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DESCRI PTI ON  PHOTOCURABLE PERFLUCROPCOLYETHERS FOR USE
AS NOVEL MATERI ALS | N M CROFLUI DI C DEVI CES RELATED
APPLI CATIONS .5 This application clains the benefi t of
U S. Provisional PatentDE3GRIPGEHDNon Seri al

ﬁ&?@ﬁgﬁﬁéE’ﬁi&ﬁﬂ?ﬁ%ﬁpéﬁvﬁ@@%%ﬁgﬁs NRVEL

fl | ed NovenbgfaAPHRIAIZDNG Ml@F@OﬁLWﬂ)@WE&/lQﬁE@aoh of
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entireties. 10 G(NEEE&NT INTg Ez'I}A Egrtl on of this

i nventi on was nade support from

t he al e h
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FI ELD 15 _The .u f a ot ocur abl et he
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2685 EnBagisioBLfL Bf dCcHidt iSi¥hGS, m&ﬁbBP&l&dﬂereH BWraferénce in

material and performng a chemcal reaction in a
thetrlandinetiessi st ant  PFPE- based microf |l ui di ¢ devi ce, and
t he sol vent-resi stant PFPE-based m crofl uidic devices

t hensel ves. 20 ABE@@V)E‘&NM@T%TE%QP' iters C =
degrees Cel sius = centi st okes
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Freon 113 = trichlorotrifluoroethane g = grans
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
alL 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
L femtoliters
Freon 113 1,1,2-trichlorotrifluoroethane

g

grams
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tz kHz = kilohertz kPa =
gahertz mn = mnutes nL =
milliliters mm=mllineters mol = mllinoles 10 mMN
=mlli-Newton MP. melting point nL = nanoliters
nm = nanoneters PDMS = pol ydi net hyl si | oxane 15 PFPE =
per fl uopopol yether pL== pi gglLid ers psi = pounds per
square Inch s = seconds Tg = glass transition
temperatlzre 20 pL = n¥crol hed8Es pm = microneters W
= ultrayjolet W= watts Z =

pol y(t eH—l&fl uor oet hyl ene o%h%rg- 25

di f I uor gt hyl ene oxi de) a, wkilhsdscaBACKGROUND

M crofluidic devices developed in the early 1990s were
fabri caMd®2 from hard mat er mggahesigch as silicon and
gl ass, i ng photolithagrap 30 etching

t echni qﬁgé. See Quellefte, W?a{%%e I ndustri al

Physi ci giL 2003, August £Sept efilitters 14- 17; Scherer, A.,
et al., Science 2000, 290, 1536- 1539.

Phot ol i f™8gr aphy and efchi n§ B aiSques, however, are

-1 h = hours Hz = her
kil opascals 5 Mz = ne
I

costly giol = 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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2 | abor intensive, require clean-roomconditions, and
pose several disadvantages froma materials

standpoi nt. For these reasons, soft materials have
energed as alternative materials for mcrofluidic
device fabrication. The use of soft materials has

mqﬁbBPS?ﬁtEh&véher&ﬁﬂﬁ aﬁfe‘éhero%n?n%og‘a B@é;oﬁng pose several

devices contai ni ng va
e. gdisadvardbges t feomd g rﬁmnamduﬂamdpdehyﬁomﬂ’teséO@@asons soft

Au%s /S ter‘r‘oere I@L’é 5 Lﬁ% eﬁﬁerﬂ,@t"(@ m%f{er@[s ?or g@ﬁ'&i@@ﬁg device

Zo%bné@ﬁ)n 1313513& o%@ﬁ%hf&gaﬂsaﬁg _mﬁ&e ?osstfé:?he manufacture

Chem Res. 35, 491-49 ors
al .andSacation 2f0dsviescordamirgB 4alvEer plitpsx angdl reixeose See, e.g.,

suc of Luidic deyice allows.fo nt r ol er flow

di rﬁ%&éﬁ@-—% ﬁjeﬁt ?’?%@%{ﬂepl st’ﬁ@éhé‘?ﬁ:galmﬂgé’ls égpteg&er 14-17;

Zha@ché?er A 26@@1 ﬁé%%%@ es&%arﬁﬂ,
mﬁ’@—d‘o—ﬂrﬂa@ m cr'o I c devi ¢

Cr eStiedca 2008288 ’t‘kB lll‘.?@; MUandHVUC@S, etrarllaﬁcapgﬁbmh Res. 2002,

gr ow er of lications. 15 To this en t he

usé%fg%{}?fggn@@érﬁg&aﬁ_aswedswe@%fa%.%@ t280-584. For

de"e[@!a‘?@olbni)ﬂe %u‘éﬁ%i&roﬁﬁ&@'}fg\%@’ a Ig\ﬁé fglaéoﬂt?(’tﬂn&/er flow direction

applicdtion rn genone mapp Separ at i ons,

sengithiat tharuxecaﬂ melchamt:abvalves aneeEchebj BL,i ¢itgal.,d8¢ience 2001,

del j ver bh-on-a-Chip, in vitro diagnostics,
[ nj?egcjt’ 1b|2 3 ‘es, biological studies, and drug

So1 e e SFE5a8 5o UR: BF mbron e, JROBE haL croated o
A demarad to USei suche d20iges I8 rapitiy3GrolbRg;nudniger of Bbplications.

quih@end i@@eus%ﬁg Ofgégaztggg@%l%g%éﬁowgqc m@goafjlwdlcs to develop

IhQﬁt%ﬁﬁ uéreful %clﬂioloqysﬂﬁd’?nﬁés 5%18@@ a@fﬂéagc%g%%on?é‘%appmg,

Polrgpldi mplayatmrisoxa@resorg PDiBoscalet reastidrts, miatkejet aprirting, drug

Chge@}?ﬁ@f&a@ﬁx ég'pg} l(r:lr 3@3”'@!?&9@1 dgw Ce@@% olnI %%tzzlgs biological
15%@1d|5§9andJ6E1}q schantﬁgz S%e,%‘ M O%fé'lléft@ eJ, 29@9 In3§§r/al Physicist

113-116; MDo
20(22)03354ugwr/&e@9$m1mm134}ﬁ7 B hea;er a4\ etSal, e&:@ncaomoo 290,

7515381 153 Lindtt Meckis ehak Spisfroaiaddll 246, i, MéDonaid, .

at ta agt gng'ng%ﬁﬁm Fed 2002138 4gh g49‘q SthcrBeh.! $3%t Y1S Science

namﬂﬂa298y\58(01-584l amd Yayng'et almd\wlaﬂs(}h@n.gZOM 75, 4718-4723.

appr oxi rBac} édeet%ylsﬁoxane% E’Dﬁgﬂs’ 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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3 A, et al., Science 2000, 288, 113-116. This
property allows PDM5 to conformto surfaces and to
formreversible seals. Further, PDMS has a | ow
surface energy, e.g., approximately 20 erg/cnR, which
can facilitate its release fromnolds after

patAer@ﬂ LAST Sl B, Sségéqcécgggg{ 38% 11%‘11’% ﬁ@ EFAHé%r%pC%ﬁowé PDMS to

Rescorﬁeﬂﬁ o 3brfade4 anda®. forn aehensiblegealtsanfurtleat WIMSfhas a low
bilit Thi
PRl et Bt A% Sk e con feitat
m ."ieq’%%pﬂ?'ﬁ'ﬂ@ dssgéfltéto%@érﬂﬁﬁ]es%ts&feréﬁ .18Y bE © Sgience 2000,
and290,ct586-¢889 s MeDomgldlel).t @g dtedll, Udas Ohemh®Res. 2002, 35, 491-
m crofl uidic device. The nontoxic nature of silicones,
such?%s PDMVS, al so is beneficial in this respect and
?ln'lplmaﬁt ‘;Rﬁﬁ%gggrmahéhfeéféa@ur%heaf epkm@f ge%cggutstandmg gas
2002erB@bilty.1- 18i8. bmeytycaltothgaQDMBomsrwrthlmhbhlecchannels of a

N dPETHE g6, BUnstudite ditbef e ditidaos s property also is
Sy @i i s@l%mlhg &Iiseend Wﬁfd?@éﬂgénfs'ﬁ'ié“ﬂﬂﬁdé thr?p Teatures of the

pl ati num cat al yzed hydrosi | ation“reacti on.
curmmgofdmd@nq;med( Wme Mentedannatce ol silicongs,asudhi a2 PDMS, also is

PO D0 DS o A LR DA mocict
Of |§)H|&ﬂéd0\)laDér$éldf.9”C Ugeal, nAé&thémtRegfmfw 35391%%99
20 been reported. See Ch K.
Chem SdUaHQOOHGHEE@MSMSmfm¢ deprlare hased on Sylgard® 184

af m&g@ ﬁ’q&dW‘ﬂ%ﬁ@: Igiarﬂﬂ %{?3 ?H Amﬁrlqat Sylgard® 184

swqi;l Sured rmérﬁnarygaﬁmghsal thrmm Ea edeN@d%%on reaction.
m crofluidic devices have a |limted conpatibility

Wi tfﬁomaleitawrtmggah@l@mﬁ@eﬁﬁé ca;eéalteaas angNas fte &burs. The

Cor a1, S Hiotob bR "APRR duafelel° bHGF e WAR riechanicai

t O|pr§ﬁ§rtle@l91ﬂﬂilérf Wﬁidﬂ@ﬂ@xng'é?@@m foﬁlrlﬁée |ﬁcsﬁfpﬂhbgrd;ﬁ|y recently
See Lee, J. Chem 03, 75,

654@86@@% ramrtecgmégg E@MMJCM| Gheim: Snevi2083, 125,
é@)aﬂ)&l solvents can disrupt its 30 mcron-scale
a ures, €.g., a channel or plurality of channels,
and can Degier ithé  aforemepliehed yagatitagésd, tHEVG Qwﬂ@frs from a

organi ¢ solvents through the
drawback in microfluidic “applications in that it swells in most organic

solvents. Thus, PDMS-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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4 channels. Thus, mcrofluidic applications with a
PDMVS- based device are limted to the use of fluids,
such as water, that do not swell PDM5. As a result,
those applications that require the use of organic
solvents likely will need to use mcrofluidic systens

fabricated f Iy r i aliS . . AS .

o1 1610 R o TR, iGFor el Batictiy Sy e REMSBRS8A levice are
654#itshfo thdlise @fpmiigacsucthagevster, that ldothéteswbly RDMS. As a
di sadvant ages of fabricating , mcrofluidic device

f r GRSt Mova =AlsPRONRB1S SPRHITE HORBISSLELRraRsG seyerisdikely wil
mtrﬁéaaltoc‘ W3k enﬁ‘&&ffrinbug dt8hs " bricBRId #off RAHR rRhirials, such as
i ndl T lenodgh To alT'ow them o be  dsed even i h aqueous-

10 drasedndhiivost r$es LeBpu. Bxastpdlg, ArRIIMShes. 2008¢ 6] 6544-6554.

to reaction with weak and strong aci ds,and bases. o

PDI\B“%a@lé@foé‘ébi JW%{IG_!&O isa dignitesk Byi B1es C*'%ﬁd"_aé‘éﬁ‘ﬁ%ﬁ @f nf@brlcatmg

Xt RS ARME ey PRS A Hatgithsact abl e ol i gomrers and

cyclic  sil'oxanes, especially affer exposure to acids

and basddorddreauBBPMPEsed dewirsisl gnd \wodteealsbare notorious for not -

organi cs,, hydrophobic materials, even those .

P e sitest gt it PRPUS fa Baiear 4 e Used GueR in paueous-

wat C nt it i j ard ;

Vo Esedtibriitisey B I IS fPSusfBhibld @) Gaht with weak

el astcosrong avidsandlbadest B Pibesed evitas alspi are notorious for

nmechani cal roperties.of P conbjned, With. a .

Aty (KR it nPedkHE SSraaAPl soidhes and cydlic

ML§1|6x§ﬁé§,r&géa%WSfte9fe 661 10HhElHS MRVBERSS. t BeBause PDMS is
20 new chem c

variety o | "applications that are _
i nasasily ssviglienblyy otgardes, BOkephchie matgdalse eyen those hydrophobic

Accor di ngl t he, .approa denmonstrated by,.the.

or dBap thatce ot BRRY e AR hEt o3tiioN into POMS-based
el aphRRId GsetcEd@truclPDM S dsedthRiduidic devices.

phot ocur abl e perfluoropol yether (PFPE) material, which

is res i sthug, arvelastameriagatarialoingbexbiviarihe alspoiem mechanical
Lo SORRUER! i PUS! BEIHAL i BCPesidR0BEAbOSHERR n common

f1 urganiel suNRsris Wrlld @keerid thel uke et micrefluidinpevietsitea variety of
exhibit |ow surface  energ | ow nodul us, high g

pernavasihenigal aﬁaliqeék@nsothazia@ imﬁsw&%ea%w@@lrremgfﬁw@-based

of i ext : em.c [ . hejr.s,
SF A48, O ARTRINGR o GBS b Rp BB Yl presenty
Newdigsloged BABjECt pRatiatSudb an dlastomdriy maRERM, medrer partisularly a
exhi bit hydrophobi c and | yophqbj c progetti es, Eor \
t hikhoteeyshle mestuergpetyetiiey AFkPby t BRieraly waich is resistant to

| Ul SR B BBl Brganic 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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per formance machi nery operating in harsh conditions.
The synthesis and 5 solubility of PFPE materials in
supercritical carbon dioxide has been reported. See
Bunvard, W, et at., Mcronol ecul es 1999, 32,
8224-8226. The presently disclosed subject matter

per Bty B R e by Sb8Refoslasprhan digige has been

sol Ngyaktedd SRSBEhREN, W C e, UM@bForﬁ@ltéleés 1999, @268224@226
phot ocur abl e pertl uoropol yet her as a materi al

fabri catThg presepHyf digclgised devbhjest anaﬁt@rsmmh@s the use of a

EroiERerBF Harmhiontiehdiogs ool RFC bRRuG"S *sotvent

pol pezkstant nﬁi&iréﬂwdlcsde\ﬂci@h Tae QB ahsistbeurdley peRtudropolyether
based m crofl uidic devices can be used to control the

f1 oa® & Mataria| for Jabrigatingoa dnicsoffuidic Hevier: mddeesses the problems
?;g Io%;}a@@{l ‘O\ﬁ{P\t %vygﬂﬂ 'ir?oﬁd;] g%&bg@% %ﬁ@@ poﬁ){/ﬁﬂbl‘b‘i’lhldlc devices

m cmaﬁbtfr@mootdewpogmencswlmwa{s Jhechoas RIDVISy  Aiceotdhsgyl PFPE-
sub ect mat t crl bes the use of a ot ocur abl e

A5k BYGrg U'fjt?r PUUERS €an tbﬁdJS&dstBlQPéﬁ'iO} '&H@Wéﬁta small volume
mc et £l device
enb%“é% TS Sucht 5 ehCorgHRIC sefPEh, Sl Borfory HiRoscale chemical
deseaichess thateré odt amenabld togotheppolyarariednicagituidicfdevices.
phot ocured PFPE material. In sone enbodi nents, the
nmet hod conprises coating a substrate, such as an
etched silicon wafer, wth guRfivaenf | uoropol yet her
precursor and photocuring the perftruoropol yet her
precursoThe opriesenilya giactosed esubjagie maitera qasotibesur‘rdae use of a

b S8R GRBle P e BoRl R BRMRRLES 2 RovkahrSRAL Mitrofuidic

fOVdI@\ﬂQa a I\Vﬂdr‘é bﬂ)&ﬂarﬁﬂtlh%diﬁé' MBS AIRtERS the presentl disclosed
perfl uoropoltye her material. In sone enbodi nents, e

et $idiedomatiesedesgibpse @ @yethgdaOf ifogningaet @ett@meda;}@yer of a

o AR BHOSE PR R LIty P aiRibnts. SBE DBfhog, comprises

wheggitingt hg  quiistratd)s Suich hasf idrt etdbdseeniBen! aysafes, WIth a
of the photocured perfluoropolyether are aligned in

pr eRpsfldeigpebetiaen gRFRSISOranand hmo&m@gngthqﬁeperfmopolyether

Dbk &6 Bt a Bt 1B oPABHERLEEH perfluoropolygther.
period dh tsome dmbddimentsg thieepreserss diselosv® kaljecs matter

to adhere to another, thereby creatjng a seal between
t hedasggb ggttaerm;ey'ncp%ygfsformmg a multilayer patterned photocured

perfluoropolyether material. In some embodiments, the method comprises

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 Iayeré to
adhere to another, thereby creating a seal between the two patterned layers

of the photocured perfluoropolyether.
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of the photocured perfluoropolyether. 6 In sone

enbodi nents, the nultilayer patterned

perfl uoropol yether structure conprises a plurality of

m croscal e channel s, which can further conprise an

I ntegrated network of m croscal e channel s.

Accor di ngl i.n odi ; e t

di scl oselgl §8 Jeegp%r?r%{ﬁ? gﬁgdgtbcg:‘ra ﬁt@gagg}SprBrg?@%g] g%érﬂuoropolyether

fl cstrungure ceinprises 4 Iplurality eh mioiosgalket edamesivowhicH can further
m croscal e channels. In sonme enbodi nents, the nethod )

of GQrBRKiIsR) an Hiegiated nedwafly P& dgicsescala ichgngelsal viccordingly, in
str r Rl h ' : | Sni :

e SrBbbithehts Tae RS R CBERE bjch, mBRBF describes a
competises ofi floivitey aamiateriat dhrmlgheantintegtrabed. netwosio o microscale

enbqdi nents, the nethod of flowng a 10 nmaterial, .
cprfgﬁ Qe | Lo %‘Pfﬁﬁn@ﬂ'g’QSLr_nﬁf‘f%eﬂ%tm§ e§?ahﬂw'n9 a material
]9: EIMbSS abflatifg s VAR IBRES wilHhe tH@ter%?? ale chla\r)gels. In

ow ng a nmaterialf conprises actuating multiple va
st raamerembedimdntsntheustgthod afoflowivly ahmatér@l cdmpriggs a side-

cnitisteth GVe s tishReen somesengeuinenls; ia mathferot Towing a
15 faffial RBM IR BlbnRels 8f HifftFerst SHAMRSL ahd dimens(ijons. In

reaction in a mcrofluidic device, wherein the netho
corgame exnbeditents, ieamethast of daying aamaterial Lemprises actuating
reagent,in the mcrofluidic devic o forma,reactio

or qatpie ave fbicies dpimitar el 16, oyl Ma dhrouon
t hemgRipRIXGJRAGBIK ofnRrosdleeRAAREE! Y sel ected from

one of a nucl eotide and a pol ynucl eoti de, 20 wherein

t he readni ¢ens cambedieents: sbe dresenthulisdosed. subject matter

crtieschBRS <A TRl bE ey o RheficalSigdtdon, B BoMcrofuidic
desddvidee swhergnt the flethdtt YopRiriidsnBoltactihg rHffirst eésgent and a

device into an integrated reaction or flow system
Fursagend feagebhiin dhedaicrefiidic deldce tedernl g reasiondseduct. In

23%8% BRiHo e?rt% dﬁ?ecrfi@{esrqaaﬁgﬂgﬂdOfthé‘cgggﬁd;?re%ggnt are

e for a characteristic. enbodi ne

pr dsdependehitlyc beleetdds fiohe adnerift #r nuidestidd emda ampblyedicleotide,
of di si)entgi ng a material. In sone enbodi nents, . the
pré’%@fﬁry Bséeaction @QBF@CtCW@&S deskelypeceatidt hda some

o SBRNPIARS, MTHAERootBR IEIONAD o Soffe Hggiments, the
st gireskerithy dischdsedesubjbctc matice deddribes exl methol odfeingbrporating a
parn%icpgﬂuticrillg eﬁlﬁzseelmol gn integrated reaction or flow 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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di scl osed subject matter, other aspects and objects
W Il becone evident as 7 the description proceeds
when taken in connection with the acconpanyi ng

Drawi ngs and Exanpl es as best described herein bel ow
BRI EF DESCRI PTION OF THE DRAWNGS 5 Figures 1A-1C are

2 EEL APy, By MGRLR, R BL L A, aoqpmpanving

pr eBewihys dhd @xesasles sljeat Hesmriierl hereirgbelesv. 2A- 2D are
a series of schematic end views depicting the
formation of a mcrofluidic device conprising two

pat terned | aycrgpielk DESREAIBRIGE MEDRAMINGS S 'Y
i scl osed subj :
devi ce Sroug 1R Goas prsclies o ARREnEE! hd b depicting the

cr desmation iafrelpattieaved layaer R Ricdoadarttarinithofheupeisently disclosed
devi ce showi ng a substantially closed flow channel. 15
Fi gii’(riée%m?"éera cross-sectional view of a rectangul ar

flow Ché\ﬂgﬁ}es 2§Lﬂyr§re4§ L&icd 6f QEheRphiG! ?H@'vié!\',hgé%é?{icﬁng the
a flow channel having a curved upper surface. Figure
5A fosmatiq aof \a emicréfluidicr devicg aomipdisinac ttwat @dttesace layers in

structure in .an open sition. 20 Fiqure 5B is a plan

vi AeerIanse Wit H RreSerty disclesed PUplF I ansthuct ur e | n

a cl osedriggRd 8RR oFcpiyses&iohal %iémPR;f_SéhﬁlﬂiﬂFLEas\édeHﬁicroﬂuidic
of one control channel actuating nultiple flow

c hatevigesshawing taaneerrs flgw dhiagneke 6B is a secti onal

o vl ol SIS BIETRS) o e Bl ot

a ravidarsifoi@elg By sisa et dssddoflow ehahkelf | ow t hrough
various channels. Figure 8 is a schematic plan view of

a ni cr of gV 4A ifegickess-sectippebyigwrefea iatanguler flow channel.
D e e 8% S bRl o AN GHBEE i a curvec
bi appley sarfagy.nt hesi s. \
Figure 5A is a plan view illustrating a side-actuated valve structure in
an open position.
Figure 5B is a plan view illustrating a side-actuated valve structure in
a closed position.
Figure BA is a top schematic view of one control 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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8 Figure 10 is schematic view of a systemfor flow ng

a solution or conducting a chemcal reaction in a

m crofluidic device in accordance with the presently

di scl osed subject nmatter. The m crofl uidic device 800

is depicted as a schematic plan view as shown in

Fi gure 1 is.a plot of t i it .
versus (gt dd: s seterm8ic g arce Yot R Fits a solution or
peréddé‘%ﬂﬁ@'é’ ehERlicalir8B&IAC Iy hahrréRiHE dde in accordance with

materials. " Figure 12 represents the _dynam c nmechani cal
t heheapreseatly sdiscloseimsybjectasmitess dihes snicrafleédic device 800 is

| ydi.et,hyl si | D\B). and f] | yet h
(et cB £ spASERfe Pl Vb endh I FRLEE8 YGL I bs as
10 a funsgLen19fis b%@éﬁm@r\ﬁscd%ngwe%usl% éﬁéérd@m €ér Sylgard®

representative device fabrication rocedure.

13,&&8463@%|pﬁrﬂtay@polygmepﬁ|)mgmcallqtﬁ| HE&QMA)('Bafﬁf)alfbf
PFPE
| ayer %ﬁg'[qee?o'%fp?%%tgu ate Cgéﬁﬁg‘nlc}h gh& OanaIySIS

on (DWTAJ tifgcdshi of| aM@éshan@d enblyd&némylsﬂexaﬁet h(@rlDI\llS) and
fully cured to adhere the two | ayers together.
13cperfm@rqn>@wet§féer (EFRiDenaterigly sm%n@dﬂexlmaﬁngtbﬁéoq&tmodulus as

depi ﬁ}n%tlanﬁg%l%%%ar of a dyed sol ution of

di c SRR AR PR e ni tri | e, and nethanol entering a
PFPE dewfigareschdBAel3G | afdpict |a cepresdntative ndevxce fabrication

solution entered PDVG han of t ize
_ duePreeedyis: IF'Hg1§& dw)m Ef%y Oﬁeéﬁ'&E mm) of PFPE

Eihgﬁﬂ%{s%&h?bhl tJLﬁéd ng:l%P 'Hﬁéa'tlﬂEk‘Pé yet is eYé°d off its wafer,

wn Vi ew nnel s "cont ai ni ng no
solrotated 907e andhalaced 9ndnpt¢fetheh1|hm layeer ThHe eintije device is then
verticall whi | e those, on the thick |ayer Lr)-fun, . .
horfPQ ¥¢ >;o gihpre &g twejlayer ﬁy@geﬁﬂnngfg'ffﬁedTthq?V'ce IS
gy %fgﬁ of acetonitril e, dichl or onet hane,
an ano Fig. 15C. Val ve actuation produced by
intr oduoTlggrQS 1dsi depicts r ai npbotdgsapini o¥f- | ayedyed solution of

o MG ptaMe DR naceBR B, S0, MIGHaId BN BTPERE device
30 chamnet areant liy c@'n%&elr%@ﬁd nBUHIENSn BRtdred APDMSWMadRel of the

described nore fully hereinafter with reference to
t hesaoe singadiye tegsvoelting 0ighthand  Exanpl es, in whi ch

repr eseratl e SRBAK TRAIE ATRORASH ISRRGH bdtuation of 2

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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9 di sclosed subject matter can, however, be enbodied

in different forns and should not be construed as

limted to the enbodi nents set forth herein. Rather,

t hese enbodi ments are provided so that this disclosure

will be thorough and conplete, and will fully convey

t hg: Kiinl

t nOIS R loiédanBier CaehTover, b PSRt ibradt forms and
scshotldf hot berconsited abdimaitad rh@\tbeterebedmenteasetnf@rbh\sherein

Erhene (snBSmRntrs hedded 3R thal i disrodiire win be
be'tmﬂea h/élng cd?HBIbté PRl FUMRCBAVeR B 566k BRthe embodiments

patents, an her references nmentioned 10 herein are
i ntmthnmeaﬂmwdby thefast. ence intheir entirety.

che caPNesmatimsiee aten A teifidfzend fig dams used

anﬂeﬁénﬁ'?%%%ﬁ@%ra%e Afeathd a@%ohﬁﬁ@ﬁ'fymndérgétbbﬂew W& bE ordinary
such i soners and m xtures exi st. |. Definitions As

us ekill nertbe rart tchwhicky this presestly lﬂe@paba@\sub@ct geaiigrapelongs. All

r ef e to Vi, C e I :

"= PapReAtRnd, Rkl RO MAbGR, bl Gefarences, mentioned
CaReRkéin br@ifdeepérated by réferencihaHeimentisstpn a

m cro-scale, and in sonme enbodi nents on a nano-scal e.

Thus, t HereHghost ithe pecifieatianand slaimse aj guen Wemﬁ@l formula or
fnf E?@géglgﬁgﬁif%%{)ﬁfp%%ssﬁlg{] g)‘t‘ilcal”?ﬁ{j l“e%pso‘?ﬁ’é'ﬂr%r I%8well as racemic

cal é ures

COomilkinpdd whard b@clsreisbmeré\mdrrdlmgbs exsstm crof | uidic

device typically conprises structural or functional
features di nmensioned on the order of a
mhlinme ke or less, which are capable of
l Ig'%[f}"rr}g@z;—flwd at aflowrate on the order of a
25 m cr @lsi usad meneiay thedsrm T;‘mﬂ:roﬂhidjp dsvick” fg@auemlblsrefers to a

i ncl ude, but ar ot mted to

r e8eVigsi th @Ug%ﬁ&bﬁn%ﬁﬂﬁlﬁe@” %(ﬁ/nﬂu'ghgﬂm Qﬁat%rﬁ%ls such as

Seﬂﬁu@‘s' 85n 'HRYird orléa ﬁﬁ@%n@(émﬂo@ﬁneﬁﬂé%ﬁ 'éaﬂl'itﬁb%cale and in
u |'east ¢ross-sect i onal di nensi on

i s sbmea malm@cehmefntsﬁ r@mn aboano-8calepm Thuabde rrwoﬂwmc devices

TheaueBsl | B ERS By A LI oAb oo gomerie
fgﬁhbﬂscaree@at@eg, tErddcaRrSteBlirel eand BbibRfationt thbtdtls
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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A mcrofluidic device can exist alone or can be a part

of a mcrofluidic systemwhich, for exanple and

without limtation, can include: punps for '

introducing fluids, e.g., sanples, reagents, buffers

and the like, into the system and/or through the

system ' ' ; -

Syt ot ATHERUATo SRYEBIER! e U5 Pl 8 rfhos Mronui
t r ag\seht whlth, dor edameld iaad withdutnlirmhetislgveare include: pumps for
nmonitoring and controlling environmental . conditiogns . :

t o HPEHCINGUHYdS; ﬁ-q-héaﬁr&%@%erem@n&bw&@d?n@.tae, like, into the
te u t gl e ddika; ' .

t neSELanLAfyor LR iheBPERE, doktRior SpHRRELM 6/ hstems; date
" m storefdeu bste msh eamde tonteol esyséarts i fot eontraliggathli¢ teardport and/or

can_nmean a recess or  cavity forped in a terial by,
| mplFecthg Vgt L 16, 2PUES.a Ak ceRdnepPeling] pkirgnmental
?ggcﬁddoﬁior%r tOWHREY Ridd #Pkse RIVYd ake rs%%dttlé‘% e.g., temperature,

nique, Or can nmean a recess or cavi
conhirrexttj and e likeany suitabl e fl ui d-conducting
nmoupted in the, recess, or

t t ity, h .
tube, ceb¥ | 364 NGSPIn, HBS| IRENS 1hamnelde ickosale. ghannel,” and

t ergmcrdflutie CRanAel araNbedCintirERAnge N @hd @dirf mested recess or
i nt erchangeably and can nean a channel” in a

m cgaity dodned dreairoaterial byimpartingreapatieral fromua paterned substrate

flui e. g .. s or a.ljguid, can flow through.

voraiha FodtetialerB7 B stitabfh it Brimeiio-EoBH@le. ppogn mean
c hag Rdessrordivt it cofirkitionl withh ahtseitable fllid @ondacting structure
solvent or a chem cal reagent, can flow through. 20

Furmpentedtindhe seeasscermavidy, sutinasp tubafeapillary, er thedike.

channel } e : Lial, «gSUC , I »
gas or’ dkglugégdﬁe%ghr{ﬁ%%}'rﬁ%rgé@h&?%ﬁ?ﬁc%hg %m@ol?ghaﬁnel are
actusideintercabrigeably P cadmesed bhagnel, int Aenicesfloidic device in
"val ve" unless otherwi se jndicated refers to a

corhighramalarialn SHEN @6 8 \ibibHREne §a8rar @ digtiidatcan fiw through.
an I\ﬂé@eshgﬂféélé{rlé/dztﬁest%%e*ﬁow %hgpnela rgll:é?gotﬁbggwg Btwhich a

can INnto or retracted from
chanatdrial o ideresty é.gqva sblasnkebr, aichensisploreagent) cam flow through.

actuation force plied to the aother channel, e.g., a .
corftrdierc fagnerm %W@Ed’h‘?@f‘@rnfe??ﬁetq &2&%&{1@@9%'-- in which a
ca I ] fduk @isGiaC :
RARTRL PR RO Al o Rl 44 ik BN Tow §ofBn in suc a
whivedy td actsateea @atveddrmrmg., can i ntersect at

o “or o /5 CRSHTGH65g i L VIR iR e mdlcated 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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m croscal e reacti on chanber, a mcroscale m xing
chanber, and a mcroscale separation region. As used
herein, the term"intersect" can nmean to neet at a
point, to neet at a point and cut through or across,
or to neet at a point and overlap. 5 Mre

oc i adis) ool e T, e s IR, i 0 - Efipmper., and o

poi microsesté sepamtmlmgwmnd cut through or across one
anot her, or neet and over| ap one anot he

Accor di ny$ wseﬁnh%r@we t@&@%@ﬂ BtRrseCt \geNaRgARdpameshat a point, to
i ng,g@@{sg{ a lﬂo'l@( and'B& thit haOIpQéI'QE% ﬁer‘ﬁ%e?%t (Eﬁmt%tnd overlap.

cut through one anot Her
conldore cpaitionlanlyt ha®nesextholérein, the stemm érrtie[ﬁen’éntdza,scnbes an

g%@%gggnel a\/,\ﬁ@?rﬁg} {]t ¢ Egﬁ%?lslk;ge?%atf@ lmow medl 4t 3 pomgI and cut
COMRYAfRb} QBrdéf'stéh&Qﬁot%@Pt&erheeﬁét b%:)dlﬁl%ﬁ(ﬁ%@eWBn@ another.

fl ow channel and a control channel intersect. used
herbcmrdmly umsnma:emmodlmalts, t\/\(ceclger)neist:ansntersect i.e., meet at
conpon ' conmuni.c

co i ;ﬂ %e% 2t BO'QE@B‘ﬁdC%t ﬁnécamﬂne gﬂather and be in fluid

gr asBMiupRlativArwith bRABardoigsreoh sHifie epsbdimentslit@at hahnels can
structural, functional, nechanical, electri caI

optintegsectot.ef,Imeet at AdICiRT amd Bveriapongngnotbertandinpbhe in fluid

5y W AEERARRS et b v

Cor‘@‘ﬂjﬂkﬁ@hgnmﬂmte&s@(ﬂcond 20 conponent is not intended
to exclude the possibility that additional conponents

can be phesad hersisedhe damorcosyBrAICAlR:| (B-8s s dirat é@mponent
or “cgﬂmr‘ﬁga%@st Ritn* ¢ “Ié i CoRM rﬁ@ﬁtgcﬂ‘fj \Agf?{mé’r% Bﬁd ddhponent)

referring to the use o focr of Gl evi ce

har@Hd r@atﬁrﬁatumnVanaﬁmm therensﬁvawmrlIse@lf 6] lnmbatéhad structural,
erms " n' ! ou
cff-‘6§§0“q|h@ﬂ@%@@'geﬁ*@?"ﬁ%'y qx[:g\pgl,ea[“fj}.gdlgn?elaflonshlp, or any
”EaéBrH@ﬁan@% tHeRSENBERIEEN W& drémbre VHEJH%MJHtQ orrateﬁ{c%ts. As
to a 'structure conprising or acting as a e,
uni gushmtkse rfact thaé orfs caspanbet & aaldtimecd)mmunlcate with a second

i @mapsT T n6k Haesdedmys. reiday ey Rassihi e Gdditonal
Car&ﬂﬁp Qncar?’ooé’ﬁﬂg%ntobgﬁﬁeémaan@/o?'?Sér%ﬁ{/?ly associated or

materia s. As used rein, the term "bi ol ogica

rratmg@ed 'witmdhe diest ambﬂs@omdamrdp(pmr;taers (e g., DI\IA,

RNA) amin s (e

orggami c '80 SUH}%Q? ?ﬁ& us§§ 8;% d‘gICFOZfMJnaC devnce Tr(r)a handling the

[{Hve 1] & »

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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12 hornones) wherein the small organi c conpounds have
bi ol ogi cal activity, especially biological activity
for humans or comercially significant animls, such
as pets and livestock, and where the small organic
conpounds are wused primarily for therapeutic or

d' F}SHﬁéﬁé WHéféPﬁQﬁe Al oratit ampouridgThbes i siblogiuat activity,
Interest wth respect to pharmaceutical and

b| espechaldy nglcngad;al antipity éer hwnans r icapyBerdiatlyesigpificant animals,

SR B RN S B DAY Eomoouncs are

”OUs@d WRAALER R SrtaSeutitriorr didbRostioigusposes. Whlle biological
Iong standi ng patent |aw convention, the terns

" amagterialo age @f inteeest mdtheiespect orrharmassutical #ndh blg)geeqmologlcal
IeQ th"‘@t'opg ﬁ%g'ggﬁurgbgr%fjgf%ﬂﬂ:fa? Bﬁs lrﬁ) é@herﬂ&éﬁ prédé’sses that

UIdIC anne

i n‘élfé’@ﬂﬁaﬁced)b?lfcﬂheﬂ thaof bnawginahmatehbw dlie, redrehioddgical organic
and so forth Met hod of Making a Mcrofluidic

Dewiaierialsom a Phot ocurabl e 15 Perfl uor opol vet her

Vhat er' al S t G0 &
et R, RGNl heR taf SURGHURL U torms e, ar

f r apnatigiaefsutodohe cprembkei’cwmmlugsed hlerthl(s W}:ahon lncludlng the
material ._Mre particul prese d“?(ﬁ c 98F%nciud
sukjaims. nHySfoyesamp sre éLVSe ﬁ““e fncludes a
pa E@%ﬁg%&sﬁ}f mlefoﬂ%ud?E%QHHélébéﬁd 85'?5rtﬁat eri aI A 20

ev ce conprising at least one patterned
Iayer of the photocurable PFPE material also is

OIS o llnb 12, 2pBak o7 b2tHiotocurae
some eﬁwflum%;ggéwetm Mét%ﬂgntly di scl osed SUbJ ect
matt er a nethod of formng a patterned |ayer

of a phdthecpreabhily BRI sedmubjectimatteirdascrings @omethpd of making

erodriRAUEE i dRo 1, IRUERERLE (BRBbrdthivter (PFPE)

s SAQYEL Kioe PRk Ay, thé présemtin dm&ﬁdwa@bjeuw fnatter BSscribes
conprising a raised protrusion P is 30 depicted.

Aceomdithegd pf farming & patteragd daydraefed pbomcum@espdﬁpﬁfa?te"a'

S R s i S A ber of e
t hgheAsdREPRIPERE fMsteriBFaled i¢ Hecsedt rate S 13

ILA. Method of Forming a Patterned lLaver of a Photocurable

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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conprises a plurality of raised protrusions P which
forma conplex pattern. As best seen in Figure 16, a
pol ymeric precursor PP is disposed on patterned
surface PS of substrate S. Pol yneric precursor PP can
conprise a perfluoropolyether. As shown in Figure

113, ultravi MW . [ [ . IOV

o et B b s anpal BBy R sy pattom.
pol yner i gs PeStHe8®in Pﬁ?dreal Bad belynestid prevursdr PP ig disposed on
phot ocured perfl uoropol yether as shown in Figure IC

i s dattareed snsfasa®h of auUbStERieeS.1 Eolmerig RrecatrseidP P £78r comprise

PL of h h i . ,

r e RerRRoV Bt o s BROKN IREVBDE By s RIRIHE U 1o appliod
t h@coﬁﬂbili%%tbé\)ﬁﬁ{(? SLpolyieridigreasisenPPOf Upea &ssink of polymeric
correspond to the dinensions of the raised protrusion

P oirepatsoerRfeda spattesced feyasf PL aafbs thhetecused [perfivergpolyether as
enb?‘?aiwnentﬁ., recaess R coppri ses at | east one channel
CH, ST Figute & 18 )0%%ent s of the presently

di scl osesls SHIWREIn Figirbe! CC e pafiepnad MyiiroPLabfethe photocured
channel . Patterned l'ayer PL is renoved 15 from

patpearfinepolyethere cPgmisesudstacese B thatyissifermed in the bottom
m crofluidic device . cordi ngl LN SO

enpaREnisheg s nen Torergrminy Amensidisifecess & cgrespond
a QB%%CHTrﬁé‘nﬁﬁﬁé | gfOthaPRYiKRf BeStneHam P ¥ Spattéthed surface PS of

providing a substrate, wherein the substrate conprises
a quisstretereBl sim fsoree @tbédimeardst secdssgRacomprises at least one

L B B B T B g s
Fe%!aHQF %Bﬂ{dﬁ%tegeé Ll Gé{fa??rchtaﬁnéf?r PAterR8d I8YEEPL is removed

ayer of a otocured perfluoropolyether. I'n Sone
entfesinrettesned sueab® 8 Sobf Sulnsiriatey Saopéeit eniceafluidip elevise MD.

25 phot fl | yet h i :
2 oatt o Rebrd i e sania PRBoET B Men 8 TRARE o rige,a patiered
Bnggepéf é\gheﬁfcmétfgembv&ﬁdwéthefs&m fgss:and a

Initiator to forma ‘coated, patterned substrate;
(b) expo@)ng providingt&dsubsitater mhereinbshe asubstiate comprises a

ultraviolet radiatign Q for a period of tinme to form

a layer of a %%kﬂrﬂsalsé‘ggcﬁ’erfl uor opol yet her on the

pat t er negh) subsdrtaétfig @ Pedioropolyether precursor with the patterned
surface of the substrate; and ‘

(c)  photocuring the perfluoropolyether precursor to 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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(c) renoving the |ayer of the photocured

perfl uoropol yether from the patterned substrate to
produce a patterned | ayer of the photocured

perfl uoropol yether. In sone enbodi nents, the patterned
substrate conprises an etched 5 silicon wafer. In

Shot or ed0ht | panTinG e RHLT difle MRROLRES GO éher from
the present| yfh@' patterped substists ttonprodete 4 heatleaheeriapst of the

substrate can be fabricated by any of the processing
met hods knowth’GO@lﬂf@dd?QrﬂUq)rﬁ@Pl)’@mﬁj but not linited

,t o mprﬂfloégd_rﬁ%%?rﬁ@@i]%!ﬁgﬂég{ﬁé J%te?r?@édﬁnsphéﬁ%%;?&ﬂénsg‘gn etched

congilidorefvaters pimsomat émpodistents, the patternedbsubsteate comprises a
t he perfl uoropol yet her precursor co

pol Bhatetesist ngderath sy stEatsxi &éi%PHf% rqss'rﬁé? Ryessntly disclosed
OX'{’.@@Ct"‘f'ﬂ%‘tt@L tHen %ﬂ%eo‘;@gegﬂr&f@n?n Bé”?atﬁrlcatiad by any of the

PRIt St or rlses di met hoxy- 2- phe
acqﬁropéssmglemdtlmommcam)omn rthat art, t ineludling, odmunt edot limited to,

B TRnatSPDORaREY. SleckBndamm ieRiE, Bhrdsh BRBnYcur cu
per f| uormpg&,ﬁgt Bﬁfbogiﬂﬂ'@ﬁiss‘%ﬁeacdﬁfn@ %&@@W'@Bya spin-coating

di styrenic be récogni zed by one ordi nary
skigtepi nirt kemer embaséimentsortbe qterBudropslyetFERjedisise comprises

Cormlv B tioespniiehe odnd S dndtas Y gof a4 Rl 1n some

Of ZRbB&idriter i naged pﬁBf&ﬁﬁéfé}r Them P'rléé!; n”QrEﬂQTm@thoxy-Z phenyl
this class was nade by the cesiumfluoride cat

a
pol 3cadophendnsn o mafammdjme@@ribeo&hqt@cuqade@;fﬁloropolyether

R i L T

%rﬁﬁo&reﬁfﬁm@@r ofyethen doimi’lprlsl@isI y ﬁéfﬂdoﬁéomlyelﬂheedlévw‘emc
the UV catalyzed photo-oxidation of

hexafl uo%@pwop@hebee Ffﬁe@gnﬂ@d) by) m“@omfa;pr@@a@fu%klll in the art,
gr?ﬁsyﬁ I’(Orp)%wgﬁ%? vay )It Igﬁ\{)er Qggb dn ?%re g)‘f‘lsc?(}é‘?r% years for many

ofyfsiisation. L(Bd)r*nh?&rﬁ@l RRPREfmateriakt blsd eretle Eyrpdlymenaatlon of
fourth pol ymer rrgl_ ) (Dalklnlnd str Lt d.
@wluga@%tﬁsi m@ngma% debfrst prambeir o7kys 6t Sgiwas midde by the

tetd |urH°rffﬂ%l%arb%tél%(%ﬁ"ﬁgly%rﬁb{ﬁﬁt of ! !j@l n arBPIépréﬁQz oxide

Structures r these s"are presente

. TabHFRO) odeltimigna semem&)‘ft braﬂmhadfpmlym desigpeatedoés Krytox®

t he PEPE cl ass. of |cants a |t|o to the
confRURIN |V§/'“51th'a¢o| Iypte, fPUI%%‘ Stia Pl Aeds; 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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15 structures are being prepared by direct
fluorination technology. Representative structures of
these new PFPE nmaterials appear in Table Ill. O the
abovenenti oned PFPE fluids, only Krytox(r) and
Fonblin(r) Z have been extensively used in

app Ié‘ﬁ%‘"{? roBEﬁ ez}eirgd‘esq\gé%reﬁor bgépaccj:'(reeézxppﬁ"’ll ca %rt ! tehnology.

NASéeprE%@hwtm@Istfdmn*earufuheé@ﬁéﬁﬁPFPEI palsls appbacrn Table Il
is incorporated herein éﬁ reference in its en
C

A dhegibpvementigned T ilwcbﬁpenlualﬁafﬁt@@sands Fomblin® Z have
d t
D Hedtt el @ndilayPESE i aPiEAdRe | B SReBRMATR. Jr., The

PFRBrdpleiicsts of N@eflgro olyetr%rs DH&Bdnfcrr) Space Applications, NASA
C3F7 CF2CF2CF2C»XC2F5 r
r@pmcﬂ@ﬁ@&ﬁémlyﬁ@p?) which is incorporated herein by

ARG M P B, ErRE, materil i

Pr gqmevidedsn &h@prmﬁlyﬂmm SMilsjectsnatteNi scosity Pour
Vapor Pressure, Ml ecular at 20 C, Index Point, Torr
Weight (cSt) C 20 C 100 C Fonblin(r) 9500 255 355 -66
2, 9“3‘@@%# T%s HIPChEMISD St u%%f%m%?cuaﬂﬁFPE Fluids
1.5x1 3x1 143AB Krytox(r) 6250 800 1

2x10 8 8x10 6 NaARAC Dermun(r) 8400 500 218tru5tB|re _

St r@%’F‘@P@L@of Repr esentative PFPE 1
St rpS @S Perfluoropol y(ret hyl 99%@[@%1:3%@]@2&

0) XCF3
Fomblln® Y C3F7O[CF(CF3)CF0l(CF20),C2Fs
Fomblin® Z CF30(CF,CF20)(CF20),CF3

Table Il. PFPE Physical Properties

Lubricant  Average Viscosity Viscosity  Pour Vapor Pressure,

Molecular at 20 °C, Index Point, Torr
Weight  (cSt) . °C 20°C  100°C
Fomblin® 9500 255 355 66  2.9x10™ 1x10°®
Z-25
Krytox® 3700 230 113 40 1.5x10°  3x10™
143AB
Krytox® 6250 800 134 -35 2x10®%  8x10°
143AC
Demnum® 8400 500 210 -53 1x10"%  1x107

S-200
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Per f | uor opol y(et hyl ene oxi de) (PEO CF30(CF2CF20)xCF3
Per f 1 uoropol y(di oxol ane) (DI OX) CF30(CF2CF20CF20) xCF3
Per f | uoropol y(tri oxocane) (TRI OX)

CF30[ (CF2CF20) 2CF20] xCF3 a wherein x is any integer.
In sone enbodi nents, the ultraviolet radiation has a

wavergtm amadard ,@@ni@él@t’f@ét@ﬁeés ofl Re R n%ag'&vteeﬁﬁ]%% Fluids

embodinents, the period of tine t coa

substrate is exgdamd to the ultraviol et radiStticture®
a a ava ..

R s AN VNN e T
I n SYhEO

zp ,
PatbENBFIUABIKR biidsxpmserl 0 aiERarlalel,

radi ati on ranges from about ohe seco

sedderfigorapelydiexolane) dRIGENt s, t he QFeO(GHOF 2O CReO)IF 5

MR e b i e e e e R

enbqchdreiH R is AMEintégdter 1 od of tirme The coat ed,
patterned substrate I1s exposed to the ultraviolet

radi at i dn samatgrubodinends,ohesultramiotatmadiationdha® @t wavelength of

th t d | f th hot ocu' 1 ed , _

ot R o rcRisters by SelR” BBACTEC RSy BeoRetied of time the

anGoaksdt patléided! SUBAREETIS dxXPoSEd tbNtheOfRrFABIA rdBAich ranges

the patterned | ayer of the 1 hot ocur ed

perffAmy @hos o6t $rgondstohabawtedNhbecends. 11misbmerembosiments, the
: - Ll e gk, ln _some enbodi ts, .

SRRELEY 1 el ARG RuS g S BETE oSEBEEH TS vt

perrbdiationpahyes feimi sbdigtomre Bedditt to @@UI1O00SEESHdsANth some
about 50 microneters thick. In some enbodi nents, the

patdeheriinanis; dpe d?eripﬁéafqicmitl& apaigdp pattemadopdsieate és exposed
. 24 _ i 0 P
S SRR PEOTEAS! B MG SORIE 30SEMGhBBens, e

pepietiodrafptirhgethbecodted, pdttarned sﬁUstrbtﬁitseéﬁ%ééécﬁl@ tHdultraviolet
the patterned | ayer of the

sone  enbodi nent s

ph6@®@gg%§ abeitdQ seesSy et her conprises a plurality

of mcregsc c : I RS, ~rt /
channel gﬁhgé@ea%nwﬁ}eglrﬁ%i zggfpgﬁné@%guﬁ%rgffpm% opl}qoiocured
abgetflunpopolyethes visdt betnaegi ngbdutondAbowticondStepsm tapd  about

O RSB T e PR 8 LS Rt 1ol o e

ch : : :
Chpromcerit brmfbherRpds O U0 AR shou
pm Oamdlimeterswinicky 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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rangi ng fromabout 10 pmto about 200 pm Exenplary
channel wdths include, but are not limted to, 0.1
pm 1 pm 2 pm 5 pm 10 pm 20 pm 5 30 pm 40 pm 50
pm 60 pm 70 pm 80 pm 90 pm 100 pm 110 pm 120
pm 130 pm 140 pm 150 pm 160 pm 170 pm 180 pm

25 BBt e IR nAES <P ity £ 8Lt A0fip o about

r ar@)mgn‘f rapwigthaanginy feomt abaktou il Oabpot 280direr ard/or a width
dept h rangl ng from about 1@2}\rgto 100 pm_ 10 In sone
en‘d@&gmgn rem ReUt HENHE $0 it @%’eldﬁh rEa???gWJQl’}f channel widths

<DoHuo0bubd SeERAoclfRR prim A A0S U 20, 20

abdQ pth, Apmm,05ahout 6250mpii0 andefd um,adQi g, ﬂOO)rTEm 110 um,
bo 1 to abo 100 p a depth rangi f rgm_about
" oRa BB oA W0 8 bMhn B S GO HITha kgl RGNY A8R, I, 190 .
bopih | @& V- dept hs
[ ng%ﬁ "pgﬂpqdéﬁe no#ﬁf)l m t ,ﬁxgﬁr@ Oaln]oSZS@gPrgz pm
0. 05 pmln some pmbadiirpepts, the Eh@mela hpwe a2depth rangimg from about

Iom1 5QP @ %gﬁugl W %nb{ﬂr %e%tﬁ]%gglngﬁgm@%q Hr@ég 100 um.
pmln]sr(ﬂné’@nt?&ﬂrriéﬁts qns chafnBR have §%tl¢@ﬁ@lhgﬁfﬂrﬁ -about 0.01

the channels have a width-to-depth ratio 20°r
f r dimddp@boud100a um agepih raogtng from asbmmocﬂﬁapm t@eabwt 500 pm;

t he hnnelsh epth .,r oran ing from

b eeRi g B Bpsheb?] WP Rb i Rok A BePfhfardig from
chapmitst pay ¢o absudtiogt Qnﬂ@ﬂbpﬂﬁfér@lﬂégiﬂ‘@nﬁ%bd‘u't@pm to about
about 2:1 to about 20:1. In sone enb nment s

chadthems angi{es andepihdienging et abaud S wmrtaraiaw 10rwm Exemplary

b 5 d
cnatoriet da@eRaRhaEy by ald pBf i dop P EouE e i 0.05 um,
One). ofuner 0i2ngiry Cs&irh, rlrprhhe G gl 3\/\me d ue¢ephy e7.6hah, 10 um,
t he di mensions of_ the channels of the presently
di sid-8$88 LubdCt’-Raimer0diBe, R3O Mingi2ddémy 30tw@, 40 um, 50 pm,

ex & e h e and can vary in
ﬁb hﬂoggn?hﬁ@ﬁﬁ{gfo%gﬁntﬁﬁg?rgg I'tude of force

requi r ednt meomdaMhentsalthbhcbamls higaveh annveidtr3tb-depth ratio

and/or, to_actuate a_ valve to contral the flow of the

mat'8PEIR0 {rRB} AReUt Flithdp, abalt APPIT- peldsoBta rspbegiments, the
Mor ARER Ihaﬁ,ﬁ th%rewﬁthcrm%'nglﬁfrs&ﬁés&ut W1%habout 50:1. -

18 are contenp ate se as a d reservoir,

redntsmnecembbélmer&snthe rpannéianhale aa\mﬂpatoademh ratlo ranging

reqlroorrrl] a tt2h1eto a out 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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[1B. Method of Formng a Miultilaver Patterned

Phot ocurable 5 Perfl uoropol yether Material In sone

enbodi ments, the presently disclosed subject natter

descri bes a nmethod of formng a nultilayer patterned

phot ocured perfluoropol yether material. In sone

enbgdi Iy s%'iﬂgﬁ Fg%t

perf | u(g?rg%?i g/éé[teﬁggpprg% g?l grﬂuﬁﬁé use pl 3 rlﬁggcgl‘gé?gber a mixing
moneghanriel, @ sapareieEreégien@nditbedikeui di ¢ devi ce.

Referring now to Figures 2A-2D, a schematic

representation of the preparation of an enbodi nent of

t hqy.pr esiggidod dicyc! F&ﬁﬂi#bjaﬁﬂMﬁﬁﬂéﬁr | PattSFR- Photocurable
PatTerne ayers and T are provided, eac
whi ch '_., : fVigegrigpol yet her mat erial. In th| S
exanpl e, ch of a rned | avers

conpr | sd c é’ﬁ’hee| E'I“gadﬂ“?%&? erPJSﬁ? dls@f)swlesubject matter

pr efssatibgs diss Chiegfst Sobj fRftnifgt taermumrw@aelp%u@kh@d €photocured
m croscal e channels. |In patterned |ayer PLI, th

cha?ﬂrﬂw@rombfeﬂeﬁpfrragf@;ﬁlaéd Ibgome @abﬁdmantaetheu msltllayem patterned

sh P

o o B DB or FBFET Y Al TaPrtfe e monoltnie
al i@j?mEmasetjnntcmfmme d@x/ml e, the predeterm ned

al i gnnment gs such that channels CH in patterned |ayer

PLl and EfEITHG Neub Higuras 14A-B% feAeheRte reprasepfation of the
raItIB ek ﬁm&&d ﬁ‘%ﬁi%m‘ tA& Ocﬁ{ ﬁ}fglscl?)sghgéﬁbﬁéct matter is

A- pat
nomw\mern@éttbmw IMéirs Flb.npahtdePlILQd alr@yprfovhﬁd C@ébh of which
conprise a per uorog{ol yether. 25 Continuing wt

r efGONUNESE B0 PETIHATEROYAINED, Meaderialr ndd thig epxample, gardw of the
PL atfenied !lely%?é“?’ qroRg! e%&mﬁﬂﬁ?%ﬁﬁ%ﬁ%h‘?‘yﬂthl\épég}bodlment

expose traV| e exposi ng

IayﬁrmePlplesé?iﬂ?/ dsclbsetinssbjeet m@ﬁmﬂlmls CH are microscale
nonpatterned | ayer NPL, to ultraviolet [ight U
pr G0PABSISt orlnt ﬁeﬁer@@ﬁehyﬁg Ri1,phe ehaanclsapee Seprasested by a

AR A4 i R T PP Wl e P2

showarlaid ohi gatt@meacl d PDI inhg presetdriiBed alignment. In this
m crofl ui di ¢ device conprises an 19 integrated

neeXemble.Ntae predeiewained c Rligmaest dsi \s.ucbhthait cheenels CH in

at r ' ' ' ints 1P, a st, seen
n PeReREL BYRL B, 54 BIREEH SobRahi § bermsBRichfid g0 Sith other.
showonrie &mbatiRnéiis] &s ARFIIGN R MoBRSPLAD M 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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the top surface of channels CH of patterned |ayer PL1
whi ch separates 5 channel CH of patterned | ayer PL2
from channels CH of patterned |ayer PL1. Continuing
with reference to Figures 2A-2C, in sone enbodi nents,
patterned | ayer PL2 conpri ses a plurality of holes,

d the hql d .
R T LR —
€. %redé@ﬁ%ﬁn&ﬁ%tb%&tlh@ }%iﬁtsOlI‘P Ws BBSI lseeA AAtIRE erossisection

d communi cation w anne s CH In sone
en‘qxndwdedtus Figtsres2dwd\lsa ahcl;Wgum EigLBAQ@]iﬁ membrage M comprising

e sk 545 AR 5 A TolEL By B oparts
COMgAEhfE € df%é’cterﬂ@&’%?é?iPEﬁ fromEcha i1 aHWY phttemad layer

be actuated to restrict flowin an 15 abutti ng
chdokl . Accordingly, in sone enbodi nents, the

e
per eltfé?ﬁ?ayl % Bl at E@r?ﬁigh&d h%%’g-’réﬁdl NBe holes are

over |rst pattern er of the

IohCotem;ttgr][eﬂdcli1 Bmmerapemﬁuwoweiahdr auipat s&r@@hﬁepa@Aerndu some
ayer of the cured perfl uoropolyeth wh
t heerphed 'merﬁktsoﬁ% $%: ¢ gv okt ARarien dAyanst putel %Ebﬁgture OA are
ph |

AT SRRSO ASHA 2R, 8 by, as showr
andntFﬁ@Jr@ec@%dea@&,rmcbas while bpltbssaamseeldn rasére detail herein below,

D thedhBRS IChBIPTe SuRHeHOaRE AT Hhiciel Fontbrising a thin
pa%@fﬂg)%iné Y BFPE nRhetiacwied cBhffe afbesd & rdstricané flow in an

thickness to Inpart a degree of nechani cal
st adbutiingy channéle PFPE structure. Accordingly, in sone
enbodi nept s,

f. d | f
phot ocur “ocqf’@lﬂgﬁ/ndbg%t@? pqarlétt’%cﬁ&\eﬁnt%o %LPféebﬂ\?qu%ﬁ'O%‘?ﬁ subject
Cenhhftat %I%%cﬁl%@é Mdth6@ 8T MMy ZERiudtilayée phitéfied photocured

patterned | ayer of the EhOt ocured PFPE material is
betpernompopyetheromatasial, the methpd eemyrisingii ck. 20 In

SO SRS TeBichayi, B st PRI LR, & potocured

embodi nents, p&AubIdpDlyadaéit ecﬁrﬂed |3’®C@hd0fpatt%ﬁﬁ’§d layer of the

material is about 4 mmthick. Further, in

enbodi ment s, pheiocured 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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t hi ckness of the first patterned | ayer of PFPE
materi al ranges fromabout 0.1 5 pmto about 10 cm
fromabout 1 pmto about 5 cm from about 10 pmto
about 2 cm and from about 100 pmto about 10 mm 1In
sonme enbodi nents, the second patterned | ayer of the

phomo%lmderr%aﬁnémserthé|flrsls pbttemrenBep U the photocured PFPE
m croneter and about 100 microneters thick. In so

enbvaterishis 5 twe thiskonkd grMe ambedimanss, be fins patterned layer of
h |
orob sy bt TR AL ik R, HEQbheleppogiments, te

enbibitikiess of thd first patterhaublaler oERF PRyeaterfal Mtﬁ%es from about 0.1
photocured material is about 20 microneters

Al tIHBUghaWuHR SMEATE 3RANTA g o 280w §c,qrast=sorrhabout 10 pm to
for gmd 119t afd fmrgagégg@m Pnﬂ%"%ﬁ&tv‘mﬁq@ﬁ n two

patterned [ayers eriral are ‘conbi ned, in
some enblndsometembcbdlmmrthses@cbyd Giatterose: thyeu lgjf éhée photocured

CorBEPE! thaleidl 18 Betwsen abpdl, & michmetrenis Abads { bf faigrometers
' ay@icko! InFEdthe BHhBSdidentd HE sebaﬁd rgarn%ﬁ-n@@iéﬁrrmhe photocured

ayer can conprise a m croscal e channel
i ntIéEjPEt MteﬂftlwsrBeMEemahcmﬂc‘ahmcroa:metanam abautt 5@rmicrometers
the first patterned,l a an be ﬁverlal

t f
¢ hethigs. nBreBRe P heimERT e, neCqRM SaLte s fgver Of the photocured

”Onmﬁ?értaﬂé“@@outaz(ﬁhléféhi&er% thigRot ocuring step, such as
application of ultraviolet |ight as disclosed herein,

to for mAlthoughi ElgucessﬂAtﬁﬁ wne Eigupe i1 digclosel theefibrmation of a
therein. Accor.d

h | ly, . nbodi , .
Rl be kbR Whatein, Moy Patlsnsd TRy Sio O HF B material are
perédrH&h@HWWf‘érﬂ@erﬂ?é(ﬁFﬁ@u‘ts ofth f%rte%éﬂﬂyt/ kRld6ed $dbl[|é<§t matter it

patter ned Tayer phot ocur e erfl uoropol yeth
matisrpcskibdantb fomo apatarefiuidid deves cahppsiogane pdtterned layer and

perf| uoropol et her mater| adher one

o Snarc oot PRPE BRbidl s Dt et Paftemed layer
deVd:é}?coh'lkr)hse e sehlelnAtHel B9 drhptdgradPhefvork of microscale
Mat er i al hr ou a PFPE-based 30 M crofl uidic Device

| n eannelsrpodi ntt@e firsé patteseed Igyedican bseaverlaig ey top of the

T P ERER e aPB peter o1 % Pl pafaidfel using

I N stestBc@inY dicie BLsh ésf@pglbbh@@l oPulteHvisiet ligiiet dddistloged herein,

of a materi al throu h a PFPE-based mcrofluidic device
conterfogaS r@@ngbthulmgtruqunmmmepésblng englasedrchanpels thierein.

of val VeA(’?éJrH%th,% é’&rﬁg'e{hﬁg&n{gn‘fé,oélf%tdéﬁd 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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device. In sonme enbodi nents, the valve structure
conprises a portion of 5 the mcrofluidic channe
itself. In some enbodi nents, the valve structure
further 'conprises a side-actuated valve. I11.A
Met hod of Actuating a Valve Structure Wthin a

criiBisranntie dofie o hlne st Pe e o dimgtine the flow

W tdfi ) it Efdth a IPFCPE)fblaseélnﬁlcﬁiﬁMlldle deoiterdciggrises actuating
closing a first flow channel by applying pressure to

an & \ta suskEer 8l pWraliamieyaly® rstrughies owithin the microfluidic

ch . F

i s L sSE BinsttinEhls, e k. BeURERS BBtsebcy portion of
fl CtWeCﬂnwmﬁJldecmnr@ iBalfanth 8Bmieogribaeiméniss ieav viahe structure
closing of a first flow channel by pressurizing a

secfé#ﬁtbef cOMPriseaAfide-anried V%jenow to Figure 3A a

front sectional view of a nonolithic PFPE-based

m crofl uidic device 300 conprising a nmultilayer
patltiek.nddetHedPEofndtctuataig 34 0Vatliee rStcudtorep| Within_a  PFPE-based
nonpatt(ir!ned! F.’F!. PE I aéer 312 is shown. A first flow

channel flyidic nd flow channel 322 are 20

separ at gg Qdm@eﬂp\’b%ﬂﬁnéﬂt@n JM‘@ g‘fd%f &8 ddiGadiiRp aOfv?‘ve structure

first flow chann ottom of secon
chawitiih 82PFPAsbakssl anietbfluidiEi gemee 3eomplises dcdsinged first flow

o RRERD By gAY presat b pbyBBGssthhd flow, ghanngd dor “control
3r éhafn|nkél”g th@FéB&d&@f%iztlh &4 BiR)mERBERTe B PP thalddall Sparating

| ect downwar d, ereby restricting flowF, as
shdhe twe Gln@ﬂm&is 3o wasfsnsh@lomhcbamelf | bigusemBReBnd BB together

o i, 28 2cioetf G, ¥ Bk Ry SRR s PRl o Bipna fow

Chf&ﬂfé‘hheBZP{efﬁéﬁr‘lng%v@ W Figutki 34| & fropeRestichal view of a monolithic
subst antially closed or in an internediate open or

Eﬂw@ﬁdu onctefluighe | @%\tla;e]g?»(rﬂarmramslema aBulidsyere patterned

For ustratio 0. pur.peses channel

RESHAA R GhEET 3EE oY i n e IRE FFPE tayer 312 is
IOO%JHdW?ﬂ Aafifserfidw athamnel W20y aﬁboéegecd?fbs'ﬂbhp%haﬁﬁel' B22 are
some enbodi nents, the nenbrane 314 of PFPE materi al

seEmparated bwmelnatpphagB%aneh doizne then toB 2P firsiflawv channel 320

0. e Re o Fiocad o ol B A2 el Tobidye o now
2 RRanAeP8208 opdll 5 pmto 40 pm Exenpl ary menbrane

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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5 thi cknesses include, but are not limted to, 0.01
pm 0.02 pm 0.03 pm 0.05 pm 0.1 pm 0.2 pm 0.3
pm 0.5 pm1l pm 2 pm 3 pm 5 pm 7.5 pm 10 pm
12.5 pm 15 pm 17.5 pm 20 pm 22.5 pm 25 pm 30 pm
40 pm 50 pm 75 pm 100 pm 150 pm 200 pm 250 pm

Because Buctin soDgfuly MRTmBfRRT 3 ob PR materia
gfl 45),&%53&:?@@@ bn@méﬁéme@s (322 -anddgRReras ng thRRAES Detween

0 not addi ti onal onents, val ves
B0 b ot a0ed 0P i SRS §oe (hEVR e G.3rn te 280 Um, 1

it REHRY G BRL R Rt And Bt AT b, EXGMAIF embrne

V0|thl13kn@§sé§1¢noi@dje!ebutf afe ot dixaitad ¢0,2004t pHH00 WP ¥ml0R03 um,
pmx 10 pm = 100 pL. Such dead_vol umes and areas

corf® Qfatmpy- 1t e, ﬂ&/uﬁg O HBT &he Han.e1 HPpproNMyes: eMy St 7.5 um,

or f t 'm n

i ooy 2898 1P . R Ty 2t 2 BREATLAG Iy 40 pm,
i n 50anpr 25 enin| v 0l miel, ot58d psubRe0t umpt 250 ,um| BUoUEMg400 pm,
but _not limted to, valves conprising a dead vol une

r arftthgM /efh B ang 1008 HmpL 100 aL to 100 nL; | fI-
to 1 nL; I?é%éé sucf Valbes 24% oﬁﬁaté& Pgrotcﬁg%w -Eh ortion of the
Pe, ul cqapa of

smal | ume of nateria suc as a
beimganmdé itvemneelvby (parrpdaefmmdngamemorane aﬂ:b@rdmhcm) not require

Wi gﬂéh%ﬁircgsrﬁntl g,;\éi\lle&s;gg Wl?bésem eient e have
% rldeadh Iuﬁl’é}?%@ﬁ.eswﬁ@ﬁn gﬂ\)?%fr'@tag?gy‘tﬁfé"t &Je have a

capab e ei ng nan I's a
O ]d%d vBlumhé eapproxinately| el fonthven actiodé woburog af theJivaIve for-

capabl e of being netere aut rrat ed systens, i
1 XM RPN LHX 1%0\,%@ M K0T dAPCRE it ﬁlﬁ%aél volumes
]|¢or ‘%ﬁﬁﬁte{réag'&ﬁ{s@lﬁ%ﬁ %@%oﬁﬁgt RlemiSrariel Hre éHpréxmately two

urd conprising 10 nC or small&r can be 30 nete
andrdespehg@gnititde salier than hewwnmglveﬁn@aal rremvyalves Smaller

I |, vyol f fluid o] b
o <1 L By ot rad e i 3Be renBiy o spbioph matter,
a ||ﬁ6|9§|r1‘@u'ﬂ5*9|@rnoﬂmﬁ’tb@|t@gVél@és %Bm;jrpsﬁq a@Nfead DSILHE Féhgnng from
ni cr oscal 3 synthesis of biological nmaterials, suc

as ‘DNAthh@IILdﬂ@Qnaistt@dO@e@k,s1 dhdo. hﬁba;ﬂ@o fhstodé gt iansd1 pL to
in 1L60'SpL.Patent No. 6,408,878 to Unger et al., which is

The small volume of materials, such as a fluid, 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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i ncorporated herein by reference in its entirety, the
deflection of an 5 elastoneric nenbrane in response
to a pressure is a function of: the length, w dth, and
t hi ckness of the nenbrane, the flexibility of the
menbrane, e.g., as provided by its Young's nodul us,

Encuieg 8 s B! ThbRRRG SN PR IR i Blelstis fgsts and

andasyaysl cal conposn tion of a particular elastomneri c
devi ce, E 10 device in_accordance with t

present I@S di%@l’"é%@dﬂ B catenaNe e f, 408,84 G do L—l[lgﬁﬁécﬂ_ which is
%E%%rét%kjcm?éiﬁegy E,é‘r@?é]ﬁ!e h O Sen@R amdé‘aééﬁgbtlon of an

orces are rovi ressure can be ap

actelastemdr&: nmrttbrane m)fesmﬂwéem|ac;erels;ureplasesfumtlanfdfmm length,
or a

p S0 o rand: Higkrisss o bR BErDiac, (5e SEXGURY G dhe qogrbrane, ..
pﬁf)whg n‘?c't§u?8 r?g% amByBREe’ octﬁéb?ﬁﬁlhypo uatfon force.

ypode need wherein't ermc
neddié@lise paeh:etﬂ thege pamrmahets wiilt kanyhdepémdinghramited dimgensions

{0 418k PPl HEmRBR oA o dYARYET PlSterc Heyias @ PFPE
t hegdUrdd ¢l Rlcorfdrieat itd tﬁepﬁzé%en@@ cﬁ’&ﬁ@%dﬂsﬁb}@& %Qﬂtér a wide

device further conprises formng a plurality of holes
i n range| ofaxemingngdhicknesses, #pannel widiles pand @ctuaiivn forces are
perfl U@ 8po| yether material. In sonme enbodi nents, as

fOFi gure 2A, at |east one of the plurality of

h0| es COPRyskERS can b(-ﬁbﬁpllélﬁﬁf bdfu%lté Ane IMes®f@ne of the device by
enbodi ments, as also s gure 2A, at |east one

of passing arfiuid 1o agasopeeh @@rﬁjf,utb@% fouekamples first piece of

nurble5 RnaREEr S po et BTt Rigba” OErGBAE ofush e 2

m qiyp‘dd@rrdid: tesiMy C @.4.0 sametat wpadjerfnhnul Aeedlelitsrelehe metal
such problemis the ra|I|t t he connecti on

bethwedermic needieds IM@%'“&%@PB@%M@W the ftow &haanel by insertion
f ! %hf?; t‘h%%r—eﬁg b?tls?énl{ﬁem @?&iorﬁh&ﬁﬁé| et ol ﬁoﬁ%h%%'e €5

nprise har e naterials, such as silicon,

t Io vvhl cmctcdndmgly, 1] eugﬁl mﬁbadmmnc}ecmwleqnetrmmnf amum‘im@b PFPE-
el enent. nmust I ne The riqgidit convent.j ona
natkases @I%@@aﬁ@sc?%w?m hex | cosprisss fafmtngea PRty foholes in at

Conbat ol ERtofied Bch Y 3 tholdlbad pebRRASE ey motorl. I

andcsdmealengEodiments sas sloowadh Figunet 2A, at least one of the plurality of
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
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£ 1 Bhysioa

By contrast, the PFPE material of the presently

descri bed subject nmatter is flexible and can be
penetrated for external connection by a rigid 5 tube,
such as a netal hypoderm c needl e, conprising a hard
mat eri al . For exan’pl e, in a PFPE structure fabricated

ot N EREr ABhE"ReRgredefiiond iEhchuidl tffieg prone o

I ntfpadthee ahd wal@gera‘[ehes@sombot/\pomts Fi gures 2A-2C, can
be made by penetratin external surface of the

patter ne%YIW@SBfthPF%EPrEamtﬁﬁﬁl of ﬂ'hetmésﬁ%ﬂhldefgﬂbed subject
hy%@ﬁéfn aﬁggﬁ Fg Endiday bégfe}rtégr%? lf&‘VSftgﬂial P(.%?‘E\GC’[IO[] by a rigid

materi a een renove
Fi gube, $Ggh asca bedtal eypddesmiayeedleasonmpeisingoartiad rhaterial. For

h d f PFPE I h
| eRTaaIo Tha T SHuEhiFe el icated SRokheyBHIGt Showh i Figures
theq Hhaw I‘%gﬁﬁlbeéxtbﬁd pﬁéﬁldthﬁoeﬁgﬁ%ypo déebr%e&f ﬁle"ét‘?t‘r%tﬁFéjmto the

is accessible to I nserftion o m ¢ need
ancﬂovprcbaenelp@ﬂ shawn iy Figures @ ARBCe cafrdid oedegby penetratmg the

y pOHGHIA Guflasal of 146 ARRiariesh 1VRroot FE HoImbatega) it the motal

- compRidRrmid Shedawd daffé?nﬂﬁiﬂdﬁﬁbrt Féybpeofeﬁﬁj@a}naftéﬁéldgas been

source. Moreover, materi"al of the present

di genved toi) thet m@iﬁ (@s shDWh |ﬁ| feguien 1€¢ spankefore thie layer has
hysi ca Ln.at the nta

ettt poRen e i seCoud aaftprips B8 3L PERRMARyal (s shown i

COIFigatd R-20) e robust. This flexibility substantially

reduces the chance of |eakage or fracture' of the

pr esent | Betwesorthpse stepss rropeiiioai of theflave chamaglHs exposed to the

C naRRYRTYBAT AR S ORERSLP R, BReBhet e LEBRYER g, feedle and
bet;w@gér bb@ltldﬂmgcﬁf #gl holes  Fsliongrty icorlétibrabf §abeedidn of the
fluid fl ow. Because of the narrow di aneter of the

chadfyigss thaanetad I'B’PQFj@HWCo'ﬁe@‘H@slé insertast intp dhe hole to complete
de“thﬁeﬁmda%‘hﬁé’dtl'aﬂ fo’ %he %gﬁ{a‘?tfﬁli f fl\héPer&l %e PFPE
requl ut high preéessures ccor

unvmateeldul Ioéathaq&reeénﬂly'leilsnmsﬁd srﬂbjeohhmiterhﬁm\/\ﬂa@n in response to
devi ce a?d an 30 externaij connecti on can aisult The

& elfabratthe RERECheRNIATtaNth ApreXiqpmat FopRection, rendering
gir 3ﬁ§ rﬁﬂtérn%?%kb@ﬁgc% i&fdnuhﬂir& §M§ ﬂhgﬁjﬁ?ﬁ%ﬂl?f%ﬁgstantially

sin reve age relate
pr esduces . thibcleames tdfcldadxagg; ot Heact®' fof ethieblpeeddifily described

rmterlaf| g nfornms to the shape of inserted tubing to
f or"Aickpfluidic 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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substantially pressure resistant seal. Wile contro

of the flow of material through the device has so far
been descri bed using an applied gas pressure, other
fluids can be used. A 5 gas is conpressible, and thus
experiences sonme finite delay between the tinme of

oy P Cam iRt debratin e ¥6Pe ¥ 8T AY o form
expalistaaRily resdigeresiblanteegeparating the flow
channel s of the m crofluidic device. Accordingl 3@/ in

some  enbiddieneontel af heellow femelsrialitiugethes dpyisethas so far
MRl JBLERY Bsihg APRONIRY dds BIAMAD SKEPRORS AREE Tsed. A

t o @’ honconpressi as water ~ofr

hy qgails comipresgilsietbhintgus rexpeneaces sohanfiaite aétay between the
trapnsfer of applied pressure to the penbrane. If the .

di stﬂng@ioa%lpaﬁ%n &f pressure s {pk examplg. g0 sxtarpal sqlegid valve
ch . o . } .
O bnd AT L DR S6OBSR] bl M A o soparating
Thethef dioe;, dHamnefst iofaltheredicrofltiidic tdevicH. er rAcogrdingly, in some
press end rticular l'ication

15 will, d 1t ] .
B CTBOS BN o taFERIy GIREBsa shlast Maiier, pesspure Ts applied
bOtfrbrﬁaéﬁ%eﬁ\% soluftt ¢o 'Be‘i‘\'oﬁgglg]p@?/ééti'ﬁbeﬂﬁiﬁ?suc as water or a

f
defl ectabl e nenbrane 1s provi e presently
di dylduselic silbjesattingeint 2 near-instanteneobs diansfiersof apglied pressure

S BB mBniAS, o helfulafe Jhuitnd Eihe Hérbane is targe or the
valiify chaniéllis Mefrove highelerisé ey dMthen®ridlol AU &34 ¥ontribute to

skill in the art, other nethods of applying external

pr edglay é ackiafiooyi hatetoye the pptingainmiediwm et areferring pressure

subj.ect, matt.er . ncl udi.n as tanks, conpressors, . .
pi s"{”ﬁn ds%@f"&rm?“ a c@?rﬂﬁﬁlggo%ppﬁ%ﬁmo& .a'ﬁ)s e}é‘PSvica’QHg”rat'O”-
f orastaRdinglyt BePuss estt bisttligasleatsdasdbiRsd MBHiaEto HAuate the
natural ly “occurring pressure sources, such as those

f oufeflectanleemembiang ismgevidedby the presranilyidigclesedhgubject matter.

Phe- centufae srfiaPaiRih tns. B8elid P¥a8uRt B PO by a pump
I ntart ekl Sistemaboughns ptdssurd refsatoe anyent@thabyalve. As will be
muscl es during normal flexure, O her nethods of

r ediNdgrstegdelRy @neapf prdinary, skilig dhgr artppthargagthads: at applying
pr I j S ' t ianclidi .

o SR LS00, MR by R ool AR syt mater,
puripcludipigngas \tahkss scomapresediserpistppesystéms| and columns of liquid.

| o AloirengBa HEHES In Tirobrepeptn discoaaubiees watar arenaturally
valgRaridy 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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accordance with the presently disclosed subject matter
is nearly linear over a substantial portion of its
range of travel, with mninmal hysteresis. See U S.
Patent No. 6,408,878 to Unger et al., which is

i ncorporated herein by 5 reference in its entirety.

Accor di ng| é‘om'ieh%n@d‘i’rﬁ%n{sn tﬁ&cl%rsgﬁﬂgé o b t i%roﬂuic%ic valves in
presently discl osed subjett matter are ideally suited
f oraguoedarideuivithahewiresemtty diacldséd wubjed matbér. is\Wedrly linear over

t he val ves .and pu .of the esent Ly djscl ose \
suc} Babsiaatarotag oL us reeefaoF kaveuith B Gal historesis. See U.S.
OPEB,RRE 164.0BH08 8T8 nl%aUggEi ﬁg&nﬁﬁ, whflcH a8 ﬂnhﬁ@f&éte‘dhﬁerein by

use of the valves as ne eévices. In so
entreférenoe sn ithenbipeiyi ndcodrdingly,viiev walves upedceardance with the

control fl ow rate by bei artiaglly. actuat.ed to.a )
nchtseRly iscieer SbiRa Pt el igalsluediar RuffoshBu metering
facddd i@beonifeg determ nation of the amount of

actuation force required to close the valve to a

desi r ed \Yjedbe obivescand pumpaef itlee presentlytdisglosedsalbpject matter
15 actugtion.is that the for required for val vye

et BT n ifeb dnaat cpstialdt 56, BRAYaR8, ke & ffieprgesponse
f1 orecrires ehe uds otk Pallv¥s abimatetiHgldevitess 1hisa@dd enddiments,
i ncreased pressure in the flow channel can' be

couheePrening ciddienyalvads usateipcestial @ fowriate for beinpot partially

are t c d [ e v S .

o SRrudtie 5 AKHTRRCLRREY, 87 halre, “hus yafi¥Seoaton aso
pr efasilitRds B8 deterrdhation ndfetred amount csfeastuagon ferce required to
actuation pressure. Linearity of the response o

f
val Seseidiye nadvenio eheesitad,deatas of cipmise; L ABehegrRenefit of linear
\A”Et%}%ﬁjalﬁn € it ianrle tr@@ui}@b?’@r v I{/é'cédi‘lﬁﬁiorf HEh S determined
et ne Yy Ira C IC 1nh a

T linearity 1S a dé e characterts
val fremdapgrdssue ihithe flapptharatsl occohdinglypifectimtian is linear, an

e sehed S W e e Kot Ry adaing
an r V. ' o ..
ST PSS (o e e ko pavion o ne vate

enbbdisyehigh pressddéd iimntheoflowe chamsalu(ie. bdsel pressure) can be

actuati on stens descri bed . herei nabove,
el Qungres:! yc'naFﬁf%ﬁ@[@@U%@maqust%yst ens al so are

provi ded jng&it)y of RePF 5bY ofli 5 GlMae HepétiddCon the structure,

matter. For exanple, electrostatic actuation can be

accaompositien) bpdf ovetiod) afppoltiatien yot libe gealve | sittaturges Further,

(which will tend.to gtt.ract gne atnother. when, a voltage

di fwhe ﬁfillgparl Epﬁ' agﬂraabjg characterisiic’ in 'a valve depends 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

27



10

15

20

25

30

to thenm) directly into the nonolithic PFPE structure.
Referring again to Figure 3A a first electrode 330A
(shown in phanton) can be positioned on (or in)
menbrane 314 and a second el ectrode 330B (al so shown
in phantom can be positioned on (or in) planar

d PFPE | 312 d
B oG ribhGiite MG SHR AL R sgein to
at tmgeﬁé 3R BOH@ﬁeré%trw@raﬁdme(énWrelreshamdﬁ@ ¥rl beqsitoned on

ane 314 to deflect downwardly, thereby closing
f | ojar cindnmemiBane B8d4d anhd aesérsante atdmdeod80B (aso shown in

Zgirfeliéﬂ S cBnibengosiig e oR4AT B Hignartin P AifTagd FFPE tayer 312,
nt SR ctrdledBTORAARA BIVY 88 chargad Withi &5pdsite polarities, an

erX| | e el ectrode nust be provided1n or over
me rdittrantives farce Shietwesers thfef itwo exlettyoddseiilblcause emenitane 314 to

can, b rovi ded o ting a thin [lization
stiesk dnumBEs. it eg TRt Az i ih
conduct i g fiRt ﬁe‘n%ran@relgc’iﬂ‘cbd&td e ﬁh‘ﬁéléﬁﬂy 'c@MGﬁcﬁ%}ét to support

of a conductive materi al I n some enbodi nent s,
el eslectroitatic extuation, blﬂetheSd) goechanicalynbiifiree as fo lmpede the
provid d b a t@i?(n met

pr dVP %n@sgﬁl%?pzt@/ﬁﬂlglpl %SCEO%MU*FZ% Ipp%\flded in or

et Slor 1BY {@ﬁe §Q4n“$@éh acdudicibhtly Redbld electredéan be provided
formation of a netallized nenbrane by sputterin

ot Hey depeisitingi zathionmegqlizatione tgyes uom ran@rrdnenﬁch doping the

o cedtbies SUBE Eaidugfive TnafbrEf SETuMing the"Bifare daver out of a

tr ags{cRictiveinatefBt 2l 1 ayer to the surface of the
el astoner also 1s available, for exanple

by
evapor at Inngomereembodiments, fthat elagrodeatpsesentwiat cihei wdeflecting

C nemraTaRng o PR aRr VR RSB HOg 1 dte WA o8 kB provided.
25 fhRexaRipkicChy Yputbied BaHm R§eAoRhsstal duchead 20med diygold. In
depositing carbon black (e.g., Vulcan (r) XC72R Cabot

Cor additien da, theofararationnak sapraialized membrane fyaspyttening, other

A ethnh B AL VT s 362, coBblEH PSR MaBoration,

ent gleetroplatingt e eil?élﬂrdléﬁs plbtlag,aaltsorme Meﬁle/vl Pﬁnysncal transfer
conductive materi a car bon 30 bl ack

di voicematel! averpf@rmea%@pe of flae elastemst alssm Ig @V@Q@ﬂﬁe‘}é’r example

]; 2; g\égb’?rﬁlﬂbs u%'zéﬁféaéﬁ'ﬁglﬁ@%%% tQwH¥h & &dHEFeS Poorly, and
then placing the elastomer onto the metal and peeling the metal 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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The | ower el ectrode 330B, which is not required to

nove, can be either a conpliant el ectrode as

descri bed above, or a conventional electrode, such as
evaporated gold, a netal plate, or a doped

sem conductor electrode. 5 In sone enbodi nents,

magnet i c ' h 0 : :

acni oved' Dy 9851 Bbeftods"$a0mWHCR Il rE8red o move. can be
f | ethehaaneompliahb elactred@ens cdbboritzel asticvahl er a conventional
material, such as iron, or a permanently nagnetized
matelestsnde, s ishasap oP¥aRArateddgel, en @ﬁﬁﬁidiﬁ%@ﬁ%sor a doped

\Ahesre&ilggé&??gggf%ﬂggei s fabricated with a 10

magn arrzable material, the nenbrane can be

act uat ednbsomatémbedimants, magaetin aetuatioarofaihe! fled channels can
magnetic field. In epbodi nents wherein the ne

: ) rape _
i s Aepehieyed dyipbrcatngather Memhrapa e tingsaing: éf?VWﬂsnne'S with
per td j t el j~al ir e
e ARVttt BB U, i B permanerty
magnagnetiZadeindiermhdsucheas palaraedfdéiether by attracti on

T i R b oA i i
fi %ggﬁgﬁllggga%fiébieo'?thferibDetH@'mbﬁﬂﬁaﬁé‘ncé’ﬁ be actuated by

gener at variety of ways. In sone enbodi nents,

t heattragtian ircrelspehse i an gppéed neagrsticAiaidmin emidiments wherein

coi| formed in ar proximate tp the e] astoner 20 C
reriBp a RRembrRnes dp SRRt { WUR &1 BRI L TaRple; of cBgintaining
I's Ofﬁé?ﬁ?ddeﬁ?%agﬁéﬁ%ﬁ@/, tAk! A%l 86h Yirdti 1 nRfgn@fized by exposure
i ndi vidual punp and/or valve structure. In ‘sone

entfodd aefficiently highmpgsetic fieldsand hepaniuatedeither Hy attraction or

o PR IE T resBNSh b ing, Bt in Kb bRy st asCfeonetc

valfiggstructures sinultaneously. 25 It is further
possi bl e to conbine pressure actuation wth
el ect r osthe i magoetiadiphét ausing (gtuation \fr he membrane can be

particularl.y, I t ruc i ] P
coréé[ﬂ#%%tdi 'ﬁna \?\? 'tt?%g/é)q\ﬁa es smagn /%rer@?é\dr%wglﬂtsd éﬂ? " %%netlc field is
el agdrivateat by al $nialb induttige eoil defrhgd &t buaredmate théngelastomer

the pressure in the recess_and/ or channel and there .
actambraneremiihgnackieliont aﬁ%ctaef SRt at BIAGREUE ecQ5 4 Wealized,

Bl R0 el S8 RO LA ShaF v o, n

andsgrhe cémbbiinegnts, dlod uabgoetic fislkris germyatace byr aviadger, more

by gorlls(leerful 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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29 presently disclosed subject matter. For exanple, in
sone enbodi nents, actuation pressure on the nmenbrane
arises froman electrolytic reaction in a recess
and/ or channel overlying the nenbrane. In such an
enbodi nent, electrodes present in the recess and/or

c3BSboRE o dheP shARE AARES, By BEhffer B Yo Briments,

Caug@Gatieh pessed Bnitha mérmbrinecaricds fro@ @i eRictrefigis reaction in a
results in the generation of gas species, giving rise

to recpseSader ahanngl qverlying ther memiyaegs khaueh an embodiment,
MBSk agd Pl TR o WAL, BORTSHT e across

f | aslectholitee irc g redesshandrel .chbnnelucihisn po’mlmadldlfmmnce causes
el ectrodes present at op&qo& te eads of  the cant

chefIREFOChaspIcal 35808t e eleEanen Bda550LS Ja,ihe generation of
Ofeﬁ g\ég%spﬁ\?lﬁgt risd f he ﬁ%tsﬁ%% dlﬁé}%ﬂﬂglh in ¥her AldeR8 and/or

Int electrolyte to t
r esgiesinele el ectrodes gives rise to a pressure
differenti al b errbod .rent s ossi b
to act ua'f‘es?'ﬁs o Pé'é“%ﬁs’c%@ﬁ gn Péeﬁlffﬁdoﬁ‘ itag, e FPé"e arises
COrf gl aﬁhmrtoklﬁ?éﬂ%d fIRP TN Gna Y | SotttdPcidnddler MRl such an
energy, either by thernmal expansion or by production
of embedinientmededtiagigisdpressninat aappositehends aif theacentoischannel

00t 4 BT AL bl of LAV b CBAEH e conto
| Il cHinnidpt W\ﬂ%lrﬁon%i’ AbG Spo@Eby on Thé LélééifcﬂYMV fohitz Aespective
PFPE- based crofluidic Device Conprising F

Chaslaetredes gives fiseda @ messyre didferendiahl Si zes and

suby ect Merdtle SORRHER duis RsIEREAG AL WiFUBIER py causing

di T4 gluantlow @ 3hé @ohtronahasheleSase up@hamsappﬁ(faelbhn@f thermal
di fferent advantages depending on their desired

appgnesayi eifheriby fharmat ekeansiel 0& My =RieguGiom of agasdifrew a liquid.
oo ChBicRone. GalorRHAT ek en 8 BaoR e groduoe an

curinebagene pressurasafficirit fer mehtbrgne tastieationc e | ength
or in the region disposed 30 under an upper cross
channel. Referring now to Figure 4A, a cross sectional

Vi .81 Mabfiod %f NoduMing a Valve Structure Within a PFPE-based
Microfluidic 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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Figure 3A of flow channels 320 and 322 is shown. In
this enbodinent, flow 30 channel 320 is rectangul ar
in cross sectional shape. In sone enbodi nents, as
shown in Figure 4B, the cross-section of flow channe
320 has a curved upper surface as depicted by 320A

Ref ' I h | i S

oL G228 RS BRI sEPO) e Iy MBhnBfpiiments,
f1 cas shewneh Figae mdth%Z&o%Jslect‘l@YQf fldavel@iriEl \3200had 8 curved
successi ve positions shown b the dotted |ines 314A,

314mpeg sydace pamiepiglgd3n4320An some cases, inconplete

I | | :
channel. 39806 4Gyt [b%e;ﬁ%ﬁfvf?%bhév&t%%@ 3388 Bressurized,
| ayiae Mémbrdfe BehrIn 814 sapatatingFidw @Héﬁnéié’o‘azd éﬁmzz will move
channel 320A has a curved upper surface 314A

fI clpwmuaily ta2beisliqseesivarnasiinnsneowarky fbhﬂtdO(bﬁed thies 314A,
%%ﬁe%‘lﬂ'?%s% ﬂiﬁA‘}i’PA‘é&’l %&%%%:}%‘g\s/ e'HEOSI i%%nsséﬁ?pq can occur

edQ@c RRE t b@?és Obf tﬂgﬁ’é raiRw NEhanm@l f 8261t ahat ‘éd}d&%nt planar

fl ow channe y top nenbrane portions.
admnmyf@rmﬁd HE\'ﬂEnI@ySUBIhZa curved upper surface at

b 4 hat | et
vl dodReHING pANCeaFGLTe 98500 il 320Binas Rusved upper
parstdrFa‘dJeaSJM/A D SAPREN Mnn@?%ZQfls rﬁr@é@&r@éﬂ“%eﬁ%@ﬁhe portion

provide a continuous contactil edge agai nst
norﬂjb(t wélr mede BEREWaagyrto3ne sucbessie poan‘/lonsl ishgwhh®y dotted lines

20 DAL S1HR%] 35aadcame SIS Wl glasoparions " ah fianembrane
Su‘r’rﬁﬁ\%ﬁg%r&f infRYhd Gof ShHntRe {oRBRE fB)P %H@hﬁ‘@ﬂane portions.  An

ace-at nmenbrane 314 1s 't hat t rane can
r e aativiaptagendfonaning stble ashueped upper wfanmanfnen’rmfahé 6\7]/4 is that a

wndRoE eplets Gear vl B tinu %‘gf”he@ o Bipaurel 3p is Bressurized.
entioR: BaRIR dttﬁ% oderotirfaed SRR ngﬁer BRBAUR BRovide a

chammdahuom\Menn’eaodmgvatgef hgavnshaommneraed%PEaaymBizrthereby
peri net, mat eri al onI the sem -circular arch
poretvo n‘3§t m@mnﬁt@ea Wich sape DearbimemArang 3314 and the

gt R , ente 1 ot s

appl i ed Awdtbet admarftage@f h3Qirigoa cunsxl tpger low chbansksurface 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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31 In sone enbodinents, (not illustrated), the bottom
of flow channel 320 is rounded such that its curved
surface mates with the curved upper surface 314A as
seen in Figure 4B descri bed above. In summary, the
actual conformational change experienced by the 5

menbr angnUgsie 3&hBadintshty/ g citgiﬁt&)ﬁg%sg}"‘ tbaeb tiom of, flow channel

configuration of the parti ruc ure.
par320:uﬂ sounded becl dinditoitsreuineuh budhece geates | Witldeherslirved upper
wi dt h, _and i ckness profile of the

h
on : ef%lgaglspgemg;gure{% deRcribefealaysr of the

st ruct ur 0

flow an ﬁc%tﬂ?ﬁ]ﬂw Haéﬁﬁgp Wgﬂ%rﬁaﬂ%ﬂg !er%lﬂg %réox e?@ﬁggd by the

of rhambPHREUpan aotwdahoﬁﬂwdls@a;}ben'ﬂﬁe?] dbefwnﬂgmamlbal of the partlcular
al.so,can end on the pmet actuati on,

actI ﬂg Eoﬂr%ur?he%ﬁtﬂa&ﬁ@lﬁﬂy’r@% @”’f‘% '%ﬁ'é‘ﬂ}ﬁﬁ%dwm depend

pr Q)?ﬁﬂfeelenw |widH, YarROfHiM&ss f Cﬂr@f?ﬂea&ftﬂ'\@tmgfhﬂrgne its attachment

response t0 a magnetic or electrostatic
l\/brtedherremawi@dere@ﬂ thedsitocttios, nand mmlhecgmnw&ithnanlj$hape of the

rane VVI|

|
WERfe ool PRafid A thel oML Alordies,a the PFRE naterial
eﬁ’Q@@UWEﬁlthv‘e donfdrirRidnalP enangé Nasy akae d@énﬁ' bﬂefheb‘?nethod of

open or closed, wth netering to control the
of astustione asfacturtionaoftbe mempraredn rrsponseda r&EBSpplled pressure

6, BB eGSR BN el st

20 foreet angul ar, trapezoidal, circular, ellipsoidal,
par abol i ¢, hyperbollc and polygonal as well as
sect i onMQf\eOVﬁre the slasinest cefetmatienal schangesin: thepmembrane will

pro us Q'C@ Zﬁe p%%%@s %éé]l%gggsgg IE’F}I-”Etsqructure In

emuwllerrﬂmdlmemy dedanipedoatsng, the vaive éérﬁefthéw\be open or closed,
chan al so are provided by the presently disclosed

suMf d?“e??é'tngetp CO@@" of ihe@egé@? b glasuraef the valyea
Si de- A h .
ot esent 1A theViirafle ShidkbH rofles U AROHAITR rodsiEections

si des a@tmadecd:l \b&l vtbestpresdemﬂ)e digelosedi ngubjest traatter, including
ure 5A shows a si de-act uat ed

ures
P%agg afzt J@Qeé@l aj, nC cHlahasllipgeidal, 3@8&@'& ohyqub@l}ﬁ? and
ch [
chggwglbnglé%g V§eb{ﬁ)s;t ?ﬁ%‘d odv?vﬁﬁggr@é%%ﬁg%epso I's fol\(l?r%edcomplex
i nCrREBBdchgnal gtipes| susto@s 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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enbodi nents, control channel 512 conprises a "hole"
formed by, for 32 exanple, puncturing the PFPE | ayer
with a hypoderm c needl e as descri bed hereinabove.
Control channel 512 is separated fromflow channel 510
by PFPE nenbrane portion 504. A second PFPE | ayer

e e I

andhemmabnivechéton&bl bA2nndti TR §anm’aterdsfmndéloacclum1|ml 510 by

¢ S BERBLNEEMTSe S0t R st B eElinichoum) s bonced
1

1 oSV bR ehpEAPECE02, for SRR RGBT, RbRse flow

r el e 510raariscorgroMchnmeldA r ol channel 512, 10
menbr ane_504 rel axes back into control channel 512 and

open f | oigerRmikishowsosideyactiatgd syalve stughiredQRIinean actuated
t t
iS f %‘}lﬂ%sag‘w d&?g“tge@ﬂ? glf’r%mcﬁa ?Séﬁh‘énbﬁ 23RN 3ue, within

ac cegrtrn chanhéhs1d)enpmesatd 504 dleﬁtrhmsmeb fow) ohaihneb51@rblocking
is not limted to this 15 conflguratlon In sone

dhanael 10. pHpennaigrstef presswa Wislint eentrol channel 512,

bet&{%mbg%gg 5@3“% e{é@g Hég?mﬁ%gﬁéﬁﬁgh?%mgﬁégban flow channel

desgtg.bed herei nabove. [11.D. Method of Actuating an
Integrated Network of M croscal e Channels 20
Conpri siYihile prrderash@ted cyalye usliueiurevacivalad Jdantesponse to

eTadbnal s H8E BRLAO BB a Okl AER" vaive in

secon Iayers cured

perddoopdamse yéthithe m‘es@ntlyednsélosea s@nblﬁaﬂrméﬂtéms 1t limited to this
m croscal e channel s. I n some enbodi nents,
pl WFA HQM/’G isn. M%?@@@a@r@boé'ﬁ'zﬁm& @ec%ﬁﬁﬁ @@@biﬁne portion located

|ent !’N%Eﬂqhgee{q‘gh?ﬁfﬁ ﬂcf)wran?ir&ﬁﬁﬂﬂ %h%lﬁiﬁglg.ﬁg ?‘naﬁ nlt%gégﬁrelgfg lectric or

ment s croscal e channe t he
netmagReiinfieldspas descrifmdelterearaboved i nt er secti ng
points. Referring now t.o Figures 6A and 6B, a
schematic view of a plurality of flow channels which

ar anﬁ’ntMQ{Hcﬁ‘PbF Ak?;’l/ua%g' Qﬂ'lﬁt?%%tbﬂ%eﬁm’ﬂr@' Mic?rg&’fbi?é"‘bhannels
T@ﬁT_§_66W

addressdﬁbmmam PFﬁﬂEvbasaDMmbﬂulgim&eWC oget her.

Channer dn SR eripedintantt YysoireBpttRidtd aiahmentaf the first and
Chaé@&%hdﬁ&?er%‘of&he photccaréd Bkrfludi@pdlyether 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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33 passes over flow channels 320A, 320B, and 320C.
Pressurization of control |ine 322 sinultaneously
shuts off flows F1, F2, and F3 by depressing

menbr anes 314A, 314B, and 314C | ocated at the

intersections of control [line 322 and fl ow channel s
320&33%%%?@'%’ %elé3?€ﬂeﬁﬁ?ﬁgam‘ﬂzb@ Fli’l%lét(sErIZatI& of control
schematic illustration o i pl'exi ng

adalptee 82120 spmultaﬁeo‘dsly adhitsowft Iﬂbwsg F1sd'w'aachﬂd F3 by depressing
channel s, rised a plurality of the sing
o DRMETANGE T 41 .o H14G: loalach gb s intessasions, of control

n 0A, 320B,
BZOW%E}M%?&PE% de%gggév\%?@éb%@télzgﬁed under a
pl ural i tRefdrripgmaiw ¢ Figurer )l alschemalizZiustéttdn ol @ multiplexing
322C, ;and 322D,  Control channel s 322A 322B, 322C, and

32 9YS49B adztem R RSBt SHiA oW fhiough selaciad channels, cemprised of

520 PRgRY o s RS BRIGLGRER, JohRS ol KRS shown,

theAv;ﬂUndlltygoéym’r@lmi ftd:a\schabaelsm, 320Bh 32D€, 320D, 320E, and
nodi fi cati on.

f N d d deflecti f
eI ale FERHIoRERr i ddtca MABLBL PoRaralsl PoOUPIAM3PA, 3228,

fr c \ r

o Y, hobL N B S0 S0 9SETRUR 5220 are
de pavtdstedntot steut cvféﬂbirdaﬂmNﬁIF’rlerFﬂ ®3 F4Acl-'<5)rai1d156ypadsihg through
varyi ng@lt he wi dths of flow channel control |ine

i n fargleldlove shanaels 320A, 3208, 32003200, 320k %nobaaw #ising any

[i

8 0B Bl b Mo BN e i RE fon

of cont rbhe Idovesvaid2defl@R0dB, oBh?@nbmsl%Qé;ﬁhﬁamg thet respective
ortions. For exa control line

O\v@ﬁ{@r $° nfrgnbc%.t FHEol 41iapopa Iageﬁhqrpaap%aﬁﬁ@ gxample,
\:;’M.Z eepﬁ@?ﬁ%s 374A33 gEB Snd diﬁé Yh ﬂg@&v& ' ah{j 3:68\3)2 ’ dd on the

ocati ons di sposed over channe
SZGBemMaGé@Iﬁ?neaﬂdnson%acm;lrdlhglye b§22Eying thedeidths of ﬂow channel
| ocat i onz‘n osed, over 25 flow channel s 320A

320Ntgh  INNFiqUies |85k 8DA AR wepeswme F‘éé‘}é‘é‘@tq Gantrol line
CO 453 old r}‘ﬁult |8 cHér"%el@r I C\L ‘Pé‘ éicé‘u%ﬁ;%et) Rsired flow
oW channel e

rane arat| n nd’

comhamlnels nEe(casofsbomhmll Iinelsi 22k, 822B1 322€)raawsts 322D have both
significantly into the flow channel thereby bl ocki.ng

t heVideoANg aRIEGW Pﬂ"etkoé‘ﬁhrd:ﬁhex%ﬁkﬁer%%tw ke t32Agds “wide in

| SBEARES HBESe8 ek TAPERLNRISCIIAR, S0CCFhg LS Simiary

degiopgrobflinpr 3228iris Agitleoin Mbhiloﬁmﬂlsp@SGUtOle 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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34 nmenbrane 314 becom ng depressed into the flow
channel 320. Therefore, fluid passage thereunder wl|
not be bl ocked. For exanple, when control |ine 322A is
pressurized, it blocks flows Fl1l, F3, and F5 in flow
channel s 320A, 320C, and 320E, respectively. 5

S TRbBt g LRI GLod 5o e o P EA o pnrcrore
320fuid paskagatibrddider witl st dkibletked. As wi I | be

appreci ated by one of ordinary skill jn the art u_?on
revi ew ofOR RXAPPISs avfien gpalPbing 822AviscPigssHrigem it blocks flows

co Oknl’i : t a e ' or, .

SRS, A 31 P RAC A5 SRS AT EhEs20 especiio
pr eSigpliarzehtd contdl linee3220 ¥s predsldegéd ait biddkdi tbvid P, F2, F5,
except F4 (with control line 322A bl ocking F1, F3, ]
and@bFédadlovoehannels B8A3320Bp 380k And BR0R - zespaxtiveld As will

F6) tiv i & i ffer r

[ e BB s S gEPRERAY T e 2B PR B thepresent
deddisglosiire, Inibi@ fHapvorerdontiol dine dzm bacdutesied. at the same time.
Mor eover, by extending the Sr esent systemto nore than

si xrorisexanalie; eicontraly ineshnd8R3A32and F 3286 neaR tieanpressurized
four; n i 3‘?&@ Y, ryj t

pos .g@ﬁéﬁ%&%f:@hg%& dé" gﬁ‘gd narro%cre E?ﬁ)éf]’éw‘(l;tﬁ %fh@tgol nﬁe 322A
cortloeking IF1€F3, andF5euntllodntrol ligy32RGthiedkisy FHSFR, F8Nand F6).
be fabricated. |V. Method of Using a PFPE-based

M cr of | UBYIi 8elpeiivale pressHrigioge diffefent neentiol dines 322A-D both

or PBBliek M FLFRAUT “EhiRhe e Rsare R IR Iy GEhitBF can be
r eagdhiéved. N Mofdor,biag esktendingfthei piesedesiystem to more than six

enbodi nents, the presently disclosed subject matter )
desearplirisflawnehamnels320AFhasd zmeee hapi oy gareliel saetiol lines

25 By - AR AR TS o REp G gRbiah g PEftons of the

sangdrgrdl fihed cophpleRtRI Gl contrblnsysteras eah &l fabritated. he
presently disclosed subject matter disclosed a nethod

of dispensing a material. In sone enbodi nents, the

Pr §gent | MofichobAISHa SHBE BB h AR lcr G 96 RS, ot hod
of “sépar . f

Fl owi ng la Mahes i embadmﬁmtéPeﬂhborpré@ta/ Wisctosed subject. matter

Reacti on ) . . .
describes a method of flowing a material and/or performing a chemical

reaction in a PFPE-based microfiuidic device. In some erﬁbodiments, the
presently disclosed subject matter describes a method of synthesizing 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.
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in a PFPE-based Mcrofluidic Device In sone

enbodi nents, the presently disclosed subject mater
descri bes a nethod of flowing a material and/or
performng a chemcal 5 reaction in a PFPE-based
mcroflw di c devi ce Referring now to Fi gure 8 a

! ﬁal Reaction

m crof uhcb PFPEVbé?sfed Mndr@mlﬂdrceye\h@e general Iy at  800.
M croflurdic device 800 conprises a patterned | ayer

802, andna somejramblogﬂmenﬂsmﬁ@ glr@Aen@\AOQISC@lS@@ Sét'lbdﬁCt mater

810

o113 R AR50 Pk S B bkrmia

81Q€acm1dlroatFPHPEmetjuh&r@ﬂLﬁcﬂlc deadde. oRe&@emguic&/s to Flgure 8, a

810A, 810B, 810C and 810D are coveredg seal s 820A

g2cashegissic, PR VYo 1 amm&ﬁoﬂwélc gexicer gbithe r Rigepgiiy disclosed
0, 0 8

2o ks P T 0L JSHE B B hory

solagmnt SMl@bﬂmduﬁldeilE:er Segeod)mpnsemmr}m‘ttemed layer 802, and a
bi ochemi cal system l es, inks, and reactio

pr vty ahbelss 8104 l§r19 , §108 AR 10D cﬁ@ﬁﬁ@ahdes can be further
SiBed C%nﬂﬂgfe%?rt@;e 81 Og c?r?l@?@ ?l]ure“éslto@n and inlet aperture
sanp €S, I nKs, Teaction produc

s a corrbl nat’i

thf&’ﬂrﬂ,,amﬂﬁutﬂm é}:lemwélmsm pRach obapetthrysv8 H0A, 81OB 810C, and
mai ntained in mcrofluidic device 800 if desir

Sed WA, covergd ByoesalandldboB208 820Go e\né*véﬁgpblwhlch are
Egﬁfrs{éeﬁ‘aplkp?aye??k)% s¥3lS, ha?egls%?foll\u'g ﬁBd%ﬁ St %RQ 820D are

['émented T h a chem ca réac I oh
us gravideti sy tisftnmbeeris elﬂbl@ldlng‘ butl@st mmitedetstmemg chemical
with reference to Figure in some enbodi nents,

ape*eage@@ S0TRONgN{SBST B BipheDTCA I YRIaTES s@BR|es: §iks, and reaction
gtsa%rgyv@t ﬁﬂ’,ﬁ%g‘%%’ Srﬁ g{)ﬁ/@ﬂ Q{H%rn‘nﬁélnl%a’gréhgsgs&%b&%nts of a

aCth@d:f@‘nical systent heamiptesyf inks direactivan pebducts oanditaetinbinations
the aperture. Continui r]% vvl%(ﬁh reference to, Fi
f STy

re 8, . -

pat’fh@ﬁ%d Cﬁﬁy%@ goredh 0Pl @t G?'&’V'%\mé@t%g@d in-microfluidic
co te 8 oS,
chaAE SR f UeRHER! ToRat Bad°HR0E, B2BCDER 320D can be
serreeersﬂfleflttﬂatdhsl, Eémovariectsad thatc nuiskdluidic hdevied s800 can be
desi gnat ed the foll ow r ef erence racters:
g3 1mpigpeniesin esehem@%rea@%en g piherguse a@@éheraﬁan degesealed if
Thyfsgiregb 10l et aperture 810A is in fluid
cormunl cation with m croscal e channel 831

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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whi ch extends away from aperture 810A and is in fluid
communi cation with mcroscal e channel 832 via a bend.
In integrated network 830 depicted in Figure 8, a
series of 900 bends are shown for convenience. It is
noted, 5 however, that the pat hs and bends provided in

gﬂﬁn@%%%%g@?% g{:]pl nt eg{ ﬁlél &hﬁﬁ%ﬁipﬁ%&ﬁ%ﬁ%%roes%%?éreﬁgﬁnel 831
chajgieh eéxtéﬁds@awbpqﬁﬁﬁ a;felrﬂwlréi 8HOACANPId F ﬁ@i@f%cﬁfﬁﬁhu&mon with
can be provided along mcroscale channels 831,

83
833nicavstads £hanpepd32 ieebyhernd. Heditegrated A@t\mwmﬁ depicted in

L9650, et R b B SRR RIS, it is noted
d' W\, Hatithe S8 bERdS p%\ﬁdedi mﬁeaﬂr@mnels of lntegrated

adj acent to them Continuing, th wWth reference to
F| ateods &30c reasc &ncoaasa ey @@glredn@prérgmramrer@we, or other

i HBEECiRESts - RERedo sl rastel 350, Ahd 8508 ¢a't provided
pr 046 mt:m%ré*a%aé%ﬁ@az%as hahd‘ gialae r@é’ﬂ&iﬂwwn‘f desired.

shown g |gure , di nensi oned be MAder t han
mi ch®shaws ictidgurel 8, a‘Bde resers@rﬁe85%@nd1&5ﬂl3 ,copmriaseat least one

hamb
o RORReL 5 e SRS kB chapoge, et r

I N iapREqiSEN al Bh?tolﬁ@ﬁﬂbef 870 conprises a
separ at | oggpfeg{égn In some enbodi nents, the separation

20 r egi daommmmg sthenawghveﬁer@mﬁet@sflgure 8, mlcroseaigtqhannels 832

a nel in,the . mteri separ.at ed

hegb 3 Tiraesec Gt Bisraeetig out, BapBRRS grogggd o a single
Ot halcrodbamd %‘anﬁEﬁBQSt Wictbécaldhpaahs) aasqﬂ@f;@édmo GABhamber
occur over a glven di nension. In some enbod I ments,
t heS?éOsmhlah\ irother m@bodlm@mhos\assmal:ngum& i dlimansionatl to be wider

880 woul d nder st one of ordi ski] |

o thg® sbksoald, AMANBET Sk | b i, eRibodigeltsschamber 870
her &l fiofids %Prf SO doq §8Fne e!T?Wﬂ)dleé‘i‘ﬂst BBamber 870
mat er 1 al  nmust e activate used for 1ts I ntended
purgusprised ra smm@nd‘.hamhemt an t$mnacemtmdmems abhamber 870
a chromatographic naterial. In sone

actQfBPiRAeA seppeation, fogjen. mit AP e"ggﬂgirﬂ%ﬂqﬁg tW?t??parat'on
e ool s S04 Whgknaliarher, BAGeAs Bl unorin e
adj metarial 18 separzdéd byctizarge| or Inmmed)rocmnbleatlemm themeof, or any
o1 TBhe SOABEaP et PN, eobe raldp RELB3EE. Gpr o oven
M X&fhension: 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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and/ or reacted. Extending from chanber 870
substantially opposite from mcroscale channel 835 is
m croscal e channel 836. M croscal e channel 836 forns
a T-junction with mcroscal e channel 837 whi ch extends
away from5 and is in fluid conmmuni cation with

c el Soaig eranieh e 8Pyt st et matSldh rEGadharated. mixed,
M %W@ﬁ'r@actébanEﬁﬂena% ﬁéh?@ﬁénfb"e@'ﬁ?'mb@bﬁ@ﬁflélw opposite from

point 860B in a direction substantiall opposi t
m cnissestate channel| 8¥BIE miniosesle IChadnﬁile%iﬁ ¢ros©aie channel 836

ol LRl RS So FESH TR 4, Rt EFlenbihey from

AS éﬂﬂi &8 iR BRYE cohfnBNRhtioRt vﬁth"%ﬁeﬁ@l?é 890C0T Thus, the junction of
m croscal e channel can act as a fluid reservoir

W thimnosaaie cheedelsc836nan@§§irform intesseating pDink860BN Microscale

the sect roscal e channel over,, . .
e B3a Rl B8 b ehiag: poiat 88U I Blciectinn sybstantiall
| n f e ;
0 $risit® micROSat chail) B8 7 ARTIIM G 8CEBIHHMEL oI feservoir
reaﬁﬁﬂﬁ lmdlm@wsﬂomd nioc bes vdder theam maicr@R@le achannel 838 for a
inter |on int, 860B and [nto m ¢roscal e channel
sssore Jengthn st B0taq @hOyeFhaWaYeh, anOueBs segtion of a
J)s cr%{rfér‘déarﬁré’éf‘ fa%“'adﬂgﬁﬁerbﬁé’t‘vblrs%ogt thg need to
subst antially opposite mcrofluid c channel
t r anaxlessalilyoalgange tﬂamﬂmemsmrmotfrmaeetmhaafnmxcm%le channel.
connec

roscal e 20 channe i,dl
gﬂutﬁ\"gfeoé(ﬁérmlﬁr%s%ai%ﬁl‘aﬁﬁ? Fﬂﬁ 85 BRAS 'eﬁr?thamber in that a
opt I a ;

P (ea08h ioRfd #oR Shitrdscfe ?%O‘QFEPE?e*"ﬁﬁ@%]egﬁ%P point 8608
outdcatdd apearct uwith 8 20 Peagentb enalaisg) rﬁbme micresoale casanrdl 836 to
an .enpbodi ren a reactlon du toi rmed in

o SRS o R 2agani i reSsts Phanndl A3

L anspor ¢ sttt CrarbRIRL! 8 Fpur@% MrfiERidddidll thannel 839

device 8 owo a material® can b Irecte
t hrextgindg frem fidid gesedirr880G substaftallyf opposltesmajreﬂundlc channel
channel s, including channels, fluid reservoirs,

r ectd @Hdctﬁ%\f%%rt@rOUS{? ? IJP@'\‘i'e't”Fszﬂn'Q&s@ﬁ|eoEBamhe'F%er dvlicroscale
gi d fisng! ¥ fILJtla‘Iyscgfﬁ Egb?fjd BeiLe agéﬁ@re%?ﬂﬁm b}ﬁtlet aperture

osed subj ec conpri ses a net

f1 ®¥0mycan mtlenalaﬂ beé reversibiy sddied diacsedt 820D, atsftﬁscussed above.
met hod conprisin (a). rowdlngamcroflwdlc devi
corf9ain; ihg reversiblgseating &ﬂ@utiat aRetee %QJ%.caabeadeSIrable in the

PhOLREUSES REREOHHMR UNGE NS Fea R HidUUEDS formed in microfiuidic

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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patterned | ayer of the photocured perfl uoropolyether
conprises at |east one mcroscale channel; and (b)
flowng a material in the microscale channel. In sone
enbodi nents, the nmethod conprises disposing a nmateri al
in 5 the mcrofluidic device. In sone enbodi nents, as

= A WL BB 28T . ABORANE SPGB hgron o

dr i patgnéQeeertat the\photdsureatpril@dropblyetheriwmprises at least one
m croscal e channel. In sone enbodi nents, the nethod

f urivspseadersharee); ang(Ririawing aomaterial i fieamicresealashannel.
PSSOiE Iﬁ”&bﬁﬂé%oﬁlmten Qhé'rrﬁéthb ct% Woﬂﬁ( o(fig ﬁné% material in

channel s rises an I nregrate Cro

Ch&h@&h&)roﬂlmmé‘,odmnceen‘m@bmbmbddimeMScrasae&ie%t shown in Figure
channel s of the integrated network intersect at

preﬁéta@ldrrﬁﬁéﬂs%tﬁsﬁgsm mMere siataib MeERin nkelew, thednethod comprises
t

Do ARINB 4347p Sl eEIRE A B LRI fSLERE channe

fat Ihewn@nenxbbdtmeni}sl uthel ihgthod Hoftber caomprises anplurality of

'o'fn lceosnall dnaslss 1B Same coRpoRbea, e pIGEnty 87 Snicroscale
HaWn%is b&ngﬂ&?s §Ht?|‘i’t@ PRBY %et\FvBFk %mgsc%?%hbﬁﬁéls In some

east one pressure a tuated val ve, wherein the
pr earabodinzentsathednicedscalé shanietls mémebmtegrateﬁ nefrk antersect at

' I h | d (b I
o AR BREke. Tt Bk 8 e e of e
actyidt6eureal éﬁl®r86bl?&h@ﬁtc%ﬁn@r¥sésmar Wgnﬂygoﬁ holes. In some

pressurlzed into one of a mcrosScal e
chmbbdm@&msm) Iaastl enet obiike owlutéﬂléy mfuhelest gomprises an inlet

R g

sor@arﬁﬁm & Blfet dPEHUrEEIS 8bmd SmdbENhentddthesetidd comprises
sone enbodi nents, the material conprises a fluid. In

sorat leastepnsopiassHiesactupted valve, waeisin e pressire agiuatadhvalve is

SorGRLTEE Pl BT, 8. o (Fa, P& e EREE Pan ToP EEF pne of the

pr gsletzgityrionedblgh.r a6tdome adrabgdinients] theoprstisare tueted valve is
Further, in some enbodi nents, the presently disclosed
sutceatesaby dptrogiecing i esessurizer ofiligt inf onér AT:n@) 2 microscale

o STy G e R M PRI "

| ayer ofIn sorpé\@m}mdlmmmrthé ypoesqurizedtfhuid hasral pBEsure between
about 10 psi and about 40 psi. In some embodiments, 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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(b) contacting a first reagent and a second reagent in

the mcrofluidic device to forma reaction product.

In some enbodi ments, the patterned | ayer of the

phot ocured perfluoropol yether conprises a plurality

of m croscal e channels. In sonme 5 enbodinents, at

| east o of 1 Cr0SC I 0 ' luid
reservol D) LR EL 05 GeE FREBAF' dnd AP SHEST Tigagkhf in the
m croscal e chaivreflsidiccdevite toeform 4 taddtiongarotien '
chamber in fluid communication with the fluid

reser voilp. SO oa@beRtaentierine, Patermad nigyer uek Hee photocured

HSES ol i i t
COTARABR RIS gl Ao HRrR"h some
m cgmbbdintérts devileast dme ©frthe emimvdsceatcharineds comprises a fluid

contacting of the first, reagent and the_ second

r ed§EREVOI's B’b??%@ﬁ‘bpﬁ"‘ae'ﬁtﬁcPBi%aaﬁté)f}eeaf:ih%m'Cfoscme channels
Chadgbrisds) a5 fiF8 ?é%%h”a{grﬁbert h?ﬂ[rgf RBMrhihiEESn with the fluid
conprises flomng the reaction product In a

pr eg¢eemoiri ned direction in the mcrofluidic device. 15

In sone enbodi nents,. th t hod, fyrt her conpr.ise , .
Fecover i1RGe Srsiments. gis dikhod G EOERASaS Rewing the first
t NgeBBERO B thEeE5eSEHEP reBgent fih O BeaddiSrmhifdat WRBction in the
product to an outlet apertlire of the mcrofluidic
devwhiceofluidics davicenbdudi semes embiodimentsodthieucontacting of the first

conprises _caontacting the reaction.product with a :
¢ niTPaopEn g0 M s JeastBRd B b diuprSyeale reaction
20 g Tipdsdmatembodimentd, The rrawRat furRer EBMPFRES MBwing the
reagent conprise an organic solvent, includin but

, u
notrepelion pepdust ima psedeiermingg|dikgckien in ths trécrr@ﬁuidic device.

di chl or onj kril . B. ,

Vet hod o S RraRGRrERG. 48 HoBRk el BemieieEregovering the
M qeattian greductd> Devidiae | embodenettdothdrensthodt Rither comprises
presently di scl osed PFPE-based m crofluidic device _
caﬁl%\énmﬁﬁ reastipnayedyehde agyoitie apertureef teamiarefluidie device.
synt hesizi | [ t e i des : :
kA, androin? e dSOIeRE, (18 mefiel fiher dBfiiriseS contaciing the
bi apattiorepradutt dth & thiyd reagerntdoforraea secAid redctignapreduct. In
system conpr|.sin an e%rra of reservoirs, fluidic .

| o0 @m%'@‘@ﬂ?%d ef Irafaeﬂsm angdheisasoad eggent, gpmprise an
an a r e

nTpERE et iiRiding, BEHOAINe RS hodihdst 38 Bter, toluene,
| oglichlbmmethane, 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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determ ning into which channels the sel ected reagent
flows. Referring nowto Figure 9, a plurality of
reservoirs, e.g., reservoirs 910A, 910B, 910C, and
910D, have bases A, C, T, and G respectively 5
di sposed therein, as shown. Four flow channels 320A,

3208230 Cn RS20 M GORBREILS, HRARRERY Ute A% ogic for

322M@:teRBiihg mmmmmahmmmms@baheﬂoﬁ)aganﬁlom; sposed
thereacrlgs w th contrqgl ch'émnel ZiéAoﬁgermttl ng flow
only thr aéﬁrmgm)o/ é‘Plal‘Q deie Gp@apluraliy §§§Pr\4ﬁ>¢f3f |&gy: reservoirs
Chag (A S gigg&m%@%n@@loﬁzc@é{ ga}ré?y & : %hd G respectively

channel’ is pressurized

c hadispbseRP Bidreperay BBoWhO\/\Fomﬂ ﬂowmmmlef BQWAQMB?BZOC and
320B when pressuri zed. the selectiv

pr 324 i argt PWQﬁte@dﬁt FQﬁe“&irénﬁépé DB, %12% apd2810D. Four
and o@ﬁ%r&%ﬂ an‘.".’»b? )32% eﬁéfcasﬂg ﬁ%io(gﬂaglfo@ Sggﬁtom) are

Foma eS| re reservorr

910d]>spc'f§§ﬂ flevegbrobe withasse®| bhém@mﬂmpe&ﬁlttﬂ’fgﬁﬂkb\monly through
920 into a multiplexed channel flow controller

(. ritaw sihagnet 320Aekisgvpisealingyfloyy shapnals 3R8RA 3200 "and 320D),

g R eonPOhaity' 226 B bRy cSiniart. dopkighbhpanel 3228

I perafits fiow cHipiReugh A ch8ARS) 3%@%h&4%s§!}rlz%60EAs such,

|n whi ch solid phase synthesis may be carried out.
In tb@neeléﬂ&b@me&&tmzatmrst@‘adordfolscmnneh@ 3229% 8228, 3220 and

one wa?%ﬁﬁgi‘@% ﬁ%’%ﬁda (Q%Séq’ega% gf ée i c{i%’gﬂf(?rgg@ desired

i N rakeh®fS910A 9 PIB! 956CY 8 ©18DOATHE FRR tr?ér%asgééi through flow
910D. In sonme embodi ments, the reaction product

conghansek 930p|0tq/ﬁ1umw;tmlem§l channeloitew exvbdoilee 880, (inbleding, for

Py IR ok SyaiRa bR sufun B RS T dira B Yicefini i fifects fuia
t heflgwy tinkPWnd becasrd 8 bhplurdlig M%gﬁt‘hbbhé @héﬁh@l%egr reaction
PFPE- based m crofl uidic device can be used

sy rahassthers %O@p&wﬁel%och&%&;@n%éﬁ lhrwhld1$olld>anhaﬁe synthesis
Nos. 6,408, 87 p Unger et al. and 6,729,352 to
o (EBFW]E’? GEYTIeq ¢ OUl- and/or in a conbinatorial synt hesi s

system gp s@ﬁfﬁé?éh%@hménﬂé ﬁrsté%ﬂi 8Nétal¥thg $EMthabsied Haze A, C,

van Damet al., each whi is incorporated herein
by T.rasfcBemcreaigant seleetﬂd fr@myonmmf B.rucleatidecand & polynucleotlde

I NG s?proaste'dn% & ,:(;,as'tE on%sg re'\s/lf-z?\yo(‘?}c bll' bR' 518@\”9%)(* and 810D, 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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Integrated Fluid Flow System In sone enbodi nents, the
nmet hod of performng a chemcal reaction or flowng a
material within a PFPE-based m crofl uidic device
conprises 5 incorporating the mcrofluidic device
into an integrated fluid flow system Referring nowto

f: GV E, Wetrﬁagﬁiﬁ?ﬁ%ﬁrwbtﬁﬁr éyli’ﬁf EE% sl lﬂ/ﬁ&%@ﬂigﬂél Device into an
owrmg

met hod olhtwafeairﬁumﬂamsmnal reaction in

accordance with t resently dis ?sed subj ect matter

is schd na%qre%ﬁm;bwéfgﬁﬁ@ts@a he frth 95& @erioraég ajchemical reaction
geng ﬁbwbﬁ af ﬂa‘f&‘fjalt\ﬁlt}ﬂh QQQ@PE]&S%OE@EPOWH% %Qlce Lcomprises

conpri se cen ral” processing unit one or nor

dr i imconpofatinge thee toiatafiuidid CdddAce 1ftbO8n ihtEtPatedafidid row system.

10 D acollect r 10 a _detector 1030. I n so ,
Slernind Bowa SouE: TH0RGTRETs (0T FAITYING CUkAMELIA] Bhiowing a

W' trha#é?%l gﬂ & Ricrofdbie @'&Mb %n(j étﬂoé ormi§ e Ehemical

mcro device 1000 of Figure ese

r efrepetiae inumecaldance Wltgurtlme 1;5re$ea’d3e daaq:ibsgdedsmb]ect matter is

for“remﬁgwéﬁeéfe el r 115D 2l et b, ehe iy Tetiarreg (6, at 1000,

a relabed1000 dpr con‘r'gﬁlégoa‘”c%n%l ?)i sl UhRM BEE  one or more

interface. Driving force actuato 1010B,’
101d@ingfarcd @t0Rtomn W0 A0 HB t HNGC dand/rlﬂgmboaullector 1020,
act ua appar ent %o one of ordina

<kt o dETestal H08Bon I Vet GMDORENSSpBkRipr 1030 is in fiud
di St,‘dn‘?l%ﬁﬂlc%%he\ﬁﬂh "fﬁ% rgﬁcrg lflPig gaévgéegrggnvwgggebm System

actuators 10A, 10 can
punpirofaligictdevites1 00hpEEigors 8, ang thespesfencetriuenerslscdf Figure

de cesth C e used tq force a materi al h
2O SR e ad Mobioues e pReblal racescus wih(CPLS 4802 can be,
th
£ 1 D, SHRTDIS, ' 3ehBR lApoSaRicrs Al REHYARY AR, iBldE Fonitor,
ar ekﬁyboarcdor\Aﬂherf Hasided luser nuﬁerfabhengvmgl ﬁamd:e (ycntumors 1010A,
flud flo schemati c of Fi 10 dr|V|n
for %tmﬂdf 10D ShBube any Sekahle ditying Tejue agtuator as
%5&1890@%?)3@\% T, Fheb@f gPoﬁﬁél‘lybglgll *?ﬁltﬂ rfctjchpon review of the
e that at riving

denonstr at east a portion of:
f orpreseratty disclosedi siehbjeat niditer. efadr pmamplef dtiiegdesce exttuators

2'03 108, 2FOPR 2010640 10808, it b Piines, iSGARm nlectors,
nnggs %@&Hé??ﬁch helieds tﬁﬁtrbéhebé ?gggg ﬁﬁgﬁ'{%ta higtef8%hrough

p0| t system I'n sone
cold Hnd;roflum&me\omrp Riepessentétive dn\rneg dorees themselvesdhus 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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enbodi nents, collector 1020 conprises a substrate. In
sone enbodi nents, collector 1020 conprises a
detector. In sonme enbodi nents, collector 1020
conprises a subject in need of therapeutic treatnent.
For conveni ence, 5 systemflow is generally

o BRI, A kiR 1020 cPLIFERERCE" AL il (1 some

S ONEMBOBMEL TS NES|edtorcti0 @FhprisRcs lsgbsirétepelhfsami@émbmdlments
[ nt@ﬁlr ated fl ow system 1000. In sone enbodi nents

eglor ORY, cemprises ariaieelar Irsgem embgdlrnemféd gelestor 1020

i fnh g0 Bl fiF 68, 4 BRraBEAO froBBRERLT Fich hyenience,

whi 9 second cheni

r eagefdm flcw llélbéﬁén@qdebms@h@écpfd ngilré ey @ﬂecﬁ@lﬁlﬂ arrows F1,
via'inlet aperture 8108. Driving force actuators 1010A

andF2.G@BF3propel cheni cal reagents 1040 and 1042 to

e iSRG odElinal o, Ebre! RO R 50454 YergBbatbents o
1 WHbrhRBE fesdtion i@@éﬁ@*ﬂﬂb(ﬁ@@ﬁhteg’fméé fow &¥8fers 100. In some

reagents 1040 and 1042 is collected. Flow of chemn cal
r eagyohodimants, anaterioh048nta.aues chamicalnfeagent.uisdiirtroduced to

hannel 32 ,and 8 n t
ehanfafidics nance ithd, Bolbf it Roa i i8R segond material
104, %0492 sB66/d Thefrlicay r@égeﬁthﬁﬂrﬁﬂiddc@a%nM%réfﬂﬁalc device
and 1042 tThen continues to reaction chanber 870 20

whet@0Q \dadniet @iperiae 8168. b Arivig fercenacitatore dd¥idis and 1010B
I%P&C}ngﬁ@%gé‘ﬁ%ﬂt%%ﬁie@?o%@? B AP Irictah e PREgI 831 and

re§§ (Wéii)ht oW HRAIEANRRERls $646- ar@"‘?ﬂl@@ontmues to
reagent 10

en reacts with reaction product
bediuidireserabirs 860 Asatt 8508 pwhate 258898 of eayeyiis 1040 and 1042

oGRS S AE e i
Se%ﬂﬂ‘oﬂlﬁa&t hr §g§§tan%oé§4 t&%&é&%ntﬂ!ﬂﬁ’tugﬁbA wherein initial

m crosca anne to aperture 810D and finally
i nteontacl Ibetveen 1<ﬁmﬂn|c§hueagemt3| 4040t addt he42 opteursn?2 Flow of

o ipal e 188 S TR L8 A0GRLE it raper 870

W T A, PO O B 100

PFRiroBesgsl M crof | ui di ¢ Device In soma enbodi nent s,

the pr esc%g;)tln%/wﬁgl:] S\}\%’clhorsé?edreﬁggjtcga f—'lgure 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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di scl oses a nmethod of screening a sanple for a
characteristic. In sonme enbodinents, the presently

di scl osed subject nmatter discloses a method of 5

di spensing a material. In some enbodi nents, the
presently disclosed subject matter discloses a nethod

o Jwi/e-rlgf rﬁéb'%"g’eﬁt 'V"%&pq'lcimﬁgf 4 Ip?_gi = BaS@BeM%Poﬂuldlc Device

YSKITT 1 ] e art woul recognT ZEe tlTat

F’FF’E- basiad sommer eﬁibmddhenteleVih@e plesentiyoedistlesed n subj@ct matter
be applied to applications, inclJudin but not

i rﬁ“?@@s@fba g@ﬁbﬂ% %ﬁéﬁfﬁﬁ@'ngr%rﬁa@‘@ﬁ F & G ﬁEaCte”St'C In some
3?@98?'%rt§%%8%@%§n f@ﬁ%ﬁ%@?nsdvt{%%rt{) rﬁétéé’l;l gﬁglgégs a method of
I nj cﬂsperwhn@caanatelndhl ollmgs'crmd; emb?dmenth; dihe Ej ﬂmesegﬂmtdlsclosed
screening techpolo ch as for yse in dru .

di SHIRsHyMaHEr RiRases § BEIMGRcET searralRgSe ialggl. Accordingly,
t NESAP L biding! Skl 7P 3 CQrttWBhFﬂ rédshribe thap A8 PERE based
monitoring of foo nat ur resour ces, such as

soi hicrofhtidic, device @iesarlbed I@rmanqzﬂrebecapple&ﬂ éal mamyh applications,
o SRR T BB e SRR sl sonor,
SO rRysR R P&Rﬁl@nst hﬂ(jé! %)’?ﬁ‘n'ﬁhb)’dﬂ.’lg’ﬁ‘%ibﬁ\?@ﬁ i%BL@rf-b -Chip, in vitro

matter discloses a net of “screening a sanple for a
chadlagmcm‘tlcst imecttmmnmlmoblolgglqad) mpjd1e$ nlglgh(thyoughput screenlng

fl d t
e Af8aBah Ui, pE b et b G Pobndiry ‘o RpleFefis Science.
patdlsgrﬁt%iucl A tﬁérarp%an@hwo@s:ur@séa@@ﬁ fioefy, oBAHY et esiochemical
conprises a plural Itgldna channel s; 25 (b) providing a

t arrgeniterng of efDOd (aj) §H85 TeRPUIERs, sl @si goihtwaigss and/or air

T N

i nteraction between the sanple and the 30 target

mat eri al, wherein the presence or the absence of the
i ntl¥e3dti on iMethed of-3¢reening & Samplfora Ehaeagterisiic t he
sanple. 44 r r t

camle- 144 SBFLe el BRgRERs S S5t focBsed UBRE!, matier
sondisclodes anmetiod of sbn@@atng)aesavﬁpleﬁbea mafracterlstlc, the method

~ comprising:

—+

(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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1040 and 1042 conprises a target material. Thus, a
"sanpl e" generally refers to any material about which
information relating to a characteristic is 5 desired.
Also, a "target material"” can refer to any materi al
whi ch can be wused to provide information rel ating to

bet woen AT BGC AL o oure 1Phal BanbPae B FidEHak 040 and
em‘P@ﬁZ@Bﬁfbnsé@% sfapRl n y¥Re e‘h%ﬂdlmeﬁ%%t%’égtatﬁesof materials

target material 1042 an interaction occurs. In some
errbwmmmds'wﬂm:ompraeaca|targqumdtm'at 1Dhus,radsaimpie” generally

o gfﬁ?é:réetéoéﬂdfy m%ﬁ%r lqjgané{yg |ch H%tgg‘ﬂg{' %%gflﬁéﬁcg 8!5]@(@cteristic is
b' ngédh@deVv Mo, Cé’”iérrgéte&att@@al” 'c@h%?&*tooﬁng%ﬁﬁe@ﬁl vsffﬁéh can be

exanpl e, an anti body and an antigen, a substrate and
a Imm@ pr@Mdednéarmﬂphd@Iaimwo achasesiaristic afi@ sample based on

rcagirneao i Bt Bl RhBL il S Samalg. 1 some

15 émbeghesiited fdry esteinpfd, ovhdA38amble 4049 @ah@@tmaﬂg@t materlal

the nmethod conprises di SE]OSI ng the target material
at 1%anaﬁeraﬂtlonmcws;r sepeEmiodimentss. thezemtera¢twg1 produces

* arg e aRarBapEt AL ERsord OB HERSS HF TyBtnctpR comprises a
sormnalgpoevmnt $n ddife tEhBEHINBHLE! il LRRITRG | SRt acotfiprises the

substrate, for exanple non- patterned | ayer™ NPL as
shonieraetiar gatvesere Aovexampre, s@?r@nbh@@ﬁuandnars antigen, a substrate

rerdid iGeREuPHBRES s RRa (FaeBtor B BBand ey agatalyst and

SOf@ne‘-‘ﬁbﬁ’@r@Ehémmaﬂeaéf@ﬁﬁ lma@m@femb@duﬁwﬁglthte;feeétuon product
channels of the mcrofluidic device is in fluid

corfndetecied oy datedior h@3Qubstrate, e.g., non-patterned

o i spaterr B 4 EadtuliPe ML P Roq AmbRACHRBRSH, fe targer

NPLmatghia$ et RERDEhE®IT e phiralityastchangelki RBRrring once again to
plurality of channels of the mcrofluidic device is

. n Figuied 18enifupemst eEIPaimANisctheatajeet Malesn| gomprises active
Slﬂg%?gl Y. helns§8ﬁ1ié Arfibodifh WQE l‘?e{rqglge[fer%r? na‘lh omprlses a

conpri'ses di'sposing a p ¥ at

in atbstraeestfooéﬁamblet rlitm-pbttémedt layef NPIlaamglh@wn |||ﬁ1 F?gmas 2A-2D.

enbodi nents, the sa e is selected fromthe group
corl5i SAM@EraPodmenés, gtgéu%ub,str@g%@pmm'sew @ﬁ%ﬁ@zdu%or material.

29984enind FRT06 BETRRRY B/300EE 24 20f [Shele bhBRens o

matleastabne a)ffthedpmtélfty of athannet ef the microfluidic device is in fiuid

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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and air. In sone enbodi nents, the sanple conprises one

or nore nenbers of one or nore libraries of chem cal

or bi ol ogi cal conpounds or 5 conponents. |In sone

enbodi nents, the sanple conprises one or nore of a

nucleic acid tenplate, a sequencing reagent, a prinmer,

a Pyl X ' est LSt iaafld -
oS DOETro e Teagknl 8 cahhba IEITigatd, @ non
t hegislobical rgaie aptevidi,rentinorganic seatptial, coipodsiel, soi water,
or nore of an antibody,, a cell, receptor, an antigen,

a rAte@ior N FARE %{Hgé@'”@{%m;he as%'ﬁB%t CRPISER dhe’ or more
! mﬁdgﬁ%ﬁ?@o?%ne 8 MJTBUPSSD 8k 'cRenicat! riBioldical ddtpounds or
bi nding component, a protein, a cellular factor, a

gr aantpdreaiter In aomed emboidtroentsptheasampts oamipoaes one or more of
t hereof . . [

I n _a%mep%‘oodi ments,. the tartget mat eri al. «tensi
corfbPHSels 6id 1BMPIRIPed SPAUSRLIAMPURNT ARTIPEH,A Plper extension
S;?ﬂ}ﬁucta a’ iestricbh! é?ﬁgﬁﬂaz WPCRrébtRnt, 2a HOR r88&RIN probfuct, or a

a séquencing reagent, a PCR reagent, a priner, a
r ecmlmination theyeotl, Im sooteeambaidimenigeithe sempe comprises one or

BB o PRk GobTHAPRG alne e ddpgeptor ligand, an

e Rt 8 subBeattet & imAtirichehficalNta@r ReiuABglodulin, a virus, a
perfmymed by at | east one or nore of

a
s pedtusopindingrsoepongnt,| adiretain.e g, celluaiotasipro e grewthp factor, an
phatomyl tiplier tu J.cFoscope, a scintillation
codﬁﬁ'gﬁf’r’ r@aﬂpél,ngﬁbﬁgépe%nera, film an optical

det ect i QR $oMfié VMbEYin@RRE thé UAR)es enaterial @omprises one or more of
conductivity nmeter, a potentioneter, an anperometric

metalt antigeM anttbedy, an enzyeenis iestictien enzya. a dye, a fluorescent
Al di ' ' ' .
on S e rhehtid PCrR AP AR, HeBsbpey #icand. o

t haghenhieabfeagent, loy adiambinatidn BidtEohased microfluidic
device can be used i.n various Screenin techniqggg
such as IntsRiBe efekedimesats.ithe interaghonsamprses g biading gyent. In

0§58 Blodirontg S HeBinkr BB AR s p@ARSBPat last

t 0 oriRarare nadrealof , a 6setirophbtdmetéopfa Jiudrometar] . photodiode, a
6, 529,835 t o a et al., 30 6,495,309 to Kercso et

o1 PhatAEIPlD kg & BIaBEaPe @ SHntIRon CoyNigh furamera. a CCD
i nc, t by. C&etieBtibfh S h. ey - etdar :
aft%rﬂglra?e\ﬁlﬁg’waoﬁ eé‘ﬁ[ec% pp?%ﬂggﬂdt)ﬁdisg%:tlbggutrae,te@%e of e senson @
or dioraiugtisiky Metem at peteatiomatarl anrasopeomeiric magter,ra pHumeter, or
present | ¥ %i schose PFPE- based m crofl ui di c device can

be r—tzjgg@p,bq jon thereot.

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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exanpl e, to detect DNA, proteins, or other nolecules
associated with a particular biochem cal system as
described in U S. Patent No. 6,767,706 to Quake et
al., which is incorporated herein by reference inits
entirety 51V.D. 2. Method of Dispensing a Material In

e@HH@g Hsgléggdt B%P@;]B%se&% rﬁfcg%ﬁlﬁélﬁﬁgl%ﬁc%ajcgﬁt ge used, for
theemh;bled t6 odigtetE IDNA, pejtelpsp\ordbthgr arnmle@m@‘sl Hssbaiated with a
devi ce conpr|3|n a patterned 10 |ayer

phoR@y8igvlas bishemisalopstsrat: A ﬂesw*mcblmut%ePat@at N §e£p7,706 to

I

>2iLaRe ot B BREhIE b aidd HOlcRPB vefcReios RODEARE.

the plurali ty of channel s conpri ses an outI et

ape re; 15 (Db ! E ofyt di na at Iﬁaat ne material; (c)

di g at | east one of the
luralit a a

I?naltJ eri Ial I)ﬁt (hg;ogﬁég;ha é’% gnféﬁgf apgéft%%@@ %Sgg? égriéthlgf&? matter

oncaesngibes a meﬁlqyijofedlmen?;ing ecmateelahdhe nmaeﬂnsd cm)mprlsmg

mat eri al , e.@, mat erdj. second mat er

cheni cal reagéht 10! 'reoegcmle’ﬁﬂuHeco&&wemrmpﬂa'ﬁa/%rpattemed
reaction product 1@48r tof W phidtsiesd %ﬁl@érd’i‘)%%’éth’ér‘? wherein the
810D and are dispensed in or on collector 1020. In

sone enbodi nents, pattgrnadt @lyBaIOfcti'lﬁ:)rpfméQCLa'edrpgrﬂuomopolyether

sone 25 enbodlnents t.he netho co
pr edet er ni ned dosa%%hB'?SeSt ﬂeDI'dWB’ Fﬁﬁ "Wtefh at least

enbodi ments, the ngideg ﬁh@"%fdrélﬂ? o %ﬁﬁﬁﬁél@%é%nses an outlet
predet erm ned dosage of the drug. In sone enbodi nents,

the material conpraReitdran i nk conposition. In sone

enbodi nent s, sing the ink
conposition @g 0 @Omgﬁégﬁf‘%ﬂﬁgﬁgemodi nent s,

the di spensi ng)of dibgosding atCleaBOdhEi PateHal anSatbﬁial’sﬁfoﬁe of the
forns a printed image. 47 Accordingly, after a review

of the present di s@”@'@bf@fcrtﬁ{@e&ﬁ i nary

(d) dispensing 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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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 al., 6,128,022 to DeBoer

et al., and 5 6,091,433 to Wen, each of which is

I ncor por t

(501 BOTRLSAHERFIhohs AN BRI oddr B9BRER! bne of ornary
enbsidi rierths, art lveoyld emenghyedllh:atItbequesemijl)edusomachFPE based

10 descri.hes a.nmetho separ at i mat eri al ,  the, .

et RGO ﬁﬁrd%f%caroiﬁ e R igreltidle Ponfine dis:deraribeg in U.S.
CO"FP‘ feht Nbs2 @@%4 67696 KAk h A, BhPZSJQgQ 48 DeBoer et al., and
perf uor opol yét wherein the patterned |ayer of

t heb ﬁadwt%@uhoeﬂe_marefathomfowblcinelshecorpoca’cpd|hmreiraby reference in its
pl ur II{YV of channels, and wherein at |east 15 one of

t he®'BI6 ality of channel s conprises a separation

region; (b) disposing a mxture conprising at |east a

first material and a second material in the
m cdVaPldui di c Methaskof $epamtingiaddatesial ni xt ure i nto at

o 2bar o, Shrid e BT, e, SReSHR Y GSRRRL bEbRE matir

mat ggdotibeb ofetttRl Glsspiatiy 8'material thé htRé®@bAIPriRing:
region to format | east one sep arated material.

Referring onc(é‘) agdPrﬁ’VWdﬁgilag[]'H@’OiQ'd'q devigaecomprising a patterned

embodi ment s, 1832& of ?)'Pl%t urdg L Il%rlgiggﬁgtﬁé}d wherein the

second materi aI conpr i a mxt'ure
mat erial 1040, e. Qpatteﬂnedxlayee off tm\mmwgd bbﬁluoropolyether
mcrofluidic systemtqQ chanmher 870 ich in

embodi nents conpr i%@p&se%a@wﬂltyoﬁf PQ@”%@{S ﬂﬂdé’ﬂﬂﬁrem at least

nbodi , th
r?at gr: antSZ y teegscﬁ'@[)??]ﬁé)ﬁa QIQ dﬁ%ﬁﬂn%{szﬁgpﬁgéé %Cseparation

Mat eri al 1040, e. gfegum 30 mxture is separated in

chanber 870, g., .a Sseparati.on chanber, to forma. ,
third materi a(ﬁ) 1o4disp<é81 Jga g1|§tgb%,cgfr@§|sm éf I%ﬁsq]q first material

sonme enbodi nent s, aﬁcﬁﬁ%ébﬁ&’ n@cbﬁ I |ﬁ'thé%érdﬂ%|d?88@%€d
by detector 1030. 48 In sone enbodi nents,
separation regg)jon ﬂmvrpgltbesma(ture into at Ieast one of the plurality of
channels comprising a separation region; and
(d)  separating the first material from the second materlal 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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chromat ographic material. In sone enbodi nents, the

chromat ographic material is selected fromthe group

consi sting of a size-separation matrix, an
affinity-separation matri x; and a gel - excl usi on

matri x, or a conbination 5 thereof. In sone

enbodlne ts e ec c S

one or - Hor oNEn,2TEEURnSECRE SBbAtaRh, PRERS) SSomprises
chechroaiatographid ogatetdl. cdmpsanmes enmochmeptmeﬂmes chrcnnatograpmc

LT R b oo SRRt s,

%Hﬁy—%@pé%‘éﬁnhatﬂx 1QnAr b”ﬁél—eﬁcl@élbﬁeﬁ\aﬂi egpi é’rbomblnatlon
produ a restriction enzyne, a PCR reagent, a
r eatbierewf. pr oduct, or a conbination thereof. In sorre

oo’ or "B S5 S ety e RLR TG SR e one or

ant inged meinb &S e bi %Fé’hb@?legr&)dﬁ%mléalsdmﬁélbgtcél céfpounds
i mmunochem cal, an i nmunogl obulin, a virus, a virus

bl neh r@n@nﬂnﬁment In asqmepﬁmmmmeata;ethmlfast farcseeondy material

neriprieys St of Bt ibloei® Pl G e fiansing reagent, a

det iRt PAfmersBiaisior prodic! habstrictios @meyme, a PCR reagent a
enbodi nents, the detecting of the separated mater

i s Perk maeﬁqn tpyocduct) eracogihinatiomtheseef 1 some embodlments the
S S BT g BohbRaTERE or leoh PP Sy, o ool -

coupdceptora @rinmitiyena &CkRoepi®mT digahd) ran aemzm]me cal substrate, an
detection system a tenperature sensor

conlmuaunocmqmwet @n ImMYBegiRbH e ¥iruso# VIraﬁ@@Mﬂetcpnboonent a
H a,C ey
Acc lﬁg%y Cgm# ?F fa&BF evi Wﬁ%h@bﬂs erﬁ?&g)ré o ucioer?blnatlon
oneth@fe@frdl nary 25 skill in the art would recognize
that the presently disclo FPE- b ed m croflu
deV| ce chin %@“@se@ﬁn@%ig’@pﬁ‘i?’at endle OQI sCOfae“%ee%cii?%&Hng the
éiéiﬁdgge%aﬁ% cl)e\{)vbzp %rﬁé%&ﬁ%@dlgﬁgﬁ 1c?t%t8@ﬂ}|<r}]gaof the separated

aI matsxi isfpesfirated by iatdeagibone eat hn@urelm‘ a))spleefrepbotometer a
ts entirety

,,Exaﬁ%ﬂrggqeﬁ%rveabe@???ﬁi'eﬂﬁde t%gg*qe'ﬁﬁ@g&%{{ 3Lh%émé£gg?icqqegope, 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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presently disclosed subject matter. Certain aspects of
the following Exanples are described in terns of
techni ques and procedures found or 5 contenplated to

work well in the practice of the presently discl osed
subj ect natter In light of the present disclosure
andyt he gensk l evel of skill in the art, those of

skiTt CaTT—ED'gFFCI ate that the follow ng Exarrpl es are
i nt endedT he follmaving Enqainepigs bavy bard intladed bordiustrate modes of the
chan i fication '

t t be
Sentiyy SRolosed e supeeh atSh, ¢ @@%Sa@c@ haf thg following

pr eE%mbbésdbﬁec kesskbed i ¢8Rk teEhnif [ocedures found or
Synt hesi s of Photocured Functionali zed PFPE teria

A r@pﬂesmlatadutoem@r&&healblrf the pna@tlsm‘ Hies ipseserdly disclosed subject

o oRBer bRt St hretodiRBseCand Beroeie el sy Skl in the

- T 4 20bse GFf SkfiEarChbpretidie thae Tk fblidWing E%étrﬁ{ﬂ)lbb I?-;lre intended to

Di acetate 1,1,2-trichlorotrifl uoroethané
24rbq-|29xq>mgary||qzlyr|and thet2nwmeraus - cjnang]es modlﬂcatlons and

e ey SRS T R i 4 Hophor e
Cr gsrebénthedistidsed Neibjsut mdtesrene 1. Synt hesi s and

Phot ocuring of Functionalized Perfluoropolyethers.
511

Example 1

Svnthesis of Photocured Functionalized PFPE Materials

A representative scheme for the synthesis and photocuring of a

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 oC, 24h (i';H2
NCO
i i i iy
Hac—c—lcl—o—CHz—CHz—” 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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This method is based on a previously reported
procedure. See Priola, A, et al., Macronol. Chem
Phys. 1997, 198, 1893-1907. The reaction involves the
met hacryl ate functionalization of a commercially
avai | abl e PFPE diol ((Mh ) 3800 g/nol) with

. | :
of the miTErREindE SR bR, a prERISH: PRbafdf SRR, see
| vRrida OfA. 2 o - &li, "RideecyioR - Ohemy | Riggs. o198 onegan@93-1907. The

exposure to UV radiation (A = 365 nm. Exanple 2 10 .
Vatreartors inpgivest Eie amethacsyetey |fepetionalization of a commercially

OXi I '

v B0 PERE RIS ) P KA Rotahddtn methacryiate.
Cor&amequem Iph@ttb’c&mng%’sﬂmmaten&lmstarboﬁh;dtsﬁsdomwrough blending

2-1socyanat get h Iate El M

Al erth_: H) Wté%zofDZée@llﬁ@WO)g{ g %n@nq§xposure to UV
( Oy Al Di butyltin d| acetate (DBTDA 99%
Dhgé'% ﬁ& %5%’)2 trichlorotrifluoroethane (Freon

113, 99%AI dr| ch) were used as received. Exanple 3 20
Preparation of PFPE Di nethagrylate (DVA) In a typical

synthesis, ZDOL (5.7227 g, EX ) was added to a

dry 50 nL round bottom fl asysfpgiPurged with argon

for 15 minutes. EIM(0.43 niL, 3.0 nmol) was then .
added viRolgfteirafieoracthyiens tWimeofd|f111<30(nBthle)enea|®dlde)a,w diol

pat @0k AVpigs Ny 95 4530 fifelo % oRiogh, EReRical Company,

soliwaikees WiRBNBMS S efhitelr ®Btates? ofC hAl‘h%ﬁbQ}J I 30f¥oeyanatoethyl
colum (al umina, Freon 113, 2 cmx 5 cm). Evaporation

of meﬂ@cddateemEIM; &9%e dAldrichpa?,2-Rishethosy-2-phenyd oaeetophenone

0 P R o3BT B8 Py, an

(3"’0 1 ﬁtr%hldﬁoﬁ’iﬂb%roe‘%héﬂet (Frébh; 1437, 99%( 2Midrich) 3werd (dsed as
H) ; (1H; 6.3, s 30 (1 H). 51 Exanple 4

Pth@@llyedng of PFPE DMA In a typical cure, | w % of
DMPA (0.05 g, 2.0 nmol) was added to

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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PFPE DMA (5 g, 1.2 nmol) along with 2 nL Freon 113
until a clear solution 5 was forned. After renoval of
the solvent, the cloudy viscous oil was passed through
a 0.22-pm pol yethersul fone filter to renove any DWVPA
that did not disperse into the PFPE DVA. The filtered
PFPE DVA was then irradiate a UV source
(Electro-lite WV curing cha%égﬁqﬂr%é no. 81432-ELC
500 Danbury, Connect PhatocudnigtafdPFREBDIMAOf Anerica, A

J o b v s G DI o Bl i oo to
typ| caﬁ @\Age ﬁ\gcgt | gﬁh%bm%gt@f%%ﬁ%ﬂtp I a%clear solution

p hovas formeat. oAftéaemaled of ithee dolweniEXIaaemIoeidzgf)wsmsscph was passed

vai BFOUEe D AP HE PR SUOHRD FE R Eabve, 2ty P Arinag did not

Wafcﬁgpé‘}%é mfd"'ﬂﬂa PFP’EEQMA” OI'Hé"'ﬁltéMdqﬂFPEQDMﬂ@{RB?rtg@%radiated

irradiated for s. Separately, a hi ck | ayer
of wilte arhl\,ésoarca/\ﬁﬂephr@dte:éﬂ/ touripg wehamgbemhmaeiePB oD 432-ELC-

. Cametd. Biadeng. Tialed; Bted STARSIGL AT Y6nm) whie

patdrﬁfé? a -ﬁm% ?Ee%? 10 Frisli )%I%ﬂwg/"atd"leétl\/ s'llgﬁﬂ‘} yE®w, rubbery

mn. Follo i's step, the thick layér was
renna&ﬂmbnd |nIet hol es were carefully punched in
specific areas of the device; The thick |layer was then
carefully placed on top of the thin |ayer such that
the patterns in the two 25 Ea¥Mpioke Bere precisely
aligned, and then the entire device was irradiated for
10 min. Once conpl Bevicethabrication witheRif R A peel ed

Thece. cdn! Ao SRitAls Ppugtia, BEE AVPE' Gnb R dfbroipitator (as
ex iysdribed llﬂ‘ES(&th)l@@M\faéespﬂn geattd amﬁuek'b@éy@mo um (800 rpm)
structure failure and ro er adhesion of the two

| ay®ig.a Sbwshersenpining esd@ﬁlr%@hgt%@wshﬁaﬁ@ms\ﬂéhm wafer was

X RREh TRUR RS PGV PR SRl 616 &9 EERrately, a
M cthizkdaye (€5i ar) of thé hesterisl \ﬁaapmwedﬂcmepommg the PFPE DMA

di chl or.onmet hane, . The % Swel | Hﬁg ?r m_ned
containing photoinitiator into a mo urroun he 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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using the follow ng equation: % Swelling = 100%* (W

- W) / W where W is the weight of the materi al

i medi ately after soaking in dichloronethane for tine
t and being patted dry with a paper tissue, and WO 10
is the original weight of the material. Exanple 7
Rheonetey Viscosities of the gl astoner precursors
(PFPE DVA and 15 Syl gard(r)—rg%&vere nmeasured on a TA
I nst runments AR2000 RheoSmaﬁhwq ExmvinGasts| e, Del awar e,

United States of Arrerl Meas were taken on

appr oxi ﬁ'?gﬁ@eﬁ{“% S R'Er PEl orrr,\g:gihyr ORIHRG fﬁﬁ' {Heed PFPE
%ﬂ rnd e

STk 5 SN0 08 ol I, U
Sy| Statel Of Aﬂrﬁérwm)smvdnchbniomethar(e 03 he Y% tSwdlling veasl determined

and 20 resulted in a constant viscosity at each shear
ratlés.'ng'h'?éE EWQ}Q’F NG §E¥AYALY PFPE  DMA was varied from

0.28 s 1 to 34.74 al s ed, i n const ant
viscosity regardl eZ‘§"8§$IP?$\e &@?%&a’t WQ)’@X@)Si ties
wer e obt aj ned takl ap average, of t i Sscosity
Voo T 5 Meuaseofoeame '@5 naiaalg aitarm soaking in

I L. e
2 e SHpE ot JAESEE BRI, LS RSLE, ana
(DNﬁlhé/bdginaSwe@lttmmeentad;eMre taken on a Perki nEl mer

DMA 7e 30 Dynami ¢ Mechani cal Anal yzer (Boston,
Massachusetts, United States of America). Sanples

were cut into 4-nmmx 8-nmm XgQgq (wdth x length x
53 thickness) rectangles. The tnitiral static force on
each of the two sanples W&BLSQEGE_Hnd the | oad was

i ncreas ate pf /500 MmN mn until the

Ut ‘o disposifi caffoa”wBo SeloRt pedfsartiiBEPE DMA and
vergyighide ned) Wérenhidaguidt bhah BAARStriment® AR2000 Rheometer

approxi mately 20 % strain) of the stress/strain

cur(Nesv Gasilep|Relawaxs ddnitedvisiatesi ebAmerigatal Messuyements were

taken on approximately 3-5 mL of material. Measurements 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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Thermal transitions of the two el astoners were

obtai ned on a Seiko 10 DM5 210 Dynam c Mechani cal

Thermal Anal yzer (Sei ko Instrunents, Inc., Chiba,

Japan). Sanples were cut into 4-nmx 20-mm x 0.5-nmm

(wdth x length x thickness) rectangles. The

f ol n
Tenﬂgfﬁgn/@%%)ﬁrgdggﬁ@g%%ﬁ gﬁﬁ& stégtggome IR -eddiof the two samples
Tengaor (DﬁNp@Msthenload owagdhcreased latzratéomfc goanmiN/tirdeintil the

soccangEd bRl gL St i Y dnectemsiaimgaull were obtained

t enfasrhathir ipitl st kOB | f o
nmodul us) vlsl tgn(%%r g[?@ljr e. prb)@\'nE éN 129 é%ﬁ%rétymhF stress/strain

Mea@iyeSrent s 20 Static cont act angl es were rreasured
using a KSV Instrunents CAM 200 Optical Contact Angle
Meter (KSV Instrunents, Ltd., Helsinki, Finland).

Droplets were placed on eacBxafmpldig ful Iy cured

el astoners using a 250- pL screw— op syr| nge. 25
Exanpl e 11 Resullp¥na : i

R O, B e s o

SlegMSdZt() MyBvmia ABbARNIERILT el MndfzeretSetko Instruments, Inc.,
Poldhrrg %g& CS; Q(f ord 30 University Press: New
30¢ Samplasyvare\ @it Jao dBmey Asrea %8 omen (width x

ﬁgﬁ?ﬁﬁth%tmgﬁﬁés%') ggcl‘aﬁg%'sfhh'faﬁé &Wﬁ@%e&tﬂ{%sﬁég\gsed Lamp =

neti@pr Mlma'ﬂememm;bms&lﬁﬁ%Me\Ael g01000 Wi T@nénbﬁ/(ﬂﬁﬁﬁressnon
net wor k..sho d2 :E‘?" gi bl e swel s_<30 The PDMS and

PFSE" rﬁF@%ﬁ‘Jr\gﬁ &P %ﬂ‘gl't&ﬁ@ T HQOf ulhg t@mrwatuﬁetm ranged
ha [ 0 | NG \Ué:fe p r i £
Rh\ef%nggglqdogbegge??ﬁgnts g owed the %‘ﬁ%gog% E) orrespondlng
undemperdtarEaitig raaxip i6 a plobef B’ @sPansdulub) v temperature.
significantly |l ower than that of 3.74 Pas for the

uncured Sylgard(r) 184. Because both materials are

viscous oils at room terrpgxgg_@@qohowever, standard

PDVB devi ce fabricati on nethods atso could be used

with the PFPE mat er i @ortactiAngeiMeaswenwntsay, the PFPE

@t eri alsiafl chitech Eﬁaleegtvlv redr'nsé%!sﬁrse%dusmg a KSV Instruments CAM

200 Optical Contact Angle Meter (KSV Instruments, 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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subject matter exhibit |ow viscosities and are

pour abl e. These properties distinguish PFPE materials
from ot her fluoroelastoners, such as Kal rez(r)

(DuPont Dow El astoners, L.L.C., WImngton, Del aware,
United States of Anerica) and Viton(r) (DuPont Dow

gﬁi Riahat 5t ahtel-9% n t&% lﬂIR PBt && 4 ARGIBd. M”Hbg%r by weight,

Aneri ca), ave | gh viscosities
exawhllethd RE P rsetomirk ghoWedineglhigible swelﬁﬂ@©<$%$ at 160

Cher mal [ 3Pénk BMy hath BFAE: PP (17 f%‘”f‘:h iy i fully cured

f f
oy Tetholfe® HB6! TR Gocksting) ad MnbeliffleTbRiveRlics. - Rheology
t enpxpaatnoems tshameid hh@nssQoslt;zZ;f@aMcuueZBPEPE DMA at 25 °C to be

roctead s, Ybich e ECTRY By Tar Tt 7 K o the uncured

f or syigard® ABhar @étﬁ#ds@ b&ﬁﬁV'rﬁéteﬁEIst h&ret WAscous oils at room
crosslinked materials at room tenperature. Stress

st rigmperatirg sihowsivens stamkard h%Dtvtﬁmeive:anﬁaimeaimf metbods also
full red PFP. r|339|\/Pa whi ch

L1 g e et B B ARG fully cured Syl gard(r)

184 (2. 4sMdahnothentway,C Y FHPRNAbRriale aF UheNBrdsentif' disclosed
made on both the el astonmers. As provided in Table |

t hesuimeet mRiter lexbibiintow yiseasities andyae postahlect Thesg @roperties

e RS et 1 Rl B P R el K g v

on (@UﬂcﬁﬁtDowhEI@bto?ﬁew EL\(BIGI etvilmmytars nbelawere, DJEhlted States of
taken. Contact angle val ues for these solvents wer

obt Ameaiga} oand h¥itopPE (BWRank: Slavel Elastemets:, Lals-Gro Wllmlngton
{

bl OUAHEESEP il S BaFRTH vABRSs. For

Di cé»tampﬂe&tﬁemscoﬁﬁPEf Vithn®0i¢ 78D04Pa%3at $§0 §@. d Fu)théB4Kalrez®

101 2 i ndi hat the sol vent swell ed
thea'?FEVEP‘i‘@Iarﬁr?@CH&U&%‘ia?eJﬁ@ @5 ur enent coul d be

taken. ﬁ%ﬁ‘éjﬂﬁa@gg %hlﬁgr‘fh%rmﬁﬁégélgglfsgi?fl\hﬁﬁ} 1/\/%@ ﬂ@'ﬁ)rgued on the

acconpl i she ing tot edure | strate
i n fellgwueed InatEhiaks. prB:utbdbeePlE:EEsan& RDMGi abtwmrks rexhibited low

Egﬁtgﬁ‘tp%ueﬁjﬁ%?ra%% ons { tﬁZ y@an%ye{z% Wbt respectlvely) 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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feature sizes. Unger, M A, et al., Science 2000,
288, 113-116. The PFPE DMA nmaterial was spin-coated
and nol ded usi ng procedures designed for Sylgard(r)
184. To conpare the solvent conpatibility of devices
made fromthe two 10 materials, a dyed solution

containing dichlo t : it A a
met hanol was intrgg%ég{i{%?gea@f(}gééﬂﬁ%g@nd a PDVS

chanméhstoynercapi | Waatgr act i (etharel Fi gfctudrg . TDrhRfrBmethane

hannel s showed no evidence of —swelling as the

goHﬁFPErDWavm ed &3&ily throd®h the chdthel. A 43
: b d. indicati

Sgggﬂ%ﬁéﬁlmaevers?o{mm scus y.s observe i ndi cating_

ng behavior. In 15 Tontrast, no sol ution

entepedthiadidalds deati the belvant ewdiied cihaniritend®sand no accurate
pl ugged shut when it nmade contact with the droplet. As

a coreperementsasdd badakRhol sol ution was easily
i ntroduced in the PDVS channel in the sane nanner.

Act uati o oforhBe atabyEimaiRs, agensd! ifabwshtldyy was accomplished
i ntroduci ng E{éssurl zed air g-25 psi) to small hol es

t hadcopsdiagpliontiee aradgedutey lustratediin I igarel 4ger This priesedure uses

begl nni t . s n,t h Luytion. -

or el Bufihg BERERRE o “aul9E e Sud b ieclitiilt compromising

( seraturgWifesl SUngét, M Al, dhel.useRre@pdd, 78, 1a8L106s The PFPE

details of the presentlTy disclosed subject matter can

be RNéngwiesialt Wastspinepeatednand molded aising proasdures: designed for
r v~ dhgcl osed subject matter. Furthernore, the

fpofégg%ggé'cri ption iJs 25 for the purpose of

i |1 ustrale @onipdry, thensbivart domipatitsiitp wfssced made from the two

l[imtation. 56 CLAIMS Wat is clained is; 1. A .
et Rgterisls.f ar AveR solyian donainingy eichiaromethate.c acetenitrile, and
perhh n%ﬁ’%é’se'iﬂf&d%c'éaew?tah%ﬁ%'Hﬂéh@élngh % EBMS channel by
provirdi‘ng a substrate, wherein the Substrate conprises

a padileirpedtion ($exc Bigutd )l 4% oMha®FARTE channels showed no evidence of
per fl ugropol yet her precursor wth the gatterned
suri¥Rling esithe solion avsled easfy jhrigHeh deachagneheA pronounced
per 0 I t m.a r ;

P aver S RRHERRE b, SpER, AdcRliPgod? Reltig BeRavior. In
nmetdodrast, @ aohotibn entgped thad®DMS 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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(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
ultraviolet radiation for a period of tinme to forma
| ayer of a photocured perfl gonppel yether on the
patterned substrate; and ( )“‘r‘emm ng the | ayer of

t heWhladioclaimed jger f | uor opol yether 20 - fromthe
patterned substrate to produce a patterned |ayer of

t he photpcureg ﬁ?étﬁbél‘obpﬁéhﬁmbh%f patterrid® lapéhast af photocured
Caim2, wherein the perfluoropol yether precursor
comrﬂge@pamlveéh@r,ftmmmetbwépomasmrf| uor opol yet her. 4.

Igﬁp mets ggd of | a? ai gpomm;y&%ﬁ?gﬁy\ﬁnghﬁ g% éﬂ]&)ﬁggtqscompnses

The net hod of d ai gp attemmﬁadehe phot ocur ed

per f 1 uor opol yet her conprlses a perfluoropolyethe

di met hacryl at®) 6. camacting had Pefflugrapalyethefhdresyrsehewith the
phot ocured perflu

per f | uor opol yet herﬁécf?&ﬁéggkngﬁe%@ éq.lﬁsgtr od of

Caim2, wher@)n tpieotpettigy s peuﬂlmiropblqetlmrm‘ecamrao form a

etched silicon wafer nmet hod of, Cl aim 2,

wherein the pattermrgﬁgiﬁﬂtoza lgl:begso%(ﬂuoropolyether.
photoresyst PRhé ARG B eMied ecorﬁpnsThg met hod of

Claim2, wherein the coating Step conprises a

spi n-coati ng &)ep. cc&ti]:@ th‘Eh(pattetr‘mbl suffack adfnih@, substrate with a

wherein the ultraviol d| at i has wavel en of
about 365 nanonet ePl€N 110 The ﬁ’\%’HH pa?ye&h%r mP%® rsor and a

wherei n the peri odsdiolrifERolo bhA a batedY palt&ined s&l))strate

radi ati on ranges from about one second to about

d
seconds. of %d% e goatéoq,é@attré?ﬁéﬂ &iubstBe to ultraviolet

period of t| ultravi Iat1on ranges

from about one secradibtion &yoat pe€iodset dimis.to f@m Tmelayer of a

method of C aim 12phg{,83{|r%ldn tplg?flupo%bglgj/e& ti on o{he epéltterned

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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ultraviolet radiation is about 60 seconds. 14. The
met hod of Claim 12, wherein the period of tinme of the
ultraviolet radiation is about 6 seconds. 15 15. The
method of Claim2, wherein the patterned |ayer of the
phot ocured perfl uoropol yether is between about 1

m cronet@rs arkk aleod 1610 CMB;| .t hi _ e
met hod of O aim 15, V\(/)nerei n t'%%@%ﬁédfﬁfﬁg?é@hseubstrate
phatasoprisas @ photaresisppatjenadsubstratet ween about 1

m cronmeter angd abo 0 0. m.croneters thick. 17. The

nmet hod of d a fée%ﬁﬁé)rféﬁﬂm e ‘?'Qrtﬁ@ocqag‘{i@rﬁ@? GoRprises a
phcggp,@ébgﬁngl)_gfefd_uoropol yether is about 20 microneters

thick. 18. The nethod of Claim2, wherein the

pat t er neld.| aybhe piethed of gHaim 2uneereinrthe wdirayiolef eadliation has a

is t illimeters and about 25 10

o PRSiTdt A HouP 305 Ranph BE&T S (20c 200 m 18, wherein .
the pattfer nediHeyrétholl bhe€laifh @, 0gHERSh the period of time of the
perfl uoropol yether is about 5 mllimeters thick. 20.

Thealtrvialst ragiaymranges figrerafiont one sesondtmaboltged setonds.

bl ar al 1 £ of Heorieoall SLRRMEH £ Wl t2Chefg of time of the

of ulirajiote? fadistiet eAryesifeornlabioat bhy setofd & aBeat €00 seconds.
channel s _conpri ses an int eg;_at ed network of m croscale
channel s!3-58 11 metBogeethlpin 121 wherein thenpedod aftiime of the

M GJiPATRErJdiaiHElsSartut G'i)g?ecio%?.gr ated net work
i) DOl NE's.

i ntersect at predetermne 23. The net hod of

Clhai m 1,14conﬁﬂ*{eshmjhb?rcuﬁhﬁ@i? mﬂ,umlegém the peties ofi time of the
t he patterne ayer of .the photocure
perutltF%ﬁ"S{)EﬁC{}j@iQi{'ﬁ.a@“i@.Seﬁﬁ’édﬁet hod of d aim 23,

whereinqat | gggt f 0l yr ali M0

conpri se@l an inl g@ﬁ%@r?fhgg"ﬁzgt wﬂweté&rrr]e{qweoggggﬁﬁdallarxer of the
23 phateaused perflu@apblyetterot bdteephualadutt ¥ microretets and about

co%bi ses an ouyjl’.e aperture. 26. The nethod of Caim
JRISFRBPIRYS Hickeast one pressure 10 actuat ed

val ve, wger eipet H\%ﬂ%&%‘f@l@irﬁﬁﬁ}{%ﬁ&ewy’{é pattetdd M%r of the

by one of: (a) a mcroscal e channel; an
photocured perfluoropolyether is between about 1 micrometer and about 50

micrometers thick.

17.' | Thé method of Claim 16,7 wherevin the patternéd 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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(b) at least one of the plurality of holes. 27. The
nmet hod of Claim2, conprising: (a) overlaying a first
patterned | ayer of the photocured 15

per fl uoropol yether on a second patterned |ayer of the
phot ocured perfl uoropol yether, wherein the patterns of

the fi r%g{‘&rﬁ{@f&ﬂoa a&feélﬁuﬂ %é%%m g{éuﬁﬁgrosc%le channels of

perfl uo are allgne a predetermn

al Itﬂ@n@t@grataadweanomhhteew@tsatrpgedéterrhirresitpcam t he
second | ayers of the phatocured perflufF)Hg ether to

ul travi cddet rHi grathed obClaig heer@arising: plurglity of holes
f d
et s gt Pt sy of RE i cRodtea ek RlorBpabifery POV

adher e t21.oneThe medinad beClaidP23, Mieeneirt Abléast o af the2@lurality of

mhereln the first R £terged Iayer of the photocured
perfiql %P@'%’I”ﬁ@? RBANIEL aRBEWEE- 5 i | i neters thick. 30.

The net g@!t or r%ﬁiéfh&? of M}:ﬁﬁﬁ%@ Whére ﬁf;‘spl%spéﬁé %Eﬂ‘raétjplurality of

| ayer otocured perfluoropolyether 1s a
20 holes comipeisss hiailet apeddre. The nmet hod of d ai m 27,

Second 136er ST TREOHNGE GLRIPbE TR Bh Gy lePRb oS pressure
f 0réﬁué‘te?R)aWé"WHe)feiﬁfthE‘p%é’siFr@a%tLﬁé’[éa nalve is Afirdd bl éhe of:

nmet hod Cam3 wherein the plurality of
m croscal e o(laémneﬂ mn@roapalesﬂs@naﬁl iamdegr at ed net wor k

of mcroscale n 3 The f Claim32,
wherein the sﬁgj %st%%ftﬂg pgerali]ﬁ/h %‘f’%grat ed
net wor k amt ermme@ﬁo@bﬁé@mzndmprmn@t s. 5 34. The
met hod of Claim27, conprising formng a plurality

of
holes in the @r stomltavmgn@dﬂr%ty@att@fnqdqéawopﬁctbeeahotocured

B oE et e orihrof el Of £lsoEbBi Relfmed aver of ne
wherein the IOfeSSbﬂlﬁ)t@@Jr‘eat;@Qﬂu@b@lydhd@fwtﬁménb]m@rp@tterns of
of: (a) a mcroscale channel; and 10 (b) at |east one
of the plurality dhendiret. 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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CcoNnpri si at The Juicrefliudic device

36. A microfluidic device produced by the nmethod of
Caiml1l. 37. A mcrofluidic device conprising a
patterned | ayer of a photocured perfl uoropol yether.
38. The mcrofluidic device of Caim37, wherein the
phot ocured 15 perfl uoropolyether is selected fromone

of a perds uor?ﬁ%'rnghﬁarof éidﬁt §"I’CM|e?élﬁ ﬁ%d;t)lﬁrallty of microscale

per f | uoropol yether ~di'st

maﬂﬁhfnelsﬁ@omﬂiheemngrﬂbbmtdd ﬂe?mﬁqﬁ mifcrd§calmcl367nnels
erein the patterne r of the ocur.ed
per f | uor®bol yEeanethed bgtad(\lééﬂ %d’me Qq BHgiosFale ghannels of

abayt ;) 8r%}98rr%rﬁ§éﬁ{l Aidrbe&at Qdé‘tg it ne%Blﬁ{ of luidic

device 0O ere n the pa ayer of
t he phot@@ure‘ﬁh@enéthmlr opdTlgimt HEF, ccsm@hemxg ﬁﬂmmg a plurality of
The cro i di c devj

m croneters
TS THausbpateTEd YT e PhplasirS petfysropoyether.
phot ocurgsl pefé Liﬁ%%ﬁ' M?UT&'FT\ I3, b@drﬁﬁﬁﬂngbﬁugeggzéone pressure

mllinmeters and about 10 mllimeters thi
Theactuatedfvalvelivhetein the présglireiaotuated Madwecisrdefined by one of:

patterned Iay r of t.he photocure er f | uor opol yet her
e bout 5 m i et BHGOSRRBETenBel A i cr of | ui i c

devi ce of O afpyy 375t [whsrdHdof the plavalie) dkblesayer of !
the phot ocured perfl uoropol yether conprises a

pl ural i t36.0f Amnicrafliidic devioamneducedby the metiod of Claim 1.
mcrofl |c evi.ce .of .. Cl |m43

t orteal A BHERAEIAS Bl ZeatBRERGT o St ldvér of o
net;ymtbc%drpé}ﬂ@@@@bg,emé}annels 60 45. The

m crofluidic device of Claim44, wherein th
m croscad®  chammeicofisidie ieviae efiClaiay 3\Xc,‘etV\mﬁrF%m the photocured

RSB I RO, e, T e poituorppivetnr

| a)kﬁfne@lﬁadrbl@t@ Bat @Cpérﬂdombfyetﬂwwgﬂ ibesr @OUmbllml@nahereof
plurallég/ of hol es, 47. The microfluidic device

daim4 vvheT'éfP rm@foﬂté@gtd%\ﬁ@e ¢ Elaim éVuMéhqr?V‘ &he patterned
b B 8B SAGRIL DSl BRAK ey A8nolien put 1 girometrs
of etthab@htu‘rGﬂ migronfetérslthigkconpri ses an out | et

apertur e, 49.  1he 1 < oicUadvis d%vbfa?moggdw%erem 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.

60



10

15

20

25

30

10 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 plurality of

hol es. 50. A microfluidic device conprising a first
patterned | ayer of a 15 photocured perfuoropolyether

d
per 1 uorBpo yLnarich s &1 9Ed of B4 6" Sorely g microscal

| aygHanpiels dfethelinteeeatedcthetwork |hter89¢t(ﬂtwedjehermmed points.
overlaid on the second patterned

th
phot ocurdd pethe dBW&EﬂH'Q/‘@t deyice aqfdc%“( @? t"ﬂé‘;ﬁiﬂ the matterned
per %xpgr Jfthaln Lﬁ@& L}Cﬁ%EBlgef?fertcBﬁ i3 Qtaogl%%g)éof holes.

uor opol er a re eterm
al i gnnend7. 51Thé' hﬂcnmflurdmé erde of Miainc46 oivhE€lain ait E&st one of the

wherein the first and the con(F:l Ef\gtterned | ayers of
th@'\éf%‘ﬂb%ﬁ@@sﬁ@mﬁrwﬁﬁ@dp&gﬁﬂg Uddhere to one 25

anot her .462. Qe nﬂbr‘b‘ﬂﬁfdlé‘ﬂgh&? ‘3?’0]&@} 86, Wwhaidih aPleast one of the

wherein t ie first patterned ayer t he phot ocured
per;blh:ahtwobhgdesImemprseammut@tmpbrtwﬂaters th| ck 53.
The mcrofluidi c devigce,.of Cla

second tte m%dmpggf dlgquvllf:ee ghgﬁglg\m% comprlsmg at least one
perﬁr‘egé’ur‘épé’étﬁﬁfébe\r/aWé whekdin e pRESITIrE RIRited yalVl Rkdefined by

The m crofluidic device of Cl aim 50, wherein
theonqoobdeterm ned alignnent of the first and second

| ayers of the,_photocured enfl | yether forns a
plurality of @cro@@?'@sgﬂ% %ng]g[ 5931% The microfluidic
device of O i) Sdat [6BSY seof the piitalligl oftoles. S

m croscal e channel s conprises an integrated network

of
m croscadd® ohamispRuidisedevine careprigingialifiestipaitemesy layer of a

e RS e e isBoo i BRRPlRltavRE5t o photocured

57. pdifigordpolyfther, dherdiavi ce of CI ai m 50, V\,herel n at
Ieast one of the 10 patterned | ayers of th

phot ocur ed pel@)| udihpolfifelt hdatieagst i slbyek p@fur dhet y 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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of holes. 58. The m crofluidic device of Caimb57,

wherein at |east one of the plurality of holes

conprises an inlet aperture. 59. The mcrofluidic

device of Caim57, wherein at |east one of the 15
plurality of holes conprises an outlet aperture. 60.

The mcrof luighe qaw6fuilc itk of CMBIhS! ﬁ@, Alyherein  the
| east one pressure actuated valve, wherein the

pr geredeterainethbignmeht ef itke dasti apd decondrayerfs: of #)e photocured

j le ch . and 20 (b | f th
ol (PTOXpRGy SR JaIma 2 PIArIE LRGP See GBanRgls:

conpri sigy a P trRicRSidieYRvid of CIRRRTRE UiRErein the plurality of
per f |l uor opol yet her, erein the patterned layer of the

phanerosesde pehénnrls ogomprisker atoripteigsateda nedivodntof microscale
di sposed therein. 62. The mcrofluidic device of Claim
61, S n the patterned 25 |layer of the photocured

per f | uorsgpol YRR @RicESIIRIL SBSvice RF WCIaln 135, 0herein the microscale
m croscal e channels, and wherein the solvent is

di spweels of ibedniegratedseiwork interseetraidiredetesmingskpoints.

of “tre $fr oL SRl Fales op HLELSY by eablBne of the

r esgdtiedhéd 1aysts dfehel photbeursd! perfitiotcpoly@héti 6h0peides & plurality
the fluid reservoir. 62 64. The m crofluidic device of
d @fdes. wherein the plurality of mcroscale

Channel -0 A @Ry EPYRR EA CTLSE wBpre B RRSPLRe of the

wheslekiityt behdles corfprises an inktapettaredf the integrated
network intersect at predeterm ned points.

! 66. The
ni crof | B9 ¢ Hs Mierofbides devire of CigiBy @7,nwhﬂr@"b§f teashege of the
| ay, et her conprises a
pl 'ﬁ] gfaﬁiyybﬂﬁolﬁgﬁéQ&V%gg a%ﬁée'jtlrﬁlegpgﬁ ?té('di c device of
Cl ai m 6630.wheThee miatofluidis tdewvive of Glaien 57| woatprisingfat least one
hol es conpri.ses an inlet aperture. 10 68 h , )
mi PTEPPUERIUBIEG %%V%fW%ﬂﬁwnﬂe%Pr%?er%@ﬁf%Ief yabe igifiefined by
of ddeor-plurality of holes conprises an outl et
aperture.

(@) 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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69. The mcrofluidic device of Caim&66, conprising at

| east one pressure actuated val ve, wherein the

pressure actuated valve is defined by one of: 15 (a)

a mcroscal e channel; and (b) at | east one of the

plurality of holes. 70. The mcrofluidic device of

Claimé6 wh [ . : rahl ;

ot es. | Sever Dt ingriublic FRAE o, Clafin WAt fheldln the plurality of
deviceostfalél shamifdls vbepeisest ba dolegeated 2@tworkordfs enicroscale
an organic solvent. 72. A mcrofluidic device

corfi@N8elfy a patterned |ayer of a photocured

per f1 uorgypol gﬁ%‘%icr%ﬁ{@tcﬁé\ﬁ&eopﬁléﬁﬁ gl \LRY&n ?ﬁ%trﬁ%mscale

phot ocured p uor opo er conprises one or nor
c hahaoakly efstbedantegratdd syedserdk intersedtrat pp&d&t8rmirteel points.

' fluldi i Cl , m. 72, eip th It d
ayer. ofo%ha TR MBEIHAAT Aed S paIayB: Abr YRR G patiemed
g:r Yager 6fycn§‘;%h8£€?&fr8§ ?@Hﬁj&@ﬁ(ﬂ?@ﬂh%r cBRDri4BE EHI0rdliBPoPRGles.

rec reactants 1s” disposed in one or nore
of the dvannelhe mieroflTibie de\decedf GlalmcbGiewhereiroat @aat ane of the
0 m croscale

73, V\/nff.gyei t | east. one ofI Lhe 3

chWally othdles cOBPLSEr andniek dBPUUTS . and wherei n t he

one or g@re TheHiGatiuidRAgéAce of Chaifli 86058 i at R@st one of the
fluid reservoir. 63 75. The mcrofl uidic device of

d qilunatity oflilesicamprisee aptoudlet aperturee i croscal e

channe! S6 __oans_ { | t4 A .%,fl | i at least one
conmuni cati on' "SR [0 ar es ,zgﬁ ér}gele

t hgyregsurer adibatedoive, Odhereff e pigssufe adtuites edivienistdidined by
reacti on chanber. 5 76. The m crofl ui di c devi ce of

C &R B, wherein the plurality of nicroscale

channel s conrkgi‘_sesa ﬁﬁcrb?#ﬁﬂ?&?’%ﬁﬂef?%%m k of mcroscale

channel s. 77. he Tmcro eévice of Claim76,

wherei n the nbyr osstabast oneasfitab plwdlityrsf Hoksgr at ed
network i ntersect at predeterm ned points. 10 78. The

mi crof | ili ¢ & imigrodicey sleice2of {direPh. Whereiatrg qednore of
:Oiaﬁﬁé lpﬂr)?ﬁ%feofwéeé;@%ggrsw ELygopol yether conprises a

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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79. The mcrofluidic device of Claim78, wherein at

| east one of the plurality of holes conprises an
inlet aperture. 80. The microfluidic device of Caim
78, wherein at |east one of the 15 plurality of holes
conprises an outlet aperture. 81. The microfluidic

act uat ed Sal e (P RRAR qNEPoRCIArRL, MGrePOERRR! Spo of te

defrhizeskbdale chasnelk: comprisesna ceastiorl ehaimiendh ;flukhdo2Munication
(b) at least one of the plurality of holes. 82. ,"%I'Qe .
m itt the 8vig esenar andovherai dhe wier @ Masa Chemigg) reactants is

mcdri%es&%gﬁgﬁ%iréé{cﬁgn &%lrﬁﬁerj.s reversi bly sealed. 83. A

evice conprising a patterned | ayer of a
phot ocurgsd peTHé woicrfoidietdevice oh@lainm i ewpeartsire tine glurality of
| ayer of the hot ocur ed perfl uorggigtljyet her

25 . .
Cor{?ﬁ&crwl%ngh%rpn rgog‘@ggﬁoﬁnpﬂ%tg (g‘ieé\ﬁgg%oof microscale

th [ 84. The mcrofluidic device of O aim 83,

mghgnﬁelshe patterned |ayer of the photocured _

per f | uorfpol yEidenicodiuidic steyvice pf @Hain tAB, okherein the microscale
e.one

TP R RIREPaod JaniO S ot SRS SR .
the chamnel s. T4 BRerofilidic d&ied I0fi Gisimdeyi eherbinCiid Patterned
84, wherei'n at |east one of the mcroscale channels

cortpyérseithe phetamired periesepolyather ahepsisas enlutaligy of holes.

nore re i 0 roduct.s. i s di. qn '

charber . %IES nﬁ'ﬁ%ﬂ#@%@ﬁ"iﬁj%\?@gﬁ@?%@ %é’n@"é\'i%ﬂfég,%%t one of the
whey|glality2éf halas comiprises anhiflet apsitaredscal e channel s

conprises a fluid reservoir in fluid comunica

ui cation
with tH9.reathe pricroflidicdevies af (e Whereihat lgast one of the

nore reactd r [ j [n the reaction
ch Rt &R EBfHEbSs e oftet BBSRNS. O ' & el m 64
wherei n ghe prieg hickofluidic deviveost @lsint T8nmehsprising at least one
conprises an integrated network of m'croscalg é/?e i
chareswe aguatpdevalverwherginiine pesastEe gctuated yalye is defined by
V\,he(éié' Qf't he m croscale channels of the integrated
netWwor K i ntersect at predeterm ned points.

(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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89. The mcrofluidic device of Caima83, wherein the
patterned |ayer of the photocured perfl uoropol yether
conprises a plurality of holes. 15 90. The

m crofluidic device of Caim89, wherein at |east one
of the pl urality of holes conprises an inlet

apertur e 9 I ea@%‘%égpo%@fi% ﬁ%ﬂb& P@'@Y%iﬁf8@f\?/%@%§%ast one of the

wherein a§ ne o prurall

COfmrdrmlaﬁhémélstcoami‘ste@raereé&ion'ﬁhﬂmfb@rr aﬁd uwlmbrmn the one or
device of Cl aim 89, conprisi ng] %etl east o

pr €88(f asHon Areducta s, dispaped rRachR € ame&ct uat ed
val ve i S8 ef "Qﬁé&?nﬁ&oﬂﬁ é\ncé CRaifl 85 %ﬁé#e‘?n EP%?%%ne of the

and (b) one o urality of holes
Themmr@scm‘lé nhdnneld&)dmmsm‘s é]ﬂaldw&rvmhm Biiid eoremomication with

nmore of 25 the plurality of .holes is revers
sedhedreagiion ,@"\W‘Igt?%f Iau"ﬁdd eE?éR}Otl?@ QUi BPIRY f%agtlon products is

patdlgi?(%?étanllf‘af“@rre%tlﬁ cidipbecur ed perfl uoropol yet her,

wher e patterned | ayer of the photocured
per f | uor&ol yﬁumenlcmﬂwﬂlcsthﬁnqmef drlaimo r&4, clberdedalthe plurahty of
nore reacti di,sp

! henisroscal " §aariels *FoBRBRS: ANc IRBarRBt o meaar g, Microscale

whediinheldre patterned |ayer of the phot ocured
perfluoropol yether conprises a plurality of
i crosca® chEmmenisioflwidicdesies of (Gainariy, ovhersire the microscale

or et G Tals0caR0 el etk oF e e

96. The gu cr offdlirdicfoflfYitC@eite @facrau%ssvwvm@em #ie patterned
| east one of the mcroscale channels conprises

f i rlgyerofithe phetegured perfiuniopplyetien comprisas aopluradltyt@f Boles.

chem cal ?d eggfﬁé}hﬂcﬂl%ﬁufyl gg of Ié Bfsd o\é/ﬁ%iefn# Uk %gst one of the

reservoi Cro eVI ce

wheglerdiitypsdf heles copfprises dnhﬁlet apertogsal e channel s
conprises a reaction chanber in_f|uid communi cai
vv| th the9tl uithe eu@rp\flawc davige @k Eiaim B9 aneiein af laast ane of the

or STy SPISeRhaunte SR RRaRRIB e, [onct T o,
The m cr@gd.| ui The rdlemfkmd:ofde@icm of Clainnider @omm’tmﬂrgaai;tleast one
? prrggﬁéfg:aqénﬁ%r ??é%,ﬁwgg%w ?hes presrg%{'eI Actuated va?ve 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
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communi cation with the reaction chanber, and wherein
the one or nore reaction products is disposed in the
second fluid reservoir. 99. The m crofluidic device of
Claim95, wherein the plurality of 15 microscale
channel s conprises an integrated network of mcroscale

DI Rl G o g B o ot

netm@mﬁe@tersect at predeterm ned points. 101. The

m croflui di c device of C aim 95, wherein the rExatterne
20 | ayer9%f thee prieroduigicdeyiee Of GiaiBp3pywharin at least one of the

ORI S&I & cRhthaL dtyfledtdl it flutsel/t, Bharidiifire one or

erain st Feast
pl unate themfcahmdartanionpdispesedin thd first ﬁlmelrresels/mrlos

The mcrofluidi c device.of d ai ein | t

one of Yhe plhg AN¢rOJluigic deyies O?Q%N %éhwéﬁr%% @aes?(sane of the

ap% dﬂé@cal@%héﬁﬁels?tﬁ‘n;gﬂlé‘ésoé' réhelion SR%AbRr Gh fﬁ]'ld"“c munication
conprising at lea one pressure actuated valve,

V\,hamm thd ﬁmdpeeee/orreaadwm;treml thalore osmded chenhidal remtents and
of: (a m croscal.e chann | east ,.on

C heBidnep o feamdn £1og 1 955 SRRoSkAG 419 (rastn chamber.
devi ce og O arfa MidrofiHiRs 8evice o8 CRéinfTo? ewﬁérelﬁ Ef—‘least one of the
plurality of holes is reversibly seal ed.

metrdosdalé | @}mangeB NeQrepriaes i @ ases@bf Ifluldd| tessaévcbu‘:e in  fluid

th t hod di fI di
Qe RAEETUBRAIPS: Wi 30 eakirRbanir arfctneige g ofe or more
Pheaetib e Bratfictd %‘Hl@;&é%ébehftﬁé secanwaroete@ewmr
patterned |ayer of ot ocur ed uorog yet her
i a

conprl se?9.at  Thagpic cteydeealob alﬁﬁrﬂﬁalw iedn (the plurality of

oSO G RN ColsFh  H0° iteBsERR; MEhyall or, Mbroscare

Inchbﬂlriehﬁ m crofluidic device. 108. The net hod of
G aim 106, caonprisin é)pl ing a_driving force

100.  The microflui ewce 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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to nove the material along the mcroscal e channel.

109. The nethod of Caim 106, further conprising a
plurality of mcroscale channels. 15 110. The net hod

of Claim 109, wherein the plurality of mcroscale

channel s conprises an integrated network of mcroscale
channel s 11

m crosca eé‘ché\n'ﬁg&sdagwqt he q(%egraf’é‘gmn\gitqﬁ{l%ﬂUdeewce the
i ntrpetent comerdsingr m ned points. 112. The net hod of

Claim 106, wherein the patterned |ayer of the
phot ocur ed pe®| uoPré’H@"ggetah@"r'crE‘g %/Q@‘é,lcﬁ ﬁﬂ"ﬁ?%ﬁ'ﬂgﬁtdﬁast one

hol es. 113. The ne
one of the plural |é£{%}n?8h% es%ﬁ%r%@e@egﬁq ?ffeﬁlﬁ@r%tpolyether
aperture. 114. Thewhemehmdtbé Qediemdd 2, Iayd‘rerei nttet  photocured
| east one of the pluralit (%f hol es conpr

outlet aperture. oRer{ly grop\{;‘lyg t FOHRSIECE 3{ eisjzone microscale
conprising at |easghgHMRUREsSUre actuated val ve,

wherein the pressure actuated valve is defined by one

of: (a) a mi C(KO()ScaﬂlQ;Nlngammeterlaimvtl’(eom|<Hos¢aia§haonel of

the plur of h

wher o n' [0 pFES SRbSd af bim I Jomaine dafishied Tgteral in
I NtedHkdMLidicRIcSfReuri zed fluid into one of: (a) a

m croscal e channel; and (b) at |east one of the

pI ural i t{0%f Hae erethodof Qlaim TIAS, serisising applying a teiving force

abdainoyt s PG s BldfoSleRnafhsi ot hod or o
G ai m 11709 WhEh@imethod bf €iain €106 fibbier cimpiising & plurality of

119. The nethod of C ai m 106, wherein the materi al
conpidreseaiachaniels. 120. The nethod of C.aim 119,

wher el noﬂ% i %é%ﬂgardfsél%nﬁ P Wisei ﬁ‘?elﬁp-l:glﬂg of microscale

nmet hod aim wherei'n the’sol ven
10 shagmeiscombiesd 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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122. The nethod of O aim 106, wherein the materi al
flows in a predeterm ned direction along the

m croscal e channel. 123. A nethod of perform ng at

| east one chemical reaction, the nethod conprising:
15 (a) providing a mcrofluidic device conprising a

Bnd () [dnt A nict BPEAHLATE, RREIH e BRagiEn fuid has o

r egpesdurtbetieen BbouPi0 T)'Sﬁéﬁd dbwiut40 pei.form at | east
one reaction product. 24. The nethod, of Caim 123,

wher ei n 118 peha sretbed |ofy@laint 1 thevbersih $re @iegsire is about 25

perfl uoropol yet her conprises a plurality of mcroscale
chdittel s.  125. The nethod of Caim 124, wherein at

| east onelRf THee mathed @ c@laim c1G8)nehereirotipe insaterial comprises a
fluid reservoir. 126. The nmethod of C aim 125, wherein

at fluihst one of the nicroscale channels conprises a

fluidr e@éb“ ofh e NRBtGY. | hd 5%[‘8%”&?&‘@@&@ MrhPrises a
the flui r'eseré\:/gﬁr. %?29‘.5] éi"hghrrég%’o 0 ICI aim 124, Bn
wheyobiemtt he plurality of mcroscale channels

conpri ses an jntegrated _netwrk of mcrogcale .
channel s1.21128fherﬁgetﬁﬂgl%o&3fmé<2£'rﬂ’l':l(?'?!n Sajvgnt gemprises an
m ergéﬁﬁls%l\fé?ﬂnnel s of the integrated network

se

inte ct at predetermned points. 30 129. The nethod .
of O ai M223, Thehenethndt bk Glainst106e agkereiraie tmaterial flows in a

secon eagenf .are, di sposed in separate channel s of
thePrﬁ*S% ‘F\gntﬁcﬁﬁi'ﬁe&@é‘vﬁﬁg%g ﬁl%”ﬂ%’@?ggﬁec'ﬁé‘{'ﬁgd ofSCI ai m
123, comyd siNdnbiey B8 perhines bt 16adesie cheehiédlereaction, the

second reagent in a predetermned direction in the
m anethadi ebropriglegi ce. 131. The method of d aim 123,

wherein the contacting.of the fi r.eagent

second reagen@ IS Q;gyﬁmgd&?qgﬁﬁlﬁiccpgg'g§| e ré%%ﬁgo%tb%ﬁemed
chamber. 132. The |gpéheich photecaidd p@diuorspualyathenand

flow ng the reaction product in a predetermn ned

direction in (bhe meantesting difirstiesagant anga speendeierggnt in the
of Gaim 123, compsiMAaiRNE ©¥Brh 1 1648 BrleHRaction 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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10 product. 134. The nethod of O aim 133, conprising
flowing the reaction product to an outlet aperture of
the mcrofluidic device. 135. The nmethod of C aim 123,
conprising contacting the reaction product with a
third reagent to forma second reaction product. 15

e L WA TS0 CARER B et s
solapNthe LECondhrdiehbal #fprebieieiminddl diveetién rnt the microfluidic

chem cal reaction conprises a nanoscal e cheni cal
reggviasn. 138. A reaction product forned by the method

of d ai msl23.1ed 1ARod RCHFhLS, Andfet] e 2ntathifg Df'the first
8% e e

the first” reagent an second reagent ar

' i ndepgedieantyitrelsecbrd feagenbie mErfantedclired irieresuhle reaction

pol ynucl eoti de. 140. The nethod of C aim 139, wherein
t hechagakari on product conprises a pol ynucl eotide. 25

141. Th t i , ej , ) .
pol ynucl a1 s SnERR' B £3m, "5 Cotrbheing flowing, the reaction
by grbeucteh zopredietéthaned dB8ctidid. the mierdfhuidiofdevimeeeni ng

le f haracter.istic,, t.h t hod conorising:. .
?a)sagfoa?éﬁ%g C.ﬁ%ﬁé@ gj:@plgﬁdl : E:Qnggﬁﬂ‘?g gé:q%yérglnaltng reaction
patérﬁagagl 30 layer of a photocured

uor opo

per | yether, wherein the patterned |ayer of
t he phot18ur eth@enéthodr op dTlgien 33, comprisingsflawing the reaction

| it f ch |s; 69._(b i.di
Pl Lto() Safelpnerivgs et mptle et 2 one o
the plurgdg tyrd meéxhed st Glairt 123 tdh@sisimg cbhtactirgRhé reaction

with the target material; and 5 (e) etecting an
i ntproduct with Bdhing eeagerd te fonm 8 senand eactiaxy p@duct.

e o oot T B PSS MBI R eqddf e e
sargdcend 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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144. The nethod of C aim 143, conprising disposing the
target 10 material in at |east one of the plurality
of channels. 145. The nmethod of O aim 143, wherein the
target material conprises a substrate. 146. The

met hod of C ai m 145, wherein at |east one of the

plurality of,cha I.. f ] uidic device is
in flud commﬁ' g{r}&é@ r& gg}gﬁm%%e{slubst rate. 147.
The met hod of(cd aidisgabing e saimplé e at degstt omaiofrthelplurality of

is disposed on a substrate. 148. The nethod of C aim
147, wherein at | €h@nnelsae of the plurality of

channel s of 39& ! c%rn?ééth‘lgdtht% s%ﬁﬁlé%ﬂhsthbriﬁfddéf'nﬁiaten ; and

comuni catio hth spose
t he substr at de) 14Qjet§d:tmgmhhmmeraf:t|@1 deatweéf, the sample and the

fggﬁ[' f,'nggo?' fﬁgsgg&e& rﬁlt;ag“ Iv@ﬁﬁwetp ngggncéméﬁwe absence of
met hod of O aim 143, |H4é”fé@t'ic{)hf H“%oﬁ@éﬂ%eof fhes eh8rdRstistic of the

from the group consisting erapeutic agent, a
di agnosti c agent, ﬁnnpﬂeearch 25 reagent a cat aI yst,

o oLl 0 SRR 85 ! RbG L Sebng e e

151 atEhE fﬁeéthggstcgné%ﬁﬂh@ ﬂlﬂ%llty"@ﬁér%rfhelshe san‘pl e

conprises one or nore nenbers of one or nore
I | brari estfof Teeninethochrobi Glaingi d48, wbefsdinthe otarget material
onent s The nethod of C aim 143, wherein

e@%ﬁ%%r & one or nore of a nucleic acid

t errpl at ep4@ SE{EAEEhed of EAdiant 45 awherdi®iat I@asﬂfdrf@dif théOplurality
ext ensi on product, a restriction enzyne,

r eanfechannelPoR theamisrefiuidin daviee, isoln ﬂU'éioﬁ@mﬁW“'@@ltlon with the
ther%o{ 153. The nethod of O aim 143, wherein the
Eﬁ‘rprl ses one or nore of an antibody, a cell

r ecept ori47an By ireéthoda of eCRihor 48| gemateiraithe Staepety meaterial is
a substrate, an inmunochenical, an immnogl obuI in, a

vi rdisposed,en asustialtng conponent, a prot ei n,

combi nat 1465+ s afod Y CIgRE AT, yAre ?%‘%’ﬁ‘% 0 thé plurality

whesfetimaritids todiripet mieroéoidid device is in fluid communication 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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conpri ses one or nore of an antigen, antibody, an
enzyne, a restriction 10 enzyne, a dye, a fluorescent
dye, a sequencing reagent, a PCR reagent, a priner, a
receptor, a ligand, a chem cal reagent, or a
conbination thereof. 155. The nethod of C aim 143,

LR AL SFRATBLIfR, & PRI R R rescton

theproéiﬁc’d Oféfomﬁblﬁatlcb@tmeébr%d by at | east one or
nore of a spectrophotoneter, uor onet er,

phot odi otfi3.  al e &1eshed of SHaism 1ﬁ§bé/heée'ﬁ1tb?§§@ﬂ)(ﬁ§ cognprises one
SCi gt iy é‘tdf ah g #IB{))@/ 'a Zefi%eebPtors aff EhtRRAFE P redd (thS? ligand, an

an opt| System t enper atur & sens

Coremcytfrnellé)suhmrate an prohanidobeeties, aammmupeglmbatm,l a VIrus a
neter, a pH meter, or a conbinati oeﬂ he . 20 15
metWE Bindind SeRwIONgNh adrreksiR) @ ¢ell f & growihi factor, an

CONRRibTbASr a(@émen‘é’t’bglt eBf.M crof | ui dic deV' ce

conprisiig a patterne yer of a photocured
per f | uortipbl yEtdremetindter ef rClaire  1g3 t eheeain| dyer tasget material
the hot ocur ed perf | uoro ol

PSP P NN OT AT ARERG: ANEISORELET SFaVEIfe Bfestriotion
theerpily\'ﬁé"%ﬁy e0h fIﬁB?é!a'E:%h?d?@”@%‘e&ﬁénéﬁﬂg%bbéﬁt a(PCR reagent, a

apert pr ovi di ng at east one naterri al
di spoven@ receptosisa ligard, rackemidal reagent) e combinatfont thereof.

one. mat o171 [ Biighow of Caaity 48 wBeRiGRSS Maeugf Sinprises o

”Ettﬂﬁﬁlmgfe\@n@' m 157, wherein the material conprises a

drug. 159. The nethod of C aim 158, conpr.i'sing
net eri ng1%B. pFhelemethacheaf @cb%la‘ge”é?f whereinuthe sleteeting of the

P SREFAR, B o B RS b B B B lBpgtometer, o
Cdoﬁﬂpugléﬁegenﬁmﬁf gihotédiedsRt £1 bRbtorautplicresubs, 4 nknicroscope, 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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162. The nethod of C aim 161, conprising dispensing

the ink 10 conposition on a substrate. 163. The

nmet hod of Cl aim 162, wherein the dispensing of the ink
conposition on a substrate forns a printed i mage. 164.

A met hod of separati ng a material, the nethod

conpri si yh | f Vi . :
conpri si hg a pa tméér)ﬂrﬁ'ég &ggpa\"{{l %-P Hg%ﬁrﬁt tﬁ%cdt]?geélal comprises a
perdrUﬁoropol yet her, wherein the patter ned | ayer of

t he phot ocured perfluoropoly her rises a
pl uralit1P%f thandeediodanaf widabnn i&?eﬁ@t‘"pnétﬁ@ ofnetering  a

th I nprises a separation
rBtine%t '2%% Gé ogf@gsdarﬁgt xture conprising at |east
a f| rst 1a0.erThé natHod ofc@idinmatié®j atoinprising dispensing the

mcrofIU|d|c V|ce é%l (yovmngthe m xture into at
| ed¥® 6’?%”6’1‘9 @S?Q%P ifetdfugf  channel s conprising a

separ ati r egh PhethBd cgcblaﬁﬁpl@’?at\/\'lﬂ’&ehh@lef trla¥drial comprises an

mat eri al romt e second material 1In
sepakat)rrmosrt@gl on to format | east one separated

mat eri al The t ho .l i 164, wherein

separ at | re @ rme Mﬂqs@a'@ 3@ one BBH{HY,; glspensmg the ink
mat &JrhEbsitid® Bn A& diRiteod of Caim 165, wherein the

chromat ographic 30 material is selected fromthe

group cotfd.stThe méthadsd)fz@la&rﬁph@%t wbereimtthe dispgnsing of the ink

affinit eparatign.mat i x n xcl usi on

mat$amP X%ﬁ Oe%‘r%“t ﬁorn?%zélpggfeog% 7. The net hod

of O ai mggh4, Ahethel bflsBpafdtingta Aat&GRslome mBtivid @mprising:
conpri ses one .or nore nmenbers of one or nore |ibraries

of chenical o@) bipoyiingla sierpduis d 6V'C@o‘?ﬁmﬁ@ﬁlﬂg a patterned
168. The met hod of | i
second mat eri al Ia%ﬁﬁ’ﬁ%@sogﬁﬁ%(? ;%)rﬁﬂgr o(fy%tthé’rf wherein the

acid tenpl ate, a sgatterned nigyeeagette tﬂtotmur&dr peEﬂuoroponether
primer extension product, a restriction enzy

reagent, a PCR reRRTPEsEsHasduality of CBaB'E)@Jﬁt ﬁﬁ@ v@?ereln at least
thereof . one of the plurality of 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.

72



10

15

20

169. The nethod of C aim 164, wherein the first or
second material conprises one or nore of an anti body,
a cell receptor, an antigen, a 10 receptor ligand, an
enzyne, a substrate, an inmunochem cal, an

i mmunogl obulin, a virus, a virus binding conponent, a

protein. gy Ceiydihiinod 8f Chim f64rWHered & fifst di‘%ecggd material

inhi bitor, "or a conbination thereof. 170. The nmeth

of dongirivetbdne aynmores inmembetseof ong ehearedibratiesi of chemical or
material. 15 171. The nethod of Claim 170, wherein the
dettilpgicg! ePmMPRUNAS OFSPEPORCHIS eri al is performed by

at | eastqggne e FRItKo@bf TlaifPE64, WRERIWERS Fst ot second material
fluoroneter, a photodi ode, a photonultiplier tube, a

M @ooswriges, ore stinmirel ofza nuoleioacid demplateaamegueacingDeagent, a
cane

coTten B el RSB o T Aimg o POR reagert, a
Lo R ORGPt e gl P e, o

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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