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SUMMARY OF THE INVENTION

The invention relates to a process for the production of moldings, in particular medical device

moldings, more particularly optical lens moldings and ophthalmic lens moldings. Preferred moldings
are contact lenses and intraocular lenses. Examples of other applicable moldings are biomedical

35  moldings such as bandages or wound closure devices, heart valves, coronary stents, artificial tissues
and organs, and films and membranes. The moldings of the present invention may contain medicinal
and/or therapeutic ingredients which- are released from the moldings in a controlled manner. The
process makes use of a novel semi-solid precursor mixture that is shaped within a mold, cured, and
released from the mold to produce the moldings of interest. Other aspects of the invention relate to

40  the semi-solid precursor mixtures used in the process of this invention, as well as to the moldings so



produced. These aspects of the invention and several presently preferred
enbodi nents will be described in nore detail below WMre particularly, the
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and exposed to a surface-modifying composition to give a semi-solid polymerizable gradient

composite material, which is then molded and cured into the final product.
Thus, the invention is directed to a method for preparing a molding comprising (a)
mixing together an initiator and a polymeric precursor mixture comprising (i) a polymer blend,
40  wherein the polymer blend consists of at least two dissimilar prepolymers or at least one prepolymer



3 and a dead polyner; (ii) at |east one non-reactive diluent; and (iii)
optionally, at |least one reactive plasticizer and/or an active ingredient,
to forma sem -solid polynerizabl e conposition which exhibit$3DEQEMBERAEFIE
when pol yneri zed; (b) optionally shaping the sem -solid polynerizable
conposition into a preformof desired geonetry; (c) optionally exposing the
preformto a surface-formng nmaterial 5 to forma sem-solid gradient

conposi te maW@O##Pd”3 (d) introduci ng the seni-solid pol yHErispEBIe

conposition or semi-solid gradient cofposite material into a nold
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20 pol ynmer network (IPN) upon, cure in wh| ch dissim]|ar prepolyners are
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with the second pthefsohsy/aend ‘ap'laeugse easeir ase in theiaprended claimg mean “gpe or more”.
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25 prepol yner con and a
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03/ 003073 Pqéeh@%én?@sﬂqé5 semi-solid precursor mixture, the curing step can be completed quickly and

35 efficiently. Additionally, since there are no small-molecule, monomeric species present in this

particular embodiment, there is no concern regarding unreacted monomers at the end of cure, unlike
with conventional polymerization schemes, further promoting quick curing times versus the current
state-of-the-art practices involving monomeric reactants.

In yet another presently preferred embodiment of the invention, the semi-solid polymerizable

40  precursor mixture is first formed and shaped into a desired geometry and is then exposed to a



4 surface-nodi fying conposition,. which may be reactive, to give a

sem -solid gradient conposite material. The surface-nodifying conposition
is chosen to inpart a desired characteristic such as hydrophs DECHEWBER 2005
bi ocompatibility to the surface of the final product. Because the sem -solid
precursor conposition is not cured at this point in the process, there is
great penetration and diffusion of the 5 surface-nodifying conposition into
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ment i oned ab&¥een agfeduseth VRl OYERIAR R BoUBTt bYisey drigsliayeq Kt HisSEHERYS process i s
t hat convent ifremaliowoxygen mobfiitywthin thgsem2Slignatdniblerias tocknd funigg v, @b doinpdredrigy, such as
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rapi dly to atliztikerespeddotoraletion imatidply &phionas menticiRd e48ve hey come i nto contact,
such as upon pl acesaemkr ddviniagd di e pededtly diEtkasepravdssastth at g@sentienal liged rahdling but ed t o
the naturg ofyseml ausity b iRy, SRE & dualomtileMndd SRRERH of bitBlel Babiad B sember i al s

possess littl ol vating p [ ev when . snal | m| ecul species are
P esent.  wni IFEeoRor B ARfkBUEE Rl MRl o TRLECH B SRRBLER BEE i
effect is duée@ed regainglCemRfRIYY of g mixiHes W§fym'cif§%serr?lab%?a%5feF%@l@?hd@ﬁ&?ﬂ%ﬁm |
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of small nol @pdalpRSenbtint®he hOE TRREhdvERgbLtaiBd dRFidul to thd Hatired@beny bdng oOr

preventin Q%Ehal?éé?a%&%@“{@ﬂhe%aﬁe%% Eos?e@gitt@ts&\gaﬁrﬁ pBler @bn AL AGRN LRk I @l such

as the nold mater hus, . e arra sui tabl e I erials may
be used to sHFES PRECEL \éﬂ"E g %n wﬂ?ee?oé{%dtbyYhF?{y'é%ELcé’Slfeﬁea?ﬁ%aé%e %H?aiug resent

i nvention. ASpr&y oathesembar RRixef 4 praallifgpeulerretciss ereiarte inhiitea 8t leasis g pphi r e,
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t her mopl ast i @otABiaBdrtioh effe&t@éﬂd afRkofR adilRtl@stelaudits %Ho@l@ﬂataﬂé{m ity surface and

with mechani cal  phBehid Gte lufio ol BiteldiSndlBL eq b 3ndfBU0hBlRodof BicLd L1 C2

di mensi ons under process C , ns enpl oye , rocess di scl os 40
her of n. _ Exanmp BL o3l PaBFE HER b ARPELTI S R AT PAME) HEF A B8Ry of of i ns
such as | ow, septifeudnd vaiiaes mMeRRIsDREIYBRR mags may also include any thermoplastic material

that can be molded to an optical quality surface and with mechanical properties which allow the mold
to maintain its critical dimensions under process conditions employed in the process disclosed
40  herein. Examples of suitable thermoplastic materials include polyolefins such as low, medium, and



WO 03/ 003073 PCT/ US02/ 22155 5 hi gh-density pol yet hyl ene; pol ypropyl ene and
copol yners thereof; poly-4-nethyl pentene; polystyrene; polycarbonate;

pol yacetal resins; polyacrylethers; polyarylether sulfones; nybEtEMBER 2065
nylon 6, nylon 11, or nylon 66; polyesters; and various fluorinated pol yners
such as fluorinated ethylene propylene copolyners. 5 Because the sem-solid
materials do not readily attack the nold materials used for |ens

production, WOYFRA3processi ng advant age can be real i zeBCT¥SRS5 ecycl i ng or
reuse of lens nolds after each noldi ﬁg cycle. Such reuse is facilitated by
the mnimal interactions between the sem-solid materials and the nold

mat eri al s dumighgersityepolpainyiead; paypipgane afid gpalycers emadf, poldincthybanteheir t her ai ded by
the rap: ddor pelvktfdne Gk darbgn AR amli%ﬁkbl, Slybyidiae. my@éma‘re@fwg,-e@or@,fsuahfa@t

sem -solid pr i al. : | resen

i nvention di g@?&é@é@n&'{%&@{&o{ggg p?'#gte\/\ﬁi a@ﬁ”""é‘%‘%ﬁ ?@%Pe?gﬂlgﬁe?r%ﬁuﬁastg?%n Yeused for
nore than oné&™BICRRYCEYERE™ i t h optional cleaning steps in between uses,
in accorddnce wi Béraushine erse-selfl matenais-dg odt reddilp atscitheronid matsriela peed foalsnsdi scussed
herei n. The iprdedién, e bBsdilaatatEgddan Beavied HiaiErec@hd & gt WiisSgsM Xt ur es
brecur sor m i gre Aekinh A BEULBE LRk I (RN AR R nd BhEH R enl P

chai ns or polmf%r:eﬂéﬁs i\ 'EJ:P v%“ro_[%é“ R agsn i e,noﬁgﬁ?/ eroly’gr%ﬁelssgﬁ_’ Wﬁg&ﬁ&ﬁtﬁ%ﬁ%&t at may be
ment i oned herth® FFEAYCKISYINgUETICPPSSER ANHE BoVe! Freluigelef theserai-splid diepusior BB¢Bher i zat i on,
cationi c o dhisosrieembginieytvithe predentonentigydiskioaslaprodessin wibinebgacibidenids @act i ons,

ri ng- openi ng+&BE AR thanBRY HIRgicER! WidRptioRdEleanMd/dtépa MibZ@bdnQBes, Py BRES Zabl e
groups MY DGy ACOLROLALEM o tiys Blccagld g precur sor mi xture in the

form of nononers,_oligoners, as pe . reactive groups along a polyneric
backbone, or in tﬂ?"?‘%‘t'?”tﬁ‘%’eﬂﬁesé‘ﬁwbeﬂ FRET- R sReeH e &Y %“ﬁﬁ%ﬁﬁﬁ??n@@%ﬂt‘? goneric,
or pol ymer i ¢ meovfprtyraethe moldigs efdniasest Thsrprecyesr pixiresomruises @elynangeblegmensitiaé gr oups,
or bei ng ot hesmip&gner el orpeymes habdrkshipineuraabledrizdlien mehaisme thattny 88

" prepol yner s'tenfsndd HeRGuBiy bRES SRex@fipid iftuse e $4ilc PolinferizaRSrE RRETREn hal |
furthermore Loier. 19, MLSEHChap RAYINGLA, [ OLI 8 ueldhl greatier Lhan 300, or
mol ecul es whPSH CBHpE PSRN0 e ERAR 6HE PP e IR e = T RREE 0 e fifer .

Funct i onal i z&dcatpitier FPleRerirpRRiorgrsanay Be RGP aRRING HE SHRisedPBeNroERdue 8riffr i si ng
only 25 one [ragpefatonemirs, olgbradrd, ady@ndagffreacive drotns alas) a'polgaeicibsasbopt, asit thei zer s”, as
di scussetbekdwor ahbBedik RV RIhEMeriBRYgoRE S S By me@ i fhaknt DNghRFs opendant

reactive funcgt, LLi I . I or ot her
reactions i n?%%ngépsadroé‘stsegesﬁ@éeag@e %rﬁ%@‘i Oglf% %E%@%ynreég@g%% gmgﬁége)ﬂég{eg&%%ﬁgﬁst ute the
sem -solid pYEUPEHr ORI%RYRCESS O d'%%’ﬁﬁ“’r 8%?"!”8’”5 e (FEEPor R RE BB YIS t he
present i nvehdvinga faonpydiasiaseater thpreg tor peikeulepvhisp edmprisermore3rnPheererseitint sol i d
precur sor m Kiked ®gday Findiohdligddmpleeuls APy b SemutOfightdaiow Baoendtonpiddgbant i al | y

non- r eactdsv e oRALYARABshalf i Giblred Rk e 26 ladtdld L fos B uE8H RICthe bRpdASmersdead
pol ymer s™. ane o%gegs erpncl)nla%q&g Serglg‘r}{ re%gl(/vf?inc{io% l@g dorlawlél rll(nat (Pmptl h)g r%r?ent‘l _rgi%lwgl d
precursor m Xture vm& hout addi ng a su%s.t,anfll al aYTDLP’nSt of Feacf?ve gr oups,
or the dead PANRPREFECTHAMIFPERGS B etPEY TS Y SimysPbia sonehdsespmi-solibhysi cal |
and/ or mechapiecedor piktopeTieisesi-stld ptehesonmiktdie pigie pofsent inteatioa semprifds et lekstrde pol yer s
may further gopdymetised to inpart a desired degree of sem -solid consistency

to the 593'81 .'SO| i dm@é&&%a&?récggﬁm l€m yfmgrﬂlortebﬁnﬂagquhlfe%tﬁ rQLEbStgrﬁ%liyr ed
X

repol ymer is_expensive al yner so be use ecrease the

ﬁat gr i gl cosPOng?gﬁ‘ﬁé’O'%e;ﬁ' g %ﬁ‘ﬁrfﬁﬁ ¥b§ (5?”%?%?%‘98@ p?’wger%‘eﬁlf BB ymer may be
chosen to bePdBIFraYIstre tpddipulk idheseraiselid pierirsosriie wifret afd afspisintal cur ed
product i s henagemeotige gevgs, optbd dead polymers @ay he cidsen td ekt yaobug ntemicatay al so be
chosen t o bephydibhl,iaRg8 FReHahid Sopstibdto thB BoIRAGR BOAEER ' ThE WA pbifddks hdy@urthdrnal  cur ed
pr oduct CB? erBé \§s§<§ to"ﬂ’np%ng%«gfrédedgagea&f g‘gni-solid consistency to the semi-solid precursor mixture.

When the production of desired prepolymer is expensive, the dead polymer may also be used to

decrease the material cost of the semi-solid precursor mixture.

The dead polymer may be chosen to be compatible with the prepolymer such that the final
cured product is homogeneous and optically clear. The dead polymer may also be chosen to be

40  incompatible with the prepolymer such that the final cured product comprises a phase-separated



13 DECEMBER 2005 WO 03/ 003073 PCT/ US02/ 22155 6 m xture which exhibits a
desired phase norphol ogy. | na precursor mxture conprising an inconpatible
pair of dead pol ynmer and prepolynmer, an optically clear phase’ peggEMBER 2005
iso-refractive article may be obtained in which the refractive indices of

t he dead polyner-rich phase and the prepolyner-rich phase are conparable in
the final cured product. The phase-separated iso-refractive 5 article may

al so be forMBAYYYH t he precursor mixture conprising a BSITASE/2BF5i nconpati bl e
prepol yners. Wien the sem -solid pr eclrsor mixture of this invention
contains only one type of prepolyner, the precursor m xture conprises at

| east one de&adktyrothichexhibityxtdsited oirrad ingrphobdye Inseprdcurspo nixdregeraisingsar m xt ur e of
this inventi gBonwdatb® paiBAEAIPEISmdI @it prepafHier, W oflifally chdiihbsdRbharbldd Yoo RHBCtlLACt | Ve
dituents. - Thegl hyaRbS:RR G Sl nB0RHLS fth ofle B3lpccONt ri but e

10 to the reactivity o e system or eg n@g Unpﬁtl as conpaUUl |l i zers
in order to P@W@Sr'%ﬂﬁ?éeiﬁéb" AEHDR NP ARLRAITE PaY o f e PR e SERRER BB FRSEHENnt s i n
t he mi xt ue. atifle geysisp selformep Eomatie prpaurserfmitiorcomeniing # biend otlidomeatiele may al so be
chosen such plegdymafst @herind @imRglid frec@radi mpiuR\sF tliein@htioh Saneaek bilone yph@nge Wit h

sal i ne SOl UblfilmaSUe o bh b BRaliSuBidoibrar | Y useful for the
pr oduction o no ansi o

. Co%dg‘lﬁc}nall ,etnessg%i- %%(p ire%i}rgir rr?ﬁg(tu e|o¥ tkig !nve t‘i)o';u also coeX [SES non-T r;mtlc\)/cg or, .
contraction upon curl nd an ‘pﬁ acpeme,ncf 'ALO a saﬁ“yne SOl Ut T on, sonetric 15
casting al | ofsEHal5PyGerits et Tha AlUrpws B stike BhUIBsdes sdaydrepiontetee t he nol d
geonet ry Wpote tiueacingy eiind sys@equerliiel mat furgivn pncoaipalivitizets @drdvetd redvre psageh as

physi ol ogi cakdpyraff &anakd o ths athdr BEnpS Mt tni i mixtd i desired) @re aflbunti Rdnsredtie Pl ay
some 10 @ | NahOf Pl BRI Gl LAy i I oM Gilahat Wi s uITed L 0
be non- reactive and not contribute si %HI |c§nt 0%1 to the tﬁo mer .chains or
net wor ks f or FEHCT R8T @ PWREEMS SR EHEREE! 107 BRIt Fighor cag] TS wrsidiny e
reactive spetiilessnq¢xpansion ergefgprtiPnsuPpERHingGnEPdcerantittaa sedteghttiopelbdgticabout 300)
nmay be opisi onatidgyicad the drotiatidnhearipree piodhypreeisey, repti@ithep@idyr@iesry uh curin@andr eact i ve
degr 6. of 1 e bNFuBf 86t MecliP Sl BB fil £ecpind LR bty TR ool ot ency
and conpati b?‘ﬁlr}tsyn?gyi%ﬁy \s/%rieé le.lcglgggﬁ?gzagor?ﬁfofgﬁg\%@iwgwﬁégﬁSF'@%At g%réogi es my
serve to pl a%ffis and net RROUBYE YeREFINEY iR BAPOMEHNENS of prvagHirmedBtiecul e speci es may
25 ot her wi sepayeriatiaas pol yneri zati on extenders, accelerators, or termnators
during reaction. nd3ege, sthadmleqife rébivk Epetitst(icThbmmel haah a tpau Wddt oW - sol i d
precursor m ggﬁ{sﬁﬂﬂﬁgb%%ﬁnglwggﬁgﬂ tepFepcﬁﬁAeYsU&Ela Goffinb R And GRAFLERE aiuSHER

conponents s el e referred t "react|ve plasticizers". In
fotal. the SERFTESTT HeRRECTUER oy (PR B REEY ceghoTrY BUPYHENS ond,

wher ei n t he PBfsFimssemisolgsensisispry iprdcemertiviliy inwalghsaasertygsmall §ecH reastiver epol yner s
or at | east spagespiagpavetogastidurdheqoighaaidcqpobnente mhe sn@Dmalerdie nmies @@Ct | ve

di | uent s.5 RegifdnlideBe b 8dolymbrz o ExTERNTBIcSeriBY, oPninaB@ by Recigdded for the

r ef”‘sons ment h%g%gs aoprXiPuItim-gﬁ.%ﬁgcp&mrptﬁg&hﬁso%p?e ErL‘oQﬁ&{&reaaP&’taé Q}Bse‘&ﬁ’éﬁp osition

adj usted accordi r_lgsl, to. achi eve the desired sem -So I,d consistency of the
precursor i BAYTPE “Q% FECBSHT SOmRPRY PER! 5ol OF 19 ed/° 2 TATVURRSAFBf f ect s on
cure time and shrihivlehie pemitstiid pidevssor reiure shatdontping sdlymgl blend.dvherhie the @alymenr operti es
as well as bidHa cghaes ef diesspie kisghiasorepdfthetdor BBdsstioRe FPEMBE BROLBadolymer,

het er 0gengousy .0 oL ARhE! BG5S PasireRnRAERhay Btthaly/be 362 RYRe fhGndesi red

osin. o pREE A IhAI GOy LT ere e treal A B rar T sb S r to cure
is |ocked e fasiregiseai-salidepitseay Pihetrpatrsaa iUt thedegird fesese &L 8®l tegr ee of
nmor phol ogi cafincisdirml®fféadtst op.curBime qnd klyiniape) Bhegiagired fingl physg#l endechemisal prorertied asat | east
two di ssim | adll apOk Yies hépHRLIes WhidSnay WiRhogededds & patryd¥Rdoud, Sf tHhadindesh by
functiongli zjBg.A, ROLYIRLe te&iB FRM; ¥FERe &BhLsiDReRARshd. bl MRAkiAE

to form a cured resin, the phase morphology within the precursor material just prior to cure is locked

in to give a composite that exhibits an increased degree of morphological stability.

By “polymer blend” is meant a mixture of at least two dissimilar polymeric molecules. When
a prepolymer is obtained by functionalizing a polymer, the prepolymer and the non-finctionalized
40  polymer from which the prepolymer is formed are considered to be dissimilar.



40 pol ynmer fromwhich the prepolyner is formed are considered to be

dissimlar. 13 DECEMBER 2005 WD 03/003073 PCTI US02/ 22155 7 In a presently

preferred enbodi ment of the invention, the sem -solid pol yneis pglFMBER 2005

conposition conprises a crosslinkable prepolyner, a dead pol yner, at | east

one non-reactive diluent, and, optionally, at |east one reactive

pl asticizer. The crosslinkabl e prepolynmer and the dead polyner are

preferably "¢0fpeweBl e"; that is, they will have a simPCINY2215 their

structures. For 5 exanple, a presently preferred mxture is a functionalized

copol ynmer of hydroxyet hyl net hacrylate (HEMA) and nethacrylic acid (MAA)

nmonomner s ( pHEMA- clp-alvikéentiaseftrtee ergtiodimsit bitiealybreiom the pati-yaie polymamebla honopol yner
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fanct | onal | zauens EapeshHcbiEoue flftolh SRR I b BATE. | o
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resul ting pr &8érig'esy tep & ‘erapemors BRr2ROE et 8 ffosi tion is hydrophilic and
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short operations '$EERSY FEREET that A NeHEaSTva dhgt T bERPsepiiy B SsB 98 yner i c
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const ant wi t Baline $oR8JME Che esaltingdrazentl prefevda is@liiisolid edapuddtionis RFdpslicany@dtere, known as

the nol ecul ak, @Bt whttidoie, 2h8Ushen folferizbdMd BIMRQRSEN QEantdtoftodiiG&hAsur e, and
in one aspect of invention, sem-solids shall be defined as

. ticall tlQ ealpdr eeﬁé?t% .shrinkage or eﬂia siof.

materials thab, - afti xe(’:i_ (;on‘c'h tIONS"S c?1 as tenperature and pressure,
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wei ght  cujoof belyrdi@syetens, 88 $8duius of BRekidhyiSa BRIy ARMRIRHK BughySeRttanShi d
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non-reactive ﬁuentfs, I nto  the sem -Sol i geréle_cur,sor m xtur e that serve to
pl astici ze off&PYPOSHBYES BrotHe 2 EPR YRR 1P eFEHE " BE ST RSPt AP Enent s.

Al t er nat i vel yefinedaymeisiaciiatat ixpgedopdionssreiap g Pdietire sodirreesurpob<aibtA meduliei ght
cutoff for aelgt tiesongal yomius (abie bdve for pyiep plry papmersytkead higohyeteiarwelgaty, be used
i ndp: ace étzf t Eié],eebg\}ékHeYnoéngé?%iMWEﬁdff.tzﬁgdéé%lééhrgﬁ'od&l@s_ REN 8¥Rven sreﬁFgéﬁht I 0][1 in 4
nmodul us a e _processi ng. r r.e. .ln.or ice semn- . erred to
herei n gener é?nls'%e_r}%'vé baeanﬁ'%gﬁznc%?&ag naosff) ffégﬁﬁe%q{eﬁcg\% o son'lr%"'\%@fgdlfu?rﬁ%h%about
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bl asti ci 2gr s po g desordeshial &.060RRSRI0G R LLRALnRA L NG 35

roperties, as alrea scussed urthe I sScu ern elow. ILn the event
Phat “t he- sen - sl ? Home STT-EO7 e i Aeh aPEol Bea PGl it BRI Bve t he
desired senthes@pitd0 chsivassEfc yhe $rEaset MeAykEo! $16 AETIHYH Bl dyen ke 8% - sol i d
precur sor m wbafireeachiayed beedurion of theagpigmer mBleaar Waight (eregaiypleesr déds pbharter) obhy106, 746.
For the purpeseddbn éildasivelbrsel-Redivelastdindls, bidvidB 8dsle processing and final molding
35  properties, as already discussed and further discussed below.
In the event that the semi-solid precursor mixtures are cooled in order to achieve the desired
semi-solid consistency, one or more components of the semi-solid precursor mixture may become
frozen. See, for example, US Pat. 6,106,746. For the purpose of this disclosure, and in another
aspect of the present invention, semi-solids shall therefore be further defined as materials that exhibit

40  amodulus below the modulus of any of the said frozen components, as measured in their pure



aspect of the present invention, sem -solids shall therefore be further
defined as materials that exhibit 40 a nodul us bel ow t he nodul us of any of
the said frozen conponents, as nmeasured in their pure 13 DECENVBERFAPRER 265
03/003073 PCT/ US02/ 22155 8 conmponent, frozen state. By way of exanple, if
wat er were one of the conponents used in the sem - solid precursor m xture
and if a desired processing tenperature were bel ow OC (the freezing point of
pure water), WOREM3Re mi xture woul d be considered a senPCEEVRISo | ong as
its nmodul us remained below that of pfire, frozen water at the processing
tenperature used. Thus, the sem -solids of the 5 present invention nmay be

di f f er ent i at ednfonemfibaeadtitt.iBymay of gxafple dfavatermedreainke afl i doepraersausédiethesghd us of
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One advantage of the semi-solid precursor mixtures of the present invention is the low
40  shrinkage which can be realized upon curing. By way of example, if one were to consider the



begi ns. One advantage of the sem -solid precursor mxtures of the present
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another aspect, the present invention relates to moldings produced from curing a semi-solid

precursor mixture. For the purpose of producing contact lenses or intraocular lenses, the

compositions of the moldings are chosen such that they become hydrogels when placed into

essentially aqueous solutions; that is, the moldings will absorb about 10 to 90 wt% water upon



precursor m xture. For the purpose of producing contact |enses or

intraocul ar | enses, the conpositions of the noldings are chosen such that

t hey becone hydrogel s when placed into essentially aqueous $»DECEMBER Ro0S5t
is, the noldings will absorb about 10 to 90 wt % wat er upon 13 DECEMBER 2005
WO 03/ 003073 PCT/ US02/ 22155 10 establishing equilibriumin a pure aqueous

environnment, but will not dissolve in the aqueous solution. Said noldings
shal | be her ¥PA3fBEP referred to as "gel s". For the purPoEES2eisst hi s
di scl osure, essentially aqueous soluti'ons shall include solutions

containing water as the majority conponent, and in particular aqueous salt
sol utions. | testadishing@eyilibtivwoa pube dohepts @eiroh@énh by il sotdissye palle agedots ®ofiant | ons,
i.e., saline ssehdldingytRal baBtciRBerPs@lc@oablgyis'used to equilibrate or store the
ol di ngs in p| aCchmhe BMFcEesV@&glalscleme Q@e@fa@%h@%ﬁ sgﬂtfg}c\sesr 51ﬁ&|u?§§$ﬁ9&h§ sal t

sol utions have an é na larity in

one liter; nﬁ?’ga"b'}gé‘fa P3¢ '%abo?l%f‘?”l?ﬁ%e“ta? kPG %FH%"ﬁf’ Saﬁ%ﬂ”t‘f’r& 'é'%ﬁ“dﬁ'isio?q osmol / L.
The aqueOLPs dhat eertaiprhygiqlasivd salselutivay Etsaligeelvtidng: map burrefespidy used to piviilrptePogi cal |y
accept abl e salotesheshttingain pipdeasphatater. Sedattisylar, Wafeedd aatedusmlt boldisrowaeian t he fi el d

of contact 1Qsh&HE ERFEabouPtiil &@WLdsR&a"ﬂtﬂ@%efltw %Q@Ereﬁ%ﬁ&ht%ﬁs drSR-PNi ci zi ng
agents such as..8 n oD the field of

contact | ens 244 toggb qulosmolllt (la’l’\e aqueoFF slallt so?]?ons g’e a#llgntallrge%us& sé?gl:t Mg to

general |y as PassPlogiealisaspapiable F@? s iswh%aha&rsélﬁefr*@h 8% Wgl-kpevn it e Eeid qf contact
concent r atd oress eaned Sed sP@isnstniag fugher carpesedhetonifizing lagens wrchestddiymkinoiwa wact i n t he
field of contaRGhaih RMKnddlirthe it Sf BRNAEERGSEe FucH BiBtioRs MaIERteinbY BNb @ tdray be
advant ageous Igé;(ne aW :g%gmé Qatlu(aong Qﬂﬁ %&reférgrgéﬁ\%n Qs alh&ﬁcabt@tx&n@%ﬁf&r@ﬁosk ﬁ@s es that

exhibit "mn ey exhi little or
no expansi oﬁ”tﬂ?e ogg‘gf“f”ﬁ@ ?%"Wn Srf'"pﬁgg‘g‘gfmﬁﬁ%eﬂs Bf%cenent into saline solution.
This may be acconfreimeliags of thyrraggptiryentiengnay ReaderipgprUshoPrmed mtorcerdzet lBrses @i | uent
present suc h intriratilamemsas état ambnumm(almpegeoroicmhemgethat iQhewexsibititear tohe ol di ng
i's equilibr ateﬁ‘dénéxdﬂ oPeofittcion 6f 1R u‘b@%&ﬁent ik QhiR sbl&uo@"fh:b %%taﬁéoﬁ]pr%x&ihange of

the diluent onis';]ng%e%i%lodng(g nczsjilor%zaléwe(aﬂlent prese%t sgc%%at r?oahgt voFm g'lagglolo¥t{\aChl eved by

usi ng saline T at the
same concent P%ﬂ"séﬂ’ﬁe”i the Pekding dseeilibEtH ingp Sﬁ'F‘%EWF%’EB‘F”t rﬁ'hﬁ’t’ausraé '%l%“emci g ef 1 bri um
content af t ethegidlentfudir thetalimersolutishi Tol 9@baan bereadiverdhi¢vyd latsieg sineed toypolsi npl e tri al
and errorzo expestisenry a3 tisiitorptiteu bt fle SR chricerktrgtion Il séifigoiRfpreirdtemixdicladient s

either with fd qullt;nDrg U&ntekha@cer@gl%?rﬁﬁﬁr? wﬂzh ca|$9e| ré;ﬂ@l d'e@rmtlrlé@ bfﬁmle t§29 ‘laﬂdqerrg'r ecursor

m xture, then t conce change of

the gel \Ahenefé’aiﬂ‘el"gtﬁ“aﬁé’%id °“et°ﬁ ﬁ@‘%‘e’ ‘ﬁ”e"{s e‘% ”¥‘tﬁ8r W‘tﬂn?é“‘e %re?eﬁ%e Gqui | i brium
sal i ne 25 cof¥eni Fhaﬁ‘i’“&iﬁ°“BBFF°”r58UHi“He tf@&ﬁeéﬁ%{ﬁ??“f?ét’%“ eRdIng 048 ERMEId M ed by

sinpl e trial clangk cihe gal wsopeviliorren tviit salpa may nobbettirezerhe @ritle dqsilivtifmesgbreocess by

whi ch unwant eshcHiratidh B8 ShéiR Bin g SPRGERS aédéﬁéh’éb bysirSleRdidl and¥RbrR%ieliBentFUr i T es,

pol ymeri zation bypr o SR P W&’a uh n&%@arah!a?;!ehxs g&%x&@%! zed monorner,

etc., sonetines re%{erregsttﬁep as_ extract aﬁé St”ie rmve om a cured gel
pri or to i t s PR {BRGISg PR merggfion iyprrogiets gt “ZieﬁPré’ﬁ'a@‘éﬂ PRpengiized MopamEht | f or
exanpl e in t B asimesfelerediont axtractables) gre rqprovegifrom @ ciresast rriprdmitsiimgnded3.Ge- t he eye.
Extracti on sBgpsor@ite ingende@ s’ is @darit, @R bifple Bithe0dise Ofa cafithct PROEBES @Seriti@tb t 0 make

; ggt 3?1Ejulaﬁ2§ fhe leylfe Ifi)@éctl@ﬁ(%p %I% a(e%{@l%d R0 @ﬁpﬁor aéprécggse§gs%csi g%kélcoﬁtgg :%%g? ngV\:hi ch
gpexam <] Si\ (]a? 920%%% ?49{1 rd’%}_whlc dun ecomplxca?onsg:rcic%ss({]g mol di ngs

pr oducti on proces Inventthon |

can be pr odu&’é%la'ﬁdrféffenﬁfd"%f"‘)‘i"wiﬁdl"%"” RSF*Extraction step, or require only a
m ni mal extracti o adtappge cbihe pregehtenvertibnjisrbatimeidingsgean istpeqguded thagiBlo ogmplkiest €. By
"m ni mal  ext e@sdrhdith kb ede req@d dnly MhiRimBNERG2E06h §t&S bricOMe pahridiiantep tshat t he anount

of extragt ablyifue 8 il &lrémnlsaép | A AR QAR RhLaAGHRRL Em&RAMBROSI tion i's

fficiently n I
su ciently extr(a)c abﬁeg%(s sufﬂg“lent?y low anglor the extractable composition is sufficiently non-toxic that any

required extraction may be accommodated by the fluid within the container in which the lens is
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extraction" may furthermore comprise any washing or rinsing that occurs as a part of any aspect of
40  the demolding operation, as well as any handling steps. That s, liquid jets are sometimes used to



required extraction may be acconmpdated by the fluid within the container in
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but water-swellable materials desirably produce hydrogels, which are useful products of the present
invention.
In a preferred embodiment of the invention, a homogenous semi-solid_precursor mixture

40  according to the present invention is constituted that is substantially free from monomeric, oligomeric,



fromabout 20 to 80 wt% water in a water or saline solution. \Wen
crosslinked, such water-insoluble but water-swellable materials desirably
produce hydrogels, which are useful products of the present 13 DEEEMBER 2005 a
preferred enbodi nent of the invention, a honbgenous sem -solid precursor

m xture 40 according to the present invention is constituted that is
substantially free from nononeric, oligoneric, 13 DECEMBER 2005 WD 03/003073
PCT/ US02/ 2218% 0348078y pol yneri ¢ conpounds used in (and BYUPWHHEEt s f or med
during) the preparation of the prepol Vmsr, as well as being free of any

ot her unwanted constituents such as inpurities or diluents that are not

opht hal mi ¢ demelyeerrtcsmpaByds usagliygeraly-Praducty fofrped @tring)dherpesgaaratiom efitheipreptlivesr. t he
concent r at i ons 0l ok bé@ng flea elRgy b lvat@nsistitidh@RuG ab mplilie o8 etntssmdt bid nfar ecur sor

mxture is Py tr%fn@pc!e)ﬁulls&%s BE/ Q@QtaQ'raQIin.-e"%n%ntﬁerg\mhgmeworﬁQrQraWroﬁheor ef erabl y

| ess than 0.0001 9% (1 ._.The acceptabl e concentration r for such
Undesi 1 abl o CORSFRE CERTETE o STIreF GRE By B HECEHE RSB DRSS nt ended use
of the firfal WeEBdIEMOre PERIA8YY tepsdban 0804 fedt RAMANS/2cespivbla FansentHiPyrapdeliRient s t hat
are wat er or sehendegicbgmnzttentyyhat dgnafellAe agermiagibg e dlhded ophts hafimid goddenul cent s
in limted caRgRRMufedtrPddbf chritaidsBRy @Y&hts thhNRe Mtef biliredognidet by RIS € _
constitut ed 30 fsd ARtk S90S, AN AN AADRInC0: FRNGIRL S fhgact i ve

pl asticizers. In {hi's manner ) a sem -sol1d precursor mxture i s
constituted RAFEHCLHAE QINASOHYN BY 2B HPmIMmPrsRore e ReRlreiees b §Ma¥ent s, and
t hus the ol disery-spdoterrdmitieiseprstineewirh adntigis rioor eysedigig eptivaitdyy no unwant ed
consti t uent s corMliedisNgs thad tee hhi@igefoaticad pérembheadainso Gles@aianab uhvegutr e t he use

of a separat g, exthRdIHs ars IheRrore AL iAW thRqFE I Gtet PRLEAL B LBEAL | ON
process which di ng

D g SSi ol by DS A BB 00 A U M 9, S5
15 Pr epol ymed4ing gerioglhp andfigprmediaie apdiipgierp gttt @wed gpldipdiiag PR P@AHcedNn i ncl ude
any thernopl ast i cPrepviihers buthbld frate ip s sregises thisieentidn inthiteanp dachapigstior t er m nal
functional i t Ynafelial Bat podsBRES dn¥ 6r ntFdRIantd | EtEhaitithetionsMy i(1GORB v roub IS BE _
backbone. FULIDELIPL e QlbITCE findhoBAIUREL S AL HRGGE S0 Gl LA, T eact i ons
or other crossilAKi ng reactions 1n the %r eserﬁ’cé of & pol y?nan zi ng system
(monomer's, oPiYBRESEMKIng TRacfigng {nHlePresATY! 8 PO eERRg SEEMITORBF IS ng ener gy)
may be used a¥atpE.@pdtrgreire of eplveeirng pretgyemay beuspQaspeandiyned th epnpitutctie sor

M xtures of bdmiSolit préeifior GikturedHf BB OlvYHIEYL Sref@ynelienal baywedr, brdacrafohigayy or i ghtly
crosslinked pQlRES iyRAss Wekdi 285 b BRASBARESShdMs, M crospheres. Prepol yners may

be obtained by i rl;rr %prg\“lgrlsrrr% breeoﬁgi'r[\eld\{)?'n%dglijrpsreagt{\}e trhes Qrptlﬂélwﬁnertég‘&ggn%%e by
reacting functionaln 2ing agents W th polyners.  Prepol yrners nay al 5o be

obt ai ned by [eAtIPOHTREITAE NI PEAE MRASYRFS UBPOBRET FRY 350 P REEbtY H6tUPRer i ¢
nanospher es e@rcting wroups gk wigace Bypolymeria canpsphadsi oz ningspB&esa Ge Hitnstionaligingreant t he
ol ecul es;sWhgehtshameant themQcaBdghich 86 thie YBuds Rattiieto P blfiFsand Riphn réHe@g I eact i ng

ith I S i . . Th
W th pol ymer doﬂ%ér?,%&ﬁ‘cé Ra%Yd gYo‘E%%gn‘ré?I&g%P%atﬁ%L%%&%é’fUrEEonPg&fsé{?%Q&on 1he

functionalization reaction, may’ b _ _.as a singl ep using a
sui tabl e funbeY AT ‘F‘%“hﬁ 25GEREEP ANY BFHIANS f?f‘étl°§}a,“z"fgrf‘ée“t'f%tﬁ'%?ti"?%Q‘Fi zabl e group
on the pol ynénctipngidePipgreun o8 thepalyiesr backheek if tansferesd fupteer ipoatiretretyfpe of
functi onal i zabdtienaggabieiprolpyby Feaeting withgh nwlctie, @hidind tabudaeted Wilitteunc®ndlibien r eact ed
ol e, Bt e R eyl e il &
(disul f i des) ?a%é’ﬁ%at??%'é’gg’:sp'ﬁdreé?t %%gas% ”%%‘8’%% ""BX‘?"B’%%??' For ?‘/unct i E)_nal i zing the
pol ymers cont ai niMgUMIRBRY ihe PoMMErRCEnETg NS iy MUagienalang agrris crraEst e
hydr oxyl - r eabidiowgregetiorigpsups siohasaisit ndh lintiteghiotepdxided ane dxireres, cepaylidireidazalmd oxi r anes,
carbonyl dii slidfcraliteperiodel ehafnabdoxisbtloh) aRe hdi@eta] itcyaandymhyd@nspadddat i on, al kyl
hal ogens, 35i S%yﬁi@&t e&ifun%hzﬁm(gqr\é. H&@merg&qtaining amine groups, functionalizing agents

comprise the amine-reactive groups such as isothiocyanates, isocyanates, acyl azides, N-

hydroxysuccinimide esters, sulfonyl chlorides, aldehydes and glyoxals, epoxides and oxiranes,

carbonates, arylating agents, imidoesters, carbodiimides, anhydrides, and halohydrins. For

functionalizing the polymers containing thiol groups, examples of thio-reactive chemical reactions are

40  haloacetyl and alky! halide derivatives, maleimides, aziridines, acryloyl derivatives, arylating agents,



35 anhydrides. For functionalizing the polyners containing am ne groups,
functionalizing agents conprise the am ne-reactive groups such as

i sot hi ocyanates, isocyanates, acyl azides, N hydroxysucci ni 13 DECEMBEER 2005
sul fonyl chlorides, al dehydes and gl yoxal s, epoxi des and oxiranes,
carbonates, arylating agents, imdoesters, carbodiimdes, anhydrides, and

hal ohydrins. For functionalizing the polyners containing thiol groups,
exanpl es of ™R BOP8AEcti ve chemi cal reactions are 40 hal 868ESQR21IGNd al kyl

hal i de derivatives, maleindes, aziri8ines, acryloyl derivatives, arylating
agents, 13 DECEMBER 2005 WD 03/ 003073 PCT/ US02/ 22155 13 and thiol-disulfide
exchange r egeamt $hio-¢iemfile @xshapgaregdiyth (sehihsebyfidytessifided i dsuilideiradiectanesdand bdhid-%, and
5-thio-2- nitswBeagois).aci d). By way of exanple, suitable prepolyners for
the practice of t i i i . Iyl -
(nmeth)acrylic anh%g\r’vlg%ﬂ%ﬁig:ﬁég \ﬁ g%%p?[}g%ﬁpgletw a\flm%?ﬁ wgu@ighﬁ%eﬁggﬁ H&'Fﬁe, vi nyl
ester-, vinyl (me@aﬁ&f“?'d@-efh) VTP a2 E IR ViRi) YYEHE™ iy e vin!

het er ocycl &-, hatiieg miay silagg-|vip)! siloxaaergvirereizipcyklemdianeoaliat prdedoxy-dindiomftized of :

pol ystyrene, Reslord d-pamdniank, poly (hinRMA btyrefD | pHRdieRiatinyaidb yeiydtyide-co-maleic

ol ystyrene-cQ: ej D I
Bol ?;st gr ene- c%—h @&eh ciqygtyr% by me,BstX:?eh%f

4 LER -,ﬁf)e-rﬁaggyﬁgoni tlri | e,
t et h) acr te, t th)acryl ate,
pol ybut yI ( met i) REPYghEeYH N@%@E%CV%&(%%&&W% ',atep%lyﬁibit-o’ﬁ’ﬁtf‘ﬂxyet hyl
(met h) acryl at (@Fth}ggy@te.@olyﬁﬁ@w@myﬂsppthx‘amteﬁy@_ﬁ%gﬁgﬁlp@)’ethoxy)ethyl (meth)acrylate,
pol y( 2- ( 2-1et heyp)eirbsty) @tehypbryiétaptly)nacoydrayienetidnpe), woRcipdaaxy et hyl
E mez Eg acr y: az @bth)aBpht¥( @Wo%mfn@mmrw&ta%pmfa¥ub@xﬁznee)h, acggﬂey E cyci oheryl
met h) acryl at e 0 sobag acr e . - et hyi he
(ot ) acry1 %Oiyse“ﬁg%%‘féﬁua? bt R @?ﬁ’{i%?@{% oM ene.
pol ypr opyl enePoljseR ?%WVQW@",'”%(BP'XI‘E'T?%%IEW ¢). POlIMEN SR e PR R 2cid.
pol ybut adi enegolygilepé-do-virrt dusthte, [polppdmiemrneViny! plodhylatolptihyenesosatw((meth)agraae. y | i ¢ aci d,
pol yet hyl ene-gQvivi ¥tate R Biyrap SVl Bir24) 8oyl Viidatd, pelve Rhal, _
pol yet hyl ene- %gétﬁlem%%c%igag?%o@&ﬁﬁ%?gz@fa@: polboRtaPQLNVEh Pékeic %&an &, pol yvinyl

butyral, polyvrn /rat e, ,ﬁw ngl val er at e, ‘rﬁo P’l formal ,
pol yet hyl ene” RqHl 5‘?387"’%‘8'?3?8[%’7?&% &g D95P% PONBEY BT ISR B AR ei ¢
anhydri de, pulemettiy-adsienotiireel pPRychigserapadelying siieride. pelvvingidengtchieridene,
pol yacryl oni tpoiytagbosate, peshifphe, papbdaprare oyideatpelyetherimide, nylon (6, 6/6, 6/9, 6/10, 6/12, 11,
po: y(acr %'bgm dnb h;e;,l-pbv@ ﬁ@b@&%‘aaibéﬁ),Q)Bl@')exaﬂw?dpbb@mn@5)?83,"&%xy remsyaeaayéﬁ_mg,hl ori ge,
pol yvi nyl i de orilde ( n | yp phi ne oxi des,
pol yet her 1 m AV INATGH ey e kA0 B 5 0 Ry (P JB50"
pol y( 1, 4- but yROMsVeagis'ysaY BIno- fiolry ket PUBPRISPOPFPEracol EetttBhenoxy resi ns,
acet al resi neolyglyseblypoivividkaleabei pmalg-2 opyaliny|(pridBe. gt dindfyuelidene, poly-2-ethyl-2-
pol ydi phganoxy&&e&ahwmwoxmpyﬁdim pyrrolé, fntidazold, Rlrdz8le, pyrazine, m)ﬁlhiyl&t, hyl ene gl ycol ,
{ne)??; di 25 ;Jénlid'aziTet, @Eélzra@i'ne,'az%idi&(?érﬁpr{o%pc?ﬁ;é@ﬁgvlc&l'o\égtlgnjleg %&@?Bélac\tlcﬁ%)aifl, tri I-,dl e
ol yo N vi yl R sBR e R S %&h&f@‘ﬁaﬁ%,P°‘¥9ﬁ's§‘g%fr°y%éﬁﬂ§¥{t-des of
pyri di ne, pyryRainogthy (ahlatrdate)polyEimghéamingetpvFieacryigdlr PieHYIEIMIn®E pyri dazi ne,
pi per adi ne, agwrigimiddiolire, polymethyromyphiet, ipsiethylpiol! yioamoigrhetiot \bnykether-co-maleic
po: yE Caﬂ:} ol acahlﬁz,{a@)epﬁemose, c&lﬁlbéé(a@e?é’tl{ st adaeleloltrbte, camloge(mtenmﬁy{c}éh@dg%ﬂei
pol y(me cr o u - noet hy
(et h) acr%/ atc\é b!,”&m%ﬁh H‘flor%g’t ﬁ%ﬁgﬁ%%b%@ﬂ-ly ro?%@?ﬁg%%&%&%ﬁaw?&gjﬁg}ét hyl enei m ne,
pol yi mi dazol i HEXYSHNATEERS MY LRmipPY! @F‘H%%/e,““'?f&ﬁ?@ ARy PRI Ca‘g‘)’ﬁsé‘r, pol ynet hyl
vi nyl et her - colyseadherides/aluentivpel pUciies, olueesp pndlsensess pelesbibeib s eeimcet at e, cel | ul ose
acet at e but yrpay@metigelidxtHea®gdifethyistdne polytthaykioed, boydoseyisidkineead-boxynet hyl
cel l'ul ose, etnkwyup%mnwa%solyd@rtem%ﬂnoiayéirocaw@nplawan&sélmlh BfRrosildYHE Pyt v
cel |l ul OseBS h m—:rin0 eX\%E\}gE%Ld s%r?tLelﬁclfl o@se}tideh.ygigogﬁéfe;%raocﬂ}% OHF egursi&\%u trlflel a%sv%—’ starch,
dextran, gelatin, chitaosan, po'l)‘ SAcchar | des gF CoSI’des suc as gf’ ucose and
sucrose, pol YRBIBHtRYBE'S 25 ¥plfs thelhpppieHet hye ST Pl Qnee eIt K1 si | ane,
pol ydi et hoxy srdsen disposurg Glthedipavétdwy b pdlwmedaable yastional groups can be employed, such as

epoxies (with hardeners) and urethanes (reaction between isocyanates and alcohals).

As used herein and in the appended claims, notations such as “(meth)acrylate” or

40  “(meth)acrylamide” are used to denote optional methyl substitutions. Likewise, the notation “mono-,



met hyl phenyl si | oxane, pol ydi net hyl si | oxane-co-di phenyl si | oxane,

pol ynmet hyl hydr osi | oxane, proteins, 35 protein derivatives, and synthetic

pol ypepti des. Ethoxyl ated and propoxyl ated versi ons of the ab®DECEVEBER 0003d
polymers, as well as their copolyners, are also suitable for use as
prepolyners in the present disclosure. Oher |ess known but polynerizable
functional groups can be enpl oyed, such as epoxies (wth hardeners) and
uret hanes (r¥Q¥PBEH3bet ween isocyanates and al cohol s). PSI/UgER1tierein and in
t he appended cl ai ms, notations such a8 "(neth)acrylate" or 40

"(nmeth)acryl am de" are used to denote optional nethyl substitutions.

Li kewi se, t heli-niot tettak, arpolyfrisnged fo dbBoteDEAGEMBERM26) BrinetABe@:81eB080) 18 toRaT/ US02/ 22155
14 di-, tri- ,,ncn,gﬁd@yymersoftm,vgﬁrei,éagjnmsed to denote rmnoners dinmers, triners,
tetraner S, etc Hr@fe&é%g%gg¥mersa etHcg n%gB%lo c%;?oét?neg gé%lulyomge glﬁf%eat Unl t.

Preferred prepoly I'ng sul f oxi de,
sul fide, andlye S%'ifif‘ef%%'és ‘QjﬁhtﬂGb%e”%‘ﬁt‘l’\‘ih?]poafnerﬁ’éﬁﬁ‘é‘ﬁf““t"ﬁr et“ﬁéhab"(ﬁeﬁ?rer backbone
struct ur e i hdtncteaalieedhdesrdBorfluerctve onedsi @edresmtindfromddiokifie rsaliidef, e@ier sufenegr oups.
Gel s resul ti ngntdifiMoeheNNitde the a8del feéh@s groupd WikbOritiaSdalyi 6Haion) GeRtsAIwWAI NY

ronoer's (vi gl e added, lﬁﬁmmoxa@coq{a&tmo%ram (s8] 6 Bl o yagerd zati on)

have shown nven ens

for mul at | ons ?gﬁﬂiemat@a'%aﬁ“ BB B S R Rk Pt S it wio

00/ 02937) andf"ﬁlff%sof@%ﬂéiﬁqeyt‘q"?f@@ﬂ porated into the senmi-solid precursor

m xtures of the pheigieaty, preforesdpiepaymedt@reAichel dontaifiey dny or npFeadediantediepti@pol ymer s

are those C0my@axwgrbgps%%egén.mr@mnﬁmg&h n@étloﬁa@zremw&%acnvlawérﬁééﬂablgéfoups sone
portion of Whlné: react i ve. glbl e of

ergrom%i}/ ee- ere cslrf)aseg p&ymenza?on I:Zxaleles oF sugwxpre 0 P/mers in rde !‘d?%‘lonafizgpol YIEr'S

under goi ng fr'ée
i ncl ude f unct'FEfREIf Py dropstny |('6%*§a°&PtepQ9IYWS96VPE9&W@PW FW'Gtﬁé’P'VF)”é(E?%’Vé?'

pol yhydr oxypreilypte, davenhohizsany blebes, suposeymtybiyyl @eeol gblyatulens-cogial! Ialmhglsreandext ran,
chi tosan, 19l ugose ¢etr§ucbm@phemh Yard Siddlictsdt CQRBhatonP AL Avhengs £ tvisny|

al cohol , no n ab&m’taﬁ é&\fkyéaged algd thog 8){ a@id verSIOna Bﬂke\/a%}:\%mﬁt%o C?A%mquge god ucts of

e-capr oI act one ﬁfg S, ethoxyl ated,
and pr opoxy| &EHCIRETPEYBHS ST Pof ey SV it PSHrY NaoVY A E*ar e al so
preferred prepol y¥pplgngrse esefpolymesxwinginer np@imersmn@mﬁmaisewame fPuse . No. WO
98137441) . CopHayiieers naferiddresesoptiyss® Agiitiotal fonohbredsedonopaimerizand napt er i al s
sui tabl e jqor indée, @y&tvay M&Maﬂa@lthbﬁnﬁlta%t\/#] liRdass oast Ru éjrly§&1lj(91§ed

Addi ti onal used 0 Lon TR way of
exanpl e and me?fﬁec ks s”f |N0'(r\‘:19r%etlw¥nqg)r°éycafmdﬁ§n suc%onegm?\ﬁ}aw amfdb ol m%yr rol i done,
(et h) acr yl affdie&cissed aagnem)wma%taﬂwfsm RYtRAER PR BIYPILRS 2&%’“@1‘#"% et one

(et h) acr yl artmel®acratengyblohead (meth)agrylate intbthylsesiaceyiate( inabbhyl fmthydciyieteaci d, acryl at es
and net hacr yIe@\b@&hﬁwém)aa@atz-n@iﬂaxyleth@weth)ac,(/la@tn#&)ha@rtr)éth@&%gnydamlatsoamé

(met h) acryl at firox Jawyiegmfemagﬂxl R/h(m'etﬁ Jt{:wnetﬁ rtve@n%(ryekhzatc&ate
I

et hoxyet hyl ) 8¢ ate

triethyl eneg Wﬁhl)f)cﬁ@fﬁﬁtyéet”% a“";@“ﬂ%?ﬁ’ ?’lﬁluﬁ‘f?f Wgéﬁaéter(’?r}‘let h)acryl ate,
gl yceryl (rrelam“afw%a@t e, dinethylam no ethyl (neth)acrylate and gl ycidyl
(nmeth)acryl ate, statces prefamel prapoipeey =5d tekizaaer achiatesurcndiizddni ng quarternary

amoni um sal 8y hy@@&;fe!hﬁ meaééqyatﬁoﬁﬁeﬁéérﬁgadai &B&Nn%@%ét @éf&regﬁrtem%'ébéla@t e- or
acr yl at e_Joun(ﬁ:}%)ololonQers of%é rox&%\yPrXe hagrﬂate w% Eouﬁ% n%hacrg‘l%ra id wﬁwere gboFtrBezt%a (f (hgl i c aci d)

copol yners et hyl
ma!to haZr yl at ePWd?f}‘lEy&ES?&U@m‘Q’@/& ﬁ@t"ﬁ%f’@’l"ﬁ‘l hPY? b&??lfﬂ”“%éﬁ"é"”&'ﬁﬁhﬁcw'@e?mw ‘b‘f“’et hey
pendant hydr exepttivgprenspymerctitablh for begpoi-splicarechraay enixtyese andftiiercdeess nithis pedtiond t h
met hacr yl at e AgloRibpSerdo@ dgdr¥eof mathdcBat fintRndiia@dd @ Apoae0.5-3% ot tRdHyerodyyroupd e
sem -sol i d precurs g téBHﬁo%fﬁleé,rQstm%f iR B3R pgegenE éﬂplfbat‘oﬁ%%%%e one
35  or more substantially unreactive polymeric components, i.e., dead polymers, which may be linear,
branched, or crosslinked. Dead polymers may also take the form of nanospheres or microspheres.
The dead polymers may serve to add bulk to the semi-solid precursor mixture without adding a
substantial amount of reactive groups, or the dead polymers may be chosen to impart various
chemical, physical, mechanical, and/or morphological properties to the moldings of interest. The
40  dead polymers may further be used to impart a desired degree of semi-solid consistency to the semi-



A nore preferabl e degree of nethacrylate functionalization is about 0.5-2%
of the hydroxyl groups. In addition to prepolyners, systens of interest to
the present application may conprise one 35 or nore substanii BECEMBER 2005
unreactive polyneric conponents, i.e., dead polymers, which may be |inear,
branched, or crosslinked. Dead polynmers nmay al so take the form of
nanospheres or m crospheres. The dead polyners nay serve to add bulk to the
sem -sol id pwegspsgs m xture without adding a substantpr@ivsanmusst of
reactive groups, or the dead pol ynersinay be chosen to inpart various

chem cal, physical, mechanical, and/or norphol ogical properties to the

nol di ngs of isoldgreestor mikine. Wlert@atbopdibuiBredlyiery is bxpetsiel thdxRadiprlet May Mpart a
desired degreg,pf, %@t@‘dec?e%é tﬂle rﬁé?é?[§|'c§sft8’f%¥erﬂxgonﬁ E'r@eu%%%xt&é R@ Eﬁne@% WO
03/003073 PCT/ Ug%7 S tg g gr oduction of
prepol yners i$Y8&% 8??§|°\P§ °°Tpr?%becfé5%?”§‘6 &e/m&‘%e pr‘reé’fl'ymeéﬁ 'borlﬁéreﬁér ”1'“ e ease
the material €BSereshtivendons btanpesitow i dedpeorer kicxtraiege oo diead pol ymer s
may be choserprdpaynize conpatible or inconpatible with the prepolyners. In one

preferred enmbodi MRRMe preSdnt hidBtioR o wgtrads&vetﬁ%as@@epataté@ sﬁ%ﬂﬁ@%;l selbeﬁbf@efuyt he dead
p0| ymer s Cgﬂ%gr(ﬂ% r{%luérﬁ) atspmgse 59 ara %0 %fr&Ef%xt%é@Ere%Oépe S OI'_FR'I ﬁﬁ? I nvention,

optically tr y prepared
by incl udi ng pﬁpﬂﬁ‘ﬁéﬁngéﬁﬁf’%ﬁ P‘éBhﬁs"éfeP%{%t?q '?Péefff“‘icg??lﬁ’éeaﬁ*fthabﬁhéﬁ’étle?ner s, or a
m xture of priiepbhrpesesaraiptyetiozitinsobtigatelarily be@yse thrvalsetivs ingigas af teeicoexisting

i so-refragdi peised Se CoRBPAEDI. Walen & h-r&yEE @unantﬁmhipdmin&n@ pER6e pefpad ataien yet

TR ntal NS OPlERLG! AbL i EGAS Gurll ob Bl BGLLNR Al 655 1ol dhEycOeX! St ng
10 phases are cong lonally, a

\?\'}QF ac | ve |It
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appr oxi mat el Witereaiedv yhep de wererpactivis dilugh areiéos regqtive(ppticlagigloss nelepeititipn ftself @aualyndex upon
pol ynmeri zi ng bstweanlti@rphdses dnk dbes 06t podaess p @lryciirinden upbridueng sinilgltetas poyaet resul t s
upon curi fg. middrd, & Rabdivehdéx o WRESthE PHasdd Ry bLAGLd M%pmdns&@a{o.c@&%or reactive

p| asti ci zer g&? cc%gogt%r ogvaggsultgn%% tefr?cgs}é%llxttye Sﬁ?:%‘n\’\ﬁﬁpaglﬁns%ag?ases and does

not possess upon % mer 15
m xture, the aF@f"P%&W&@”‘?‘W&%&“&? aB??éf"“B?“e P Séntﬁﬁ%[‘g@h‘" PSS mdéa“%ﬂ ’FEF"&’&F by
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i so-refracti vwetemdi ¥fstéie. Such mani pul ati ons may be advantageously carried

out in acgor danceTh\éﬂpFoE'ucBJﬂ%f BEGRERL nha%Vﬁ!ﬁoWﬁkta‘n&ng%ﬂ@f y %Pthérﬁ@d!és?x&né}er et of ore-
unatt ai nabl e and

tica
processi ng pP f)e ?St e‘%a?‘gtlymﬁrfbrtheé’m ucr'r%‘tog'}]?r%fm%ﬁ pedm "di"&r% roductl on of
optical ly cl esmpigettese may 'scqui@tbwatews&"a}rﬁﬂsutmgolvst\vrierrcet epévm yetahshyerake Pabdlslelast i ¢ may
be used as t hshyaeecbopaleiaes-méled anhfiedeproyeiyteteicoacrodnitien pgislteagye- t r apped
Wﬁlt er![al S. B&‘ne\h?%e%acry@té%wn&hyl &Q@&%ta@%lybmlnbkﬁ)%erylﬁélTpol@-fs@bdﬂ@t limted to:
pol ystyrene
Dol yat yr ohe: (At AR xve%ﬁme%ﬁi BB, PR R e P NN B8 oy
pol yst yr ene- €@°XV}‘?@P’1¥§‘?F“("#§%W7°3@W‘P fhy m"%ﬁ‘?ﬂy&/ﬁ‘étf‘)ﬁiﬁ TWHT&E‘?"W%W'
pol ybut yl ( metrhetaerateat mly(cysoharyli(rsai)dsriate). p@Bisqberart tmetidactylatal: eqly(2- ethylhexyl
pol y- 2- but ox yrditaetylaleTRNgtanyasualng (meclyaid-poldigeyE bihptop{iemRt Ja) adprere,at e,

m %’ﬁ)zgf; r2-| a%agwl)te% )%A)}xé p&yaagd”e)n@%y(h ?gtﬁyl 1-P&ke¥é)h%@5t%§t:{'?/loh |
g e R TS ¢ e bk

(et h) acryl at(fé%th)acﬁ’!ﬂeymoélt“ﬂyawtﬁfﬁd%CUY"leB”SV'Ia‘ PAVEDMYUAEIS, PAVIBY! VERSEtG @PY e ne,
pol ypr opyl ené&rma@blydttyopsipate, polptiylfclazdian, en@itadepnb-yi-sabeitnydadee
p0| ybut adi en@@ly(ﬂ&l‘u)ﬁt‘rﬂn‘nmﬁ’é Potlacrtori@dcBdiene BB 8RB arE R (lhdciRith) acryl i c

d, | yet I
‘Sg: yet E;l gﬁe?é(y(%% i b\él Elé! es Feﬁél) toxzcmoBB’Je% Wnla ?{h%n&éo OYWIH%&engj:l'ﬁoqgeﬁ% butyral |

0] vV
pol yvi nyl? butpS’)’fCérP%Pae y '?fﬁ ohgnafrLpe e b ny.on RN

and 12), poly(1,4-butylene adipate), polyhexaﬂuoropropy ene oxxde phenoxy resins, acetal resins,
polyamide resins, poly(2,3-dihydrofuran), polydiphenoxyphosphazene, mono-, di-, tri-, tetra-,...
polyethylene glycol, mono-, di-, tri-, tetra-,... polypropylene glycol, mono-, di-, tri-, tetra-,...
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A preferred formulation for developing optically clear and highly impact-resistant materials
uses styrene-rich SBS tri-block copolymers that contain up to about 75 % styrene. These SBS
40  copolymers are commercially available from KRATON Polymers Business (Kraton®), Phillips
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other non-t hw1th strEcr:ural Emnlante prif\r/wte mutual dlsscr;rE)t%n ! ISence aromatlymgetles on the polymer

generally dissolve in aromatic diluents, and vice versa. Hydrophilicity and hydrophobicity are
additional considerations in choosing the non-reactive diluents and the prepolymers and dead
polymers for the semi-solid precursor mixture. Compatibility may generally be assumed in systems

40  that appear clear or transparent upon mixing. However, for the purposes of this invention,



desirably utilized during the practice of this invention. In the present

i nvention, non-reactive diluents are advantageously added to the sem -solid
30 precursor mxtures of the present invention in order to athDECEMBER 2005
conpatibility of the m xture conponents, achieve the desired concentration
of reactive functionalities, and to achieve the desired sem-solid
consistency. Diluents are chosen based upon their conpatibility with and

pl asti ci zi ngwoatdeets on the prepol yner and dead pol ynerctasmekissuents in the
sem -solid precursor mxture. "Conpa®ibility" refers to the thernodynam c
state where the non-reactive diluent solvates and/or 35 plasticizes the
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and -et hoxy
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kS

ﬁﬁ Pr)élt hy?gﬂ ?%E gppr nﬁé’ nce%{aﬁon ranlgés for eg%dgg)gmf@l 4%)% gs% the following

approved’ monograph demulcents (a) cellulose derivatives: 1) carboxymethyl cellulose sodium, (2)

hydroxyethyl cellulose, (3) hydroxy propyl methyl cellulose, methylcellulose; (b) dextran 70; (c)

gelatin; (d) polyols, liquid: (1) glycerin, (2) polyethylene glycol 300, (3) polyethylene glycol 400, (4)
40  polysorbate 80, (5) propylene glycol; (e) polyviny! alcohol; and (f) povidone (polyvinyl pyrrolidone).



di met hyl acetam de, cycl ohexane, di acetone dial cohol, boric acid esters
(such as with glycerol, sorbitol, or other pol yhydroxy conpounds, as

di sclosed in US Pat. Nos. 4,495, 313, 4,680,336, and 5, 039, 459bECEMBERS005

| i ke. 30 The diluents enployed for the production of contact |enses should
ultimately be water- displaceable, although the diluents used in the
production of noldings of interest may be first extracted with a sol vent

ot her than wabesgodel | oned by water extraction in a sewandsenleps if desired.
"Over-the-counter” use of demulcents 2M thin ophthal mc conpositions is

regul ated by the US Food & Drug Admi nistration (FDA). For exanple, the
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t he nol di ngs J ne sol ution
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shi ppi ng. 20 n a prehiesgedoentosssepin eadiibtalvd ia@s em thaddpeesivteibpme ndvlie di | uent
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solution, littl ccurs ol une
changes by n&® %Peé‘safe}{gfﬁhefgw)‘ Uﬁbﬁ%”t%fﬁ BfiFPh P PORY PR AL PP 5’&‘ b%%ﬁ“?‘*y

accept abl e sé#dvidsestemsglewp jopger repuiedan formetaie His IPspcursoraixtyjed usgdgh epmeenidhalinges by | ess
t han 5% =nd reuiagopeticds. [T @fhtektathd sgmisplid chresendy vaiah 28ats idbsiicopsrethethabl y, t he gel

vol une change§ethmb&ss difubidtuch Hathb Rl o& el oRh @&tk QR ubdh eS@ilblai® in ftidrgy nol di ng,

cure and dermgdgleldrtl headvﬁnl\/lg%ofmal re&e!dlsd?lur%rre changes upon equilibration in
saline are Sem -solid precursor m xtures of the

present inventi oH" ﬁ”@@é’d’é‘?@"ﬁ%%“bgfé’ﬁ‘?“t dg fijugnt FRageatation isadualyd WRHMPAxed| ow
shri nkage upemowtnf gsl sveifich qc@lys werealbiépratiarimweteatTaielis saneoesthalpfil td dikin tigact anount
of dil uendo ne&asmabiscess, andceiTRaBISAlRe dhege tdi@e 8Qsmnhddiiéd by Bh spRbRRImf wat er .

This second Gé%.%qwﬁl&rﬂ&eééto@&gxﬁn?é&%ﬁblph@d Q&Qﬁkl&%enmbbﬂh@fﬂnst%ﬁ%ﬁu% are no | onger
required in for ef\hntl onal 25

nol di ng operatlons , f'ch results
from i ncor p O's%fi PrﬁﬁarsPrH@xture The reactive plasticizer is generally chosen to be compatible wnth the

remaining constituents of the precursor mixture of interest, at least at some desired processing

f'% Fres%nt |nv?nt¢9 Eeac[fll¥eﬁ%stICizers m%y Fso lae og?onalfly mflud%gm

35  conditions of temperature and pressure. Reactive plasticizers may be used to impart an added
degree of reactivity to the precursor mixture by increasing, upon initiating cure, the speed to lock in
the phase morphology within the material just prior to cure to give a composite that exhibits an
increased degree of morphological stability.

The presence of the non-reactive diluents and reactive plasticizers may facilitate blending by

40  lowering the softening temperature of the polymers to be blended. This is especially advantageous



correct anmount of diluent such that no net gel volunme change occurs upon
equilibration in water, is wutilized to the advantage of the present

di scl osure. In another preferred enbodi ment, the diluent cont®DECEMEER 2605
adjusted such that a fixed anmount of gel swelling occurs upon equilibration
in water. This is sonetinmes helpful to aid in the 30 denolding process, and
yet the gel volunme change can be accommobdated by an appropriate nold design
whi ch t akes M#tdoEeBount a snmall but fixed anount of swalTispge206 t he
finished nolding. In the present inve#ition, reactive plasticizers may al so
be optionally included in the sem - solid precursor mxture. The reactive
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of reactive plasticizer i nprove the adhesion
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"l ock-in" thenBLTRATRIYBE Esehirdaistive plagtieizersin epradapsg mititithe eresient Vet @thaushsyst em
cool - down2s Thuegerenghiagen roigedradiad gyist by lag¢si angmbtzameniperause o stightymbodLme an
optically cl eakn p%@@z‘é're@lillybm&p%@dvnmche bplichtRRh &aWeRRlr RlymeRAGRBIRE: al t hat

woul d ot her wi, ?'?‘n‘? atnt%ppegen%%%asgtgble‘mtgh is yet another advantage presented
in the curren ["'osul non-reactive diluents, the reactive

plasticizers can BEUYSBYYPHGIY™EF angrossinsets fiabonteip 2R FENFELS | uti on of a
gi ven pr epol yuretionzgrdurd eradegobwrapt comiaisially @ggifiabievrem Serteer. Bavadre am@Glegfebup nmay be
acryl at e, soetdhaedyyplirgtetersaeicyhhaciandvyiabie ten Ale siyrlai Wb, Rasturydiso sudpmgl et her

V! nyl ester, LN/'CGWQIe &}abdhﬁﬁnc evéxmélsmsSVlhﬁ'a@ne VALV con%bduﬁ@é%féeavallstf@kh\)aa&?é/ | at ed
silicones, Vi Q 4 g%/ &S, di ene, all yl and the like. O her [ess known
n lﬁ er ? erical p%ael

but polyrrerl grou can be e such as epoxies (wth
har deners) and ur&%ﬁ?fﬁ?ﬁ?%ﬁ?‘@%‘“ﬁ?@fﬁ%é&ﬁ'*Wg éﬁé‘l"t"\ﬁ“é&ﬁ(ﬁ"aﬂ"‘éﬁﬁbﬂ "s). In

principl e, arsympaiiitvowewiknamgynibafew sete gkt 'PL@éfefisltO\i@UEﬂnéﬁsqf Fasimeesiely dveilakie cor dance
Wi th the presendouidavienéxdadple, mahd-ftratibghl entities include, but are not limited to: butyl

(meth)acrylate; octyl (meth)acrylate; isodecyl (meth)acrylate; hexadecyl (meth)acrylate; stearyl
(meth)acrylate; isobornyl (meth)acrylate; vinyl benzoate; tetrahydrofurfury! (meth)acrylate;
caprolactone (meth)acrylate; cyclohexyl (meth)acrylate; benzyl (meth)acrylate; ethylene glycol phenyl
ether (meth)acrylate; methyl (meth)acrylate; ethyl (meth)acrylate; and propyl (meth)acrylate;

40  hydroxyethylmethacrylate (HEMA); 2-hydroxyethylacrylate (HEA); methylacrylamide (MMA);



25 preference is given to those which exist as liquids at anbient
tenperatures or slightly above, and which polynerize readily and rapidly
with the application of a source of polymerizing energy suchi®pEdEMBER 9605
heat in the presence of a suitable initiator. Reactive nononers, oligoners,
and crosslinkers that contain acrylate or nmethacrylate functi onal groups
are well known and comrercially available from Sartonmer, Radcure and Henkel .
30 Simlarl ywowsmgérzet hers are commercially avail abl e fr@ayosédkised Si gnal /
Morfl ex. Radcure al so supplies WV curzdble cycloaliphatic epoxy resins.
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(et h) acryl atviéy! d@'ﬂ%ﬂ‘m"{%ﬂ'ﬂw aét?rwd&t“évmvamoreﬂoww (’M‘s? F’i’)at %?V\Prawnonﬂo
y

hydr oxyet hyl meph aothydcatae: {ubiEME) ) jacrRatd) pehtyoropte)aduydta dimythyadingerfy ey yiny!

met hyl acr yd amigighe{ NMYA)dimetdi-LERERinZEHIEMIWBD-OR/-D0 ZOAA MBI 149962 2dISS 23

geéﬂgg%;??e?ﬁnefh?‘ »ﬁ% gﬁ%{ Jdlm‘élhﬂﬁn@&y‘%Q(Hg&mvﬁgnrsk’yl &W ?n%thyl dphent o N
pol yet hyl eng|r§%e9vmvwwae%@%tw?ate%awaﬁ e I I PR e T NS
but yl ene ( nmet(hitaearyateatiey! prapiogate; Blivdixefreap(thetd)zoielpl iivi@icowbNo- , di -, tri -
tetra-,... paobypmepylredigacotaneiel2-cthaxyany (rethiapaeaes, yit-aite2- hgtydxyb@mdha@t
mono( et h}ﬁcrr}{éﬂ%&%ﬂatéb m@a&ﬂam;y lyl vﬁyn yarmtpm[ggs@% trinfy 3,1
h I
(|\|.m(3§), % ?r;{ K) aé’{’s&f”‘%wp %lesndx?ryl%ﬁgﬁl Rgcingte ﬁtripentacontmetrzl}/lhepta cos?s:loxanéler(lf)dl
2- et hyl - 1- Vﬂﬁptﬂﬁl ﬂézréq»%—-ﬁ alamne N-vinyl ester; 2- methacryloylethyl phosphorylcholme
N- ( 3- ( et h) acreyrbayrixghthyBinpretehyanditie §kk.) - N, N- di et hyl am ne; N-
met hyl (et h) acr y| gafi@8ionaBedtied iR IEPELORY hot B thhRd- it-ak-Getral\:. WbipiitlylehdTi dazol e;

N-vi nyl Skbcc' % %‘m lz\llgllati\{ﬂ'}}fnlutyl k %‘(%&8 yalem Hei AL d‘(%fg%écrygleu‘rﬁ%t%nge

N-vi nyl -

(et h) acryl atd %W fe o8t iy 5” Ni-at &YPRANE ‘~1'V° 'ﬁlg‘f aéé??igéf‘g‘“ef and tri-

di met hyl di phéfni}ﬂ aCW@teh‘WnQiMPWOPEQP t%mPtb&%Y‘?ée (aN—'tE ith°l<¥'i’j?dr?é@/ﬁy>f°9%‘¥'6%but yl)
(et h) acr yl aneridetves? petidaythritdi-tdtiagecta@x ynd edtioyliated BndBor po@pBetededhtives);

trinethyl( ”er{wgaaﬁéab%ll(ﬂgt%acrwate bisphenol A di(meth)acrylate; ethoxylated (and/or propoxylated

X- (di met hyl V'b@%’he?oli\éﬁln)egngatc@l%t éemh?%lta\(éd%[h\éﬁfu%x%]e) (gr?&ytl etg byoidl phenyl

met hyl vi nyl nmet hgacr yl at e;
vi nyl acet at 8PoHBiART ‘ﬁﬂrs"’”i)rﬁﬁ‘ﬁ QRS PRY pm'?ﬁ"ﬁ?i”‘"fﬁ“&ﬁe@ﬁ’éﬁ"?d "’"39 RRIEPUXSH 2- napht yI
(et h) acr yl avesiong) msthyleagbise¢nddmideNriallfi¢yenurajel dinvinh ¢ npgnmestiahyf teconpteaatii! de;

2- et hoxyet hy mefhiatdt) agipiyphtadis; pelyslioxdmbiydiyl Zmdmyatryakysatetabgatyi vinkb

(neth)acryl atsgbon;te 139 tammfawéﬂgywan@g m{dne nbit Iayéuphg@rap@é}aﬁa% .

vi nyl [3 [3‘% ’(rﬁetht) nPE Xll omFt‘rs andﬁ?eﬁéﬁcwlaﬁure ané Laseg((}{l% rr!ersslfrom?saar[g%%rg{h % but anol

car bonat €’ a- cosasiloxanylene

N- car boxy- p- a?raﬁﬁ@écum ? RRACVie sty an Her%eﬂ %@les@feﬁﬂyp'ﬁ%@’%%’ﬁ% chol i ne;
met hacr yl oxy egentg usuallynyuk notimeg@ssariyricivet dh gask fwk ethyleviodliy urfsetrated doniad boedst | t i es

i nclude, but are Aaitionkindhiy Bdroptlic mB®@rs or TBihonomérs diseful id t8d Frésent inventig@ol yet hyl ene

20 gl yCOl di (ng@ hn)u% XJt%t@d to]ac%FcQHa WGG%IIQACE%& @ngﬂdea&rﬁnetﬂac%late

but yl enedl ( nono-, di-, tri-
R S ﬁﬁ?@dﬁe SHPE PRy sl PR G SR and i
(met h) acryl atj‘éG'OS?dr'“ PayNoa|6. 16???6&'?1’& Y8 ﬁé‘?’ﬁﬁﬂfﬁ%f“ﬁm% gucosen?dPYY et hoxyl at ed
and/ or pr opoxlydositee duchdethose aistlasedsih 1S paNoa 18§ 416,i5168d,958 etdriga€dspitat e (and its

et hoxyl at ed QRgHyiiddAEQREX¥NMhiad-LeletfBF dpMRLUIMHRSYId and its salts; vinylsulfonic acid and its

salts; styrenesulfonic acid and its salts; 3-methacryloyloxy propyl sulfonic acid and its salts;



hexanedi ol di (nmeth)acryl ate; bisphenol A di (neth)acryl ate; ethoxyl ated
(and/ or propoxyl ated) 25 bi sphenol A di(nmeth)acrylate; (meth)acrylated

met hyl gl ucoside (and its ethoxyl ated and/ or prpoxyl ated vetZDBEAEMBER 2005
(meth)acryl ated pol ycaprol actone triol (and its ethoxyl ated and/ or

prpoxyl ated versions); methylenebisacrylam de; triallylcyanurate; dinvinyl
benzene; diallyl itaconate; ally) nethacrylate; diallyl phthalate;

pol ysi | oxanymaisadskyp! (neth)acryl ate; met hacryl oxyet hylectindyd221s€ar bonat e;
pol ybut adi ene di (neth)acryl ate; and &4whol e host of aliphatic and aromatic
30 (nmeth)acrylated oligoners and (neth)acryl ated uret hane-based ol i goners

from Sart omer aufiduliéic 3k, 2$R b &idyioxyRRARH ke mERERCH M Ifnet§8hh&Rin sand  Henkel
(t he PhOf[ On’erc&aﬁlz}-dlﬁg{'&l emsn)ohiur-rlm-xgtls;%-aél 'ng rré)SI?l étr}kcl E\gide-ﬂ%ﬁatc icusldlc'}lili(altl ?/e’steb(la'lst not
necessarily, have a T8ast T WO efnhy‘f é%l ca’i?{f UNSAt U5t 6a- doubl €°hdhds.

Addi ti onal = hi PSP YT Ep NP 576> HonBHEF &cor compnoners useful in the present
i nvention i ncl ud&hergigh refiedivaicdex mpteriats ed desed, thereydtiyerplaticizers mavede kizoseny | | ¢ aci d;
(et h) acr y§ andcebeding® fo Havsaiigh yekadtive igdices, ardrefetbig tibse abiciea & teashahy ddabe-

Pat. Nos. b, 107 el diieB el G AreE R B e B e e ot her
O ucos! dos. s R PR R Bar B oot pRbT (B leeRRge s HeTETOR 650. 055 and
5, 654, 350; N-M&fiaAyieip Jierar perdte stcd Preingiedortpanaed reahiiy PrtRSnesul f oni ¢ aci d
and its sal t s(retwjaaydtsiidrénomitsd caabiotha slyréres tribsadriespentg inpatiervestel virgini ¢ aci d and

i ts sal ts;io 3-dapryREd, YihyPNAneXY viek SHedd, viséaftRsbleCyiitrdhiRREkhiokid, idlab; 13 DECEMBER
2005 WO 03/ 08{?%0% ot ﬁlfi&ﬁgaﬂ%ﬁ%%ﬂet&%ry@!&l bY(Jn%wtegﬁiQﬁga th'aﬂc-l thelike.ﬁ\s tated

T Bty P A CUB P g o BT U

(et h) acr yl anfs#&0oN) IeraRurcetacieviae gh-reffagimipdex egregies: (as  di scl osed in US Pat .
No. 5,779, 943); amhd ptebantl} pr&fered ti@dimbrnit, glactiveflasidzeis ventdinmd extylata nethacalag, ar e
desired, the &Lgaehd, weydPliaBithe gk SardBhd RRivE BAGRRNTREGRY Wli-tAgkidt 0 have hi gh
refractive indiges, and preferably closely matched to the refractive index
of the prepolfyner or dead polymer used. Exanples of such reactive

pl asticizers, in HAEITFVHRATTLFEEYE MHHERICOREE SBBIEY o MeT- U8 Ui nat ed or
chl ori nat ed dnetepdl. tf-frestidnplees ptidr muil-gingtienalpntitiegy Eprtexdmpteniororrargtinb acPderesef e, tri brono
acryl ate, et Guongfurldticasriamiat icfurotiond hda@ivd praticels wig phdntpyiymeaizatidi, phiasy teactive

g m‘f‘t Eg acr &ﬁ% atp%gticiza_brpg el Al iﬁ’fxrﬁ&me%aictmélélé‘s@ciz%rt@ryﬁé}%ﬁainsEarreicms‘med weRent yl |
met h) acryl a Vi . ne, . : iz , viny
car bazol e, vﬁ@rl (",Qt')'%nrln (Jq-(éh )'(r)t?EJ H@ﬁf’%%%@? t\\ﬁ% ﬂ%v{'?ggée%evgB‘%Jflgzmygggxgrrcpgﬁp%&i de,
bronoet hyl ( FEEHYREF pregvaer BratpPhdhy e PEBEYAHSEE RRECY eI I IPAY st at ed
previ ously, ionerbuditregleadnelymprdhratsert), cregtiiofadites efffly. even thed WepiPtedenetenit of t he
reacti ve pl asppaanty@estive Sntiles avedrdserk Nidimthetdea polyrtpd ehafhd mMhua i peapbiyrger and

hi gh-refract iMg doiHe%haE FREEd ds@Dsslitkihg Bhildks 8RNt reBlitRS B RFhRHRR LI NMent

reactive plastlglzgrs.contalnlq acryl at e, netpacrglqte 5 crxlgnide,
. croFﬂnke reactive, plasticizer lpo er ne d)rkteven whenon a( monorunc lonsi[l reaclive plastictzer:
and/ or vinyl "ether noieties are foun 0 gl ve convenlent, tast-curing

UV-tri gger ed 2ePRSEeimie mpfiee YiBZCRY RIOVPPE 8T CE{e3E°Y M8 N be mi xtures t hensel ves,
conposed of nono-Aninidtor ompalmerirtion dalaid ts ityoiprdlY addedrinte theisrot-otitrai¢cunser mitureer
mul ti-functi anader @ Mciiithte ©Fing kol expasBRTH e, mIED b PddiFca bi pagm@iziRg enbrgy GictDds
monof unct kPNabn &gkt L bdyrdobaoh . QRRL cah GAGKINS nBAGThEIeREHS 1k fabicashPOn
pol yrer i zat i Qi LAY L0y B PRELI ¥Ea0BLASIH 6l £8T - RALYIRLNELNEr k i n whi ch
the reactive pFasEf 1 Cl zer _Oel yrre'r CH]aI ns are cr OSSﬁ mn é’ﬁ fO' eac ot her
(i.e., a semPEPEIR)dcup ALY p Y P atde cROPSEPREYEPBIRIMNG rele ™A pl astii ci zer
pol ynmer chai remamiyn persgifatst fovdxerhple, fre weliequo kydpes aveigble rogechemicahsubHes sutthe reacti ve
plasticizer asgidfhepabiyiasss M@ yrettabipbdsafit pidcd of obih cdn@@ation Withtohe ériveredead pol ymer
( i f pr eseg'st ) 7theﬁﬁaﬁﬁitieltd?gsoé?ha{ M@Solyglgrizgtlgmeac%éfn%by ‘oé triﬁb@reb‘ E&SaasroME@otf Q&lnié)cgr iogl’:: her
radiation. Photo-initiators such as the Irgacure® and Darocur® series are well-known and
commercially available from Ciba Geigy, as is the Esacure® series from Sartomer. Example
photoinitiator systems are benzoin methyl ether, 1-hydroxycyclohexyl phenyl ketone, 2-hydroxy-2-
methyl-1-phenylpropane-1-one (sold under the Tradename Darocure 1173 by Ciba Specialty



apparently reactive entities are present within the dead pol yner chains.
Thus, the prepolyner and 25 dead pol yner chains may act as crosslinking
entities during cure, resulting in the formation of a crosshipketMBRRbHoLe
pl astici zer polyner network even when only nonofunctional reactive

pl asticizers are present in the mxture with a only preol yners and/ or dead
polynmers. An initiator or polynerization catalyst is typically added into
the sem -sol iwd @o@eHr sor mxture in order to facilitatg6hiAfsupon
exposure of the m xture to a source ofs pol ynerizing energy such as 30 |ight
or heat. The polynerization catal yst can be a thermal initiator which

gener at es fre&hmg cafa&§4%£ob{g? q%&sérxaé?d §va%b%dmw5pc%rcﬂma% Tﬁgreﬁ;%'

Lg'rf)'x?fjgrstsﬁfmwmﬁ 25 s B e DB S sER B e SR E¢-JYPhsa1 um or

anmmoni um per SNAY&ke!98%.or exanpl e, are well known and are available from
chemi cal suppl i er Shesuizhrs agsadysntlgdoady. addeh Gtodtenietirat vikisre pry opitrefueibalbloy be used
in place of Qkehdl. 6B BthirARitestiny BERIRED TGS mBIR releBRIGRs, dr&emtﬁé ors so that

the p0| yITEI‘I Z %r{tsop%nn%engc !esoonrgamxhlpo?gsaklf ng)ggorggmcla%te?é r?o?c?nh%?eé%ndl 8%' nic or ionic

radi ation. rarors r) series
are wel | - knomﬂx"é{?ﬂff 20 RETT Sa RO (P BT 7P IRY Triayeting99ensisUY s  t he
Esacur eQ0 serabesbefsr yirfacBats tfiowraits, cheir Sznpleragenthiotndigrg¢nitsatomsitypedifienenddirre benzoi n
met hyl et her , likd Thyitifa@x ¥y pokob@Xyr hddmte g} belaemeeord@pehydﬁ O Yeadive

met hyl - 1- Qbeﬂya's&rz%ﬁd?& ikie R BEndoi pqorltUL%Bn ht ade ré}?@/&fb?eld&ﬁneltlm by Ci ba
SpeCI al ty 13 fDll'l__'t%E complete ?ssgutgﬁtggﬁu(%?orm mmpgﬁ%{ Hepgyme%rponeﬁ(s %ternat%gll S) , _and

4, 4" -azobi s emcal's. For a
ref erence rfhﬁ ”H%/af"ir %ﬁdﬁfhgr oplopd addftiys may beded to tsgPifyiRet apHRsHRing it gk andr up,
E. H. | mrer gutto paeherizatioBrvehicEahay be\ijefegryd wheNbgumaf aitigtors 4r0 8@d foTéxemplni t i at ors are
advant ageousl y adaedicmadil hdldhgPér@e PreSt invBatXi rdyisPbd REd dsQelivdif dyQ6HkCdii on i nt o

5 the nol (iIS %[e 915'1’% enYS’m méﬂ% r@é;géc;fécvﬁsng@agntﬂgachl%h Hqg%trﬁﬁé&:narﬂé ﬁrpal d rel ease

agents, preservati or nor dani c fibrous
or particul at xan?pes fea&,v(e; ﬂr&él%lswpfu rTEu are hot Eryt[eftg drugg p?ahrmac%tth?a gaent s,

i ndi cators, |aﬁﬁ“'%?btal§r9§“‘%§ra“éfr%ﬂﬁ”FqszWP@ tma?'%fsloh‘&%?"'yﬁ’érﬁ3r9é'lef9(5\/€lsng agents),
W absor ber anosphefeaotramdsshereh | tegctat dgedients apybetenteansld évor adfyerbrddq thd oam ng
agents, por oSiiogpreRslbfii®dsphereand the |ike. The initiator and other optional

addi tives,jmy be ﬂ'o§§é%lb¥cﬁ9en%f th@?é&ﬁ{ @@Hﬁ’iod Ebn&&%&@@ﬁéﬁa\é@fuﬂré%orpés%ﬁjb' ci zer
and/ or di I uent cogponen yer and/ or

prepol yner t SOVFLRSEINT 4t 8’8 s frIc’neqt eesfjmgos“% u fs%rrrln 'Xltuﬁetcomﬁnsﬂg %rgﬁok i xi ng with
t he pol yneri drea{sgnetrerheT or Wr?sé’i‘%l“\?éw polyreh and aiof-Teattiesy dieh "EMBY  opt i onal
addi ti ves mayledgieolgriet ésdhetdougichrdainrigxtiarnsine@t thegamagurtar migtureinag bardvangggousit prior to
pol ymer i zati GdimedMa ia G RasEBY a8 iBd-Bf Rive 8@teMitaRprd B 8k BRkal biftintdf h@tt®natse used for

examl e, The bl ol GalncBldhngPo ot okl A&Ee&eeasab;%rﬁdvefeeecmt.e%eo be used

as dellvery S ve I n e of active
o edi ent & P PEGHELGUHPS R T P AR PG/ LR ST PRR 1 v

i ngr edi ent s iMsEPRAIENOPRFre G MiEroprRiere) Xhifitheen afalty ifhekye, of pREstrrae R DANITRAATVS

vacci nes,  antien Theqisicatbs mixyemes be alvdiodenargy Bixices .a piseseptrbted ipr-efpolivgmer s or
dead pol yNer sysahe TR §58RHher@IormBARAURDEYRS wikdh eRiitRs S RNBTitPShadon@nait i ve

| ngredi ents R, RESI, Egﬁta sdbn O L aa[]bﬁﬂorﬁo%ctsmgth ag%ﬁlegc%ryes or

m cr ospheres

Whi ch 8l 'S0 1 GFFERRHRPILER Rl R D RSt RGP B SRICE AN RN
sem -solid pﬁ@%’?y%‘TaV‘ﬁﬁSﬁftSGYeéO @empqr@irwga%}ewﬁ @b’é‘l’”ﬁ'ﬁﬁcc’m@t leng s igys F‘Bfaél*ed
nanospher e otheménpeasEhvdere thasrepdyamedetblpbhnanbe temegendurawirentepeadineve di | uent .
When the deadop@l ynmer is the drug-containing mcrosphere, the precursor

m Xxture ”?sy be adl}{ ﬁlﬁé rﬂtgtﬁrgy §1L. Xhase separation upon heating is referred to as Lower Critical Solution
Temperature (LCST) behavior. Conversely, the phase separation upon cooling is referred to as

ct | enses

Upper Critical Solution Temperature (UCST) behavior. For aqueous systems, examples of polymers
which exhibit LCST behavior include poly(N-isopropyl acrylamide), polyethylene glycol (PEG),
polypropylene glycol (PPG), PEG-co-PPG copolymers, and cellulose derivatives such as methyl

40  cellulose. N-isopropyl acrylamide is also copolymerized with the monomers comprising ionizable



formed as a phase-separated iso-refractive systemto inprove the optical
clarity of contact |enses. 25 In yet another enbodi nent of the present

i nvention, reusable drug-rel ease contact |enses are produced3 DEOEMBER 2005
sem -solid precursor m xture conprising a prepolyner, a dead polyner (which
may be a nanosphere or mcrosphere) exhibiting an affinity to the drug of
interest, and a non-reactive diluent. The precursor m xture nmay be a
honbgeneous wipwbudzerzor a phase-separated i so-refracti vepcragsigixs The

prepol yner is formed fromthe pol ynmerzewhi ch exhibits the solubility behavior
sensitive 30 to the thernodynam c bal ance such as tenperature, pH, or ionic

strength of Ry d@bn@&h&é&bél%ers@ﬁﬁtﬁx %T%e@ﬂ#%%de%&h%d 95k an¥¥BgE the contact
lens is forng sq'ﬁ &%%&M.o%% aXJngss ,oﬁ;sh)f %@F@S[Ttdepends 8|thlét?almjc 'stie}(%tr?%khav' or

sensitive to I'n aqueous SO 'Ens swel | s
nore at the ?‘é%e?g@ﬁ?t%er{)ﬁﬂ‘&ﬁ&“ef’ﬁ oIWPRRPETPIEIETSI CRMRSEI MRS PRAAMER 2 he

t enper at ur e \daRlewide dre kel GXNPHEEST kehavion Jod LS eand B6STsipbservad id thasesyirnss, t he
phase sepas atdrsomvetspen heating is referred to as Lower Critical Sol uti on

Tenperature ( LCSl}hu@%@Mhpgomac@@ﬁg\é@e 1o e LBy RD2BE, SGHR1 81400nHRGR] COO! | ng
aqueous syste€ "%‘3? ex@%@l"%’@‘e p@le ?rérp(élymemﬁh‘(%h exggmfflgltty%ﬁf:%ﬁgi?ms% g? i ncl ude
pol y(N- i sopr dgsgins %téfuyln&m%@)tac IpsFsyey Ry Achinied gfipetyiand rrealpdy bygmmsRitediRy | ene

gl ycol (PPQ ,coiefenses iPPGueapehiygimiution irariih thethbrmbdysenidelancgat thaetisuch as

et hyl 40 € el suthl 20 Sthperblurk, SORJUOEID expsidYHe 3oHtdBenbeS, prdnfolngGHRMLYITRF drd@ehtoM t h t he
TONOMEN S COMREJ Bhiadehedllivhehlockds LRGEMER2A0R, mpngﬁx P304 BGT HS02/ 22155

26 groups to epends on
Che b and + GHeT e Pl RS BueSR e gR RTE dRD B E r PG
LCST depends griaifingeonteshipreessas W GRRRY ffinsering intadeq 948t on. On t he ot her hand,
aqueous sol ut i onsTefingeoipod iy tve pdyredanp mixgirervgn fd-b@awt ¥} haaderyy @evhahgaland

acryl am des ar@xidgMihgle@er@rhtly BleferabioS2TwaRel @lght9 fo- sofeh 8r el ke padp6lyrkdeantimr obser ved
in these SyStdgggsp l&rﬁer%@#p}pﬁe%ygr]{y%hugtlgmxx;@&&lm %Mg Léf‘énbﬁ 8%%’%1@3? tbhgl;%ﬁl?est & onpr ise

t he prepol yrrers ove- ment yrrers and
the dead pol yHEFS SHAPTHESthF5PEraP PIPa mpsrs: fWWH@eraﬁﬁdd%? MR {NPBBEES ¢ he

| oadi ng of drstaée Mirareandie likcoertienglty bleéﬁﬁéétée"rmf?u"e%aba‘@wné@'éé?”@wtﬂfé|°ént ly and
repeat edl y byoplionate bisidadgat blagsurecapnteactelowemnsaseric pregsudr ug- cont ai ni ng sol ution in
whi ch t head her mDdyRAYr&seRbEBER eRbodidf oS it an cbonsitGinAsridi@iapsy at ure, is

adj ust ed €0 GURARGL N 001 ARlal SASES R OIPLING: TE AL AEN ARGl ugS |t o

t he cont act nses manner
e Chon ! AP PE Ve 4IedTE B MHC A e BE R B o SR AL P BN 1% aver
the ori gi nal 2 &ieh thgeaabantogenizathiaechaasall erinpguathy Atrnadshitted irdradignte BAtect | enses
are now r eadynefea intdesgikiig dvice] sald nixing @eviey eprated faea dufigenephiriedth Sirtrent e

pol ymer i ziNg idyiesibhis, %e@mp&eanmm@q@f@d myyéaa@@ef&éfumrmﬁd}a@s Gk, d5thB1 xi ng. The

i ngredi ents ”g%dlgrtse %ae rbglf% p>y |>l%% lnm@rﬁerrl%%cg dev@g| gf%Ywhtic(R tl%? L %%trﬁg %noéi engl!rlegf'%et he

pr epol yner an r evice may be
used to mechfiitserqy "r%%“@%%f ai’é”%*é’“”?ﬁ%?t’m%e aﬁsuﬁ‘ﬁh é&’a‘iﬂpé?ﬂﬂ%%s‘e Ykeader s,

i nt ernal m xeehigving tamoarniaelier ¢ 2 gigsttrolides pistemdpwniteveryispall Ipngth serlegeinee, st ati c

m xers, and tfeenahitdRixin@pdnhiguaakid not isLansteieheadixing etizedngth ta@Sf rabopraseanbi ent

tenperat U, 4BthainsORkUs %%élﬁétl&lo%@%c@ahcéprﬁﬁ%%ﬂg §§al@ﬂ99é+@d esy d@%&éa\&s at nospheri c
pressure. 20 _Ln onmo sent l% ot ef | on, an

achiev ené lon acr IenPﬁgc%Es Tl’ef wa(?rhg Va';i r%tlopl%nd its or erl I ent s are not

optional waiting
mechani cal | y pfé?@‘?sf%&séﬂPene?l‘ﬂaébed’ﬁ‘f*?)‘ﬁ%ﬂ'”@/\)é?"ﬁ“"ﬁ?j“ﬁé‘f“? 8’8’”%?9““"(‘ é?(tée Bidte between
the time the thahgpeetie mpit sffigentovéralimijinglefogestip tegmseptieniriay epnymileh diveig)l pesersai ner and
the tinme economics, and final material properties.

35 This embodiment of the invention may be particularly beneficial when the polymerizable
mixture contains a high fraction of the prepolymer or dead polymer ingredients, especially when the
prepolymer or dead polymer is glassy or rigid at ambient temperatures. Utilization of a waiting period
may also be particularly beneficial when the prepolymer and/or dead polymer are thermally sensitive
and so cannot be processed at temperatures above their softening point over a certain time period

40  without undue degradation.



at which they are honogeni zed nechanically or manually. Alternatively, the
ingredients may be netered into a m xing device, said m xing device
operated for a sufficient period to "dry-blend" the 25 ingreds PECEMBERDOGHN
optional waiting period may ensue before further m xing takes place. O, the
ingredients may be fully m xed in a nmechanical device, after which tine a
wai ting period ensues. The waiting period may extend for about an hour to
one or nore &ay®woodtsich a waiting period is useful for @RGhisPwBhiY

honogeni zation of a given polyner systiem down to very snmall |ength scal es
since mechanical m xing techniques do not usually achieve mxing at the
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undue exper i niewdr e bt whish dohighguebaeniebed ithelt the plasticizing laectpbibe dilgdnfsiociceative over al |

M Xi Ng pr 06 eSHastidizetsAKudBed@ding @18 @Veg the@RASMITRId @ he s\QMAS AbhatidyDBEGGentLHONOM CS,

and final mat @5&1@%139&:9&?&5)} b@%artltlgéd-lgmve%n ﬁ%EfPéPﬂu'eE?o% m@(tad Elgzﬁcdlr@\é@g\to‘f ALy, may be
particularly ben contains a hi gh

fraction of tﬁ@arge'égi’ﬁ mdn%engeé‘ ypd‘ét'cgedlpux 'V”(}%%’Pay?‘ﬁ” tr’ee"cyxe)énEa SRYSNR%i al |y when t he
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period 40 without un
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reduci ng the overa osure ernative t he

di | uents and P0G &asmEEL °f:'i9§té“rtge il S‘Pfé”“ﬁﬁ?’lgia t‘tzdﬁ?eta'd‘ﬁ?ﬁv@é%fﬁ"tt"ﬁe pol ymer s
to be m xed, ipleasitaf ledsiliggglesatimsitidn tantperture Siegplagsbi0ed: ¢ modtihve of elRelsrasrdent | v
plasticized prinyDRIySsH@Ya SHED Haringss Yreder aitn &; dné bdAtby Blnpel g@iater thadrgper at ur e,
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m xture can b esent imvention
for the produtaif E?ﬁ““&%c"tﬁ‘ﬂhetsh"éheﬁ”l? ”}‘?H‘P%Imﬁij?‘ s RAGRAPeyEen P ALY EIFE 8€ and
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exhibit a sem m$odsl 9d§@£‘/51'9§tﬂﬁ<@ﬁ¥e &&%Je&%n mé\&mgl t&ﬁﬁ&ue%reﬁ%%olcprfalvééb‘?e

manuf acturin [ &) [ t hat the
i xture be gagg Erial,gﬁﬁ uI nét r%cessanly grmfgpt mto contaot wngﬁn?%g‘tg?rﬁ%ggne’ one ort he

appl i cati on d‘l‘or? TRyt SU”H@étare Y6i- k”f‘i‘)” 'g E’)‘Fr\‘ée'%lfﬁ%ffnopfaé?crﬁo&'f‘g ﬁ%ﬁcﬁi’ﬁﬁ}oidw fig energy or
pol yneri zat i onetbar iegparg thay maetestadanied fer usamith tearpesent bpeni-sofid ecus@ matel!dsif the | ow

shri nkage 3w\hefesamlnydmrnj hed theAekilisblitl atadal @n &f redidyeclced Iharaaatitp ddfisddibg svoof  a
spectacl e | afigpelafifd-dil@I1A MBI Rhlve M eEralfial b oft@halyCiMel Ghile FheRid B& beRh arity of

at | east 80%,pp.of g1 bl 8200300 Jgp%nnwﬁgpﬁésxd%muxﬁ%g hEBOSEhESLOn of Iight

in the visible rumra rac I ndex of at
least 1.5; a g é%pr?t?‘Fﬁﬁ%ﬂ”@’f’%ﬁ"ytcéﬁ‘ﬂ)lﬂrthéf”ﬁft@” Bpidngmachingd ¢ 80C a rmdul us of
el asticity great ePucRerosessen wihog celipmhes $/ticarly pargl Ssriethonidareisiapls fejtheat er t han
80; and ans Abdaeudiorddgrefogns eadlccan bhiatar Ul in a sldtiecast@pbrcsopresdiopm@dngpsodss mat er i al s
of the presenjin biNEB bR e R AEYRBRGROES thY pREE 6 ophthalmic lenses, static

casting, compression, and injection molding are all preferred processes because of their current

prevalence in the art with either unreactive thermoplastic materials (injection and ‘compression

molding) or reactive precursors in a liquid state (static casting).



by several different nolding techniques well-known and commonly practiced in
the art. For exanple, static casting techniques, where the nolding naterial
is placed between two nold hal ves which are then closed to HEPEGEMBER 2005
internal cavity which in turn defines the nolding shape to be produced, are
25 well-known in the field of ophthal mc |ens production. See, for exanple,
US Pat. Nos. 4,113,224, 4,197,266, and 4, 347,198. Likew se, conpression

nol di ng t echniglesessovhere two nol d hal ves are agai n bropghtsetoest her, but
not necessarily brought into contact with one another, to define one or

nore nol ded surfaces, are well-known in the field of thernoplastic nolding.
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subsequent sshads orgrosing adayerdaniigngesrbdparbdteriste @dachr friofe strfaeesskapolymsalttitld i s not
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suitable for th dlna
static castingGPe @8‘%%@@ F‘Bhber?ﬁ‘faa?uﬁﬁd Br%@@gt@ attagpeg fp: ?:‘{i?rf’ei‘?éo f’rc?thﬁ%f’f‘?ﬁf acture
the final objEweylizedtoppardercuh as iFpgrbrenseed pelantu canesphera P rogbarhred. whieh Magnses,
static casti qgtain catps @t anthe sarmde.i Atpregivdiyote ik icantpodiioe may dontin & fcetahed
processes becaysst ,s}écutsa%rﬁhuxaw rP@ier, a e @ERbLIRG cl Arebtl) B aREhtchMedidtanel t her

unreact | ve t heLIRAL AL fioBLALL alfald Db %@Mﬁ@ﬂg&@@@ AliBLgi n9) or

reactive precursors 2005 WO
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i nter changeab‘fy r to anpy osition or materjal that 5 adds or
provi des a |ayer HSAHYTA™AEET éﬁdé‘ﬁ SHEPEPIMYE CUmRPHiop R BP9 HB A& LB f aces of
a pol ymer ar t $uggce-formigpieassitien: drrddiips éxdpping ina prtte fha PYTARG-Tamias spoPesitatsayof t hi s
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for purposes @fceiskd khali BthbseRkilcR MAHQR B cBFhdand pdittid E8Si6Rhster UMremB® AL, Bieng,  OF
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adsorbed to, or ot carrier, suc per br anched
pol yrmer , nano%pﬁﬁgf"é’”e Yrmor U St T\'i\?ﬁug?fe ngﬁ“‘i‘fﬁ?ﬂ‘g]a‘ﬁo"?' J&%%Gr oups on
t he surface. gpariahnheyredadhojeaseviseosityylpfoarees, BRrFovShistinoncr ey devert mpﬁma‘s scrat ch-
resi st ant 2pr elutres Giscufsdnstaf katilsain gradint dopdsite rauteelyl ere pajenbeinthtsmadnwiedtesti rectly in

a scrat ch-respgihapt woltBtREs, 8k dtdbs@t ¥&@high if SRRty edi@encsuch as a | ens,
that is tinted a”%‘,u@o‘%r&%&%%@%ﬁ%&%%ﬁén%‘é&p?&h{;ﬁ'o Yoen e pA\@nnghﬁ{% b%%m)' e of a

surface-formn

monormer/ cr os stIS?Lﬁ KPPt (iroBe PrRTeH ﬁmt&%@??t R G P ra PErer ‘6?r5téc3<r5‘??ﬂr°@

hydr ophi | i ci tte semélyold precirseimixtuisompsisipethe Picdne-captainipg prershinere endloadeseés or anti - f og
properti esof ofolyspecihak prefolmadisaex@ed tathaxisdee-abdigng cdthpositian cotyigligophi | i ¢
reactive nDNOYBHAGE RSRERKRe sERIRIOShAdNORMPEBY: rfbril BRLined @Ntigthdhndtd thus dyes,

including the o the
surtace! for e eRBEN! st Rl PR P PR

conposi tion. T A& tion to dipping in a bath, the surface- formng
conposi tion may 2@ Rﬁ@eﬁmﬁbﬁ‘ﬁf%é'ﬂ‘“Kﬂ’?“onﬁép\f‘i‘ﬂ%ﬂtﬁo%ﬁ“th 'SIPEAIPLRP B ENERAIN On,
printed on; onoldingdevsii@ey @chuenthd emidoldl ppresoonaisialb yroyieecesisESinkeesmtanta those

skilled in thendductthat $:6 8dnii-Bfid @RsnPRvbINhCHRAlbOB htrdatsd, efike llit er nat i vel y,
the precursors used with static casting techniques. Yet, the semi-solid materials are compliant enough to
be easily compressed and deformed to take on the desired mold cavity shape or surface features
without undue resistance when two static compression molds are brought together., Furthermore,

40  unlike typical thermoplastics, the semi-solid materials do not require an excessive or undesirable



surface-form ng conposition my be sprayed, pained, printed, patterned,

fl owcoated, or otherwise applied to one or nore surfaces of a nold. The
surface form ng conposition may optionally be cured or partizBbEgEMBE2003

i ncrease viscosity, toughness, abrasion resistance or other desired
properties. 25 Further discussions of sem -solid gradient conposite materi al
are presented in International Patent Pubin. No. W 00/55653, the

di scl osure ofywybidebhs4 S 1 ncorporated herein by referencepcrisoniiss
Silicone-contalning polymers are well aknown to exhibit ﬁ oxygen
perneabilities but poor tissue conpatrbrlrty I n one preferred enbodi nent of
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material s. Thus materi al s of e present ‘i nvention can be
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t hat woul d r esfah intedQy énd@pretioh euffigient yorititiaie peltriedaaticoofo theriesitee degtep \Pelypéradion ci zer s
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Pol ymer i zagi OEbm(BIrseE Q@ p%%mme%cgné gpt@r{aﬁypygn%qgmm%ééﬂlé%s {hih Jbaﬁ3m%doreassenbl yis

preferably carr ure,to_pol ymerization initiating
condi ti ons. Flref]eratgrf_lessltlhan Qt}{)ut%éapﬁ ofnoge or]gngre rea%%rve %lastrcrzers utes to days for par ts

that are thermall %p&ﬁ”é‘ﬂewd"ﬁ%‘éif thﬁQFO%efsﬁ Grergng t°é'l?fd\rﬁée”é'ﬁ’ffr"@ﬁf°mpﬂﬂeﬁ Efnativel y,
20 when free-folpdingstbrsor cati oni c curing nechani sns are used and triggered by
a high-intensity) tModutigdibito the mold a semi-solid precursor material comprising a polymer blend

35 comprising prepolymers and dead polymers, wherein at least one prepolymer is present; a
non-reactive diluent; a photoinitiator; and optionally a reactive diluent;
b) initiating the photocrosslinking reaction by a source of polymerizing energy such as UV light
for a period of less than or equal to 1 minute; and
c) opening the mold, removing the cured molding, and placing the cured molding into a
40 package for storage and/or shipping.



source, the curing duration may last froma few mnutes to less than a few
seconds. The preferred technique is to expose a photoinitiator-containing
conposition to a source of ultraviolet (UV) radiation of an13 DEEEMBER 2003
duration sufficient to initiate polynerization to the desired degree.

Pol ynmeri zation w1l generally occur even after the source of polynerizing
energy, e.g., the UV light source, is 25 renoved, and the duration required
to effectivelwowonpket e pol ynerization to the desired degreertdfn be
determ ned wi t hout undue experinmentatnon. When so desired, relatively
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The gel can be desrgned to absorb approximately 30-70% water at equilibrium, while exhibiting

mechanical properties such as elongation-to-break and modulus similar to commercially available
35  contact lens materials. Thus, the molding so produced is useful as an ophthalmic lens, especially a
contact or intraocular lens, said lens being produced with a semi-solid precursor material that exhibits
low shrinkage during a rapid curing step, and said lens requiring no separate extraction step aside
from the equilibration step in the package.
Another preferred embodiment uses hydrophilic silicones, which are copolymers of a
40  hydrophilic component and a silicone component exhibiting high oxygen permeability, as the dead
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present invention as Qr n ?\SSI%?I ng. addi t i onal
functi onal grp(r)elﬁared by asjustmgetge ﬁmounl?g)f n)éngcry%’te hydnde aaedFd tg I Zeﬁi’pggdl mlxture ampl es  of
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6225367. 15 EXANMPHESRs EXARFMErderro@sner al Met hod for the Preparation of
Functi onabd zed pHEMA 10 G ans of a pol y(2-hydroxyethyl nethacryl ate) (pHEVA,
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of met hacr yl al e anfydrl s Has, AL cad o ettt fn o B8R AN nuous! y
stirred for 12 to z/TO y%ﬁ% C\/\% oK “Under vacuum and t he
thermometer, anda mtro en infet tube. Subsequently 10 mL of2 hydroxyethylmethacrylate

(HEMA), 0.14 mL of methacrylic acid (MAA), and 15 mg of 2,2'-azobisisobutyronitrile were added to
35 the flask. After purging the solution with nitrogen for 16 minutes, the solution was then slowly heated
to 70 °C and the polymerization reaction was initiated to synthesize pHEMA-co-MAA.

The polymerization reaction typically lasted 6-8 hours and the solution was cooled down to
the room temperature. As a functionalizing agent, 0.12 mL of methacrylic anhydride was then
injected and the solution was stirred for 12 hours to introduce the reactive methacrylate groups on

40  the backbone of pHEMA-co-MAA through the hydroxyl groups of HEMA.



functionalized pHEMA was precipitated twice in water to renove inpurities.
After drying, a pHEMA wth 1% functionality (theoretical value) was

obt ai ned, where 1% of the original pendant hydroxyl groups & PECBNMEERZ0050
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non-vol atile gidiieinin i dyMrblile. Bpo hAGREQBE amaqanégloateia&u@nf sqient . The
e, o o Fh s bhaBnl il L DL S50 RS, U105 Ao B s e vt
azobi si sobut yPHHCY PP aepUECERUraLmATNE AFE FO4FHmeinTHER G ’%F'Ee‘{/ﬂé'gmg%‘é'n pur ged
with purifiedMgorahdgen while stirring for approximately 15 minutes. 20 The
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out wt% to 80 wt%. When the acetone concentration was higher than 80 wi%, the pHEMA-co-MAA

copolymer precipitated during polymerization. When the acetone concentration was below 10 wt%,
significant gellation occurred. The gellation is caused by the crosslinking of copolymer due to the
small amount of difunctional monomer presentin HEMA as impurities. To obtain the precursor

35  mixtures of desired properties, it is necessary to optimize the type of solvent, solvent concentration,
reaction time, reaction temperature, and concentration of diluents.

The degree of functionalization can be readily varied by adjusting the amount of MA added to

the reaction mixture as a functionalizing agent. While keeping the amounts of HEMA and MAA
unchanged, various pHEMA-co-MAA copolymers with functionalities from 0.3 to 56 % have also been

40  synthesized according to the procedure described above by adjusting the amount of MA. Using



pol ymeri zation. After polynerization, a clear sem-solid was forned. The

m xture was then cooled down to roomtenperature and 0.21 g of nethacryl ate
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particular molding composition and geometry. The mold assembly was then removed from the UV

lamp, and the overflow material was trimmed from the edge of the lens molds. The lens molds were

35 opened after allowing them to cool to room temperature and the molding removed, and an
ophthalmic lens molding was thus obtained.
The ophthalmic lens of the present example contains an equilibrium water content of
approximately 36-38% water, which depends on the degree of functionality of the starting
prepolymer. Samples functionalized at about 0.5 to 1% exhibited mechanical moduli similar to those
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W % 1, 2- pr Opxés%ﬁedre%lre)égr@d irtfeRGe be@W%O%SaIIMn@e%«;rgﬁoé@?s%d bempoepized in a capped
vial ina 70 C oven for 1 hour, during wh time the sanpl e becane
sem -solid in nat ur e. The sanple al so

Table 1
35
Sample No. Prepolymer Diluents Water Content | Elongation
3a 50% pHEMA (1%) | 25% PPG, 25% water 39% 200%
3b 40% pHEMA (1%) _ | 30% PEG(400), 30% water | (not measured) | (nm)
3¢ 60% pHEMA (1%) | 30% PPG, 10% water 35% 250%
3d 60% pHEMA (1%) | 30% water, 10% PPG (am) nm)_




contained 1 wt % (based upon the prepolynmer and diluents) of the
photoinitiator 4,4'-azobis(4- cyanovaleric acid) (ACVA). The sem -solid
materi al was renoved fromthe oven and was further m xed byl3RBAGEMRBER 2005
several mnutes using two glass plates. Finally, the sem -solid precursor
m xture was pressed out between the two glass plates to a thickness of
approxi mately 100 m crons, and was 25 subsequently placed under a diffuse W
| i ght source y 100 AP, UVP, Inc.) for 20 m nut ure. Note,
sanpl e cure ti rre@&cﬁﬁl d be shortened gignificantly Meﬁé%g’é’”ﬁm ense W
| i ght sources are used. Upon cure, the nol ding produced was renoved from
the nolds and hydrat ed |n wat er The equi I i bri um wat er content was neasured
to be approxifpatety—3 the I 3 an -et-ongatigp—to—bkeak of
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and resultslare presdWMEEMAGDhe Table bhel ow (note, all [sanples were
processed with 1 % ACVA): 35 Table | Sanple No. Prepol yner Di | uent sWat er
Cont ent El ongat i on IN3ESO96 R-ENEINCPgizes 5 MAGan 29%s atede B99RDG % 40T pHENVA
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\gg; S(r) 32%5205@%5 DR HENR: (sd 3005 WatsErhisolid O re@uPE’rGigmnsr&m phising Qt%CEg/g(%?ogoo/OizgﬁD
er 0 0
pHEMA (5% 30@‘%%{% %%2‘5‘5”@? %%fﬂ,@b%é&{%ﬁ?pa%éfg%é%w 30% pHEMA (5% j
In this exanple, non-functionalized pHEVMA can al so be added to the precursor
mxture as tBEMIEEG MelHigandem R Feymerssaeptive PlestidrgrstaneOrtipelveiddn-Repativysi ty. The
non-reactive diluentsbpiendioned in this 5 exanple nay al so be used to
prepare the sem - $Qd &xdni @eides BB sdMi-¥didifr&6rs& ATl Smphink MRodsWBRbbigRA. | zed
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Mol di ngs from, Dee ers}{ ncgn /e P % | Zb k[? %r ona
Non- React i ve S{5PIPOUEES 'f[?jjghl'ﬁ?g éﬁ{)f'pé yirepyvgeeee ‘iﬁ‘&s”%?ﬁ Y precursor

m xt ures corrp‘rafbg’iyrﬂgoufﬁarr ous dead polyners. Although these polyners are not
functionalized w Mhturee eaipiising depdelpsers, ¢nh eynaeayactye plasticietsi onhetbiniteéd atdon  gi ve
prepol ynens tHmeughs dohradiitiden@hat ndlogidRsd ibdpden Qain b YR vddas ko€, such as
hydroxyl and duﬁrfgWBMnLe tQJsQHBé bed¥nX L &%d &%PJ Rl %&sg‘éﬁgtef&%‘w%‘?én%x/edone or

nore reactive asticlzers ol nit
from the oven an were t’urther rRxedE)y hand for severa[mmutes using two glass plates. Finally, the

semi-solid precursor mixtures were pressed out between the two glass plates to a thickness of

approximately 100-500 microns, and were subsequently placed under a diffuse UV light source

20 (Blak-Ray 100 AP, UVP, Inc.) for 10-20 minutes to cure. Note, sample cure times could be shortened

significantly when more intense UV light sources were used.

Upon cure, the moldings produced were clear and gel-like, suitable for use as biomedical

moldings. Example formulations are given in Table 2 below (all percentages are in wt%):

25 Table 2
Sample Dead Polymer Reactive Plasticizer(s) Diluent(s) Initiator Molding
No. Result

4a 33% polyacrylic acid 33% PEG-diacrylate 33%ethylene | 0.5% Irgacure clear
glycol 1173

4b 50% pHEMA 25% PEG-diacrylate 25% ethylene 0.5% Irgacure clear
glycol 1173

4c 50% polymethyl vinyl 25% PEG-diacrylate 25% ethylene 0.5% Irgacure clear
ether-co-maleic acid glycol 1173

4d 33% carboxy methyl 16% PEG-diacrylate, 16% | 33% methanol | 0.5% Irgacure clear
cellulose polybutadiene diacrylate 1173

de 33% hydroxypropyl 16% PEG-diacrylate, 16% | 33% methanol | 0.5% Irgacure clear
methyl cellulose polybutadiene diacrylate 1173

4f 29% poly(4-vinyl 25% acrylamide, 8% 48% ethylene 0.3% Irgacure clear
pyridine) methacrylated glucose glycol 819

4g 33% agarose 17% acrylamide, 6% 44% ethylene 0.3% Irgacure clear
methacrylated glucose glycol 819

4h 50% carboxymethyl 13% acrylamide, 4% 33% ethylene 0.3% Irgacure clear
cellulose methacrylated glucose glycol 819




15 sone cases non-reactive diluents were honogeni zed in capped vials in a 70
C oven for 24 hours, during which tine the sanples becane sem-solid in
nature. The sem -solid materials were renoved fromthe oven3dPECEMBER 2005
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sem - sol i d° pr'eEeReeBiisitg BaMFraad iiMAdpsed sereldner 78 pAULPraANTIB RGBT will partition

si | i cone- conttafwaenrige cpexisiyrg hydmelrobia ard hgdrophilizdhasgsiwihich e dhe drepedtivelye?DMS-unct i onal
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(PDVB), are GRIMBLE ihbiiddhadelddiahds ofthd BrralRE @S U Rfihlo@B@lop@nRRS, 1 ncl udi ng

well as on the water content, which are primarily determined by the constituents of the copolymer.

20 The refractive indices of pHEMA and methacrylate-functional PDMS are approximately 1.51
and 1.46, respectively. The refractive index of pHEMA contact lenses equilibrated with water is
approximately 1.44. Thus, upon molding and curing and subsequent equilibration with water, itis
possible to obtain optically clear hydrated contact lenses, which take the form of phase-separated
iso-refractive moldings, by adjusting the constituents of the HEMA-based copolymer to match the

25  refractive index of the hydrophilic phase, which is rich in the hydrated HEMA-based copolymer, to
that of the PDMS-rich hydrophobic phase.

EXAMPLE 8: Contact Lenses with High Oxygen Permeability and Tissue Compatibility
In this example, a circular-disc shaped preform is produced from the semi-solid precursor
30  mixiure comprising methacrylate-functional PDMS as the prepolymer, HEMA-based copolymer as
the dead polymer, and a non-reactive diluent, which precursor mixture may be the phase-separated
iso-refractive mixture given in Example 7. This preform is dipped into a solution of a surface-forming
monomer composition which imparts tissue compatibility. The monomer composition comprising
HEMA and/or polyethylene glycol dimethacrylate may be used as the surface-forming composition to
35  impart tissue compatibility. The resulting semi-solid gradient composite material is molded and cured
into a lens by the method described by Example 4.



(meth)acrylate functional groups which cure rapidly by UV |ight.
Silicone-containing polyners exhibit high oxygen perneabilities and are
advant ageously used as the naterials to produce contact | ensBDEIEMBER 100S
exanpl e, the prepolyner is nethacrylate-functional PDVS in which the end
groups of PDMS are functionalized with nmethacryl ate groups. The dead
polynmer is a HEMA- based copol yner such as pHEMA-co- MAA in which HEMA is the
maj or consti tyenkepf; the copolymer. The HEMA- based copgly&ss, i@y al so be
functionalized wth reactive groups t® give a prepolyner. Because PDM5 and
pHEMA are inconpati ble and pHEVA is nore hydrophilic than PDMS, when the
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preformis then nolded and cured to give the final product which may be used
as a drug delivery inplant having tissue conpatibility. 15 EXAMPLE 10:

Dr ug- Rel ease. Contact Lenses Contact Iergges whi ch functi on ad3dE{(EMBERZE0Y
systens are produced fromthe sem -soli precursor mxture conprising a
prepol yner, a drug-loaded nanosphere or m crosphere, and a non- reactive

di l uent. VeamADISSCureMBDdS are known in the arts to encapsul ate drugs in
nanospheres or mcrospheres. The surface of the nanospheres or m crospheres

may be ITDd|i. fi eq\ p\MIMriE g%%&&yrqni%ﬁreg:gﬂ rﬁ%ﬁ’rg (g\g%glyﬁgﬁolmd,eﬁ%réig'fhergo_?%"f'ér e contains
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in a drug-cont a fdiyieerie pledlismiRtredccdr@RdeRfbirk € WRRH Ak ophiigciklie cont act

| enses swell nore than when at the anbient tenperature, providing an

ef fici ent WE3RYYBF4*Badi ng the drugs into the contact |enses. Wien placed in
the eye, 35 the lens wll slowy or otherwi se controllably rel ease the
drug. 38 \BHAT |/ GioAdrivEDCclrSer MiguBECENMBEIROZEMS 1 o 2 Ahgrein yireerolyonegpe ecur sor

M XtuRe COPRUsSi MRtk b 2ReRRNEREeRhSthie BUNGEEI Swdibifle BAlMEBEbI D! end consi st s
of at least two dissimlar prepolyners or at |east one prepolymer and a dead
pol yner; (Wrophiliq@aeesiPRe non-reactive diluent; (iii) optionally, at |east
one non-reactive 5 plasticizer; and (iv) optionally, at |east one active
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wherein the polyneric 15 precursor mxture is a sem-solid water-insoluble

but water-swell abl e pol ynmeri zabl e hydrophilic conposition. 4. A polyneric
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functionalization thereof.

7. A polymeric precursor mixture according to any of claims 1 to 6 wherein the non-
reactive diluents are selected from the group consisting of water, ophthalmic demulcents, and

mixtures thereof.

30 8. A polymeric precursor mixture according to any of claims 1 to 7 wherein at least one
of the prepolymer and the dead polymer comprises a majority of 2-hydroxyethyl methacylate

monomer units.



equilibration in a saline solution. 20 5. A polyneric precursor mxture
according to any of claims 1 to 4 wherein the anobunt of non-reactive

di luent is chosen such that after nDIdlng and curing it can1pDBCGEMBER 2005

i sonetric exchange with saline sol uti od? and the pol ymeric precursor mxture
when polynerized remains optically cl ear upon equilibration in saline

sol ution. 96. AAq:sblwmé br@c@ﬁcﬁWtSr@racéﬂrd(ﬁthb%nmwrﬁH NP 1twheddiyat0fascorai s 1 to 5
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16. A molding according to claim 15 which exhibits minimal expansion or contraction

upon equilibration in a physiologically acceptable saline solution.

17. A molding according to claim 15 or 16 which does not require a separate extraction

step prior to its intended use.

25 18. A molding according to claim 15, 16, or 17 which is a contact lens or an intraocular
lens.
19. A method for producing a shaped molding which comprises the steps of:
a) mixing together an initiator and a polymeric precursor mixture comprising (i) a

polymer blend, wherein the polymer blend consists of at least two dissimilar
30 prepolymers or at least one prepolymer and a dead polymer; (ii) at least one

non-reactive diluent; optionally, at least one non-reactive plasticizer; and (iv)

optionally, at least one active ingredient; the polymeric precursor mixture

being a semi-solid polymerizable composition at room temperature, which is
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22. A method according to claim 18, 20, or 21 wherein the polymeric precursor mixture is

a semi-solid water-insoluble but water-swellable polymerizable hydrophilic composition.

23. A method according to any of claims 19 to 22 wherein the prepolymer and the dead

25 polymer have monomeric units in common prior to any functionalization thereof.

24. A method according to any of claims 19 to 23 which further comprises the step of
providing a waiting period at a predetermined temperature after the semi-solid composition or
gradient composite material is compressed in the mold and before exposing to the source of

polymerizing energy.

30 25 A method according to any of claims 19 to 24 wherein the surface-forming material is
applied to a mold surface, the surface-forming material is optionally cured or partially cured,
and the preform is then placed into the mold, exposing the preform to the surface-forming

material upon mold closure.

26. A method according to any of claims 19 to 25 which further comprises the step of

35  placing the cured molding into a package containing a saline solution.
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molding for shipment without a separate extraction step.



