;N _+abce3eFFt | v64T13 OCT 2003 WD 00/ 71612 PCT/ US00/ 13051 SURFACE- TREATMENT

+*OF Sl LI CONE MEDI CAL DEVI CES COVPRI SI NG AN | NTERVEDI ATE CARBON COATI NG AND
GRAFT POLYMERI ZATI ON FI ELD OF THE | NVENTI ON The present invention is
directed toward the surface-treatnment of nedical devices such as contact

l'enses and nedical inplants. In particular, the present i nvgrg ipp 088
directed to a nethod of nodifying the surface of a nedical device to
increase its Ryoe@pati bility or hydrophilicity by coating RERUSI®NI08e with
a-polynerized carbon | ayer followed by graft polynerization onto the carbon
| ayer by free-radical polynerization of a m xture of nononers to forma

hydrophilic polyneric secondary cozm“&mﬂ“\mm\mmme . carbon layer. The
present invention is also directed | ens or other nedical
Contact | enses nmade from silicone-contaigig Materials have been
investigated for a nunmber of years. Such materials can generally be

subdi vided into two ngjor 'Céﬁﬁfﬁéia, %ﬁﬁ?@ REdrogels.

Non- hydrogel s do iy afs¢ § IRECAQIRTRRMEBBLT cAROIeas

hydr ogel s can ab t rcwli;(ﬁgqﬂl AFfoNtate. Hydrogels
general |y have a water co ater an apbout Trve wei ght percent and
nore comonly between about ten to about eighty weight percent. Regardl ess
of their water content, both non-hydrogel and hydrogel silicone contact .

| enses tend to have relatively hydrophqbi AmaTolaFY: tabl e surfaces. Those
skilled in the art have long re N 20r render | ng the surface

of contact |enses 'P%%&Qﬁ@ ihéntiOH isMRERed YW aARRE durface-treaGhientof meditdd devices
hydrophilicity of the contact-I|ens surface i rrprov,es{njltjﬁsF wettability of the

contact | ensesichiasirontagl lensagj and j medicab rpgjents. Tikp partigul PRSP VRS HRelS e ar
confort of thg GoRt fch Th@RAGE S tﬂo@i_ﬁ}ik?t‘&am&é of ANbAlEK URvieE a6 ih@asess t he
e

surface is especrally inportant. surface of a continuous

)
00171612 1 3 GiodorapEbiligTetsdeyphitiony bywoating @hée\mfswiﬂb@p@wffgﬁée?{’%layﬁ nly

for confort, t 1o, ayoid r£aGhd :f]erle FrebRld A& FRtion of
i nfl ammati on, POE;IPWF R{)ﬁ%ag oﬁﬁz?ﬁfeﬁ%ﬁ;ﬁ%&ﬂ_@d}%&? [ cong Fenses ave beecrrl1
subj ected to plmisfee sfihfonometsrte fome athydwphilip polymetit speondayy fcoatingavepthet i es,
. for exanmple, in order tqQ nake the surf r r hi G, leliical
~resi stant, scFﬁP%gyﬁsi °a‘?{fs,°malﬂﬁmﬁﬁ%lsﬁaﬁ%e. E@%?%?ég’g%t‘%"gr%@ﬁgg asna
surface treat gaidehaving|sikhea surfacdjortirigi Ng contact |ens surfaces to a plasma
conprising: ( 1) an inert gas or oxygen as, for exar‘mmmlmmmjﬁ“ Pat ent
Nos. 4, 055, 378; 4,122942; and 4, 214,014; (2) various nononer s
as, for exanple, U S. Patent No. 4, IHRCRGROUND (3) conbiqagisgons of
oxi di zing agents and hydrocarbons, for exanpl.e, water. gnd ethanol .as jn WO
95/ 04609 and U.S. Poantagttlenyss mg%%g{ngs&zfpngg $§}a‘°5'|”3:ig}?§° gﬁ“i”f 'ﬁXees“ga%"d

treat ments ‘ar g} $AmkEO¥yeatd!C Bu@SmhiaRae ca geretdily 1@ subliivided ihtoaadrmajor Wi t h

: h¥§?rso arbon pl asma:; For

a plasma of an inert gas or oxygen, followed a a
exanpl e, U.S. clasesirydiagels sndnon-tiydrogels, Negrhydiogsts dojno |apRrgeiable ApAWlY s f or

providing a bagri gl Gkl Abedls Wad is6RHE 8 ALY Walk haNA Lqufbridhessien ¢ he
| ens is subjecte b an ele trig,cal gl ow di schar ge (h;())l asma) | nvol vi ng

hydr ocar bon atHydeqgelsrgenérelly beweda iated ggryent greqtes thparaboyt five: Weightpysrat an
“hydrophilicity of the l.ens. surf AW  ARZ , e 02
(oxygen gas), ¥W§? &?mﬂﬁlair%gb“éeﬁn 6@&2%’1 Y}%tagoail? ?{gﬂ%&?ﬁgﬂﬁgﬁ‘ %%gmgﬁﬁgﬂrgéfends
to etch the suvseicentht, tboth membydrogeband hydrogelisilicone sontact densey sand fta rkave onal
groups. Wien used as the sol e surface t t ment, such oxidation renders the
~surface of a §§P??§h@#@»§gﬁrﬁ°§'%ﬁ% |a?7%(':. However, the coverage of such
surface treatment maysebilledsn the anhatedomprdcdghizedthk hegfoprenderiag thefsuxfans of '
silicone materials may renmain_apparen t the surface of .t £0S,, g.,
silicone nol ecoptast kenses fydsop é%’itm‘l’ﬁé‘y%g}@{;%’uﬁfcé%aém rtge 8§%§%+§§§f°f§%{3 ating
thus exposi ng QyEkABMORIHacOYP#Bes i Wétabilitit 6F thé bttt fSnses Switthtearofhtid ingthehave
.been found to be thin, whereas thicker coati ngs tend to craclg. Hﬁ%ro arbon
pl asmas, on't teveotThis ih s impeqyessthe veear KpmIasphBiR qoRYpEY lepses.y InftigFasg Gleyy
Angstroms to sgyeral AL 16 | Thenstitd Gfatofimiote

| ens, thereby cg\f{‘g%ﬁ%}mngggﬁ%‘ggragl er eteaggsﬁ&!t?ﬂg%rg%ﬂyi ng silicone materials
and the outer lens surface. Follow ng deposition of a thin carbon |ayer on
- the lens to create a barrier, plasma oxidation can be enployed to increase
- the hydrophilicity of the surface. Al though known surface treatnments can be
effective in inproving the surface properties of non-hydrogel silicone
contact |enses, problens are encountered when such 2 1 3 OCT 2~ WO

00l 71612 PCT/ US00113051 treatnments are applied to hydrogel lens. Silicone
hydrogel |enses are coated in an unhydrated state, but subsequently
hydrated during manufacture and prior to use. This hydration causes the

o . . o . oy o o o, g,
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1 3. OCT 2~ As stated above, the present invention is directed toward
-surface treatnent of silicone nedical devices, including contact |enses,

i ntraocul ar | enses and vascular inplants, to inprove their bioconpatbility.
By the termsilicone, it is neant that the material being treated is an
organi c polyner conprising at |east five percent by weight 5 sqBiggn

(-0Si- , linkages), preferably 10 to 100 percent by weight silicone, nore
preferably 30 tg 90 percent by weight silicone. The present invention is
especial ly advaﬂ%@ggﬂé for application to contact |enses, ei tRedUSE¥13pone
hydrogel s or silicone rigidgas-perneable materials. The invention is
especi al |y advant ageous for silicone hydrogel continuous-wear |enses.

Hydrogel s are a we] | -known cl ass of materials, which conprise hydrated,
cross-|inked pdYsphisns mushpedesignedgipt anlyifarcomforsrbut to ayeidervetse beactionsshckt .
Silicone hydrogghea888L Aol . greater than about five
wei ght percent 10 %ngj_ rr%r%tla com%ﬁloslytg@.h@%&;ﬁ%%uonten to about eighty ,.
wei ght percent. SucHiliseneclensgs baverbeerusibjectes tpplepma surfivy-tpatnemeniimproye tiir

nyer ophi | 1o, monaie bopefits fof Bnila 1L GRG" QMG Wl kBT ASE pitioondlc, asogtr 5
.PCT/ US00/ 13051 resistemdiseratel)-resintemtyend te likb.e kgl eélt dointimd i IaiRI suffade tfedfigantsON
as a cross-li nk'crll'ﬂ1 ag nt.(a cro ]s-l i nker being defined as a_pononmer having
mul ti pl e. pol ymé‘l%u y&-10 °?ftﬂ#c?‘1n&ﬁ§°f’% ceH 10 %Pgﬂéﬁ‘ér%&f@né%'ssﬂb 2R ERaTt g3k orhe

. enpl oyed. Applokggehlas, forlek@fpleCiart.8 Patest NG Q[B51378URIIR450ind 5814 M4t 18

formation of sil i,cogg hydrogel s are well known in the art and nuner ous
exanpl es are prevTHdydrdsatbot mopgmensiasngy examples Lh80Patent NG 4143,949; 2ud) (333:

5,034; 461; 5, 0¢8mBihRtions of 6Rd20Q ageshl h{dScarbii, ﬁyr%ggnp@eg;%w@aﬁm&%n @l in

"applicable silicon-containing nononeric units 1hclu
pol ysi | oxany! al¥Q195(0469handV-51 Patentdioo A632 844ArSequentizl glagrha urfacy treatments are

pol ysi | oxanyl aly! t i LS LS,k gated by the follow ng
Rormia R o Qo TS Moo IBAGE b Tt B A el ' e e
R19-Si -Rt 9 ~| 9xygens follawed by aibydvocathon Plasma: FdiRexangle, lU.R1Futéno top e 3UB5TS o

- denot es hydr og hy. . ch 9 I pdependently denotes a | ower, al kyl
- radical , pheny?% i gﬁ%ﬂ g?scggérg@?% e oésﬁ'ﬂ‘t" PE Y D8TcH coatg. pp & P%L@'Wn%rei n
- each R19 i ndepeniyerthaye Banwhereinahd leneis sabjspted @r arpBleatital ighi EBéhargd(Blabind)s 1

to 10. Some preferred bulky pononers, are, et hacryl oxypr.opyl . ,
tris(trinethyl ?fvlok?{% §ﬁy§ﬁ‘éa@fm {AFPQPheTE n@ﬂﬁ‘(ﬁ‘giiﬂo?%gé‘? |5 | Qs increase the
met hacryl at e, " apdrophiliEsy of ¢edédsearfice. as TRI S and

tris(trinmethyl siloxy).si vi nyl carbamate, sonetinmes referred to as

| yl.pr opyl
TRISVC. 5 13 2’@‘5@5 S’éf%é&?mlmﬁxmassa@mmdmmmn@gs

may be copol yneir] éegle Wiké,thd plasinh G6HAS 10TeGh ARORRERE of WY fells, | Pedfing radicals and
~pol y(organosi | ox%{naeé cagped wi th an unsaturated group at two o% nore ends
of the nol ecul 8d{ge pRahgrayps. Whenused as the sod¢ sursce tesatmgnt, syths okidativn,
for exanpl e, vandeyheusméd 6ot Shkodlt RAR Snord i age of

nmet hacryl oxy. Anqt her cl ass of rgpresentogéﬁgdéulg‘}lﬁgcoﬁ%é’%eg’ﬁg%vﬁa er?éﬁ%crl%ers
i ncl'udes sil i c&¥&seeatmentigay/natpe cemplstsrandehe bubki pryperties roif lnesiticoms munerials

h as: 1, 3- bishdyi {1 t.r.amet hyl - di sil. -
guch s L5 b O P 1 S bl Sk
T T e T e a8 o 2L Ryckogoblacghoups to the oute
3-[tris(trinet %aélk)r o%%’s‘iof‘%}# }'BYCOB%“P té?’i“i//}" ﬁ"aib&%rr?ﬁ{‘%éas thicker coatings tend to

3-[tris(trimet bytlsi Hodrggashdnygldspias oyl the/ bt hand Cepdsi aifn carbon layer (e.g. froma
tbutyldurethylgl'methl vi nyl _car bonat e; trlrrejthIsHéI‘eeth.F w;zl
carbonate; and'Yi ftﬁﬁ/ssfq W%‘@{ ?N’P rAREsEams Fhickh upgth Eien@itage 5 heydens,
silicon-cont ai tieRdy FRAGKE b Dairie baties Bl vhdeBlind SRk S C mer s
Yorrad O PR Blieaie Uha Moo

(al so sonetines referred to as prepolyners ich may have ard
bl ocks |ike tr S0facs-ofalloving depenition| efsd #hip cerbomdayes| ansthe flensi toj areate alhagrienanes
are disclosed pRsfa ¥addtioh¥alh by {nRfkase 1l NG - Laleq YU-Chin, "The
Rol e of Bul ky Pol ysi | oxanyl alekﬁgrl\yétgﬁ%igr yateetggﬁ*&g%}f]g#?g’#ﬁ?ne- ol ysi | oxane
Hydrogel's, " , Jour nAlthaugh Ampwi surfiel tyeatmenBe cambe efféctve i GmpidhaiRy the Ofirface

1996). PCT . Pufl. l4] i,0R. No. [ 31792.di scl oses exanpl.es of
such nonomers, Eﬁ?@%doi scfﬂggﬁkéel Slﬁlsco?lee?o%??eﬁﬁ%qr pisblems frg, gncountened yehen speh; ¢
entirety. Further exanples of silicone urejhane nononers are represented by
Formulae Il and Ill: E(*DPA*D*GQa*D*A*D*E ; or E(*DP)G DA a*DGD'E; 6 .1
3 0 Cfi 783, WO 00/71612 wherein: PCT/US00/ 13051 D denotes an al kyl

di radi cal, an al kyl cycloal kyl diradical, a cycloal kyl diradical, an aryl
diradi cal or an al kylaryl diradical having 6 to 30 carbon atons; G denotes
an al kyl diradical, a cycloal kyl diradical, an al kyl cycloal kyl diradical,

A a2 oy




RlarR8 -(CH Si-OSi-(CH2~~a P wherein: each Rs independently denotes an
‘al kyl or fluoro-substituted al kyl group having 1 to 10 carbon atons which

- may contain ether |inkages between carbon atoms; m is at |easd OCT 20091 p i s
~a nunber that provides a noiety weight of 400 to 10, 000; each of E and E
independent | y d@nmtesz a pol yneri zabl e unsat urated organi ¢ r aBEEE$00/13051
represented by Fornmula VI: R23 R24 ~ (CH2~,-(X~- (~z (At')y-R25-24 wherein:
R23 is hydrogen or nmethyl; R24 is hydrogen, an alkyl -radical having 1 to 6
carbon atonms, or a -CO Y-Rzb radical wherein Yis -O, -S or NH; 7 WO
001 71612 R25 itfeaBindhtsvat Qpplicd! toyhyifspel dalis.Cafilibanei ngrdgel tendds ararcoated it emrs;
R26 is a alkyl radical having 1 to 1§¥c§ar qn.atons;. X de‘got.es -CO- . ar
_0CO; Z denotvebydresed gpte, iyt subsaguently, Rydrated dutipe manyfactyrs and prionfopse, ;ThS ¢ o 30
carbon at ons; Fadiof chileDtheXlehsS td) df@matiéally dviell) cOthmbnlyafiéin Zabbst #n @6 aBout1 9 O
CT 2003 PGINS00/ 13051 A preferred silicone-containing urethane nononer is
represent ed bytwentypgtcent in vplgne) depending uprpthe Ketexganisrbolthe tny: elling 1 5

HHHE -O-N Rz glj%% F Elad j Briha i
preferably 3 or tﬂ&%%@% t %ﬁ%r%@%ﬁi’%@% éL P |tés; %aﬁfjhrr%eoﬁv\hi ch
provi des a noiBirthemeireyiptasmh cd@igs canl GnaPOmisa ders rygdratipr by mpty/pesmittingipropes 0,
R27 is a diradical of. a dc}élso anat e, af Ler re val of the isocyanate group,
such as the di'PRFRYEOBAG SESROFSHEE fi™f S6cyanat e, and each E' is a group
represented by: CH3vagofsHbtentd disdbseche glafiirg of lytiraphilicas erteawisy biocompatible

si |l i cone-cont ai ni ng noponers incl udes, fluorinated ,nmonomers. Such AQNEr s
have been usechlﬂmtg‘ﬁ@ tg%?"ﬁéf‘? 9){9? qpptagt lens) in-prder 10 5od %ﬁﬁi&ﬁwm%&%
PGT/ US00113051rdrlensthflé iU).$. Fatat Ky.05, 505668 tb Panneilet 61. teaches e grafl pullyrsdizafon

deposits on contact 1enses nade ' therefrom as described, in ftl ﬁnél?a ent
Nos. 4, 954, 5870f & efirdenically smspturated oligomer qnRolyragr Qfo the fuelger. ot ias iith g

mononer s havi ne,eggﬁgct & &J&%ﬂ:ﬁ?&;ﬂgﬁ&e%%ﬂt, $6lﬂ§[%¥]ig£ Wamﬁa BeatmbrtFod) théilend 3y orieen

found to inprove conpati bi ween ophilic and

~si | i conecont ai yidraperonygienps en i isurdice gfthadensy {USeRptent No: 5:26@:89%terKamsd et al.
5, 387, 662 and %&&mﬁy gpﬂ&%%g;oﬁ@{&ﬂ GIRHABIR Mk 18 thd\ErRick QP2 2
onpri sés “(1 inth

e 8
- silicone hydrogel nateria n bulk, that 1s, € nononer

i xture that isibstoateobymadioifrequdncs plasms tndvetierent/S Patent We.ah2G6,208 to Kapaguckiy

- wei ght of one gr [ i o DBGSL5P ' s o & ably
30 to 60 per'ce‘?:lfojlo §/ Mﬁgﬁ% one nown%l@?&@ég’%’égﬁﬁﬁﬁ"ﬁé‘? é@r ylic
mononer s; and - fdlyrheriZafibnisitieten tomprisigarpeiodxyfidurste. 40. percent, by wei ght of
a hydrophilic nonongr.- anpl es _of hydrophili . mnoners._.in , vhu re .
not limted.to, et %eeﬁﬁ%a{éggfﬁm%ﬁ t% I%nglc Feoht 5?%% n%Lt'#fgﬁorhr%r tge%uch
as N-vinyl pyrpblethatioid, uns@ishiary for Gevenal raasdyd. | Onasdridas campljdation has been
substituted al cohols, such as 2hydroxyet hyl net hacryl at e _an _ .
2- hydr oxyet hyl g‘Er 'Qf“@e"éfﬁdmaa“é?%ﬁég’@ ,°P%W%°ﬁe$h§%? mﬁ’f dRongmg being
N, N-di net hyl aagﬂhad}irelmmgiiﬁydvas&armﬁa&emef midktle refdvied Nt liscardedermothech as
disclosed in U'S. Patent Nos. 5,070,21 S, an ? azol j nﬁl%@ra%gorrer.s uch as
“disclosed in Uprsblemchag heenne deptly andylensity contrplp ﬁ’g?;ﬂf hFatE ohSREHE | be
apparent to OnEraﬁﬁ'olfliﬁ‘sQfﬂc'fbnE hRnsitytto ddhfevaDMY CdeSirdd BRPOrtY MAificatien, Ane ther el y
exenpl ary, and other materials fOr use as substrates that can benefit by

being coat ed aswelling el wogradatiopr ofs dher medicehdeving FebsEatpcdiing; te| proesss ibas
various publica ﬁ%tﬁrgﬁ pﬁ@%ﬁeﬂﬁ%ﬂg iﬁB%tgﬁm&ﬁsG?&ﬁlsmwf&ﬁedﬂ?ﬁekﬁfaw

contact | enses an I Ca evil ces. . .
of the substrate can cause distortion of the medical device.

In view of the above, it would be desirable to find an improved opticqlly clear,
hydrophilic coating for the sﬁrface of a silicone hydrogel contact lens or other medical
device that doe§ not suffer from the aforementioned disadvantages and which is
economical to produce. It would B_e further desirable to obtain a coating for a contact’

lens or other medical device that is more comfortable or biocompatible for longer

3



The'subject method utilizes standard plasnma oxi dati on and deposition
processes (also referred to as "electrical glow discharge processes") to
provide a thin, durable surface upon the nedical device prel g pgr o the
coval ently bonded grafting of a hydrophilic polyneric coating. Exanples of
such plasma processes are provided in U S Patent Nos. 4,143, 949;
4,312,575; and 5, 464; 667. Al though such processes are well known in the

art, a brief oyglodsdtime, MhRYI Gabndah e cdRbads BRoRtact RAS, iksrAlIRRbEsIyNVOl ve
passi ng an el ectrical discharge throu a gas at | ow pressure.

h The
Glectrical di SeRaNgRaNRENEdIGY Periebit equdsery | wopldha dssiablesis s p,
al t hough mcr AtNGNahd i i i hiachar ges
5 ' VID 001 716100 I B e R R o A re At Bfert)
radi ati on, in faddiwsekrormorpavithgubasyersecrifests tathmeoradd nol ecules in their
gas state, resulting in energetic electrons and ions, atons (ground and
excited sta eSAecdmhg%l &ie asskdtasti tha! iiventiBHS thefe 1 PFERAE admetBY. fof
m xture of atonms and nol ecules in both ground and excited states, which
reach a st eadytreatingdbe suffacerofianlicons drdicab de\YcaeQURNiSINGie circul ati ng
electrical field causes these excited atons and nol ecules to collide with
one another as wellzps tsjekild shelsubfbe Whanrbediicand imeticakdegee to @h the
materi al being treated. The deposition of a coating froma plasma onto the
surface of a material ha&Xidptienplap@areatin®y: possi bl e from hi gh- ener gy
pl asmas wi t hout the assistance of sputtering (sputter-assisted deposition).
Monomers can be depgsi t @dbjebmiy thecoxarsivell pimnintlestal SOEate efithensifcdnew
pressure at nosphere (0.00g_to 5 torr (0.67 to 66?N/n%), $refeéabLX 0.01to
1.0 torr (13 to 133N npynestizad dedemdor 3t £lagma iPehimerization neagtionpdl sed
pl asmas, suitably as hi %?d@%arb@houﬁnds%ﬂerev\@d tf6rm .a AafBuhatéded pplyassre, for
exanpl e, may be applied 100 mlliseconds, on éhin of f %n g dition, liquid
ni trogen cool i ng has be&Hraeq pn shejlens haying ehbickpessortSGin SUF ApGSIremS phase .
onto a substrate and sulggquently use the plasma to chemcally react these
~materials with the substrate. However,. plasmas do not require the use of

external cooling or, heating to cquse the desired depositian. Low or high
wattage (5 to 1000)(°)pre19éﬁfg’Pﬂ>? mx@%q?d{ﬁ@er&aggng yfeﬂ{:agga "sé\\{)\'lé(ﬁ{etdhe nost
chem cal - resi st ant subsigdHoffers (cohipFisingi RdirspHilicc AioRdmers) ople tieaTieaboment of

the present invention, which will be described in terns of a contact |ens
al t hough al so appl i cabl EUEfacesiby; %ﬁ"?néﬂi%JTeedéQ'icE'eéequ@emé%safo,’mﬂrﬂe 3et hod

sequentially conpri ses: b(&bnﬁ%hbl@%hﬁﬂ@e bhthekditaieidvieer face of the lens to
a pl asma-pol yneri zati on deposition with an Cl to Cl10 saturated or

t ted h bon to f ' d . ti
(or oo bon | yePrras & e SrESclofifs KTBRA v RURRRBAATHBEE Al R R

nmononer s (i ncl glginye ifcldMCIBONBIES Js @ silicortehmntt lems. | ayer by free-radi cal

pol ynmeri zati on of the nonomers to forma hydrophilic, bioconpatible
secondary coating. Step (a) is preceded by subjecting the surface of the
medi cal device to a plasna oxidation reaction so as to nore effectively
bond the pol ynmeri zed hydrocarbon 10 1 3 OCT 203 WO 001 71612 :

PCTI US00113051 coating to the lens in order to resist delam nation and/or
cracking of the surface coating fromthe | ens upon lens hydration. It has
been found that by subjecting the untreated silicone hydrogel |lens material
to plasma prior to subsequent plasnma pol ynerization (e.g. deposition of a
carbon layer), the surface of the lens is prepared to better bind the

hydr ocarbon plasma that is subsequently deposited on the |ens. Thus, for
exanple, if the lens is.. ultimately nade froma hydrogel material that is
hydrated (wherein .the lens .typically expands by ten to about twenty
percent), the coating remains intact and bound to the lens, providing a
nore durable coating which is resistant to del am nation and/or cracking. In
step (a) then, a thin hydrocarbon coating is deposited on the | ens, which
is necessary to provide for nore conplete coverage of the underlying
silicone material. In step. (b), the carbon surface is exposed to, and
reacted wth, m xture of nononers under free-radical polynerization
conditions, resulting in a hydrophilic polyner coating attached to the
carbon surface, rendering the carbon coating of step (a) hydrophilic. Wen
the surface of the lens; for exanple, a s#licone hydrogel continuous-wear
lens, is initially oxidized by the use of an oxidation plasma it renders

t he subsequent hydrocarbon deposition nore adherent to the | ens. Such an
oxi dation of the lens may be acconplished in an at nosphere conposed of an
oxidizing nedia. It is preferred that a relatively "strong" oxidizing
plasma is utilized in this oxidation, for' exanple. anbient air drawn

£ r~n A - o S — o L



13 + WD 00/71612 ~ 3 OCT 203 PCT/ US00/ 13051 al cohol may be used to enhance
«the solubility of the nononer in the aqueous graft polynerﬁ%pbbpﬂ%@%sten1
The graft polymer may be the reaction product of a m xture of ho rs
conprising one or nore hydrophilic nononers. The optional presence of sone
hydr ophobi ¢ nononers may al so be used to inpart desire $ﬁf)erties s¥ch as
i

resi stance to | i phtiseiedabeyeithe aEBdilpYHHOD Psndiffﬁgsém Fﬁ% pRupept o

| nvention, afugfle! ykied SRAGL! Hloding ROt Iedley | st 1880 afid VaBilar] ONS
can be di pped I n a nononer sol ution conprising at |east one hydrophilic
nonomer (t heintants, todmprewe theirsbineqrenatibilin: | By ithectenn siligene; dtrismeant thatsthe

referred to as,.".nACLO rs'). P 1 9985 calel

conprise 1 t%’%%gpbn%?gg%gégglén % "‘?%‘%‘gﬁ{ %F%Hﬁno%er(r%#;ﬁvg its, greef?%hrtabl y
50 to 100 PoiiHcqer ¢OSi-, linkuges)ppedfanblyl 10 80 100 f@Enhlye weight siliconejsmore

i ndi cat ed above, .ot her noneri ¢ unit ich e hydrophaobic optionally may
al so be usedpﬁemgﬁt@%P?ﬁené%yn’ﬁflgﬁb\éﬂ‘éoé‘ﬁ‘t %r%%é’?ta%}v)?m@nt% B*Hor e
percent, nDOshdRhRE&udMdrapPlidaiord & doatRt Refises either sicangHydsogals of yiticayeirigid-c-
nononers are al kyl nethacrylate, fluorinated géﬁyl met hagryl at ey, .

| ong- chai n ag#syremmpablamaigils-ahoprgRtionds FParlifeadvanrgeppRior F‘k&?ﬂeﬁwﬁ"sﬂhg lic
TONONET S R c{RimBALOhlE IAC Sy AR 8 el abiod B dNbhcHalie bhith a6y de.,
DMA), lactanms such as N-vinylpgyrrolidinone, and poly(alklyrene.OX|des) such
as met hoxypohydatedt brpsselinkedepolipaenid aystems eontainipg Heatgsy iy pe eqyibibEum #feqs

met hacrylic id o oxvaldr - agﬁﬁ G\

nmet hacr yl at e.gﬁ%'&cr f%&ﬁ%q%fscgeﬁ%rﬁlll &rgirvse nfn%{;/@xg{&sﬁ%ﬁf %?:Ttu e z%%%l ?g?eir gﬁéﬁsﬂlﬁ%’n‘as

N, Ndi et hybh- bhdrmiofeaamihanly bétvgen AbouB tenutofabout eghty) weiphtrprercent. bBichimatérBRE) and

N, Ndi et hyl - N- met hacryl am dopr opyl - N-( 3- sul.f opr opyl. ).- anmoni um bet.ai n _( SPP)

Macr oner s usé‘i‘u}’s"]”ﬁy t%?@?%@gn?‘ﬁ%‘ﬁw G B rc‘%%gg’fﬁq ga],tmlf’?f st °dse1§%°|pf'bed in

U.S. patent scénifidfagb@éndiié Bndl 4v 1d60 one hydtdphilic amonoifiere e Eitheti thabsilicone-

hydr ophi |l i ¢ nmononmers for conprising the hydrophilic reactive polyners

i nclude generally water sol uble conventional vinyl nononmers such as

acrylates and nethacryl ates of the general structure: ~2 H2C=C- COORS 14

WO 00/ 71612 1 3 OCT 2003 PCT/ US00113051 where R2 i s hydrogen or nethyl and

R3 is hydrogen or is an aliphatic hydrocarbon group of up to 10 carbon

atons substituted by one or nore water solubilizing groups such as carboxy,

hydr oxy, am no, |ower al kylam no, |ower dial kyam no, a pol yethyl ene oxi de

group mﬁtg from2 to about 100 repeating units, or substituted by one or

nore sul f Pe, phosphat e sul fonate, phosphonate, carboxam do, sul fonam do or

phosphonam do groups, or m xtures thereof; Preferably R3 is an oligomer or

pol ymer such as pol yet hyl ene gl ycol, polypropyl ene glycol, '

pol yet hyl ene- propyl ene) gl ycol, pol y(hydroxyethyl nethacrylate),

pol y(di net hyl acrylam de), poly(acrylic acid), poly(nmethacrylic acid),

pol ysul f one, pol yvinyl al cohol), polyacrylam de, poly(acrylam de-acrylic

acid) polystyrene sulfonate) .sodiumsalt, polyethylene oxide), polyethylene

oxi de- propyl ene oxi de), poly(glycolic acid), poly(lactic acid),

pol y(vi nyl pyrrolidone), cellulosics, polysaccharides, mxtures thereof, and
. copol ymers thereof; acrylam des and net hacryl am des of the fornula

H2C~- CONHR3 R2 where R2 and R3 are as defined above; acryl am des and

nmet hacryl &% des of the fornmula H2C=C- CON( R4h where R4 is | ower alkyl of 1

to 3 carbon atons and R2 is as defined above; mal eates and futmarates of

the fornmul a: R300CH=CHCOOR3 wherein R3 is as defined above; 15 1 3 CCt

2C03 WO 001 71612 vinyl ethers of the formula HZC=CH- O R3 where R3 is as

defi ned above; aliphatic vinyl conpounds of the fornmula Rl CH=CHR3 .

PCT/ US00113051 where R2 is as defined above and R3 is as defined above with

the provise that R3 is other than hydrogen; and vinyl substituted

het er ocycl es, such as vinyl pyridines, piperidines and i m dazol es and

N-vinyl lactans, such as N-vinyl-2-pyrrolidone. . Included anong the useful

wat er sol ubl e nononmers are: 2-hydroxyethyl-; 2- and 3-hydroxypropyl -;

2, 3-di hydr oxypropyl -; pol yet hoxyet hyl -; and pol yet hoxypnpyl acryl at es,

nmet hacryl ates, acryl am des and net hacryl am des; acryl am de, nethacryl am de,

N- et hyl acryl am de, N-net hyl nmet hacryl am de, N, Ndi net hyl acryl am de, N,

N-di et hyl met hacryl am de, N, N dinmethyl- and N, N-diethyl am noet hyl

acrylate and nethacryl ate and the correspondi ng acryl am des and

met hacryl am des; 2-and 4-vinyl pyridine; 4-and 2-nethyl-5-vinyl pyridi ne;

N- et hyl - 4vi nyl pi peri di ne; 2-nethyl-1-vinylimdazole; N,

N=di net hyl al | yl am ne; di net hyl ani i noet hyl vinyl ether; N-vinylpyrrolidone;

acrylic and nethacrylic acid; itaconic, crotonic, fumaric and nal eic acids

and the | ower hydroxyal kyl nono and diesters thereof , such as the

o . . o, o o o,




HzC~C- COORs where R2 is as defined above and RS is a straight chain or
branched al i phatic, cycloaliphatic or aromatic group having up to 20 carbon
atons which is unsubstituted or 16 1 3 OCT Z003 WO 001 716123 OCT 2003

. PCT/ US00/ 13051 substituted by one or nore al koxy, al kanoyl oxy or al kyl of
up to 12 car boryagdoei®z or by hal o, especially chloro or prefRCEUS/IIOSUOr O,

- C2 to CS pol yal kyl eneoxy of 2 to about 100 units, or an oligoner such as

pol yet hyl ene; pol y(rmethyl methacrylate), poly(ethyl nethacrylate), or

pol y(glycidyl nethacrylate), m xtures thereof, and copol ynmers thereof;

acryl am des" a AP BhARE AR ShOhydr 12SRGoAkr hey Rskdon R dR6ssOmidaplaat wher e
R2 and R5 arerk% gﬁé]ed above; vi n){ ‘g{?ﬂhers of thgeyforrml a_H2C=CH O RS where
R5 is as defined cmsrhekerwbnyzg ds a8f 2t Fmonemerm haxingy exudtiplocpelymerizalie e RS
is as defined te Iﬁpﬂ 5 beE S fbg%i Edul Ronlicable silicone-
RSOOC- HC=CH °\§f1ere Bg |§ as né@f& a9 e; 80\% nyl ‘Ia%p 1s‘:ﬁbestsf 1tc?f%eed
hydr ocar bons ofontairéng nromdnen&iﬁ}tbzﬁfll%se\mehfefcmam!dORﬁhcfmeals'dwsﬂB redwalbove

Sui t abl e hydrao hObI .C s _include or exa I pyl ,

i sopropyl ,  but ﬁgvﬁtaﬂéln“mﬁﬁ“ﬁ(? Rfre PRy Si%gps:a ?{fnt ]ﬁ&esg)%l% ged;z I
cycl ohexyl, : 174 |153VM2¢10EI7§0,§3L£ r?;103214611;‘6 (ﬂp;il?emom ]Sl}ﬂﬁ,‘.llmanaﬁﬁﬂmgﬁﬁ sopr opyI

“or n-octyl-acrylates and nefhac t as we|l as the corresp

acryl anmi des and metHaEpleEs {‘gaafiné‘fmmf‘ﬁ%gaf%"mﬂ‘f’%t ‘HQ %agglky

di ethyl funar aﬁ&ysﬂa%bmlkyv I(ﬂxih)&wm@ rmorﬂinbﬁx)&&i lax¥dmplé oY lbulky RRlysiloxemyiliyl

acetate, vinyl propionate, vinyl benzoate ylonitrile, styrene,
al pha- met hyl stWQﬂﬁWhﬁlﬁms IS\FPPTﬁm‘E‘H’ibﬁhF °ngr¥)?mﬂéf hyl ket one, vi nyl
stearate, 2-hexene and 2-ethyl hexyl nethacrylate. The graft polynerization
i-s typically carried out in the presence Of&f sol vent. Determ nation of
reactivity ratios for copolynerization are di'8closed in Qdian, Principles
~of Polymerization, 2nd Ed., John WIley &R@oriTRp. 425-430 (1981), the
di scl osure of which is incorporatgd by refer ncem rein. In a preferred
met hod according to the present ven&tﬁgﬁ ﬁ n- coat ed contact | ens

gr f?

s

or other nedical device may be p X6 ['YWeri zati on by i mersing
- the substrate in a solution con al ning the . For exanple, a contact
- lens may be placed or dipped for %y sui tamge-&} Rbod of time in a solution of
" the reactive nononers in a suitable medi um {or exanpl e, an aprotic sol vent
‘such as acetonitrile. Suitable solvents are 1 principle all solvems which
di ssol ve the nononer used, for exanple water: alcohols such as | ower.

al kanol s, for exanp‘V’éﬂelét hanol - and et hanol ; carboxam des such as

di met hyl f or mami de; Riabh&-0rBF QRS sol vents such as di methyl sul f oxide or
~nmethyl ethyl ketone; ketones such as acetone or cycl ohexanone; hydrocarbons
such” as tol uene: et¢sch Bissnddpenderttydenotes hydrogsrpemetiyk or . di oxane; |

hal ogenat ed hydroc ek

sui tabl e sol vents, a%%?%%(%hiﬁbna&t&rﬁﬁgggwep?@ an glagﬁezl cohollbl{rﬁaggrrgﬁp
exanpl e a wat erspessémeily or wat er/ net hanol m xture. To pronote the
free-radical grafting, the substrate may optionally be imrersed in a first
solution containing an initiator followediby a i mersion of the the
substrate is a second sol ution contai ni-Agitke nononmer mi xture. Typi cal

pol ymeri zation initiat ors include free-rggjcal -generating pol ynerization
initiators of the type illustrated by acetyl peroxi de, lauroyl per oxi de,
decanoyl peroxide. SREEK L RE! Sk AlRucnBP AGKE BRI kikfifor phEl tedlok, Bt v
peroxypi val ate, sodi'um percar Bona trary buty er oct dat e,

azobi si sobut yroni t rhiset 0AOBN). U traviolet free-radical initiators

illustrated by diet ox%ace%{l)_%gei 0 ei gﬁ?r;nro%le%o anﬁgﬁgcryﬂ;%& Hﬁ(&%x&ﬁﬁ§s

will of course depe use

characteri sti csjléxy)silie slomuﬁmthynmmms@psmh n&ﬂmawymm)snmyumésf refemredl 1 5 at or
is enployed, it _is typical th|n t ra

00/ 71612 1 3 o@R‘?D@P% LE@@T@%‘EE‘% Sﬂlﬂ%ﬁ’l’? GH‘F ii'e?tﬁ’e?ﬂm"g'f"? Hggﬁf‘it‘%raé of
mononers. A m ¥Rys§of the above- menti oned monomer s may be warnmed with
addition of a free-radical fornmer. The hydrophilic reactive polyners are
attached to silicone nedical devices which _may be nade by conventional
manuf acturing processes. For exanple, contact | enses for application of the
present invention can be manufactured enpl oyi ng various conventi onal
techniques, to-yield a shaped article having the desired posterior and
anterior |lens surfaces. Spincasting nethods are disclosed in U S. Patent
Nos. 3,408, 429 and 3, 660, 545; preferred static casting nethods are
disclosed in U S. Patent Nos. 4,1-13,224 and 4, 197,266. Curing of the
nmononeric mxture is often foll owed by a machining operation in order to
prOV|de a contact | ens haV|ng a de5|red flnal configuration As an exanple

~ 2 a2 A =g o~ N 1 o o T T T o o o




enbodi ment, the tenperature enployed in the renoval step is preferably at
« least 50C, for exanple., 60 to 80 C. A series of heating cycles in a linear
oven under inert gas or vacuum may be used to optimze the ¢8fagn emgy of
~the solvent ™MBWA12 The cured article after the diluent rpsP¥sdonssssP
shoul d contain no nore than twenty percent by weight of diluent,
.preferably no nore than five percent by weight or |ess. Foll ovm' ng renoval
of the organic diluent, the lens is next subjected to nold rel ease and

opti onal nachi ni riyclopslk@imoahsers or exanpl e,
buf fi ng or pohxﬁlih' ncp;]y&rl ens, edg -Eﬁ?nd/ or surfacee’@'&enerlfalﬂxﬁsﬂm“r FOMEENI ni ng
processes mayfRISEE BS“B%} @Pa?dm@msh@r@ndtgrmlpmtmo oaherezads ¢ff om a
mol d part. Rhefedlalley. UlSh@alegaRol 8,19 f b | oyi ng
SleBORo! S1shial © Banfl o AL Aol P SAEE | 2

vacuum tweezers to |lift the |ens fromt ter
transferred ‘@F"PPE‘&‘PP@IWE@éﬁaﬁpbﬁmgtambzwosmbﬂmaylsmond set of vacuum

- tweezers and pl agggdnao face to snmooth the surface or
edges. The lens may th glritégg)tg %ﬁérsgﬁet%dg\r}gw%% CYPYUPE mengmersi includes siliseresr  si de

of the | ens.contaings ainybneartonate bhevinyll daﬂb&ﬂnaasﬁoﬁaﬁbﬂsnlsﬁ& QRerpibRps. . the

| ens is subj cordln to the present” invention,

as descri bed@%&emnﬁﬂgwgwﬁ' Tt %“%%Hi ﬁ&ﬁ MFMS F)@mel‘n avingdr bon

| ayer and t tcarbeudle;eqtm@tnymxyéa}boagkméypfdp%%g&n%ﬁsﬂgx ki I [ G. &94(%{“” onto
I's

t he carbon Ia Pl.a ﬁa treat ment |nvol ves passing a tr| C char ge
t hrough a ga Ef Bropyle vVinyl, cupapatey| o- [Ets(tr'@dihmlsmwiaﬂcpropylymydal ly,

13.56 MHz). cﬁfbaﬁmﬁ;tl onac{h thylsilb:§, s‘ﬁbﬂ?fog lcal q,;_n},?har gj?aé‘lgs bsorbed by

at ons and eir gas sta s formng ap WEt hat *
interacts vn\ﬂPW?‘#We‘ﬁ@ﬂwm o?lnflhéa@emt%tcttnmehﬁsxmahyl ViBlyD QWarbbdte; Tnd OCT ~

PCTNS00/ 130%3méhy16ir m&h)tll‘,g,g,j&pooggtea | ow energy discharge, -collisions
between energetic free el eCtrons present in the plasm cause the formation

of ions, exci tedAﬁﬁhﬁcml’tSS ofin dilicerecontainiog | smon‘o‘mefk SRERUGS , pSlAEBthiRL Med,

can react J}g&s‘ﬁ phase as with furt her

gr ound- st a\tM(IeMrﬁr'Dlli ecul Aé{&ﬁ%dogle{ h@rrg SPTRed “?‘Ferﬁ?mﬁ& B Pispelymensh gehielsmay ener gy

dependent phé‘(,eebﬁsd-sthﬂrd/ b}ogkselﬂer gaiimcmal;&&tlﬁﬁé elbtofers. ek ngfc% cohgactions
ired species -

. to take pla ce of. the one needsthereu
(el enent IOor ﬁﬁ\’ﬂ'ﬁgcu 1§c't'Jse(f Arguigy °EP|"3§‘§%“°§§&P@“‘HH&I%&YWQHH§ “EheRolg of Radi o
frequency pBa&urai’olgahadellgyl pM&did&g?atas diinS %1ymmaggpgfysmﬁﬁgeltw& Oge?sem es.

Typi cal |y, the ner refers to the avera call ed
Bol t zman- st y?w'mg %r‘%ﬁpg‘ﬁ‘? }g’ '%ffé?'gyv?loﬁot Hé935hkq99é1t996) s e é’sbhslhada
| owdensi ty ppplication NOeWel 55731792 401648 ¥xAhfibd bk ﬁt&n&ﬁas b»%mr ted by the

ratio of thg.electric field strength sustaining t as’ma 8"&?scharge
pressure (ESgFTOXMSOBPILARY FictencedR s FW-}MP IFETtbPrMQmplm@f sﬂicohhareﬂahé age,

pressure, finoworéd 26 réples@itdi Féihfulae IPhd¥irl | De appreciated by the skilled
artisan. Background informati'on on plasna technol ogy, hereby incorporated
by reference, |ncI udes the following: A T. Bell, Proc. Intl. Conf. Phenom

loniz. Gasegdn, ' " qui li bri um Pl asnmas”, 19 33 {1977);
J. M Tibbitt, R Jensen A. @ﬁa e‘AT P hloI‘/PleShen Macr onol ecul es, "A Mdel for

the Kinetics of Pl asnma Polynerlzatlon 3, 648 653 (1977); J. M Tibbitt,
M Shen, A Bell, E(J"‘Dﬂ(Zﬁ'Dl*ADgS‘D*GSDFE'aChem "Structural Characterization
of Plasna Polynerlzed Hydr ocar bons", A10, 1623-1648 {1976); C. P. Ho, H
. Yasuda, J. Bioned, Mater. Res., "“U trat hin coating of plasma pol ynmer of
met hane applied on the surface of silicone contact |enses", 22, 919-937
(1988); H. Kobayashi, A T. Bell, M Shen, Mcronol ecul es, "Plasnma
Pol yrmeri zation of Saturated and Unsaturated Hydrocarbons", 3, 277-283 (
1974); R Y. Chen, U S. Patent No., 4,143,949, March 13, 1979, "Process for
Putting a Hydrophilic Coating on a Hydrophobic Contact |ens"; and H.
Yasuda, H C Mrsh, M O Bungarner, N Mrosoff, J. of Appl. Poly. Sci.
"Pol yneri zati on of Organic Cbnpounds in an El ectrol ess 3 ow Di scharge. YiI
Acetyl ene w th Unusual Co- monomers", _|~, 2845-2858 (1975). Based on this
previous work in the field of pIasna technol ogy, the effects of changing
pressure and di scharge power on the rabe of pl asma nodification can , be
understood. The rate generally decreases as the pressure is increased.
Thus, as pressure increases the value of E/p, the ratio of the electric
field strength sustaining the plasma to 21 1 30 CT 2~3 W 00/71612
PC TNSO00/ 13051 the gas pressure decreases and causes a decrease in the.
average el ectron energy. The decrease in electron energy in turn causes a
reduction in the rate coefficient of all electron-nolecule collision
processes. A further consequence of an increase in pressure is a decrease
|n electron den5|ty PrOV|d|ng that the pressure IS heId constant t here

I



1 3-OCT wo oontiz Prr~rsaon3osi edges were ball buffed for ten seconds at
2300 rpmwith a force of 60 g. EXAMPLE 3 This exanple illustrates surface
nodi fication of a contact |ens according to the present in\rﬁpbi n. The
~lenses were made fromthe fornmulation of Exanple 1 (silico Eme, 36%
wat er upon twwaigipn). A plasma chanber was prepunped to gefdsoo@ids: prior to
' plasma treatnent of the lenses, .fromresidual air in the chanber. The
surface nodification consisted of an initial oxidation plasma at 1.0 torr,
200 watts for five minutes in duration in an air/water/peroxide atnosphere
(air drawn Jfuoaah a peroxide solution). Subsequently, the hydrocarbon
coating (enploying, either nethane or butadi ene) was deposited, at 150
watts for 5 m nDhdenQtesan alkyl dinsdicalj atealk¥ieyeleajkidriiradical; heyctomikybdiraiical, i ng, t he

surface was,_r, r s e urface treatnent with a
manual TAI\I%E&W%@%%% cor léﬁ'gékg?léhﬁﬁéél%?de%%lﬁg”@m ona treated in air
at atnospheric (@ dmstes en alkyli diradivalc @ syclasiiyl dirsticaty analdyhtydlcalky? GRadidal,t s or a

peak el ectrode ,vol tage of 20 000.volts (AC peak @25 kHz). The, corona

pr oduced a“&t%r@m@'fgn%‘%ﬁﬁﬂ@qﬁﬁég‘&ﬂﬁ&g‘f'ﬁdn@ carhon "’E‘B?%?Féf’ Whick Magy el six
W th a thr epntacheg thic @pkHRe linkdQes initkkmaif BRaidy/ 2" (1.27 cm) ball el ectrode
was held in the center of the coated |lens 114" (0.635 cm) fromthe surface.
The surface of €I AnFethansesuredodinkeget v wat er wet (HPLC grade water, 72.4
dynes/cm) after alif @ 1@ergna treatnent. Carbon filns greater than 100 _
Angstrons (transparent) thickness were deposited on the |ens substrates.
Thi's deposi ti onAndsaatesa divalent polymeria Fadicgl o wed¥e gas which was
accelerated and forced into the | ens surfaces which caused a carbon deposit
to form The idea behind the deposition was to conpletely cover the
substrate qmoh that none of the underlying chemistry is visible over the
out ernost 100 Angst he sanpling depth of the XPS instrunent). The
carbon coating was 1l ent substrate for the attachnent of secondary
coati ngs by ra(¢Hnm—These secondary coatings were applied in
one of two ways: a treatnment for three seconds, followed by

di pping onto a nonorer s@ ution and rinsing in water or saline followed by
aut ocl aving; and (2) post-polynerization of a nononmer to the surface of the
but adi ene utilizing an appropriate initiator and nononers.. 25 wo oorn6l z
1 3 OCT zQ¥dhemy/ USO0/ 13051 A typical post-pol ynerization surface-treat nent

was as follows: |; Mk v onhid | -active
macr omer (ConpoSi it anmiepiRefly dladelRRURIR Ao bR Uy bl AAEe T

" azo-initi attell cabah ateyas witiclomayleantajy ethert lokagéebOwgpemcabapdtems;was pr epar ed.
Lenses treated -’Eﬁti’ef%'“lt@d- ene plasma were placed in vials under a
nitrogen atnosphere. e’vials were filled with the aqueous sol ution,

seal ed and pl acgds 4 mugher taeproddesAfivietyavaighy of 400ftbaojoedses were rinsed with
a large volune Qf . pur&fi at er . | f, the | enses were allowed to dry and
the other hal f \%%Pe% a"é‘ggﬁu &"B&“’F%dﬁ%‘iﬁrafPSfY“FB'\é\?@"IMBﬂ“’& FFB dri ed.
TABLE 2 Conpdiel tepreséhtetdibyHormaa®incent r at i onConcentrati onSol uti on( nmol es

per ( g/ 100 100 o

m ) AFl uor o P10. 45Wat er 25/ 75BFI uor o/ PVP1. 10. 5\Wat er 25/ 75CFl uor o/ PEQOL. 10. 7\
t er SK 801 20~Sul f g Bet ai n1. 80. 5Saline 26  wo oonlsli 1 3 O CT 2(~3

PCT/ US00/ 13051 TH& structural fornula for the pol yner of Conpositions A and
B may be ge g m\@;o 3 O~"~S~"H1H3HOOOOF
FFFHNO FHO II—E)ESI H zocﬁgé’esltgm%ctural formula for the polymer of
.Conposition C 8y be generalized as follows: CHOOOO0 113 O~ -1 CH3 x Y
H © FF FF FFE H x=80nol e%y - 20 nole 27 1 3 OCT 2003 WD 00l 71612 :

PCT/ C1S00/ I"38%in: The structure of the sul fo-betain used in conposition D was
as follows: f NRQ iGhy G Ly | enses at each step of the process were
anal yzed by X-ray Phot oeePectro ’Spectroscopy (XPS), directly fromthe

pl asma chanber Beidis dydroger; ah |alky} oaslical hangngd torfdcarbareatoins) oma -GOVY-Ryyl |y
processed | uhock avedyl.n vials. The XPS data was obtained on a
Physi cal Elﬁﬁgﬁﬁéq{[%kﬁ)]’ %/%2?“5600. This instrunent utilized a
nmonochromati zed Al anode operated at 300 watts, 15 kV and 20 m | lianps. The
base pressure of this instrunent was 270 X 10-10 torr while the pressure
during operation was 5.0 X 10-8 ton. This instrunent used. a hem spheri cal
energy anal yzer. 'The instrunment had an Apoll o workstation with PH 8503A
version 4.0A software. The practical neasure of sanpling depth for this
instrunment at a sanpling angle of 45 was 74A. Each speci nen woul d be

anal yzed utilizing a | ow resolution survey spectra [0-1100 eV] to identify
the el enments present on the sanple surface [10-100 A]. High resol ution
spectra woul d be obtained on those el enents detected fromthe | ow

P 1 - o o ——y I T 1 o " I [ I I T e 1




WO 00/ 71612 PCTI USO0/ 13051 t he net hane carbon surface. The second net hod
utilized to attach polyners utilized corona oxidation.of a surface for the
creation of free-radicals on the carbon surface for the attactlfendgiof a
. nmonomer, p and/or solvent to the carbon surface. f the
car bon- ITDdIQ{CIe 5| I I cone hydrogel was nodified via a thrggplyg@gﬁﬁ?corona
The corona-nodifi ed, carbon-coated silicone hydrogel substrates were then
di pped into the polyner, rmnorrer or sol'vent of choice. The graft polyners
were attached o th suyr agg anced fromthe XPS data in Tables 3 and
4 bel ow. . The ?ge“f Sl‘i“’sra 8rhdoiL 9 sacboniatms; sur vi ve hydration and

aut ocl avi ng. zamsa R0 B0 EbIRubot! O et CO GON.

: NOv10OvO~-0G~- o%fiVeftV , M-N"~00. COv?h. Y1~ ~ef OCOONM~-M-NG ~
00 vo rl et vo%{ieaptedLO- - 9@@~O a |

NCM-' Q~€VO*C~M%M@%YQQH . ~~ya. . :ei Uoev, -ro, o, vo~v, , man~n000- ~OM WCe
romw xC p~ ~~~p~ ~0, M.~ CI\/D\I~.~.~Npp~rGJZOCOOCOOCOOO G-~

Gen i 00 vmmtwww&whméwo@maw@rww L WC

'VCLO~(~tr O O~ ~ ? Q0 k OO
wis0to x1s00r1 y1s00r1 andzisOorl.

A preferred silicone-containing urethane monomer is represented by Formula

vDy:
VD
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_ wherein m is at least 1 and is preferably 3 or 4, a is at least 1 and preferably is 1, p _
is a number which provides a moiety weight of 400 to 10,000 and is preferably at least
30, Ry is a diradical of a diisocyanate after removal of the isocyanate group, such as the

diradical of isophorone diisocyanate, and each E" is a group represented by:

CH;
Z o _ CH—

Another class ~of representative silicone-containing monomers  includes

fluorinated monomers. Such monomers have been used in the formation of
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2003 PCTI UsiPdotréid1 31 1 3 OCT 20p3 WO 00/ 71612 ,  PCT/ 8600503851 1 The
X-ray Photoel ectron Spectroscopy (XPS) data showed that the silicone
hydr ogel substrates were coated through a carbon deposit froma plasna
gas- phase reaction. The coatings were primarily aliphatic carbon:-in
conposi t i offudpbdilitohé hidrEgelsto Feduce ﬂi&)’ﬂ:@ﬁnﬂ@aola o defosith Oficonta@NeHR&s thdden) - The
.plasmas enployed in this exanple were i cally high wattage (50-400
Wht o al ¢ orebmi asdescrined indde. Taens Moo 4R34SFDIT9.31 BAEs QLG IA o The 21 0 tor 1
and varyin [ R t L and
t hi ckness)gftgﬁ%ggg% gég%loﬁgagddl ti or?ﬁg?hﬁ;ﬁrrnsﬁ?@& lslaggg“\ﬂ?’lérpig&?letg%ltl){st rates
was . exanhayecdbdey fﬁv@ﬂnt@ 111=G¥Q’Ye oamenaibilibp petpaenjthe hﬁél‘ophihge%ldoi’lhqoh@ met hane
pl asma car C Many of
the features opgﬁe ori g| na %strate apgétg?aﬁ)s gﬁgéringagggﬁﬁ t he
process of coatInrrgle\/\px‘eferrbmgmbadmm oAqmr mylmamnaraoshcmdtvetwdtdml tnyt&ndgel
substrate was e I.n wat.er al cohol or sali.n met hane
coating mﬁﬂ@rﬁfgpg%q\xﬂ‘eﬁhaé}%dﬂ&% exgéyggr ﬁtt’ﬁe ﬁ'B’SH “@Bét‘f’ﬁé} coul d be
selen in tﬂ déﬁMptdmﬂﬂs‘a 10 & Z5; b Riefjght 6f briedFniche sitiddhe it tonionbiids L5 PAMISI ON)
silicone hydro

The edges of the carbon coatin t ur.ned in a o
curl ed fasﬂ?’fﬁﬁ‘g fFfa%I( hd0 & 4Pi PrgcRb DY Jeight RE PR Pr ‘P&ﬂ'e%}’s’ °W@H‘E\Qn oxygen
pl asma Was (idth)hérfiRmbiomens hER $E 1o i«ﬁ‘pa@l-lae%fe@aam} 20 l&ﬁ4@§érb&rﬂ X?Q@I@m no

delamnatlon or edge curllng was noted | M i mages. i f the
met hane ga hydsorhilic |enomen Emﬂs@rof\hé{?mhu H@é@“?ﬁst“??h}ﬂlﬁt'&ﬁéfe notlsitady | ene or

13 but adl g ey ke Aflduatet Hdlath-LcinihRBndhes BRI SLLind R blaiRe, cxpanded

in water. The 2 butadi ene may be expanded in excess forty percent

(40% to cowfbkeylid ya@,dr aekylimd apidgakaarylic cobstitigd THeohiols dﬁ@@s of 2-he
coating ca YAlLE t t hy e addil ogen or
' (9 a%teggaglfl ?h@ag(g(gtgl géslylf/av%r eaill eterm neci P%’ &

t r anspar enmethactyldmitien end eNNhhmemyxbawiamiéd, | windr cdrboratd @navihyl cke‘@uatte t he

- per f or mnc&oggmérp guchenﬁxswgseg %sé elgaténrt] NO6S. t5r (970 2%? and oxazolinone monomers .
such as disclosed in U.S. Patent No. 4,910,277. Other hydrophilic monomers will be
apparent to one skilled in the art.

Fe‘

©

The above silicone materials are merely exemplary, and other materials for use as
substrates that can benefit by being coated according to the present invention have been
disclosed in various publications and are being continuously developed for use in contact
lenses and other medical devices. '

" The subject method utilizes standard plasma oxidation and deposition processes
(also referr_ed fo as' “electrical glow discharge processes™) to provide a thin, durable
surface upon the medical device preliminary to the covalently bonded grafting of a
hydrophilic polymeric coating. Examples of such plasma processes are provided in U.S.
Patent Nos. 4,‘1'43,949; 4,312,575; and 5,464,667. |

Although such processes are well known in the art, a brief overview is provided
below. Plasma surface treatments involve passing an electrical discharge through a ges
at low -preséure. The electrical discharge may be at radio frequency (typically 13.56
MHz), although microwave and other frequencies can be used. Electrical discharges
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EXAMPLE 4 30 This exanple illustrates a surface nodification of a contact
. lens according to the present invention enploying further exanples of
.monomer m xtures for graft polynerization. The |enses of [Egaypt

(silicone f £ 36% wat er upon hydration) were anal yzeg p&% from
t he plasma gﬂ}j@égzand after full processing as indicated bﬂw Al fully

processed | enses were autoclaved in- vials. Solution A conprising N,N 32
WO 00/71612 1 3 OCT 2~ PCT/1JSOQ | 3051 . dinethylacrylam de (DVA), vvas

prepared by di sso Vi of distill ml_ of .purifi

water. Sol WRPEHeR %Véoqﬁtf@qérr@aw Hﬁ@g&o@fd?f 505‘?%&%&%506”8 n&ﬂec‘ﬁe f

et hyl enegl ygotheidli AR LHRS FshRInG in (eEEAMY e]bdﬂroﬁ@&dnifbn@fatd%lsr (gtduad andi'feﬁdixted
Solution C was prep ared by di ssol ving 1% DVA and 0.3 g of SPE (the betaln

in the previ®as: @;péwmeé)mwé a0 THE, HP SO i # SAMRKK aRixue eBP@ﬂSdﬁl of Vazo
64 0.2 per C&BIecm\é@'lﬂ Ry QiR mlaee:?aiea fates, Which feBctPhNAAQ) . RS aﬂéﬁﬂﬁr ed and

200 ul was added to each%ens vial. The redox catalyst pair ‘was a %
(W v) sol ut dischacde &nhmnuni’b@ﬁgmlﬁmelamcah ﬁ51d’/&3(lwsv911e$§o¢mti=d) ntoms and

tetramet hyl Fn%%%i.l@?‘lco cotlhcfé VSIQh gne z&%%er pr(g Oﬁ?&&aﬁ c?xgmggraﬁiie % a SO leaCh

| ens sanpl e MEnt s Were Carrie overni g wer e
opened and bfhe nistaialbeihg réfledsol uti ons were replaced with Borate Buf fered

Sal i ne foll owed ne autocl ave, cycle. Table ves s nunbers,
cor r espondi ng trgﬁ‘f ga?é’éwna A coa5a8 g2 Plysima ?"é‘?l@éé“ﬁ%é;fag’% éeflgﬁ%is%e%ch
case. The |§Hb%ﬁ§td"@5%o§§i§l'éaﬁérﬁ%ﬁﬂgn&gy Sl Withdu® tiRNMksklafcet S SPuttedily WO
oorn6lZ TABLE 5 1 3 CT 2U03 Pcr ~saon3osl

Sanpl ePl asnfspytereassisied sdepesifion)j gdonomers can be deposited from the gas phase and

(AO01sN sC S%WﬁWﬁMﬂMTbM(O@MMZ);xefe:ablyOOltolOtorr(lStoBSl\I/ml))
. PINH2But adi eneDMANon080CA186. 8. 70. 74. 502NH2/ But adi eneDMANone

. 80CA15. 65.0hf2a 36bsatc LallrR{ g0ddnathdts PWANPS asmas, suitably as high as about 1000 .
80CP18. 26. 667. 9704NH2/ But adi eae/ DMANone80CA16, 73. 973, 95. 50025NH2/ B But adi ene

- ] DVANone 8O CHefs- g medsiateg plasss, Sarrmpleaehranplishifoniiizssonds on then o

?0 9 i 8 A Eé]?/%\rsx %&%1/? %‘Ef{ %‘% nftt 5&6&/@5% 09 @@é%qgﬁééi %‘kozdcnzg’ vaRrslout of the gas

. 754002 EGDIAhas pavoBeutsam@ﬁ@/an@wnbmhMGmahszplaﬁm wcleoucl? FemvtRessH2/ But a

di DIVAV 4 4 i \/ .

sa0can. 7einEtn it b biads Bpdered birsbhboit A RN RV B iemal sooling) g g

2%2% N;Ii EUE gmr?mgﬁfmu&dgsadﬁjﬁﬁd@kpwﬁo@mﬁv oohign:?mgm/ Buo 4606 rpeeivablyd O)E(SNHZI
a ea0x

Bt adi ene D OB RTL 430 oS HORRRASS et eion FiisteT Ats,

57.6712. 10.sAcbe4A18NH2/ Hut adi eneDVA/ RedoxRT. P16. 35. 871. 56. 4

- OEGDVAL9NI 32JBuyt adi en RedoxRT. A18, 97. 269. 83. 5Q. .1SPE2 NH2/ Huta eneDVA/
RedoxRT. A17. 27. Gnismigdlw%rﬂ&% fRfesgnpinventio E»n%*tb?hm)"%% 48.20.2

SPE Sanpl e Jyateeldnk aRABughr 2 sppNENS o &n@atm&&@wsﬂeﬁ@asmd&nmod)r
PO1sNl sC sSi 2pNaI SAANH2/ Hut adi eneNoaeNoneR. T. A4 86193

11. . names aABARetially semeR¥foneNoneRTPS 422 254 |
7....4. 7naneanI—|A®-<2/ %Bgcéaggw&ame@%ﬁé%@ tHe/ fRs 3@%%ma§%l%§%ﬁ&@dl ene/

None Nono RT
deposmon with an C1 to Cl10 saturated or unsaturated hydrocarbon to
form a polymeric carbonaceous primary coating (or “carbon layer”) on the
lens surface; and
() grafting a mixture of monomers (inclusive of macromers) onto the carbon
layer by free-radxcal polymerization of the monomers to form a .

hydrophlhc biocompatible secondary coating.

Step (a) is preceded by subjecting the surface of the medical device to

a plasma oxidation reaction so as to-more_: effeétively bond the polymer{zed hydrocarbon
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66 1 4 8 na02....mean 34 1 3 OCT 2003 WO 00/ 71612 PCTJUSO0/ 13051 Many
«other nodifications and variations of the present invention are possible in
I'i ght of the teachings herein. It is therefore understood that, within the
scope of the clainms, the present invention can be practiced dt08dr 20han as
herein spegj do?ﬁ# .y described. 35 1 3 OCT 2003 CLAI M5 ¥CTﬁJsH@I3|B§ld for
treating the surtface of a silicone nedical device conprising: (a)

subj ecting the surface of the silicone nedical device to an 5 oxidative
plasma treatnment. (b) subjecting the oxidatively plasna treated surface of

the silico I3 al deV|c a. al rizatio |on i.n

hydr ocar bo% gagroé&]ﬁleml? er%mezilsgéfr ﬁ%@élg}égebgfm&é B aﬁ&éoa&‘?gt he | ens
havi ng a tﬁbﬁkﬂhéf&&sdpoﬁ@eﬂsdlﬁﬂﬁoﬂsngs}ia& oz fobfld &naelby eibjeptiaf tthe gnteeatddxt ur e of
pol ymer i za%&e e i.call éﬁaﬁsat urated no %Jgrrers conpri si ng hydrophilic
nonomer s oftt:6°1e ‘i‘?ﬁ? & B ERPIBIARIR & Fipsequert glasina pel¥merizaior($-6n, t hus

form ng a BigeRigRalt @hﬁb&&ﬂi}%@e Nsukfag: BEHeClehs HOMLSRed ©5bdter Aitetod as

clained in claim1, wherein the medical device is a silicone contact |ens

or an i nt r BpEasaapongeRActhatys sybspauenttycienesited an fsderisn Tops fancxampleeifdien t he
medi cal de [ I 4. A
net hod as ‘gélng??reuﬁlﬁata n?g%pgg{%? ﬁg&g#e}iln%? a%a rla%?gss P %%Qt(%g( ﬁﬁg%%%emﬁgg pﬁ asna
treat ment - typagily semandx byl &in toreboit tvhmy percém; érevdobtingaremains dgan and boundyen
contai ning_ oxidizin as, .claimed in. a tecedi ng claim
wherein t h& g‘fﬂﬁ?ﬁt P&V%gﬁ'%grﬁmf thﬁi’lﬁecﬁ? migsw}:gf}hﬁdﬁ?ﬁﬁ‘té‘? gglﬁg‘f‘@ %6’6‘9 Matts for
a period oferatkihg. hOstep (o) itRsh, adliin RydroEStionl Batd| 19d991)s§t6216h@e11ﬁ{srwhi(cﬁls’3 to 133
N'n2) 25 6. A method as c¢lained in an eceding claim wher el n t he

dor Parecomalses SR

oxi dative PFESHEY orRaYHE Ui %fﬁh%WQﬂlﬂnﬁéd’&P%%ﬁéﬂem

conpri si ng sgpqEs ﬂ&%a%h%ﬂrﬁéﬁ@eﬁéosé@@shd%&tﬁfmﬂgEhktﬁfbtof%énoﬂé’ﬂﬁ@r gas,
hydr ogen peroxi de, al cohol, water and amoni a

met hod as dTeairsdieeli prlymerisatian ckAndigions, Fesultinghiy @i hydreghilig &Qbmﬂpomah%l zation
react | on OlasliRh o 1k chibol ARAEYEhCkHL B AbIPSRIG & B Ekdfly dr ocar bons

having 1 to 10 carbon atons as c wherein the’
hydrocar bons  arVéhea i shifatei of 18 loos; foyl exdniplo; a:sﬂmu hydopplr dostipucts-wear Bosg sriptelly at ons.
9. A nethod as clainmed in claim8, wherein 'the hydrocarbons conprise at
| east oneommmofmumrwhm@mmﬁwbmwmm@v@mmm&m met hod
as claimed in_a recedin clalm erein e hydro i C. NhNo are

o Suglppadh xidafo SRS o5 ERERHG CORATE Ohinor i n
the graft apekiid #8&ikOm i %réf&mltﬁét QGelatively @trof Qﬁcﬁﬁﬁ@g plfasxﬁﬂ id Wilizedt or on
t he surface of the carbonaceous pol yneric surface. met hod .as

cl ai med i in Ay OBAdioRe faFxemalentobiprsiad dath gropsh Arfisei Pfépspfe(Se’e)rEMd&m ally
unsat ur at g,@fotmo tRonC HIP Tek %Llloglfaﬁnal%dat{m' ﬁa}%e&%ﬁfeﬁn&uthéfdinogﬂaétl-xbc

noNomner s ecte rom acryl a | act ans

pol y(al kyldewbmy)ﬁwaumWﬂ 33.66 Nﬂmtm%fer#‘glb’lhﬁﬁmchb@ut RY de 30ParRYy at a

met hacryl at o i r rophilic
nonomer s rgégrgljogc]tmu& fr omfj%%rr tcp ﬁ&%gﬁ? ﬁ}r%&gqorpg%or%df tha% 84 W}%&%Ogt hyl

met hacr yl ahere, 20reaprféshbiy rapbutpl ne d)D mimutweThd&ontﬂctrtmshm dt;maluaclmbd in any

ononor < cBHEPR 0R B Rt BEhE ARl Sl R Rk R MRS

-as cl ai medan amiacalkqeatsstiang cl ai m. wherein the 'nmedical 25 device is dipped
“in a nmononer solution conprising the polynmerizabl e ethyl enical

unsat ur at ed noHbAEPI2) 13éterAh§Piqsean@ﬂ%fmrbwr %vﬁre@meﬁétaa.lﬁ@s U358 ophi i ¢
surface, wherein said surface conprises: 37 1 3 OCT 2003 (a) .a first )
.oxi di zed iSa3pbiectshin 2@laRRaR AERETIZAERR FRSATOBID £ AW ERA2F BRE 2 BROIPRET ST | cone
medi cal device; (b) a carbonaceous |ayer attached to the first oxidized

| ayer) anfPiiB)2 POLYMEIEC §rAfa ed ORothehEe TsarbBRALEHIRS ATRPEr ChD2PkAE of frees
radi cal graft polynerization wherein said polymers are froma-m xture of -
nmononmer s conpri sing hydrophilic nononers. 17. A nedical device as clained
in claim16 which is a silicone contact
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| ens. 18. A nedical device as clainmed in claim16 which is a silicone
. hydrogel 10 continuous-wear |ens. 19. A nedical device as clainmed in any
one of clainms 16 to 18, wherein the nononer mnixture conprises 10 to 100
mol e percent of hydrophilic nononers selected. from acryl amiidd<CTl 2083 ans,
pol y(al kyl eneoxy)met hacryl ates) methacrylic acid or hydroxyairkigho/130s1
nmet hacryl ates. 15 20. A nedical device as clainmed in claim19, wherein the
hydrophilic mononers are sel ected from dinmethylacryl am de, acrylam de,
hydr oxyet hyl methacrylate, and N-vinyl pyrrolidinone. 21. A medical device
as clai ned 'pBly?d’%sz@@nQ pldsindicHBrobfiehOmaPbe WiRSR1 Bow&\Rr, TRE QP& b ofl iR
conprises 0'to 35 nole percent hydr ophobi ¢ _nononers. 38
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10s! S10%&' (polymietiodidh @)e-alréAdy prgserttO Mgheplempfoying other hydrocarbons to form the
carbon layer, an activator or initiator may be empolyed to speed the free-radical graft
polymerization of the surface. Alternately, conventional techniques for the initiation of
graft polyinerization may be applied to the carbon layer to create peroxy or other
functional groups that can also initiate graft polymerization. For example, it has been '

" known in the art that various vinylic rﬁo'nom’ers can be graft polymerized onto polymer
substrates which have been first treated with ionizing radiation in the presence of oxygen
or with ozone to form peroxy groups on the surface of said substrate. See U S: Pat. No§.-
3,008,920 and 3,070,573, for instance, for ozonization of the substrate. Alternatively, a
carbon layer formed by plasma may already contain radicals that when exposed to air,
form peroxide groups that decompose to oxygen radicals. Additional plasma/corona
treatment is also capable of forming radicals for reaction with ethylenically-unsaturated
monomers or polymers. Still another way to promote graft polymerization is to plésma
treat the sﬁbstrate, for example with argon or helium in plasma form, to form free
radicals on its outmost surfaces, then contacting these radicals with oxygen to form
hyd_roperoxy groups from the free radicals, followed by graft polymerizing eth&leniéally
unsaturated monomers onto the surface.

The grafting polymer may be formed by using an aqueous solution of the
ethylenically unsaturated monomer or mixture of monomers capable to undergoing graft -
addition polymerization onto the surface of the substrate. In those cases where one or

more of the monomers is not ap_pfeciably soluble in water, a cosolvent such as tert-butyl |
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/10% ()-1-910 /& gr)abl(y the m(uZture of monomers comprise 1 to 100 mole percent of

hydropthc monomeric units, preferably 50 to 100 mole percent, more preferably 60 to
100 mole percent. As indicated above, other monomeric units ‘which are hydrophobic
optionally may also be used in amounts up to 35 mole percent, preferably 0 to 20 mole
percent, most preferably 0 to 10 mole percent. Examples of hydrophobic monomers are
alkyl methacrylate, fluorinated alkyl methacrylates, long-chain acrylamides such as octyl .
acrylamide, and. the like. Hydrophilic monomers may be aprotic types such as
acrylamides (N,N-dimethylacrylamide, DMA), lactams such as N-vinylpyrrolidinone,
and poly(alklylene oxides) such. as methoxypolyoxyethylene methacrylates, or may be
protic types such as methacrylic acid or hydroxyalkyl methacrylates such as hYdro_xyéthyl
methacrylate. Hydrophilic monomers may alsd include zwitteﬁohs such as N,N-
dimethyl-N-methacryloxyethyl-N-(3-sulfopropyl)-ammonium betain (SPE) and N.N-
dimethyl-N-methacrylamidopropyl-N-(3-sulfopropyly-ammonium  betain (SPP).
Macromers useful in this invention include, for example, those described in U.S. patents
5,525,691 and 5,177,165 to Valint and McGee.

| Suitable hydrophilic monomers for comprising the hydrophilic reactive polymers
include generaliy water soluble conventional vinyl monomers such as acrylates and
‘methacrylates of the general structure:

Tz
HzC=C_COOR3
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phosphate sulfonate, phosphonate, carboxamido, sulfonamido or phosphonamido groups,

or mixtures thereof;
| Preferably R; is an oligomer or pdlymer such as polyethylene glycol,
polypropylene glycol, poly(ethylene-propylehe) glycol, poly(hydroxyethyl methacrylate),
poly(dimethyl acrylanﬁde); poly(acrylic acid), poly(methacrylic acid), polyéulfone,
poly(vinyl! alcohol), polyacrylamide, poly(acrylamide-acrylic acid) poly(styrene
sulfonate) sodium salt, poly(ethylene oxide), poly(ethylene oxide-propylene oxide),
poly(glycblic acid), poly(lactic acid), poly(vinylpyrrolidone), cellulosics,
polyséccharides, mixtures thereof, and copolymers thereof;,

| acrylamides and methacrylamides of the formula

H2C-=(|‘,-CONHR3
Ry

where R; and R; are as defined above;

acrylamides and methacrylamides of the formula
HoC=C-CON(Ry),
R

where Ry is loWer alkyl of 1 to 3 carbon atoms and R; is as defined above;

maleates and furmarates of the formula: -

R3;00CH=CHCOOR;

wherein R; is as defined above; -
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where R; is as defined above;

aliphatic vinyl compounds of the formula

R;CH=CHR;

where R; is as defined above and Rjisas deﬁned above with the provise that R3 is other
than hydrogen; and ]
vinyl substituted heterocycles, such as vinyl pyridines, piperidines and imidazoles
and N-vinyl lactams, such as N-vinyl-2-pyrrolidone. |
Included amdng the useful water soluble monomers are: 2-hydroxyethyl-; 2- and
3-hydroxypmpyl-; 2,3-dihydroxypropyl-; polyethoxyethyl-; and
-polyethoxypropylacrylates, methacrylétés,'acrylaﬁﬁdes and methacrylamides; acrylamide,
methacrylamide, N-methylacrylamide, N-methylmethacrylamide, N, N- |
dimethylacrylamide, N, N-dimethylmethacrylamide, N, N- dimethyl- and N, N-diethy!-
aminoethyl acrylate and méthacrylate and the corresponding acrylamides and
methacrylamides; 2-and 4-vinylpyridine; 4-and 2-methyl-5-vinylpyridine; N-mcihyl-4- -
vmylplpendme, 2-methyl- -vinylimidazole; N,-N-dimethylallylamine; '
_ dlmethyla.mmoethyl vinyl ether; N-vmylpyrrohdone acrylic and methacrylic acid;
itaconic, crotonic, fumaric and maleic acids and the lower hydroxyalkyl mono and
diesters thereof , such as the 2-hydroxethyl fumarate and maleate, sodium acrylate and -
methacrylate; 2-methacryloyloxyethylsulfonic acid and allylsulfonic acid.
Suitable hydrophobic copolymerizable monomers include Water insoluble

conventional vinyl monomers such as acrylates and methacrylates of the general formula

R
HC=C-COORs

where R is as defined above and Rs is a straigh_t chain or branched aliphatic,

cycloaliphatic or aromatic group having up to 20 carbon atoms which is unsubstituted or
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_ & & () units, or an oligomer such as polyethylene, poly(methy! methacrylate), poly(ethyl

methacrylate), or poly(glycidyl methacrylate), mixtures thereof, and copolymers thereof;

acrylamides and meﬂlacylémides of the general formula
Ry
H,C=C-CONHR;

where R; and Rs are defined above;

vinyl ethers of the formula

H,C=CH-O-Rs

where Rs is as deﬁned above;
. vinyl esters of the formula

H;C=CH-OCO-Rs.

where Rs is as defined above;
maleates and fumarates of the formula

RsOOC-HC=CH-OOORs

where Rs is as defined above; and
vinylic substituted hydrocarbons of the formula

RpCH=CHR;

where R, and Rs is as defined above |
Suitable hydrophobic monomers include, for example: methyl, ethyl, propyl,
isopropyl, butyl, ethoxyethyl, methoxyethyl, ethoxypropyl, phenyl, benzyl, cyclohexyl,
17
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: 0-3 C%m;izllrgte %eﬂlyl vmyl cther, ethoxyemyl vinyl ether, vinyl acetate, vmy] propionate,
vinyl benzoate, acrylonitrile, styrene, alpha-methylstyrene, 1-hexene, vinyl chloride,
vinyl methylketone, vinyl stearate, 2-hexene and 2-ethylhexyl methacrylate.
| The graft polymerization is typically carried out in the presence of a solvent.
Determination of reactivity ratios for copolymerization are disclosed in Odian, Principles
of Polymerization, 2nd Ed., John Wiley & Sons, p. 425-430 (1981), the disclosure of
which is incorporated by fefere_nce herein. In a preferred method according to the present _
invention, the carbon-coated contact lens or other medical dévicc? may be exposed to
graft polymerization by immersing the substrate in a solution containing the polymers.
For example, a contact lens may be placed or dipped for a suitable period of time in a
solution of the reactive monomers in a suitable mediﬁm, for example, an aprotic solvent
such as acetonitrile. Suitable solvénts are in principle all solvents which dissolve the
monomer used, for example water: alcohols such as lower alkanols, for example, ethanol
and methanol; _carbokanﬁdes such as dimethylformamide; dipolar aprotic solvents such .
as dimethy] sulfoxide or methyl ethyl ketone; ketones such as acetone or cyclohexanoneﬁ_ =
hydrocarbons such as tbluene; ethers such as THF, dimethoxyethane or. dioxané;
halbgenated hydrocarbons such as trichloroethane, and also mixtures of suitable solvents,
for example mixtures of water and an alcohol, for example a water/ethanol or
water/methanol mixture.
| To promote the free-radical graﬁmg, the substrate may optionally be immersed in |
a ﬁrst solution containing an mmator followed by a immersion of the the substrate i ina
second solution containing the monomer mixture. - Typical polymerization initiators
include free-iadical-gencrating polymerization initiators of the type illustrated by acetyl
peroxide, lauroyl peroxide, decanoyl peroxide, coprylyl perbxide, benzoyl pexfoxide,
tertiary butyl peroxypivalate, sodium percar‘bonatc, tertiary butyl peroctoate, and azobis-
'_isobutyronitri'lc (AIBN). Ultraviolet free-radical initiators illustrated by
diethoxyacetophenone can also be used. The curing process will of course depend upon
the initiator used and the physical characteristics of the comonomer mixture such as
viscosity. If an initiator is employed, it is typically present at a level within the range of
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- 10%-& ()_t%gﬁm%gg?, _tgL I y(igla)ax shaped article having the desired posterior and anterior lens
surfaces. | Spincasﬁng methods are ‘disclosed in U.S. Patent Nos. 3,408,429 and
3,660,545; preferred static casting methods are disclosed in U.S. Patent Nos. 4,113,224
and 4,197,266. Curing of t-he._monomeric mixture is often fdllowed by a machining
opefati-on in order to provide a contact lens having a desired final configuration. .As an
example, U.S. Patent No. 4,555,732 discloses a process in which an excess of a
monomeric mixture is cured by spincasting in a mold to form a shaped article having an
anterior lens surface and a relatively large thickness. The posterior surface of the cured
spincé.st article is subsequently lathe cut to provide a contact lens having the desired
thickness and posterior lens surface. Further machining operations may follow thg'lathe
cuttiné of the lens surface, for example, edge-finishing operations. |
After producing a lens having the desired final shape, it is desirable to remove -
residual solvent from the lens before edge-finishing operations. This is because,
typically, an organic diluent is includedinl the initial monomeric mixture in order to
minimize phase separation of poernerized products produced by polymerization of the
‘monomeric lmixture aﬁd to lowqr_ the glass transition temperature of the reacting
polymeric mixture, which allows for a more efficient curing process and u_ltimétely
results in a more uniformly polymerized product. Sufficient uniformity of the initial
monomeri¢ mixture and the polymerized j)roduct are of particular concern for silicone
hydrogels, primarily. due to the inclusion of silicone-containing monomers which may
tend to separate from the hydrophilic comonomer. Suitable organic diluents include, for
example, monohydric alcohols, with CCio straight-chained aliphatic monohydric
" alcohols such as n-hexanol and n-nonanol being especially preferred; diols such as
ethylene glycol; polyols_ such as'glycerin; ethers such as diethylene glycol monoethyl
ether; ketones such as methyl eﬂ1yl ketone; esters such as methyl enanthate; and
hydrocarbons such as toluene. Preferably, the organic diluent is sufficiently volatile to
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The cured lens is then subjected to solvent removal, which can be accomplished -
by evaporation at or near ambient pressure or under vacuum. An elevated temperature
can be employed to shorten the time necessary to evaporate the diluent. The time,
temperatute and pressure conditions for the solvent removal step will vary dependihg on
such factors as the volatility of the diluent and the spec1ﬁc monomeric components, as
can be readxly determined by one skilled in the art. ~According to. a preferred
embodiment, the temperature employed in the removal step is preferably at least 50°C,

- for example, 60 to 80 °C. A series of heating cycles in a linear oven under inert gas or
vacuum may be used to dptimize the efficiency of the solvent removal.' The cured article
after the diluent removal step should contain no more than twenty percent by weight of
diluent, preferé.bl_y no more than five percent by weight or less. |

| Following removal of the organic dilueﬁt, the lens is next subjected to mold’
release and optional machining operations. The machining step includes, for exaxﬁple,
bufﬁng or pohshmg a lens edge and/or surface. Generally, such macthng processes.
may be performed before or after the article is released from a mold part. Preferably, the
lens is dry released from the mold by employing vacuum tweezers to lift the lens from
the mold, after which the lens is transferred by means of mechanical tweezers to é second
set of vacuum Méézers and placed against a rotating surface to smooth the surface or
edges The lens may then be turned over in order to machine the other side of the lens. .

Subsequent to.the mold release/machnung operatlons, the lens is subjected to
surface treatment according to the present invention, as described above, including the
plasma poljmerization to form a carbon layer and the subsequent graft polymerization .o_f
a hydroph:hc polymer onto the carbon layer. _

Plasma treatment involves passing an electrical discharge through a gas at low
pressme, preferably at radio frequency (typically, 13.56 MHz). As mentioned above, this
electrical discharge is absorbed by atoms and molecules in their gas state, thus forming a

plasma that interacts with the surface of the contact lens.
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- 10% - & () - H8idaR. shéh species, once formed, can react with themselves in the gas phase as well
as with further ground-state molecules. The plasma treatment may be understood as an
energy dependent process involving energetic gas molecules. For chemical reactions to
take place at the surface of the lens, one needs the required species (element or molecule)
.in terms of charge state and parﬁcle energy. Radio frequency plasmas generally produce
a distribution of energetic species. Typically, the “pérticle energy” refers to the average
of the so-called Boltzma'n-sfylc distribution of energy for the energetic species. In a low-
Idensity plasma; the electron energy distribution can be related by the ratio of the electric

- field Strength sustaining the plasma to the discharge pressure (E/p). The plasma power
density P is a function of the wattage, pressure, flow rates of gases, etc., as will be
appreciated by the skilled artisan. Background information on plasma technology,
hereby' incorporated by reference, ixicludes the following: A. T. Bell, Proc. Intl. Conf.
Phenom. Ioniz. Gases,. “Chemical Reaction in Nonequilibrium Plasmas™, 19-33 (1977);
J. M. Tibbitt, R. Jensen, A. T. Bell, M. Shen, Macromolecules, “4 Model for the Kinetics
of Plasma Polymerization”, 3, 648-653 (1977); J. M. Tibbi&, M. Shen, A. T. Bell, J.
Macromol.  Sci.-Chem.,  “Structural Characterization of Plasma-Polymerized

- Hydrocarbons™, A10, 1623-1648 (1976); C. P. Ho, H. Yasuda, J. Biomed, Mater. Res.,
“Ultrathin coating of plasma j;olymer of methane applied on the surface of silicone
contact lenses”, 22, 919-937 (1988); H. Kobayashi, A. T. Bell, M; Shen,

' Macrbmolecules, “Plasma  Polymerization of Saturated and Unsaturated '
Hydrocarbons”, 3, 277-283 (1974); R. Y. Chen, U.S. Patent No., 4,143,949, March 13,
1979, “Process for Putting a Hydrophilic Coating on a Hydrophobic Contact lens”; and
H. Yasuda, IH. C. Marsh, M. O. Bumgamer, N. Morosoff, J. of Appl. Poly. Sci.,
“Polymerization of Organic Co}npounds_ in an Electroless Glow Discharge. VI.
Acetylene with Unusual Co-monomers”, 19, 2845-2858 (1975). |
| Based on this previous work in the field of plasma technology, the effects of
changing pressure and discharge power on the rate of plaéma ﬁodiﬁcation can be
understood. The rate generally decreases as the pressure is increased. Thus, as pressure

increases the value of E/p, the ratio of the electric field strength sustaining the plasma to -
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10%-& ()-)X 10%-& ()-)X 10%-& ()-)t X<0% - & ()-)x 10% - & ()-)x

10 & ()04 BrGRinh, debieps hRd,calbet  debedidOh i Wt e B T 14
t X<0% - &' dexreaskOito el éitron - onergd (06 tudh (Chuspska reduction in the rate coefficient of all '
electron-molecule collision processes. A further consequence of an increase in pressure
is a decrease in electron density. Providing that the pressure is held constant, there
should be a linear relationship between electron density and power. |

In practice, contact lenses are surface-treated by placing them, in their unhydrated
state, within an elecﬁ'ic glow discharge reaction vessel (e.g., a vacuum chamber). Such _
reaction vessels are commercially available. The lenses may be supported within the
vessel on an aluminum tray (which acts as an electrode) or with other support devices
designed to adjust the position of the lenses. The use of a specialized support devices
which permit the surface treatment of both sides of a lens are known in the art and may
be used in the present invention. _

Subsequent to the plasma processing of the lens, the carbon coated lens are
immeised in a solution containing the monomer mixture comprising hydrophilic .
monomers, as mentioned above. The Examples below providc the ‘Applicants’ best

- mode for forming the coating on a silicone lens or other medical device.

Subsequent to surface treatment, the lens may be subjected to extraction to
remove residuals in the lenses. Generally, in the manufacture of contact lenses, some of
the monomer mix is not fully polymerized. The incompletely polymerized material from
the polymerization process mﬁy affect optical clarity or may be harmful to the eye.'
Residual maferial may in_cl_'ude solvents not entirely removed by the previous solvent
removal operation, unreacted monomers from the monomeric mixture, oligomers present
as by-products from the polymerization process, or even additives that may have

- migrated from the mold used to form the lens,
| Conventional .methods to extract such residual materials from the polymerized
contact lens rhaterial include extraction with an alcohol solution for several hours (for
extraction of hydrophobic residual material) followed by extraction with water (for
extraction of hydrophilic residual -mateﬁal). Thus, some of the alcohol eﬁctr’action
solution remains in the polymeric network of the polymerized contact lens material, and
should be extracted from the lens material before the lens may be womn safely and
comfortably on the eye. Extraction of the alcohol from the lens can be achieved by
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10% -X 10%-X 10%-& ()-)X 10%-& ()-)1x 10%-& ()-)x 10%-& ().-)X
10% - & () ehploylifig/heasiéd(Watdr forg@xeraldsgursy Extraction should be as complete as possible,

since incomplete extraction of residual material from lenses may contribute adversely to
the useful life of the lens. Also, such residuals may impact lens performance and comfort
by interfering with optical clarity or the desired uniform hydrophilicity of the lens
surface. It is important that the selected extraction solution in no way adversciy affects
the optical clai-ity of the lens. Optical clarity is subjectively understood to be the level of E
clarity observed when the lens is visually inspected. '
.Subsequent to extraction, the lens is subjected to hydration in which the lens is
fully hydrated with water, buffered saline, or the like. When the lens is ultimately fully
hydrated (wherein the lens typically may expand by 10 to about 20 pc_rceni or more), the
coating remains intact and bound to the lens, providing a durable, hydrophilic coating
which has been found to be resistant to delamination.
~ Following hydration, the lens may undergo cosmetic inspection wherein trained
inspectors inspect the contact lenses for clarity and the absence of defects such as holes,
particles, bubbles, nicks, tears. Inspecﬁon is preferably at 10X magnification. After the
lens has passed the steps of cosmetic inspection, the lens is ready for packaging, whether
in a vial, plastic blister package, or other container for maintaining the lené in a sterile .
condition for the consumer. Finally, the packaged lens is subj ected to sterilization, which
sterilization may be accomplished in a conventional autoclave, preferably under an au'
pressurization sterilization cycle, sometime referred to as an air-steam mixture cycle, as
will be appreciated bylthe skilled artisan. Preferably the autoclaving is at 100° C to 200°
C for a period of 10 to 120 minutes. Following sterilization, the lens dimension of the
sterilized lenses may be checked prior to storage. o
Objects and advanfages of this invention are further illustrated B/y the following
examples, but the particular materials and amounts thereof recited in these examples, as
well as other conditions and details should not be construed at unduly limit this
inventioﬁ_. ' _ |
EXAMPLE |
This example discloses a representative silicone hydrogel lens material used in

the following Examples. Table 1 below provides the formulation a polyfumarate silicone '
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" TABLE1
Component Parts by Weight
FaDso 20 '
TRIS - 40
DMA = ] 40
n-Hexanol 15
DAROCUR-1173 0.5
IMVT : _ 150 ppm
The following materials are designated above: .
TRIS tris(trimethylsiloxy)silyipropyl methacrylate
DMA N,N-dimethylacrylamide
FaDyq a silicone-containing crosslinking resin as

~ previously described in U.S. Patent Nos. 5,374,662

and 5,496,871.
Darocur a UV initiator - _
IMVT  atint agent, namely 1,4-bis[4-(2-

methacryloxyethyl) phenylamino) anthraquinone

EXAMPLE 2

This Example illustrates a typical pr_ocesé_ for preparing a contact lens prior to its
surface modification according to the present invention. Silicone hydrogel lenses made
of the formulatxon of Example 1 above were cast molded from polypropylene molds.
Under an inert nitrogen atmosphere, 45-pl of the formulation was injected onto a clean
_polypropylene concave mold half and covered with the complementary polypropylene_
convex mold half. The mold halves were compressed at a pressure of 70 psi, and the
mixture was _cured for about 15 minutes in the presence of UV light (6-11 mW/cm? as
measured by a Spectronic UV meter). The mold was exposed to UV light for about ﬁve
(5) additional minutes. The top mold half was removed and the lenses were maintained -

at 60°C for three hours in a forced air oven to remove n-hexanol Subsequently, the lens :
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EXAMPLE 3

This example illustrates surface modification of a contact lens according to the
_present invention. The lenses were made from the formulation of Example 1 (silicone_
fumurate, 36% water upon hydration). A plasma chamber was prepumped'to 0.01 torr,
prior to-plasma treatment of the lenses, from residual air in the chamber. The surface
ﬁlodiﬁcation consisted of an initial oxidation plasma at 1.0 torr, 200 watts for five
- minutes in duration in an air/water/peroxide atmosphere (éjr drawn through a peroxide
solution).  Subsequently, the hydrocarbon coating (employing either methane or
butadiene) was deposited: at 150 watts for 5 min at 0.5 torr per side. Subsequent to the
carbon coating, the surface was rendered hydrophilic by electrical surface treatment with

' amanual TANTEC LAB SYSTEM corona system. Samples were corona treated in air at
atmospheric pressure. This process utilizes a maximum of 250 watts or a peak electrode
voltage of 20,000 volts (AC .peak @ 25 kHz).' The corona produced a strong ozone
smell. The conditions of the corona were level six with a three second treatment per
side. The 1/2" (1;27 cm) Ball electrode was held in the center of the coated lens 1/4"
(0.635 cm) from the surface. The surface of the polymer was completely water wet
(HPLC grade water, 72.4 dynes/cm) after the corona treatment.

Carbon films greater than 100 Angstroms (transparent) thickness were dépoéited
on the lens substrates. This deposition made use of a methane or butadiene gas which
was accelerated and forced into the lens surfaces which caﬁsed a carbon deposit to form.
The idea behind the depoéition was to completely cover the substrate such that none of
the underlying chemistry is visible over the outermost 100 Angstroms, the sampling
depth of the XPS insu-umcnt).- The carbon coating was an excellent substrate for the
attachment of secondary coatings by graft polymerization. These secondary '¢datings
were applied in one of two ways: (1) corona treatment for three seconds, followed by
dipping onto a monomer solution and rinsing in water or saline followed by autoc;laving;
énd (2) post-polymerization of 2 monomer to the surface of the butadiene utilizing an |

appropriate initiator and monomers.
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10% - & ( )O.bim mole Vazo-86 azo-initiator, and 100 ml of deoxygenatcd HPLC-grade water was
preparec_l. Lenses treated with a butadiene plqsma were placed _in vials under a nitrogen
atmosphere. The vials were filled with the éq;leous solution, sealed and placed inan -

- oven at 90°C overnight. The lenses were rinsed -with 5 lﬁrge imlume of purified water.
Half the lenses were allowed to dry and the other half were placed in boﬂmg water for
four hours and then dried.

TABLE 2

Composition | Composition | Concentration | Concentration | Solution
(mmoles per (g/100 ml)
100 ml)

A Fluoro/PVP I 0.45 Water

- (25/75) .

B Fluoro/PVP | 1.1 0.5 Water

. (25/75) - :

C Fluoro/PEO 1.1 0.7 Water

i SK (80/20) _
D Sulfo-Betain | 1.8 0.5 - Saline
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The structural fonnula for the polymer of Composition C may be generalized as

follows:
OH S
. ka/ SN O ' 1-CH,
°© s \[‘/\0 s °
o ' H
(0]
o) H
FF
X = 80 mole %
y=20mole %
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The lenses at each step of the process were analyzed by X-ray Photoelectron
Sp'ectroscopy (XPS), directly from the plasnia chamber and after full processing as
indicated below. All fully processed lenses were autoclaved in vials. The XPS data was _
obtained on a Physical Electronics [PHI] Model 5600. Th1s instrument utilized a
monochromatized Al anode operated at 300 watts, 15 kV and 20 milliamps. The base

pressure of this instrument was 2.0 X 10-10 torr while tbe pressure dunng operation was

5.0 X 1078 torr. This instrument used a hemispherical energy analyzer. The instrument .
had an Apollo workstation with PHI 8503A version 4.0A software. The practical
measure of sa.mplmg depth for this instrument at a sampling angle of 45° was 74A. Each
- specimen would be analyzed utilizing a low resolution survey spectra [0-1100 eV] to
identify the elements present on the sample surface [10-100 A] High resolution spectra
would be obtained on those elements detected from the low resolution survey scans. The
- elemental composition would be determined from the high resolution spectra. All data
will be charged referenced to the carbon (CHx) peak at 285eV. The atomic composition
was calculated from the areas under the photoelecu-on peaks after sensitizing those areas _
thh the instrumental Iransmxssxon function and atomic cross sections for the orbital of
interest. Since XPS does not detect the presence of hydrogen or helium, these elements
will not be included in any calculation of atomic percentages. .
The XPS a.nalys1s of the coated substrates appear below in Tables 3 and 4 below.
This data reflects the atomic composition of the lenses analyzed over the top74.
Angstroms (relative to carbonls electrons). These tables outline the attachment of the
secondary coatings applied to methane and butadiene carbon surfaces. The butadiene

surface was chemically more reactive to these secondary polymerizatibn schemes than
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the attachment of a monomer, polymer a.n)d/or solvent to the carbon surface. Each side of
the carbon-modified silicone hydrogel was modified via a three second corona. The
corona-modified, carbon-coated silicone hydrogél substrates were then dippéd into the
polymer, monomer or solvent of choice. The gréﬂ polymeré were attached to the surface
as evidenced from the XPS data in Tables 3 and 4 below. The data also reveals how the

modifications survive hydration and autoclaving.

29



10% - & ()-)cH<0%ggx 10% -& ()-)x 10%-& ()-)x 10%-& ()-)x 10%-& ()-)X

- 10%-& ()-)x 10%-& ()-)rRRcH<0%gx 10% -& ()-)x 10%-& ()-)x

10%-& ()-)g|pn .14 hH<0%gx 10% -x 10% -& ()-)X 10@6-&!(}-)6.}gf -& ()-)1x
10%-& ()-)x 10%-& ()-)x 10%-& ()-)gK/ 0%gx 10%-& ()-)Xx ]?0); (ﬁa)-)x
10% - & () - )WODOWEIR' ()-)x 10%-& ()-)x 10%-& ()-)x 10% -BEHYSOPAREYK/ 0%gx X.
10%-& ()-)x 10%-& ()-)q|pn .14 x 10%-& ()-)tX<0%gxxx 10%-& ()-)X
10%-& ()-)x 10%-& ()-)x 10%-& ()-)x 10%-& ()-)x 10%-& ()-)X

10% - & ()-)t X<0%gxxx 10% -& ()-)x 10%-& ()-)x 10%-& ()-)x 10%-& ()-)X
10%-& ()-)x 10%-& ()-)x 10%-& ()-)rV:t X<0%gxx 10%-& ()-)-x

10%-& ()-)-qlpn_.14 x 10% -& ()-)0oS70%gxx

Sl lole| [N~ alol |nio
alele| (e Al o] |
2=l telel |9e ] e I hed
il ||| D= toed T I ol P
.y .
w) A Bl ) — ~
2] OO (=} H La wy g
g [=] H A
589 S|S| 8|+ J|en| |¥|
= .
812|=| ot o] (== (el
= =] |~|S|en| T S| (e~
17
g
ot~ o~ o~ [~] (o] (=]
-] [~ -] | \© (22 o (2] 3 L)
| v : : .
_Gc° &Sl [E~|Q=| [8]~| 8|«
=
[*] R
gla=i [alo| |nle|sfaf (=|ul |as
P2
n |8
=l i=|e] |QalRl=]| IT|en] [Ren
o g:c O I P~ 5 i - =] I
= @
(=
B2l (2l leieiela] == 00
sioie| (cSlo] |o|cie|e| |sls| |mw
g
(2] [
MR AN
] E o 3] o 5]
ol > >E > > > >
wl<|n| |<|a <E<E <§ <§
9 o
a
112 2
E [
et
° >
» .
=112 5 % %
51T | | S 2| & |z
812 g g = Ql =
'E.L'- =) 1<) =) 8~ |5
8 || 5583 Eg g
8% | |3 |BRER||SE| |15
B o
A< | |O=||C838] [2E &5
g= 1~ o 3 |8

30



10% - &
. 10% - &

10% -
10% -
10% -
10% -
10%
10%
10%
10%

-) X 10% - & ()-)x 10%-& ()-)x 10%-& ()-)x 10%-& ()-)x _
-)x 10%-& ()-)tX<0%gxx 10%-& ()-)x 10%-& ()-)x 10%-& ()-)X
)X 10%-& ()-)x 10%-& ()-)x 10%-& ()- )1tX<0%mqhgpyci

x 10% - & t X<0%ggx 10% - &
i%Wﬂf‘ 8 §x 10% - & 8 §x 1096 - & ()-)x 182/0)?@%*5% AO%qqx
-)x 10%-& ()-)x 10%-& ()-)x 10%-& ()-)x 10%-& ()-)X
)x 10% - & ()-)6t X<0%qq|pn .14 x 10%-& ()-)x 10%-& ()-)x
) tX<0%qqx 10% - & ()-)x 10%-& ()-)x 10%-& ()-)x 10%-& ()-)x
)X 10%-& ()-)x 10%-& ()-) pT80%agx 10%-& ()-)x 10%-& ()-)X
) X

o { v | ot — | olo 1R |
€S|s O | ON vt O v o3| v
Sl i - N b o
Cligls | (G« €] |85 (8=
z\D\D o ol 001t~ oot~
[=1%~] wio oo b 2 ] <T|o
~| -] - e} Lag]
Olels | |2f«| |af<| =18 (=[S
<t = vy —|e~t {enle e
EPJ (=] - | oS N
2
B~ - o [ o o
i g'a 2 gal |#&
(o) o o
» - E3 . >
<5 <E <§ <E 52
[ U
2
g ‘o % g.
f3d | .3 2
E:el; |=>“>~ 2 B B
gleg | (&S g H g
Qg5 | [BE 3 g
- c| |8 g 8
] 29 = =3
Sa | =g |83 (< <
ale '
B olls s e e

31



10% - & ()-)x 10%-& ()-)x 10%-& ()-)x 10%-& ()-)pT80%qqax 10% - & ()-) X
C10%-& ()-)x 10%-& ()-)x 10%-& ()-)x 10%-& ()-)x 10%-& ()-)x
10% - & ()-)rV:x 10%-& ()-)x 10%-& ()-)x 10%-& ()-)x 10%-& ()-)q|pn .14

| " #$t X<0% --& ()-)Xx 10%-& ()-)x 10%-& ()-)x 10%-& ()-)x 10% )
10% - & ()-) X Lofbokidia -) X 10% - & ()-) SU& () ¥t X<0% - & () - )x 1<1gmg ?&5
10% - & ()-)x 10%-& ()-)x 10% -& ()-)x 10%-& ()-)x 10% -

10% - & ()-)*+, ./ rTR6t X<0% - & (X 10%-& ()-)x 10%-& ()-)X 10% &'() )-al pn
.14 /0123567pT80% - & (x 10%-& ()-)x 10%-& ()-)x 10% - &'()

' 0
1090200 100 5 b it Sl ol A8 s Kl il
10% - & ()-) X hyﬂ;z@ge&s@su’;wmbme)kﬂﬁfeughxa Jafthon &depdsi) from a plasma gas-phase

| | reaction. The coatings were primarily aliphatic carbon m composition with little to no .
oxygen (0.1-2.5% .atomjc composition). The plasmas employed in this example .\_»"ere
5 typically high wattage (50-400' watts, although lower waftage is also 'possible)', ldw :
. pressure 0.1-1.0 torr, and varymg amounts of t1me depending on the coating -
(composition and th1ckness) to be produced
In addition, the morphology of the substrates was examined by Atomic Force
Microscopy (AFM). The i 1mages of the metharie plasma carbon-coated surface appear to.
10 be completely coated. Many of the features of the original substrate appear to be
reproduced in the process of coatmg ‘with the carbon. A problem arose when the
_ hydrogel substrate was expanded in water, isopropyl alcohol or saline. The methane
coatmg would crack when expanded. The edges of the carbon coating could be seen in
tﬁe AFM images to delaminate from the expanded (10% expansion) silicone hydrogei.
15  The edges of the carbon coating turned up in a curled fashion as if the eoetixig was
delaminating. However, when an oxygen plasma was utilized to increase the adhesion of
the carbon coating, no delamination or edge curling was noted in the AFM images. Also, |
if the methane gas in the plasma chamber was replaced with butane, isobutylene or 1,3
butadiene, the coating would flex when the hydrogel matrix was expended in weter The
20 1 ,3 butadiene may be expanded in excess of forty percent (40%) to completely crack and
break the coatmg The ‘hardness of the coating can be varied via the thickness and the
| addition of hydrogen or helium to the base plasma gas. The coatings were determined to
be &'a.nsparent and did not either cosmetically or functionally degrade the performance of :
- the lens when tested in vitro.
25 | |
EXAMPLE 4 _

This example illustrates a surface modification of a contact lens according to the -
present im{ention employing  further Iex_.amples of .monomer mixtures for graft’ _
polymm'zation. The lenses of Example 1 (silicone fumurate, 36% water upon hydraﬁdn)- -

" 30 were analyzed directly from the plasma chamber and after full processing as indicated

below. All fully processed lenses were autoclaved in- vials. Solution A, comprising N,N-
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%-& ()-)x 10%-& ()-)gl.pn .14 GHIJLPQ?IP4IO%-&X 10% - & ()-) X
: 18%@8-3? igée-&-Eg-gi” FZ:I.)O%-&'()-)X 10% - & () -) X 10/61608; (sz-)X
F IRt e RRTE BRI X VTN
182;6 28 gi igg@ g % gi 10"/: & ()-)alpn . 14& ?;d)efg%t/X<g;/‘z)1’&#/U§%/13051
% - & % - &' )X 10%-& ()-)x 10% [()-)x 10%-& ().
S e s LIB U,
Tov- & ()-)x 10UREReHnice GDRAR tps prepiBéoy dideproang | Dgranbe dhePBRAR

10% - & () -) x 1806 mof puriéd $268. - Sitaon B wh %‘epgtf'ed %y dlssolvmg 2 g of( DMA and 0.0 g

10% - & ( ) )X of ethyleneglycol dimethacrylate (EGDMA) in 200 ml of purified water. Solutlon Cwas
prepared by dtssolvmg 1 g DMA ‘and 0.3 g of SPE (the betain in the prev10us example)
5 in100mlof purified water. A solution of Vazo 64 0. 2 percent (weight/volume, hereafter
| w/v) in ethanol was prepared and 200 1 was added to each lens vial. The redox catalyst
pair was a 10 % (w/v) solution of ammonium persulfate and a 5 % (v/v) solution of
tetramethylenedlamme AS0pul portion of each’ solution were added to each lens sample.

All treatments were carried out overnight. Sample vials were opened and the treatment.
10 solutions were replaced with Borate Buffered Saline followed by one autoclave cycle.

Table 5 below gives sample numbers, correspondmg u'eatrnents and XPS data,

Ten lenses were treated in each case. The lenses were extracted and dried prior to any
treatment.
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%-& ()-)pT80%% 10% 10%-& ()-)x 10%-& ()-)x 10%-& ()-)X 100/?-&'()-)x
&8(%-%'-8.-35 10% - & ()-)x 10%-& ()-)6pT80% 10q|pn .14 - x 10%-& ()-)X
10% -& ()-)x 10%-& ()-)1PO0% 10% -& ()-)x 10%-& ()-)X 10{;@-@T( =) X
10% - & () -) X wd%hm&n() -) X 10% - & ()-)x 10% - & ()-)kCBO% 10% - Q([ §1X
10% - & ()-)) X l(g‘%-éi()-))x 10% - & ()-)x 10%-& ()-))x 10%PCEZU€?
10%-- & ()-)IL, 0% 10%-& ()-)x 10%-& ()-)x 10%-& ()-)x 10%-& ()-))x
10% -& ()-)x 10%-& ()-)x 10%-& ()-)rV:x 10%-& ()-)1x 10%-& ()-)xx
10%-& ()-)qlpn .14 x 10%-& ()-)| PA0% - & x 10%-& ()-)x 10% - & ()-(—))x |
10%-& ()-)x 10%-& ()-)x 10%-& ()-)x 10%-& ()-)x 10%-& ()-)tT40% - & x

10%-& ()-)x 10%-& ()-)x TABLES -
Sample | Plasma - Post .| Catalyst | Temp. | Side (A Ols Nis | Cls | Si2p | Nals
Number | Treatment Treatment | . orP) - ' '
1 NH2/Butadiene | DMA None - | 80°C | A 18 6.8 |70.7 | 4.5 0
2 NH2/Butadiene | DMA  None . | 80°C A 15.6 5.1 |72.8 |6.5 0.1
3 | NH2/Butadiene | DMA None . | 80°C P 18.2 6.6 | 679 {7 0
4 NH2/Butadiene/ | DMA None 80°C | A 167 |39 | 739 |5.5 0
02 : S : - . .
‘5 NH2/Butadiene/ | DMA None 80°C |A 196 (45 |66 9.8 0.1
6 NH2/Butadiene/ | DMA None 80°C P 329 |69 | 506 4.6 2.6
Q2 . : N ) ' .
7 NH2/Butadiene/ | DMA/ . | None 80°C | A 15.7 4.7 || 73.3 |.6.1 0.1
Q2 ) EGDMA | B :
8 NH2/Butadiene/ | DMA/ None | 80°C [A 16.3 46 |75 4 |0
02 EGDMA |
9 NH2/Butadiene/. | DMA/ None 80°C | P 155 |41 [759 [46 |02
02 EGDMA - .
10 NH2/Butadiene | DMA | Vazo 64 | 80°C A 17.4 58 |719 | 4.8 0.2
11 NH2/Butadiene | DMA Vazo 64 | 80°C A 20.7 6.1 ]64.9 | 8.2 0.1
12 NH2/Butadiene | DMA Vazo64 [ 80°C | P 21.5 6.5 | 62.2 |9.6 0.2
13 NH2/Butadiene | DMA Redox RT. [ A 14.5 7.1 1773 ] 0.9 0.2
14 NH2/Butadiene - | DMA Redox .| R.T. A 15.8 7.7 746 [ 14 -] 0.5
15 NH2/Butadiene | DMA Redox R.T. P 16.7 55 (705 |73 0.1
16 NH2/Butadiene | DMA/ Redox R.T. A 153 78 | 74 2.7 0.1
' EGDMA . . : .
17 NH2/Butadiene | DMA/ Redox R.T. A 18.5 76 |71 2.1 0.9
EGDMA : -]
18 NH2/Butadiene | DMA/ Redox R.T. P 16.3 58 |75 164 |0
- EGDMA . L
19 NH2/Butadiene | DMA/ Redox R.T. A 18.9 72 1698 | 3.5 0.1
. SPE . :
20 NH2/Butadiene | DMA/ Redox R.T. A 17.2 72 1701 | 54 0.2
SPE : '
21 NH2/Butadiene | DMA/ Redox RT. |P 18 54 | 681 |82 0.2
- .| SPE ) B
Sample | Plasma Post Catalyst | Temp. | Side(A [ Ols [ Nis | Cls Si2p [ Nals
Number | Treatment Treatment | - or P)
AA | NH2/Butadiene | None None RT. A 48 |1 931 |1 na
. (mean) .
-AB NH2/Butadiene | None None R.T. P 842 122 184.7 |47 |ma
' ' : _ {mean) .
-BA | NH2/Butadiene/ | None None RT. |[A |19 34 |74 |33 |na
02 (mean) "
BB NH2/Butadiene/ | None None R.T. P 123.1 49 .166.1 | 48 |pa
- |02 . -] (mean)
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10% - & ()-)x 10%-& ()-)x 10%-& ()-)x 10%-& ()-)x 10%-& ()- )rR2tT40%-&x
. 10%-& ()-)x 10%-& ()-)qg|pn .14 x 10%-& ()-) pP40% - & 10% 9303)
%gze-ggg gx 10% - gx()-)lé/lozezf'§)-)1>é/1008{e£3&'§)-)>8 10% - & ¢)Q0Tx
% - & X % X % X 10% - & & -
10%-& () - )‘%(ﬁgé%”&() )X 10%-& ()-)rV:x 10%-& ()-)x 1%%/?%?0’3%3 0
10%-& ()-)-qg|pn .14 X 10%-& ()-)tX<0%-& ()-)x 10%-& ()-)x 10%-& ()-)X
10% - & () - )x 10% - & ()-)x 10%-& ()-)x 10%-& ()-)x
igtze-ggg )tXiS‘Z& & ()- gx igtze g() ) X 18% & ()-)x 10%-& ()-)x
' % X % X % X. 10% - & T3t X<Q% L0946 &'
10% - & () -Mroyiether r&oé gicafw’eﬂ 25t Varml(ozl& S)bfiﬁw@se&t mf’gmg);&w(wsg iéﬁ%@“ - % -x

1099&! () | (e 0N 4,01 B e, LT
>IL, 9~] 109 /@Q‘?%S}%&}g&ﬂ é‘%eﬁc{%w& (d)&d@] 10W&&(° Y e]°fﬂ55@/°é 3592 1008 ()

- f~] 10984&: Hrpseht> @BCEMPT G:20-Yel PomBitero seher (thart 351 bowig, $pecificallyode@ribed f ~] 10084
()-f(~] 10%8& ()-f~ ]100/@/&() f 1 KLOQSTCG, 9~] 10984-] 109%0& ()-f ~] 1098&' ()-f~] 10%
% ()-f~] 1098& ()-f~] 10%& ()-f~] 1098& ()-fTWN]9cG 9~] e=- ~I
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W-] 109 () - f ~] 10984& () -f~] 1090& ()-f]~_" abcdt X<9~] e~] 1098& () - f ~] 1098& () -
f~] 1098@& ()-f~] 1098& ()-f]~] 1098& ()-f~] 10%& ()-f~] 10%& ()-fdf ghi kI nkQl 9~
] 1098& () -f~] 1099& ()-f~] 1098& ()-f~] 1090& ()-f( ]10%?/«&() T{31d@8 O - f (-
] 1098& () - f nrsuwy] =kQ 9~] 1~] 1098& ()-f~] 10984& ()-fle=- ~

W ~] 10984& () -fwyz}gG 9~] 1~~] 1098& () - f~]100/8/&}) f~]100/8/&() f~] 1098& ()-f~
1 1098& ()-f(~] 109& ()-fgG 9~] 1~~] 1098& ()-f~] 1098& ()-f~] 109& ()-f ~] 1098&

' ()-f~] 1008 & {5‘8 ~] 1098&' ()-fY=! G-] 10%& ()-f1~] 10%8& ()-fe=- ~I

W-] 10984 () - f }A «&() ka3]10%/o~]lOW&() f~] 1098& ()-f~] 1098& ()-f~] 10%8%
& ()-f~] 10%& ()-f~] 1098& &p f~] 1098& () - f pP4] 10986-] 1098&' ()-f~] 1098&' ()-f~
1 1098& () -f ]10W@?«(f)1efhop1 W&eeyng ipqowkce) of -4 mimpae (edieal] ] 1098&~
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