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20
TECHNICAL FIELD
Methods for preparing micro- and/or nanoscale particles using soft or
imprint lithography. A method for delivering a thera peutic agent to a target.
Methods for forming a micro- or nano-scale pattern on a substrate using soft
25 or imprint lithography.
ABBREVIATIONS
°C = degrees Celsius
cm = centimeter
30 DBTDA = dibutyliin diacetate
DMA = dimethylacrylate
DMPA = 2,2-dimethoxy-2-phenylacetophenocne

EIM = 2-isocyanatoethyl methacrylate
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EP = fluorinated ethyl ene propyl ene Freon 113 =
,2-trichlorotrifluoroethane g = grans h = hours 5 Hz hertz |IL =

1 . . _ . _ . .
P or oc RO SR g VENS 2 i cr o6l ect 1 o- nochani o) TCJUCRINORIEE =

megahertz MMC = mcro-nolding in capillaries nL = mlliliters 15 nm=
mllimeters mdEP= millinol es= nN fBuodinated aéhylene pxbpylene nel ting poi nt

MV=mlliwatts 20 N ano- cont act | di.n NLL. = napoinprint |ithography
ri m= nanonet er Sl-zregﬁ%é_j pol ydi et hyﬁgi’g'&‘gﬂ%mtr E@?Sﬂi?(”?t)hyl ene glycol) 25
PFPE = perfi uorqyol yet her PLA gol y(bﬁﬁhgc acid) PP pol ypropyl ene Ppy
poly(pyrrole) psi = pounds per squaie inch 30 PVDF = pol y(vinylidene
fluoride) PTFE W pol ytetrafl uoFoet hfiberse SAM M sol vent - assi st ed

m crqg nmol di ng %@/I = scanni ng e!:ect rggrtgi croscopy

= rF T

L. = imprint lithography
kg = kilograms
kHz = kilohertz
kPa = kilopascal
10 MCP = microcontact printing
MEMS = micro-electro-mechanical system
MHz = megahertz
MIMIC = micro-molding in capillaries
mL = milliliters
15 mm = millimeters
mmol = millimoles
mN = milli-Newion
m.p. = meiting point
mW = milliwatts
20 NCM = nano-contact molding
NIL | = nanoimprint lithography
nm = nanometers
PDMS = polydimethylsiloxane
PEG poly(ethylene glycol)
25 PFPE = perfluoropolyether
PLA poly(lactic acid)
PP = polypropylene
Ppy = poly(pyrrole)
psi = pounds per square inch
30 PVDF = poly(vinylidene fluoride)
PTFE = polytetrafluoroethylene
SAMIM = solvent-assisted micro-molding
SEM = scanning electron microscopy
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-2 WD 2005/101466 PCT/ US2004/ 042706 S-FIL = "step and flash" inprint
lithography Si = silicon TMPTA = trinethyl opropane triacrylate pm=

m cr onet er, = ultraviolet W= watts ZDOL = poly(te uor eth | ene
oxi de- co- %05?0%?1%& hyl ene oxi de)a,w diol 10 BACKGRQJN%C%'Ls 4?73 ility

of viable nanofabrication processes is a key factor to realizing the
potential of nanBtidthnol ogi es. Fn par'stepunarflaghiémpviat lithbigraphy of  viabl e
nanof abri cati on Qrocesses is inportant.to the fields of photonics,

el ectronics, dg brot eomics. Traditi GMEPNi nprint Iithographic (IL)

techni ques 15 ar-pWT,:@I ternative to W\ﬂbﬂ{yléﬁr@ghﬁéhﬁaéﬁratémwf acturing
integrated circuits, mcro- and nano-fluidic devices, “and other devices

with m croneter /alrmd/or nanomet & si reidrdmetens es. There is a need in the
art, however, for,new nmaterials to aﬂvance IL techniques. See Xia, Y., et
at., “Angew. Cherrg‘l Inf. Ed., 1998, 35“ %ﬁ%’ E?S; Xia, Y., et al., Chem Rev.,
1999, 99, 1823-1§48; 20 Resni Ck= D. Jyatteet al ., Sem conductor |nternational,
2002, June, 71-78;, Choi, K M, et at., J. Am Chem Soc., 2003, 125,
4060-4061; McC eZP8Md, G M, & A polyieirafluprgsthylesetoxide0o2, 81, 1483;

Chou, S. Y., of at., J. Vac. Sci, Tecfhnol 1996, . 4129; OQto, M, et
al., Mcroelectron. Eng., 2001, 57, g%ﬁ" Qﬁﬁ’%"%ﬁ'? 8§'d19$d’w élo?at ., J. Vac.
Sci. Technol., 8, 2000, 18, 3571. 25 Inprint |ithography conprises at |east

two areas: (1) soft lithographic techniques, see Xia, Y., et al., Angew.
Chem0 Int. Ed., 1998, 37, 550-575, BAGKGRAIUND vent - assi sted ni cro-nol di ng

A T T R e G e e
g?' dllng( N%ilZlﬁ%letH@?ﬁa@ﬂt%&%gr@end&?igﬁoﬁgsgt in péﬂ&'ularpfﬂb!é a\ﬂaﬂébig%yegﬂgﬁd
flash" i npriiablel inanotabijsition( sreuassessise iBapriayt tcr theetflelds of bhotomcs
electronics, and proteomics. Traditional imprint lithographic (IL) technigues
15 are an alternative to photolithography for manufacturing integrated circuits,
micro- and nano-fluidic devices, and other devices with micrometer and/or
nanometer sized features. There is a need in the art, however, for new
materials to advance IL techniques. See Xia, Y., et al., Angew. Chem. Int.
Ed., 1998, 37, 550-575; Xia, Y., et al.,, Chem. Rev., 1999, 99, 1823-1848;
20 Resnick, D. J., et al., Semiconductor Intemational, 2002, June, 71-78; Choi,
K. M., etal., J Am. Chem. Soc., 2003, 125, 4060-4061; McClelland, G. M., et
al., Appl. Phys. Lett., 2002, 87, 1483; Chou, S. Y., et al., J. Vac. Sci. Technol.
B, 1996, 714, 4129; Otto, M., et al., Microelectron. Eng., 2001, 57, 361; and
Bailey, T. et al., J. Vac. Sci, Technol,, B, 2000, 18, 3571.
25 tmprint lithography comprises at least two areas: (1) soft lithographic
techniques, see Xia, Y., et al., Angew. Chem. Int. Ed., 1998, 37, 550-575,
such as solvent-assisted micro-molding (SAMIM); micro-molding in capillaries

(MIMIC); and microcontact printing (MCP); and (2) rigid imprint lithographic
techniques, such as nano-contact molding (NCM), see McClelland, G. M., et
30 al., Appl. Phys. Left.,, 2002, 81, 1483; Otto, M., et al,, Microelectron. Eng.,
2001, 57, 361; "step and flash” imprint lithographic (S-FIL), see Bailey, T., et
al., J. Vac. Sci. Technol, B, 2000, 18, 3571, and nanoimprint lithography
(NIL), see Chou, S. Y., et al., J. Vac. Sci. Technol. B, 1996, 14, 4129.
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Al., J. Vac. Scl. Technol., B, 2000, 18, 3571; and nanoinprint |ithography
(NIL), see Chou, S. Y., et al., J. Vac. Sci. Technol. B, 1996, 14, 4129. -3
WO 20051101466 PCT/ U52004/ 042706 Pol ydi r net hyl si | oxane éPDNB%J) based

net wor ks MRAOHLUASG he material of choice for nmuch of t hBCHEPROOMAIZIYY ¢

|'i thography. See Quake, S. R_ et al., Science, 2000, 290, 1536; Y. N X a
and G M Wi t eFolirmathygleiloxaties (RFDMS)t badat! nEtvgbrks Teo@ baan s materidl Y. N

Xia, et al. em, Rev. 1999, 99, ,1823. The use soft, el.astonerjc
e ol o of GEACAOPHIHCN A P VAT B, STt TR AR AL o Ses, Hubker Sa .o Rr &l.

t echni ques. e £.Sy hj i sa : I Mol

r adi at ?on gﬁg&{?g’ségnyéggq:ow %/60'8\,' MK add B0V hite |Be§,e{45@§ig/8 Cm:?a UV)Wm ch

gives it tld Edeknil 11998,rEqES1edniof. NoXdigetal., Chent. ddy. 1990098y e823.ur f ace

irreqularities, wthout the potential for cracking. In_10 coptrast, cracking
can &cur with ms%Hesqfkoﬁﬁﬁmeﬂcema#egﬁlsnﬁuaﬁ@s% BP&'?%N P, sl as
etched sili g : §§'%§J ket : et . Shi 00,

88, 4310- 4??83“%9§?ht@,sqwe [ ﬁf‘?ttée'ﬁ"r']'qgeﬁm (f (?Ha(ﬁ)ﬁampe{ 'egi I?IMIGQD gési‘/'gh el ease
of the nol drahspanembsd anliragiotetr (@D aistionand s @ vecklovy Yauwdgs modalust he
mold to endure nul tiple i I nting steps w thout damaging fragile 15
foatures. AGRRTOKBIAED 750akyabotFIEhagiy % dhiti oaily randred OrgenipERRkabl e,

a prOpe”)BR}é O¥ AN B@eP%EﬁeEQ iﬁé‘%@%ﬁ@s‘*‘, %f@@ﬁ{tﬁgbﬂééﬂ@él%ﬁ&&%ﬂ d.CRL i ons.

Al t hough P 'fers sone advantages 1 n so applicati1fons,
seveial pr gpeirbstecrackinge want ocBVivithe weoldsymade front shittipabidh-miceisilug n sof t
l'ithography. First, PDVG- b? ed el astoners swel | Wréen exposed to , 20 st
organi ¢ soiMArealéonpehme e piigon andnglasg; Sge ,—M A L, batppl. 75,

oS4 PRI AASIOIAH CoREIORBIN o 3 LN MO v

(MCP) applicati'ons becduse 1t "a 0 adsorb organic 1n see

Xia, Y., etelabse oftigevmolthé&om musteisdand ¥8pRcatey withiolit Trackisgvandi alpws
resistance is critical Ia/ i mportant in the majority of other soft .
| i t hogr aphithe t @ekhitgueandyrs dawiliplea impringng salane Aithautvdemaging 1 agile.

tec gues ¢/ | C . [ r | ] t of
cur 2‘%1 e or é%%y}éggmﬂgﬁgmoaﬂ Ys &eam n%rkﬂ%ét\[/}mhgée@%ée #E}I%Mgf'(?lg%s%gﬂ%a ures
on the nol gromertyotdiat aah l&@usadfw|aﬂ&bh&@ih@ifﬂﬁh@gragmmieaﬂ6n@lUe to
infiltration of the curable liquid into the nold. Such praoblens comonly

occur with PoveAtRerghoFRMS offers some advantages in soft lithography
applications, several properties inherent to PDMS severely limit its capabilities

in soft lithography. First, PDMS-based elastomers swell when exposed to
20 most organic soluble compounds., See Lee, J. N., et al., Anal. Chem., 2003,

75, 6544-6554. Although this property is beneficial in microcontact printing
(MCP) applications because it allows the mold to adsorb organic inks, see
Xia, Y., et al., Angew. Chem. Int. Ed., 1998, 37, 550-575, swelling resistance

is critically important in the majority of other soft lithographic techniques,

25 especially for SAMIM and MIMIC, and for IL techniques in which a mold is
brought into contact with a small amount of curable organic monomer or
resin. QOtherwise, the fidelity of the features on the mold is lost and an
unsolvable adhesion problem ensues due to infiltration of the curable liquid
into the mold. Such problems commonly occur with PDMS-based moids

30 because most organic liquids swell PDMS. Organic materials, however, are
the materials most desirable to mold. Additionally, acidic or basic aqueous
solutions react with PDMS, causing breakage of the polymer chain.



30 because nost organic liquids swell PDVMS. Organic materials, however, are
the materials nost desirable to nold. Additionally, acidic or basic aqueous
sol utions ct w PDVS, causi ng breakage of the polyner _chain. -4 WO
2005/ 10146@%@%% 04/ 042706 Secondly, the surface eneFGJ/USFIOMPAAE06
(approximately 25 nVm is not |ow enough for soft |ithography procedures
that require hi Gedondgl,ithe suffacetdnargy cé2RMS (Hperadntatelystd miN/frgde nof
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materials results I n saggling an eatures , I'S not
wel | suit edohventsr ocesses that require precise pattern placenent and

o oo e CocHiie oy s e S s ek 4 h B3 12115,
Odom T. W, ; =3 = 8 - §Pr@b s
Macr onol ecur?gﬂseng%%%d—ﬂggw&?%ggﬁg&C&/@mé e%(Da ., ﬁg%%glﬁr??ﬁau%ba 19,
610416109; Midiaruhdlichan, étniteéd StatmsgoiuAmerizad hasl9,madoinz-thad&lioo tave
materi als chosen,stjl| i hi oor sol vent resistance and ui r 20
(Tuori anti dAParaiBately 43 BPa) ¢ Riaopugleatine; nd hacow Madie ok fhese o
such as qu%tngn i1 ; s LS hdi e

| it hography. egh%gs,&?(ﬁ,,mgt@ gﬁ?”%ﬁg%\?vpﬁycﬁ%%%%%ﬁgég.%éhfé@,dfg%?tur%%o- 575;
Resni ck, D.andi, ,asewsuah, is Sobiwelhduiedrfor mrecestasoitedt, ret0®, plaoms pallenys;

LA o TN O, P
TeontoL. 5. 3085t Preplethsine Dord T WITeEAl, 0 anl, CRlnt Soq; 20887 1280, o
Von Warne, 1R118-12%13;aDdem,JT. Wn eiChiem afmgrauir, 2002, 78253 13&3RBEMmiBesni ck,
D J.. et al-ti.’ ei] él.,vl?/f%crosr(r:}biecu!es, 2000, 33, 3042-3049; Csucs, G., et al., Langmuir,

2003, 79, 6104-6109; Trimbach, D., et al., Langmuir, 2003, 19, 10957-10961,

the materials chosen still exhibit poor solvent resistance and require

20 fluorination steps to aliow for the release of the mold.
Rigid materials, such as quartz glass and silicon, also have been used
in imprint lithography. See Xia, Y., et al.,, Angew. Chem. Int. Ed., 1998, 37,
550-575; Resnick, D. J., et al., Semiconductor International, 2002, June, 71-
78; McClelland, G. M., et al., Appl. Phys. Left., 2002, 87, 1483; Chou, S. Y.
25 et al., J. Vac. Sci. Technol, B, 1996, 14, 4129; Otto, M., et al., Microelectron.
Eng., 2001, 57, 361; and Bailey, T.,_et al., J. Vac. Sci. Technol., B, 2000, 18,
3571; Chou, 8. Y,, et al., Science, 1996, 272, 85-87; Von Werne, T. A. et al,,
J. Am. Chem. Soc., 2003, 125, 3831-3838; Resnick, D. J., et al,, J. Vac. Sci.
Technol. B, 2003, 27, 2624-2631. These materials are superior to PDMS in
30 modulus and sweliing resistance, but lack flexibility. Such lack of flexibility

inhibits conformal contact with the substrate and causes defects in the mask
and/or replicate during separation.



Technol . B, 2003, 21, 2624-2631. These materials are superior to PDM5S in 30
nodul us and swel ling resistance, but lack flexibility. Such | ack of
flexibili t‘¥ édgﬂlﬁgl Es conformal contact with the substrate_and causes
defects in PR 4% and/or replicate during separation. FCBYP0AE09 01466
PC11US20041042706 Anot her drawback of rigid materials is the necessity to

use a costly and mhd‘trhemdﬁabvﬁaa;kfcﬁbiglcbmaeharsdsr‘t’nédmecebswto as&mmﬂlylandmde
by using convent | on%{pn phot ol itho raP]hy or el ectron beam

| i t hogr aphy diffigld cate ard gpoldqwhicCty Is typical @cmadﬁe'é]ﬁHéLng @”@@'@"3114

i 11 con mo fﬁ’%f’d*ﬁ'k%%f%“ﬁg@?ﬁ%* ol Db B MR EERY ade HALEE W, 8 O

acryl at e- baged AroVat. g8oier Fdatthol. er1993,| v 4129hoMepel noventizathe nmdomer
m xture agai nst a SI licon master. See MdCelland, G M t al.
Phys. SLet t . repertedlygsse QW‘SI%GU%'%@IGE@ O'YSII'COféfnCHdS In I%’PP%@S *FGM

B a7, BRBDOARACAP RS A s Nond B bRy Sy Bhoah

nol ds from phbﬁjpﬂbly’mbﬂmtﬁbs rmosoride irtupeCegainst o slﬁ@rf I umstetat | Besst eps
to lower the surface_energy of the nold, see Resnic
Sem conduct MMQ@QQ’ Fih)fﬁe Lett, 2@02,aﬂa ﬂ‘ﬁ%&l ﬂ'h@réﬂﬂﬂ._@:_dbl em of

releasingari i dy, 15 f t t t e

Garmg: ng-t heLedh aaRoles s BT AP S B ARbRath 954 g §$ fiiSd by
Sem qenduct @idliHgesMAkirABRY in &@Qﬁﬁc sofdwes, 71-78; Bietsch. A,

Phys., 2000, 88, 4310-4318. Khang, D. Y., et al., Langmuir, 2004 20
2445-2448, have Maspiteesliahadvancest othey @saﬁvmtagesrqfdabacaﬂng nmiqlﬁ)fr@mmd
Tefl on AF(r),

addr ess. t he et faaarglse g 98F ecsBHR B use it ael. el B MRLAGE 1 °

requires hi ghrfbeapéﬁé#gfgr%ff MR mAaS S Resrick, Tl U, ,peesal, @d@m@ﬁ@@ctbhat
coul d be damaging to delicate features on a silrcon wafer naster.

Addi ti onal | ynterMSH?akD?w Sh-llnlel, 74748, lirtd theeinhienenti mmb&emrdmmasmg)a rlglcher
25 Further, a cle and | t ant

t | tl h
i 0 0 on SROR a3, 191G SRiEe rOT b bEARDM amRoist e dhad ST s
or te”p' at e%uﬁgﬁls [ﬁ‘%@%@sm%ﬁfebl %!.,Sgél Sal, ! h@nwwﬁ&uétefnﬁiérﬁan&;a@zbw dual

or "scunt | ayer t
June, 71-78; Bietsch, A., J. Appl. Phys., 2000, 88, 4310-4318. Khang, D. Y.,
et al., Langmuir, 2004, 20, 2445-2448, have reported the use of rigid molds

composed of thermoformed Teflon AF® (DuPont, Wilmington, Delaware,

20 United States of America) fo address the surface energy problem.
Fabrication of these molds, however, requires high temperatures and
pressures in a melt press, a process that could be damaging to the delicate
features on a silicon wafer master. Additionaliy, these molds still exhibit the
intrinsic drawbacks of other rigid materials as outlined hereinabove.

25 Further, a clear and important limitation of fabricating structures on
semiconductar devices using molds or templates made from hard materials is
the usual formation of a residual or “scum” layer that forms when a rigid
template is brought into contact with a substrate. Even with elevated applied
forces, it is very difficult to completely displace liquids during this process due

30 fo the wetting behavior of the liquid being molded, which resulis in the
formation of a scum layer. Thus, there is a need in the art for a method of
fabricating a pattern or a structure on a substrate, such as a semiconductor

device, which does not result in the formation of a scum layer.
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tenplate is brought into contact with a substrate. Even with el evated
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this proc 0 to the wetting behavior of the liquid bein

whi ch resﬁﬁﬁgaﬁﬁo formation of a scumlayer. Thus, W&ngngo“é?"??@@d in
the art for a rrethod of fabricating a pattern or a structure on a
substrate, such él'@eafaéneicatiomhicﬁoduentdesnsmt whicodfluddiesdendtces edth featarashe
formation of a,scu 0051101466 PC T/ US2 4/0 06 h
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order of hugﬂFPE Has Hbéﬁ?@ﬁo E@M DHOFRAIRAD! nﬂ.erét'aaggﬁpﬁweehém 3d¢PE)
has been reported. See JTP. et ar., J.Am Chem Sac., 2004,
126, 2322-22004, PFE&, b232>2}23ﬁ8er| #HFPEbaséd qunaterils r acen liquidspeatatraom and

Furt ngr PR APa A @o Ahetashsicalbt Ginseniities’ e odar. BRI ng by
or gani ¢ S0l el SmeRC E FheREPBERS AN Rl da: 48 ARRKABHAARI alPhHSEE

hexanes acetonitri anong otners, I C ar e or use
m croc hem sswelliigaby conganizaselvents, esurht asremisthylene ocﬁhlu'nde,cteteahymfefurih,er e 10

is a need in the however PFPE- based terials.tp the

fabricati ont‘?ﬂ“eﬁ%%@é%ﬂeé @hdi %@O'ﬂlg'ﬁgr%‘ﬂ%ﬂ%&’ﬂ?%@sm =1 rag Ehgfrfélﬁes a
need in the; f S at e,
Coch he ot RoToroBnehTREPHERORRS tS 30 6 gt righ B o Stiiaty 21 e
to NdRane afs a . needi i8. theatamht thevér,ltb? atgslyt PrPEKasetiakedterialsettoathe U. S.

Pat ent No. 59,926 to Kuwapa and International PCT Publication
No. WD 99/ 52@@’@%’5‘8’1‘]‘%{&%0@ Cg?“'c%%ﬁr‘?’ﬁ ted\/33PNSs i ncor porated herein by

reference in thelFr fate % &{E{rgfsé% ?r%ﬁg% ébHﬂ@th at fépforﬁﬂngrg)r oved

met hod for formng e consi ere engl neer ed”
structures, pattehudmng sumstrbte suzh bs méthddtemployingl e patiehaeesnasiod et s.

Usi trad th | t hat | t

bet veen ot r bbidrBateity 555 b K 4 L R B R e
maki g it d!ﬁﬁdﬂ%ﬂatgaréfet”@f' 'Wgoﬁﬁétgh N Stzrféygﬁ@tt% ?(”Lﬁééﬁ? Qaéjrj‘%ﬁrt dn?P' at ed
structures. in t e art " tor

form ng 25]mteu1raﬁormhd°®'ﬁrﬁmhﬂmbbonﬂdm gBiD B9/64TBEsto Uacksort iet areaml yfner
electrets. m'uch is incorporated herein by reference in their entirety.
There also is a need in the art for an improved method for forming
isolated structures that can be considered “engineered” structures, including
20 but not limited to particles, shapes, and parts. Using traditionai IL methods,
the scum layer that aimost always forms between structures acts to connect
or link structures together, thereby making it difficult, if not impossible to
fabricate and/or harvest isolated structures.
There also is a need in the art for an improved method for forming
25 micro- and nanoscale charged particles, in particular polymer electrets. The
term “polymer electrets” refers to dielectrics with stored charge, either on the
surface or in the bulk, and dielectrics with oriented dipoles, frozen-in,
ferrielectric, or ferroelectric. On the macro scale, such materials are used, for
example, for electronic packaging and charge electret devices, such as

30 microphones and the like. See Kressman, R., et al., Space-Charge Electrets,

Vol. 2, Laplacian Press, 1999; and Harrison, J. 8., et al., Piezoelectic
Polymers, NASA/CR-2001-211422, ICASE Report No. 200143
Poly(vinylidene fluoride) (PVDF) is one example of a polymer electret
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J. S., et al., Piezoelectic _Polyners, NAS - 2001- 211422, | CASE Report No,

2001-43. pelyprapvenade P} usfloncjuqrmated ethyiene epdapylener &rER), ymed

PO, - char DR HSSETE oAb R T R 8 SR PR PPifoer plbctess o 10
Tef | on-f | uor i nat Bdrthéf\thers isph amssdemetheRFPYar istovaa! ietitodd Farodelrichngene
(PTFQi al so are considered polyner electrets. Further, there is a need in

t he f othempeiticiagerisogych @ dupsyeenyijal genaveghelisi RNAgBNA R¥Aéh as

drugs, non-yj C | LT tkclgs,.0 a
Carget . se2rs EeiletEols hlpdt ssadipniddiay politers. ShallBl) SR ed'

Publ i cat i omrrigiGarddenci Pulsiidatiot®) oincl,9 Binchmatinerdlsio, Bi 195t er Palymeric
Dumtrin, S., ed., Mircel Dekkar, Inc., New York, New York, 1994; Park. K.,
et all., BRioswtadals, Ovyiringd.sedorMares) Dekkarednc., Tewndpre Newpliork.shi ng

Co ;| i P I ' , [ t .

51 odeg! adat Co Al eRoret b BPRpATe HhP i SYoRP ATy R Resl Tethnans
Sci efice  Pulpiibliging Gcﬁlﬂpanféomm%and‘é%\ter\f@’dﬁnsi@ﬁﬁia,QOQES;OGhﬁ@h:@HQva, et
Delivery, Anmerican Chem cal Society Synposium Series 752, Park, and

Msny. R al., BiedegragatiomgndBiodeterioratmoof Belymerar Kinaficodspeatsy Nova

Tot ower | NewCISBE e IBHER LI Grattack I e T ST GINREY Btheor
and  Appl | gbjindly; Areéican EhdbnicakSociele SYAipUsitineSEriebers2(oplrk, ewarelr K,

1987. For a description of representativeé therapeutic agents for use in

such del i véisnynR.hbdeds s ¥éashisgtopalGt, 280; Celletar4x3ig DefetyanBrincipiesch i s
I ncoypor at ed her ei n by erence..ing ts entirety, Ln sum fthere exists a
need{q?n th@”&ﬁf ﬁgrﬁgﬁ?%‘%nw'f ? ﬁ%w Efﬂaffg}'?'aﬁs’ ?8‘7’" @L@“aﬁﬁl Fﬁ%ﬁ'ﬁoﬁq"‘f‘%o ?‘é‘(phi c
techni ques.;elYgeg, BAYI4; CHhar BiorelBRlfle | Eamidigesh iDnigheasin: f oThashhegy for
the fabrication of structures at the tens of mcron | evel down

Applications, Roche, E. B., ed., Pergamon Press, New York, New York, 1987.

For a description of representative therapeutic agents for use in such delivery

methods, see U.S. Patent No. 6,159,443 to Hallahan, which is incorporated

20 herein by reference in its entirety.
In sum, there exists a need in the art to identify new materials for use
in imprint lithographic techniques. More particularly, there is a need in the art
for methods for the fabrication of structures at the tens of micron level down

{o sub-100 nm feature sizes.

25
SUMMARY
in some embodiments, the presently disclosed subject matter
describes a method for forming one or more particles, the method comprising:
(a) providing a patterned template and a substrate, wherein the
30 patterned template comprises a patterned template surface

having a plurality of recessed areas formed therein;
(b)  disposing a volume of liquid material in or on at least one of:

(i) the patterned template surface; and
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to sub-100 nm feature sizes. 25 SUMVARY In sonme enbodi nents, the presently
di scl osed subject matter describes a nethod for form ng one or nore
particles (a) providing a patterned tenplate and a

h t hod conpri sing:
substrate:wé\ﬁ‘gllsg?ﬁﬁf he 30 patterned tenplate conprises ZCHASEUHNEET0¢ enpl at e

surface having a plurality of recessed areas formed therein; (b) disposing
a vol une of |iquid néitleri athei plumiityof mcescedtareass axfd (i) the patterned
tenpl ate surface; angd -8 WD 20051101466 PCTf U52004] 042706 (ii) the
plurality of refdsselPraningoneg ol MY RABLHPEPYINE 8F nore particles by one

of: (]) contacting tgzt pat écﬁﬁtﬁéﬁnﬂé gﬂﬁ f‘é@ttér‘r‘nbﬁ?‘%nﬁl}%tﬁl {9MptacdiDRsthatge and

treating the liquid erial; treating iquid material. In
sone enbodi nents of the nesuinstrdte antidreating thediquid materiglagnickc! es, the

patterned tenplate c rises a sglvent, resistant, |ow surface energy
pol y%eri c materi al dgh vedVeaiig ﬁ'%lﬂqtﬂﬁ "I‘%t\?i”fi‘ﬁscosi ty liquid materials onto

a master tenpl g EOﬁQ%ﬁ@%ﬁaé{ngé‘Bf f@ﬁ%%@j@ﬁhﬁg 6hélBE fhBR BaHRIES,t O

generate 10 a patterne n sone e ment's, the patterned
tenpl ate tenpeteesed teohplate copsprisasnt eblyshbmesistantaiow i suface aergy

enbodi nents, at |east one of. the patterned tenpl at, nd,, subst.rate conpri ses

ool PobMen S B ral dREvar JroMceAaG: lowe viaposty fauid Tataral Srea”
terial . e _ _ ) A

etor o IndstORIEld ARt R Alrndheoly VbSIRIQUY MateRalp 1o boheRite

a trifazi ne o Ipaticapsl yiee pladeperiin wonoe yemblodimpénisat #vei glattesnedudempiated

ol yier | 2 BOBIPHEP ETANR B e Stank SR SIS BAPYAGr | 7t | on reaction. | n some
T veri T HAREIS R4 Rt Sote TR 40 polBriereshesnc e o
substrate comprises a material selected from the group consisting of a
perfluoropolyether material, a fluoroolefin material, an acrylate material, a
15 siicone material, a styrenic material, a fluorinated thermoplastic elastomer
(TPE), a triazine fluoropolymer, a perfluorocyclobutyl material, a fluorinated
epoxy resin, and a fluorinated monomer or fluorinated oligomer that can be
polymerized or crosslinked by a metathesis polymerization reaction.
In some embodiments, the presently disclosed subject matter
20 comprises a method for delivering a therapeutic agent to a target, the method
comprising:
(@) providing a particle formed by the method described
hereinabove;
(b) admixing the therapeutic agent with the particle; and
25 {c) delivering the particle comprising the therapeutic agent to the
target.
In some embodiments of the method for delivering a therapeutic agent to a
target, the therapeutic agent is selected from one of a drug and genetic
material. In some embodiments, the genetic material is selected from the
30 group consisting ©f a non-viral gene vector, DNA, RNA, RNAI, and a viral
particle. [n some embodiments, the particle comprises a biodegradable
polymer, wherein the biodegradable polymer is selected from the group
consisting of a polyester, a polyanhydride, a polyamide, 2 phosphorous-
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(a) providing a particle formed by the nmethod descri bed hereinabove; (b)
adm xi ng the therapeutic agent with the particle; and 25 (c) delivering the
particle the therapeutic agent to the target

enbodi rrenf‘gggwsﬁhg“%ﬂet hod for delivering a therapeutic aggh?us?@oqgmvpgr get,

the therapeutic agent is selected fromone of a drug and genetic nmaterial.

In sonme enmbggiote pbmdémea gmlwbyanaabmét%masw?dzmhme,f aopoliybehSestgFowp
consi sting of a non-viral gene vectaor , RNA, RNA], and a viral
particle. |PPdhydrapyERn AN 3 podyeceialticl e conprises a bi odegr adabl e

I ,  Wh I Nyt ) ' I
Condi ot ng of ‘a Bol J0For HEHRRSAS MTCRrostl) TakA0ccd JSUbleE Dhler

WO 20051101deéxrribes/ BSatdtRaa4r0Fohaied spqatteen. op pokubstyateoathiey Imestélod a
pol yur et hane, a pol yorthoester, a polydi hydropyran, and a polyacetal. In
some enbodi¢AMAPAESINghe presently discl osed subject matter describes a nethod

for formng a tern : t 0 L&1 Nog
provi di ng g pa!tot nedp@hﬁvgtﬁéﬁégé@gu@@%%&% §?‘§B{rﬁ§ér\82 I'Eeiﬁr nteh(?
tenpl ate conprises a pattéercdeteririaleatoonsprideace pattermgd atephpiai@ isuyfznde

recessed areas forned therein; (b) disposing a volune of liquid material in
or on at |east one ofhaving aplyrally gisecessashareasiraneddierelte; and (ii) the

plurality of recgssed S, i . 20y .surface
with the substra@; %%98%3‘? aff%%ﬁ%??‘hg%%%@qﬁapg?ﬁa k%o fggetrr(?fé pattern
on the substrate. 15 {ip sote pattedhatttemplate sbdagetdradl for formng a pattern

on a substrate, then&atterned tenpl ate conprises a solvent resistant, |ow
surface energy pol yndbic HarEralityrfire¢essed aiasasting | ow viscosity |iquid

materials to gelpdrat £otaH 4RkE AR o8 dairidos Bl WRE R RbA ©
patt er ned and
(d) treating the liquid material to form a pattern on the substrate.

15 In some embodiments of the method for forming a pattem on a
substrate, the patterned template comprises a solvent resistant, low surface
energy polymeric material derived from casting low viscosity liquid materials
onto a master template and then curing the low viscosity liquid materials to
generate a patterned template. In some embodiments, the patterned

20 template comprises a solvent resistant elastomeric material.

in some embodiments, at least one of the patterned template and
substrate comprises a material selected from the group consisting of a
perflucropolyether material, a fluoroolefin material, an acrylate material, a
silicone material, a styrenic material, a fluorinated thermoplastic elastomer

25 (TPE), a triazine fluoropolymer, a perfluorocyclobutyl material, a fluorinated
epoxy resin, and a fluorinated monomer or fluorinated cligomer that can be
peolymerized or crosslinked by a metathesis polymerization reaction.

Accordingly, it is an object of the present invention to provide a novel
method of making micro-, nano-, and sub-nanostructures, This and other

30 objects are achieved in whole or in part by the presently disclosed subject
matter.

An object of the presently disclosed subject matter having been stated

hereinabove, other aspects and objects will become evident as the
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20 tenpl ate conprises a solvent resistant elastoneric material. In sone
enbodi nents, at |east one of the patterned tenplate and substrate conprises
a material selected fromthe group consisting of a perfluoropolyether
material, a fluoroolefin material, an acrylate material, a silicone
material, a styrenic material, a fluorinated thernoplastic el astonmer 25
(TPE), a triazine fluoropolyner, a perfluorocyclobutyl material, a

fluorinated phReEds AN takdf dindcdrindefion iR dheDAITATpaPlirlg DPawiRgs @mdol | gorrer
p
t hat can be meri zed aor crosslinked by a netathesis polynerization

oly d
reaction. AcESPUPIRGIAP bast described eIl beloW.« he present invention to provide a
novel nmethod of making m cro-, nano-, and sub-nanostructures. This and
other 30 objects are achieved _in whole in part by the presently

| e or
di.scl osed subject matt eBRIGHDESCRIPTIIN Qe TREQRAMNGS sci osed subj ect

mat t er ghavi ng beeg; | S5 tasRest | iyl | |
becone d;vi dent asppﬁgﬁﬁaoﬁg?eedsﬂmgﬁ%rg enn I'n coa'r?ng@??gﬁde\?m&tbhthyhe

acconpanyi ng prsemingdiscloned ndthorblos preparibe stpattemed teaplater ei n bel ow. BRI EF
DESCRI PTI ON OF THE; W 5_Fi qur 5.1 D et iyc r ntation
of an enbodi nent FE\Q%e %%sgﬁ Ig% @?&ﬁ%‘ée@ﬁ&%ﬁ@o%pﬁ%a@%@lﬁﬁ
patterned tedpchked ntathod £ fohAidd-ong or mose it arl/oremaresealieqiariglesof t he
presently discloged nethod _for form ng one or nore. m cr.o- and/or nanoscal e
particles. Fi guréguﬁ ﬁ'g?ea@ s%h%??&?‘!ag‘cr presentetion o e (AEsM¥sent | y
10 di sy osed grseidasd nidthod fo? PREParBIgUM® P imdtBlsphedde baielespar ticl es. Figures
4A-4D are a schenatic reﬁresent ation of theégresenﬂ di scl osed net hod for

fabricating char gE@UfRA P apyr 2 sehematie; geprasentation «feMe; pragently
el ectrostati gy [ t p ' ' riggat gan or
Gisclbaked! Retd toe f&E\’itﬂﬁﬁg gﬁ%% godmhemg pdtBIMEE Fg! ba

crystallization; Fig. 4B represents nano-di'sc; Fig. :
represents t ygpresgnts ad relegicostptic i chargingg off thecinoldedi pastisiedi dwing and

o 1P P o Retebleh POS AR 39 AR Aol B hg G 1
mul tiltyer pacrepresentd bipicat samdoen fttappditioningoftunehargesiemdroydiscss dndsed sof t
|1 thography I'F?gt hﬁﬁj represents the spontaneous aggregation of charged nano-discs into
chain-like structures. |

Figures 5A-5C are a schematic illusiration of multilayer particles that

can be formed using the presently disclosed soft lithography method.

20 Figures 6A-8C are a schematic representation of the presently
disclosed method for making three-dimensional nanostructures using a soft
lithography technique.

{'> Figures 7A-7F are a schematic representation of an embodiment of the

presently disclosed method for preparing a multi-dimensional complex
25 structure.
Figures 8A-8E are a schematic representation of the presently
disclosed imprint lithography process resulting in a “scum layer,”
Figures 9A-8E are a schematic representation of the presently
disclosed imprint fithography method, which efiminates the "scum layer” by
30 using a functionalized, non-wetting patterned template and a non-wetting
substrate,
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20 Figures 6A-6C are a schematic representation of the presently disclosed
nmet hod for maki ng three-di nensi onal nanostructures using a soft |ithography
t echni que ures 7A 7F are a schematic representation of an enbodi nent of

. Fi
the pr esé‘fﬂl?@s@l?léﬁq osed method for preparing a multi-di RERYSTR4P42ZE I ex

25 structure. Figures 8A-8E are a schematic representation of the presently

di scl osed i npri Figures hOQADEY ape 0g eschameatittt represantatiosc wih fhey preserfliygur es
9A-9E are a schenatic representation of the gr esently disclosed jnprint

| i t hogr aph¢liseigsedd solentassisied micesmaidng s demMdermethpd dor feimigda 2

functl onal | - ' patterned tenplate and a non-wetting substrate,
~11 WO 200@%@%1‘4@@5%%@%04/ 042706 Figures 10A-10E are a schematic
representation pigurge1pr &sentskunaingcblepdns ahictogragstsicit ed sicononmasteti ng

(SAM M nethod for formng a pattern on a substrate, Figure 11 is a
scanfi ng eFe@PFisnand-&idgrraprshapres RateBS&n master 5 conprising 3 pm

arrow shaped pa S 4 Fi 1 ni ' a a
silicon master E:j:(ﬁrr{gr ﬂgl Lsg%%&éﬁmhgo%!ec%gﬁﬂpaﬁﬁ%ﬁhgﬁmy g‘_r g’@% ﬁ%sg ' t he
tip. Figur @oﬁ%rismg%wanﬂp@ﬂcﬁl;mterr@@that@r@gq:mhn@bt thestipi con mast er
conprising 200 nmtrapezoidal patterns. 10 Figure 14 is a scanning el ectron

ni crograph of 2&@guie i18oiwteegcanningeglacian paiarpgraph oif gosllicennjnasier
glycol) (PEQ. . diac te. . Flgur 5.8 scanni ng el ectron m crograph of
500-nmii sof§ SW@@PF” B&’%ﬁﬁ%@%ﬂenﬁgG diacrylate. Figure 16 is a

scanpi ng el ectr gyFeCHAYIRRD anAiMealSfai erigiogPiph 16f STOPEGh Resiaied es of
PEG di acrylate. Figure 17 is a scanning el ectron mcrograph of 200-nm x

750-nm x  eperoidabparichs eirpaiyaiviensaglycel) dERSF) PRGrYRtEsryl ate. Figure 18
5 a scanning elgghron. i eLont Rl Rl A0 ndgehA LF oot hAREBREIRLoREEF | ©!
particles of PEG diacrylate.

Figure 16 is a scanning electron micragraph of 3-um isolated arrow-

15 shaped particles of PEG diacrylate.

Figure 17 is a scanning eleciron micrograph of 200-nm x 750-nm X
250-nm rectangular shaped particles of PEGS diacrylate.

Figure 18 is a scanning electron micrograph of 200-nm isolated
trapezoidal particles of trimethylopropane triacrylate (TMPTA).

20 Figure 19 is a scanning electron micrograph of 500-nm isolated conical
particles of TMPTA.

Figure 20 is a scanning electron micrograph of 500-nm isolated conical
particles of TMPTA, which have been printed using an embodiment of the
presently described non-wetting imprint lithhography method and harvested

25 mechanically using a doctor blade.

Figure 21 is a scanning electron micrograph of 200-nm isolated
trapezoidal particles of poly(lactic acid) (PLAL).

Figure 22 is a scanning electron micrograph of 200-nm isolated
trapezoidal particles of poly(lactic acid) (PLA\), which have been printed using

30 an embodiment of the presently described non-wetting imprint lithography
method and harvested mechanically using a doctor blade.

Figure 23 is a scanning electron micrograph of 3-um isolated arrow-
shaped particles of PLA.
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20 Figure 19 is a scanning electron mcrograph of 500-nm i sol ated coni cal
particles of TMPTA. Figure 20 is a scanning electron m crograph of 500-nm
i solated conical particles of TMPTA, which have been printed using an
embodi nentYQRO0PARI466G) r esent | y descri bed non-wetting inpri HFT’iUisg'}%@‘Pg%y

met hod and harvested 25 nechanically using a doctor blade. Figure 21 is a

scanni ng el ect r @iy HCHAJE | p | lidch| of
poly(lactic aci (%TQLEHSLE% I%%u%ngg{q %a@aﬁﬁﬁ%gg@cﬁgﬁ gﬁﬁdéggtﬁf
200- nm i sokaniedl-shapgd paititéds plPltAcl es of pol y(lactic acid) (PLA), which

have been print usi .30 _an_enbodi t of the presently, descr.ihe
non-wetting i npri9H™ i“Ch & rapPPHRY rf‘g%&é?fh MGOY &ﬁé@@%?%ﬂ?@agﬁq ng a
doctor bla ' 31 | tron mcrograph of 3-pmi sol ated
arr ow shag'gl egg@![éli ?Fg@éofo%i%?@%%pggES1101466 PCT/ US20041042706 Fi gure
24 i $ a scanni nfriglirec?d isra stanring adcton Hiddegraphsefl Bad arcowishaped iped
particles of PLA. Figure 25 is a scanning el ectron m crograph of 200-nm

i sol at ed P?E{Ele[‘%%i dal particles of poly(pyrrole) (Ppy). 5 Figure 26 is a

scanni ng ol eot{ SalfectP 8RBafiling ekl FoBRAIPEr SBY-nRRESiEbPShafdur © 27

IS a scanning e ron m crograp -nm py particles.
Fi gures 28RpiGsartickesf | uorescence confocal mnicrographs of 200-nm 10 isol ated

DNA o 28A | ?ig‘i'lnee%uéélai’?@&?éré‘&’nfq'sé‘%fer%ﬁ%iheét%%ﬂirEipfrc';aé‘c’arn?%C%ﬂ%ﬁba&aﬁgfd
DA 28 PugPESEnare o | |
Cr- 30 g Spyefs vgRbRadEP ReRidlos o PHOTREN0r fat ol nRdEe)

particles edgddcsDINACT Wigt @8hhie acfinbaistent wonfses nhiordgrgpledoDRIB0 i Fi g.
28C is the overl&y of the imges provided in Figures 28A and 28B, show ng
that every ligpegpisiab fefat ranppadigles whjoh copdains24rmera il fgsteanrds that are

m crograph ol JARGIE/Y.9N %9 2988 Y optical micrograph of the 200-nm isolated

trapezoidal particies of PEG diacrylate that contain fluores cently tagged DNA.

15 Fig. 28C is the overlay of the images provided in Figures 28A and 28B,
showing that every particle contains DNA,

Figure 29 is a scanning electron micrograph of fabrication of 200-nm
PEG-diacrylate nanoparticles using “double stamping.”

Figure 30 is an atomic force micrograph image of 140-nm lines of

20 TMPTA separated by distance of 70 nm that were fabricated using a PFPE
mold.

Figures 31A and 31B are a scanning electron micrograph of mold
fabrication from electron-beam lithographically generated masters. Fig. 31A
is a scanning electron micrograph of silicon/silicon oxide masters of 3 micron

25 arrows. Fig. 31B is a scanning electron micrograph of silicon/silicon oxide
masters of 200-nm x 800-nm bars. '

Figures 32A and 32B are an optical micrographic image of mold
fabrication from photoresist masters. Fig. 32A is a SU-8 master. Fig. 32B is
a PFPE-DMA mold templated from a photolithographic master.

30 Figures 33A and 33B are an atomic force micrograph of mold
fabrication from Tobacco Mosaic Virus templates, Fig. 33A is a master. Fig.
33B is a PFPE-DMA mold templated from a virus master.
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PEG di acryl ate nanoparticles using "double stanping.” Figure 30 is an atom c
force mcrograph i mge of 140-nmlines of 20 TMPTA separated by di stance of
70 nmthat were fabricated using a PFPE nold. Figures 31A and 31B are a
scanni ng QOPAMNHE crograph of nold fabrication from e?gyt'-'rs&’?‘”ﬁ‘gg?ﬁ

| i thographically generated nmasters. Fig. 31A is a scanning electron

i crograph of sFigures/ 834Ai @od @4Bdearsaaheatormic SQMecrmlnrdg?aahroﬁvsmmdg. 31B

is a scanning. el ectron cro h of si]icon/silicon_o s}ers of

20- nm . OTIGRBAT kool SapaUReR aicelks FARISH, gt A8 5rA EPBRMIAIS | mage
f | d t 3 8 t

2o s5p | 88 V@E@E@DWW i gL %ﬁaﬁ £ DEPERDRIA Il © 1,

Fi gures 33ferapkht&Bboar a rmneﬂ?émasd:enf orce m crograph of nold fabrication from
Tobacco Mosaic Virus tenplates. Fig. 33Ais a, naster i g

PFPESDVA ol d t EWBITEE edORr @Rda 3PBr (e nast @#Omlcl OlRe 2@@5&@6@%35‘°i$ﬂ§d
PCT] US2004 %E% derﬂ §hk%%f‘n‘?§\‘dm§§§r§r Figs Cbrﬁé’rli‘b%lﬁggrr M&BP of

nol d fabrication romb ocC mcel erras ers

polystyr en¢ig oBys ad?ﬂiél@fﬂmlﬁld%m}blwﬁﬂrmbf&h ;Eolgmesaaﬁaster a PFPE— DVA
nmold tenplated froma mcelle master. 5 Figures 35A and 35B are an atomc
force mcrograph of nold fabrication frombrush polyner masters. Fig. 35A
is a brush polymer naster. [ nold tenplated froma
brush polyrrgr xaster. DETAI LE%%%EEPP?EW pr esentInE di scl osed
subjigct matter Whel presenidedidersedmdjea matterd Wi ndwebeidesttibed mdre fudier ence

to the accorrpanyl ng Exanples, in which representative enbodi rrents are
shown. The ﬁf@ﬁéﬁ@ﬂ yWilih s cefosence uls] e aacorepanying  Ryaeples. e aaBishi ed in

et forth RerBeReHyS abBafnS e WiBhe 1 reSi il oliipe2l BEREoTL °

di scl osur e pattdr Bgn ! however) bedembedideire d:f&é‘rént/\ﬂfb&mé L&dd/ sth@mdemottheeswpe

of the enbodi ments to those skilled in the art
construed as limited to the embodiments set forth herein. Rather, these

15 embodiments are provided so that this disclosure will be fhorough and
complete, and will fully convey the scope of the embodiments to those skilled
in the ar,

Unless otherwise defined, all technical and scientific terms used hexrein
have the same meaning as commonly undersiood by one of ordinary skill in

20 the art to which this presently described subject matter belongs. Al
publications, patent applications, patents, and other references mentioned
herein are incorporated by reference in their entirety.

Throughout the specification and claims, a given chemical formula or
name shall encompass all optical and stereoisomers, as well as racemic

25 mixtures where such isomers and mixtures exist.

1. Materials
The presently disclosed subject matter broadly describes solwvent
resistant, low surface energy polymeric materials, derived from casting low
30 viscosity liquid materials onto a master template and then curing the low
viscosity liquid materials to generate a patterned template for use in high-
resolution soft or imprint lithographic applications, such as micro- and
nanoscale replica molding. In some embodiments, the patterned temp late
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Unl ess otherwi se defined, all technical and scientific terns used herein
have the sanme neani ng as conmonly understood by one of ordinary skill in 20
the art to which this presently described subject matter bel ongs. Al
publications, patent applications, patents, and other references nentioned
herein are incorporated by reference in their entirety. Throughout the

specification_and cl ai i.ven chem cal  forul r. na shal | enconpass
al | optical Cgﬂlprgﬁér%cﬁr@’(ﬂ?grr sistaat, F%%f-%ﬁﬁ“&ﬂafe@@- I?PQH‘LE@SEQMFG such

i somer s and jiitegubestitingted dlastbiveebasddmatapapr esent |y di scl osed subj ect
matter broadly descri bes solvent  resistant, |ow surface ener%y pol yneric

materials, derivédrfepnepasenlly disploseshsuhied saatter desgibes helestinane- onto a

mast er tenp'@h@acwbnaihg%f B#ﬁainﬂﬂnhiéﬁaisQWR%é:%%sﬁle ﬁhb{wif;dam?és%ﬁd gnto
generate a patterned t l'ate for use 1A h igh-"resolution soft “or inprint
l'i t hogPaphi cﬁiaﬁipmdatm@, Agsardinglyyi theo pregently ndiselosed esyhignti satedl ding. I n

sone enbodi h L at - kd a ve

resi stant, re@a%ﬁ%%%ariﬁbgz&eﬁjﬁnan@gr P@?,Hmb@cﬁegg %ﬁggé&ﬁﬁ% {rg%of Ongd

f1 uori nat ed reinastrocteresb af @dy nshtapei esing Foftt doreimpriri ditpography |tgchtiiquesosed
subj ect matter describes.the first nano- contac | di f .organic

mat eri al s tﬁ%ﬂﬁ?'ﬁ?ﬁv%mo'f?@eﬁ?ﬁ%%&ﬁﬁfr'@@uﬁ%nggrgrpoq%"ﬁﬁegg? %ngl' c nol d.
Accor di ngl y, aridearpastioidd, wndinsicloo asd nandpattérnem slbstraiescri bes a met hod for
produci ng free-standing, nanost ruct ur of any shape

| sol ated m cro- . and S
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nanost ruct urgh i B! Used bint several ObpplicatioRs] 1rRIUbIRg, 0 brRNAoh afAle tioc! es, and
m cro- and nano-patterned substrates. 10 The nanostructures descri bed by the

present|y disfhigardrcenrapbiariuing: sugnas geoldingaeich barvemsaithpyl e i ons,
i ncl udi ng, DBYLekOts | gl Faﬁﬁcétﬁ%gy%fgéf}'lféﬁ roﬂ%ﬂ@ég‘.'ff'fg&tﬁfé riﬁateﬁb‘lﬁhfgﬁ‘s mol di ng

etch barriers”wthout scum or the fabrication of sem conductor
devi ces; crydispibgs; pratevdliaics; Bosolardcslpdayice; ppfoelectsbniai dayices; soltess; cel |

e e, oot O o, BT wh S0 P B el bR
det oxi fyi ng agtives; detadifylngrageaitss etett bairierd; GitomioTiaree suioRBScORFWAFMY | ps;
Par s T o N 0 10 Ranc-Machines: (e delvery of & thaPspoutic agent such he & °° &
drug or genetic material; cosmetics; chemical mechanical planarization (CMP)
particles; and porous particles and shapes of any kind that will enable the
20 nanotechnaology industry.
Representative solvent resistant elastomer-based materials include but

are not limited to fluorinated elastomer-based materials. As used hereln, the

T

""*J term “solvent resistant” refers to a material, such as an elastomeric material
that neither swells nor dissolves in common hydrocarbon-based organic
25 solvents or acidic or basic agueous solutions. Representative fluorinated
elastomer-based materials include but are not limited to perflucropolyether
(PFPE)-based materials. A photocurable liquid PFPE exhibits desirable
properties for soft lithography. A representative scheme for the synthesis and

photocuring of functional PFPEs is provided in Scheme 1.
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drug or genetic material; cosnetics; chem cal nechanical planarization (CW)
particles; and porous particles and shapes of any kind that wll enable the
20 nanot echnol ogy i ndustry. Representative solvent resistant el astoner-based
materials Include but are not Iimted to fluorinated el astoner-based
materials. As used herein, the term"solvent resistant” refers to a
material, such as an el astoneric material that neither swells nor dissolves
i n common hydrocar bon-based organic 25 solvents or acidic or basic aqueous
solutions. Representative fluorinated elastoner-based materials include but
are not limted to perftuoropol yether (PFPE)-based materials, A

phot ocurabl e Iiquid Pl=PE,exhibits desirable progé'f'at les for soft

li t hography. A r5B?cé'b’&ﬁ’t"ool'f%lcffgﬂg%ﬁécﬁé’%ﬁr"cpﬁ@” EyAtR%sis and photocuring of

functional PFPEs is provided in Schene 1. -15 H, CH CFi OACF, CF, O

--+CF, O -cP CH OH t H2C=Comuyppséaans 0 0i ot yenn Ora?gnta

1.1, 24r |1 chbr or nGucr cet haneik smasgheemAn 1z  NCO i} G --OCH CH, - N C O CKj

CFr Q- CF, CF, (- CF, CCFrCcv OMg™Cl11? CN 11-CCM Qe®", 0 \ / C\ /

W-11ght 10 min 1wt % CraegUnked PFPE Network ghenme 1. @ynthesis and

Phot ocuri ng of *F‘u?rﬁt"i“‘dff&l'ﬁ”F’éT“f‘ﬂ°UEfr°b}5€iﬁ§Féf*h‘éT°§f.°" “HictrPgnePs schemes for the
‘vethers 5 are prowvided in Exanples 7.1

synt hesi s of functional perfl uoraqpg

through 7.6. This PFPE rrateri’_:t.g_@ wWadkfiags energy (for exanple, about
12 mMNm); is non-toxic, W tnspar an tﬂ?gﬁly gas perneabl e; and cures
into a tough, durable, highly fluoftnatgd el astomer with excellent rel ease

properties and resistance to swel I'i*f). The properties of these materials can
Crossiinked PFPE Networ

Scheme 1. Synthesis and Photocuring of Functional Perfluoropolyethers.
E
Additional schemas for the synthesis of functional perfiuoropolyethers
5 are provided in Examptes 7.1 through 7.6.

This PFPE material has a low surface energy (for example, about 12
mN/m); is non-toxic, UV transparent, and highly gas permeable; and cures
into a fough, durable, highly fluorinated elastomer with excellent release
properties and resistance to swelling. The properties of these materials can

10 be tuned over a wide range through the judicious cheice of additives, filiers,

reactive co-monomers, and functionalization agents. Such properiies that are

3 desirable to modify, include, but are not limited to, modulus, tear strength,

e surface energy, permeability, functionafity, mode of cure, solubility and

swelling characteristics, and the like., The non-swelling nature and easy

15 release properties of the presently disclosed PFPE matlerials allows for

nanostructures 1o be fabricated from any material. Further, the presently

disclosed subject matter can be expanded to large scale rollers or conveyor

belt technology or rapid stamping that alfow for the fabrication of
nanostructures on an industrial scale.

20 In some embodiments, the patterned template comprises a solvent

resistant, low surface energy polymeric material derived from casting low

viscosity liquid materials onto a master template and then curing the low
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10 be tuned over a w de range through the judicious choice of additives,
fillers, reactive co-nononers, and functionalization agents. Such

properti e%éhat ﬁlré‘e desirable to nodify, include, but are pnot limted to,
modul us, tEAPHPEAYth, surface energy, perneability, fEBREUSEWAMTYC node
of cure, solubility and swelling characteristics, and the |ike, The

non- swel | i ngsoagity dicard] matgridls tel gerexater @ agratiernedf tamplate.esdnt Ispme

di scl osed Pln:'nBE mat eri al s al | structures to be fapricated from

| f
any matori SPMDBHITRAS, the  HANSEMRT y 1Ol oSOMPtSES A AAlERr FSiSRt

expanded t oglhatiteds Mfefigl | ers or conveyor belt technology or rapid
stanping that allow for the fabrication of nanostructures on an industri al

scal e. 20 In sonh spbzlierebodimariis, phiaast nenk ofnihicapattetast tersplade sandsent

i t, | f . L ymeri tecial ived f ast i |
resisiant. Lawall ace sner oy polyr L5 EeLAl 4Bl (ranantipe, | on
-16 WO 2005{)&[@!&6@@@%@5&9@%%?éoguorbbﬁﬁiﬂsh’éa)fel‘iélq‘érﬂ rﬁlﬁfé Mdtefiql, generate

a patterned tenp . In sone mbodi ment's, the patter tenpl ate conpri ses
a sol vent rsilicenaamhategiahsa ostyraniic matedal, & flubrinatade therbuxfiiastic slastomeeast

f th d t t d 5 bstrat i terial | ect ed
AR T R TR N, R NN e
material, a@;{)é‘ﬁf Yééfl,eaﬁaté?ﬂ‘lhéhnaﬁed ﬁiozn_?_g%t‘eomﬁﬁc%ﬂa%d Sligdiydrelie cBptsg i al . a

fluorinated thernoplastic el astoner a triazine fluoropolyner, a
per f 1Qor ocypblymerizedmntaosslinked By aonétatitesis palpmeyizatisn meactivoh. a f | uori nat ed

fl | hated ol t.h 10 | ' : | i nked
B s K BB A T e e 4™
er uor opo i cture selecte rom
P Vo OGS boRER 199°0 o SRGEYL P

the group consisting o Z O+tX CF3 CF3 X+CFz
CFz 0-- }--CFz QO K- *Ch2 CFa CFz 0--X_ 15 wh _e'[i\]X'_s_ esent or
absent, and when E%E%e?l%ac% i ses an end&%ﬁ?%ﬂ g#o .C|F4 ﬁj%r_o)?ﬂs

enbodi nents, the flmoolefin material is select )| fromthe

X—~CF;~CFCFO-hX_

15 wherein X is present or absent, and when present comprises an endcapping

group.
in some embodiments, the fluoroolefin material is selected from the

N~ )
x—{—CF2 CF-0 X CFy-O—X
, and

group consisting of:

—ECF;—CFQTCFZ—CH,;\(CF;—?FSKCF;?F—);
CF,  CSM
+CH;cI;HJYCFZ—-CFQVCHTCHQVCFTCHE\CFZ,——cI:F\CFz—?F%—n
CH, CF,  CSM
~(——CF§-—0F23TCF2—?F}VCF2—§F+“
CF,

CSM

20

, and
+CF5—CF}VCFz—?F*CF;—?F*CF‘?—(‘)F—)}
CF, 0 CSM

CF,

wherein CSM comprises a cure site monomer.
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group consisting of: +CFZ CF~CFz CHz\CF2 CF\CFZ CF-~-n =~ CF3 CSM 4CHz | -+

CF; ~~~ --CHZ CH2+CF~ CH CF2 , F CF2 CF-+, 20 CH3 CF3 CSM +CFz GF~-CF2
CF~CFz CSM CF3 , and -- -CFZ CF\CFZ CF2kCF2 CF~CF2 CF +n CF3 C CSM CF3
wherein CSM conprises a cure site nmononer. -17 In some enbodi ments, the

fluoroolefln material is made from nonomers which corrpri se

t et.raf | uor oet hyl epe | nylidane f d qu ropyl.epe,

2, 2-bis(trifl uorﬁ’ﬁe?‘?ﬁi’j?) &hlb@ﬂ@f%% Q@é ﬁ%"“&&%@ E‘a t HHhuads, from

f1 uorool ef i morfommersi owhichac cyinpriserontetrafiyoraettlylanéd uneiryiidene Sluveteacryiic
mononer. | n _sone enbodi nts | cone o |se a fl_uoroal kyl
functional i f‘@ﬁg@lﬂ WO%IP S si Iztéx]ﬁ'ﬁﬁd}? tr&ﬁ'\f#}&%ﬁ&’ 'BWﬂg st uct ure:
CH3 CH3 R+SlfufetibhalC- fludrooléhiid Rinctiohar eadiyliclOmBnbmesel &vd ed ffuegione group
consisting of an acrylate, a nethacrylate, and a vinyl group; and Rf

corrpn%es a MPethaFis MPROPRRI n. In some enbodi ments, the styrenic materi al
conprises a fluofg %@hﬂedern%b}t!m?@s ”@u@oﬁ%néeﬂnﬁmﬂ cf)ﬁfﬁi'ibéf'ea Gﬁ@l‘dﬁll@PnS' sting

of: FF FF 15 F and Rf wherein rises a fluoroa chain, In sone
enbodi ment s, fungienaized miséilrﬁaMHl@xar@d Ydwvingrthe deliovdng m‘éd'feyl ate or a
fluorinated net hacryl ate having tt@’rﬂfol I@Mn ng structure:

R-{— - O-\Y-i o-)—R

wherein:
10 R is selected from the group consisting of an acrylate, a methacrylate,
and a vinyl group; and
Rf comprises a fluoroalkyl chain,
In some embodiments, the styrenic material comprises a fluorinated
styrene monomer selected from the group consisting of. '

-~ —
F F
F F
F and RF

wherein Rf comprises a flucroalkyl chain,

18

) in some embodiments, the acrylate material comprises a fluorinated
acrylate or a fluorinated methacrylate having the following structure:

R
CHEC

20 wherein:
R is sefected from the group consisting of H, alkyl, substituted alkyl,
aryt, and substituted aryl, and
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R CHF CCO | O Rf 20 wherein: Ris selected fromthe group consisting of
H al kyl, substituted alkyl, aryl, and substituted aryl; and -f 8 WD

2005/ 101466 PCT/ US2004/ 042706 Rf conprises a fl uoroal ky ' ' one
embodi men?™ 208101466 37i ne f1 uoropol yner conprises a fl u%?f’ﬂgéoﬁﬂoﬁ%zner I'n
sonme enbodi nents, the fluorinated nononmer or fluorinated oligonmer that can
be pol ynerized oRf eoepsiseslefiudrpalkyiehaihhesi s 6 pol ynerization reaction
conprises a functionalized olefin. In sone enbodinents, the functionalized
ol efi n conpri sesiNa $QMAEt iBABPHIFRRNEY cthec trigzigei fluarapalymere seRMTIseSt #  at

least one %%g?iﬁ%t%@%ﬁhﬂﬁ-%r? e'ﬁplsga}rﬁe ﬁe{}gbérﬂﬁ@@%{bﬁé i’thriH&%danﬁaWoh?&e?F”er 9y

| ower than sone” enbodi ne east oné of the patterned

tenpl at e afidotimaisd @digoaicr thas canshe pabeneimdogr crosslinkéddy 4 netafesidrom a
property point of view the, exact priggerties of these nmolding nmaterials can

be ad} ust ed®WMRHFALRRN nGeasHon o RREPIIERS N Bof fUNGHONRFES Q8T8 ~udBd SPBSrake

the materi | tigul ar t a adi ust :

(appr oxi et GgC TR B SingtEmeeed’ dpfA°RoipriBes 3 fctigdlzdld Gatt,
and/ or Nangpefiryi cl es In sonme enbodi nents, the presently disclosed subject
matter provides a nmethod for mneki ggli sol ated m cro- and/or nanoparticles.

In some 20 enbp'(!ﬁ ﬁ%’iﬁ‘@s‘?mpﬁ’éirﬁﬁﬁ@e eashanesekthenpaiteineg tﬁmﬁwtﬁ ’Eﬂ%ﬁterned
substrat e. THCRAY 1% LOEA W ford o e PRl T4 RNRS | sol@eBoBiANiECd

Patterned nmster C rirses a“plurali non-recessed surfacé afeas
102 #nd a aplemst oy obthe patesns] tdvplatenasdtive subsiateehdsa spabteemergyrast er

100 lower than 15 mN/m.
From a property point of view, the exact properties of these molding
materials can be adjusted by adjusting the composition of the ingredients
used to make the materials. In particular the modulus can be adjusted from

15 low (approximately 1 MPa) to multiple GPa.

1. Formation of |solated Micro- and/or Nanoparticles

In some embodiments, the presently disclosed subject matter provides

a method for making isolated micro- and/or nanoparticles. In some
20 embodiments, the process comprises initially forming a patterned substrate.

Tuming now to Figure 1A, a patterned master 100 is provided. Patterned

master 100 comprises a plurality of non-recessed surface areas 102 and a

plurality of recesses 104. In some embodiments, patterned master 100

comprises an etched substrate, such as a silicon wafer, which is etched in the
25 desired pattern to form patterned master 100.

Referring now to Figure 1B, a liquid material 106, for example, a liquid
fluoropolymer composition, such as a PFPE-based precursor, is then poured
onto patterned master 100. Liguid material 108 is treated by treating process
T:, for example exposure to UV light, thereby forming a treated liquid material

30 108 in the desired pattern.

Referring now to Figures 1C and 1D, a force F; is applied to treated
liguid material 108 to remove it from patterned master 100. As shown in
Figures 1C and 1D, treated liquid material 108 comprises a plurality of
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conprises an etched substrate, such as a silicon wafer, which is etched in
the 25 desired pattern to formpatterned master 100. Referring now to

Figure 1 B, a liquid material 106, for exanple, a liquid flgoro/ﬁolémer
conposi t i Y0 2OFM4SE o PFPE- based precursor, is then pouPSHUSENFEIZ% ¢ er ned
master 100. Liquid material 106 is treated by treating process 1In, for

exanpl e expesgssest 410V Whidh ,arkhatiedy ifnaigeisnof aher prirgity| ofiwoh-reessed! 30
108 in the desired pattern. Referring nowto Figures 1 Cand 1 D, a force Fr

i s appl i ed awfacecess 102 @linatiesned nastend00o Cemtinwang with bigupes 6 ardl

ter 100. . in, Fi C 1D, .t ed | Loui ' 08
Conpr 1 ses Gy apaist sy matylefaod roinhndea o M Bhobhh srRBisd blitecees
110, whi ch #4685 ™M12,0(vHiBRIGR ShirfdhCinPAddldft thePpiutality” 9f%ge@lsesswof4a@¢ ar eas

102 of patterned master 100. Continuing with Figures 1C an 1 D treated
| i qui®l nat qratdrnad @naster 18@s Fregited diquid/ mdtefial 408 pean eometiesusdthas a ar eas

112, which ' ' f.th | lity.of . 104 of. 5. patt d
rast er 100, POHRTERAOMRIAIE] ofmetthodrBN g canch dtpret HFRSTaRTY srpledlifred
¢ late f Y _ : . ¢ . .

Ag(r:rgr gi ﬁgl %C r@gg%ﬂ | qélaglq\(f'é?@?altgﬂagggé Cc'gh egégg?éag&gﬂggﬁ%r nealatt%rrpl ate

for the forfortheformatisoloftiedated micreanehd aaoppatticides FdFdhetheppseposes of
Figures 1A-1D, 2A- 3A- 3F, the_nunbering schene fo ke structures

2E, _and , ro i
10 i s ret aiiguresniduidiodf-2iRepBd FArgFn e W"Fb‘@’ﬁ?gesﬁ'@mﬁrfoéhh% skNEBdeSeNt s,
a substrat - e, asilicon wafer, is treated or is coated with
a noﬂémttﬁﬁgg%ﬁqé;ﬂhgpﬁéagg{f In sone enbodi nents, non-wetting material 202

conprises an elRefepriy riove &h FRyusel26 i sbRt eindotirménis! ansibstrate 200l fog but
not limted to a 15 PFPE el astorner) that can be further exposed to UV |ight

and cured t@®EORIM & SHIRPA, wakh- fetreatey Paiferoated: WEhsunPAc¥elingsmBiaright e
200, Substi44. 208 il EAHbAURNE, BRE-UShG Albrbl At "erHRES 2 700,
or f[uoroal dystofidraBaichos soNE! resisthRcalabicasnanéludiFgbun Hoh OrritelitoRs gur e
2A, a droplet 204 of a 20 curable resin, a nononmer, or a solution in which
t he #®si r ed®pBEtglastesnan)ithabean berfuther exposed o A& tighihanth sutsshiceforaudst r at e
200. thin, non-wetting layer on the surface of substrate 200, Substrate 200 also

can be made non-wetting by treating substrate 200 with non-wetfing agent

202, for example a small molecule, such as an alkyl- or fluoroalkyl-silane, or

other surface treatment. Continuing with Figure 2A, a droplet 204 of a

20 curable resin, a monomer, or a solution in which the desired particles will be
formed is then placed on the coated substrate 200.

Referring now to Figure 2A and Figure 2B, patterned template 108 (as
shown in Figure 1D) is then contacted with droplet 204 so that droplet 204 fills
the plurality of recessed areas 110 of patterned template 108.

25 Referring now to Figures 2C and 2D, a force F, is applied to patterned
template 108. While not wishing to be bound by any particular theory, once
force F, is applied, the affinity of patterned template 108 for non-wetting
coating or surface freatment 202 on subsfrate 200 in combination with the
non-wetting behavior of patterned template 108 and surface treated or coated

30 substrate 200 causes droplet 204 to be excluded from all areas except for
recessed areas 110. Further, in embodiments essentially free of non-wetting
or low wetting material 202 with which to sandwich droplet 204, a “scum” layer

that interconnects the objects being stamped forms.
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Referring now to Figure 2A and Figure 2B, patterned tenplate 108 (as shown
in Figure ID) is then contacted with droplet 204 so that droplet 204 fills

the plurality of recessed areas 110 of patterned tenpl at ef erring
now to Fi b‘iﬂégs"%“gﬁnd 2D, a force Fa is applied to patteﬁﬂtﬁgmpéﬁﬁﬁ{%e 108.
Whil e not wishing to be bound by any particular theory, once force F. is

appl i ed, the af fGarntinuing witht Figunes! 2Ceaptl A0y theanaterial dilingtacesged @seas ng or

surface treagtnent 202 on substrate 200 ip conbinatio .vvitk}}%he non-wetting
behavi or of! 19at%-8rn8dre¥hp MRPROEH §ﬂl‘j’e§gr ARH cCOMbIRAPNS: 1 §9Ezd'538"en

bstr at f I f
substrate %Fé%té%gf‘éggrégﬁgﬁoésés o 98, G fhf?aq@; pafichy ftfigte 1 Of

recessed areas In e s essenti a e of non-wetting

or | ow wet tfigggonghemhally 20e:dvwhilevaindbr tpressureyitohfosinoal pluralitg, ofamicrount
| ayer  that interconnects the objects being stanped forms, -20 WD
200513 0146@ndEr cepopartioles72@6. cshePma RpBdimentsy @ sgateriahniachding Rut

conti nat i oMt RS BRI Sy elbarfe Bompadt ot o A8REInic Som¢E, °1¢

phot ocur ed ddir b alisstvdcd imedsbrent A stterhed @ding iRrtierhby terpistewiod, eantnder
pressure, to forma plurality of mcro 5 and/or nanoparticles 206. In sone

enbodi ment ghe golvenéeamibe releAsafd.ng but not linmted to a pol ymer, an organic

ot Lornad usi ng ORI SECERIIBS 260 5R8. 215, Bh38 Sy Haldhel (gL BRbrset oa.
Cont j@ui ng Mbhs 1H0gYrRsateE paterlRd RREIatd 90885 eehiveld frbimsLbsers 209, 10

areas 110 is treated, patterned tenplate 108 is renoved from substrate 200.
M cro- and/Microvaaogért hehepadivbesnr206 @rei oenfinad rtoc seesssedr araasl 10 0o bF

tt dt |late 108, I nbodi t ' : d/ ticl
506 can be RIS ECDRIAE IO 1R SO5EF PHIRRINELE. DI enBin FaRaPREIGiES
t late 1 ' ; | §p esthng) : j h ngt@ 15
o?ngeﬁi gon ucdt g?ﬁglgg?’%gégnéﬁ:?g esseﬁﬁgng@c%%g?bﬁpges?gturegﬁ%tti)ﬁl d be

used as et dbriplatei 108 isorenasvedndigd erthodiment eaduss Used iwthe nedrafactuee | ayers
directly, mtigating or reduci n%é he need to use traditional and expensive
phot b i t hodif femiconduries dewicerarhere enpanbally scmngayes frep faatures codiddhe -

and/or nanqpayt s €168 4%riers or as conductive, semiconductive, or diglectric layers
directly, mitigating or reducing the need to use traditional and expensive
photolithographic processes.

Referring now to Figures 2D and 2E, micro- and/or nanoparticles 206
20 can be removed from pattemed template 108 to provide freestanding
particles by a variety of methods, which include but are not limited to: (1)
applying patterned template 108 to a surface that has an affinity for the
particles 206; (2) deforming patterned template 108, or using other
mechanical methods, including sonication, in such a manner that the particles
25 206 are naturally released from patterned template 108; (3) swelling
patierned template 108 reversibly with supercritical carbon dioxide or another
solvent that will extrude the particles 208; and (4) washing patterned template
108 with a solvent that has an affinity for the particles 206 and will wash them

out of patterned template 108.
30 In some embodiments, the method comprises a batch process. In
some embodiments, the batch process is selected from one of a semi-batch
process and a continuous batch process. Referring now to Figure 2F, an

embodiment of the presently disclosed subject matter wherein particles 206
-21-



20 can be renoved from patterned tenplate 108 to provide freestanding
particles by a variety of nethods, which include but are not limted to: (1)
applying patterned tenplate 108 to a surface that has an affinity for the
particles 206; (2) deform ng patterned tenplate 108, or using other
mechani cal methods, including sonication, in such a manner that the
particles 25 206 are naturalu%nreleased'fronlpatterned tenpl ate 108; (3)

swel |ing pdfe HREUCAG D At @MIDHOYS \PERSSE| 5 Grhemalisaly cpeseriaf: cdbon
di oxi de or apabhRis 19@}@4@@%3& tr'r?hng%htlrM@eprba%spa;phéea,e@ni@ﬁg?féﬁd (4)

washi ng patterned tenp Wi a solvent that has an a for the

particles 20 sgiematicrll\aessentseancoptinuogs ppegasafacparticles) apearads. 190 I n sone
nbodi b h ' h . ' , th
embodi ment s, ;o Seé@éebgg% §8PTHa't&F§Jr@c§$§6§, arkyf ?@gﬁ%wéiggoéoﬁ%e‘?ﬁb Igrents, the

bat ch process i s from one a’'sem ceSs and a continuous
bat ch Pr ocesubsiRatberontingoushnot lo Batgy ire adfardance witthte presenthf distleseat esent | y
-21 ar roduce

di scl osed subj.ec ter erei,n particles.206 , Ip a

cont i nuous Eeggémi' s 'PFE%&?SM’F? 'E?r"@g"em ilae p,&ﬁse'ﬁlﬁp@? f@'gjefg provi ded
for carryi ngngttsr bytthesfandinary dkildeake amhi | e Figure 2F schematically
presents a continuous process for rpartigl es, apparatus 199 can be adapted

for batch pr oces SCOtNYAG, ftEﬁ"-p‘P’mi asyrg F:pQ,fQR!ﬁtnz of @q"ﬂﬁ%ﬂe&'ﬁb 18
conti nuousl| yagﬂﬁiiecﬁ gb E@E te '230%5%5@0&?2%" BubSfater h%edéo%géd)éﬁd
and base e

subj ect matt on a review of t presently di sclosed subject
mat t en0by ometafoateddivithry noriwattingh agert. abubst@bet200Lend, patieem template Fi gure

2F, dropl et 4 of |.iqyi.d terial , i.s .applied to . substrate 200" via
reservoir 203, g{ﬁ)g{quaén%N%Ja%gﬁ@goggﬁgl&hdpqu%%ﬂ&ac o%{ﬁ%rda'\’ﬂ Pff a
non-wetti ng Agedperdlipsticpbsedth asshbepbitbesach amémrlte p@dideafsr Meaced in a
spaced relationship wth respect to each other and are al so operably

h
d_'tg\lsjpos ed wi tgenveyanse of; dropled 204 helveen natatnedetemplaten 08’ and euhsiate of
driopl et 204 e, : , ; ‘whidgonveyance
is facilitated thr oﬁgﬂééﬁ&S@S@‘.@gﬁoﬁ{'@?é@ﬁﬁ @gls%‘g,af Qﬂk’?ﬁ %@(’)gvrhééﬂl)n
oper aflbve coarenimiopentivn caimmunication ovithesoniotier 201. vBy waly of eppresentatite ve

o oprt o £ BV ETBRE gkt g 2of B AFpcRS A, sitBllba et oo

sui tabl e devippespriats sufware) la powehesduricta oadiatibn agpacet wadbd Sothdhus,
suitable devices for conirolling the functions of apparatus 199. Thus,
controller 201 provides for power for and other contro! of the operation of

20 pulieys 208 to provide for the conveyance of droplet 204 hefween patterned
iemplate 108" and subsirate 200°, Particles 206 are formed and {reated
between substrate 200° and patterned template 108' by a treating process Tg,
which is also controlled by controller 201. Particles 206 are collected in an

oo
Ness”

inspecting device 210, which is also conirolled by controller 201. Inspecting
25 device 210 provides for one of inspecting, measuring, and both inspecting and
measuring one or more characteristics of particles 206. Representative
examples of inspecting devices 210 are disclosed eisewhere hereln,
Thus, in some embodiments, the method for forming one or more
particles comprises:

30 (a) providing a patterned template and a substrate, wherein the
patterned template comprises a first patterned template surface
having a plurality of recessed areas formed therein;

(b)  disposing a volume of liquid material in or on at least one of:
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controller 201 provides for power for and other control of the operation of
20 pulleys 208 to provide for the conveyance of droplet 204 between

patterned terrg/l ate 108" and substrate 200'. Particles 20% /%re f ormed and
treated BE 640 strate 2000 and patterned tenpl ate 188" 5?}’05{"1%7%“ ng
process TR, ) which is also controlled by controller 201. Particles 206 are

collected in an i nspgg:ti Néhel first pattddiad tdﬂipmté sudhse; agdhtrol | ed by
controller 201. Inspecting 25 device 210 provides for one of inspecting,

measuring, and both i fiBpecth®glually ofERGaSSREY a58ESoANADr e characteristics of
particles 206. res%}hﬂﬁb\@eo@?ﬁ ﬁértiefeswgﬁﬁtdfng devices 210 are
. odi

di scl osed el sewhere herein hus, I n Sone e mrents, the method for

forming one or nmore [ginrti ebatactingptihsepattdtheh) tamptateli Bgrfaceaitigy niae
tenpl ate and a substrate, wherein the patterned tenplate conprises a first
patt érned tenpl ate surfaceSuRsliategnd {seating theyligyidreateriadyand eas f or med

therein; (b) disposing.a v L LU terial in or on at | east one of
22 WD 2005/ 101466 pc%szogflf%gﬁg%%h@??{”?%@%ﬁ rst patterned tenplate
surface; and (iiln shdepdrmbatiniontefof ties arstidd 6 efsrming dne 6) micve Pandclese or

nore particles b¥t one of: ﬁl) contacting the Fatterned tenpl ate surface with
the 5 subsiheapaltemed tempialg eomprisefiiad splvest i rasistant low surfasgt eReravhe

l'iquid material..4.n e ' . : ; . O L0G: nor e
part 1 ol oo, PoRtmestt v FERRCREE R B TRl d o uief S o
surfrce enem@gteritelpiatd sndithen calingltid e vistosity Hglidmatenialyite eemieratel i qui d
materials onto a 10 nmaster tenplate and then curing the I ow viscosity liquid

material s td paiiemnad tegplale: er HedsaBapepatbediments mihe npatierast Jemmiate

patterned t C ' ; | es) el astoneric material. In
sone enbodiﬁgﬁbg',gg%ta ﬂg@ﬁgggﬁoﬁ%ﬁ%&@gﬁ?Z’P%tég@'errpl ate and substrate
conprises a matefd gbnselambedinidrs) hhéedstodie o the tpditerabd atendate and
perfl uoropol yether material, a fluoroolefin nmaterial, an acrylate nmaterial,

a silicone shisdratal compsiess edi malriialr selected fmowor thentgrauphepReipling t¢fc a
elasfomer . fluoropolyether material, a fluoroolefin material, an acrylate material, a

silicone material, a styrenic material, a fluorinated thermoplastic elastomer
(TPE), a triazine fluoropolymer, a perfluorocyclobutyl material, a fluorinated
epoxy resin, and a fluorinated monomer or flucrinated oligomer that can be
polymerized or crosslinked by a metathesis polymerization reaction.

20 In some embodiments, the perfluoropolyether material comprises a

backbone structure selected from the group consisting of:

x+c|:r=—cn=2—0—)7x x~{—c:F;_,—?F—o‘3vCFz-—oﬂ;x
F

CF, CF,

1 L}

X-—(—CF;,—-CFE—OATCF;O—}-;X X——CFCrrCFm0t-X

wherein X is present or absent, and when present comprises an endcapping

and

25 group.
in some embodiments, the fluoroolefin material is selected from the
group consisting of:

—-(—CF.(:—-CF,}Y-CFz—CH;VCFE——CI:F\CFZ—?F-%
° CF,  CSM
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(TPE), a triazine fluoropolyrner, a perfluorocyclobutyl material, a
fluorinated epoxy resin, and a fluorinated nononer or fluorinated oligoner
that can be polynerized or crosslinked by a netathesis polynerization
reaction. 20 In sone enbodi nents, the perfl uoropol yether material conprises
a backbone structure selected fromthe group consisting of. X- i F-CFZO X
XCFZ . F-OCFZ O-X G F3 CF3 f X-{ CFz CFZ O ~-CF2 O) X X+CFZ CF2 CFz Ot

X and ,  wherein X{icg DER ;: 36@ i ses an
endcappi ng 25 group. IEH e nt% hmé%uo?o e |h E'erl al is

selected fromthe group tonsi stl ng of +CF2 CF ° CFz \CFa CF- n
CF-3 CSM -23 -~CH2 CHCFz CF~CHz CH2CFz Z CF ~CFz CF~~ CH3 , CF3 CsSM
--f -CFz CF*CFZ ?F1CF2 CF- @M@Sa; SCFCR@F-QE2~ CF2 CF~CF2 CF\ CFz
CF-+, CF3 OCSM CF3 wherein CSM c rrprl ac € site nononmer. 5 In sone
enbodi nents, the fluoroolefin materi al e ¥ r on®Ndronomer s whi ch
conpri se tetrafluoroethylene, V|nyI|den uorld hexaf | uor opr opyl ene,
2,2-bis(trifluoronethyl )-—4—{-5€@|—-de é\gjpg*oF%F CFf nct i onal

fiuorool efin, functional acrylic non nctaqp I met hacrylic

nmononer. 10 In sone enbodi nents, the s | |cone rlnat eria corrprl ses a
f 1l uor oal kyl functl onal i zed pol yd| nmet hyl si | oxatts (PDVB) having the foll ow ng

structure: H3
wherem CSM comprises a cure site monomer.

5 in some embodiments, the fluoroolefin materiai is .made from
monomers which comprise tetrafluoroethylene, vinylidene fluoride,
hexafluoropropylene,  2,2-bis(trifluoromethyl}-4,5-diflucro-1,3-dioxcle, a

) functional fluorcolefin, functional acrylic monomer, and a functional
methacrylic monomer.

10 In some embodiments, the silicone material comprises a fluoroalkyl
functionalized polydimethylsiloxane {PDMS) having the following structure:

Lo Loy,
i-0-\-Si~
R (?‘,HSOAVF[U 0—}-R

wherein:
R is sslected from the group consisting of an acrylate, a methacrylate,
15 and a vinyl group; and
Y Rf comprises a fluoroalkyi chain.
In some embodiments, the styrenic material comprises a fluorinated
styrene monomer selected from the group consisting of:

S ———
F F
F F
F and Rf '

20 wherein Rf comprises a fluoroalkyl chain.
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R+ i-CkSi--OR CH3 Rt wherein: RIs selected fromthe group consisting of
an acrylate, a nethacrylate, 15 and a vinyl group; and Rf conprises a
chain. In sone enbodi nents, the styrenic mat Jses a

fl uor oal kyl
fluori naté’d””g?’wlé‘ffe nononer sel ected fromthe group con %@%W@B@E FF F
F Fand Rf 20 wherein Rf conprises a fluoroal kyl chain. -24 WD 20051101466

PCT/ US2004/ 04270 sdnfle smiBodimepciseiné sacrylate asafehial eonyiridesad fluomprategs a
fluorinated acrylate or a fluorinated nethacrylate having the follow ng

structure: arrylate wlupr@aied@ﬂhaqml@t%hﬁvmg thelfgll%\@nna&tetptwﬁomthe gr oup
consisting of H alkyl, substituted aIkyﬁ, aryl, and substituted aryl; and
Rf conprises a quoroaIkyI chain. In song enbodinents, the triazine

fl uoropol yner conprises a quorinaﬂéHEﬁBnoner I n sone enbodi nents, the
fluorinated nonomer or 10 fluori nated ollgoner that can be polynerlzed or
crosslinked by a netathesis polymerizati©@ffeaction conprises a
functionafized olefin. In sone enbodinents, the functionalized olefin
conprises a functionalized cyclic olefi"d. In some enbodi nents, at |east one
of the patterned tenplate and the Rf

wherein:
5 R is selected from the group consisting of H, alkyl, substituted alkyl,
aryl, and substituted aryl; and
Rf comprises a flucroalkyl chain.
In some embodimexnts, the triazine fluoropolymer comprises a
fluorinated monomer. In some embodiments, the fluorinated monomer or
10 fluorinated oligomer that can be polymerized or crosslinked by a metathesis
polymerization reaction comprises a functionalized olefin. In some
embodiments, the functionalized olefin comprises a functionalized cyclic
olefin.
In some embodiments, at least one of the patterned template and the
15 substrate has a surface energy lower than 18 mN/m. In some embodiments,
at least one of the patierned template and the substrate has a surface energy
lower than 15 mN/m.
In some embodiments, the substrate is selected from the group
consisting of a polymer material, an inorganic material, a silicon material, a
20 quartz material, a glass material, and surface treated variants thereof. In
some embodiments, the sub strate comprises a patterned area.
In some embodiments, the plurality of recessed areas comprises a
plurality of cavities. In some embodiments, the plurality of cavities comprises
a plurality of structural features. In some embodiments, the plurality of
25 structural features has a dimension ranging from about 10 microns to about 1
nanometer in size. In some embodiments, the plurality of structural features
has a dimension ranging frorm about 10 microns to about 1 micron in size. In
some embodiments, the plurality of structural features has a dimension
ranging from about 1 micron to about 100 nm in size. In some embodiments,
-25.



15 substrate has a surface energy lower than 18 M'm In some enbodi nents,
at |l east one of the patterned tenplate and the substrate has a surface
energy lower than 15 mNilm In some enbodi ments, the substrate is selected
fromthe J¥YOIUEsisting of a polynmer material, an i noPGEVSE0ARIEN al | a
silicon material, a 20 quartz material, a glass material, and surface
treated vatheplsalithef striuctural featunessende didirrnsion fanging fonaeboootd nees a
patterned area. |In sopme enbodinments, the plurality of recessed areas
conpri ses aoaSM%nmw ®EC€cavities. In some enmbodiments, the plurality of

cavities compri fr?%grr?e Bhiticdin %}so,f thiel bHﬁ%Hféi‘f tégﬁﬂb% Eémﬂrl%e%fﬁggaﬁgﬁ%@ ments,

the plurality o structura eatures has a dinension rang rom about
10 m cr ons {¢émplatedormed iynamepkca i modiing . prooesandnesdrdi embodimartis, fileural ity

of structural, featyres has a dinension ranging frorn abqut 10 mc¢rons to
Sboutd 1 i EoRliea MOLING PraGess P ERES APHVIBRD § MASHFieamale: SPEcingr al

Siae in odaul HalE With oL (e it d g HRRORd TRA Rl WO ' "
plurality efpatterned termpldteat ures has a di mensi on rangi ng from about 100 nm
to about 1 nmin size. In sone andi nment s, th? pattern gdtﬂ%rgﬁl ate conprises

e
a patterned tenpsame eBloRsimeytss thegnaster templats 1ps6 dhpgroup
enbodi nent ; |41 | gl r : ' ; L.dign ter
Conpl ate: S3nraing of AR 10l RORFR HAUraBRY pRcBts R oRate e M ng
t he 10 qui d ceetringatenplategr amd aopabinationd thembfat én dJoms erebedineetitsetiies, t he
master tenplate is selected from %he group. consisting . of: a tenpl gtel?‘ f or med

froma I|itRéd#rabrgmplade dgsselactad: fom gne o 3 &ielpgical stratehirg: and #

combi nati o o] ' : ISt ect ed
From one. ofSgeREIEstrucirg ONF o51He0 Briienta! B Of o LAGBLRAFsirSotdfy o0 =0
enmbodi ment sindt hesaessEmbledi siragiLoral isss¢lectad fromurtte agipuipl cossisiiva ef a

structure is selected fromthe group consisting of a naturall ﬁ occurring
crystal, amaiirafy®ccHming geystal, girbesizimen aiviais; @ PEgteina a miceflesard fur f ace.

I'n sgme e”’?@@ﬁ@@ﬂ&éceﬁ he met hod conprises nodi fying the patterned
In some embodiments, the method comprises modifying the patterned
template surface by a surface modification step. In some embodiments, the
surface modification step is selected from the group consisting of a plasma
treatment, a chemical treatment, and an adsorption process. In some
20 embodiments, the adsorption process comprises adsorbing molecules
selected from the group consisting of a polyelectrolyte, a poly(vinylalcohol),
an alkylhalosilane, and a ligand.
In some embodiments, the method comprises positioning the
patterned femplate and the substrate in a spaced relationship to each other
25 such that the pattemed templaite surface and the substrate face each otherin
a predetermined alignment.
In some embodiments, the liquid material is selected from the group
consisting of a polymer, a solution, a monomer, a plurality of monomers, a
polymerization initiator, a polymerization catalyst, an inorganic precursor, a
30 metal precursor, a pharmaceutical agent, a tag, a magnetic material, a
paramagnetic material, a ligand, a cell penefrating peptide, a porogen, a
surfactant, a plurality of immis cible liquids, a solvent, a charged species, and
combinations thereof.
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tenpl ate surface by a surface nodification step. In sone enbodi nents, the
surface nodification step is selected fromthe group consisting of a plasm

treatment, a chem cal treatnment, and an adsorption process. In sone 20
enbodi menW 20052014¢fsor pt i on process conprises adsor bi ng ReT/HEME2Te| ect ed
fromthe group consisting of a polyelectrolyte, a poly(vinylalcohol), an

al kyl hal osi | anen sotheaehitmaitients) tise phaemaostticealt sgenthis selbbed Tonptheses
positioning the patterned tenplate and the substrate in a spaced
rel ati onshBPui enHstBichedt 25dRig:hat meptidae PNARr ABE (LNt at éN sEPFEce and

t he substr | 1 Qe g .

embodi ment mesiEnEae feg B péPoicd RORIREBIR oM EEL et | o &
pol yner, atsgl altrbdivlatiele® tageandaa Wontrakt agenf. Nimeseis embodimantsr theat i on
initiator, a polymerijzation catalyst, an inorganic precursor, a 30 netal

prect sor, ligapshapripcieasiaces!! @gasling RERULL: a nagnetic material, a
par a1 jgrdihe s 8 PR BB AR, 7.

surfactant, a plura nmi'sci bl e

and conbi agehbnén isbenee efnbodime(s, 2R JiqLiiL Aabeirall cob¥iis043g Phaskn konme
enbodi nents, the pharnmaceutical agent is selected from t,heogroup consi sting
of a drug, samMsepmbesimens, thadmushmateriakeemprisesodi Pty of hasgg. i i

I d f | $L. f; ' | ed
a0, and 2o PREBCREnEY Nie ShyEmBleys HAREESTHES gy’ AL °2
cel 1@ ar gelof nghuRfidé | iquidsn Mol nbadisen Siquide, | saactames, edisdersion®y i ses a

non-wetting agent. In sone enbodi nents, the liquid material conprises one
phase. |n esyisioasbaucReemMYlsianse Micgles pattieales,cenliads.croragpnsy: aclivey of

phases. In, i : lgquid material is selected fromthe group
consi sti ng'@ggﬁn%%p@b&aﬂbﬂgtﬂﬁﬁl ple inmmscible |iquids, surfactants,
di spersions, enmlsshfsmbodifentsthei giBgosing e [ RS volané | Fullie snatedihl oi ds,

por ogens, active ingredients, and conbinations thereof. In sone
enbodi nent ¥n ene @af dpespatjesied femplataneandfthei gubstraieels segulatedbly & t he

pattgrned LamDl A& pPGstNGn LR EAloddinmehR It SPedding process comprises:

{a) disposing a first volume of liguid material on one of the
patterned template and the substrate to form a layer of liquid
material thereon; and

(b}  drawing an implement across the la yer of liquid material to:

20 (i) remove a second volume of liquid material from the layer
of liquid material on the one of the patterned template
and the substrate; and

(i) leave a third volume of liguidd material on the one of the
patterned template and the s ubstrate.

25 In some embodiments, an article is contacted with the layer of liquid
material and a force is applied to the article t© thereby remove the liquid
material from the one of the patterned material and the substrate. In some
embodiments, the article is selected from the group consisting of a roller and
a "squeegee” blade. In some embodiments, the liquid material is removed by

30 some other mechanical means.

In some embodiments, the contacting of the patterned template

surface with the substrate forces essentially all of the disposed liquid material
from between the patterned template surface and the substrate.
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15 spreadi ng process. In sone enbodi nents, the spreadi ng process conprises:
(a) disposing a first volune of liquid material on one of the patterned
terrplate strate to forma layer of liquid nat ereon
(b) drawin (Sjééﬁﬁwzggrrent across the layer of liquid mat ePEE’IU%?Q?“B%O?l)
remove a second volunme of liquid material fromthe |ayer of liquid material
on the one of t e some embatiments,dhe treatingt ofetheuligitichmatesaticemipriseeve a

third volune_ of Ii erial, on the gne.of the atter | at e and
the subst r frecesss sHPdafle B otnertbls BiTeitnd /Er; B bR ASHREE e

llayer of |'ﬂ5t&hembﬁlrpr%be§§‘darﬂj henemid p?tﬁ’cE&sJSEd to the article to thereby
renove the I|qU| material fromthe one of the patterned material and the

substrate. In sd)monwrbnmodmests amdeamrtbad i defad eherair dhelownihehmethaslip

consi tlng of aroller and a "squeegee" blade. In some enbodi nents, the

li qui t &VRDET GANPESRRed by 30 some other mechanical means. In sone
embodi rfent s, t h%ayontree&c.ﬂg ﬂ'fe tmrﬁét bERE dididPHasteriat ufn‘saégedw ihhtiene
substrate forces essential y all of the disposed liquid material from

bet ween t he patt er ned!trabify Gftl@ceasééa@@rhy mnn@Of;ubstrate -27 V\D 2005/ 101466

and

PCT/ US2004/ 042706 Ig sonme_ enhodi rrent% tt he trea %_hof t e liq l terial
conprises a process s8] ect?RPY ‘F‘Sn?t‘??é‘ oB"ﬁSEBF% nfeﬂe %gpa ocess,
a photochem cal process, qjhca: ghgm cal process. In sonme enbodi ments as

described in detail herein bel ow, the method 5 further conprises: (a)
redutd ng the vol une dfi) t heallovdog da secend ablumne pddtduk iligquichdo gtapaaatet gr of

forpl ate surfack: and 10 RATICEPRNAR e BERBRIE ol une of the Iiqaid to
2oL a1 OPTE RISV HRe B o ST Ao el
surface;

(c) introducing gas within the recessed areas of the patterned

15 template surface;

(d) treating the liquid material to form one or more particles within
the recessed areas of the patterned termplate surface; and

(e) releasing the one or more particles.

In some embodiments, the releasing of the one or more particles is

20 performed by one of:

(a) applying the pattemed template to & substrate, wherein the
substrate has an affinity for the one or more particles;

(b) deforming the patterned template such that the one or more
particles is released from the patterned template;

25 (c)  swelling the patterned template with a First solvent to extrude the
one or more particles;

(dy washing the patterned template with a second solvent, wherein
the second solvent has an affinity for t he one or more particles;
and

30 (e) applying a mechanical force to the one or more particles.
In some embodiments, the mechanical force is applied by contacting one of a
Doctor blade and a brush with the one or more particles. In some



surface; (c) introducing gas within the recessed areas of the patterned 15
tenpl ate surface; (d) treating the liquid material to formone or nore

parti cl esy w Eg}ﬁ] 1adghe recessed areas of the patterned t%{ﬁéﬁoﬁdﬁrz Race; and
e

(e) releasing one or nore particles. In sonme enbodi nments e rel easing
of the one or nore particles is 20 perfornmed by one of: (a) applying the
patterned embpdiamentso the Jubehanical, forerieiapplind by wiisascnies, h asegasaries, ni ty

for the ong o e particle b) deform ng the patterned tenplate such
that the oﬁ[@CﬁPSW@P@ Ofp@PSPEf%%("\e)énﬁm eased fromthe patterned tenplate; 25

(c) swelling thg Q@hbeéﬁ@%dhﬁéfﬁ’tbatrﬂe WMdthod cbhﬁﬁtse%qﬁa(@estmg @Xécﬁll&ﬁnghe one

or nore particles; (d) washing the patterned tenplate wth second sol vent,
wherein tthe padinies.s ol @&emeambediatentsi ti'se tartestingoae Qﬂ“eﬂim phrthecl es;

d 30 h I I
embodi ment BANRIRS HBALRFS 4 PIPGFEs SPECh TP ELINS, DRs SOR TG 138N Imoct or -
bl ade and gitAra!aBcitr bladdlen BABHM ﬁﬁfc%sﬁaéfd:ﬁcﬂmod proeise ar?8ltNBound
20051101466 PCT/ US20041042706 n%odl nments, the nechanical force is appl i ed

by ul t r asopfaeess mégmegases|cs prcwetss,osnaelec‘a'ostatlcnm'@ness,cgncﬂeanmagnetlgorre
enbodi nents, the nmethod conprises harvesting or collecting the particles.
In sone enﬁtﬂﬁeﬁﬁnts the harvesting or collecting of the 5 particles

conpri ses a progﬁ%oﬁ@' &8 diniénts hmegrm@eeﬁﬂsnsu&uds@dofs@sre%pl Reatidrt h a
doct or bl ade rushing process, a dissolution process, an ultrasound

prod@ss, adescritasna q:mrmlecmrs;ﬂurad;ty ef mlclegtfarmedmyommetb@dsaiem:vglheﬂu c
process. | esome Ierg}bodl rre s m [ £$ nt i scl.osed subj lectS ma t
descri bes ﬁ 540 iR ST &5 dd f‘fﬁg ta’ %’I%‘spﬁ"gp dcqu 3t rﬁaphﬁ'ﬁ@y
ge; |CL'r gleldt 3Fﬁfcﬁidﬂhsdé?sé Cﬁm@a@o% B en’fﬂl’ﬂuﬁbhfsa'thé Yarficleabt bilrefystnpri ses
particles is selected from the group consisting of a semiconductor device, a
crystal, a drug delivery vector, a gene delivery vector, a disease detecting

15 device, a disease locating device, a photovoltaic device, a porogen, a
cosmetic, an electret, an additive, a catalyst, a sensor, a detoxifying agent, an
abrasive, such as a CMP, a micro-electro-mechanical system (MEMS), a
cellular scaffold, a taggant, a pharmaceutical agent, and a biomarker. In
some embodiments, the particle or plurality of particles comprise a

20 freestanding structure.

Further, in some embodiments, the presently disclosed subject matter
describes a method of fabricating isolated liquid objects, the method
comprising (a) contacting a liquid material with the surface of a first low
surface energy material; (b) contacting the surface of a second low surface

25 energy material with the liquid, wherein at least one of the surfaces of either
the first or second low surface energy material is patterned; (c) sealing the
surfaces of the first and the second low surface energy materials together,
and (d) separating the two low surface energy materials to procluce a replica
pattern comprising liquid droplets.

30 In some embodiments, the liquid material comprises poly(ethylene
glycol)-diacrylate. In some embodiments, the low surface energy material
comprises perflucropolyether-diacrylate. In some embodiments, a chemical
process is used to seal the surfaces of the first and the second low surface
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of nonodi sperse particles. In sone enbodi nents, the particle or plurality of
particles is selected fromthe group consisting of a sem conductor device, a

crystal, a drug delivery vector, a gene delivery vector, ' et ecting
15 devi ce‘,woamagéoéé@e | ocating device, a photovoltaic devll’@ﬂg@ﬁ‘g‘?)ﬁ%@en, a

cosnetic, an electret, an additive, a catalyst, a sensor, a detoxifying
agent, an energs materiaisc hinasorae @hbodintents,ca @hgsicabprassans wskdsp ssaain

VEMBS) , | ffol d, t t, h tical t,
bi o ker , 1, SuSHRESCRDUA A 4nd TG S55PDACDS SHBEGraNaTEY TORteHaIS | i os

| AbUR e . Pt s
compr i se 2 ool ERARHARAISIGr SHIRE i facBYIdH 15S tou BLFGRE AR hiEReRa is  he

presently ubj ect nmatter ~describes a net ricating

i sol at ed | ipatiednedh] elot somiehembedimentse amer of iy s(afaces nofattte logv sutfacei d
material with the surface of first low surface energy material; (b)
cont &t i ng NeEO% atadal iBMohPakeded- | ow surface 25 energy material with the

[ quid, wher el 0 1Ataok 58 ShmiHinBhid e PHEHBATRNRG: Ebliftsen i ebferfiba second

| ow surface energy nateri IS patterne of the

first and tﬂa%tesremﬂl posad afcfr fique eropidy mfaijrlicmlte dithge;d:tﬁects. amlls_(mlﬂe
separating the two | ow surface energy |materials to produce a replica
pattern corﬁfﬂ?%é'ﬁl?ﬂ@dﬂledeﬂp%%ﬁgm %fd‘qq'ﬁegﬂ?ﬁieférfﬁ(f&"ﬂ% 08 the ﬁé‘PfﬁPﬁ&’ifd
material c f A Y I : =40 t ] irent s,
the | ow surfaie? SurbELieterly miBriabinse R AofbaiNcn, dning SFbdmmeslTe. °)
sonel@nbodithenliquida dropists alundprgec edisedts cns gdrtiad selidiifichtorsur flacezomnd t he
first and the second | gw surface ;#9 V\g 200511&3'146,6 PCTI UF2004/ 042706
energy mat MBP }’an}tS,_sg'h% ligwish diraeletss ungepgn A chemiFalk dans C!E"I%‘@Bj.t seal
the surfaces,dd dioditts 20 LORIREARACO! K RHOIPBRASE’ & B CRERRA . "
S, he 'sur the | r

sonme enbodi nmen one o aces of w'surt'ace energy naterial is

patterned. ttansiommeatenboflithetitsid droplatt groduse fieastandifg tdgedtow lawsdrase 5
energy material is not Fatterned. In some enbodi ments, the method.further

conpri ses BNbediments.eplhie afrepstanding c obiRsded a5e | halvestaskopl dbs sane

LebrieLe, SHESIBRATC! o' RoseuRgnSOUCTENE, LoRAGHRL idpoLIF el | i ¢

i's not pattegmbedimdnts saive drdeathmiing sobjects are directly solidified, partially
solidified, or chemically transformed.

In some embodiments, the liquid droplets are directly solidified,
partially solidified, or chemically transformed on or in the patterned template
20 to produce objects embedded in the recesses of the patterned template. In
some embodiments, the embedded objects are harvested. In some
embodiments, the embedded objects are bonded in place. In some
embodiments, the embedded objects are used in other fabrication processes.
In some embodiments, the replica pattern of liquid droplets is
25 transferred to other surfaces. In some embodiments, the transfer takes place
before the solidification or chemical transformation process. In some
embodiments, the transfer takes place after the solidification or chemical
transformation process. In some embodiments, the surface to which the
replica pattern of liquid droplets is transferred is selected from thé group
30 consisting of & non-low surface energy surface, a low surface energy surface,
a functionalized surface, and a sacrificial surface. In some embodiments, the
method produces a pattern on a surface that is essentially free of one or more

scum layers. In some embodiments, the method is used to fabricate
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10 the liquid droplets undergo direct or partial solidification. In sone
enbodi nents, the liquid droplets undergo a chem cal transformation.. In

some enbodi mangi the solidification of the liquid droplefs ar the chem cal
t r ansf or m&tq g ql"fﬁne liquid droplets produce freestandi ) T’HB}”@%’P‘Q?OQ n sone

embodi ments, the freestanding objects are harvested. In some 15 enbodi nents,
t he freest sediconditers: andiptharaieetonin apt phetonia deyines eraralismdntsome he

freest andi ng_,obj.ect re directly solidified .partiall solidified, or
cher cal |y SREAUFETRe ML I HBa epats fRestanding oniatt-edt e
directly sqisbdiifshts, thal fefldd issabédltd bpshte Ghradl@memdibiall 61586fs0ldiRg on or
in the patterned tenplate 20 to produce objects enbedded in'the recesses of
t he patt er meditiplenpatiering stapsoe e rgoots mﬁq;ilmanés,eth’eelad@ﬂe@bjrmﬂfbrae@

h d. In nbodi X dd bj £.b d in. pl :
I Sghe oA NEITR e NERER S8 PEH b AL e Gp ERURHAY O CHIOPBIR | o
processes. iﬁ&g@?g@oﬁtﬂgﬁ@ri&f?@rﬁ tﬁé]ls%iE;QP'nﬁé%ériBF&t. U ghNsOine lembialiieArd, €4S 1S

25 transferre r surfaces. sone enbodi nents, the transfer takes
pl ace bef aufachadhesivéi Agerdtis osedto anehorcthie isolated strueturesmopadietace. | n sone

erbod, T L8R Sk lEnBl 368, Rl bRy B R BeE

replica patdieinéd &f Hirfipsiomedt Sufaces 288 Qiderd ds; rlégio%éeiﬂcfaem e group

30 consisti'ng of a non-low surface energy surface, )W Surtface energy
surfte, advicestdroeatiiordessels seradditienal chemicali poaessing fsteps. Inrsarere

enbodi nents, th t hod duces,a pattern on a surface that i s essentially
free of oné"BPo‘ﬁB}e@ S,ngrﬁoc{cgw .Chpﬂ'ﬁ%%r?éog‘?ﬁ%'éﬁ ﬁiﬁ'ﬂssgretsrﬁée%@gﬁ?ﬂfnﬁée used to
fabricate 1 ; Fg:glf inl ' Gy O and

ot her el ectqrgﬁ?\gagﬁgq@%@ oélﬁ@nﬁevi (l:éz a@r@, ﬁgéﬁlc ’ %ﬁﬁ/s%%@ép lggb di rre%?g t he
met hod i s wsdalytio systeme dnte esrtacdsngynthiesist of orgarioninorganiodpotymaric, t he

pat ter ni ng HEEGEA! MAGHRL: BB ERPPIEAILTEOf At Bieo ocpleed JNeE &b ect
oy S o, R o S I AR oF DR s aosed |
surface adleediac mater inckides but ace ant fivited e, Micrbaantinanoseale patteming
surface. or printing of materials. In some embodiments, the materials to be patterned
or printed are selected from the group consisting of surface-binding
molecules, inorganic compounds, organic compounds, polymers, biological
20 molecules, nanoparticles, viruses, biological arrays, and the like.

In some embodiments, the applications of the presently disciosed
subject matter include, but are not limited to, the synthesis of polymer
brushes, catalyst patterning for CVD carbon nanotube growth, cell scaffold
fabrication, the application of patterned sacrificial layers, such as etch resists,

25 and the combinatorial fabrication of organic, inorganic, polymeric, and
biological arrays.

In some embodiments, non-wetting imprint lithography, and related
techniques, are combined with methods to control the location and orientation
of chemical components within an individual object. In some embodiments,

30 such methods improve the performance of an object by rationally structuring
the object so that it is optimized for a particular application. In some
embodiments, the method comprises incorporating biological targeting agents

into particles for drug delivery, vaccination, and other applications. In some
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In sone enbodi nents, the liquid droplet arrays or solid arrays on patterned
or non-patterned surfaces are used as regi ospecific delivery 10 devices or

reaction vessels for additional chem cal processing steps. In sone

enbodi nents, the additional chem cal processing steps are selected fromthe

group consisting of printing of organic, inorganic, polymeric, biological,

and catal yti st ens,.onto su faces sy esi s of organi | nor gani c,
pol ymeric, ﬁ%@?ﬁs&l the, fmgth ae%l‘ﬁégnﬁ‘ﬁpq BFF%% foni 8 ocal i zed
del ivery of sﬂ)écifmlbﬁﬂdag%ﬁ r%@o@sﬂférﬁﬁ%tnf' Sindgsrhé Ssbiimbh&a ithe Holgicihe
presently disclosed subject matter include, but are not limted to, mcro

and nanoscalfﬁc%ﬁitpémtﬁd?m@ﬂsﬁ Piﬁ’f'ﬂfﬁﬁ'dtﬁ'fawé‘?‘é?th%ﬂ Rotaing. some enbodi nents, the
materials to be patbwen&dbodmeRfd, the In@héd %%hfb?n%éﬁ' thildtifgl {hé SHeteaicONSI sting

of surface-binding nolecules, i nor gani ¢ co%i)oun dmgnl c conpounds,

pol ymet s, bicompgsitan obdhess éa@ireaais ARt oprntiollinge $he \neaqtm coppipagi cal
arrays, and Qggpq presently
di scl osed &r{?%tb)t ifrgrsa'tﬂ{'teg..r|§ I nc lgga%l%ut afrhg l?ligfecﬁpﬁﬁibﬁZﬁ?tﬁ@%gﬁ&ag&ﬁt hesi s of
pol ymer br lm‘,ﬁttasy oémeapg@clepiatopawﬂﬁadg inmmadmmahemmwm h, cell

o ol ot REghRL Y st BB RS S O g A b or e, such

Ioolth?rl Ch %Ddacc:ié)bbilhe?)aéﬁdlem?]@rﬁa wal tsbﬂmceéﬁmegs@bmam{iﬂ tsﬂteslg I nP“ Int
I ograpny, and relate ecnnl qu are conpli ned W ne contro
the | 8¢at i orVgiein s SoreLfi t&ﬁ paB‘F%c'ﬁéﬁW%Y %W@HM‘%?E‘*@% i vi dual

object. In spMhepsirmt "Roletuled0 34 Cdbnies idMtshRiirams 0\ nbSydtfid Ghpamce of an
object by rationally structurin the object so that It is optimzed for a

particul ar Ao raﬁthorﬂrfswﬁeqoéawmm gbjeetse wherain dhe @ a6
t del i ,
pcorpor at! iR SR LARSAD) Dok BSNRTIERYS s g do! | very

cations. di ment nmet hod
gonpri ses deasi !ywen@mﬂm pmnts.dn&the@bja% mmeoatlorsphvcwme emb@r!tsgerttal

recougi i on ot kbmohAHIP SIRARIELLRo® vl HERistale hACRAELA" oL ¢

conpri ses bt aV|d|n and/orto rpro SOne e t he
met hod corrprstmeture ef therohjert byaisirigemeibets sﬁectedrimm theogroap cbhsrstmgﬁt erials
and control | | theBg g ti on ndl S, hen possible to

or gani ze thé Tasser pgf,lp o§00r9¢%ﬂur?§1é'eaé/hon condlttons chemical

composrtion crosslinking, hranchlng, hydrogen bonding, ionic interactions,
covalent interactions, and the like. in some embodiments, the method further
20 comprises controlling the microscaie and nanoscale structure of the object by
incorporating chemically organized precursors into the object. In some
embodiments, the chemically organized precursors are selected from the
f:) group consisting of block copolymers and core-shell structures.
In sum, the presently disclosed subject matter describes a non-wetting
25 imprint lithography technique that is scalable and offers a simple, direct route
to such particles without the use of self-assembled, difficult to fabricate biock
copolymers and other systems.

.  Formation of Rounded Particies Through “Liguid Reduction”
30 Referring now to Figures 3A through 3F, the presently disclosed

subject matter provides a “liquid reduction” process for forming particles that
have shapes that are not conformal to the shape of the template, including but
not limited to spherical micro- and nanoparticles. For example, a “cube-
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efficacy of the particle Is optim zed. In sonme enbodi nents, the particles

are designed and synthesized so that recognition elenents are | ocated on

the surface of the particle in such a way to be accessible to cellular

bi nding sites, 10 wherein the core of the particle is preserved to contain
bi oactive agents, such as therapeutic nol ecul es. In sonme enbodi nents, a

non-wetting i ' | thoarap t hod i se r|c the obj ects,
wherein the OEF éeé:ﬂ tgbé)w%%flp rﬁ%gg%f &P%’%&FPP egrto ‘g‘“pf“ %3

i ncor porat i ng'BIUdctairmoakhamﬂi’ ftemplaw:han @Iohi menmgmﬁ”l ﬂmmleparﬁcles ngro t he
obj ect corrpomé'lﬁr n soagF &h@"é nmet ho furt’g nprl ses
control I'ing tRYS 'Po'%‘?:é’f CaleeTR @d“ ?'f' AP BIOWH 8 3'89 usi ng
net hods sel ectsided wmshapemﬁ@m;msigﬁmlmr e treﬁﬁ%g‘ utaswsn@hm wishRgWose
fabricatjon pr ocedur reacti on conditions, chem cal osi tion

crossl i nki ng, PBROYER ga“ylﬂﬂlp B%Wdthﬁg‘oﬂmﬂﬁﬂag ICH?@C&Q!'{S“ that cap b ent
i nteractions, pasgddd ddd@embeawms aﬂmobraféﬁtﬁ dssdr&ea%ét@nédl;én&%tem

conprises controlling the m croscal nanoscal e structure of the object
by i ncor por a@né® réﬂ?@iﬂdc@fl ¢aatest gﬁbﬁt@é%lamf&:tﬂfsﬂ?ﬁ generation o8 resisjdedt ©.0hn sone
enbodi nent s, E ﬁc%?ma;@iég organi zed precursors are selected fromthe
group consi sti copol yners and core-shell structures, In sum the
presently discl oseReEmm@nowmmthm'e GAsdmpbesoaoﬁamquiB‘tmalBgai %dlspusednt

| i t hogr aphy techni ue t cal abl e and of f rect route

such pa &FI cl ey Hﬁfe Bﬁéf ﬂé'@ﬁdﬁ VI ea@&@&mfgﬁs 89?#’!10%" ’e?'ﬁdf“é!g? Pcate

bl ock copol ymRhswétith PhABRaISIEE. TR - pdiletned™ RirMbicCA08] WRRWE8MpFad! hel es

Through "Liquid Redu % ion" 30 Referring now to Figures 3A through 3F, the
0

presently di S@MQ‘@M sigspesad awmase] 19| patterapd isidacel arearidiRoAlsopiSocess
for form ng p?)% ,?édes that have shapes that are not conformal to the shape
of ‘?qhe tenpl a ¢luding but not limted to spherical mcro- and
nanoparti cl es For Refearing epwato"kKigire- 3B amtmmxbwmplmpma s cantacied eihf or

oonCnrI B ¢ e ldriekdud, STRE R Srastial ShpeBing TbBELARL el GRERREtRET L he

i ntroduction Geds 996 oblphREmed UeinpRAe t1easIiﬂ%oﬂ@émsadmm@sdﬂmdah%rr esi dent
liquid prior to treating it. Wile not wshing to 5 be bound any

particul ar t heseun," tIagem & bt the ninuwh araterial campesing h@l’pp@é@% feﬁb‘ﬁ@ﬁl ded in
some enmbodi Meiedyddn HBhaeRRANbmpIt 168 878 dubdihs 3560 tenpl ate

Referring now to Figurs 3C, a first force F.¢ is applied to patterned
20 template 108. A contact point CP is formed between the pattemed template
108 and the substrate and displacing residual layer RL. Particles 306 are

formed in the recessed areas 110 of patterned template 108.
) Referring now to Figure 3D, a second force Fi, wherein the force
applied by Faz is greater than the force applied by Fas, is then applied to
25 patterned tempiate 108, thereby forming smaller liquid pariicles 308 inside
recessed areas 112 and forcing a portion of the ligquld material comprising

droplet 302 out of recessed areas 112.

Referring now to Figure 3E, the second force Fsz is released, thereby
returning the contact pressure to the original contact pressure applied by first
30 force Far. In some embodiments, patterned tempiate 108 comprises a gas
permeable material, which allows a portion of space with recessed areas 112
to be filled with a gas, such as nitrogen, thereby forming a plurality of liquid
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andlor treated or coated substrate allows for the generation of rounded,
e.g. spherical, particles. Referring nowto Figure 3A, droplet 302 of a

I |qU| d material Is. di sposed 10 on substrate 300, which od| ment s
I's coat ed "G VEI®d with a non-wetti ng material 304. ?@ﬁgﬁﬂ@g‘? enpl at e
108, which conprises a plurality of recessed areas 110 and patterned
surface ar Sgﬁeﬁégl dl@pféts'?lo PHEedpis hdﬁﬁtﬁ ‘?éﬁuﬁibm@.v\ééfﬂe\lfécgtthé ﬁﬁ'ﬂll%ﬁ er ned
tenplate 108 is contacted wth 15 droplet 302. The liquid material

conpri si ngliquish$pherdad dropletedt@ase treatat by a teeating [roeess Tpat t er ned tenpl ate

108. In sone e nent s, resi dual r . “scum) |ayer of .t uid
mat eri al comr@#&f@fﬁ%&% t@ﬁ%gpwfn&eaﬁ)ﬁ&@@ﬁ’ leggrb%ﬁlﬁpﬂi%é Bgnp?r e 108
and substr [ ca. A pplied
o pat tor nosfoasga; O Bakbhfy Minpls 8 & Bhovifl'd Bhrely o feBaiahdigp s

pat t & ned tsplhieheabpariﬁ&asa@mmhe substrate and di spl aci ng resi dual Iayer RL.
Particles 306 are fornmed in the recessed areas 110 of patterned tenplate
108. Referring now to Figure 30, a second force Fax, wherein the force

appl i ed byéF 2 ) Fat is then applied to

25 pattern "—1§| quid particles 308

i nsi de recessed Rémﬁn Jﬁowncb legQreing Bﬁdt ﬂBn inf sofe lensbddimentsr thel
conprising droplet 302 out of recessed areas 112. Referring now to Fi gure

3E, the sepbasehib c@lsp&seids subjeels snattem Jagsyibes egurmethpd h@r c prerasing

o rpoaprifiene B eI 0" sBRE e $1estle Teid e et o ol
which all O\p@lmaﬂzémcﬂ-naﬁﬂ/cﬁrmﬁamzhﬂom %@SQ@ﬁh hRAgin glﬁzugarectﬁe)tb idigch Wi th a
gas, such as nitrogen, thereby formng a plurality o iquid

2005/ 101466hRcgedppineta paticles(igiec). dibppamesembodingats, the §hargqasﬂ|

et éh"By' oo gk HRRabB SrBL ROty Enarees il RRRRHIGT sk 1dods’) T o
spheri cal drypihsiead®dnarandosh 6onRslratem SR6UAIMEIGUrmE.ate 108 to provide

a plurality of freestanding 5 spherical particles 312.
16 In some embodiments, the charged polymeric particle comprises a

polymeric electret. In some embodiments, the polymeric electret comprises a
polymeric nano-electret. In some embodiments, the charged polymeric
particles aggregate into chain-like structures. In some embodiments, the
charged polymeric particles comprise an additive for an electro-rheological
20 device. In some embodiments, the slectro-rheological device is selected from
the group consisting of clutches and active dampening devices. |n some
embodiments, the charged polymeric particles comprise nano-piezoelectric
devices. In some embodiments, the nano-piezoelectric devices are selected
from the group consisting of actuators, switches, and mechanical sensors.

25
V. Formation of Multilayer Structures
In some embodiments, the presently disclosed subject matter provides
a method for forming multilayer structures, including multilayer particles. In
some embodiments, the multilayer structures, including multilayer particles,
30 comprise nanoscale multilayer structures. In some embodiments, multilayer

structures are formed by depositing multiple thin layers of immisible liquids
and/or solutions onto a substrate and forming particles as described by any of
the methods hereinabove. The immiscibility of the liquid can be based on any
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V. Formation of Polymeric Nano- to Mcro-electrets Referring now to Figures
4A and 4B, in some enbodinments, the presently disclosed subject matter
describes_a nethod for preparing 10 polymeric nano- to mcro-electrets by
appl yi ng %P BOFME field during the polymerization andfOFURFMEPEII zat i on
step during nolding (Figure 4A) to yield a charged polyneric particle
(Figure 4Bphy$rnalsmrmraom¢tmpnn@ludme bubangteimited yoredersityargolalitgs and

spont aneousl y aggregate into chain-|ike structures gFl gure 4D) | nst ead of

t he randomV@éW’ﬁWgur xpEhies wRopIbIg JurPhergias of,the Riesanbydistiased ¢ he
char ged_POSYBRRL idifid bl RuSRER H¥FigfosPPAEPLhG F0IGALY Bt atehct fffted

enbodi nent s neric el ectr onprises a nano-el ectret. In

sone errbodltmrermel,tu-phesehamﬁdwml wtEtings, paotd- sh@l$ pec,ti‘oamt aaridntinterhai n- 1 i ke
structures. In sone enbodi nepts, the charged pol }/ITEI‘I c particles conprise
an addi ti v@"ﬂ“&iﬁoﬁﬁ BlERAGRUIsIRnS| Al eaNane-sized BUISIgNS one enbodi nent s, t he

el ect ro-rheol o0ieale gy ey 43 FEURESRT o AR phbE YEAURIGPABLERHESe8 of

clutches and ac eni ng Vi35 & LS e charged

pol yneric piss tprededstiy @igulosed rabipabirezitet Beshown, deNdle by. whp of @xample,
enbodi nents, the nano-piezoel ectric devices are selected fromthe group

consi sti ng coMpilseaaa brs,liaud matedal 50R1and arsasond liasich seateriakiddy. For mati on

Subj ect matter perid how i HEERR. poRr e TRE 806 of HeipRe
i nclydi ng mddddey8ibjert h\é’déﬁs shBwnS WIECHE BY Qi GMe:gamplae cBHpsb & ueirst

structures, including multilayer particles, 30 conprise nanoscal e mul til ayer
structures Iqumi rpeteriz riidiand @ secand ilqlJldimterlaltﬁlM,t ures are forned by

R e
Do <) Nabov Srodeifly HRAELEY | & ﬁﬁje%‘{] rhdifert i€l ShBWARIWARIDBFC el of Bkampld, VO

2005/ 10146 ysi cal characterlstlc udlng ut not
limted to odamp'nses a ﬁoétalquhd/maetedal 508 and lai saconiXamid mateﬁanoﬁmﬁl bl e

nor phol ogi es of _t he presen disclosed ubj ect natter ar |1 lustrated in
Fi gut®es 5A-5C a "EhclP@'a’@U gt QB P entsy, thi MeihseOmBBRRRS ch

stuctures, GRS biuPsky 'of 'n‘ﬁ?msé\ﬂ\% liqUfi&s BBlween the patterned template and

substrate to form a multilayer structure, e.g., a multilayer nanostructure. In
some embodiments, the multilayer structure comprises a multilayer particle.
In some embodiments, the multilayer structure comprises a structure selected
20 from the group consisting of multi-phase sandwich structures, core-shell

particles, internal emulsions, microemulsions, and nanosized emulsions.

Vi, Fabrication of Complex Multi-dimensional Structures

In some embodiments, the currently disclosed subject matter provides

25 a process for fabricating complex, multi-dimensional structures. In some
embodiments, complex multi-dimensional structures can be formed by
performing the steps illustrated in Figures 2A-2E. In some embodiments, the

method comprises imprinting onto a patterned template that is alighed with a

second patterned template (instead of imprinting onto a smooth substrate) to

30 generate isolated multi-dimensional structures that are cured and released as
described herein. A schematic illustration of an embodiment of a process for

forming complex multi-dimensional structures and examples of such

structures are provided in Figures 8A-6C.
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5 emul sions, m croemnul sions and/ or nano-si zed enul sions. Referring now to
Figure 5A, a multi-phase sandwi ch structure 500 of the presently disclosed
subject matter is shown, which by way of exanple, conprises a first liquid
materi al UP2UNEI4&econd | quid material 504. ReferringPhBRSI8VR42% e 58, a
core-shell particle 506 of the presently 10 disclosed subject matter is
shown, whi ch by Refgrritig ﬁdﬁﬁ@'ﬁﬁgu@@@,@ﬁ@@a&éfﬁéd télhgldtd evBtiergravide@2 and a
second liquid nmaterial 504. Referring nowto Figure 5C, an internal enul sion
particl e 5C#sbpattamediamplaty $00i cunpeers 8 utiirality ahracassed araasd02wiicch by

maeri al - soupaait A BopTEeeRed Fiffact 808 Ahdbisienie A eBnd efEthed ' ¢
conprises (SnpRAsi 6962 WtoAt PatRimedMehtiiles ddeqléoﬁﬁpﬁ%%sw%e@g}rﬁ@ypauerned

tenpl ate and "substrate to forma nultilayer structure, e.g., tilayer
nanodsi r uct weeessed areasesthbodi anpiuralityt dfenonuteddsapdrsiafacest 8tk Asmghovses a

mul tilayer particle. . In sone enpodi hen the multjlayer structure

conpri ses éﬁgg'-{ﬁﬁt !é('r§€ﬂ)%i@r&?cg%”ﬁméltﬁ %ﬁ@ %‘Idoiﬁﬁmgﬁ eingd tsmnete§06 hase
sandw ch stg.4c - s nant | | enyl Fdi:"'ét' : i

m cr oemnul si%%s%“q{%? rlltg(rjl% .@Q%k‘l’é%'ﬁg?oﬁ’g.&fﬂ .rle a@hg@’ ti g)ﬁl ?)f J:om())r é')%‘u'd

Mul ti - di mennatenal 632rigcdispesed rbetarsenefiiso diatiened tehmplater 68dtdrnyl decaricbsed

subject matter provides 25 a process for fabricating conplex,
nul ti - di nergtienigd ampleteP@E. | n sone enbodi nents, conpl ex

il area: i o B bithoR FRi)oBler bR R EhER BoB s AR Y o
i mpri nti ng ptfetnad REfpRItacsns el &bt Palis igpphbloRe Gatlehhed te FBRAGB00

patterned tenplate (instead of inprinti ltl{g.l)onto a snmooth substrate) to 30
gener at e i s@uaingdheliquid matenal cormprisingudontat 61i2ha migrate to the plutlihedkased

d i bed h in. h IhG | t ' f nbodi .
For "form HECEBHA BIPaPLs SPHERG: ohaP IGeRLEMIPGe! ERmRRIRED RO Wi "
¢ t ; . : ' .
PCTI e2004/ Db SR CARET et BHicRSs Terd form Spdfe PR sl lanid pateral .
600 1% prowfldled. First patterned tenplate 600 conprises a plurality of

recessed areas 602 and a plurality of non-recessed surfaces 604. Al so
provided i s a ser@fRHMEANPW igefrigure’6C, the patterned, treated liquid material 614

of Figure 6B is released by any of the releasing methods described herein to

provide a plurality of multi-dimensional patierned structures 616.
In some embodiments, patterned structure 616 comprises a
20 nanoscale-patterned structure. In some embodiments, patterned structure
616 comprises a multi-dimensional structure. |n some embodiments, the
multi-dimensional structure comprises a nanoscale multi-dimensional
structure. In some embodiments, the multi-dimensional structure comprises a
plurality of structural features. In some embodiments, the structural features
25 comprise a plurality of heights.

In some embodiments, a microelectronic device comprising patterned
structure 616 is provided. Indeed, patterned structure 616 can be any
structure  imaginable, including “dual damscene” structures for
microelectronics. In some embodiments, the microglectronic device is

30 selected from the group consisting of integrated circuits, semiconductor
particles, quantum dots, and dual damascene structures. [n some
'embodiments, the microelectronic device exhibits certain physical properties
selected from the group consisting of etch resistance, low dielectric constant,
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tenpl ate 606. Second patterned tenplate 606 conprises a plurality of 5
recessed areas 608 and a plurality of non-recessed surfaces 610. As shown

in Fi guregmoﬂg@rl%ﬁtﬂ patterned tenplate 600 and second paﬁépﬁg@%gv&?%l ate 606

are align edet erm ned spaced rel ati onship. A dro iquid
material 612 is disposed between first patterned tenplate 600 and second

patterned thigipdrtiectid condtanRed@riductiog pewnticortduming, Gsulatid, eparedity,eaml at e
600 is contacted with patterned tenplate 606. A force F. is applied to
patterned ORPPYPEIN600 causing the liquid material conprising droplet 612

to mgrate to t | | 3 ce d 02; 0 IWWaTFY
mat eri al conpri Qﬁngbg‘ﬁ%pieﬁbogﬂeﬁg’ ?ﬁén p?égéé}?léﬁ %‘)ﬁe rggt %\ugb-f%@ocﬁgggégr to
form a pat tdigolesks ta endthad iofiuprparhgr iaalmulidintdrsioRel, ecomptexn @tvucturéi gur e

6C, the patterned, treat liquid material 614 of Figure 6B js rel eased by
any o the RIPEHG RgWnie ﬁ%ﬂ@regegé\ﬂ edn m*?"nemg‘f’dﬂf'%&sdea iIrst paliersd of

mul ti-di nensj tr . ' , terned
Chructur o SERRe R ShRRIGH | KEk BT 1o ToB LIS & nBRAl

enbodi ment f RRttetessst slirfdee Wreas F02 andnr pluesitp ofubtessidensaonareas
structure. In sonme enbodinents, the nulti-dinensional structure conprises a

nanoscal e M@4: i Cantiruing gaaticulary withurigure As @lso prvddedds assubsiiate 706.

I ti-di [ | st t ' . pl it f st t | .
" some. entbdonEneaooiibeh, SEPRFAR Tl s Posletbutt ol vketihy et 785" o7 °
heigfgs. | rAaﬂjmet%\f@ﬁﬂswa&i&matégiawmli@@‘igpaye@ SIe%UBSrs@MPY6.Si Ng pat t er ned

structure 616 i's provided. |Indeed, patterned structure 616 can be any
structure i magi Rdfeaing nolwth kigurdsialB dentk déh dirst patterned defmplate 700 is

' | ect ics. | ' , the m I ¢ devj i,s, 30
el eoted f OMANED LTRSS J0Bngh dhY Ger wlsr SRRIPCLTC BiSt Patteiat FORRIEHS or
particl es, dﬂh@?ﬂ'ﬁ? dﬂfmepéﬁhggwgﬁ?ﬁeﬁg??%% foﬂcgﬂsiﬁféierecesses

enbodi ments, the m croel ectronic certain ysical properties

sel ect ed frrgn, t Maediquith nestegaistomgrish gethehdiropsetsdficst JiquidvnthtefialcT10 ds
constant, -36 WO 20051101466 PCTI US20041042706 high dielectric constant,
condifct i ng,tresded duhadyst igatingserogessglv foriesm: {, traated first liquid material

within the plurality of recesses 704. in some embodiments, first treating
process T,¢ comprises a partial curing process causing the treated first liquid
material to adhere to subsirate 706. Referring particularly to Figure 7C, first
patterned template 700 is removed to provide a plurality of structural features
20 712 on substrate 706.
Referring now to-Figures 7D-7F, a second patterned template 714 is
provided. Second pattemed substrate 714 comprises a plurality of recesses
716, which are filled with a second liquid material 718. The filling of recesses
716 can be accomplished in a manner similar to that described in Figures 7A
25 and 7B with respect to recesses 704. Referring particularly to Figure 7E,
second patterned template 714 is contacted with structural features 712.
Second liquid material 718 is treated with a second treating process Tz such
that the second liquid material 718 adheres to the plurality of structural
feature 712, thereby forming a multidimensional structure 720. Referring
30 particularly to Figure 7F, second patterned template 714 and substrate 706
are removed, providing a plurality of free standing multidimensional structures

722. In some embodiments, the process schematically presented in Figures
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non-porosity. In some enbodi ments, the presently disclosed subject matter

di scl oses a nethod of preparing a nultidinensional, conplex structure. 5
Referring now to Figures 7A-7F, in sone enbodi nents, a first patterned
tenplate 700 is provided. First patterned tenplate 700 conprises a plurality
of non-recessed surface areas 702 and a plurallty of recessed surface areas

704. Conti rticul atI ure 7A, al,so _provi ed i, a substrate
706. In ngrﬁ%& br?erﬁagn tWHFIB%?@E"qSS a@o&?%‘ﬁdpc{;\ntf’h A, JRIGRR: | ng agent
708. 10 Anghegthwetures. a first |iqui d material 710 is disposed on substrate
706. Referring nowtbj_ll:gures 7B and Dg first patt rnedte lafe 700 is
contacted with SEEREINGNe 706 SONG oeMboElnents, | | @athad  farst 9FaNGer ned
tenplate miidimehsibhalstiuaRired Brevided, thd mebiddsdonpriidg! material 710 is
forced into rec?sses 704. The I| quid materi al @Eg“ sl ng the droplet of

firstSliquid maf@ri aProviding 3 mast@ivéaewwvathﬁp 3% 886EHREDIOIEss Tr1 to
forma treaﬂggﬂasfl rst liquid material wthin the plurality of recesses 704.
In some enbddi nents, first treating process Trt conprises a partial curing
process causi ng{blhe pioviings segand patgied temgladeli al to adhere to substrate

706. Referring rt| r t e 700 is
renmoved to prov e aa%b@ér EEy EP%I ‘ﬁuct mga#"ﬁ%eigt Hﬁ?g@@j%%tsubstrate
706. Ref er nemplatgw t o- Fi gures 7D-7F, a second patterned t enpl ate 714 is
provi ded. Second,pattern bstrat 4 co rises a rall recesses
716, 18hi ch are 2‘” | eEOHP &ﬂ’ % eﬁ%‘?ﬂﬁ‘%lf’ %’5?'@% “‘}@8 %"&iﬁe fing of
recesses % Marte acconplished in a manner simlar to that described in
Figures 7A 2 and 7B wi res ect to recesses 704. Referring particularly to
Figure 7E, sec&®d pH F?é}gn da‘t%'“gﬂlﬁt?fia'ctﬁnfpﬁﬂt%d"\m@'ﬂ‘ gietek ur al
features 7]9%U,_-;tu§econd liquid mat erial 718 is treated with a second treating
pu:,ocess T,2. such that the second liquid material 718 adheres to the
plurality of structural feature 712, thereby formng a nul tidimensional

struggure \ﬁp Bht il arti cul arly to Figure 7F, second patterned
tenplate 71 6 are renoved, providing a plurality of free
standing mul ti dlmhgmlw tot Figuresr 84-807 2a2methnd Sonformingpdipatiatmsontahe process

schemat | cal | ¥ PRSI FlroteEanodihert Idiaies iPBigk Bl & iighof™! 11 P! €

tines as d
lithography technique is used to form a pattern on a substrate.

Referring now to Figure 8A, a patterned template 810 is provided. In

20 some embodiments, patierned template 810 comprises a solvent resistant,

low surface energy polymeric material, derived from casting low viscosity

figuid materials onto a master template and then curing the low viscosity liquid

materials {0 generate a pafterned template as defined hereinabove.

Patterned template 810 further comprises a first patterned template surface

25 812 and a second template surface 814, The first patierned template surface

812 further comprises a plurality of recesses 816. The patterned template

derived from a solvent resistant, low surface energy polymeric material could

be mounted on another material to facilitate alignment of the patterned

template or to faciiitate continuous processing such as a conveyor beit. This

30 might be particularly useful in the fabrication of precisely piaced structures on

a surface, such as in the fabrication of a complex devices or a semiconductor,
electronic or photonic devices.




nanostructures. Accordingly, in sonme enbodi nents, a nmethod for form ng

mul tidi mensi onal structures is provided, the nethod conprising: 5 (a)
providing a particle prepared by the process described in the figures; (b)
provi ding a second patterned tenplate; (c) disposing a second |iquid
material in the second patterned tenplate; 10 (d) contacting the second

patterned tenpl L th_the ticle of  ste ..and.(e aring the
second liquid naa%éw d ?gg?(;&%r'%urﬁlﬁf’i%PWﬁ?%ﬁgb I8 H?ﬂé?%rg”%_?&atﬁ i

| mprint Lit begeombrisey a Babstrate 8orfacw82d) IniwwiesmBadibiants, subsirae 820r f or mi ng
a pattern o[% a suﬁs%atﬁ Is illustrated., In the enba?di,qgent dllustrated in
Figure 8, al¥ PRIBFEA: oM PR.GPLPHSPASEERS R RolymRr-Matefialopf, BorgaPieer n on a
substrate. Rehéid] agilken ratefibgw a%&n@tmt,t@gm ateplaftahdBdfdcs provi ded.
In 20 sone enbodi rrpnts,&@Eatterne tenpl ate 81

. congéi ses a sol vent
resi stant, PBRdsYAMAS Maieolyy I sPYResBCHmES!S. At Ioatt: pRe @f PAERMEEst i ng | ow
viscosity  ldripiath 8T 8hd QlssuaRs 826498 sEHadL By DyAdnaN 98 NN Lhe | ow
viscosity liquid materials to generate a pattefned tenplate as defined
her ei nabove someanizedieentseabieastcor@ld falietriedriesplgie 838 and subsisate B0t er ned

tenpl ate surface | ate surface 814. The first

patterned t ur ‘onprises a plurality of recesses
0"t SRS P ERet pheftl ol Bl 1 AT oy lurality of

816. The patt er npdstregpnbotimdats| us diustratedan FigwersA r patieshethtemplaty sur f ace

ener gy, poly he nmount ed on another, nateri

ric materi al | d ] ) | to
faci | %/Q ate gﬁpmwbsglpﬁi “@Mé‘éﬁ pesitined ipagpaged @abpas@lgépﬁapgtq;hfgom i nuous
brocessi NG syghs st panAKE Rerhplate sicd 832 fate ke aRAbiridenlsplandusef ul i n

the fabrication of ecisely placed structures on a surface, such as in the

fabri cati on sofjan &¥hyis exealeyikaweon fissts patierpedUemplate urtaser 81 @ndr phot oni ¢
Corees o BB 5 hcdaz DTAGIELTUAPRoLR AR B AR e
substrate 820  Referring now to Figure BB, a volume of liquid material 840 is disposed
15 in the gap 830 between first patterned template surface 812 and substrate
surface 822. In some embodiments, the volume of liquid material 840 is
disposed directed on a non-wetting agent (not shown), which is disposed on
first patterned template surface 812.
Referring now to Figure 8C, in some embodiments, first patterned
20 template 812 Is contacted with the volume of liquid material 840. A force F, is
applied to second template surface 814 thereby forcing the volume of liquid
_ material 840 into the piurality of recesses 816. In some embodiments, as
:_) lustrated in Figure 8C, a portion of the volume of liquid material 840 remains
between first patterned template surface 812 and substrate surface 820 after
25 force F, is applied.

Referring again to Figure 8C, in some embodiments, the volume of
liquid material 840 is treated by a treating process T, while force F, is being
applied to form a treated liquid material 842. In some embodiments, treating
process T, comprises a process selected from the group consisting of a

30 thermat process, a photochemical process, and a chemical process.

Referring now to Figure 8D, a force F, is applied to patterned template

810 to remove patterned template 810 from treated liquid material 842 to

reveal a pattern 850 on substrate 820 as shown in Figure 8E. In some
-38-




is selected fromthe group consisting of a polyner material, an inorganic
material, a silicon material, a quartz nmaterial, a glass material and

surface 5&4@ f‘ﬂ %68.“ ants thereof. In some enbodi ment s, é%’] ast one of
patterned ﬁ% #% 810 and substrate 820 has a surface %?,E(P 4% t han 18
mMVYm In sone enbodi nents, at |east one of patterned tenplate 810 and
substrat e éabodiments,sarrbaickiagnar tpeuhpivayer 1852 dabtretited liduids oradesalb®d? nent s,

as illustrated in Fig' rﬁ_ &A atterned tenplate 10 810 and substrate 820
are positi BHEYNEPRS 53 8 ati onship to each other such that first

atterned tenpl 2 r . 830 is
P np ﬁfcf‘f patteﬁ% H—iéﬂ‘rﬁétheldbﬁir 841 gﬁﬁ?fo substaie

created between firs tenpl ate sur strate surface
822. Thi s tsmarisesanpl e of a predeterm ned reI ati onshi p. Ref erring nowto

Fi gure 8B, a vol yne of teri,al di, sposed 5 in,the 830
betwbon 1) 1ot ol e r%’&"’tcﬂ%' AR eH; PR Ay By BaesuAS s Bhessin B
sone enbodi nents, %Bwﬁ%mb!ﬁéj ﬁ)rﬁaﬁ sposﬁ%%rhéd fg %gdsﬁlﬁé@é;t ed on

a non-wetting agent ( not s flrs pat terned
tenpl ate surface 812.hdRaéhgrrplacalipof tameEsguinaeeﬁIormdstheeem;rbodl ments, first

atterned 20 t late 812 Is c ntac th the .vol une uid materlal
240. A force F. &BE éﬁﬁp?%'ﬂgtfbv %ﬁ{%ﬁ\{ﬁ)ﬁkﬁtér@'dpfo&%‘ %ﬂ?qshgpgﬁ forcing
t he vol une of I|iqui d rrat efHe""ﬁa eﬂ% ieﬁ@ Qt:f%él é,r“y of recesses 816, in

sonme enbodi nents, as |IIustrat ure a portion of the volume of
i qdidd mat eri al 840 r{@irai nthe ;bletal&y&nf feoesseqba’rem ned tenplate surface 812

and substrate surfac 0 aft 25for e Fa |s applied. Referri ainto
Figure SC, in s rﬁﬁfé 3F‘etﬂ’l%ﬁ3789 nenplate ﬁﬁ&?ﬁe it ihe SB‘B% atg
treated by a treating,pjocess T, while force Fa is being applied to forma
treated liquid material 842. In sonme enbodi nents, treating process Tr

conprises a profss sedatirigthd Inqmn:ltnhﬂegaldopfonfnrﬁspa‘lltenng)mthasuB@trateermal

process, a phot chem cal progess nd a chem c cess. Referrin wto

Figure 8D, & fo esqme. eibgsfiregs.d G beirined bl SormeSES 4 SANGD

D20 "SRR USRS SRRy Bl erted ey aRl pyR e

PCT/ uS2004#8425186 liquid materials onto a master template and then curing the low
viscosity liquid materials to generate a patterned template. In some
embodiments, the patterned template comprises a solvent resistant
elastomeric material.

20 In some embodiments, at least one of the paiterned template and
substrate comprises a material selected from the group consisting of a
perfluoropolyether material, a fluoroolefin material, an acrylate material, a
silicone material, a styrenic material, a fluorinated thermoplastic elastomer
(TPE), a triazine fluoropolymer, a perfluorocyclobutyl material, a fluorinated

25 epoxy resin, and a fluorinated monomer or fluorinated oligomer that can be
polymerized or crosslinked by a metathesis polymerization reaction.

In some embodiments, the perfluoropolyether material comprises a
backbone structure selected from the group consisting of:

x-—{——ep—ca—o—);x X—(—CF;TF~OATCF2—OA}H—X

CF, CF,

x—(—-CFE—CF;,—OATCFE—o—);x X—{~CF-CFCF=04X

30 and
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enbodi nents, a residual, or "scum" l|layer 852 of treated liquid material 842
remai ns on substrate 820. More particularly, the nethod for formng a
pattern on a substrate conprises: 5 (a) providing patterned tenplate and a
substrate, wherein the patterned tenplate conprises a patterned tenplate
surface having a plurality of recessed areas formed therein; (b) disposing
a volunme of liquid material in or on at 'least one of: (1) the patterned
tenpl at e surWhgrein X8 present Py absentpang when pregent cospsises anendcapping

contacti ng té}gugatter ned tenplate surface with the substrate; and (d)
treating the"liquid material to forma pattern on the substrate. In sone
enmbodi ments, t he Ipaganeg wapodiments; thec BugrppleBn reatetaly isnseleatsd fen ghant , | ow

surface ener b Cqmaterial derived fromcasting low viscosity liquid
material s on%ug%négtg{g}&?ganpl ate and then curing the low viscosity liquid

materials to generate a pattern tenpl &te. I n\sone _epbodi nents, the
patterned tenpl ate corrpr_lé 7aCkDp &Eﬁmaggfa%%c%ﬁ&s roneric nmaterial. 20
In song enbodi ments, at |east one of the patt@ned C8Ml ate and substrate
conprises a nmaterial selected fromthe group consisting ‘'of a

perfl uoropol yethey material, a fyuorool € in materi al n_acryjate material,
a silicone natert&H; %(9‘?2’59& i eFay CFaCH 8Fi"’n$'f§ﬁ':ﬂﬁ’5r pl astic

el astomer (TPE), a tr&igzine fluoropolynmer, a perfl ubfoocyclesbutyl material,
a fluorinated 25 epoxy resin, and a fluorinated nononmer or fludrinated

ol i gorner that can be pol i g\ﬁ%r_rc_i% Ij_ﬁr%e by a netathesis

pol yneri zati on reaction. T%-r@%?rr@::é (5:dic?llf-e %E'«: henperfl uoropol yet her

material conprises a backbone structuSisel edifigd frgug the group consisting
of : X+ F-CF2 O+X X+CF2 TF-O+CF2 O+X CF3 \ CF3 30 X-- --CF2 CF2 0-}--CF2 O+X

and X+CFz CFZ CFZ O+-X A@CYHF—E:?‘PQ—&H&%E@?&*BF;%@%M and when present
CF, 7 CsSM

cOypri ses an endcappi ng
A

CF,

wherein C3M comprises a cure site monomer.

10 in some embodiments, the fluoroolefin material is made from
monomers which comprise tetrafluoroethylene, vinylidene fluoride,
hexafluoropropyiene,  2,2-bis(trifluoromethyl)-4 5-difluoro-1,3-dioxole, a
functionat fluoroolefin, functional acrylic monomer, and a functional
methacrylic monomer.

15 In some embodiments, the silicone material comprises a fluoroalky!

& functionatlized polydimethyisiloxane (PDMS) having the following structure:

CH,  CH,
R{-5i-0--§i-0—;R
CH,  Rf

wherein:
R is selacted from the group consisting of an acryiate, a methacrylate,
20 and a vinyl group; and
Rf comprises a fluoroalkyl chain.
in some embodiments, the styrenic material comprises a fluorinated

styrene monomer selected from the group consisting of.
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group. In sone enbodi nents, the fluoroolefin material is selected fromthe
group consisting of: -~~-CFZ CCFZ CH2 CU ~FCFZ CF J, CF3 CSM 4CHz CHt CFz
CF2-~CH - CHCRz C H2 CUi CFFZ CF+ CH CF3 CSM k- CFZ CFz\ c- CFz ?F?CFz CAF CSM
CF3 , andwqmﬂr%ml#ﬁéFz CFA- CFz CF~CFz CF~ CFi 7CF i CF3 BCp2044270her i n
CSM conprises a cure site nononer. 10 In sone enbodi nents, the fluoroolefin
material is nade from nononets which conprise &etrafl uoroethyl ene,
vi nyl i dene fluoride, hexafl uoropropyl ene,

lonal nethacrylic

2,2-bis(trifluaromethyl)-4-5-d -1, 3- di oxol g7

fluorool efin, functional acr @ pnoner, and a

nononmer. 15 In sone enbodi ek he silicone 3 | conprises a

fluoroal kyl functionalizdd potyydi nif hyi si | oxane “¢PDVS) havi ng the foll ow ng

structure: CH3 CH3 Rf ii-0~iil-0O-,R CH3 Rf whgrein: RIs selected from

the group consisting of an acr\}:l ate anget hacryl at®, , 20 and a vinyl group;

and Rf conprises f1 uor oal kﬁlﬂ a%r] I n sone enbodi nents the styrenic
galiy

materi al cWRBTAIR & CAMNIFESidh W8I nononer sel ect ed from the gr oup

consisting of: AL MO RMRUIRLARS RETAHSTAR4M M NComphises a fluorinated

acrylate or a fluorinated methacrylate having the following structure;
R
CH=C
¢=0
o
. A

wherein.

functi onal

0

R is selected from the group consisting of H, alkyl, substituted alkyl,
aryl, and substituted aryl; and
Rf comprises a flucroalky! chain,
10 In some embodiments, the triazine fluoropolymer comprises a
fluorinated monomer.
In some embodiments, the flucrinated monomer or fluorinated
oligomer that can be polymerized or crosslinked by a metathesis

polymerization reaction comprises a functionalized olefin. In some
15 embodiments, the functionalized olefin comprises a functionalized cyclic
olefin.

In some embodiments, at least one of the patterned tempiate and the
substrate has a surface energy lower than 18 mN/m. In some embodiments,
at least one of the patterned template and the substrate has a surface energy

20 lower than 15 mN/m.

In some embodiments, the substrate is selected from the group
consisting of a polymer material, an inorganic material, a silicon material, a
quartz material, a glass material, and surface treated variants thereof. In
some embodiments, the substrate is selected from one of an electronic
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FFFand RfE wherein Rf conprises a fluoroal kyl chain. In sone enbodi nents,
the acrylate material conprises a fluorinated acrylate or a fluorinated
met hacryl the followi ng structure: R CHFC C=

wher ei n: &&)ﬁ?é)&?ﬁﬂil@ﬁ%t ed fromthe group consisting of H, a'TOW%méﬂ%gﬁfﬁt ut ed

al kyl, aryl, and substituted aryl; and Rf conprises a fluoroal kyl chain. 10
I n sone endedrednttbe prosessiafzbeiogfinaoui@sturedeand capptictesicadeficadnithat ed
nononer. In_sone epbodinents, .the fluofpinated monomer or, fluorin tec{

ol i gorer t RIRCEESnOh oDy MAHIREUETO. o b STATR AMBOAMRtSe ] SUBSITate

pol yneri zagb@priseaatpatterigdmaréses a functionalized olefin. In some 15

enbodi nents, the functionalized olefin conprises a functionalized cyclic
olefin. In sonelrespow eenbediments,cthet pindlityfoft tecemsaac: aneas tcamprigas and t he

b te h f I th 1 o . enbodi ts, t
Fubeh ot Witkahy B EhRRncA it SBbakB s R b bR b o
20 lover thamalkp BV dfuctira oaLGBBOdI IAERbRe tdIRbSLIARERE, Cthe Sataly asf from
the group "consisting of a polyner material, an inorganic material’, a

si | i con mastuttaral featugeshes sndinesnsion ranging frormabeuit a0 mierens do faboet dr eat ed
vari ants thereof

S R ter 150 oS TRS TR eSS4 Hi s o STl Bl ebufg™ "
process of hagia WinBHRFANGIRY fraRdl aBolh PO AiFordasi &80l 1tMRtron in size. In

10 some embodiments, the plurality of structural features has a dimension
ranging from about 1 micron to about 100 nm in size. In some embodiments,
the plurality of structural features has a dimension ra nging from about 100 nm
to about 1 nm in size.

In some embaodiments, the liquid material is selected from the group

15 consisting of a polymer, a solution, a monomer, a plurality of monomers, a
polymerization initiator, a polymerization catalyst, &an inorganic precursor, a
metal precursor, a pharmaceutical agent, a tag, a magnetic material, a
paramagnetic material, & superparamagnetic material, a ligand, a cell
penetrating peptide, a porogen, a surfactant, a plurality of immiscible liquids,

20 a solvent, and a charged species. In some embodiments, the pharmaceutical
agent is selected from the group consisting of a drug, a peptide, RNAI, and
DNA. in some embodiments, the tag is selected fromm the group consisting of
a fluorescence tag, a radiolabeled tag, and a contrast agent. In some
embodiments, the ligand comprises a cell targeting p eptide.

25 Represesentative superparamagnetic or paramagnetic materials
include but are not limited to Fe;03, Fesz04, FePt, Co, MnFez04, CoFes0y,
CuFex04, NiFex04 and ZnS doped with Mn for mag neto-optical applications,
CdSe for optical applications, and borates for boron neutron capture
treatment.

30 In some embodiments, the liguid material is selected from one of a
resist polymer and a low-k dielectric. In some embodiments, the liquid

material comprises a non-wetting agent.
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process of being manufactured. In sone enbodi nents, the substrate conprises
a patterned area. In sone enbodi nents, the plurality of recessed areas
conprises a 5 plurality of cavities. In sone enbodinents, the plurality of
cavities conprise a plurality of structural features. In some enbodi nents,
the plurality of structural features has a dinension ranging from about 10

m t¢rons to about nano ts the plurality of
struct ural featwj'%§ R rﬁocﬁnﬁgﬁsﬁ@n&§%§mgn ?3% %dFHBé? !?Rés to about
1 nicron in ragd@lated by 1P spamirgbadios®ntia, sdhe anhwcmhemss Qe Sphrasiing

features has_a dinmensipon ranging fromabout 1 mcron to about 100 nm I n

si ze. In sorffORSRFFAMRIYEE. the plurality of structural features has a

di mensi on rangi nqaf r odlispBSIHY éqﬂsmvbluh@ aba bldlnfdtéﬂal Nor$ 1{A€ - patien$eyTe
enbodi pent s, thellqwd terlﬁgr eecte fromthe 15 conS|st|ng

of a pdlyner, a sol ut {IApia adeblqijrltﬂulq V‘%W'%ﬁg’@ﬁﬁgsﬂ

pol ymeri zation initi aighplaf; gg@ymerl zation catal yst, an inorganic precursor,
a netal precursor, a phar maceutical agent, a tag, a magnetic material, a
par amagneti c mat b} al drwlenpeﬂrpalemga@ps%thedamenQil"qu'd malgealdo: a cel |

penet fating peptide. ) nor ABe &sSURRIGHS of ol Wiablidl haThse ! bl e

| i quids, 20 a sol vent, and char ge
phar maceutical agent is seﬂemicémmteﬁahmnﬂm;gmemcbhmlam;a@ of a drug, a

pepti dge, RNA[, and eI e romthe
groupqgonsi sting of Dzﬁfl u@?g‘gc%wgrnb‘fogﬂﬁs otfs"gﬂ 0{"5’&%%!3 aj‘{? %J cont r ast
agent. In sone enbodi ment smgiate. | i gand conprises a cel I targetl ng p eptide.
25 Represesentative superparanmagnetic or n eti.c materials .include but
are not |im Ne$PPB qﬂibfgﬁ“g&ésg% canlasting of tﬁm%ﬂ" F%‘Q’%& '&IE@ZM
Ni_Fe204 and gibandePaitninkied ebBeritilly BRENALAHDHREEE dblupiRRbiTjaid rAderial. CdSe for
optical applications, and borates for boron neutron capture treatnent. 30

I-n sone enbodi merifsSome embpgimentsthe tiealing of tha liquid anatetah @RPrIsES A r esi st
ot Sea o PORETe T edegChi® he, HrpGF CoRBRAAR TB <. kel sfees &0 of the
vol une of | i phdtdchesricalipiocdss, and a chemicatl process.
In some embodiments, the method oompnseé a batch process. In
some embodiments, the batch process is selected from one of a semi-batch
process and a continuous batch process.
20 In some embodimenis, the presently disclosed subject matter

describes a patterned substrate formed by the presently disclosed methods.

f”‘:} VIH.  imprint Lithography Free of a Residual “Sgum Laver”
e A characteristic of imprint lithography that has restrained its full

25 potential is the formation of a “scum layer” once the liquid material, e.g., a
resin, is patterned. The “scum layer comprises residual liquid material that
remains between the stamp and the substrate. In some embodiments, the
presently disclosed subject matter provides a process for generating patterns
essentially free of a scum layer.

30 Referring now to Figures 9A-9E, in some embodiments, a method for
forming a pattern on a substrate fs provided, wherein the pattern is essentialty
free of a scum layer. Referring now to Figure DA, a patterned template 910 is
provided. Patterned template 910 further comprises a first patterned template
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regul ated by a spreading process. In sonme enbodi nents, the spreading
process conprises: (a) disposing a first volunme of liquid naterial on the
patterned 5 tenplate to forma layer of liquid material on the patterned
tenpl ate; and (b) drawing an inplenent across the layer of liquid materi al
to: (i) renove a second vol une of quuid naterial fromthe Iayer of liquid

material ont edte Iat and._10 Iev t hi | ume of
liquid mat eFFQ&%ﬁ*# e ﬁastetcg g“‘rﬁﬂ’?ﬁg ﬂ?n@ gﬂ% fﬁrgq tén
contacting @ﬁrfﬁdﬂee 992 sunhmbﬁtpﬁswré asl@ratiiyt bftnb@essmbmsat elnelsbmenat es
essentially all of the dis I_gosed vol une (ﬁwﬁlégu' d materia In

enbodi ment s eMAAIPeRtS: Anpowelting Agent; 3P pased: Ophes st ?Pattfg‘eﬁr ocess

sel ected frgsmbRags gifdde g@nsi sting of a thermal process, a photochen cal
process, and a chem cal process. In sone enbodi nents, the nethod conprises a
bat ch Brocess. | Refesing agaioolei Mightes9A: asubsirate 920ds revided.s Substret® from one

of a sem-b u C

enbodi nment s %sz H;gnﬁj; feggg %ﬁt@gﬁ?@cﬁﬁﬁg% gg% bf%%q%%rﬁ[r{%ga rﬁ%@icﬁ’z 88@"@’ egiﬁ]g:t terned

substrate f gﬁdgwgstdi@q&ee@arﬁ;bwatesmﬂa&emOmt hods. VII1. | rrpri nt

Li t hography Free of a Resjidual " characteristic | npri nt

it hogr aghg t hat | rhﬁ@"‘?e@?‘i’%qu'iﬁ‘@ﬂtsr f’§qﬂ"l§ﬁ% 2'5%3@@@&‘ aﬂ’a“%"?%&em@?{gt ion of a
"scum | ayer "g19nGRy sluatdgpe! a?@bﬁémaked R #spackd feﬁ‘a%ioasmb%@atchedtn&d The

"scum | ayer’ corrprl ses resid Id materi al remai ns between the

stanmpl@nd t Heeick mtfirssttp@ttemedémla&rﬁmW&ﬂ%acawbsp'a@swﬁaoy P2andosed
subj ect matt e e 1y free
o a scum | &y deP S HErerfBl 6aRep et BRAEALY Ngfhfleb el ace T AT VT2
met hod for dubswategudfapa®R2rn on a substrate | s provided, wherein the

ttern i IS, R to Fi 9A,
o or ned "t ol aRETRTa oW 3 A A Sl SmpldFis ALl materid 088tk sprsadl © °%

conprises a ﬁ'tﬁébaB%é(ﬁb@%eﬁW ?5®me&4erﬁﬂléfea§ﬁ%f&k29¥i'%nﬁ siﬂ)%ﬁ“ﬁfé tenpl ate
surface 914. The first patterned
15 surface 922. In some embodiments the volume of liquid material 940 is
disposed directly on first patterned template surface 912. In some
smbodiments, the volume of liquid material 940 is disposed directly on non-
wetting agent 960, which is disposed on first patterned template surface 912.
In some embodiments, the volume of fiquid material 940 Is disposed directly
20 on substrate surface 920. In some embodiments, the volume of liquid
material 940 is disposed directly on non-wetting agent 960, which is disposed
on substrate surface 920.
J) Referring now to Figure 9C, in some embodiments, first patterned
template surface 912 is contacted with the volume of fiquid material 940, A
25 force F, is applied to second template surface 914 thereby forcing the volume
of liquid material 940 into the plurality of recesses 916. In contrast with the
embodiment illustrated in Figure 8, a portion of the volume of liquid material
940 is forced out of gap 930 by force F, when force F, is applied.
Referring again to Figure 9C, in some embodiments, the volume of
30 liquid material 940 is treated by a treating process T, while force F, is being

applied to form a treated liquid material 942,
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surface 912 further conprises a plurality of recesses 916. In sone

enbodi nents, a non-wetting agent 960 is di sposed on the first patterned
tenpl ate surface 912. 5 Referring again to Figure 9A, a substrate 920 Is
provi ded. Substrate 920 conprises a substrate surface 922. In sone

enbodi nents, a non-wetting agent 960 is disposed on substrate surface 920.

I n sone enbodine in: Fi te 910
and substrate 92 gerrgﬁigé\lm t?oﬁéﬁé%ﬁf@ cfgge'dgragﬁla?qog%éﬁ%ﬁg%E%ﬁ@h%ot her
such t hat fignﬁttopmmwmpdttmae@ItMplmmﬂaCﬁorﬁkﬁeéteneaui‘mMErwl@&utnf ace 922
and a gap 93 eat ed t ween f rst tter ed ten,p_l ate rfac 912 and
substrate su‘?’ erkerd, P rﬁj’bﬁ oW inFgH1&, % of' HiSUi d
materi al 94%&%@@@@5&@@92@% éﬁs@n@ag fke%tw&stdu&ﬁtormﬁv Rydr benpl at e
surface 912 and substrate 15 surface 9 I'n some enbodi ments, the vol une

of |iduid nﬁ@étﬂcbﬂlqmm&tﬁlaﬂ%osed directly on f| rst pat t er ned terrpl ate
surface 912 1n SOTmEWAUARBNS, A \GaChHEToi0lhel IGHbRITHFRES o0 |

di sposed dlrectly on non- |spose onFirst
pat t er ned tesnpi;tmte comprises agurﬂztionalmeﬁmmﬁaeerbmmmrssorhb@mb:dammtaf l'i quid

mat eri al 94 d,dir bst.r at urface 920. |In sone
enbodi nent s, ?hfé' 9@‘?@2 %fsqrﬁ% é’e"f?é‘?eirsl §1 g "I%Eadwgﬁoéeﬂo'a""fe&}gl y on
non-wet ti ng mgenil. 96th mshemaodm@edwe QTdrsWEKtihg 2 breateridl f a6RpASH:.
Referring now to Fi n some enpodi ments, first atterned tenpl ate

surfat@ 912 f‘F%Gt'E’Bﬁll[ &SPBH “thqlf'q fcthgdiauidematerial. o in somgcambodiments, the 25 for ce
F. is appli %nWetﬁﬁ@Weﬁéf'@éélétﬁeé%ﬁ%@ Tg?érwépcéts}%r éﬁﬁ Jf%rtﬁbmgrd-é]@nam ure of

liquid material 9407into the plurality esses I'n contrast with the
enmbodi ment |a |tmajls¢>@ft slpne, acﬂg@nleroasﬂ@ep@ﬂmpﬂﬁngf n@mwettmguﬁéd ofeactivgui d

I Eﬁ&ﬂ] i ed.
%tglr?ng agal n top | é%a%lk%@ggﬁn%%e%mhﬂ%@ﬁt Son-W%th\g()? BEFW 30anqL$d
528

eri al 94Gumcsinmabgroeustgndanmttmthegeqﬁr ocess Tr while force F. is being

appli toform reat i o0 Figure
9D, a orce Fr EaSBp g@bbégﬂ%’aﬁ' ern 8%'? 93%«@1 act %gﬁ'gée{'ﬂr{ee%gaﬁgé % er ned
tenpl at e 91(hlémemstls Graeexﬂlmuiqma:lemai.t ém sa’ne Mﬂ)ddiments the point of contact

between the two surface elements comprises residual liquid material. In

some embodiments, the height of the residuat liquid material is less than 30%
of the height of the structure. In some embodiments, the height of the
20 residual liquid materia! is less than 20% of the height of the structure. in
some embodiments, the height of the residual liquid material is less than 10%
of the height of the structure. in some embodiments, the héight of the
{ ) residual liquid material is less than 5% of the height of the structure. In some
embodiments, the volume of liquid material is less than the volume of the
25 patterned template. In some embodiments, substantially all of the volume of
liquid material is confined to the pattemed template of at least one of the
surface elements. In some embodiments, having the point of contact between
the two surface slements free of liquid material retards slippage between the
two surface elements,
30
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reveal a pattern 950 on substrate 920 as shown in Figure 9E. In this

enbodi nent, substrate 920 Is essentially free of a residual, or "scum"™

| ayer of 5 treated liquid material 942. In sone enbodi nents, at |east one
of the tenplate surface and substrate conprises a functionalized surface
el enent,. In sonme enbodinents, “the functlonallzed surface elenent is
fuhctionallﬁga : In sone enbodi nents, the
non-wet ti ng t groups that bind to the liquid

material . In sompy cgbag @ﬁﬁcﬁuméﬁ@ menﬁ@ﬁ,ehtmgdr&lo%bualsubfecﬁeh@aéﬁd from
the group consisting of a trichtoro silane rial koxy silane, a trichloro

si | ane corrprde§P’F|'§fSn8@%‘1‘1&5@‘3&%"\‘%&'&‘!‘3}‘@)@ (S&WM) dnaihogr ter fermiag ta i al koxy

si |l ane corrpr AeNPoR Akunsisteng and reactive functional groups, and m xtures
t her eof . qn sone enggdl ments, the point of contact between the two

surfacgé eI enent Reiferrihgewvoto Flglpme dOAnagratiemed terspiate 0t pmvtdsd t he paint
of contact ween, th ur face elepents.c L ses residual Jiquid
material . | r{p %5?%&]@%@8% 1[% ﬁmﬁﬁ'éc%#ﬁ{g q)frs?ng{t?@gﬁéamplqug aHTf%CBmat erial
is | ess tham@®@ndfa tsbeorhflt@hplam‘ slfgces 101t UTIs first piteinedhgdpRNt s, the
hei ght of the 20 re5|dual urd material is |ess than 20% of the hei ght of

the struct urgrfacg 1 ggﬁ‘é’t@ﬁﬁ@ Priges 3 plurality pkiegessesi108e resi dual 11 qui d
material is | ess t Y I

enmbodi nents, the F%J?@ﬁ‘wé%(%rﬂ%ﬁ rggﬁdﬁglsuﬁgrétgg matigﬂ— &d %%ggﬁan 5% of
t he hdDght ofﬂﬁhe:oswnses Lmesuushateormﬁamrbmzﬁenlrs son’rae emtbadfmemb la qui d
material is less than . th u of the 25 t.erne In some
enbodi nent s, p‘gﬂﬂﬁ’?%rﬁ'ﬂq@ﬁ"’lﬁ ‘Y@ol PEQ'SPWQ/BT' l?HBa‘IB te sy d ?eﬁor‘?es confi ned
to the patteérﬁﬁ@ﬁiﬁﬁﬁ@ %I?méf'rc%ﬁatbﬁﬁ%b?@&@nﬂﬁséd“@res‘iétrﬂoﬁfrﬁera ements. |In sone

enbodl nments, havin poi nt of contact between he two surface el enents

e of I|i qU| d nﬁ&%ﬁ”@g Juain Fy Eigyre E)%g@t@éﬂﬁ!ﬂe@mﬂiﬁé 1012l pybsdietee] enent s,
3 -46 IX osFe dﬁﬁ&géﬁ&f ;?ac@ﬁ |a'ﬂgn% %'@30?1 No®BMBuENRRY fEpt s, the

presently d|s cribes a sol vent-assi sted
m cr o-16vl di nppitetred Mmplatehedrfam 1%2 faces substrate eprfacen 1822 dret pagap

1030 is created between first patterned template surface 1012 and substrate

surface 1022. As shown in Figure 10A, a solvent S is disposed within gap
1030, such that solvent 8§ contacts polymeric material 1070 forming a swollen
polymeric material 1072.
20 Referring now to Figures 10B and 10C, first patterned template surface
1012 is contacted with swollen polymeric material 1072, A force F, is applied
. to second template surface 1014 thereby forcing a portion of swollen
_) polymeric material 1072 into the plurality of recesses 1016 and leaving a
portion of swollen polymeric material 1072 between first patterned template
25 surface 1012 and substrate surface 1020. The swollen polymeric material
1072 is then treated by a treating process T, while under pressure.
Referring now to Figure 10D, a force F, is applied {o patterned template
1010 to remave paiterned template 1010 from treated swollen polymeric
material 1072 to reveal a polymeric pattern 1074 on substrate 1020 as shown
30 in Figure 10E.
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5 Referring nowto Figure 10A, a patterned tenplate 1010 is provided.
Patterned tenplate 1010 further conprises a first patterned tenplate surface
1012 and ) enpl ate surface 1014. The first patt l.at e
surface 16’?22%%@#}& conprises a plurafty of recesses 1%@%&@?%9 again
to Figure 10A, a substrate 1020 Is provided. Substrate 10 1020 conprises a
substrate urfa g the Rattern dictgnet fsomethe edcleraplaté ahdio®70 |'s
di sposed on sub '!ai!e!surface 1022. In sone enbodinments, polyneric materi al
1070 conpri ses ' polymer. Referring again to Figure 10A, patterned
tenplate 1010 ang souhsbhclimeAed tidg ﬁaﬂ@ﬁieﬁ'é?lﬂﬁﬁuﬂé“(ué?.%%férﬁ%ﬁﬁibu@UShl pto
each other such that first 15 patterned tenplate surface 1012 faces
substrat e surfanestngi@eind wroeyed o iat leastabnd dktheepatieimead tpmpiate ned

tenplate surface, 101 nd substrat surface 1Q22. As sho in Fiqure 10A, a
solvént s Hocipaibalier {Tinpan Badrtosiifnen Ly o Shvdnr & arpadhes.
pol yneric @l btf ffieng i p | SRR ¢ i 4he0
Ref erri ng @vl/@@@ﬁbggr%st 10&‘3 gngﬁlawliﬁﬁg? gg%ftagéf négg tem?ﬁtg%ftgge 1012

i s cont act qaitteirméd stoatluee tpal surtadecthabhas aalaffiGifiofor Ahe patterred stsuetprg;ied to
second tenp] ate surface 1014

ator al - 1BPIOTHDE WcsyTere claest Crugkiagng sefemed ustitg sich iR on of
swol | en_polgesitariBiCiniuAD T rRRYEE Trdt e BATAGS MASBREPAIng Jpgur f ace

1012 and substrate surface 10 e swollen polyneric materi 072 Is
t heri( r eat etirfageacioreenti ngniaining stheTpattbined strdettrerwitls La dirstReblent ig now to

Fi 1006, f F. i liedt tter t t 1010 to, r.
patt or ned (KR BoTPAPPRArA<EuE AnEBBRSILRG JoF SHEREE IReal CaRtaInS i o

reveal a ' t Lo h 360, i haur e
10E - a7 WSSO0, SBTL S et e anCattitty B 1he
Struct ure fpatiarnéc stPactueened Tenpl ate andl or Substrate In some enbodi nents,
the patterned structure .0., & patterned m cro- or,nanostructure) .i.s
removed from at |Fe§2‘i‘eoﬁé‘%6‘%'mﬁﬁtsp3{‘?ﬁrﬁteaowéﬁi)lwnﬁsaﬁ'd?%}m{'@ Bstrate.
Thi spgean beAGGP WRINIGEE in Rbnfe BHBRAMBhts2 B ARG SSvent comprises water. In

some embodiments, ‘the first solvent comprises an aqueous solution

comprising water and a detergent. In embodiments, the deforming the
surface element is performed by applying a mechanical force to the surface
element. In some embodiments, the method of removing the patterned

20 structure further comprises a sonication method.

Xl.  Method of Fabricating Molecules and for Delivering a Therapeutic
Agent o a Target

In some embodiments, the presently disclosed subject matter
25 describes methods and processes, and products by processes, for fabricating
“molecules,” for use in drug discovery and drug therapies. In some
embodiments, the method or process for fabricating a molecule comprises a
combinatorial method or process. In some embodiments, the method for
fabricating molecules comprises a non-wetting imprint lithography method.
30
XLA _Method of Fabricating Molecules

in some embodiments, the non-wetting imprint lithography method
further comprises a surface derived from or comprising a solvent resistant,
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including but not limted to applying the surface el enent containing the
patterned structure to a surface that has an affinity for the patterned
structure; eformi ng the surface el ement containing th

d e tterned structure
such t hat W& WAerned structure is rel eased from t he Ps‘ﬁ'??é?@%ﬂ(@g@ﬁent ;

swelling the 10 surface el enent containing the patterned structure with a

first sol veow dipfaceXdriatgg pdNmBaE hedteas @éﬁwmm;ca@,ﬂﬁgwwimSit?ﬂqgiur face
el enent containing the patterned structure with a second sol vent that has

an af fini t ynaerialhontpaa treasies tempulateuand thenseuring e dowekissosityhqeidr st

cnbodi ment SNotRETs 1 o6 EerRle o naisthPe Emuidtey " Inh SR e eRuaR My e ¢ ne
first sol veyiffeenmpeSes solHR USsisntbizRfomentRidtstiag water and a
detergent. In enbodinments, the deformng the surface elenent is perforned

by afpl yi ng a ndohsemeaembediaents, the nomrwaling imind dithograpby methasoisi nent s,

Soni cat1 on "nsch 58 SenPatey eelr Seiduress, T by cfuptiilier € wdfBa’ g
Ther apeut i GtnAgges ESmpridar Belatbd MRIB-seiBRFESENINS sohfte amiteshifidnts, dinec! osed
subject matter 25 describes nethods and processes, and products by

processes, isoatahsirictaresgomprisedsolates] nanwstrustares: Uy semeiarobodimerdsid dr ug
therapies. | n so emhodi.ment s, the methpd or ess f.or. fabricating a

ol ecol o ¢ dffr TElBted” AHTER Garapisen: hodesPopiAS s ratifiabne 12 Bbieven s,
t he et hod diapodihfdtits C e NGoRR® WihREures "E5mpRSe & RArdSHilic MHateial.l Nh

l'i thography nethod. 30 XI.A Method of Fabricating Mlecules In sone

embodi ment ssonéenlaodimends,ridei isplated structuoes apmprigetehbydrophobltematesiabr i ses a

PCT! US2004 10 5Rb SNSRI Yo cHaRBst oI gEs STl P Al AR o
casting | owoms eaddinldnts!ite iSRERI ﬁhﬁ:t@féis%ﬂh@’ﬁééﬁ?ri‘sé”@é@b‘?’ and then
curing the low viscosity liquid materials to generate a patterned tenpl ate.
I n some enbodi neht spMmehembadimerds.c tmprmarewettingoinprint digwigraphy reetiodoneri c
et %i al- further comprises adding molecular modules, fragments, or domains to the
solution to be molded. In some embodiments, the molecular modules,
fragments, or domains impart functionality to the isolated structures. In some
embodiments, the functionality imparted to the isolated structure comprises a
therapeutic functionality.

20 In some embodiments, a therapeutic agent, such as a drug, is
incorporated into the isolated structure. In some embodiments, the
physiologically active drug is tethered to a linker to facilitate its incorporation
into the isolated structure. In some embodiments, the domain of an enzyme
or a catalyst is added to the isolated structure. In some embodiments, a

25 ligand or an oligopeptide is added to the isolated sfructure. In some
embodiments, the oligopeptide is functional. In some embodiments, the
functional oligopeptide comprises a cell targeting peptide. In some
embodiments, the functional oligopeptide comprises a cell penetrating
peptide. In some embodiments an antibody or functional fragment thereof is

30 added to the isolated structure.

In some embodiments, a binder is added to the isolated structure. In
some embodiments, the isolated structure comprising the binder is used to

fabricate identical structures. In some embodiments, the isolated structure
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5 In some enbodi nents, the non-wetting inprint |ithography nethod is wused
to generate isolated structures. In sone enbodi nents, the isol ated
structures conprise isolated mcro-structures. In sonme enbodi nents, the

i sol at ed WOWEYUHES conprise i sol ated nano-structures. |RCEBSROMMEAS nent s,

the isolated structures conprise a biodegradable material. In sonme 10

embodi ment é@mﬁ?ﬁ‘siﬂ?ﬂieﬁbﬁﬂeﬂé USEH 6 FaSiReEe strBicfyr8y &f aPitrying sthicdidealin I n
sonme enbodi nents, the isolated structures conprise a hydrophobic material .

In sone enbonienemhodimeats, dbeatngtdesufta vetying siruckise @rparseddol euplaape. I n
sonme enbodj nen the isolated struyctures .further, conprise "carqgq.", In sone
anbod; ment L1E HIEAG P FLIaEL Pridt  HCTPEHUG ABHY IFEetiae SmBoREAGiSy the
conprises ghsha89 Jolgsu d LS g i in t SPpleut i on
to be nol de@il?%lén somne e#ﬁ%@e%@@%%&aﬁﬁ%cuﬁar l?rlggt‘ﬁye[s,%gbﬁtr aQﬁeﬁts, or
domaibns i npabodiments,dhalmethadofurtiver iconipaised asmethsdiforsirug wisconery.

enbodi nents, the functionality inparted to the isolated structure conprises
a therapeutic functionality. 20 In sone enbodi nents, a therapeutic agent,

such as a drug, yiB, imegd@,?ﬁbag%é@@aW@r&%h@t%rﬁttﬁ;ma@t In some

enbodi nents, th ySi acrl ug | 0 a linker to
facilitate its ilnconmeembadiments,ca tathod of detidering adherapeltic agemd to a

enbodi nents, the donmain of an epz or, a catalyst is added to the isolated
structure. e i ERGRRSA, duf restiobeomprsia’ drouling ppapR RHESS #ed +o
the qigsol at ngéﬁiﬁé'&tHén"ein;' ARG THE MBI i %@%nf!wmpﬁv@' ftidié; and
functional. Tn sone enbodinents,” the unct1 onal® ol i gopepti de conprises a
cel | targedelgegrepthalparticte somprisevgbtha therdpeuticlageint te thetagebl | gopept i de
conprises a cell penetrating, peptide. In sonme enbodi nents an anti body or
functi onal fragr*@rﬁomﬁe‘?w%i@g"%@ tg@o@&@ﬂ?‘&'ﬁeag%@ GRRWrses A WS. I sone

enbodi nent | i o d .S e ; ot
enbodi nment §?nﬁ?rﬁ§§§]?{%é§’s?ﬁé¥'§? ?g%p%ﬁtn(g)rﬁhgé% lrtlif eretllhgnﬁgég 't o]n
fabricate sdee i emboglimentsyr §se Henstiorematdriali i rgedectede fresnl #tedgmiupuct ur e

{abrifcat o SPRRISHBEY SROB WAl GPRE VEEIECO DA KA RN BOMAhBAREE-  he
structures of a \valyhA%RhbYRhUAER, W6 phde s XPiRifeter of less than 100
microns. in some embodiments, the particle has a diameter of less than 10
microns. In some embodiments, the particle has a diameter of less than 1
micron. In some embodiments, the particle has a diameter of less than 100
20 nm. In some embodiments, the particle has a diameter of less than 10 nm.
In some embodiments, the particle comprises a biodegradable
polymer. In some embodiments, the biodegradable polymer is selected from
the group consisting of a polyester, a polyanhydride, a polyamide, a
phosphorous-based polymer, a poly(cyanoacrylate), a polyurethane, a
25 polyorthoester, a polydihydropyran, and a polyacetal. In some embodiments,
the polyester is selected from the group consisting of polylactic acid,
polyglycolic acid, poly(hydroxybutyrate}, poly(e-caprolactone), poly(ﬁ~malic
acid), and poly(dioxanones). In some embodiments, the polyanhydride is
selected from the group consisting of poly(sebacic acid), poly(adipic acid),
30 and poly(terpthalic acid). In some embodiments, the polyamide is selected
from the group consisting of poly(imino carbonates) and polyaminocacids. In
some embodiments, the phosphorous-based polymer is selected from the

group  consisting of  polyphosphates,  polyphosphonates, and
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the efficacy of a nolecule as a therapeutic agent. In sonme enbodi nents, the
shape of the isolated structure mmcs a biological agent. In sone 5

enbodi ments, the nmethod further conprises a nmethod for drug discovery. Xl B.
Vet hod of WINYIMASRy a Therapeutic Agent to a Target |n BOHESHREBMents, a
met hod of delivering a therapeutic agent to a target is disclosed, the

met hod corrﬁbly@hngphazmésli ngh aopas ternbedipmerdsc titk gspiyrher de siespbasiveepei n;
adm xi ng the therapeutic agent with the particle; and delivering the
particle c8&HpHiisSHght As Rleragiationc iqe mirangth.nternaewmiure, |and @ernating

enbodi nment td gent conprises a drug. In some enbodi nents,
t he therapznu%q%%gtgzﬁ%la{g@%pfwg%s genetic material. In sone enbodi nents, the

genetic mat eri aRespopskscioesudh stimuliecagr eiudeb swelimigsandrigr dieatingpwhichr al
gene vector, DNA, RNA RNA!', and a viral particle. I'n sone enbodi nents, the
partidl e h&sniaciitaiprelease afdiscarpanondegragativdns. I n sone enbodi nents, the

particle has a ¢ia n ) . i , the
particle has a mag’r@i@é %?nl#cgosﬁ@]e{']ﬁ%n tﬁg r#%%)@tﬂ?l ﬁﬂsggéggg%%eﬁé&&t he
particl e hassérisdsarmplaghetd t@aidingnpdaicled0 fom agplication® wpnitgperhsimia t he
particle has a dianeter of |ess than 10 nm In sone enbodi nents, the

particle cffap¥esanasrodagr aeng dhefanyyngiug 1delvems and@iatice nesonanse

bi odegr ada I ' ; ; C LSt . yester,
2 pol yannyread b¥itad BeRee LRl AbS MsiBy ok, ohe Hindores.

pol yiicyanoacr yl g¥itious tethyubebha@nt @20l partitliaestnebry,athe magneto
pol ydi hydropyran, and a polyacetal. In sonme enbodi nents, the polyester is

sel ect ed f containieg gpadicevnigt i dgnagnelis yananasticlei drodyee vgatcbyi tbeaci d,

| y( hyd but yr at | y(.E- | - mal id d
Dol ot o R e R R GRS ) e L Rt it BBl ¢ o
P AT gt ! s art .
bol y (1 or pt 41T 4BCDE.6", 18 cortiehed Hedlin b B RiskoBkiiGe BbHlexpBsu®y |
the group @anACshagoetit fietd.y (The heat i besthte$)) irvdubepal pteasenclaangtsin the sone

enbodi nents, the phosphorous-based polynmer is selected fromthe %pup
consliSst i ng PEIYMRN SERESPRAL Hor exampie smelhandreleasgran encapsyiatesomaiaitlse

PCT/ Us20041047£0f) 1Rl oA ERGRent! B SBENAEBAIL' BRIGH (i) RoRRIY He | ©

responsi ve
effectiveness of the encapsulated material. The triggering mechanism of the

magnetic nanoparticles via electromagnetic heating enhance the (iv)
degradation rate of the particulate; (v) can induce swelling; and/or (vi) induce

20 dissolution/phase change that can lead to a greater surface area, which can
be beneficial when treating a variety of diseases.

In some embodiments, the presently disclosed subject matter
describes an zalternative therapeutic agent delivery method, which utilizes
“non-wetting” imprint lithography to fabricate monodisperse magnetic

25 nanoparticles for use in a drug delivery system. Such particles can be used
for: (1) hyperthermia treatment of cancer cells; (2) MRI contrast agents; (3)
guided delivery of the particle; and (4) triggered degradation of the drug
delivery vector.

In some embodiments, the therapeutic agent delivery system

30 comprises a biocompatible material and a magnetic nanoparticle. In some
embodiments, the biocompatible material has a melting point below 100 °C.
In some embodiments, the biocompatible material is selected from the group
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stimuli, such as pH, radiation, ionic strength, tenperature, and alternating
magnetic or electric fields. Responses to such stimuli can include swelling

and/ or heat | ich 5 can facilitate release of its cargo. or

degr-adat |§%{$ %?fl@gf‘ﬂc& embodi nents, the presently discl oseﬂcg’%}o&’?“z?ﬂtter
descri bes magneto containing particles for applications in hypertherrnia
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imprint lithography to fabricate nonodi ss)er'se magneti ¢ 25 nanoparticles for
use in a dempPetEments, theyehasa cbangeprastits|iasthearelerse wfen reecapsulsted
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30 conprises a bioconpatible material and a magnetic nanoparticle. In sone
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hyperthermic treatment of the target, e.g., specific cells. In some
embodiments, the heating results in an increase in the effectiveness of the
encapsulated material. In some embodimentis, the triggering mechanism of
the magnetic nanoparticles induced by the electromagnetic heating enhances
20 the degradation rate of the particle and can induce swelling and/or a
dissolution/phase change that can lead to a greater surface area which can
be beneficial when treating a variety of diseases.
In some embodiments, additional components, including drugs, such
as an anticancer agent, e.g., nitrogen mustard, cisplatin, and doxorubicin;
25 targeting ligands, such as cell-targeting peptides, cell-penetrating peptides,
integrin receptor peptide (GRGDSP), melanocyte stimulating hormone,
vasoactive intestional peptide, anti-Her2 mouse antibodies, and a variety of
vitamins; viruses, polysaccharides, cyclodextrins, proteins, liposomes, optical
nanoparticles, such as CdSe for optical applications, and borate nanoparticles
30 to aid in boron neutron capture therapy (BNCT) targets.
The presently described magnetic containing materials also lend
themselves to other applications. The magneto-particles can be assembled

into well-defined arrays driven by their shape, functionalization of the surface
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consisting of, but not limted to, a polylactide, a polyglycolide, a
hydr oxypr opyl cel | ul ose, and a wax. |In sone enbodi nents, once the magnetic
nanoparticle is delivered to the target or is in close roxim'tézto t he

tar.get ,. .t WO HWRYHUH4Sc nanoparticle is 5 exposed to an ACGHYNIPHU42{l6e| d. The

exposure to the AC-magnetic field causes the nagnetic nanoparticle to

under go a e@@fdrobxmskureabl Adnalhétiodeld Bel NYebiyaion® ctrnd met Mintitddctd ar
theory, the controlled heating is a result of a therno ablation process. In
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conmponent Qf . rticle. In some 10 enbodi nents, the phase change
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cells. In sone enbodnhskmds; the heating results in an increase in the
effectiveness of the encapsulated material. In sonme enbodi nents, the
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N
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variety of vitam ns; viruses, polysaccharides, cyclodextrins, proteins,
| i posorres, RIWAL @ad a vis@lqgaitielecl es, such as CdSe for optical applications,
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into wel |l -defined arrays driven by their shape, functionalization of the

surf ace the group consisting of a polyester, a polyanhydride, a polyamide, a
phosphorous-based polymer, a poly(cyanoacrylate), a polyurethane, a
polyorthoester, a polydihydropyran, and a polyacetal.

20 in some embodiments, the polyester is selected from the group
consisting of polylactic acid, polyglycolic acid, poly(hydroxybutyrate), poly(e-
caprolactone), poly(f-malic acid), and poly(dioxanones).

In some embodiments, the polyanhydride is selected from the group
consisting of poly(sebacic acid), poly(adipic acid), and poly(terpthalic acid).

25 In some embodiments, the polyamide is selected from the group
consisting of poly(imino carbonates) and polyaminoacids.

in some embodiments, the phosphorous-based polymer is selected
from the group consisting of a polyphosphate, a polyphosphonate, and a
polyphosphazene.

30 in some embodiments, the biodegradable polymer further comprises a
polymer that is responsive to a stimuius. In some embodiments, the stimulus
is selected from the group consisting of pH, radiation, ionic strength,



-52 WD 20051101466 PCT(US2004/042706 and/or exposure to a magnetic field
for investigations of and not limted to magnetic assay devices, nenory

devi ces, spintronic applications, and separations of solutions. Thus, the
present | yWH VY& subj ect matter provides a method forPCEURIPAIIEHg 5
t herapeutic agent to a target, the nethod conprising: (a) providing a

particle prtéiggv'e?ﬁu%f, 4aERRAmE g RbECHiaBeanc R BRERIatiny eReiodiag. the
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from the particle. In some embodiments, the release of the therapeutic agent

15 from the particle comprises a confrolled release.

In some embodiments, the target is selected from the group consisting
of a cell-targeting peptide, a cell-penetrating peptide, an integrin receptor
peptide (GRGDSP), a melanocyte stimulating hormone, a vasoactive
intestional peptide, an anti-Her2 mouse antibody, and a vitamin.

20 With respect to the methods of the presently disclosed subject matter,
any animal subject can be treated. The term “subject” as used herein refers
to any veriebrate species. The methods of the presently claimed subject
matter are particularly useful in the diagnosis of warm-blooded vertebrates.
Thus, the presently claimed subject matter concerns mammals. In some

25 embodiments provided is the diagnosis and/or treatment of mammals such as
humans, as well as those mammals of importance due to being endangered
(such as Siberian tigers), of economical importance (animals raised on farms
for consumption by humans) and/or social importance (animals kept as pets
or in zoos) to humans, for instance, carmivores other than humans (such as

30 cats and dogs), swine {pigs, hogs, and wild boars), ruminants (such as cattle,
oxen, sheep, giraffes, deer, goats, bison, and camels), and horses. Also

provided is the diagnosis and/or treatment of livestock, including, but not
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I's selected fromthe group consisting of pH, radiation, ionic strength, -53
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describes methods and processes, and products by processes, for generating
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surfaces and molds from natural structures, single molecules, or selif-
assembled structures. Accordingly, in some embodiments, the presently
20 disclosed subject matter describes a method of patterning a natural structure,
single molecule, and/or a self-assembied structure. In some embodiments,
the method further comprises replicating the natural structure, single
molecule, and/or a self-assembled structure. In some embodiments, the
method further comprises replicating the functionality of the natural structure,

25 single molecule, and/or a self-assembled structure.
More particularly, in some embodiments, the method further comprises
taking the impression or mold of a natural structure, single molecule, and/or a
self-assembled structure. In some embodiments, the impression or mold is
taken with a low surface energy polymeric precursor. In some embodiments,
30 the low surface energy polymeric precursor comprises a perfluoropolyether
(PFPE) functionally terminated diacrylate. In some embodiments, the natural

structure, single molecule, and/or self-assembled structure is selected from
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oxen, sheep, giraffes, deer, goats, bison, and canels), and horses. Al so
provided is the diagnosis and/or treatment of livestock, including, but not
-54 WO 2005/ 101466 PCTI US20041042706 I|imted to donmesticated swi ne (pigs
and..hogs) WO H4#6s horses, poultry, and the |ike. THRECVBFI08HP43gs
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a perfluor gpoly&kf Ke'pattern surfaces for tendon and cartilage repair. Such repair

typically requires the use of collagen tissue, which comes from cadavers and
must be machined for use as replacements. Most of these replacements fail
because one cannot lay down the primary pattern that is required for

20 replacement. T he soft lithographic methods described herein alleviate this
problem.

In some embodiments, the presently disclosed subject matter can be
applied to tissue regeneration using stem cells. Almost all stem cell
approaches known in the art require molecular patterns for the cells to seed

25 and then grow, thereby taking the shape of an organ, such as a liver, a
kidney, or the like, In some embodiments, the molecular scaffold is cast and
used as crystals to seed an organ in a form of transplant therapy. In some
embodiments, the stem cell and nano-substrate is seeded into a dying tissue,
e.g., liver tissue, to promote growth and tissue regeneration. In some

30 embodiments, the material to be replicated in the mold comprises a material
that is similar to or the same as the material that was originally molded. In
some embodiments, the material to be replicated in the mold comprises a

material that is different from and/or has different properties than the material
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(PFPE) functionally term nated diacrylate. In sone enbodi nents, the natural
structure, single nolecule, and/or self-assenbled structure is sel ect ed from
-55 WD 20051101466 PCT/ US2004/ 042706 the group consi stl n of enz
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SRS L A M T R R A
same surface topography as the original macromolecule, bacterium, or virus.
In some embodiments, the molded mimics are used to create biological
responses, e.g., an allergic response, to their presence, thereby creating
antibodies or activating receptors. In some embodiments, the molded mimics
20 function as a vaccine. In some embodiments, the efficacy of the biologically-
active shape of the molded mimics is enhanced by a surface modification

technique.

Xl Method of Modifying the Surface of an Imprint Lithography Mold to
25 Impart Surface Characteristics to Molded Products

In some embodiments, the presently disclosed subject matter

describes a method of madifying the surface of an imprint lithography mold.

In some embodiments, the method further comprises imparting surface
characteristics to a molded product, In some embodiments, the molded

30 product comprises an isolated molded product. In some embodiments, the
isolate molded product is formed using a non-wetting imprint lithography
technique. In some embodiments, the molded product comprises a contact

lens, a medical device, and the like.
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30 enbodi ments, the material to be replicated in the nold conprises a
material that is simlar to or the sane as the material that was originally
nol ded. 1p . so enbodi ments, the material to be replicated | nol d
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nol ded. Thi's apRiopaphareudrl, ThaYuABce BIFCE seent Péfsiaht, IBddsRfRd@ndgg or gan
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used to facilitate interactions with biological tissue or to prevent interaction

3

with biological tissues. Applications of the presently disclosed subject matter
include sensors, arrays, medical implants, medical diagnostics, disease
detection, and separation media.

20
XIV. Methods for Selectively Exposing the Surface of an Article to an Agent
Also disclosed herein is a method for selectively exposing the surface
of an article to an agent. [n some embodiments the method comprises:
(a) shielding a first portion of the surface of the article with a
25 masking system, wherein the masking system comprises a
elastomeric mask in comnformal contact with the surface of the
article; and
(b) applying an agent to be patterned within the masking system to
a second portion of the surface of the article, while preventing
30 application of the agernt to the firsi portion shielded by the

masking system.
in some embodiments, the elaastomeric mask comprises a plurality of

channels. In some embodiments, each of the channels has a cross-sectional
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characteristics to a nolded product. In sonme enbodi nents, the nolded 30
product conprises an isolated nolded product. In sonme enbodi nents, the

i sol ate d roduct is fornmed using a non-wetting i ' ' r aphy
techni qugwqﬁ?ggﬁ]r]rg enbodi ments, the nol ded product comﬂéﬂéséb%‘g‘ﬁﬂlgct
| ens, a medical device, and the like. -57 WD 2005/ 101466 PCTI US20041042706

More parti dishendion of lesstbah abeoudfl millkedterntn sesiesdrabodimants uwdohcst theer gy
polymeric material, or nore particularly a PFPE nold is nodified by a

surface nPRANEathasna sHreps-sepuenRal Himessig phiassniaan; akaytoh raicepn.i dn

sel ected f t C ' i | t ; ] . treaat nent,
o Che. actOet dibofiistite “de Bt It rRISRER o GBS TEtiorfl e Atich
adsor bed digssritgah dous d0Dann. nadidnme embotlisieats, a=ets ef ¢iod etahnels hidweagr oup

consi_sting of polyel ectrol ytes, pol QVinyIaIcohoI), al kyl hal osi | anes, and
|i gafids. | ArogsreectioRdlodimanien of @out udiur Bssopgr enmiedimests.offpcagant

obt ai ned f 3 t | ogan be nodified by the surface
t reat ment S&\ﬁ%]!%ﬂ‘ge %%@?%hc %@%&% {eﬂr%% }r%ﬁent s, the nodification conprises

the pre-orientatn orsgvhe membodireenis; nbieet iagentv tdohieises| ean esorganipr i si ng
the nol ded products. In, sone enbodi ments, the pre-orientation of the
nol ecul es BleciBluspinescempaaterial Qi 2 Aracysepéierest I spReasmRedimedttict s,

i ncl udi ng | Co b ; eShe: - St i n YA not

I nteracti vg,?é \?\*;'é{n]’{qﬁhemﬁrh%ge%&ﬂp {)'%ﬂgt %?léﬁwgﬂgcie.)l{igléﬂldan%@ h@gﬂfeﬁ{n’\%?%ﬂn&ent . In
somgQenbodinaeitis, tosfor roppendi ffermrat thesesedrl bactibhtoft the Buefaaef bads with
bi ol ogi cal tissue or to prevent i1nteraction wth biological tissues.

Appl i cat i ofstablishing elpddesligommusioatiss bebuppa e REDEBIC SlPRIPIRINGSSRIY S,

arrays, nmegdi o redi . di agnostics, disease detection, and
separ ationmﬁ@gélg.d@oﬁik@ct@ﬁ@émfor Sel ectively Exposing the Surface of an
Article to an Agesbtmefésbodirmehigs itk Bgent comprisest igdid or is eheaddd irehy
exposing the surface of an article to an agent. In sone enbodi nents the

method confiidesin aiyeHmBOdiTmRNts, e ageporamBises thRcPACh ok chemipa
o Bl Uon 8Pl 19 AL SRR, R LBl e AR e °
deposition from a gas phase. In some embodiments, the agent comprises a
product of e-beam deposition, evaporation, or sputtering. In some
embodiments, the agent comprises a product of ele ctrochemical deposition.
In some embodiments, the agent comprises a product of eleciroless
20 deposition. [n some embodiments, the agent is applied from a fluid
precursor. In some embodiments, comprises a solution or suspension of an
inorganic compound. In some embodiments, the inorganic compound
hardens on the second portion of the article surface.
In some embodiments, the fluid precursor cormprises a suspension of
25 particles in a fluid carrier. In some embodiments, the method further
comprises allowing the fluid carrier to dissipate thereby depositing the
particles at the first region of the article surface. In some embodiments, the
fluid precursor comprises a chemically active agent in a fluid carrier. In some
embodiments, the method further comprises allowing the fluid carrier to
30 dissipate thereby depositing the chemically active agent at the first region of
the article surface.
In some embodiments, the chemically active agent comprises a

polymer precursor. In some embodiments, the method further comprises
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article; and (b) applying an agent to be patterned within the maski ng system
to a second portion of the surface of the article, while preventing 30
appllcatlon of the agent to the first portion shiel ded bly t he masking
system | WOSHMI%4f50di ments, the el astoneric mask conpriS<VRMUEESi ty of
channels. In sone enbodi nents, each of the channels has a cross-sectional

- 58 VO 20@5frlR] 466 foffh BERROHIAG2 TR EhaTepalRibrofprbesackhan bostima
mllimeter. In sone odi nents, each of the "channels has a cross-sectional
di nensi on embpés'@emhsarthgbﬁmm@am @ciie agentsufapiisasodnneaent eaprablefoft he

channel s h ho on, 0 n sone
enbodi nent @Forﬁ%tﬁfgogi?pﬁﬁzb hgpﬁ I In éoﬂr’% r%E’él;l?‘[;|onai “&eréﬂ%&geﬁ”gf about
1 nm In saotve zgeslt rmﬁpnsw@na@amantsw |sonid esrabedinearits | ctheasketheds t han
25% In sone enbodi nents, the a%ent conpri ses an organic el ect r ol um nescent

nat efi al ofurwq@m@énmrms alipwiagrthe | secoprepartion @f teatssirfacerel e iestcle det her

The agent 8P SRS briorie Mfbiofietiih, e el e edPRRRe rarfowflct 11 ca

comuni cat @ elmcvmgﬂctﬂhaslaraamec nedgkiig elvsEn ¢fgianthe filst ebbalorrdd tAe _
electrical circuit. In sone enbodi nents, the agent conprises a liquid or is

carried i nagicia sytiace whilesieayingrthsdpaent adhemsd tggtélm seemst Psuton 8 theoduct

of chem cal‘a 5 dﬁ%% deposition. In sonme enbodi nents, the agent conprises a
product of 5 5y froma gas phase. In sone errbodi ments, the agent
conpgpi ses a product of a-beam deposition, evaporation, or sputtering. In
sone e”boﬁkvmnmthérﬂﬁfcﬂ%}hlﬁg'ﬂh@ Ered NMRBHesof el ectrochem cal
deposition | N""some enbodr ment s ne agent conprises a product of

el ectrol ess 20 aﬂapqsnelsen’dy disclesert Seubt&mhma’tﬁers alsohdesgyibes ia rapiiodetdrf rom a

fluid precursor n_sone enbodi,ment s ses solutlon S en5|on of
an inorga r@‘@%ﬁﬁo‘?ﬂﬂine?rﬁdswgﬁﬂﬁdllﬁe%ﬂ ee[nﬁ:g)qa %gﬂ:ﬁﬁa Mhar dens
on the secmlr@témer&t@fmtfeﬁn@atwlc%nﬁ%acs ﬁrbmamaemaw MBS ast Ae Tl uid

precursor conprises a suspension ©
15 PFPE material, with a patterned substrate and treating the first li quid material,

for example, by curing through exposure to UV light to form a p atterned non-
wetting template. The patterned substrate comprises a plurality of recesses
or cavities configured in a specific shape such that the patterne d non-wetting
template comprises a plurality of extruding features. The patterned non-
20 wetling template is contacted with a second liquid material, for example, a
photocurable resin. A force is then applied to the patterned non-wetting
template to displace an excess amount of second liquid material or “scum
layer.” The second liquid material is then treated, for example, by curing
through exposure to UV light fo form an interconnected structure comprising a
25 plurality of shape and size specific holes. The interconnected structure is
then removed from the non-wetting template. In some embodiments, the

interconnected structure is used as a membrane for separations.

XVI. Methaods for Inspecting Processes and Products by Proce sses

30 It will be important to inspect the objects/structures/particles described
herein for accuracy of shape, placement and utility. Such imspection can
allow for corrective actions to be taken or for defects to be removed or

mitigated. The range of approaches and monitoring devices useful for such

-60-



25 particles in a fluid carrier. In some enbodi ments, the nethod further
conprises allowing the fluid carrier to dissipate thereby depositing the
particles_at _the first region of the article surface. In _sonme enbodi nents,
the flui YU conprises a chenically active agentP§HURP4M2P0carrier .
In sone enbodi nents, the nethod further conprises allowng the fluid
carrier tojrdpediio® padl@dd:hedielpagdepatidi 0ge threuehetic paddsurachndefl@geant at
the first region of the article surface. In saome enbodi nents, the

cheni cal | ymeastge Qigeant dimessiones altribyées; ralapsing umashinesnakshsysianesi ment s,
he et nodyhiht B R B Sl 00 AR EF LA TR odor T 10

a polyneric a ol yner  precursor. ment s;
chemi cal | ybtddivsl rageoscopesp wWiiehs typicalgent usadabl siudy organisphs aadderdrsi ti on
of a material. In some enbodi nents, the chemcally active agent conprises

an etfichant Vitglrpregagsas;ihede mkek & opdes.nwhisbgre dasignad fardrternad diametsii ng t he

second por i r 0 el ]
enbodi rrgnt Qn‘?%‘@é&%ﬂﬁg%&%eﬁﬁ@r&C%%sﬁ,giésnir g%%)\%:%ggse\ﬁgﬂgﬁaarsc%gn % Nask of
t he maski ngpaty siitinidic an fldbiki osticab aubésofor diitetibe inspectioh fIuofeas dovds, e

| eavi ng the agent adhered to the second portion of the article surface. 10
XV. Met hod§ayibes.Fandrithr) likpgealiraredwiisholypicaly vee peeest sideg sraveseentsubj ect

| i hes. : | |
embodi ment 0 5558 BRI TRaA e o4 drBens. M BTG M rorg o
firsto | i qucdmpatiagi & transieiring dimehsiBhsPEMML grobak, wiith ate ptrahetoests

substrate and treati % the first liquid material, for exanple, by, curing
t hrough exffusenvest Bnysicghtmeasyremeanis piata ale@tcaloflonas, t VEiNd &ffsionte. The

Bont 1 gur ed™ P ge s RN BN ThH' B AluaGRECRERs BbdEbbbAB e at e
conpri ses fadiuwigts twhigh, fort éxshple, teicallyesre ubed ameasirItRehréfeitieist i ng

tenplate is contacted with a_second liquid material, for exanple, a
phot ocur abPé peiys randacoatings ircludiog cler igiess, dadee apd ransrarensay. welan ng

temzate tg.ALSR! AR RIEPREME MM MBntst SREC B! GHrdndBESLE el angcum

are based on one of the color models, most commonly the RGB model (red,
green, blue); coordinate measuring machines, which are mechan ical systems
designed to move a measuring probe to determine the coordinates of points
on a work piece surface; depth gages, which are used to measure of the
20 depth of holes, cavities or other component features; digital/video
microscopes, which use digital technology to display the magnified image;
digital readouts, which are specialized displays for position and dimension
readings from inspection gages and linear scales, or rotary encoders on
machine tools; dimensional gages and instruments, which provide quantitative
25 measurements of a product's or component's dimensional and form attributes
such aswall thickness, depth, height, length, |.D., O.D., taper or bore;
dimensional and profile scanners, which gather two-dimensional or three-
dimensional information about an object and are available in a wide variety of
configurations and technologies; electron microscopes, which us e a focused
30 beam of electrons instead of light to "image" the specimen and gain
information as to its structure and composition; fiberscopes, which are
inspection tools with flexible optical tubes for interior inspection of holes,
bores, and cavities; fixed gages, which are designed to access a specific
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| ayer." The second liquid material is then treated, for exanple, by curing
t hrough exposure to W light to forman interconnected structure conprising
a 25 plurgli f shape and size specific holes. The int t
strucbureakéhxyﬁgﬂ%rennved fromthe non-wetting tenplat€%§ﬁﬁgﬁﬁﬁ%8%%

enbodi nents, the interconnected structure is used as a nmenbrane for

separ at i onattriiie badydhet sohfparatiadgadingJad MehideeAngiRIGEyes BAIS Gigekr ocesses
30 It will be inportant_ to inspect the objects/structures/particles

descri bed Oedtes Gages, d¥ilSizs Gages direleh Gagasetilleh Sages, iGgar Igeth

be + emoved C0es, ad o Shi Bt ife RAdean RAdiu® Ak it B TGS Los
usef ul for PREANGagES, WapaP0BAEE4 APl 44k 0048 0627 kardi GuaRet (SMéeti ncl ude:

air %ages, whi ch use pneumatic pressure and flow to neasure or sort
di medsi onaPlaie), MVielit Gagep AnghdiregGagesii spesiadivfosngages, whigh are userld cal | y

i er oscoped Shef BarfpelR RIbR By BRRBRS Haler SihpremeSsniraBmess. vi ¢
processes; flafedsandrunidugagadpemhi ghd ar eoslesitaciad f @\?ﬁbnt eHlocHs, di adter

di mensi onal measurenent or assessnent; boroscopes, ich are inspection
t ool s wi t hare manudactarasite| pranise gagemakes fieranaeegrasies depselip@iings hol es,

ol de’ movetRrbeie 3 sEffd hiS oSO aRTatVe cadeby Reltht i rBict B,
whi gy are used fbPmeHuBRERAE gIRY oft EAPOSEts N SHodaBs feitaiesCdigatBReS |
whi ch are transducers that convert physical neasurenents into electrical

signal s, u@ndgcorapareders, wuehumenpusy svhare thetinear hevemnept ok er precisian  col or

and appear ance,. i nstrument iLeh, far.ex I pi c% re dto
measur e t h&P &%&f té@ge G g‘b’ﬁ’?“'ﬂ?@ !ﬂ?&e_ té%q %ss?ﬂ%gﬂpﬁ 43\@6@& ,Sﬂéﬁo%ss, haze
and transpvéwmwndcmapkin%&oﬂg,nmmngmgﬁb tbe, Supplies &Ml Bycesedtieaser true
color, or translucent index, and are based on one of the col or npbdels, nost

commonl y t HEMEEsionrdldeMegsttemegt ednarkindie)lay@dor @i nathermemechingg $hathi nes,

det B ne. PRENGNSPG: AT AL RepBES, BRGH bulRBss QRASH, A bRl b0 ages,
whi ch are yRgfefdméRns Wiichf are&edOtodpbbuff dizeams it Rfhid §FwaleRngel
conponent features; digital/video mcroscopes, which use digital {echnol ogy

t o di spl ay antetondeferminedwanelgagths of particular light sources; laser micrometers,
which measure extremely small distances using laser technology; levels,

which are mechanical or electronic tools that measure the inclination of a
20 surface relative to the earth’s surface; machine alignment equipment, which is
used to align rotating or moving parts and machine components; magnifiers,
which are inspection instruments that are used to magnify a product or part
detail via a lens system; master and setting gages, which provide dimensional
standards for calibrating other gages; measuring microscopes, which are
25 used by toolmakers for measuring the properties of tools, and often are used
for dimensional measurement with lower magnifying powers to allow for
brighter, sharper images combined with a wide field of view; metallurgical
microscopes, which are used for metallurgical inspection; micrometers, which
are instruments for precision dimensional gaging consisting of a ground
30 spindle and anvil mounted in a C-shaped steel frame. Noncontact laser
micrometers are also available; microscopes (all types), which are
instruments that are capable of producing a magnified image of a small

object; opticalllight microscopes, which use the visible or near-visible portion
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digital readouts, which are specialized displays for position and di nension
readi ngs frominspection gages and |linear scales, or rotary encoders on

machi ne tog)leﬁb di nensi onal gages and instrunents, whi cha]f)é,lg_‘v{%z(a%@%%t itative

25 nmeasur ¥ gwdf“a-pr oduct's or conponent's di nension

attributes such as wall thickness, depth, height, length, |I.D., 0. D,

t aper or befdhe elctrmagnetic apectnmof optical camparaiorshisiichy atehimstruments

t wo- di mansitor%al ar {hree- djf. nsional i nf Oflmatifon abqut g?n obé'&gct afnd are
avai | abl e ithets PRPIGEL Ay T8EYITISE TRBA% | YuIPEN 9T a8 dPRRc RAKY FyiSEEeen 8t r on
M cr 0ScopegonyhtrEbnU®ea ?tér‘i’d%%ae@be?@yqﬁémeoér 86! bﬂ-@'pihmﬁ vilich it to

"I mage" the specinen and gain infofmation as to its st e and

conposi t i ontsetli foeras Cop'as;goihassesament iaf Spde tansh skod dimenisidnsf dreldcatienspt i cal
tubes. for interior |nspection of holes, ores, and, cavities; fixed gages,

whi o are GOSN {5 SEtel oflasdnresi. Progacls st/ doalzogaves, Wicf

PCT/ US2004/ Q42428 thétéﬁq@tﬁe@w%ﬁ%o%rféb@,@%f Inaft aﬁasganb@n%ngr@%@e Angl e
Gages, Ball Gages, Center Gages, Drill Size ges, Feeler "Gagés’ Fillet

Gages, GCeamhicht are Gapsk, foGalge/ny-gShi assBissnient Pcpmp@agksio Rheli apediierds,

Screw or Thread , Pi Gages, T r ,Gages, Tube _Gage U. S., Standard Gages
(Shoet 1 5 BPansipnal Galaraties or Ao SR Skl ST @S, P HhygadscSyagetiesn oh
are used tQnpd § |§t§,t whfh AR 5 g?rﬁﬁbat%‘a é&!@é’%&&f&f‘ﬂ&ﬁgﬁ icésu teness,

st rai ght ness, atness, runout,” taper and concentri ci gage ocks, which
ar e tanuf actnar etichofqrr @EM epglicatitmise digital er eieatrapiadimeal mcalesl ater aftémg,

checking, and setting fixed and conparative gaqges; hejght gages, which are
10 used f olSREAIRAPng0RE: NETGIhTS: Uk reioRachon etitiss Wle, seecttic

| ndi cator s giaRen A Hitkoss! deBuRBREHI® miA! Bo | RBeatdlP dfeqiRAARNRN Of 2
precision spindle or probe 1s anplified; Inspection and gagi ng accessories,
such as | gyecisioarahdrackinagyy spdciglty midrostiopgshahich ard ssed igysipecilizent

accessories_far .dinmensional urement, . markin | ayout. or .ot her machi ne
Shop 15 apgRPUGEIQHS TRuAINGsmEITURRE, ORinaiaghe/or e RPECIANZEY JEFBMIOUSS | ayout
fluig, i “tfiﬁéféécﬁﬂfigérér’ miEYoavaE GoUsedotn? tﬁEﬁ‘SI’dﬁ@ti(?’h;S%ﬁu”&r%s! WHIGH BFe Of
wavel ength and to determ ne wavel engths of particular I'it ght sources; |aser
m cr oret er sisedvibi inticata fuwe snfavessifya padidr asisetridly ase perpendicidar, styli,
hnol . I ich hani cal I i I
E ﬁg chf)?% Qrpﬁ%se,c;ﬁdacmlﬂgver%,r Svh%%car%nsllecr?derorrod?sheacﬁerdosntle?nst gr?d Sco%&%% ﬁgse asure
or points used to probe surfaces in conjunction with profilometers, SPMs,
CMMs, gages and dimensional scanners; surface profilometers, which
20 measure surface profiles, roughness, waviness and other finish parameters
by scanning a mechanical stylus across the sample or through noncontact
methods; thread gages, which are dimensional instruments for measuring
thread size, pitch or other parameters; and videoscopes, which are inspection

tools that capture images from inside holes, bores or cavities.

25
Examples
The following Examples have been included to provide guidance to
one of ordinary skill in the art for practicing representative embodiments of the
presently disclosed subject matter. In light of the present disclosure and the
30 general level of skill in the art, those of skill can appreciate that the following

Examples are intended to be exemplary only and that numerous changes,
modifications, and alterations can be employed without departing from the
scope of the presently disclosed subject matter.

-B3-



20 surface relative to the earth's surface; machine alignnment equi pnent,
which is wused to align rotating or noving parts and machi ne conponents;
magni fiers, which are inspection instrunments that are used to rra nify a
product oWOPAPYI0L6: ai | via a | ens system master and stGHPPOYUYELS which
provi de di mensional standards for callbratlng ot her gages; neasurlng

m croscopes, which are 25 used by t dlamderis for measuring the properties of
tools, and often are used for dinmensio aI asurenent with | ower magnifying
powers to allow for briRgRISS tative Broce RSB AN th a wide field of

view, netallurgical m CQWOJ‘O\L}G*@E P%ﬁldb?&ﬂ?ls;gfhé??t al I urgi cal

I nspection; mcroneters, ci si on di nensi onal
gagi ng consi sti hy some egrtmdinhedts, the yhthesizdand \vuringoofnfPEBE mater(ais béped
st eel frarre Noncont act |l aser mcroneters are_ al so ava| |, abl ; rricro(?copes

(al | 3typesih e\,ﬂfﬁﬁ?ﬂ disqlosad swpinct maler & eectopmede by usipg dhei Riptho

Vi oibl o or CRERTR E?ﬁ%wz%@a%@%g%&?@ﬁ@oéﬁ?%ﬁsif e

the el ectr @redget thls s prethodm mobtvegalthéorm@mt:méte-mwbnauz@tmnstcﬁfur@nt S
that project a magnified image or profile a part onto a screen for

conpar i soncpmraemaﬂydavaﬂah}erﬁ’ﬁ%pﬁ@ﬁ (Me or3%QQIgém0ﬁ)] wdihpisecyapaioetivhi ch are

R B L A e

measgr e t héhranghebleidivge withva v af ez 2afimathut2-phedgisestphendbhadaghges,
whi ch are used for 'dgo/ noa% r(assessment conpared to the specified
e

di mensi onaEexpeséiedacdy ragi AFU&E NET). pi ns, shafts, or threaded studs;

s e S8 el B SR BRRAST, M BelUErb M |, o

scal es ar edphétiacryard; SPEPRageBMANI Chp@lyﬁeuémbrblétmn@ﬁbmtl@ﬂdé%tl ngs
where specific dianmetrical or thickness measurenents nust be repeated

frequent | y difluaiomsitidese sixidag. @ ok GdYOL s peerieget WMnntas rH8686 gfmol mﬂq‘) é:h are

pedtalt zolaudh T tueA oAb hyellked WiktePRI el st tEERt Al =

function; $§920%§, MBI @il vad'e@deliOtd BIHEAEO L Tohdé WotkeFlaek andart or
assenbly are perpendicular; styli probes,” and cantilevers, which are

sl ender  r o@uegethwithsarens fan b sainutest 2-ispsyanatoethyl methacrylate (EIM, 99%,
Aldrich) (0.43 mL, 3.0 mmol) was then added via syringe along with 1,1,2-

trichlorotrifluoroethane (Freon 113 99%, Aldrich) (2 mL), and dibutyltin
20 diacetate (DBTDA, 99%, Aldrich) (50 uL). The solution was immersed in an il
bath and allowed to stir at 50 °C for 24 h. The solution was then passed

through a chromatographic column (alumina, Freon 113, 2 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.

25 'n a representative curing procedure for PFPE DMA, 1 wt% of 2,2-
dimethoxy-2-phenyl acetophenone (DMPA, 99% Aldrich), (0.05g, 2.0 mmol)
was added to PFPE DMA (5g, 1.2 mmol} along with 2 mL Freon 113 until a
clear solution was formed. After removal of the solvent, the cloudy viscous oil
was passed through a 0.22-um polyethersulfone filter to remove any DMPA

30 that did not disperse into the PFPE DMA. The filtered PFPE DMA was then
irradiated with a UV source (Electro-Lite Corporation, Danbury, Connecticut,
United States of America, UV curing chamber model no. 81432-ELC-500, 4 =
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or points used to probe surfaces in conjunction with profiloneters, SPMs,
CMMVs, gages and di nensi onal scanners; surface profilonmeters, which 20
measur e syrf rofiles, roughness, wavi ness and ot her ters
by scanniﬁ@@gﬁb"gﬁéni cal stylus across the sanple or thrmgzﬂg‘ﬁ@éﬂq act

met hods; thread gages, which are dinensional instruments for measuring
thread si zaﬁsmmgrwhjle under apraltraganq:rwgeafndml iméro s ddtie sesultsicc in arclear,

i nspection I%ﬁ/ tﬂhatHﬁﬁ ture | ges frominside holes, bores or cavities.
25 Exanpl eSORfeYE! 5 s have been included to provide guidance
to one of ordinary skill in the art for practicing representative

enbodi nents of the presently disclosed subJ ect matter. In light of the
present disclosure and the 30 generixamnbl of skill in the art, those of
skil L can appreciate ] 'ntended to be
exenplary only and t ks C8@nd al terations
can be enpl Oyedlﬁ‘ﬂédhﬁ’é’terﬁﬁﬁélh‘iérﬂg farPPPEhBMﬁ%QR:eOfsuTcHea@a%%’i‘ﬁﬂ: ywgsscl osed
subj ect matter. -63 WD 20051101466 PCT/ US20041042706 Exanpl e

Repr esent afalwicabed @edording do tBg métheoddencdbedinyi Rollamdht bdic &b Q J. Am.

mat er a1 o Gho, S FATnTRE. aReero ST taires P SENiARES By usi ng
the net hOdgggﬁﬁﬁl r| efsP BA, Wa cfps in t}oeﬁéd (EQO D) {'8MhickRess of 004

126, 2322 is nmetho ves t

net hgcr yl aRé-frarortio @ndl wa&*.nmuntarhlr@ thecrtemdi;mdwrmmaﬁtlem PRRECahted (M =
3800 g/ ol ) th i socyanat oet h thacryl at e. bse u ot ocuripg of
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15 wafer was irradiated with UV light for one minute. Following this, the thick

layer was removed, The thick layer was then 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 minutes. Once complete, the entire device
was peeled from the Si wafer with both layers adhered together.

20
Example 3

Fabrication of |solated Particles using Non-Wetting Imprint Lithography

3.1  Eabrication of 200-nm trapezoidal PEG particles

25 A patterned perfluoropolyether (PFPE) mold is generated by pouring a
PFPE-dimethacrylate (PFPE-DMA) containing 1-hydroxycyclohexyl phenyl
ketone over a silicon substrate patterned with 200-nm trapezoidal shapes
(See Figure 13). A poly(dimethylsiloxane) mold is used to confine the liquid
PFPE-DMA to the desired area. The apparatus is then subjected to UV light

30 (A = 365 nm) for 10 minutes while under a nitrogen purge. The fully cured
PFPE-DMA mold is then released from the silicon master. Separately, a
poly(ethylene glycol) (PEG) diacrylate (n=9) is blended with 1 wt% of a
photoinitiator, 1-hydroxycyclohexyl phenyl ketone. Fiat, uniform, non-wetting

surfaces are generated by treating a silicon wafer cleaned with “"piranha”

-85-



(5.7227g, 1.5 mmol) was added to a dry 50 nL round bottom flask and purged
with argon for 15 mnutes. 2-isocyanatoethyl nethacrylate (EIM 99%

Al drich) §V7?)3 ...3.0 nmmol) was then added via syringe aéﬁﬂ%vvlth 1,1, 2-
tri chl or oS PPUYEYt hane (Freon 113 99% Aldrich) (2 rrL)I,’ 08‘}"?)431{’03%“ n 20
di acetate (DBTDA, 99% Aldrich) (50 pL). The solution was imersed in an oil
bath and akbles (101 %bhbeﬁtraﬁ@i $uffuaic Qddhso%wd&@% p@ﬁom@ (ad?)esbmms)ed

t hrough a chr omat ogra_F ic colum (alumna, Freon
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added to PFPE DI\/A%_ Freon 113 until a clear
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embodi ment FigarePPE DVA devi ce, such as a stanp, was fabricated according
to the net hod described by Rolland, J. P., at al., J. Am Chem Soc., 2004,
126, 2322-2323. Briefly, the PFPE DVA containing a photoinitiator, such as

DVPA, was a%e @%%ﬁ%gﬁﬁhig Igé%mgﬁﬂa@ 10 20 pmonto a Si wafer

cont ai ni ng coated wafer was then

placed into the Adagtdfrhed) @Hmd?epo@amerr(wmatrﬁdldf:@ @erﬁﬁ@oﬂiydﬁouﬁﬁ@ér atel y,

a thick Ia>l,/ﬁ about 5 e material was roduce é pouri ng the PFPE
DVA cont ai Fr@é 1anTyiede oGPEHEdDMA)n@oatalmru@rgﬁwdrwcvﬁ hekyhahenyl
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Figure 12). A poly(dimethylsiloxane) mold is used to confine the liquid PFPE-

DMA to the desired area. The apparatus is then subjected to UV light (4 =
365 nm) for 10 minutes while under a nitrogen purge. The fully cured PFPE-
DMA mold is then released from the silicon master. Separately, a

20 poly(ethylene glycol) (PEG) diacrylate (n=9) is blended with 1 wt% of a
photoinitiator, 1-hydroxycyclohexyl phenyl ketone. Flat, uniform, non-wetting
surfaces are generated by treating a silicon wafer cleaned with "piranha”
solution {1:1 concentrated sulfuric acid: 30% hydrogen peroxide (aq) solution)
with trichloro(1H, 1H, 2H, 2H-perfluorooctyl) silane via vapor deposition in a

25 desiccator for 20 minutes. Following this, 50 yL of PEG diacrylate is then
placed on the treated silicon wafer and the patterned PFPE mold placed on
top of it. The substrate is then placed in a molding apparatus and a small
pressure is applied to push out excess PEG-diacrylate. The entire apparatus
is then subjected to UV light (A = 365 nm) for ten minutes while under a

30 nitrogen purge. Particles are observed after separation of the PFPE mold
and the treated silicon wafer using scanning electron microscopy (SEM) (see
Figure 15).
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| ayer was renoved. The thick | ayer was then placed on top of the thin |ayer
such that the patterns in the two | ayers were precisely aligned, and then
the entire device was irradiated for 10 m nutes. Once conplete, the entire
devi ce WO PE¥IUH% romthe Si wafer with both layers adieVERWHHRT%er. 20
Exanpl e 3 Fabrication of |Isolated Particles using Non-Wetting |nprint
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appl i ed t ogposiateditbyeteeainoprGsticanr yatarecleaned evith r wirgnbar Holigion §1iflhen

bj ect ed l.ght =_365.; Lor LNyt whi | (9 l.krogen
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top of it. The substrate is then placed in a molding apparatus and a small

pressure is applied to push out excess PEG-diacrylate. The entire apparatus
is then subjected to UV light (A = 365 nm) for ten minutes while under a
nitrogen purge. Particles are observed after separation of the PFPE mold

20 and the treated silicon wafer using scanning electron microscopy (SEM) (see
Figure 16).

34  Fabrication of 200-nm x 750-nm x 250-nm rectangutar PEG particles

A patterned perfluoropolyether (PFPE) mold is generated by pouring a

25 PFPE-dimethacrylate (PFPE-DMA) containing 1-hydroxycyclohexyl phenyl
ketone over a silicon substrate patterned with 200-nm x 750-nm x 250-nm
rectangular shapes. A poly(dimethylsiloxane) mold is used to confine the

liquid PFPE-DMA to the desired area. The apparatus is then subjected to UV

fight (A = 365 nm) for 10 minutes while under a nitrogen purge. The fully

30 cured PFPE-DMA mold is then released from the silicon master. Separately,
a poly(ethylene glycol) (PEG) diacrylate (n=9} is blended with 1 wi% of a
photoinitiator, 1-hydroxycyclohexyl phenyl ketone. Flat, uniform, non-wetting
surfaces are generated by treating a silicon wafer cleaned with “piranha”
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15 ketone over a silicon substrate patterned with 500-nm coni cal shapes (see
Figure 12). A poly(dinethylsiloxane) nold is used to confine the liquid
PFPE- DVA to the desired area. The apparatus is then subjected to UV |ight
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PFPEQdi nmet F@J’rglﬁg_e ( PFPE- DMA) cont ai ni ng 1- hydr oxycycl ohexyl phenyl ketone
over a silicon substrate patterned with 3-pm arrow shapes (see Figure 5 11).

A pol y(di met hyl sil oxane) nold is used to confine the liquid PFPE-DVA to the
a 1 6

desired ar The . api he i e t,Q l,igh A = for
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then rel eased f (pOPTRG sdrliclegn naster. Separ ately, a poly(ethyl
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(see Figure 13). A poly(dimethylsiloxane) mold is used to confine the liquid
PFPE-DMA to the desired area. The apparatus is then subjected to UV light
(A = 365 nm) for 10 minutes while under a nitrogen purge. The fully cured
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20 PFPE-DMA mold is then released from the silicon master, Separately,
TMPTA is blended with 1 wt% of a photoinitiator, 1-hydroxycyclohexyl phenyl
ketone. Flat, uniform, non-wefting surfaces are generated by treating a
silicon wafer cleaned with “piranha” solution (1:1 concentrated sulfuric acid:
30% hydrogen peroxide (ag) solution) with trichioro(1H, 1H, 2H, 2H-

25 perfluorooctyl) silane via vapor deposition in a desiccator for 20 minutes,
Following this, 50 yL of TMPTA is then placed on the treated silicon wafer
and the patterned PFPE mold placed on top of it. The substrate is then
placed in a molding apparatus and a small pressure is applied io push out
excess TMPTA. The entire apparatus is then subjected to UV light (A = 365

30 nm) for ten minutes while under a nitrogen purge. Particles are observed
after separation of the PFPE mold and the treated silicon wafer using
scanning electron microscopy {SEM) (see Figure 18).



desiccator for 20 mnutes. Following this, 50 pL of PEG diacrylate is then
15 placed on the treated silicon wafer and the patterned PFPE nol d pl aced on
top of it, The substrate is then placed in a nolding apparatus and a

mal |
pressure PO WAN1918% + 5 push out excess PEG diacryl ate. T?@ngﬁtop‘t’%‘ué%par at us
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mold placed on top of it. The substrate is then placed in a molding apparatus

and a small pressure is applied to push out excess TMPTA, The entire
apparatus is then subjected to UV light (4 = 365 nm) for ten minutes while
under a nitrogen purge. Particles are observed after separation of the PFPE
20 mold and the freated silicon wafer using scanning electron microscopy (SEM)
(see Figure 19). Further, Figure 20 shows a scanning electron micrograph of
500-nm isolated conical particles of TMPTA, which have been printed using
an embodiment of the presently described non-wetting imprint lithography
method and harvested mechanically using a doctor blade. The ability to
25 harvest particles in such a way offers conclusive evidence for the absence of

a "scum layer.”

3.7  Fabrication of 3-um arrow-shaped TMPTA particles

A patterned perfluoropolyether (PFPE) mold is generated by pouring a

30 PFPE-dimethacrylate (PFPE-DMA) containing 1-hydroxycyclohexyl phenyl
ketone over a silicon substrate patterned with 3-um arrow shapes (see Figure

11). A poly(dimethylsiloxane) mold is used to confine the liquid PFPE-DMA to

the desired area. The apparatus is then subjected to UV light (4 = 365 nm)
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A patterned perfluoropolyether (PFPE) nold is generated by pouring a 15
PFPE- di net hacryl ate (PFPE- DVMA) cont ai ni ng 1- hydroxycycl ohexyl phenyl ketone
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to confine the |1 qui DVMA to the desired area he apparatus is then
subj ect ed tmoldvamdymtr(eatefi silemn weﬁmngecanmng@emonemamopa (BEMbgen
purge. The fully cured PFPE- DVA nold is then released fromthe silicon
master. Separately, TMPTA is 10 blended with 1 wt % of a photoinitiator,

L L Myt
concentrat ed sul Ayratteraed grerboroholystiwe{PFPE) mold is generated by pouring a
PFPE-dimethacrylate (PFPE-DMA) containing 1-hydroxycyclohexyl phenyl
ketone over a silicon substrate patterned with 200-nm trapezoidal shapes
(see Figure 13). A poly(dimethylsiloxane) mold is used to confine the liquid
20 PFPE-DMA to the desired area. The apparatus is then subjected to UV light
(A= 365 nm) for 10 minutes while under a nitrogen purge. The fully cured
PFPE-DMA mold is then released from the silicon master. Separately, one
gram of (38)-cis-3,6-dimethyl-1,4-dioxane-2,5-dione (LA) is heated above its
melting temperature (92 °C) to 110 °C and approximately 20 uL of stannous
25 octoate catalyst/initiator is added to the liquid monomer. Flat, uniform, non-
wetting surfaces are generated by treating a silicon wafer cleaned with
“piranha” solution (1:1 concentrated sulfuric acid : 30% hydrogen peroxide (aq)
solution) with trichloro(1H, 1H, 2H, 2H-perfluorooctyl} silane via vapor
deposition in a desiccator for 20 minutes. Following this, 50 uL of molten LA
30 containing catalyst is then placed on the treated silicon wafer preheated to
110°C and the patterned PFPE moid is placed on top of it. The substrate is
then placed in a molding apparatus and a small pressure is applied to push
out excess monomer. The entire apparatus is then placed in an oven at
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peroxide (aq) solution) with trichloro(1 H 1 H 2H 2H perfluorooctyl)
silane via vapor deposition in a desiccator for 20 mnutes. Follow ng this,
50 pL of TA I s then placed on the treated silicon e
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confine the I|i qU| d PFPE—DIVA to the desired area. The apparatus is then
subjected to UV Ii ght (A = 365 nn) -69 WO 2005/ 101466 PCT/ US20041042706
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substrate is then placed in ding apparatts 10 and a smaq pressure is
appl i ed tofqu‘u%(h mmmuteswbﬁem a hittogen ipusge appbe duliy c@redhE’EPsE:Ehl\Mtt ed to

W TTght (850 328N reledsehom el Sitcol inaster. Separately, one gram of (35)-

cis-3,6-dimethyl-1,4-dioxane-2,5-dione (LA) is heated above its melting
temperature (82 °C) to 110 °C and ~20 wl of stannous octoate

20 catalyst/initiator is added to the liquid monomer. Flat, uniform, non-wetting
surfaces are generated by treating a silicon wafer cleaned with “piranha”
solution (1:1 concentrated sulfuric acid: 30% hydrogen peroxide (aq) solution)
with trichloro(1H, 1H, 2H, 2H-perfluorcoctyl) silane via vapor deposition in a
desiccator for 20 minutes. Following this, 50 yL of molteh LA containihg

25 catalyst is then placed on the treated silicon wafer preheated to 110°C and
the patterned PFPE mold is placed on top of it. The substrate is then placed
in a molding apparatus and a small pressure is applied to push out excess
monomer. The entire apparatus is then placed in an oven at 110°C for 15
hours. Particles are observed after cooling to room temperature and

30 separation of the PFPE mold and the treated silicon wafer using scanning
electron microscopy (SEM) (see Figure 23).
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under a nitrogen purge. Particles are observed after separation of the PFPE
nold and the treated silicon wafer using scanning el ectron m croscopy (SEM.
15 3.8 Fabrication of 200-nm trapezoidal poly(lactic acid ﬂPLA Particles A
pat t er ned WP UB#pol yet her (PFPE) nold is generated byP‘%}'Ef 304043706

PFPE- di net hacryl at e ( PFPE-DVA) contai ni ng 1- hydroxycycl ohexyl phenyl ketone
over a sil3d0n Battrideniidre of S00emmesbnidl lshaféd tRLAY ppeitdésial shapes (see
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an oven at, -70 WD 20051101466 PCT/ 13S20041042706 110C for 15 hours.
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t he PFPE td JLGon f L NG4S G Wafe : .
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(PLA), which have been printed using an enbodi ment of the presently

descri bed W& nglh Lnir-pe y Vigh veepedlugBchHbud cal | y
tishlopetiH, ng! Hlm#tl.n 2H-perbipregsiyl) neitamed vien vamervdepesit A
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mol d is generated by pouring a. .
the patterned PFPE mold is placed on top of it. The substrate is then placed

in a molding apparatus and a small pressure is applied to push out excess
monomer. The entire apparatus is then placed in an oven at 110 °C for 15

20 hours. Particles are observed after cooling to room temperature and
separation of the PFPE mold and the treated silicon wafer using scanning
electron microscopy (SEM) (see Figure 24).

3.11 FEabrication of 200-nm trapezoidal poly{pyrrole) (Ppy) particles

25 A patterned perfluoropolyether (PFPE) mold is generated by pouring a
PFPE-dimethacrylate (PFPE-DMA) containing 1-hydroxycyclchexy! phenyl
ketone over & silicon substrate patterned with 200-nm trapezoidal shapes
(see Figure 13). A poly{dimethylsiloxane} mold is used to confine the liquid
PFPE-DMA fo the desired area. The apparatus is then subjected to UV light

30 (A = 365 nm) for 10 minutes while under a nitrogen purge. The fully cured
PFPE-DMA mold is then released from the silicon master. Flat, unifaorm, non-
wetting surfaces are generated by treating a silicon wafer cleaned with

“piranha” solution (1:1 concentrated sulfuric acid: 30% hydrogen peroxide (aq)
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PFPE- di net hacryl at e (PFPE-DMA) cont ai ni ng 1- hydr oxycycl ohexyl phenyl ketone
over a silicon substrate patterned with 3-pm arrow shapes (see Figure 11)

A pol y(di net hyl sil oxane) nold is used to confine the liquid PFPE-DVA to

t he desi r@&’%ﬁ%ﬁ' 146fhe apparatus is then subjected to UV%‘FUH?ZO?W‘WO%S nn)
for 10 m nutes while under a nitrogen purge. The fully cured PFPE-DVA nold
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ci s-3, 6-di net hyl - 4- di oxane- 2, 5-di one%é(lj_ él ) heﬁosd above its nelting

t enper at ur _'e‘owgn cf,)f tefrahydrafusapyreale pis k 68t Porrhiaiic pgis: /
surf aces. alapeharent idifogeis ORRIEObh Huiek) RS ol Ballobk o .
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depodi ti on (Plipralo errEplaie elymeFizationy 'ﬁuﬁ"é§9d ratp Antriegie |5§'COBOW§i_erﬁn nol t en

o eheat e 110140 SHN Cappaialt nfl BhiiesHie® SoBREECK ShrEER BRRS e
substrate igglutipan mh@Caplpara‘tug isothgh niageRirtbus vashiuan sowdn f@r dsshr i s

applied to push out _excess nononer. The entire apparatus is then placed in
an oven at ramovefie THF ansuwaterpdratigles ase obss HEINgr $€3Nrivg 1818[EoNo r oom

t enper at ur t 0 e E h a i can waf er
usi ng scan(ram ﬁ'%%cgﬁéc ron égérkos'fél %’39 (EEE/; ﬁg eiél%u% enggf'S R’%ﬁ”% drid
2003p10146ge ﬁﬁtlﬂﬁ&ﬁ@ﬁé@m@fﬁnolﬁs 2hd tFabiresid siicaf wafé- nm coni cal shaped
(PLA) particles A patterned perfluoropol yether (PFPE) mpld is generated by

pouring a PFPE-di net hacryl ate (PFPE- DI\/A) cont ai ning 1-hydroxycycl ohexyl

phenyl  ket,0 v, ‘ h 500- nm coni cal shapes
(see 5 Fig Mﬁt—(@ﬁﬂwﬁ U :

'C 22 ysed to confine the

l'iquid PFPE- Mp@ﬂéﬂﬂéd%ﬂbéfbpﬁl%emﬁw’%&ﬁ@!ﬁ% dendrhf By lpodfhgd to WV
light (A= 365 nm for 10 m nutes | e undér a nitrogen t%@rge ThefuIIy

cured PFPEPHﬂmdrmefdnacylaﬂeer{PFaEea%ﬂ ) feriRitRg siinyssexyeysiobexylsabenst el v,

above [1s ety i PuPhfefeateris W R nfaoly bge Gbe MadE™

octoate catﬂb y &t pol pidimatisiloxanayise ti® ukbe tb icarfifde The igaid PFPE.DMANY or m
non-wet ti n% surfaces are
he desired area. The apparatus is then subjected to UV light (A = 365 nm) for

10 minutes while under a nitrogen purge. The fully cured PFPE-DMA mold is
then released from the silicon master. Flat, uniform, non-wefting surfaces are

20 generated by treating a silicon wafer cleaned with “piranha” solution (1:1
concentrated sulfuric acid: 30% hydrogen peroxide (aq) solution) with
trichloro{1H, 1H, 2H, 2H-perfluorooctyl) silane via vapor deposition in a
desiccator for 20 minutes. Separately, 50 pyl of a 1:1 viv solution of
tetrahydrofuran:pyrrole is added to 50 uL of 70% perchloric acid (ag). A clear,

25 homogenous, brown solution quickly forms and develops into black, solid,
polypyrrole in 15 minutes. A drop of this clear, brown solution. (prior to
complete polymerization) is placed onto a treated silicon wafer and into a
stamping apparatus and a pressure is applied to remove excess solution.
The apparatus is then placed into & vacuum oven for 15 h to remove the THF

30 and water. Particles are observed using scanning electron microscopy (SEM)
(see Figure 26) after release of the vacuum and separation of the PFPE mold
and the treated silicon wafer.
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generated by treating a silicon wafer cleaned wth "piranha" solution (1:1
concentrated sul furic acid: 30% hydrogen peroxide (aq) solution) with

trichl oro&l | H 2H, 2H perfluorooctyl) silane via vapor deposition in a 15
desi ccat oV G YPSHB4H nut es. Fol lowing this, 50 pL of ol t BEAT/IREM2ANN ng
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sol ypi on ( dolbtieRNEANESRicHiraded Euvfurfc QﬁddSO‘%OWEVGUéWEQch@d@&@%dI@Mn) -72 WO
20051101466 PCTI US20041042706 deposition in desi ccator for 20 m nutes.

Separ at el ywltbdnplllom(‘lkl 1tH, EHVZPbmrﬂUDUJOCQﬂ t%lanah‘gdar‘tﬁnﬂramﬁmmﬂi@ i Bs added
to 50 pL of, 70% |ca|d r, o) solutlon
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rop o ri n) is
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silicon wa
stamping apparatus and a pressure is applied to remove excess solution.

The apparatus is then placed into a vacuum oven for 15 h to remove the THF
and water. Particles are observed using scanning electron microscopy (SEM)

20 (see Figure 27) after release of the vacuum and separation of the PFPE mold
and the treated silicon wafer,

3.14 Encapsulation of fluorescently tagged DNA inside 200-nm trapezoidal

PEG particles

25 A patterned perfluoropolyether (PFPE) mold is generated by pouring a
PFPE-dimethacrylate (PFPE-DMA) containing 1-hydroxycyclohexyl phenyl
ketone over a silicon substrate patierned with 200-nm trapezcidal shapes
(see Figure 13). A poly(dimethylsiloxane) mold is used to confine the liquid
PFPE-DMA to the desired area. The apparatus is then subjected to UV light

30 (A = 365 nm) for 10 minutes while under a nitrogen purge. The fully cured
PFPE-DMA mold is then released from the silicon master. Separately, a
poly(ethylene glycol) (PEG) diacrylate (n=9Q) is blended with 1 wt% of a
photoinitiator, 1-hydroxycyclohexy! phenyl ketone. 20 uL of water and 20 uL
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3.12 Fabrication of 3-um arrow shaped (Ppv) particles A patterned
per fl uoropol yether (PFPE) nold is generated by pouring a

PFPE- di me§_hacr te (PFPE-DMA) containing 1-hydroxycyclo

ket one ov é?'ﬁ“%on substrate patterned with 3-pm arroﬁé@@?@%&e Fi gure
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a  PFPE-di r%?%hg«gcf@araﬁ@n (@Fﬁﬁe %Ecﬁm' ghdcmqth% gg%&eaygmebﬁh éf-] r RSy

ket one ove I con substrate patterne nm coni ca apes “(see 5
Figure 12) coqumalI ylludirestendes inhiorcscepy nisbd Figuuse28).0 danthere Rigerd 284 d

(A= 365 SHPHoA TH0HRIRATGSCOROLE! JHBESTaP OF Gtk 5U g BbPREIdEL V% cured
EEE%VS\BHV:A n 'ﬁ%hga?ﬁg!:%‘:ﬁ@{c@l g@ﬁgﬁa?gﬁﬂ bﬁ ﬁg{r%ﬁ%wtﬁgfﬁégﬁgﬁ g\FIHﬂCeaned W th
" pi ranha" EG}gl.a‘eIZBB dopfical miznographasfetie 200Humi isokmiedt trapegdiger pgeiclgzer oxi de
(aq) solut io?rBEG diacrylate that contain fluorescently tagged DNA. Figure 28C is the
overlay of the images provided in Figures 28A and 28B, showing that every
particle contains DNA.
20
3.15 Encapsulation of magnetite nanoparticles inside 500-nm_conical PEG
particles
A patterned perfluoropolyether (PFPE) mold is generated by pouring a

PFPE-dimethacrylate {PFPE-DMA) containing 1-hydroxycyclohexyl pheny!
25 ketone over a silicon substrate patterned with 500-nm conical shapes (see
Figure 12). A poly({dimethylsiloxane) mold is used to confine the liquid PFPE-
DMA to the desired area. The apparatus is then subjected to UV light (A =
365 nm) for 10 minutes while under a nitrogen purge. The fully cured PFPE-
DMA mold is then released from the silicon master. Flat, uniform, non-wetting
30 surfaces are generated by treating a silicon wafer cleaned with “piranha”
solution (1:1 concentrated sulfuric acid: 30% hydrogen peroxide {(aq) solution)
with trichloro(1H, 1H, 2H, 2H-perfluorooctyl) silane via vapor deposition in a
desiccator for 20 minutes. Separately, citrate capped magnetite
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with trichloro(l1 H 1 H 2H 2Hperfluorooctyl) silane via vapor deposition
in a desiccator for 20 m nutes. Separately, 50 pL of a 1:1 v:v solution of
tetrahydrofuran: pyrrole is added to 50 pL of 70% perchloric acid %a@%. A
clear, h¥YDYOHNAL66 br own sol ution quickly forms and devBEHYS2OMPHETH ack,
solid, 15 polypyrrole in 15 mnutes. A drop of this clear, brown solution
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the liquid PFPE-DVA to the desired area. The apparatus is then subjected to
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nononer  ar orimesbdods. mwﬁgs&gg 5@é1||_b@r RIY'PES Haenysicssbiitte idaaitidpas been

tagged with a fluorescent dye, . Flat, uniform 'non-wetting surfaces
are gener ai®dhey pacest ongthe deiate siligan ewafes| 2nch dbe patterngid reeidut i on

i chi or o Daged;on bt b ity TRE be by BEted B ROg, SPbaBRbE nEor 1T 2
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solution is then placed on the treated silicon wafer and the patterned PFPE

mol df &l acegobiiionoplhse entire Fpparaing is tiea subjesied tpIli¢dight M &= 3/6I mmhéor
apparatus 30 diofB Wwiitt®aRESF d Rtk Pde PNERoSAtCRASSRBifnG PEG-

diacrylate particles are observed after separation of the PFPE mold and the

treated silicon wafer using optical microscopy.

20 3.168 Fabrication of isolated particles on glass surfaces using “double
stamping” |

A patterned perfluoropolyether (PFPE) mold is generated by pouring a

PFPE-dimethacrylate (PFPE-DMA) containing 1-hydroxycyclohexyl phenyl

ketone over a silicon substrate patterned with 200-nm trapezoidal shapes

25 (see Figure 13). A poly(dimethylsiloxane) mold is used to corfine the liquid

PFPE-DMA to the desired area. The apparatus is then subjected to UV light

(A = 365 nm) for 10 minutes while under a nitrogen purge. T he fully cured

PFPE-DMA mold is then released from the silicon master. Separately, a

poly(ethylene glycol) (PEG) diacrylate (n=9) is blended withy 1 wit% of a

30 photoinitiator, 1-hydroxycyclohexyl phenyl ketone. A flat, non-vwetting surface

is generated by photocuring a film of PFPE-DMA onto a glass slide, according

to the procedure outlined for generating a patterned PFPE-DMA mold. 5 gL of

the PEG-diacrylate/photoinitiator solution is pressed between the PFPE-DMA
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10 diacrylate solution. The entire apparatus is then subjected to UV |ight
(A= 365 nm for ten mnutes while under a nitrogen purge. Particles are
observed _after separation of the PFPE nold and the treated silicon wafer
using coMOEF14efor escence nicroscopy (see Figure 28). PEIPEHEH2H65,r e 28A
shows a fluorescent confocal mcrograph of 200 nm trapezoi dal PEG 15

nanopart i clngsld\dmdcthediz (RFPE-DMBesurfdds, shdardssurbds appliet 40 6tk sAcholdY- 3.
Figure 28B is optical mcrograph of the 200-nmisol ated trapezoi dal

particles e¥tesECRBagyiate maaemesnt Aha FriobridMAemaly isalfigad rermoved gur e
28C is th f ' i L0 Ei 28N B i
Chat overy e fiec it PEPE-DIMSRURBGY 660 pbstbdl BERIER a7 Rlecaf] Colare™! "0

nanoparti clngigrdseapdesleOanth sitstbcadedPESingpa!t rrlistiorA (pat t385naMN) for 10
perfluoropolyether.gPFPE) nold i s generated by pouring a )

PFPE-Si net WaiBkiasavbilg pReer anilyoger PHIGR. nfantidssdrexksaved afier Garling to 25
ket one over Sigl.J S t n 1t h ni.cal a (see
Frgure 12y PAMPRAREHASROR) SoRRABROR] Mhe PERE JRbERCHIE 1ig BREs! 5

PFPE- DVA tmictdseopeslidedusing acanhingapeetrad nicrbscome(SEMb(sss Fibtre 28).1 i ght
(A= 365 nm for 10 m nutes while under a nitrogen purge. The fully cured
PFPE- DVA mold is then released fromthe silicon master, Flat, uniform

non-wet ti n%é%agg‘_f\f:_es are ge -‘-31,0.5 éf trfm 10 .8 | inl CH (L

with "pira ution (1:1 concentrated 5%
peropg de (aq) solution) wth tﬁé@%ﬂf@és’; H 1 H 2H, 2H perfluorooctyl)

silane via vapor degosi tionin a esiccator_for 20 mnutes. Separately,

citrate capped Magagemas perfBiopgpolyether dPEEE)Favldus2oenested dss pouring

v aqacous AT B EahIsE, 1PEER DPF et Bhor - hidtoRd Ridfd, Bnéhv™ 2 *
hydrochl or igetorRCiodeb @ @licon) subtelle | satRAged with 2000mnatrapeLoidh | afhabds 7 M

aqueous solution). The resulting precipitate is collected by centrifugation

and then 5 (888 Figurei 13)2 M prly(dimethyisilegane) medd is Haed de1gandingrEhe pviskt ed by

Cusphded if o ONTA Hiitnd fesired a0 T wBhieis I ler’ ERePRAOB7RALIGRS 106

of sodi um @itz 868 rirR) for 10 minutes while under a nitrogen purge. The fuslly cured

PFPE-DMA mold is then released from the silicon master. Separately, a
poly(ethylene glycol) (PEG) diacrylate (n=9) is blended with 1 ws% of a
photoinitiator, 1-hydroxycyclohexyl phenyl ketone. Fluorescently-labeled or
20 unlabeled Adenovirus or Adeno-Associated Virus suspensions are @added to
this PEG-diacrylate monomer solution and mixed thoroughly. Flat, uniform,
non-wetting surfaces are generated by treating a silicon wafer cleaned with
“piranha” solution (1:1 concentrated sulfuric acid: 30% hydrogen peroxide (aq)
solution) with ftrichloro(1H, 1H, 2H, 2H-perfluoroactyl) silane via vapor
25 deposition in a desiccator for 20 minutes. Following this, 50 uL of the PEG
diacrylate/virus solution is then placed on the treated silicon wafer and the
patterned PFPE mold placed on top of it. The substrate is then plaaced in a
molding apparatus and a small pressure is applied to push out excesss PEG-
diacrylate solution. The entire apparatus is then subjected to UV light (A =
30 365 nm) for ten minutes while under a nitrogen purge. Virus-containing
particles are observed after separation of the PFPE mold and the treated
silicon wafer using transmission electron microscbpy or, in the case of

fluorescently-labeled viruses, confocal fluorescence microscopy.
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added. The solution is stirred at 900C for 30 mn to yield an aqueous
solution of citrate-stabilized iron oxide nanoparticles. 50 L of this

sol ution | o 10 50 pL of a PEG di acrylate sol uti | .1 ot ube.
This m crg't%u%@gﬁ} 4%)f’ortexed for ten seconds. Follow ng tﬂ?rsljfjgl@gﬂ%%%f this
PEG di acryl atel particle solution is then placed on the treated silicon
waf er and the patterned PFPE nold placed on top of it. The substrate is

then placed in a i ng apparatus and .
out excess%’@@ﬁi?glf | at e/ par t i ZNEPELIAIRN,t Pl 1S & AT CHAGTY g
subjected to UV light (A = 365 @‘gpgpﬁdeg en mnutes while under a nitrogen
purge. Nanoparti cl e-contai ni ng ‘ylate particles are observed after
separation of t ke peiBmedbdriumtopdigethier RFEE) snbld i geaéraied Hynpgourng cal
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i s biended RHRE-DMM ftold i@ tRen plefdaed froat the slicondrmasyery clSepaxsielphenyl
ketone. A flat, non-vvetti n% surface is e__rbsrat ed b hot ocur i ng a film of
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generati ng aerned PEPE. he :
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WO 2005/ 101fdhdhed | pia26i04 60HRI606 arel adderd tohthis | RERERENAIME snohamer and
pressure is applied to squeeze out excess PEG diacryl ate nongner. The
PFPE- DMA nSPHtios @nen mixesB@rowghlys t eat; | wiifosmpeogivalling -21a6as @ essed

agaifst a a L4GL.0SC ] fie LN Lation (A
2956 e 11 PofBre T Rl BT By YL A B "Rtoh e o ¢
observed afcontespgledngutiaricr aoi: t BOUeatddgernnSemxithy afaq)nsolutibhe WPE nol d

and the gl ass . . e
trichloro(1H, 1H, 2H, 2H-perfluorooctyl) silane via vapor deposition in a

desiccator for 20 minutes. Following this, 50 yL of the PEG diacrylatefvirus
solution is then placed on the treated silicon wafer and the patterned PFPE

20 mold placed on top of it. The substrate is then placed in 2 molding apparatus
and a small pressure is applied to push out excess PEG-diacrylate solution.
The entire apparatus is then subjected to UV light (A = 365 nm) for ten
minutes while under a nitrogen purge. Protein-containing particles are
observed after separation of the PFPE mold and the freated silicon wafer

25 using traditional assay methods or, in the case of fluorescently-labeled
proteins, confocal fluorescence microscopy.

Example 3.19. Fabrication of 200-nm fitania particles

A patterned perfluoropolyether (PFPE) mold is generated by pouring a

30 PFPE-dimethacrylate (PFPE-DMA) containing 1-hydroxycyclohexyl phenyl
ketone over a silicon substrate patterned with 200-nm trapezoidal shapes

(see Figure 13). A poly(dimethylsiloxane) mold is used to confine the liquid
PFPE-DMA to the desired area. The apparatus is then subjected to uv light
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m croscope slide, using scanning electron mcroscopy (SEM (see Figure 29).
Exanpl e 3.17. Encapsul ation of viruses in PEG diacrvlate 10 nanoparticles.

A pattern opol yether (PFPE) nold is generated i

PFPE- di net a%ﬁ?/ﬁ 1%{(2{ ( PFPE- DMA) cont ai ni ng 1- hydroxycycl oﬁé@&@ﬂ@%@?ﬁ ket one
over a silicon substrate patterned with 200-nm trapezoida | shapes (see

Fi gure 13).(AA 365yt rfet l19| minuteamdilenutderi & nitsegen puogef iTte fully durgdii d 15
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out Hxcess dlKBn wdamrramchitm mtternedrPFHEE\mcﬂdtplacmchppdmauht i Bha atebst&mej ect ed

to WV |ight, &ﬁA F a E_Lofor ten e under a n ur ge.
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t he case of uor esce ed viruses, confocal uor escence
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Encapsul at i ote| S i |acr | at e ., nanoparticle atterned
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PFPE; i net l\)ﬁ at e ( PFPE- DMA) cont ai ni ng 1- hydroxycycl ohexyl phenyl ketone
over a sili'con Substrate patterned with 200-nmtrapezoi dal shapes

Example 3.20. Fabrication of 200-nm silica particles

A patterned perfiuoropolyether (PFPE) mold is generated by pouring a
PFPE-dimethacrylate (PFPE-DMA} containing 1-hydroxycyclohexyl phenyl

20 ketone over a silicon substrate patterned with 200-nm trapezoidal shapes
(see Figure 13). A poly(dimethylsiloxane) mold is used to confine the liquid
PFPE-DMA to the desired area. The apparatus is then subjected to UV light

(A = 365 nm) for 10 minutes while under a nitrogen purge. The fully cured
PFPE-DMA mold is then released from the silicon master. Separately, 2 g of

25 Pluronic P123 is dissolved in 30 g of water and 120 g of 2 M HCl is added
while stirring at 35°C. To this solution, add 8.50 g of TEOS with stirring at

35°C for 20 h. Flat, uniform, non-wetting surfaces are generated by freating a

silicon wafer cleaned with “piranha” solution (1:1 concentrated sulfuric acid:

30% hydrogen peroxide (ag) solution) with ftrichioro(1H, 1H, 2H, 2H-

30 perfluorooctyl) silane via vapor deposition in a desiccator for 20 minutes,
Following this, 50 uyL of the sol-gel solution is then placed on the treated

silicon wafer and the patterned PFPE mold placed on top of it. The substrate

is then placed in a molding apparatus and a small pressure is applied to push
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(see Figure 13). A poly(dinmethylsiloxane) nold is used to confine the liquid
PFPE-DVA to the desired area. The apparatus is then subjected to UV |ight

(A =365 n for 10 m nutes while under a nitrogen purge, The full¥ cured 10
PFPE- DMA W1 H07/L018¢6ny el eased fromthe silicon master. BeHYpHUP42706,
po[y(ethyl ene glycol) (PEG diacrylate (n=9) is blended with 1 wt% of a
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uniform naon-wetting surfaces are generated by . .
hydrochlon¢ acid and 3.88 mC titanium (IV) ethoxide. Flat, uniform, non-

wetting surfaces are generated by treating a silicon wafer cleaned with
“piranha” solution (1:1 concentrated sulfuric acid: 30% hydrogen peroxide (aq)
20 solution) with trichloro{1H, 1H, 2H, 2H-perfluorooctyl) silane via vapor
deposition in a desiccator for 20 minutes. Following this, 50 uL of the sol-gel
solution is then placed on the treated silicon wafer and the patterned PFPE
mold placed on top of it. The subsirate is then placed in a molding apparatus
and a small pressure is applied to push out excess sol-gel precursor. The
25 entire apparatus is then set aside until the sol-gel precursor has solidified.
Particles are observed after separation of the PFPE mold and the treated

silicon wafer using scanning electron microscopy (SEM).

Example 3.22, Encapsulation of CdSe nanoparticles inside 200-
30 nm PEG particles
A patterned perfluoropolyether (PFPE) mold is generated by pouring a

PFPE-dimethacrylate (PFPE-DMA) containing 1-hydroxycyclohexyl phenyl

ketone over a silicon substrate patterned with 200-nm trapezoidal shapes
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treating a silicon wafer cleaned with "piranha" solution (1:1 concentrated
sul furic acid: 30% hydrogen peroxide (aq) solution) with trichloro(1H 1H,
2H, 2H-perfluorooctyl) silane via vapor deposition in a desj for 20
ni putes,. . VRAWYWHMS. this, .50 pL of the sol-gel solution %Tf{"m?f‘e}?)"gé'éed on

the treated 10 silicon wafer and the patterned PFPE nold placed on top of

it. The sulisee digure $3}.hénpplyddientthyisioxamedimgdaippasett tes canfihe tsentiblid
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of water a 0] d S
sol uti on, rbg.‘c?lg g' Bff gﬁ%hgmhﬁ%ﬁ ?‘?&Plo\ﬁgﬂe %reségséﬁv%g @04%§QFIO-FQN5%R form
non-‘WBt ti ngar&imfeapldscse&@ugedetoaifetdelsplutroaaﬁ)lngnm 0 diVidaDHNaTlee solutianed wi t h

"pi ranha" solutio 1l:1 conce ed sulfuric acjd: ~30% hydrogen peroxide
(aq) sol utif®RH q1‘$"f hinikkpgen Q'H%mmtqa 23k bMNNﬂ‘ quﬁ‘i"}"&ﬁe Vi a

vapor deposi tisdR4i 8 tﬁeg&ﬁ%ﬁ&?ﬁﬂace%teg%% %‘ t& ve %%!1 %‘r 8¢ ste%#)ﬁds S%Qpl‘ of

t he sol -gel solution i on rcon wa

patterned RiEPofipligl sl@rad i®raddad & 50 uLToe élﬁ@@r ata%rylaﬁa bbltmonl mcad in a
mol di ng apparatus and a small pressure |s applied to push -79 WO

200511014 68nkecmubs200his0anerotubaig vestexsrs farolengesecqndsc ub8arl. oftleisditGr e
por b1 o dhetraleRaing Reffe SaliihF oidtdy hlbe BB dlopt et hear oo
si i con wafieittdihed PRRENADRDpRIceE! ¢ fopToE itOSTIP ¥ubEFE is then placed in a
molding apparatus and a small pressure is applied to push out excess PEG-
diacrylate solution. The entire apparatus is then subjected to UV light (A =
365 nm) for ten minutes while under a nitrogen purge. PEG-diacrylate
20 particles with encapsulated CdSe nanoparticles are observed after separation
of the PFPE mold and the treated silicon wafer using TEM or fluorescence

microscopy.
Example 3.23. Synthetic replication of adenovirus particles using
25 Non-Wetting Imprint Lithography

A template, or “master,” for perfluoropolyether-dimethacrylate (PFPE-

DMA) mold fabrication is generated by dispersing adenovirus particles on a

silicon wafer. This master can be used to templaie a patterned mold by

pouring PFPE-DMA containing 1-hydroxycyclohexyl phenyl ketone over the

30 patterned area of the master. A poly{dimethylsiloxane) mold is used to
confine the liquid PFPE-DMA to the desired area. The apparatus is then
subjected to UV light (A = 365 nm) for 10 minutes while under a nitrogen

purge. The fully cured PFPE-DMA mold is then released from the master.
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5 Exanple 3.21. Fabrication of 200-nm europi umdoped titania particles A
patterned perfluoropol yether (PFPE) nold is generated by pouring a

PFPE- di ne ( PFPE- DMA) cont ai ni ng 1- hydroxycycl 'I’;SQ

ket png, mvé%?é-{%-hq%‘ﬁ%on ---- subst-rate patterned with 200-nmtr ﬁ%ﬁ“ﬁg&%ﬁap

(see Figure 13). A poly(dinmethylsiloxane) nold is used to confine the liquid
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usi ng scannl ng el ectron mcroscopy (SEM. Exanple 3.22. Encapsul ati on of
CdSe nanopat mté‘swru%rea@!lc@tﬂﬁawbﬁﬁm@d;aﬁ&r semraélonqjahe mold and

IgEL];Elg?LgP %??P%(eg( E{gé W c@ﬂﬁgn%ﬁrﬁ&g h@ﬁ?{wycy ‘F’@ﬁ%‘%@’( %I\ﬂ{/lor ket one

over a sil |tmng@qghreaé@trmtﬁlg;rdgedpw(rﬂwoo nm trapezoi dal shapes -80 WO
2005/ 101466 PCTfuS20041042706 .. (see Figure 13). A poly(dinethylsiloxane)

nmold is used to confine the liquid PFPE-DVA to the desired area. The
appagat us I8 LAQR Sokj ected to EM At roplication of earthworm _hemoglobin

protein using Non-Wetting Imorint Lithography

A template, or “master,” for perflucropolyether-dimethacrylate (PFPE-

DMA) mold fabrication is generated by dispersing earthworm hemoglobin

protein on a silicon wafer., This master can be used to template a patterned

20 mold by pouring PFPE-DMA containing 1-hydroxycyclohexyl phenyl ketone
over the patterned area of the master. A poly(dimethylsiloxane) mold is used

to confine the liquid PFPE-DMA to the desired area. The apparatus is then
subjected to UV light (4 = 365 nm) for 10 minutes while under a nitrogen

purge. The fully cured PFPE-DMA mold is then released from the master.

25 Separately, TMPTA is blended with 1 wt% of a photoinitiator, 1-
hydroxycyclohexyl phenyl ketone. Flat, uniform, non-wetting surfaces are
generated by treating a silicon wafer cleaned with “piranha” solution (1:1
concentrated sulfuric acid: 30% hydrogen peroxide (aq) solution) with
trichloro(1H, 1H, 2H, 2H-perfluorooctyl) silane via vapor deposition in a

30 desiccator for 20 minutes. Following this, 50 yL of TMPTA is then placed on
the treated silicon wafer and the patterned PFPE mold placed on top of it.

The substrate is then placed in a molding apparatus and a small pressure is

applied to push out excess TMPTA. The entire apparatus is then subjected
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(A =365 nm for 10 m nutes while under a nitrogen purge. The fully cured
PFPE-DVA nold is then released fromthe silicon master. Flat, uniform non 5

Wettlngs generated by treating a silicon waf

"pi ranha” wé%ﬁ'ﬁﬁfodﬁg(l 1 concentrated sulfuric acid: 30%]%{”] @‘Rg @wom de
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di acrylate solution in a mcrotube. This mcrotube is vortexed for ten
secoRds. 50 uL of this PEG 15 di acrylate/ CdSe particle solution is placed on

the treat eé@h{ ‘é:?nzgvafer and t8gmp -.” érﬁ&eOf it.
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hydroxycyclohexyl phenyl ketone. Other therapeutic agents (i.e., small

molecule drugs, proteins, polysaccharides, DNA, etc.), tissue targeting agents
(cell penetrating peptides and ligands, hormones, antibodies, etc.),
therapeutic release/transfection agents (other controlled-release monomer
20 formulations, cationic lipids, etc.), and miscibility enhancing agents
(cosolvents, charged monomers, eic.) are added to the polymer precursor
solution in a combinatorial manner. Flat, uniform, non-wetting surfaces are
generated by treating a silicon wafer cleaned with “piranha” solution (1;1
concentrated sulfuric acid:30% hydrogen peroxide (aq) solution) with
25 trichloro(1H, 1H, 2H, 2H-perfluorooctyl} silane via vapor deposition in a
desiccator for 20 minutes. Following this, 50 yL of the combinatorially-
generated particle precursor solution is then placed on the treated silicon
wafer and the patterned PFPE mold placed on top of it. The substrate is then
placed in & molding apparatus and a small pressure is applied to push out
30 excess solution. The entire apparatus is then subjected to UV light (A = 365
nm) for ten minutes while under a nitrogen purge. The PFPE-DMA mold is
then separated from the treated wafer, and particles are harvested and the
therapeutic efficacy of each combinatorially generated nanoparticle is
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Separately, TMPTA is blended with 1 wt% of a photoinitiator, 1-

hydr oxycycl ohexyl phenyl ketone. Flat, uniform non-wetting surfaces are
generated by treating a silicon wafer cleaned with "piranha" solution (1:1
concentrated sul furic acid: 30% hydrogen peroxide (aq) solution) with 5
trichloro(l1 H 1H, 2H, 2H perf[uorooctyl) silane via vapor deposition in a
desi ccator for . m put e Foll ow ng,this, 5 L of .TWMP I s, .the | aced on
the treated sqsfq%g'éﬁé%af e%yarfﬁp?ﬂtggpaﬁserWgwoa?@@’mwrg’ pa-'?@?ﬂl’tor?a l?% of it.
The substr at doimsulafisns, Pmaag dedribifiationsd on CheRPanRd Wyents] Bssti@itdrgBfigssure is

applied to push out excess TMPTA. -The entire apparatus,is then subjected 10
to UV |ight (%eﬂt%Gﬁf’?‘?ﬂ?F AERNtEe ANM ﬂ@?bgmﬁﬂ'it?@ G%BPU%d%ianoB%nraB@be.

Synthetic Vi rgifedl ¢ Yebsrmie® 1o RtiMAA cBirbfiatioR PRF & idRajred thbripBiiE ol d
and the treated silicon wafer using scanning electron mcroscopy (SEM or

transmi 8si on aApéeatiacth ni croscopy (TEM. 15 Exanple 3.24. Synthetic

replication m heppgt ol 0 o Nop- W\t ting | nprint
Li t hogr aphy ?@2%%?}’%5 or €T sfa e He_ di met hacryl ate

A e DeT |
(PFPE- DVA) nol d fAapaiteraed perflusropsiyetier BFBE) dicg & gengatedrtiyhpouringree nogl obi n
protein on a §ilicC fer. . Thi r n. be used, to tenpl ate a patterned
20 nmol d by poﬁtﬁi%%gd')@?%c ec@rﬁ%ﬂm ﬁﬁ?'&%’xj&?’(ﬂ%ﬂ@%ﬁgﬁﬁw n?fﬁ‘e'ﬁgtone
over the pat tigtomsl oasrea siitor Babstrré patierfed alith( SlufE EidBtAIAES Ihatated | s used
to confine thg | i quid PFPE- esired area. The apparatus is then

P [SI\/A to. the ? § C
subj ectlBd to degn 2 Roly(dimsthyigioxane) meldisaedloganfiee tediquidPRPEr ogen

purge. The f - ' e ﬁﬁ&: ter. 25
Separ at el y, 'I%I\/%Afdl“lt;h%g?é;drﬁggd%\n@t medav&%)réotp §g's gﬁgf ol 1 Q@‘U\ml?gmﬁ

I't1ator,
hydr oxycycl oh38§ nmpfemid mistemwhile-pader aupiirpgempurgen- The Ul gusasd PEREs are
enerated b ati b C e egh: Bt aNha ti,on (1:1
g ent r at eé Es)u udp‘?@ gscis‘g:bh3%5¥%grgrggnqg%r%gﬁaé‘g%%%?[so:’%eﬁaﬁ%@ Wth (
t Klichl oro(1 Hyoly{ekhylete ghidod PEG)odiacrytapé )(ns8) indlendedvejiori ddfosftda on in a

30 desi,gcator Jfqr. 20 m . Fol l.owi n hi S...50 of JMPTA is then placed
on t hégt r eat %qugil"}%ﬂa[%n qﬁﬁ@"y‘%&aﬂ%ﬁ%‘ ‘g‘fﬁ"ﬁ" 1e‘f'q{8'ale‘PE@’ Hﬂ'ircﬂ'nblngg'é'éé top of
it. The Subssmtﬁloasi sret b@nmrﬁleacwi tieating O kHltory wﬁ@acahned agith Splsmhb! ]
' ' TNETA. The-ent | tus is t
ELEJSZE{ gdl S_ 8$Bticlmefj1:% %oﬁ(l:]asntra?elg Sl.ﬁ'ﬁ(.l(l':igsn':l%id: % hydrog%nep%réxrige ?ap asro uti%r%) 'S en
with trichloro(1H, 1H, 2H, 2H-perfiuorooctyl) silane via vapor deposition in a
desiccator for 20 minutes. Following this, 50 yL of PEG diacrylate is then
20 placed on the treated silicon wafer and the patterned PFPE mold placed on

top of it. The substrate is then placed in a molding apparatus and a small
pressure is applied to push out excess PEG-diacrylate. The entire apparatus
/"“) is then subjected to UV light (A = 385 nm) for ten minutes while under a
nitrogen purge. An interconnected membrane is observed after separation of
25 the PFPE mold and the treated silicon wafer using scanning electron
microscopy (SEM). The membrane is released from the surface by soaking in

water and allowing it to lift off the surface.

30
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WO 2005/ 101466 PCTI US20041042706 to WV light (A = 365 nn) for ten mnutes
while under a nitrogen purge. Synthetic protein replicates are observed
after separatlon of the PFPE nold and the treated silicon wafer using
scanni ng MOAPTW44 cr oscopy (SEM or transnission el ec‘f(FTiHSW‘H?ﬂ%Q?opy
(TEM. 5 Exanple 3.25, Conbinatorial engineering of 100-nm nanoparticle
therapeutics A patterned perfl uorofdamepleer (PFPE) mold is generated by
pouri ng a PFPE-di net hacryl ate (PFPE— DI\/A) cont ai ni ng 1 hydr oxycycl ohexyl
phenyl =~ 10 ket one ov&olgding;ofife 2 faranpligatians 00- nm cubi c

shapes. oly + e liquid
PFPE- DVA tUB‘t he#ggﬁ““%ﬁa{.@(ﬁﬂﬁn"é@gg - té‘&% PR TR TA ed to WV Iight
(A =365 nm foA pﬂaﬁterﬁbﬂtﬁe@ﬁu%pbl@dh@@@ﬂ’l) h’fcﬂaes‘ameg@tedwmmﬂldg/acured
PFPE- DVA npl d 3 hen rel eased fromthe SI lJ1con master. Eﬁr at e| y,

pol yPet hyl BREEg ImthycryyatepﬁPﬁer £oatgining) -sydraxyeydonpxd P wk) of a
phOt?[ n't'l?t%t%e #verfavgﬂ@é%%h%ﬂﬁfexéknaﬂ?éwlunjﬁei arlgﬁn%r epgsagv f agents

Fugs, proteins polysa ti ssue

targeting ngen&$)0I)((dmhéthpl&ﬂeiarié)lmgld)ﬁnﬁseifﬁ) eadfine WHQUIdWFPrEWA to
anti bodi es, etc the eutic rel ease/transfection agents

cont r ol | edtheefiesit Pezﬁpﬂﬂfﬂmﬁ 8 tmsua&ﬂ%m YY Hoht ¢ et%6§ NMHNd
m sci bil i %re{tﬁ‘?ﬂﬁb{& QAR Gnd rCQSﬁ)ilt Bn@eﬁa?@fel Zﬁ%n%d Fﬂil__lSE-)D[\ﬂAe added

to the pol yrmer” precufsor ~“solution |n ner uni form

nonf@ett i nmmrsfmeﬂ&eaéﬂedmrtaéeﬂl@n brfasbdn, r@epa@te TMPPBAGE bigheaded with
"pi ranha" sol ution concentrated sul furic acid: 30% gdrogen peI’OXI de

(aq) sol utWBh)"vWE% QB a wheteisitigtor, HI-nyAroxyaycipheyik Plh@m’ Ketgne. sklghne via

e conbi nab it beat e g e YR 8 piied, MAEP el WD od o

the treat etbn%thC@mutmfﬁﬂﬁ @Odcéﬁtr‘amélﬂfmi@%ﬁ&@%ﬂiy@r@gmgér@ﬁé (ay)of it.
The substrate is then aced in a nmol di ng apparatus and a, snal | pressure S

appl i ed toscpluaanbaﬂdsfoeetm&e seafer ivith anhadeesionepraspalest (lEmethexysityl

pur b8, TePBEETafhRler s PormuREL i sl Pr IMETA"S, wEndfeGEy B el 00"

particl es gestddasiiest aehfandndiBe patterned PFPE mold placed on top of it. The
substrate is then placed in a molding apparatus and a small pressure is

applied to ensure a conformal contact. The entire apparatus is then

subjected to UV light (4 = 365 nm) for ten minutes while under a nitrogen
20 purge. Features are observed after separation of the PFPE mold and the

treated silicon wafer using atomic force microscopy (AFM) (see Figure 30).

Example 4.1. Molding of a_polystyrene solution

A pattemed perfiuoropolyether (PFPE) mold is generated by pouring a

25 PFPE-dimethacrylate (PFPE-DMA) containing 1-hydroxycyclohexyl phenyl
ketone over a silicon substrate patterned with 140-nm lines separated by 70

nm. A poly(dimethylsiloxane) mold is used to confine the liquid PFPE-DMA to

the desired area. The apparatus is then subjected to UV light (A = 365 nm)

for 10 minutes while under a nitrogen purge. The fully cured PFPE-DMA

30 mold is then released from the silicon master. Separately, polystyrene is
dissolved in 1 to 99 wt% of toluene. Flat, uniform, surfaces are generated by

treating a silicon wafer cleaned with “piranha” solution (1:1 concentrated

sulfuric acid:30% hydrogen peroxide (aq) solution) and treating the wafer with
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t herapeutic efficacy of each conbinatorially generated nanoparticle is -83
established. By repeating this nethodology with different particle

formul ati ons, many conbi nati ons of therapeutic agents, tissu lIijlar eting
agents, r¥P24¥048nts, and ot her Inportant conmpounds caﬁ‘FTz'éSeZP 1447199
screened to determ ne the optimal conbination for a desired therapeutic 5

appl i cati onan BYABBIOA FroAfotERDHARBWIRI 1S, BoShaRe puNRVidfe BEatiBRNBtRES A
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PFPE- DMA tgrekBeradRsap it @nsilie a o 8IS chitalch e Mise! ingied ebpaatidy ibi ght
(A= 365 nm for 10 m nutes while under a nitrogen purge. The fully cured

PFPE-5 DVA ntbed suebjentad tel vacwinf fasnat periad| ptdimeata gemsapdhat splyenta

| y(et hyl | ycol) (PEG i | at e (n=9) .i dwth 1 w%of a 15
Doyt Rl U, e RBE etk S hS BRI S0 by Jpdi el
non- wet ti ngsilioH WAFES LRy YedralcatRee niddSespPIAFM) BheoBcHmhiRy Slkegpsd Wi th

"piranha" solution (1:1%concentrated sulfuric aci d: 30% hydrogén peroxi de
(aq) sol utimirosemy(SEMENl oro(1H, 1H, 2H, 2H perfluorooctyl) silane via
vapor deposition in a desiccator for 20 minutes. Following this, 50 yL of
PEG diacrylate is then 20 placed on the treated silicon wafer and the

patt gy ned PEREmAR) 4lobl aced on - MRIRG dftisoldiedSHhsthicd Bl fibkefedihidd 10 a
nol di ng apparatus and a smal | ou

PEG di acryl ate. The entire appacampatiblesurferessusingddedbleosteidinght (A = 365
nm for ten mnufes while under a njtr ur . An interconnect ed
Tenbrane |5 obsehEEHIeE PO IHPRRYBHIES | S HEO BEORBPERLER BV, PRLITIGA ed
silicon waf Sehy Myals) i ) p -ﬁﬁMt ﬂ@@né;anb ﬁé}ﬁ'is

rel eased fr%ﬁppﬁdielﬁgbﬁ@@%y(@iog%%@w n&%ﬁﬁaaﬁdﬁa |O¥\? né it tloﬁll tI of f

t he surf aceketBe-Rér \AsilCATsL0SHAE PAllkriSd0oRith OKIFOAH likesseparated by 70

15 nm. A poly{dimethylsiloxane)} mold is used to confine the liquid PFPE-DMA to

the desired area. The apparatus is then subjected to UV light (A = 385 nm)
for 10 minutes while under a nitrogen purge. The fully cured PFPE-DMA
mold is then released from the silicon master. Separately, TMPTA is blended
with 1 wt% of a photoinitiator, 1-hydroxycyclohexyl phenyl ketone. A flat, non-

20 wetting surface is generated by photocuring a film of PFPE-DMA onto a glass
slide, according to the procedure outlined for generating a patterned PFPE-
DMA mold. 50 uL of the TMPTA/photoinitiator solution is pressed between
the PFPE-DMA mold and the flat PFPE-DMA surface, and pressure is applied
to squeeze out excess TMPTA monomer. The PFPE-DMA mold is then

25 removed from the flat PFPE-DMA surface and pressed against a clean, flat
silicon/silicon oxide wafer and photocured using UV radiation (A = 365 nm) for
10 minutes while under a nitrogen purge. Isolated, poly(TMPTA) features are
observed after separation of the PFPE mold and the silicon/silicon oxide
wafer, using scanning electron microscopy (SEM).

30

Example 4.3. Fabrication of 200-nm _ titania __structures  for

microelectronics

A patterned perfluoropolyether (PFPE) mold is generated by pouring a
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Mol di ng of features for sem conductor applications 4.1 Fabrication of
140-nm |l i nes separated by 70 nmin TMPTA A patterned perfl uoropol yet her
(PFPE) nol.d is generated by pouring a 5 PFPE-dinethacrylate PE- DVA)
cont ai ni n %12-0 jrﬁ\%@?ycycl ohexyl phenyl ketone over a si Iq%ﬂségg@ﬂ%te
patterned with 140-nm | ines separated by 70 nm A pol y(di nethyl sil oxane)
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treai ng t far & Brinuieshwhile adntari armispgamtairge.( t Fheefullyxgdrad) PFEE-PAbDy |
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reat ed oi MR Enkiedt bt dram B SRkt Sepapidon o o8 BhRe e
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applied to ensure a conformal "contact. The entire apparatus is then

subj ect ed solwlign oGhI7 Mh of GeBeniptebhydreahioricwcid amid 8 S8umdiditaaium {IMygen 20
purge. Featyres ,are served after separatiaon ,of the PEPE nold and..the
reated o FigTdRar B2t Orifim: ohifacso Are SrreraSid Tranifo rstoftgibes s0).
Exanpl e 4. bxid®! Whitd fitt? “PRaMRLY IMicHP! (411 brebBLEteaNedifuric acid:30%

per fluoropol yether (PFPE) nold is generated by pouring a 25

PFPE- di net hycirggen per@rde-(ayppolutianhand rdgylmghfmﬂomggh@hé@ym. of#rs Bol-ket one

i1 bst r.at {1t dwth 140- | i t by, 70 A
pol y( di met T S ebihgs  ReRcp ol e the edilPr uloane vt A ipe. taier8d  he
desired ar e pEhRcRPRRicdsn! pl SER. ST 8ubSHaftelisidh Plicddirr a3fwldiAy T or
10 m nutes while under a nitrogen purge. The fully cured PFPE-DVA 30 frold is

t hen rel eagpgbaratis tind s 19mwalh prassue. iSapplietdety , pysh yeul raxcess ssolddalsol ved
in to 99 wt % of tatﬁjene. Fl at Ew}i f.oc[ suLf a.%es a.le enelratled bé
tredfing aPERPFUSOR weiPNtIe ZRBATAINE IS N SEhaSIE MR e patdel RRElRT at ed
sulfuric aphd 394G OQRIIPSIGRUASs GAIbhSENEU Afar 8BPalatfsH bPdhé FFpef er
with -85 WD 20051101466 PCTI US2004/ 042706

mold and the treated silicon wafer using scanning electron microscopy (SEM).

Example 4.4. Fabrication of  200-nm ___ silica__ structures _for

20 microglectronics

A patterned perfluoropolyether (PFPE) mold is generated by pouring a

PF PE-dimethacrylate (PFPE-DMA) containing 1-hydroxycyclohexyl phenyl

ketone over a silicon substrate patterned with 140-nm lines separated by 70

nm. A poly(dimethylsiloxane) mold is used to confine the liquid PFPE-DMA to

25 the desired area. The apparatus is then subjected to UV light (A = 365 nm)
for 10 minutes while under a nitrogen purge. The fully cured PFPE-DMA

mold is then released from the silicon master. Separately, 2 g of Pluronic

P123 is dissolved in 30 g of water and 120 g of 2 M HCI is added while stirring

at 35°C. To this solution, add 8.509 of TEOS with stirring at 35°C for 20h.

30 Flat, uniform, surfaces are generated by treating a silicon/silicon oxide wafer
with “piranha” solution (1:1 concentrated sulfuric acid:30% hydrogen peroxide

(aq) solution) and drying. Following this, 50 uL of the sol-gel solution is then

placed on the treated silicon wafer and the patterned PFPE mold placed on
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an adhesion pronoter. Followi ng this, 50 pL of polystyrene solution is then
pl aced on the treated silicon wafer and the patterned PFPE nold is placed on
top of it. The substrate is then placed in a nolding apparatus and a smal |

pressure WO XPHINE (0 ensure a conformal contact. The FHiVVR0MWAT%ius is 5

then subjected to vacuumfor a period of tinme to renove the sol vent.

Feat ures afep @fsier Vise albstrafeeRAfin pRced ik e nitifingnabsh Ritds tAivl &r §abRd

silicon wafer using atom c force mcroscopy (AFM and scanni ng_ el ectron
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A poby(di ndliggnswateratsing poamening aledmn micreseome(SEBM). i qui d PFPE-DVA to the
desired area. The apparatus is then subjected to UV light (A = 365 nm for
10 mi nutes while under a nitrogen purge. The fully cured PFPE-DVA nold is

then rel eaggdrhpleng.she silicon pagtiestionSepRr ZaEhin Eﬁ@@@h’ﬁd@?@@dﬁﬁhniwth Hi
wt % of a photoinitiator, 1-hydroxycyclohexyl  phenyl ketone. at, non 20
wetting surface is generated by%M@@MMPFPE—DI\M onto a gl ass
slide, according,tQ roc i r er at i ttern PFPE-
on ol d. 80 pL Beatteeiedspiislopebkar PR PRI iR 6 et e B AR e
PFPEODVA npirg> Efdin'fé‘ﬂﬁaérklﬂte PHPEP PMAWIRY T B@ﬁl@iniﬁ@dmﬁfc}@?@)Wcﬂfdlc%e”)@P' pieshylt o

no

squeeze out excess TMPTA nononer. The PFPE- DVA is then 25 renoved from
the flat PkemMQVens sveonrsubsirats pattergadiith 4 40rrmnings sepamted don/Si 1 i con

whi e undePs  BRBAERIIEY SIS ARMOAE Sy ropray B 1Tl EPEEBMELE . C3
after sepatyd idusield ahs. PRie ﬂpﬂ»@kamydistthensédﬁ'@aéﬂqblquigmx@de 3662H %),

usi ng scanning electron mcroscopy (SEM. 30 ar‘r'ﬁl e 4.3. Fabrication of
200- nm t i t fori d Osmingtas whileounden armitrbgen rstiges Anpaiullyrewed PFPE-DMA

perf1I5uor op%la{‘%t %e{he%P',?g;E)dsgB lfgorhsth%e&ﬁéoant ‘ﬁgaslfé/r.pgje{da?gte?y, ’185 of Pluronic

P123 and 0.51g of EuCl; ¢ 6 H0 are dissolved in 12g of absolute ethanol.

This solution was added to a solution of 2.7 mL of concentrated hydrochloric

acid and 3.88 mL titanium (V) ethoxide. Flat, uniform, surfaces are

generated by treating a silicon/silicon oxide wafer with “piranha" solution {1:1

20 concentrated sulfuric acid:30% hydrogen peroxide (aqg) solution) and drying.

Following this, 50 uL of the sol-gel solution is then placed on the treated

silicon wafer and the patterned PFPE mold placed on top of it. The substrate

is then placed in a molding apparatus and a small pressure is applied to push

out excess sol-gel precursor. The entire apparatus is then set aside until the

25 sol-gel precursor has solidified. Oxide structures are observed after

separation of the PFPE mold and the treated silicon wafer using scanning
electron microscopy (SEM).

Exarmple 4.6. Fabrication of isolated “scum free” features for

30 microelectronics

A patterned perfluoropolyether (PFPE) mold is generated by pouring a
PFP E-dimethacrylate (PFPE-DMA} containing 1-hydroxycyclohexyl phenyl
ketone over a silicon substrate patterned with 140-nm lines separated by 70
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140-nm |l i nes separated by 70 nm A poly(di methylsiloxane) nold is used to
confine tW@qﬂpﬁﬁ'ﬂ%ﬁ“PFPE—Dl\/A to the desired area. The afffa/B2&/4e706hen
subjected to UV light (A =365 nn) 5 for 10 m nutes while under a nitrogen
pur ge. Thenﬁ#'AboﬁHHﬁ‘ﬁetﬁ?Bﬁo%) A [é ﬁsé@ﬁf‘cbﬁfu‘i‘@ﬂ%’Ii&u@rPFIhE-ﬁMA gon

master. Separately, 1 of Pl urohic is dissolved g of absolute
et hanol . ThHiesdesired acen wé@i%amaaratusas tb@n lsub;ﬁcted ta. Wr‘tlghb(/l coMEEMmMat ed

CUr aces ol RLrBER WS, Thot o Puen] Bhrodi T 6y cufbe PAREEPMA

"piranha” aRidIg %n(rbléasreanffﬁ@mt lig::! §ﬂc§ﬁ'|rria§té|€ SéEdraﬁ@%’ THYRT A3E Bidedi de
(aq) solution) and drying. Follow ng this, he sol - gel solution

i s then pl witbdlowt%he tar gawdeinidiatocon- M@ilr@xycarnwheb@l mlemrf ketoneRFPE!atol d

pl aced on to | t rate is the aced ' ar at us
Prd sl HRfe Bt welng $Htascoartate o AR 1S 4 Geish BbipdBRALS, e
entire appgeaéisted Dyt AatRG! aasiliden URhfdr £B8nEQ! wilR! “piaRREAr SRIUtdIS(1:1
solidified” Oxide structures are observed after separation of the PE nold

and the treenerntested sulfuriafasid: 3% dysisegen pgr@néet(aqhsmu@on}saopyr@sam

| f
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phenyl ketone over ‘a silicon substrate patterned with m | i nes
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h. 30 Fl at
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si licon waher) fenden heirnpdes evhiled UPERE amittbgﬂmpécgﬁbn Features are observed

after separation of the PFPE mold and the treated silicon wafer using atomic

force microscopy (AFM) and scanning electron microscopy {SEM).

20
Example 5
Molding of Natural and Engineered Templates

5.1. Fabrication of a perflugropolyether-dimethacrylate (PFPE-DMA} mold

from a template generated using Electron-Beam Lithography

25 A template, or "master,” for perfluoropolyether-dimethacrylate (P FPE-
PMA) mold fabrication is generated using electron beam lithography by spin
coating a bilayer resist of 200,000 MW PMMA and 200,000 MW PMMA onto
a silicon wafer with 500-nm thermal oxide, and exposing this resist layer to an
electron beam that is translating in a pre-programmed pattern. The resist is

30 developed in 3:1 isopropanol:methyl isobutyl ketone solution to remove
exposed regions of the resist. A corresponding metal pattern is formed on the
silicon oxide surface by evaporating 5 nm Cr and 15 nm Au onto the resist

covered surface and lifting off the residual PMMA/Cr/Au film in refluxing
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then placed in a nolding apparatus and a small pressure is applied to push
out excess sol-gel precursor. The entire apparatus is then set aside until
the 25 sol sgel pLEGUIBAT oPaSpSRlbAddIRdthdRlifRIRLLARRY @ DIRE RcgY af ter
Separation-of t STT T COI waler ~usrng starmi ng
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film of SU-8 photoresist onto a silicon wafer. This resist is baked on a

hotplate at 95°C and exposed through a pre-patterned photomask. The wafer
is baked again at 95°C and developed using a commercial de'veloper solution
to remove unexposed SU-8 resist. The resulting patterned surface is fully

20 cured at 175°C. This master can be used to template a patterned mold by
pouring PFPE-DMA containing 1-hydroxycyclohexyl phenyl ketone over the
patterned area of the master. A poly(dimethylsiloxane) mold is used to
confine the liquid PFPE-DMA to the desired area. The apparatus is then
subjected to UV light (4 = 365 nm) for 10 minutes while under a nitrogen

25 purge. The fully cured PFPE-DMA mold is then released from the master,
and can be imaged by optical microscopy to reveal the patterned PFPE-DMA
mold (see Figure 32).

5.3 Eabrication of a perfiuoropolyether-dimethacrylate (PFPE-DMA) mold
30 from a template generated from dispersed Tobacco Mosaic Virus

Particles
A template, or “master,” for perfluoropolyether-dimethacrylate (PFPE-
DMA) mold fabrication is generated by dispersing tobacco mosaic virus (TMV)
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-88 WD 20051101466 PCTI US2004/ 042706 nm A pol y(di met hyl sil oxane) nmold is
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light (A =ceefimarhysingAtprNC PR MICTaptany (Rgere 380+ r ogen purge. Feat ures
are observed after separation of the PFPE nold and the treated silicon

waf er using atomc force mcroscopy (AFM and scanni ng el ectron m croscopy
(SEND. 20 BxanpFabficAfidriiona péﬁmﬁirugt&lyeth@-(ﬁ@'thae@eTmEIWﬁQ.rﬁold
Fabrication of a perfluoropol yether-di methacrvliate (PFPE-DVMA) nold from a
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"master," for per y - di P ication
I s generated us?‘ngéngﬁé%%nqﬁearénr’ Fﬁ%%?%‘%&baé@ eg‘ggﬁ&%%%agdﬁ%er

resi st of PMADGbIAMaEPNBAIEM s 9enfefied Wi FRBHesiie polystyieneqiolyisbprenel t h
500-nm t her mal oxi de, and exposi n?@%s resist |ayer to an . electron beam

that is trBIPSKGAPRYMer RIGRIEs g wiggvedrmicarsiiace; dhis master el oped

. 1 : ; | §

rogiigns. of BPREGRal BBkt & Batioled bR N> Bl AP EPELONBY BonBififE e
hydroxycyclohexyl phenyl ketone over the patterned area of the master. A

poly{dimethylsiloxane)} mold is used to confine the liqguid PFPE-DMA to the
desired area. The apparatus is then subjected to UV light (4 = 365 nm) for 10
minutes while under a nitrogen purge. The fully cured PFPE-DMA mold is

20 then released from the master, The morphology of the mold can then be
confirmed using Atomic Force Microscopy (see Figure 34).

5.5  FEabrication of a perfluoropolyether-dimethacrylate (PFPE-DMA} mold
from a template generated from brush polymers.

25 A template, or “master,” for perfluoropolysther-dimethacrylate (PFPE-
DMA) mold fabrication is generated by dispersing poly(buty! acrylate) brush
polymers on a freshly-cleaved mica surface. This master can be used to
template a patterned mold by pouring PFPE-DMA containing 1-
hydroxycyclohexyl phenyl ketone over the patterned area of the master. A

30 poly(dimethylsiloxane)} mold is used to confine the liquid PFPE-DMA to the
desired area. The apparatus is then subjected to UV light (A = 365 nm) for 10
minutes while under a nitrogen purge. The fully cured PFPE-DMA mold is

-014-



silicon oxide surface by evaporating 5 nmC and 15 nm Au onto the resi st
covered surface and lifting off the residual PMMA Cr/Au filmin refiuxing
-gg WO 2005110 PCT/ US2004/ 042706 acetone. This patte .St ferred
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conflrmed using Atomic Force Microscopy.

Example 5.7. Fabrication of a_ perfluoropolyether-dimethacrylate
(PFPE-DMA) mold_from a template generated from

20 patterned DNA nanostructures.

A template, or “master,” for perflucropolyether-dimethacrylate (PFPE-

DMA) mold fabrication is generated by dispersing DNA nanostructures on a
freshly-cleaved mica surface. This master can be used to template a
patterned mold by pouring PFPE-DMA containing 1-hy/droxycyclohexyl phenyl

25 ketone over the patterned area of the master. A poly (dimethylsiloxane) mold
is used to confine the liquid PFPE-DMA to the desired area. The apparatus is

then subjected to UV light (4 = 365 nm) for 10 minutes while under a nitrogen

purge. The fully cured PFPE-DMA mold is then released from the master.

The morphology of the mold can then be confirmed using Atomic Force

30 Microscopy.
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A tenplate, or "master," for perfluoropolyether-dinethacrylate (PFPE- DVA)
nol d fabrication |I's generated by dispersing tobacco nosaic virus (TW) -90

WO 20051 4 U52004/ 042706 particles on a silico re 33a).
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M croscopy (see Eigu Fabrication of
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from brush-pal e
perfl uor opol ;e;e pﬁ%’llloﬁgt ﬁfatélﬁé;ﬁlgtafgefaﬁﬂ?ﬁa )6°nf1rﬁ1%1dab'rsm f\toowllcng'ecr?er at ed
by di sper siMigrogobpy.butyl acrylate) brush polyners on a freshly-cleaved mca

surface. This naster can be used to tenplate a patterned nold by pouring
PFPE- DMA contai ning 1- hydroxycycl ohexyl phenyl ketone over the patterned

ar ea15of the master. A 30 pol y(di net @Q@Wg)gane) nold is used to confine the

liquid PFPE-DVA to the desired are paratus is then subjected to UV
light (A = 365 nm foMétRod of Making Monodisperse Nanostructures

Having a Plurality of Shapes and Sizes

In some embodiments, the presently discloseed subject matter
describes a novel “top down” soft lithographic technique; non-wetting imprint
20 lithography (NoWIL) which allows completely isolated nanostructures to be
generated by taking advantage of the inherent low surface energy and

swelling resistance of cured PFPE-based materials.
The presently described subject matter provides & novel “top down”
soft lithographic technique; non-wetting imprint lithography (NoWIL) which
25 allows completely Isolated nanostructures to be gemerated by taking
advantage of the inherent low surface energy and swelling resistance of
cured PFPE-based materials. Without being bound to any one particular
theory, a key aspect of NoWIL is that both the elastomeric mold and the
surface underneath the drop of monomer or resin are non-wetting to this
30 droplet. If the droplet wets this surface, a thin scum layer will inevitably be
present even if high pressures are exerted upon the mold. When both the
elastomeric mold and the surface are non-wetting (i.e. 2 PFPE mold and
fluorinated surface) the liquid is confined only to the features of the mold and
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m nutes while under a nitrogen purge. The fully cured PFPE-DVA nold is -91
WO 2005/ 101466 PCT11JS20041042706 then released fromthe master. The

nor phol o | d can then be confirned using Ato roscopy
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confirmed using Atom c For ce M'croscopy. Exanple 5.7. Fabrication of

per f | uor opgeyeated -ftimeahuatistyack engmMoomlrﬂa:ﬁthn aReelrpBanBtlgener at ed
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master can be used to tenB ate a patterned by pouring PFP
contl8i ni ngFiguny d¥2)x vuic 26 mltr@ﬂ@@dalﬁru@mme(ameﬁgme b3x-t eDefiditiszeea of
the master dim.e

rpE DAt BehanaLall BaTEe, worn dREnd hetig-ree’ Biasndemiebeaadt &Y W81 i ght
bEPE. DVA ol © (e PR R ey W%Q“QR“WE?%*“S@Z?y"%?‘”%’ﬁE“Lﬁ?d
can then bbladergdrosethaisimaces See Cifives 20 @6l RRcr oscopy. -92 WD 2005/ 101466
PCTI US2004/ 0427 glyethylene glycol (PEG) is a material of interest for drug delivery
15 applications because it is readily available, non-toxic, and biocompatible. The
use of PEG nanoparticles generated by inverse microemulsions to be used as
gene delivery vectors has previously been reported. K. McAllister et al.,
Journal of the American Chemical Society 124, 15198-15207 (Dec 25, 2002).
In the presently disclosed subject matter, NoWIL was performed using a
20 commercially available PEG-diacrylate and blending it with 1 wi% of a
photoinitiator, 1-hydroxycyclohexyl phenyl ketone. PFPE molds were
generated from a variety of patlerned silicon substrates using a
dimethacrylate functionalized PFPE oligomer (PFPE DMA) as described
previously. See J. P. Rolland, E. C. Hagberg, G. M. Denison, K. R. Carter, J.
25 M. DeSimone, Angewandle Chemie-International Edition 43, 5796-579%
(2004). Flat, uniform, non-wetting surfaces were generated by using a silicon
wafer treated with a fluoroalkyl trichlorosilane or by drawing a do ctor's blade
across a small drop of PFPE-DMA on a glass subsirate and photocuring. A
small drop of PEG diacrylate was then placed on the non-wetting surface and
30 the patterned PFPE mold placed on top of it. The substrate was then placed
in a molding apparatus and a small pressure was applied to push out the
excess PEG-diacrylate. The entire apparatus was then subjected to UV light

(A= 365 nm) for ten minutes while under a nitrogen purge. Particles were
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Exanpl e 5.8. Fabrication of a perfluoropotyether-dinethacryl ate (PFPE-DVR)
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"master," forgsperfl uor opol yet her-di net hacryl ate (PFPE- 5 D,l,l\@%% %d
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purge. The DVA nold is then released fromthe nmaster. The
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nanostruct gr ¢4 CanhezarnNeRated dnget,aki ng. 8AuRSEIRERE, Chehligali Réweretad ow

sur face ene;ag Iaand swel | i ng resi stance of cured PFPE-based naterials. The

presently & i1B8 dNowb1888); atC ohlbertsstnicls Ka yma, Biostacieipleculsst4,

lith hj [ , - [ [ [ i th NoW L) which 25
al 1 ove. comipaadrgt; BPPRE" 2RBL: e Wb EG-besil sBlbng Bydrad B8
advapt age péed hgrddehapald | B JHbfi@fRMENS’ PLEAdpanRlidd NBréRfH Siatiee of
cured PFPE-based materials. Wthout being bound to any one %)Iart I cul ar
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theory, a dispeeigretachmiquesithit resulihiatsize distibidianssand are stristivdimitedria t he

aropl ot . | FOLHEA RS wRe i Gl BocSCmietangBLmA LY ot E4Rev: t abl y

ol astomor | 20T and the Surface are non-wetting (1. e, a PFPE mold and

fl uori nat ed surTheg@resently digciosed subject m@éherdﬁh}onsbfat%tﬁeemmo‘éNOWILt he nol d

and15- 93 to generate discrete PLA particles with total control over shape and size
distribution. For example, in one embodiment, one gram of (3S)-cis-3,6-
dimethyl-1,4-dioxane-2,5-dione was heated above its melting temperature to
110°C and ~20 wl of stannous octoate catalyst/initiator was added to the
liquid monomer. A drop of the PLA monomer solution was then placed into a

20 preheated molding apparatus which contained a non-wetting flat substrate
and mold. A small pressure was applied as previously described to push out
excess PLA monomer. The apparatus was allowed to heat at 110 °C for 15h
until the polymerization was complete. The PFPE-DMA moid and the flat,
non-wetting substrate were then separated to reveal the PLA particles.

25 To further demonstrate the versatility of NoWIL, particles composed of
a conducting polymer polypyrroie (PPy) were generated. PPy particles have
been formed using dispersion methods, see M. R. Simmons, P. A. Chaloner,
S. P. Armes, Langmuir 11, 4222 (1995), as well as “lost-wax” techniques, see
P. Jiang, J. F. Bertone, V. L. Colvin, Science 291, 453 (2001).

30 The presently disclosed subject matter demonstrate for the first time,
complete control over shape and size distribution of PPy particles. Pyrrole is
known to polymerize instantaneously when in contact with oxidants such as

perchloric acid. Dravid et al. has shown that this polymerization can be
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pressure was applied to push out the excess PEG diacrylate. The entire
appar at us REYMeERd Ysngchamsh @xidants.ghfhe fact that NoWIL can be used to

fabricate particles from these diverse classes of polymeric materials that
require very different reaction conditions underscores its generality and
20 importance.

In addition to its ability to precisely control the size and shape of
particles, NoWIL offers tremendous opportunities for the facile encapsulation
of agents into nanopatticles. As described in Example 3-14, NoWIL can be
used to encapsulate a 24-mer DNA strand fluorescently tagged with CY-3

25 inside the previously described 200 nm trapezoidal PEG particles. This was
accomplished by simply adding the DNA to the monomer/water solution and
molding them as described. We were able to confirm the encapsulation by
observing the particles using confocal fluorescence microscopy (see Figure
28). The presently described approach offers a distinct advantage over other

30 encapsulation methods in that no surfactants, condensation agents, and the
like are required. Furthermore, the fabrication of monodisperse, 200 nm
particles containing DNA represents a breakthrough step towards artificial

viruses. Accordingly, a host of biologically important agents, such as gene
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(A= 365 nn) for ten mnutes while under a nitrogen purge. Particles were
-94 WD 2005/101466 PCT/ U52004/ 042706 observed after separation of the PFPE
nold and flat. non-wetting substrate using optical mcr nni ng

el ect ron WPPBLOM (SEM, and atomic force nicroscopy F %XM@?@EI actic
acid) (PLA) and derivatives thereof, such as poly(lactide-co- 5 glycolide)
(PL&GY), hatraghuahts, c@marmaceblumls,rrpa&gormcledﬁdes; ugardk| ivrersgs andannebié cal
devi ce commnitl s b se it bi odegradable. See K E Undrich, S M
Canni zzar 0 8N&@ at%ﬁé% IS netipdsnakeshef f . Chem cal Reviews 99, 31813108

(Nov, 1999); A e rﬂe‘ﬂ%d aRls dmeﬂfablé/%%n-tﬁb@g%ﬁ[lgrﬂﬂeﬁﬁé'&@ eﬂts shi§6- 1486
(Nov-Dec, 2003). As with PEG based systens, progressS has een nmade toward

the fabri casiwetafnanaparfides; crystalsheoogtalyedsi dusrtheti $|permthphmtyeoﬁthls1ues

tsﬂggégesggté lén Si e d| trlt%ahﬁns and 0al|l_§ St“cﬁ‘té%'tlcf&@%)epd 1sL|oher| cal
presently %@Qhﬂﬁe‘aeﬁ%ﬁye%h Iet eértuﬁ @P&ﬂ’foﬁsﬁ StHdS G m&'?V\BF oﬂfr'érto

generate di screte PLA partl contr over shape and si ze
di stributi @nmmmmdecombIMermmraﬁamn of paeticle forratilatie sy -that €3n 6-
di et hyl -1, 4- le heat ed above its nelting tenperature to

110C and ?@tﬁl_o'@%nfg’{ﬁﬁﬁﬁh'g BCRPJ' Q% atal ystlinitiator was added to the
liquid mononer . A&dé?@iggg{, u:gmlfgﬁanmgﬁ ergginetm@fhde:ﬁﬁ:ﬁ%n?md%ﬁ@n ight 0 a 20

pr eheat ed nol di ng app ned a non-wetting flat substrate
and 1ol d. Asciated], dmetmnanmtwc:ipma ﬁdnwlypaaylsmmalyd chspel b'EHetshapash out

PLA t | | d to heat Cft
ini 1 the POPSFLRH ARG ARRS sireied norrarieRe. todsol MR- £ae oty

tt t 25 T
Fur her  domenatr e T R E%‘??F?efﬁaﬁ’?"%ﬂ‘éé*?ﬂ%“'%?Paféﬁ”@’hﬁpf%?’% e, = 1

conducti ng apo%wms mmjrgtagsr rmbtalr(sPFar)d thoeer bke;erﬁrrﬁtafmor@mqob&manGarave
been forned us;ﬁr}g ai% I‘SI on net Chal, ner S.
rP

p. Arnos,  GSHE 9 PN 1@@5@9 ariafi of aiant, AOrOREER MRS see
P Jeno: donfine oty oy a0l The mSoBncsFieudaR CRABH in Hhale
does not involve complex surfactants or reaction condlt[ons to generate
nanoparticles. Finally, the process can be amplified to an industrial scale by
using existing soft lithography roller technology, see Y. N. Xia, D. Qin, G. M.
Whitesides, Advanced Maferials 8, 1015-1017 (Dec, 1996), or silk screen
20 printing methods.
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conpl ete control over shape and size distribution of PPy particles. Pyrrole
is known to polynerize instantaneously when in contact with oxidants such
as perchloric acid. Dravid et al. has shown that this i jon can be
-95 W0 2008 24B446%e pCTI US20041042706 retarded by the aﬁ’%?‘?ggﬁd‘@y"‘?
tetrahydrofuran (THF) to the pyrrole. See M Su, M Aslam L. Fu, N Q Wi,
V. P. Dravid, Applied PhyS|cs Letters &xamgided- 4202 (May 24, 2004) The
presently di scl osed subj e nt age, of thls 5 property in
the formati on of PPy par A Fupel R HQIOTIC 2% pL of a 1:1 v/v
sol ution of THF: pyrrol e was added to 50 pL of 7096perch|or|c acid. A drop
of this clear, brown solution (prior to conplete polynerlzatlon) into the
mol di ng ap@é%mmMe'éﬁd Bupthesis of &viox® (RuPentpWilminaier, Belay U
appagﬁtus was then pla -o.|n . )\ qver night .t o remve the 10
THF ahd water. PPy parBHEEEELTM T SR SHNEHA R Bsing the
sane nmasters as previously descri bed. Inportantly the materials properties
and pol ynerization nechanisns of PLA, PEG and PPy are conpletely
different. For exanple, shile PLA igs a high-nodul us Q\enlcrystalllne

pol ymer formed using a dEtaI catal yzed ring,15 open;ngiﬁolynerlzatlon at
hi gh tenperature, PEGTS & #eft®#lhi e Wwaxy solid tHat i's photocured free
radically, and PPy is a conducting polymer polynericged using harsh

oxi dants. The fact that NoWL can be used to fabricate particles fromthese
di verse classes of polyneric materials that reguire very different reaction
condi tions underscores its generality and | 20 slﬂportance. In addition to its
ability to precisely control the size and ghape of particles, NoWL offers
tremendous opportunities for the facile entapsulation of agents into
nanoparticles. As described in Exanple 3-14, NoWL can be wused to
encapsul ate a -mer DNA strand fluorescently tagged with CY-3 25 ignsi de the
previ ously des be 200 nm trapezoi dal PEG particleg. This

acconpl i shed Y—agh-0e—i be- CEINA aF gF L her,Aomno e &S

nmol di ng them as de cri bed. were able to confirmt encapsu

observing the parté®el es usi ngfaconfocal fl ujorescence mcsr oscopy ¢Bee Figure
REDUCTION

HO—CH;— Cl|= 0—CFy— c‘:ﬁ- O~ GFy—=CF ;CF,CF,CFp— CFy— 0—( CT— CF— o—}cT CH;—OH
Fa

CFy CF3 c CF3
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28). The presently descri bed approach offers a distinct advantage over other
30 encapsul ation nethods in that no surfactants, condensation agents, and

t he Iike e re U|red Furt hernore, the fabrication of nonodi sperse, 200 nm
particl es¥ DNA represents a breakthrough step POTESHE4/M0 i ci a

Vi ruses. Accordlngly, a host of biologically inportant agents, such as gene
-96 WO 200Bddmiiée & . PCTIAAeEH B KHAox®f (DagPariil WildihiomcRulavwesb s United

ol i gonucl eoti des, and viruses, can*be. encapsulated by Thi s nethod The
method al so is amenablBtate Dioldp|he Yeed msciFipeional RN  as net al
nanoparticles, crystals, or catalysts Further the sinplicity of this 5
system al | ows for straightforward adjustnent of particle properties, such as
crosslink density, charge, and conpositi om@ycﬂ:@el?gpgcfgmc}gtpfa(b@cm
conononers, and conbi natorial generation of partic ormul ati ons that can
be tailored for specific applications. Accordingly, gnym is a highly
versatile nmethod for the production of 10 |solate55 dis rete nanostruct ures
of nearly any size and shape. The shapes presented hereiin were engi neered
non-arbitrary shEpeSF,0RWH;scan easily be used to nold @nd replicate
non- engi neered shapes found in nature, such as viruses, |crystals, proteins,
and the |like. Furthernore, the technique can generate p&Fficles froma w de
vari ety of org&hic and @norganic materials 15 containing{nearly any cargo.
The method is nplrstﬁlally elegant in that it does ne _Lngplve conpl ex
sur f act ant g—or-g-eagt, Longi-tigns to—generate nanoparticles.” Finally, the
process can be anpllfled to an |ndustr|al scal e by usiné exi sting soft

| ithography roller technology, see Y. NN Xia, DD Qn, GYM Witesides,
Advanced Materials 8, 1015-1017 (Dec, 1996), or silk scrgen 20 printing

met hods. -97 WD 20051101466 PCT/ US20041042706 Exanpl e 7CBynt hesi s of

Functi onal Perfl uoropol yethers Exanple 7.1. Synthesis of (Krytox(r) (DuPont.
W I mngton, Delaware, United 5 States of Anerica) Dol £p, be Used as a
Functional PFPE

C—=0

0O

CHj
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0 /4 F~LCF2CF2CF2CF2"-F + TCF2 CF3 CsF F-Lc F+O CF2 C-O CF2
CF2CF2CF2CF2- CFR2O4C CFZ O-C F Il CF3 CF3 CF3 CF3 REDUCTION HO CHz

OF+0O CF2- - O CF2- - CF2CF2CF2CFZ CF2 04CF"CFy 07Cl1CHz %gﬁ CF3 | CF3 CF3
-98 W0 2088/ WEWOpCT/ US2004/ 042706  Exanpl e 7. 2. Synt HEFSHI UL ox (1)
(DuPont. WI m ngton. Delaware. United States of Anerica) Diol to be Used as
a Funct i ongkarfipRE7 . ZF28GiMAesRCH KIndpOHTIRER) GriBmidcdér Belawdr@CORReA0CH3 0

1 CF2 11 Il FCOR3 FrC O CO G0 (B2 'CF2 _C=Q 0 GH3_TJ -99 VO
2005/ 101466 PCT/ uszooﬁﬁ&@@éw Dﬂﬁéﬂ_ﬁ&ﬁ;ﬁm&%ﬁéﬁ Rungti ) (DuPont,

W I m ngton, Delaware, United States of America)Diol to be Used as a
Functi onal PFPE

cm—___-—CF
0 0
14
CF2 CF——CF,
Fc—cCF,  T3C
0 e
GFa FOCCF(CF;)[OCF,CF(CF,)],30CF,CF,COOCH,
CFy 0
I e I
c—o0 F——C—¢C \O—CFz-—CF O—CF,——CFy—C——0——CHs
1 | /13
o] CF, CF,
CH;
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F2C=CF 0 1 14 0 CFR2 CF/ \ F2 Fi CF3 F30 O F2

FOCCF( CF3) [ OCF2CF( CF3) ] 130CFZCF2000CH3 z -0-CH3 F F-11-C~O CF2-CF

O CF2-CF2 _C11 140 1413 CF3 CF3 CH3 5 -100 WD 20051101466 PCT/ U52004/ 042706
Exanpl e 778 20BHHH% of Krytox(r) (DuPont, WI mington, DCRETHUSROR/04ZH6: ed
States of Anerica) Diol to be Used as a Functional PFPE 0 O Il F ( I
F~--C- i Egachik C.4. CEx@nfletkd- I@,@ﬁ__nt%ﬁlrﬁlﬁm&ed%iavme Umted

HO CH2--C (O CF2-CF-} ?CFZ Z- 1.1/ 5 -101 WO
2005/ 101466 PCT1US2004F 82200 I 5189 25 4, PR <3 L LR R arm PFPE
Pr ecur sor
O Q
|- |
F—C—C \O—CFZ-CF O—CFy—CFy——C——0——CHj
| | 13
CF, CF,
Reduction
HO—-CHZ—-—C—( —CFZ-CF—>—O—CF2—-CF2-—CH2-—OH
mw = 2436
5
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HO PFPE-OH X X X O PFPEAMAMN WOH H O PFPE-O RX o--'- PFPE OH RO PFPE O O
PFPE OR O PFPEM A" OR 5 wherein, X includes, but is not limted to an

i socyanate, an acid chloride, an epoxy, and a hal ogen; but is
not 1imtW8 PG/ WGyl ate, a methacrylate, a styrene, Pﬁ@ﬁ@“@ﬁd an
amne; and the circle represents any nultifunctional nolecule, such a

cycl i c comixample FERESyathdsis eha MuitirdrinnBFEO Pyedureor mat eri al as descri bed
herein, including, but not limted to a 10 perfluoropol yether nmateri al
conprising a backbone structure as follows: F-CFz O --"-CFZ i F-O-CFz O~
CFg CF3 WIQEW CFZ CFZ O and -102 WD 20051101466
PCTYU8200413)-B706 Exanpl'e”7. 6. Synt eS| s of a Hyperbranched PFPE Precursor
X HO AMANNANPEPE~OH OCN NCO Y NCO OH OH OH = PFPE Chain OH OH

Hyper br anched PFPE precursor X OH OH OH OCN~NCa NCO
X

X
HO PFPE O« /0 PFPE on
RX o) PFPE OH
RO~ ~~~~PFPE oN ; 0 PEPE oR
o) PFPE OR
5 wherein, X includes, but is not limited to an isocyanate, an acid chloride, an

epoxy, and a halogen; R includes, but is not limited to an acrylate, a

methacrylate, a styrene, an epoxy, and an amine; and the circle represents

any multifunctional molecule, such a c¢yclic compound. PFPE can be any

perfluoropolyether material as described herein, including, but not limited to a
10 perfluocropolyether material comprising a backbone structure as follows:

—(—(IDF—CF;O—)T —(—CFz—cle—oAvc::z—o%n—

CF, CF,

7

~A-CRCF0 \\ CF-0—+ —f-cF;-CFs-CF- 04—

, and
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5 Crosslinked Hyperbranched PFPE Networ k wherein, PFPE can be any

per fl uoropol yether material as described herein, including, but not limted
to a perfluoro olyether material conprising a backbone structure as

fol | ows: WO200100466 cr704 CFZ i F-O CFzO--)- GF3 CF3 - PCAAPERWMEN 0.
-+CFZ CFZ CFZ 0+ and -103 WD 2005/ 101466 PCT/ US2004/042706 It will be
under st oodEkBaiple 716.08yntiisH bfa ¢Hypehsraptese MEFEPReuUAs®d subj ect matter
can be changed without departing fromthe scope of the presently disclosed
subject matter. Furthernore, the foregoing descriptionis 5 for the purpose
of illustration only, and not for the purpose of limtation. -104 WO
20051101466 PCT/ 11S2004/ 042706 CLAIMS What is clainmed is: 1. A nethod for
form ng one or nore particles, the method 5 conprising: (a) providing a
patterned tenplate and a substrate, wherein the patterned tenplate

conpri ses ¥ patti@rneu~terprBEBE~surtace™~R¥ii ng a plurality of recessed areas
formed therein; 10 (b) disposing a volune of liquid nmaterial in or on at

| east one of: (i) the patterned tenplate surface; and (ii) the plurality

of recessed areas; and ) formpooone or nore particles by one of: 15 (i)
contacting the pattern@ e e surface with the substrate and treating
the liquid material; and (i reating the liquid material.
Y
NCO
OH OH
CH = PFPE Chain
OH
OH Hyperbranched PFPE precursor
OH
OH
OH oy
OCN\Q/NCO
KNCO
5 Crosslinked Hyperbranched PFPE Network

wherein, PFPE can be any perfluoropolyether material as described herein,
including, but not limited to a perfluoropolyether material comprising a
backbone structure as follows:

10

—(—CliF-—CFz—O—)n— —(—CFZ—TF—O \\ CFy-0—}-

CF, CF,

—(—CF;CF;OAY-CFZ—O—}—”— —{—CF-CFyCF0—F—

and
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2. The nethod of Claim1l, wherein the patterned tenplate conprises a

sol vent resistant, |ow surface energy polyneric material, 20 3. The nethod
of Claim in the patterned tenplate conprises a solvent resistant

el ast omer | CO%%@‘% . 4. The nethod of Claimi1, wherein BETUEHSHOGA® of the
patterned tenplate and substrate conprises a material selected fromthe
group consisting of a perfluoropolyether material, a fluoroolefin material,
an acrylate 25 material, a silicone material, a styrenic material, a

fluorinated therhpll e iundespioodothat Yarjoms, defails ozthe prasendyoligaieseda

per fl uor ocygcl.ahuyt terl oy A 1N f L nat ed
nonomner or¥ ]‘%"%Eiarﬂadesg %H‘ %erre@anbhgtMégﬁﬁﬁgeggﬂm?ﬁ?@dthofggp gsesbflﬁ[}%d by a
met at hesi spreglamtty disaidsza sulsjiect matter.3Fubthefnerarethbofbrefoitigadescfiptiones ei n
the peril uoropolyether material conprjses a backbone structure sel ected

fr omdt he g%&ﬁﬁb%@lﬁﬂ%ﬁiﬁd"%ﬁtfat@p enly.andznet for the putrose pf imitalighy 0. - X cro
CFA -105 XCF= CF=0tCFz OtX and XCF= CF= CFZ OtX , wherein X is present or
absent, and when present conprises an endcapping group. 6. The method of
Claim4, wherein the fluoroolefln material is 5 selected fromthe group
consisting of: +CFZ CF.-CFZ CH 2CFZ CF~CFx CF-n ~ CF3 CSM tCHz CHcCF2 C

Zi CH2 CH2-CFZ CH,~CFz CF\CF2 CF-h CH3 CF3 CSM +CFZ CF?*CFZ CF2~CFz CF-- _

CSM CF3 and +CFZ C z+CFZ CF-CFz CFICF2 CF-n CF3 CSM CF3 10 wherein CSM
conprises a cure site nononer.

-104-



7. The method of G aim4, wherein the fluoroolefin material is nmade from
nononmer s whi ch conprise tetrafl uoroethyl ene, vinylidene fluoride,

hexaf | uor gpr opyl ene, 2, 2-bis(trifiuoronethyl)-4,5-difluoro-1,3-dl oxote, a
functionappqwﬁémé‘?ﬁefi n, functional acrylic nononer, andPGESHeLIBHE 15
met hacrylic nononmer. S. The nmethod of Caim4, wherein the silicone materi al
conprises a fluoroal kyl functionalizgdAmBydi net hyt sil oxane (PDMS) havi ng
the foll ow ,st[uctur_e: CHj CHR+tSI-O-SI-O--) R CH3 Rf 20 wherein: Ris
sel ected f tisglaPeEhiSconsi sting of an acrylate, a methacrylate, and a
vinyl group; and Rf conprises a fluoroal kyl chain. -106 WO 20051101466

PCTI US2004/ 042706 9. The nethod of Claim4, wherein the styrenic nateri al

conprises a fldorinat erhethydefor fomadngr ongl ect dré r particles, gtiee pPriedined st i ng
of: EF F FF and Rf  wherein Rf conprises a fluoroal kyl chain. 5 10. The
met hdd of EPEPHSMY: wherein the acrylate material conprises a fluorinated

OZ-C Coro R unBRA . R0 ety RhOHR hBY ST ShBS e bRt
al kyl, substituted alkyl, therphitemed tompiatd woethriveg! & gattbrned template
surface having a plurality of recessed aresas formed
therein;
10 ()  disposing a volume of liquid material in or on at least one
of:
(i) the patterned template surface; and
(i)  the plurality of recessed areas; and
{c)  forming one or more particles by one of:
16 (i) contacting the patterned template surface with the
substrate and treating the liquid material; and
(iiy  treating the liquid material.

2. The method of Claim 1, wherein the patterned template
comprises a solvent resistant, low surface energy polymeric matesrial.

20 3. The method of Claim 1, wherein the patierned template
comprises a solvent resistant elastomeric materiaf.

4, The method of Claim 1, wherein at least one of the patterned
template and substrate comprises a material selected from the group
consisting of a perflucropolyether material, a fluoroolefin material, an acrylate

25 material, a silicone material, a styrenic material, a fluorinated thermoplastic
elastomer (TPE), a triazine fluoropolymer, a perfluorocyclobutyl material, a
fluorinated epoxy resin, and a fluorinated monomer or fluorinated oligomer
that can be polymerized or crosslinked by a metathesis polymerization
reaction,

30 5. T he method of Claim 4, wherein the perfluoropolyether material
comprises a backbone structure selected from the group consisting of:

x+¢.l:s=—cr=5—o—};x x—{—CFE—TF—oATCF;o——)n—x

CF, CF,

L 1
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Rf conprises a fluoroal kyl chain. 11. The method of Caim4, wherein the

triazine fluoropolynmer conprises a fluorinated nononer. 15 12. The net hod
of Claim4, wherein the fluorinated nonomer or fluorinated oligoner that

can be polynerized or crosslinked by a netathesis polynerization reaction
conprises a functionalized olefin. 13. The nethod of C aim 12, wherein the
functionalized olefin conprjses a functionalized cyclic olefin. 20 14. The
met hod of C ai m 1 x-pheparpoad—cepstane of thex-fatt;ermes—otlenpl ate and the
substrate has a surface energy |ower than®n® nN'm 15. The metshod of Caim

surface ener oy Tanes N ool Or o Afiher SFReA SyfRisdsc BLIGRG 2700

16. The nethagowd. Caim 1, wherein the substrate is selected fromthe group

consi sting of a pglyne ial 1 nar [ epi al silicon.

material, a quart%‘ mat XP%,S{HQ%P% éa”lﬁageg‘?@ﬁfﬁ"aqﬁé @@Pglgﬁntﬂpagﬁgh's\/ari ants
thereof5 5 17%elebhed fremithd godupGiomisistidg ofvher ei n the substrate conprises a
patterned area. 18. The nmethod of Caim]l, wherein the plurality of recessed
areas conprises a plurali of ,ﬁﬁsﬁz L of Claim 18,
wherein the plurality of ca\k;iF‘li%§ ?L% gﬁ %‘%;g}a p’:{}ﬁéal Pty of structural
features. 20. The method of C aim 19, wherein“he plﬁ‘?‘“él ity of structural
features has a di nension ranging fromabout 10 mcrons to about | nanoneter

in size. 21. The hoc _ab,sm%g _\ 'ﬁ i % uy, IL{ structural 15
features has a diﬁgﬁ g:n r%(’%i N rg"'ma 3ﬂ1%ﬁ '(E'::Hr?or?? %%Q% t 1 micron in
size. 22. The method of¢™& ai m 19, wherein the plural €y of S¥Muctural
features has a dinension ranging fromabout 1 micron to about 100 nmin

st ze. —{CF;—CF; CF-r‘ngCFr?H.T

Y CSM  CF,

, and

_(_CFz_CFESYCFE’?FA\‘CFT?F\CFT?F‘}; |
CF, 0 CSM

CF,

10 wherein CSM comprises a cure site monomer.

7. The method of Claim 4, wherein the fluoroolefin material is made from
monomers which comprise tetraflucroethylene, vinylidene fluoride,
hexafiuoropropylene, 2,2-bis(trifluoromethyl)-4,5~diflucro-1,3-dioxole, a
functional fluorooiefin, functional acrylic monomer, and a functional

& 15 methacrylic monomer.

h 8. The method of Claim 4, wherein the silicone material comprises
a fluoroalkyl functionalized polydimethytsiloxane (PDMS) having the following
structure:

o | g
Rt-Si-0--§i—0—}:R
CH,  RI

20 wherein:
R is selected from the group consisting of an acryiate, a methacrylate,

and a vinyl group; and
Rf comprises a fluorcalkyl chain.
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20 23. The method of Claim 19, wherein the plurality of structural features
has a di nension ranging fromabout 100 nmto about 1 nmin size. 24. The
met hod of CJaim11, wherein the one or nore particles are essentially free

of a scumMOAPEYI0YS  The nethod of Claim 1, wherein the Ha/VEPEY2{%NpI at e
25 conprises a patterned tenplate formed by a replica nolding process. 26.

The nethod of CRai m The mbthaz of Chaint pliheeiritthe stgrepieaefGrialcomisees: ()
provi di ng afg‘\%%te%e | at e; (B%qcontacting aliquid material with the
mast er t enflidoENalgastyne mngnle meelested fram egrorpicansistingsifm a pat t er ned
tenplate. 27. The nethod of . aim 26, wherein the nmaster tenplate is
selected fromthe group consisting of: (a) a tenpflate formed froma |

i t hography process; -108 2005110¢466 PCT/ US2004/ 042706 (b) a naturally
occurring tenplate; and (c) gpnbrndti ons thereof” 28y The nethod of Caim
27, wherein the natural tenpl s selected f e of a biological
structure and a self-asse ‘ Eure. 5 29. =-1ret hod of C ai m 28,
wherein the one of a biological| structure and a gel f-assenbled structure is
sel ected fromthe group consi stgng of r%;}%lnatur al | wfoccurring crystal, a

protein, an enzyne, a virus, a mcell e? nd a tissue'surface. 30. The

met hod of Glharéin Rf comipvidey Aduorskhikyl dlshihhe patterned 10 tenplate surface
by a surface nodification ste 31. The nethod of C aim 30, wherein the

surf &e nodifi cabi onl—rbﬁefﬁeth efeCdaimed, Wh@ﬁeiﬂﬁbegiﬁﬁﬂﬁtezmﬁe@aliqwmt]sea pl ﬁs ga
, 2] , i 32. . T
of a1 o m 38 TAATER bR BF A ; afOhARacHieBehEer PBUERS e TplcRe ™ "

nol ecul es gglhiggted fromthe group consisting of a polyelectrolyte, a

pol y(vi nyl al cohol ), an al kyl hal osil ane, and a |ligand. 33. The nethod of
Claim 1, conprising positioning the pat t%r ned

CH-C
¢=0
0
L
wherein:
10 R is selected from the group consisting of H, alkyl, substituted alkyl,

aryl, and substituted aryl; and

Rf comprises a fluoroal kyl chain.

11. The method of Claim 4, wherein the triazine fluoropolymer
comprises a fluorinated monomer.

15 12. The method of Claim 4, wherein the fluorinated monomer or
fluorinated oligomer that can be polymerized or crosslinked by a metathesis
polymerization reaction comprises a functionalized olefin,

13.  The method of Claim 12, wherein the functionalized olefin
comprises a functionalized cyclic olefin.

20 14. The method of Claim 1, wherein at least one of the patterned
template and the substrate has a surface energy lower than 18 mN/m.

15. The method of Claim 1, wherein at least one of the patterned
template and the substrate has a surface energy lower than 15 mN/m.
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tenpl ate and the substrate in a spaced relationship to each other such that
the patterned tenplate surface and the substrate face each other in a 20
predeterm ned alignment. 34. The method of Caim1l, wherein the Ii%ui d
mat eri al WQ@%”@&%@d fromthe group consisting of a polREFEYS2004/43706¢ i on, a
nononer, a plurality of nononers, a polynerization initiator, a

pol ymeri zation ¢@&t al Yhe.methodnol GRINC1, WhERI Sibie, siwb4tRita! is WeRsdie Froma
phar maceutical agent, a tag, a magnetic 25 material, a paramagnetic

mat eri al , WesapePpePRsislikf @ pebEneramaterial; ganinorganiematgdakta silicag

ol vent, iR et hBRKER" a-fals Bleil B! EPLRRD i6etonl PR,

phar maceutthesdofagent is selected fromthe group consisting of a drug, a
peptide, RNAi, and DNA 30 36. The nethod of Claim 34, wherein the tag is
sel eBted fromthé gfBapmedind «fi Glaisr 1a whareirsibensubstigte gomptisesasel ed
tag, and agent. -109 WD 20051101466 PCTI US2004/ 042706 37. The
nmet hod of aﬁﬁ‘%}#a%&ee\herei n the ligand conprises a cell targeting peptide.

38, The nethod ¢8. O ThamethodesfeClairmhe whetdird thetsaiaaity epretdssed #reas
non-wetting agent. 5 39. The nethod of Claim 1, wherein the disposing of the
vol une of COMBUses Addwialiy of eavitiegul at ed by a spreadi ng process. 40. The

atirst volume 811 JfoFidoed ol REART I8, FIREEI HREAMAR o Beytesr o o
| ayqp of | ¢dtpeseratsitiaiity ohstridigrapéddtarazed tenpl ate; and (b) drawing an
| npl ement across the |ayer of liquid material to: ( renove a second

vol une of | i qui 0 nat éheamethesinofiElaime 19 ywhergin| thﬁJ:ngUF&iit}érqfaStﬂwafaie
pat t erned feta?u%lsahg's gngﬁmension ranging from about 10 microns to about 1
nanometer in size.

21. The method of Claim 19, wherein the plurality of structural

15 features has a dimension ranging from about 1 O microns to about 1 micron in
size.

22. The method of Claim 19, wherein the plurality of structural
features has a dimension ranging from about 1 micron to about 100 nm in
size.

20 23. The method of Claim 19, wherein the piurality of structural
features has a dimension ranging from about 1 00 nm to about 1 nm in size.

24. The method of Claim 1, wherein the one or more particles are
essentially free of a scum layer.

25. The method of Claim 1, wherein the patterned template

25 comprises a patterned template formed by a re plica molding process.

26. The method of Ciaim 25, wherein the replica molding process

comprises:
(@) providing a master template;
(b)  contacting a liquid material with the master template; and
30 (¢}  curing the liquid material to form a patterned template.

27. The method of Claim 26, wherein the master template is
selected from the group consisting of;
(a) atemplate formed from a |l ithography process;
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(ii) leave a third volune of liquid material on the patterned tenplate. 41.
The nmethod of Claim1l, wherein the contacting of the patterned 20 tenplate

surface w t bstrate displaces essentially all of the disposed |iquid
mat eri al V\qybgﬁ?sz@ll%gen the patterned tenplate surface and’(ﬁﬁ‘ésm%‘ﬁ“dé'{ﬁﬁate_ 42.
The nethod of Claim1, wherein the treating of the liquid nmaterial

conpri ses a process &8l ecaatraiynocherriggdemptaiesasti ng of a thermal 25

process, a photoche al Ero ess[i agg a chem cal process. 43. The nethod of
Claim1, further cogtﬁ'isi grmongiong %rieeé the volume of the liquid materi al

di sposed in theygpl U‘Tﬁbi FrYetﬁBdrSF@I%@ﬁ’t?T,e%é?éinoﬁ‘ﬁe Ofratltal ﬁ?ﬁélé;tﬁ‘%a.

contact pressure to the patterned enpl ate surface; and | om ng a
second vol setectef] ftdra driegof @ biclogicalagiauchire aovd p selfessembleaalgthudtoee.t enpl at e;
-110_WD 2005/ 101466 FCT/ USZ{&O /042706 ) renovi t he contact, pressure

appl Ped to the P%ttelABdMY ﬁ& ot £laim refbewhersing 1 0R08i R JaRiolagiealn ¢ he

recessed agngsuR ahlls sdibbEEMBI HflRhieSs SHIdCASPIroR (i drbaR\LRGistig | | aui d

material to formone or nore partic e reces areas o
patterned ofeapkafurally soctiming; crystdl, (eeprotaih cas iengyiniee aowiusr a micellgaaid al es.
44. The nethod of .Cl aim 43, wherein the releasing of the one or 10 nore
particles TSUSHYTRGRed by one of: (a) applying the patterned tenplate to a

mart choe: "oy S of 8 RS Srechin 37 Y SCIAG o SlaRes
par tiDcl es iesnpleteessréacd by m surtageanoéifioatibn stepl at e; 15 (c¢) swelling the
patterned tenpl g% .e \Ml'hg nz'iuemordsctaf a?alh\wlweé]&, vErr?erein the surface modification step
is selected from the group consisting of a plasma treatment, a chemical
freatment, and an adsorption process.

32. The method of Claim 31, wherein the adsorption process

15 comprises adsorbing molecules selected from the group consisting of a
polyelectrolyte, a poly{vinylalcohal), an alkyihalosilang, a nd a ligand.

33. The method of Claim 1, comprising positioning the patterned
template and the substrate in a spaced relationship to each other such that
the patterned template surface and the substrate face each other in a

20 predetermined alignment.

34, The method of Claim 1, wherein the liquid material is selected
from the group consisting of a polymer, a solution, 8 monomer, a plurality of
monomers, a polymerization initiator, a polymerization catalyst, an inorganic
precursor, a mefal precursor, a pharmaceutical agent, a tag, a magnetic

25 material, a paramagnetic material, a superparamagnetic material, a ligand, a
cell penetrating peptide, a porogen, a surfactant, a plurality of immiscible
liquids, a solvent, and a charged species. |

35. The method of Claim 34, wherein the pharmaceuticallagent is
selected from the group consisting of a drug, a peptide, RNAI, and DNA.

30 36. The method of Claim 34, wherein the tag is selected from the
group consisting of a fluorescence tag, a radiolabeled tag, and a contrast

agent.
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extrude the one or nore particles; and (d) washing the patterned tenplate
with a second solvent, wherein the second solvent has an affinity for the
one or icles. 20 45. The nethod of Claiml, c S vesting
or coll eg(?{’ﬁﬁogﬁhyﬁgparti cles. 46. The nethod of Caim 42’%@%@&&3{]’? e
harvesting or collecting of the particles conprises a process selected from
the group consi3i.i ngThé methoapohGlatint B4 a whetieieathes igdme| comphises i aell
process, a dissolution process, an 25 ultrasound process, a negasonics
process, dAreativgR i c process, and a magnetic process. 47. The net hod
of Cdaim1l, wh in nq@[ﬁ i4S ; ; . t hod of
Cl ai m 47, V\hergji;%' thzﬁgatc Bgﬁbggggﬁi"é%?e (gl@f@%m%d rom !)ar%fa&'%(g?ﬁ;snessg‘i -bat ch
process anbrawedtirig agents batch process. 49. A particle or plurality of
partjcles formed, by e method of Claim, 1. -111 WD 20051101466

PCT/ 8152004/ 042 5J6Rem%tt'183&faﬂt—|ﬁtf9%ofwwﬁﬂ %@'SB?S'@%P#?U@YOWQF n the
plurality : Lol s i | f nonodi sperse particles. 51.
The parti cl@l%ﬁ%\%h?g‘e{???gaggdpgf?is?lréé)ésag ptagée%%' 49, wherein the particle or
plurality of pa40.i cl€ékei snefedadcoeClbinonB8hevige@ip thenspicadingf pacebs

sem conductor device, a crystal, a drug delivery vector, a gene delivery
vector, a ©A"8BE¥ detecting device, a di sease |ocating device, a

phot ovol taic deviceya s el l i C o) ya mi

el ectret, an additiv a1) a Bicsg?sé'ﬁgsta, qﬁ’gtseﬁ%lgﬁeoasfggﬁg&q f ynﬁ%g aigeép, %2%

abr 48i ve, a micro-el ect r opattenkdnieasdlatey &3 ot MEMSEr o liglidubratesaladdol d, a
taggant, a pharmaceutical . 10 ag}ent, and a biomarker. 52. The particle or
plurality of particles ofthe Ratianed templadeiAanthe particle or plurality of

parti cl es compr i se i ceqtalih i Mbfridtt Goros it ByER! 80flagh Hhitid 1
to:

conprising formng a | t nsi o structur conpri si ng:
(i) remove a second volume of liquid material from
15 the layer of liquid material on the patterned

template; and
(i) leave a third volume of liquid material on the
patterned template.
41.  The method of Claim 1, wherein the contacting of the patterned
20 template surface with the substrate displaces essentially all of the disposed
liguid material from between the patterned template surface and the
substrate.
42. The method of Claim 1, wherein the treatiing of the liquid
material comprises a process selected from the group consisting of a thermal
25 process, a photochemical process, and a chemical process.
43. The method of Claim 1, further comprising:
(@)  reducing the volume of the fiquid material disposed in the
piurality of recessed areas by one of:
(i applying a contact pressure to the patterned
30 template surface; and
(i)  allowing a second volume of the liguid to
evaporate or permeate through the template;
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15 (a) providing a particle of Caim49; (b) providing a second patterned
tenplate; (c) di sposi ng a second liquid material in the second patterned
tenpl ate; ctlng the second patterned tenpia-te with the 20
particle Of)dz)o?:s? and (e) treating the second |iqui J%%P?“éqw{% forma
mul ti- dinmensi onal structure. 54. The nethod of Caim1, conprising formng
an interconnected s(tbtjuctmrmv@@ thé . coftactnpressdrefapQlied o 3he pdtteened t he

i nt erconnected structure r]g{l ses a plurality of shape and size specific
hol es. 56. The net hod of t@ Es3INaffer ei n the interconnect ed structure
conpri ses a menbraneiyS7. infoRBER (j( \Qﬁhhv NGoRet aﬁ@é GROgY to a
target, the 30 net h%;()i conpri s%‘ng % pI’O|VI Pﬁg g%agrétal’c (fal m 49; (b)
admi xi ng the therapeutic la@mmealntelhnpiate spafacer! e; and -112 (c¢) delivering
the particle corrprlsn e therapeutic agent tqQ the target. 58.. he met hod
of (Paim 57, wherei ndt)he ﬁ%y%&lﬁfﬁu'gg@ﬁ?e togg{rgcqr@dofﬂw €3 drug
and genetic material. 5 Sgithifhthdeiedadsed SeakMopSnenisitarivd h6ngsaRd | C
material is selected fromthe group consisting of on-viral gene vector,
DNA, RNA, RNAi, and a vismtfaqmramdcl e. 60. The nethod of O aimb57, wherein

the particle conpris |od radabl e pol 10 61. The net hod of Claim
60, wherein the bi od radr theepe Pégn@él%t'%lﬁsf romthe group consisting
of a polyester, HE ¥ Hdﬁf’ irP2RY WHei&in eﬁpétéé’é"lﬁé%’fsthgaé‘ﬁ% gel yner,

a poly(cyanoacry ate a polyuréthane, a po yor oest er

pol $@i hydrmpya aartlcbeaisaaqnfﬂrymdeb)ad)ne 62, The nmethod of Caim61l, wherein the
pol yester 1s sel ect efi )f rOapply[ng the pattened template to a substrate, wherein
the subsirate has an affinity for the one or more particles;
(b)  deforming the patterned template such that the one or
more particles is released from the patterned tempiate;
15 (c) swelling the patterned template with a first solvent to
| extrude the one or more particles; and
(d}  washing the patterned template with a second solvent,
wherein the second solvent has an affinity for the ©ne or
more pariicles.
20 45, The method of Claim 1, comprising harvesting or collectirg the
particles.

46. The method of Claim 45, wherein the harvesting or collecting of
the particles comprises a process selected from the group consisting of
scraping with a medical scalpel, a brushing process, a dissolution process, an

25 ultrasound process, a megasonics process, an electrostatic process, and a
magnetic process.

47. The method of Claim 1, wherein the method comprises a batch
process.,

48. The method of Claim 47, wherein the batch process is selected

30 from one of a semi-batch process and a continuous batch process.
49. A particle or plurality of particles formed by the method of Claim
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15 the group consisting of polylactlc acid, polyglycolic acid,

pol y( hydroxybutyrate), poly(e-caprolactone), poly(,8-malic acid), and

poly(d iaoxan ones). 63. The nmethod of C aim 61, wherein _the polyanhydride is
sel ect ed WPPBW Y gr oup consi sting of pol y(sebacic aci &fT PV{“&Eﬂ“ I c
acid), and 20 poly(terpthalic acid). 64. The nethod of C aim 81, wherein

t he pol yanm de i §0sel &heeplufalityoft partigesupf Olaini 40| whartinptie( plarality of

car bonat eséJ ang pol yam noaci ds. 65, The method of C aim 61, wherein the
phosphor ou®8p O%Bf@%? ﬁl‘érag'%’l@c’d?@Bo‘?'ﬁBﬁ'isﬁf@rﬂ‘Flﬁﬁp consisting of a

pol yphosphate, g1 257hel yAHRRPBP AP BH by RITOCRIRZ 89S whbreif heTet hod

of Claim 60, wherein the biodegr pol'ymer further conprises a pol yner
that is reppditte v plorality tof nparticles6is. sdleetetefrboy thvé gtbapncdbsistihgref a t he

stimglus is selected from the grqup consisting of pH radiation, lonic
Stroforn,  PEMRIEIG dgncepth SRR | STYOnHBIGEY C/aaiar i GRNeaNelYER nat i ng
electric fi i ai i ti rises
an” el tor niry SRcte BBty Yoye” dRi56as THETER 0t HRER: 7076
69. The nedbeidept ddlan celbdevicenppicsogen.ex gosmetict e ghacttétc ban Bddiive, a

etic field onge , the particle is delivered to the target. 70.

‘?’lhfaeirg'? }1133%6%?3%?@% BY1Skhe? eARIDHENGX 788N hg a8 FA@SI¥Er 17 cMIGre-elegiro-
2L 1o A SRR IMESTS, LBRIER S8, soadE s s aunen o,
C ail@ 70, abenkiandtehbiomezrkepr oduced by the particle induces one of a phase
roatnent of the2l ar JUe. PRAICETRE RiutalbH cBrPacicom ol LCIAMON B; rERE Hage
S0 R BRAAI o ANEAS et U BASHS ERLeCe 5, chanoe | rom
phase change fr &8 a Jbkei methpthstClaimat] campdsipd dsemingus esulti keimdresiapalut i c
agent to be l &FERa mbthod domprising:
15 (a)  providing a particle of Claim 49;
{b) providing a second patterned template;
(¢) disposing a second liquid material in the second
patterned template;
(d) contacting the second patterned template with the
20 particle of step (a); and
(e) treating the second liquid material to form a multi-
dimensional structure.
54. The method of Claim 1, comprising forming an interconnected
structure.
25 55, The method of Claim 54, wherein the interconnected structure
comprises a plurality of shape and size specific holes.
568. The method of Claim 55, wherein the interconnected structure
comprises a membrane.
57. A method for delivering a therapeutic agent to & target, the
30 method comprising:
(a)  providing a particle of Claim 49;
(b) admixing the therapeutic agent with the particle; and
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particle. 15 74. The nethod of Claim 73, wherein the rel ease of the
therapeutic agent fromthe particle conprises a controlled rel ease. 75. The
met hod of Claim57, wherein the target is selected fromthe group
consisting of a cell-targeting peptide, a cell-penetrating peptide, an
integrin receptor peptide (GRGDSP), a nel anocyte stinulating hornone, a 20
vasoactive intestiona] peptide, an anti-Her2 nouse anti body, and a vitamn.
76. A nmethod for @©brnmdejverinsathecpartisle comprising thee therapeutist agant todher i si ng:
(a) providing patter nqg,.gtegrrpl ate and a substrate, wherein the patterned
tenpl ate conprises a patterned tenplate surface 25 having a plurality of
recessed areas fo¥dred Ttheemathed (of) Cltinmpdai wheesinv dhanthesapdltiquagentdserial in

or on at Ieagérlg'%ggsf@h;'g?éegg?gi?%&%ﬁ%égﬁgnétgﬁl ate surface; and (ii) the

plurality of ng tne patterned tenplate surface
with tise substrat§d, 3heamietbod oF €iainst hehdreimuite ngermticamateridl dsm a

pattern on the suhstrate., 77. The nethod of Caim 76, erein,t patterned
t enpl at e coﬁ%??@gs %{“stgP\ﬁgﬂPp rcggﬁ'gﬁ%f’gé'l aen-YiRl  9e0eE PT'ad)'gAt %&'78. The
met hod of C ®INRi 74nd awiedlgiantiond. | east one of the patterned tenplate and

substrate conpri sgs a qmaterial sefl §ct_ed fromthe ﬂrOU£ consisting of a
per f | uor opol yet hef0-mat aethod 1qf  Glayp &f.i whergin e particle .6orpPHSeS anmt eri al |

a silicone nplRELAdabR &hic material, a fluorinated thernoplastic 5
el ast oner ('rIT'EE) ba tri a@m fl uor ogol ymer, a perfluorocyclobutyl material, a

f1 uorithat ed epo%yﬂesiﬂ}e methad off Gleim H8: whewim theebiodegradablei padyraer isl i goner
ok, Fan. °%SBhE KERE A8, GEARCLARRe Y 5 TRSES. 3, AISGINGE b "
materi al  10polyamidesesa apbospghoones-sasedctpolgmere! ect gdiy{cyanoadrglatglpup
(if;nSi sting Ofpblyuéﬁga':ﬁe%rpogoﬁhéggéa A poﬁié%idré%gn.gn)é ﬁéy%ema.
}} 62, The method of Claim 61, wherein the polyester is selected from
15 the group consisting of poiylactic acid, polyglycolic acid,
poly(hydroxybutyrate), poly(e-caprolactone), poly{#-malic acid), and
poly(dioxanones). -
63. The method of Claim 61, wherein the polyanhydride is selected
from the group consisting of poly{sebacic acid), poly(adipic acid), and
20 poly(terpthalic acid).
64. The method of Claim 61, wherein the polyamide is selected from
the group consisting of poly(imina carbonates) and polyaminoacids.
/j 65. The method of Claim 61, wherein the phosphorous-based
polymer is selected from the group consisting of a polyphosphate, a
25 polyphosphonate, and a polyphosphazene.
66. The method of Claim 60, wherein the biodegradable polymer
further comprises a polymer that is responsive to a stimuius.
67. The method of Claim 66, wherein the stimulus is selected from
the group consisting of pH, radiation, lonic strength, temperature, an
30 alternating magnetic field, and an aiternating eiectric field.
68. The method of Claim 67, wherein the stimulus comprises an

alternating magnetic field.
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XCFr CFa O ~-CFZ O X and X+CFZ CFr CFZ O+- X wherein X is present or absent,
and when present conprises an endcapping group. 15 80. The nmethod of Caim
78, wherein the fluorootefin nmaterial is selected fromthe group consi sting
of : +CFz W@2QUH9146¢\ CcF2 CAF\ CFZ ?F+ CF CSM CHI - CH~CFz PER/USZRMIENS - cFz cH
CF2 ~F~CF2 C -~n } CH3 CF3 CSM --{--CFzZ CF* CFZ 1~F2~CFZ 9F- CSM CF3 and

-{- CFZ CF\ CFZ GBYCFZ5heChathod-dof CIgha 57, GBMpritin V%Eﬂpwﬂg&hé |6 @HRhi ses a
cure site rmnorrer 81. The nethod of O aim 78 erein the fluoroolefin

material ialterpatiad magnatisishd pacethe padisipisi dalivered  theotesgathy | ene,
vinyl idene fluoppde, The %th@ﬁ’é@fﬁl‘é%% &M%t £xposing of the particle to

2, 2- bls(trlfluororreth uor o- 1 droxo nal

f1 uor ool ef am ,altbmathgmmabnems fibioccamsesnibe, paticledofproglicemabt threugaong! i c
nononer. 82, The nethod of Claim78, wherein the silicone material 5

conpPi ses &f @ NYBPHAMA Pragessiashza fhasmayahlgtomBIosess: | oxane (PDVS) havi ng
the fol | ow ng sgjuct 4pe: mgtﬂlod'%fc(?g:mR?Q ThnGreln qheohgaﬁpr%ﬁcacryyv‘@gre'

is selected fromthe group consis an - acr

and a vi nypagickupiduzed die efnpriteee médgmiroahe rpdlybaicomfshenthg thiet hod of
Claim 78, wherein qshe styrenic material conprises a fluorinated styrene

monomer  sePagiciean Qrﬁméth@f'ﬁlfptf%ﬁﬁ@rgqu the target.
72. .The method of Claim 71, wherein the phase change in the

10 polymer component of the particle comprises a change from a solid phase fo
a liquid phase.

73.  The method of Claim 72, wherein the phase change from a solid
phase to a liquid phase causes the therapesutic agent to be released from the
particle.

15 74. The method of Claim 73, wherein the release of the therapeutic
agent from the particle comprises a controlled release.

75. The method of Claim 57, wherein the target is selected from the
group consisting of a cell-targeting peptide, a cell-penetrating peptide, an
integrin receptor peptide (GRGDSP), a melanocyte stimulating hormone, a

20 vasoactive intestional peptide, an anti-Her2 mouse antibody, and a vitamin.

76. A method for forming a pattern on a substrate, the method
comprising:

(@)  providing patterned template and a substrate, wherein the

patterned template comprises a patterned template surface
25 having a plurality of recessed areas formed therein,
(b)  disposing a volume of liquid material in or on at least one of:
(i} the patterned template surface; and
(i} the plurality of recessed areas;
(c)  contacting the patterned template surface with the substrate;
30 and
(d) treating the liquid material to form a pattern on the substrate.
77. The method of Claim 76, wherein the patterned template

comprises a solvent resistant elastomeric material.
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of: FyF FF15 F and Rf wherein Rf conprises a fiuoroal kyl chain. 84,
The nmethod of Claim 78, wherein the acrylate material conprises a
fluorinated acrylate or a fluorinated nmethacrylate having the follow ng
structure: R CH=C C=0 O 20 Rf wherein: -116 WD 20051101466

PCT/ U520041042706 R is selected fromthe group consi sting of H, alkyl,

substituted al kyl ar Ltuted a nd ri ses a

fl uor oal kyl chai n’8gs5. '}[Iﬁ%@eﬂﬁdﬁﬁﬁé@ gﬁ ’7%" a\'nf?éséioﬁetq(igﬁ PRisMRd

f1 uor opol ynefemBiateo g %esstﬁatél tehpristised FRASTER sel8fted T RONMhEOgoah C aim
78, wherein the fluorg nat fl uorinated ol |t%orrer that can be

nono
pol yneri zed EPNFFHING:Pf 3 R UB&PPQ'Y%&\B&N?&%&'% a fuerppiefin saateral. ApAcHyidA
conprises a fiueddionadiicend mhehan a &?fenﬁ‘ﬁ)a@ﬁah‘oé]fﬁ rtﬁ@dﬁh@l@mdﬁéﬁl&e' n the

functionalized olefin_ 10 conpri ses functionali ze p(\é&g ic olefin. 88. The

met hod Sof O &lagtonger WFPeE)eu%tr@?mpeMmmlﬁn@m a n@rf\mtqw utyl meatefiali 8 and t he
bstrate h f d
substrate hagy,grisitbd %g;%x?'? [ ah@\ﬁeﬂuéri?—é(&]adltenprrr&e L (?T{ﬁﬁtd?%@gﬁ}é? aim

76, wherein at |east he patterne e su ate has a
surface ener @yatl oaverbe rmlvnleﬁmuvm ctassfickedTiyy aetriedathesis Qpalymeritationher ei n

t he substrat %‘ﬁ_‘ ﬁel ected from the group consisting of a polynmer material,
an i norganic &P al , asilicon material, a quartz material, a glass

material, and surf¥ace TheafetitbdveirClaini ¥8, whersin the perfluoropolyether material
10 comprises a backbone structure selected from the group consisting of:

x-{—TF—cr,—o—};x x—(—cr;—clzp-—o—BVCF;-o—-}n-x
CF, , CF, .

’“”:. x-{—CF;-CF;-OA\—CFZ—O—);X' ond x+CF,-cF5-CF;o—}n—x;
wherein X is present or absent, and when present comprises an endcapping
group, :

15 80. The method of Claim 78, wherein the flucroolefin material is
selected from the group consisting of:

—(—CF;—CFA—CFE-CHZ-SYCFE—*?FSKCF.‘,—?F—];‘

—(—CH-—CH—\YCF—-CFJYCHZ, CHR-CFy- CH-\-CF.‘, ?F\CF-—CF—)-

r/’“-J CF, CSM
N
—~-cr CFAVCF—GFAYCF—-QF—J—
&M CFy  nd
—(—CF{—CFE\TCFT?F—\Y CFE,—?FS‘CF;-CEF—)—H
CF, 0 CSM
20 CF, '

wherein CSM comprises a cure site monomer.
81, The method of Claim 78 wherein the fluoroolefin material is
made from monomers which comprise tetrafluoroethylene, vinylidene fluoride,
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thereof. 91. The nethod of Caim 76, wherein the substrate is selected from
20 one of an electronic device in the process of being manufactured and a
photoni ¢ device in the process of being nmanufactured. 92. The net hod of
Claim 76, wherein the substrate conprises a patterned area. 93. The net hod
of Claim?76, wherein the plurality of recessed areas 25 conprises a

I I f 4. Th , I I f
o o1 es” SonEfiblRonishe, |12 ARy optesf s Bamie8 GaRidl. P hoy of ©
Cl ai m 94, V\h&lmtimalhdlupl'cmaihl, t yunetiomsdir wehwic almorforatnr andhas  fundtioralsi on

rangi ng from aﬂ? ! O mcrons to about 1 30 nanoneter in size. 96. The
met hod of O TEHIEAMGRNANE: t he plurality of structural features has a

di mensi on rangi ngazrorm@bqu@mbe f C CRINE 78, alRfeieinl mecrgarcohg r@'t@ﬁm -117 97.

The met hod of Claim 94 the Iu al of s ructu atures has a
di mensi®on r aRYRESES énII‘éHSB‘"gII UQ%‘I’BIIM@ %ﬁf‘f"n[’: @Y@Ie?'a%g The

met hod of C ﬁid?oﬁ&vln@@%@lhfbthe pI urallty of structural 5 features has a
di mensi on rangi ng fromabout 100 nmto about I nmin size. 99. The nethod

of Claim 76, wherein the Iiquid mafHsi al Gs sel ected fromthe group
consisting of a polyner, a sol .l i_@;ﬂg@m a plurality of nononers, a

pol yneri zation Initiator, a poly | zat cat‘@ yst, an inorganic

precursor, a netal precursor, a ph&Hgace®fi cal agent, a tag, a nagnetic 10
material, a paramagnetic material, a superparamagnetic material, a lIlgand, a
cel | penet r aMh@EPiPept i de, a porogen, a surfact ant a plurality of i rrm' sci bl e

liquids, a solvenk, ls%@Qc%mQﬁggm%ﬁ'Sﬂé%B i 89nétha "qIIs| St ng of a

wherein the pharmaceutical agent s "sel ect romthe group co
drug, t0 pept |adda\mmgrmman®NA 15 101. The nethod of C aim 99, wherein the

tag is selected f IB? st ng of a fluorescence tag, a

r’.agji ol abel ed t ag, IQ?EE(’II"QR egg':Iﬁ) QIR\}ISthEIn

B The method of Claim 78, wherein the styrenic material
comprises a fluorinated styrene monomer selected from the group consisting

T T
F F
F F
F and Rf .

wherein Rf comprisaes a fluoroalky) chain.
/j) 84, The method of Claim 78, wherein the acrylate material
comprises a fluorinated acrylate or a fluorinated methacrylate having the

of:

16

following structure:
i
CH=C

20
wherein:
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agent. 102. The nmethod of O aim 99, wherein the Il gand conprises a cell
targeting peptide. 20 103. The nethod of Claim 76, wherein the liquid

mat eri al | zﬁggﬁ]ﬁ&d fromone of a resist polynmer and a(}:,rovv-k dielectric.
104. The Y Claim 76, wherein the liquid materi alf W?‘é@gmg }
non-wetting agent. 105. The nethod of Caim 76, wherein the disposing of the
volume of 25 | iRyis delexted ifedmither groupaterdigtingaot pi, edklyingubstitatsls alky06. The

met hod of C ai m 105 rein the spreadi ng process conprises: (a) disposing
a first volaﬁﬂea% Sppﬁt\.{xﬂgecfrﬁﬂéﬁi%q on the patterned tenplate to forma |ayer
of liquid rraterir\qucoqﬁﬁ),q AL bEsAIRY chafh. t enpl ate; and (b) draw ng an

I npl enment across the aé}%r opbﬁigqﬁslgd material to, (i) renove a second vol une
of liquid materiGdl fridwe trhethodyef Claim|78uwtiersin ethealriazing Hugrapolymeed

tenplate; and -118- @ WD 2t0 5/101466 PCT/ US2004042706 (ii) leave a third
vol ule of FPOREERA WyoTialgH MAROMELt erned tenpl ate. 107. The method of

Claim 76, whereiga th | ithea ) int f | t he
substrate elim r?gt' esq_erf;és)giﬁl?tﬁg Irt%/f ghnrnof&t W@%"&Sﬁ@dﬁ@g@%‘? urﬁgﬁ% H&aui d
mat eri al . fiQ8rindieed oligdmdr that@an betilymerred or tohessiinkedi mgaohetatkesis qui d

mat erial conprises a process selected fromthe grqup consisting of a thernal
process, apwﬁ/mif&?ém@@mﬁ%&@w”sgﬁ@ "E’H]%'Fé]@% Cﬁ?@&ess. 109.gThe met hod of
Claim 76, conprigyi Ng 1 ahethdy ﬁﬁeﬁiadml%&ll\@he@ﬁ‘? iRt W@ﬁctﬁ{gna@zﬁd e

wherein the batch process Is selecte fromone of a sem-batch process and
a cdfti nuogsnpaisel piurctieraliddd cydlicpdefirer ned substrate forned by the nethod

of S alm 76, Lige A0 ARPAAKST dralrR 78, Whe?Sh S 16MRE rB%r e SstorhBS
template and the substrate has a surface energy lower than 18 mN/m.

89. The method of Claim 76, wherein at least one of the patterned
template and the substrate has a surface energy lower than 15 mN/m.

16 90. The method of Claim 76, wherein the substrate is selected from
the group consisting of a polymer material, an inorganic material, a silicon
material, a quartz material, a glass material, and surface treated variants
thereof.

91. The method of Claim 76, wherein the substrate is selected from

20 one of an electronic device in the process of being manufactured and a
photonic device in the process of being manufactured.

92. The method of Claim 78, wherein the substrate comprises a
patterned area.
93. The method of Claim 76, wherein the plurality of recessed areas

25 comprises a plurality of cavities,

94. The method of Claim 93, wherein the plurality of cavities
comprise a plurality of structural features.
95. The method of Claim 94, wherein the plurality of structural
features has a dimension ranging from about 10 microns to about 1
30 nanometer in size. |
96. The method of Claim 94, wherein the plurality of structural
features has a dimension ranging from about 10 microns to about 1 micron in

size.
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15 (a) a patterned tenplate and a substrate, wherein the patterned tenplate
conprises a patterned tenplate surface having a plurality of recessed areas
formed therein; (b) a reservoir for disposing a volune of liquid materi al
in or 20 on at least one of: (i) the patterned tenplate surface; and (ii)
the plurality of recessed areas; and (c) a controller for form ng one or

The. 58 substratetna (1 stdthef AteCRmuss Aot afé Hitabl'Bs Wheiiing the
| i qui d mat er fedture$ 8as 3 dimengion adnging frof aboatll Znicionr tohstsout o1GWr Ami iAg an

I nspecting device for one of inspecting, neasuring, and both inspecting and
nmeasuring o ¥Cor nmore characteristics or the one or nore particles. 30 114.

An apparatus for 8rmTige angthdd esfnClimags ubbrert ahe tharaligp R rswudtiral
conprising: -119 2005/ 101466 PCT/ US2004/ 042706 (a) a patterned tenplate
and a stbst r &Y & @menaiop sarging Eam ahaut AP@n bodbd NN BRI ned

terplat e surf ace Bgvi nngmalhdd & tain ol HARAT B RIREdl6faTe shieel (1) @

reservoir for disposing a volunme o mat er | In or on at | east one
of : (i) the pm thengrupstepkiating oliafpalymeraadsolution) atrmengmer; al plukalityf ofr ecessed

oo () el P MO PR SR bR ()
treating the prequnsal, raestalapreclsdr, dhshanppeeutical agéntClaitag, 14 dnagnaticher
napecling attPREls AgmegiRlcdalerl SoHER A AT PaRe I BITEhe (8 Fefn on  he
substrate. cell penetrating peptide, a porogen, a surfactant, a pluraiity of immiscible

liquids, a solvent, and a charged species.

100. The method of Claim 99, wherein the pharmaceutical agent is

selected from the group consisting of a drug, a peptide, RNAI, and DNA.
15 101. The method of Claim 99, wherein the tag is selected from the

group consisting of a fluorescence tag, a radiolabeled tag, and a contrast

agent.
102. The method of Claim 99, wherein the ligand comprises a cell
targeting peptide.
20 103. The method of Claim 76, wherein the liquid material is selected
from one of a resist polymer and a low-k dielectric,
104. The method of Claim 76, wherein the liquid material comprises a

P non-wetting agent.
e 105, The method of Claim 76, wherein the disposing of the volume of
25 liquid material is regulated by a spreading process.
106. The method of Claim 105, wherein the spreading process
comprises:

{a) disposing a first volume of liquid material on the patterned
template to form & layer of liquid material on the patterned
30 template; and
(b)  drawing an implement across the layer of liquid material to:
(i) remove a second volume of liquid material from the layer
of liquid material on the pattemed template; and
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15 116. A nmethod of formng a pattern on a surface, the nethod conprising
sel ectively exposing the surface of an article to an agent by: (a) shielding

a first i the surface of the article with a ' S

wherein t szra&zw?‘xr% system conprises a elastoneric mgﬁ)ﬂﬁjﬁ@%ﬁ%ﬁﬁg}
contact with the surface 20 of the article; and (b) applying an agent to be
patterned within the (ihskiegvesy dhisdnvobirae s¥diswid wterlaﬁoafth@haa%@rmace of
the article, while preveniPajk a plication of the agent to the first

portion shielded by the maski'hg system 25 117. The nethod of C aim 116,

wher ei n the el ast@merTiee magthod: @fMClafs7& wherdihi the cbniltinged thel ¥Pst The
met hod of Claim 117, wherein each of the channels has a c¢ross-sectional

. f > ¢ . .
di mensi on demplate suifaceawibtthe sdbstrateeliminates essaatiaiy abef dhe dispased17,
whergi n ea t has a 30 cross-sectional dinension of |ess
than%about %I%gr@ﬁqﬁ@@ﬂ%ﬁ% met hod of Claim 116, wherein the agent swells
the el astoneri clg@mskThesmethian AbCIHIM27% wHetBinthe APSatiil 486the liquid
PCT/ US2004/ 042706 121. The nmethod of C aim 116, wherein the agent conprises

an organi dnafesiel coMptisas st pracesatselecied fiom the gaaunsernsisiingof a thermalThe

met hod of | r A LSl ng: l_ow he organic

el ectrol um(aﬁgég%a%%l%&épbgﬁﬁ?%%%r@ %%Pr%@?rﬂkagé@rﬁését the second portion
of the surface, ®08 The nesthallof aiRg 76| esiplisiag LoaHProasssn bet ween t he
organi c el ectrolum nescent nmaterial and an electrical circuit. 123. The

net HBH of O ai mtie, Whemethodpd Glaiemd 0Bowperairthe hatchipropessiscselested

o oup. consifiT e &SRR PrisERR Sh PR AR BN IRERES phace

deposi tion procepp), an iteehédBubsPaedarned byRe PHsthedof Glaingl7éct ron- beam
evaporati on process, an el ectron-beam sputtefing process, and an
112.  An apparatus for forming one or more particles, the apparatus

comprising:

15 (a) a patterned template and a substrate, wherein the
patterned template comprises a patterned template
surface having a plurality of recessed areas formed
therein;

(b}  a reservoir for disposing a volume of liquid material in or

20 on at least one of:

(i) the patterned template surface; and
(i}  the plurality of recessed areas; and
(c)  a controller for forming one or more particles by one of:
(i) contacting the patterned template surface with the
25 substrate and treating the liquid material; and

(iiy  treating the liquid material.

113. The apparatus of Claim 112, further comprising an inspecting
device for one of inspecting, measuring, and both inspecting and measuring
one or more characteristics or the one or more particles.

30 114. An apparatus for forming a pattern on a substrate, the
apparatus comprising:
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el ectrochem cal deposition process. 15 124. The nethod of C aim 116, wherein
the agent conprises a product of electrcless deposition. 125. The nethod of

Claim 116W Whe%ei n the agent is applied froma fluid precursor. 126. The
met hod of YEXIHMYE  wherein the fluid precursor is 20 REVEROMIRTI8M t he
group consisting of a solution of an inorganic conpound, a suspension of an
i norgani c conmpoyadl, aa sptErned oemyplaieanhd cd etibistrate,f Whisekin cther psiternadd a
chemically active agent in a fluid carrier. 127. The nethod of C aim 116,

wher ei n the i nor gani cCRYNBBURPMBIEESe s Raterd depmlatepSHriase baviRgeadarticl e
surface. 25 128. The %F&Wo@ﬁeé&s@bﬂ"ﬁg& idrHdd Rer&RPr i sing al l owing the

fluid carrier to dissipate thereby depositing the particles at the first

region of the db)icla reserfvairdor Hposiieanetiime off liqiidimate?i@l irf or bheat
conprjsing allow ng the LI uid,_carrier to dissipate thereby depositing the
chenmi®al Iy active agefshene@RE first 30 region of the article surface. 130.

polymer precursor . 19t worSoRe LD SR e Gt 06 7 151, “The met hod of
Cl ai m 130, further cdfiipri sthegplurality obrexesped wreas;c article fromthe pol yner

precursor. 132. The nethod of C aim. 126, wherein the chemcally active agent
conprises an agdR ca@)&ﬁﬂg")@?rfﬁf 'Pﬂg‘%@ﬁ@%’ﬂ?%?ﬁ%?ugﬂﬁ%é}waI. 5 133. The

met hod of Cl aim 126, er ej &Zﬂt‘i hgd ¢ ti n i€ n
etchant. 134. The nethod o‘; gﬁnnq:l%g ?%Jt#%fﬂgd é%’ﬁ'ﬁfiﬂgu tr?é"%ﬁgvngﬁ]gstp%é
secofdl portion of the surfegesicdtetsnedarticle to be etched. 135. The net hod

of Claim 116, further conprising, repoving the 10 elastoneric mask of the
maski ng system from t{fie fitreatingthe Uguidmatadalarticle surface while |eaving

the agent adherefhg o +g fRfRAMsPf BIAM 944! ARGt E6inBrisly SR 9fspecting
device for one of inspecting, measuring, and both inspecting and measuring
one or more characteristics of the pattern on the substrate.
15 116. A method of forming a pattern on a surface, the method
comprising selectively exposing the surface of an article to an agent by:
(a)  shielding a first portion of the surface of the article with a
masking system, wherein the masking system comprises
a elastomeric mask in conformal contact with the surface
20 of the article; and
(b)  applying an agent to be patterned within the masking
system to a second portion of the surface of the article,
while preventing application of the agent to the first
portion shielded by the masking system.
25 117. The method of Claim 116, wherein the elastomeric mask
comprises a plurality of channels.
118. The method of Claim 117, wherein each of the channels has a
cross-sectional dimension of less than about 1 milliimeter.
119. The method of Claim 117, wherein each of the channeis has a
30 cross-sectional dimension of less than about 1 micron.
120. The method of Claim 116, wherein the agent swells the

elastomeric mask less than about 25%.
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organic electroluminescent material or a precursor thereof.

122. The method of Claim 121, further comprising:

{a) allowing the organic electroluminescent material to form
from the agent at the second portion of the surface, and

(b)  establishing electrical communication between the
organic electroluminescent material and an electrical
circuit.

123. The method of Claim 116, wherein the agent comprises the
product of a deposition process, wherein the deposition process is selected
from the group consisting of a chemical vapor deposition process, a gas
phase deposition process, an electron-beam deposition process, an electron-
beam evaporation process, an electron-beam sputtering process, and an
electrochemical deposition process.

124. The method of Claim 116, wherein the agenf comprises a
product of electroless deposition.

125. The method of Claim 116, wherein the agent is applied from a
fluid precursor.

126. The method of Claim 125, wherein the fluid precursor is
selected from the group consisting of a solution of an inorganic compound, a
suspension of an inorganic compound, a suspension of particles in a fluid
carrier, and a chemically active agent in a fluid carrier.

127. The method of Claim 116, wherein the inorganic compound
hardens on the second portion of the article surface.

128. The method of Claim 1286, further comprising allowing the fluid
carrier to dissipate thereby depositing the particles at the first region of the
article surface.

129, The method of Claim 126, further comprising allowing the fluid
carrier to dissipate thereby depositing the chemically active agent at the first
region of the article surface.

130. The method of Claim 126, wherein the chemically active agent

comprises a polymer precursor.
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131. The method of Claim 130, further comprising forming a
polymeric article from the polymer precursor.
132. The method of Claim 126, wherein the chemically active agent
comprises an agent capable of promoting deposition of a material.
5 133. The method of Claim 126, wherein the chemically active agent
comprises an etchant.
134. The method of Claim 116, further comprising allowing the
second portion of the surface of the article to be etched.
135. The method of Claim 116, further comprising removing the
10 elastomeric mask of the masking system from the first portion of the article
surface while leaving the agent adhered to the second portion of the article
surface.
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