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TI TLE METHODS FOR FABRI CATI NG | SOLATED | VI1 CRO- AND
NANOSTRUCTURES USI NG SOFT OR | MPRI NF LI THOGRAPHY CROSS
WOREHERENGE TO RELATED APPLI CATI ONS Thi s appl i ceCT/082008042706

based on and clains priority to United States

Provi sional Patent Application Serial No. 60/531 ,531
, filed Decenber 19, 2003, United States Provisional
Patent Application Serial NILES0/583,170, filed June

ser M TREDB S AT ENTING | SORAE O Eta IR FnE”

whi ch ému@%ﬁ%@ 'SQBPE@)!@YMPP{IIQTGE%GGRAISHY

entirety. VENT | NTERESF Thi's I nvention was nade
with U S. Government support fromthe Ofice of Naval

Tochnol o5 Con U ERbORdm 61 NRATRR AbrBr ] (O ge
Foundatld HppiBaRin AST BesRNorNandColairA8 7 phibtity Tibe Udited States

Governnent has certain rights in the invention.

PredsinnaAPater Bpplicstinrs Sesial flepPisdd , ldr dilednldeeember 19,

0 | rtic . US| f i | Nk L r .
2o e BRI GUS P B (b Aiohgeie] 1% 86/863.170,
filedy 9@te 2¥etd00ds Uritedk States PravisiopabPatenh Applisatidre Serial No.

Battern o n a substrate using soft or inprint ,

60606 F Apfipd AmrshAATIAMs erch=otiwickeds (RriPesates herein by
' - = dibutyltin diacetate DVA =

r%%%’#@ﬁgésr ‘%}ﬁg ‘DWPA =

2, 2-di net hoxy- 2- phenyl acet ophenone EIM =

b ooyt RRLR R FEgE o ot e

» 2- LR L Qeitidnt WAR™ ARid¥RGth U.S. Govermment support from the
Office of Naval Research Grant No. N00014210185 and the Science and
Technology Center program of the National Science Foundation under
Agreement No. CHE-9876674. The U.S. Government has certain rights in

the invention.

TECHNICAL FIELD
Methods for preparing micro- and/or nanoscale particles using soft or
imprint lithography. A method for delivering a therapeutic agent to a target.
Methods for forming a micro- or nano-scale pattern on a substrate using soft

or imprint lithography.

ABBREVIATIONS
°C = degrees Celsius
cm = centimeter
DBTDA = dibutyltin diacetate
DMA = dimethylacrylate
DMPA = 2,2-dimethoxy-2-phenylacetophenone

EIM = 2-isocyanatoethyl methacrylate
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g = granms h = hours Hz hertz IL = inprint Iithography
kg = kilograns kHz = kil ohertz kPa = kil opascal MCP =

wor@saeand act printing MEMS = m cro- el ect r o- neRCIEDBZNAY/042706

system MHz = negahertz MM C = micro-nolding in

capi | ies m_ =mLIili =l L d | =
1 P es n = mi 11T New S hated Biflcne BROGIET .
m | | ikvebhst NCM = nans- cont A¢2-tniadllaliotrifiudirbethane

nanoi nprint |ithography nm = nanoneters PDVS =

pol ydH et hyl si | oxane™ PEG $%\% et hyl ene gl ycol ) PFPE =
per flyoropol yet her PLA pohygdsactic acid) PP =

pol ypr opyl ene Ppy = poly(pyrrole) psi = pounds per
squarldzi nch PVDF = p®l y(vhesti dene fl uoride) PTFE =

pol ytlEt rafl uoroet hyl ene imprint lithography

kg = kilograms

kHz = kilohertz

kPa = kilopascal

MCP = microcontact printing

MEMS = micro-electro-mechanical system
MHz = megahertz

MIMIC = micro-molding in capillaries
mL = milliliters

mm = millimeters

mmol = millimoles

mN = milli-Newton

m.p. = melting point

mW = milliwatts

NCM = nano-contact molding

NIL | = nanoimprint lithography

nm = nanometers

PDMS = polydimethylsiloxane

PEG poly(ethylene glycol)

PFPE = perfluoropolyether

PLA poly(lactic acid)

PP = polypropylene

Ppy = poly(pyrrole)

psi = pounds per square inch
PVDF = poly(vinylidene fluoride)
PTFE = polytetrafluoroethylene
SAMIM = solvent-assisted micro-molding
SEM = scanning electron microscopy
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SAM M = sol vent -assi sted m cro-nol ding SEM = scanni ng
el ectron mcroscopyS-FIL = "step and flash" inprint

wo paokagrephy Si = silicon TMPTA = trinet hyl opr BEENE2004/042706

triacryl ate m= mcroneters W = ultraviolet W= watts
el y(tetrafl ugroet hyl

OXI de cogl f1 uoronet hyl ene ox?g‘gl)d flash” ITPE&&GﬂﬂﬁByThe

avai l@ibi ity of viabke nasititatr i catl on processes is a

key f to reaI| ng t tial
nanot@@#ﬁiﬁ ogi es. | ﬁl pgrt rm@@w?nmﬂga%@&chgﬂﬁq ty of

Vi abldl%nnanof abrl cati gn Pr ai&SPSStels i nmportant to the
fields of photonics, electronics, and proteom cs.

TradiWVonal inprint Fithoghteiolet (1 L) techniques are
an alternative to photol |th?t§r aphy for manufacturing
integrated circuits, “m cr 8¥™nd nano-f 1 ui di ¢ devi ces,

and ogheyl devices w th n pbpiRtrafusrsbiRylenabRitet &J-
sized features. There is a need in the art, however,

for new materials to advadisioremetuteneoege)secdis a,

Y., et al. , Angew. Chem Int. Ed., 1998, 37, 550-575;
Xia, Y., et al. . Chem Rev., 1999, 99, 1823-1848;
Resnick, D. J., et al. BASﬂ@angNgtor International

2002, June, 71 78; Choi. K . et al. . Am

Soc, ’éb@gavam@htmg%mamDanomtnjCQFlparMOC@saa is %tkeé(Lfactor to

rBRRling 6ot cf ey fehnpld s, el ing yplaviy o

vidbial nanoMtIr'roaabacprmssEﬂgls nﬁﬂ@riantSYo tBé1fieldandf photonics,
Bai | ey. T.

elgotraips, anﬂrﬁfﬂt@ﬁmmst h?i@%(f\%?{ﬁd 7 dBarapis ) fghniaues

é}%eéﬁ al(erﬁlatn?é’ft& &H&t@l‘ﬂ%?%h& f&i@gggii%;unrg%té@;r%tec}( circuits,

reiard- mdsniama—rﬁMchssde%m raret oihml dewge:ﬁ St lwq;rometer and/or
q%rfc%ﬁg{% m%)feagﬁggl( 'Zgr ﬁfe'regsl%l g) ﬁg?gcrgo&ﬁe%)v(rjetra?or new
ﬁhq/gfé}ralgtﬂssadv%%e lﬂste&ﬁﬁﬁruégntSéé Xi@' i, ngt aNChgewe€hem. Int.
Ed., 1998, 37, 550-575; Xla Y., et al., Chem. Rev., 1999, 99, 1823-1848;
Resnick, D. J., et al., Semiconductor International, 2002, June, 71-78; Choi,
K. M., et al., J. Am. Chem. Soc., 2003, 125, 4060-4061; McClelland, G. M., et
al., Appl. Phys. Lett., 2002, 81, 1483; Chou, S. Y., 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.

Imprint 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
al., Appl. Phys. Lett., 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., etal., J. Vac. Sci. Technol. B, 1996, 14, 4129.
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aL, Appl. Phys. Lett, 2002, 81, 1483; Oto. M. et al.
. Mcroelectron. Eng., 2001 , 57, 361 ; "step and

wo Izm)s/alm'mrrprl nt lithographic (S-FIL), see BailBgT/U32004/042706
et al. , J. Vac. Sci. Technol., B, 2000, 18, 3571 ;

and Wl%th?ﬁgg{zkérr@ﬁﬁ%m Q%ég%geﬁqﬁrkg%e een'the flaterial

. Vac
oaimgldeoﬂoymnmbtcbfyﬂhsl WONGmesQfPDWB)grbpls;ed Jeset Queks, BaRe, et al.,

Litce 1500GEr 21 55T efbiote i B Mo hdSiads, fage: Chem.
I igggwlf%%ﬁ 1d§8?637 \55 aEéﬂé r@nﬁ@Ge? tgl, 2@@?{{?%&#3999 99, 1823.

Xi a, Tdie adse of SbeEnelammerkgaﬁateQQI,s, 3;82}3 asTRBMB eoftdrs several
ft t h ff L
e?&é‘aﬁagﬁsa ool bR RioyRS S o GRRRIRISCEDIRS, is highly

teiit IBOMRal Iy (EN)Yrafd" AP 2R Hast & veh} Y 'Y%luﬁb s modulus
radi ati on and has a very |ow Young's nodul us

(@@@rpp(mtﬁtu’ g15p) kBoa).kwhich giMesgtit tiesBexibtlity nequired for conformal

confathoerdn PuEERHIRES deouRES: MiatdBb ditonfai 3G, S48ling. 1n
cohaaki, "grackihg @ahr @&éur WifRC lnhdlels CRIAdRC froin Writie rTﬁig%Smodulus
madefrombrlttle gh nodul us nmateri al s, such

reatenals, suEhcew eigitedysiisen andedlapst s2ee BAetsclmAmet al , 3. Appl.

08,2000 e, st i, BEABeh I B0 ciitatgs dpe easy

réleasswf dhér PIBIdTASHE hfaAS sRPIrbpiiRss Withbat tradkdwkbng allows
and allows the nold to endure nmultiple inprinting

the ef9ldyi toh seidurandpilfigler imgringng eatetheywthwu. ﬂa@ﬁsmq/ fragile
fé@tﬂ}’esso/&ﬁgﬁ ghﬂﬁar ny s efhdi8 r%ﬂ%a%%l?%&???@lp%rmgable a

property used to advantage I n

draépérmmp yanelpe Iu'fseatta) adsani%igﬁhmsgiﬁtl lﬁh)h@ra@hﬁl@rm)hsamth

t ogra applications, se
D op MITPEGH RS, PUPTBOVED ey cROYATIAORE | 1 ¢ SOt ' hography
a@?ﬁ@é’ddrﬂst b%%e@ p?mﬁémebtlﬁﬁ’&fe‘ﬁ@wng%vea%@ﬁeﬁpabnmes

ast oners swe en exposed to nost org
it sofiolithdgragee Lldst, PDNS;bagedaklastorired sw@Mewhen 200p®sed to

T SRBR RS UBIS ROTRGNEP e bBes vl sl chtileClipm. 2003,
72} logua.4dw1. gg)vxvmus@ra@lﬁgr&oeéﬂgns Dol #¢ tniicbontact printing

(MQFI’)I aw@nceémr@t becauses itcallaws #hé ymoldplor adsorbi argaméc inks, see

AL kBl AR AR kA £998r a7 1 GH0-PL Ot SEAling segistance

id r&:rm'eélﬁh i ﬁ@?ﬂa‘i‘\t IR O WeR)britynbe d?cﬁ@lt a6t MhbBrabEBbénniques,

anount cur abl e organi ¢ nononer
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. Otherwise, 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 molds
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.
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resin. Gherwise, the fidelity of the features on the
nmold is | ost and an unsol vabl e adhesi on probl em ensues

wale@stio4saf il trati on of the curable |iquid i ntBCT/082004/042706

nol d. Such problenms commonly occur with PDVS-based

ol dsg %%gﬁws?hér%trfa%%rﬁg'oif‘ﬁimqé Hxn%@%@f’gl S Finh? is not

mat er i Rowever, are t mat eri a rmst
low endugh fAdc%thl lithaytaphyagriodedures thed ireqaige dwgls fidelity. For this

régl?‘éﬁr:e r)eilprgl ac %nth PDI\/Ifalf]elg@Nf&Lf ggébrea e. quﬁﬁ%ﬂuonnated
Lleﬁgﬁra%la?fhal #e2BmBM MbilbHeAob |9éi¥)&n%%sft@h 8pfd fluoroalkyl

ography procedures that reqU| re high fidelity. For
tti«:hlerosdasen SeehXigpaf .1 et abdAsgevalitent. IPDI\@ b4898, 31| Fh-575.

en.fl ted using a.plasma treatnent fo Aavved .
WpsSL SRRl aiftries " BnBur baE et e Braestd 18 draanic
sofenéa, Y., et al. . Angew. Chem Int. Ed., 1998, 37,

550- 575. These fluorine-treated sili cones svvel I,
howeVidrird, vihenmexgi oerimanlyugadi eorsolareiaily . aveilpbt, ferme of the

b QPR ILHARE RS 6, Sy R By o] chfgon
Mhdramid) dvichigear almited Skhtekasfdamdrich) ¢aeg, a Wiodeds Shat gstoo low
of Anmerica) has a mpdulus that is too

@%W?‘i%\( 415 MPs) fgramanyr applicatiops! | Eaév, lewsmoglhkis gfithese
B |
Y e

amalt, aselslicisuist rdt fvzel] pume@SfeE&prbd:\eﬁsesemdtr@qpn'ecp)neelse pattern
ttern ment and ment . researc
%"t‘tt %n%@ﬁanm?rﬁdd%' ghresqasg erﬁr 9eﬁ¥ e@@éefg&%ﬁfidress

tlk: I%\ét p?c%bé&j sed Qﬁﬁ@ ‘W}, SO8l, a&*oﬁb’n réﬁg% 350,,42002, 124,

12312- B31(B; C&tdsrrm dr. W etedil al.angmmczml ¢8ub8$4-53200 Schmid,
33, 3042 3049; Cs angmui r, 2003 19,

Wcrompm 2900 §t3 §p42 3%,9, ,1lgangmu1r
25‘6%5?918?8& 61 obherrlmﬁ%t% > ef BPSﬁQnQHLM 288 ?blto 160987-10961,

ol'vent nation's

tladal m/atéﬂalst hﬁoseheasﬁ ekhibite pool d soRiegt drosigtendel and require
such as uartz | ass and sjlicon, also have been used
fiugrinafien ﬁtensﬂp BN heS@@aﬁ?ePf the mag. a1 . | Angew.

ChemRlge'atmmce:]cf)ér?r quct orél At ef nat i O §§ ’ang &4\;{%%6 h%&e b%%n used
iMir@peht tdgraphyM Sest X&,.Y., al\mhl Arigjeys. Chemt Int. Z¥021998, 37,
5%]0’-57154;8I%;esr%lg,uD. %; gt' al., Semiconductor International, 2002, June, 71-
78; McClelland, G. M., et al., Appl. Phys. Lett., 2002, 81, 1483; Chou, S. Y.
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, S. 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

modulus and swelling 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.
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et al. . J. Vac. Sci. Technol. B, 1996, 14, 4129;

to, M, et al. . Mcroelectron. Eng., 2001 , 57, 361
WO 2@ndoBes | ey, T., et aI . J. Vac. Sci. TechneCT/USI®04/042706
2000, 18, 3571 ; Chou, et al. . Science, 1996,

212" o DA g i el I oy

¥iculSe fabfieatnabrd Fold00Rich2ik, typwdly 263de byTlising conventional
materials are suloerl or to PDMS i n nodul us and SV\EL' [ ng
ou

pbefodithaesaphy ot e niheaxn derbeam) dgraphy ee

t 0 Ctp M
é—lﬂb?t E{ée %ﬂdr’f?gﬁééfé %e?é%s in %@m“é@éanggf%fﬂy’ the need to
r@r&até@!}&/&xsétexmsaep@mtz glasArartdilido rdmaidsickNGM prapedses has
materials is the necessity to use

a costly and .
apen; imipated bamlr&@@ mvkﬁ ﬁﬂqafedmmﬁ g%lewfﬁﬂcfapwcastmg a
0 o gr
B O T RRRY DRbARE Aliceh, mester.  See
®cGlelland, Gamt., Scal., A’mﬂhﬁbb/s smm,gamz 18!1,, wWBa). amzb eng, G. Y.,
recently, the need to repeat edI use e sive artz

gt Als Nanalettessn2 904 dASAR - Noih &%9%@ §°b%%?1 e limited by
EWemng;a&femeWolH% Ig?%%ﬂ?gg,(,gnqge based nol d gener at ed

rom castin ynmeri zabl e nononer m xture
agai nﬂes@nts|§uchmdvmst3&roth&ejlmmwgem of Gabrkda,tmgtmolds from

ol gragfars indhiie B8 Bees9B040 YasnBuoHAACOR GRS Jff lower the
@h Qcéaén&%gl bff thed niya,suel! iIRksredk,t e Jol & ian osemitdhductor

vents spl te such ‘advances, other al sadvant ages
Mtefrzamanaatzuﬂg duhd57f-r76nan|dg]he inherarit greblent blicleasisg a rigid

B seemiadia Sosiel wiguTdugeRRt, pE dastinh e meld or the
tHe BEFAEON G Hedrtiernay] oggla) zggzwconmmﬂmﬁmm/ 2002,

ere‘m_pro emor releaS|ngar|g froma
duged7 $4718s Bietseh wAt, hb dippbrieaks.n 8060, 68nﬂ§rlﬁg431lﬁ3e Kkbada, D. Y.,

Sl e ot S R e B e o o o
@Rf“ﬂﬁ%%gg S‘chérm&%?rlnedpiwﬁon A@@ DRPorft3 | on, Delaware,
, Langnuir, 04, 20, 244522448,

hhmtedr eplatase dot Mmﬁeabftau gddreﬁsl dt‘hecm‘qﬁwmj efergy problem.
Tefl on W | m

f
%Srﬁﬁng?‘%{ msnltp@ae Sf'}ﬂ'%é bp%@eﬁ*? E%qqrgsa@résger?;ﬁ%ratures and

?%&%‘P@s fNar SeltRsreBl emproedsd eadt @suI@The BaRRagIRY &5 the dellcate
owever, requires high tenperatures and pressures in

mqua ess silicpn aafes mastar. c ddditianallyathesengalds skl exhibit the
lnetrlnSIc derawbacks of other rigid materials as outlined hereinabove.

—

Further, a clear and important limitation of fabricating structures on
semiconductor 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
to the wetting behavior of the liquid being molded, which results 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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features on a silicon wafer master. Additionally,
these nolds still exhibit the intrinsic drawbacks of

werdenonsgi d nmaterial s as outli ned herei nabovePCT/US2004/042706

Further, a clear and inportant limtation of

fabr i Gr'ﬂE' Fégné%tr d’rﬂ)'f‘ %S@eﬂp réﬁé‘ﬂﬁ P nﬁﬂéﬂo‘ﬁﬁloqf\ﬁe@?c%su\ﬁlitHQ‘eatures
nmol ds or te e fromhard materia

as uak bndramﬁ btnndrbda ofesiictond foom' photdcurayler petforopolyether

(e haiadon rebonarBed Rolidnd o do8 gl Aol Wi Eem. Soo.

56043 ¥§£§1y sHoolpesd t t pEpRIp %1 &l mlkaBlsacare 'Iﬂiﬂh%ﬁ ﬁte room

ring THi S process due to the wettlng behavior o
terqplendatlhm angd cah dmdphmﬂocbemlcmwd;mssnmkbd tbo;laldt houghoﬂurable

h
Redfestions Fhbhrt i mie-besgd mialras ase gl fickingte Bnd resist
%Qﬁhbabftorgﬂﬁlﬁ SSvent8eRLUER B Gh &thyiNE ERlorMl, Cletd@g8rofuran,

not résult In the formation of a scumlayer. The
faliberie,chexemest asdlagetaniiribs ptang: otherer whiah arecdesivabjedor use
Wit h fe t ur

BintesbERlsE 8o UEs BRSR olinur Bt oM Blip BB Icb8 ™ here

lserPieRd iSethdRald, aRdwever, Ro, @l PFPElbaded aestials to the
Soc, 2004, 126, 2322-2323. PFPE-based materials are

fahfisation &f nesersale Mevices foerelatadcmaspasphot ocheni cal | y

crosstrtﬂEEgEgg e%'n%eﬁ HIR ﬁ%%&Plﬁp@v@atﬁ%ﬁ@s o forming 2

Furt he RSteri ars &R yfluorlna
patlefrredhsd ssvelrbiengubl ay gasthed mhpmylmg aspsttermed mask. See

LR feenhiia (4 65 aheh o diakane, chieh) aSeFabeit HBl B 1763 to
K3kt hg @téyP[%'téHtf RBTS bagasberto G Gonsis e at: ana

ereis a need in the art,
hdemationat @C}m‘r);ﬂthé?ﬂfe&} bh)séNQrﬁQéMHB& tooJadkson et al., each of
fabrication of nos.c ev ces for, rel.ated reasons
BN C S mer e Heo R BTN Ta i BtiGHgs oy e

et hog$efOralsPidangedy MAKETdH B %nSHﬁ’ﬁr‘dv@Heme‘EN&!P @ forming

nmet hod enpl oyi ng a patterned nask. S. Patent
lsolated 3B cBo@sttbaNakaihe eonsidlered L@ngﬂﬁe@r@tdér&tru@res including

80t AR BBE0RAAE  euFlghB mooce
m@bb@rﬂt laQ8r fat a\n@ogﬂéﬁsﬁa@gﬁfoimsmlﬁ@@h strudtures a@’@CiaJ connect

which is incorporated herein by reference in the
@htlrnkestyuctmr@& éogatber, i iHeene swkingt hedidiculty df ngh lmDOSSIble to

IARIRE BBl Aol B el P85 Ui bres. i el udi ng

There also is a need in the art for an improved method for forming

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

microphones and the like. See Kressman, R., et al., Space-Charge Electrets,
Vol. 2, Laplacian Press, 1999; and Harrison, J. S., et al., Piezoelectic
Polymers, NASA/CR-2001-211422, ICASE Report No. 2001-43.
Poly(vinylidene fluoride) (PVDF) is one example of a polymer electret
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but not limted to particles, shapes, and parts. Using
traditional IL nethods, the scum | ayer that al nost

wabwags4bor s bet ween structures acts to conneRCT/UB2004/042706

I | nk structures together, thereby making it difficult,
[ S t 0 e LSQl.at
B, TSR O PR BB CORRLY SRlaghAghe Sen as

pcmppmmﬂiem@t h@ﬁ)fdreﬁdafmmate@r@thﬁ@ﬂe naropylehe (FEP), and
ed particl|es, Cé))artl cul ar pol ymar el ectrets.

h
p%h@tq%@fmor%ﬁhwﬁéwe EdG)r alsearpeansidarad godyragt plestrets.
Wi th F‘hﬁ[&@p B %€ RIdIR tHRMark I?? ﬁ%d{oggﬁe@retﬁéh§ RS delivering

bul k, dielectrics wth orlen
themap«aummagéeisr |sablecasrdmgspnorﬁmrabgéeewecborsODNmeRNA RNAI,

ﬁ@&?@ﬁﬁ?'@%ﬁiﬁ@. ke ARG A ol s ety sSoly  ed.,
HRS B Ga R ZP!%lFlﬂ:attIBﬁs"ﬁﬁ: S@ﬁmfﬂr%fi?m@hloR 1984: @l pojymeric

, Space- ectret's, Vol. 2, Laplacian Press
Biegnateaiads, Haumitsion S.,J edS. Maetel aDekkarpilez.odNewt York, New York,

FSAATELS: NASPLCTIZORY: 21 475, | CASE BRR0L 0B ochnomic
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SUMMARY
[n some embodiments, the presently disclosed subject matter
describes a method for forming one or more particles, the method comprising:
(@) providing a patterned template and a substrate, wherein the
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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Applications, Roche, E. B., ed., Perganon Press, New
Yor k, New York, 1987. For a description of

WO esaslnd at i ve therapeutic agents for use i n BODS2004/042706
delivery nethods, see U S. Patent No. 6,1 59,443 to

Hal | ahan {ii)vvhi ;tﬂei@]uiabqﬁf&p@rcggggd BesR- gy reference

inits enti'ret there exists a need in the
art {® i derhhing oreswonatereipEriclesbyws® o i mprint

l'ithographic techni ques. Mre particul th [
need in tﬂbe ar tCABRACHRG hibigs ??}Ferpﬁlgcgﬁ'%&}%%t iSBﬁ‘[a%‘PI “with the
structures at tdi;diems aAl R thkaiald ARIEYdIcagyb- 100

nm f eat ure Si zes. SUMVARY | n sone enbodi nents, the
present | y(igi scltosatihgsins liegtid matedal. descri bes a net hod

for form ng one pr re.particl th t hod -
ot SRR s TR B SR e on o BB P mre partites.
5 Datiotiad] tehesiatd) doReprivlst ar seidehe Mpsistadt,C WD ISUTEsCcal energy
patterned tenplate surface having a plurality of

Pﬂ?ﬁle@"@emaé@@a dﬁdrﬁécfrqrﬁe(?aﬁﬁﬁg low) vigrepbisliayd dngteriale onto a
et e Plor Dl e o b ) Blatpidy onerate

al eeeesfst asapsiaténd Ihc sohwy némpodimeertts, nbee ppletried elemplate

by one of: (i) contacting the patterned tenplate
catnpriges amalye hheesisiast elastonadc Mmatgtidhg the i quid

mat er i al - i t 4N | Qi hal.

o 1 3ome EdddimERRaat @dstind 8f HorBAial. tdiplate and
sphstratel esmprisegat treatesidl tsigdtat efrooniné sgroup sohsisting of a
resi stant, | ow surface er ol ' terial .
PaETIoTRROly el BUtPHg | vl UAraelgn Jofe il dnndrelate material, a
sﬂﬁbﬁe%gﬁﬂa‘ﬁr d gf??éﬁken%'ﬁéiriélh%”ﬂﬁéﬁﬁét@dt‘Jh%rr‘n@b‘lastic elastomer
viscosity liquid materials to generate a patterned tem
(PPE),ea tHiazinerBuerdpudyment 3 perfieoroeyclobubll matepakt @ fluorinated

SO e afe LI B BbAne? S Rl RGP et Ran b
RIFRE R @r@o%mké@b?_acmmégg ol yRkAraitdn felctieined
fromthe group consisting of a perfl uoropol yether

nat el alsome f lenabedimsnits, thecerirgpenthh diselpsatle subject matter

C%Erﬁperlrs'egla mathod for delivering a therapeutic agent to a target, the method

comprising:
(a) providing a particle formed by the method described
hereinabove;
(b)  admixing the therapeutic agent with the particle; and
(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
group consisting of a non-viral gene vector, DNA, RNA, RNAi, and a viral
particle. In 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, a phosphorous-
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silicone material, a styrenic material, a fluorinated
t hernopl astic el astoner (TPE), a triazine

wo bawsnopes yner, a perfl uorocycl obutyl materi al PCHUS2004/042706

fI uori nated epoxy resin, and a fluorinated nononer or

0L PPRRES: B, pOFSlad oy 600 3 BRI  detyagipoester. a

d @ﬁy@mpgm\dlamrg So lydtetar esent |y disclosed subject
matter conprises a_nethod for delivering a therapeutic

agent!nt csoaneaeg&odm@tﬁetth@d RiGspnilyi Aigclgsed subject matter

s%}’ubgéng A LG ed LG 0% kB T NOds (S3ehd Poe method
eﬂ?‘g tﬁe s e,

re| nabove, adm Xi ng €rapeuti c agen

domepriingi cl e; and (c) dellverlng the particle
conpr|3| ng the therapeutic %@r?t to the target.

sonme @boRTR¥IING & Ratterned nisnplate gani depibRirate. ' Wherein the
t her apeut ;@mf&ﬁ@& t‘e?ng étgrg émkﬁg éhﬁéﬁ'@ﬁwléh' ?emggﬁ"ﬂé surface

is select rom one etic mater
I n some endhgramiwalithef gerestsied amaerfa)mhed thegeinect ed

LS e, WA S SR af B PEBeS b JERF s B
embodi mentm  hAeRBtd Hof MBI Diapear adabl e

pol ymer, erein the bi odegradabl e pol ymer is sel ected
from the diipup thembiealitngf oécasspdiaresser, a

pol yanhydrid a | ya hosphor ousbhase

ol i s s abhOrned) BHPRET BRI e substrate
pol yort hoesgiger, a pol ydi hydropyran, and a polyacetal

In some enbodi ments, the presently disclosed subject

mat t ) desteeatingsthg “ﬁﬂtlﬁ daatesial tofaimg Patteen peithe snbsirate.
SUbSt Eagg ! e%,gl?tﬁfnirﬂ ngrt 8' H‘n%th(gc?)f PrfBlenﬂHl% %attern on a

patterne a su strate erei

Raistrata)etlet @attérata@ temraates esnprisabtesobent eszistang low surface
surface having plurality of recessed areas forned

Qnesgeinelyrpec an%t%%h ﬁ@rlaedd‘rceme%ﬁmg. lgwi israsiby ligyidjmaterials
S eBisERTHOR Al 14 cgPEbBH LCAEPAAUE matorls t
generate a patterned template. In some embodiments, the patterned
template comprises a solve nt 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
perfluoropolyether material, a fluoroolefin material, an acrylate material, a
silicone material, a styrenic material, a fluorinated thermoplastic elastormer
(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.

Accordingly, it is an object of the present invention to provide a novel
method of making micro-, nano-, and sub-nanostructures. This and other
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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(c) contacting the patterned tenplate surface with the
substrate; and (d) treating the liquid material to

wo eoostendp@t t ern on the substrate. In sone enmboRPKCTERL84/042706

of the method for formng a pattern on a substrate,
cfe%@riéﬁér# eﬁr%%geag "Phah et-k8APIH Sc??nﬁe&fgnvth Ry %tcﬁghpanying
OW Surface enérgy polyneric nmaterial deritved from

Drasiingtgahd Exargles aé pebi desaibeal hereth Helowo a mast er
tenplate and then curing the |ow viscosity liquid
materials to generate a patterned tenplate. In sone

enbodi ment s, GRiEEF BiES CRIFF ONP ORE e ERRYIRESS 2

sol vent resistant IE?){ét'fastorreri c material. In sone
enbodiigeness ] AdlD lagasa solnemafic reaprpaeniationdoft enprabediment of
a mat er.i al

d b t [ t f th
{0 G iedofa BBt ot afeeipia Betemerbieaiidle. a
f1 uorqglieli PAREeHr@l o 3Bha&RBYEA R pFEdHtAfdn - o the presently
siliconhe material, a styrenic material, a fluorinated

disalesashmethodt farlfagniogune aIREPre anicro-eandier nanoscale particles.

1 uoragieba 253k, Beopn SEARHBLET hbre TRt Ropbribe gresenty
disdleséd aicfo® FdrgaBpariidiahe eRMdRs BEhYMEA ip2RLkles.

crosslinked b y a netathesis gol ynerization reaction.
Accorfdgwgsy 4A-#Di aranaosreemate tneeresardation | al dhei giesently

B8 BT U0 IR, BB O R o8B, s an

-nanostructures.

replisevies] the weldctrostaticn dpardingy bdheths esmuitiey particle during
di scl gsed subject matter. An_object of the presently i
pelWeedeatipnsRbsetallieationy FidadBrigmesants acdgroed nano-disc; Fig.
r P
A R S SEn ek A ARG Lol P RaRB-discs; and
Fig.néB cteipogsasits lihe Bpoatamenparraggrgdgatiani afgshagdd Bamplises into
O%s. best descri bed herein bel ow BRI EF DESCRI PTION O F
A B G Wei9S - gures 1A-1 D are a schematic

r epr eS§IMeA SR PIaray seRaHhiENfustatidie oPrrﬁt?Iﬁl'étyblV é)tagticles that

di scl osed nethod for preparing a patterned tenp
cRinche txnma- Rinatke presehiiyrdisctosegp sefdithegraphy ofethhd.
pres

pr e blokadChe el BGOSR AE , 48, prgeonty
RsAesB infethB81TOF ehdland Anreelditepr$IbREEARAYStructures 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
structure.

Figures 8A-8E are a schematic representation of the presently
disclosed imprint lithography process resulting in a “scum layer.” ‘

Figures 9A-9E are a schematic representation of the presently
disclosed imprint lithography method, which eliminates the “scum layer” by
using a functionalized, non-wetting patterned template and a non-wetting

substrate.
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di scl osed nethod for preparing one or no re spheri cal
particles. Figures 4A-4D are a schematic

wo esasand at i on of the presently disclosed netPomuszNng/042706
fabricating charged polyneric particles. Fig. 4A

P 556S 10K MG 03! alidnanar MdtesBhiidh B! fiedpresenty

part durin merization or stallization;
dictpsedB sobpnéassiseda nubar-getingndSAiMId]) PhgthodCfor forming a
regresents typi, cal random j uxt apositioni ng of
PEHEWLP Y EPURSYS % scs; and Fig. 4D represents the

SPONtANREUS 12607CARLAARGOLIRRBR G chBGRTH HiSal igon master

chain-Ti ke structures. Figures 5A-5D are a schematic
cohrpuisingad-juom aoowashapddagasterparti cl es that can be

ot hEUTR] 38 1 3 RogR B Y Ehac T PaRRLL i 3 FRESY master
cémtdﬂi%iﬁg 50@ Ak Yorlba etk it ked 50 nimkt 0@ tip.

t hr ee-di mensi onal nanostructures using a soft .
| i t h&dguiphyl 3t éscnisgaaningi glackon7 Anigrography ofcAeftiEpie master

represe [ n i.pent of the presentl
Caﬁéﬁsﬁmwggg?g‘%’d%@%ﬁg a multi- gi nensi o%al
conplrgyurst Mycigire.scahginge It dE mierograshes2og-nm isolated

representation of the presently disclosed i ngl nt
trepereigiehpATicisiaely (PEviang aycelh EEGLdrcrdgle: . -

pr s iy 158 4 S e BRER o nlop BEFERE oP HOBhr isclpfed gonical
pettiokesnef PEG Hiachydatem | ayer" by using a functi onal | zed,

Subs FTaHTE. P8 e SCATgHOG GHSCHRl ML SLGIRRR @l S dolated armow-
ségpé&z)%ﬁlﬁ@éé eﬁpg@ diberyigsent 1y discl osed

ent-assi sted mcro-nolding (SAMM nethod for
f or mFigure patis ex scamiag selestroratreicrbgapte of 20Gne x 750-nm x

anni ng,_ el ectron m cragraph i licon master
Bhrrerrpost P apPe pRERate BEes faeVeqlre 12 i s
scanmmifge€HBCd O SHaRhRRY AMLtRIn anfiélogfvh NBSI2®0-nm isolated
conprising 500 nm conical patterns that are <50 nm at
trapezoidel paitiglascoftemethydopreanane idaendater OMVIRT &ogr aph

of a Fslgi;LljrieC'Fﬁ1 is@%&gﬁning 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 lithography method and harvested
mechanically using a doctor blade.

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

Figure 22 is a scanning electron micrograph of 200-nm isolated
trapezoidal particles of poly(lactic acid) (PLA), which have been printed using
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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conprising 200 nmtrapezoi dal patterns. Figure 14 is a
scanni ng el ectron m crograph of 200-nm i sol at ed

wo c@paaaselal particles of poly(ethyl ene gl ycol pC(/BPEBP4/042706
di acrylate. Figure 15 is a scanning el ectron

o7 99000 oA 1000l gL GPIREALQBBN' L Bh0TmPRatec

di acry ate. canni n ron m

conial-shaped parndgs ofoPladed arrowshaped particles of PEG
di acr Iate Fl gure 17 is a scanning electron m
i cr odr@ye eP FDR nifAANINGD-Aero IDicHRYIERet &gelRrnm isolated

Fi 18
R BR Bt Py B TOR) 3P YL *500- i <ol ated. -
t r apdiguradl6 jgaa scanresy efectmhrretchcygraphcqféh,em ar@w-ghaped Ppy

%xﬁNPTA) Figure 19 is a scanning electron m crograph
a8®- nm i sol ated coni cal particles of TMPTA. Figure

20 i C r -
$|@Jdl%cﬁl[§cé‘%c§hﬁﬁé é?éthBrPH?&b?ngvtﬁl Cé@@ WA conical shaped

i sol at al partrcles of TMPTA h have been
Ruyi parédiessi ng an enbodi ment of the presently described

non- ttlng | raph od and harveste

rechioweR g BRI are (EPE I, B8R A apEE, BF 200-nm
|§(ﬂé‘ﬂé@l' 'ﬂr@i @h@u@br Parteies Q' PEG Qfla@r?%témﬁhlaﬁcﬂcﬁrﬁt%ﬂw fluorescently
trapezoi dal artl cles of pol ic acid PLA- )

ta@@&d M. i &g 28Anis ﬁgﬂ@@@@pﬁbh Cﬁﬂfm@gbrrawﬁogfammfnﬁ@o nm

i T

HeeP Ve TY-3. dFSg?fzwds rts'.mrc\aﬁtnﬁmnmramrcbfnhe 200-nm isolated
I|tho gr aphy, net and harvested nechanically us

t@@@tzetdabpaa@lewfg%@ Giaoniats tharsanial BicresBnty tagosd DNA.
F& g@r?solﬂwé;fvlégagdfsﬂe rﬁgg§ g‘?%ﬂ‘@iﬁ@@eﬂ P%Urr’egl §§A°£nd 28B,

I"gur e scanni ng ron mecr aph o
sﬂ@@mgrthai@vet;eplammel caltaisbd)eA. particl es of PLA.

O M oA AL S Sp e e e gy .
%@;Hf%'ﬁ%é% gaggééﬁE@s%n% SRS strfpiRgraph of 3- rn

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

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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particles. Figure 27 is a scanning electron m crograph
of 500-nm coni cal shaped Ppy particles. Figures

wQ@3nmsa8@ear e fl uorescence confocal m crographsPOf/US2004/042706

200-nm i sol ated trapezoi dal particles of PEG

di ac FYéLﬁ'Egl BAAL SHANBARN r#réug eSR&RId Yok%gg@%%%':bﬂ- mold

28A is’a uorescent co oca m cr ogr aph
fabrigatipai faarh ek napoipmerlmlbehke vmsibrsc oRigai3dA2i4-arpolyBivkene-
rands t hat

1 d t 28B ' |
PRhS SR ek FRO TGO Icelpar ddor Bk /81 GarF PEEDME mold

té’rﬂgtdt&ﬂ aonPh nﬁ’gg“@h@é‘sqé/ﬂ ate that contain fluorescently
DNA. Fi g. Cis the overlay of the inmges

pr ov iFigures n35Ag @:nels 3238A aadap8 ltorghm\;fpw@ trhlatogéa[eh yof imold

BB SR Boly i PaftdrS o Fle of 1SE I Bolymer master.

FE@@SBH@@WBE@MM%W@W&@M%M% be kbt RymbA s
Igure 30 is an atom c force mcrograph inage o f

140-nm | i nes of TMPTA separated by di stance of 70 nm

that were fabricat %%LE?) %F(?Fﬁljﬁbﬁj\l Figures 3 1A
ec

and 3 1B are a scanning € ron m crograph of nold

f abr it pr@eeﬁmwmselo@etj rsuibjdt anattertwit gioapbé debtnbed more fully
generated nmasters. Fig. 31A is a scanning_el ec}ron
h@r@na@%pwmaf rleréncsh, 1 | eorPGRMRATHIG cFXamPles. i which

0 e t

rBhsaReR R Ybohirients 48 shofn: | I PRafurtl! BRRlnsed subject
mat@0cam baweveki beirasb8@iadaimd dfEBeat dorams @uid should no‘c be
m c raphi.c .i e of nold fabricati
CBReNaFG % IS B e rgboumients ety heiBin, Refhgr, these
e%?t%dn%leﬁtéo'?g EMQH(!BH ot R ati8ddisERBUA will be thorough and
phot ol I t hographi ¢ master. Figures 33A and 33B are an
canmie’re Bodoall ity @cgr\@yyrthefscmpbcbfftherammdlments tnihose skilled

ac:éo Mosaic Virus tenplates. Fig. 33Ais a naster.

ﬂbe 3B is a PFPE-DVA nol d tenplated froma virus

Mast @n|&sHethRIwikdAIST M3 4B tadihiddl AdPsaientiy tefms used herein
m cr ogr aph of nold fabrication from bl ock copol y

haivedhe ssaras meeaningiag. c@amanty un%wsi@qq/bu@woofyo%pﬁmrﬁém" in
tl% ogh FooRrvoll\lXﬁ'E{hlgn Bl%lseﬁtly Fa@Scn%%§ sﬁbfeo? Fﬁ%ﬁ%éﬂ%&s. All
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

mixtures where such isomers and mixtures exist.

I Materials

The presently disclosed subject matter broadly describes solwent
resistant, low surface energy polymeric materials, derived from casting low
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

-14-



10

15

20

25

tenplated froma mcelle master. Figures 35A and 35B
are an atomc force mcrograph of nold fabrication

wo e@sibrsech pol yner masters. Fig. 35A is a br uB®T/US2004/042706

pol ymer master Fi g 35B is a PFPE-DVA nol d tenpl at ed
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pre er w |1 now be
eied ttdoecﬂumhatefwélbgtdmrebaitaa‘d @iatevidih reference to the
acconF %@r Exanpl es, .in v\iztiich regre entative

3
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SR DS S e W

anmjdshmmﬁrm sedldf oAchotiingdy ntheRprésentlyt dissosed subject matter
nts are

SRRt ool SFand et o oA Flitho ano
ASRRrRurieleor g dimm %Strfq :'SBRSSr %bhh?ﬂtHd@;réﬁW Qééhnlques

Unl ess ot herw se def| ned technical and’scientif
Repr@eun@d/eh@moﬂaMmen@ﬁw@am lnebldedgit@se cohtimitpg to mlcro-

e rstoo of ordi int rt to

A Bt A el 8B o Gt e Plipma SRl vt ongs.
Al | pyhéi aahbstAsctu Rt %tscﬁw | gt ﬂ@n%)re@@it@ntoﬁscl@s“éb subject
ot her references nentioned herein are incorporated b

mﬁt@recmﬂehen usge@iin saverak@ppliqatiangghoeitidinge but not jimited to,
éé’r%% ﬁﬁ?{dr%aﬂﬂ%c&rﬂ{ uc"ﬂ Qé rﬁBlo‘ﬁg{f@t&a'baPrﬁ’érE%ﬁhé’dt scum

encomnpass st er €0l soners

mybfs for th?@éabntcaﬂont of S@n%@i@d@ﬁhekl@éﬁ?bsysaﬂd materials for
m xtures exist. | Materials The presently discl osed
g@@]aé@t Phafquoitaisso 9lan &ellr d@dee:s BPIOEafranis ideyiggs; routers;

é Fﬁ\% 1’5@&% vPRk Wét@nﬁ@ilﬁlﬁ a({ié\/lcégerdéfﬁﬁatfsr Fffers and

osrty |qU| onto a
aednth edetodlfym@ ragants;netch hearrievs; vate o ifbrcel rrnp:mslcope (AFM)

{{Hte”rgcsfgr r%)ﬁm@&%ner %neeg? att \rté]r?/quf:q?ggelfrgégwéc agent such as a

éﬂ@ b RSmatil &%n@tﬁ:&oché\ﬂﬁta’i‘?fm%ﬁk%l b%‘ﬂa‘rlﬁé‘uon (CMP)

moldi ng. 1n some enbodi ments, the patterned tenp

patticlesiands perauss paistes and ishapes, ofearasskmbthaiasﬁdenable the
but not limted to a fluorinated

g?'t&(gtlrel‘aﬁlg?l §§§2ddia terials.

Representative solvent resistant elastomer-based materials include but
are not limited to fluorinated elastomer-based materials. As used herein, the
term “solvent resistant” refers to a material, such as an elastomeric material
that neither swells nor dissolves in common hydrocarbon-based organic
solvents or acidic or basic aqueous solutions. Representative fluorinated
elastomer-based materials include but are not limited to perfluoropolyether
(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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Further, the presently disclosed subject matter

descri bes the first nanocontact nol ding of organic
woriosnioebke t o generate high fidelity features PSI/N§20841042706

el astoneric nold. Accordingly, the presently disclosed

subj ect matter describes a nethod for producing

free-standing, isolated mcro- and nanostructures of

any shape using soft or inprint |ithography

techni ques. Representative mcro- and nanostructures

include hut_are not lipt t o i croand ridmoparticl es,
and TSP HanGoparr e e SUBET Fares s The

nanostruct ures descri bed by the presentl ycl;_éﬁ scl osed
subj ect matter magulm.used i n|several apgljcations,
i ncl udi ng, but JhrH"tBd" 0| sem conduchpr

manuf act uri ng, such as nol ding etch barrilgfs wi thout
scum kayers forlothe fabricatibn of seﬁri conduct @n.
dewvic ;—O-G*IT;YHSTﬁaJ‘SfCHﬂ&b’eilebFa’Hrﬁ-CFﬂ@fCFd*@m-QW;CH;O—ﬁ—C%H;
photoval taics; a solar ¢8| device; optoelectponic

devi ces; routers; tir di o frequency

i dentification (R %g\%@ UYAeH'98s; fillers and
addi tives; detoxifying a@gents| etch barriers; atomc
force mcroscope (AFM iwt@s; parts for nano-nmachi nes;
the delivery of a therapeutd EFREQ®Mgrksuch as a drug or
genetic material; cosnetics; chem cal nechani cal

pl anarization ( CVP) ticles; rou ticles

b siehee . Sitiegs el ncidediio N wiitionar RBRUGSpSiTethers.
nanot echnol ogy i ndustry. Representative sol vent

resi stant el astoner-based nmaterials include but are

not |Additiedak schanoes feratheds\sithesio wd fubelindl peréuqrapslyethers
As used herein, the_term"sobLvent resistant” refers to
%ﬂfﬁ%‘."@ﬂ?%ﬁ@%'%@ﬁ{h&%@? 2 ric material that

nei t hefhis SYePESmBRrialinasd WRe suffag@rartgy (for example, about 12
hgﬁr@ocar bon- based organi c solvents or acidic or basic

a

digsnenitexic odY . travspeeydnand inlghly pas pefaealle; and cures into

el ner - d px i c u re:.qno L e

$o BT GUPERET  BRE, Plokisel -8B aRihe Cr il bxgbbrk Felease
prope s afd ecsibignice (BRI Thesprapertiesbbethasepaatdriats can
for soft |ithography. A representative schene for .the

by HHNRS PYeRAVIBRIEHER N FRY Y theulNetGid i PheiepE additives; filers,

[ .

e B Bt Ao B propores that are
dRsgifdblm to pobyiéy, ieckide Addit tarenadt Isvibedrds, froduluee tear strength,

ssl}/rpatc%eseinsergyf/, fplérr]r%teiagm%l, u%%{ichHe?l{tﬁp%ggé hg]{ Scure, solubility and
swelling characteristics, and the like. The non-swelling nature and easy
release properties of the presently disclosed PFPE materials allows for
nanostructures to 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 allow for the fabrication of
nanostructures on an industrial scale.

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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are provided in Exanples 7.1 through 7.6. This PFPE
material has a | ow surface energy (for exanple, about

wa2oeMhpé i s non-toxic, UV transparent, and hiptil/ySmpas042706

permeabl e; and cures into a tough, durable, highly

f: 4 I M el a t |
iRy M, AR RIE R e e g TRk RedRniate. | Jg some
efbbdasentsat ¢né alpattearedetanplatt ogempases da r solgent resistant
t hrough .t het{'%%i cious choice of additives, fillers,
Plagiamedc PR Aoner s, and functionalization agents.

Such gy QBgid ie@ﬁbécﬁ]g{erﬁé,eaﬁﬁe%is‘i adee df thBOEAftdnedNEmisiate and

but are not limted to, nodulus, tear strength,

substeate epmpgses par matdridl i sglectednfroioibei grpupmeassisting of a

pefGorsvaber aiafitnc EdPTRGERLTH, Hh BBy A8 ratéiial,
SlieHes trharial, 4 hayngs emdtbdaldizs aLiesesteBFerimpeistial Slastomer
allows for nanostructures to be fabricated from an

oI many
(Rt Ee): | anltriazine tiheropelvenes: ageatilugrogyelobylé dnaighipbaa Tluorinated

n t . s
BohElesnaid £ HERRGTES, MohBhEE R diied fifgfes thatcan be
polymigtiectiadirdresdlinkeddly aaretsthesist polpsednation rewbtionr i al
scale, In sone enbodi nents, the patterned tenplate .
conpr s SOME KnheHMends; g‘tearﬁ’@!’ﬂqqmp%'bfﬁ?%em@g’f%ﬁompr'ses a

j j I I ki Vi scosity
PRI ST SAecblr e LRGBS Be O (hen
curin he | owiscosity liquid mterigls to gengrate a
patte%rT%oTeFt ec%pldéa@g In sone enﬁ%cﬁ%n s,ot eg'fefaﬁfgr)ﬁed
tenpl ate gonprises a sol vent resistangrel astoneric
material. In some embodi nents, at |east one of the -
patterned tenpl ate and substrate conprises a materi al

sel ect qFﬂﬁfv‘tC}Tg@?’ﬁuﬁ—)@d‘nsi sting %CFTCF?CFTO n X

per fl uoropol yether materi al’, a?Puor ool efin material;
AReRSh W & BreBtmeIdralbsent, Sdld WRBR prBbeft @dmpAsss ¥h&dHdeapping
material, a fluorinated thernoplastic el astoner (TPE),
a@raup. azi ne fl uoropol yner, a perfl uorocycl obutyl

terial fl i .0, .a fl L.nat
ot o F'spry HHRTAREE TR BRT BB ' $ebaa foin tne
gRIupBssigthpof: cr ossl i nked by a netathesis
pol yneri zation reaction. In sone enbodi nents, the

ST uctur o sel Get 0 Fha CHECHrbabE cahS g o
3

—ECHZ—?HAYCF;CFSYCHTCH%CFQ—CH}(CF;?F%CFE—?F%
CH, CSM

CF,

—{—CFZ—CFSVCFZ—?FQYCFQ—?F%T
CF,

CSM . and

—('CF?;—CF}VCFZ—?F%CF;?F%CF;QF—};
CF, 0 CsM

CF

3

wherein CSM comprises a cure site monomer.
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wherein X is present or absent, and when present
conpri ses an endcappi ng group. In sone enbodi nents,

wo b@sfibes ool efin material is sel ected from t hECUS2004/042706

consisting of: - (-CF 2- CF2 -\ CF2- CH2\cF 2- CF\cF -

Cr-f th om%s%%%%dghtgswhgomtréﬁﬁflﬁool e?nalt@ madq from

mononer. I n sone e nts I'n materra

i noRkersf rwmdhonwfﬁbﬁsﬂ\hltetﬂaﬂlmmﬁ%ne vmyhdene fluoride or

tetrafluoroethylene vi nyl i dene f| uqrjde
hexait qurgp@ﬂy&@m ene 2,2- bls(tnﬂuoromethyl) 4,5- dlfluoro 1,3-dioxole, a

ﬁ:r%tlphél(ﬁ‘l Edt@ﬁr?"ﬁ.fr{&%?tal"’aére@bfﬂﬁti 5diet., 3fuqil'r(%gélgérlrlt(irrne"tt'znjlacrylic

unc |ona uor oo fun |ona acr'y
fomoimemal net hacrylic nmonomer. In sone enbodinents,
the silicone mater.al ri es a fl

| kyl .
f unct ITbisaMG EIMBORINETET HA SIICARE HRAleBEVEORRTeRy2 Fioroalky!
frlctisnhiiged pbNairHESYISHBRAR FPDHS)%as/ﬁt ef%néwm@ éthfcture

group consisting of "an acryla a nethacryl ate,
vi nyl group; and Rf corr;ﬁl'ri3ses H3I uoroal kyl chaln In

sone enbodi nent s, ftéxreﬁ Cc aé conprises a
fluorinated styr ene mer. selj fromthe group

consi sting of: wherein F@IHé:onprses a fluoroal kyl
chain. In sone enbodi nents, the acrylate materi al
whBaginses a fluorinated acrylate or a fluorinated

nmet hacryl ate having the followi ng structure; R CH C
C=0 O°RP sleriedirom the aabecoagistipg Afareagwiilp. a methacrylate,

éﬂﬁ‘%'\ﬂﬁtll@roﬂb Hhgal kyl, substituted al kyl,
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 fluoroalkyl chain.
In some embodiments, the acrylate material comprises a fluorinated
acrylate or a fluorinated methacrylate having the following structure:
FI{
C
¢
0
R

CH;=
=0

wherein:
R is selected from the group consisting of H, alkyl, substituted alkyl,
aryl, and substituted aryl; and
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aryl, and substituted aryl; andRf conprises a
fluoroal kyl chain. In sone enbodi nents, the triazine

wo bawsnopes yner conprises a fluorinated nonomer PCT/NSBON@42706
enbodi nents, the fluorinated nonomer or fluorinated
ol igo zed or crosslinked by a
netatEE?Péﬁg§F§%£ﬂ@§ggm%%Eﬁégct|on conpri ses a

f unct Ironsbinsedernbetiimentsn thenetrienipedi flowrbpolyhiee comprises a
unctionalized olefin conprises a functiagnalized

[fg%maée& BENRMETY 4 ROTesRIBbagiments.athe dyefingted gponomer or

TR Bl 0 8 SR RALP b RihelaRed 5. iness

pobasterizationf rehethuat tempeides erap| fainetianalizdue Gleblstraﬂre some

h f I r than 15 miV m From , ,
SSRBRdiTeNiso; e AINGHnANIZ6f cOleHhc FOmPESER t 7 linstionglized cyclic
di&idi ng materials can be adjusted by adjusting the

conposition of the ingredients used to nmake the
rrat er immbemel @mpadimentsaat {east rmswmfu’éwecaatt@@eddpM@a and the

bR Hate deSr S B dtriply b et i S I SpRiecthpraiments,

eﬁ%@sﬁ@h’@@f@@@b&ﬁeh’i@j presiaty Aid @hés eLipstpsteshdl g#elirface energy
matter provides a nethod for making isolated mcro-

lavigr dhamdRopbimi cl es. In some enbodi nents, the process
comr 5 A A XA U0 BT AUIR P oo

rpa‘@ﬂajedcarP@Tet adistedrast adjukﬂﬁg ahepcopeesition! off the tngrednents
of non-recessed surface areas 102 and a plurality

%S@@'e sakgihe F}?%ﬂﬁ JdRRATiRgAr dhe ﬁéﬁqtli%@anrﬁ%@@gsted from
Ra?"?’mhﬁﬁélyaﬁvﬁ‘ %&IH? t&pLe, such as a silicon

i's et desired pattern to form
patterned mast er 100 Referrl ng now to Fi gure 1B, a

iquid mat
II‘I uorggkﬂl?- 0 Ar A&ngbg ﬁg—soased
pr ecufsebmel émbB&ﬁ‘né}%fﬁ% SﬂéTs%nﬂ iR é‘iﬁgé@tf mafer Provndes
Liquid nmaterial 106 is treated by treatin rocess
& onashadpfer em@losgressqlatedv rhucght andher emgndp@rtmleﬁg aln some

etrﬁgggerrqentsq%g prpoaéeesrs compnses mliﬁaﬁy gFors’ranISda %% tefed substrate.

—

Turning 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
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. Liquid material 106 is treated by treating process
T, for example exposure to UV light, thereby forming a treated liquid material
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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Referring now to Figures 1C and 1D, a force Fl1- is
applied to treated liquid material 108 to renove it

W(brz(!mnp)am erned master 100. As shown in Fi gur eBCT/CSBNH042706

treated liquid material 108 conprises a plurality

% %CEf ji) 1%10&1%%2@@ r anrar %%ebgﬁggzp@gahgfof non-recessed
sm’ﬁ-dc@féﬂ@dsmz o pHi@rnée Piddigi NGO (t:dshtmum &ﬁthlﬁga% 1C and

1D, treated liquid material 108 conprises gl urali
0P, reated lmlﬂéna’@maédpﬁmnm%api@rahwwoews p@ttﬁme\%wface

YR T Bou G Ca ol Mledely 1T ER BMoRY BRRFRARE 104 o
pé?cﬁ#né'@ rAaBadrt P00 e0T i@ aibaid efateahl 108 tdpghanhhe ardd as a
imprint i tho%ra phy applications. Accordingly, treated

pateined fample fqrosoféamhwapbma% irappat titogephy applications.

ARG, SPLabBRghRl FEAGER, fha bog) AL B8 £ patlhea tomplae
fAALRE formmaltiSi-ct Fsolale] Wﬁ?@ﬁfarm] n@ﬁbg aricfey. Fokehe purposes of
structures is retained throughout ef erring now.to

Frpytase A4 Di 2 AseR oA BM AP Te NUFharing: $ehamedor life siructures
lg)f'@’gWe%‘tth? Bhbﬁ€n yvafer is treated or |_s coated with

material 202. In sone enbodi nents,
non- viRéferig g maive to ElguZé)zAcmﬂpohmesmaodwhastspmsub(s’samoo for

a solvent resistant elastoner, . inclu but not

PXampledar Hligopppaies) gsreater) ot isafoR ha,ppRRYetting material
£5P0s nh‘%/ hrﬂﬁd u i

non- vveﬁtlg a;l?er or@teﬂte shrsﬁgg%tlg % gb?'atrﬁeOZZOcc?mpnseS an

@ab&mat(euZﬂOa adcﬂwerﬂaesks@antaelestmnemﬂmlud@gbbutt mcatalnmrhgd to a

ﬁrg@ﬁ;%lgaétﬁgpfogdw@'f g@rb g f\g&htghggpg%g Q_,EJQFI’lght nd éured to form a
thi HAAk KM \g'l S©n fe kh‘%gegﬂ Lﬁ%‘?ra%%?@b”egbbstra ¢ 200 also

it nui ng |gure cura
¢aas be, madeonoreretting by $r@latihgosubs11ratmaﬂﬁ) tite nkm;—weétnhg agent

854 3of sramie.a %?&?@Uﬁé%%nﬁﬁf@%ﬁ%é&@ refigane, or
il REEREET TG ° Bl HOPLD 2h04 Sral 0 of -
durbble feBin, ph unahormer,0br a soksioedinawhih mlaOd@EfirqmiaparﬁclmedNill be
ég%@%;&%%ﬁf@g%gg dpfshstteabae 108 Wi | e

ot RGP, MDY B RS 81 Aok REPpIE T (o
st or Figame W tis tigen contacted with droplet 204 so that droplet 204 fills
the plurality of recessed areas 110 of patterned template 108.

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 treatment 202 on substrate 200 in combination with the
non-wetting behavior of patterned template 108 and surface treated or coated
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.
-20-



10

15

20

25

30

coating or surface treatnment 202 on substrate 200 in
conbi nation wth the non-wetting behavior of patterned

wo eowpliet4ec 108 and surface treated or coated subST/IS1084/042706

200 causes droplet 204 to be excluded fromall areas

exce%oﬁ%urﬁ?%ﬁﬁsﬁﬁbtﬁ‘@@% And- ZEEUtrh*ehﬁr%rteﬁé] fﬁ!@or@c@%%é areas

essentr al | ree of non-wetting | ow wet
THQ, eeiga) azmsim o mbimeh, Bol\@arttd\andhcdmhmrhator@o&heraof is then

"s unt | ayer .that interconnects the opjects b
SR 1 SRR GRS Tg St Htgase BEokgla Ptemar template
%"r'tﬁlerrt'rb ¥ ichfed %I?Fe?‘%dér sddf®, 16 fbrm &, Eﬁﬁﬂﬂ% of micro-

|
nnnoner 1ven conblngﬁ%ons t her eof
dandéatt ednbpaﬂrcterseaOBngIrpsou&serﬁbcujrgte,nteqh@tmatﬁnad mcludrng but

r%Rrou%] atter edte | ate 108 or thermally cure

Pk e BPRGien AT PRIGTIF Fomha OF on HpSiHegit, gapeound,
I

Gln PENABASHEEiES 3Rent ARRRRIHL TAicind ERERLE2108, and

uding but not limted to an org
tbersotuand caarbeareléansedyani ¢ conmpound, can be d| ssol ved

and a0 AL ERUEE A5 eh88. bBRE eI Mg RING Tecessed
dregy e BGrédtdd 2PattBRtR idifpaed 408ak rEhtdv'eﬁlgfrc‘Sr‘nCﬁﬁ)%@r%te 200.

areas 110 Is treated, patterned tenplate 108 is
an@v@mldmmnasqbarttmsamﬁ)arm confinethdborecessed areas 110 of

SPUBERE e 0 58 8 B LT e
208)/@h PENRRANEH CORSsAKrt8O® ik edShiies rQ?l’&n§U@§éé Yafterned

200 in defined regions once patterned tenplate
teabated 087ie eneodsdli rdvig enﬂ:mdmmemsednrtre tbed in the manufacture
re of, sem caonduct or i ces \/\1here es

é}anuf.acté enlti al IX
AICQYECIPF dBVIEESRIS 356 affe SEdwgayer gegIcaturSs could be
&%’d h8'&tch HarﬁérsCBF‘Eécéd)r*{&mt%ms‘é‘nﬁl%ﬁ&ué‘tﬁﬁe Ar drelectrrhc layers

dielectric layers directly, mtigating or reducing t
ahwdtyt anitigating axti reéducing dhe beednisi wge traditional and expensive
ﬁhltho a h| csprocesses Referring now to Figures
Og§ XRa7 or nanoparticles 206 can be

r emVRQfefrﬁ%nnBW e FQstel e | e 2 EO it - rbE Banoparticles 206
freest andi ng@fartl cles by a variety of nethods, which

¢arc| helerepuavesr dravot natterm@dj te@npl@tel)ﬂb@)ptowprgvrde freestanding
SRR Fortaig arttards WBHh FEdsBlt 4R R imited o (1)
S AR 0 0 Aty o
pargclpar t208; e§2) deforming patterned template 108, or using other
mechanical methods, including sonication, in such a manner that the particles
206 are naturally released from patterned template 108; (3) swelling
patterned template 108 reversibly with supercritical carbon dioxide or another
solvent that will extrude the particles 206; 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.
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
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206 are naturally released frompatterned tenpl ate
108; (3) swelling patterned tenplate 108 reversibly

wowdaok/1edper criti cal carbon di oxi de or anot her BOI/USI004/042706

that will extrude the particles 206; and (4) washing

A PRI, s LR BB Wil rheppd.  An

dppapatuset I pevidert for d38rying ot e @besksTE Mdbed, ehile Figure
nmet hod conprises a batch process. In sone enbodi nents,
A echrmaticahop@sents asanipteds Rreaesn dolb pagdiciesyiapparatys 199

Bl BES 2eBBh G B hRelRy BREC EFS mupHEc, 2L BBty on @
stisfratd comtiiesushher & batehl ni adesrdafGaneithy tras pessdnitlp disclosed

conti nuous process is schematically presented. An .
saibipat afnadter and daged\ o regeve afr ﬁfwaq@r%ﬁﬁnt{yhélsclosed subject

rﬂéﬁ&eﬁfonéreﬁ%%ina sk iHr@ure 2F schematical |y

presents a contll nuous process for particles, apparatus
199 daontiresingafhed Mih Bmuch RFpahepks, 204 doff diquid material is
i di p on a substrate continuously or i

d
afs{afiéﬁ,tbr%b?ﬁér%gé taﬁhczéi%eﬁﬁr\«oﬂeze?»es%%wtpat&i%Qz'd?@éube coated or

rgilfb&cféiéd gﬁﬁﬁ o néﬁgmélf}ﬁg?ag%@t.a Stk ﬁ’té’iobh%ng[(ﬁﬁﬁ&ﬁni/emplate

sclosed subject na one of ordi nar

1082 saetpladsdin auspased Feationship Viitro wespedt, todsagh ethetdhd are
of liquid material is applied to substrate 200" via

e epPRRAPIL (isPassk Wikt eespect clon aashc Qibe ter ProYide for the
i - ] 2000

AR 0 o A befieHOBBlorU S8 PB 4R substrae

209" at Consdyancel ishfackisated tthtougdadite grbeisicandf pudeyd 208, which

operably di sposed with respect to each other to .

el iRerailbre pABNUENGREPMWEN 6PYYST 01202y Manrisiepresentative

PRSI LT eI oo SRl o, SHREGHAT Sstom.
agpropriatee softwaper at iposverosvmicssabi eadiatibh soumtceol dred/or other
201 B representative non-limti ga@ exanp| es,

. f
%ﬁb%@@/ﬂwcﬁ%ﬁ%aﬁ%r&%\q dee fLunionsi 94 apearays 199. Thus,
AR RIS o BENT SRR Gl of Y ppegation o

dulley$ 1208 toprovide dppthicatars/eQBice Tofugroptetn204 lbetwe@f batterned
provi des for power for and other control of the

toplaiei dA8ORNSLSHBSSA20800, pRBiGIeR 44 arRefXBIRFL AR dreated
FwEb AR 55l 208 T ok B SR oRET08 BudraElirgooss Te
which is also controlled by controller 201. Particles 206 are collected in an
inspecting device 210, which is also controlled by controller 201. Inspecting
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 elsewhere herein.
Thus, in some embodiments, the method for forming one or more
particles comprises:
(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:
22
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bet ween substrate 200" and patterned tenplate 108 by
a treating process TR, which is also controlled by

weomsnaeldber 201 . Particles 206 are col |l ect ed PEI/EHA2004/042706

i nspecting device 210, which is also controlled by

one of i nsfbct i M b EelPis Bl AR AT oy "an

nMeasuring ge oth&pliealityar asiedsedtdreasoangarti cl es
206. Representative exanples of inspecting devices 210

are d{®cl oi@m'%@é‘ﬂﬂ!r@oﬂ‘?e@@'“ﬁ'es'hyu@nem sone

embodi ment il t he ARk Iﬂﬂg bagéfﬂn%gj ofe(?n@%ltémgﬁrface with the
particles nprises. (a) ng a patterne

tenpl ate and a subsﬂraiatemd tndaaehrreg tnet hiquidahatEriaédand

tenpl ate ¢ esaflr atterned tenpl ate surface
havi ng a p?‘ "te)at'Bg ﬂﬂ%ﬁ%‘é@éﬁafﬁf@ s formed therein;

(b) djrsposie BOM ém$ hethld Gy Fdrhﬁhﬁg ohe%r MBréparticles,
| east one of th |rst patter ned ate surface;
tved pette}rnem eempulﬂtal cmmpnsses ec esbedt aneeeﬁaniaridvv( syrface energy

or, notL e rtic

ety TTeRd demelRbt Fasthoniby” Vindsity igis, rmatgrials onto a
ﬁié%?érrt@hﬁ)léféjalﬁd @I‘r’éﬁ Blﬁlrlr‘id“ﬁwé IoQ\HV@CHBFtWIJq@H mabstidl$ *té generate

treating the liquid material. In sone enbodi nents of
ahpatterrasy tﬁmpla@r m Hy ssmee oembodimeais,i thespaitermed template

BB aS B Jh P RS eRe T ea "t om cast f ng
| ow Virs&eshé Yerhbadinteri@t af icdst o ofathieyatterhedmteaigate and
and then curing the low viscosity liquid materials to

Slebvriraiee campaiseer Acnatesin| %&lecteﬂnfr%ﬁetf@r&sevﬁefﬁ@@,slsﬂng of a
é?ﬁlu%%néapgﬁ%rtﬁ%r%ﬁ e? AIBROLRER %ﬁghgfnén fc"wl%tt@%atenal, a
n so at I €ast

St o mat eri a e enbo

siieove fmategiahaht styresit heatphiall ea #ndriswabed rtlaelencpiaptlc ssastomer
€Té° terial selected fromthe group c&rhm stin

E). rtepang SAURLPPANENGS i 81 PeriUPTaRYICIRIIYY Waﬁ%ﬁ%r iPafluorinated
ﬁgct)%ﬂr%slrlﬁ,t %n%%bﬁhate l%bhbﬁ%?eor%éﬁh d &l rMéle’EHé?c can be

orlnate t hernopl astic el asto
aolymezredeolfctrosslurb«ebxmem medaihesid mmjryuwtzladnbutrxaectlon

materija a fluprinat esi n, a fluarijnated.
oot s | e PoABRITSo e Secl i aBonEleh ghatdfhl Wiftises

backbone structure selected from the group consisting of:

X—(—(IJF—CFZ,—O—);X X CFZ—C|3F—O \\ CFO—}—X
CF, CF,
X—(—CF;—CFZ—O%CFZ—O—)TX . X—{—~CF3~CF;CFy0——X
) an ;

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

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

group consisting of:

—(—CF;CF}VCF;CHZXYCFE—cI:F%CF;cI:F%
: CF,  CSM
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pol yneri zed or crosslinked by a netathesis
pol yneri zati on reaction. In sone enbodi nents, the

w@eooslioas®pol yet her material conprises a backbpeEUS2004/042706

structure selected fromthe group consi sting of:

vvherel n X |s present or absen and en present
conpr-Hses dsaﬂmﬁgcg FO0R; @lﬂmchS@v ;SCF—
thefluoroolﬁ n frat er | is s Iected2 rom F ro&g
consi sting 0f2 wherein CSM conprises a cure

nmononer. I n sone enbod#%nts the fl uorool efin

material is oReIcE

n&dr%;t; az:cprl se
tetrafl uoroet hyl'ene, vinyli ﬁ%r]ﬁﬂfl ﬁoﬁ:
hexaf | uor opr opyl ene. , and
2,2-bis(trifluoronethyl)-4,5- dlfluoro 1,3 di oxol e, a

functl onal fl u i nomer,
functi onal ‘?ﬁlcgﬁ%h;’oﬁb%% E A ﬁdﬁ % i‘rents

the silicone material conpri€es a fQuoroal
functionalized pol ydi met hyl si | oxane OFPDVb) haV| ng the
follow ng structure: wherein: Ris selected fromthe

\Jfi&refinaO8M écbmpgs@sf, a’cmur@@ﬁé'rﬁér@om@r nmet hacryl ate, and a
vi nyl group; and nprises a fluoroal kyl chain. In

sone éhbéameen@@bomee@tﬁyrm dlunipelefinl rediggialsés wade from
hbHS Hﬁ%]l%t S@gféﬂwﬁgﬁlgﬁgorfgfraﬁt?é)l%%‘@ﬁieﬁ% O%BQEﬁjgﬁ UBuoride or

consi stin rise 'l uo
md)@ifmdrOpsmpmemrbodizmbus(tnfmbeoraeﬂwﬂ)aﬁt é-difiera-a|3-dioxole, a

S a flu cry e or a fluorinated
haba) TuoeoHs ”*nﬁ”l 'Qn%ﬁpaapn@ogpwt ar ingyonel geethacrylic
lQoﬁbﬁﬁ pmherein: Ris selected fromthe group

consisting of H, alkyl, substituted al kyl,
In some embodlments the silicone material comprises a fluoroalkyl

functionalized polydimethylsiloxane (PDMS) having the following structure:
e | GH
R{—?i—O%%i—O—};R
CH, Rf

wherein:

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 fluoroalkyl chain.
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aryl, and substituted aryl; and Rf conprises a
fluoroal kyl chain. In sone enbodi nents, the triazine

wo bawsnopes yner conprises a fluorinated nonomer PCT/NSBON@42706
enbodi nents, the fI uori nat ed nononer or fluorinated

et St hessrbe B ARGy GHE A E R Rha il ol ts™d forinatec

ddrete @natﬂubm@te@l rﬂétmacryraté peRinghedblBRing stilture:
functional ized olefin conprises a functionalized

cyclic olefin. In sone embodi fents, at |east one of

the patterned tenpl ate andyth substrate has a surface

energy | ower than 18 niNm Izﬁ|sorre enbodi nent s, at

| east one of the patterned tegptge and the substrate

has a surface energy |lower than 15 ' m In sone

enbodi nents, the substrate isOsel ected fromthe group

consi sting of a pol ymer material, an i norgani c

material, a silicon material, R& quartz material, a

| ass _rrateri al, and surface treated variants thereof.
C'§dhe enbodi nents, the substrate conprises a

pat t exngdchddad ftdmpfgﬂg%mp%ﬁset.ﬁ dif, BlY adidsrindbd alkyl,

recessed areas conprises a plural |t% cavi'ti es.
ayhendrvubdtied arylitdredpl ur aI ity of caV| ties conpri ses

features. In sone

I f
anogiﬁ%qméng?sn% Bgfﬁ%{kt’W%F structural features has

a di nansyopile I 8RHOAEMETREN aBautiridBng %@?éﬂél?nﬁ#o%brﬁbnses a
nanoneter in size. In sone enbodi nents lurality

fiforisgted MmeroMeRat!0r @6 smnbatiments othe ﬂngnn@teﬂr @@nomer or

ERER A AISHEE A MY pRu MG b pEleFidd FI A Fogtathesis

polgineERsicam redrtbng domprisdouta lumctioealided adleflh. 100h some
nmin size. In sonme enbodi nents,the plurality of

anpeeimanis, thatfyneiien glized @eﬂeneqﬁ@ﬁrlﬁaﬁga ntyrtctleﬁahzed cyclic
t 100 nmto about 1 nmin size. In sone

enbodi nents, the patterned tenplate conprises a

pat t enngané embadimehtos et dapgt aneegpi ﬁhreapaambérﬂieGQtemplate and the

rocess, In so enbodi nts the ca nol di n
B’é‘&hé%@pw - S BN gégﬁ\l Menph gegie gmbodlments

egtggé%taérdlé“ngf t?\e eﬁ#t@aﬁe@ﬁ%ﬁfﬂéﬂe %Mcﬁ bhd g?tr)ns't?étb%ast £'HaEE 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
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
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 from 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,
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a patterned tenplate. In sone enbodi nents, the naster
tenplate is selected fromthe group consisting of: a

wo eowpliet4es f ormed from a |ithography process; aPCT/US2004/042706
natural ly occurring tenplate; and com bi nations

. ! _ : .
tlgé; ﬁﬁﬁ'&llté o;f %trﬁ@f[ﬁaﬁ%?ﬁpﬂé@%ss adllg\%n%&)twfﬁglﬁgeffegﬁéa@odtsl 00 nm

ecte rom one a biologic structdre an
tsebbaks@nbiresizet ruct ure. In sone enbodi nents, the one

of a biological structure and a se]f-assenbl ed

ot r Ul 508 srtaclinel P e AR e FotFRges@ Ratierned
tERbltE | fbdnO8 VY hi RYIicH YidbRling o882y, MBn sdrivé leHibodiments, the
protein, a mcelle, and a tiSsue surface. In sone

replinadineisting pradessraentpsesnproddingri aigsierrigmmiate; contacting a

A P PR R 5 s A SR B R o o

Spgerhed sempeited from the group consisting of a plasma
treatnment, a chemcal treatnment, and an adsorption
pr océR somenenhadireanisdi the fhaster remalaisrp selastes easthe group

RIS, SR TR Fore ) AR P bEedt By

czouaingy témplass;| ang coambinatibngatheéredfn $orsenesrteodbodintents, the
t he pet hod conprises pesitioni ng atterned

nedigl deraPie B eeleelsdt Frare aNe & %Eﬁ@@gp@ SGhERigNg & self-
a%%%ﬁlb%$§frg§%?@ fﬁ‘?&m@@nﬂﬁ&iﬁ%ﬂ?&_th@ BcAbea BWIHGES! structure

the substrate tface each other in a predeterni ned
amd gnsaifiassemblednetrectbdi iseselectadhéron doé qgrotpeconsisting of a
selected fromthe, group consisting of a |ymer, .a
ally QECUETELGBREA, S5Y STEVEIS. 13 BHSnghfied) & micelle, and a
Rl ¥ dBFh&ation initiator, a polynerization catalyst,
an 1norganic precursor, a netal precursor, a
phar naseme eaibasidfmants, dheagethochagmerises maedifiiag theypatterned

BRI SRR 4% B e, Tradifififin Sigb [y S| S@pblRents, the
JUMEcE orhbl ichticitistisp isaseotedtfrom tlaagarp spesistsy ofimdplasma

conbi nations thereof.In sonme enbodi nents, the
trapineRteat chamical elieatipent apteant pERPINIENgPHRGESS. In some

SERRIERENS, Thn? AU B Bsl oMo moiocus
sefatied tfiong thé grolip wanesisting ®f a polyelectrolyte, a poly(vinylalcohol),
an alkylhalosilane, and a ligand.

In some embodiments, the method comprises 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 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
metal precursor, a pharmaceutical agent, a tag, a magnetic material, a
paramagnetic material, a ligand, a cell penetrating peptide, a porogen, a
surfactant, a plurality of immis cible liquids, a solvent, a charged species, and

combinations thereof.
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tag, a radiol abeled tag, and a contrast agent. In sone
enbodi nents, the ligand conprises a cell targeting

w@epsilales | n sone enbodi nents, the |iquid nmat ePCEIUS2004/042706

conprises a non-wetting agent. |In some enbodi ments,

the | i al

enbod et BRjtdionko TR HEFmaRe. R 8P Bgeht S iBcter from the

gmcbunahaeles;stln@ sbna dm@darrmapetldet hléNlAqunaddmﬂNAl al Imssome
Ieted m.t he grou nsi stin e

qm Gentsnifi e & SRRRBAEPE i iPuSsconuning 8 a luorescence
SQ%&idPéﬁeleS% SigPASa dOni=Rt @EEhe! O somé?@n%‘@dlments the

part| cul ates, colloids, porogens, active ingredients,

hgadd@ontprwaslam@ll tetngetingf peptides omre enbodi ment s, the

di spgsi n t he .vol rreof i d .mat al _an

Che’ 3 Rapf cerpariitents: 4 tond studPial 8nePed if slingweting

Aend IPrONek re@ntﬂfd?ﬁ\%ﬁﬁs the IRENE nRAGIEI BBRiFrisdshéne phase. In

spreadi ng process conprises: (a) disposing a first

wmm@mbﬁdlmeqtﬁ dhadiasid snatgrabeempfisesea fAuralithefl phases. In

s‘bﬁ{E; mq%o"ﬁﬂgn{sh?hg lﬁagfd ?ed'iaq id %I@c?ehq‘}l(ﬁ&] fk érjoﬂw&)nsisting

Fla ereon raw ng an ment
of hendlgpler lighidsi qmuﬁlpl@t ieirhikibie®: liduid st em’f&ct@nwcdmﬂ)er&ons
volume of liquid material fromthe |ayer of |iquid

amileioNg| MiGroraUSINS MICRES RaricHales «erlloid® %QTQQ?H% active
,@(’g% %noa%gjda}lohgwﬁegft hird vol unme of liquid
teri a on e t

one o e patterned tenplate and the
S ubsh rsainee elrmb@chmenw‘dbdldmpd)smga}ﬁ HHra voluene of liquid material

t act d th the d t d
Fofee oL tgppAMa tHEPite; end e Siskye - Brediipied by @
sg\fé’étilﬁe'ﬂigéﬁésw Infsro% Eﬁw%o‘aﬂﬁeﬁ’ﬂcs friees {é?éécﬁﬁg%q‘od?@éseédrﬁbnses

ubstrate. In sone enbodi ne article is
sel edapd fdigpoding @r s ‘wusies taf niiguifd amatﬂriaéroandna of the

"squeegee" ade n nts t.he uid -
mator s o REUEEN MR G Gt SRERE Bt P ST dAker phliquid
some enbodhg@ra’ggthetr@@n%actl ng of the patterned

tenplate surface with the substrate forces essentially

al | db) t helrawingoar implemend agsessrthalla yer of liquid material to:
(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 liquid material on the one of the
patterned template and the s ubstrate.

In some embodiments, an article is contacted with the layer of liquid
material and a force is applied to the article to 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
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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from between the patterned tenplate surface and the
substrate. |l n sonme enbodi nents, the treating of the

wo @aitai4e@t eri al conprises a process sel ect ed PEDIS100€042706
group consisting of a thermal process, a photochemni cal

proc I . fl i i i
TR S R R REARg o e ARt hpriccs

as descri be erein
pfmrréslsersedmtpdl fesn (w) gremcbmgﬁisﬁﬂg vaf uae thérnndle process, a

uid material dis i n urality of recessed
pQP y'C%ln%rOSPSS (qr;)do%ﬁﬁ?w pg\o‘%&ﬁt act pressure to
the Wﬁ%b%é‘@%ﬂo@i“?ﬁbﬁfs%ssé&@%d iArdbtal i Nerdin BBioW the method
second vol ume of the liquid to evaporate or perneate

fotherugmpiiges: enpl ate; (b) removing the contact

res | i.ed th tt : , :
P £ TRBMEE B SRR LIRS ST BRL 85 eg 1 the
patter ned digiantyabferetlsdcicareab My diedti ng the i qUI d
material to formone or nore particles within th

recessed dbeas afplying 3 HONEAGH cRresewis gpet@rqaét%neght@mplate

(e) releasing t nore particles. In sone
enbodi nment s, th&gﬁaggeas(lﬁng of the one or nore

particles (lip pelfowimgc bycame volumd @f tdpplliguity té lewaporate or

patterned tenplate to substrate erein the substrate
has an affini t yPaBIeaie&rgugh g}e tﬁﬁ'ﬂmglaff‘érti cles; (b)

defor( ng Eﬁﬁvﬂ?if aét G :ﬁgﬁﬂédt hathd Bstteﬁﬁadqfemplate

nor e rt|c ease romt patterned
t enpl ate s(wbac&welllng the patterned ten‘pl ate with a
first solvent tq extrude,the, one or arti

l.es;
(d) w&khi d@ "pcIpdt 937 LR R APeESH h Bescghdhe’ patterned
sol vent , ﬁ{g%tg St,d?,pédéecond solvent has an affinity

for the one more particles; and

(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

performed by one of:

(a)  applying the patterned template to a 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;

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

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

(e)  applying a mechanical force to the one or more particles.

In some embodiments, the mechanical force is appli ed by contacting one of a

Doctor blade and a brush with the one or more particles. In some
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(e) applying a mechanical force to the one or nore
particles. In sone enbodi nents, the nechanical force

w0 go0appl4ssed by contacting one of a Doctor bl adeCEHIS2084/042706

brush with the one or nore particles.

Waﬁ%ﬁ’\% nﬁ’l%t ﬁec%gﬁlc'ér‘??&% lgaé%él%;df |BXI u°1tr§£’8|l1|b§d rﬁclggassonics,

rasoni ¢s, negasoni cs, ctr

glectrsstatios, aomm@dlmm t he nmet hod corrpr| ses
harvestlng or collecting the particles. In sone
enbodi FOAS ermmdlmmﬁeﬁ? ﬁ@efapdcfeqm%%%aamespﬂg or collecting

tﬁé‘ ér‘ﬁ{:l%% C‘PHpédrﬁéseﬁ\bBHfPﬁ{rﬁé gﬁé %r@gf,ﬁﬁ@o'@rt I&Et of the

I'ng of scraping wt oct or rus
wmessprrq)rd;lessa)pmoess setented srona tme groumsonsidting of scraping

g I T y—

drbedy, eé%ﬁééasmésclp%%%ss% BfdctidBtdtRr FB?:%%%' *éﬂ?d @ magnetic
particle plurality of partlclesformad by t

precessds descrl bed herein. In some enbodi rrents the
ri ses

plurllt anticles

ronodhs ot Bt IR RERshfo difitaet habiect matier
d%%bhbéé Q @értlﬁleuélabliutfédlt@f)f paftided fsnied BEtes hesthb&dedescribed
the group consisting of a sem conductor™ device, a

hergist aln, semerergbedimanis theadulity af garislefcromerisses a plurality

o\é%&%dlséeg o‘?%% gllegetlﬁcé Md e%éoqﬁ'ren% C{héeﬁaﬁ’ﬁcl ogf‘.tp'lﬁghty of

evi ce ai ¢ device, a porodgen, a cos

pRitticlb eG4 rs@tect@ch fradlithe \weoum consisting lof easemiductor device, a
det OXIfyI ng ent, an abrasive, such as a CWP,

GRy A eed ST HEBhUeReR] a gpaecteManiectay, Goflisemge detecting
méggusaﬁéég%% ln%,gd&n@é ”%C%HBL&@Ita%g%lceang $orogen, a

sone enbodi nent's e particle 6
q@smaici, by edéctpety bh @deitivepapatapstaafsepsst,andetoxifying agent, an
tructure. Further, _in sqne errbodlrrets the prese
railibe 8108 8 b OVB: PerdosaPPReaSchRisRIas e (MENS), a
d‘eﬂma'rcﬁdﬂb@q ?Otlaggﬁﬁ I Héﬁné’é&tﬁﬁ:‘éﬁag‘eﬂ? Qﬁ‘élhé)%lomarker In
conpri si ng tacti [Tquid maiterial wth the
soune aemb@dﬁmanfs rﬁte|pavt|slerf@rcqalewaé;t>gyoﬁ1martlclals c;cbmprlse a

cont a th{a surface of a second | ow surface energy
FretS qn pg HE'YWHe 1iquid, wherein at |east one of the

sur f gognep! lrﬁhéll‘h%rehbéd?r\érﬁé Pl ;?r%%@ﬁﬂy U%I@S@d 8¢Bject matter
energy material is patterned; sealing the surfaces

dsiscribes f ar snethnd Dﬁefabél@ahmlﬁwai@dfb@@de@@ﬁﬁs the method
C%%r?rﬁsllr?g 5(aS Oc,%%ttg& rfg a liquid material with the surface of a first low

surface energy material; (b) contacting the surface of a second low surface
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 produce a replica
pattern comprising liquid droplets.

In some embodiments, the liquid material comprises poly(ethylene
glycol)-diacrylate. In some embodiments, the low surface energy material
comprises perfluoropolyether-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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and (d) separating the two | ow surface energy
materials to produce a replica pattern conprising

wo 2@ailai4ee opl ets. I n some enbodi ments, the |i qeETIUS2004/042706

mat eri al conprises poly(ethylene glycol)-diacryl ate.

L0 TR 780 b e L 55T RGBS ot o oo

hebsulfacsy of the dietmasalthersexesd iowv YsE@ct Cersdtal rhérials. In
surfaces of the first and the second | ow surfaceenergy

sRibeanbredimenis ane ehiisduraces ofdheigwisuslacerasesgy maierial is
&4nbQ, Sfflsohe efHIdRREStsClord B hd Sstur%ga.t&’et@efbw Qurface
ow surface energy materials. 1n some enbodi hent’s, one
aferghensteribbicsewt phtielhreed. ow surface energy material is
patterned. In so of the surfaces of

enbodi nents,, on )
the |BPUNRCRROUMENS, tﬁatn@?ﬁ%&ﬂ fvgtﬁﬁbfsowts@m@mgﬁ replica
e ' t S o o) [ in
PRECERAPOSER L& 11408 BRI (o FaniRiarg it ftetis: N some
¢rabedilicrerds otheeiepity pattsrn ofiliqiicdrd reptetsdis femhsd onliee surface of

GERPUCDBRS Fftod matkPhL et 8o CoSumiier i sae embagpents
tpat tiguReddroplets OTRJEFIRP IRt Br Paftidli @elidifitaidH.et Sin some
undergo direct or Ci)artl al solidification. In sone

embedineniss the Higuid lipalet difdergo uhddegaical deesiogaiation.  In

£ , dj t t :
SRR IAORANS o ROMRETRASIY Srutl Bromirscecgpomica
trareatsiroatiayi o thefiquidedidpists hratoee etcbspimding ®bjects. In some
freestandi ng objects. In sone enbodi nents, the

erBedimaiieng thiyj deestandingaobiegted aren Bafvested.  In some
i St h ndj j.ec 0 in

p aggl. ng’sgpr% @ﬁ%%‘gﬁ%ﬁt gbj}‘i%ﬁé;b%rr%egép g{nagi E’g o%%éct Isn some

aﬂbodiirmeﬂisj ytheolf';aﬁsitekr&ﬂmg pabjeictd | ﬁrbesgdii'r@btlyi esbliﬁ'mied, partially

chemically tran rmed. I n sone enbodi nents, the

SalGed. aF HBPEVEI TSIy S0l + 0i 11 ed. parti a1y

sol i disf i T I r f0 [ i

patt gpnggﬁ%ee%mg{ﬂ@%%ﬁ%r gg%cg&ggj g(‘?@efeénnbée}gdgg e?ﬁ%ﬁtsno(leldlﬂed,

partialiys eslidified.her gremieale dranefgsiresdeon lar isdhe patterned template

BRI S RS AR .
I e enliddiABRtsS TR STABESded NebRERE MR HN &AES. aTR some
used in other fabrication processes. |In sone

embedimanis.s, the hembegideda opecter areofbaridgdi dn dplagket sini some
embodiments, the embedded objects are used in other fabrication processes.

In some embodiments, the replica pattern of liquid droplets is
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 the group
consisting of a 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

~30-



10

15

20

25

30

transferred to other surfaces. In sone enmbodi ments,
the transfer takes place before the solidification or

W@ b@gilteabe t r ansf ormati on process. I n sone enmboRPKCTERL84/042706

t he transfer takes place after the solidification or
mt :
O R A o B SR P Ay BRI BERL R S some
embpdjleiemts,sther mmmm iedsed teettreataetﬂrefestandir’rgs objests In some
ISt | f
R D L LAV
rﬁuﬁlﬁﬁi bfattéirﬁﬁg% StEIACE dofns e RITRRAtITERESisolaied QS?tﬂémérned

pro uces a tern on a surface that is essenti al
dhjeet oom@nsemma’cﬂr@ls@e}ed%fyém the gove eﬂb@aﬁlmaamfsorgamc

ol GRS BioiBdenl BNER0RIsc Bl Stk sfbbciments, o

SipfRceaddiveeagént ié Deeded BAGhoSthesedlatey st@ctlfes on a surface.
freestandi ng objects. In sone enbodi nents, the nethod

|s uslédswecea&xo@lmﬁnt@e the nhishid gapleibpsayss Qlissolg arrays on
scﬁr ?Jj eOP%(BI’?P?ﬁQIg\e t B?fac%g 3%3%@% rfggfogpgé ﬁ@ delivery

erne jeC conprises mate

dieﬁ.hcﬁst @rdréabt]mn tvbesals dompadditisnal tohegniodl mogessing steps In some
morganlc In(%/rrerlc &?‘nd bi ol ogi cal terials.

iR therAdstitiona) Fheaical RIRCRTR0 & ar@ssqh%@adtf@m the
0 | s ur,
FBEB Horlsiftrc 0t Bt of SLHAES Iofnfs poBAferic, bigidRal, and
c}a’ualpad: teysterds antoaufaaese spaitiesisr bhoegardc einosgahias polymerlc

I N L e

rﬁ@@?@lﬁ@t%ﬁéé& %d‘?j'e"slrgéi'w ASPREATHS lé)‘fotﬁésﬁié%@n%' etllll§closed
are selected fromthe grouE consi sting of printing
m

sutjecti mattemmcm but peg yiot riinded 3p o migocaid nan@lscale pattemmg

SEA & FAEHE, LSRR Bl oo

GPRrirkéd | aRS sdlewtdidc FrdrAC ahd ZQ@U@ﬁ'ddt%fs‘,tlngf dfeisarfaeé-dinding
to surfaces is desired. Applications of the presently

mp@@u@edn@mn&pomqu@da eEgarde, comwomcts mﬁlymerﬁ t@@loglcal

losfl < BePRaERE" Sl MdBG R Rolls, i Yedfel o

pat t efhnedner epfihdtiieensy, eth%ebgpﬁ@ildnrsotﬂftthe gn‘e@@ntly disclosed
conS|st| ntg of surface-bindi ng nmol ecul es, inorga
er

olnghidiee R¥rpERIMA, hrﬁ&ﬁgin@rstheo.sw%@ﬁ@apf polymer
SRR S5yl o ARG st
fabeicaticas d¢hé lappticatcnoskepatterned sacrificial layers, such as etch resists,
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,
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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subject matter include, but are not Iimted to, the
synthesis of polyner brushes, catalyst patterning for

w@Ysaerbon nanot ube growth, cell scaffol d fabrPeTas2004042706

the application of patterned sacrificial layers, such

8BeES AL RSk (58T AELARA! AN FALL 98 Pliude o

gani c, i horganic, |o ogi'cal "arrays.

spsecsﬂm&m@ln’gmﬂl rreab@ntlmnn@m t imgdnm@ remibodintemsr tighpiological
and rel ated techniques, are conbined with nmethods to

sRopBion ety %@HPN%@F" Ristinmvidin 2RdQspther RINEINE ol
conpopg %ﬁé""e%cﬂilﬁﬁ%nhéq ghé' AeiHoP %ﬁ@tnseé qaﬁ&"ﬁ% éh% fchemical

enbodi ment's, suc s inprove t perfornma
eompbfition by thetseomaditeyialst rndt wonirgllinge tivbj eeiction toaditions,

whetsinnBiis ThéF nosainien 8 Seamvies She ieaPabIaH myhrs s That the
bfiieh I&%etp@h%rén@a BERRES lmé&ngaémbsa%ﬁtgrtr@w@mcles are

del i very vacci nat i on and ot her applications.
desigeet cafidremnthesized a@ttha’rdremgpmmslem@mgrareglocam on the

B4 L SobRfh ECEi e aRES) e B SahETh EEER B st
Whkidin ¢8ERbIS 85 tHY pém@!earélpie@er@ed/t@rcomélﬁrbumw dtfents, such
In sone enbodinents, the nethod conprises tailoring

andherrnauisl malapdssti o sime herebogdimentsalas r@rmowettmg imprint

t e t
GBI PBAOF € 838000600 0T Re Aol g ar
b ptivhiZekiefoe ff paﬁmjalarfaptmeaﬁm biydheotpdratirig funmdnal motlfs such
sone enbodinents, the particles are designed and

a5 RIqTesPIutior FoERts: lmt@dbembu%ﬁommm HY gome efplediments,
e Whéh %P ffL?\‘f’l’?ero |s@ rEbG&ih Iﬁwmgrd’é@)élet I‘Ee nanoscale

acceSS|b eto ceI ar |nd|ng S tes erern core

stfuc¢tbee phite @lbjeci lsy psmgema’eﬂdscsednmedufmnbtlteagtoupeconmstlng of

t th t | |
SAb8as4rERbe S TrBReatig PREPIHIES: THOBrapHy Rt slemical
ESmB8SEoh? cfré‘&rll'nﬁﬁ‘be Braﬁcl‘ﬂﬁ%}e%&aro b@haln'gh%ﬁ?él Rléf@ctions,

are optlmze for a parti cular " app i catlon
conadeplontaraatioris) rendi thedikendnisbme errdjodasents the method further

S5 S8R P B RS e SRR W% o o

m@erﬁ&btmggcﬁérﬁm@uyr&@@alz@daaﬁbdﬂ@mcmt@ #id Wbjatte 9h some
bj ec usi ng nmet hods sel ected fromthe

I ou
edwodinenig, ¢ es@hf?m@@ﬂlérﬁfgﬁngﬁepwcslésql’&bal’ecéﬁﬁ from the

R PR L %‘gu&ﬁg%"’? o

I nt er Aesu@Ns$he presently disclosed subject matter describes a non-wetting
imprint lithography technique that is scalable and offers a simple, direct route
to such particles without the use of self-assembled, difficult to fabricate block

copolymers and other systems.

111, Formation of Rounded Particles Through “Liquid Reduction”

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
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covalent interactions, and the like. In sone
enbodi nents, the nethod further conprises controlling

wo b@smuws©scal e and nanoscal e structure of thePGOUSIN4/042706

by i ncorporating chemcally organized precursors into

th | t,« 5| i t j . .
o SIS s e 35S TR o ADS KAPHEALLY parices to e
comsade,i whedash boBlodopobywrstapeali demplatesdari bllow for “lolli-pop”

o eb s s Do B 68 Sl e PE o of s cas
t eGBivdURirtdta! tehSiohCRl @Y ® @RAaPE Hid ?esfi’dé#trm]hﬁj pfbr BGFeating

route to such particles wthout the use o

seliff -\Addlemmtedshiigf tbi keubound b @i peatieuldr dudory, the non-wetting

copgl rs and,other systens. .lll. Fornation of

o AL PRF TS AR BRIVt s ST RN Reqtdhe irgsently

nowisclodad PaREMENY fémJﬂy@aﬁ&/prtr{@gtdu gseddted dlibstiaes aflows for
e

subLect matter T1torow s a "liquid reduction” process

f othe generfiqraet iosindedt A&, srlicah ppdiclehat are not

cont oR gk ) ERREs 2 R0 8 S G Bfsposec

b9 rewaite 300, ehbR -iA aned erhbsdihirgs ¢atoatdd\wr ftesated with a
sphereical particles to be nmade, whereas a "Bl ock

na?]mwtém@pn_atelr'taérﬁﬂﬂat gAcmtt@nedv&emlatel doB; yph hcomprises a
PHERBE 3 TaoPdieal 47D ofpd SaPulef BulaEGeaclia oo i

an@g the resident liquid prior to treating it.
ile_not w shi na@t 0 be bound by ané/Q particul ar _
t heor Refermiagnumw dethigug dBapatiemedsienyaten398 dasoptacted with

Rt BB R TRRHRCl o Rlnd BoEL3PE M cptappagoessec
aielast 170 of Jdterged eemblRe JOBEr B 56MeOémbeUtEents, 8. @sidual, or
spherical, particles. Referring nowto Figure 3A,

‘woopl,etlagen R of Itheuliquidrameieral ¢emgrisipgsdepmet 302 remains

bst 3 i,ch | di [ ted
UG R el AL A0 2000 pat ter ned.
t enpl Rbforkifl§: ndh hFREMPIIGEs fRstfdtealF.l Yis Gdppireess pdtterned
areas 110 and patterned surface areas 112, also is

enoplatee 408 ReA eontany pedw €8 isifguned Batwern the pstlerned template
AL o B RO A AT sl B Ayt oRL. BB oo are
RIreRe ihkRe PbcdRidrarad MO pHtRrAdd terhplat@nes.

enbodi nents, a residual, or

Referring now to Figure 3D, a second force F,3, wherein the force
applied by Faz is greater than the force applied by Fa4, is then applied to
patterned template 108, thereby forming smaller liquid particles 308 inside
recessed areas 112 and forcing a portion of the liquid material comprising
droplet 302 out of recessed areas 112.

Referring now to Figure 3E, the second force Faz is released, thereby
returning the contact pressure to the original contact pressure applied by first
force Fa1. In some embodiments, patterned template 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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"scum" layer RL of the liquid material conprising
dropl et 302 remai ns between the patterned tenplate 108

wa@pasaotase r at e 300. Referring now to Figure 3QPCHUB1004042706

force Fai is applied to patterned tenplate 108. A
caont ac 0|n for dbetvventhe att.ern
R cPSigts, w0+ R BES nele BRoteIS i SUELAT dop ettty of
Ilbﬂﬁ&%pﬁérlcé;f&lfrbb@t§§1a%eé!fe%téd)b?%dtrééhﬂdf‘ﬁrdc%@qsed
areas 110 of patterned tenpl ate” 108. erring nowto
Fi gur BeBiring mdndFrgure:éFFata:atMélqaldwspherlctairdreplets 310 are

applied by F i s reatr the f.qrce appl.i ed .
rplFased £of oatiapied (P al(to i doYER A ARlGOT festanding
S?j}%r%}éy faﬂrd@gwgﬁmal ler | | quid parti cI es 308 inside
ecessed areas 112 and forcing a portion of the liquid
material conprising droplet 302 out of recessed areas
&12 . . . the second force Fa2
s Qarpn USRI HeEt pressure to
t he OReﬂérﬂﬁb AOW @&tann&%swpe a@alphBedlnb)éofdef Fmb&igRnts, the
Fai . In sone enbodi nents, patterned tenpl ate 108
reesphily edisglages pahieeth matiat ecﬂetsalrlbeﬁmacwn@thqﬂ/vsfoa preparing
| 0 i | ed.
p\?\ﬁ%‘neﬂ% %né—?ﬁ%ﬁn\é‘%& %I%cﬁgegéﬁriﬂ aﬁg [ﬁctlgg g elé cﬁﬁilng the

p@ilyn@lrllztaﬁo@fanldt’cﬂubr&*s@h%tlcﬁlsteb” GD*II@? fmcﬂdiihg (Giglﬂ'emm)io yield a
qui d reduction is achieved, the urality, of ui d

Cﬁﬁf@?d RAlymesp | Raricle 1t ighre ‘t$)eatfe§0w3 amoéaﬁeﬂ@ e charged
FTERTR P TP SRR P B g Sheures (rurs

erica

4h3) instestof mmmtdeniaanﬁgu mtnorvs dlaown pih Figuret4C.of
freest andi ng For pmti on of

her.i cal | es V.
Pol ynéY ﬁ@”ﬁaﬁ&'{‘) ‘i’i”hﬂrﬁ?’o ?F%et‘g PRMVRSHG RAHER ¢ymprises a
AIePE Aol e'ﬁ"%"n“;?tezﬁ%ﬁ*?‘*’%r B Pyl offchee Cbirprises a
gmlgmncngapoqulaetretc nbnesonm® embod'mMrdSI rtbeschwrged polymeric
appl yi ng _an electlcfledd the nerizati.on
RatpEe e geate  bla oarkits, SRS ol hielg rgiedfipas. the
cHarybg! sbignehier gadichRe wﬁfpn@epéﬁ tad@htﬁ/e( Firosh eeld&to-ridblogical
sone enbodi nents, the charged & Knerl c particles
ir

dspieg. aht@omeyeraggdégemt@ thet elee eplogicad devieeus eslected from
thE! G SBYRG B otorldieah@ BAMeCERMLBHIRY H8OReS R 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.

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,
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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In sonme enbodi nents, the charged polyneric particle
conprises a polyneric electret. In sone enbodi nents,

WO b@spolsgereri ¢ el ectret conprises a pol yneri ¢ PCT/US2004/042706

nano-el ectret. In sone enbodi nents, the charged

r e i i |
BSKEF CRRRLILE S BRRIEPTAR hOF AR B bRty polty. and
vodattlitye | eExemnﬂessef epn)sartwb tmemphadogias of the presently disclosed

el ectro-rheol o de I n enhodi nents, the . .
Stbirat e i e Rpteatin Eiguras éé?iﬁ@@gb Seluiet Rt gt imited
Sonﬁiuﬁ-b?%g%gl %eﬁvgéﬁs SdyAE, ré’-%ﬁ@ﬂ?n' BeAEY | GRRE internal

I'n sone thecarge pol yrrerlc part’icl es
erouigionse nuigrasmpilisia and/or nadesizzssemutsics e

enbo nt.s, the nano-pi ezoel ectr. devi ces

Sor o iy Adw BGuR BAng Biitiphare Sahdiud) Structure 500 of
AW 6r6§‘§Iéitly 'Clﬂ&l%é(ﬂ‘%‘b‘f@t PEREPTS shdfwn FAmHiEH Ibgrwaa} of example,
Mil'tilayer Structures In some enbodi ments, e

qonesaes| § fidstdiuid mdateualj 502 and@& seecqmddiqwi@maerieftfmﬁ

for formng nul ti,l ers uctures,, incl i n

ol ¢ et diaw o BiGhie bBo b RE AN SAElE" 88 of the presently
m&léeé@eabje%&w&ﬁem%how hHHIER By WL bf @yé?ﬁplléabbhfb'n@és a first
conpri se nanoscal e nultilayer structures I'n sone
I@mbbmah@nalswmrldua sgendsliquid matesabb@4.f or med by

So SR Ao o B B ot She of e
[ﬂéééhﬂ-‘y‘ Qﬁséﬂ%sé@%ub@@ﬂ RAttenYs ahdwWie WRIOSY way of example,
her ei nabove. The inm scibility of thellq can be

dsumpitsesna émgtdiwed eeatedaldCe aed iasseapnd linslid onatgrialA0h ot

limted to densit olarity, and,vaol t|||ty

o s RS ERIA ofT e Tt aRt | e meltsaLriHprises
l@? efTEMr@Iitnyf@mlnhlls@iﬁte" RiLeds betlban s péﬁe@@d&@mplate and

I nc

ut are not limted to, nulti-phase sandw ch
substrate e fogsr a-rsulbilayepstruciares e.gn@ muitdayen nanostructure. In

s%wffé %'n?r%dlrﬁé %. b?rﬁ@ lﬁulﬂ@%&?@ﬂjugfqrg %‘?ﬂﬁt‘lgeesd Itﬁér}%? Sarticle.

erring now ure ase san

1A tgoned eneb@dlﬁweﬁtstﬂ’ne muﬁwarlsyrudtmelmqmm etrlicture selected
matter i's shown, Wwhi ch by exanp npri ses

framsthe igjore rapsisting @fozmdﬁtpfbaseeeaﬂewmhqetracmeer Pa're -shell
ERoeT T RLLPeniatoh e, Fabtauifons, 48] Rasbila BRihiche

shovvn whi ch by way of exanple, conprises a first
qui mat erlal 02 zi\nd 2 sgcogd Iqlu'd at erial 504.

\ﬂef erFHg H
part 'Iﬁ'ébrﬁ@serﬁf)oﬁhﬁents the currently disclosed subject matter provides

a process for fabricating complex, multi-dimensional structures. [n some

a a )
C

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 aligned with a
second patterned template (instead of imprinting onto a smooth substrate) to
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 6A-6C.
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presently disclosed subject matter is shown, which by
way of exanple, conprises a first liquid material 502

war@saosgecond |iquid material 504. More parti cCBCBUB3004/042706

iP some enbodi ments, the method conprises disposing a
Fempist etk nbiier PGPS o4, 4 bist pBRRATA S )BlahE 0B 8 Hovicea.

st pettertsd Sriplate? 600! ddrhphisss Banasilityof tEsdsskd #6a2602 and
enbodi nents, the nultilayer structure conprises a

anpluralitepé nopaeesssed suracesB04ifder pEgiided isa second patterned

mul ti.l a st tu S t .
BHelateREO8y o etRbrL ety Bhufef (Al Hofup fiaRc R Buraiity of
rebesddaRns 608 and e plurBffyt dich&rsredddsednal rffisgl 61@NAs shown
m croenul si ons, and nanosi zed enul sions. V.

irdhigureztA dirsbpatymsiceierplate 680 wnessesrild saitereedrtesplaie 606

SRR So E euohuBLe" FBht SRRLARAR. S Bt of tauid
Mttdriat G1ZeRSHiRpese &t Batdlcehefirst Ipatiepned eshpikiteesd® and second
conpl ex nmulti-di nmensional structures can be forned by

priteroeditergplate 6@beps il lustrated in Figures 2A-2E. In

some odi ment s ne metho ri [ ihAL:i ,
2 patRaBRde Tahbleaf Mool BB TR AR RP §oBt dftitiba wi
patdresdadnipai! 806. (iAssredFofis idaplieat i) pattetfed template 600
snoot h substrate) to generate isol ated

caulsing tienimuid oraieriat eampiising drepletf12 toumigratmte the plurality of

8-SR S RER P S 5Bl i RGP ki e o1z i
tABh ttelbdBySttiny [SiddeskUr.as foff Lyandiresl, dleatdtt iquid material

structures are provided in Figures 6A-6C Referring now
Gl.Figure 6A, a first patterned tenplate 600 is

provided. .First patterned.t | ar.e 600 .conprises, a .
pl ur zf?? iy n%’c@’sg&urgrggsﬁigﬁagﬁﬁ]eggﬁﬁﬁqgﬁiIW'dofnate”al 614
Mgﬂﬁé@@ﬁ@%@%é@o%ﬁaﬁ%f the $8lcBERY BRthdds des&bitherein to
patterned tenpl ate 606.  Second gatterned tenpl ate 606

ronidei & phirality ofimultitdimsisiansd patig madakucosefdb.a

plurality of non:recessed surfaces 610. . As s i .

Bl ourd s3orm; rnbndiTaRRe, RARTET - 05 iR "o ghfhorises a
RidsREReHaft&mbasiPuERPe 2l B BbhEN@nbddimaitedphRémeacstructure
spaced relationship. A droplet of liquid material 612

616 diospuises Bemuiedimensionphstrdciuse. t éhpame @obodinents, the
B LS5 o AR RuEidMefsiona
structure. In some embodiments, the multi-dimensional structure comprises a
plurality of structural features. In some embodiments, the structural features
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 microelectronic device is

selected from the group consisting of integrated circuits, semiconductor

particles, quantum dots, and dual damascene structures. In some

embodiments, the microelectronic device exhibits certain physical properties

selected from the group consisting of etch resistance, low dielectric constant,
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patterned tenplate 606. A force Fis applied to
patterned tenplate 600 causing the liquid nmateri al

w@ompnogseg droplet 612 to migrate to the pl ureCT/U$2004/042706

recessed areas 602 and 608. The liquid materi al

BBRlRBLRR Sritbit: OpdyibenarmibpERY Sl nt i b dorosity, and

wdrikpoR&ityr ri ng now to Figure 6C, the patterned,
treated iquid material 614 of Figure 6B is rel eased
by ant oforfee enebedigients mbhBodyegenily i Bisgloradei sukigct matter

BE0XSEE 2 MR |6 pRlodib 1 dnIRARhRSoBR' BEFARE struoture.

TUC ures ment's

Réfemmglrr&)vﬁ]tB Eiguipss S&s7R, nanssoal enﬂnicnmentsj a first patterned
structure. I n some enbodi nents, patterned structure
teelaienfV0 isprovideg.t Firgt pRHSMshiespiate t/@0ecompriges@ plurality

G SRR A BBt RaR B A Plucsty 2 S ERTRLIRES areas

Fodhodiontinuing pdrticmatly iwith FieRse aWgl alss prcvided is engubsieste 706.
a plurality of structural _features. In sone
langsae merrediments, ubstater BO6fléé>paF9éfsW¢t8® npgavetting agent 708.

RWBS\EF Bf” ‘ﬁ?st Ilgb?ﬁﬁ%terléqgﬁp% (ﬁ%p ﬁﬂtsﬁbaﬁa

m Ccroe ron erne ruc ure

616 IRerrﬂNgdﬁﬂv td IRig@ds TBt ared F?@i, ﬁrtslt itreed template 700 is
be any structure i mad% nabl e, including "dual danscene"

@Qnta@ttedrvwﬁw pupstrater 8. b feesg Es s anpl@ﬁ@ tirsh pdtiesred template

T ol R 7 UL ERE P Ss BThERER 7 AT 25 Th Rcesses

o4t ITHeelquid Wastevial domprisiaikptiiatoplenas ertdiquid material 710 is
structures. In sone enbodi nents, the mcroelectronic

toeatied cbyeanfitsit tiecatingr Brasepay Birclal fasiv getreptar dissteliquid material

WAL PRI TaRReeResR Py chf Aol FbpdfinonS st troating
SroReys . NGompases ansiahl Qlering PEodad B8usIRG RS Itteete@mmst liquid
non-porosity. In sonme enbodinents, the presentl

f@ﬁ&ﬂ&bé@@d;lﬂ@b? ée suhsirater 706 s FRefesing pasicubariyvio )élgure 7C, first
FRPH TS RIATE 9ol TERRY 8 o p0fHR ERENEBHS fucineal fgatures

112 §h Pdkirsig g t enpl ate 700 is provided. First
patterned tenplate 700 c?ig)prlses a plurality of

non- r Betasdieg now tadiguiee D702 ausecanglpattdrned template 714 is
[5r%(\:/F ededS(Sacl:Jér];Ga %gttan%qS 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
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 T,; such
that the second liquid material 718 adheres to the plurality of structural
feature 712, thereby forming a multidimensional structure 720. Referring
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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704. Continuing particularly with Figure 7A, also
provided is a substrate 706. In sone enbodi nents,

wanstioate 706 is coated with a non-wetting ageer/ugig4/042706

A droplet of a first liquid material 7 10 is di sposed

bstrate 706. Referri now tq Figures 7B.and 7C . ..
PR 7 8ot Bt I S, s e B Forf it
saksdtrutere606. A force Fa is applied to first
patterned tenplate 700 such that the droplet of the

firstAPEQMEiInDIVmt &1 i Honra0 enbedimands, ntd rmaedwsks fan4 forming
ha. | L aui LAl [,Si.ng I f1.rst

e e S T

proce&s T pmvidingapartieds pebpgares bylthguprdcass eldsatibed in Figure

within the plurality of recesses 704. In sone

enbodi nents, first treating process Tri conprises a

parti CUR| ; rﬁjab‘ét ted first

i qui gj)mat Eté‘g?lﬂpgacg ere tg&ganggrp !5@706. Ref erring

par ti @)l ar Hisposirg gursec@®] liquidt matdrialr iredheesptana patterned

700 i&érermved to provide a plurality of structural

©8R'A%s 712 on substrate 706. Referring now to

Fi gurgy 7Dedhtaching Shenseditid paitefhdde #BhISte’ Whhi the garticle of

provi ded. Second patterned substrate 714 conprises
giiepr(a)iand of recesses 716, which are filled with a

second.\liquid.material 718. The fillin [ ECESSES: .
776t bellaeudiie.feeptiaaRalsral fy famt & Fipffimensional
stessturded in Figures 7A and 7B with respect to

recesses 704. Referring particularly to Figure 7E,

second patterned tenplate 714 is contacted with

?hr uct 5['%' !fiﬁ‘?ot Eég@ 712. Second liquid material 718 is

eat ' d treating process Tr2 such that

t he SR@ﬁérﬁnPinormg@feisaﬂiA-Blﬁ adisthes fop fohaing a pattern on a
plurality of structural feature 712, thereby formn

St it Al sSraied . P HBe ATBbodIDIe NI tatRg A I0UER: Banyimprint

i . 10N
gD Rel e el s SR ERTLE SIELBR, o
fr ee Ref@ardngonowlid ikiguen8A paglaternert ttenedaté?810 lis psovided. [n
enbodi nents, the process schematjcally presented i

FPar @TPRJTRCRlEn ARlieRRRT tR@PRle FA0 £OM ﬁ%@ssg_g'erqt resistant,
65 Sk PRI OUTIGR BHRF LT Son B8 Rl asosty
ligulid indk teeinks omtal a stastert tergdatiesanyd theindedring fiee e isgosity liquid
%}%&%@Ig g%sg%%)s@%relo:g g(!p fﬁrgegartéﬁw%la?epre?g aégﬁngg kgseinabove.
Patterned template 810 further comprises a first patterned template surface
812 and a second template surface 814. The first patterned 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 facilitate continuous processing such as a conveyor belt. This
might be particularly useful in the fabrication of precisely placed structures on
a surface, such as in the fabrication of a complex devices or a semiconductor,

electronic or photonic devices.
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* * _ (b) providing a second patterned tenplate; (c)
di sposing a second liquid material in the second

w@aiosaored tenplate; (d) contacting the secondPCT/US2004/042706

patterned tenplate with the particle of step (a); and

(e) t E?érlrlﬂg érél%nstﬁ gﬁre Bﬂu J@%n%‘t“nd?s gév%éd Substrate

mul ti |mens ur e.

82ef eonprisa® 0w $Gbdtraigr anfdbe- 8212 alnrrebﬂm@d e‘n@hsodumemt@gs@bstrate
pattern on a substrate is illustrated. In the

&2tsapriested PO Hragewn ROSigfiNg0ba RAlYTRHMakerial, an inorganic
AR, B2 SRR A ke g e B Lt ip surtece

tteenataveri&its iherpofovildedmd mnsiopdmemtndatiedst, one of patterned

patterned tenplate 810 conprises a solvent resistant
terod ate BAB anchsrBsirale §%Qerhia§ aratEpralenedeyilowgr tham 18 mN/m.

1§ %8%8%%88’8‘%}9%&83 bt Yeetét BRI rhal SeAipig eagﬁ??nq substrate

en’ curi the I'ow vi'scosity

mtﬁes@l gtrtf@c@energe}tlem@rmrt%nﬁd/nt enpl at e as defi ned
her ei nabove. Patterned terrPI ate 810 further co S
d '& @gtemplate

a fi r Kt spEe; embedinenis, asdllutiratad dn digure 8
In@lt %F#@%@éﬂe QESEtﬁoBéa $h 30%5 r%crfgla'gﬁ @tt% each other

sur ace er c rrses a esses

sB&h. thatefipatistionedd tten‘rpilateeetdterdevetIifoeomsasmettrmmsurface 822
resi stant, | ow surface ener(% neric material could
and AogaP ABLIF srRAtad hatuesn ifisst I%t eraed| taraplatasHgARe@12 and

Pbstifte %"&wa%%'\%ﬁat PARALE é?(anlipge Io"l’%t' #ﬁh%ﬁ&n‘ﬁﬁ%'r@t&t’i‘éﬁship.

processi ng suc S a conve or

par t i Refating nwete Figuretdss afattumeactﬁ Immnd)fm@treenei 840ys disposed
placed structures on_a surface, such as in the
in 4871 eapi 830 dretweeanfirst palisined demplaie sevifaen diz Bog, substrate

SISELLE I BB EUBRAE T ARG, gy oa0 i

cﬁ@ﬁﬁedeﬁre@t@lbatai abe-weittihg eRjeP? Znot sheom®, which is disposed on
enbodi nents, substrate 820 is selected fromthe group

fegfratemey @rrmatatﬁ)wrﬁ@te gd2erial, an inorganic
mat er pak rrlﬂlgahb el F']@ﬁ%; il 1 in3sGMBT EApBHiRTdR - fifst patterned

gl ass
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 plurality of recesses 816. In some embodiments, as
illustrated in Figure 8C, a portion of the volume of liquid material 840 remains
between first patterned template surface 812 and substrate surface 820 after
force F, is applied.

Referring again to Figure 8C, in some embodiments, the volume of
liqguid 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
thermal 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
-30-



10

15

20

25

30

treated variants thereof. In sone enbodi nents, at

| east one of patterned tenplate 810 and substrate 820
whamsaoses f ace energy |ower than 18 mN'm | n SBPOEUS2004/042706

enbodi nents, at |east one of patterned tenplate 810

eﬁ%&%‘?ﬁt%’t& agere%ﬁ:d;aér asc?ﬁ‘ﬁf’ r% gy tr]e ’(&:‘d Il’éﬁﬁ‘)nnt'a"_tenal 842

I Sone e ments, Iustrate
rémaingabhesubstrate8@bat e 810 and substrate 820 are

positioned in aced reIat| to each ot her such
t hat M@F%tp%ﬁ?‘t‘a‘@ﬂgedh*f éﬁﬁiha’fje Fcfgﬁrég g1 PafigERon a substrate
CéHf}aﬁ ate surface 822 and a gap 830 is created between

S

t patterned tenplate surface 812 and substrate
sur f ggp 82[2rode1ng pattemee demptatef aadpaedebdmmaquherein the

| ati hi R t F
| qui d at BRitaINess (OMBIRIP SHUBBESES 7 eAtped s BB eurface
first pattgangg d slttpélﬁy Bf ?éb"efsééé Beadinfdoplraie

surface 822. In sone enbodi nents, the volume of [iquid
mat ebl  8diSppsingi & polsee df ligid aeateriakinrsrpniet lsiasy one of:

agent (not,sho I C rst
patterned 2 Wﬁié péﬁ%ﬁ”&é gg%ﬁ% zﬁ%ﬁ éanowto
Fi gure 8C, ggn S i pRIFdIRY offesdesselidre4s;pat t er ned
tenpl ate 8 S contacted with the vol ume of liq

mat eflal 8aentastingribe Patteraedpiamplata susfase nuith etb@ gtpstrate;
surface 81% ahereby forcing the volume of liquid
mat eri al B nto the plurality of recesses 816. In

sone (@)T‘OOdtre’aﬂlrhg;th@quldlmatErlat edform dpgtied @Cthe substrate.

portion of the vol une, of ui.d mat r|a 840 remai ns

bet wdenSPiNes emRadiaianisy t@n%ﬁ%t@@%ﬂu ImBlate LpraRKkIses 2 solvent
at f c | §

FrEh, A%@é%ﬁ%etoé"'%*a&%&%%?‘*Fnﬁ‘éﬁerr@a'e Tl ISk casting fow

visgosite laduitli oaiteriaat @ntoab @46tdrstempatee dntythent roealngntl;te low

ReBaEa ML BEHRIELS 110 dsberiien SR afaELe. I some

hSGimRehtB! O8RS S phltefiimPr te?ﬁﬁlaﬁa pE@ﬁfb‘i’i%e§e|aeC§@N/efn't Oesistant
the group consisting of a thermal process, a

gsiomenEnimaderialc ocess, and a chenical process.

Referring now to Fi a.force Fr i | i

pat t &% nﬁant eﬁﬂ"%?cé"%m 't 8 %ar?év%“epétf tgenéaﬁgr%ﬁaege@%late and
sBbQtrateonedrhpAtesl 4 i Matstidraégected &b ttﬁefgm@i consisting of a
pattern 850 on substrate 820 as shown in Figure 8E. In

PesiasabelyeBAt gnateriebsa dillkgroolsfin: gatenial, jagy aerviste graterial, a
sﬁlfc%ﬁeeﬁwAtEHHL r@?yl%r c?‘lmagtéaal, 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 perfluoropolyether material comprises a

backbone structure selected from the group consisting of:

x—(icl:—cr:z—o—)?x x—{—CF;cle—o \\ CF-O—X

CF, CF,

’ 7

X-—E—CFZ—CFZ—O%CFZ—O—)TX X——CF7-CFyGF—O— X

and
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remains o n substrate 820. Mdre particularly, the

nmet hod for formng a pattern on a substrate conpri ses:
w®2qoajlopse®Vvi di ng patterned tenpl ate and a subsPeBEUS2004/042706

wherein the patterned tenplate conprises a patterned

a I [ r :

K R Y e AR T, BB WAGh pifel CRR PSS g apping
greg@erial in or on at | east one of: (|) t he patterned

tenpl ate surf

r ecedd AT SIUL oca gbeng% ?'aé:tf‘dﬁéo&egﬁ fleerfadéa telagpdifom the

Sip 86Rsivlind) of: he substrate; and (d) treating the
iquid materi al to forma pattern on the substrate. In

sone enbodlne t he gtﬁterndte te compri ses a
solvent 15 re 2ar9F s eker efle &‘yngf meric

mat eri al deri ved fromcasting | ow v@lédco& t@sSMi qui d
materials onto a master tenplate and then curing the

| ow vj scosit I|q|d materlalsto ge erate a\patternged
t enptaidi— % %Bg @rpla

conpri ses (§H | vent si st ant eI ast oneric mt eri ab m20
In some enbodi ments, at Ieast one of the pat er ned '
tenpl ate and bstrate nprls rial selected
fromthe gro 655109“( IFEH ol yet her
material, a fluoroolefi ial , a—ﬂ:acryla

material, a silicone rraterlal astyrenlc ﬁ‘ﬂf’erlal a

f1uorinated ther nopl asti c el agtoner (\JPE), a triazine
f1uoropoly GF; jigbvag—yd:F 5 a
fluorinated epoxy resin, f uorl n nononer

or fluorinat ed ol i goner that *can belipol ymeri zed or
crosslinked by a netathesis pol yner zation reaction.

In some _embodi nents, the perfluoropol yether materi al
véherpin G eomaGseHASUEBSilet MPBOBrect ed from the group

ConSift e RS, Tie" ARSIl <Hiidly, W o
rﬁcﬁf’ﬁtﬁrdem?ntvﬂ}icfﬁ heoﬁtpmeeootetfafmmemmaie,i sipgideatedluoride or
hfe&gfrlrt]térrc])%ropylene. 2,2-bis(trifluoromethyl)-4,5-difluoro-1,3-dioxole, a
functional fluoroolefin, functional acrylic monomer, a functional methacrylic
monomer.

In some embodiments, the silicone material comprises a fluoroalkyl

functionalized polydimethylsiloxane (PDMS) having the following structure:
CI)H3 C|3H3
R-- ei—o%ei—o—};R
CH, Rf

wherein:

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:
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group consisting of: -CF- CFi \ CF2- CH2\cF - CF\cF 2-
CF -n CF, CSM wherein CSM conprises a cure site

wosrerdes | n sone enbodi nents, the fl uorool ef i PICT/US2004/042706

material is made from nononers, which conprise
tetrafluoroethyle e, vinylidene fluoride or

hexaf | uor opr opyl enée: =
2,2-bis(trifluoponmethyl)-g, 5-difluoro-1_ 3-dioxole, a

functional fl uorog ~ functional g } C nononer, a
functional nethaci nmononer. |In so@ bodi ment s,
the silicone mager Mar"conprises a fluokesdl kyl

functionalized pol ydi et hyl si |l oxane (PDVS) havi ng the
fol lowing structure:F whereigygR is sel &fted fromthe
group consisting of an acrylate, a nethacrylate, and a
whengin B cumpprisesda Rﬂomalt{yi &Jwina fluoroal kyl chain. In
sorre errbodl ment s [ terial, conpr.ise .
1 ol Ranet ST e R e Peble e MAToR PG RO TRESES g juorinated
a@qmétesarlmm@{name@h%tﬁaawlgwmg&héféncymng%ltﬂem‘cure
chain. In sone enbodi nents, the acrylate nateri al
conprises a fluorinated acryl te or a fluorinated

net hacryl ate having the f4Ql i ng structure: wherein:
Ris selected fromthe group consisting of H alkyl,
substituted al kyl, aryl, and Gdbgtituted aryl; and Rf
conprises a fluoroal kyl chainf In some enbodiments |,
the triazine fluoropolynmer caprises a fluorinated
monomer. | n some enbodi nents,| the fluorinated nonomer
or fluorinated oligoner that Rfan be pol ynerized or
crosslinked by a nmetathesis polynerization reaction

PFses a functionalized olefin. In sone

enbog | &Sk 0 |

functl ona Il%gte ?}9@7‘&% Le8b Shif] Of HFOHR) $8Bsfhuted alkyl,
aryl, and substituted aryl; and

Rf comprises a fluoroalky! chain.

In some embodiments, the triazine fluoropolymer comprises a
fluorinated monomer.

In some embodiments, the fluorinated monomer or 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
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
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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olefin. In some enbodi nents, at |east one of the
patterned tenplate and the substrate has a surface

wep@sgyidbower than 18 nVm I n sone enbodi ment BCT/@82004/042706

| east one of the patterned tenpl ate and the substrate

ARG B RR b0bel R Florl ARdu(ER BN BRI device in the
prooessstafnpenfy anpolfackredat éni abmeaembnodigaents, the substrate
material, a,silicon material, a quartz material, a

QIRISesHA BRtRINedAI8asur face treated variants ther eof .
I n sqpes B ostinpBAinSents Nenes %Tl@t 8f 'réces§§@d3taﬁ‘€a§r&mwpnses a

one of an el ectronicdevice in the process of bei ng
planalityaeft caviiibsanit somé ermbadimests, tkre phrality fpfr eR\dkes opmprise a

ej nufature In so odi nent s,. sbst
S SoHLOGL Cheatliesr oal 19PTSS e BhbHments 16  phity of
Suefuhi feat@esREeS BiffleAsieAFanGABfrsiR Bbo R 10 AiGionsab about 1
cavities. In sonme enbodi nents, the plurality of

REAGMEteE in 8ipr | Ifesamelambodinends, the mildelity|of rbatctiyral features

2 5 AR RIBRILERES oMbk UbAhidknlo S WWklron in size. In

nsion rangirng rroma m crons

mab@ﬂbodlmﬁgmh@rplumlﬁy z#. stroctacarefeentuods nead 5 difvension
plurality of structural featires has a di nensi on )
raaalggrfgomrachﬁuaﬂorntcr% toebpgh$0¢ @"&Hb%l‘tzel IR 2998 §mbodiments,

tﬁegﬁlrall as aﬁﬁpfaarﬁ?rré%%asteh@lrﬂe iéh gﬂfg qbﬁtjglséﬁtat 00 nm

ture Mensi on rangi ng rom a m cron
tb@babbdtnM@Psizm i n si ze. I n sone enbodi nents, the

plurglity of strictural tures as, a di
ngi nanf %B?a{ﬁfﬁf‘ ?rrﬁhleo %dt"a%”ﬁhﬁ @egm‘géd mmsth’?egfoup

@MRRGhH ik Sptotlﬁﬁet'éllébﬂttﬂﬁt %rh%'noh?ersgl E}‘ﬁfl@ﬁt v 6PMdMers, a

gr oup I'ng of a polyner, a soluti nmononer,
rolyherizdtiany indfiatonna rmtwneazqtmtry ngtalysht &on inarganiat precuasor, a

o) yneri zation c a,n_inqQrgani ¢ precurso a .
il Bk G o g PParmhisuicl gl kg, " Shdgheliy Aaterial,
pERERRghetiCRhRItE G, & Q@;ﬁé\%@%ﬁégﬁeﬁﬁitrﬂétéhal aa ligand, a cell
super paramagnetic material, a lrgand, a cel

panetatingipaplidgep el moganparsug‘f@ﬁta mlwr@tttﬁmf imgniscible liquids,

6@ ﬁ@&gﬁﬂ taége% cg%@eﬁcéﬂjec lﬂ%ggﬁengﬁ%b%%llﬁéms &% Rarmaceutical

et r@eeletdtecatfromerﬁe glr@U[jSQbﬁQbﬁlﬁb fof emitthg, grpamtide, RNAI, and
consi sting of a dr peptide, RNAI, and

DNA. In some embodtments the tag |s selected from 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.

Represesentative superparamagnetic or paramagnetic materials
include but are not limited to Fe,0s;, FezO4, FePt, Co, MnFe;04, CoFez0y4,
CuFe,04, NiFe 04 and ZnS doped with Mn for mag neto-optical applications,
CdSe for optical applications, and borates for boron neutron capture
treatment.

In some embodiments, the liquid 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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DNA. I n sonme enbodi nents, the tag is selected fromthe
group consisting of a fluorescence tag, a radiol abel ed

WO ags/1em6e a contrast agent. I n sone enbodi nent BCT/URE04/042706

ligand conprises a cell targeting peptide.

Repr [ is o
mat ennarane apkuehR. 398 AR o Bk RRIAE3HRGE spgrerial s
regBlatedChy WhEp2@dindCpreckas. (i Fspai¥ erhbbdidiehtandhénspreading
doped with Mh for nag neto-optical applications, CdSe
HVQPG%‘?J?‘P’@HF'S%pI i cations, and borates for boron

neutr c r n e
Imu#%hm?@%é%?q ésggﬁé ect eofjngromquﬁl gﬂgletgﬁstthg patterned
pol ynmer aneéngplhdtewidk fdiral aclayerc of lliguibmeateniab dirmethies patterned
the liquid material conprises a non-wetting agent.In

some enbogﬁﬁ%ﬁ\?f? apfle di sposing of the vol une of |

i qui gprat f Y

same Chbod aamd BRI AL AL R PLLARURY AagRa) ¥

di sposing @ fi rremaons amcond Ivolmnei ofrhqmdu matemaltﬂn@m the layer

patterned tenpl rmal terlal
on the pattern aglioé’ﬁcgmé%%”al % % ﬂ%ﬂ W?a
i mpl ement @gr osigatées tdkEoRime iofltigdidBifefial o othe bhtterned

renove a second volunme of l[iquid materi al fromthe
| ayer of Iiquidiemplaisial on the patterned tenpl ate;

n | fo Li .

ngorhédrabGalorsy el EoMBCHEE otk et fiPlefd S8 with the
substratd engirefted beséntizly dilesfphatisposed aorume b lidued material.
substrate elimnates essentially all of the di sposed

vol urt® IMeigiupedimanisi e tr@@fﬂ%ﬁ%ﬂ@dy@@lﬁn@ﬁt@”lak gRmprises a
seFec e%e ?Ir:teﬁhemqu%éj %ﬁﬁr B s%ﬂﬁ@rbﬁe§hﬁ1é?ﬁ9§f33§rocess a

om t group-consi sting
pihvatcetssmical ploztess hamd aathepnioglgsscessnd a chemi cal
process. In sone enbodi nents, e nmethod co

i es a
bt cHpsBBsSTOPATERNE: dhpdaeHoN: SompHech & PR GHgamgess: In
din® SRS AL EIENIEN praos T AbAEA AL &1% Somi-bath

conti nuous bat ch proces
process and a continuous batch process.
In some embodiments, the presently disclosed subject matter

describes a patterned substrate formed by the presently disclo sed methods.

VIII. Imprint Lithography Free of a Residual “Scum Layer”

A characteristic of imprint lithography that has restrained its full
potential is the formation of a “scum layer” once the liquid material, e.g., a
resin, is patterned. The “scum layer” comprises residual liguid 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.

Referring now to Figures 9A-9D, in some embodiments, a method for
forming a pattern on a substrate is provided, wherein the patte rm is essentially
free of a scum layer. Referring now to Figure 9A, a patterned template 910 is

provided. Patterned template 910 further comprises a first patterned template
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In some enbodi nents, the presently disclosed subject
matter describes a patterned substrate fornmed by the

w@e@sanmtdbe di scl osed nmethods. VIII. [nprint Lipemyszpdgs2706

Free of a Residual "Scum Layer"™ A characteristic of

SREL T 44 99CBRY Ll 88, M 8 st cp e

surfaoe d9nRt @urtteadr, cenprised rae@lmalitP/s obaitdoespes. 9Tde [n some
"scum | ayer"” conprises residual liqu id material that
anebrdimenkst agtn-Medling agsnh 980t sedisppsed L the firsdnpatterned

' e presently disclosed subject matter
SRR SERbEe o2

proCéess for generating patterns essentially

f r ee RefemirRCcagainaeFiguRe ey ra Bgbgire IR0 IsOPFRdEdA- MBubstrate
in some enbodinents, a nethod for formng a pattern on

920s geprigee @ ssyhstipielcyfagRePd2n IMeosae tarphodignents, a non-

G b8 960 sefolhad S SbPEE SRS H 00 Gea.
Pat t én Refhd embctlielld) dsuilltstested ARFiIGSRS9A, bhttsined template
atterned tenpl atesurface 912 and a second tenpl ate

o3 and: SUDslateT9R0 pre SosHianedrinadspasasl EieienaTMie ach other

S SRR B Al shBERR S BTt e o22

drldea fgaps93Pas cpsdted BerwekAatiRsispaitaeed tbmplReS sufade 912 and
agal nto Figure 9A, a substrate 920 is provided.
S8

plateswfar®@2dnpri ses a substrate surface 922. In

on < roaenieEal o SRR |OnRES i Puiud 94K 38 isposed

i lthe! a0 80 HatwEkaUiret PAttedidt RIMSIES s0Fhed ®1218n @ndubstrate
substrate 920 are positioned in a spaced rel ati onshi

supfagac¥edt Her semiehembadimentst thatvoliime doft ke am@teriaF940 is
12.faces Str

urf ace sub te surface, 922 and p 930
JePosBn EHs: Rhedy rateniad Pt e A acelt some
eMBodMEntd BB E NAFIE@ME 1 IRRAd Piteri&ied 40 id AgpdRWd tdirdcttBHBA non-
9B, a volune of liquid material 940 is disposed inthe
wriin® 3gentd6R .ewhichristdigrasedroretirst apemed amplates orface 912.

e

G aP0 SRS BeF. 1S Jriife o5 doRE Rl AR Seppgey,directy
on sBbstPalet 8UFgEe t82W! alie sohd asiBbSdidrerlts, $I%TB\/olurg|e of liquid

enbodi nents, the volune of liquid material 940 i
roatepese40 i disposgd direnthnaetnonagetting agent 960, which is disposed

on substrate surface 920.

Referring now to Figure 9C, in some embodiments, first patterned
template 912 is contacted with the volume of liquid material 940. A force F; is
applied to second template surface 914 thereby forcing the volune of liquid
material 940 into the plurality of recesses 916. In conirast with the
embodiment illustrated in Figure 9, 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
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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agent 960, which is disposed on first patterned

tenpl ate surface 912. I n sone enbodi nents, the vol une
w@boositgqsel naterial 940 is disposed directly OPCT/US2004/042706

substrate surface 920. In sone enbodi nents, the vol um

e of d.i-auj [ [ j s I

mon- e BBhb By s 4 (e R3 epBed ¥ it tgroplete
oH0r frcemBd6. patasracd itaghplatey 910 FramrieeSEd liquid onaterial 942 to
enbodi nents, first patterned tenplate 912 i s contacted

ravedl @ heatieinuBB0opn | substigtenit2d iasl shagn i Figwe RE s In this
R SRR SRR LELE B 280 ARSI O Ber o

tefatedliesidanadtiol 942, contrast with the embodi ment

illustrated in l;igﬁrgre 9, a portion of the volunme of

i quild semer PRIbDENS, 1 et dute oIf & toBwlalg puffees and

s@@s{’?’ﬁf%” EORipisEd |8 q{?ﬁétlo‘?%ﬁz&?f LUtded agRIAe b0 FI gl gome
, I n sonme ennodi ments, the volunme of [rquid materi al

eifodiments ahe dubgtiomatizehturigce etmresist i§ fuhctiondlized evith a non-

b er PRyt Sal o RhRRastes b noh Sead Pl cosorises
fgﬁctaﬁftaﬁ %@f“é&aﬁ R i S 34@1. ®d Trﬁ?fé\f%l.p% seried 8hie, the

10 fro [iquid material 942 to reveal a
noatweitingdboterial susalectat drade theagratipoeensistiri gla drickiorolsilane,

LSRR TRE " SIS 2Bl GBS Tiad 8 Foactve
fimétRIraR! gr3dgs, lah tBAREx e ERaHE "Bthprisinh heAsietBRg @hd trddctive

tenpl ate surface and substrate conprises a
faoeisnabgerupse andunixiures éieseeht . | n some enbodi nent s,

i th '8 S SR AGeb, PG oAb BE Shatat kb EL §REsurtace
diemenit isiffee oRlidiid Materaiprihsesnd entlodanehtsytieel psint bétontact

bind to the liquid material. In sonme enbodi nrents, the
bedweartthentvorglsiacal elemesds conerrisasoresidealgligujg material.  In

s%ﬂ?e%ﬁﬂo@%%ts?tﬁé hgghPBPtI% (RN fral {ﬂ%@'ﬂ' AR iSles8Rfan 30%
atric oro S|Ianecrrpr|3|ng non- ting and reactive
dfuimet heigiat @r thepstruature. alrk@oynes idmbediomems,i Hiedeight of the

RPRuET Bvi Al TF ess et Do Gtane SR O hfestareure. In
8 SRS R ME o] e R el sgfran 1%
ofotieabeight of the structure. In some embodiments, the height 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
patterned template. In some embodiments, substantially all of the volume of
liquid material is confined to the patterned template of at least one of the
surface elements. In some embodiments, having the point of contact
between the two surface elements free of liquid material retards slippage

between the two surface elements.
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between the two surface el enents conprises residual

l[iquid material. In sone enbodi nents, the hei ght of

wo b@snesiselual 1iquid material is | ess than 30%Of/Us10e4/042706
hei ght of the structure. In some embodinents, the
I i gh L b RSB Bhis) (I)lld R al is less than

% o rET-gHt —© re-struecture.~ | n sone
enbodinnesdrfie tdhebdimghts, ofthé heréssitjuadistloged d subject matter
material is | ess than 10% of the heiﬁazt of the )
desqiibesr2 . solyeriwmssisiesh saicrazmalding HSAMdINhmethod Her forming a

[ Il Ai-ck material is |less than 5% of the hei ght
%ﬁﬁrﬂgﬂs rsgg%lﬂlﬂgtg In some enbodi nents, the vol une of

|'i qui Referting irdw te Figse 10MQNa toatteviodditemplate 010 is provided.

F[))atter ned tenplate. In sone enpbodi nents, substantially
ettergediigmpiate el bfurtheswomprisesra Arstinatigsned demplede surface

10 BREL & PRar it e 7884, TFo el Bl Shmpiate

suofdorct 01 turtten cohtrisee ssplufdliteoblicvrebes 10M6e of
liquid material retards slippage between the two

sur f aRefestiagragein toXigetn 1@ a AYbpkaied 04Q fsopreyidgdngSubstrate

1) bl e AL Slifacg B2 SO qdipd' SfbBRfilents, o

polgmericondtaital (197d i drsposed drorsubstraingufdapat 10220 R some
a substrate. Referring now to Figure 10A, a patterned

ershprimentsopdymerigraicsat1 0 ce@Prisas edesishPelynmero

1012 SR B EGB G el S oE beRERE PR, doib At Substrate
10RO & qsbsittiAbdatre aSspdRRE rdigfidndhip ttbesaP RS 88ct that first
plurality of recesses 1016. Referri ng again to Figure

paigmed stepynlater surface 1i0§2fpf‘3(§>@5d%ths’f surtace 1022 and a gap
| - o0l
BRElR Eaic BNEATIG: PGS lvtaws BuTdCEi0g5.amg gypstate

SRR 022 S Ykd 8RewhOGRZFighre 0L ae8d108ht BN Sdispedad Rithih gap
mat erial 1070 conprises a resist polynmer. Referring

HRD, isuch thayselwentod coptacts paymarisnipeiarial 1070 farwing a swollen
sybstr.ate 102 positioned in a spaced rel ationship
chyrgggﬁ f%?tﬁé'ﬁpé‘%ﬁ that first patterned tenplate

sur f aRefelfidd nbaceSFiguRSst 168 angUaRstl9RteraBE tam@Rile 1012 is
1030 is created between first patterned tenplate

cantacted with 2sveelteéns pblyimerice maiefialc#07222A fsceHawis applied to
sFeg %Eiete%nogﬁéteas&r'?éc\ée? 61? tr%g’regiysfgr%?negdavgotr%lq ot Hollen polymeric
material 1072 into the plurality of recesses 1016 and leaving a portion of
swollen polymeric material 1072 between first patterned template 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 to patterned
template 1010 to remove patterned template 1010 from treated swollen
polymeric material 1072 to reveal a polymeric pattern 1074 on substrate 1020

as shown in Figure 10E.
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1030, such that solvent S contacts polyneric materi al
1070 formng a swollen polyneric material 1072.

wRedosnoidang now to Figures 10B and 10C, first peCT/@81064042706

tenplate 1012 is contacted with swollen pol yneric

)gl‘ﬁ fegﬁln O} ﬂrﬁtﬁ&?rtP G6RA TERBIAL Snd/or

014 [
pol ynBubstratet eri al 1072 into the plurality of recesses

1016 d | [ . t.j f || | [ .
mat er (OGP BRHI e (NP QetipEIRLr RedU R (R Pa feaisrngd gnicro-
a0 ﬁ%n@@t‘?u@tHF@t fsaFé'Hé\l/'éci Ffsin 2R ast BReS WP thE HREYE® thfplate

[ I's then treated by a treating process

X

mat eri al 107
and/ehithe substeateprBis was. beRe¢eamplisheddy acumnien &f dampaches,

Rebdls i, b3, SRR hibuc i Syt Bbfdfifriinng e
paterilistruthirertba sdidce that hayeml affiniPfortRE ipatteddsthucture;

1074 on substrate 1020 as shown in Figure 10E. X
eieoving thensurace elementcpntaining the aratiareepatiusiyredsuch that

t-lggnpéﬁlé 8 2?(r85ty§é’tf§trgﬁeta§ebrlfrg ?&gf%@ﬁghg‘aﬁéﬁ’en{;h&elling the

pat terne ruéture’ (€.¢., a pa At ct oor

st lerhene containiggoied phttemeat streaircowith o4 firbe solvent to
patterned tenplate and/or the substrate. This can be

exdbusiethes patiempdastiines: a6 Waphipg dhesurface elameyt isgntaining
pH] ek B
ﬂt‘r\%t p%\{t?i:r{e%d s Jﬁg@%’ with % ts%‘éoﬁél'rg@%te{ﬁ%sagﬂgéﬁfnﬂy%r the

e patterne ructure to a surface
pdtternetstfucturehe patterned structure; deform ng the

surface el enent contaj ni h tt d st t . .
such FhaomenembadDenis Do list spvere qEneiesiSepgTitipal fuid
SAbbAfoRbeMAtsoradRInbRIMEREs IHE ffﬁ‘é’t?s&b&%m?rises water. In

containing the patterned structure with a firs
swheemmbadimantsidéhe héirgaisbbentdcamprisesir ean agquieous  solution

PR et 2n8s B SRETERMty e EhikodmEN G, et ARfing the
dufaddheldpaéntes NRSHSTHIE by Ipplyiny SomRcRERREI rBé %o thESurface

first solvent conprises supercritical fluid carbon
elemande. In rsanaerecmbbdimeniat she tmethad of resamirg the patterned

SRR R EBbnerlsB AR compr i <1 ng. vat er

and a detergent. In enbodi nents, the deform ng the

XI. Method of Fabricating Molecules and for Delivering a Therapeutic

Agent to a Target

In some embodiments, the presently disclosed subject matter
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.

XI.LA  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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surface element is perfornmed by applying a nechanical
force to the surface elenent. In sone enbodi nents, the

woredosaadi4ed renoving the patterned structure fupehes2004/042706

conprises a sonication nethod. Xl. Method of

Eurakd BReR. Sevhhc TR ol o o o BUAREASH i
AHzr6lisls echtduBhj eeistaratdraplatie seidl BRsh BRERGARcaldW viscosity liquid

processes, and products by processes, for fabricating
MAleIG| s genemteygepatiermedgtampletrer i samal@mpodiments, the

%mé%?'ESﬁlgri Bs%oﬁvmgﬂs%ﬂte?astan\%rig%%ﬁgﬂr process
or tapricatrng a nol ecure conprises a conbinatorial

matb hoth some enflmirlnlent&‘,dhe eorboctiimentrepriithiithogitdpdd nethod is
fabricating nolecul es conprises a non-wetting inprint
H$ehdgr spnsratR dsRlatedxsircivies o dNoforgpeMeadmegnts, the isolated
I difrent NORs i j '
P SRR B RRe R0 Sruckfibsl ol 4Bl Mnbibidts, the
isotated istrootyres conprisesisblated napsistiuatures.on somcamabodiments,
ner, olyneric material derivyed, fromcasting.l ow
% doSAISP [ Paetira GTRNISS oft SofeRetaic; Bipibhse adp some
ERDDATHENRY thBeisbed | SRELIS bbfhipride "RURfdr8bRilié Gnaterial. In
generate a patterned tenplate. In sonme erfbodi nents, _
sormexkmbadinerdapttissisolaied strueires eomprrisata bydropbobid material.

eri al n s nhodi ts, ,the non-wetting,.i rint
Saie Emno RS FRaS el s 8 ik, SoHSE p iRt B Spe. 1n
SoreEbegimdrits SPiEis SRS thBdtLfFes fub®et 86hpiiel “cargo.”
structures conprise | solated mcro-structures. I n sone

enbodlmEeme embodiegnisedhet Retweting doppnt éiﬁ?owapby ewethod
APR B Spcl SRS BEERALTRIL Syadontss Yt to e

sothtion nente, nididet soliat ssmet entdodireenisonpel fmlécular modules,
{%dro hilic materi,al. In sonme enbodi nents,

th
gMgnEy aftdaipainsda petenality ioiispisslnted %ﬁewrgqs-. In some
i . i t t: i .
4ALRRe AL I R el € ] S8 S0P EbBfrises -

therapauticsfsinttiondldy. conpri se "cargo." I n sone
enbodj ments, the non-wettin

ot holl 1 T cPTRSHEPPEBs AqierabeNiite cget. Suanl s, @ drug, s
iheaBRaicd iAo JMHERI iBSIatey t HRuGateit i i s8R BRIbBBmehtd, the
sonme enbodi nents, the nol ecul ar nodul es,
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
ligand or an oligopeptide is added to the isolated structure. 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
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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fragnents, or domains inpart functionality to the
i solated structures. In sonme enbodi nents, the

wo mvstivaea@l ity i nmparted to the isol ated struct PEEUS2004/042706
conpri ses a therapeuti c functi onal ity. In sone

BRI 8 p IS L RE8 b Rafdalyn fFRe 3T Fyalyffystdoture. in
seﬁ@@nmm:mertt@eth@hstﬁmdhw Gﬁblwary’fmg istractlirgGareused to explore

tethered to a linker to facilitate 1ts _incorporation
theedfieary Pkaneleguis: 3z tthirRPaUicasRt e hsaMePMBOdimRNts, the

sﬂ%é@at Nof0fth@n i &?ét’éae Fu&uf@tﬁt Fc§| nen@@ﬁ)%ﬁ’cefloagaﬁt In some

ed structure n some e
eambodingende pthedmetsochfiloteb rtom n frés eissao hreet leold ﬁctrrdrug udm:ovlery
sonme enbodi nents, the oligopeptide is functional. In
sone enbodi nents, the functional oligopeptide

conprxges I@Ie‘ﬂ%d of %Qﬁéﬂlﬂ@apler@réﬁe@utld R%éﬁ’t“t% a Target

enbodi ment s, Uncti ona I gOpeEpti de conprises a

cel | Ipte&fmneamlngdlpmts,d@ meﬂttodmfeiedmbm@ MBsermutlc agent to a
ant i hod r f tion ment ther eof

e s st diRboRefod FRREERnch nEbYRing B.S5HER, Abghoed as
deScrigead hefeihNeadiiiR) @HeStHtEpNIRS dden$OWRh the particle; and
enbodi nents, the isolated structure conprising the

dsiiviesngte padirle scommisingthe thesansulis agant de the tygel. n
b nadl P Gee s aBls lpetErpgRI LT e CARpL IR .

sbhiedcérbedinhéntspive ebrpiotitict sgertheorpprises Wermtiof material. In
varying structure are used to explore the ef fi cacy of

SR eathc@@@nasmte@aeeuetle mgdiial i, sgied from the group
Cgﬂg%tfn@%tt Nﬁra’?péﬂg vaktdr BN %I@Ahgl\ﬂ rét‘fc? Hr\ﬁrahgarttcle

mmcsoa bi of ogi caF "agent. |l n sdne e
nmet holeh émmtehembmlrpen’eaestha pmtlbledhésa)ra drangetersxfdaes yhan 100

Tt AR Fo MR BBl S o 1
rﬁleﬁf)ﬁ@eLlﬁ'ébrﬁSeé?ﬁbéé’n?eﬂté‘rﬂ% gbﬁlcﬂi ﬁ‘a‘%%ﬁ%ﬂamété? dT%Q@‘E‘han 1

conprising: providing a particle produced as describ
ntuercem n;Inapm iemgbodimeriier teeparicleay@h e diemetehef less than 100

|cI' n ring the rt|cIe sing th
e s60ts EMbsefinelf. e PRI RES o EmRISEiBNT fhar To nm.
the tlpergnget epnRaffientdMAé S partfelélr BmpkiBe§ OBE biodegradable
enbodi nents, the t herapeutl c agent conprises genetic

matreer alln spme embastivedisdhe dHiodagragabletpalymer é selecies! from

8?&%1 I;(Br%]%tr{be & Oulopolyester, a polyanhydride, a polyamide, a
phosphorous-based polymer, a poly(cyanoacrylate), a polyurethane, a
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(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). 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 polyphosphates, polyphosphonates, and
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consisting of a non-viral gene vector, DNA, RNA RNA ,

and a viral particle. In sone enbodi nents, the
w@aoositel4es has a di ameter of | ess than 100 m crBEEUS1004/042706

some enbodi nents, the particle has a diameter of |ess

i S. j t t til ;
SRUEREIh S 108", 4 "RAETRBNIN to 9,81 e
stiraulipsutickhe plds radigitianeti@nic ostrérgtb, térapetdOrenrand mlternating

sone enbodi ngnt the particle has a dianeter of |ess
mwtw’n%egﬁw é%ﬂﬁ enbodi nents, the particle

COMPIRERHORR! RISIERSARIE & WBide kWeliEBand/or heating, which
enbodi nments, the bi odegradabl e poleyrrer ?@esel ect eg 9

candacilitaée geleaseatfrits cargngooiegragetigast er, a

pol yanhydr i de, yanm d a ph or ; ed, .

DO AR e R BT e BRRSRIP ARSIRERC Supiect mater
deekiBéd hargieite som@iniad hpariems For apslications yiac ¢lyperthermia
In some enbodi ments, the polyester is selected from

therapyr dtpnesnAnst i gRPOIthpEIRM, adfud dRIVETY.paNgesiicolrpeonance
u@%’pgp @)‘?ﬁﬁﬁ%&%@%%%&%ﬁfﬁpgﬁ)j J;/legmsy (fr‘?érﬁgrg @é\ﬁﬁéég Lé?rwe)g' spintronics.

I OXanone
enbodVitkous, béihg polumdnky damyeone satiegtaedtHeooyn the magneto

SR om0 51 PolYCaetne R Sl PLYES e oy e
P AT 0k B ey 1S 1 SEPUB R 3l st

tRaRaAdi Nt 8., thBecdmMrsipitetimghsfste rxtoparticles upeh espedure to

fromthe group consisti ng of pol yphosphat es,

FoAgpmespebiadtald, THiripery husemh i dildaduge aspfiase change in the

I R
@wo@k/‘ﬁaﬁypéﬂtmmgneéin@ew oﬁlspebﬁichéllsebddlorR@iS p’nbme the

to such stinuli can include swelling and/ or heat] ng_,
affectivenass phéhe engaesylaleachawterial;  Ehe Higgering mechanism of the

ti . . ' . .
RIS hop AT MBS SRS BB e 1 (1
degyrbdatioss réter ofathiel paritulats; (v cappiedude swiedinghendfoy,(vi) induce

e B LB e 834 Ukl FOAIEL fapuhih can
EPRIARNIAER ol agemeltbilont oo 1o Boun
par tilol esyme. gmbadineegnist i méwam@pantly c disclguedld usbjeeiatmatter
(PGYSCFIESS an alternative therapeutic agent delivery method, which utilizes
“non-wetting” imprint lithography to fabricate monodisperse magnetic
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
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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process of hypertherm a (between 4 1 and 46 C) or
therno abl ation (greater than 46 0C), i.e., the

‘weomsnolsbed heating of the nanoparticles upon BPEPUSH0€042706

"~ to an AC-magnetic field. The heat is used to (i)

dgﬁgfégﬁ%a Jihagg: CRaNIRiR4t NS PYl V5B Pla%ﬂ onSntpc(I%K/collde a

1t "and fel ease an éncapsuf ated hater
hyaedxyprgpicdiyiesd, Batha avax: eat rrent of spec:| fic cells

oncag SOMSaTRABIRRS. G e JRINGTG HRaRatTeR s elikgred to
tH@QQ@‘e‘t ‘E)rriéri‘r?%?cgsté Sﬂ'&ﬁgﬁt‘tyatoeih%cfefrgmagﬂétrhégH@@é 'n@ﬁopartlcle is

enharice the degra ion rate of the particul ate;
e(mpsedutm amitkié-mamemm@lplchndvm ekpojuientiudee AC-magnetic field
di ssol Et i on/ phase chanﬂe t hat n lead to

GHpRadh® dPaaTelih hRTORAN cho theEETes & cantolad bERNG yitnout

PERid 8b¥n@tto @rﬁ%ﬁarﬁdﬂlé@%o@?ﬁﬂé' dBHEcHed! idating is a result of
presently disCl osed subject nmatter describes a n

aatheémnaabla@on hm@ﬁéuthﬂcs@gérﬂmbl@ﬂlmﬁﬂ*? tﬁéthftﬁi is wRed o induce

4 bbebé Sharkin il erdumRE Rt qdndB iR aricbartige, olp some

drﬁb@dldTelm% diid yhaY¥e SyRaege couspbrissy @ ﬁheﬂﬁngﬁﬂobéssusekhﬁ some
for: (1) hypert herm a treatnent of cancer cells; (2)
QVNPOCM}@tnit%sfthea@'é@ﬁes Ch@@ﬂegfﬁsd’été ieihiey e §a%ﬁ of @ ehcapsulated

WaFl n %gﬂ (é%Pba'urﬂeﬁf degquaslal i oﬁ"nﬁ1 tntﬁgﬁsgl'éy&j material

|very Vv n-sorme é odi nent's apeut
c@@&mise@eai Caeﬂrgllay@@ms@olrpsomembbdmemsathebbentrolled release
material and a ga neti.c, nanoparticle.

o SRGAESUIAIRG. BIAJeOAbERe. i SRCHAGIad ndpsingg of the
tﬁIQIL ue! 9@/?,4@0 %sbﬁé%b@&ﬁ%t@eﬁhé Hed®ing results in the

onpat i Bl'e matertal 1s selected fromthe
rg/rpeupennm streatg]emlt dfuttheotargeti teed. t@pealfp;olqallactl dire some

colid hydr ropyl cel 1 ul o
Bt fetig rERaL B PG st T e Blee Mg BSscor the
éiﬁ!abgel%\?éb hoatbhgl t B @RI leniSodifmeRt SBePlrigefingYmbehanism of
the target, the magnetic nanoparticle is exposed to an

the-magnsiic mﬁowrhnleshed@s@d)burtbe etectremagnetighealing enhances

bl aFUIE B PR SRR LR anoor -

diggdlitidH/phaddrenbiige tthat eantieat|tech eedtengurfaica dreaulvhich can
of a thernpo abl ation process. |In sonme enbodi nents, the

bﬁeb@nﬁ?f@ﬂlé’@@ﬁHeﬁm@eVaé'%h%@'Wﬁge in the pol ymer
conpqpetm8ierhBSdiRIRaL G dal ld3nfiRfents, including drugs, such
as an anticancer agent, e.g., nitrogen mustard, cisplatin, and doxorubicin;
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
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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enbodi nents, the phase change conprises a nelting
process. In sone enbodi nents, the phase change results

- Wonoosheldsel ease of an encapsul ated nmaterial . | PCHURE04/042706

enbodi nents, the release of an encapsul ated nateri al

i canir ol ; : ' T
FRIBE RF5afeclpafiabind Refif 360 b RBaRioae MR ok vimited to
rhaghblic assay awviezs! r aleptbrgosdavicey, spimttdrie appplidations, and
agent. In sone enbodi nents, the heating results in the
RPFERHONS A OlHRRE ment o f the target, e.g., specific
cell 5@@? [ t : | r ; igN
i ncr Zggléeg]iﬁ]%?ﬁlé e ? gc@?@éﬁ%%sggqjgt@ﬁ@%ﬁgag?ﬂ%%eg nféthod for
ddditveringla. therapautie agend th edarget, tHeemethadeomygising:
mechanism of the magnetjc nanopartjcles,induced t he
o1 ec POV 68y gt G h HEBaeh Yo RIS HATY o clSclosed
of the parfbfigsand can induce swelling and/or a
di ssol uti on/ phase change that can lead to akgéeater

sur f abe aradmidingthectherdpeutenagenti with Weeparttickeitantdy a

varie of ,di seases. I n . .sonme enbodi ment addi t.i onal

cormaibnt <SEVFERG dfieP AR CoBTR R T ngfiitdiccpBent to the

agent, e. gtargdti trogen nustard, cisplatin, and

doxorubicin; targeting |igands, such as cell-targeting

pept i lespme &mb ﬁ@tnﬁ%tthﬂ3h@@ﬂ€?lﬂl§s@9€m¢t'§§ﬁi‘€fﬁ€@ 5 @ne of a
t] | apo i at | : ol

B 4E TR Dt PO SR EEB e, B BRR8tc material s

seicteddirers, thendraups @bhsisiingfofvat son-wikal genasesctor, DNA, RNA,

l:gol ysacchari des, cycl odextrins, proteins, |iposones,

AL @nd %HH@b@ﬁ“’t'P@l- es, such as CdSe for optical

appl i¢catd , e 0 el e@led A Ny

et ron e  eBHCARERL” IRETAH PamdicRs 4 JoBebafadable

ptegmer.béa soagnembodimaniai thendioddgradable pblymdrdésdelected from

hensel v t th licati . Th . .
theig RERWP parIaSiTs Aad ROVENENDRePINATNEIe: g8t PRbEMIde,

HPHOrélid-B88edY pbhedr, SQ"J‘@%Iy(cVBﬁééé\*fi}Pdté?"i‘td OpohirdtRSne, a
B leld for

surfaceand/ or exposure to a nagnetic
paiyethoesier, ensolpdihgdpyan, land agolyasetalgnet i ¢ assay

devi ces, nenory, devi ces, ,spintyonjc applicati,ons nd
separ it P GMaaianiR e RelveRlat B ewiipy” ffom e group
¢HrisidtPResf pubiRtic a8d! polyBldligescid, FBFy’(‘Iﬁ?;GHrBQZbutyrate), OFoly(e-
delivering a’'therapeutic agent to a target, the netho
Qampka'cgmeg; Pelu§s-pradigiagichgandmaly([dip@ngnésar ed by the
pr eselrat géfmg' 5&588%‘?%‘(3, the polyanhydride is selected from the group
consisting of poly(sebacic acid), poly(adipic acid), and poly(terpthalic acid).

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.

In some embodiments, the biodegradable polymer further comprises a
polymer that is responsive to a stimulus. In some embodiments, the stimulus

is selected from the group consisting of pH, radiation, ionic strength,
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nmet hods; (b) adm xing the therapeutic agent with the
particle; and (c) delivering the particle conprising

w0 b@stibs@peut i ¢ agent to the target. I n some PCT/US2004/042706

enbodi nents, the therapeutic agent is selected from

f.ad i .
Eadntae ah YRR FagRellE iEld, Ahry o8 A8 HFating plsivis,eld. |
SHrRBRerAboGihirts hefstnulos cuimprised @it aN@fiading rﬁb@neﬁiﬁ\ﬂeld
RNAi, and a viral particle. In sone enbodi nents,

parti b éomn@mb@égngntﬁl e greed p@nwlgﬂﬁeexpwngéhe ‘particle to

Hbé?@r il £ %r%%aﬁe pQr‘P { A58 defivafd£HS Bk target. In
romthe conS|s ing o yester, a
mhyéa@rlfn}bddlrﬁ@tsatm@ley@ﬂsldg ofatr’@hp@rnftﬁbeé QUSarbaﬁtechating magnetic

0 on cyanoacryl at e) yur et hane
ﬁ@ﬂysw%?eé @rparycl?oﬂ%@rﬁgﬂa%rma&nphm ha 0P| yg@etwothermla

é%c%%g%n%@%rﬁﬁﬁéﬁlah&?‘for&ﬁis%eSter is selected from

he group consistin l'actic acid, polyglycolic
aci d, Irpedam(ehgn@bodybemtw meaheabpn‘oﬁ(ue:cmjobpltlaetrxm’ec)le induces one

gﬁt’%(/? nal Ihcqr}%g S‘EM anmm d&gﬁggﬁggf 2of ftBSmptaﬁtéCIe and a

&S| patAterl oP Ghey ((BRRACT ¢n alfhl: eRHOHiRENRE, Cthe phase
aci d), and poly(terpthalic acid). In some enbodi nments,

cm@gmiryﬁm uelymrmmmwtfcrfdhetnaétlgluemnpﬂae$ St ¢hﬁﬁgﬁ from a

Ssb b SRR BhaSd n Bl SeR e BEbARRRY feing Bré8PEnpnge from

éfsﬁiﬁdtpi‘r%\w 18 IRRNS phhbaEa0bed thHO N BRASRNRL &ge®t to be released
gol y& hosphonat e, and a pol yphosphazene. In sone

enatisle. t IResasne @sghediments, joe yriaaseuet thertherapeutic agent
|
eGSR BRIl F R BT RIS S ol et eq 1rom Lhe

gr ouplrestiesérnbgdinhentkl, thealdrgdtiiogelectad drom the group consisting
strength, tenperature, an alternatl ng magnetic fi

el
aha sAl-roefhat beRfids) it tGellpaneingy pepdile. an MEuIh receptor
l?nalgnet :‘"Et'? [?élb? o |l @St %5%%' Y vasoactive

I n sone enbodi nents,
mmsirormesepmﬂmmmgnhhberzammwsd entim)dm aid arvntatnlng

?g?gg{/\l_/iﬁ] ];:és%le%t ?g%ee tnpe%hggsr to% %heeplressedn |y (\IfISC osed subr}ect matter,
any animal subject can be treated. The term “subject” as used herein refers
to any vertebrate 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
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, carnivores other than humans (such as
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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sonme enbodi nents, the exposing of the particle to an
alternating magnetic field causes the particle to

w@e@daecreheat through one of a hypotherm a pr oREEESZNH042706

a therno abl ati on process. In sone enbodi nents, the

05;!51]9 h r
|,Pfﬁgetrqgg{| nt gtlg%t 9@9‘%0%%%’1&%5?2@%2?? ‘e anggapoultry,
dmgipbetikes.m c treatnment of the target. In some

enbodi nment t he phase change in the yner conponent,

of tﬁé\epgﬁaﬂc’wns rERsNcea arg 'eﬁqﬁagteﬁﬁrﬁrsmsem ?%ﬁ%zg@ in their
Rolp!S RNEE 0 m:;rég e

etrﬁr ée ?iritcj)gn“ a sol(ﬁ?tgmaase tlﬁ@? IﬂP ul I%nhgl?e %22%40?11666 to

Dé&rm}neutetcalagé& Raieb’eNoeIGe&%&,%@ rtorDure epaalt;i ldiSe. Patent No.

OS5 5 (e gnArnat ot 8F PUSEREAC lbItatioBal et dasipiftion No.
W@@%G@Wtd@@ﬂcﬁaﬂ Hn%emr gehl. | Raa@/@mkvmzm) Mornet, S.

group consisting of a ceil-targeting peptide,

edcal,. perdat aCheg:. O 2] 751@066)99@%@_@9@@@1 i @bys. D:

ARRIGct P o et ony SFepette, (Rt ERo pp bt et_al.

RibélebR8s-hepiist satamm (2002, vesipesiA.ta hhe sm&:liwl% 1488-
of the Present di scl osed subj ect matter,

thinamé Sumatedt ahe Scianee” 28b; 4989- 1;5@,3213(3@00 United

AR, LI SHEAE SR P et

W& 03/086006ytougafiathan Bt &he di agnosi s of war m bl ooded
vertebrates. Thus, the presently clainmed subject

matter concerns manmals. In some enbodi ments provided

)%F t Wemc?cg 8P ?’:aﬁe?mﬂé Nathf AhEES ntRLid BB Fe8UCh as

mans, trrose nmanmat s of 1 nportance due to

bei ngnermbmger@tib()dmndmtas Biebeprieaantly gdiss)oseat SUbJeCt matter

I t I d f
CBSRGTDE MBIl RIS Saro 610 BECIAPS PirpBremees for generating

sﬂl?f‘é'c@@' éﬁ&e%o%‘% F?ﬁ}rﬁ HEterl Zs‘?r‘%r%iurég BSmbRkules, or self-

I nstance, carnivores other than humanhs (Such as cats

mdnﬂ:@i)strsoﬁun&s(pﬁgsor&m@yn nars@nvwl&inbodm@nts the presently
i i.raf fes

na}g Z‘Pieltl %@?{ 3%?&{@5 D et hoiﬁgpﬁg? g a\pafyral structure,

P IrAGIEARe ! Bﬁd@r%%@ﬁla%séﬁﬂﬂléd stiieAlr8ENh Sofe embodiments,
l'i'vest ock, including, but notlinited to domesticated

thei methedgsfusther hegrpriseanrerlirating héhe esatusalil siryctugmd single
r}lgI%cbl'ekeand/or a self-assembled structure. In some embodiments, the

method further comprises replicating the functionality of the natural structure,
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,
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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The follow ng references are incorporated herein by
reference in their entirety. Published International

w@aDsApRbé cati on No. WO2004081666 to DeSi none BCT/EB2004/042706
U S. Patent No. 6,528,080 to Dunn et al. ; U S. Patent

e P IR s B Rs  iuses” ANBHRER. gnisejigs, and tissue

sdffades) ; Hilger, |I. et al. . Radiology 570-575 (2001 )
; Mornet. S, et al. . J. Mat. Chem, 2161-2175 (2004);
Ber r y see enpbegliments, thenipapressiop s meld isHysadcto replicate the

Aol HoCnha el JTHEER7 sy SipBuie; frpiorsy sgt-gpsembled

strubwirericie drb, isdkh8ed objﬂéﬁ dr%)@u@ce. _ﬁﬂdo&tmérrﬁxodﬁheaﬂs., a non-

BT A SN G R T

nﬁﬂeﬁd gﬁ’aﬁ’! 8P MpaclO Qﬁ’s%ﬁ@@@@nﬂdﬂh’ﬁ%h'ts@ﬁﬁ@_ BbldRld paft lor surface
Met hod of y

Patterning Natural and nthetic Structures
prod wmdeb\etiis dhnosass cantee psead antany dippticatiets, sSadjdiog, but not
.matter descr,i hes net hads and processes, and products
iBebBBOEEa T P GRsarak S S PRLGES A NSRS MhBtips of the
nBairdl truStlFdIS b @SwWhid ey BR] BBHVES. 1R'scYRS [ARB&IT &ts, the
structures. Accordingl é’ i'n some enbodi ments, the
|

npiwek stiugtuties cooyyibesubjaegicamtissue. dekic spaes eanbasiments, the

e 0 BB Do W45 o) B S o 1
seffi éhitliraeritb e thetisldgical tibslie Commpristesvesls @ati bone. In

the natural structure, single nolecule, and/or a .
seB1e eaboaipEEts stheuriplnaical itissye monepiises iBRPs o gastilage. For
. ¢ conl | . . .
FEMHRE HfdrP R oEERIIERS. "EB hEsehlp dictfosdd Cthi8EP dter can
beelifed o epditterh Surfaciesr for tehden panid icautilage yrepair. s&weh repair
enbodi nents, the nethod further conﬁ_r'ses taki ng the
typigrlbstaayiesy theovee ca"a%w'afﬁ%twu'ehm@?e% 'RgT eadavers and
nﬁ%%‘hﬁchm@é %6r Bsd Blsl rePpEReMRE. Mo Uhese 'ré?léegﬁﬂents fail
enbodi ments, the rnpression or nold is taken wtih a
blecauseir rax ec aneotyyapotlgwer the mriwanys patterm thahds required for

BB Sl e RS B agin aeviste i

pfrémgpﬂ_onal ly term nated diacrylate. In sone
enbodi nents, the natural structure, single nolecule,
and/ on sooid esbedimhentss theleregantlysdiselpsed sdibjeciimaéer can be

a%{oﬁ%ﬁ) | fé)gr%iss'gﬁlf?' ?r%gghgsaQQﬁn%ss’ingVisrtgl%esc’ellg.nt iRIﬂ%S‘?SaII stem cell
approaches known in the art require molecular patterns for the cells to seed
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
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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surfaces. In sone enbodi nents, the inpression or nold
is used to replicate the features of the natura

warogabuse, single nol ecule, and/ or a sel f - assepobUsZTIN4/042706

structure into an isolated object or a surface. In

L S S A

soiiréssing the dree. trams meheﬁﬁmgié ments, the nolded part

or surface produce this process can be used in
many ap?@m%&mmmeinrmfueu Rigsently dmlowdnsubwqt anatieruig used
YRRk SACEE, o A LG 20805 s,

srdme eercbodllmeaMheranymeeMai;temlhm oat/uuehs memcémroated into a
jcal tissue, In sone enbodi nents,

|
n‘g{?giogﬁckglq?rsg © Gapracesthatsias theom%%d’@m"y'scent of that
blr@:f"lgars RS, dta8fidm, 'E)rSQ)Wlser@Bﬁb%E%Et Sntd hﬁ oln some

gi cal ‘tissue conprises vessels one.” In
egntbadimenis, shetrheldbitsslidgire glicatess ae a:emﬁaces,e\shemlmume surface-

il E I [ t
APEheh 95l iR RS el rSOo BRI SR S pacteriom, o
*st}@éﬁﬁcréurflﬁcﬁﬁneoémbgﬂﬁe\@n?éthh%afféblldég@d TRERY fs uSHAN as a
repair typically requires the use of collagen tissue,

oatalyst, 8 nostisnsenadava themreuiicsagdd, aaemij a‘rtdrthﬂzslé<e

e SBURERTB o O R BBASEIFRR: g et

the distguérest iew theppag®dgkntsihe soft |ithographic
net hods descri bed herein alleviate this problem In

sone | $8610 ABIPOSIMERSS, B\eegréaﬁrpwqie@laabseea SuEye., bacterial, or
VIR {2l “Pﬁm%@p'é R tﬁcﬁ?%ﬁf-rgg%%fn ﬂﬂ&(é‘sc"tﬂgt have the

st ém cells. nost stem ce hes

sahe aurtfam@mp?d@apby es thaogihbemzerémoldduée, dsadtsridi®, or virus.

seed and row t here taki hg the shape of an
rar@%me SbAdHRSHS) o MOGIR GKYICSoRTa KESH Ko Crppies biflogical

'Bg A&y ERYieGRs bn%%aftf)oih% %réiae'?\tcea'}ﬂer@oﬁﬂcreatmg

as crystals’to see anoganfna trans
antibodiesg .orlactisatimg eentﬁmbmentrssomleeembemm@htls ﬁrrmlmolded mimics

fnﬁé}?@pséjebég\{re?&%ﬁ}el Sﬁg&;ﬂg gsrbggatrﬂela dr\?e glfiga S%?/ ofethg ‘biologically-
abﬁ@@%r ?b' @fnthe' 'ﬁncﬂ@@@ R4l FeBhRanédte Hyaéeédr?écet fhdrffication
replicate mol d conprises a materi al

technique.

Xlll.  Method of Modifying the Surface of an Imprint Lithography Mold to
Impart Surface Characteristics to Molded Products

In some embodiments, the presently disclosed subject matter
describes a method of modifying 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
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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that is simlar to or the sane as the naterial that
was originally nolded. In sone enbodi nents, the

wodosnoabe t o be replicated in the nold conpri SBEST/ES2004/042706

material that is different from and/ or has different

ti .h t t erial t hat 1 gi I
ol ablere Fartolaty.deoEBaP 1o AP AT Ao SiEage eneray
pé%@'_ﬁ:shﬁ@er‘iél?opﬁm pbl’*t%@ﬁi?ty?‘%t PEPET fdUeis MddHRIEDY a surface
enbodi nents, the presentl I scl osed subject matter is

mpyhtication slee, whereinghe swif@seomagitcalforasiepeiszgetected from the

OB ARt B st iy BT e ahd g gagormtion
oflirfeleetiRsobilietones epbGUimehts! a86 rmbRicUNes ddeerisdtRREring the

rem ni scent of that particul ar enzynme, bacterium o r.
syrfage Fegslilicatioad stew oare . s¢ieciede fiembotiereafalp ternsisting of

' [ ' f r el e
oBRRAATES Koy URRLBH MBI aREs, S8 ELAAL® In some
esiblihentsathe styictiredasdrticiessn orosbjectsusbiadngd froem tHensurface-
sone. enbadi ments, the replicated nold is useful as a

g@n dhe meld. n

treated yaglds £an agndefifiedsendore sHpReriEpRIGHS

sBﬁ{éCié\%boéfﬁﬁ’erﬁE,e thbk%odliﬂcagpﬂﬁ JBNtipe H€.orientation of
surface-attached replicated nold 1's used to facilitate
mdiecuies coveoigties witbuhée meolapalegs comgening thenmettes! products. [n

SRR SrEP i RS PRLBEMN Blin e RS et mparts
cBAAMS %r&géﬁi@%i R 1thBY nfdlded | BPodli@s, NAYRIAIHE &R8Rtic, wettable,
surface topography as the original nacronol ecul €,

adhesivei nom-stickinteniactivien o oat irtebactivee mthen theemetsdegeproduct is

oA BT B BORE o REhe% BB EERET 3 gFoferts ar
uekgabl f2eilitdtel pesthetory witht bivAbHiBel [iSSEPINT®. pldveddMeraction
enbodi nents, the nolded mmcs function as a vacci ne.

with biglagicattisavesnfwplieafionst@f e pregentlyedisclosed subject matter
hi . I . ¢ | . - _
RO AGRI e, BRI HRAEAI i, discmse

diskddtiod, ahd Meghafationgnedia. Sur f ace of an | nprint
Li t hography Mold to Inpart Surface Characteristics to
Mol ded Products In sone enbodi nents, the presently

)@n‘gzl‘ﬂp@ﬁgdgw ‘c?&égﬁ(?etli Efgggﬁﬁlﬁzi ﬁ%%uﬁg}&?o‘?%ﬂ Rtticle to an Agent
I n sdvso didoimiedemersin ishe mmetHont fdruselbetivatp rppbsieg the surface
oif gﬁaarr%icizlg%séwégaecn . In some embodiments the method comprises:

(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 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.

In some embodiments, the elastomeric 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 sone

enbodi nents, the nol ded product conprises an isolated
worplodaai4ps oduct . I n sone enbodi nents, the i sol BEEUS2004/042706

nol ded product is forned using a non-wetting inprint
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tructures articles,.or objects, obtained fr t he .
18 FIRES BT n6PaBTsiny (ohEH o Sl eBPirbliEninescent
rh&RABMRNESh Frdrh ethePhgent! 8t SRMBeceHR® YorEiBhSof the surface, and
nodi fication conprises the pre-orientation of

astallishingseleetrigsl eamewinigationtbriwesndbe arganicmelectrelurginescent

rﬁ%&gfig}r)%,glﬁgn%ﬁg&}{g%ls irﬁ(l_gﬁ sone enbodi ments, the

ation hol ecul es or noieties inparts

cert ah rsopfie patiddidenhts, tthe ageihtd ednmprisdschdiquid@ruslicagried in a
catal ytic, wettabl e, adhesive, non-stick, Interactive,

lighichoin SRS GEPOGETCHISe NQ RECHb PAIRPIBPS difet Prasiyst ¢ chemical
\/'8:;30?“31% Bgiiioﬁ.nvlhr%@@m?é@%tm@bg ﬁfe%ﬁ}?r%‘é%h? product of

opertres are u to e interactions wi
daipokitighdedmta gasghaset dnpenesmbodiseats| the ageht comprises a

bi ol ogi cal tissues. Applications,o f the presentl
paPduttotd ebRaBe dapasiion, | RUFRRISYSRN<R < SPUftPEYE, * In some

éﬁ%&ﬁ{enk%h@@%nt%ﬁ@e&égﬂ Q8¢ &SeleBteRFPical deposition.

detection, and Separation nedia. XIV. Mthods for

ISekente varhodirmmrgs,ndhe hagSolr faaaprifesara Aproduet ©d electroless

C@ent.Also disclosedbhﬁrei{}iia met hod_f or lied fluid
C&tienvel ' S0HOS; RYPPALTNRr 4BE gPeah 1% ARAllE ¢ dogy a flui

pRe&sor.! h 86AR smb@airﬁ@ﬁﬂ;,swm?rig@é lOSHIG eI bs §8spdrion of an

shielding a first portion of the surface of the

irergianice camppuRdras ki ngPrBg s eamodiinents, nthéeingigainisg compound

B ARPR A5 BofRRd Y e fudeatab, conr o

In some embodiments, the fluid precursor cormprises a suspension of
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
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 nmasking systemto a second portion of the
waemwosaecaeof the article, while preventing appl PCERUSZING/042706

of the agent to the first portion shielded by the

RS R TP AR R o B oo
emnibedimerits, Stheeahérrﬂxfallyf@;tﬁ/baageﬂﬂsc@m{:’»rl@es an agent capable of

cross-sectional di nensi on of | ess than about 1
R¥PMof lﬁetciqposvtm S Bl Ine it SOMeaemhedimpatse Hayenehgmically

ou
e B oEanpabLEN, LS 7 i ShpbbReLing moino
fartbenompases; aﬂachg ﬁmﬂsemncbporftmsoftmarslﬁfnmt oﬂoﬁe ranticle to

each of the channe]s has
g 6E80Gccl SHAT QinbeREnehisofhe.Beeiroq THFiher AogRises removing
tﬁ@t&gé’cﬁﬁ’@rﬁz & 8Ped rﬁ%‘%{ {}? ng}%?erﬁ' Offy IfIFStrB%l&IOH of the

l ess than 25% 1In sone e eaen
atticlprausteceanhite dgaving the ageot adhawcmwthmaemnchlpmtuoa of the
%qcurﬁgr thereof. In sone enbodi nents, the nethod

$'E e 8%rrpr| sing allow ng the organic
el ectrol um nescent material to formfromthe agent at
X\e M&ABds RO oG Erdite et e Rbratid est ablishing
el ectrical communi cati on bet Ween the organic
eI ectlihel presemilyediscloaed rsulljecinuatiar @lssctescritbescia guethod for

th t I
fpEniBg e ERORReE hiHmbyahen Eosu e TRaN e, f Rtigang non-
Watiimg ite@pldtBeispforahieet bpfcomhestingal M@P%u@emﬁéﬁé@nsuém as a
some enbodi ments, the agent conprises a product of

Ridpo snatpdal, fmtoa aaaa@qﬁihawtram ag@rieading dae festtlisquid ipaterial,
GRS ERBY SERuRERal ShpSluE SADREEEHERTp atsrped non

vegiting teapiaté s kheappitothect sulistelte conqeizeri £ dlurality of recesses
deposition. In sonme enbodi nents, the ag nt conprises a

0‘5,0@33([1;[@{5 configuegd inpd @@gc@gﬁgpp,%ﬁ; that atterne d non-wetting
AL %ﬁrlséQ% ﬂf?gﬁt @ udilﬁ feéﬂﬂbé. F k9 atterned non-
p Ao PE0n

cursor.' I'n'so nprises a solU
veettisg spmpiters aforﬂactedonmara semmrbd]qlund miateridor example, a

QLSRG Fisih oh FES aF t1hecaBilitaks the patemed Ron-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 to form an interconnected structure comprising a
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. Methods for Inspecting Processes and Products by Proce sses

It will be important to inspect the objects/structures/particles described
herein for accuracy of shape, placement and utility. Such inspection 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
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In sonme enbodi nents, the fluid precursor conprises a
suspension of particles in a fluid carrier. In sone

wenwsdirent s, the nethod further conprises al |l p@i/ng2ondes2706

fluid carrier to dissipate thereby depositing the

AP Sl o S A0 5, AR e 86 row o

ne&ggtirg abl YoRcdimemsigentatiriblaed;| baldnciayr ireichides apie systems,
enbodi nents, the nethod furt her conprises allow ng the

which @yparically meaghes ppaias @Qféqcéﬂpa@@a@sqrt ngppﬂ@nt balance;

f
AIGLAEoREHE ISR a0 10 B9yl o trr
vitat pmeagwtbcnrerm'rd He gagepoWhivlbraner desigsed forl intesored diameter
enbodi rreC t he net hod furthernéo ri sesfoLm'hn%_a. .
dygepsiens ”%&»‘ratSPEEFfBe'F‘? BhABPRSSIHTYBPIGSCRRES sWRICh, e dpgpection
tS&i@%'tHTﬁgfog?r FI%)?b@“SMl&@F"{UUG@%H |Mfér%9¢ﬁ§péb@iﬁﬁrdfﬂﬁélé}>n bores,

agent ca ronoti ng deposition of a materi al
clanitieenandrt’oednkaenabpershwhmetypmﬂlywsaca W@magahde movement
co ses et,ch In sonme enbo t
1SR Sisie SRR r teP B PR SRR ah of ol el Hratsed for
o%%;faﬁfﬁ@ ef tﬁa'ﬁ%fe&ﬁhgcdlﬁ\eh@ld?ﬁ S\eProte’s, S@TBh are transducers
nmbodi nents, the net further conprises renoving the

tbab@omu rhysicsl asneash@m@@usu o ssleetanak signalheusingtvarious

ORI yeldte 2 B AR e BT o, gBbrance
instrurlyBihizo daidrofoFexample, Engcalsesareduddty aresuidithe properties

presently disclosed subject matter al so describes a
afeRaiols aid cogtingmdnelHdisiggrelesrdassehdramad frangpaeency; color

S0 314 O el T0 hcB, n

afmtlmsledlon Wiae foathpaio}lcﬁ‘r medelsy eist afomraodlyttheaRGBg mbael (red,
i rst ui t [ th

ol IO PI BTG TR TR, M & GRRGAT IR Systems

&{sﬁﬂe@tﬁy mbiye é’%éﬁdﬁﬁg %B%ttb%&eﬁﬁ%rthée&&dmates of points

I ty of recesses r cavities confi gure In a
csrpecwbrlc pirepsusacd] dépih ga@eqoaulmehrm"e used detmeagure of the

Jﬁpgﬁ)l ate !c;ﬁgrl sea@st pl ura lyggfgiqeoger di n%wéeacmube@?vwdeo
rﬁ%ﬁ%@pbsqw%m@%@rd@hw fé&hn@wmoedls@wm@ dgkhlfi%d image;

resin. Aforce is then applied to the patterne

dmltalweadpn§ 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
measurements of a product's or component's dimensional and form attributes
such as wall thickness, depth, height, length, 1.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
beam of electrons instead of light to "image" the specimemn 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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tenpl ate to di splace an excess amount of second |iquid
material or "scumlayer." The second liquid materi al

WO g00sheres r eat ed, for exanple, by curing throupg/us2004/042706
exposure to W light to forman interconnected

[ . [urali d s
235t BhSed PHCoAtS e Brdbinand utfiude AREIS BooBS: fal Gages.
CENRY SaddOMENSIPONGHEES, | PEclbEPAGEE - FillBt BHles, Gear Tooth
enbodi nents, the interconnected structure is used as a

Gages, aca@ge o Ssl@prasml@r%pe Xeageavdtadus Gages.nspewt Phdhread

BB (TS HedES: RAberr a0ng, Brpuc b iiages (Rheet /

Fdéfé)”/\f@@ e%l and Ww@@é@é@cypéﬁalﬁﬂﬁ@@m g eRs; eNTREN aﬁeﬂdsed to
utility nsgectlon can allow for corrective

na%r@ecérwr@@etﬁr& A% Founginegsas aguyarity, QQU?@W%S‘&B?'QN”GSS

t T I
AP gl B98P ShraveiBRelRcRyd, TRRG o1l whc

amblmdalnudaetwe\@ utoR irecipe egagemaleard tcflémmctao gnasciessLl rfer @Jallbrating,
ort. di ms ional attributes; bal ancin g‘%cgt]'gnes and
h

g an eé%nwﬁa%fm ¢9MpaAlyp r§aggs, Which are
k{%‘a P En&hs 'éeﬂélgls%ﬁbﬁtegﬁgoﬁéﬁﬂsocgﬂ SRdud ?éé}ﬁFé%O‘?ﬁdlcators

typl ca are tudy organisnms and their
and abmpamte&iserm:clbaneaand witergathesljnegti mbvamend@é iagpregision
for |ntern di arretgr di. rrens .onal asur enent

Sedile SHEREoDy b 300Ee idRnection, and RERld AoreeShies. such as

|34kt éhcﬂ'n‘i’arﬂfngf fdﬁé' HcudRg iadld foshesupplies THrRY keessories for
i nspection of "holes, bores, cavities, and the |iKke;

dialengional weasirement.al marking alapeeti b 9rth@re W@@bmt shop

g SR el SOGPEUEFE s SR

ifiomnemensts, Whdhparbesed Whhtdhsare distancslie @é@né bﬁWaveIength
convert phyS|caI measurenents into electrical signals,

ansl iy detrmens waygmth@ 0§ @@ft@%awqh’ﬁ iSPUIGRS; da@%remlcrometers
\/?ﬁlEHCHé[aEFre %ltx Qﬂ&?adlﬁgﬁge% %'TSQ&S telHdidby; levels,

exa ically are use sure trie
whiioh edirei mechénnal mselaa:tobmoabollsg’fhalt nnéasluregtmaoilmhnatlon of a

a dt I
Sicsirel B e FaRn UL, IARBITER BTG $9UAEIANeHbich is
U IWF]%é%%no deﬁﬁ% ?ggtsoinc} H%&ﬂ}@&omﬁ)@%'eﬁts 'YR&§nifiers,

conmon green, coor di nate
wiiah are rigs pectionnias{runtents treateareeedeahta mgmfysa gmeduct or part

e S
éiéﬂ%ds"%r%‘alﬁfrﬁhh{?%ﬂhép gaBasUheesduri@emicroscopes, which are
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
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; optical/light microscopes, which use the visible or near-visible portion
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depth of holes, cavities or other conponent features;
digital/video m croscopes, which use digital

wo ewblnol4egy to di splay the magnified i mage; di BCT/EE2004/042706

readouts, which are specialized displays for position

ﬁ‘@uedélgﬁﬂém%gnéﬁé‘@k)@&ﬁuﬁqr %ﬁ\ ' %!S&ﬁﬁbé&@o&agﬂﬁcr?% instruments

near scal e ot ar ers on machi ne too
tmatrewwj&n’oaa gmm‘iwhdmaget ptnenofiks, o;ﬁhacpaptr oial e screen for

¢
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Pa8UEHeCRp IR AP RS RS 8 TR PSPl fing gages.

Whighl 2e8 O56d ORFONRINoWo! Chssissenteritocufffirégatd Ghe specified
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@mqmsmeértﬁl@rawsay alyifites afrmies. s f%ﬁnd)rctbﬁ«wﬁot plowls; rules
f%&a 8% P(V‘féréfﬂa?fgradﬂﬁ%%f:%bé’le tql d’?"l%ﬁg&{ ﬁgéa%h?ement
op

rror 1 nspec ion 0
amatl wihaeh h‘ore@El\ﬂlam:chgtacg@ digital ddr eleetroeisi lyrezd doales are often

access a specifi cattrl but e based on conparative
YRR ngNaR AR9ESe | WRIEN AHE! aseﬁgaspr ClioRagRingeeWiiEe specific

cﬁ’éﬁ%‘imcé?r grl 'thlékﬁésseff\%aassurg %h‘f’sr g%’&eﬁe t%géagad Q?élﬁ:%’ntly with

Gear Tooth Gages, Gage or h| m
mmsum aag aspu&wesxpmal’ﬂ;hmds@@pash wiageare Waeprde for specialized

es Tuhe St anda Ga es ( Sheet

i"é‘ 'O”WMC’@E‘&eE‘eﬁﬂﬁ"Wrge'@& pBe a‘-‘lpce;?)%"&ﬁﬂqt“h“'q”es
180 88ousHYsCHr @ﬁl@rd\ﬁeﬁ/@stt% b@ﬁ@ﬁﬁtth@#r@%@fléﬁSséUéﬂésa%hlch are
roundness, rl{gul arity, uar eness, strai ght ness,

ysed inclngicate fowo swms rmpadmreaﬁaenmlypreg)@g@endlcular styli,

diPEraand CafaRer, TRILARaffel ENERE AR Bontct tis

Sepbintg Useyeth prshe @UIFAESS ii ecap@fsionh@itahpradiksrasters, SPMs,
whi ch are used for neasuring the height of conponents

eMMg.o @iagest eadudivensinaak fcensekmd sedapar Riiemetgs.cvhich
r%%b‘.fe sUffsee g‘g&fﬂe& Fbﬁ%hn??éf e”‘é{).‘he% eﬁ,d%ﬁ?érsﬁrﬂéh Pagameters

rndle or pr I nspection and
w:cseansmhgea mécitdnics étaljaetﬂicrassi tharéamuglet ot Ith?rough noncontact

| udi tool s, ,supplies and accessorles
ﬁiﬂ% gﬁ ‘Q@é@@?e%‘ﬂﬁ?‘ ahRr m@@s‘qr‘é‘&d% “éﬁ“eﬁﬁsh&f measuring
S i C
B e BE Bl Bk AT P FIORESLoRs R Enspection
tablscthabcaptuse dnagesrﬁfasrumeldm MIamdmrbs or epnitiesf
wavel engt h

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
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.
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and to determ ne wavel engths of particular |ight
sources; laser mcroneters, which neasure extrenely

waeembli0dset ances using | aser technol ogy; | evel BCT/vB10041042706

are nmechanical or electronic tools that neasure the
inclination of a surface %m | ve to the earth's
surface; machine alignne nt, which is used to
al i gn rotati Reppwesentative Ppecddura fior Mheeﬁ amghponent s;
magni fiers, whjich are nspectlon i nstr m%nts that are
used to magni fyuENGragipcurable Eerfluciopoliethers 5 | ens

syst e sdﬁ@t&ﬁbé@l%egg§tﬂhﬁgs s Al &lHY Y PRPE materials of

di mensi onal standar for calibrating otHier gages;
theapmaen@yndlsclose@p@ﬂQJewﬂwntahtearle mmwrrmd thyouaigethre method

ePB BB, RS 48, G oo h 5 28

BUR), S th arlef¥hd orm}aﬂvegsht% ﬁﬁﬂﬁé&?laté@ﬂﬁﬁnoﬁ@%t@%‘j of a

with'a wde field of view netallurgical m croscopes,
cgmhterciay @@dabl@r PEBEaIdIIQJr@ﬂrca 386@p@/¢m@1brwlth isocyanatoethyl
ro ich are t r unen eC| si. on
Brfatdioia  ShbFRauSuneneiadh e of thBoafiSt itiascamplished
tAfidh MRHYieg Wwith & Grishaies Mlﬁﬁithéiﬁ%hdﬁ?l&@[ﬁpﬁ@none and

| aser mcroneters are also available; m croscopes (all

Xpesyye tQ/\Hlchdaﬁt@ﬁ @st BARewit)s that are capable of
d b
g[)? . é"g'lt?ﬂ? gﬁﬁm g%o:ogg V\g ﬁ)r Q%Ja{hh)g Jvoffg.tpglrﬂuoropolyether

dismthadrgide e p(PEPENOT DIMR), €l epbly(t@&gﬂ&bmbﬂsydené r unpxide-co-
tical conparators, which are instrunents

%ﬁwr@me‘fﬁyk@agn@ww wnigh (490hby @N?@%Mna%a?a ﬁOQrﬁ/mqi 95%,
&l&hﬁﬁ@ﬁﬁ gP&Bﬁ{gda%gQMu%a%kgéa\V\Heé& s, glg)llrn?ad Bgég{a% Igfégﬁenca)

sca which are use
(55753%73;791‘16 ofmoid | easratideldoto & oenSH0ons. couhddsdticnsflask and

Co to specified tol e ances; tract d
STgPa i aGoriRT 1R TR 2 ahale T SR DI (EIM, 99%,
@thEﬁ)f?g(Mgf mi, @%tmﬁfol)a@é@’fﬁbb{ adde@gv@agﬁrﬁqe‘r’]‘g!oﬁg Whe 1,1,2-

used go/ no-go" assessnent compared t
tﬂpblorcbtrlﬁdomemm offraieon ofl €3 aB8%s Aldriwh) r (bunky ahd dibutyltin

Jrpents i3erPa Yoo daac SR o Tnb Sof i Wag i irEised in an o

U&ﬁ%&%ﬂbveda@sﬂhbt?@of ¢ fOEM4aRPMheatolRnsn Whg ithénh passed
or electronic |inear scales are often used; snap

thegpeah  avhtlaienategac | Wlpmﬁdd@hinﬂjﬁase‘flﬁqmgsﬂ\ﬁhel?ex 5 cm).
SRR P P TR TERAR, S s
fagBer pufifiedbg peseage shrowhh @0 . 2paur sl dthérseifeat diltez ed

In 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-pm polyethersulfone filter to remove any DMPA
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, A =
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appl i cations including netallurgy, genology, or use
speci ali zed techni ques |i ke acoustics or m crowaves to

w@eoosaorsé hei r function; squares, which are usedI/U82004/042706

indi cate if two surfaces of a part or assenbly are

Hep b il r
e e o e A et #a clear,
s;hlghtlyslelhswdrubbqnymﬁesaﬂrfaces in conjunction with
profil oneters, SPMs, CMVs, gages and di nensi onal
scanners; surface profilonmeters, which neasure surface
profiles, roughness, wavi pegspfd other finish
par anet ers by scanni ng a TMec anl cal styI us across the
sanpl e or GE I : EPEi DMéaldeyigges

whi ch_are d| y ns s [, uri ng .t

o 6ok S SRR ?ntsaﬁaﬁé?gwfan el @os%s 3 9588, wes
fabtishtedr £cdorgipgriol e et @é@drlb@apbyuR@llaﬁ@g@SPf eeml., J. Am.
i nsi de hol es, bores or cavities. npl es The

@I@emovﬁqu RRQADI T8, P322-Bdeh |Enﬂt¢fb'detbet|8FBEoDi|Vb% containing a
SHEARERS S R O DI s kB, 2B D 9 rges o

20 gal @ﬁt@da Subjfsit comtlrmg tHendésight pledtordmstpyattent This coated

di scl osure and the general |evel of skill in the art
walssewas then| plassd Kjipribei Hive clrng ehamber jepd fgpdiated for 6

Sxampkes %%ﬁaﬂa?él?n%eghqnl C%‘?/ @Bgﬁdyarﬂﬁ‘lgr et Rlterial was

nuner ous anges; I ons can

gredaopd ldy;ecﬂ)onmrgothge WEH?HDMA comtairtimg phodpiaitiatort mo a mold

esent, IS su t tter. Ex le 1, .
Rrrsing 40evs! PRk atnenibs Be B PRRPrESiSt pgttern.  This
\)t&’!ﬁ@ Qe AP GaleRs W:MOUW%M%P%% hihgame SI'TEQMHPW’EIE She thick

synt hesis and curing of PE mater| a
lpyerswas| renmiived. o$be tbl@hjleynr was theen pkoedrdotoredf bLye thin layer

ichnhet Bie MRS5S TG S SayBhs Siere B5yisl dlignefl, ok ten the
SrRir8 QﬂavﬁdéVng eFad ﬂé@ed"ﬁirWWﬁtﬁé@ fOHtCet ¢S gle'té( &hb@htl@é device

a commercially avail abl e PFPE di ol 800 g/ nol
Wis heplsolfyameahedtinyafermtithaunth layess asbbmtm@her

phot ocuring of the material is acconplished through
blending with 1 wt % of
2,2-dinethoxy-Z-phenyIaceEé%ﬁ%#%ﬁe and exposure to W

I adi Mricafof bbof Fsot8ed Mrticles using Non-Wetting Imprint Lithography

3.1  Fabrication of 200-nm trapezoidal 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
(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, a
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”
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More particularly, in a typical preparation of
per fl uoropol yet her di net hacryl ate ( PFPE DWVA),
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esul t | a Cl ear t e L rupper .

DMV 10 dhe %@gﬁﬂ@reﬁ R b? ratysyig tﬁ'ﬁara@mtéﬁ tgrUy light (A =
F

d?g r@%r ReVingfuitb8 viafBuRdERes Pgﬁigglte?a[t)tﬂ‘gg PF_hQM‘NX Cured PFPE-

such as a stanp, was accor di
DMEA nmolcbds désar i fedshded Ralrhatity sllicoP. ,masteal . Saparately, a

%@S@ﬁ?aﬁngla@0§°§i%©i2q§?@ry%gr<2n3§3 nﬁBéﬂg%fgﬁ/éA Hbes PERE of

p?ﬂit&rﬁt‘?étb?d‘l @@QFb){fyBWloh@x gHYrA RefheOf FIZR, RS, heh-wetting

waf er containing the desire phot or esi st pattern
smrf@cas()ar@cgenerated 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 uyl. 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
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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waf er was then placed into the UV curing chanber and
irradiated for 6 seconds. Separately, a thick |ayer

W@ alwsab1466 ) of the material was produced by POLUSI0g4/042706
t he PFPE DVA cont ai ni ng photoi nitiator into a nold

_;#_Jlr M QURALAG R 35 Bl S -SHU Y PERI L BRIdesi T ed

toresrst patterm_ fthrs water was rrradiated wwth U

l'i ghtA f)&vlltefmgij_l_gel‘ﬂuo_ﬁ!oic’&llgletl"ceam(Fl’@fPlEf)lh rapldt |begéri;aratedl layy pouring a
was_renoved e I C f

PtFrPeE‘ldHT‘ﬁth%[@t% g '?lﬁé?%ﬁre%m@fémﬁ? Ty ecoeigheR phenyi

gr?eg évév\igés %IHB‘{OEI it e%t? gragl%gr%d W -DeDakBR Q{ngrgierse(see Figure

nutes. Once co
1ﬂheﬁemly(rchnctéhylsdaom peelddd usedrotdoafiSe tlmaﬂlqmdvﬁ’lﬂﬂE -DMA to
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SHEROPBLEES S DA 90, e AR )T

tIfSiCHIIdrd £$H|I heR, rmﬁﬂi-ﬁ?ﬁﬁr‘mbb@d Ss‘lamméaasafmr deposmon in a
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pl'aé%dﬁﬁ)‘tﬁéyﬁé ?Xylhcm‘\?@fér EHHC’(HEdp% hed BEPEHBIJ placed on

non-wetting surfaces are generated by treating a
tsp |dfcdbn Thed subsiratenisdthant platedriandatislding Bpparatds and a small

TSR s Akiien ot ot et P RaR e 2 blfre 4B aratus
i€ fh ST SuoioERaCtY IUV Sighgns 5'3%5’ﬁﬁ9rfd?e1ﬁﬁshﬁmﬁﬁs'\ﬁhlﬂs under a

desiccator for 20 mnAiutes. Followi'ng this, 50 mL
ME®eh purgéat Barticles ane mhsesed afteh sepasatian ofithe o‘%ﬁPE mold

S A S AP i P 0 oo

Fﬁ%@reéﬂ rmll pressure is applied to push out excess
G diacrylate. The entire apparatus is then subjected
to W light (A =365 nnm for ten mnutes while under a

paWLh& %Daﬁrﬁ ff%ﬁwpecﬁéﬁ&ular PEG particles

|l e

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 x 750-nm x 250-nm
rectangular shapes. A poly(dimethylsiloxane) mold is used to confine the
liguid 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,
a 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”
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and the treated silicon wafer using scanning el ectron

m croscopy (SEM (see Figure 14). 3.2 Fabrication of
waodsnm4eoni cal PEG particles A patterned PCT/US2004/042706

per fl uoropol yether (PFPE) nold is generated by pouring
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l'at, uniform non-wetting surfaces are generat ed

rtn'rr@@&n PYrge. suH’ar@ohea/\af@rob@eémbaﬁw tSIeparﬁtrQ;mné the PI¥PE mold

aﬁ&d&‘@gté%at%grsé%ob W ?Hé'églﬁ%ggﬁ%%keﬁ&{)ﬁqjgﬁ% (F?i/ (,§EM ) (see

Figlire2t?). 2H per fl uorooctyl ) silane via vapor deposition
in a deS| ccator for 20 mnutes. Followng this, 50 mL
of PEG diacrylate is then placed on the treat ed

;f_%l ' Clpe{bf r%;l {% %d|é§6 ;{ﬁit Ft%q%kﬂfrﬁri@tﬂwggﬁﬂ}ﬁntriacmlate

appar(aMBT/ambmclsgall pressure is applied to push out

excess PEG diacrylate. The entire apparatus is then .

subj e%péaeir@wr?{ p@ﬁ@pfelye%eégﬁlzﬁ%) rﬁeﬁf kseGﬁf}ﬁrﬁtﬁOEEV pouring a
t e

RSBl TR O EcolRing  FINSFGARIPENeRA pheny

lsitdbne mvenad silicosi agbstrahenpa‘gemeebwfdmnZGDmmsfmam'zm(mlwhapes

bee RS TesRpdlitaitlbyS it ShoRb st io (RRRES the fiquid

Fﬁmbé DMA%%@@J&%%F@AM TRE é’pd:’d:rﬁ’ﬁrsdi's'mbhaéﬂbféﬁéé to UV light
E-DVA) containing 1- éflroxycycl ohexyl pheny

(Me=s 666 mwefora1girmirngas suivkst pader pamltr@gﬁeopwgeh §h¢/fmly cured

APt SR hah el forlising slicRBnfaRier peSeparately,

TMF?EFAdustT&ﬁjMIthM WS, @6 S piestofigstor, Thaya nﬁ?@émaew phenyl
hen subtéctedtoUVtht (I = 365 nm 0O m nutes

kmcpm% ubtgér uRifammar gyRIMTWSHING . Sum@emafey Qﬁmeé@teﬁFbE irRating 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 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 to UV light (A = 365
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).

-68-



10

15

20

25

30

nold is then released fromthe silicon nmaster.
Separately, a poly(ethylene glycol) (PEG diacrylate

wQ@ reed)10i4s6 bl ended with 1 wt % of a phot oi ni ti at BET/U$2004/042706
hydr oxycycl ohexyl phenyl ketone. Flat, uniform
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vapen depasdien e a ﬁ@snpp@f@r dorvﬁﬂtfmmtqso tFrllaydng rtgis, 50 wL of
'@%E?A n,;ghﬁwg @%E?ﬂdﬁ b b %Aﬁg{éds %Hi BRNGSrer BrdVihd g)mteﬁrlled' PFPE

der amitr ogen
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tone FI at uni orm non-wetti ng surfaces are
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I 1
Bt £ Poss Bl B rd vt Bt R p Rt Bty (sEM)
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rﬁ@ihﬂidHGndpﬁ@ﬁv@%tw amsthantoml/| using a doctor blade. The ability to
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
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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pressure is applied to push out excess PEG diacryl ate.
The entire apparatus is then subjected to UV light (I

we2@650mr9 for ten mnutes whil e under a nitr OPENUS2004/042706

purge. Particles are observed after separation of the
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gener at ed g%qgtreatl ng a silicon wafer cleaned w't

appainsis dogn subiected to UV dight éhtr AB8ananifenter raksl.uaes while
Qﬂ&%{%%ﬁﬁ&%@er 'g’%rtqcﬁ%? F‘f@ én%lb %&Pséﬁéfa@.bﬂf&(tﬁe PFPE

uorooc ane via vap
nheyha @indi the tieated ditison twa‘felr uging szénmn@elestroﬁohlmam)y (SEM).
this, 50 nL of TMPTA is then placed on the treated
silicon wafer and the patterned PFPE nold placed on

QJO oi:a'bhcaﬂ_é'foﬁ?@@ I&#nﬂr‘égbﬁo:ﬂﬁ?@bﬁ‘lﬂ!@ég abi) inﬂl) gbﬁ%les
excesé\ p*am raed Thexfleorcipoty etipgra(PitREs) nold e geseatdtedthydpouring a

KPPk Baeiatenipt PErOMAT, cofuihdcd Brdisho GBSk aheny
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waf er using scanning el ectron m croscopy (SEM (see
teepuFigure) 1. 6A maly(diethylsiloxamsgomald denised| to confine the liquid

PEFESPING WBabF RsBFelires 1 Frndielosis B SRSy g uv tion

?b& Bg@f hifg fer Wﬁ%rﬁht%t\ﬁfﬁ@ Mhaéea(mirBigeRMlIrgeontfientuly cured

E- {3(!)\;!( Cnxglldolget)l(w)éln |perl]§af]syeld from the silicon master. Separately, one
gram of (3S)-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
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 yL of molten LA
containing 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

-70-



10

15

20

25

30

5 ketone over a silicon substrate patterned with
500- nm coni cal shapes (see Figure 12). A
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smal|l pressure is applied to push out excess TMPTA

Qe fhabricatirpef 34uums ardw-Sieapedi(iPleR) eattitlesUV |1 ght (A
= 365 nnm), for ten mnutes whi]e under a nitrogen

pur géd nﬁdtetrned @@rav%m@@&y@.two(%@rm@@p@rgﬁn%r@tw byHeouring a
f
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Néthmﬁmaverlél gilican EObsﬂEMSpaitanadlmﬂlhg&wlneatmwshapes (see Figure

e e sloRineimoft e tecsangha e Ut FERE-DMA to
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['i thography met hod and harvested chanical ly
fddeotmmumjaewhﬂheua@en atyitroges prgeest hpafutly cc@@du I?FPE DMA
encg for the absence
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perfl uor op (ﬁéet Jher (PFP nold i s generated by pouring
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d
BRI 11 8 2P hr IR 3and U Jdobt deoSiton in o
desticetor Sep20atrehytesTMPoRowingokldsded uL of molten LA containing
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
separation of the PFPE mold and the treated silicon wafer using scanning

electron microscopy (SEM) (see Figure 23).
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with 1 wt% of a photoinitiator, 1-hydroxycycl ohexyl
phenyl ketone. Flat, uniform non-wetting surfaces are
W(gewe/acma(d by treating a silicon wafer cleanedP@i/Uk2004/042706
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The substrate is then placed in a nolding apparatus

and a small pressure is applied to push

3.11 Fabrication of 200-nm trapezoidal poly(pyrrole) (Ppy) particies

A patte rned 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
(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 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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out excess nononer. The entire apparatus is then
pl aced in an oven at11Q0C for 15 hours. Particles are

wob®snures aft er cooling to room tenperature anpCT/US2004/042706

separation of the PFPE nold and the treated silicon

S| I t S e
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BI88k V&l B ydTPr_ro'lé“in '1§t RPEGRERNY A g 18 dneary %?(t)\ﬁﬁ solution

mechani cal | y using a doctor blade. The ability
(paowsmpmletecp@ymmzem & phacedf drtosa drﬁated@nw@n wafer and
dengq for the absence of a "scum.l aerl.. ) ?

'f—’%?oﬂ EHTBRIoAPRAMAT 1A 2\ RERENED 1§ FIRREHalq iemayes excess
sm!attcﬁf nephep%fpf WUSPR! ehhellacsd kb B Acismosnies dbedi5 h to
pour i _(r:; FPE- di net hacryl ate ( PFPE-DVA) containin
r;equ/@rmy oy cansh wajer. pﬁaﬁwlemr@r@bwd als§g peaming electron

RSB (BT RER, bl 2 el crPeafECal 8 ghPHhD anc

stdm@rfaﬂldwoﬁthBFFﬂEPENﬁoH@rtd‘ﬂl@a%'atédééllledi@Wafé'lhe
apparatus is then subjected to UV light (I = 365 nm
for 10 m nutes while under a nitrogen purge. The fully

£40 o REREUONDITUA ok SFLIE] R3ADHigE  he o1 1 con

ter. Separdatety, one grarrtof

c/ S- ?A@ademmpéﬁmordpaiyeikme(%%)dmohbls(gd\jerasedwbgtpexﬂmng a

BgEmimeacey ik SR PR DM Cadi@iyag) frivarareyeidiexyl phenyl
Ag&E oler &RRichhMibdtraRIeABEMEd With U aFiBy shapes (see Figure

non-wetting surfaces are generated by treating a
i)l i palydifmethysitoxaee ) widd |$p|sredrtba:bréloledhedlqu(d RFPE-DMA to

BRTREILAEE, % b s B PR VA S8 o
Anpeites waHilkos ddra hitlodBR p«qué/apﬁé fGI%P@@r*efd' IDFPEDDMA mold is
desiccator for 20 m nutes. | ow n%ﬁt hi s,

thentreleased diom éhen isthgorf; masitest Hlal, undarm) ra@@x\jveihng ﬁverfaces are

E% e?éﬁ%ﬁ @'y %,Ilg&éﬁig%@%’eghea?ugél% %%FH‘% solution (1:1

(fo\#i@%hfrate@ Isvulﬁﬁen a@loaced% nhydmyeqﬂ nseroRiger dhyy €didtien) with
pressure is ILTE sh out excess nononer.
tmﬁléloa{ﬂ Hr e1p i .al peréluaﬁ@ﬁctyl)aéé%ne rVianVaReh dgposition in a

%térorf0|152d1% I”I%I'teé:) aé%:hgrﬁfe rgoogﬁ;ero\feg i1 ey v splytion of

coo toroom nper a readse ation of t
tﬁtrbdycabdjrbhqayfrrowmeaid(md foc 60 ﬂlﬁbEVO%pmthrmmgaq). A clear,

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
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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el ectron m croscopy (SEM (see Figure 23).3.10
Fabrication of 500-nm conical shaped (PLA) particles A
weatsaored perfl uoropol yether (PFPE) nold is gROEUS1084042706
by pouri ng a PFPE— di met hacryl at e (PFPE-DMA) cont ai ni ng

=P Ta . .Quer a silicon

cal shapes (see
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3%*5%8?&% ﬂ?hﬂﬁ&t%s%%@ U@de%r'é‘h&t‘o@(é’(’i p'ut??@dq% Mytc'&?ed PFPE-
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DsMA rgelnies dhenl r@yasecﬁﬁom@easilmdm rcwastenf Eiatcmreﬁmad nmnt-wettlng
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SYBRPR5 B RN El Ok (e Tpao SO RUETBN VAP e eiich D (Riranha
sHIutle (12HcoREEmRstEd légrf@@@bbflb) 3@% ?H%’ir gt;éh b@?&(lde (aq) solution)

deposition in a desiccator for M nu | owi ng

with trichBgotiH,of HaH; @il Qmw@mcmtyﬂ rgjlangt way\ﬁpcprsd@mtlon in a

o op. t ! d sd 1] r ejeat t
BRSSP 26, W EREC, SRR S5 12 58 My sqiuton o
tétrahydrefusaRpl rraleeisiskidedan 50 @c efl 7i0% perohidrioacid (aq) A clear,
apparatus and a small pressure is applied to push out

hexRQANaYSH GHaWN srwi@tl@htquwédsaé@fm%t@@d .ctewqmﬁ ptacligickn solid,
p%&pg/\r‘r%ﬁb . @%%ﬁtésor ASdngugmh,Ea cld %?o%eSBWSPV&ﬁlor to

cool i O room'tenpérature and separation o
cbhmlé’ﬂéPthyme:hzandn) iEBptaroeat edtosaltreanted\milmomwamq and into a

scannln el ectron nlcr . F
staPNOFERPREES GNdof @335%%3/{% aag'zs&z%er%% %S%‘?%I%W'”“Oﬂ
WPeOyapaﬂafdé @'tﬁén?lé&@d :ﬁfd‘&@a@ﬁurﬁw‘ HOERARSF Y5ty re(nﬁ’&PeEihe THF

I'S generate pouring a PE- di et hacryl a
a(nBHPEeDMI%am@es are obgemedymng(mmhmgeedgctrph ml;zroscopy (SEM)

S R YT Bl ba28oS SR0 G4tuh ) %0 Reatdioh SReEEPE mola

el thedidReD¥lliebhetge) mold is used to confine the
[1quid PFPE-DVA to the desired area. The apparatus is

then subjected to U/ light (I ~ 365 nn) for 10 m nutes

3\'\4121 Enl %%ula%oﬂ' 5fr fﬂﬁ)‘?gscpe%tlg/e’caqagg bNA nSiYs %0 nm_trapezoidal
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
(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, a
poly(ethylene glycol) (PEG) diacrylate (n=9) is blended with 1 wt% of a
photoinitiator, 1-hydroxycyclohexyl phenyl ketone. 20 uL of water and 20 uL
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PFPE-DVA nold is then released fromthe silicon
master. Flat, uniform nonwetting surfaces are
W(ge(meﬂmme@l by treating a silicon wafer cleanedP@i/Uk2004/042706
"piranha" solution ( 1 : 1 concentrated sulfuric acid:
0 ( ity [ [ r
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RE @ChidlchylHte sl ismHareplaced dibthe tieateaDyificdh evafel and the
and water. Particles are observed using scanning

rettisened P ARk msld agcadsEMtop sdt. FTharen bEsyatef rtsethen placed in a

R Rl R Ya MaREPe S bBediol oo BiF 5B PEG-

d*:m ralt@\&‘o&h@ﬁedThé’W’)tlr@aiﬂpaeétas i\ thed teibjiedted to UV light (4 =
Iuoropol yet her gPFPE nold i s generated by pouring
5pfrﬂpt @i iRBtMiagtsA Whie ppferEa DrgIesopkrgchi Rgrticles are observed
y I e v [
oD KB FLRR PP B o o 2B Bhoflel! MIEQR wafor, using
cbhfocal Aflmbyé@omhinykﬁslcbpy aisep Rigude i 28 )sedFurtheto rlFﬁgmre 28A

L s
FPE@%&@W@ m’ﬂzﬂl'rf] OBRIN BihAss tHAE af é"té%g@dJWr@\ CY-3.

IS t en released fromthe SI I CO
Figistee?8B i$ apticalninfcoognaphaof-thet200rgmsisofateestrapezoidal particles

| f
o G Ee B dh ot nidrestinuh Bogea ERIAT il 2pg is the
&@%?_I)@rtﬁ@qma@%%bdlﬁeﬁqmﬁﬁﬁ’ﬂéét283@)an‘6‘ OIBH, rdHdwing ahdt every

H, erfl uorooctyl') silane via vapor
n%miguopntmm DI\E\ desiccator for 20 minutes. Separately,

50 mL of a 1: 1 v:v solution of

tetrahydrofuran: pyrrole is added to 50 mL of 70%

e5 ClEmyapsuRtibl dfaghgnétitel efiopdridieg ensid 5009WA conical PEG
solution quickly forns and develops i nto black, solid,

pol y;ﬁaﬁﬁlﬁ% in 15 mnutes. A drop of this clear, brown

sol ut [ I
>0l UTA B A ChorAoRUIA S, PIIVEFA TR Sihorsehl P Bluring -
Riffpdiethaangdate (PESEIDMA)S cappshmleg ndwydrmoyeyelmhexﬁ phenyl

| ution.
ke? one 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 (4 =
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
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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The apparatus is then placed into vacuum oven for 15 h

to renove the THF and water. Particles are observed
waigiosgosie@nni ng el ectron m croscopy (SEM (seePEi/ya10e4/042706

26) after release of the vacuum and separation of the

E by i
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agieleelr aiifrmalsddytld)m esasmrmﬂ at 80tC (fannS@vaflerto vleddapdaquuéedus solution
pi ranha" sol ution 1 concentrated sul furic

%m%awit%@@%lé%%@@ rzampag@ﬁl@% i eRpbwplttRis ﬁql%wpa}lé@ﬁded to
s o PGS MOLABE N A RAbRRS, {1s BBl gy prieves

for f&ngdcopldsa Holll)v\)‘lng’’th‘ai@I 50 iLonofothis PEG dlacry]ate/partlcle solution
t et rahydr of uran: p grrole is added to 50 m L of

ipdhemiacad oo the @)atedaswp@arwai%@yéﬁ%@ath@rwﬂ "bFPE mold
ki
p%’(%é& bﬁ"@o B\fﬁ 1@4 9{:5‘& eﬂeols iﬁ%@@%%g ﬂ]alorsrm@ﬁé aagéﬂa%s and

pyrr I'n T RUL
ascsinnml cme£$1rreors tappdneﬂptcetmjsmolopmeexcmsl PEG-dia phydatefparticle
onto a eatdS|I|cnwafer d intq anpi ng
SRlsfiana: RS &hlir.appas ‘dﬁ@F@“a%‘gw“éadt%ﬁ\zafﬁg&"ex‘cééé nm) for
I -
(&7 A8 yEHR BROS 3 Wirdden! DR dVERpMMOpT ey PEG
dw@ylabspanbbbwarmgbsemdlaf@ratc-marainxm of the®Cby mskEMand the
e Fjgure 71) after .r%ﬁase of the vacuum and
%ﬁiﬁ'ﬂ U WEFer YRINGEPHCAIErOS®PYhe treated silicon
vvafer 3. 14 Encapsul ation of fluorescently tagged DNA
i nsi de 200 -nm trapezm dal PEG part| cles A patterned
eEPmariiclesl OR gleser atidacdsy Wsingi rigouble

a PFP& d| Imet, hacryl ate (FPE— DVR) cont ai ni ng

1- hy | ohexyl phenyl ketone over a silicon

substx phfePRUt SErfigdropolytROOMPFPIEY MRORE R gederattadasy 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
(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 with 1 wt% of a
photoinitiator, 1-hydroxycyclohexyl phenyl ketone. A flat, non-wwetting 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 uL of
the PEG-diacrylate/photoinitiator solution is pressed between the PFPE-DMA
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(see Figure 13). A poly(dinethylsiloxane) nold is used

to confine the liquid PFPE-DVA to the desired area.
wab@sappes at us i s then subjected to UV Iight (PCEHUSBB4/042706

nm for 10 m nutes while under a nitrogen purge. The
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BREA L1 | con war dnGRMIAIEN. o8 o MileBercf HESUiacrate
pl aced on top of it. na%mgrate is then placed in a
nol di ng apparatus and a small pressure is applied to

push Ammaﬁémﬁeﬁlgmm@lwtwe(%aﬁ)tm@w isTHENRAeG Y pouring
flor tc@hgﬁwdc? Ié&em Bph d ctg%rt]%l?(l bg;‘ﬁ;bo(rbxyécy%ﬁo%&@l phenyl

Badrie @ves ksiicohssubstchtafjtteragparidt i200-mh trbpeﬁfﬂ’cﬁl shapes
nmol d_and the treated silicon wafer using confoc
(peadiigwechde A Q@lm@&mgywd%l@éaﬂ%m@ z%yse<rh§@tq9@flne the liquid

r[ﬂ\/llz\%fﬁg df A efEeBhpSRAI O fMheM &I Qét@HnootJV light
o pittee et

nm trape hanopa Ich c
(24= 386 MNA fort ﬂ@ndmutémWhaeamcbagwdltmgelm Grkge. Ithu‘udIy cured

3@8@;@%;{3 oid s thh GRlGHReREteon Gk DB FRaISTcoReaRately. a

u 8 rha
6drl]%’(%|f ﬁggestdrwcgﬂ\)? gigeglil)r?}lé? c uér]tgs(rg-S gng%ggéé% gwh@vwLI n%’t% of a

phodoingiatory 1phydrozyeyatareyl rp@eD_MAket@nm 5FErm'apsezntwabeled or

Bl e didoyBE aP rh e R PG RUBG VLS HUFPERRSES a1 Bdded to
thi% BE@G@E%t@ymB%Hé?%o?utﬁﬁPﬁnalrﬁ&bﬁatﬁbl/d Hy. Flat, uniform,
( PFPE- DMA) “cont ai ni ng 1- hydr ox cyc ohex

-waﬁm@v@ﬁrf%ceﬁ arecoAneigted bt e @rsﬁéwmmaﬁersd@amd with
“Eﬁghﬁg‘l soﬁutﬁfﬁefﬂ 4 ¥ofcentrated sulfuric acid: 30% hydrogen pero xide (aq)

solution) with trichloro(1H, 1H, 2H, 2H-perfluorooctyl) silane via vapor

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 excess PEG-
diacrylate solution. The entire apparatus is then subjected to UV light (A =
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 microscopy or, in the case of

fluorescently-labeled viruses, confocal fluorescence microscopy.
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Figure 12). A poly(dinethylsiloxane) nold is used to
confine the liquid PFPEDVA to the desired area. The
wappanetses i s then subjected to UV Iight (L = BEBURIOP4/042706
for 10 minutes while under a nitrogen purge. The fully
cured PFPEDVA nold is then released fromthe silicon
master. Flat, uniform non-wetting surfaces are
EemapletRdsby treati nBneasulationn vaf eroteireanéd WEG-diacrylate
"piranha" solution ( 1 : 1 concentrated sulfuric acid:
3096hydrogen perOX|dEﬂ¥§§¥E§@§utlon) with trichloro(1
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@07 85"} ol Bapirlads, YrREn e, Sifteh gl gRgrully cured

RIREDPIAr ﬁ’_{ﬂl@rléttﬂeﬁt@ééé#ﬂoﬁﬁ@l@@@lb&' Rfaskée Separately, a
sus&ended in 50 wat er and heated to 900C whil e
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TRTRBEEHY Enl s istodl MR BesEl FihreBtif-tetha o

Uriaiegladt prites:. s@QJti@inﬁ @fetékﬂcﬁecSQbuthlgnPE@-d@}ESdate) rh@nomer
nm. of a PEG diacrylate solution in a mcrotube. This
salletian @ indixedr thokadohlyr  Héaf, swuipnas. “%W%W%gﬂtrfﬁc@s are

SR ) S SSHEEN AT POLIA) SuRPL AR oL 1
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(155@ %Hdt@rnfor-a?ﬁ nfifitese P@Wlﬁéﬂ‘fﬁlai sothe Bf %H@JF%@ &fadr9lat®virus

= 365 nm for ten es ‘while under a
smlwtrargmthmmr placedNamotieer tresated- sibicart wmmgn@mlmﬁheymm ®FPE
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ek 18e7 eReSp AR ol sibafie SRR bebhy % gt PolfnG spparatus
dALC BOSFBEAPYresdute & Eﬁbré&% ngah qutles&legg e RafihbiglaRs selution.
| ass surfaces usin Y e stamp A patterned
éilﬂIPE
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'ﬁﬂ%‘g{ I@)EEt ngf?‘rg é?hg'ﬁ’@@ Eu%\@) BRG: ﬁ{-gbﬁt%mmg particles are

observed after separation of the PFPE mold and the treated silicon wafer

using traditional assay methods or, in the case of fluorescently-labeled

proteins, confocal fluorescence microscopy.

Example 3.19. Fabrication of 200-nm titania 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
(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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ketone over a silicon substrate patterned with 200-nm
trap&zoi dal shapes (see Figure 13). A

w@odogiaiseet hyl si |l oxane) nold is used to confi NECT/H82004/042706
liquid PFPE-DVA to the desired area. The apparatus is
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ﬁE@emﬂwppr)esﬂm@owe NVapoh elepgszlzomm angesiceator ieh20 minutes.
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sidorowblérrad eg paﬁtte(rhee FEGEE Amdld fpteicekDonitow be st IIHd substrate
under a nitrogen purge. Particles are observed after

isdben pipaed incbMAlding apralates and & ema! a?trewreflsm@hmtt@push
OSB3 P GeEb AR SR 8RR Sl o SRR Bl un he

sbl-gel pEemmssmh@et solidifiéd.vPartitss are dkerdedafiglr aeparation of the
par er.ned rfI yor opol yet her ( PFPE
REPE ol gnd The daiRy! SUGSH WGTRH¥G AT SiPstan mibroscopy

_ DI\/A) cont ai ni ng 1- hydroxycycl ohexyl phenyl
etone over a silicon substrate patterned with 200-nm
trapezoida | shapes (see Figure 13). A

[]p:) %ﬁﬁ&ﬁ@ g&bhyl Si II:OEanﬁz ﬁij smusled to anf :ogfa: Bg -

t hen
RSO SSpYbl PEEET AT foncifelin

MoPE-dimetihacrylede e L\d) tmtennmgcoh paeyeyclohexyl phenyl

RSS2 ) S5 B ST A anaes
%eaywigme/quI WQ&W(dIM@WélId&%ﬁ@ énold is used to conflne the liquid

| uorescentl y-1 abel ed or unl abel ed Adenovi rus

AERRD M 5 fher desited aeeas uspemppsrivarie thier sHbiestadiosUV light
@Fgﬁ%?ﬁwlfgp 9 0"THAES wcfﬁll uﬁﬁ(ﬁ’& é"?ﬁitr(%éﬁ?%u?é@r Gf‘l"%hl’u\ﬂy cured

orm
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 8.50 g of TEOS with stirring at
35°C for 20 h. 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-
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 substrate

is then placed in a molding apparatus and a small pressure is applied to push
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non-wetting surfaces are generated by treating a
silicon wafer cleaned with "piranha" solution ( 1 : 1
wa@omsamts@t ed sul furic acid: 30% hydrogen per oRCTHESI084942706
solution) with trichloro(1 H 1H, 2H,
v [
%H_s e%{:d; t%(‘;s‘r?fl g%?bgécguﬁ%rju?gze \ébﬁ 3%925 ﬂfﬁ?@sﬂh%gosrbt a%l(fé until the
sdtgdPE@cliraor hbatelidifiedis Padicles are obsdzmed giteaseparation of the
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waf er using transm ssion el ectron mcroscopy or, in

the cAdwtisined perirepelygthesiBFEE)eldgs geresateddy pouring a

BB BTRARAE S PEOBOTEL a2, SRS bA R hreny
kestohe uoverpal sikddre subblrite) patétheds withn20@hed tkapgoidal rahapes

@555%%9%?332?:%b%imednémyﬂsnw&@&%%éﬁ'Lngeg 1q gapfine the liquid

ppbgt Mﬁtcp?r%ﬁéé‘l?éjd #4Q- eelé% ﬁlsupg%%%ﬁo UX light

(see Figure “di met SI oxane
tho=GB8E nne fohel 0 niputds Rﬂﬂ% Dividett a ritrtegele giurgel. arheafully cured

Ry Er B 1ol e Rl A4 O he iR Sr GeParaialy. 1.0 o

lﬁerd)Mcq:Wf@ aRE s P oneli ), 56“@@ af&€ RaSRbd oM bf‘tﬁ absolute

I1con master. Separately, a poly(ethylene glycdl)
chE(B)l di Boisyseluton ris®ddes b endetutiant Af 2. md-obf goncentrated

hPhRk ] and 48 B EARLBEIY pERIE, FEEiufeum. non-

\ﬁéﬂmgd daffates tdves gBRETHEACHY | tPSRINGD BOBRiIEOA OlviaFdrobleaRdd with
m xed thoroughly. "Flat, uniform non- vvettlxdg surfaces
re

@nr@nganéelutl@a (E)yl mmﬁtrﬁ@edas@furl%amd weld erhysiregere gevaxide (aq)

csnt r ci :
SR ok B ) SEL SPAARNEE A LBt vevor
dbpdditior hlilaZ:iésﬁt&faftd)ruf@r QOQ’th)te&l Faﬂt&wmlgath\@rﬁb)” 4L of the sol-gel
deposition in a desiccator for 20 mnutes. Follo

$Qlption s thgn p&ﬁceﬂh@n teestrgaleg y?l"ﬁ%/V\’ﬁf?U§n§oﬁh@t P@}Fﬁmgd PFPE
paﬁggﬁgg%&:% ofe Theupdiratd isRBn WE&ld AW Mdiing apparatus

and a small pressure is applied to push out excess sol-gel precursor. The
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 nanopatrticles inside 200-

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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nol d placed on top of it. The substrate is then pl aced
in a nol ding apparatus and a small pressure is applied

_Wo eosashicout excess PEG diacryl ate sol ution. TP@T/E&IOD4/Q42706
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WA Rsquagh oot & Fyafbyf OREOL AR Sheace. o0

;El.&!if thigi Ssdation enadedd itogs5G Uil ates RES geneylateedohition in a
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irgtuben  (This migrodebe énivpdexer don tair seceirdsd: 5809k of this PEG

@E@F@%@@@Sé gfé{ftﬁogsgg%t o?mq)L, thléc[qmn %H\{t/ﬁgtréé’ceo‘a:élfgé&( \?vatér and the
aitternédSlPléIéEt wbld ptaczd on o ©$ it. Fohé @\Mbst]atdﬂlsstheEQ)IECed in a

f the sol-gel solution is then placed on th
mp@ﬁ'ﬂ%@p&ar@tear@wafaeﬁma'harqwrw ?EP'#%H@PP@ r%'lt gxcess PEG-

c%lé‘{éiﬁ‘én*eo%lhﬁ’&ﬂ OfTHd enﬂ‘t,g aﬁE?fétﬂé‘ﬁ@ thén %UEJ&CEE(T“?@SJ\}’ Tght (4 =

g appar atus and pressure IS app
:ﬁﬁ&mmwfoeﬂeesmlslmﬂesgwmlprleru:dmsar nitfbigeneptirgee  PEG-diacrylate

th d til th I .
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waf er using scanning el ectron m croscopy

AIIaPERPY3. 20. Fabrication of 200-nmsilica particles A
patterned perfluoropol yether (PFPE) nold is generated

by pouring a

Example 3.23. Synthetic replication of adenovirus particles using

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 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 (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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PFPE- di net hacryl at e ( PFPE- DMA) cont ai ni ng
1- hydroxycycl ohexyl phenyl ketone over a silicon

w«smmsnoms@ patterned with 200-nm trapezoi dal sPheP®S2004/042706

('see Filgure 13)." A pol y(di net hyl si I oxane) mol d is used

argﬁ%&r ZTN@% RheRertiefioctin’ fo W6l b (pfRator, 1-

Hy8rokRy Dmﬁkbtcﬁlémdaét aumfdrﬁpg@cshmatmg S'ﬁht%ces are
fuIIy cured nold is then released fromt

ganargisd rbastr@atmge@aaﬂml yafer glesnep| witBnipirapha3 SOéutlon (1:1

Cg%ﬂg%gi l’éﬁ% eglélﬁﬁ' Jld \gf‘é(gfgcﬂ?ﬂ o]q?eﬁ %e%pé& 855' égzutlon with

tBichlorg(16f, THOS2MI tmﬂ—ﬁelrmuorbgc’@t) sidnd ania 2agor Beposition in a

uni form non-wetting surfaces are generat

desicaatagiog 28 m‘%ﬁ@svxa'?@lo%ﬂ%wédf’%ﬂl-hd BMngrﬁ]as then placed on
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ydr ogen per oxi or o H,
Tike sBbistratdpisr thiemoplaoced yh a moldsnmge awparataacandd& ;smaallt pmssure is

a'é]pltaeﬁg%?aﬁg@ta%r Sobass SMP LR Pl SRHEECAPORraR 5 i Bufected
) U\Fﬁi@ yaher geul ﬁrﬂf f@@ttéﬁrﬁ%tgg%l@hﬂd@?3é3‘?ﬁ’tr6’gbgn purge.

top o The substrate Is then placed in
Syphetic usuamelplmaémrare pbesyedafies sepptation QfdhleﬁRﬁtmold and

Th
BE TRHGE ifEon eRE"SBRNgePCRpEBh, BBETRESFIbIRGhRY FEW or
trafdrhigkRn é!b@tr@hﬁ‘rﬁlb\fcﬁﬂ:oﬁﬁlt(ﬂfEl\/ﬁ)epaf ation of the PFPE
nold and the treated silicon wafer using scanning

el ectron m croscopy (SEM. Exanple 3.21 . Fabrication

{ ,eur opi umd i tan tigl i _
SlafPl854e P! U™ deRh i 38hBn’ ! SRR Sfeithioni
a PFPE-di met hacryl at Wét@ﬁPlESl@MNorGWétﬁn@llmgrmt Lithography
1- hydr oxycyc| ohexyl phenyl ketone over_ a sili

substdemilale armewsiet Yorperivorangiabeudimefapadate (PFPE-

OB, el Rphibiof, BOUUMENE] 1Y, SHRIAAT oAl eiAhiobin

gio¢eiappanadilicon svaférenTkishjnasterdcanobaused gbtteMpIaieaﬁﬁattemed

P10 Ve RS Bl o e A o iy g e oS Angd ketone
%\9%" tﬁ@rbep%?ﬁéﬂ ar§§ F&ﬁrtﬁé Eﬂgééstgflsgo \% B‘rHét‘Pl?lsﬂo%-r?@ @ABA is used
mbsmfuteetrm hiquidl PFH’ErBI\/@otmm@desme@m twaeaappanafcusns then
gljbjgétédr%—lﬂ; n‘éRP?ﬁ? r3%1;\Senm) for 10 minutes while under a nitrogen
purge. The fully cured PFPE-DMA mold is then released from the master.
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
desiccator for 20 minutes. Following this, 50 uL 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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hydrochloric acid and 3.88 m _ titanium (IV) ethoxide.
Flat, uniform nonwetting surfaces are generated by

WO e@atiorge a silicon wafer cleaned with "piranheCT/US2004/042706
solution (1 :1 concentrated sulfuric acid: 30%
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of CdSpatientarhperfiiasepolysthis (EE@’E)rmoldEe gmﬁrateldej@y pouring a

LSRR AL e o B g

ktdhed oer ey céipgerk Yubirefy fehﬁ;rﬁo@ wrmmcao-ﬁhi lcoon: shapes A
substrate patterned with 200-nm trapezoi dal a
Scpéij- to the

pRlyjdimetig)siloxape) Wald istusadsia @Qaﬁ@e the | lguid FiE

SRR B8 PO B taRY ibis2 o o o 1o

nhialtetOwiileutiedemii hitrogad gsurgeni Thedelly puree PFFPE—DMIAI ryiold is
cured PFPE-DVA nold is then released fromthe sil

thigrs trelea sedafrony e giligor Braset | merairtelbed plethylene glycol)
(BELS' L&& e gﬁaér?' ng Bleifdle'dc%lt eyt and pW'oHim tiator, 1-

pi anha concentrated sul faric

h&ﬂ%ﬂwﬁchﬁ@v’(ypqﬂ@nyﬂeke(taqe so@ﬂterotﬁerapelhrtlct ragﬂﬂtmr(mel small

oRgedrdtigs: Araoiss PObARGH RIS SNRnElcos 1o8 targpting agents
(QeIFCE‘eHétr%ﬂﬁg ;Bc‘é?tfo’e%t €aRfd |igaflis, oﬁoﬁ)n(%‘eév' ‘"é’rﬂmoﬂfés etc.),

orate ssolved in“45 m of wat er,
tlpefalpeu’adj redeaske/transfedtibe sgeotsi ¢otheo (ﬂ)nmﬂllederelsalve monomer

QBT SRR e B A RLLSSRED it v

(B8skagkrita tdh%\rg&lj %bﬁ@m@'ﬁg Bﬁii)t afk igddadMcE HPOR rede Precursor

for 60 second his solution is added to 50
smiutuoaafma apmnblraadwalamngorutﬁlah unifosmpinenovetieg stifages are

raC{tH b%y ﬁeaﬁ) 14 exes‘i’lic]co?'lr Wl %%Ca?\re(aswitﬁo“&?an%fa” tgglﬁ'cion (1:1

concentrated sulfuric acid:30% hydrogen peroxide (aq) solution) with

oparticle

trichloro(1H, 1H, 2H, 2H-perfluorooctyl) silane via vapor deposition in a
desiccator for 20 minutes. Following this, 50 uL 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 a molding apparatus and a small pressure is applied to push out
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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di acryl ate/ CdSe particle solution is placed on the
treated silicon wafer and the patterned PFPE nol d
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exc te e
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d | ohexyl | K h
e pllatd e F UK e e AT bR EHT Bolkdnat are
mphﬁdé UAqsbly@.ﬁ@mﬁylguﬁmh@) I@ldiisl uBERko @Nﬁflﬁ@tﬁéﬂﬁqwd PFPE-

desired area he apparatus is then subjected to W

PMéhto the desiex arpaf oTchanﬂaﬁ@wsls\meneSLLm@@tedato UV light (4 =
P BT PO e Sl et Fledge o bR AP il pree-

DAL rholat %6 ofhean phaleased tfraﬁorthelsnllcxodr oHAStREl 0f®e<p’érately, a
phen%/hy(I ketone. Flat, unjiform non-wettjng surfaces

e 19)yaale b ER) Sliagryiate inmg) dp Eheé@ﬁédemhtﬁ Wi% of a

I
%@0}5 'ﬂn%rogzﬂl'%%'lroo ng&?%)a;r SO ?%% F Eéf {“.L“ré 'f%ﬁg rﬁiwettmg
s‘drfa]:lels and, géhqumleﬂl byrioeating )a smlcanewafear viepoed with “piranha”
SERBH Lol PSR ETRL B ot G BB o 8 Lo oo
v'§|'tfl| ‘tr‘?&f‘oﬁéﬁﬁr 1FLPdZI1Ih2HD;§éﬁ‘I%Rﬁ5EtﬁgPﬁaﬁ@lv¢a %BSF—‘@ePBsmon in a

The Substrate is the laced 1 n a nol
mmemmﬁ)razw mairsites.| follevdog dhiss E:éprl efdPES pium)‘nyletﬂ is then

R AR TSR RN L

tBBtdfOiﬂeﬂ'HéUél%strﬁéﬁshﬁiénCpl\é'cbtﬁlslnrﬁﬁhd)l@l §péél%tus and a small
served after separation of the nmol d _and

pressureds sipplied fovipisly oulsexapssdan-aigerilatet r e entlre apparatus
lgntﬁéﬁ’ thb?é(ctédcﬁw 8} light (A = 365 nm) for ten minutes while under a

nitrogen purge. An interconnected membrane is observed after separation of

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.

Example 4
Molding of features for semiconductor applications

4.1  Fabrication of 140-nm lines separated by 70 nm in TMPTA
A patterned perfluoropolyether (PFPE) mold is generated by pouring a

PFPE-dimethacrylate (PFPE-DMA) containing 1-hydroxycyclohexyl phenyl
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transm ssion el ectron mcroscopy (TEM. Exanple 3.24.
Synthetic replication of earthworm henogl obin protein
W(ms(i()ﬂ/goﬂem-v\étti ng I nprint Lithography A tenpl BCEUSIIN/042706
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I
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A End Suure S ahf (BBl ol S8 R AR B Kol ERE Bl gnd the
taHib ¢ shbop Smferusing )é&(ﬂhl@fdl‘!tb%lbm@ﬁm}/ (MFM) (seeUmigdrd 30).
confine the |liquid PFPE-DVA to the

Example 4.1. Molding of a polystyrene solution

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 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
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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desired area. The apparatus is then subjected to W
light (I = 365 nm for 10 m nutes while under a

wordosogane purge. The fully cured PFPE-DVA nol dP¢HUB1DE41042706

rel eased fromthe silicon nmaster. Separately, a

Rl BRSSlgos B A Mo O}Skens solution is then
nyabeeXare e pBskr sildnbidfeinangie fhiténddeFREeMbIEis placed on
agents (i.e ?a nol ecul e drugs, proteins,

r

o é diccRAe; Fd-é; al&lﬂs tieart pjacedi ¥ gemoidiggtannaratysnesd a small
T A S

dgentsubjedtber toc amicuom o relpesier] BINBRRY tbOordrbadé | Pias solvent.
cationic lipids, etc,), and mscibility enhancin

Foetires (wBshsiied afisi-sapatatrn dolhe, PERE Jmakleagddbg treated
%Fl’icbhew@%rylﬁ@ﬁ pét?ﬁﬁ'é SrefceSPAinog?;B S/ngfﬂzlﬂgrg?{d@(:%hﬁlg electron
manner . at, %nl orm non-wet |n8 surfaces are

gaoexsabpy (BEM)reating a silicon wafer cleaned with
"“piranha" solution ( 1 : 1 concentrated sulfuric

aci d: 30% hydrogen peroxide (aqg) solution) with _
Eapipgieuatl H ., 1H  2biditl BEIdOIHREPL PEaN s i AMBrodi&ctronics-

vapor deposition in a desiccator ror 20 mmnutes.
Followi ng this, 50 mcbmpatibtehgurfaces using “double stamping”

O AR AP P T o o
W@Uﬁﬁ&h@ERﬁat_@D | dFPEaORIA)OBoA BANRIg | ‘I‘”—h%a_ @gﬁ%&??hé@l €phenyl

is then placed in a nol ding apparatus and a
peteneuever & silispni ssdstratgp pehicmed wiibe$40-von linesrseprnated by 70

RL ARGy IbRendaRoR LR Sdhing g Riuid rrRE-DMA to
e dBEirGd .M hppdraas Repahatgbjettarmd DR/ ligeetee 365 nm)

waf er, and particles are harvested and the therapeutic
&t 1@ amipuses avile Yod® AaritPoan | QuUgenerldteedully cured PFPE-DMA

ol | L : s _

S el a R P SifbondebEe Sopdatell THETA g blended

Qdthiol ndtol @flrespbcf)toiir’ii’fbaitap,e'uhy%roagﬁyd:lshekjllqm@w aetyeic. n,g flat, non-
agents, release agents, apd other inportant compqunds

fing spdasc|syoengrataskhy Pgo@éyﬂf‘ﬂi %gﬁf\ﬁ% Pfﬁ?ﬁﬂfﬁf* onto a glass

i j fyar | et i 7 ' -

SR T g e, ABELAG DIGhERCH derRBlihg % plflemed PRPE

piddrrank. A0at t @fr thed THETTA/pbotminitipéerhsolutiBRAE) presked i lsetween

o PEPI APA 5 ceE REFS EMa e, S Bresst applied

to squeeze out excess TMPTA monomer. The PFPE-DMA mold is then

removed from the flat PFPE-DMA surface and pressed against a clean, flat
silicon/silicon oxide wafer and photocured using UV radiation (4 = 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).

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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ketone over a silicon substrate patterned with 3- m
cylindrical holes that are 5 nm deep. A

w@oedog(iai4set hyl si |l oxane) nold is used to confi NBCT/082004/042706

i qui d PFPEDVA to the desired area. The apparatus is

il s tBRC ety (cheR- Bl comaliRal MpicibaicisTolehi pheny

H@ibﬁel@érfw@,nnb@hesm%@até Pattb e dSiith CIID- RS lifes separated by 70
Separately, a y(et hyl ene glycol) (PEGQ diacryla

rm.gé} noéy(dlreﬁtﬂwlfllwamﬁ)lm@kob/b‘sdfsesﬂ t@tﬁﬁ"tﬂﬂﬁlﬁhea'i%ﬂd PFPE-DMA o
h
tﬁ%né{gmé'{)‘%g%}é%ﬂmég%%@ égéé(n@%g]? gu Jg&gpr ea \; ﬁém (A = 365 nm)

for | 1@ eninwed < whilecaneer o hitrogenr puvga” S’hbuflulnncme’d PFPE-DMA
concentrated sul furic acid;30% hydrogen peroxid uf)
raeld;ts dngn WPH@SEFM f&qawnoﬂ“@( silipon Tpastenp Separately, 7 g"o Pluronic

f
AP AT 2. b ARl RS, THRP SO UEh WAsraded to 2

selE@ion af 2yT atleof sondw@irgiba tydramldriveadid @aidcd.88 hiLctaianlum (V)

efReishe 13 GTErn e s cife; G ieRiRCUP 4 AR & BUeon/sicon

Xiled w8} |with eSsitdhal Ss@libh ed - @oﬂ%é‘?ﬁré’t’étj SXHEAE acid:30%
PEG di acryl ate. 'The entire ap arat us I's then subjected

hyedrogeni geroxide (ﬁqi)esblu’mh)faod rgimgmi neltowdn ghthiss S¢nulle of 4he sol-

ni,t rogen purge. terc cte nbr ane

i, SFERREI L o, Plrcel Eh ARRET aies STGPH (e caf@gne Séttemed
FﬂIPB%IM@éléée&%mﬂ)pﬁéﬂﬁm THe &Rt iTtHERSIAGY in a molding
(SEM. The nenbrane is released fromthe surface b

y
aﬁmraﬁlgs i gndhad esmat dpegissuig rig appliesl [te f pushf opheexcess sol-gel

4

e BT 8 o oriarAiRds dheh RS ASER, (81 the pabuglprecursor
Hd@%@hdm@ar aadddwtractunss igte UWSEAA pitet sfapedation of the PFPE
per f | uoropol yether.  (PFPE) nold is generat ed by, pouring
rpoteEppd dhadiaaied ?!“&P@ V‘(ElfﬁPES'D&’l&FaBBWQaQ @ Hgn microscopy (SEM).
1- hydr oxycycl ohexyl phenyl Exanpl e 4 Ml di ng of
features for sem conductor applications 4.1
Beamptatdicn of FHbricatibn nesofsepa®@tned bysili€a nmstructures  for

TMPTA A patterned, perfl uoropolyether (PFPE) nold is
generated by po@&%—tﬁ@dl met hacryl at e ( PFPE- DMA)
cont ajzng, %eﬁyﬁérﬂﬁmﬁtfﬁrlyﬁr?g@éwwﬂ*@ﬁﬂold‘%t 8BRecPMBH BY pouring a

silicon su strate pat th 140-nm | T nes
Rfe P&r-dineethbygryfate (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
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 HCl is added while stirring
at 35°C. To this solution, add 8.50g of TEOS with stirring at 35°C for 20h.
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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nm A pol y(dinmethyl siloxane) nold is used to confine
the liquid PFPE-DVA to the desired area. The apparatus

W0 sosshenssubj ected to W light (L = 365 nn) f oPCI/0S2004/042706

m nutes while under a nitrogen purge. The fully cured

tggp&eﬁmgﬂgar aqszra\}g?#l\ﬁi I en%giagk/mﬁ}qswébbéf ougfar}id a small

ppagkare ki abplied 1tdlxﬁils®XmYCé>Ojéssybop@an¥)ked(ﬂ‘tsone The entire
Fl at, uniform surfaces are generated by treating fa
appRIEEHS \ﬁaf”é@n &Eéé‘ﬁtd? wntilnthepsal geh precwisat has %01@ led. Oxide
h d
R e R e Searitin U PR PRERALCANA 38 troated
silicerm vaafer |(1$|ngme:tahomdalbyﬂrorprmorxolscow (BEMyal te) .
Following this, 50 mL of TMPTA is then placed on the
treat ed silicon wafer and the patterned PFPE nold
foas top of it. cHiRicaHBs! bRt 200shrh helrdiafRAopBda titania
nol ding apparatus and a snmall pressure is applied to
ensure a conformal c@htusbires Thremionoe¢lestrapioar at us i s

i nut SsPafTES prrarowrdy htt%é{%:fzﬁﬁg@%%;ﬁ%ne@?gg by pouring a
FHPS e RethBERNatRe RRFAE-DIVAS cbhﬁélﬁﬁgE‘lDWd?QW@ydlé}‘?exyl phenyl

treated silicon wafer using atom c Torce m croscopy
keleNp Qwriea rsnl@@nes@w)tratmﬂprr@mwmh 140nan g separated by 70

PELR PR SEM R 6 ARl RLIISH B IR RBILNR PPE-DMA to
P& Rie sired binegr Yitad pré’ﬂ%iﬂEs B\A‘h)encamjacmdnt@ uv Ilght (A = 365 nm)
ghBégroxycyclohexyl pheny] ketone over_a silico

AR RienBRIRN #hNEPgeRnPYIgRes TEpBMI4t @drq@ PryPE-DMA

ﬁ}j%ﬁﬁéﬁf(rgl%gegl\j@ ﬂﬁgméeswe gr?a hfélgoqf rk?fulg’luromc

9’523fm1d \Slé\)hLﬁ)‘]l gof &LClo oWy HiQyhte @kselv%iSmEm% foltﬁlratisiblute ethanol.

mi.nutes while u eranltro e fu cur e .

TEPESPINHORYRP agge‘ﬁé% o eIl g By oML cheﬂwrttts%’feduhyddrochlorlc

dggﬂ/vt%bdof%e?%r E}LLﬁlet)famBPA YEVY retR6xibie. d'lslé’?' Vot Isiaces are
0

uniform surfaces are
@@mme@dbyuyeam@alsnlg:cm/shctqmondwamm‘er wl’@a{‘rm"dmna tsolution (1:1
1 concentrat

|
csBiaenue s At AT Bl el UiPaandgaving
ﬁdw&mbefmw sban. asthel 981-¢l B i he®VHIAed hdi$ thé treated

pol yst'yrene solution is then placed on the

snlrcetm @dafsr And dhe watternech BFPiremeid paced drPIapEChl d hessubstrate

PARER B0 B2 FhBe Sl PR 3% push

RN KR @cﬂrgé!rm@@ursganm@tentﬁé@p@@tatus Qe setisiside until the

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).

Example 4.6. Fabrication of isolated “scum free” features for

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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then subjected to vacuumfor a period of tinme to

renove the solvent. Features are observed after
waepanetsson of the PFPE nold and the treated sPECT/TSI004/042706

waf er using atomic force mcroscopy (AFM and scanni ng

Thorep S PRE PRSI r LRERof coulipnifio Fglly PFPe-DMA o

tAddeaired areandThel epplRatisaignines” subjpetetietongd light (A = 365 nm)
per fl uoropol yether (PFPE) nold is generated by p

ourl n
for BEPEIAB WAL YNdEs @ PRGOSt ANei Wy Cured PFPE-DMA
= nydr; 0 b :
oS HEREY FelER0F o RRE Mol ThARE:o Kiiplialtly 13APTA is plended
with 1Awted \dfda nphdtplrstibtoranehydroikycycohsad premorkstoes.  Flat,
t he Ii%ui d PFEPE-DVA to the desired area. The apparatus
ynifopme osweltingsitirfasces capghle @i adhadng deythe Jesiph material are

' [ I sRiddnt (RgeN . et »C, .
dgg%gé%%t:r%ty@dt% hgﬂlc:élgl easedcﬁ%r%}%t Pl1v-e|:i]ﬂsiélil‘échoHrﬁd $6i66bn (1:1
aoasepirateSemdfiatoetcid: J0RTHYdrogbh qrateridei (lg) Sowtiandfand treating

hotoinitjator,. 1-hydroxycygl ohexyl phenyl, b ketgne. A
R ed b il R aPropy
rhé&thacAfaltel BRaDiMopol etith @ sAsse algefe (11CEPI PHN QZH-%eH’ﬂR)rooctyl
procedure’outlined for generating a patt ef ned PFPEDVA
trivlethoxgsilane). of ThaenTivRTE/ padt Bnge ifearor 186Yutdfoing sadhesion

BRI LB Dol slBhS. Elohi Mo st et TMPTA

i®UheRX51866d BYPTH: nRA2REN silidbe WETRE-dMAth® | shtictnéfePFPE  mold
renmoved fromthe flat PFPE-DVA surface and pressed

Rigeachen tap @f danThe sutbsiiate dintren plassd 16,8 awldiagarpaigius and
c [ = n
Rl Rpeled ¥ 488 @ Coniaiinte et o push out
epekyé THMATAA. f Elad ehtice appavhiserigdteafdudlectegds aiV dighb{i = 365
the PFPE nmpld and the silicon/silicon oxide wafer,
) fRf SPaRmnugsevbite ryifan 2 rilseepy RUSER) . FeRWReF @re opserved
o . 0 . . N _ ‘

TP SeERLah Of UERFPT: PGB HRL Bl HERES] wafor yipgatomic
fordedmicsosEomyr (@tFdd) dydswanning elBER&R dniceddapyy(B&M g
( PFPE- DMA) cont ai ni ng 1- hydr oxycycl ohexyl phenyl
ketone over a silicon substrate patterned with 140-nrn
l'ines separated by 70 nrngy % ¥( di met hyl si | oxane)
nold is used to confine tne qui d PFPE-DMA to

Molding of Natural and Engineered Templates

5.1. Fabrication of a perfluoropolyether-dimethacrylate (PFPE-DMA) mold

from a template generated using Electron-Beam Lithography

A template, or “master,” for perfluoropolyether-dimethacrylate (PFPE-
DMA) mold fabrication is generated using electron beam lithography by spin
coating a bilayer resist of 200,000 MW PMMA and 900,000 MW PMMA onto
a silicon wafer with 500-nm thermal oxide, and exposing this resist layer to an
electron beam that is franslating in a pre-programmed pattern. The resist is
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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the desired area. The apparatus is then subjected to
W light (I = 365 nm for 10 m nutes while under a

wordosogane purge. The fully cured PFPE-DVA nol dP¢HUB1DE41042706

rel eased fromthe silicon master. Separately, 1 g of

| ' f. ab
el Tt s, assE tanhaitpdeRVingr it St susface by
r&hctivefiof Qﬂ@mﬂg rvathed F od ioRedr-@r &isd asin@vanef theS8r/ALifilm in aqua

titani um(l\/; et hoxide. Flat, uniform surfaces are

re@inetioee BY).t Teistmastes can e sisesl o lesrplate deatiereed mold by
oYl L RIRn BRMR, oo SERERRYE By R e, Seer e

pattelrmd ged hofs theb Gnamter.of At pel\gdirgethyiBiloxdahen meldt ikensed to
cppgfged on the treated siljcon wafer and the patterned

e iGN Bploothe tdesyigsl aggast r R arparalys is then
gl i MmO a u I
SBERERALN 3y TR (T SRR eh ™00 AIB: wBiPRHEP o fitrogen
pernge.r el }apﬁ.ﬂlyar,uu"edl BFIPEeIDMéernahdi dethent rélebbed Sadm dgeé master.
ecur sor has SO|Id fi i.de, structures are

TR ahoGCar oe “Sealart fish FPrIERUSBIAEPRUIGE S5 igh1on-wetting
ifpAAt Iﬁﬁoéﬂddhg% é/t?é‘cﬁfedlrﬁl%ﬁﬁ@%bﬁeaﬁéﬁgxb%les 3.3 and 3.4.
m croscopy e 4.4. Fabrication of 200-
silica structures for m croel ectronics A patterned .

1- hyﬂ’ﬁd?%lé%ﬁirfméﬁéne%léﬁ)dsﬁétmﬂﬁolﬂhéﬁra%w l'i con

substrate patterned wth I40-nrn Tines separated
nrn. Mt%p&w Pietrmgster, cﬁszraneyﬂwwob@tneedlnﬁ@iha@ndatﬁe(PFPE-

R k15 o BURGIA L o

firhnoft 84J-Bhphetowsuistr oatoniat sitgen pafge. Tiie fosidtyiscbalest on a
PFEPE-DVA npl d is then rel eased fromthe silicon

el at 9 banad Kyoses! fireddipia PETTPAtiemes Bhotomask. The wafer
lsdgéﬁtgﬁ WﬁQ\ﬂ' 5 $89aR4 d%&@@&éﬂ@s&gjoa Eoﬁ’fr?grc?‘él 'agvd er solution

e stirring at hi s sol ut1 on,
3. réﬁg)vefuﬁ'éqﬁsadtSUeﬁ |re$|shg “Bhe I86UkRiIog ﬁﬂhernlélda‘surface is fully
rea

n t ed
cbred BbArsie! cBNS onaber e drSuitar Yoo malaie % Detlerngg moid by
p%;url SI?)P&E?I?)NSA@ES@M?{??{; ;ﬂéh?dgcfi%%éﬁg’e?zﬂbﬁgﬁg I?@tbﬁé' S&r the
ptattemm:l aged aiothe inastes t Aepoty(diueethylsilokane) emlddls used to

C&n lncqcﬂe\ﬁaf i mﬁjﬁ t%tﬂ-lﬁ] cﬁes&riegiggrerf[ao !ad.”gl aced ré)tﬁts;olg then
saBRated s dight Y18 1365 nm) for 10 minutes while under a nitrogen
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 Fabrication of a perfluoropolyether-dimethacrylate (PFPE-DMA) mold

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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pressure is applied to push out excess sol -gel
precursor. The entire apparatus is then set aside

wandosiiotdhe sol gel precursor has solidified. QRECTES2004/042706

structures are observed after separation of the PFPE

PR 4 Bedr GRS R 4R 220 B9 3 HD p tgmtete
2 (htiumedropld Wﬁ@@ﬁng | PEPEADEVIAU¢onERInor -hydroxycyclohexyl

m croel ectronics atterned perfl uoropol yet her (PFPE)

Rfsnyl i efenr 0l bihgowratisgnadprredi nef halbey| fpaster. A
EeySRNE, okl i LR e EH R P IR R FIPREPMA, to the
ddsiresl sveparTdiccabipyrail® isrthespb jodtdd oty llight Oxa@&p nm) for 10

nmold is used to confine the |iqujid PFPE-DVA t )
fHE%‘i?Q%M’h ?ééﬂc}efh% “&bﬁ?ﬁ‘rf‘a{)u@%sqf%rfu kﬁué%q @’cﬁ?é‘%@”\ mold is

el Tbiken o MR pidtior, T08 Rifgholtty B #1830 can then be
aoplfirasd disfngofiarhie Firbe dMiorosesp wr(Figdepaddtt)el y, 1 g of
Pluronic P123 and 0.51 g of EuCb 6 H20O are dissol ved

in 12g of absolute ethanol. This solution was added to
2450l piHrRBteh oF 4 dHAIGbropeReabF-alRetHAIaEh (PFPE-BRIA] mold
and 3.88 nL titanium (V) ethoxide. Flat, uniform

sur f dees adlempjateegenaratashfromddoickecapatyner anigelldsi con

i de, waf Lh." i ranha’ i C S
concanto P b rubletdPerifichliaRutahepatusiaenyag PFPE-
BRIt ieRr) fauridaton i i8 herfePhicavbyn gdishessing Qdlydtynd-pélyisoprene
sol -gel solution is then placed on the treated_silicon
biggteForeidmen anipeltascem adreshbECkRR P h MieR §UGACE o NiF master can
J&gségqattﬁﬁ*p?at'esa tpté%rrpéc? d'tgyapcﬂm W@Wﬂtd&taining 1-
and a smal’l "pressdre i s applied’ to pu out™ excess

I9eiroxelycliohesyr siosnyl Ketorenbvere trappedttdmedi srecheh tisetmaster. A
aside untjl the sol-gel precursor_has solid

Sl dimetylsiowey mold §ouBrdda Gpoane JBpaiang dif E-QM 1o the
GHeoBkd, I A phafed b gnctnbuv gk Ssemipor 10
miwited adilésunderfa evtroderapurges fdine rfully eelred tRFIPE-EIMA mold is

tt d fl | PFP [ d, i
B3 IR EOPEE T had e S PRI, e SBRELAAT dgen be
o s ARIIRH orBB ®M¥toscopy (see Figure 34).

55 Fabrication of a perfluoropolyether-dimethacrylate (PFPE-DMA) mold

from a template generated from brush polymers.

A template, or “master,” for perfloropolyether-dimethacrylate (PFPE-
DMA) mold fabrication is generated by dispersing poly(butyl 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
poly(dimethylsiloxane) mold is used to confine the liquid PFPE-DMA to the
desired area. The apparatus is then subj ected to UV light (A = 365 nm) for 10
minutes while under a nitrogen purge. The fully cured PFPE-DMA mold is
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ketone over a silicon substrate patterned with 140-nm
lines separated by 70nm A pol y(di nethyl sil oxane) nold

wo g0084ed6é o confine the |iquid PFPE-DIVIA to tPET/US2004/042706

desi red area. The apparatus is then subjected to U

' 3 0 NH
helteiceen o MH,o\ier, eI M nig oanhen be
¢oe1f|eaeddjsﬂng)mam@ Force diorosespg(Figbepaspt el y, TMPTA i's
bl ended with 1 wt% of a photoinitiator,
1- hydr oxycycl ohexyl phenyl ketone. Fl at uni form
BeinYeld.6Ng surEagrspapakire af aégmuaea&alﬁ?efh%?,oﬁﬁah%cmate

mat erial are generatea by treatiTg ST T COMm wal
cl eaned with p(HFéfE}ﬁ)MAbImblcbrfrcﬁmla ténnpllawnt;eaemﬂed from

sul furic acid: 30% hydrogen perqoxide (aq) solution) and
treating the M@@Mn adhesi on
Pr omoA @empfdte] BRURX" ok d@‘rmnyrbpag&ﬂ?e?{méﬁbcﬂﬂ&ea(wpa

non-wetti ng si | ane agent 1H, 1H
RMAD emnbldu dalodeatipn isr |gmaeram§isby a.h@ersmige edrittworen deemoglobin

e from 000/ of the adhesio rogmt er to, 100%
TREH oA Tengvaipdite. FieT Rl TRl reeSiar ogs Be used to
tEMplAe Sa“‘rféité?hé@edﬂ@l’d thg tpRaird PF'P'FECID‘M\A@f %bn?eﬁﬁ'lng 1-
the patterned PFPE nold placed on top of

hyglpetycaelohesylt plenyb| ketens |0Meathm|p@ttﬁgmb @reat cufstham taster. A
e RO G aRE Sl doEER B BLEL FRRE-DMA o the

mmnad@traa Thet Aigraratly iethed stibjeldiéd togtbv Iight=(A36368Mm) for 10
for ten mnutes while under a nitrogen purge. Features

RNEtRSH W Nt @ MItERGRIT RUIGHh diher Rlly mrmtedblFP EnktMAngold is
I n [ a r 0

RN esRY LG e Ry | TReTRFLlod) O B TAROEN then be

cﬁ)nﬁbhddmglrtg‘Atd&mnrl%drcaMcﬁsgopy;er ed Tenpl ates 5. 1 .

Fabrication of a perfluoropol yether-dinmethacryl ate

(PFPE-DVA) nold froma tenpl ate generated using

Elgbiedy Beam LedilipagigRhy of t %w'@rﬁuorebowa%%meﬁ%rcmate

per 1 uor opol yether-drnmethacryrare (PFPEDVA] nold

fabrication is ((pEb-B0A) usbldy fedroctar dantielate generated from
l'i thography by s' N coa i g a bilayer resist of

200, 000 MV PMvREHINSG & HaH N EIREER 0 a silicon

waf erp %rhbla'i@ooﬂ "Tﬁnbﬁﬁsrr"f&br %\’ﬂiﬁ)ro?@@ewoél'n%lhbﬁfﬁate (PFPE-

resi st ae/er to an el ect ron beam i s translati ng

DPMAS rpeld-febagationnial gpaerasec by Tdigpersiios PINA rd@mtwéwres on a
ft%nglgéeﬁ&? r%?@el‘%uﬂé%%hy'mé 01?1%%}/6“ 551% W& '?J% 4t 't(9 nte?r?plate 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 (A = 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

Microscopy.
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exposed regions of the resist. A correspondi ng net al
pattern is formed o n the silicon oxide surface by

wer@apataté ng 5 nm C and 15 nm Au onto t he resPGI/US2004/042706

covered surface and lifting off the residual

R 1 T A Wil

by reactive ion etchipFPRDMACHAbLR Frdthasmicamslate generated
renoval of the Cr/Au fiTmin aqua regia. (Figure 3 1)
This master can b Bomsaibemnapaibgse a patt er ned

mol d ing. R i ni .

TPy APt DB MEStea tof e idHBvether dimethacrylate (PFPE-
DMA% afold héaftmmtieﬂ. is|A gm%rétﬁdnﬁiwwispémk?ﬂejér ngtcméihg carbon
used to confipe the. liqui PEPE-DVA to t he desi
nanedubes, gna shicah Xide; n f@sj 88sied a8 Ry w%‘o%ﬁo tgmplate a

HRETE Pt UL PR MR, MO T RO RGOSy pheny
keheneraséethe paitsrnedl areazof the masgdr.f Ar polpeimedthyisiokame) mold
S beBiT e sanfine e PuAd FEETNAT P Eeilied ios 5 Bngpparatus i

tBeft subjettéd B URALiGIANAQE 3685 nm) for 10 minutes wh ile under a nitrogen
per f1 uoropol yet her - di net hacryl ate (PFPE-DVA) nold from

rurgenpl e duljeserest BF RisDMA ghalddsi theogietgasgd Arom the master.

emplate, .or " ter,t . for . . .

§ IVBTIE, of HEP- HolLRACNaPE CRMISEISHH $ippAtomic Force
WiRksdcopli on i s generated using photolithography by
spin coating a filmof SU 8 photoresist onto a silicon
wafer. This resist is baked on a hotplate at 950C and

exposed through a pre-pat hot omask. The waf er
i s baked again at 950C a 2 I% Epped using a

conmer ci al Metheldagfeviakiob M omodigserse Narstiuexpassed SU- 8
resist. The resulting lJoat terned surface |s fully cured

at 1750C. Thi s Hayiigd Flurglityof i3 e a

pat t gfn I kg PE: 16O &)1 54 ;

1- hyaf‘o%é% %r@%ﬂq'q‘%hgﬁyltﬁ{eﬁ (r)ne g\%eﬁglﬁgé%gttseurbﬁeeﬁ matter
dgosedbes a heveld'top dowh” poiftylitdogrephid wichaicaree ) nomivebtiing imprint

dt fi the |iquid PFPE- to th desired
oy dRaybilavbn afins rosnitelt isamated BB hPgictures. to be
%ﬁéré‘t@j bor t%ﬁp@éﬁéﬁﬁ%@%%@%ﬂénﬂ'lbwog%ﬁ @Rergy and

he fully cure is then rel eased from
swallingsistanes of caredbeFPhelgagdoyatgstalsal ni croscopy to

reveal, the patferned. PFPE- nmol.d (see. Figure 32). ”
L5 et PRy PSS SRR, Bt AEFidgs et PPy jtgpedown
ddAFRirdgMiphigole@hnique; non-wetting imprint lithography (NoWIL) which
allows completely isolated nanostructures to be gernerated 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
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. @ PFPE mold and

fluorinated surface) the liquid is confined only to the features of the mold and
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froma tenplate generated from di spersed Tobacco

Mosaic Virus Particles A tenplate, or "nmaster," for
w@eorosiiuas®pol yet her - di net hacryl ate ( PFPEDVA) npCTIUS2004/042706

fabrication is generated by dispersing tobacco npsaic

t%réﬂzﬁn{ TE{\M%QI#@@&%&% sc'%éelinf%ﬂﬂ?v@é‘t\?/%eﬁ Fthguélgstg%ﬁéric mold

mast’er can ate a patterne

amyl ;ﬂwrsuw@adéFBEd% ctightapneéssurd - hy'ﬁuexyhecﬂ)@benub/ dlsclosed
rned area of the nms

h | t th tt
%&f%dvﬁ@@ﬁg?%ﬂ 4¢3 ;erﬁ}ﬁb?me AsEAPD %?ﬁrahe%qﬁhé'thographlc
”‘ﬁeﬁbﬁab@?%%”ﬁa@%%ﬁﬁ%h Pty BEE meFal RS B shipe that
arkilimitegnaldy by the toriginah nastereusethie gendryte:meetmEoI@FPE-

I d d f. th T, ph
oo b IGOIE FARESBSER SRRl oL PRE B vere
d@n@"ré’é@oﬁﬁn{% qkiety33p)endginderebabilib6Rt matie?s. aRepresentative
per fl uoropol vet her -"di net hacryl ate (PFPE-DVA) nold from

Petiesns ingludeydndrare gt flingiadoioo Skvroasbwadsea Figirieed 1A conical
SHEPRp BhiTtal! oTRED Ehihe bhie Ao eseedpR® iR & the t (see

H‘l@.h'el ¢2},i @nd iZ000emetrapezbidN Sir§GaFsd Neee Figure 13).  Definitive
tystyrene pol yi soprene bl ock cog lymer mcelles on a
e

els thaf- ali erarbelesi weres indegde’scum ﬁaswa,ﬁr destonsdrastegddby the
P
by 0 TnEfoRR, FELLEY AL porteu ol ol FEsEYG 4 Agotors
h@%apmd tlaaéearfaf:et }Seermtggwizmapglzg'(:ggrgmwt Si It oxane)
e to confli e I qul - 0

ggs. Péﬁy%iﬁx@nem'acglpﬁﬁ 1% 3 m‘fﬁeﬁl 9ﬁwﬂt@e@%dfomw delivery
bl BT L TG M. T
usel fd¥eG rfarmparﬂrcéesrgsmgnatedr b imerd odiogenudlsiohe torobel used as
CEER B ST B il b3 ebgea. e RS Yer ot e
ﬁ@?ﬁél%&ﬁé’%ﬁ{@ﬁ&ﬁ{ cHbRE %ch\/é 1g\tm ( HERGg! %)ow@péis DE03002).

a tenpl ate generated from brush polyners
Ilmrthenaasenily diecloped fdubjzrad pwkitet, hNDV%IermAalsapegfbmned usmg a

o S ARk, SRCLRE RS US, or o
dhb@éihitmt&' ewg@réﬂy@?cléldéiﬁc%heﬁpi SketBgé er Pwpéoentﬂéleg were
to tenplate pattef ned nol d by pouring PFPE-

gesRtatedi rfgor:n- a variety of patterned 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.
M. DeSimone, Angewandte Chemie-International Edition 43, 5796-5799
(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 substrate and photocuring. A
small drop of PEG diacrylate was then placed on the non-wetting surface and
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. Pa rticles were
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hydr oxycycl ohexyl phenyl ketone over the patterned

area of the master. A poly(dinethylsiloxane) nold is
waised/1baeconfine the |iquid PFPE-DVA to the deBCT/@82004/042706

area. The apparatus is then subjected to W/ light (L =

oFREnRRY pljoF P darBhites %né‘*ﬁ%?é%ﬁsﬁd”‘l&?teﬁ%ﬁ%ﬁ@%%ﬂaw

usief epticalnidrosy), agynningt él%cfr@hdnﬁﬁtﬁsdd(‘t@ﬂ ), and atomic
conf| rmed usi ﬁ% Atom c Force M croscopy gure 35).

fesegrpiceoseapy (BEM cation of a
T e L

ate gener’at ed from ear rm he
chaindeﬁ(PlAGAe)mmm had &r cdmmdér@lb]é ifipact on the drug delivery and

FeierIcde 1o PETHONEFS PeaaU5e h BopdroRoBKIa haget. . Unrich,
Il A R e e o )

hi's master can be o tenplate a patterne
HB1E108 (NdoRFRDIADVA. Comltmrmsmg 1- KhydrmayswhadremVecules 4,
phen one_ove atterned area of the master.
1&%%%&4?3{“ 308 ) ) s Withe PESeased corteme. tprfégress has
ui P t e a [
e ) e t‘é”euv RN (0 LR RFAERgbtsh ' arious
dnspanmes tebhhigues deat rasuli t'rr sigerdigtibytong hadfark|syriatlyrliecited to

STOPEFE SagPen. |9 er GEu Fhe e bR A ekl 4. 8426

( c Force Mcroscopy. Exanple 5.7. Fabrication of a

per T uor opol vet her - di met hacryl ate (PFPE-DMA) nold from

at erfmeﬂm@sgeﬂxsdm@aﬂrmqﬂmmmeib@mstrates the use of NoWIL
for

t t t
 STRIB S G Ben B A PREEHE. 1ihatB( BBRze A rsfigpe and size
distabiifeH.1 ORol xaRHRS, aneEndYebsariehtNbridNGram of (3S)-cis-3,6-
nanostructures on a freshly-cl eaved m ca surface hi s

aimsthyt-1ehdiaxenaska-diena wiasl keated ghaveeits aeelting denperature to

PR pheon, SERLPHE Sdodte ST aBITG, 80880 the

ligoldyteneridty |/5 ukqmm—be PIA dnbsormee doluionads fient fléced into a
'i quid PFPE-DVA to the desired area. The apparatus is

prefegatedbineldieg anparatusi Which( corfaiges! anpopyretting dighpubstrate
a%' Bid! nﬂegmgll EI’&&W@W@E%&Q% dT&eE{éUuJ)Q'sl)? H%ggnﬂaé:dp 5] % out

I'S then released
excess PLA monomer. The apparatus was allowed to heat at 110 °C for 15h

until the polymerization was complete. The PFPE-DMA mold and the flat,
non-wetting substrate were then separated to reveal the PLA patrticles.

To further demonstrate the versatility of NoWIL, particles composed of
a conducting polymer polypyrrole (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).

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

-95-



10

15

20

25

30

The norphol ogy of the nold can then be confirnmed using
Atom ¢ Force M croscopy. Exanple 5.8. Fabrication of a

w@eoosiioas®pol vet her - di net hacryl ate ( PFPE- DVA) pol/dsionom2706

a tenpl ate generated from carbon nanotubes A tenpl ate,

f
A T R A
. Astarayi0§ ug & anWianet Bb@ésamd Apwiibil Riysios Deltavafsssy, .4200-

s Inmaster n be usedtotenplateapatterned nol d
W BVrY w4 3&6@-% cont ai ni ng 1 hydr o: xycycl ohexyl

hen e e a h
Bol yﬁlvﬁepﬁgﬁ% oggastr?g%ee tsE]I% s use %?oggckcér?f %r@ma?e o this
priogeity iPHREfDRation cbﬂ"l%PyieerthB by éthT[heFappmmplas 5DsuL of a

4 S SO ST ol W Adeetinedl (s e sprehioit 88ia. A
&?EBEofDM‘?s et b&)\kﬁ‘%ldﬂ%he@ﬁl%ﬂ 6 TRMBIBER FBEHRIriZalbe) into the

bhol ogy of the nold can then be confirmd using
¢ anpacatus! am@amwd meaapweet@ rwmdvedemesreamlngon The

M’”°d£usé°%ss%h%"é”°% S4he B Sardl &on thBgiaifi rgmove the
TiHECé@@G/@thHbJ PRy paRiidies wirecibhlested Waredodd GBelt9Wiing the
soft |ithographic technique; non-wetting Inprint

$aA sRASIBFya% REANQYSIARSHTREd. ows conpl etel y i sol at ed

nanos 1S the MEtPaRehRAITRMHY AL AgRIY AR A e Hanisms
ere é’,{ I ow sugﬁ‘egc é é) %W’e

the in rgy ah

ofeBLAT REG afd PRy emte Riokiplbiebedifiope sty | lédnSexaThﬁle while PLA is a
presently described subject rmtter prow des novel

higlrmodyiis, seieysial mecp@lelmﬁm eﬂr@e dnd#inges (MAG! 'iC?rﬁW%ﬁd ring
iSRG, Mol ol o8 oliophal iy s
thae isnmhcﬂocunedwfmﬁflade:adiyl,erzmd aREysvel bi gnducting polymer
B RS HArH R Fhe LT oWE IO g e 1
@Bnb@t‘é’ lpa'l*t%léé‘@?orﬁ%@sé h@ivéu‘s%sb%@%éé CofMBbinadlit hkterials that
surface underneath the drop of nononer or ‘resin are
reopiraevenndifferenhireaction conditions underscores its generality and
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 nanoparticles. As described in Example 3-14, NoWIL can be
used to encapsulate a 24-mer DNA strand fluorescently tagged with CY-3
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
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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droplet. If the droplet wets this surface, a thin scum
layer will inevitably be present even if high

wee@sdores are exerted upon the nold. Wien bot PCT/082004/042706
elastoneric nol d and the surface are non- mettlng (i.e

@Elned oﬁﬁgr &Qﬁkﬁgéggﬁ hhg%f%g%&e FQS gq WeSscian Pe

eawsuldedlbwmmm a seal forms between the

el ast ric, nmold and the ace under, a s

ot 655 L PEMGHHGE! dlsRes pineeRld {7 i Bidicuadu bfidiled agerts, such
RS %t%%afn%ahnfresf 'ér?&taté B} @htév%/g&i € FUBRBE Rk si ity of this
['1t hographi ¢ net hod r oduc anoparticl’es o ear
avgtemmauz@walfpr etra@htfanda@aféjelstmant af partial pedpertiey, bych as
th | giynal er used to_gener. te he ol d

RRSPIR DRBRIY T RhBlas'o o SO by otih: SHETDRRAL otner
¥EheneRRes ahed dondsthatoriar g@hé!raQBne@IgFé‘m@Teefbrﬁidlétfdﬁs that can
mast ers. Representatlve patterns include, but are not

be taitasad fer, specifis applisadionsee Figure 11) , conical

=Dk inds TN F D ST IFE O on o
isblated udiesre(s arariosgutrirdSbf nBafly Enyi sige pin@oshdgeat Takl shapes

particles were indeed "scumfree" was denonstrated by
'ﬁ’@ealaﬁq Nejein ovakec aaginegrad, narmaykidary ﬁbéﬁeﬁaqu)\M“esQaByeaS“y

B TRpH BRI g 4050 By LIS BRI BBl Bt such
amnmnsae aWskﬂ$epeﬁemépandthegméelFuﬂhgnmmplnhaﬁednaquecan
because IS rea avai | abl e, _non-toxic
Gt AateEs FAD aois VRREYNahGRaR P ol jamania awterial
SnthiNeS %%a'ﬂigcér%?'&% .Ohel %e@ﬁoﬁ@%nﬁ@l&%ﬁ A)(‘é?é AR that it

vectors has previously been reported er et
dges riau mvalveofconlréeﬁrmm‘acéantﬂmrmreactlcﬁocuoedylonmto g‘enerate

%%ﬁ? Ao §+§E%nﬁéwﬁp°r§§ sspgqrf ﬁ@qcﬂgo YnIhdGatASrSoale by
H’g‘%f)@étﬁlidd YoraVieHdgrapisy Rﬁl@r%@ﬁfdlb%ﬁ &edd, N. e8] Dadin, G. M.

of a photoinitiator droxyc cl ohexyl

Wmmlda&t@%\eanqeldpwamws &\eﬂ@@é@é atlRer,f 19f)a or silk screen
é%m g%él%(gatterned silicon substrates using a

& f? e functionalized PFPE ol i goner (PFPE DVA)
as described previously. See J. P. Rolland, E C
Hagberg, G M Denison, K R . Carter, J. M DeSinone,
Angewandt e Chemie-International Edition 43, 5796-5799

(2004). Flat, uniform non-wetting surfaces were
generated by using a silicon
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wafer treated with a fluoroal kyl trichlorosilane or by

drawi ng a doctor's blade across a small drop of
WEREREADNMKs on a gl ass substrate and phot ocuri ngPCEUSI084/042706

drop of PEG diacrylate was then placed on the

non-wetting surface and the d PFPE nol d pl aced

on top of it. The substrate g pl aced in a

mol di ng appar ﬁwnm%i&jobﬁsmtldnabPee‘m:[xrepolaetlm@I ied to

push out the excess PEG diacrylate. The entire

apparatus was then subjected to W light (L= 365 nm

EQanmiprd 71 hud gshebis| 6f KRAGK® FDUPOheIRMINRHGDP, Faware, United
rticles wereobserved after separ at1on of the PFPE nold

and flat, noviaies of Amesicasbicite bedised apeifuctional PEPE
m croscopy, scanning el ectron m croscopy (SEI\/D and
atomc force mcroscopy (AFM. Poly(lactic acid) (PLA)
and derivatives thereof,gsuch as Oé\

pol y(1 acti de- ffogl ycol i deff (PLGA), have had &

consi der abffe—ﬁ-n-pa:eﬁzonc%’tz drug deli very and “fedi cal
devi ce communi ties because it is biodegragable. See K
E. Uhrich, S. M Cannizzaro, R |S. Langer, K M
Shakesheff, Chem cal Reviews 99, 3181-31 98 ( Nov,
1999); A C. Al bertsson, | . K |Varf¥,

Bi omacr onol ecul es 4, 1466-1486 (Nov-Dec, 2003). As

wi th PEG based systens, progres¥ has been made toward
the fabrication of PLGA particles through various

di spersion techniques that result in size

di stfli butions and are strictly [imted to,spherica
hﬂ'pL FSee0-ErF B iF 19— @Q—Samm@emna% cfrz—?ré—>CF—”—
8426 (2d01 ) . Thé presently disclosed su t mat t
denonst it es the GSe of NoWL t¢Q generate d¢Fscrete Pl§ﬁe
particles with total control over shapeognd size
di stribution. For exanple, in ome enbodi nent, one gram
of (3S)-c/s-3,6- dinmethyl-1 ,4-di oxane-2,5-di one was
heat ed above its nelting tenperature to 1100C and -20

of sta nous octoate catalyst/initiator /fwas added\to
F?]ec'f'zl oG O fofiemet . TR dfep G hE™ PSR noh —nggrg% ‘ETn_CHZ_OH
was the {)I aced i o a preheated nol di ng aphar at us c
whi ch contai ned a non wetting flat substrate®and nol q
A smal| pressure was applied as previously described
to push out excess PLA nonomer. The apparatus was
allowed to heat at 110 OC for 15h until the
pol yneri zation was conpl ete. The PFPE-DVA nold and the
flat,
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non-wetting substrate were then separated to revea

the PLA particles. To further denonstrate the
woersavidé ty of NoWL, particles conposed of aPCT/US2004/042706

conducting pol ymer polypyrrole (PPy) were generated.

EE@%@%L} hel @nﬁ%}éfs B?Wo%”&%rﬂéﬁt”% ntéﬁ,issalsware, United

R SAMONTS, —CITdal Ter,
Ar nes, Langﬁtﬁtés bl Amdriicid E(léb%ﬂie Uasd\ml 4 Fasctional PFPE
"1 ost-wax" techniques, see P. Jiang, J. F. Bertone, V.
L. Colvin, Science 291 , 453 (2001 ) . The presently
di scl osed subj ect matter dennns@p éf CF@ﬁgﬁMﬂﬁthﬂ)OCEg
time, conplete control over shape and si‘ze
di stribution of PPy particles. Pyrrole is Kﬂg?ﬁ to

J

pol yneri ze instantaneously when in cont def—w
oxi dants such as perchloric acid. Dravid et all. has
ShOMﬂFDhﬁﬁ?@©O£}Q0|ynEFIZatlon can beretarded$by the
addi tion o% tetrahydrofuran (THF) to the pyrrole. See
M Su, M Aslam L. Fu, N Q Wi, V. P. DravidF,
Appldoed Physbdcs Letters 84, 4200- 4202 (May 2 2004) .
The present |l disclosed subject matter takesg dnaﬁpi ge
pof thiscpropertysin phe farmation of PBy partijcles
Now L. Fof exanmple, 50'm _ of a 1: 1 v/v sol ution of
THF: pyrrol e was added to 50 m L of 7096perch|§ric
acid. Adrop of this clear, brown solution (pnior to
conpl ete pol ynerization) into the nol ding app&fFat us
and applied pressure to renove excess solution. The
apparatus was then placed into the vacuum ovegr,
overni ght to renove the THF and water. PPy particles
were fabricated with good fidelity using the gsane
masters as previously described. Inportantly, |the
materials properties and polynerization nechani sns of
PLA, PEG and PPy are conpletely different. F
exanple, while PLA is a high-nodulus, semicrygtalline
pol ynmer fornmed using a netal -catal yzed ring ogéni ng
pol yneri zation at high tenperature, PEGis a
mal | eabl e, waxy solid that is photocured free
radically, and PPy is a conducting polymer polynerized
usi ng harsh oxidants. The fact that NoWL can be used
to fabricate particles fromthese diverse classes of
polymeric materials that require very different
reaction conditions underscores its generality and
I mport ance.
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In addition to its ability to precisely control the
si ze and shape of particles, NoWL offers trenmendous
woppsnouné ties for the facil e encapsul ati on of PEYER1084/042706

i nto nanoparticles. As described in Exanple 3-14,

DRhoie 7B DBHIELE raS AR BLP R ARAGON PUIARAR, United
uor escent - te~prevroust y

descri bed 2@Rates dfrfanerca)it| BHse Paetiss @ Fundtivosal WREPE

acconpl i shed by sinply adding the DNA to the

nononer /wat er sol ution and nol di ng them as descri bed.
—weire able to confirmthe encapsul ati on by observing

the particles using confocal fluorescence m croscopy

(seegFigure 28). The presently described approach

of fer[s a distimnet agdyantage over other encapsul ation

met heds in that nggsulfactants, condensation agents,

and tlhe li ke are fequired. Furthernore, the

f abriceatcen of FaYonodi sperse, 200 nm particles

contdining DNA represents a breakthrough step towards

artifocial viruses. Accqrdingly, a host of

biolqgically i nportant agents, such as genefragnents,

har maceuti cal s, oligon ' [ be
gncaqsulgtgd b§ thi;gne#ﬁ%@?&¢ﬂ§ﬁﬁ%?ﬂ§%ﬁ§P§§E%(Iﬁﬁﬂ%

anena&p) e to non-biologic@lly oriented agents, such &s
neta” nanoparti cl es, cryﬁtal§, or catal ysts. Furt hetf,
the sEapbicity of thifs—sg PH®Rs-CFot0—CF,——CF,——C——0——CH;
straﬂghtformard adj ust ment oh p rticlé ibperties,
suchaoas crosslink density, farge, an@8Fconposition by
t he dddition of other conononers, and conbinatoria
genercat i on of particle fornulations that can be
tailored for specific applications. Accordingly, NoWL
is a highly versatile nethod for the production of

i sol ated, discrete nanostructures of nearly any size
and shape. The shapes presented herein were engi neered
non-arbitrary shapes. NoWL can easily be used to nold
and replicate non-engi neered shapes found in nature,
such as viruses, crystals, proteins, and the I|ike.
Furthernore, the techni que can generate particles from
a wde variety of organic and inorganic materials
containing nearly any cargo. The nethod is
sinplistically elegant in that it does not involve
conpl ex surfactants or reaction conditions to generate
nanoparticles. Finally, the process can be anplified
to an industrial scale by
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usi ng existing soft |ithography roller technol ogy, see

Y. N Xia, DD QGn, G M Witesides, Advanced
wordsnoabe 8, 10 15-101 7 (Dec, 1996), or sil kpET/USmN4/042706

printing nethods. Exanple 7 Synthesis of Functiona

EE)%rrﬁéléof onﬂﬁﬁlé?ésoﬁkﬁﬁﬁk(@ (BdPentSYRIRERI8n O Delaware, United

rytox(r) ton, Delaware, uUnited States
of Ameri ca) Stites of Arhericaddioht be klseck s adiunctional PFPE
PFPEExanpl e 7.2. Synthesis of Krvtox(r) (DuPont,
W m ngton, Delaware, United States of Anerica) D ol

to be Usedopas a Functional PFPE 0
CF2=CFOCF2[tF( CF 2CF2 Exarrpl e 7.3. HA/nt hesi s
of Krytox(R) ( I n I Uni ted
Statesﬁof @ga) 08% CFEE ?ﬁnc?lonb CHa

PFPEExanpl e 7. Exanple o Qtox(r) ( DuPont

W m ngt on, Depﬁmare Uni t@th States of America) Diol
to be Used as a Functional PFPE Reduction nw =
2436Exanpl e 7.5. Synthesi of a Multi-arm PFPE
Precursor HCr PFPE ereh i ncludes, but is
not limted to an |socyan te, SH Q(WH chlorlde an
epoxy, and a hal ogen; R igcludes, but is not limted
to an acrylate, a methacrylate, a styrene, an epoxy,
and an am ne; gan the circl e represents any

mul t HOHTH, HeRd etk LCFSsHE-acEyet-CE,eampewinti  PFPE
can be any per|f| uQropol yefherjqmaterial as described
herein, including, but nof_limted to a

per f | uor opol yet Rer naterlarsconpr|3|ng a backbone
structure as foll ows: C& CF2- O J/-n -CFr-CF C
- CFr - OCF CF, Exanple19 6. §§%thesis of a Hvperbranched
PFPE Precursor HO PFPE = PFPE Chai n Hyper branched
PFPE precursor Crossllnked Hyper branched PFPE Net wor k
wherei n, PFPE can be any perfluoropol yether materia
as described herein, including, but not limted to a
per fl uoropol yether material conprising a backbone
structure as foll ows:
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- - CF-04/-n-1 0 r CF CF, -CF2- CF2- O -

F2-O-J - andlt will be understood that various details
wo@tooshel4ps esent |y di scl osed subject matter canP@EUS2004/042706

changed wi t hout departing fromthe scope of the

PLERBR: 1594 pohoss Sl ARk E pEH LRS! Tor e, the

|IIustrat|on only, and not for t he purpose of

% tation. CCAINMS What is clainmed is: 1. A nmethod for

f i hg one orf hore partir&tés, the method conpri sing:

(a) providing a patterned tenplate and a substrate,

wherein the patterned tenplate conprises a patterned

tenpl ate xurface vilng a plurality of recessed areas

formed ther (b) disposing a volune of liquid

material in n at |l east one of: (i) the patterned

tenpl ate surface; and (ii) the plurality of recessed

areas; and (c)xformng one or nore particles by one

of : (|) contacting the patterned tenpl ate sg%fagengLDVV
> subst 1 ¢ nd treathng the 1Q qurd Tt er an

bll) treatﬁﬂﬁjéﬁﬁr%Tzﬁﬁ% et erd’al . 2. The met hod of

Claim1, wherein the patte g tenpl ate conprises a

sol vent resistant, ljow surfafe energy polyneric

material. 3 . RKe t hod of @P&qﬁﬁﬁAmpepgrwqﬂmyA»«OH

patterned tenpl ate clonpri ses a sol vent resistant

el astoneric materialy. 4. The nethod of Claima1,

wherein at | east one of the pauDeﬁnedeaﬁﬂRﬂPEﬁmwrw«A»«OR

Bhstirate-Ronb ?’\S\é‘s‘\’aA@ak@V sel ected fromthe group

PFPE OR

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 cyclic compound. PFPE can be any
perfluoropolyether material as described herein, including, but not limited to a

perfluoropolyether material comprising a backbone structure as follows:

—(—ICF—CFZ—O—}n— ———(—CFZ—-(IZF—O \\ CF-0—}-

CF CF,

3
)

—{—cFs-cFro \\ CF0—- —f-cFscFscF0—

, and
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consi sting of a perfluoropol yether material, a
fluoroolefin material, an acrylate nmaterial, a
wa@rdosaores material, a styrenic material, a fl upeT/nsLed042706
t hernopl astic el astonmer (TPE), a triazine
é*é‘rﬂp%"?'esy InthB8siB Y HOSABY. {PPEPERBELL Fhor 2
uorinate , mer or
fluorinated oligoner that can be pol ynerized or
crosslinked by a netathesis polynerization reaction.
5. The method of Caim4, wherein the
perfl uoropol yether material conprises a backbone
structure selected fromthe group consisting
wf  whED et~ X e prEEntor-abs@Ht , and when present
conprises an endcappi ng group. 6. The nethod of C aim
4, wherein the fluoroolefin material is selected from
the group cansisting ofjcaverein CSM conprises a cu re

site nmononer et hod of Ol aim 4, wherein the
fluorool efin mat | is de from nononers whi ch
conprise Yetrafl et hyl ene, vinylidene fluoride or

hexaf | uor opr opyl ene.
2,2-bis(trifluoronmd€myl)-4,¥5-difluoro-1 ,3-dioxole, a
functional fluoroolefin, functional acrylic nononer, a
functi onal Qidt hacryld mononer. 8. The nethod of Caim
4, wherein the siligone material conprises a

havi ng thedf ol owi}jag structure: wherein: Ris selected

fromth sting of anacryratEPRPE Chain
nmet hacr nyl group; and Rf conprises a

fl uoroa Hnet hod of d aim4, wherein

conpr i seyperibtanehedaREEEgirgcerner

{ ed omSihe group consisting of: wherein
o f l@er oal kyl chain. 10. The nethod of

C ai m 4, Odhereiv. t he acré"éte mat eri al conprises a

fluorinated acryPdte or a fluorinated met hacryl at e

havi ng the folj owi ng structure:

OCN \Q/ NCO

NCO

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:

—(—cle—CFz—o{n— +CF;TF—O \\ CF0—)-
c

F, CF,

7

—(—CFZ—CFZ—O%CFZ—O—)—n— —{—crscrcrro—

and
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R CHpC C=O O Rf wherein: Ris selected fromthe group

consisting of H, alkyl, substituted al kyl, aryl, and
wanlstidt4ee ed aryl; and Rf conprises a fl uoroal P&RIIIS2004/042706

chain. 11. The nmethod of Claim4, wherein the triazine

fl uoropol ynmer conprises a fluorinated nononmer. 12. The

nmet hod of Claim4, wherein the fluorinated nononmer or

f | uori naitledle Ahndrra®iodt bt wmusedpwn;nefr ithedoresently disclosed

crosslinked by a netathesis

t
solossl ke Br ) mqgfgdwgﬁ@w MR AR e of tn

n ti [ f rdSsRFipti
oY Bl Lol oML ey b i gompydesiption i

5 fo@ t&ie‘rpﬂlrpomaea)felllustaatldre«atsly amnof for ke patpess of limitation.
tenpl ate and the substrate has a surface energy | ower
than 18 MY m 15. The nethod of Caim1, wherein at
| east one of the patterned tenplate and the substrate
has a surface energy |ower than 15 niVm 16. The net hod
of aiml, wherein the substrate is selected fromthe
group consisting of a polyner material, a n inorganic
material, a silicon material, a quartz material, a
glass material, and surface treated variants thereof.
17. The nmethod of Claim1l, where in the substrate
conprises a patterned area. 18 . The nethod of Caim
1, wherein the plurality of recessed areas conprises a
plurality of cavities. 19. The nmethod of C aim 18,
wherein the plurality of cavities conprise a plurality
of structural features.
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20. The nethod of Caim 19, wherein the plurality of
structural features has a di nension rangi ng from about

wadtogilerdens to about 1 nanoneter in size. 2 1.pdhEs2004/042706

met hod of O aim 19, wherein the plurality of
structural features has a ginppg on rangi ng from about
1 0 mcrons to about 1 mcrom 111 size. 22. The nethod
VehatOsailaimks;] issherein the plurality of structural
features has a di nension ranging fromabout 1 mcron
to about 100 nmin size. 23. The nethod of C aim 19,

wher i n the Rhéthdhl for ribEUBHY U MRALURSAIGAS dne method

di mensi on rangi ng f roma 100 nmto about 1 nm
coingEisiyt. The nethod of Caim1, wherein the one or

I
pore part ke Bt Safiicr belbie el SaBcA TR, wheren

tenpl ate conpri grs p@tt@méorslté}ﬂsla&@rwr%@sésoénpﬂt&he@ tEmplate
plica nol ding process. 26. The nmethod of Claim?2

where in the repVifaee rﬂbﬂi\dn@!gappbkf@a‘iS ebrpcessad qraa)as formed
provi di ng a rrasﬁber enpl ate; (b) contacting a liquid
material with t ster tenplate; and (c) curing the

l'iquid maty @')l al dlsgofsmgf@ golmhd ef nedidtraatdrall ¢h o”dn dileast one
met hod of Claim 2 wherein the nmaster tenplate is

sel ected fromt@E group consisting of: (a) a tenplate

formed froma | thog{ésgﬁ?ﬁregﬁgﬁ,ﬁja%@sﬁf %al I y

occurring tenpl e; and Ions éreof .
The met hod of Cigi m &% pmmnszblﬁrd&dfessedtareai; aredpl at e

is sel ected frogone of a biol ogi HLQS ructure and a
sel f - asse 'AiRY @PE.Orggor ! 6OR% OF1 ai m 28,

wherein the oneipf a-BhelARg Q@% ﬁ&f&n?ﬁ@e durface with the

sel f - assenbl ed ructure 1s rom group
consi sting of a nat usab$tyatecamir’trea1g”|g:mesltca,||d nzaterial; and

protein, an ean/“r;E fredtin ing Y Be quwd magerlal and a

2. The method of Claim 1, wherein the patterned template
comprises a solvent resistant, low surface energy polymeric material.

3. The method of Claim 1, wherein the patterned template
comprises a solvent resistant elastomeric material.

4, The method of Claim 1, wherein at least one of the patterned
template and substrate comprises a material selected fromn 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 epoxy resin, and a fluorinated monomer or fluorinated oligomer
that can be polymerized or crosslinked by a metathesis polymerization
reaction.

5. T he method of Claim 4, wherein the perfluoropolyether material

comprises a backbone structure selected from the group consisting of:

X+(|3F—CF2—O—)‘n—X X—(—CFE—(|3F—O \\ CF-0—F—X

CF CF,

1 7
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tissue surface. 30. The nethod of Claima1, conprising
nmodi fying the patterned tenplate surface by a surface

wore@sflies i on step. 3 1. The nethod of C ai m 3BCT/US2004/042706

wherein the surface nodification step is selected from
the group consisting of a plasma treatnent, a chem cal

treatxmﬁ—ntt;‘z—maeb a@s@r—m—kon pr ocessc—{—aﬁ—ﬁanﬂﬁolﬂ
of aim3 1, wherein the adsoPpfion process conprises

b .
B0 LR aR AT DB g20Sh Siddpoing
byl hal osilane, a n d a ligand. 33. The nethod of

Caimi1l, conprl Si ng gos&gtl oni ng the patte ned
nofa

and tthe su& mgtho Isimet, VEIIEIbARR| ,!jJQl’Qoglehmatenal is
s‘e‘{bzéd SGh Heh@’o gl}%nm ﬁ,ﬁ&ed tenpl ate surface and the

trate a I'n a predeterm ned
al i gnnent . The net hod of aim1,\wherein the
l'iquid mat er Chs e &Feﬂc*ﬁg@ﬁfﬂ‘{a’: (“bap;ansi sting
of a polyner, a solution, a nononercra pl ucr;sﬂ/ll ty of
nmonomers, a pol ymeri zati on initiat or a pol yneri zation
catal yst, an,inorgan precursor, K@al pr cur sor

phar ce;fd:reég‘gagezﬁz H;aGH; 5—}

par amagnet G terial » a superparanmagneti Cd’mt erl
ligand, a cesi | penet rat| ng peptide, a por ogen,

surfactant, Iurallt of sci bl e I|qU| ds, a
sol vent, and ﬂg‘n% thod of

aaim 34 wher ei n the p i cal ',agent Is selected
fromthe group consisting of a dr ug, & peptainde RNA| |
and DNA. 36. The net hod of Clpgim 34, wherei n the tag

i s sel ect edi—g—e@p %gqm} te og%gjp
fluorescence tag, a radiola '_e ontrast

agent . 37. The nethod of C aim 34, erein e I i gand
conprises a cell targeting peptide. CR8. The et hod of
CGaiml, wherein the liquid material conprises ‘a
wfmeine@ﬁi\hgorageiaes agoreRite mnembmerof Caim1, wherein

the d} spos]Lhneg thtogeofy%fjalm , wherein the fluoroolefin material is
made from monomers which comprise tetrafluoroethylene, vinylidene fluoride
or hexafluoropropylene. 2,2-bis(trifluoromethyl)-4,5-difluoro-1,3-dioxole, a
functional fluoroolefin, functional acrylic monomer, a functional methacrylic
monomer.

8. The method of Claim 4, wherein the silicone material comprises
a fluoroalkyl functionalized polydimethylsiloxane (PDMS) having the following

structure:
(|3H3 C|3H3
R%—ei—oﬂvei—o—#R
CH, Rf

wherein:
R is selected from the group consisting of an acrylate, a methacrylate,
and a vinyl group; and

Rf comprises a fluoroalkyl chain.
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liquid material is regulated by a spreadi ng process.
40. The nethod of C aim 39, wherein the spreading

w@e@sassiceonpri ses: (a) disposing a first vol urer/v§2004/042706

liquid material on the patterned tenplate to forma

| ayerg of |400] : r . e .
e o AR B SR, Vi B Q5 ERAPHS comprices
d flaprirhtedsgirénd nicrionié ) sekode® frans eeogbupatarnsistivg of:

liquid material fromthe layer of liquid material o n

the patterned te ate; and (ii) leave=p third vol une

of liquid material the patterned tenplate. 4 1. The

nmet hod of d ai A R t he cont acti /g, of the

patterned tenpl ate ace wWith the g ate

di spl aces essentis
material from bEtwee
and the substrate. 42. The method of Clgi m 1, wherein

the treating of the liquid ABfleri al conprises a

HAERSRT SGinBASES /R Liky) Bhaip consisting of a

thermal process, a photochem cal process, and a

cheniital pltecemthodi8f Cllhien deeadef thél adrpdate nfatetiflesomprises

C r.isjng: reduci t.he, vpl u of the |iqui ,
crlBrnalef achibish S b  AopGIel Hatservietie it fag following
dacene: of: (i) applying a contact pressure to the
patterned tenplate surface; and (ii) allow ng a second
volune o f the liquid to evapprate or perneate through

the tenplate; (b) renovi ngCHhe contact pressure applied

to the patterned tenplate sé@rface; (c) introducing gas
within the recessed areas o fgthe

|

O

|
Rf

wherein:

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.

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.

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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patterned tenplate surface; (d) treating the liquid
material to formone or nore pa rticles within the

W0 e@sdelds ar eas of the patterned tenpl ate surfBCEPUSENG042706
(e) releasi ng the one or nore particles. 44. The

”E‘t hog, of thdk o‘f“t‘?éﬁ i twgf‘egéﬁl ‘Pr’i‘é'sp_%s?&sé l%es<§188ted from
nore par |c es 1S ormed by one of: (a) applylng
th@ggrpaptMﬁangeofp??@cﬂymer ?nauehﬁt, raheinovdeatiei matdnial, a silicon
substrate has an affinit or the on r re :
paiefifk| @ U MAIEERInih %%e”}?é%rﬂ%rn%‘? %R%!%?t freatrd, variants
th&dbst he one or nore particles is released fromthe
patterned tenpl ate; (c) swelling the patterned

tenpl1z¥te Viitteh raethdsof $daivent, wbeesdrr thie sUistabe amprises a

e‘%?rtlcl es; and (d) washing the patterned tenpl ate
8%bnd soI vent, wherein the second sol vent has

an affg ni tphd pethb® of TRaifi 1”Wh@réiﬁriHer@$aht95bf rEB@ssed areas
met hod of G aim1, conprising harvesting or collecting

conpris@sta plt@@ltym@cawt\@s met hod of d ai m 45, wherein the

her V8L D90 BBEEC TR e BBEBE Moo BIPART ) Rpvives
coigrise apiraktly o‘f@ﬁh@ﬁiral faafurgshi ng process, a
dlssolutlon process, an_ultrasound process,

nmegagéhi csl i doethed gh (pisgt ?Q)sWé‘ﬁF@"brtB@eBIé:'raﬁVidOfa structural
?%@P@é | o’ DCERTenst rgﬁg n@ﬁtfrb%‘?l ob ot 22@1 %Hc%gr % Nabout 1

net hod conprises a pr ocess. t hod
nainoBietemndsizewher ei n t he batch process is sel ected

L;?L“@‘%B?oc n?%”odﬁgfoélel?ﬁf’i&i?v BFGiraithgy ey of structural
fg%r aﬁclhtsé a part [ c é@%gﬁ%ﬁgg%&%ﬁb @%Tén% ﬁggﬁt 1 micron in
sigeur al i ty of
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.
23. The method of Claim 19, wherein the plurality of structural
features has a dimension ranging from about 1 O0 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
comprises a patterned template formed by a re plica molding process.
26. The method of Claim 25, wherein the replica molding process
comprises:
(@)  providing a master template;
(b)  contacting a liquid material with the master template; and
(c)  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 | ithography process;
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particles conprises a plurality of nonodi sperse

particles. 5 1. The particle or plurality of particles
wo@RooShei4n0 49, wherein the particle or pluralitRCDUS2004/042706

particles is selected fromthe group consisting of a

sem condur([)?r daegéﬁﬁa"gao(guyﬁﬁ%\{rem@ag ughqdel i very

vect or, ene vect sease detecting
device, a (d) semnbma’aﬂmm@etbn}ﬁ ce, a photovoltaic

devi ., a.sol ar eII e ogen,, a cosmet,i

el ectd®et , 4% @8 \Pg &b"@atzgl’ {‘e'%é” SBgs oratuzal %émppate is
s@ﬁi&éd f‘r‘é‘rﬁ‘ 8néef %tblo%Elc%béﬁéétM% aﬁd B SdRagd éﬂ&@d structure.
nmechani cal system ( a cellular scaffold,

t aggd% érhfﬂn raethade of i Gbﬂlmaaéntwh@mm dhei @ver Ioéra blogical

S&ng@%:#r}l % s&&ra(sgg %c# %yﬁ%qo ar%pl%q.tga ;rfqmqhgsgrou% consisting

ocf@mtusaﬂlyaoéduﬁemﬁg 8Rtd10a protart, léheenz@%e Beinmet Aadicefle, and a
CGaiml, conprising formng a nult - di nensi onal

t@gu@,@pda@e the method conpri sing: (a) provi ding a

f:%:ﬁ o th Gngét'ﬁ‘oégof @i nPr1°oénog+1ﬁﬁsuﬂgsr%%%p§n g th&" P&ferned

sSposing a sec

téﬂmplae@oﬁ@ceaiytaesuﬁdcé aliffadion (stgp.cont acti ng t he
second patterned tenplate with the particle of st

(a): Hnd (e meibed @é Glagn §@cwh§r¢mdb¢ SURRGS mdf f?ﬁtm step

1 @e?e&%&tfrom Wﬂﬁ&n@ co?‘x%fs‘t'iﬁguétea é%sm@?r@?ﬁﬁé’ﬁ’t % chemical
conpri si ormng an I nterconnected

{statmentirasd %ad%mtumetmodessf Cl ai m 54, wherein the

Shapéand teiﬂﬂé o o cChiree - sahemib. (el naiiberblins prgcess

coPpridaar §U§o 'rﬂb%’bﬁ%‘%ngélte%ﬁécﬁtffd#?tﬂh’éetg%%r t8hsSisfing of a
menbr ane. nmet hod for deliveri n& her apeutic
eg.

p@@@imcttqjy’@ amt@;ﬂmnytaf@hmx nodlkydhalosikaneg: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
predetermined alignment.

34. The method of Claim 1, wherein 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 metal precursor, a pharmaceutical agent, a tag, a magnetic
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 pharmaceutical agent is
selected from the group consisting of a drug, a peptide, RNAI, and DNA.

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.

-109-



10

15

20

25

30

(a) providing a particle of Caim49; (b) adm xing the
t herapeutic agent with the particle; and(c) delivering

WO b@spersté cl e conpri sing the therapeutic agent PCDUB104/042706

target. 58. The nmethod of C aim57, wherein the

genetile. moy apnou g Gl 28, wheRA e laeBe Wi o cen

thhetipgneiptiderat erial is selected fromthe gr oup
consi sting_of a non-viral %ene vect or, RNAI ,
and 2% r alhgarathed of Ggm hwhﬁalﬂdaeaﬂu@ ranarﬂe@@l comptrises a

article conprises a bi odegradabl e
po \f/vr%{édr?]gt%?efﬂ The nethod of C aim 60, wherein the

bi ode3@. adakhee nmihgaimf disinsd| ememmthemmmsn@g;omfpthe volume of
pon is in .of a ester ol drld e, a
GBI i er 19 roiaH o SpisaQts placoae:
poly( an Y, red h y er
a pol4§y| hmpﬂﬁ}g@d a‘ﬁd@gé% %Cg\{%mﬁ6ﬁﬁé Tﬁg?ﬁgﬁ?gd process

aom@issEism 6 1, wherein the poI yester is selected from
the group ¢ nS| aci.d

aci d, pol v(("‘ﬁydr %ﬂ?g}?rﬁf g‘ié/" 3ore’ 6’5p!‘8‘1"§c¥@}%?“a' on the

pol y(/2-mal i c asdtbrne@REmPpAtY (di W@ngﬂggér ofJiquidtenaterial on
method of Caim6 1, wherein the polyanhydride is

sel ect ed from tthe pgtteupectienaplsts; @@dof pol y(sebaci c

4. “The mibhod B i fERtokE e ey gy grateria

sel ected from tiae group consisting of poly(imno
carbonat es) and pol yam noaci ds. 65. The net hod of
Claim6 1, wher@®in t RMBKRSHREFOUS VEhERE YPoigwr material from

sel ected fromthe gr 8 ap! “ng dOfmé‘teP‘a VBHO%HQ%Sﬁemed
a pol yphosphonate, an ol ypho

nmet hod of C ai m 60, ‘tmvapleﬂtest arfee bl odegr adabl e poI ymer
Stimius. 67 T mdbRU Brtnefavala QRLAERn R on the
stimulus is select edpgﬂre(p,qréd template.

41.  The method of Claim 1, wherein the contacting of the patterned
template surface with the substrate displaces essentially all of the disposed
liquid material from between the patterned template surface and the
substrate.

42. The method of Claim 1, wherein the treating of the liquid
material comprises a process selected from the group consisting of a thermal
process, a photochemical process, and a chemical process.

43.  The method of Claim 1, further comprising:

(a)  reducing the volume of the liquid material disposed in the
plurality of recessed areas by one of:
(i) applying a contact pressure to the patterned
template surface; and
(i)  allowing a second volume of the liquid to

evaporate or permeate through the template;
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the group consisting of pH radiation, ionic strength,
tenperature , an alternating nmagnetic field, and an

wa@bdosnoabé ng el ectric field. 68. The nethod of PCA/EBI004/042706

67, wherein the stinulus conprises an alternating

magnetic field. The f ' : IS}
exposi ng t(l’ﬁ): pg'?&%'lﬁg %Hé%egﬁﬁl%c? & A |r§19§5r%'8§2t{6ﬂ:He?Fgﬁg med
once the parti ¢é@plate datfbwered to the target. 70. The

nmet hod of aim69, wherein the, exposing of the
particle KS an IrQAUGNG | §8S ngthit i e Eﬁgqﬁ’sé%\ s8LeqH 0T the

particle to produce e 6IQ{§%@e of a hypotherm a

process and a therno ablation process. 7 1. The met hod
of daim 70) wherdihg thadiquichmaiedalutetbriyyoné@rpaorsi padticles

i nduces one of a,phase change ,in the polyner .co ent
of the particl é‘v'gﬁﬁ Ch{FTREr A2 (Yat rﬂat%(r'?%)cﬁgemplate
target. 72. Theupatbogh@®f Caim7 1, wherein the phase

change in the polyner conponent of the particle
conpri ses (&) chaelgesingdhe®necdr mophasdides.a | i qui d

phase., 73.,The t ha f.Cl Aaj . i e
changé'frgmea glﬁ?cg Ogh‘g@@"t‘g@”gﬁg@mﬁ%ﬁsgé‘%@‘ ugﬂgﬁ% 2he or
néyer paradiek s pegdimé® bheneadfeased from the particle.

74. The nethod of Claim 73, wherein the rel ease of the

t her apeut i(@) ag@PPMin® the matteaneq éq?'@PLaéﬁﬁP! & sybgtrate, wiherein
control | ed rel asg pdiPate IR %gm%qmgegéﬁ%g?mom particles;

wherein the target I's selecte
consi sti ngbpf alefe@inting ahgepattgrnpdptendsiateasuch that the one or

cell -penetrating peptide, .an integrin receptor tide
(GRGDSP), a ne|ra<ar@o%racl§ﬁi'm'a@$¢fg¥rﬁm {P&n@,)&%{neg hpite;
vasoactive.y nt ' j o 2

anti body, ?gjnd ﬁ%”?@?ﬂkrﬁ%ﬁﬁeﬁeﬁméﬁ%r ora;ﬁllr%ese(\) vent fo
pattern on a subdudattee onkeormeoteparticlgs; esidng: (a)

i di tt dt | at trat wh '
The. patt orfbd GBI dhesieraed EmpiBeiac sErpra D Ivent

surface having \ghdtbit e $dcid §8068SIRSS anhadfiniyPfofele one or
therein; (b) disposing a volune of liquid material in

or on at | east roo pdrticles.

45. The method of Claim 1, comprising harvesting or collecting 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 proce ss, an
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
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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(i) the patterned tenplate surface; and (ii) the

plurality of recessed areas; (c) contacting the
wQaiosaores tenpl ate surface with the substrat ePCEHOS2004042706

treating the liquid material to forma pattern on the

substg@t e. I@%ﬁl%{éﬁtﬂgﬁﬁ%ﬁi@és gf%@rﬁﬁ%g,mﬁéﬁéiﬂ tb%e plurality of

pat t er ned rnses a solvent resistan
ﬁmslberwnhmismtaepluwlity 8f mMidredisyidresl paftici@sai m 76,
ereln at_|J] east gne of the patterned t | at e and .
SubstPht o Thadaride o Rl barEsbT Do A ghaspin the
. S . . t 1 . .
FRABIEL] PSR ol 00 IEhB8 R B glouzcorsisting o o

serhicoodaechont deniicd,, aacrystalemi drugtdslivaly, vectoruer igrene dlelivery
t her mopl.astic elastonmer .(TPE),. a triazjine . .
Y9R8h cbersRes ISRl Rauocs ey oA feyjoe. & photovoltaic
ddHes | HBbRY RIUNIdEH PordRjeth, @ Eddinétid)atredlcdRBR®RA Rditive, a
fluorinated oligonmer that can be polynerized or
eatalyst,i sk s@nsgr.a anedeioNBANG pOEYLTedN z 8bIasive, e dctriero-electro-

deeraGeCReot MrMs: 2 ool Sasark s ph armaceutica

grnichind @ IHeheeiterd from the group consisting of:
erein X is present or absent, and when present

conprées ke arttidppphglusabivol sarticieseoméiABy 4% wharain the
el HERS RR B TSR el SR T O
CF\ cF52- Crhe nmetibd cESNBbiNCA, cOMmtisingordiing BFmaki-dCRERsional
FrchHe. fig FISAMEH CRBTRIPE wher oi n Che f1uor ool of in
ot 1 af Fuor B3t nyT ooy P ot SR ao ey =
hexaf | uor offx)opyprewiling a second patterned template;
2, 2-bis(t rch)l uoéi(s)ggéi%l )y %s8oid fIllquucljcri Ot datedaliR* Ol Becond
patterned template;
(d) contacting the second patterned template with the
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.
55.  The method of Claim 54, wherein the interconnected structure
comprises a plurality of shape and size specific holes.
56. The method of Claim 55, wherein the interconnected structure
comprises a membrane.
57. A method for delivering a therapeutic agent to a target, the
method comprising:
(a)  providing a particle of Claim 49;

(b)  admixing the therapeutic agent with the particle; and
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functional fluoroolefin, functional acrylic nononer, a
functional nethacrylic nononer. 82. The nethod of

wW@@smiA8e wherein the silicone material conprPGEESA04/042706

fluoroal kyl functionalized pol ydi net hyl si | oxane ( PDVS)

havi t hey JioL L o\ Gt - LN I
e B SOLRLIRG e i RNl te
met hacryl daggetand a vinyl group; and Rf conprises a

fl uorgal k chain. 83 he hod of. Caim78, wherein . .

t he s’%]re)rﬁl%h? rReoda Pt c@ﬁﬁ’?rgz’s efr?'_lﬁ‘om% gRgUicepge Nt is

s@’é&@@ﬁoﬁ%ﬁéb@% cirﬁg'@nfd rfEtRURafe?BS! SLing of : wherein
conprises a fluoroal Kyl chain. 84. The method of

d ai ra%78, Mieereethodhef aClajinatds, meherdinl theorgariaties material s
fluorinated,acrylate or. .a fluorinated nethacryl at

SRRt T8 1B PHengoaysigt of & hiliial Gene; Lodal ddhgy RNA
ENAMInae diffareaesi sting of H - alkyl, substituted

al kyl, aryl, 'and substituted aryl; and Rf conprises a

f 1 uordhl kylThecmagtodgsf Gtaim ng9 hvdneseinciha marticleneneriges a
t. rj,azine. f ropol yner conprises a fluorinated
%ﬁ%b%lg&dﬁgﬁmt hod of Claim 78, wherein the

f 1 uorginat ethemaiEthed ofIClaivi60| nakesindhe diodsgrabablecpalymer is
be polynerized or crosslinked by a netathesis

setpiaer fremt itba gs&aims@aﬁﬁrp@é BOWAReri haqlyydrde, a
Fliitis, o, BIEsPRIRILIe BAVARy, Mher 80 Bigaonite). 2
pohlrethavlee bi poly@dhocker, agidiyaihydrofy@nmand,a phlgaeétal.at

has. S%ur (R ERBbGS! AT 61 FRRCRY g ROVESISHRGeIScSd from
tgg: ?g@}?gg O @ Ridithg Whef ei BoRfiabiRast aeRe Ofpdifi§iycolic  acid,
poly(hydroxybutyrate),  poly(e-caprolactone), poly(B-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
poly(terpthalic acid).

64. The method of Claim 61, wherein the polyamide is selected
from the group consisting of poly(imino carbonates) and polyaminoacids.

65. The method of Claim 61, wherein the phosphorous-based
polymer is selected from the group consisting of a polyphosphate, a
polyphosphonate, and a polyphosphazene.

66. The method of Claim 60, wherein the biodegradable polymer
further comprises a polymer that is responsive to a stimulus.

67. The method of Claim 66, wherein the stimulus is selected from
the group consisting of pH, radiation, ionic strength, temperature, an
alternating magnetic field, and an alternating electric field.

68. The method of Claim 67, wherein the stimulus comprises an

alternating magnetic field.
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tenpl ate and the substrate has a surface energy | ower
than 15 MY m 90. The nethod of C aim 76, wherein the

wanstioate i s sel ected fromthe group consi stiPgr/of20a4/042706

pol ymer material an inorganic material, a silicon

et erhd! PG B R ez, BaPPS Ry BALAL Bt to
&terhatid® magretieifield «b@c@tﬂ@pam@ is Sletiobeel edthbrtamgeone

of an_electronic device in the process of bein )

manuf &8t ur &be grrthad o &tlaim @9dzé«lﬂﬁ&@n.theﬁa@0§mdg‘ébe&famcfe to
f

S e M S o e, e BRIt GHBLPS featigaoh one

dfree hypothedmni procaessmiid a Nvleemelablatlm ptaceski ty of

The. nebhod! B TR 95 CIaRar il s @ywﬁse‘:a%éftyp%%ucgﬁ by the

[ I f
Wbﬁ?hgﬁﬁgt@g%deg?f% Ehkﬂéé‘ dHah grlglsﬁﬂe% rﬁ%r a Hh@ﬁt of the

partigietancha hyparthersicheeatment okt ‘rargetangl ng from about

10 m ons 0 abput, 1 none LN siz

ot hotPof “ES EB o LB FowhRidhy fie, Phasd Change in the
Iyt @bﬁHpJn%ﬂt df Gfe pagick SbmpHsSEHA df@?@dﬁ@oﬁf@@bﬁ@ghbse to
10 microns to about 1 mcron in size.97. The nethod of

dligyighmesenherein the plurality of structural features

100 ni n L Beb@a i 7 ARG fhe hfiedE gt a soid
pHesseploua dbuidypledsestauseisithal theepleutie et t@ béi rersasedfrom the
rangl ng fromabout 100 nmto about 1 nmin size. 99.

P#ECIPet hod of Claim 76, wherein the liquid material is
sel ecyed ffﬁénrﬁé}ﬁog ‘?‘{'ﬂaﬁ:r‘?'cf%' %’e?&}n%e%l%%lsyﬁrthe Fherapeutic

solution, a nono ['urali nonomner
cluydiang xm pemciencd)mptlses aa:ophbﬂe@releake on catal yst,

o RO o P SESY cia 7 SheliS SRS Bt B slseg fom tre
@@ggn@&@éﬂﬁg %@te?rdeﬂltarg%hﬁﬂpﬁé&ﬁfé‘”@m%&w&%ﬁb' Béptlcfb, an
integrin receptor peptide (GRGDSP), a melanocyte stimulating hormone, a
vasoactive intestional peptide, an anti-Her2 mouse antibody, and a vitamin.

76. A method for forming a pattern on a substrate, the method

comprising:

(a) providing patterned template and a substrate, wherein the
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
(i) the plurality of recessed areas;

(c)  contacting the patterned template surface with the substrate;
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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cell penetrating peptide, a porogen, a surfactant, a
plurality of immscible |iquids, a solvent, and a

webasgedespeci es. 100. The met hod of C ai m 99, PEUTER04042706
the pharnmaceutical agent is selected fromthe group

consigg i nOrY ndbtHbd Bf @aiRe ! %er&%t’ leagﬂo%f Ao plattemed

The method of Caim 99, wheréin the tag Is selected
tempiatehangr supsicaiesiconprigesf aa Matesinkbsseectedt igm dhe group
radl Iab | ed t and contr ast ent 02, .Th

5 paifiprsoysBeE TR pigeeifmatcdd. gn acriate
rﬁﬁﬂe'rla! 3é %ﬂfcbﬂ@ ReRiriflea sl?r%chh%téﬁélh%dﬂ@énrgtéd rfh@l‘hnoplas’uc

wherei'n the l'i quid material is selected from one of

5 elasipsterpdiRmera &iarine [loarapayrapscd rnafﬂqmcymﬁbu%m@t@nal a

f@gﬁlﬁ@gq‘neégx%ggﬁbe'a%gggef% %%%?q}'@érﬁﬁw% o?(?@élhgf‘e% ghgomer

tidie rezinn beh@ollir@assd drotrdssnieal Wk sofméiathiesls npélemiesization

is regulated by a spreading process. 106. The nethod

reAcii®hi m 105, wherein the spreadi ng process conpri ses:

(a) po t I r

batt i ed | aapietiof ot G 78, o WABHEln e binBRbddifether
10 matefriaé cpatprises ed baekipbrad struetnce Ebectdhfvony thaan group consisting

i_.npl ement across the layer of liquid material to: (i)

enove a second volunme of liquid material fromthe

| ayer of |iquid terial on the patterned tenpla

and( i X FEave-a rd vol ume o*‘ﬁ‘ﬁaﬂpa—ﬁa'}ieﬁFmo‘émxthe

patter neéﬁeen'pl ate 107. The nethod @f O aim 76,

wher ei n contact,ing of the first tenplate surface
with the substrate elimnates essentially all of the

di sposdecwotrre—yf-cri-qu-ax mat er i al . xHo8F-ThecrroHod of
Claim 76, wherein‘the treating@rd the liquid nateri 4l

v@f?enrglrnlt Z(ersﬁpger?tcgrs gbsseenltegﬁ QNhfer o&es@%t %oﬁ‘nlﬂ)?ls%gré%' 8llnélélagppmg
15 group.
80. The method of Claim 78, wherein the fluoroolefin material is

selected from the group consisting of:

+CFZ—CF}VCFZ—CH%CF;?F%CFZ—?F—%
CF,  CSM
—GCHZ—cleAYC;:;—CF,}YCHZ—CH}Vcr:é—c:Hz%ch—cl:FchF;(}:FJFn
CH, CF,  CSM
—-cF; CF%CF CFAV CF— F—)—

CSM _and

+CFZ——CFQTCFZ—QF%CFZ—?F%CF;CI:F%
CF, o CSM

CF

20

3

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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process, a photochem cal process, and a chem cal
process. 109. The nethod of Caim 76, conprising a

whatshopse©cess. 110. The nethod of C aim 109, MIEUS2004/042706

the batch process is selected fromone of a sem -batch
0 n
O B O BRRRIRe ey - dfgrole.
furzstionah flappzolefinsfunetionalr acnytic onenamenoa dupatienall m@thacrylic
tQﬁuﬁﬁgaratus conprising: (a) a patterned tenplate and
'rate, wherein the patterned tenpl ate conprises
a pat ger nedheepbicd Soff f@efnha8, nghardhurihg | ts}{lc@ﬁe material
recessed areas forned therein; (b) a reservoir fo
aoRprisEaE dlupspalivd Bmdtipgalizedraplydiraethylsiloxars (BDMS) having
. the patterned tenplate surface; and
t ?ﬁpﬁﬂj ?EF%F 'y of recessed areas; and (c) a
controller for formng QN¢ or mhfe partlcles by one
of: (i) contacting t %ﬁt éf e surface with
t he substrate and trég¥" :k; ghﬂgﬂﬁaterial and
(ii) treating the |iqui 113. The apparat us
of Claim 112, further conp i sing an i nspecting device
{®er&ne of inspecting, neasuring, and both inspecting
and neasuring one or nore characteristics or the one
or noReispsalectedesomithe.gronp appaisting of faor adrylatée.ng methacrylate,
er.n on a substrate, the apparatus conprising:(a) a

Eﬁf’taeY'H}!;'ogrPERp?% e and a substrate, wherein the

pat t eRFR@ N SBdsad fusRBIN éleéma patterned tenpl ate
surface having a Elu ralit recessed areas forned

t hereBi; (Dhea medmdy ovfr é‘@ﬁndl@po‘é’hﬁ@e'@ Ve ufbyremic material

ggﬁ%@gﬁg%t %@%FQ ssyareﬁg rﬁBnJ)r%%?%e%'&?eoofron{ jtt‘?e bn)%p consisting
of:

ace,

—I —I
F F
F F
F and Rf

wherein Rf comprises a fluoroalkyl chain.

84. The method of Claim 78, wherein the acrylate material
comprises a fluorinated acrylate or a fluorinated methacrylate having the
following structure:

F'{
CH=C
¢=0
0

Rf

wherein:
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(ii) the plurality of recessed areas; (c) a controller
for formng the pattern on the substrate by: (i)

w@omsaetdseg the patterned tenpl ate surface w tPCT/H82004/042706

substrate; and (ii) treating the liquid material. 115.

The agpar &) &eﬁffr&rgr oéflodtx& EHﬁélQﬁ{& %?Wrélﬁgln%uﬁgtltuted alkyl,

|nspect|ng eV|ce I nspe
ayl dnat substitytedtarpigaadd nmeasuring one or nore

char eristics of the ttern on the substrate. 116.
?ﬁt@o'@fp”%?ﬁ Hﬁ’rﬁa%&? R&% on a surface, the method

corrpr8§| ngTRE! B c?'cyf @@@5789 v&ﬂlﬁ‘e?ﬂu‘fﬁé‘C{ﬁaﬂﬁeaﬂUoropolymer

article to an agent shielding a first portion
cﬁmph@e$arﬂm@meat€fd n‘lwometn cle with a masking system

wher ej maski,n ses el,ast.o

mok B0 coRnBrmstRELAY SUE T n it eSS RABHRonomer or

ﬂifdr!rﬁdt@d oﬁgen{é@)thapabwwpawm&ea c§r0cr’@§slﬁ}ﬂ¢etdeb¥‘%\dmetathe3|s
hin the masking systemto a second portion o

mlwr@@éamn rerctian ¢anprisesha fengioeatizad algfiappl i cat i on

o k0 Bbet el b B S0SBPAR 8 chgpa oo

ctdmpﬂé@sstacmﬁéﬁmarmea cyonpolefins a plurality of
channel s. 118. The nethod of Caim 117, wherein each
of th@BchahRelsetes af Blaiws(6ovhemwinpt ipartnenl e patterned

I
{efiialelghh Ao Shnddtl He B b6ifaoct eray IDFef B fe Hin/m.
cr ossBQect Theahethoveos CtaimoT 6, whereih aih ledstwdnel ohther patterned
.. The method of Caimll V\herel theaen Ils
t@ﬁ@'@i%@"t‘%% pebstrate haé‘s%sklﬁ%?? QB%EQtY ifta% é’f‘l’f\é\f
et hogy of %@IFHF%@ oMORiRI78, Wfér@ﬁleﬂﬂb SHELS RSs@Bcted from

or gam c electrolumnescent material or a precursor
mbegmmrp caagistini ef ne tpobywmef mEteriah Bmlnorg;amc hreaterial, a silicon

eilg:aﬂﬁpﬂégcrgﬁkerwm gltéxgg rfig%g{é:ln and surface treated variants
thereof.

91.  The method of Claim 76, wherein the substrate is selected from
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 76, wherein the substrate comprises a
patterned area.

93. The method of Claim 76, wherein the plurality of recessed areas
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
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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fromthe agent at the second portion of the surface,
and (b) establishing electrical conmmunication between

wo b@saogesni ¢ el ectrol uni nescent material and aPCT/US2004/042706

electrical circuit. 123. The nethod of C aim 116,

Whereb?. t hefh%g%‘ﬂéthBS\';'\Ef icﬁ%ﬂé}? gfh%ﬁéiﬁtth%f ofurality_of structural
deposi'ti on process, erern the deposSition process i's
Bateesedas raodirhbesign agpginanfost abguofl miccbe o catbout @ nm in
deposition process, a gas phase deposition process, an

&FEct r on- beam deposi ti on process, an el ectronbeam

evapopgt | Of ?r?@cﬁéd 8f! éﬁéﬂ.‘?t@f’,”gﬁeﬁ%@hsﬂ& ‘pﬁfﬂaﬂgscs)f structural

process, and an el ectrocheni ca position proc
feziureshmsre dimeénsionGlaaginglfiem akduert di00 rirhéo apent 1 nm in size.

The’ miBhod 16 Geien 91 Taith ab crhitaia e Dyl B gelected
fropMie b#dti;ﬂ]glehﬁ@ﬁ:ﬁé%'f a pA9melhs sRithRd 20MoHoRdR é%ﬁurpality of

wherein“the fluid precursof is selected fromthe grou '
enomeisng polymesigation gnitisforaa palymesraiior eataysidandnorganic

BRI & bt T REF 2R o B EMRRE Ghcah AT Py (L igagnetic
ageatall B garbimadhetiar madrial 12 uphfarariddpetioimalediaa ligand, a

116, wherein the inorganic conpound hardens on the —
celt pedep@tingoneptida ha RETEDENe astvifagtant, 12lurplisy wétimagiscible

@ui&g,aé g{)ﬂg%gt gﬁgg@gg{qﬁ%%la%%g al lowing the fluid

rri’er I’'ssi pat positing the particles

at theé00i r Ther egitlosd of Clhien @Y, ivehareutieapharrhaeutitae agent is
met hod fof Claim 126, further conprisi n(% al Lowi.ng the
s¢lactediiem tbe gravricossisting of RefrdBy @ splidet R #d DNA.

chem I ti t ' LOn;
a1 o 8 st S e g O Bl o sfierpin RO S selek from the
gtoaipc hensistihg yofag tfluceescpe gy iradislabgbed \tagy and a contrast

grecursor.ls 1. The nethod of d aim 130, further
%‘ﬁ?)trisi ng formng a polynmeric article fromthe

pol yngp2pr €6l ffdthod of Claim 99, wherein the ligand comprises a cell
targeting peptide.

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 non-wetting agent.

105. The method of Claim 76, wherein the disposing of the volume of

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 a layer of liquid material on the patterned
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 patterned template; and
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132. The nethod of C aim 126, wherein the chemcally
active agent conprises an agent capable of pronoting

waoelesditsson of a material. 133. The net hod of BUHUA2004/042706

126, wherein the chemically active agent conprises an

et chant. 1%@| | Irl’@a\}@tahm%do\flolg(}@ 8t §dGid mdtd®ron the patterned

conpri si ng W ng the second portiron of the surface
of the article ttempétet ched. 135. The nethod of O aim

of 1 ndOfms Ay PERIePdr CIAINT . RhlErp S S B the it

frhpehe seHabaagithiid SubsrtendirhiRBtca08sdcriidig i doft et diSposed
second portion of the article surface. 421-90 - pet

veupse of kquisraoaieNeE LI STI NG <110> DeSi none, Joseph M

Rol | a Jason I | anmul ski E q. T -

Saruit 9P~ THE. RSB ol ORI i T, e B [, g i
RefbRgIncorfbess aprdBes3VEdIEIa fréin thARBRLGAToNEIstibPloRBERermal
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110. The method of Claim 109, wherein the batch process is selected

from one of a semi-batch process and a continuous batch process.

111. A patterned substrate formed by the method of Claim 76.

112. An apparatus for forming one or more particles, the apparatus
comprising:

(@) 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
on at least one of:

) 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
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.

114. An apparatus for forming a pattern on a substrate, the

apparatus comprising:
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a patterned template and a substrate, wherein the patterned
template comprises a patterned template surface having a
plurality of recessed areas formed therein;

a reservoir for 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;

a controller for forming the pattern on the substrate by:

(i) contacting the patterned template surface with the.

substrate; and
(i) treating the liquid material.

The apparatus of Claim 114, further comprising an inspecting

device for one of inspecting, measuring, and both inspecting and measuring

one or more characteristics of the pattern on the substrate.

116.

A method of forming a pattern on a surface, the method

comprising selectively exposing the surface of an article to an agent by:

117.

(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
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.

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 millimeter.

119.

The method of Claim 117, wherein each of the channels has a

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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121. The method of Claim 116, wherein the agent comprises an
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 agent 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 126, 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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