetrating the

such |st fra|I| of th nnection
bet% Wc?gsl%lﬂﬂ ||%3éeraﬁg Pth(r)PeE digtarigh with the metal

Orflﬁ)lc’%%%ﬁ?dq eglarrﬁ/eé‘ciéro e 4 F%"ofai)fé'rdbf: F"ﬁ:’@emﬁ?&ﬁal has been

se har | exi bl'e erla , such as si
t o remaMed froimthe mrobd i(as sgowncianifigate d0) tamdabefexe ethlsdbyer has

ment oined.  The rigjgdit f nventl al
e PaPa e 8 4AS seEngd et Byet of RARAS fitarial B shown in
cor]t,ggpe adp4 WO 2005/ 030822 PCT/ U82004/ 031274 t he
external tubi'ng, rendering conventional mcrofluidic
devi ces @%Wmfdﬂesem&r@paﬂ@nl Qfatklag‘b)vachahm.les exposed to the
cont act By _con

o dliits RULaRe iBac sl o i oL T HvbBteThisySedie and
Carbt’@@eﬁ%%ltlbﬂtr@dof e @‘Pdl@r 0 o @6t JSP@U&W of fhbfé4tion of the

such a nmetal hypoderm c nee conpri si ng
a r@@\@pemth@rmatal hypodermispneediers dnserkad intebeunale to complete

o oPo A ciietgich, Byt o SRR i Conyts “Morepder. e prpe

St rmetenrae dfrthe pﬂ@eentw @Wsdkbwghbjeaﬁ rﬁé”ttémmllnflék Gnir8Sponse to
2A-2C, can be mad genetratl n ext er nal

of eeptast: w%h m@tﬁmaéncpaneomm rendering

PR ANERAPE o RRAY L ye Lot A BIRY Sbstantany

shaeduces Rhguckaddd afntéakaber er tfactuleayr theapresently described
microfluidic device.

Another disadvantage of conventional microfluidic devices is the
difficulty in establishing an effective seal between the device and its
connections to an external fluid flow. Because of the narrow diameter of the
channels that is typical of these microfluidic devices, achieving even
moderate rates of fluid flow can require input high pressures. Accordingly,
unwanted leakage at the point of contact between the device and an
external connection can result. The flexibility of the PFPE material from
which the presently described microfluidic device is fabricated aids in

preventing leakage related to high input pressures. More particularly, the
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been bonded to the second patterned |ayer of PFPE
material (as shown in Figure 2A-2C). Between these

wat@pm30822 portion of the flow channel is exposedr/us2ondies1274

15 user's view and is accessible to insertion of the
hypoderm c needl e and proper positioning of the hole.
Fol | ow ng conpl etion of fabrication of the device,
the nmet al hypoderm c needl e is inserted i nto the hol e

1 BB I EBE RBHSIA GO BEbie Shape A dnscied fubing to form a

Pr esipsdantidlly gﬁb%ﬁé réé'i@ta?ﬁ%egﬁ“er will flex in

response to sical strain at the point of contact
vvl th an ‘ébhllercrmtrcdmfn@@t o, ofr ma@ralﬁbromtr@(demal has so far

P U SRR R ATRASRISRONES prehuPe it Blids' dan be used. A

f r agdgiis coffprédisible! @pENthuy &lgeeiehbes some mﬁfté Wlag between the
devi ce. Anot her di sadvant age of conventi onal

m ciroe| afi apriication @ pregsuraedy, der gxamplai| ary exiernal solenoid valve

est A0 yRDhne At ol Eep%és}{ﬁ? 3§ %kpglﬁﬁf}?egﬁpf grgé/rbgf@%n%?parating

its conhections tO an externa

t hethearfloow chammelserofotthé hmicrofiaidine| devideat Iﬁcdoy@mg@fl in some
of these mcrofluidic devices, achieving even
modPRpdiments ©f she mrasentiy disclosad rsé'é’iﬁqt énﬁitﬁﬁfutpf%%#ﬁe is applied

PT Spom’ &n e@gﬁm%r ‘Qoﬂ?%é’ 10 #%%Bbﬁ%réﬁﬁ@ggﬁun t shEﬁ A9\Mter or a

of cont act t ween e devi ce an ext érna
cormeiraulmﬁodamsu&mg in. a'ﬁwr—ﬁmﬁanﬂainlebtjs tednsfdreoPapflied pressure
material fr h the ent | scri bed

m dpdhEUBMPTaRs dEhesdpaBie ai dhe imembganais lgae or the

parrec 2 A i 4R TSR 0Bl e sogiroute t

fl edelaym Eét?fétlmat efFherefarenther optimal ediwhdpetrahsferring pressure
[ form.a , substantiall

- oofl; dfepedidlioh e cbaRvien SRpiEasT | nd ofiSHie caopfiguration.
t hr/%&ﬁdﬁ'l@ﬁ/ dgl &8eas bdth fg’ﬁseoﬁ§eﬁn@e|&gf id tlﬂ@dlés‘t(5‘gac?ilﬁa’[e the

applled gas pressure, other ds can used
gaglefiectahip nesrsbtane, lsaaﬁdwdadbydhp@wem%dls@nsed SthJBet matter.

del ay between the tine i cati,on of R essuy

Cor oSS dBobuierts. HRERKER Y Progsuld B8R Hy a pump
t hadnd fink $y/seshUhRugh £Rsurs essliftor bRE dB&EERVSIve. As will be
separating the flow channels of the mcrofluidic

dewmi@rstq@dobwqu of ordingpnskill dpbibei adnothest metiiods of applying

app‘?%{?‘g'ﬁ?l @q%§%83%%e§¢6§fiq%ﬁ bgﬁ}h%}e@‘eﬁsgﬁgf %ligc?oéesd subject matter,

noraelodIres gadltankd, UtsmpRasebraa pigtdhesystems, ah}ddéduh“ln% of liquid.

oil, resulfing in a near-instantaneous transfer

apptf\ls@cprgylggg%p@use in the presently disclosed subject matter are naturally
occurring pressure sources, such as those found inside living organisms,
including blood pressure, gastric pressure, the pressure present in the
cerebro-spinal fluid, pressure present in the intra-ocular space, and the
pressure exerted by muscles during normal flexure. Other methods of
regulating external pressure also are provided by the presently disclosed
subject matter, including miniature valves, pumps, macroscopic peristaltic
pumps, pinch valves, and other types of fluid regulating equipment such as

is known in the art.
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to the nenbrane. If the displaced volune of the
menbrane is large or the flow channel is narrow,

wh2@h®soset scosity of the control fluid can conPei/b810e4/031274

to delay in actuation. Therefore, the optimal nedium
for transferring pressure 15 will depend on the
particul ar application and device configuration.
Accordlngly, the use of both gaseous and |iquid nedia

to actu I [ ' A .
t he pres 13{361 E@Aéﬁ@gﬁ%ugﬂhgg{&ﬁgﬁ g & éf \éﬁﬁe&hﬁéﬁc valves in
enbgstorgaico V\lithethexfir@é@@tly ailsels)sed esubiecmppént@dshyeaﬂy linear over
punp and tank systemthrough a pressure re uI ator and

ext & sHbstaptphRortiag ajjits|rapge szUaMﬂldwf@t'Bwﬂ hysterasis. See U.S.
or dlbél@w Ng! e 40818{7§etoaUn%e?lté}egl n%f}rg&gsisofncarﬂﬂr?é{e'&g herein by

external pressuré ent
di Sr@f@eadesmbjtsacﬁntnnag/t eA;ccondmglyl,dtheg vghvest imn&scordance with the

conpr ess i ston syste and  col um

A Shrogpou disalassn SHIRGL TR Pddealll ShincElor gueptiuidic metering
subéﬁd:ﬂw@aéotrﬁ'rm are naturally occurring pressure

sour ces as those found inside |living organi sns,

25 i ncl udihilg the catgsranes pumps gd he |pce$ams'ghscdos¢d19ubject matter

sur(g present.in t%‘z cer:tbro sgl nal

eé% FrtdEhdinear (jduptien 40008F raeﬁa‘&'Qsearﬂj linggr response
pr Rtte el U8E JPYhdTVSIGLS Bis HHEfehifig HYViERSs. fIh@omé embodiments,
O her nmethods of regulating external pressure also

ar ethpr opéning cniythehealpeeusewﬁeq/tcmcgatrotedﬂowwtajt@chy being partially
mat t | udi m nj,at ur e tal ves rosc

vord&hiated'10 58 Bl "oGorkenof JitEle. & {R3nn aENG idiyfon also

f1 Uiagilif-RE4 tRBI d‘éteﬂﬂiﬁdﬁﬁﬁnéf e BnAsunti 6 KB@aMoh Mok required to
art. 26 WO 2005/030822 PCT/ US2004/ 031274 I n sone

enbdaserdhe svalvenéo raeépﬁlﬁ%cb degraeef releswel uhapiheyhangdit of linear

o e RSt ek rBRERET IO yAllS AP BbiTi, dgperminec

| t Sfréranae p'-rfesﬁur%\/lmthe\ﬂd/\hclﬁ@rme‘rwAdﬁ:wdlagI% ifSactL&R)rHSSmear an
Pat ent No. 6,408,878 to Unger

i ncBeisEsadcarasskEs in Bhe Flovechasnek can be §0é'ﬁf€?rff3€t by adding the
Accé)a{rﬂ% '}ﬂje)él schgge% égg uhft Q‘éﬁ td3AE M é af PSrtlgai of the valve.

present Iy ect ter ar e

f orTmas; r pighu petssunes Einlth@ flawdchiamlmel (@t rb@lck Wessare) can be
t he val ves and punps of the presently disclosed
subfasttenegh heincregsingthe agfualien pressyfe.act uation to

open and G606 of the" Rlnd88PBASE valll 'diilerdsabR thd'Structure,
t sone

use of ves as netering devices.
embaampaesition, Bhd nmmmgafobcmladaonabﬁ/éhesvalsedsttm:ture Further,

knohStiel dineothy & s dberane fubactafiod in 5 hisn dep8ads on the
application. Therefore, both linearly and non-linearly actuatable valves are
provided in the presently disclosed subject matter, and the pressure ranges
over which a valve is linearly actuatable will vary with the specific
embodiment.

In addition to the pressure-based actuation systems described
hereinabove, electrostatic and magnetic actuation systems also are provided
by the presently disclosed subject matter. For example, electrostatic
actuation can be accomplished by forming oppositely charged electrodes

(which will tend to attract one another when a voltage differential is applied
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facilitates the determ nation of the anount of
actuation force required to close the valve .to a

walemsnas2regr ee of cl osure. Anot her benefit of PCT/N8EN4/031274

15 actuation is that the force required for val ve
actuation can be determined fromthe pressure in the
fl ow channel. Accordingly, if actuation is | | near an
i ncreased pressure in the flow channel can’

count ﬁ{q%nd)( F’ﬁ' g(‘f)? J}r}ge epmqn@ﬁ' g][lﬁl—slﬁlg §Q.§cglgrrece-fﬁ%fr§rrrng again to

h' %gﬂF&%ﬁu%eﬁrg’r Ble%:g%delﬂﬁﬁ irl ph&ntor®acdn hbe positioned on

pressSure) tan count er by |ncreasr ng t
act(oat ingnmenesranee 314 aadra’atgeccﬁnd Mectmtmm&f(adﬁo shown in

valve depends on the structure, ositi
plintam) Zan bk Pesltigned 98 (P5ieldn npmrmeé?er&ﬁ? {HeE layer 312.

V\/n
e\?\nr%rn Efeﬁgf)‘&%% 3(3t3"h0§\ @ngeﬁdﬁk&rg C?IB er mr er?b(gsorftenhpélarrtres, an

val ve depen cati on.
i rﬁ&eb&vatﬁdrceobeiwemathe/ twotelettabdes wall \casiser meRtbrane 314 to
t matter,

provided in th tly d d '
e ool Bl b e AL T
linear| yF@‘:fITéﬁ ’e ane! elei{%(ﬁe‘f%ibgséﬁrﬁcéﬁﬁz'ecgheuctive to support

enbodi men rtron to t sure-
act ¢latirostatiy sotustiate slouti betdso hmeehardtaliye stiff so as to impede the

ALl o Ton SRR Mo BRIl 38 Pt n
rrat Or: mgﬁ{brgﬁfé‘@ﬁhe Sﬁéﬁ%tétﬁﬁér@ﬁ @fl@%rbl@éfg%ﬂo@é%éﬁebe provided

acconpli d by form ng opposit arged el ectrodes
( whiby hdepdsitinige ad thin atdtalhmtrammwnobhememtﬁana 804; agping the

differential is applied 27 2005/0308

PCW’ mw@?’l@ﬂ@%@ﬁv@ HEﬁ’ie“\éPr e Mgkingthe; purface layer out of a
R ructure. Referrlng again to Figure

3A, &gﬁo%%lg? nllzﬁggtérr ode 330A (shown in phanton) can be _

posi ti onled some (embodjmemtshrthae efciroded presentoadl the deflecting

cboreiees I8 rTRa s Wi aTbR P Deb pag e provices
3125 X éhgﬂ? ehesblReDsy 330 ~Yer 380%etal, Suehadged rWhtdr gold. In

opposi t aritles, an attractive force between t
t woacdition rtodthe farmaticaust arpratatined Inambsaneldiy e@uttermg, other

renBeFaon. | FBARAeoRe SHFhi fent g AL ER 14 | FVBporation

supgiettroplalifg, &8¢ EMdtroléss pritihgNalsbudrenaailedle. Physical transfer
mechani caIIy stiff so as to inpede the 10 menbrane's

not dfom rneiablar/er ta teetguffacesiithe elastemer alse imavailakle, for example

P o) EFdo0RuBh, DB TEREL 08, e 55 UG A 8L Bbony, anc

t hi themeplatingztiel slastorys ofto tﬁer‘i’ﬁewllearﬁlléeelti@othw métal off of the
substrate.

The conductive electrode 330A also can be formed by depositing
carbon black (e.g., Vulcan ® XC72R Cabot Corporation, Boston,
Massachusetts, United States of America) on the elastomer surface.
Alternatively, the electrode 330A can be formed by constructing the entire
structure 300 out of elastomer doped with conductive material (i.e., carbon
black or finely divided metal particles). The electrode also can be formed by

electrostatic deposition, or by a chemical reaction that produces carbon.
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pol ymer with conductive material, or meking the
surface |ayer out of a conductive material. 15 In

W@ eovs/0803dDdi ment s, the el ectrode present at theCT/US2004/031274

defl ecting nenbrane is provided by a thin

metal I'ization | ayer, which can be provided, for
exanpl e, by sputtering a thin layer of netal, such as
20 nm of gold In addition to the formati on of a
metal | i nbra
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noé% trﬁ?éjiern?%é oics gon CRAB rPSteril CHRirst Eé’ﬁpédn%‘ﬂ&ed by exposure

el ed above, or a conventi onal

el etota edfficiestlytigls magaqe(blceftedxﬂ egml hensacteatsld githerdy afiraction or
a doge . sen conduc o;[ el egﬁ F 5 IE (30@3 i
entGRLIRIGN 1 TePREARE 1Q R PRIAILAT 87 aPRUeT I RARRRAUS magnetic
carnggipe achieved by fabricating the nenbrane

separating the flow channels with a magnetically

pol ari zabhe mnageeﬂ@lf;el@u@aumw@uatm &f e nmestrage can be

TGt 50 % Sl r AT, B AT SSERE b e el

10 geratdcsy laysrall ﬁdﬁbé@:oﬂffbﬂﬁe@hn ot peoXRiHE a@@h@@nastomer
be act uat ed \a/_h attraction in response to an applie

nagn@mbrameel el Ackiabieni ataets ofwfaichi A magélen%nﬁ@lbrﬁe localized,

per Mﬁ@pﬁ@iﬂéﬁ(ﬁ’%@dﬁ&e%h%d&?jg@Pgﬁn@ )Io?ts\/%'l\@eglgucture. In

Maggthé Z@mbbrineeites e magnetic field is generated by a larger, more
powerful source, in which case actuation is not localized and can actuate
multiple pump and/or valve structures simultaneously.

It is further possible to combine pressure actuation with electrostatic
or magnetic actuation. More particularly, a bellows structure in fluid
communication with a recess and/or channel could be electrostatically or
magnetically actuated to change the pressure in the recess and/or channel
and thereby actuate a membrane structure adjacent to the recess and/or
channel.

in addition to electrical or magnetic actuation as described above,

electrolytic and electrokinetic actuation systems also are provided by the
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to a sufficiently high magnetic field, and then
actuated either by attraction or 15 repulsion in

wo emposmse2to the polarity of an applied i nhonoPeness4/031274

magnetic field. The magnetic field causing actuation
of the menbrane can be generated in a variety of
ways. I n sone enbodi nents, the magnetic field is
generated by a small inductive coil forned in or

P eronfy idiCSed siRll Thatfh, "FOP [SaEnIdeth 38D plaipdiments,
al | s 86 prektUr®Bndhe FRemBFHNg Slisds ﬁ@ﬂi’-’ar@élﬂc@ﬂojyt?' réiﬁcsztion in a

structure. In sone enbodinents, the nmagnetic field .
geniecase danisyorachanngdrovenlying theomenalrango ute such mnyambiediment,

o PG pRCs B the (PG el ShabAe) ABPY Soliag across an

25 dlecirslyte! i e rocssy Bhé/ot @he@bl. nehiy pdtaritial difference causes
actuation with electrostatic or nmagnetic actuation.

Voreleplipeheynical rgactionpal thewslestredes @ne Fesuftsndhe generation of
co | n \M. ess 3

CP I RIS VB, ol e co PRI AfeRaRY iTUhY, Mceo anao
t hechesgure in the recess and/ or channel and thereby

actuate a nenbrane structure adjacent to the reces .
and/ or Bos@mane@Podimeniadaetiugton frepeder Pk dhe gpembrane arises

magpet na%ﬂéaidk%trés fra&f_cfrdmpqﬂ ﬂP@V&qtr&' a?ém.ythg guch an
and el ectrokinetic actuation systems al so are proviae
by émbodPnéid, 206G rd38pRs.AT /aUSREbEite3eade girtheccomtyol channel

di scl gsed subj ect tter. For exa e n Sone ,
AR e tR0 1o, dilereee, AGRiss: &noRlecBie rpsset in the control

ari 0 r ' i i e ,
and‘?ﬁaﬁ"ﬂeﬂfamﬁkﬁéﬁ?f fﬁhy ‘%‘ﬁgbﬁ‘gﬁ%r"gﬁgé rél‘lﬁctg(ﬂg% g)?]the respective
enbeldcimedes giveb eisertodegrepsaectifferantishe r ecess and/ or ‘

channel apply a voltage. across an 5. electrolyte in the .
Fecess e AmRRRITEnE LR RRBIRIE 46 aGuate i dgvibe b causing
caus aRiid SloRe i xdBntdl chaaréll Basad upbp Hleeappisttonadtthermal
results in the generation of gas species, giving rise

t 0 engrggseither hy fasmahexpansion o dyr produstiemef argas from a liquid.

h - nbodi ti
C oy A 2Rl o BB BPASf rouce an
f 1 Gnciaaskenh pressurelsusividtitebr mefnisieab agtuatmpodi ment,
el ectrodes present at opposite ends of the control

channel apply a potential difference across an

€l 9 t .O| @é&@ eﬁfe %cth&i@é:eaF%]Jeo!su&& ?\WithM géaHF‘P-'IE-based
of rectroryte e

respect i M&crofluidic Device Comprising Flow Channels of Different Cross

Sectional Sizes and Shapes

In some embodiments, the presently disclosed subject matter
describes flow channels comprising different cross sectional sizes and
shapes, offering different advantages depending on their desired
application, in particular, advantages with regard to sealing a flow channel.
For example, the cross sectional shape of the lower flow channel can have a
curved upper surface, either along its entire length or in the region disposed
under an upper cross channel.

Referring now to Figure 4A, a cross sectional view similar to that of

Figure 3A of flow channels 320 and 322 is shown. In this embodiment, flow
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el ectrodes gives rise to a pressure differential. 15
In sonme enbodi nents, it is possible to actuate the

walewsososby causing a fluid flow in the controPCTOsINeb31274

based upon the application of thermal energy, either
by thermal expansion or by production of a gas froma
liquid. Simlarly, chem cal reactions generating

gaseous products can produce an increase in pressure

e 1 0 rBARGMAE AR 4 e ol hemens,
M csoEhowdiif FRgecsB CaiePEioss Reclibe \f HodN8RAmM& 320 has a curved
Different CrosS Sectional Sizes and Shapes In sone

enmbepbersawrtacetascdepietedmy J2@A.scl osed subj ect matter
25 describges.fl ow chanpel s conpr.i Si di,ffer Cr 0SS .
sect | onaRoGrIRe ath &L hiaEe Aot Agwesaniel 422 Préssurized,

advipgt RGRHraise PORICHI3 P4 sk s'rarting%w RAanABR! IRREH 322! Wil move
particul ar, advantages with refard to sealing a flow

chadmehwardipto dhangosessivie positanss sbownriay tisd atwdtedf lines 314A,
t he 0 ann n have a curyved upper ,

sur TSGR RGN 487 o s, Wamiigtecsaaling can occur
r eghonngi gpgesdor e laraqlowp&{arﬁfe@s.@z@hgﬁHS!agwcent planar

Referring now to Figure 4A, a cross section

si mdrgratteonedh BF P& layer 8d2e 3A of flow channel s 320 and
322 is shown. In this enpbodi t, flow 30

2005/ 0303SEMMBEr A0RI94 @S@‘?E @ﬁﬁ’n@f@”@i@z\ég has a curved upper
re I AN C 'agn%l ’ SOUP :
en‘ggogl rnsn?{s‘,m' a\sws o]\c/l\g\ﬁi (%H [ gbﬁ?ﬁjl&?prte%gucr oésmgcrencbtr?%% portion

of 31dwilcinane elowdiaripstodhe wucedssive pesitisns shownasy dotted lines
depi ct ed b¥4320A. Referri nggai n to Figure 4A, when
A 4

f 1 o 4AfandtA3231444 704 dwith :2dgee PREiERSaAE the membrane
ﬁg{/@bﬁﬁgﬁ{%ﬁcﬁ@?tgb%cﬁé%l,Cl‘BﬂB\%HSb Iﬁ% %gﬁéﬁﬁ%@ons. An

€ successli ve pos

t headl@intagk bf h@dng $déh a Add uppéGeurfdetlat methiFaAE 314 that a
some cases, inconplete seali ng can occur at the edges
of et apgelele serbwilk hareyided whatyflaw chesme! gRarapressurized.

no I rrj bR at Q. .
OB SRR Sk Bfer 481000 ST, B0 B provice
surdomtiudid Sontéfetingfddys Q?@iﬁ@ﬁhoﬁé’étérﬁeﬁfFefSISEfliaﬁ@dM2, thereby
nmenbr ane portion 14 will rnove downwardly to the

sucveiding ethgo icompietes seniachsegnt betweemdsemprang 314 and the
ﬁéﬁt@fﬁgﬁ@%ﬁ%w%%n%ﬁﬁo in"‘f.-'llgnreegﬂfe portions of the
Another advantage of having a curved upper flow channel surface at
membrane 314 is that the membrane can more readily conform to the shape
and volume of the flow channel in response to actuation. More particularly,
when a rectangular flow channel is employed, the entire perimeter (2 x flow
channel height, plus the flow channel width) must be forced into the flow
channel. When a curved flow channel is used, a smaller perimeter of
material (only the semi-circular arched portion) must be forced into the
channel. In this manner, the membrane requires less change in perimeter
for actuation and is therefore more responsive to an applied actuation force

to close the flow channel.
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nmoving first into the flow channel, followed by top
menbrane portions. An 15 advantage of having such a

waeozeshsepper surface at nmenbrane 314 is that BCT/DB1084/031274

conplete seal will be provided when flow channel 322
is pressurized. More particularly, the upper surface
of flow channel 320A will provide a continuous
contacti ng edge agai nst nonpatterned PFPE | ayer 312,

tmgﬁ‘g ?gﬁe ok &h@' éc}%phaﬁn%g thstFABHE Gh hg@@oﬁ%eé%“ﬁ&(’&nchannel

Fi 320 lsMoqui bech dhiataits aueverf sbﬁacmnatesuwﬁdhéWed upper
fl ow channel surface at nenbrane 314 is that the

renBitace THA ABseendadigue dbhresqribed abyeshape and

o 27, P S STt lons o o

enpheprirand upoarddtusticrenilneésend an >thé|d®Wf|§5rat’@ﬁ%ﬁﬂhe particular
hell%pl% | us the fl ow channel w dth) nust be forced
i nt ﬁ£ tFyclre- cNli?ﬁﬁd?artlwieﬂy,ath@u?%‘sfrmaW%htﬁmme will depend

455 s, B BT, AL A PR, pacmens
chdartbe. remamdmrsohﬁlmfetrucmm M@meégm;wmdhth; a]baséhape of the
RSB b RS St S oo . e
cl qmadt herdd @¥nfdtattivhal %aﬁ%zglgél ?ﬁ%&nd on the method of

PCT/ U82004/ 031274 I n sone e di men
| | lagtuatione @i, actiatidyoot the menftirane ih sespeinse3aGri applled pressure

W@eg such t f its curyed.surface tes W th
curtfedebppdrenwag FfaHlea%tfﬁ OB N IINPNSK 19 .%magnﬁﬁc or ‘slectrostatic

deggicdebed above. In summary, the actual confornational
change experienced by the 5 nenbrane upon actuation
wi || depéereoser,tthe desifadgoenriormationalt thangsr tni the arembrane will

e aisss Vi Hionh 6 SRS ALl npricato O o PRFE M cture. 1n
t hitle&k eestsodinehtd esdribedeat® ) tRd Salvie éa@b‘tﬁépﬂé'ﬂ\ﬂentﬂ' closed,

the remai nder of the structure, and the hei ght

an&ikhagterso torrontmol the degreesitdasure @éﬂl&aV&lvand t he

tr:n;tmEe (rnlr?rlg/tlélm - ffem nt' angehé\c%@gsg gf&lggeeﬁ{:d ﬂﬂwltﬁéaqﬁrp&gs%?ecuons

actwat ippovided dyt uab q:sregénﬂl)hedmembanesutfﬁeétesrﬁﬁﬂéle tifcluding
pressure vary somewhat from actuation

i nff?&gbl@lﬁgé ﬁr@pgzwdaheplr@ulaf, @l"@ét)w@é.t #arabolicor byperbolic, and
n'\/ghgﬁlgﬁéalw%lgﬁgﬁéé 6E& GRS E R, AN RS st Wore complex

cross-sectional shapes, such as the embodiment with protrusions discussed
immediately above or an embodiment comprising concavities in the flow
channel, also are provided by the presently disclosed subject matter.

llI.C. Method of Actuating a Side-Actuated Valve Structure

In some embodiments, the presently disclosed subject matter

comprises a side-actuated valve structure. Referring now to Figures 5A and
5B, Figure 5A shows a side-actuated valve structure 500 in an unactuated
position. Flow channel 510 is formed in PFPE layer 502. Control channel
512 abutting flow channel 510 also is formed in PFPE layer 502. In some

embodiments, control channel 512 comprises a “hole” formed by, for
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15 al so vary depending on the particular application
for the PFFE structure. In the enbodi nents descri bed

w@bwsm3osthe val ve can either be open or cl osedPCT/MB1004/031274

nmetering to control the degree of closure of the

val ve. Many nenbrane thickness profiles and fl ow
channel cross-sections are provided by the presently
di scl osed subject matter, including 20 rectangul ar,

tra i.dal ' I , [ [ [ i C .
hyp%?%ﬁﬁéc ’pug%fr@g t@éoﬁ@l’ﬂ:‘ I%si V\Vgim ae@% gggﬁjln ié:n%eeodfle A ﬁedescrlbed
af oheritdboveed CohbEehaiisl 51D b eparated $ons flow oiainel 510 by
shapes, such as the enbodi nent with %[Egtrusi ons

di sebEEemembragainorion 58hoesesonthPERBoEYRE (ot shown) is bonded

o OB RERE BYER o2, it celdriilla GUaRBRCubr & BrBiose flow
| I'l eKanrépBRohrRf cdiftfol @hhRdelas 13, de- Act uat ed Val ve
Structure In sonme enbodi ments, the presently disclosed

subj ect higurerSB sboepisi side-actyatad- walve atvgturgl §@0 in an actuated

S Wliat BT GBSENIT IR sRre” O7 BaT, BOBaHOR, tohHLe, within
unagdntad| @hafRe PSR, trh@mbrane B804 dierdts widflow dhanfer51, blocking
PFPE | ayer 502. Control channel 512 abutting flow

chaltows| cremmehi548. i §)poor radeiasen oPFPEssurgewitBip2controlsgmannel 512,
enbodi nts,-~gontrol ,channel 512, c ri a "hol e"
£ or Remiahe oA elhds SR ING 0! ERERhREER Aad 886f flow channel

exasqg e, puncturing the PFPE | ayer with a hypodermc

needl e as o_Iescri bed her ei nabove. Contr ol channe} 512
i s separ‘ithdle far wide-Hactuatethnyalve Ssugiyre PactEatashiinangsponse to

portiaon 504, second PEPE | r_(not-shown), is. banded :
v eRR Rors pERBT o b FigbEs HE adgPe By tediBi®Valve in
phoddsaid ames witd tﬁ@gir%;@ntfy @éclosed fh%iblj&h rhdfer@i’Rthot limited to this
control channel 512. Figure 5B shows si de-act uat ed

val canfiguratianur & some emiadimenta: the PpBE megrorang portion located

res t j j .

w cheeepdfeRRHE fowdind bttt ERbHALISIS h SEBYIERS by efpctric or
f I owaghetigfiblds18s debeidddigereinabuvehannel 510. Upon

rel ease of pressure within control channel 512, 10

menbr ane 504 rel axes back into control channel 512 and

g'toflﬂ.é.' ?l\’)(egééﬁ:ﬁﬁ'A]c_tlﬁtﬁTg Wn‘iIhfégiaftﬁhdﬁé%rﬂaéfeﬂiéfé'Laé’eﬁe Channels

i n Fi gur@enpiismuch PBPEbsasatt MicrbflaididDewicee i n

d ith t ly discl d, subj ect matt
iagccr)]:)t arli%%c\gmrgg Qr’gggqjli%eensfse,n%eypreldsé ermined Sé“ghr%cent St the first and

second layers of the photocured perfluoropolyether material forms a plurality

of microscale channels. In some embodiments, the plurality of microscale
channels comprises an integrated network of microscale channels. In some
embodiments, the microscale channels of the integrated network intersect at
predetermined intersecting points.

Referring now to Figures 6A and 6B, a schematic view of a plurality of
flow channels which are controllable by a single control channel is shown.
This system is comprised of a plurality of single addressable on/off valves
multiplexed together. More particularly, a plurality of parallel flow channels
320A, 320B, and 320C are provided. Flow channel 322 (i.e., a “control line")
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15 configuration. In sone enbodi nents, the PFPE
menbrane portion | ocated between the abutting flow

wa@ar@sosmsezr ol channel s is mani pul at ed by el ect rPCT/082004/031274

magnetic fields, as described hereinabove. 111.D.

Met hod of Actuating an |Integrated Network of

M croscal e Channels 20 Conprising a PFPE-based

M crofluidic Device In sone enbodi ments, the

pre i j t [ .
LB SARTRIL 90t 3708 534 208, BRERDA st ofconto

forliree 8823 wiralitaneously shatofRfloWshFANEFS. ahd F8MBy depressing
enbodi nents, the plural il%% of mcroscale channels

conenyuanas 314k g3 HBdan@ 3AdCk lasated af dke dntersections of control

chaer2 gh R Eha TS0 3P08; ah ks et o ©
pr edet er Refegfing Mo 36 Figure P& NdchenticeillistigtidP of taOmultiplexing

Figures 6A and 6B, a schematic view of a plurality of
f | oSysierararaiedte prrmat dluihiew dnroyeheselgctad shagnels, comprised of

congr : k ThL s t ' '

o ot ErpY TR SiE SRl s T RSl e RGHRIE s shown.
mul Ai pllexied of geedlie riloviMehannelst 320A,28208, 320Cyr3200,Y320E, and
of parallel flow channels 320A, 320B, and 320C are

pr 052%@6 masitionesnwuedersa plyrality. of paralighcpatrol lings' $238, 322B,

D A 4532, RN UDRER, PN 5a A CBabEOUng 322D are

conjdtahted fonsh @26 Sl fidwe FIUH2y FYWRS FH,farfd P8spdshing through
F2, and F3 by depressing nenbranes 314A, 314B, and _
314mrateldlav channels 3204 r3208,i 3R0C,0320h 3205, and 38308 2ming any

ot 8BRS St diherie EnoP Ly e alcifing Mddifbaton.

mul ti pl eRhé Hovarnsardntefiediondof Ingrabriresd kupgratingvhe respective
t hrough sel ected channel s, conprised of a plurality
of flave shaiyrals ofiret fa veeRted, lipei passivg Hergabree (for example,

chanRaiats 319403148, B Sides s Pl ¥ Bhagifiepends on the
posinthtbrade Wiiiehsiang! UAedordinglyl byavaalingl theowidtied of flo&schannel
322A, 322B, 10 322C, and 322D. Control channel s 322A,

322¢9ntrop dice I i Faanirgs SA 206 BB .ed i3 pospilie & havewa gontrol line

par e W, bk ¢l Ys8 oufi 35 ae YUy W) esired fow

andchidelsds iBxghast confrolt lirfesv322ANG22BS 1322¢, dawt B2RBdhave both
above, with the follow ng nodification. The downward

defwidet POA BRTAWNBPEINSS. sdrir axamgle, heonted plng i 322A jis wide in

| e FlPoLad by ) EEkabbASHAR ShaC! RELCRERE® Simary,

Fi gorgl Gifcas22B By wWielkeinddcationd@isposed over flow channels 320B,
320D and 320F, and control line 322C is wide in locations disposed over
flow channeis 320A, 320B, 320E, and 320F.

At the locations where the respective control line is wide, its

pressurization causes the membrane 314 separating the flow channel and
the control line (as shown in Figure 6B) to depress significantly into the flow
channel, thereby blocking the flow passage therethrough. Conversely, in the
locations where the respective control line is narrow, membrane 314 also is

narrow. Accordingly, the same degree of pressurization will not result in
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menbr ane di nensi ons. Accordingly, by varying the
wi dths of flow channel control |ine 322 in Figures 6A

w@nehsPB)is2it i s possible to have a control |inePCPaSE04/031274

over multiple flow channels, yet only actuate (i.e.,
cl ose) desired flow 20 channels. Each of control |ines
322A, 322B, 322C, and 322D have both w de and narrow
portions. For exanple, control line 322A is wide in

Ioc L ”ﬁp? éﬁaygg&éﬁ%@r%%drg%%@g%gh% Jl%g\np@ga 29G207 T herefore,

Iocmsld%@sggémedn@yre\mnfddwwm@mw s 320B, 320D and
320F, and control line 322Cis wde in | ocations

d| sposedF@vexamQBe fwhen chatiaklire 328A iszpmEssugzed, it diecks flows

I i ne1 i ?:;V\At i qu‘fi“ fE)rVi C\s?%%lr 5% %29[“55‘%‘&2 %ﬁgc%%r ARapectively.

314sm@wawwea sdifrd iy 330 Neh ré?sfs@lrlzé@elt BRedkisofows ¥4, F2, F5,

(as shown in Figure 6B) to depress significantly into
thearnd & lndmﬂmnnalﬁéﬂeﬂy 380&:%235 end J20Fw rpapeciiyely. As will

e BB TAted TOES 5F ofdinaf R it At HeeB BylevE of the present

al SdistiBsuRAThEN thGLBnei diitdol lihBecHinbe s&dare &f the same time.
pressurization will not result in 34 WD 2005/ 030822

PCTFQJszemmptelzmntr@hbhlaeﬁe QZZAbe%mn 13g28eprarsdie i prassurized

t he_.fl aw channel 0 Te flui
t ner EURROGY o Biots A0 T ol encedt A AR aptrol tine 3224
Cortslbelkmglme F%2aﬁdlﬁs @h@&ﬁ#ﬁﬂdﬁﬁ’e 3Rbcldioskisg F19¥2, F6land F6).
, and i'n flow channel s 320A, 320C, and 320E,
res pect i Byl 9elec’6va>y rrpreﬁsluyl,zm@he:hff@r@nt r omntr¢lné|n322622A-D both
ows F1

essuﬁﬁ%n@%lléygAOSg%@guegg% aéfﬁgr%%g A4 A 'Bntrol can be

re%ﬁé\kéﬁ?' Worsovet,! by @emRRg ahbaprdehy S?Qt%nﬁ)fto more than six
ordinary skill in the art upon review of the present

d| sparalielr GownehannataB20A-Fcandr miore i thenclour b@araﬂeluaoehtol lines

ti t
P B tiaryine e e SE e e drt e egiaps of the
al | cdrttdl Inés, QWneER Aliidflow Wbhitocsystérak cahe Rdfitated.
bl ocking F1, F3, and F5; and control |ine 322C
blocklng F1, F2, F5, and F6) By selectively
- f y d ()¢

ogle

f| ow confr @onﬁ@%%odﬁﬁ@ht@veme Nhé@ dleogéd egdbjegt matter
the present systemto nore than six 5paral|e| flow

chattersTibes 2 Anethedd ofrdlowing - maigriapanalorepegermingl a chemical
{N: gg%gﬁé?% D pRpE. Bé(sé’an{;FbﬂH d%?d% Ay Hfls%eoémﬁo%a,ments the

narr ow regi on Fol 1l PRE
f 1 ubrdsé&hippvdispigeal ssbpbemﬁattmm@@crﬂﬂsracmbmbd of synthesmng a

biopolymer, such as DNA. In some embodiments, the presently disclosed

subject matter describes a method of screening a sample for a
characteristic. In some embodiments, the presently disclosed subject matter
disclosed a method of dispensing a material. In some embodiments, the
presently disclosed subject matter discloses a method of separating a

material.

35



10

15

20

25

30

V. Method of Using a PFPE-based M crofluidic Device
20 I n sone enbodi nents, the presently discl osed

waenmsests2at t er  descri bes a net hod of fl ow ngP@r/US2004/031274

mat eri al and/or performing a chemcal reaction in a
PFPE- based m crofl uidic device. In sone enbodi nents,
the presently disclosed subject matter describes a
nmet hod of synt hesi zi ng a biopolyner, such as DNA In

nﬁ@fﬂmd fS Flowmq Bﬁg’tgﬂgu{ngfmﬂef Erqlmzéastﬂ?é [cal Reaction

Char act gpizSPFPE- &ébeipm:r@nmgw meviss. the presently
di scl osed subject natte disclosed a net hod of

di spensilng somat emtmdjmentSSOtm epiesentiendisclased subject mater

pr esen Qbé? ﬁéé%lg%sqggpitf@ﬁﬁé %aréét%\@fjfg‘@l 03@%@‘%@”% "9dchemical

PCTréH@ﬁ&QM AFHRPE-Phshd Miromediel ddliea F{bf@rrlngt rﬁﬁw% Figure 8, a

and/or Perform ng a Chem cal Reaction in a PFPE-based
M cscbematisi elavevieve afnasgroBuigisdidewises of tthe rpﬁeégeﬂy |djsclosed

0 GG InaHE) RO S The RRGEITRAR: BelfEs MOTeirel B4 dibraly at

or performng a c Feac

a FSE0E- bpsaaflnidi efdvivedi800deumpeisesed epdttargedoryep 802, and a
Figure 8, a schematic plan view of a microfluidic

dewalyeliby of helep Bd9én B1PBqi8I0C sal 81D dbesaeiales car be further

o D tlioriBO8 88 SBE aWefilife Bt Tnlet PR 36 e and ingt grerture
patgryaeshd ayest uré’®40®. Bhet of bb¥rtafes®l GA, $16B\ 810C, and
810B, 81OC and 810D. These holes can be further 1

deB 0D eareasovenest bypeealar 820A0 8208, 820G pendui820P1 owhich are

apert { t 1
20 Bl Sy PR e SR SO MR 0B HACI IR 5200 are
CovibeidelYsS tratSmziétals SABRIINE BGt naRdinttééDio, V%I\ﬁéhtélféhemlcal
preferably reversible seals. Seals 820A, 8208,

andeggentsacemponentsielda Hipahemicateaysiera samplas, Lnj@n@nd reaction

DL SR ye g  SBoE E) ABgeEhapents of o

r easdEifsmical aYerirs, daHpss, NinkbUIreactiin $rbaedts Sand combinations
chem cal reagents, conponents of a biochemn cal

systh@mofs@ﬁm be, stprads, shipped. 6h giheavise smakiiained in microfluidic

t f b or B S ed r
Cori L 1 RTE |, Sa0 B 0AC10m SESBES 00 can bo
deseyemibl&eahat §2,0femBvétie, &bo%atamﬁlcﬁﬂ@lwlcade\mewoo can be

reversible, that is, renovable, so that m crofluidic
devmplersentaskin aghemical reaction or other use and then can be resealed if

desired.

Continuing with reference to Figure 8, in some embodiments,
apertures 810A, 810B, and 810C, further comprise pressure actuated valves
(comprising intersecting, overlaid flow channels not shown) which can be
actuated to seal the microfluidic channel associated the aperture.

Continuing with reference to Figure 8, patterned layer 802 of
microfluidic device 800 comprises an integrated network 830 of microscale
channels. Integrated network 830 thus comprises a series of fluidly
connected microscale channels designated by the following reference
characters: 831, 832, 833, 834, 835, 836, 837, 838, 839, and 840. Thus,
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i mpl emented in a chem cal reaction or other use and
then can be resealed if desired. Continuing with

WO edosamsee to Figure 8, in sone enbodi nents, BOPUSMNEE31274

810A, 810B, and 810C, further conprise pressure
actuated valves 25 (conprising intersecting, overlaid
fl ow channel s not shown) which can be actuated to
seal the mcrofluidic channel associated the aperture.

Contj nuing with referepce to Fiqure. 8, tterned, | ayer

S0anlSt SR e & AT PCeo BRI R, Wit migroscale Shanel 831

' m\ﬁﬁiﬁﬁte@{geﬁlfé W/"ag ot fferflirs 899R2AKd i€ AR Sommunication with
ed network 830 t

| nt egrat us conprises a series of

f | unitrgs@e chanrel 882 via adseral. e It frdagrdied dedvgrka82@ depicted in
he_fol | ow f h X .

L bbb 7 U8 oo RRS i by 1 s ot

2002t dtGhe RS UrRBBEAds IohRllo@ R thel! chahHRfs bF integrated

communi cati on wth m croscal e channe
whi mdtwexit 8805 camryencompaspeanyudesied Acenfiguratiom éngled or other

communi cat.ion with m_croscale ch | 832.via a bend. .
| n FAragieEpld }%@%pk flg r%%eﬁy@{%%ﬁ apggggggsga%ebe provided
ser : 0R2§0 n : - :
L e
t heAs bhowalin Fidgurend effuidreskrvoies 860A BRDES5@R rcoemuringpaisleast one

any desired configuration, angle, or, other

CheiEensians hat. is dareater fan ¢t raensisn O sthsa chaangloihat are
cagnpﬁe@%%i,ggﬁceﬁ{%em_croscal e channel s 831, 832,

833, an 4,

espectively, if desired. As shown in
Fi gur e 8Coffinuidg,thear withrefeB&iide tmBigBE® B, ovonmscale citannels 832

| east one 10 dinension that is gre than a . .

o s R TteisRe AtamirreCingolitoBO0A2Rd drideged into a single
adj ti fuH ' r t

2y RfESeE cHARLl BSS | Diibfalg Tiannl B35 ) SoELEMS fo P chamber
at 870,eviselein the embotindé&ttshand ipritigerd8, istdimansiongtdo be wider
m croscal e channel 835, M croscal e channel 835

p[]ofbé@déniﬁ@sﬁa@wéﬂﬂ?@ﬂehss@m, Wh$XRE; fMaRdigepti faamber 870
oy b B R LR Sohe Renbbdffont " amber 670

m cr oS ann I'n Sonme e

870corapiigdd SeeSmixifigactiarnberc haesomen eswrazliments, chamber 870
enbodi nents, chanber 870 conprises a m xing chanper. )
| n GURRIiaHhGdiSePAtAIoN: FRGIBR: &Yosorpen@mPedinents, the separation

sepAA O5mbRZLOD: %il/é‘n %l%snEHHPQ.@%gm,td?% SRAAEL \i/vﬂarein the

- regron conprises a girven dimension, e.g., length,

of matdrahnelsepaltediby tihargemet enasd, orscarapimadioers! thereof, or any

charge, or mass, or conbi nations there?f, or ang .
other physical characteristic wherein a separation can occur over a given
dimension. In some embodiments, the separation region comprises an
active material 880. As would be understood by one of ordinary skill in the
art, the term “active material” is used herein for convenience and does not
imply that the material must be activated to be used for its intended purpose.
In some embodiments, the active material is a chromatographic material. In
some embodiments, the active material is a target material.

Continuing with Figure 8, it is noted that chamber 870 does not

necessarily need to be of a wider dimension than an adjacent microscale

channel. Indeed chamber 870 can simply comprise a given segment of a
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ot her physical characteristic wherein a separati on can
occur over a given dinension: In sone enbodi nents,

WO b@s5®s(sazr at i on regi on conprises an active naPEr/U81004/031274

880. As woul d be understood by one of ordinary skill

in the 25 art, the term"active material" is used

herein for conveni ence and does not inply that the

mat eri al nust be activated to be used for its intended
purpose. In sone enbodi mepts, the active material is .

D RIS R302B LN NHEPpt 1940t o EIEFRAIS: Frenpeberatisl, mixed,
acthyPoPRESitba] ExtehdiR] 48 BALRIHCR!870°00b4BHLSS, WibBsite f

Fi gurcgo& T&E |as not egnt’?tLat chanber 870 does noltgﬂl’lggbBSI rom
necmisasidlg chardelt 835 micrasedle ehadneleBB8. ohlicrbacalarchannel 836

o B ca eSS i, BHCEEHe ST 57 HSBresdazsey from
PCTL A BR004 34 0L AEAA6R! e RRABFe WARES! i, B8Shinction of

two nmateria are separated, mxe nd/ or readt
Ext mittoscalé chemnélar886 afd @33 ulosmaintarsédtingoppint B60B( ridivroscale
m croscal e _channel 835 .is mcroscale crgnnel

836,
M chesgl 838 exirnds 5am intesserting poinl3R4E im agitgstion substantially
mc j L r .
"SRR A B S BB lG, B resoror
t hegj0Mcisi dimefsioned rios el eviddrafingt smitddscatsl &Bhricdr838 for a
intersecting point 860B. Mcroscale channel 838 )
extRedstarPiNgd Aergthec A RARA RPEoHAWEVRr d@r BiMeNogection of a

SubsiA0L L <¥harﬂ%@8§éﬁ E?ﬁ‘c‘l %J%O%‘:Eﬂluﬁj 9’%@8@/@&%@0@9%@ need to

fl ui reservoir reservoir

di netEissadly thamge va ddimension rof cthes cettore hefnndtro3déle channel.
for a 10 predeterm ned | ength. not ed above, )
howdQEgoves, micresrale chapnel %CO‘ﬁécﬁ%%aﬁ reaclign rhambgy in that a

amre%?eﬁt fﬂbWir%aﬁngZﬁ;ﬁﬁgf;r{)sé@Ié r@%{k[‘%#?& ir.t:t%rr]s%c;ftion point 860B

necessarily ¢ NMensi on o he secti o

m ceousd atemct hwithela. reddpertonesvingn froos aalceosdaenehar@@d 836 to
coul d act_as a reaction chanber in that a _reagent

f 1 dAteigestionRaintBeARB and intemirspseaty channeh@3ect i on

poi nt 8 : L g i.th. a ept ' r
mcr osc?@%@éﬁigwﬁ%g&%eﬁqeng%rE@?ﬁgoﬁ’ @Eﬁé%&%ﬂaﬁﬁgel §39
I ntextands freaafigidaressneir SSUT sGbstantialiyngppedite midreflgiticechannel
to Figure 8, nicroscale channel 839 extends from

f1 B3P padelransls timuighsahanshintamigragsglss channel 840. Microscale

i) 840 BN seutheliBr o ieE eheblUbo e dNgs s gperure
i s 10D ehy g?g%ﬁﬁw 88 réversibly Sdaléd el s8¢ 8200Das@isdiRIsed above.

aperture can optionally be reversibly sealed via

seahg@notbe reyetikle sealing sl oudet apgrune, 81012 capkg degirable in the
f’ ﬁ:ée{srégof) gn Oeurﬁf)géimae% WS g }gg:tﬁ)?lnpr%%u%? ‘7’51. rfcﬁ’prkeed iir{1 microfluidic
device 800 and is desired to be transported to another location in
microfluidic device 800.
The flow of a material can be directed through the integrated network
830 of microscale channels, including channels, fluid reservoirs, and
reaction chambers, by the method described in Figure 7.
Accordingly, in some embodiments, the presently disclosed subject
matter comprises a method of flowing a material in a microfluidic device, the

method comprising: (a) providing a microfiuidic device comprising at least
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case of an enbodi nent where a reaction product is
formed in mcrofluidic device 800 and is desired to

wheoosnamssported to anot her location in 25 m cpof/Ustodi/a31274

device 800. The flow of a material can be directed

t hrough the integrated network 830 of mcroscale
channel s, including channels, fluid reservoirs, and
reacti on chanbers, by the nmethod described in Figure

i sé\ﬁeggé%ﬁ%rﬁ'sﬁe&yersage 2t PPt aeltlEridiaRon; wherein the

f1 ovatinad W&rdfathe'(ﬁho?oéﬂréa gfém&bﬁo%m&%orﬁﬁ\%es at least one
nmet'hod conprl sin rovi a mcrofluidic device

conpidrescaje @hane@jsanesb)/@\mogsa m@(b@zeﬂ in the microscale channel.

PCT/ US2004/ 031274 0 0 e

perfl uor@p?ﬁr?%t (ﬂ&ﬁﬁ? %ho@ Wrise% (ﬁlg&éﬁ"ﬁ@ l%aterlal in
t hethgh@icpsiiar DSViES. U @@my@mdum@ﬁw iRe8 Rdst!hdWwin in Figure
one. mcroscal e channel; and (b) flowng a material in

t hel Griagdoge discussganial more daiaid P’@;ﬁ@ﬁdbﬁl@m dhetmethod comprises
e BT D, B R eledndihaldAl aldhg e Hfbroscale channel.

I ce. n SOITe

shomn somnéi gpbedinéntandthas rdethods Sarhen camprisked aal plurahty of
herei n bel ow, the nethod conprises appI%/ S% a driv
form@r@%p%mqmélﬁmtlarwmeaﬁmbedtrn@n%é B Jyrality of mitroscale

chagneliels !:Bm?ﬂg@? SF;? i BHSnetJVB %gsé#étch?hnels In some

conprises a prura m cr osc nne
enberdbodiments the miciosdale ghahnets of di&:e:&itegﬂa@ect hatwark sntersect at

conprises an integrated netvvor of mcroscale
cha?fﬁQPEeerheid}%%SenﬁbaPW@n? Q‘#‘fﬁeﬂﬁ%r@%o%ﬁﬂ?med layer of the
1 ~fit
é?lﬁn@fgegggwﬁéé&y%égo@ od| nt%ﬁ& gftholes. In some
patemboémnénatgx,eratdéasﬂwenepbbttbeupleoalmyerdfl boheepoony\erllaes an inlet

ot R Sond AOTRHPRHELS. 5 HBSoEnEoip G SR of holes
B @dméﬁséboéﬁ bltig apdHieln eBhRIeARLImels, IRAMetRREcomprises

of the plurality of holes conprises an out I et
apesattlaaet onenprsssureativdtedtvalye, wheramth&)greasum as‘@@ted valve is

Pr e%éa EQSQT%: gg xﬁf\?gﬁt"g'gtse I V%Sy %l?{ﬁhf eaa}staone of the

CrBlQﬁthW of Htaedel |n ﬁfiﬁe(é}ﬁbédmﬁeﬁﬂ&t@%réﬁsu?@%ctuated valve is
plurality of holes. In sone embodi ments, the pressure

actagiualgdy by vietrpducing a& thiassdizey flwﬂr@émmego (a) a microscale

press e oscale

cha ,eia‘%ﬁf <(b§)a({j<l:\“it£1E ggg%? tlﬁé ph‘&g%tﬁ%f quoﬁr ality of

hol es. |in some epnbsdlinegats, the tpresgurizesluiuid edsfd prekstas between
a pressure between about 10 psi and about 40 psi. In

n@b@ﬁﬂ&dp&raﬁudsabquﬁé%%sé@ pamesempggiments, the pressure is about
25 psi. In some embodiments, the material comprises a fluid. In some

embodiments, the fluid comprises a solvent. In some embodiments, the
solvent comprises an organic solvent. In some embodiments, the material
flows in a predetermined direction along the microscale channel.

Further, in some embodiments, the presently disclosed subject matter
describes a method of performing a chemical reaction, the method
comprising:

(a) providing a microfluidic device comprising a patterned layer of

a photocured perfluoropolyether; and
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25 psi. In sone enbodinents, the material conprises a
fluid. I'n sone 25 enbodi nents, the fluid conprises a

wGaodosmsis22 | n some enbodi nents, the solvent coPQI/USES4/031274

an organic solvent. In sone enbodi nents, the materi al
flows in a predeterm ned direction along the

m croscal e channel. Further, in sone enbodi nents, the
presently disclosed subject matter describes a nethod

f for i heni cal . ti th t hod 30
compr i si (0 (9MBPOH of 'Sk TegEBt ) A geooRg Teagent in the
conprising a padrbfuidRMvidEeto rm R rédidioAgtbadct.

gpt

per fl uoropol yet her; and 39 WD 2005/ 03082
PCT/ US2004/9812 78mpeylingemisacthien paiterned t layengehtthan @hatocured

o ReHuRRRRHne obiiPusih L AT, SRAREB ARG m some

| ayshbedinidresphotiegstr ete diethe! mdroped|y edieinedL P ERes a fluid
a plurali ty of m croscale channels. In some 5

en‘d’@é?ﬁ@ﬂﬁ S| In gpmesgaboginaens, ﬁhéeaﬁthflﬁ%éﬁltf@ angipseple channels
| '%%{mﬁﬁéesa k |'ddréaec§|8F1Vé‘erb%P i Ry SBRAHLARSESH Vith the fluid
east one o cal e channel's” conprises a

fl wedernve@rct i on chanber in fluid comunication with the

fluid reserv0|r some enbod| t he net hod
further /RGTRSPE SERd bad! IRy thagethpaurtaer FeApEaes dawing the first

t Nee3BERNariPqABN sobdhd REBERE Gh™hNBH datéﬁg@bandﬁrecﬁ&? in the
m cro evi ce n so 0
con‘nm:mﬁlmglcoﬁembe fllns‘someeagebudlmadtst, hﬁm&se:ontad:tlng of the first

Chiaent FRECENE SBRB0R FRGRPRT 1 eSS i A TRisyosoale reaction

corgNdnsissy, f Ino¥hii8 driBodiifeRfd, tAB rﬁéf?ﬁ'ﬂ%rt‘h%r Romprises rowmg the
predetermned direction in the mcrofluidic device.

In rgeqtnorenmmmtmha@redmrmmeuaﬂra‘cttmnmethe: oigroflgielic deVIce

recoveri,ng the action oduc nme _enbodi nen

[ he ot HBepdrTE erhbEdients. 2b8 Mefring fute Gofiiasgscovering the
pr aduefion praguet IRt sGRET éMbedPherits e the %th'o@l' flirther comprises
devi ce. In some enbodiments, the nmethod further

corflswisg éhe ceaciioni pigductdo anceldiat @pepiicel ot thasmidrofuidic device.

%0 sone Bargne aneSiMehes iR HRefRAC ks R es. edhiacting the
r eggastiors prEUCE wﬁnth@@fﬂeé%érﬂHb%Fm a Betosd rgactidwt product. In
not limted to, hexane et her, tol uene,

di o erehodiments dbe st re@g@nb@@ddhstseqwd fle@gent comprise an
mt&g?nﬁf da?\YéchﬁT‘dl&dﬂ& BuBh APRhNEE b0, Restarfdsh BtA%8fer, toluene,

M crofl ui
dichloromethane, acetone, and acetonitrile.

IV.B. Method of Synthesizing a Biopolymer in a PFPE-based Microfluidic

Device

In some embodiments, the presently disclosed PFPE-based
microfluidic device can be used in biopolymer synthesis, for example, in
synthesizing oligonucleotides, proteins, peptides, DNA, and the like. In
some embodiments, such biopolymer synthesis systems comprise an
integrated system comprising an array of resei'voirs, fluidic logic for selecting

flow from a particular reservoir, an array of channels, reservoirs, and
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25 Device In sonme enbodi nents, the presently disclosed
PFPE- based m crofluidic device can be used in

whe@pobogeer synt hesis, for exanple, in syntheBCwURN04/031274

ol i gonucl eoti des, proteins, peptides, DNA, and the
like. I'n sonme enbodi nents, such biopol yner synthesis
systens conprise an 30 integrated system conprising an
array of reservoirs, fluidic logic for selecting flow

r e RO Cribds oD s Bk risbia % Jyigie logic for
r eagéteintiRmme Wwhici chémitdls hnsélesied reagpat fiewsed, and

fluidic Io%&c; for determ ning into which channels the )
sel ect edReEAGRA Y dOIgress 8 & Rlyraliy af Jesep@ins, ®.0-a reservoirs

pl At ¢ vVQI g OA I 1 1 :
91&@%’n31@§0§%%v%ﬁ%29s1@ ’ l?a\é %%,géén%’ E’rﬁ’s%ﬁgte'vg‘%? ectively
5 diispesad thdrelrei as shswahoRBur flowr cHdrmals 320Ae1320820320C, and
320B, 320C, and 320D are connected to reservoirs 910A,

© 910320D 13ve, camtecieddo RagrvoitodlPA, 0B n216C32md 910D. Four

o oSterfE, 28R, e AP 80,22  eul, B B Rom) are
onl fisposet Gldreddrows Winaslirop dRankeél 322A géﬁhitﬂngq fibRWnly through

channel s 320B, 320C, and 320D), 10 when contr
chaftove| crempal 13204y dissurseatidg fBiwidhanngls 88AB; i320C, and 320D),

channel 32 erm ts.fd ow only.through.fl ow channgl

S20M e AP o228 e, o Sauiabh jpatol Channel 3228
pr ?é‘\vﬁitszﬁ'é\}v%hb@ftht%@lphrﬂ%w ChaRRel 32882 e pBsstiel: _As such,
an 322D sequentiall'y selects a desired base A C, T,
andhe $elegniive geessurizatior sefr controlo¢iiannedd 322/,1822B0r322C, and
910, JThe fluj.d the asses .t hrough flqw_15 ¢ el .
020228 Sequrilisloh PERel Brdesiie Prss. Acfh Morarel Ggm a desired
(i j r a , s i

H oo o109 IROE, of MIOBYP TRE Ry HitibapPes, through flow
i ntchaome! 820ninke aomudtipdéxedalchagnelf flay raamérwiler OB fieckiding, for
or reaction chanbers 940A,. 940B, 940C, _940D, or, 94QF ,
i n SRTEHCSBNY SYPIRALES § RBRR 49 Thay B 8RR dgcts fuid
| N RAPENRITRRR BBNndre 'dfsbeﬁfﬁlré’lftyséfa%gh%sfsr %ﬁ‘ahﬂ@lfs or reaction
desired base A, C, T, and G a reagéent selecte rom
onectamizens 8040 19408, 84 Gy 940D, rar A48& indehichssalid g@sedsynthesis

in at | east .one ﬁ{) reservoir 910A, 910B, 910C, and
910P2Y PR CaHekOlhbodi ments, the reaction product

conpri s§g e eMibéliBehisd fhstédd Tkl [ C, -

pol ynucl eotide 1's DA 55 As\ccorcd)lﬁng 3‘/ a?t et'rﬁ'égﬂe:sg\?iﬁg%se A C,

of T,hanchGe sereageint stlestecefroonenadf arnliahkeotide and a polynucleotide
is disposed in at least one of reservoir 910A, 910B, 910C, and 910D. In

some embodiments, the reaction product comprises a polynucleotide. In

some embodiments, the polynucleotide is DNA.
Accordingly, after a review of the present disclosure, one of ordinary
skill in the art would recognize that the presently disclosed PFPE-based
~ microfluidic device can be used to synthesize biopolymers, as described in
U.S. Patent Nos. 6,408,878 to Unger et al. and 6,729,352 to O'Conner et al.,

and/or in a combinatorial synthesis system as described in U.S. Patent No.

6,508,988 to van Dam et al., each of which is incorporated herein by

reference in its entirety.
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skill in the art would recognize that the presently
di scl osed PFPE-based microfluidic device can be used

WO 000S98skesi ze bi opol yners, as described in WEI/US2004/031274

Pat ent Nos. 6,408,878 to Unger et al. and 6,729,352 to

O Conner et al., and/or in a conbinatorial synthesis

system as described in U S. Patent No. 30 6,508,988 to

van Dam et al ., each of which |s |ncorporat ed herein

by fe ' ‘ .
.}.4 ~ 20rqting, a~ - ised | Device into_an

PFPE— basm@ed{bfgrcpmbw H[Iow %{bﬁﬁ into an | nt egr at ed
Fluid Fl ow System 1n sone enbodi nents, the method of

per f or mi Ingsaine eanbediments dbe shethed ofingifosging meahemigal reaction
| ncor por éﬁ: Errﬁ]?ec‘r‘?g \ﬁhﬁb?gllyFlgEgoéjseeW ﬁﬁcrﬁﬂﬂ‘gnﬁ]& HeVice® comprises

m crofl uidicdevice

| ntualomoeatﬁg el rhicrofiusdiet devicdéhier an rngtefmatetdOﬂEidgﬂbw system.
10, _a system for_carrying out a nethod of flow ng
mat Refesfing Roy iei igyre Pdacsyat@\m der eardying oalt ﬁem#mpcbpf flowing a

Bf;@g%ﬂd;%l%sﬂ@& alc g?tdn@??r‘ ) rﬁ&l‘ﬁ%dtﬁfgﬁ&fl yl ﬁgtehghemlcal

demeab’e@h "ﬁhacsgmiaansel mtdal the spgeeatinl digcloséer Stebjetzb matter is

or e ePEE, s ¥terbtEel & BpnagHpgTed (o at 1000,

aCt%}%f aégég:gat ec?gﬁ%ﬁl%]&ﬁﬁraggﬁneé&#o% u‘?ﬂltcf&)éfcéﬁé or more

detd&mnmg faro@Gctisators 1010A, 16T0BUT010C and \1011 ODt aecollector 1020,
m crof | ui di c devi ce shovvn in shadovv)

T ATt 14028, 1 J0SGTe P EAIMGNEn deismiaE 1030 s in fuid
r ef&fn‘?l%%gld%\gegﬁr\ﬁgﬁ tgrgotgiécggﬁﬁlgflca rc]jﬁvi%%: Cg&%w%ﬁ%haﬂowg System

f ormtzmﬁlmule devigge@0Gbf Pigupe 8¢ ané theswlefe@mestrarmavaldiof Figure
a related nonitor keyboard or other desired user

i nt%ﬁf%@@PlQV¢d/im51%$ d0- aSentrebprocessng, unit @BH) 1002 can be,
10 , 0 I fqr
act]fggteorgﬂg)lel %n&?’% eﬁﬁ’gg en%‘l‘éé@é?ocﬁ)éﬁﬁ t‘éF th grr%f‘ated monitor,

skikdyboard loe athér dpsined euseewm@frfabbe Dﬁvmlgeﬁﬁd?é |aCtuators 1010A,
di scl osed subject matter. For exanple, driving forc
actthﬁ s101Qf302nd 190D cap1be, ahauiaie sirisng Mce sotuator as

PR hE SRR BOECHCER LSk sl UL 8 of e

a rpreseiitiyu ldtboﬁnséelvsalgecRamttae nFat iex@andsley drgingofares actuators
t hensel ves thus i ncl ude gﬁ)lllary action, punp driven

fI u1Qi‘Q‘A o9 108 407186h@nes1910RseN theiPyMRsevelegtrpdes; injectors,
fI X dlﬂpF Hﬁftﬂ@{%hbﬂg {18 .'thé‘tg éﬁ:pg{ﬂsgﬁ‘i{g f‘éﬁe\,?%&‘éﬂal through

e sch iC
f orecmlaoflumlic)de\lsﬁé.oaepsesmﬂmin/e driving forces themselves thus include

capillary action, pump driven fluid flow, electrophoresis based fluid flow, pH
gradient driven fluid flow, or other gradient driven fluid flow.

In the schematic of Figure 10 driving force actuator 1010D is shown
as connected at outlet aperture 810D, as will be described below, to
demonstrate that at least a portion of the driving force can be provided at the
end point of the desired flow of solution, reagent, and the like. Collector
1020 is also provided to show that a reaction product 1048, as discussed

below, can be collected at the end point of system flow. In some
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as connected at outlet aperture 810D, as will be
descri bed below, to denonstrate that at | east a

w@eoosiosns2nf the driving force can be provi ded BET/URE04/031274

end point of the desired flow of solution, reagent,
and the like. Collector 30 1020 is also provided to
show that a reaction product 1048, as discussed

bel ow, can be collected at the end point of system

fl ow. 42 V\D 20 30822 P / S /1031274
enb%mpﬂa co‘l"qnge Br q%g %3 gzﬂ‘ﬁé P ervair.  In- some
res&h}é@ﬂfmeﬁt@ é&l&toﬂmdmﬁﬁé?es §%hb§ﬁ'ét‘ér IhQs%e embodiments,
conprises a substrate. In some enbodi nents, collector

1026pliectqur 10265 campgses batetector. s dmsosteenbesiments, collector 1020

| | 1020 b
Cherdinbttes o PubieRERt o8, O HihRelic &reERENE: Sarrsayenience.
i's ganehaldw is @egggamgg@srégent‘écgm Eigte br0 d¥ Iekctional arrows F1,

arrows F1, Continuing Wwth reference to
Fi gElZeartDFm n sonme enbodi ments a chenmical reaction is

Prbodi mepainyBl S| Elensé o Fidierdfls 1y ke gEppodiments a
| S tHHrhRal fesktion ﬂeopaaf@ffn%d i Ghie 9%&&5%\# térﬁrfﬂw" In some

aperture 810A, |l e a second maferi al
secembodinmmtsalmateagbmmm ®.gntar cheodchlt teageaftt,oﬁs um’rdri)d:uced to

et ranogodeNcd UG RbSh SRitE e RLIIE R SR materia
104’P0@2"‘deé,y S’%P gp@ éﬁl%é H@”@%t%&%&d%‘jml&@%ldlc device

respectiv em ca reagents 1040 and
con100mesﬂat|nle153p‘elrlulrel §108er \D11wr$g goea actdaaﬂsﬁaomﬁeeed 1010B
is callecte

a reserve, of ents 1 042

FI oRyopel SH%W‘@EW‘%@%’&@ 10054%1 @ﬁé tpomere H'@u‘%ﬁ@%ﬂn‘ﬂ%@“ and
mc n 8

poiéh ’8%8&19&}1\&5& ?‘%‘ﬁ,‘?ﬁeﬁ“gfg‘,‘m agt% ﬂﬁ)éetq aggn grﬁn@%ﬁontmues to
r eafidodtresdids 850 AlHP 868B uwherd-bh vesafve afheagemtb 1040 and 1042

1 e D, MR e S contrueo o
h
UL R4 RS e v

f | ogenthot U@t\néensc@h@mrcharreage&% 1040 tadi rlOéZsecd:Liren Flow of
poi nt 860B. Chem cal eagent 1046 then reacts wth

r ea@h&rﬁwabeﬁﬂ%ﬁS 16449 1042 ﬁl@e@ponﬁralé@%&fqzqgtlo'gdphﬁmber 870
2o SR ' B Rcd RO SORIERRT cReRidl el 40 and 1042

for@mee&{;ow of the second reaction product 1048

conti nues through mcroscal e channel 840 to apertu
810D andCentirwing with ference to Figure 10, reactlon product 1044 flows to

microscale channel 836 and to intersection point 860B. Chemical reagent
1046 then reacts with reaction product 1044 beginning at intersection point
860B through reaction chamber 838 and to fluid reservoir 850C. A second
reaction product 1048 is formed. Flow of the second reaction product 1048
continues through microscale channel 840 to aperture 810D and finally into
collector 1020. Thus, it is noted that CPU 1002 actuates driving force
actuator 1010C such that chemical reagent 1046 is released at an

appropriate time to contact reaction product 1044 at intersection point 860B.
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coll ector 1020. Thus, it is noted that CPU 1002
actuates driving force actuator 1010C such that

W@ b@gioamb2 r eagent 1046 is rel eased at an 30 appeDpsioat/e31274

time to contact reaction product 1044 at intersection
poi nt 860B. 43 WD 2005/ 030822 PCT/ US2004/ 031274 1 V. D.
Representative Applications of a PFPE-Based

M crofluidic Device In some enbodi ments, the presently

ggf@eﬂfeSUt' Application PF icPdfluidic Device
enbodi nmejRt Ssonﬁ@eeﬁib‘b‘éiﬂﬁéhtﬁ dtwlmgdntﬂubdleélbsgat sBbject matter
di scl oses a nmethod of 5 dispensing a material. In sone

emfbaclﬁﬁeﬁ & mathog raissaiesyingi 8 andrla fos micheradiaristio: In some

oot R on P ERR B ISR FRLE! displagggaymethod of

recmgp@ﬂsin%r@t mateidPFPin based embodiphéntsdithe derdsently disclosed
descri bed herein can be ap P|Ied to many applications,

i ncsubieigMapat digflosasnit gl Oﬁéﬁeﬁ@tlﬂspﬁurnaternaép.%ccordmgly,
separ.at 0 S o) i

CeRat OB nIFNSRI ) HeBOTEE heasing oyl PRPE oases
di agi’UDGﬂlUIdIS), dda\njseqidscnbedJMrem cém tleogpplidd $d uddams applications,

hi gh- throu _cr_e I ng technol ogi es, ch as
uselnPH m%n@ F%;P oy PeRores iMmarpPiag, éseparatlons sensors,

h
e B CSERE, OGRS, RACIY KD, Prud SRRAOR, splya-CAR, in vito

r esdiageesticss injectim roriles,veivmgicarstiddies,ahigh-thBougdpplt ssreening
collected with rtabl e or stationary nonitorin

eqUPBHRAIPSISEY HC. aReio diFeo i SIFGeTisHRVEDY s atesials, science,

madl?%ﬁ@étlétdn‘a 'tﬁe%@t@% MP&dehrch hﬁ)oﬂg eéﬁat kte biochemical
di scl 0sed subj ect di scl oses a met hod

scrraenitoring of fopd earid madurah aesaitrees,ssueh asheomewam and/or air

20 co risi m crofl ui.di.c devi

corAmBE golSkiat M agants e STy naiEfaFalicRent.
perfluoropol yether, wherein the patterned |ayer of

t he hotocured oerfluoropolyether

pl tty of

e G AR P SR TRl

Wi tdis¢lbsed ar m&thdﬁibﬁéblﬁiemr@d defnpleefbe et emdraateristic, the method
interaction between the sanple and the 30 target

matMRIisingther ei n the presence or the absence of
(a)  providing a microfluidic device comprising a patterned

layer of a photocured perfluoropolyether, wherein the
patterned layer of the photocured perfluoropolyether
comprises a plurality of channels;

(b)  providing a target material;

(c) disposing the sample in at least one of the plurality of
channels;

(d)  contacting the sample with the target material; and

(e) detecting an interaction between the sample and the
target material, wherein the presence or the absence of
the interaction is indicative of the characteristic of the

sample.
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the interaction is indicative of the characteristic of
the sanple. 44 WD 2005/ 030822 PCT/ US2004/ 031274

woed08/08G827) once again to Figure 10, at | east oPeT/082004/031274

materials 1040 and 1042 conprises a sanple. In sone
enbodi nents, at |east one of materials 1040 and 1042
conprises a target material. Thus, a "sanple"
generally refers to any nmaterial about which

'Nnggr"at Retertiae e does B BRIt BlstapS of reripgpl 1040 and
6‘42368 Pised! %e%rﬁ emlﬂvérc%%'é?ﬁ%dﬁbn?é‘ eft%é’ét'cﬂga BPmatenals

ar acteristic ased on an Inferactil
bet*mmh anlcle1042 gﬂnpraiesradbr@tdmetmﬂa%anﬂhlﬂs an‘sampiae” generally

© ar TR 4y EIBte ABou WG TR Blion dahas e Soacteristc i
eI’Tb t . ”

o AT s, % BB RO REANAE (o' Hng hERETH ihich can be
conpsedstespvids mtbrngatmenlatlrigrtosa)n’earmt&miti:rmﬁtassambke based on

bi ndi ng, event ri ses the nt e | on t ween
oy o BTGy, HeRRRe R oy Berogh gl LA, dBe ) Se@ipignqin some
a | 98Bdim&Hts ”%le e&éﬁﬁilé ulAkehY saﬁ‘lplee qmbo E:oﬁ%t@ target material

ligand, or a catalyst and one or nore chem cal
r eat@df an interaabion aotbiosli resome arhbodissnts,dhe pniedaction produces

15 is detected b tor 1030. enbodi nent s,

Lneh Readion mauet 04 S s dinborin ?Sgghe IntgtasHoR| camprises a
at higam g apsntor 14 t‘%n%Uérﬁbb@iiYnéH‘ts ﬂfré‘b ! %P@\fe?{tré&ﬂpnses the
once agdin to Figure 10, in sone enbodi ments, the

t ariptaractinre bebwearmrfpr |exampd&:,tawant|badye|andl amefmtigen a substrate
soma(f odi ments, the ar tmaterla

Subnd AEEnAoPt Eierhheet G, A skl i BiogBe g8 a catalyst and

shoge bPnforé %hémc,?a‘f\'r@&bentén lﬁ@ﬁﬁeeé‘mggdlﬁ?éﬁﬁ thelaction product
substrate conprises a sem conductor nateri al

Refleldaterged(bwdﬁbeﬁopaﬂWcul arly to Figures 2B-2D, in
sone enhodi ments Lurali

h
channel SopSTReSmpBlime HRate Moo RinBiists slaposHy the target

CorvefrRid anlicHst Bnéhﬂ tRe PRiraAlyDf chabinelsOReRAHih§OMRE again to
llayer NPL. In sonme 25 embodi nents, the target nateri al

i s [digesoslél l@nsarr@u@mb@tn@en@,gthe target p’aa’qeélahem)nnpﬂags active
NPL . d
o analdte] - R AERE Sposislie: 4ff Sedle: Bbtenal pamprises o

i n dlpstidtes FBERABBIE Qo Fett@rﬁé@elayéf NPL adBh6hah Flgures 2A-2D.

di sposed on the substra In sofre enbodi nents, th
metlno@rn@ rqmb@@mam‘tsp‘&b]@u sigh=irate woanprisgsod seamccsladmt@s material.

%fekrir%istgo?vn pgrtf%uparﬂlrt%l Ii'@fre%fZIgIﬁ‘f.'jnrfrﬁe IssémeI Bmbe odlments at
least one of the plurality of channels of the microfluidic device is in fluid
communication with the substrate, e.g., non-patterned layer NPL. In some
embodiments, the target material is disposed on a substrate, e.g., non-
patterned layer NPL. In some embodiments, at least one of the plurality of
channels of the microfluidic device is in fluid communication with the target
material disposed on the substrate.

In some embodiments, the method comprises disposing a plurality of
samples in at least one of the plurality of channels. In some embodiments,

the sample is selected from the group consisting of a therapeutic agent, a
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the sample is selected fromthe group consisting of a
t herapeutic agent, a 45 WO 2005/ 030822

wEOns08R0D4/ 031274 di agnosti c agent, a resear cPCT/US2004/031274

reagent, a catalyst, a netal |igand, a non- biol ogical
organic material, an inorganic material, a foodstuff,
soil, water, and air. In sone enbodi nents, the sanple

conpri ses one or nmore nenbers of one or nore

comanRe opfEchaCasdlsh toaPal °F, A QRE £ 930 iBeng, & non-

ON&iGloglval QJrQémcamﬁtB?lafPI an dpbeydnicTphatesal, 2 S@@ni&tufﬂ Bgl| water,
reagent, a primer, a priner extensi on . product, a

r e<And i onrersgyie, eRbpdimentagdhe , Sampler GoBNYiSesnone or more
pﬁrﬁﬂgﬁ?gﬁ Sofacmqe En &?”lb‘?ﬁnéé’%?%%%mké] &O%logecal compounds or

e conprises one or

antddpgonerttsCeh |soh&§:ep1b©d1mentsame gampleacompésrone or more of
i gand, an 10 enz , a substrate, an i nmmynochem.cal

an q ﬁﬁglﬁ@ga@gde ¥atg, g,s‘eggenglng\;paggntb,an;anrﬁsr a primer ‘extension
2}%}888&1 a %sﬂch?@ﬁ'éhzy%é”ﬂ peiR2 njé)e rglga%;?{toé P gégéf‘ﬁJh Rroduct ora

tor; or a co 'on thereo
Sort}brﬁhjrhatiomﬂmer:eoft thep sbmegembminreen’wl the spnmpe coonwises one or
nor e of an ant j gen, anttb ¥ an _enz
regeptof

redtPIE fon AIPREY, 2 6 hoPBsaBNgEN. 18 regeptay ligand, an

Oéi%}% 9 réﬁﬂ)@ P Jrﬁi‘:%%mcalaaw Iri®iunodlobulin, a virus, a
recep Oré‘a I ga de ant em cal rleagent or ag

condirusabinaiing Ia:errmm‘nent nasm’ntemn’aooﬁlhﬁﬁ‘ﬂ factomen growth factor, an
i nte ion co bi ndi ng event. In some
enﬂﬂéfg’ﬁ@ﬁtqa ?(Pr}g[’@@?gegh Obf the interaction is

per for ”Blﬁ ébinéteﬁl?@ﬁnen@éqﬁthértafg@ﬁn@[ferlél comprises one or more of
spect r ophot onet er, fl uoroneter, phot odi ode, a 20

phmmantlgearp,l amuquuben enzymss, @swmctloa &AYNG.|a gyeon fluorescent

ggtj eIrdm%]a@@é‘}%ﬁ{ﬂare@qegﬁgaefﬁf%?%eéﬁs%ﬁ%ng& g%bgﬁﬂor a ligand, a

congheghicyi teagent, &r.a éorabingfibh t@ef., an anperonetric
nmeter, a pH neter, or a conbination thereof.

Accor di nigl somafarabodimesis, die dnteraction, cayBRiises adipdingevent. In

C haotha &bl e Hetaoty diiedhlorddris/ frRtitety at least
devirie GG wied bpeotphowsmeterpen fpromeksr qaieshotodiode, 3

such as those described in U S. Patent 749, 814
t 0 motgmudipligr tubes &7miCcroseoRs a s@ngilat&n %Fpuntera ge@ngEy a CCD

e l. 6 L 4
{2 816, 1 an % ek PoHiblnl o LogeRu foncor
6 %&%vhpn\&d@ aepomhtlométbrﬁan%nsmmeiriﬁene@o, apH meter, or
al ., and 6,150,180 to Parce et al., each of which is
a combination thereof.

Accordingly, after a review of the present disclosure, one of ordinary
skill in the art would recognize that the presently disclosed PFPE-based
microfluidic device can be used in various screening techniques, such as
those described in U.S. Patent Nos. 6,749,814 to Bergh et al., 6,737,026 to
Bergh et al., 6,630,353 to Parce et al., 6,620,625 to Wolk et al., 6,558,944 to
Parce et al., 6,547,941 to Kopf-Sill et al., 6,529,835 to Wada et al.,

6,495,369 to Kercso et al., and 6,150,180 to Parce et al., each of which is

incorporated by reference in its entirety. Further, after a review of the

present disclosure, one of ordinary skill in the art would recognize that the
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i ncorporated by reference in its entirety. Further,
after a review of the present disclosure, one of

we@e@s038y2 skill in the art woul d recogni ze t hapCT/b82046031274

WD 2005/ 030822 PCT/ US2004/ 031274 presently discl osed
PFPE- based m crofl uidic device can be used, for

exanple, to detect DNA, proteins, or other nvolecul es
associated with a parti cuI ar bi ochem cal system as

ol - Breantly fisclosed, BEPEoaSi - miSuJdR. ik &5, By weed, for
entéié?hngle Jo! ¥etecE DNE! pesteRis [érS@tﬁ@zﬁlrﬂ@le%uI&t Qés@élatbﬂ with a

some enbodi ments, the presentf di scl osed sub

mat paiticulas binahessical mmda@ﬂeacmm HgS aPmné |N0a|6,,767 706 to

ggnggkg %gsh @Fkgsgqgcﬁré@aﬁ@é%ﬂ&% ﬂgggfre'?%&ea n Hs gﬁt?rety.
phot ocured perfl uoropol yether, wherein the patterned

| ayer of the photocured perfluoropolyether conpri ses
a pVuPed:i ty oMethochabbispepsinablaienalat | east one of

;B:rfhfé"f\' '%ﬂ?g) ﬁ{b@i@ﬂﬁ%ﬁgcg{ﬂ% PrEsefl, O&Itsk:l%tsed supjget matter

di sehexssiribve s &t mettesd obdispersing |aahatemaatthé¢nsmdmmmqﬁnstm1@
plurality of channels; and %\d%r g ensi ng at | east one
mat eri al thro@h tPiré’Vt‘FUﬂ Qepidig glev P@F‘@F'?inﬂga patterned

once again to Figu
e S 0 et 4 A IS 1, i
chemi cal reagent matﬁernedatayeomf me)opm:ttodlm’éd perftUomopolyether

reacti on product 1048 flow t pertur
810D and are di spef¥BRAN?EP argl ngF&%?BPGI 0gpd vythereln at least

some enbodi nents, ghe.of nglLﬁéllt?OHPrchéﬁﬁe% %H\%ﬂséé‘ an outlet

some 25 enbodinents, t he conprises netering a
predet er mi ned dosasggertire; t he drug. In some

enbodi nents, the netho rises d| sing the

pr edet er ni ned{baosaﬁrgvggnq ﬂgga?ﬁﬁne M{ g'&%e embodi nent s,

the material @Z”’pfdﬁﬁésﬂg atNieaSOBRESIatéHEI ihNat RUSE one of the
enbodi nent s, e net conprises dispensing the ink

conposi tion 30 onplaralihet ekannels;@nsome enbodi nent s,
the dispensi n@j)of c‘iQSeﬁé]Hg at least one material through the outlet

aperture.

~ Referring once again to Figure 10, in some embodiments, a material,
e.g., material 1040, second material 1042, chemical reagent 1046, reaction
product 1044, and/or reaction product 1048 flow through outlet aperture
810D and are dispensed in or on collector 1020.

In some embodiments, the material comprises a drug. In some
embodiments, the method comprises metering a predetermined dosage of
the drug. In some embodiments, the method comprises dispensing the
predetermined dosage of the drug.

In some embodiments, the material comprises an ink composition. In
some embodiments, the method comprises dispensing the ink composition
on a substrate. In some embodiments, the dispensing of the ink

composition on a substrate forms a printed image.
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conposition on a substrate forns a printed i mage. 47
WO 2005/ 030822 PCT/ US2004/ 031274 Accordingly, after a

w0 eosmsesef t he present disclosure, one of ordi PEr/ys2004/031274

skill in the art would recognize that the presently

di scl osed PFPE-based mcrofluidic device can be used

for mcrofluidic printing as described in U S. Patent

Nos. 6,334,676 to Kaszczuk et at., 6,128,022 to DeBoer

et at., : ) S :
ncor por AT el re e S inE ikt ARG one of ordinary
I \ribﬁoilm ivethb oatt ﬂﬁomﬂdpmcagrizg mawjlather%rebeﬂgﬁiy shevtosed PFPE-based
enbodi npents, . the present i sc] osed subject matter, )

10 fNsge we@sd%n%tcaweo%%%garrmcrw Iféicr?a@ngaas, degggibed in U.S.
et patlf NBY, s AN6T6RY REQELOKM 4, B PI90bYIH SeBEY) EPal., and
conprising a patterne phot dcure

per 8,006 4330loyBidre reachhef whitht isencorpotateddueremy by reference in its
t he ho{ocured per fl uoropol yether conprises a

pl Py of channels, and wherein at |east 15 one of

the plurality of channels conprises a separation

region; (b) disposing a m xture conprising at |east a

fi ristDrat er i aMethiddobSeparatig @eiatdéral i n t he

"east ond GPriecmadnbes. ofte SrefaficiiscBsnd: Rublagt matter
a SERRrBdes A meRHdPOF sattafity ashBRrial thd mMdtRod icbfiprising:

material fromthe second material in the separation
region to for(@at prexisting e mieneduigic devieat eemnarising a patterned

embodi mont s, at 1 aadet 85 Hiofadtied dfidfongistigry wherein the

second material 104&t61ABRAT layer SofMhe Widtodred B¥ARIrEpolyether
material 1040, e.g., a mxture, flows through the

mcrofluidic systeampasemhanduralifyof chhaneelsi andomrerein at least
enbodi ments conpri [ ' : :
embodi ment s, che sasaening ARy o bRk samBrsey Gsoparation
material 880, e.(g.regiorghromat ographic material.

Material 1040, e.g., a 30 mxture, is separated in .
chanber 870, @)g. ,dlap@%aaraaMI&ur%mmls,lng at 1epsh a first material

third material 10444 §d3cond ﬁ&@ﬁéﬁhqgigﬁﬁﬁ{f@%ﬁ dklice:

sonme enbodi nents, separated nateri al tected
by detector 1@30. flowing the mixture into at least one of the plurality of

channels comprising a separation region; and

(d)  separating the firsf material from the second r>na>terial in
the separation region to form at least one separated
material.

Referring once again to Figure 10, in some embodiments, at least
one of material 1040 and second material 1042 comprise a mixture. For
example, material 1040, e.g., a mixture, flows through the microfluidic
system to chamber 870, which in some embodiments comprises a
separation region. In some embodiments, the separation region comprises
active material 880, e.g., a chromatographic material. Material 1040, e.g., a
mixture, is separated in chamber 870, e.g., a separation chamber, to form a
third material 1044, e.g., a separated material. In some embodiments,

separated material 1044 is detected by detector 1030.
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48 WD 2005/ 030822 PCT/ US2004/ 031274 In sone
enbodi nents, the separation region conprises a

wa@ boososasonyr aphi c material. In some enbodi ment SPCT/082004/031274

chromatographic material is selected fromthe group

consi sting of a size-separation matrix, an
affinity-separation matri x; and a gel -excl usion

matri x, or a conmbination 5 thereof. In sone

enbodi nept s @Ee 1 ec S

one or r &0 I%nbéllrnsb%g %r}]té o?ﬁgmreb?l:%r ar i éﬂgﬂg ec%mprlses a

cheghroaatographid egatesibl. colmpsons enttsodimepts)ethies chtomatographic
sone errbodl ments, the first or secqond eri al

conpeiesial inaelesiec#iem e GoHR, cPBsisting pggt%ﬁa@%ratlan matrix, an
seq n 1 r ensi

S SHRRY MpBBRO il B TBOLCRUASLAZ et o8P hmbinator
r eaihier@sf. pr oduct, or a corrbl nation thereof In sone

enbodi nrents, the first or ond mat er r es
one or iy &HE AbHMantsy theafc réEPT sequytmagqerl aqp'n%prlses one or
ant jgen @nb@&e@&{e bi %?th@dﬂe%%%ﬁ%mnéal%élb@k%l c8fhpounds

i mmunochem cal, an 1 nmunogl o a virus, a virus
bi noli rtg)mpxmmﬂent InasaSepremizodiments; etheul fist farcsecond material

growth factor, an inhipitor, .or af?g?nalgeatlon £

¢ heFQBPIISeH 008 AL MBS B) FRieic pk Bt Gorpayeneng reagent, a
det r

oot pifior SRR promId bostriclof ¥fzyme, & POR jeagent, a

| s PER rackidn lpyodiyct) eaamomhn@momtj‘teefeoff la some embodiments, the

hot one uor.onet er hot odj ode .

o holishaty Pera ShatsBal SomuReSeapg. o MEE P 4T FitbRdy. a cell

Couféc@btora SanBittyend SCRREMIET digahd] n ashARid,cal substrate, an

det ecti on syst em at enper ature sensor, a
conidBtNo¢chgmieet, e Irmnpaogl@butma efrrUSaaq wrummm@ﬁﬁtqqn@ponent a

e el R 13012 BN, SR i, nination

onethefest di nary 25 skill in the art would recognize
that the presently disclosed PFPE-based mcrofluidic.
deV| ce chn sRMgsambedingis.attBenaneiios) scomprisrs; crelpsting the

" Mg oSy o ogs, Mgt o g soperaa

al . matsid) isfperfurnfed byiatcleapboatest hmrelcf @ﬁpeetreplaotoeneter a
inits entirety. 30 49 V\D200/0308

2
»»pﬂt@g@gﬁqe@gfzmmodlode photomultiplier tube, a microscope, a

scintillation counter, a camera, a CCD camera, film, an optical detection
system, a temperature sensor, a conductivity meter, a potentiometer, an
amperometric meter, a pH meter, or a combination thereof.

Accordingly, after a review of the present disclosure, one of ordinary
skill in the art would recognize that the presently disclosed PFPE-based
microfluidic device can be used to separate materials, as described in U.S.
Patent Nos. 6,752,922 to Huang et al., 6,274,089 to Chow et al., and
6,444,461 to Knapp et al., each of which is incorporated herein by reference

in its entirety.
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V. Exampl es The foll ow ng Exanpl es have been incl uded

to illustrate nodes of the presently disclosed
wanmsests2atter. Certain aspects of the fol | owemus2004/031274

Exanpl es are described in terns of techniques and

procedures found or 5 contenplated to work well in the

practice of the presently disclosed subject natter.

In light of the present disclosure and the genera

IevI oflE_%h]IEﬁs'n t he art, t hose of skill can

app’r‘em a the follow ng Exanples are intended to
be exenpThe Yollowipg &xdntpies haue“tbeensinclbdeqe@,lllustrate modes of the
nodi fic atigns c enpl oyed

o braentisaREot8a s Pohlechanalane dertle ABpods ask ey following
Do kamBlbs® Eﬁén?t%i%?)%l 1 {oBERDF BoniRBS MR Prdtedures found or

5 repmcaﬁem;Mt'edetosnmkrmen or thehprasyioe lefthe pesently disclosed subject
phot ogcur i 15funct|o alized rfl uoropol yet her.. .
P Cmeliero b8 gt S ke RresondisCIonecan® The-ao0aLIRel of Skil in the
CF i ;
7 1 Hb8e dreki o o Moth BICMAG Folifples re intgnded to
CHZ)@SI—EXW&HSCO@H fandD-DER OuMherbusC- AGMXyes;Z modifications, and

CF20 CFZO r,CF2 CHZ OC.CIH 0
STt @R 'k onipyes, ilhaHT dePArtiRaComEe seops of the
10  Cr osebbhtedistided ety fatter.

Example 1

Svnthesis of Photocured Functionalized PFPE Materials

A representative scheme for the synthesis and photocuring of a

15 functionalized perfluoropolyether is provided in Scheme 1.

CH
I 3
HO-CHy CF70—CF,CF,0}=fCF,0}—CF5+CHs0OH + H,C=C
p=0
: (o]
Dibutyltin Diacetate ]
1,1,2-trichlorotrifluoroethane (|3H2
50 °C, 24h GH,
NCO
i i i iy
Hac:—c—lcl—o—CH2 CH,—N-C—O—CHyCFy o(—CF CF, O}t CF,0 5 CFr CHy-0-C~ N—CHz CH3-0=C—C—CH,
L 5
i ‘?
©—C C,"‘@ UV-light 10 min
Q
1 wt%
Crosslinked PFPE Network
,  Scheme 1. Synthesis and Photocuring of Functionalized
Perfluoropolyethers.
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Schene 1. Synthesis and Photocuring of Functionalized
Per fl uoropol yethers. 50 WO 2005/ 030822

wERONs8ReD4/ 031274 This nethod is based on a prewisus4/g31274

reported procedure. See Priola, A, et al., Mcronol.
Chem Phys. 1997, 198, 1893-1907. The reaction

i nvol ves the nethacrylate functionalization of a
commercially available PFPE diol ((Wn ) 3800 g/ nol)

wi th i sagyanat get hyl et hacryl a . ent

phot ocur @ %‘Pﬂ??é '?raqeésteldg%ni g é’%&’@ﬁ&%ﬁé@%%%@ﬁﬁdum' See
bl epgblag A Widihall Wacte®bl. Chem. Phys. 1997, 198, 1893-1907. The
2, Z-di met hoxy- 2- phenyl acet ophenone and exposure to W

r adieactiom iwolveseshanmetiBanyipiee fanctionaligaten apt a commercially

o HEEDTRFER BRI A, SR Sei3BRERietl HByporviate
Al dsilsdedaepbiphiatodiaiiigaod the Matvpslkiseacddhsgiheidnthrough blending
United States of Anerica), 2-1socyanatoet hyl

netWitle rly wit% @fERi-diswethaxyerhienylacetophenone and exposure to UV
2, 2- Ix Xy nyl acet ophenone 15 (DWVPA, 99%

Al gfra&#@m% b%%?/ﬁ?’lﬂh di acetate (DBTDA, 99% Al drich),

and 1,1,2-trichlorotrifluoroethane (Freon 113, 99%

Al drich) were used as received. Exanple 3 20

Preparation of PFPE Di met ha&@MRl@2(DMA) In a typi cal
synthesis, ZDOL (5.7227 g, lyvgidfgpl) was added to a

dry 50 nL round bottom fl ask and purged wi th argon
for 15 rRPolyftesaflidive{Hyler®e otide-doddiffmmomethyglenkemxide)a,w diol

L Sl B o Bt AR Cpffn oo
batiigagkéd | qf()’ﬁé%oh@in%é‘gﬁﬂteﬁ %taﬁ%acoif OAméfich), E“—Es_ogyanatoethyl

sol ution wds then pass roug chromat ogr aphi
col methacaylate (BIMFro896 AllBichl 2/8-Rirbethoky-2=pbeaylaacetophenone

fot t yield | eay | ' .
o 1 ONRRC 89 Mo D i Erciglen 0BIDA.L BB%Reen). and
0. 22 1 pmrRAlor8iMBDRIEthARE (Frebfr 113 OB (RIFLh) 2wére Ssed as
(3H); 3.7, q (2H); 4.4, t (2H); 4.7, t (2H; 5.3, m(1

H) ;rebe®eds (1 H); 6.3, s 30 (1 H. 51 WD 2005/ 030822

PCT/ US2004/ 031274

Example 3
Preparation of PFPE Dimethacrylate (DMA)

In a typical synthesis, ZDOL (5.7227 g, 1.5 mmol) was added to a dry

50 mL round bottom flask and purged with argon for 15 minutes. EIM (0.43
mL, 3.0 mmol) was then added via syringe along with Freon 113 (2 mL), and
DBTDA (50 pL). The solution was immersed in an oil bath and allowed to
stir at 50 °C for 24 h. The solution was then passed ’through a
chromatographic column (alumina, Freon 113, 2 cm x 5 cm). Evaporation of
the solvent yielded a clear, colorless, viscous oil, which was further purified
by passage through a 0.22-um polyethersulfone filter. 1H-NMR (ppm): 2.1,
s (3H); 3.7, q (2H); 4.4, t (2H); 4.7, t (2H); 5.3, m (1H); 5.8, s (1H); 6.3, s
(1H).
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Exanpl e 4 Photocuring of PFPE DMA In a typical cure,
| wt% of DMPA (0.05 g, 2.0 nmol) was added to PFPE

worWms0508g2 1.2 mmol ) along with 2 nL Freon 113ramusiooa031274

clear solution 5 was forned. After renoval of the

sol vent, the cloudy viscous oil was passed through a
0. 22-pm pol yet hersul fone filter to renove any DVPA
that did not disperse into the PFPE DVA. The filtered

PFPE DVA was then irradiate i.th,a UV source
(Electro-lite UV curing cha%@ﬁ%géel no. 81432-ELC
500, Danbury, Connect PhgtocudmicsfPRIPRIDIMACf Aneri ca,

.1 =365 nm while 10 under a nltrogen pur %g for 10
mn, yi énde dypigalcewar 1 witqelt PMRAIP 6@, 9.r 2Bbminyol) was added to

mat I I ' .
15 PEPE'DVE D) 23] ABnGRILE i R Pedh 131 @ ear solution
phoias frineat. OAftéasemole of itine dolveni:tiaeglotidd)viswdrissgll was passed
coated to a thickness of 20

wafEFoUdih &i-AZ TN mé/ea@grsuﬁaﬁ%ﬁlff%%gﬁra@vwwé?w%maé did not
Wafcﬁ%pé\%@ td“ﬂ{é p'F@‘%@M/Qt Gl'rf&ﬁlté%dclﬂlfl’ % tg@ﬂ radiated
|rra|ate or 6 s epar at el y, ayer

of witte amt\,érsoarce/\@leptrodltméﬂl lyripguchangbeh endefePindNg 432-ELC-

20 containin otoinitjiataor to a | d "surroundin _
EheS . anbnTeGestRg (Ao Siatea I AGIeCasHST 565 im) while
pat . ' | it

1 ﬁfﬁ@%ﬁf‘%ﬁéﬁﬁf’? st 0 it Qe ihd %‘3%*!#"9@@ yoflw, rubbery
r emoatdiahnd i nl et holes were carefully punched in

specific areas of the device.- The thick | ayer was

then <carefully placed on top of the thin layer such

that the patterns in the tweydmdi@pers were precisely

al igned, and then the entire device was irradiated for
10 min. Owce conpl Beﬁlcetﬁabr@atlori witheRF e INd& peel ed

hese. odP! Bo rivhs Rauatfer 2i5Fe AVDS G Pl dffctapicetor (es

ex%&lﬁeﬁ'lmamplé‘@'mﬁééesﬁn%%@ed)ﬁi Qﬂﬁi@kﬁ@éé’\@ﬁﬂo um (800 rpm)
structure failure and proper adhesion of the

| ay@nte.a §®\naier\/@mtemmg)mggsma‘@bsimealﬁt)gaﬂem EIarspwefer was

pertﬁmﬁl i %X/Eﬁcgﬁlﬁ qg/ L{?ﬂ%y%nptg% %ﬁg@[ad'&ea%o% s. Separately, a

thick layer (~5 mm) of the material was produced by pouring the PFPE DMA

containing photoinitiator into a mold surrounding the Si wafer containing the
desired photoresist pattern. This wafer was irradiated with UV light for
1 min. Following this step, the thick layer was removed and inlet holes were
carefully punched in specific areas of the device. The thick layer was then
carefully placed on top of the thin layer such that the patterns in the two
layers were precisely aligned, and then the entire device was irradiated for
10 min. Once complete, the entire device was peeled from the wafer with
both layers adhered together. These curing times were determined to be
the optimal exposure times to achieve a good balance between structure

failure and proper adhesion of the two layers.
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DVMA and fully cured Sylgard(r) 184 (Dow Corni ng,
M dl and, M chigan, United 5 States of Anerica) in

walc@bkloansezret hane. The % Swel | i ng was det er mi neBPICT/US1004031274

the followi ng equation: % Swelling = 100%* (W - W)

/| W where W is the weight of the material

i mredi ately after soaking in dichloronmethane for tine

t and being patted dry with a paper tissue, and WO 10

is the original weight of the, t.g%l al . Exanple 7

Rheonetey Viscosities of tfe two €l astoner precursors
(PFPE DVA and 15 Syl gar &wellinkBRXxpawnentseasured on a TA

I nstrunments AR2000 Rheoneter (New Castle, Dela

Uni t ed SPWEBBYOPXDEHEISHE)WeTOe RRTiP s thy ﬁ@al@ngtfﬁﬁeﬁum PFPE

SO S BBy SR M, o, U

af tStated X)ifnﬁgnéh@)t imodivhipomettizne. The $ha@welling ewaisodetermmed
Sylgard§ 184 was varied from0.03 s-1 to 0.70 s-1
andisiog thasfallowing ﬁq‘é@t&ihst ant vi SCOSI ty at each shear
rate. The shear-rate for DVA was varled from
0.28 s-1 to 34.74 é»&wglhaga|£Q94°es(vamMVq 4 Yo const ant
viscosity regardl ess of the shear rate. Vi SCOSItI es
wer\ehee gf\/helé Be tweioRy ofatheavaateagial dmmediaigly caker )soaklng in
vaI c

" sEoRibtfing BE Al £ BERIa SN ait o Bt 8Tk and W
FI duettie oAginbl welgtamplitse thalyralni ¢ Mechani cal Anal ysi s
(DVA) Modul us neasurenents were taken on a PerKki nEl ner
DVA 7e 30 Dynami c Mechani cal Anal yzer (Boston,
Massachusetts, United Stateg,g ebqerl ca). Sanples
were cut into 4-mm x 8-nmm x width x [ength x
53 WD 2005/ 030822 PCT/ USZOORh@GﬂrﬂeTE,: t hi ckness)

rectangl e cotligs BF LB o et Ca S, BEFE DM and
r at g%m@q \Héyré Hidsurdd'®n 53|“R' lﬁsfrHﬁiéM@d\F@ZOOd Rheometer

rea 6400 The tensile noduli were obtained
f r oiNevhéCastie |Delawarmeuom¢d tSiatgspobAmernica)y Beagurements were

St rtg Q o%fagg]r%xi?rtlgtgﬁlsé-gtrmlo? mgie(r;lglr. ViR asurements on the Sylgard®

184 precursors were taken immediately after mixing the two components.
The shear rate for Sylgard® 184 was varied from 0.03 s't0 0.70 s and
resulted in a constant viscosity at each shear rate. The shear rate for PFPE
DMA was varied from 0.28 s to 34.74 s and also resulted in a constant
viscosity regardless of the shear rate. Viscosities were obtained by taking
an average of the viscosity values over all measured shear rates on a
logarithmic plot. The raw data for these experiments are shown in Figure
11.

Example 8
Dvnamic Mechanical Analysis (DMA)

Modulus measurements were taken on a PerkinElmer DMA 7e
Dynamic Mechanical Analyzer (Boston, Massachusetts, United States of

America). Samples were cut into 4-mm x 8-mm x 0.5-mm (width x length x
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Exanpl e 9 Dynam ¢ Mechani cal Thermal Anal ysis Ther nal
transitions of the two el astoners were obtai ned on a

W®ei0k03081) DVS 210 Dynami ¢ Mechani cal Ther mal POBU§Z64/031274

(Sei ko Instrunments, Inc., Chiba, Japan). Sanples were
cut into 4-mmx 20-mm x 0.5-mm (width x |ength x

t hi ckness) rectangles. The follow ng settings were
used: Lanmp = 10, M n Tensi on/ Conpression force =

10. \[ j {: 0N I tron =,1.2. Force

o ke L R AbEC"THE YHANstAHE TOREL O briof ing B Samples
- 14085 tD ng{QCand ghe ledewebtincreadedir atnrdtbeof 500 EnN/mirfl until the
correspondi n tenmperature at t maxima in a plot o ]
o {08 holitedLsT ® soananedin mL. The:heue roodshvect obtained
An S ' t : .
oo enE IS G X Ahrof Rty c BISRRINtng, stressistrain
Comewees.Angl e Meter (KSV Instruments, Ltd., Hel sinki,

Finland). Droplets were placed on each of the fully
cured el astonmers using a 250-pL screwtop syringe.

Exanple 11 Results To msasE&gmMent resi stance,
tests using classical swelling neasurenments were

performed on bot DymemMicrMechaniodelchePri Aty sisid
Syl d 84, PDNEB. bi nst ej M t al , .
ool S Terti rehelfiRLE o1 iR EleStanis, Wees okiaine op, a Seiko

20@3Sp2 30 Dyrizanie! MevRatibAl TASEARAAI9Ler BiRkS SndRthents, Inc.,
after imersion in dichloronethane for several hours.

ThéChihaaJapamip Seomlesoesre qutinios2aody 8 2Rmm shBe-trimt(width x

T gy S T SRS o Lomo -
sweld, i bign (F&38ion/TuenpielBioanforBEPE RO PI TBREBHIGdrhpression

and the fully cured networks have sim|ar processing
anFOREEHaMi T d12: pr oiger amplitudrie di08gy The teriraratusatsweep ranged

sh theeW SEO0S of ur PERE t 25 C .
toq@@q o.'gkg) gas@ S‘%Fﬁéh i@tbgi\}g%i%f @3%555 froia s, sgprresponding
t hdemperauilabie haxinidin aipioE” (Besgasddius) t84emperature.

Because both nmaterials are viscous oils at room
tenperature, however, standard PDVS device fabrication

met hods al so Example 10

Contact Angle Measurements

| Static contact angles were measured using a KSV Instruments CAM
200 Optical Contact Angle Meter (KSV Instrufnents, Ltd., Helsinki, Finland).
Droplets were placed on each of the fully cured elastomers using a 250-uL
screw-top syringe.

Example 11
Results

To measure solvent resistance, tests using classical swelling
measurements were performed on both the cross-linked PFPE DMA and
Sylgard® 184, a PDMS. Rubinstein, M., et al., Polymer Physics; Oxford
’University Press: New York, 2003; p 398. Sample weight was compared

before and after immersion in dichloromethane for several hours. The data
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could be used with the PFPE materials. 10 Sai d anot her
way, the PFPE nmaterials of the presently disclosed

wamsests2at t er exhi bit | ow viscosities and arBCT/US2004/031274

pour abl e. These properties distinguish PFPE materials
fromother fluoroel astonmers, such as Kalrez(r)

(DuPont Dow El astoners, L.L.C, WImngton, Del aware,
United States of America) and Viton(r) (DuPont Dow

El : /| 8 ' .
5| SRS ahot o n ! PR Sk, ol RE 0408, by weio:
exawhll€ thé PEPH setowirk gholvedinegligible swelifgQ@<33y. at 160

C. Further, Kalrez(r) _and Viton(r) are each cured

t her mal | YhenPPMPyaBdi Bk RIBFUEOT t Maiorals apad yHes fully cured

( f o f i al
ot HEMoREBER, SRR, Backpting A nbolidficAl bivedids.  Rheology
t enpepairmentstshamsid ihends¢ositiofGhanmhculestBPEPE DMA at 25 °C to be
res tively),as, evidence [ in t | oss

roadRBeP e, P sl YR BCay, IOWer e G & ok the uncured
f°fsg|p§r gbhf"r Balse DRRY IRAterhIs Nsrel V\ﬂs%ous oils at room
crossFinked materials at room tenperature. Stress

st r @mpearatlrg siowsvenws stamaiard HeDMSh sddvicaerdaificetionf néthods also

full d PFPE- i 3.9 MPa, which
srrﬁ(%/lﬁa r&%@ﬁ’a‘@’@&aﬁs’rgg?%%%&é}ﬁéf IuISI y cureg Syl Ig;rd(r)
184 (2. 4S§(ﬁa)anoﬁe@tw5¥0% WP@%b%ria@%ﬁ%@q_gﬁse%n}ﬂ@r&sclosed

made on both the elas ’omars._ As provided in
t hestjeEt Miittee lexbibinow yisoasitiea aridghee pourahlact Thesg eroperties

th I 184, f t d t h [. Tol
naistQlRh FrRE it i MR (o A las ™ oinets $5ch a3 Kalreze
on @URGR! DoWhERBtcHely, QVEIT. YV IR "Balatvdre, Phited States of
taken. Contact angle values for these solvents were

obt Amesigaj oand h¥itep®E (BuRart dlawl Elastoweers,, Lak.Gho Wilmington,

SVob bl S OGN v gy ypcostes. For

(deghamfBleasieowRto¥ity of ileh@aigof80pPaanat 160 °C. Further, Kalrez®
Di chl or omet hane PFPE DVA 107 35 40 Sylgard(r) 184 101

22 anBViop®@re gaghi ¢ued shermallytaidy-sol vent swel | ed t he
T2 DRSS R IFBE USSR CARATAS S on e
accfuﬂpldmda@dnaterials.’ Both the PFPE and PDMS networks exhibited low
- temperature transitions (-112 °C and -128 °C, respectively) as evidenced
by maxima in the loss modulus E” (see Figure 12). This transition accounts
for the similar elastic behavior of the two crosslinked materials at room
temperature. Stress strain analysis shows that the tensile modulus of the
fully cured PFPE-based elastomer is 3.9 MPa, which similar to that
measured for fully cured Sylgard® 184 (2.4 MPa). Static contact angle
measurements were made on both the elastomers.

As provided in Table IV, the PFPE DMA elastomer showed a higher
contact angle than Sylgard® 184 for water and methanol. Toluene and
dichloromethane instantly swelled Sylgard® 184 on contact, which
prevented measurements to be taken. Contact angle values for these
solvents were obtained for the PFPE DMA material, however, as no swelling

occurred.
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according to the procedure illustrated in Figure 13.
This procedure uses 5 partial curing techniques to

wa@adivsnsosehe two | ayers without conprom sing fREI/USE04/031274

sizes. Unger, M A, et al., Science 2000, 288,
113-116. The PFPE DMA material was spin-coated and
nol ded usi ng procedures designed for Sylgard(r) 184.
To conpare the solvent conpatibility of devices made

romLe Lo 10 TahLAl sl oL R GEn v "0

i ntr qdsefhdmt o ayBE chamsthapsld a FAesdannBlchfromethane
capillary action (see Figure 14) The PEPFE channel s

shoREH’ErBMé\/l dencel®f swel |id@ as the 8 ution 43
Ied ly th gh the channel. A pronounced
rev ggr‘riﬂgécus V\g@ﬁjobservedﬁi ndi cati ng good wetting

befAW L) ihAickees WMt el sof\‘/@nﬁ%k/\#éllb@”th%nhfé”téﬁ’alt B8d MdVRccurate

devi ce because the channel was plugged shut when it
mad@eaghtenaentgautd badakeropl et. As a control, a dyed
nmet hanol sol ution was easily introduced in the PDVS

channel j §h@eSagbodRiEs, = Aslisdt fabriQitionhewxs! ¥RBomplished
was acconpl ished by 1 ntroducing pressurized air (-2

psidcaardinigald the pesceduiae IIMmtlzat@mmmFegunehﬂ3ugﬁhlshprocedure uses
thick, .2 chann

' ' f.th
t neba AL euBNG visShnials 1 pRRe BN liiraye Bithgut Cofbromising
act gt arsiyes ghvggi;,:i\ggég%g%é .F 'sg:!r&rﬁelfdoo '288M1Ht3 P65. The PFPE

under stood t ha I's of the presently
di sM#s adatesalbwemspmcoaﬁedcmd ineolded nuiping wradeslures designed for

departin m t he scope of the presently disclosed
sub?@gf" C%t Eg Furthermore, the foregoing description

is 25 fpg cUi*@pé}éftﬁ@Ssi‘)l\‘iént' édrﬁﬁéﬁtﬁl V\%QBT @lides Al Rbm the two
for the purpose of limtation. 2005/ 030822

PCTheizEbsl/ e3dged solulions @niwnmﬁlqmor@nmthame,i @cetpnitrle, and

x:%gﬂ%g)fﬁ%'ﬂg?& ﬁt %ﬁﬁgg‘ﬁ%%ﬁﬁé?ﬁsﬁgo%%wchannel by

pr o3dpilldrg aRtionPsée Rigire WARr ¥he RFRE %Hbﬁhélét&omd 8¢idence of
a patterned surface; (b) contacting

pergwelbng 6| thetselutiqn taveled easily rﬁhrtoush thatahennell A pronounced
Surlfe%?seOfméﬂgc&éJ%ésr %beser\?ébq indicating good wetting behavior. In

contrast, no solution entered the PDMS device because the channel was
plugged shut when it made contact with the droplet. As a control, a dyed
methanol solution was easily introduced in the PDMS channel in the same
manner.  Actuation of the valves was accomplished by introducing
pressurized air (~25 psi) to small holes that were punched through the thick
layer at the beginning of the channels. When the solution was present in
the channel, valve actuation was observed (see Figure 15).

It will be understood that various details of the presently disclosed
subject matter can be changed without departing from the scope of the
presently disclosed subject matter. Furthermore, the foregoing description is

for the purpose of illustration only, and not for the purpose of limitation.
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(c) photocuring the perfluoropol yether precursor to
forma patterned |ayer of a photocured

w@eooslosisenpol yet her. 2. The nmethod of d ai m 1, PCT/US2004/031274

conprising: (a) coating the patterned surface of the
substrate with a blend of a perfluoropol yether
precursor and a photoinitiator to forma coated,
patterned substrate; 15 (b) exposing the coated,
patterned substrate to ultrawal radi ation for a
period of tinme to forma Iaygl'—%clxﬁsa phot ocur ed
perWnspi®oainied iwer on the patterned substrate; and
(c) renoving the layer of the photocured

perf | uorppol ygt h%tgoaoof f8FFhinke oP HftRrhed! @g@ﬁtdfa*ae ph®tocured
produce a patterne | ayer of "t he phot ocur ei

per penfiluompallyathér the tethoed comphisihgof C ai m 2, wherein

t he perfl uoropql yether, precursor conpri.s an,end .
functionalize Sperpqqyw'?}g@l ?&ﬁi@?' Wﬂgﬁ%@%ﬁ%t%ﬁr&e comprises
Caim2, wherein thepBM fifdcd;or conprises 25-

2, 2-di met hoxy- 2- phenyl acetophenone. 5. The nethod of
daim2, wher@)n teentppididcar eerfliywopolysthgsolpjecuyser with the

method of G ai m 2. PARERelsUiage ST Sapetp! fna > ThE
per f 1 uoropol ygfher ﬁ@t@@ﬂliir$g9$h@fp|@¢ﬂlli¢rbpbky§ﬂierepr!é@0rsor to form a
di styrenic. 30 7. The nmethod of Caim2, wherein the

patt er ned subst r at Ratierag layasof aphatesa@dsperflagrppolyether.

waf er . WO ?Rgg‘&ﬁﬁg%%d’%g%ﬁ?ﬁgﬁ 274 8. The

met hod of” Cl aim erein erned substrate

conprises a p{t or esatily &l fpatteatbd shehcat &. tHe slibstrate with a

met hod of Claim 2, wherein the cgating step cogé)ri ses

a spin-coating stllignds afp. aThRerfHPrRRPIVsthey gppeaursor and  a

wherein the ultrayvj ; i atd .
?@J.’tsk‘i@%ﬁ’ oA J‘gé%t%dt p@ﬁal %ﬂn%@%d%s%te,

about 365 nanonete e netho

wherein th i od_af & f - _
r aﬁf :It inon faﬁgﬁ'sof ?%@%’&E‘gé} gﬁé\r{déc%’ér%ér%a Z%Lg)tusttraé% 60 ultraviolet

'seconds. 12. The neidhatibrofforlClaaiperivd, ofvteneito fdven a layer of a

eriod of tinme of the :
P photocured perfluoropolyether on the patterned

substrate; and
(c) removing the layer of the photocured perfluoropolyether
from the patterned substrate to produce a patterned
layer of the photocured perfluoropolyether.
3. The method of Claim 2, wherein the perfluoropolyether
precursor comprises an end functionalized perfluoropolyether.
4, The method of Claim 2, wherein the photoinitiator comprises
2,2-dimethoxy-2-phenyl acetophenone.
5. The method of Claim 2, wherein the photocured
perfluoropolyether comprises a perfluoropolyether dimethacrylate.
6. The method of Claim 2, wherein the photocured
perfluoropolyether comprises a perfluoropolyether distyrenic.
7. The method of Claim 2, wherein the patterned substrate

comprises an etched silicon wafer.
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10 ultraviolet radiation ranges from about one second
to about 100 seconds. 13. The nethod of Claim12,

wob@soses2t he period of tinme of the ultravi ol et PCT/US2004/031274

radi ation is about 60 seconds. 14. The nethod of C aim
12, wherein the period of tine of the wultraviolet
radiation is "about 6 seconds. 15 15. The net hod of
Claim2, wherein the patterned | ayer of the

photocurgd peffd umfe%zty toﬁ?émt r‘re?mrs ﬁhf’rﬁuﬁaférneg] substrate

m croneters and about mcro
rretd:mﬂpmﬁeﬂahntdréslst/\patt@tnedtslmestrataer ned Iayer of the
her i s between about

hot ocur or
Pn' cr onet@r an Hb‘%}ﬁggﬁ é—é@'%%r"‘@t%?'@r er¢pating %?P cpreprises a

et 406l cBhtj 16 wherein the patterned |ayer of the
phot'ocur ed I uor opol yether is about 20 mcroneters

thick. 1H. Th'Bﬂermetbddcn‘f Ghian 2, Mhensiartbierultraeiolet radiation has a
patterned er._ o phot ocur ed perfl uoropol yet her

i's %%Y%%chﬁ %3%?»[9&“0 MEeS s and about 25 10
mllineters tiiekmethdd Ef‘@lﬁiﬁﬁ @dwﬁéregt &h8 p&riodM¥t’ fih8 of the

t he {oatter ned | ayer of the hot ocur e
peruliravelep sadiatiore rm@%ﬁmntah@ur&nhbmwned 4o abiook 30@ @econds

IE: WELE%CS]; g4 éﬂ"PHO%IJwgiﬁ %{lh g%ttﬂf negeb% of tlme of the

pl wighvibhet eddisticn f@r\-‘gﬂsefr@rh%’tﬁb%t ®ne s%@oﬁé to EB%UF‘FG@%@COMS
of d ai m 20, wherein the &ﬁl'ﬂal ity of mcroscale

channel 1% onpirhes srethadi oft Glgiax 42, mhereinkther petiod cafctime of the
0 /| US2004/ 031274 22. The
5\”81 %?d rﬁ% a%v&t r%‘@z%ectoﬁ@ Shi croscal e channel s of
the i nt et@lr at Thenetathod OMCRIMETL, MhePsiAdPeepBHAE DS time of the
p0|nts 23. The net hod of Clalml conprising form ng

a pltavielet Kﬂ%t'%lse%boqtr@ saf&ngdat t erned | ayer of the
h
ot o 295 uharls MR SCEM 20 utbraih e BRBHa taver of the

holpbetanmpd i Eeiuopolyetticragasétueen outThenicedshettréfand about

Caim 23, wherein at | east one of the plurality of
ﬁ@?@wpgeé?ﬂé‘tﬁ outl et aperture. 26. The nethod of

O o 236,57 TH B3 o @A RIS,RLEATIE odlinog oy o the
defphotatungd pedlwdropolyether is between about 1 micrometer and about 50
mlcrometers thlck

17.  The method of Claim 16 whereln the patterned layer of the
photocured perfluoropolyether is about 20 micrometers thick.

18. The method of Claim 2, wherein the patterned layer of the
photocured perfluoropolyether is between about 0.1 millimeters and about
10 millimeters thick.

19.  The method of Claim 18, wherein the patterned layer of the
photocured perfluoropolyether is about 5 millimeters thick.

20. The method of Claim 1, wherein the patterned layer of the
photocured perfluoropolyether comprises a plurality of microscale channels.

21. The method of Claim 20, wherein the plurality of microscale

channels comprises an integrated network of microscale channels.
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15 (a) a mcroscal e channel; and (b) at |east one of
the plurality of holes. 27. The nethod of Caim 2,

w@eows/smseng: (a) overlaying a first patterned Peyes2004/031274

t he photocured perfluoropolyether on a second
patterned | ayer of the photocured perfl uoropol yether,
wherein the patterns of the first and second |ayers
of the photocured perfl uoropol yether are aligned in a

]I? :r ?S? t :r . ‘¢ he aI I Bgﬁ %@tfeq%nrﬁfif h\&l?érsﬁﬁﬁﬁes hﬂgrgtsggle channels of

perthbyRt egp&bwémrkt|ﬁte¢ééétaatlppé@étermme@tpcﬂﬁtsfor a
period of tine . The nethod of Caim27, wherein

the firs23.andlhéenabed o Claim {l ccomarisngdoEming a miurality of holes

an%ﬁﬁ#Tpgggf)nef{]lgvgﬁregﬁggng gﬂ%ﬁ“é\'ﬁ@@gth%he first

patt er neziy.| ayetie Afethddref pjlmnpwrwﬁer@m &t leasbont Yetheeplurality of
is about 5 mllimeters thick. 30. The nethod of Cdaim

27,hcm%p@mri§ﬁ§ agdaleharpgHuter ned | ayer of the
h . .
{JhIOEECUI‘ 31 %H@%@@%W?ﬂ@ﬁ{& ﬁg@‘rﬂ V\ﬁl%a@[ 8ﬁ§'6gil‘?é Plurality of

erein
pr digéecompeidealangputiedbipertiird.he first and second

| ayers of the photocured perflugro ether forms
pI ﬁral i t4P-of -Hi?%rrﬁ% gpeoﬁﬁﬁ'ﬁé%& &“%@'Q@O@/@ﬁ’@ ope pressure
th o éﬁg@p urgl I%R;g%{ﬁerer’ﬁ%he?? sSHRERduA Fanﬁ)@“s%i%ffln\éfﬁ%)ﬁéﬁb of:

m cr os channel's conprises an
i nt egr at ed ne(tax)xorkanﬂcrmscalesufﬂnaet;imﬂnel s. 33. The

thod of C 32 wh 1 CI. | h | f
The i nt ogr at ol not HIPRITAP LB PWE B SRAESm noa —
poi nts. Z7, 34ur a&%‘ﬁ]éfﬁé@@ﬂC‘R—fler AdMprisingONPri si ng

formng a Ity of holes in the first patterned
| ayer of the (@hot (Io,\(ﬁfbd'lngera‘lflnﬂr ppdesnachdayer3sf thiee photocured

oG o™ e et £ BBl S of ho
defined by one of :pHctdciared geMaeRpOIVAtREN 8Vher@ilf the patterns of
the first and second layers of the photocured
perfluoropolyether are aligned in a predetermined
alignment; and
(b) exposing the first and the second layers of the
photocured perfluoropolyether to ultraviolet radiation for
a period of time.

28. The method of Claim 27, wherein the first and the second
patterned layers of the photocured perfluoropolyether adhere to one
another. |

29. The method of Claim 27, wherein the first patterned layer of
the photocured perfluoropolyether is about 5 millimeters thick.

30. The method of Claim 27, wherein the second patterned layer
of the photocured perfluoropolyether is about 20 micrometers thick.

31.  The method of Claim 27, wherein the predetermined alignment
of the first and second layers of the photocured perfluoropolyether forms a

plurality of microscale channels.
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10 (b) at least one of the plurality of holes. 36. A
m crof | ui di c device produced by the nethod of Caim1l.

w@7005M3asezr of | ui di ¢ device conprising a patterpPerUsay€031274

of a photocured perfluoropolyether. 38. The

m crofluidic device of Caim37, wherein the

phot ocured 15 perfl uoropol yether is selected fromone
of a perfluoropolyether dinethacrylate and a

Pher cof 550, The Teto: of SRl a8, heFgR Hpyy of microscale

\Aheér%lrmewgomhs@é BAGntebmted netwoiefiigicsvaledhannels.
perf | uo&é)ol yether is between about 1 mcroneters and

about 1083.nmi cfbersrethediafi Glaim 3R, awhergire the srigasgalg ehannels of

¢ nehBiaRacaielaPr My elfe R Rqintsgy o
m cromet®.s tThekmethbd oheClainar2t, Ud)ldﬂpqzlsmgvmrmln@ a plurality of
Claim37, wherein the patterned |ayer of t :

phdwewbthepférﬁ# paliersssl lwrr@‘rthe @hsaq%@% pgﬂ‘!fﬁm@olyether
mllinet Phd @B%‘d EJP nl\ 'ﬁ;@ﬁ%&hgkat f%%sf‘%ne pressure
er e .

The mcro |UIdIC evi ce o

patactuated vdley,evherbirt the pressurelactuatednialveisafesingettheone of:
is about 5 md Linmeters thick. 43. The mcrofluidic

devi ce of O aidh 372 MipOsepls hadngh@ns ned | ayer of

t he phot ocur eg,per t%’fﬂel] a )
plurality of ) cr%ﬂslgglge C %‘ﬁhgf@u@ygﬂﬁ&%e

m cr of | u@li ¢ Aenicoeluidic Gesicenpt@dueddkbyitine mmhqxﬂ of &laimy1.

et vor k of. i Ar BUEANDICIE nARIEY SComR MRS G05 GDReY laver of

PCTHér8 000G rddropalyeltng, m crof | ui dic deV| ce of Caim

44" wherein the mcroscal e channels of the integrated
net wor k 381t er Bee tmigtofididetevics 0 Claion &7s wheseinTthe photocured

" R RS, ToinSEL ot ", R EetS et

IOI Udlﬁiétﬁé’cr?faté‘@hésa péﬂﬂ@ropﬂ%tl%rﬁd@fyﬁ'émdl 6r Sleyitnation thereof.
G aim46, wherein at |east one of the plurality of

hoI es codpri sbke dﬁlqwﬂléﬂlca@%\flti@r@c Clegm Bife wherem the patterned

tra}?%rl gtﬂiﬁ Qﬁ? ﬁggcp ﬁgfﬂé@r@%ﬂg gpg gﬁ{‘ @% ﬁ@ﬁf 1MiCrometers

ap&értdiésouﬂﬂ)o mlﬂomstén@fthwkdl c devn ce of O aim 46,
compri s n(? atTLS‘ar%}crgf?u?dlc device of Claim 39, wherein the patterned
layer of the photocured perfluoropolyether is about 20 micrometers thick.

41. The microfluidic device of Claim 37, wherein the patterned
layer of the photocured perfluoropolyether is between about 0.1 millimeters
and about 10 millimeters thick.

42.  The microfluidic device of Claim 41, wherein the patterned
layer of the photocured perfluoropolyether is about 5 millimeters thick.

43. The microfluidic device of Claim 37, wherein the patterned
layer of the photocured perfluoropolyether comprises a plurality of
microscale channels.

44,  The microfluidic device of Claim 43, wherein the plurality of
microscale channels comprises an integrated network of microscale

channels.
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10 pressure actuated val ve, wherein the pressure
actuated valve is defined by one of: (a) a mcroscale

wae b@soais22 and (b) at | east one of the pluralitpcDis2004/031274

hol es. 50. A microfluidic device conprising a first
patterned | ayer of a 15 photocured perfl uoropol yet her

and a second patterned | ayer of a photocured

perfl uoropol yether, wherein (a) the first patterned

| ayer of the photocured. perfluaor e S, .

over! ai con -t A <BENEaR o 3F PR A4 kpkin the microscale
pPhodrnerfoP@ilihteefraeal NeivBRK intersdct2dt dredetdmimat peints

of the first and second |ayers of the photocured

per f | uor4fpol yER@ enicseiuidici dedeeiof &laipy e%@etvtéh@ﬁeﬁ‘edhe patterned

andrgr Ot e Hord el Rlo SRR Keliftuites PLSARg of potes.
t he photgtur ethefitioflaidipabyiee loé Claish46 ewhorainat |&2fst one of the
another. 52. The mcrofluidic device of Caimb50,

wheplerality ekeholps sonpuisesanenlet @ZReEE®f t he phot ocur ed
fl | iof iBe Y Id1; f
oo ol 807 R FilhuRRe b BrCUFUSL bl (6 one ofthe

The m cr
secgloehlitpef heles edmprises aof outlet apeducsur ed

perfl uoropol yet her, i s ahout 20 m crometers.thick.

61 WD 2 /03%%%2“!669*}%%96%?4/}%9;5 2k, 487 gomprising at least one
mc idj ' f i i , _

o HEBAA AR G0l FLPIR0 pritene bl oo e deind by

of d¢rMeofhot ocured perfl uoropol yether forns a
plurality of {n croscal e channels. 55., The mcrofluidic
a

devi ce of O aih 542 TYAESSRIC GAONSEE Y ity of 5

m croscal e ch neI§t|§ggp5ﬁ§gﬁth@rb|hfg]igg6pﬁ@gs_netvvork of
m croscal e channels. 56. The nmicrofl’uidic device of

d ai m 5550.wheheimicrofieidic devise atamprisinarrifisstopatiewed layer of a

57, BRRc e ot P taRoNaats s sePafifhPabeMghERyBRbC Bhotocured

Ieaﬁérﬂgaﬁ)gayéth@r, wHereiat t erned | ayers of the _

phot ocur ed perfl uoropol yether conprises a plurality

of hol es. (a) the first patterned layer of the ~ photocured
perfluoropolyether is overlaid on the second patterned
layer of the photocured perfluoropolyether; and

(b) the patterns of the first and second layers of the

photocured perfluoropolyether are aligned in a
predetermined alignment.

51.  The microfluidic device of Claim 50, wherein the first and the
second patterned layers of the photocured perfluoropolyether adhere to one
another.

52.  The microfluidic device of Claim 50, wherein the first patterned
layer of the photocured perfluoropolyether is about 5 millimeters thick.

53. The microfluidic device of Claim 50, wherein the second
patterned layer of the photocured perfluoropolyether is about 20

micrometers thick.
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58. The mcrofluidic device of Caimb57, wherein at
| east one of the plurality of holes conprises an

WO pos3mpert ure. 59. The m crofl uidic devi ce oPCTZUSINNG/031274

57, wherein at |east one of the 15 plurality of holes
conprises an outlet aperture. 60. The microfluidic

device of Caim57, conprising at | east one pressure
actuated val ve, wherein the pressure actuated valve is

defi ned of .. a) aaeroscal nngh; .
(b) at I%g'st Ogﬁ% o@"%ﬁ%&@?curglg}@% o?j Phgcf\'@gﬁ 6%)’ A%rem the
m cpietbtdrtiited eMyamenombrthsifirgt andaddcendeldyemyef tid phiotocured

phot ocur ed .per fl uor opol yet her, wherein the ﬁat t erned
| ayRerfiyerane/ethpidoras cepluFRity pwweéq:é]@m@n rpri ses

| di 1 her g ot Luid _
Gevi co. ofoa o s i REFE el of alhr5h WL the pluraity of

t hemjdhoscaier edapeels| congpiskyetamerintegmpieds esetwork of microscale
pl ural i t){ of mcroscal e channels, and wherein the
sol SENElS di sposed in one or nore of the channels.

63. The %.Croﬂé‘irﬁfci:ofﬂﬁaibcc??e\ﬁé%gfaél 255, \IRERIIA a’{ﬁé microscale

| east one of the mcroscal e channel's conprises

f | uclhmmetseof/ibierintegnatedimeatedrk inkersed atgpredetermdted points.

di sposed_in the fluid reservoir. 62 2005/ 030822

PCT! Uso0Bl 03k GRS Ry e 6F CUAE SOMDRIED G ek PRe of the
62, pahahed Najdls dF theabndtbcded pofilerfRItEEREORFises a plurality
conprises an integrated network of mcroscale

chaoirfelles. 65. The microfl ui dic device of C ai m 64,

wher ei n e mcrascale...5 channels .of -the inte te

networ K i er Lok RGP B EPUPRCR G B fr §nofit 8 fistone of the
M chiafdiity 6f Kolds Coffrives Aranet @pertvher ei n the patterned

| ayer of” the _Ehot ocur ed perfl uoropol yether conprises a

pl ural i t§9.0f heg sicrofuidiqeeviae of &Hiaim a7 cwhekain gt tgfast one of the

non et ot LS CArlise OB aPertllf of “rie ¥
m crof | ubBli ¢ Tiey inierafuidit alevids of \BisineisT, alonhsrisitg @tdeast one

of the plurality of holes conprises an outl et . )
apepregsere agua vafver Wheiginithe gesssuee getugtad vabs is defined by

con&géghng at | east one

(@) a microscale channel; and
(b)  atleast one of the plurality of holes. B

61. A microfluidic device comprising a patterned layer of a
photocured perfluoropolyether, wherein the patterned layer of the
photocured perfluoropolyether comprises a solvent disposed therein.

62. The microfluidic device of Claim 61, wherein the patterned
layer of the photocured perfluoropolyether comprises a plurality of
microscale channels, and wherein the solvent is disposed in one or more of
the channels.

63. The microfluidic device of Claim 62, wherein at least one of the
microscale channels comprises a fluid reservoir, and wherein the solvent is

disposed in the fluid reservoir.
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pressure actuated val ve, wherein the pressure actuated
valve is defined by one of: 15 (a) a mcroscale

wae b@soais22 and (b) at | east one of the pluralitpcDis2004/031274

hol es. 70. The m crofluidic device of C aim 66,
wherein one or nore of the plurality of holes is
reversibly sealed. 71. The mcrofluidic device of
Claim61l, wherein the solvent 20 conprises an organic

sol vent ., /2. m cr Ji-di Vi j si .
pat t or e ay S RO, iRl of KIBRT R el g puratty of
whehpirdsddle BRAkSSIBEdohyiets Ofant NetegetetioGist®drk of microscale
per fl uoropol yet her conprises one or nore cheni cal

r ecdhteanels. di sposed therein. 25 73. The microfluidic

devi ce A ajym 72 21 .t he .

t he pho?é)%urzfoﬁ%erﬁ'F r%%go%y@ﬁgfﬁléﬁﬁp%e\ghg%% ﬂ% microscale

pl whalnnkys of therhizgested Inetwbeknintdrsectagt pradieteeminddnsointe
or nore chem_cal reactants is disposed_in one or nor

[ > > [ e
of the fannellke migrofitidic glevies |Qf; @laimy8y; sheseincthg matterned
73, . . _
Chiafdiathg diotodied rpfifuciondEiner Rofiiieds Shpifiraiity of holes.
one or 6re Themicefluideadédod of Claith 8@oskeraimat least one of the
fluid r_ese{vfgi r. 63 WO 2005( g308 2 PCT/ US2004/ 031274
75 Plgiality,plch PFGPH]%'SH\%\?NBG apefidien 74, wherein at
| east orgg of njgﬁ@mié%ﬁpﬂﬁféé\ﬁcé B@%WGG,%éﬂeﬁ?éhéast one of the
reacti on chanmber I n urd conmunication wth the
f | yldralibsel hales compiiseb @neduilet Bpedure.or nore chemi cal

reactants.is _disposed.in the re i.on _ chanmber. .5 76.

The m oG ui B MG LG defes i S1AR0AG, GomAsing 4T Teast one
Pl Wraksling AtuatBdovAveE avRe @R IE bresz@f®acRRed@Nalve is defined by
i ntegrated network of microscale channels. 77. The

mi oref Ofi di ¢ device of daim 76, wherein the

m croscal e channel s.of the int . d network

i ntersect at (%?egleq g]’?ﬁoﬁcé%_eé:&%ﬂﬁgr’%g 78. The

m crof | uidic (@ZVI Cét 1@Astdrd o the plivagifyedfhdlés patt er ned
| ayer of the ot ocured perfl uoropol yether conprises a

pl ural i t&0.of axicroflgidiqigevigeceblainibe, whgreis epe or more of
d aj : el t f the plurality of
o hE PRI G Rl el &Ry SBFH,

71. The microfluidic device of Claim 61, wherein the solvent

‘comprises an organic solvent.

72. A microfluidic device comprising a patterned layer of a
photocured perfluoropolyether, wherein the patterned layer of the
photocured perfluoropolyether comprises one or more chemical reactants
disposed therein.

73.  The microfluidic device of Claim 72, wherein the patterned
layer of the photocured perfluoropolyether comprises a plurality of
microscale channels, and wherein the one or more chemical reactants is
disposed in one or more of the channels.

74.  The microfluidic device of Claim 73, wherein at least one of the
microscale channels comprises a fluid reservoir, and wherein the one or

more chemical reactants is disposed in the fluid reservoir.
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80. The mcrofluidic device of Caim78, wherein at
| east one of the 15 plurality of holes conprises an

wooiosesosapert ure. 81. The microfl uidic devi ce pET/ChE0N31274

78, conprising at |east one pressure actuated val ve,

wherein the pressure actuated valve is defined by one
of: (a) a mcroscale channel; and 20 (b) at |east one
of the plurality of holes. 82. The mcrofluidic device

of Claimr8, erein,on JIDI ral

hol es i ? Fevet'§ mlg;og@lg;‘:r‘ce@éwg%p?g?%“njjgﬁflﬁ%@@agfeeéﬁgéne of the
COMafck&ddate dhBAhsIRr dfplisises rehction Bhambewrigdluid communication
perfl uoropol yether, wherein the patterned | ayer of the

25 withothe: inistreservoiu anshwhpeaindie onepei Bwse sienyealnigastants is

reagti on pr ol therein. 84. The
mc %qqqﬂoﬁpgﬁgiéé%té&o&%%g%m 83, wherein the patterned
| ayer of7g.he Th®tmiersfRtio &idvideo b [Blaket 18 rwhersh itse plarality of

plurality of mcroscale channels, and wherein the onge
or MisresdaleicEhamgls o§OBPSISES apo integfisdd Nelwere ¢ microscale

nor e channels. 64 WD 2005/ 030822

PC#@%%&&Z/ 031274 85. The mcrofluidic device of Caim

84, wher®i.n aThé enistofluidic afevidee of rGlaino stk | wheitedm rtieé snicroscale
conprises a reaction chanber, and rein the,one ar
noréhanagls pidhedrisgirted neéwaikslag'%%%cwai PrRgeteaRinatpOINts.
chanber .-$6. | i Gl | @Ry ' , tterned
wher ei n 7a 1 eia@% @r?g&g{"é'? h(gé\ﬁ%éjeanﬁ%é@arg %@ﬁﬁg\ éhe patierne
cortpyérsafthe ghotbclred perfuairopolyethienicdmpviseard plataliby of holes.

ety ﬁfg"‘%'[gg%oﬁﬁfs@ﬁ | iflict agleMuge of O aim 84,

in-t ural 'ty of mcroscal e channels
conpri se80.an The sycrafloitindevioe kf Slaim ¢8.oabarein af tpast one of the

channel.s. 88. The nm crofl uidjc_devjce of Caim87,
V\he‘ﬂgﬁlﬁ&‘ﬂe PR COTULISES a@h%ﬂ‘?ila?gél“'&?'he i nt egr at ed

net wor k gnt erpgs tmidkofRiide aiekidd BECIRE M85 .coBSprisiie at least one
m crofluidic device of Claim83, wherein the patterne

rned
| aywessire: acfuptest valve edhewin the prssuye aetiated vaiesissdefined by
pl ur al i{jy of holes. 15 90. The mcrofluidic device of
O &1 89, wherein at |east one of the

(a)  amicroscale channel; and
(b) atleast one of the plurality of holes.

82. The microfluidic device of Claim 78, wherein one or more of
the plurality of holes is reversibly sealed.

83. A microfluidic device comprising a patterned layer of a
photocured perfluoropolyether, wherein the patterned layer of the
photocured perfluoropolyether comprises one or more reaction products
disposed therein.

84. The microfluidic device of Claim 83, wherein the patterned
layer of the photocured perfluoropolyether comprises a plurality of
microscale channels, and wherein the one or more reaction products is

disposed in one or more of the channels.
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plurality of holes conprises an inlet aperture. 91.
The mcrofluidic device of Caima89, wherein at |east

woee@sososehe plurality of holes conprises an optT/@82004/031274

aperture. 92. The m crofluidic device of Caim 89,
conprising at |east one 20 pressure actuated val ve,
wherein the pressure actuated valve is defined by one
of: (a) a mcroscale channel; and (b) at |east one of

the plurglity.of holes..93 . j '

Q'ai i 8P uneheh AigRaaisfe eves B TP bh bR R he of the
hol @fcrbscdl& ¢RaRNEIE 3. a Pactibnrihantéryiaddavisereirtthe one or
conprising a patterned | ayer of a photocured

perMpleregstipy ereducts ihdisepaed Hetheatepstior ghpapsr. of t he

phot ocur p T

Cher cal 5t caciinERARIHEHEREe SATRaIPES, PREH aTRidR: one of the
di spRsestdldenannels3BbrpriseBhe fltid reddrvoidire fldievearanaiication with
Claim94, wherein the patterned I|ayer of the

phdhecigastion hanfsro F51dy Bhgeain dhApPHe & MO eastiany ppducts is
m cg: . rein the one or nore
che&}hgégféof'é‘g@?gﬁgéﬁoanngﬂ%g b 2005/ 030822

PCT/ US2087/ 03124 4nicrafluidie deviceoioé Clamet84nwherminidhe plurality of
are disposed jn opge or nofe of the c%l}‘%aneli. ag The,

mi CPTPSRale cCRRVNRIE SPMANSPR &8, INISSFAIeH dietvads offpicroscale
of 4he . od croscal e channel's conprises a first fluid
reservolir, and wherein the one or 5 nore chenical ‘

react ant88.i s The poiseafluidict devide o tClalnni &Y, rwhereimithe microscale
97. The m croflujdic device of C ai,m96 erein, at.

e EngRs of terible et BrRRAHI ReBABErEEist,Points.

react i ongghamyes rmidrdfiyilid GOVBRINHICEIdiRN 83MWHEIBIE the patterned
fluid reservoir, and wherein the one or nore cheni cal

r edayanefsthamhotedured perituorapelyethesconpises adpleralitapéholes.

di in t i op_ chanb ) .

o SPoee b e SRS SETEES ciglh BB gt osghgno orhe
of BIbRliTHLRAES BbMptiReB R iflct opRrtufes a second fluid
reservoirt in fluid conmunication with the reaction

chanber ,9hnd Weniciofluigic dece of kiaie 89 cwberadm at least one of the
20 BB b S RO S ARSI 0L ooy T
pl uralitg2of TH® micesfRedial devideaon€lsine @B rdodesrisiy at least one
i ntegrated network of microscale . i
pressure actuated valve, wherein the pressure actuated valve is defined by
one of:
(@)  a microscale channel; and
(b) atleast one of the plurality of holes.

93. The microfluidic device of Claim 89, wherein one or more of
the plurality of holes is reversibly sealed.

94. A microfluidic device comprising a patterned layer of a
photocured perfluoropolyether, wherein the patterned layer of the
photocured perfluoropolyether comprises one or more chemical reactants
and one or more reaction products disposed therein.

95. The microfluidic device of Claim 94, wherein the patterned
layer of the photocured perfluoropolyether comprises a plurality of

microscale channels, and wherein the one or more chemical reactants and

65



10

15

20

25

30

channel s. 100. The mcrofl uidic device of O aim 99,
wherein the mcroscale channels of the integrated

WOedasosds2t nt er sect at predeterm ned points. 10BCT/TR®04/031274

m crofluidic device of Caim?95, wherein the patterned
20 | ayer of the photocured perfl uoropol yether
conprises a plurality of holes. 102. The mcrofluidic
devi ce of Claim 101, wherein at |east one of the

Tl bhSiohurire Geoiog paeed ard oioRRE: b R, Of dare of the

onecnhndidie plurality of holes conprises an outl et

aperture. 25 104. The microfluidic device of Caim
101, con9f. si hiae microduislic davice of &daim 85awhaegir at lﬁeﬂst@ne of the

of - Ineufsdel RARREN ol frsf RiiCicsenieR; diGwidreibiife one or
t hempldieaéinical dadianieds dipose8d in THeefirst ﬂu@fﬁesenuabr
device of Claim 101, wherein one or nore

pluralit97-of Hag ggcroﬁumgeglpgp; Claig 86, WB%W@)&‘" least one of the
200631 $39842 c'ﬁg%gg érq e a ] fe?Cﬂ‘(gﬁ ch’g“rd’BPetrrh"?clr Lﬁé communication

owng a nateri evi ce

net\mld tie fipicli relseg/Oir( ahd whesreih the cmemscmmfré nhdrmcad ggactants and
at |least, one patterned |ayer

Cog%'cqsﬁeg@r meFe reastigpargdusie are dighoseddn mﬁe rﬁ?&é@arqﬁ@anber
i ayer ofgd he ?ﬁ‘@mawﬂﬁfa.c eg&.&é %?'tﬁé’i% g¢t§}ﬁ§ P3P [daR8Bne of the

at | east one m crosca annel (oW ng a
nateidrascale tdhanmetsr os«mpese@armesecdlw flulce nesdreadir ofin  fluid

o SRR S GahaR MRl 5 Sl 1 B or more
Comé%bﬁ?ﬁ‘g( ¥ Lsr@s SHd tﬂ@ sfe%HG ﬂufd%é!%‘é\‘\ﬁbllt he
terra ong t croscal e channel 09. The net hod

of C ai n"99.06, Tlﬁejrmlbmﬂmxﬂmpiemmg)faClplmr% i whersfin the plurality of

\r,uq %&Sr%g%aﬁ% ch ﬁar? rger\lgt ycl)%fprﬁgg r -égii dpn gratedOfnegwgirkm 310 9rhicros;cale

channels.

100. The microfluidic device of Claim 99, wherein the microscale
channels of the integrated network intersect at predetermined points.

101. The microfluidic device of Claim 95, wherein the patterned
layer of the photocured perfluoropolyether comprises a plurality of holes.

102. The microfluidic device of Claim 101, wherein at least one of
the plurality of holes comprises an inlet aperture.

103. The microfluidic device of Claim 101, wherein at least one of
the plurality of holes comprises an outlet aperture.

104. The microfluidic device of Claim 101, comprising at least one
pressure actuated valve, wherein the pressure actuated valve is defined by
one of:

(@)  a microscale channel; and
(b) atleast one of the plurality of holes.
105. The microfluidic device of Claim 101, wherein one or more of

the plurality of holes is reversibly sealed.
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channel s conprises an integrated network of mcroscale
channels. 111. The nethod of C aim 110, wherein the

wor@sossat e channel s of the integrated networRCT/US2004/031274

i ntersect predeterm ned points. 112. The net hod of

Cl ai m 106, wherein the patterned | ayer of the 20

phot ocur ed perfl uoropol yether conprises a plurality of
hol es. 113. The nethod of C aim 112, wherein at |east

one of t pl wral i f i ap.:| : .
apert ur 10314 el of 1005h6 e SRABHLORT o RirBiflgio device, the
| eagletiiitecomptibiggpl urality of holes conprises an '
outl et aperture. 25 115. The nethod of Caim112,

conpri sing at (3)easProyifing feBUePAUIdiE: dgvicecarapiieng at least one
uherel n the pressupsanbHaiflrvat V%b;)ﬁ%@%[ﬂ'ébe‘jpaﬂu%ﬁ)olyethen

of: (a) a mcroscale' C and east” one
the plurality of hahesinl1lbe Tiatterrédiodaygdr Cohii thel 1photocured
wherei n the pressure _ act u%ﬁed valve 30 is actuated b

i ntroduci ng a presReAIHEPOyaINEr icRMprisse 8t Jleqst)one microscale

m croscal e channel; { at | east one of the
plurality of hol es?hWLdOOSI 030822
PCT/ US2004/ 03(t) 74 fldwing Enmaitesidi il thedf midrascalé bhannel.

wher ei n essurized fluid a pressure between . .
theut 1010Z; RS e oioChun. 198 comBisng dishene 5 Material in
a ajnm ?E?@ﬂ\)’\ﬁi%gfév;bet.he pressure is about 25 psi. 5

e nethod o

119. T me Claim 106, wherein the materi al
conpri se$0& Theindethodmf Qlaim Mdich comuydrisiigaapplyirg, a driving force

wh int fluid ' . | t. 121. Th
ot hanoys e Aty RoR R Riore BRBhRET Sorpr 1 <es an
10 or gani @9 sofNENhethbel of TGINTEI B dfipthel cifipAiAg a plurality of

wherein the material flows in a predetern ned
di rmiroscalaichagnelse ni croscal e channel . 123. A net hod

?rfst ﬁggf EL{%P?ES‘% d‘b&%& &”&aﬁjﬂ%g?%hér%ﬁ]c’tﬂé’ Blurﬁlri]t?/ of microscale
channels comprises an integrated network of microscale channels.
111. The method of Claim 110, wherein the microscale channels of
the integrated network intersect predetermined points.
112. The method of Claim 106, wherein the patterned layer of the
photocured perfluoropolyether comprises a plurality of holes.
113. The method of Claim 112, wherein at least one of the plurality
of holes comprises an inlet aperture.
114. The method of Claim 112, wherein at least one of the plurality
of holes comprises an outlet aperture. |
115. The method of Claim 112, comprising at least one pressure
actuated valve, wherein the pressure actuated valve is defined by one of:
(@) a microscale channel; and
(b)  atleast one of the plurality of holes.
116. The method of Claim 115, wherein the pressure actuated valve
is actuated by introducing a pressurized fluid into one of:
(@)  a microscale channel; and

(b)  at least one of the plurality of holes.
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15 (a) providing a mcrofluidic device conprising a
patterned |ayer of a photocured perfl uoropol yether;

war@sb)s2zontacting a first reagent and a secopdr/US2004/031274

reagent in the mcrofluidic device to format | east
one reaction product. 124. The nethod of O aim 123,
wherein the patterned | ayer of the 20 photocured

per fl uoropol yet her conprises a plurality of mcroscale

o L A R s
ﬁrgsélﬁ%q{éﬁ%én abdBt 10Mai ARd Bedupdo Gshi m 125, wher e| n

east one of m croscal e channel s conpri ses

fI ui d redd.i oThe:m’fbed afrCleirgi t7,28he@ipnihe cRiGﬁSf‘dh’evWBthOUt 25
the fluid reservoir. 127. The nethod of C aim 124,
whd?®in the plurality of mcroscale channels

conpri sep|An THY @estAbe bfnClar 0B wheimsisaIreaterial comprises a
channel s. 128. The nethod of daim 127, wherein the

m dhludcal e channel s of the integrated network

1S, PSR, BRI g o8 o <

secgyMbrteagent are disposed in separate channels of
the mcrofluidic device. 68 WO 2005/ 030%%?2 .
PCT/ Us2064)- 03ty anetBad of Helajfa: Hfl Whereimyfhg solyent comprises an

f wing the first reagent and the second
re;%ééﬁfcl n aéngr edeterm ned direction in the

m crof | Yy2fl.c Tikevihethod18fl Cldine 108, hwherefin Ghai mafetil flows in a
wherein the contactln of the first reagent and the

sedurdetesaina diraction qlgpgdhe Fﬂcrgsﬁ?@r 8FE reaction
chanber . 1%322 A TRBHT BP?) gfonﬂ /Ry Bt I8kt SRERMePhiBA reaction, the

fl ow ng reaction I'n a predeterm ned
di rraethogncomptisiagmi cr ofI ui di c device. 133. The nethod

of Claim 123 onpri sing recove t.he. react | 1

product . 134 (@he WQVWH%J & ”@rgf'md%sée"@Sn%?mBﬁﬁag 2 pattemed
flowi ng the reactijgper gF & Héfochﬁecﬁﬁeﬁmblr@olwﬁét Wil of

the mcrofluidic device. . The method of O ai'm 123,

conpri si ng cofbi) act cordacting aefaarst reageniransLatsadond eeagent in the
third reagent to f%fc%ff‘wé%c eQ/clllcer Foaf%?hoél |8;5&do‘ﬁ%t reaction product.

124. The method of Claim 123, wherein the patterned layer of the
photocured perfluoropolyether comprises a plurality of microscale channels.

125. The method of Claim 124, wherein at least one of the
microscale channels comprises a fluid reservoir.

126. The method of Claim 125, wherein at least one of the
microscale channels comprises a fluid reaction chamber in fluid
communication with the fluid reservoir.

127. The method of Claim 124, wherein the plurality of microscale
channels comprises an integrated network of microscale channels.

128. The method of Claim 127, wherein the microscale channels of
the integrated network intersect at predetermined points.

129. The method of Claim 123, wherein the first reagent and the
second reagent are disposed in separate channels of the microfluidic

device.
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15 136. The nethod of C aim 123, wherein the first
reagent and the second reagent conprise an organic

w@oelosesis22 137. The nethod of O aim 123, wher ei PCT/082004/031274

chem cal reaction conprises a nanoscal e chemni cal
reaction. 138. A reaction product formed by the nethod
of Caim123. 20 139. The nethod of C aim 123, wherein
the first reagent and the second reagent are

i ndependegnt | v..sel ected fromo of _a nucl eptide and.

pol ynucl@&-id@e ﬂf%hogﬁ’é mﬁg%ﬁo@iﬁpé'ﬁmgl ’l.ng,ntgpg‘,r%t reagent
theyLaed | IroRHOEEent GAR I pre@ste?mitfdd/ ditekaeh | iflethe? Microfluidic
141. The nethod of "Claim 140, wherein the

poldevied.eotide is DNA. 30 142. A reaction product

formed hy,.t

screenin 1ahs ﬁf’ﬁ&%af%{‘q&%ﬁa@gr‘ﬁv@éﬁ%&” ﬁg%&%ﬂ%ﬂﬁé&)f the first

© conaiapehingnd( e MeRvhdi RGgentiis wdrfornmlid isleyimRroscale reaction

conprising a patterned |ayer of a photocured
perghamberpol yet her, wherein the patterned |ayer of

t he phot r r h LSes : ;
ol ar ol 1 1 e et B8 ol of oE3ER55E6" 1Bwing the reaction
gdérﬁﬁamﬂ{éﬁﬁr&éﬂerpﬂhe@ ﬁtmbtfibmtm taetrﬁrcqtuialziatcm]vicd. I (c)

i sposin e sanple in at |east one of the plurali .
of charnh¥-s; Theymebad Lt¢laEN 178, Somnrsing f‘PquVﬁé'ng ti% reaction
tar&g&u terial; and (e) detecting an interaction
bet'Wween "t he sanple and the target nmaterial, wherein
t he prestgie e trhethalls efid&aimh 133ecompeisiagt flowirigs the reaction
i ndicative of the char actgri sti.c ﬂf' the sanple. 144.

léldg:, @‘?o

ThePTRELAIIE @t CwllefigReriuee ot fipfidp 0S¥ ng the
o) LR Moyt SRR NSty SRk pineTractn
t argretiuctawigh aahird reagent to form a second reaction product.
136. The method of Claim 123, wherein the first reagent and the
second reagent comprise an organic solvent.
137. The method of Claim 123, wherein the chemical reaction
comprises a nanoscale chemical reaction.
138. A reaction product formed by the method of Claim 123.
139. The method of Claim 123, wherein the first reagent and the
second reagent are independently selected from one of a nucleotide and a
polynucleotide.
140. The method of Claim 139, wherein the reaction product
comprises a polynucleotide.
141. The method of Claim 140, wherein the polynucleotide is DNA.
142. A reaction product formed by the method of Claim 139.
143. A method of screening a sample for a characteristic, the
method comprising:
(a)  providing a microfiuidic device comprising a patterned
layer of a photocured perfluoropolyether, wherein the
patterned layer of the photocured perfluoropolyether

comprises a plurality of channels;
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conprises a substrate. 146. The nethod of O aim 145,
wherein at | east one of the plurality of channels of

wo b@sosisenf | ui dic device is in fluid comuni capCDOS2W04/681274

the 15 substrate. 147. The nmethod of C ai m 143,
wherein the target material is disposed on a
substrate. 148. The nmethod of C aim 147, wherein at
| east,one of the plurality of channels of the

m crofluidic Vi ce ui nication with the
20 tar get rrat(gfl alpr8Y§H@s%6a ﬁgm?ggpﬁ"ost rate. 149. The
met hod of O gbm 14flspsiip thé isatnple S ilegsteoimé ldfathétp{urallty of

of sanples in at Ieast one of the plurality of
channel s. 150. Thehasnelsd of C ai m 143, wherein the

Ther apeuti o gt onaing B8 PR IREhiQ ateRal and

reagent, a cabpl ydetegtimptonl intégatidn wetwesnbihel eginpid and the
organic material, an inorganic material, a foodstuff,

soil, water, and éﬁfgetiﬁ@ie”?hMhﬁ?!ﬁ‘o@e&reéﬁﬁ?‘?@ﬂ@ absence of
V\herel n the sanpl

one or more Libr aﬁpégﬁ%réétﬁénm Cmdlgértlv%f)éftﬂ‘?@ﬂﬁfa?ct%stlc of the
conpounds or conpammple. 30 152. The net hod of Caim

143, wh th I
el of ¢ Mk d Viygnaled af SOBeriAch P BRGERG daPRFndzine target

: 0, gtocgﬁsé mﬁg P31274 extension
pr%é@feli\?t\é\g r| ction e zy'r%ewa PCR reagent a PCR

react i om45r cthet methodh obnBlaimat i143, t Waersif . thesstargate material

nmet hod of C alg 143, wherein the sanple conprises one
or GRIRNIEAS aSURSHa%Body, a cell receptor, an antigen, a

receptorq4q, gar}gie nfdtho® o?@ﬁlﬁ?’mg WHERdih 3t feastbne of the plurality
i mmuunochem ca an 1 munogl o bulin, a virus, a virus

bi rafi cloarowip aiethe, macrpfloidéd devigectsl Inufleid tapmaunication with the
gr owt h f?ct or, an inhibitor, or a conbination
at§54.  The method of O aim 143, wherein the

target ”ﬁi?er"ﬂ‘le BeAYd DESCRIM au3yiferefn @Re atirgeematerial is
anti body, an enzyne, a restriction 10 enzyne, a dye,

a fdisposstema sipsirate.sequenci ng reagent, a PCR

a0t 14y PR el P 147, WhERAE R R 8) ing uratty

O ahphdihel T ienniitvefluidicvaviceols Fofipid semmunication with the
target material disposed on the substrate.

149. The method of Claim 143, comprising dlsposmg a plurality of
samples in at least one of the plurality of channels.

150. The method of Claim 143, wherein the sample is selected from
the group consisting of a therapeutic agent, a diagnostic agent, a research
reagent, a catalyst, a metal ligand, a non-biological organic material,- an
inorganic material, a foodstuff, soil, water, and air.

151. The method of Claim 143, wherein the sample comprises one
or more members of one or more libraries of chemical or biological
compounds or components.

152. The method of Claim 143, wherein the sample comprises one

or more of a nucleic acid template, a sequencing reagent, a primer, a primer
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bi ndi ng event. 156. The nethod of C aim 143, wherein
the detecting of the 15 interaction is performed by

w@toos®amse2 one or nore of a spectrophot oneter, BCT/US2004/031274

fluoroneter, a photodi ode, a photonultiplier tube, a
m croscope, a scintillation counter, a canera, a CCD
canera, film an optical detection syst em a
tenperature sensor, a conduct|V| ty neter,

otentianeter, a t t

R COBSIaR R Pt "€§ﬁ'z9m%ﬁaerﬁocﬁa?5a€§5‘oe%f% reacon
a_ 1roRlERbr atdtenbRENGS tiRaBBY.i Sing: (a) providing a

m crofluidic device conprising a patterned [|ayer of a

phot ocur aB.pefhe mrtbpdioj&tinien 4@ ahereintthe sagaple«amprises one

2t F RhElrd R e BRTERR S, o PR3 Rgand, an

of dignid,us adubstratd, Siamaetfochemiicals em ﬂﬁmunbbl@bulm a virus, a
aperture; (b) providing at |east one materi al

di SYiBisi hiding Icemponens acRreieiny aj eellan facter, cﬁw@rg‘ﬁ’ﬂt factor, an

pl bbY & 0 (d) d t |east
ondhGIEY A= EtPBRRNER BI5eP o © pperbire, 1o

2005/ 03084 PrHé Uﬁﬁi}l@éld 08l 2CKih5843Theheedihothef tathel rmaterial

157, wherein the material conprises u 159. The
met ¢RYBPBISSCPARR NPTLBIPre fndh jat 'ﬁsnnéﬂatgﬁ)gog an enzyime, 3 restriction

pre&%‘g@ag e J95RBFe gn“] edh4Q u n&lﬁgre éntﬁ%lt b@qi{ Rlagent, a

Claim , conprising dispensing term ned
dos@riraenfa rtelcephbrugllgaﬁd, a Themioall heaberft, @ aicombiivation thereof.

T62. Thel ot Ot BSIoRERCIR TAanishPn SaTRaRPR Fomprises a

t henihBifg Mengonposi tion on a substrate. 163. The
ih ngomp
??1 Q gf Claim 162, wherein the dispensing of the ink

conposi t15h cfhe melisd afe Glaimms148, phereid thmgéeteg’mg of the
?o%fqr}ggy@'\f 13388%%&5‘ %y atrﬁaggtror?é ortrrrllore 01I a spectrophotometer a
fluorometer, a photodiode, a photomultiplier tube, a microscope, a
scintillation counter, a camera, a CCD camera, film, an optical detection
system, a temperature sensor, a conductivity meter, a potentiometer, an
amperometric meter, a pH meter, or a combination thereof.
157. A method of dispensing a material, the method comprising:

(@)  providing a microfluidic device comprising a patterned
layer of a photocured perfluoropolyether, wherein the
patterned layer of the photocured perfluoropolyether
comprises a plurality of channels, and wherein at least
one of the plurality of channels comprises an outlet
aperture;

(b)  providing at least one material;

(c) disposing at least one material in at least one of the
plurality of channels; and

(d) dispensing at least one material through the outlet

aperture.
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(a) providing a mcrofluidic device conprising a
patterned 15 |ayer of a photocured

w@eooslosisenpol yet her, wherein the patterned | aper/usfoo4/031274

t he photocured perfl uoropol yether conprises a
plurality of channels, and wherein at |east one of
the plurality of channels conprises a separation
region; 20 (b) disposing a m xture conprising at | east

ot AL P o AR R e LR gppriss <

| eagrugone of the plurality of channels conprising a

separatlon region; and (d) se a[atin the first .
mat er i al 159.om here ethosd Ot &rlpEn | #58.25Comprising  metering  a

sep | east one separat ed

@Jléaé e?ﬁa@%@ﬁ%%éeoofﬂfegarﬁb Claim 164, wherein the

separ at i p60.r €gh@n methogr igfe<Tlaine hr60nt ogmppibing dispensing  the
material. 166. The net hod of C aim 165, wherein the

chriyedetsymingd dosage rhiherdrig- i s sel ected from the

group cofisq st

af fini ty@epa-\r-g'?lngér}thggﬁf@? ﬁﬁp?ﬁw%}-e@ﬁ u@a(t)%"bl comprises an
matink xompositicnnbi nat i on ther eof . 72 WD 2005/ 030822

&’Eliﬁ?ﬁ"i’mé"gfﬁéi‘méﬂ The QRO 01 LA 108i neing the ink
b rH§ ﬁéﬁoﬂfa gm%tpgtermre libraries of chemical or
| O

compounds or conponents. 168. The net hod of
CI ai m 1663 . whEheimethod of Ctalmon6%ewbacelrraherd|s¢bens$ng of the ink
ses .one or ng)re of. a nucl e acid tenplate, a
E&EHE?%HO'P QR esybsttate forms.a prip %jr IMRIC-ext ensi on
pr oduct , 164 R rhé&RbHYT sBpatiig RAnfidtidlCHeMkthcd ccﬁﬁanmg
reaction product, or a combination thereof. 169. The
met hod of Cl af@h 16|zqrovmag@ micreduidic slevige eempriging a patterned

material conprises one.or e.0

receptor, an anti gléxer é’f al@hoi%%%%%]?rﬂgé#%%ﬁ%ﬁh& Q/%éreln the
enzyne, a substr at gattéiet MEYBP CdTe M Ghotétured perfluoropolyether
i mrunogl obul in, a virus, a virus binding compone

a
protein, a cel | ul agompegesA, plurafihoat khaaaelss andrwherem at least
I nhibitor, or a cogbl aal OB ARy R channels comprises a separation

region;
(b)  disposing a mixture comprising at least a first material
and a second material in the microfluidic device;
(c) flowing the mixture into at least one of the plurality of
channels comprising a separation region; and
(d)  separating the first material from the second material in
the separation region to form at least one separated
material.
165. The method of Claim 164, wherein the separation region
comprises a chromatographic material.
166. The method of Claim 165, wherein the chromatographic
material is selected from the group consisting of a size-separation matrix, an
affinity-separation matrix; and a gel-exclusion matrix, or a combination

thereof.
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170. The nethod of C aim 164, conprising detecting the

separated material. 15 171. The nethod of C aim 170,
wok@soses2t he detecting of the separated materPel/Us®04/031274

performed by at | east one or nore of a

spectrophotoneter, a fluoroneter, a photodi ode, a

photornul tiplier tube, a mcroscope, a scintillation

counter, a camera, a CCD canera, film an optical

et cr!! g ShELlnehad BEEIALE 181 gl i SRALY Sebthitpatera
Met®impriesaor® 8 maké anembbey eblone7@r more libraries of chemical or
biological compounds or components.

168. The method of Claim 164, wherein the first or second material
comprises one or more of a nucleic acid template, a sequencing reagent, a
primer, a primer extension product, a restriction enzyme, a PCR reagent, a
PCR reaction product, or a combination thereof.

169. The method of Claim 164, wherein the first or second material
comprises one or more of an antibody, a cell receptor, an antigen, a
receptor ligand, an enzyme, a substrate, an immunochemical, an
immunoglobulin, a virus, a virus binding component, a protein, a cellular
factor, a growth factor, an inhibitor, or a combination thereof.

170. The method of Claim 164, comprising detecting the separated
material.

171. The method of Claim 170, wherein the detecting of the
separated material is performed by at least one or more of a
spectrophotometer, a fluorometer, a photodiode, a photomultiplier tube, a
microscope, a scintillation counter, a camera, a CCD camera, film, an optical
detection system, a temperature sensor, a conductivity meter, a
potentiometer, an amperometric meter, a pH meter, or a combination

thereof.
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