S| LI CONE HYDROGEL LENSES W TH WATER- RI CH SURFACES The present
invention generally relates to an ophthal m c device, especially a
silicone hydrogel contact |ens which has a | ens structural
configuration creating a water content gradi ent and conprises: a
silicone hydrogel bulk material having a water content (designated as
WCsi uy) of from about 10%to about 70% by wei ght and an outer surface
| ayer that has a thickness of about 0.1 to about 20 pm and conpletely
covers the silicone hydrogel bulk material and is made of a hydrogel
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SUMVARY OF THE | NVENTI ON The present invention can satisfy the needs
for SiHy contact |enses with hydrophilic surfaces that have a

persi stent surface hydrophificity, surface wettabifity and surface
lubricity in the eye throughout the entire day. In one
aspect, the invention provides a hydrated silicone hydrogel contact

| ens which conprises: an anterior (convex) surface and an opposite
posterior (concave) surface; and a | ayered structural configuration
fromthe anterior surface to the posterior surface, wherein the
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as bulk material, an anterior surface and an opposite posterior
surface; wherein the contact lens has (1) an oxygen transmssibility
of at |east about 40, preferably at |east about 60, nore preferably
at | east about 80, even nore preferably at |east about 110
barrers/mm and (2) a surface lubricity characterized by having a
critical coefficient of friction (designated as CCOF) of about 0.046
or less, preferably about 0.043 or |less, nore preferably about 0.040
or |l ess, wherein the anterior and posterlor surfaces have a | ow
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As used in this application, the term"silicone hydrogel contact

| ens” refers to a contact | ens conprising a silicone hydrogel

mat eri al . As used in this application, the term"hydrogel" or
"hydrogel material"™ refers to a crosslinked polyneric material which
is not water-soluble and can contains at |east 10% by wei ght of water

withinits polymer matrix when fully hydrated. As used in this
application, the term"non-silicone hydrogel" refers to a hydrogel
that is theoretically free of silicon. As used in this

application, the term"silicone hydrogel" refers to a yd#eﬂ
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 schematically depicts a sectional view of the structural configuration of a SiHy
contact lens according to a preferred embodiment of the invention.

Figure 2 schematically depicts a sectional view of the structural configuration of a SiHy
contact lens according to another preferred embodiment of the invention.

Figure 3 shows the fluorescence intensity profiles across the cross sections of a SiHy
contact lens in a con-focal laser fluorescence microscopy.

Figure 4 shows the SEM (scanning electron microscopy) images of a SiHy contact lens

of the invention in a freeze-dried state.



As used in this application, the term"polyner" neans a nmateri al
formed by pol ymeri zi ng/ crosslinking one or nbre nononers Or macroners
or prepol yners. As used in this application, the term

"nol ecul ar weight" of a polyneric material (including nononeric or
macroneric materials) refers to the wei ght-average nol ecul ar wei ght
unl ess otherw se specifically noted or unless testing conditions

i ndi cat e ot hervm' se. As used in this application, the term

"am no group" refers to a primary or secondary am no group of fornula
-NHR , where R _is h gen or a Cl- C20 unsubstituted or substituted,
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to a polymeg,nbt mérao%%ﬁgxee.ngeﬁ%;swn FaBRLHA B JGiBl oRPleY AR HERST t h
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this applicatiogy,d Q&o&@%éﬂ\ﬂﬁ B%Fn%rée)’miﬁl;sgép?d Jngé%ao% ortuo'nlafg c,‘?c]csg &hpe to

a polynmeric neric
material or fgﬁ%'yﬁfﬂa(‘fft'?"(ﬂpgﬂ"yg’fd&ﬁ?ﬂj S@&H'"%hﬁgﬁ'&g’e ger?fjr%@& Fi”mZFh%“t’%?g fo
coupl i ng) ra&mefeTed Ambdcimentohthe veantivkat eri al or functional group at a
rel ativel y- el evaguedo shenpetrass déotonbfsintsae abalit pdlCoftaGirataontict 12dQ0he

\Qfg ﬁ; egfots Qﬁlnmloy XL, ﬁydrs%%{a!e% pﬁbrspﬁamgﬁarémalne %pra) %nmb s%ags@rngo the

e a1 orPHLTT BT a7 B e Pog et PEApERLY B PR FoR of ey iist g
22C to abougns %@rd'ﬁﬁrt‘é? @Pfa'qufmp?%?ﬁ”&ﬁ&’ﬁﬂnvw@ %Séepﬁb‘@'lﬁﬂd aEIHQZ“mEItEW by the
particul ar s ciive vdnti2EC)ellbdioraas fextdoe bidhadidaped abl e (i.e., greater than
about 5% for a period of about one hour. As used in thi S
application, the tpemilgpmEsghemdNcdremaTsMENSeFSTHEONVENTWEN t eri oni c

group of o -04- @T&Q&gaowvﬂl%aﬁem'gg’tb no%'eﬁgbd%ehéoﬁﬂa IhJéFicgge![mP% 1to5
and RI, R2 andn@thosﬁmtﬂp % M y Sac fOtl es-r atlo d bi ho%/u

Cl-C8 hydr SRSAF%Y) s g Ph ?H?? HPPICHARS GHROPT Y FoRP %%?Btlve
vi nyl i ¢ norf§mege in fhepeepant ipygntipnyithpy] deparing fiemiie vaprﬁg'”ta)f baintroliopl Fyr oup
or an am ndnsghGfeat(ries Busiratéd  HésambEY asiart S0 O BrtliEiyhefNdan Be GeObPnother

As used in e‘i‘rleoSmé?ﬂp!B‘?‘el@@Tsilllqlfhherten@ocﬁrﬁ'eranhﬂkoﬁ]lsEn%@éd't%@th@ﬂr%eﬁb[?n}ﬂzbtlltlbr?
vi nyl i ¢ nongner h

is
free of any ceé?‘%mo 'f%ﬁnon ko) 'oné?ﬂdﬁgm lﬁ? as(‘fox‘g W(ih"gig? ?Fﬁ?vf@',? secondary
am no gr ouﬁpe"%dﬁ@wsﬁé‘é@ﬁ'f‘%ﬂéwq}?”ﬁy pfhéf %ﬁ&ﬁﬂ“f&@&ﬁp IspecfspiGe ereseg t i ary
or quat er ninyantiamara Gisgirsedip or are obvious frofshetkslewng detailddi descapph.i ICabiben, t he

term " wat ermg&pdidéld h@one'oﬂorﬁ |eafryesrkﬁ hGR aﬁi%a@th@&laééﬁﬁfsc&ggi@rnﬁ a E&@rg tidoe pol yner
can be dISSO|V? ous

sol ution Ofex%mHJ ary enibocwa en?ﬁ,]onb/iangm not énct)%@z-:édnetslflmitmgothe %?aderas?ecc)tsgzoge lﬁresglg% by
wei ght at roeHPE- errperature (defl ned above).

Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention
belongs. Generally, the nomenclature used herein and the laboratory procedures are well
known and commonly employed in the art. Conventional methods are used for these
procedures, such as those provided in the art and various general references. Where a term is
provided in the singular, the inventors also contemplate the plural of that term. The
nomenclature used herein and the laboratory procedures described below are those well known
and commonly employed in the art.



As used in this application, the term"water contact angle"” refers to
an average water contact angle (i.e., contact angles neasured by
Sessile Drop nethod), which is obtained by averagi ng neasurenents of
contact angl es. As used in this application, the term
"intactness"” in reference to a coating on a SiHy contact lens is
intended to describe the extent to which the contact |ens can be

stai ned by Sudan Black in a Sudan Bl ack staining test described in
Exanple 1. Good intactness of the coating on a SiHy contact |ens

nmeans t hat ther g g wt@scgpb&atlohxhewmsgfﬂm h%r@g%kcoﬁé&kem merr%t) alehMaat

cont act ns. application, the

"dur abi | | tye”sl ??mP%sfnéraéﬂ??ge Ty8r°%e[ E’Btﬁrﬁl ng on a SiHy contact lens is
i nt ended to desdés tdgeintthearrlichlion.disdermniydiosetoh dydpaslmaieialf wéers i @ns can
survive a dirgdstrkéd polybbiicmgatdriiSihich is not wateASIutis @ch daﬁ cdnbring aiagaet iosad i on,

the term’ s\wé@mtMﬂm@grmhm.tgbmermmﬁagfummhrateer 'survi vi ng a
durability test”

in
that after di gi f1Y MRIEHERGeDHE TE S aleos BPIG 0% G BRempE e
descri bed i teqstaaipfree of sliggat er contact angle on the digitally rubbed
lens is still ahoudedb@ss geigatee Iheasrml @iBsne hpdreder ratdd ty a ajaengtl cSGaidegr ees

or less, nmMgR.R @\fsﬁédﬂph%ro@Q%i:auﬁQ oQ@Qéﬁﬁ%ad&&mL&%&n obe%Imen’z@Jl@r abl y
about 70 de abjlity

kot o mmiEprRion PR 9 ko Tie RN gatle pPrerd el e aims
mat eri al . APNGHBY VINYHC DRGrENeaR St FesEe e GHcone-pratainisg ﬁﬁepr'@ﬁ'”Sb@M?@ﬁﬁ'M ity
(Dk)" in refrestenieegdapsa hydrogel (silicone or non-silicone) or a

contact |ens neap&e@.nmywc%nwgﬁnv.rwmamrtae@éu(%)nPMHmma%ne

corrected for sistance to used by the
boundary | ais o UpPEdY RRtPE T FOS ek SR rae ORI Sanp! es

herei nafter. Ox§¥eRd pérrapalisationie terg @ﬁ'ﬁ‘&@'ﬁt’?séﬁhl'%ﬂewm@(ﬁrr ‘B8ddgelyn units
of barr ers, unsktented rbar isemplojes hetet hlaecbaasanﬁe(anu’is ideayeram pr(comass any

(cn) (sec) (éfmplo’lgan}alrﬂhg 10dast one >C=C<ARp." BARMPEN ethlidNBiY udsdpdtdd drdtps DK/ t,

of alens or material is the rate at, V\é’p'Ch oxygeg, Wil | pass t hrough a
specific lens or material with an a\nera thlckn %F % in units of
i over t hBokgPadhyEiigionelvacelty (Tryg %%ﬁ@’m TY 2&/ alfyl vinyl
conventi onal | xpressed in units of bar rers/ mm where "barrers/ mf

i s defined @3 1’(% %‘V&E‘Vg‘éﬂmrcﬁﬁ?"tﬁﬂr@@@)’ﬁrm Hg)] x 10' 2. The
"ion perneabil i dylUsed inthgeegblicatioh, ¢éresermdimedlaatylesideirgflrs tohethaoylofitieped/or

Di ffusion Cagfdvigl ent. The lonoflux Diffusion Coefficient, D (in
llfl)m_t_s (I’)]T E m(sfb\mxﬂl gst I Fhis vﬁg%&% m%QerRy({n%{ﬂ%]p%ate’gre\{: rrsgo rg&hac V\ﬁe%&i/ f Ol l OWS

= area of I@ﬁ’éateexposed [MmR]; dc = concentration di fference [m)I/L]
dx = thickness MUSIBQEN@IS[am]CatIon the term “hyAephils eidylic mondmes refgogib i giatlic on, t he

t erm " opht habidedthich a& SRFRbMeLlypitaBf Bdid atpBlyderRt i8 vhidlsolble Sdhl A6&L Of a

mat eri al wh te contact with the ocul ar environnent
for an ext e%%gsc}q@éer&%wy%’gmwﬁ{épwthout signifi cantly damagi ng t he

ocul ar envi ronnﬁ?l‘ﬂse%l’ﬁéf"svﬁp?'ﬁ?fﬁ'f th; 5 PPeRgPie tiewis meleREoTFfeEY(E @ viylic As
used i n t hi sorapplwhishes arpmondienet wpicaly igidstatpalymer drat ik pschafed! warr el qaespect
t 0 a packagitegh B6d thdnl 10Pebddt bySteRbtwatezl Ng and storing contact |enses is

i ntended to meag, &s@é‘% tHs a%ﬁ!&étf'&ﬁttheuﬁﬂsme%?oﬂ{eﬁgr ‘F W% 1Jﬂ.fe $e94ré‘tro'a% i ar?oafe

for direct placemne aut oc ave and
that the sO’F%T%”'?ré”e§5tf°8m%63/°§B‘P'*meéfhétrff’“t?/”sc% &H%%’IVE"'FE('JWH%‘FYFS?d
contact wi tdouphdledyrm agd ighanategyiaragiohtitypisally mapnsapdide arlolebulmm Wpightsagater
packagi ng s@iiitod oaoad.t er aut ocl ave has a tonicity and a pH that are
conpatible with the eye and is substantially free of ocularly
irritating or ocularly cytotoxic materials according to international
| SO standards and U.S. FDA regul ati ons. As used in this
application, the term"cross section" of a SiHy contact |lens refers
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As used in this application, the term"crosslinked coating"” or
"hydrogel coating" interchangeably is used to describe a crossfinked
polynmeric material having a three-dinensional network that can
contain water when fully hydrated. The three-di nensi onal network of a
crossfinked polyneric material can be forned by crossuUnking of two or
nore |inear or branched polynmers through crosslinkages. As used
inthis application, the term"water-swelling ratio,"” in reference to
an anterior or posterior outer hydrogel |ayer of a hydrogel nmateri al
of a SiHy contact |ens of the invention, neans a val ue determ ned
with AFM accor dfhiFet B tiRgRPIicalion. (sgsmmAcrammlinka relgsRIo acomprand I;wipg at least

wat er - swel | twagthylenically uofaturatee! gofupd. Aécr@siniend agent’aefers pastaesliniesr halg er

hydr ogel | ay@éculalWdriht df Sbdul @0 BMBRAGRsS hi ckness of that outer hydrogel
| ayer of the Si kyusgé)ﬂlih% tppl!c&%?t er?erx'lstl Léerhxgﬁng‘%%gtle?é %‘émed%? msasur ed

with AFM on a cross

hydr at ed stF?i’ﬂyé“"?zfng’@ross“”'ﬁ'f'gQ”W%EH@PWW%W@W%HPW?‘W’S pH - 7.30.2),
and Loty is theAsusedialfe apbliicgiemdsdernfmdidvalbr veighteef a phiyrderio gelerid! neding f
the SiHy comémbricloenscrdndrigifiterflsfbRrsaSthdPeahtifa zym&l&uAFM[gmn@sscr 0ss

section of &l@ﬁms%' chlfgé:ﬁgh&%[or kﬁ&%tegmgggn ltlongfﬁstgat thirlelngge WI thout

preserving the Esa vacuum dri ed)

and in subst ant 159" HiSPPRERBY H}“ré?”é a“] o orogP"BRlprs W@am%%aft%%?ndaw
wat er - swel | amgp graap pidorofila eldidi, vdeted? is hyddaerge e Ch-Gy ensubatifuted oSiubdjituiednt act
| ens of t hainiaaw.a:manbm)alk'mmw oR&s bheiied spbdicki@oté@t er content possessed

by each outer X%chiﬁlh a @%tlo d 1S, BEAL o 'fhdfb‘ﬁlf Rahe %F | east
about 100% 120* 8}% f\[/]\}n eqrﬁ ever ?@M\ﬁ e az%t(éso 9 e t he

wat er cont eﬁ?'°h8f°h¥"|‘f%f"ﬂﬂP’l‘<a"‘7(98P Y%‘WP@?’”'P%}F@?’S '8f p?'y"le'" °‘W%eﬂ|by re@‘?t'f‘ﬂi‘%one
hydr ogel merobprhieg or gflyamidgarpipe withrepigidarotiyerindo efivert Rkoriarsvieskeniabperceatags dbe
served as aan@e@bupsdingasi@minafor jdyembeiiieentddzetdh@maptugd. hydr ogel |ayers

having a hi gher Rtk thﬁ‘s%?,sa.@g?.-s e ftearmﬁ&dingmtgta@p bl {gggssgjfva{]ﬁigrgk@yer

of ) silicone hydr oge/ eria a S contact
i nvention. dsed in the this appl ication, the term"reduced
surface rmdmugsf inVv.eference to either or both of the anterior and

posterior out erAJ\M&flﬁ{B@apﬂha&)ﬁ@f the @rm BheBhdly.cr6QMKaS” inl r&B8ncB o atpf&@menc

et on. e SO L AL R R SRR v
modul us of PHRESCAFISFIE @hcowdng lpeior Wit paper mtaff%@fétrnctroa@) 8P EPative to
t he inner |relgtively-el@ited temperatigdiromabpd E&C tabb i d40° Groehereasthe polinigedc

posteri or OfiatsibitoPfuhditnalidLe adiyidih gl the sy €Erosstifly BMtSn bR uFiNEL A

surf ace m%hu@tretmétaﬁ. e ARG Bt SRR S i 9009%%9?& o

Cross- sectlazgg f(% | H&u IS rog tact ns in
fully hydr&&dPEP3 }é ”é\%m ASUP RS aﬁa?WIahija% FoHO& IneERh

properti es,defectadle ('%Lﬂfﬁfa&c@afrﬁi’g%tl%)@fa reriegrahgoutppehdupn of t he fuI I y

hydr at ed Si Hy cankaih this@psicasd, hg teifrihesp@syldlaneréidred sabmy@nic bbug &
expected that ot he crogs-sectional surface nodulus profile (i.e., a
graph of surfdce mp ?uﬁ,q@ vs. distance fromone of the anterior and
posteri or surfoaces Lt He ot her. surface al ong a shortest |ine between
the anterior and posterl o ¥ 'ﬁri”l’58%@%%%%%5grg’r'?‘d%fé’“%'?a"é?e%%"ﬁeé‘gy‘gecti on
of a SiHy |eesiotienare GI-Caplkiiyprfedsdifdrayaitye) shoul d have at | east two
outer zones (one usdah diapycaibretha Rt étve SiiE AeRman fiddtea Ghner

i ncl udi ng tnt])(ﬁorpé?ﬁgnﬁlrg'aggrb Irgfoaﬁ;gr)angmmo %B& (f@%%ﬁm%?&%eéoﬁ%aé&aﬁ@%%rb&b)ng to

the bulk sili cope g @ ver a‘%e sur C for
the outer zone ‘i "”“8 ?Pé?a“?{y FE?@TéI”"‘P HoYS YPreP By OBE HFEAgi ng
al | surf ace hdserhlic vinvfie manemesisihisk is fremnel amcatbere aneye ar gratpiaoye 6f- i@t [t o
about 2 m ergnedhetmeesodh @ notHeadive @yR: redncimdrlagh ihdde s teaRYer dubteMium | N
and/ or nearytRgoRpundary region or transition zone). A
"critical coefficient of friction" is the tangent of the critical



surface lubricity of that contact |ens and can be used to quantify
the surface lubricity of a contact |ens. As used in this
application, the "positively-charged-particl es-adhesion test" refers
a test for characterizing the surface concentration of
negati vel y-charged groups (e.g., carboxylic acid groups) of a
hydrated SiHy contact |ens. The positivel y-charged-particl es-adhesion
test is perforned as follows. An aqueous di spersion of DOANEXTM 1x4
20-50 Mesh resins, which are spherical, Type | strong base resins
(styrene/divinyl Quse hlS acgl‘%g oxrﬁ?e tgrmqv%l(gr%l IDI I eNergG_rt}’c) p%‘ilgr'me nlileaﬁét\-ﬁgnal
groups and 4% d| Vi 7 ed lfo dr's

anount of DRI ?L%E‘A?e 2'89"5?}’ 'Méf%‘ﬁr t? @b‘?x}%t Sluﬁc'%.“ BFRS@ 6%%‘1“%0“5 ﬁ‘?"f 'é'i‘ ‘38‘9

sal i ne (pH pofnt) haviog b sonesniaatiorsfiup tocbont 80 byadighat ebm Eapbptureddegied and

t hen m xed m@l,é) by shaking or stirring or vortexing at approxi mat el y

1000 f t J

1000, o o1 10uS R8N e bALRAL LG 20, LUL OB LORDLAGE pRPSes
resins prepsiBd 2585 e ‘QﬁﬁCtéTQ'eﬁF@@UWSPR’ ey e ot B1s RBBET °Y
1000- 1100 f everagin@iveasurementertf eontabtahndlesned by rinsing with DI water and

yorte;d ng in D Ay@dein thiddppRBRHtheleril MidbtRoss TYe@Brendeli®a ERINMGRH 2 BIHY plt ﬁced
I h water | ”%ﬁﬂlaﬁﬁe%s R&ldnbiedd) §J§9rr°be ﬁnggxt%rmg.ﬁﬁh ﬁufe én?a@ﬁ%ﬁc?nr b%n%i%c?%bf"“

Ni kon optic M _Croscope,

posi ti vel y- t474f Black "b%l?“tdf"b?'%cé S*&Bﬁ%?étd’e?‘iﬁtt% '”t‘?%‘ém'g‘h? faeEninessd el ens
can be counto@thg ofla&itygeritast lergfmepzdinat fhere Isyprastratvge dugza Blepicdtaringatther ed
onto the sughaeenef the lens is proportional to the surface

concentration Ofg Ek%ﬁﬁ\ttﬁ.s"a%h}éat%n%egﬁﬂ &EABHQSI peffer%oé:tgmz gﬁg Gt

As used in this a I C_ acl conte in
ot or ence 1 GEHETE PLEHH R LB BRI B AHTB AT EP R HOGE MR of | a
Si Hy cont acdigifabpipingtest he i nventi on, neans the wei ght percentage of
car boxyl i ¢ groups (L&othis @a&adn@rmérhesuwminghtdrgm rub ey e 0B slrivideed

coating or &Jﬂﬁ)...glﬂésﬁﬁn rgxrgﬁcg%% costﬁ\geﬁ QhialihSs ﬁgéﬂxm%%gﬁoqghaubﬁmn%tw e

car boxylic aci ydr ogel
ayer san. DENGCHT PP RS SEPER T S AREdq o o ks R8RELLF PPBI i
starting na@:@qep@pglsﬁwreb%moﬁ@rqqq@rI@qsdggfqarptm@gut@@aqgrqqgordﬁss e out er
hydr ogel | ayabraﬂmﬁbommohkg@eearrm@m,dsi eef@stlychbo@ M ésgteeodr l@ACh St arti ng

material s. m%slcm{(?d% thHedbﬁty’r 9'( %¥ éarQatérQI @th(,sfa'@’at ﬁﬂmo%‘gten Jrvﬁ B&s
having a | aye adi ent

frominsi de%{oag ?nal JRSO ec{ lFl 13§P;i_1§8lll8 E}]}e rP clxéqﬁn perrﬂea]%lht\\xl\gl{lk? in r?%rence
content sil ﬁoeémoqqyavce@eéqr NRACHIIEONEISY 2 PRftRt IergImepis Al MeasuReiSrISeEPemeadiie r ed
Wit h an out @) writisfcaceled hy tie agiete resemte th axybengiuacaasegbetne baiherry ig@nt ent
and adequat &e&t%b&ﬁh@%ﬁh&ﬁ&ce&t@&%ﬁoﬁ%m eS]hemfté?r&y ﬁ'pé}gleablllty IS .

subst anti al conen{longll {pres]gédl uni sof r?shv)e\/rréea@‘lb;{r[er ) aal'negg?fcm o%/?en( if:one)

and the wat ér_con e ou Iayer

about 1.2 f6Md&epEIm PO preferably at |east about 1 3 folds (or
1309, nore prefleraybon tabsnliseibtly”, BHroait lets & nfathial & tifeonte 24 oxyganeril nor e
preferably @atss dh% E@Htené‘-or%afe%ldfﬁh énless}ﬁe,m.&m&.& ofnr[..emg é\‘brln}{ o thk east

about 2 fol ema{nlg %u@d ?Tyﬁ r{l%n%’r\@ss%lhty%on vgrﬂlonﬁ(ﬂy eTregseQ i qutsrr?‘t erial.

Figure 1 sc ving a
| ayered st r@EEG™ WE%?\F’?@EF}‘%PN%‘?W”%@EWPW@W blegy spaqmat edlg 107
enbodi ment. | n decon gamesbiliw thrbugh kilens grrelbies withdhed orivtaki Diffesion Geffitidre

i nvention, tlenSiupirGasi@skicidne DSin LAQ ol |RGHZAR)) A WeRFHiRK b HIplyRE Bick Dbw
front curve Qr, convex surface) 101 and an opposite posterior surface
(or base curve or concave surfac%r 102 which is rest on the cornea
of the eye when worn by a user giipg d¥¢Bnt act | ens 100 conpri ses
an inner (owherd dcHra} ofliayrerspdril@okmial; A wvereaxiless expespe ingn’ll &0 cofdpetratiomer
layer 110 i &sddnge bl aRBIhRkdedd of @Fs [Py contact |ens 100 and has a
3-di nensi onal shape very close to the SiHy contact | ens 100. The
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charged groups (e.g., carboxylic acid groups) as characterized by
attracting at nost about 200, preferably at nost about '160, nore
preferably at nost about 120, even nore preferably at nost about 90,
nost preferably at npbst about 60 positively-charged particles in
positivel y-chargedparticl es-adhesion test. Al so preferably, the
hydrated silicone hydrogel contact |ens has a surface lubricity
characterized by having a critical coefficient of friction

(desi gnated as CCOF) of about 0.046 or |ess, preferably about 0.043
or less, nore preferably about 0.040 or |ess. I n accordance
with the invent fidired ip e grplisaien hgyem ‘Z:B‘f‘thﬂm‘g‘i‘”}ﬂ@o”lf’é?’i’iea@ferﬁt%ﬁg'atﬁ%a' or
practi cal | ysurtipe obarhiteribthish imal beoif intirhate ¢ostiag witll the calar doeirodeerit foeeh di rect |y
froma prefaeigd pSicklys teRMitRsL sidnfBSty dAmagiuid RG& ehRdhdidnEant vdidbuPr ocess
where two Ol Bkan hydrRaskd ayers are applied and attached directly
and/or indiréctly onto the preformed Si contact |enses. A preforned
Si Hy contact Ieﬁ%”sﬁ%ﬂ thisePrlisfior GigtRm caphihaiaieally sqies Wi respgetip 2Rackagin® of

t hose descr folytiah ferlsietiaing Axldistarimpecontgadleyses i intandddde mesd tBt Hyponeetenbsorpdide
accor di ng twe soyonTeLaRa6ISIUEpbceBRYAIhE ByedvitiRR! HORY St duloBiBheiaRd hitenear t .

For ex arrpl esl;olupgnqg &Fe%@su%gﬁtg%rrggrﬁﬂé o gﬁ?&ngﬁ wgtl; ?9 hﬂ%‘%ﬂ rrt?ct lens. 0n

conventi ona

Patent No. %M Eﬁ'g'cﬂlﬁ'éafe ?ﬁ’:kags?g Fon @Fra“ﬁ?ﬁfg"te hasa gy ?‘ﬁjarﬂ ariE’n a static
form as dewmpstibledit the ¢ye 8nd iPaitbetatialMdrge of 4cuBuyirriatify or ScuEOBcyBIGRIc

5, 583, 463; rhatefB0 adkbrling @MdlernitifidOS6 $Qndaks adiyU.$ FDRGgGIIhd. Ng Of silicone
hydrogel butt 0n§s Red lHﬁ%%p;SnQauHEﬁmerLQm %&%Ho%eﬂaﬁ%%&%t i 'Pe‘-?é?éro a'm{ﬂ

cast-nol din ornulation t ense

T cured (RN o BT ey I B PR T A RO PG ng
cont act | err9eRg! toEiier g e duierior ey refteripr wffesehed the Binthh petsen Hiled ih bpses, a
Si Hy | ens flaswardedto c0tmdnGally ¢.8.Standreltiirigh OfosSNidtoterasSdr withhh rdihngcoatéctf or

maKki ng Si Weﬁsmtaﬁhsa%sé BobAbhRs Grbtiidig AQ@suEan&t}.Q&eclo%?é?émQ&%% BEJnl y
conprises gt el ec from the group consisting

of a sili cor?émlc?ger?tbé'\ ﬂ"gﬁﬁm\%ﬁ%”@” ‘th%\es a silicone-containing
vi nyl i ¢ macr onehe team%iSlFﬂa%ﬂ@U@%)nﬁlafﬁ?ﬁsﬁ@‘eﬁﬁ Ey6hop mestic madusd rsoR | i C
Vi nyl i ¢ nom@me modalully dir sofdee béntprassisryrhddolug e csae intercRang by s this Kdptgticdg e nt

(a conpound, hayis anrﬁmmhlﬁ'&b%ﬁ’errt vwals@mc,pmy) @mugtmeégﬂe@g aloRRSorQ | ess

and containj, n

free-radica" ?Sﬁ (ﬁ&ﬁ@ trugun Sfe HBeet ﬁ%?te?ﬂ G 05’%/ ?eﬁgP ﬁiil’l Com?ﬁ 'te‘gsa'l? (SJF’?r?ydrgtecj
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4,684,538, 4,703,097, 4,833,218, 4,837,289, 4,954,586, 4,954,587,
5,010, 141, 5,034,461, 5,070,170, 5,079, 319, 5039, 761, 5, 346, 946,
5,358, 995, 5, 387,632, 5,416,132, 5,451,617, 5,486,579, 5,962,548,
5,981, 675, 6,039,913, and 6, 762,264 (here incorporated by reference
in their entireties); polysiloxane-containing nmacroners disclosed in
U. S. Patent Nos. 4,259,467, 4,260,725, and 4,261,875 (herein

I ncorporated by reference in their entireties). D and tri bl ock
macronmers consi sting of polydi met hyl sil oxane and pol yal kyl eneoxi des

gg_glpgdal SO r%%re(a eiwlsi elniirgty'lt ifé?go uﬁé(emld ﬁ‘fat %@ﬁmmsgﬁa%eﬁt{?&sm&%ﬂéﬁyl ate end

pol yet hyl enBesuaESHTgat W8N MiPFRSIRFIOST $e65ea Rke Wi st NSOt BRoxi de
t 0 enhance Wyteantquiersmezb o thetbylk oSent thdlbuk toviherpdfsigring surtaerepr vice versa), a
hydr oxyl - f uaﬁfb&eeﬁbabmsz;ﬂﬂhe%brb@@aﬂﬁs Sith @t NdoRgct h$ysh bEestablished along a

mononer s/ rm&{o%?ﬁng %hlél rtg%l gnd%étér'oI é‘mgcteé Smﬁal sul'face of the cross section of

hydr oxyl - functi ona i zed oxane-contal ni n

monomer s/ malf BEFESr'ES fEW%’F‘&T"I topt 3%901"%\%‘196”"1’%8% Rppegimenelyend

Morri svi | | edireRf measured quantity can be used to represent the surface modulus so long as the
measured quantity is proportional to the surface modulus.

As used in this application, the term “anterior outer hydrogel layer” in reference to a SiHy
contact lens of the invention means a hydrogel layer that includes the anterior surface of the
contact lens, is substantially uniform in thickness (i.e., variation in thickness is not more than
about 10% from the average thickness of that layer), and has an average thickness of at least
about 0.1 ym. The “average thickness” of an anterior outer hydrogel layer is simply referred to as
‘the “thickness of an anterior outer hydrogel layer” in this application.

As used in this application, the term “poslerior outer hydrogel layer” in reference to a
SiHy contact lens of the invention means a hydrogel layer that includes the posterior surface of
the contact Iens, is substantially uniform in thickness (i.e., variation in thickness is not more than
about 10% from the average thickness of that layer), and has an average thickness of at least
about 0.1 ym. The “average thickness” of a posterior outer hydrogel layer is simply referred to as
the “thickness of a posterior outer hydrogel layer” in this application.

As used in this application, the term "inner layer” in reference o a SiHy contact lens of
the invention means a layer that includes a central curved plane (which divides the contact lens
into two parts, one containing the anterior surface and the other containing the posterior surface)
and has a variable thickness.

As used in this application, the term "crosslinked coating” or "hydrogel coating”
interchangeably is used to describe a crosslinked polymeric material having a three-dimensional
network that can contain water when fully hydrated. The three-dimensional network of a
crosslinked polymeric material can be formed by crosslinking of two or more linear or branched
polymers through crosslinkages.

As used in this application, the term “water-swelling ratio,” in reference to an anterior or
posterior outer hydrogel layer of a hydrogel material of a SiHy contact lens of the invention,

means a value determined with AFM according to WSR =ﬂ-x100% in which WSR is the
Dry

water-swelling ratio of one of the anterior and posterior outer hydrogel layer, Lwe: is the average
thickness of that cuter hydrogel layer of the SiHy contact lens in fully hydrated state as
measured with AFM on a cross section of the SiHy contact lens in fully hydrated state (i.e.,in a
phosphate buffered solution, pH ~ 7.3£0.2), and Loy is the average thickness of that outer



Anot her class of preferred silicone-containing macroners is
silicon-containing prepolynmers conprising hydrophilic segnents and
hydr ophobi ¢ segnents. Any suitable of silicone-containing prepolyners
wi th hydrophilic segnents and hydrophobi c segnents can be used in the
i nvention. Exanples of such silicone-containing prepolyners include

t hose described in commonly-owned US Patent Nos. 6,039, 913,

7,091, 283, 7,268,189 and 7,238, 750, 7,521, 519; comonl y- owned US

pat ent application publication Nos. US 2008-0015315 Al, US 2008-
0143958 Al, US 2008-0143003 Al . US 2008-0234457 Al US 2008- 0231798
Al, and con‘i‘?‘Brﬁ?%'/'ab‘iﬂﬂféEF Vg ped lgps B AR PPE 3R MEATURIGY AEYoR 8 GToRGCligh of

61/ 180, 453; tha$iHptontattianhingryetater{disd pihoattperderiieg the pordsify of e bydenae erateriai,
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mononers ar g o Ny Mg m&&mgﬁp@w sﬁm&!ﬁt & MY me'\J‘v&h.%rg%foﬁafrhmlt&ﬁgwtéram de
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ey S e L P 7
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1- net hyl - 5- neth%lene 2-pyrrolidone, 1-ethyl-5-

met hy| ene- 25 PO 5t HBinspniad ’%?fHVI"EHé‘OrQ SHYeEBIGIRE AGOCd

5- et hyl - 3- nedidaipt & the-n2urp pi theoduted ydepgel layers having a higher water content relative to the

1- n- pr opy 1-g3i& Ay 15 8an 2iddyé ﬁ@‘obé’ MB@rial of a SiHy contact lens of the invention.
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nmet hyl ene- 2- one
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1-t ert - but yidinBnadre tolmedae aesl@-cpiyuiates blaeiaome he Rlldwrdreguagiet hy| net hacryl at e
(HEMR), 2- hydroxyethyl acrylate (gldiﬁ@ ,mhydr oxypropyl acryl ate,

hydr oxypropyl methacrylate (HRMAR P&tmMoONi um 2- hydr oxy
propyl met hacryl ate hydrochl ori de, a 1ﬁt&*ﬁpropyl nmet hacryl ate

hydr ochl ori |d®mcrdisma§ thy keattgea aledidmy ot tI@dnl’hﬁ@*l‘o}/xﬁo&ﬁeﬁ)r (;ME%A@)I |aygd rylstaé ol
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oy et ol PR P SHr FHARREI A epﬁaﬁgﬁ FhEI & e
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chl or opr enefe anteriy landobteror sléfaces binyib budiateef £ bbwkkden of asiHy leasintuy | €,  1-
but ene, but bt@d"&ate)@ﬁ&umg\fe)é 194k %'obt@nzo?/és'(%le mEIQcJ dé%%nte?(dr@&ﬁaceeénﬁ%

et her, perf | - am noet | at e,
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t et raet hyl erai"és't VEOT” di met hacryl ate, triethyl eneglycol dinethacrylate,
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al | y| met h a@plipy@tt@t thapqt@ql pastf ﬁ%pqulcg_qnéCCQF)gf.a contact Iens correlates with the
bi s(met hacryl am dopropyl1)-1,1, 3, 3-tetraki s(trinethylsiloxy)disiloxane
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Exanpl e of preferred organic solvents includes without limtation,
tetrahydrofuran, tripropylene glycol nethyl ether, dipropylene glycol
nmet hyl ether, ethylene glycol n-butyl ether, ketones (e.g., acetone,
nmet hyl ethyl ketone, etc.), diethylene glycol n-butyl ether,

di et hyl ene gl ycol methyl ether, ethylene glycol phenyl ether,

propyl ene gl ycol nethyl ether, propylene glycol nethyl ether acetate,
di propyl ene glycol nethyl ether acetate, propylene glycol n-propyl

et her, dipropyl ene glycol n-propyl ether, tripropylene glycol n-butyl
ether, propylaaausmb Mgmmt Ebneatua'nt; aﬁat BRbo uh BLARHY g gurgw&&kﬁy%f ?&MA&
ether, tripy $ylene gl ycol n-butyl ether, propylene glycol phenyl

et her dlpro y ene glycol dinetyl ether, pohyethylene gl ycol s,

pol ypropyl ene gPyesH § thissapRipptiogcie’ a‘tsé'Ve'WFfW -Ratigdesadeesion st refered latte,

met hyl | act @t eharagiedaipg the agtzet @ncehtrgisrop yégalvalgtliakged gt yd. eavoxid 2okli de,

2- butanol, rl,up@ragﬁ;a%d s%y%@me@ The%magkharg@yﬁér@réemag&ntest is
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n r neol " hexanol ,
3- hexanol , rfom{eﬁ '%W%lf\f’ EXa10] i dfp%r%%rf é?/@ 1% C%O%ﬁ 'er& rﬁsms W'H%'r%ﬂ
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believed that the water-swelling ratio of each outer hydrogel |ayer
correlates wwth its water content and as a good approxi mati on can
represent reasonably the water content of the outer hydrogel |ayer.
In alternatively preferred enbodi nents, where the water content
(WCsity) of the inner layer of the silicone hydrogel nmaterial is
about 55%or |less, the water-swelling ratio of each outer hydrogel
| ayer is at | east about 150% where the water content (WCsiHy) of the
i nner layer of the silicone hydrogel material is about 60% or |ess,
the water-swelling ratio of each outer hydrogr | ayer is at |east
about 2009 *Ri1ETES PHE® G418 P! ToarHE WhR™ ORGP LEAf- B?S'f'h‘é’“iaﬁr‘f@ﬂ?"ayer of
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250% where, LQ& le g8’ TrE %H%r%&r 1Q(¥‘§Ealet%lg/9|fadet CI? g Iolwg'nm%[?r éoﬁbéﬁkrsmt%f t he

silicone hycgro e mat eri a

rati o of eadPAOFIETWAGUFSYEP 1305 Rstantaly %”tf’@é?sﬁ“%[lﬁreé%%‘“a”y I t
i s under st o@derminebickngrs agiamasie oiadydresd megériat dybstamtialipfréea silgorg (pefeldy | or
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Exanpl es of preferred reactive vinylic nononmers include w thout
limtation am no-C2-C6 al kyl (meth)acrylate, Cl-C6 al kyl am no- C2-C6
al kyl (meth)acrylate, allylamne, vinylam ne, am no-C2-C6 al kyl
(meth)acryl am de, Cl1-C6 al kyl am no-C2-C6 al kyl (rmeth)acryl am de,
acrylic acid, Cl1-Cl2 alkylacrylic acid (e.g., nethacrylic acid,
ethylacrylic acid, propylacrylic acid, butylacrylic acid,
pentylacrylic acid, etc.), N N 2-acrylam doglycolic acid, beta

met hyl -acrylic acid (crotonic acid), alpha-phenyl acryllc aci d,

bet a- acryl oy |9rrs%teqalaﬁe .ﬁfqelr de yl% w&gggm@m{g&wnﬁm@&mm ordsEURAT. C

L O RS U A 3 S0 v e e e S
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Pr ef er abl y, cdnket &5 bltheCiouabtag tay ﬁa\&ntlsmcdnatﬂrrm éxpaiealt ik Bdlisveli Oanmd tateé On

conpri sing ahets%ﬁéhegn@woﬁ%%t Mﬁne\ﬁb mxt. égftﬁmgnﬁfdmﬁala%t &th JikQmt he

group consi

o kyFam no- Bsk s S it sptiaargidieoipr g o G rypeuen som
ani no- C1- C8Shb R%FFaC‘('?FéPHB'Qa&Wtioaﬁ@’H@VG pw eI oRPRRARTANG! TERatEsy-elielepd
(et h) acryl amipdes.g..aemiplyicaciagiochs) 40l -is@kR satbdpitieato high dedrigahékion during

N, N-2- acryl aaikd agaitgahd tﬁgh":b?dt&'n adﬂé%n@@fﬁ?h%ﬁé %ol;llggﬁ?&ef.ms in tearsis 1€
| ens forrrulglved %”P.t gﬂpcgerably roma 1% to about 10%
more prefer 3Dry° Froftabout 28°95% t o about 7% even nore preferably
from about O. 50/6“t°63 ﬁ"@?ﬁ!ttth%%”“ﬁ*ﬁ)@?v’%? ahwlraigg|sijcong Woa%mitacge"m%t o]
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In accordance with the invention, the water-soluble and crosslinkable
hydrophilic polynmeric material for form ng the outer hydrogel |ayers
(or crosslinked coating) conprises crosslinkable groups, preferably
thermal | y-crosslinkabl e groups, nore preferably azeti di ni um groups.
Preferably, the water-sol uble and crosslinkable hydrophilic polyneric
material for formng the outer hydrogel |ayers (or crosslinked
coating) is a partially-crossfinked polyneric nmaterial that conprises
a three-di nensional network and crosslinkable (preferably

thermal | ycr ossl j nkabl e) groups nor e referablg azetldlnlunlqroups
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Da!tons, vinyl alcohol, N-nethyl-3-nethylene-2-pyrrolidone,

1- nmet hyl- 5- net hyl ene- 2- pyrrol i done,

5- net hyl - 3- net hyl ene- 2- pyrrol i done, N, N-di nmet hyl am noet hyl

(meth)acryl ate, N, Ndi met hyl am nopropyl (netha)cryl anm de,

(et h) acryl oyl oxyet hyl phosphoryl chol i ne, and conbi nations thereof; a
copol ymer which is a polynerization product of a conposition
conprising (1) fromabout 0.1%to about 30% preferably from about
0.5%to about 20% nore preferably fromabout 1%to about 15% by

\Qlle: gr;mo:;e( [t tm%fs%%})gly@r@ e(t\l'%ac% A I‘lf ASSIH B?ﬁsqéxg)'-sdwﬂ %Ih am ne,
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The packagi ng solution has a tonicity of from about 200 to about 450
mlliosnol (nOsm), preferably from about 250 to about 350 nOsm The
tonicity of a packagi ng solution can be adjusted by addi ng organic or
i norgani ¢ substances which affect the tonicity. Suitable ocularly
acceptable tonicity agents include, but are not limted to sodium
chl oride, potassiumchloride, glycerol, propylene glycol, polyols,
mannitols, sorbitol, xylitol and m xtures thereof. A packagi ng
solution of the invention has a viscosity of from about 1 centi poi se
to about 20 n oi.ses, preferably fromabout 1.2 centi 0| ses to
about 10 ce'?‘rﬁ?b%lt RESC-mptheerst By p?"%‘”r%‘ﬁ‘f‘&'ﬁ%ﬂitb‘sfag"l?%‘ﬁ "poi ses to
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hydr ophi | i cluséanglizet silexapnmtoaieinad viesic minemprp grapaciomars: polysiloxangdcoptaiokagi ng
sol ution of micheneisiistted RIS Rbted GI64. Aj135,230, 155,68 4,36280)aNgi5ag pol ymer .
The vi scosi} ¥z emhansing 4%% ymrzveﬁ@zf 25@%&43&1 ?wu 4%85-?7 4!;4%%55?&8' ng

the solutio C t

facilitate ‘{(;%)\fgrlt?i%' %’gég %5 g%/ 3% ‘?76)? Th@g%%ﬁ? ég% ?Sgn‘%%”ﬁ‘?e‘l 954, 5¥7

vi scosi t y- enti8ntl rBP4de e ho. W? 3t 815988 5.848.9401 SI8PBI51TRE7.PIPpact on
t he eye surdaee3xlsmiisg7,isASEM0] 09628485 87 6VE 8,080, 80, dnd 6,282 20 (nakke eye

'a; rG' Lg: [ on. mcorporated E}f b ShdaG M eﬁﬁ&%k)t ;361y§f31€5'?19EdnEb@unB%VrHEﬁéréduécBQéd%e but

B st (ke o 7oA e o A A ot G Pl oLty
cel | ul ose (‘H’_‘é)es) Pﬂ;ﬁﬂ‘i‘ XY ey B FAnitinase PeyDEihyIsteyate aRdAsivalljEnsRxidbey |
cel | ul ose (doEMVEo be@f utity Niox Examgle tohemightfupe matecgbte20d cabpea
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posterior outer zone has an average posterior surface nodul us
(designated as SM" ), wherein the inner zone has an average inner
surface nodul us (designated as SMnr,r ), wherein at |least SMm" one
of -S MP" x100% and S-SM M'm x100% is at |east about 20% preferably
at SMnnet.SM"ier |east about 25% nore preferably at |east about
30% even nore preferably at | east about 35% nost preferably at

| east about 40% Preferably, the anterior and posterior outer zones
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% preferably about uts % nore preferably aboutgem 1- Wjensl-WC
1500 WC even nore preferably aboutLeas % In alternatively preferred
enbodi nents, where 1-WCLCFI S WCLens i s about 55% or |ess, the

wat er-swelling ratio of each outer hydrogel |layer is at |east about
150% where WCLens i s about 60%or |ess, the water-swelling ratio of
each outer hydrogel layer is at |east about 200% where WCLens is
about 65% or less, the water-swelling ratio of each outer hydrogel

| ayer is at |east about 250% where WCLe" WCLe", is about 70% or
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conpri ses a24.¢-timshylbenrpylighraylonhesphinearidedisvdedictidiebessolli-edne hydr ogel
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carboxylic acid content of about 20% by wei ght or |ess, preferably
about 15% by wei ght or |ess, even nore preferably about 10% by wei ght
or less, nost preferably about 5% by wei ght or |ess. I n

anot her preferred enbodi nent, the two outer hydrogel |ayers of a
hydrated SiHy contact |ens of the invention conprise a water content
hi gher than the water content (designated WCLens) of the hydrated
silicone hydrogel contact | ens and nore specifically nust be at |east
about 1.2 folds (i.e., 120%9 of the water content (WLens) of the
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The previous disclosure will enable one having ordinary skill in the
art to practice the invention. Various nodifications, variations, and
conbi nati ons can be nmade to the various enbodi nent described herein.
In order to better enable the reader to understand specific

enbodi nents and the advantages thereof, reference to the foll ow ng
exanples is suggested. It is intended that the specification and
exanpl es be considered as exenpl ary. Al t hough various aspects
and various enbodi ments of the invention have been described using
specific terns, devices, and nethods, such descriptionis for
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Measure the oxygen flux through a thickness series of lotrafilcon A
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preformed SiHy contact lens having a desired DK, water content, and bulk elastic modulus.

The layered structure configuration of a SiHy contact lens of the invention can be
established by analysis with atomic force microscopy (AFM) of a cross section of a SiHy contact
lens in fully hydrated state (i.e., directly in water or a buffered saline) as described above and
shown in Examples. The surface moduli of a cross section ¢an be characterized {imaged) with
AFM (e.g., Force-Volume mode) in order to visualize any changes in surface modulus from the
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in order to avoid bias and the data reveal good qualitative agreenent
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Exanpl e 3 Preparation of Lens Fornul ati ons A lens fornul ation
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An I PC saline is prepared by dissolving 0.02% of pol y(AAm co- AA)
(80/20) and 0.2% of PAE (Kynene from Ashl and as an aqueous sol ution
and used as received, azetidiniumcontent of 0.46 assayed with NVR)
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in ancther preferred embodiment, a SiHy contact lens of the invention further comprises,
in its layered structural configuration, two transition layers of polymeric material(s), as
schematicaily illustrated in Figure 2. Each of the two transition layers 115 is located between the
inner layer 110 and one of the two outer hydrogel layers 120. Each transition layer is
substantiélly uniform in thickness. The thickness of each transition layer is at least about 0.05
pm, preferably from about 0.05 pm to about 10 pm, more preferably from about 0.1 pm to about
7.5 pm, even more preferably from about 0.15 ym to about 5 pm. The transition layers merge at
the peripheral edge of the contact lens to completely enclose the inner layer of the silicone
hydrogel material. The presence and thickness of the transition layers can be determined
preferably by AFM analysis of a cross section of the SiHy contact lens in fully hydrated state as
described above for the outer hydrogel layers and inner layers.

The two transition layers of a SiHy contact lens of the invention essentially are a base
{or primer) coating which is applied onto a preformed SiHy contact lens having a desired Dk,
water content, and bulk elastic modulus, before the crosslinked coating (the outer hydrogel
layers) is applied thereen. The transition layers (base coating) function to anchor/attach the
outer hydrogel layers. Preferably, the transition layers comprise a carboxyl (COOH)-containing
polymer, preferably a homo or copolymer of acrylic acid or methacrylic acid or C2-Ci» alkylacrylic
acid. It is understood that the carboxyl-containing polymer may penetrate into the bulk material
and extend into the outer hydrogel layers. When such penetration into the inner layer of the
silicone hydroge! material occurs, each transition layer would comprise the carboxyl-containing
polymer and the silicone hydrogel which are intertwined together. It is also believed that the
presence of the transition layers, especially when comprising a carboxyl-containing polymer,
may provide a relatively-high water content over a thicker layer and/or a water reservoir for the
outer hydrogel layers, because of the high water-hinding properties of carboxyl groups.
Moreover, even if the transition layer may contain high carboxylic acid groups, it would have a
minimal adverse impact upon the surface concentration of carboxylic acid groups of the SiHy
contact lens, bhecause the surface concentration of carboxylic acid groups is predominantly
determined by the outer hydrogel layers which fully cover the transition [ayer. The outer hydroge!
layers with a low surface concentration of carboxylic acid groups can prevent the deposition of
positively-charged proteins from the tears of a patient wearing the lens.

In another preferred embodiment, the anterior and posterior outer hydrogel layers
independent of each other have a reduced surface modulus of at least about 20%, preferably at
least about 26%, more preferably at least about 30%, even more preferably at least ahout 35%,
most preferably at least about 40%, relative to the inner layer.

The anterior and posterior outer hydrogel layers are preferably made of the same or
substantially identical material(s) (preferably totally free of silicone) and can be formed by
applying and crosslinking a water-soluble and crosslinkable hydrophilic polymeric material onto a
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preformed SiHy contact lens that comprises amino andfor carboxyl groups on andfor near the
surface of the contact lens, or a base coating comprising amino and/or carboxyl groups, wherein
the preformed SiHy contact lens becomes the inner layer after crosslinking.

In accordance with the invention, a preformed SiHy contact lens can either inherently
comprise or be modified to comprise amino groups andfor carboxyl groups on and/or near its
surface.

Where a preformed SiHy contacl lens inherently comprises amino groups and/or
carboxyl groups on and/or near its surface, it is obtained by polymerizing a silicone hydrogel lens
formulation comprising a reactive vinylic monomer.

Examples of preferred reactive vinylic monomers include without limitation amino—C,-Cg
alkyl {(methjacrylate, C4-Cs alkylamino—C,-Cg alkyl (meth)acrylate, allylamine, vinylamine,
amino—C,-Cs alkyl {meth)acrylamide, C4-Cg alkylamino-C2-Cs alkyl (meth)acrylamide, acrylic
acid, C-C4z alkylacrylic acid {e.g., methacrylic acid, ethylacrylic acid, propylacrylic acid,
butylacrylic acid, pentylacrylic acid, etc.), N,N-2-acrylamidoglycolic acid, beta methyl-acrylic acid
{crotonic acid), alpha-phenyl acrylic acid, beta-acryloxy propionic acid, sorbic acid, angelic acid,
cinnamic acid, 1-carobxy-4-pheny| butadiene-1,3, itaconic acid, citraconic acid, mesaconic acid,
glutaconic acid, aconitic acid, maleic acid, fumaric acid, tricarboxy ethylene, and combinations
thereof. Preferably, the SiHy contact lens is made from a lens formulation comprising at least
one reactive vinylic monomer selected from the group consisting of amino—C,-Cs alkyl
{meth)acrylate, C4-Cs alkylamino—C,-Cy atkyl (meth)acrylate, allylamine, vinylamine, amino—Cs-
Ce alkyl {meth)acrylamide, C4-Cg alkylamino—C»-Cs alkyl (meth)acrylamide, acrylic acid, C4-Ci2
alkylacrylic acid, N,N-2-acrylamidoglycclic acid, and combinations thereof.

The lens formulation comprises preferably from about 0.1% to about 10%, more
preferably from about 0.25% to about 7%, even more preferably from about 0.5% to about 5%,
most preferably from about 0.75% to about 3%, by weight of a reactive vinylic monomer
described above.

A preformed SiHy contact lens can also be subjected either to a surface treatment to
form a reactive base coating having amino groups and/or carboxyl groups on the surface of the
contact lens. Examples of surface treatments include without limitation a surface treatment by
energy (e.9., a plasma, a static electrical charge, irradiation, or other energy source), chemical
treatments, chemical vapor deposition, the grafting of hydrophilic vinylic monomers or
macromers onto the surface of an article, layer-by-layer coating (“LbL coating”) obtained
according to methods described in US Patent Ser. No. 6,451,871, 6,719,929, 6,793,973,
6,811,805, and 6,896,926 and in U.S. Patent Application Publication Nos. 2007/0229758A1,
2008/0152800A1, and 2008/0226922A1, (herein incorporated by references in their entireties).
“LbL coating”, as used herein, refers to a coating that is not covalently attached to the polymer
matrix of a contact lens and is obtained through a layer-by-layer ("LbL") deposition of charged or
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contacting process involves solely spray a coating solution. However, a number of alternatives
involve various combinations of spraying- and dipping- steps may be designed by a person
having ordinary skill in the art. The contacting time of a contact lens with a coating solution of a
reactive polymer may last up to about 10 minutes, preferably from about 5 to about 360 seconds,
more preferably from about 5 to about 250 seconds, even more preferably from about 5 to about
200 seconds.

In accordance with this reactive LbL base coating embodiment, the reactive polymer can
be a linear or branched polymer having pendant amino groups and/or carboxyl groups. Any
polymers having pendant amino groups and/or carboxyl groups can be used as a reactive
polymer for forming base coatings on silicone hydrogel contact lenses. Examples of such
reactive polymers include without limitation: a homopolymer of a reactive vinylic monomer; a
copolymer of two or more reactive vinylic monomers; a copolymer of a reactive vinylic monomer
with one or more non-reactive hydrophilic vinylic monomers {i.e., hydrophilic vinylic monomers
free of any carboxyi or (primary or secondary) amino group); polyethyleneimine (PEF});
polyvinylalcohol with pendant amino groups; a carboxyl-containing cellulose (s.9.,
carboxymethylceliulose, carboxyethylcellulose, carboxypropylcellulose); hyaluronate; chondroitin
sulfate; poly(glutamic acid}; poly(aspartic acid); and combinations thereof.

Any preferred reactive vinylic monomers described above can be used in this
embodiment for forming a reactive polymer for forming a reactive LbL base coating.

Preferred examples of non-reactive hydrophilic vinylic monomers free of carhoxyl or
amino group include without limitation acrylamide (AAm), methacrylamide N,N-
dimethylacrylamide (DMA), N,N-dimethylmethacrylamide (DMMA), N-vinylpyrrolidone (NVP?),
N,N,-dimethylaminoethylmethacrylate (DMAEM), N,N-dimethylaminoethylacrylate (DMAEA),
N,N-dimethylaminopropylmethacrylamide (DMAPMAmM), N,N-dimethylaminopropylacrylamide
{(DMAPAAM), glycerol methacrylate, 3-acryloylamino-1-propanol, N-hydroxyethyl acrylamide, M-
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[tris(hydroxymethyl)methyl]-acrylamide, N-methyl-3-methylene-2-pyrrolidone, 1-gthyl-3-
methylene-2-pyrrolidone, 1-methyl-5-methylene-2-pyrrolidone, 1-ethyl-5-methylene-2-pyrrolidone,
5-methyl-3-methylene-2-pyrrolidone, 5-ethyl-3-methylene-2-pyrrolidone, 2-hydroxyethyl
{meth)acrylate, hydroxypropyl (meth)acrylate, C4-Cs-alkoxy polyethylene glycol (meth)acrylate
having a weight average molecular weight of up to 1500 Daltons, N-vinyl formamide, N-vinyl
acetamide, N-vinyl isopropylamide, N-vinyl-N-methyl acetamide, ally! alcohol, vinyl alcohol
(hydrolyzed form of vinyl acetate in the copolymer}, a phosphorylcholine-containing vinylic
monomer (including (meth)acryloyloxyethyl phosphorylcholine and those described in US patent
No. 5,461,433, herein incorporated by reference in its entirety), and combinations thereof.

Preferably, the reactive polymers for forming a reactive LbL base coating are polyacrylic
acid, polymethacrylic acid, poly(C»-C;, alkylacrylic acid), poly(acrylic acid-co-methacrylic acid),
poly[C2-C+s alkylacrylic acid-co-(meth)acrylic acid), poly(N,N-2-acrylamidoglycolic acid),
poly[{methjacrylic acid-co-acrylamide], poly[{meth)acrylic acid-co-vinylpyrrolidone], poly[C2-Cia
alkylacrylic acid-co-acrylamide], poly[C2-Ci2 alkylacrylic acid-co-vinylpyrrolidone], hydrolyzed
poly[(meth)acrylic acid-co-vinylacetate], hydrolyzed poly[C2-C12 alkylacrylic acid-co-vinylacetate],
polyethyleneimine (PEI}, polyallylamine hydrochloride (PAH) homo- or copolymer,
polyvinylamine homo- or copolymer, or combinations thereof.

The weight average molecular weight M,, of a reactive polymer for forming a reactive LbL
base coating is at least about 10,000 Daltons, preferably at [east about 50,000 Daltons, more
preferably from about 100,000 Daltens to 5,000,000 Daltons.

A solution of a reactive polymer for forming a reactive LbL base coating on contact
lenses can be prepared by dissolving one or more reactive polymers in water, a mixture of water
and one or more organic solvents miscible with water, an organic solvent, or a mixture of one ¢r
more organic solvent. Preferably, the reactive polymer is dissolved in a mixture of water and one
or more organic solvents, an organic solvent, or a mixture of one or more organic solvent. It is
believed that a solvent system containing at least one organic solvent can swell a preformed
SiHy contact lens so that a portion of the reactive polymer may penetrate into the preformed
SiHy contact lens and increase the durability of the reactive base coating. Any organic solvents
described above can be used in preparation of a solution of the reactive polymer, so long as it
can dissolve the reactive polymer.

In another preferred embodiment, a preformed SiHy contact lens comprises inherently
amino groups and/or carboxyl groups on and/or near its surface and is further subjected to a
surface treatment to form a reactive LbL base coating having amino groups andfor carboxyl
groups therein.

In another preferred embodiment (reactive plasma base coating), a preformed SiHy
contact lens is subjected to a plasma treatment to form a covalently-attached reactive plasma
base coating on the contact lens, i.e., polymerizing one or more reactive vinylic monomers (any
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hydrophilic moieties or second polymer chains derived from at least one hydrophilicity-enhancing
agent having at least one reactive functional group selected from the group consisting of amino
group, carboxyl group, thiol group, and combination thereof, wherein the hydrophilic moieties or
second polymer chains are covalently attached to the first polymer chaing through one or more
covalent linkages each formed between one azetitdinium group of the epichlorohydrin-
functionalized polyamine or polyamidoamine and one amino, carboxyl or thiol group of the
hydrophilicity-enhancing agent, and (i) azetidinium groups which are parts of the first polymer
chains or pendant or terminal groups covalently attached to the first polymer chains.

With such a water-soluble and crosslinkable hydrophilic polymeric material, the outer
hydrogel layers {or crosslinked coating) can be formed by simply heating a preformed SiHy
contact lens (having amino and/or carboxyl groups on and/or near the surface of the contact lens,
or a base coating comprising amino and/or carboxyl groups) in an aqueous solution in the
presence of the hydrophilic polymeric material to and at a temperature from about 40°C to about
140°C for a period of time sufficient to covalently attach the hydrophilic polymeric material ento
the surface of the contact lens through covalent linkages each formed between one azetidinium
group of the hydrophilic polymeric material and cne of the amino and/or carboxyl groups on
and/or near the surface of the contact lens, thereby forming a crosslinked hydrophilic coating on
the contact lens. It is understood that any water-soluble and crosslinkable hydrophilic polymeric
material containing crosslinkable groups (e.g., those described above) can be used in the
invention to form the anterior and posterior outer hydrogel layers of a SiHy contact lens.

A water-soluble and thermally-crosslinkable hydrophilic palymeric material containing
azetidinium groups comprises (i.e., has a composition including) from about 20% to about 85%,
preferably from about 35% to about 90%, more preferably from about 50% to about 85%, by
weight of first polymer chains derived from an epichlorohydrin-functionalized polyamine or
polyamidoamine and from about 5% to about 80%, preferably from about 10% to about 65%,
even more preferably from about 15% to about 50%, by weight of hydrophilic moieties or second
polymer chains derived from at least one hydrophilicity-enhancing agent having at least one
reactive functional group selected from the group consisting of amino group, carboxyl group,
thiol group, and combination thereof. The composition of the hydrophilic polymeric material is
determined by the composition {based on the total weight of the reactants) of a reactants mixture
used for preparing the thermally-crosslinkable hydrophilic polymeric material according to the
crosslinking reactions shown in Scheme | above. For example, if a reactant mixture comprises
about 75% by weight of an epichlorohydrin-functionalized polyamine or polyamidoamine and
about 25% by weight of at least one hydrophilicity-enhancing agent based on the total weight of
the reactants, then the resultant hydrophilic polymeric material comprise about 75% by weight of
first polymer chains derived from the epichlorohydrin-functionalized polyamine or
polyamidoamine and about 25% by weight of hydrophilic moieties or second polymer chains

3



3317 2.86 0.50,00,2; 0,2 2-3 221 2.86 2 0,00,0;0,02 2 20 2.86
4

derived from said at least one hydrophilicity-enhancing agent. The azetidinium groups of the
thermally-crosslinkable hydrophilic polymeric material are those azetidinium groups {of the
epichlorohydrin-functionalized polyamine or polyamidoamine) which do not participate in
crosslinking reactions for preparing the thermally-crosslinkable hydrophilic polymeric material.

An epichlorohydrin-functionalized polyamine or polyamidoamine can be obtained by
reacting epichlorohydrin with a polyamine polymer or a polymer containing primary or secondary
amino groups. For example, a poly(alkylene imines} or a poly(amidoamine} which is a
polycondensate derived from a polyamine and a dicarboxylic acid {¢.g., adipic acid-
diethylenetriamine copolymers) can react with epichlorohydrin to form an epichlorohydrin-
functionalized polymer. Similarly, a homopolymer or copolymer of aminoalkyl{meth)acrylate,
mono-alkylaminoalkyl (meth)acrylats, aminoalkyl(meth)acrylamide, or mono-alkylaminoalkyl
(meth)acrylamide can also react with epichlorohydrin to form an epichlorohydrin-functionalized
polyamine. The reaction conditions for epichlorohydrin-functionalization of a polyamine or
polyamidoamine polymer are taught in EP1465931 (herein incorporated by reference in its
entirety). A preferred epichlorohydrin-functionalized polymer is polyaminoamide-epichlorohydrin
(PAE} (or polyamide-polyamine-epichlorohydrin or polyamide-epichlorchydrin), such as, for
example, Kymene® or Polycup® resins (epichlorohydrin-functionalized adipic acid-

diethylenetriamine copolymers) from Hercules or Polycup® or Servamine® resins from

Servo/Delden.

Any suitable hydrophilicity-enhancing agents can be used in the invention so long as they
contain at least one amino group, at least one carboxyl group, and/or at least one thiol group.

A preferred class of hydrophilicity-enhancing agents include without limitation: amino-,
carboxyl- or thiol-containing monosaccharides (e.g., 3-amino-1,2-propanediol, 1-thiolglycerol, 5-
keto-D-gluconic acid, galactosamine, glucosamine, galacturonic acid, gluconic acid, glucosaminic
acid, mannosamine, saccharic acid 1,4-lactone, saccharide acid, Ketodeoxynonulosonic acid, N-
methyl-D-glucamine, f-amino-1-deoxy-B-D-galactose, 1-amino-1-deoxysorhitol, 1-methylamino-
1-deoxysorbitol, N-aminoethy! gluconamide); amino-, carboxyl- or thiol-containing disaccharides
(e.g., chondroitin disaccharide sodium salt, di{B-D-xylopyranosyl)amine, digalacturonic acid,
heparin disaccharide, hyaluronic acid disaccharide, Lactobionic acid); and amino-, carboxyl- or
thiol-containing oligosaccharides (e.g., carboxymethyl-B-cyclodextrin sodium salt, trigalacturonic
acid); and combinations thereof.

Another preferred class of hydrophilicity-enhancing agents is hydrophilic polymers having
one or more amino, carboxyl andfor thiol groups. More preferably, the content of monomeric
units having an amino (~NHR’ with R’ as defined above), carboxy! {(~COOH) and/or thiol {(-SH)
group in a hydrophilic polymer as a hydrophilicity-enhancing agent is less than about 40%,
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preferably less than about 30%, more preferably less than about 20%, even more preferably less
than about 10%, by weight based on the total weight of the hydrophilic polymer.

One preferred class of hydrophilic polymers as hydrophilicity-enhancing agents are
amine- or carboxyl-containing polysaccharides, for example, such as, carboxymethylcellulose
(having a carboxyl content of about 40% or less, which is estimated based on the composition of
repeating units, —=[CgH1p.mOs{CHCOzH)n]— in which mis 1 to 3}, carboxyethylcellulose (having a
carboxyi content of about 36% or less, which is estimated based on the composition of repeating
units, {CeHiomOs({CoHaCO2H)mj— in which m is 1 to 3) carboxypropylcellulose (having a
carboxyl content of about 32% or less, which is estimated based on the composition of repeating
units, —[CeH10.m0Os{CsHaCO:H)m]—, in which mis 1 to 3), hyaluronic acid (having a carboxyl
content of about 11%, which is estimated based on the composition of repeating units,
—(C13H200gNCO:H)—), chondroitin sulfate (having a carboxyl content of about 9.8%, which is
estimated based on the composition of repeating units, —(C12H5013NS COH)}—), or
combinations thereof.

Another preferred class of hydrophilic polymers as hydrophilicity-enhancing agents
include without limitation: poly(ethylene glycol) (PEG) with mono-amino, carboxyl or thiol group
{e.g., PEG-NH;, PEG-SH, PEG-COOHR}; H:N-PEG-NH; HOOC-PEG-COOH; HS-PEG-SH; HaN-
PEG-COOH; HOOC-PEG-SH; HoN-PEG-SH; multi-arm PEG with one or more amino, carboxyl
or thiol groups; PEG dendrimers with one or more amino, carboxyl or thiol groups; a diamino- or
dicarboxyl-terminated homo- or co-polymer of a non-reactive hydrophilic vinylic monomer; a
moncamino- or menocarboxyl-terminated homo- or co-polymer of a non-reactive hydrophilic
vinylic monomer; a copolymer which is a polymerization product of a composition comprising (1)
about 60% by weight or less, preferably from about 0.1% to about 30%, more preferably from
about 0.5% to about 20%, even more preferably from about 1% to about 15%, by weight of one
or more reactive vinylic monomers and (2) at least one non-reactive hydrophilic vinylic monomer
andfor at least one phosphorylcholine-containing vinylic monomer; and combinations thereof.
Reactive vinylic monomer(s) and non-reactive hydrophilic vinylic monomer(s) are those
described previously.

More preferably, a hydrophilic polymer as a hydrophilicity-enhancing agent is PEG-NH,;
PEG-SH; PEG-COOH; HN-PEG-NH,; HOOC-PEG-COQH; HS-PEG-SH; H;N-PEG-COOH;
HOOC-PEG-SH; HN-PEG-SH; multi-arm PEG with cne or more amino, carboxyl or thiol groups;
PEG dendrimers with one or more amino, carboxyl or thiol groups; a monoamingo-,
monocarboxyl-, diamino- or dicarboxyl-terminated homo- or copolymer of a non-reactive
hydrophilic vinylic monomer selected from the group consisting of acrylamide (AAm), N,N-
dimethylacrylamide (DMA), N-vinylpyrrolidone (NVP), N-vinyl-N-methyl acetamide, glycerol
{meth)acrylate, hydroxyethyl (meth)acrylate, N-hydroxyethyl (meth)acrylamide, C-C4-alkoxy
polyethylene glycol {meth)acrylate having a weight average molecular weight of up to 400
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the group consisting of acrylamide, N,N-dimethylacrylamide, N-vinylpyrrolidone, N-vinyl-N-
methyl acetamide, glycerol {meth)acrylate, hydroxyethyl {meth)acrylate, N-hydroxyethyl
(meth)acrylamide, C,-Cs-alkoxy polyethylene glyco! (meth)acrylate having a weight average
molecular weight of up to 400 Daltons, vinyl alcohol, and combination thereof.

Most preferably, the hydrophilicity-enhancing agent as a hydrophilicity-enhancing agent
is PEG-NH,; PEG-SH; PEG-COOH; monoamino-, monocarboxyl-, diamino- or dicarboxyl-
terminated polyvinylpyrrolidone; moncamino-, monocarboxyl-, diamino- or dicarboxykterminated
polyacrylamide; monoamino-, monocarboxyl-, diamino- or dicarboxyl-terminated poly{DMAY);
monoamino- or monocarboxyl-, diamino- or dicarboxyl-terminated poly(DMA-co-NVP);
monoaminc-, monocarboxyl-, diamino- or dicarboxyl-terminated po]y(NVP—co-N,N-
dimethylaminoethyl (meth)acrylate)); mencamino-, monocarboxyl-, diamino- or dicarboxyl-
terminated poly(vinylalcohol); monoamino-, monocarboxyl-, diamino- or dicarboxyl-terminated
poly[{meth)acryloyloxyethyl phosphrylcholine] homopolymer or copolymer; menoamino-,
monocarboxyl-, diamino- or dicarboxyl-terminated poly(NVP-co-vinyl alcohot); monoamino-,
monocarboxyl-, diamino- or dicarboxyl-terminated poly{DMA-co-vinyl alcohol); poly[(meth)acrylic
acid-co-acrylamide] with from about 0.1% to about 30%, preferably from about 0.5% to about
20%, more preferably from about 1% to about 15%, by weight of (meth)acrylic acid;
poly[(meth)acrylic acid-co-NVP) with from about 0.1% to about 30%, preferably from about 0.5%
to about 20%, more preferably from about 1% to about 15%, by weight of {(meth)acrylic acid; a
copolymer which is a polymerization product of a composition comprising (1)
{meth)acryloyloxyethyl phosphorylcholine and (2) from about 0.1% to about 30%, preferably
from about 0.5% to about 20%, more preferably from about 1% to about 15%, by weight of a
carboxylic acid containing vinylic monomer and/or an amino-containing vinylic monomer, and
combination therecf.

PEGs with functional groups and multi-arm PEGs with functional groups can be obtained
from various commercial suppliers, e.g., Polyscience, and Shearwater Polymers, inc., etc.

Monoamino-, monocarboxyl-, diamino- or dicarboxyl-terminated homo- or copolymers of
one or more non-reactive hydrophilic vinylic monomers or of a phosphorylcholine-containing

vinylic monomer can be prepared according to procedures described in U.S. Patent No.
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6,218,508, herein incorporated by reference in its entirety. For example, to prepare a diamino- or
dicarboxyl-terminated homo- or co-polymer of a non-reactive hydrophilic vinylic monomer, the
non-reactive vinylic monomer, a chain transfer agent with an amino or carboxyl group (e.g., 2-
aminoethanethiol, 2-mercaptopropinic acid, thioglycolic acid, thiclactic acid, or other
hydroxymercaptanes, aminomercaptans, or carboxyl-containing mercaptanes) and optionally
other vinylic monomer are copolymerized (thermally or actinically) with a reactive vinylic
monomer (having an amino or carboxyl group), in the presence of an free-radical initiator.
Generally, the molar ratio of chain transfer agent to that of all of vinylic monomers other than the
reactive vinylic monomer is from about 1:5 to about 1:100, whereas the molar ratic of chain
transfer agent to the reactive vinylic monomeris 1:1. In such preparation, the chain transfer
agent with amino or carboxyl group is used to control the molecular weight of the resultant
hydrophilic polymer and forms a terminal end of the resultant hydrophilic polymer so as to
provide the resultant hydrophilic polymer with one terminal amino or carboxyl group, while the
reactive vinylic monomer provides the other terminal carboxyl or amino group to the resultant
hydrophilic polymer. Similarly, to prepare a moncamino- or monocarboxyl-terminated homo- or
co-polymer of a non-reactive hydrophilic vinylic monomer, the non-reactive vinylic monomer, a
chain transfer agent with an amino or carboxyl group (e.g., 2-aminoethanethiol, 2-
mercaptopropinic acid, thioglycolic acid, thiolactic acid, or other hydroxymercaptanes,
aminomercaptans, or carboxyl-containing mercaptanes) and optionally other vinylic monomers
are copolymerized (thermally or actinically) in the absence of any reactive vinylic monomer.

As used in this application, a copolymer of a non-reactive hydrophilic vinylic monomer
refers to a polymerization product of a non-reactive hydrophilic vinylic monomer with one or
more additional vinylic monomers. Copolymers comprising a non-reactive hydrophilic vinylic
monomer and a reactive vinylic monomer (e.g., a carboxyl-containing vinylic monomer) can be
prepared according to any well-known radical polymerization methods or obtained from
commercial suppliers. Copolymers containing methacryloyloxyethy! phosphorylcholine and
carboxyl-containing vinylic monomer can be cbtained from NOP Corporation {e.g., LIPIDURE® -
Aand -AF).

The weight average molecular weight M,, of the hydrophilic polymer having at least one
amino, carboxyl or thiol group (as a hydrophilicity-enhancing agent) is preferably from about 500
to about 1,000,000, more preferably from about 1,000 to about 500,000.

In accordance with the invention, the reaction between a hydrophilicity-enhancing agent
and an epichlorohydrin-functionalized polyamine or polyamidoamine is carried out at a
temperature of from about 40°C to about 100°C for a period of time sufficient {from about 0.3
hour to about 24 hours, preferably from about 1 hour to about 12 hours, even more preferably
from about 2 hours to about 8 hours) to form a water-soluble and thermally-crosslinkable

hydrophilic polymeric material containing azetidinium groups.
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In accordance with the invention, the concentration of a hydrophilicity-enhancing agent
relative to an epichlorohydrin-functionalized polyamine or polyamidoamine must be selected not
to render a resultant hydrophilic polymeric material water-insoluble {i.e., a solubility of legs than
0.005 g per 100 ml of water at room temperature) and not to consume more than about 99%,
preferably about 98%, more preferably about 97%, even more preferably about 96% of the
azetidinium groups of the epichlorohydrin-functionalized polyamine or polyamidoamine.

In accordance with the invention, heating is performed preferably by autoclaving a
preformed SiHy contact lens that comprises amino and/or carboxyl groups on and/or near the
surface of the contact lens, or a base coating comprising amino and/or carboxyl groups and is
immersed in a packaging soluticn (i.e., a buffered aqueous solution) including a water-soluble
thermally crosslinkable hydrophilic polymeric material in a sealed lens package at a temperature
of from about 118°C to about 125°C for approximately 20-90 minutes. In accordance with this
embodiment of the invention, the packaging solution is a buffered aqueous solution which is
ophthalmically safe after autoclave. Alternatively, is performed preferably by autoclaving a
preformed SiHy contact lens, which comprises a base coating and a layer of a water-soluble
thermally crosslinkabe hydrophilic polymeric material on top of the base coating, immersed in a
packaging solution (i.e., a buffered aqueous solution) in a sealed lens package at a temperature
of from about 118°C to about 125°C for approximately 20-90 minutes.

Lens packages {(or containers) are well known to a person skilled in the art for
autoclaving and storing a soft contact lens. Any lens packages can be used in the invention.
Preferably, a lens package is a blister package which comprises a base and a cover, wherein
the cover is detachably sealed to the base, wherein the base includes a cavity for receiving a
sterile packaging solution and the contact lens.

Lenses are packaged in individual packages, sealed, and sterilized (e.g., by autoclave at
about 120°C or higher for at least 30 minutes) prior to dispensing to users. A person skilled in
the art will understand well how to seal and sterilize lens packages.

In accordance with the invention, a packaging solution contains at least one buffering
agent and one or more other ingredients known to a person skilled in the art. Examples of other
ingredients include without limitation, tonicity agents, surfactants, antibacterial agents,
preservatives, and lubricants {or water-soluble viscosity builders) (e.g., cellulose derivatives,
polyvinyl alcohol, polyvinylpyrrolidone).

The packaging solution contains a buffering agent in an amount sufficient to maintain a
pH of the packaging solution in the desired range, for example, preferably in a physiologically
acceptable range of about 6 to about 8.5. Any known, physiologically compatible buffering
agents can he used. Suitable buffering agents as a constituent of the contact lens care
composition according to the invention are known to the person skilled in the art. Examples are
boric acid, borales, e.g. sodium borate, citric acid, citrates, e.g. potassium citrate, bicarbonates,
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e.q. sodium bicarbonate, TRIS (2-amino-2-hydroxymethyl-1,3-propanediol), Bis-Tris (Bis-(2-
hydroxyethyl)-imino-tris-{hydroxymethyl}-methane), bis-aminopolyols, triethanolamine, ACES (N-
{2-hydroxyethyl}-2-aminoethanesulfonic acid), BES (N,N-Bis(2-hydroxyethyl)-2-
aminoethanesulfonic acid), HEPES (4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid), MES
{2-(N-morpholino}ethanesulfonic acid), MOPS (3-[N-morphalina]-propanesulfonic acid), PIPES
(piperazine-N,N'-bis{2-ethanesulfonic acid), TES (N-[Tris(hydroxymethyl)methyl]-2-
aminoethanesulfonic acid), salts thereof, phosphate buffers, e.g. Na;HPO,, NaHPQ,, and
KH,PO. or mixtures thereof. A preferred bis-aminopolyol is 1,3-bis(tris[hydroxymethyl]-
methylamino)propane (bis-TRIS-propane). The amount of each buffer agent in a packaging
solution is preferably from 0.001% to 2%, preferably from 0.01% to 1%; most preferahly from
about 0.05% to about 0.30% by weight.

The packaging soluticn has a tonicity of from about 200 to about 450 milliosmol (mOsm),
preferably from about 250 to about 350 mOsm. The tonicity of a packaging solution can be
adjusted by adding organic or inorganic substances which affect the tonicity. Suitable ocularly
acceptable tonicity agents include, but are not limited to sodium chloride, potassium chioride,
glycerol, propylene glycol, polycls, mannitols, sorbitol, xylitol and mixtures thereof.

A packaging solution of the invention has a viscosity of from about 1 centipoise to about
20 centipoises, preferably from about 1.2 centipoises to about 10 centipoises, more preferably
from about 1.5 centipoises to about 5 centipoises, at 25°C.

In a preferred embodiment, the packaging solution comprises preferably from about
0.01% to about 2%, more preferably from about 0.05% to about 1.5%, even more preferably
from about 0.1% to about 1%, most preferably from about 0.2% to about 0.5%, by weight of a
water-soluble and thermally-crosslinkable hydrophilic polymeric material of the invention.

A packaging solution of the invention can contain a viscosity-enhancing polymer, The
viscosity-enhancing polymer preferably is nonionic. Increasing the solution viscosity provides a
film on the lens which may facilitate comfortable wearing of the contact lens. The viscosity-
enhancing component may also act to cushion the impact on the eye surface during insertion
and serves also to alleviate eye irritation,

Preferred viscosity-enhancing polymers include, but are not limited to, water soluble
cellulose ethers {e.g., methyl cellulose (MC}), ethyl cellulose, hydroxymethylcellulose,
hydroxyethyl cellulose (HEC), hydroxypropyleellulose (HPC), hydroxypropylmethyl cellulose
(HPMG), or a mixture thereof), water-soluble polyvinylalcohols (PVAs), high molecular weight
poly{ethylene oxide} having a molecular weight greater than about 2000 (up to 10,060,000
Daltons), polyvinyipyrrolidone with a molecular weight of from about 30,000 daltons to about
1,000,000 daltons, a copolymer of N-vinylpyrrolidone and at least one dialkylaminoalkyl
(meth)acrylate having 7-20 carbon atoms, and combinations thereof. Water soluble cellulose
ethers and copolymers of vinylpyrrolidone and dimethylaminoethylmethacrylate are most
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The test | enses show no debris adhesion after being rubbed agai nst
paper towel. The | enses had a WBUT of above 10 seconds. \Wen observed
under dark foiled m croscope, cracking lines are not visible after
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0-2: Lens fornulation wth UV-absorbing pol ysil oxane prepol yner (4%
DVA) In a 100 nL anmber flask, 24.250 g of nmacroner solution
prepared above (43.92% in ethyl acetate) is added. In a50 niL vial,
0.15 g of TPO and 0.75 g of DMPC is dissolved in 20 g of 1- propanol
and then transferred to the macroner solution. 20 g of solvent is
pull ed off using rotavap at 30 C, followed by addition of 20 g of
1-propanol. After two cycles, the mxture is concentrated to 14. 40g.
0.6 g of DVA is added to this m xture and the formulation is
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In another preferred embodiment, a hydrated SiHy contact lens of the invention

rs

-

l{?s SCﬁlgEdsln 8)8 gl

comprises an inner layer of the silicone hydrogel material, an anterior outer hydrogel layer, and a
posterior outer hydrogel layer, wherein the anterior and posterior outer hydrogel layers are
substantially uniform in thickness and merge at the peripheral edge of the contact lens to
completely enclose the inner layer of the silicone hydrogel material. It is understood that the first
and second oufer zones in the cross-sectional surface modulus profile correspond to the two
outer hydrogel layers while the inner zone corresponds to the inner layer of the silicone hydrogel
material. All of the various embodiments of the outer hydrogel layers (crosslinked coating) as
described above for the other aspect of the invention can be used, alone or in any combination,
in this aspect of the invention as the outer hydrogel layers. All of the various embodiments of the
inner layer of a silicone hydrogel material as described above for the other aspect of the
invention can be used, along or in any combination, in this aspect of the invention as the inner
layer of the silicone hydrogel material.
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In accordance with this aspect of the invention, the outer hydrogel layers are
substantially uniform in thickness and have a thickness of at least about 0.1 pm, preferably from
about 0.1 ym to about 20 pm, more preferably from about 0.25 pm to about 15 pm, even more
preferably from about 0.5 pm to about 12.5 pm, most preferably from about 1 pm to about 10 pm.
The thickness of each outer hydrogel layer of a SiHy contact lens of the invention is determined
by AFM analysis of a cross section of the SiHy contact lens in fully hydrated state as described
above. In a more preferred embodiment, the thickness of each outer hydrogel layer is at most
about 30% (i.e., 30% or less), preferably at most about 20% (20% or less), more preferably at
most about 10% (10% or less) of the center thickness of the SiHy contact lens in fully hydrated
state. In addition, each of the two outer hydrogel layers is substantially free of silicone (as
characterized by having a silicon atomi¢ percentage of about 5% or less, preferably about 4% or
less, even more preferably about 3% or less, of total elemental percentage, as measured by
XPS analysis of the contact lens in dried state), preferably totally free of silicone. It is understood
that a small percentage of silicone may be optionally {but preferably not) incorporated into the
polymer network of the outer hydrogel layer so long as it would not significantly deteriorate the
surface properties {hydrophilicity, wettability, and/or lubricity) of a SiHy contact lens.

In another preferred embodiment, the two outer hydroge! layers of a hydrated SiHy
contact lens of the invention comprise a water content higher than the water content (designated
WC,ens) Of the hydrated silicone hydrogel contact lens and more specifically must be at least
about 1.2 folds (i.e., 120%) of WC\eps. It is believed that the water-sweliing ratio of each outer
hydrogel layer can represent approximately the water content of the outer hydrogel layer as
discussed above. Where WC,s is about 45% or less, the water-swelling ratio of each outer
hydrogel layer is preferably at least at least about 150%, more preferably at least about 200%,
more preferably at least about 250%, even more preferably at least about 300%. Where WC ans
is higher than 45%, the water-swelling ratio of each outer hydrogel layer is at least about

200 W 130e WC, 140 WC,
LC—’EE-%, preferably about —.——ﬂ% , more preferably about —~'——L933-%,
1-WC, . 1-WC, . 1-WC, ...
1508 WC
even more preferably about Tf—ﬂ%. In alternatively preferred embodiments, where

Tens

WCyens is about 55% or less, the water-swelling ratio of each outer hydrogel layer is at least
about 150%; where WC,eqs is about 60% or less, the water-swelling ratio of each outer hydrogel
layer is at least about 200%; where WC |, is about 65% or less, the water-swelling ratio of each
outer hydrogel layer is at least about 250%; where WG ens WCiens is about 70% or less, the
water-swelling ratio of each outer hydrogel layer is at least about 300%.

Preferably, the SiHy contact lens further comprises a transition layer located hetween the
silicone hydregel material and the outer hydrogel layer. All of the various embodiments of the
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-- 0.3%-- - nPEG SH, Ma=10000 -- -- - 0.2%- Pol y( MPC- Co- AeMAp)
(90/10) -- -- - 0.2% Lens formul ation 0-1 prepared in Exanple
17 is nodified by addition of the APMAA HCI nononer (stock solution
of APMVA-HCL in 1:1 methanol: propanol) and cured at 16mWcn2 with
330nmfilter. Lens Fornulations D-2 and D-3 prepared in Exanple 17
are nodified by addition of the APMAA-HCI nononer and cured at
4.6mMNcn2 with 380nmfilter. DSM | enses. Fenal e portions of

pol ypropyl ene lens nolds are filled with about 75 microliters of a
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material) described above can be used, alone or in any combination, in this aspect of the
invention as the silicone hydrogel core. All of the various embodiments as described above for
the previous aspect of the invention can be used, alone or in any combination, in this aspect of
the invention.

It should be understood that although in this aspect of the invention various embodiments
including preferred embodiments of the invention may be separately described above, they can
be combined and/or used together in any desirable fashion to arrive at different embodiments of
a silicone hydrogel contact lenses of the invention. All of the various embodiments described
above for the previous aspect of the invention can be used alone or in combination in any
desirable fashion in this aspect of the invention.

In a further aspect, the invention provides a hydrated silicone hydrogel contact lens, A
hydrated silicone hydrogel contact lens of the invention comprises: a silicone hydrogel material
as bulk material, an anterior surface and an opbosite posterior surface; wherein the contact lens
has (1) an oxygen trangmissibility of at least about 40, preferably at |east about 60, more
preferably at least about 80, even more preferably at least about 110 barrers/mm, and (2) a
surface lubricity characterized by having a critical coefficient of friction {designated as CCOF) of
about 0.046 or less, preferably about 0.043 or less, more preferably about 0.040 or less, wherein

" the anterior and posterior surfaces have a low surface concentration of negatively-charged
groups including carboxylic acid groups as characterized by attracting at most about 200,
preferably at most about 160, more preferably at most about 120, even more preferably at most
about 90, most preferably at most about 60 positively-charged particles in positively-charged-
particles-adhesion test.

In a preferred embodiment, the hydrated silicone hydrogel contact lens has an elastic
modulus (or Young's Modulus) of from about 0.3 MPa to about 1.8 MPa, preferably from about
0.4 MPa to about 1.5 MPa, more preferably from about 0.5 MPa to about 1.2 MPa; a water
content of from about 10% to about 75%, preferably from about 10% to about 70%, more
preferably from about 15% to about 65%; even more preferably from about 20% to about 60%,
most preferably from about 25% to about 55% by weight; a surface wettability characterized by
having an averaged water contact angle of about 90 degrees or less, preferably about 80
degrees or less, more preferably about 70 degrees or less, even more preferably about 60
degrees or less, most preferably about 50 degrees or less; a surface hydrophilicity characterized
by having a WBUT of at least about 10 seconds; or combinations thereof,
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formul ati on prepared as above in a reusable nold, simlar to the nold
shown in Figs. 1-6 in U S. patent Nos. 7,384,590 and 7,387, 759 (Figs.
1-6). The nold conprises a female nold half nade of CaF2 and a nal e
nol d hal f made of PMVA. The UV irradiation source is a Hanmamatsu | anp
with a 380 nmcut-off filter at an intensity of about 4.6 mA\ lcn®.
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inner layer of a silicone hydrogel material as described above for the other aspect of the
invention can be used, alone or in any combination, in this aspect of the invention as the inner
layer of the silicone hydrogel material.

In accordance with this aspect of the invention, the outer hydrogel layers are
substantially uniform in thickness and have a thickness of at least about 0.1 pm, preferably from
about 0.1 pm to about 20 ym, more preferably from about 0.25 pm to about 15 pm, even more
preferably from about 0.5 pm to about 12.5 ym, most preferably from about 1 um to about 10 pm.
The thickness of each outer hydrogel layer of a SiHy contact lens of the invention is determined
by AFM analysis of a cross section of the SiHy contact lens in fully hydrated state as described
above. In a more preferred embodiment, the thickness of each outer hydrogel layer is preferably
at most about 30% (i.e., 30% or less), preferably at most about 20% (20% or less), more
preferably at most about 10% (10% or less) of the center thickness of the SiHy contact lens in
fully hydrated state. In addition, each of the two outer hydrogel layers is substantially free of
silicone {as characterized by having a silicon atomic percentage of about 5% or less, preferably
about 4% or less, even more preferably about 3% or less, of total elemental percentage, as
measured by XPS analysis of the contact lens in dried state), preferably totally free of silicone. It
is understood that a small percentage of silicone may be optionally (but preferably not}
incorporated into the polymer network of the outer hiydrogel layer so long as it would not
significantly deteriorate the surface properties (hydrophilicity, wettability, and/or lubricity) of a
SiHy contact lens. To have a low surface concentration of negatively charged groups (e.q.,
carboxylic acid groups), the anterior and posterior outer hydrogel layers should have a relatively
low carboxylic acid content. Preferably the anterior and posterior outer hydrogel layers have a
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carboxylic acid content of about 20% by weight or less, preferably about 15% by weight or less,
even more preferably about 10% by weight or less, most preferably about 5% by weight or less.
In another preferred embodiment, the two outer hydrogel layers of a hydrated SiHy
contact lens of the invention comprise a water content higher than the water content {designated
WC,\ens) Of the hydrated silicone hydrogel contact lens and more specifically must be at least
about 1.2 folds (i.e., 120%) of the water content (WCyens) of the hydrated silicone hydrogel
contact lens. 1t is believed that the water-swelling ratio of each outer hydrogel layer can
represent approximately the water content of the outer hydrogel layer as discussed above.
Where WC, . is about 45% or less, the water-swelling ratio of each outer hydrogel layer is
preferably at least at least about 150%, more preferably at least about 200%, more preferably at
least about 250%, even more preferably at least about 300%. Where WG, .5 is higher than 45%,
120 WC

the water-swelling ratio of each outer hydrogel layer is at least about TC'"‘% preferably
- Lens

130e WC 140eWC
about — o Lens g, , more preferably about J%, gven more preferably about
1-WC 1-WC

Lens Lens

%%. In alternatively preferred embodiments, where WC\ s is about 55% or less, the
water-swelling ratio of each outer hydrogel layer is at least about 150%; where WCy.,. is about
60% or less, the water-swelling ratio of each outer hydrogel layer is at least about 200%; where
WC\ens is about 6§5% or less, the water-swelling ratio of each outer hydrogel layer is at least
about 250%; where WC, s is about 70% or less, the water-swelling ratio of each outer hydrogel
layer is at least about 300%.

In another preferred embodiment, the anterior and posterior cuter hydrogel layers
independent of each other have a reduced surface modulus of at least about 20%, preferably at
least about 25%, more preferably at least about 30%, even more preferably at least about 35%,
most preferably at least about 40%, relative to the inner fayer.

Preferably, the SiHy contact lens further comprises a transition layer located between the
silicone hydrogel material and the outer hydrogel layer. All of the various embodiments of the
transition layer as described for the previous aspect of the invention can be used, alone or in any
combination, in this aspect of the invention.

A hydrated SiHy contact lens of the invention can be prepared according to the methods
described above. All of the various embodiments of the inner layer (i.e., silicone hydrogel
material) described above can be used, alone or in any combination, in this aspect of the
invention as the silicone hydrogel core. All of the various embodiments as described above for
the previous aspect of the invention can be used, alone or in any combination, in this aspect of

the invention.
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It should be understood that although in this aspect of the invention various embodiments
including preferred embodiments of the invention may be separately described above, they can
be combined and/or used together in any desirable fashion to arrive at different embodiments of
a silicone hydrogel contact lenses of the invention. All of the various embodiments described
above for the previous aspect of the invention can be used alone or in combination in any
desirable fashicn in this aspect of the invention.

The previous disclosure will enable one having ordinary skill in the art to practice the
invention. Various modifications, variations, and combinations can be made to the varicus
embodiment described herein. In order to better enable the reader to understand specific
embodiments and the advantages thereof, reference to the following examples is suggested. It is
intended that the specification and examples be considered as exemplary.

Although various aspects and various embodiments of the invention have been
described using specific terms, devices, and methods, such description is for illustrative
purposes only. The words used are words of description rather than of limitation. 1t is to be
understood that changes and variations may be made by those skilled in the art without
departing from the spirit or scope of the present invention, which is set forth in the following
claims. In addition, it should be understood that aspects of the various embodiments may be
interchanged either in whole or in part or can be combined in any manner and/or used together.
Therefore, the spirit and scope of the appended claims should not be limited to the description of
the preferred versions contained therein.

Example 1

Oxygen Permeability Measurements

The apparent oxygen permeability of a lens and oxygen transmissibility of a lens material
is determined according to a technique similar to the one described in U.S. Patent No. 5,760,100
and in an article by Winterton et al., (The Cornea: Transactions of the World Congress on the
Cornea 111, H.D. Cavanagh Ed., Raven Press: New York 1988, pp273-280), both of which are
herein incorporated by reference in their entireties. Oxygen fluxes {J) are measured at 34°C in a
wet cell (i.e., gas streams are maintained at about 100% relative humidity) using a Dk1000
instrument (available from Applied Design and Development Co., Norcross, GA), or similar
analytical instrument. An air stream, having a known percentage of oxygen (e.g., 21%), is
passed across one side of the lens at a rate of about 10 to 20 cm® /min., while a nitrogen stream
is passed on the opposite side of the lens at a rate of about 10 to 20 cm® /min. A sample is
equilibrated in a test media (i.e., saline or distilled water) at the prescribed test temperature for at
least 30 minutes pricr to measurement but not more than 45 minutes. Any test media used as
the overlayer is equilibrated at the prescribed test temperature for at least 30 minutes prior to
measurement but not more than 45 minutes. The stir motor’s speed is set to 1200+50 rpm,



361095 4 5-102 32 1062 D3 w 1% APMAA 2 9 3-4 103 3 14 2-3 91

corresponding to an indicated setting of 400115 on the stepper motor controller. The barometric
pressure surrounding the system, Preasures, I8 measured. The thickness (t) of the lens in the area
being exposed for testing is determined by measuring about 10 locations with a Mitotoya
micrometer VL-50, or similar instrument, and averaging the measurements. The oxygen
concentration in the nitrogen stream {i.e., oxygen which diffuses through the lens) is measured
using the DK1000 instrument. The apparent oxygen permeability of the lens material, Dkapg, is
determined from the following formula:

DKapp =Jt/(Poxygen)
where J=oxygen flux [microliters O /em? -minute]

Poxygen =(Pmeasured ~Puwater Vapory=(%0Oz in air stream) [mm Hgl=partial pressure of oxygen
in the air stream

Preasures =barometric pressure (mm Hg)

Puaer vapor =0 mm Hg at 34 °C (in a dry cell} {mm Hg)

Puwater vapor =40 mm Hg at 34 °C (in a wet cell) (mm Hg)

t=average thickness of the lens over the exposed test area (mm)

Dkapp is expressed in units of barrers.

The apparent oxygen transmissibility (Dk /t) of the material may be calculated by dividing
the apparent oxygen permeability (Dkapp) by the average thickness (t) of the lens.

The above described measurements are not corrected for the so-called boundary layer
effect which is attributable fo the use of a water or saline bath on top of the contact lens during
the oxygen flux measurement. The boundary layer effect causes the reported value for the
apparent Dk of a silicone hydrogel material to be lower than the actual intrinsic Dk value. Further,
the relative impact of the boundary layer effect is greater for thinner lenses than with thicker
lenses. The net effect is that the reported Dk appear to change as a function of lens thickness
when it should remain constant.

The intrinsic Dk value of @ lens can be estimated based on a Dk value corrected for the
surface resistance to oxygen flux caused by the boundary layer effect as follows.

Measure the apparent oxygen permeability values (single point) of the reference
lotrafilcon A (Focus® N&D® from CIBA VISION CORPORATION) or lotrafilcon B (AirOptix™
from CIBA VISION CORPORATION) lenses using the same equipment. The reference lenses
are of similar optical power as the test lenses and are measured concurrently with the test
lenses.

Measure the oxygen flux through a thickness series of lolrafilcon A or lotrafilcon B
(reference) lenses using the same equipment according to the procedure for apparent Dk
measurements described above, lo obtain the intrinsic Dk value {Dk;) of the reference lens. A
thickness series should cover a thickness range of approximately 100 pm or more. Preferably,
the range of reference lens thicknesses will bracket the test lens thicknesses. The Dkgpp Of
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F* Si Prefornmed (without coating) 58.0 6.2 23.0 0.8 12.1 Wth PAA
coating 48.9 1.6 42.1 2.9 4.5 Wth crosslinked coating 59.1 10.8 25.4
3.2

Tests of coating durability. The lenses are digitally rubbed with Solo-care® multi-purpose lens
care solution for 30 times and then rinsed with saline. The above procedure is repeated for a
given times, e.g., from 1 to 30 times, (i.e., number of consecutive digital rubbing tests which
imitate cleaning and soaking cycles). The lenses are then subjected to Sudan Black test {i.e.,
coating intactness test described above) to examine whether the coating is still intact. To survive
digital rubbing test, there is no significantly increased staining spots (e.g., staining spots
covering no more than about 5% of the total lens surface). Water contact angles are measured
to determine the coating durability.

Determination of azetidinium content. The azetidinium content in PAE can be determined
according to one of the following assays.

PPVS assays. PAE charge density (i.e., azetidinium content) ¢can be determined
according to PPVS assay, a colorimetric titration assay where the titrant is potassium vinyl
sulfate (PPVS) and Toluidine Blue is the indicator, See, 5-K Kam and J. Gregory, “Charge
determination of synthetic cationic polyelectrolytes by colloid titration,” in Colloid & Surface A:
Physicochem. Eng. Aspect, 159: 165-179 (1999). PPVS hinds positively-charged species, e.g.,
Toluidine Blue and the azetidinium groups of PAE. Decreases in Toluidine Blue absorbance
intensities are indicative of proportionate PAE charge density {azetidinium content).

PES-Na Assay. PES-Na assay is another colorimetric titration assay for determining
PAE charge density (azetidinium content). In this assay, the titrant is Sodium-
polyethylensulphonate (FES-Na) instead of PPVS. The assay is identical to the PPVS assay
described above.

PCD assays. PCD assay is a potentiometric titration assay for determining PAE charge
density (azetidinium content). The titrant is Sodium-polyethylensulphonate (PES-Na), PPVS or
other titrant. PAE charge is detected by an electrode, for example using the Mitek PCD-04
Particle Charge Detector from BTG. The measuring principle of this detector can be found in
BTG's website http:/fwww.btg.com/products.asp?langage=18&appli=5&numProd=357 &cat=prod).

NMR method. The active positively charged moiety in PAE s the azetidinium group
{AZR). The NMR ratio method is a ratio of the number of AZR group-specific protons versus the
number of non-AZR related protons. This ratio is an indicator of the charge or AZR density for
PAE.

Debris Adhesion Test. Contact lenses with a highly charged surface can be susceptible to
increased debris adhesion during patient handling. A paper towel is rubbed against gloved
hands and then both sides of the lens are rubbed with the fingers to transfer any debris to the
lens surface. The lens is briefly rinsed and then observed under a microscope. A qualitative
rating scale from 0 (no debris adhesion) to 4 (debris adhesion equivalent to a PAA coated
control lens) is used to rate each lens. Lenses with a score of "0" or “1" are deemed to be
acceptable,
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1.4 *. Fluorine is detected, nostly like y from surface

contami nation during vacuumdrying process XPS anal ysis Tabl e
6 shows that when a PAA coating is applied onto a SiHy |lens
(prefornmed without coating), the silicon atonmic conposition is
substantially reduced (from12.1%to 4.5% and the nitrogen atom c
conposition is also reduced (from6.2%to 1.6% . Wen a crosslinked
coating is further applied onto the PAA coating, the surface
conposition is predom nated by carbon, nitrogen and oxygen, which are
the three atom c conposition (excluding hydrogen because XPS does not
count hydrogen in the surface conposkarp@® . Such results indicate
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hydroxyethoxypropyl)- polydlmethylsﬂoxane (Mn = 3000, Shin-Etsu, KF-6002) and 50 g of dry
MEK are added dropwise to the IPDI-PDMS-IPDI solution to which has been added an
additional 0.063 g of DBTDL. The reactor is held for 4.5 h at about 40° C, forming HO-PDMS-
IPDI-PDMS-IPDI-PDMS-0OH. MEK is then removed under reduced pressure. In the third step,
the terminal hydroxyl-groups are capped with methacryloyloxyethyl groups in a third step by
addition of 7.77 g of isocyanatoethylmethacrylate (IEM) and an additional 0.063 g of DBTDL,
forming IEM-PDMS-IPDI-PDMS-IPEI-PDMS-IEM (i.e., CE-PDMS terminated with methacrylate
groups).
Alternate Preparation of CE-PDMS Macromer with Terminal Methacrylate Groups

240.43 g of KF-6001 is added into a 1-L reactor equipped with stirring, thermomster,
cryostat, dropping funnel, and nitrogen/vacuum inlet adapter, and then dried by application of
high vacuum (2x102 mBar). Then, under an atmosphere of dry nitrogen, 320 g of distilled MEK
is then added into the reactor and the mixture is stirred thoroughly. 0.235 g of DBTDL is added
to the reactor, After the reactor is warmed to 45°C, 45.86 g of IPDI are added through an
addition funnel over 10 minutes to the reactor under moderate stirring. The reaction is kept for 2
hours at 60°C. 630 g of KF-6002 dissolved in 452 g of distilled MEK are then added and stirred
until a homogeneous solution is formed. About 0.235 g of DBTDL is added, and the reactor is
held at about 55°C overnight under a blanket of dry nitrogen. The next day, MEK is removed by
flash distillation. The reactor is cooled and 22.7 g of IEM are then charged to the reactor
followed by about 0.235 g of DBTDL. After about 3 hours, an additional 3.3 g of IEM are added
and the reaction is allowed to proceed overnight. The following day, the reaction mixture is
cooled to about 18°C to obtain CE-PDMS macromer with terminal methacrylate groups.

Example 3
Preparation of Lens Formulations
A lens formulation is prepared by dissolving compaonents in 1-propancl to have the
following composition: 33% by weight of CE-PDMS macromer prepared in Example 2, 17% by
weight of N-[tris(trimethylsiloxy)-silylpropyljacrylamide (TRIS-Am), 24% by weight of N,N-
dimethylacrylamide (DMA), 0:5% by weight of N-(carbonyl-methoxypolyethylene glycol-2000)-
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N&D(r) Aqua TM68.4 9.1 18.6 1.5 2.4 Air Optix@Aqua TM67.7 9.9 18.2
1.9 2.4 PureVision(r) 58.2 6.9 26.0 1.1 7.9

1,2-disteacyi-sn-glycero-3-phosphoethanolamin, sodium salt) (L-PEG), 1.0% by weight Darocur
1173 (DC1173), 0.1% by weight of visitint (5% copper phthalocyanine blue pigment dispersion in
tris(trimethylsiloxy)silylpropylmethacrylate, TRIS), and 24.5% by weight of 1-propanol.
Preparation of Lenses

Lenses are prepared by cast-maolding from the lens formulation prepared above in a
reusable mold, similar to the mold shown in Figs. 1-6 in U.S. patent Nos.7,384,590 and
7,387,759 (Figs. 1-6). The mold comprises a female mold half made of CaF, and a male mold
half made of PMMA, The UV irradiation source is a Hamamatsu lamp with the WG335 +TM297
cut off filter at an intensity of about 4 mW /em?. The lens formulation in the mold is irradiated with
UV irradiation for about 25 seconds. Cast-molded lenses are extracted with isopropanol (or
methyl ethyl ketone, MEK), rinsed in water, coated with polyacrylic acid (PAA) by dipping lenses
in a propanol solution of PAA (0.1% by weight, acidified with formic acid to about pH 2.5), and
hydrated in water. Resultant lenses having a reactive PAA-LbL base coating thereon are
determined to have the following properties: ion permeability of about 8.0 to about 9.0 relative to
Alsacon lens material; apparent Dk (single point) of about 90 to 100; a water content of about 30%
to about 33%; and a bulk elastic modulus of about 0.60 MPa to about 0.65 MPa.

Example 4

An in-package coating (IPC) saline is prepared by adding 0.2% polyamidoamine-
epichlorohydrin (PAE) Kymene from Ashland as an aqueous solution and used as received,
azetidiniurn content of 0.46 assayed with NMR) in phosphate buffer saline (FBS hereinafter)
(about 0.044 wiw% NaH;PO4H,0, about 0.388 wiw/% NaHPO,-2H,0, about .79 w/w% NaCl)
and the pH is then adjusted to 7.2-7 4.

Lenses from Example 3 are placed in a polypropylene lens packaging shell with 0.6 mL
of the IPC saline (half of the IPC saline is added prior to inserting the lens). The blister is then
sealed with foil and autoclaved for about 30 minutes at 121°C, forming crosslinked coatings
(PAA-x-PAE coating) on the lenses.

Then the lenses are evaluated for debris adhesion, surface cracking, lubricity, contact
angle and water break-up time (WBUT). The test lenses (packaged/autoclaved in the IPC saline,
i.e., lenses having PAA-x-PAE coating thereon) show no debris adhesion after being rubbed
against a paper towel while control lenses (packaged/autociaved in PBS, i.e., lenses having a
PAA-LbL base coating thereon} show severe debris adhesion. The water contact angle (WCA)
of the test lenses is low (~20 degrees) but the WBUT is less than 2 seconds. When observed
under dark field microscope, severe cracking lines are visible after handling the lens {lens
inversion and rubbing between the fingers). The test lenses are much less lubricous than the
control lenses as judged by a qualitative finger-rubbing test.
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PremoTM 61.1 6.9 23.6 1.8 6.6 Acuvue(r) Advance(r) 61.1 4.9 24.9 0.7
8.4 Acuvue(r) OwW s(r) 61.5 5.0 24.4 0.6 8.5 TruEveTM

Example 5

Poly{acrylamide-co-acrylic acid) {or PAAM-PAA or poly(AAm-co-AA) or p(AAM-co-AA))
partial sodium salt { ~80% solid content, Poly(AAm-co-AA){ 80/20), Mw, 520,000, Mn 150,000) is
purchased from Aldrich and used as received. .

An IPC saline is prepared by dissolving 0.02% of Poly(AAm-co-AAY80/20) and 0.2% of
PAE (Kymene from Ashland as an aqueous solution and used as received, azetidinium content
of 0.46 assayed with NMR) in PBS. The pH is adjusted to 7.2~7.4. PBS is prepared by
dissolving 0.76% NaCl, 0.044% NaH,PO4-H.0 and 0.388% Na,HPQO42H,0 in water.

Lenses having a PAA-LbL base coating thereon prepared in Example 3 are placed in a
polypropylene lens packaging shell with 0.6 mL of the IPC saline-(hah‘ of the saline is added prior
to inserting the lens). The blister is then sealed with foil and autoclaved for about 30 minutes at
about 121°C. It is believed that a crosslinked coating composed of three tayers PAA-x-PAE-x-
poly(AAm-co-AA) is formed on the lenses during autoclave.

The test lenses (packaged/autoclaved in the [PC saline, i.e., lenses having PAA-x-PAE-
*x-poly{AAm-co-AA) crosslinked coating thereon) have no debris adhesion after being rubbed
against a paper towel. The test lenses have a WBUT of longer than 10 seconds. When observed
under dark field microscope, cracking lines are visible after rubbing the test lenses. The test
lenses are much more lubricous than the test lenses from Example 4 but still not as lubricous as

the control lenses packaged in PBS.

Example 6

An IPC saline is prepared by dissolving 0.02% of poly(AAm-co-AA) (80/20) and 0.2% of
PAE (Kymene from Ashland as an aqueous solution and used as received, azetidinium content
of 0.46 assayed with NMR) in PBS and adjusting the pH to 7.2~7.4, Then the saline is then
treated by heating to and at about 70°C for 4 hours (heat pre-treatment). During this heat
pretreatment, poly(AAm-co-AA) and PAE are partially crosslinked between each other (i.e., not
consuming all azetidinium groups of PAE) to form a water-soluble and thermally-crosslinkable
hydrophilic polymeric material containing azetidinium groups within the branched polymer
network in the IPC saline. After the heat pre-treatment, the final IPC saline is filtered using a
0.22micron polyether sulphone (PES) membrane filter and cooled down back to room
temperature.

Lenses having a PAA-LbL base coating thereon prepared in Example 3 are placed in a
polypropylene lens packaging shell with 0.6 mL of the IPC saline {half of the saline is added prior
to inserting the lens). The blister is then sealed with foil and autoclaved for about 30 minutes at
about 121°C, forming a crosslinked coating (PAA-x-hydrophilic polymeric material) on the lenses.

The test lenses (packaged in the heat-pretreated IPC saline, i.e., lenses having PAA-x-
hydrophilic polymeric material coating thereon) show no debris adhesion after being rubbed
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against paper towel while the control lenses {packaged in PBS, i.e., lenses having a non-
covalently attached layer of PAA thereon) show severe debris adhesion. The test lenses have a
WBUT of longer than10 seconds. When observed under dark field microscope, no cracking lines
are visible after rubbing the test lens. The test lenses are very lubricious in a finger rubbing test
and equivalent to the control lenses.

A series of experiments are carried out to study the effects of the conditions (duration
and/or temperature) of heat pre-treatment of the IPC saline upon the surface properties of
resultant lenses coated with the IPC saline. Heat treatment times of about 6 hours or longer at
about 70°C result in lenses that are susceptible to debris adhesion similar to the control lenses.
Itis believed that longer preheating treat may consume most azetidinium groups and as such
numbers of azetidinium groups left in the branched polymer network of the resultant water-
soluble polymeric material are insufficient to attach the polymeric material to the PAA coating.
Heat treatment for only 4 hours at 50°C results in lenses that show surface cracking lines under
dark field microscopy after being rubbed between the fingers similar to the test lenses in
Example 5 where the IPC saline is not heat pre-treated. It is believed that shorter preheating
treat may consume a small amount azetidinium groups and as such numbers of azetidinium
groups left in the branched polymer network of the resultant water-soluble polymeric material are
high so that the resultant crosslinked coating (PAA-x-hydrophilic polymeric material) on the
lenses may have too high crosslinking density.

Example 7

Poly(acrylamide-co-acrylic acid) partial sodium salt { ~90% solid content, poly{AAm-co-
AA) 90/10, Mw 200,000) is purchased from Polysciences, Inc. and used as received.

An IPC saline is prepared by dissolving 0.07% of PAAM-PAA (90/10) and 0.2% of PAE
(Kymene from Ashland as an aqueous solution and used as received, azetidinium content of
0.46 assayed with NMR} in PBS and adjusting the pH to 7.2~7.4. Then the saline is heat pre-
treated for about 4 hours at about 70°C (heat pre-treatment). During this heat pretreatment,
poly{AAm-co-AA) and PAE are partially crosslinked to each other (i.e., not consuming all
azetidinium groups of PAE) to form a water-soluble and thermally-crosslinkable hydrophilic
polymeric material containing azetidinium groups within the branched polymer natwork in the
[PC saline. After the heat pre-treatment, the IPC saline is filtered using a 0.22micron polyether
sulphone [PES] membrane filter and cooled down back to room temperature.

Lenses having a PAA-LbL base coating thereon prepared in Example 3 and uncoated
Lotrafilcon B lenses (from CIBA VISION CORPORATION) that are dipped into an acidic
propanol solution of PAA (ca. 0.1%, pH ~ 2.5) are placed in a polypropylene lens packaging
shells with 0.6 mL of the heat-pretreated IPC saline (half of the IPC saline is added prior to
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PureVision(r) (with plasnma oxidation) and Prem otm (w th unknown
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pl asma- deposited coating having a thickness of about 25 nm (N&D(r)
AquaTM and Air Opti x0 AquaTm). This very |low value of Si%is
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Application of crosslinked coating. Lenses havi ng a PAA-LbL
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tests in this exanple. It can be assuned that the outer coating |ayer
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Lenses havi ng a PAA- base coating thereon prepared above are pl aced
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Dry Weight for 5 lens) Water Content% Average Std. Dev. Average Std.
Dev. Average Std. Day. tst Goup 0.144 0.001 0.0950 0.001 34.2 0.4 2
G oup 0.137 0.001

Example 14

A reaction mixture is prepared by dissolving 2.5% of mPEG-SH 2000, 10% of PAE
{Kymene from Ashland as an aqueous solution and used as received, azetidinium content of
0.46 assayed with NMR) in PBS and 0.25% of sodium citrate dihydrate. The pH of this solution
is then adjusted to 7.5 and also degassed by bubbling nitrogen gas through the container for 2
hours. This solution is later heat treated for about 6 hours at 45 °C forming a thermally
crosslinkable hydrophilic polymeric material containing mPEG-SH-2000 groups chemically
grafted onto the polymer by reaction with the Azetidinium groups in PAE. After the heat-
treatment, the solution is diluted 50-fold using PBS containing 0.25% sodium citrate, pH adjusted
to 7.2~7.4, and then filtered using 0.22micron polyether sulphone (PES) membrane filter. The
final IPC saline contains about 0.30% by weight of the polymeric material (consisting of about 17%
wt.mMPEG-SH-2000 and about 83% wt. PAE) and 0.25% Sodium citrate dihydrate.

PAA-coated lenses from Example 11 are packaged in the above IPC saline in
polypropylene lens packaging shells and then autoclaved for about 30 minutes at about 121°C,
forming a crosslinked coating on the lenses.

The final lenses show no debris adhesion, no cracking lines after rubbing the lens. The
test lenses are very lubricious in a finger rubbing test comparable to control PAA-coated lenses.

Example 15

A reaction mixture is prepared hy dissolving 3.62% of mPEG-NH; 550 (methoxy-
poly(ethyleneglycol}-amine, M.W. ~ 550 (Product #MPEG-NH2-550, Laysan Bio Inc.) along with
2% of PAE (Kymene from Ashland as an aqueous solution and used as received, azetidinium
ratio of 0.46 assayed with NMR) in PBS and the final pH adjusted to 10. The solution is heat-
treated for about 4 hours at 45 °C forming a thermally crosslinkable hydrophilic polymeric
material containing MPEG-NH»-550 groups chemically grafted onto the polymer by reaction with
the azetidinium groups in PAE. After the heat-treatment, the solution is diluted with 10-fold PBS
containing 0.25% sodium citrate, pH adjusted to 7.2~7.4, and then filtered using 0.22micron
polyether sulphone (PES) membrane filter. The final IPC saline contains about 0.562% wt. of
polymeric material (consisting of 64% wt. MPEG-SH-2000 and about 36% wt, PAE) and 0.25%
Sodium citrate dihydrate. PBS is prepared by dissolving 0.74% NaCl, 0.053% NaH.PQO4.H.0
and 0.353% Na;HPQ4.2H,0 in water.

PAA-coated lenses from Example 11 are packaged in the above IPC saling in
polypropylene lens packaging shells and then autoclaved for about 30 minutes at about 121°C,
forming a crosslinked coating on the lenses.

The final lenses show no debris adhesion, and no cracking lines are observed after

digitally (finger) rubbing the lens.
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The lens is noved to the starting position with the wei ght renoved
prior to retesting. This "pre-loading” effect should be mnimzed for
best repeatability. The lens may be tested at nultiple angles to
obtain the ideal CCCF. Si xt een commerci al contact | enses and
silicone hydrogel contact |enses prepared in Exanple 19 are tested
for CCOF and the results are reported in Table 9. The results show
that a SiHy contact |lens of the invention (prepared in Exanple 19 to
have a crosslinked coating thereon) has the | owest CCOF anpbng any

class of si bsﬂn@acﬂy@ T ctol @%@&fo%ur@.@ur@h@atﬁ&ﬁﬁ?&oﬁﬁn@éd ahd ﬁa\é Alabigtd €
and tested, hgﬂ m% havI %_em i %%ﬁg 7 an 2.opnt act
enses St 11 §otsd EebyqiaioR s Afoqsh IR sy rbies itgr Somsnafly oo
DAl LI ES Aq ug{me@ﬁgg fop?%nq{pseylt@mgqegatqﬁh@m@ A hydroxyl- termlnated chain-extended
polysiloxane having 3 polysiloxane segments, HO-PDMS-IPDI-PDMS-IPDI-PDMS-0H {or HO-
CE-PDMS-0OH]), is formed.
For 80% ethylenically-functionalized polysiloxane, 18.64 g (120 meq) of IEM is added to
the reactor, along with 100 pL of DBTDL. The reactor is stirred for 24 hours, and then product
(80% IEM-capped CE-PDMS) is decanted and stored under refrigeration.
B: Synthesis of Non-UV-absorbing amphiphilic branched polysiloxane Prepolymer
A 1-L jacketed reactor is equipped with 500-mL addition funnel, overhead stirring, reflux
condenser with nitfrogen/vacuum inlet adapter, thermometer, and sampling adapter. The reactor
is charged with 45.6 g of 80% |EM-capped CE-PDMS prepared above and sealed. A solution of
0.65 g of hydroxyethyl methacrylate (HEMA), 25.80 g of DMA, 27.80 g of (tris(trimethylsilyl))-
siloxypropyl)methacrylate (TRIS), in 279 g of ethyl acetate is charged to the addition funnel. The
reactor is degassed at <1mbar for 30 minutes at RT with a high-vacuum pump. The monomer
solution is degassed at 100 mbar and RT for 10 minutes for three cycles, breaking vacuum with
nitrogen between degas cycles. The monomer solution is then charged to the reactor, and then
the reaction mixture is stirred and heated to 67°C. While heating, a solution of 1.50 g of
mercaptoethanol (chain transfer agent, CTA) and 0.26 g of azoiscbutyronitrile dissolved in 39 g
of ethyl acetate is charged to the addition funnel and deoxygenated three times at 100 mbar, RT
for 10 minutes. When the reactor temperature reaches 67°C, the initiator/CTA solution is added
to the PDMS/monomer solution in the reactor. The reaction is allowed to proceed for 8 hours,
and then heating is discontinued and reactor temperature is brought to room temperature within
15 minutes. k
The resultant reaction mixture then is siphoned te a dry single-neck flask with airtight lid,
and 4.452 g of IEM is added with 0.21 g of DBTDL. The mixture is stirred 24 hs at room
temperature, forming non-UV-absorbing amphiphilic branched polysiloxane prepolymer. To this
mixture seclution, 100 uL of hydroxy-tetramethylene piperonyloxy solution in ethyl acetate (2 g/20
mL) is added. The solution is then concentrated to 200 g (~50%) using rota-vap at 30 C and
filtered through 1um pore size filter paper. After solvent exchange to 1-propanol, the solution is
further concentrated to the desired concentration.
C. Synthesis of UV-absorbing amphiphilic branched polysiloxane Prepolymer
A 1-L jacketed reactor is equipped with 500-mL addition funnel, overhead stirring, reflux
condenser with nitrogen/vacuum inlet adapter, thermometer, and sampling adapter. The reactor
is then charged with 45.98 g of 80% |IEM-capped CE- PDMS prepared above and the reactor is
sealed. A solution of 0.512 g of HEMA, 25,354 g of DMA, 1.38 g of Norbloc methacryiate, 26.034
g of TRIS, in 263 g of ethyl acetate is charged to the addition funnel. The reactor is degassed at
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<{mbar for 30 minutes at RT with a high-vacuum pump. The monomer solution is degassead at
100 mbar and RT for 10 minutes for three cycles, breaking vacuum with nitrogen between degas
cycles. The monomer solution is then charged to the reactor, and then the reaction mixture is
stirred and heated to 67°C. While heating, a solution of 1.480 g of mercaptoethanol (chain
transfer agent, CTA) and 0.260 g of azoisobutyronitrile dissclved in 38 g of ethyl acetate is
charged to the addition funnel and deoxygenated three times at 100 mbar, room temperature for
10 minutes. When the reactor temperature reaches 67 °C, the initiator/CTA solution is added to
the PDMS/monomer solution in the reactor. The reaction is allowed to proceed for 8 hours, and
then heating is discontinued and reactor temperature is brought to room temperature within 15
min.

The resultant reaction mixture then is siphoned to a dry single-neck flask with airtight lid,
and 3.841 g of isocyanatoethyl acrylate is added with 0.15 g of DBTDL. The mixture is stirred 24
hs at room temperature, forming a UV-absorbing amphiphilic branched polysiloxane prepolymer.
To this mixture solution, 100 uL of hydroxy-tetramethylene piperonyloxy solution in ethyl acetate
(2 g/20 mL) is added. The solution is then concentrated to 200 g (~50%) using rota-vap at 30 °C
and filtered through 1um pore size filter paper.

D-1: Lens formulation with Non-UV-absorbing polysiloxane prepolymer

In a 100 mL amber flask, 4.31 g of synthesized macromer solution {(82.39% in 1-propancl)
prepared above is added. In a 20 mL vial, 0.081 g of TPO and 0.045 g of 1,2-dimyristoyl-sn-
glycero-3-phosphocholine (DMPC) are dissolved in 10 g of 1-propanol and then transferred to
the macromer solution. After the mixture is concentrated to 5.64 g using rota-vap at 30 'C, 0.36
g of DMA is added and the formulation is homogenized at room temperature. 6 g of clear lens
formulation D-1 is obtained.

D-2: Lens formulation with UV-absorbing polysiloxane prepolymer (4% DMA)

In a 100 mL amber flask, 24.250 g of macromer solution prepared above (43.92% in ethyl
acetate) is added. In a 50 mL vial, 0.15 g of TPO and 0.75 g of DMPC is dissolved in 20 g of 1-
propanol and then transferred to the macromer solution. 20 g of solvent is pulled off using rota-
vap at 30 C, followed by addition of 20 g of 1-propanol. After two cycles, the mixture is
concentrated to 14.40 g. 0.6 g of DMA is added to this mixture and the formulation is
homogenized at room temperature. 15 g of clear [ens formulation D-2 is obtained,

D-3: Lens formulation with UV-absorbing polysiloxane prepolymer (2% DMA / 2% HEA)

In a 100 mL amber flask, 24.250 g of macromer solution prepared above (43.92% in ethyl
acetaté) i$ added. In a 50 mL vial, 0.15 g of TPO and 0.75 g of DMPC is dissolved in 20 g of 1-
propanol and then transferred to the macromer solution. 20 g of solvent is pulled off using rota-
vap at 30 C, followed by addition of 20 g of 1-propanol. After two cycles, the mixture is

61



0.051 1-Day Acuvue Mist N 7.7 3.0 0.052 Proclear 1-Day N 8.3 3.2
0. 056 1-Day Acuvue TruEye (narafilcon A) Y 8.8 3.4 0.059 dariti
1-Day Y 9.2

concentrated to 14.40 g. 0.3 g of DMA and 0.3 g of HEA is added to this mixture and the
formulation is homogenized at room temperature. 15 g of clear lens formulation D-3 is obtained.

Example 18
Example E: Covalent attachment of modified PAE coating polymers

Monomers containing amine groups, N-(3-Aminopropyl)methacrylamide hydrochloride
(APMAA-HCH or N-(2-aminoethyl) methacrylamide hydrochloride (AEMAA-HCI) are purchased
from Polysciences and used as received. Poly(amidoamine epichlorchydrine) (PAE) is received
from Ashland as an aqueous solution and used as received. Poly(acrylamide-co-acrylic acid)
(poly(AAm-co-AA) (20/10) from Polysciences, mPEG-SH from Laysan Bio, and poly(MPC-co-
AeMAj} (i.e., a copolymer of methacryloyloxyethyl phosphorylcheling (MPC) and
aminoethylmethacrylate (AeMA)) from NOF are used as received.

APMAA-HCI monomer is dissolved in methanol and added to the lens formulations D-1,
D-2 and D-3 (prepared in Example 17) to achieve a 1 wt% concenfration.

Reactive packaging saline is prepared by dissolving the components listed in Table 4
along with appropriate buffer salts in Dl water. The saline is heat pre-treated by stirring for 8 hrs
at about 60°C. After heated pre-treatment, the saline is allowed to ¢ool to room temperature and
then filtered using a 0.2um PES filter.

Table 4
Package Saline Sample 1 2 3 4 5
pH 7.4 7.4 7.4 8 8
PAE 0.2% 02% | 0.2% 0.2% 0.2%
Poly{AAmM-co-AA) (90/10) 0.07% 0.2% -- -- -
mPEG-SH, Mw=2000 -- - 0.3% -- -
mPEG-SH, Mw=10000 - -- - 0.2% —
Poly(MPC-Co-AeMA) (20/10) -- e - - 0.2%

Lens formulation D-1 prepared in Example 17 is modified by addition of the APMAA-HCI
monomer (stock solution of APMMA-HCL in 1:1 methanol:propanol) and cured at 16mW/cm?
with 330nm filter. Lens Formulations D-2 and D-3 prepared in Example 17 are modified by
addition of the APMAA-HCI monomer and cured at 4.6mW/cm? with 380nm filter.

DSM lenses. Female portions of polypropylene lens molds are filled with about 75
microliters of a lens formulation prepared as above, and the molds are closed with the male
portion of the polypropylene lens molds (base curve molds). Contact lenses are obtained by
curing the closed molds for about 5 minutes with an UV irradiation scurce (Hamamatsu lamp
with a 330 nm-cut-off filter at an intensity of about 16 mW /cm?.

LS lenses. LS lenses are prepared by cast-molding from a lens formulation prepared as
above in a reusable mold, similar to the mold shown in Figs. 1-6 in U.S. patent Nos.7,384,590
and 7,387,759 (Figs. 1-6). The mold comprises a female mold half made of CaF; and a male
mold half made of PMMA. The UV irradiation source is a Hamamatsu lamp with a 380 nm-cut-off
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filter at an intensity of about 4.6 mW /cm?. The lens formulation in the mold is irradiated with UV
irradiation for about 30 seconds.

Lens formulation D-1 medified with APMAA-HC] is cured according to DSM and LS
methods described above, while with lens formulation D-2 or D-3 is cured according to the LS
method described above.

Molded lenses are extracted in methyl ethyl ketone, hydrated, and packaged in ong of
the salines described in Table 4. Lenses are placed in a polypropylene lens packaging shell
with 0.6 mL of the IPC saline (half of the saline is added prior to inserting the lens). The blister is
then sealed with foil and autoclaved for 30 min at 121°C.

Evaluation of the lens surface shows that all test lenses had no debris adhesion after
being rubbed against paper towel. When observed under dark-field microscope, cracking lines
are not visible after rubbing the lenses between the fingers.

The lens surface wettability (WBUT), lubricity, and contact angle are measured and
results are summarized in Table 5. The lenses are made according DSM method unless
specified otherwise. Lubricity is rated against a qualitative scale from 0 to 5 where lower
numbers indicate greater lubricity. In general, all properties are shown to improve after
application of the in-package ceating.

Table 5
Lens :,‘(’I’n'g'ﬂf:;’; for | saline’ | WBUT (second) | Lubricity | Contact Angle [°]

D1 as control 1 0 4-5 114
{free of APMAA) 3 0 4 119
D1 w/1% APMAA ; 120 g:] 19%4
D2 as control ; g 4;35 18?
({free of APMAA) 7 07 347 1167

1 5 2.3 90

D2 w/1% APMAA 3 6 1 95
4 5-10° il 106°

2 9 34 103

D3 wi1% APMAA 2 i 22 2

5 13 2 69

pury

The number is the packaging saline number shown in Table 4.
2. LStenses

Example 19
Preparation of Lens Formulations. A lens formulation is prepared by dissolving components in
1-propanal to have the following composition: about 32% by weight of CE-PDMS macromer
prepared in Example 2, about 21% by weight of TRIS-Am, about 23% by weight of DMA, about
0.6% by weight of L-PEG, about 1% by weight of DC1173, about 0.1% by weight of visitint (5%
copper phthalocyanine blue pigment dispersion in TR!S), about 0.8% by weight of DMPC, about
200 ppm H-tempo, and about 22% by weight of 1-propanol.
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Preparation of Lenses. Lenses are prepared by cast-molding from the lens formulation
prepared above in a reusable mold (guartz female mold half and glass male mold half), similar to
the mold shown in Figs. 1-6 in U.S. patent Nos.7,384,580 and 7,387,759 (Figs. 1-6). The lens
formulation in the molds is irradiated with UV irradiation (13.0 mW/cm?) for about 24 seconds.
PAA-coating solution. A PAA coating solution is prepared by dissolving an amount of PAA
(M.W.: 450kDa, from L.ubrizol) in a given volume of 1-propancl to have a concentration of about
0.36% by weight and the pH is adjusted with formic acid to about 2.0.

PAA-coated lenses. Cast-molded contact lenses as above are extracted and coated by dipping
in the following series of baths: D! water bath (about 58 seconds); 6 MEK baths (about 44, 56,
56, 56, 56, and 56 second respectively); DI water bath (about 56 seconds); one bath of PAA
coating solution (about 0.36% by weight, acidified with formic acid to about pH 2.0) in 100% 1-
propanol (about 44 seconds); one bath of a water/1-propanol 50%/50% mixture (about 56
seconds); 4 D| water baths each for about 56 seconds; one PBS bath for about 56 seconds; and
one DI water bath for about 56 seconds.

IPC sgaline. Poly(AAm-co-AA)(90/10) partial sodium salt { ~90% solid content, poly(AAM-co-AA)
90/10, Mw 200,000) is purchased from Polysciences, Inc. and used as received. PAE (Kymene,
an azetidinium content of 0.46 assayed with NMR) is purchased from Ashland as an agueous
solution and used as received. An IPC saline is prepared by dissolving about (1.07% w/w of
poly{AAm-co-AA)(90/10) and about 0.15% of PAE (an initial azetidinium millimolar equivalents of
about 8.8 millimole) in PBS (about 0.044 w/w% NaH,PO,-H0, about 0.388 wiw/%
NaHPO4-2H,0, about 0.79 wiw% NaCl) and adjusting the pH to 7.2~7.4. Then the IPC saline is
heat pre-treated for about 4 hours at about 70°C (heat pretreatment) During this heat
pretreatment, poly{AAm-co-AA) and PAE are partially crosslinked to each other (i.e., not
consuming all azetidinium groups of PAE) to form a water-soluble and thermally-crossiinkable
hydrophilic polymeric material containing azetidinium groups within the branched polymer
network in the IPC saline. After the heat pre-treatment, the IPC saline is filtered using a
0.22micron PES membrane filter and cooled down back to room temperature. 10 ppm hydrogen
peroxide is then added to the final IPC saline to prevent bioburden growth and the IPC saline is
filtered using a 0.22micron PES membrane filter.

Application of crosslinked coating. Lenses having a PAA-LbL base coating thereon prepared
above are placed in polypropylene lens packaging shells {(one lens per shell) with 0.6 mL of the
IPC saline (half of the saline is added prior to inserting the lens). The blisters are then sealed
with foil and autoclaved for about 30 minutes at about 121°C, forming SiHy contact lenses with
crosslinked coatings (PAA-x-hydrophilic polymeric material) thereon.

Characterization of SiHy lenses. The resultant SiHy contact lenses with crosslinked coatings
(PAA-x-hydrophilic polymeric material) thereon show no debris adhesion after being rubbed
against paper towel while the control lenses {packaged in PBS, i.e., lenses having a non-
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CH: Citical Height; CA: Critical angle Exanple 30 Thi s
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is perfornmed as follows. PElI (Lupasol SK, 24%in water, Mwv of
-2000000) is purchased from BASF and used as received. Prepare an
aqueous di spersion of 1% Anberlite particles and 5% PElI. Adjust the
pH to 7 and make sure solution is well-mxed (e.g. by stirring for
30m n). Foll owed by suspending the dispersion in a | arge anount of
water 2 to 3 tinmes and filtered 2 to 3 tinmes before collecting
particles (PElI-coated Anberrite). A 5% of PEl-coated Anberlite CO60
particles are dispersed in PBS and vortexed at about 1000 rpmfor 10
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AFM i mage of a cross section of the SiHy contact | ens (Exanple 19) in
fully hydrated state and in dry state are obtained according to the
PeakForce OQNM net hod. By anal yzing the obtained i mages, the thickness
of the crosslinked coating in fully hydrated state is determned to
be about 4.4 microns, while the thickness of the crosslinked coating
in dry state is determned to be about 1.2 mcrons for vacuumdried
sanple, about 1.6 mcrons for oven dried sanple. The water-swelling
ratio ( Lwe x100%in which Lwei is the average thickness of the outer
hydrogel LDrY | ayer of the SiHy contact lens in fully hydrated state,
and LDry is the average thickness of R4t outer hydrogel |ayer of the
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(DAILIES®); 2.8+0.9 (ACUVUE® Moist); 3.7+1.2 (three SiHy lenses prepared according to the
procedures described in Example 19); 5.841.5 (CLARITI™ 1 Day); 7.8£0.1 (ACUVUE®
TruEye™ (narafilcon A)); and 6.5£0.1 (ACUVUE® TruEye™ (narafilcon B)). The results for SiHy
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contact lens of the invention are closer to those of the traditional hydrogels than to the silicone

hydrogels.

Example 22
Fluorescein tagged PAA (PAA-F).
PAA-F is synthesized in-house by covalently attaching 5-amincfluorescein to PAA (Mw
450k). The labeling degree of fluorescein is a few %, for example, about 2 mole% (or n/(m+n)=2 %
in the formula shown below})

_,..-g(‘"“-\ /\,r'f”‘ S, “:}f"’

i \ e, fa
fos  fox
Fluorescein tagged PAA (PAA-F) X: Fluorescein moiety

Preparation of Lenses.

l.enses are prepared by cast-molding from the lens formulation prepared above in
Example 19 in a reusable mold (quartz female mold half and glass maie mold half), similar to the
mold shown in Figs. 1-6 in U.S. patent Nos.7,384,590 and 7,387,759 (Figs. 1-6). The lens
formulation in the molds is irradiated with UV irradiation (13.0 mwWicm?) for about 24 seconds.
PAA-F coating solution.

A PAA-F coating solution is prepared by dissolving an amount of PAA-F prepared above
in a given volume of 1-PrOH/water (95/5) solvent mixture to have a concentration of about 0.36%
by weight and the pH is adjusted with formic acid to about 2.0. About 5% water is used in order
to dissolve PAA-F.

PAA-coated lenses.

Cast-molded contact lenses are extracted and coated by dipping in the following series of
baths: DI water bath (about 56 seconds); 6 MEK baths {(about 44, 56, 56, 56, 56, and 56 second
respectively); DI water bath (about 56 seconds); one bath of PAA-F coating solution (about 0.36%
by weight, acidified with formic acid to about pH 2.0) in 1-PrOH/water (95/5) solvent mixture
{(about 44 seconds); one bath of a water/1-propancl 50%/50% mixture (about 56 seconds); 4 DI
water baths each for about 56 seconds; one PBS bath for about 56 seconds; and one DI water
bath for about 56 seconds.

Application of crosslinked coating.

Lenses having a PAA-LbL hase coating thereon prepared above are placed in
polypropylene lens packaging shells {(one lens per shell) with 0.6 mL of the IPC saline prepared
according to the procedures described in Example 19 (half of the saline is added prior to
inserting the lens). The blisters are then sealed with foil and autoclaved for about 30 minutes at
about 121°C, forming SiHy contact lenses with crosslinked coatings (PAA-x-hydrophilic

polymeric material) thereon.
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Con-focal laser fluorescent microscopy.

A cross section of a hydrated SiHy lens with crosslinked coating (prepared above) is cut
and placed between two glass cover slips and the image is collected on a con-focal laser
fluorescent microscope (model # Zeiss LSM 510 Vis). It is scanned from the front curve side of
the lens to the base curve side of the lens, or vice versa. The presence of PAA-F is shown by
the green flucrescence and con-focal laser fluorescence microscopic images can be obtained.
The examination of the con-focal laser fluorescence microscopic images reveals that the PAA-F
rich layer is present on both lens surfaces (anterior and posterior surfaces) and at the peripheral
edge, while no PAA-F is observed in the bulk material of the hydrated lens.

The fluorescence intensity profiles are examined across the lens cross section along a
line passing through both the posterior and anterior surfaces and normal to the posterior surface.
Figure 3 shows two representative the fluorescence intensity profiles along two lines across the
lens cross section, one at the point where the lens thickness is about 100 pm (panel A) and the
other at the point where the lens thickness is about 200 um (panel B). The original points in
Figure 3 are the center points between the anterior and posterior surfaces along the lines. It can
be noticed in Figure 3 that there is a PAA-F-rich layer near the outermost surfaces of the SiHy
lens with crosslinked coating, no PAA-F is present at the bulk of the lens, and the coating
thickness is similar on these two cross-sections regardless the thickness of the cross-sections.

The thickness of the PAA-F rich layer (i.e., the sum of the infusion depth into the outer
hydrogel layer and the penetration depth of PAA-F into the bulk material (i.e., the inner layer)), or
the transition layer {for schematic illustration see Figure 2, the transition layer 115), can be
estimated from the fluorescence intensity profile shown in Figure 3. The possible thickness of
the transition layer (PAA-F-rich layer) is estimated by the distance frorm zero intensity, after
crossing the peak intensity, to zero intensity again. Considering that there are possible
contribution from unknown factors {such as scattering) to the fluorescence intensity, the
minimum layer thickness is the thickness for which a florescent intensity of at least 10% of the
maximum peak intensity is retained. Based on such estimation, the minimum PAA-F-rich layer
thickness could be at least about 5 microns. Note that the thickness for the SiHy lenses with
PAA coating of the previous Examples could be higher, considering the PAA concentration used
is 10 times higher than the PAA-F concentration used in the experiments here, A lens with
thicker coating can also be prepared by using a dip coating time that is more than 44 seconds,
44 seconds were the dip coating time for PAA-F used in this experiment. A lens with thicker
coating may also be prepared by using PAA of different molecular weight.

Example 23
This example illustrates how to determine the water content of the crosslinked coating
{the two outer hydrogel layers) on a SiHy of the invention). In an effort to determine the potential
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water content of the crosslinked coating of SiHy lenses of Example 19, samples of polymer
consisting of the coating components are prepared for evaluation. The resulting gels are then
hydrated and tested to determine water content.

Solutions are prepared using the two polymeric components of a crosslinked coating
formed in Example 19: poly(AAm-co-AA)(30/10) and PAE, to have the following composition:
12.55% wiw of PAE, 6.45% w/iw of poly(AAm-co-AA)Y90/10), and 81% wiw of water. The ratio of
PAE/poly{AAm-co-AA) is identical to that in the IPC saline of Example 19, but the individual
concentrations of the components are higher to ensure a gel is formed during autoclave.

The solution is then autoclaved about 45 minutes at 121°C after which the sample gels.
The gel samples are then prepared for water content determination by testing the samples after
hydration (n=3). Hydrated samples are prepared by submerging the gel sample in SoftWear
saline for at least about 6 hrs (i.e., hydrated overnight).

Hydrated samples are blotted dry and the mass at hydrated state is recorded via mass
balance. Following the recerding of the mass at hydrated state, the samples are all placed in a
vacuum oven set at approximately 50°C and dried under a vacuum of <1 inch Hg overnight.

Dried samples are removed from the vacuum oven after overnight drying and then
measured to record dry mass. Water content is calculated using the following relationship:

Water content = (wet mass — dry mass) / wet mass x 100%
The water content of the samples is determined to be 84.610.4 w/w%.

It is believed that this water content of this PAE/poly{AAm-co-AA} hydrogel represents
the outer hydrogel layer (crosslinked coating) of the SiHy contact lenges of Example 19 for the
following reasons. First, hydrophobic bulk lens polymers (silicone hydrogel) are reasonably
presumed not to be present in the outer surface layer. This appears to be a very good
assumption based upon the XPS data. According to the XPS data in Example 21, there is no or
very low silicon content at the surface of the SiHy lens with the crosslinked coating, indicating
that the cuter surface layer is composed almost entirely of the coating polymers (PAE and
PAAM-PAA). Second, the polyacrylic acid (PAA) base coating (the transition layer) presumably
has a minimal impact on the water content of the surface layer. This assumption may not be
valid. But, if any charged PAA would be present in the outer surface layer, it would further
increase the water content beyond 84.6%. Third, a much higher concentration of PAE and
PAAM-PAA is needed to produce PAE/poly(AAmM-co-AA) hydrogel than is used in the IPC saline
of Example 19. This could result in a higher crosslinking density for the PAE/poly(AAmM-co-AA)
hydrogel which may give an artificially low water content result. It is believed that both the
presence of PAA in the outer hydrogel layer and lower crosslinking density due to the lower
concentration of polymeric materials during crosslinking (in Example 19) may result in an surface
layer {outer hydrogel layer) having a water content that is even higher than that measured in the
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tests in this example. It can be assumed that the outer coating layer of the SiHy contact lenses
of Example 19 comprises at least 80% water and may be even higher when fully hydrated.

Example 24

An Abbe refractometer is typically used to measure the refractive index of contact lenses.
The refractive index difference between a testing lens and the instrument prism creates a unique
angle of total internal reflectance which results in a dark visible shadow line. The angle at which
this shadow line appears is directly related to the refractive index of the testing lens. Most
contact lenses {including SiHy contact lenses without coating prepared in Example 19) produce
a distinct shadow line in the Abbe refractometer, but SiHy with crosslinked coating (i.e., the outer
hydrogel layers) of Example 18 do not preduce a distinct shadow line. It is believed that this
phenomenon is due to a decrease in the refractive index of the lens at the surface compared to
the bulk and the fact that the transition from bulk to surface is not abrupt. It is further believed
that near the surface of the lens the water content begins to increase which results in a localized
decrease in the refractive index of the lens. This in effect would create simultaneous shadow
lines at multiple angles resulting in a blurred image of the shadow line.

The Abbe data demonstrates that the outer surface layer is characterized by an increase
in the water content near the surface of the lens, consistent with the results described in
Example 23.

Example 25

SiHy contact lenses with crosslinked coating (i.e., the outer hydrogel layers) prepared in
Example 19 desalinated in ultrapure water, placed individually in a 50mL disposable beaker with
50 mL of ultra-pure water and frozen by placing the beaker in a bath with dry ice and isopropyl
alcohol. The beakers are wrapped in aluminum foil and placed on a VirTis Freezemobile 35EL
with a vacuum pressure of = 30 pbar and a condenser temperature of = -70°C. After 24 hours
the aluminum foil is removed to increase heat transfer and the flasks are left for another 24-48
hours for removal of residual moisture. The flasks are capped to prevent the introduction of
moisture from the air until analyzed. Lens samples are cut in half and two strips are then cut
from the middle of each half and mounted on their edges for imaging of cross sections. Samples
are then sputter coated with Au/Pd for ~1 min and exampled by SEM using a Bruker Quantax
Microanalysis System (JEOLJSM-800LV SEM).The sample stage is tilted ~0-60° at the
discretion of the analyst to obtain the desired sample orientation.

It is believed that when the SiHy contact lenses are freeze-dried, the hydrated surface
structure of the lenses may be preserved or locked to some degrees. Figure 4, panel A shows
the top view of a SEM image of a surface of a freeze-dried SiHy contact lens prepared in
Example 19. It can be seen from Figure 4 that the freeze-dried SiHy contact lens has a sponge-
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like surface structure which would be expected for a high water content hydrogel. This result
further confirms that a SiHy contact lens of the invention comprises the two outer hydrogel layers
of a high water content hydrogel. Figure 4, panels B and C show the side views at two different
angles of a cross section of the freeze-dried SiHy contact lens shown in panel A. The panels B
and C show the thick inner layer having a smooth surface, a transition layer (PAA layer) with a
brighter color on top of the inner layer, and an outer hydrogel layer with sponge-like structures
on top of the transition layer. Based on the data shown in the panels B and C, the thickness of
the freeze-dried outer hydrogel layer is estimated to be between about 2 ym and 2.5 ym.

Example 26
Fluorescein tagged Poly(AAm-co-AA)(90/10) (referred to as PAAM-PAA-F).

PAAM-PAA-F is synthesized in-house by covalently attaching 5-aminofluorescein to
PAAM-PAA (20/10), by a procedure similar to the preparation of PAA-F. Poly(AAmM-co-
AA)(B0/10) partial sodium salt ( ~80% solid content, poly(AAm-co-AA) 80/10, Mw 200,000) is
purchased from Polysciences, Inc. and used as received. The labeling degree of fluorescein is
about 0.04 mole%.

Modified IPC saline using PAAM-PAA-F.

This saline is prepared by the same procedure of IPC preparation, as described in
Example 19, except where PAAM-PAA is replaced with PAAM-PAA-F,

PAA-coated lenses.

Lenses are prepared by cast-molding from the lens formulation prepared above in
Example 19 in a reusable mold {quartz female mold half and glass male mold half), similar to the
mold shown in Figs. 1-6 in U.S. patent Nos.7,384,580 and 7,387,759 (Figs. 1-6). The lens
formulation in the molds is irradiated with UV irradiation (13.0 mW/cm?) for about 24 seconds.
Cast-molded contact lenses are extracted and coated by dipping in the following series of baths:
DI water bath (about 56 seconds); 6 MEK baths (about 44, 56, 56, 56, 58, and 56 second
respectively); DI water bath (about 56 seconds); one hath of PAA coating solution (about 0.36%
by weight, acidified with formic acid to about pH 2.0} in 1-PrOH soclvent (about 44 seconds); one
bath of a water/1-propanol 50%/50% mixture (about 56 seconds); 4 DI water baths each for
about 56 seconds; one PBS bath for about 56 seconds; and one DI water bath for about 56
seconds.

Application of crosslinked coating.

Lenses having a PAA- base coating thereon prepared above are placed in polypropylene
lens packaging shells (one lens per shell} with 0.6 mL of the medified IPC saline prepared above
using PAAM-PAA-F (half of the saline is added prior to inserting the lens). The blisters are then
sealed with foil and autoclaved for about 30 minutes at about 121°C, forming SiHy contact
lenses with crosslinked coatings (PAA-x-hydrophilic polymeric material) thereon.
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Con-focal laser fluorescent microscopy.

A piece of a hydrated SiHy lens with crosslinked coating (prepared above) is placed
between two glass cover slips and the image is collected on a con-focal laser fluorescent
microscope {model # Zeiss LSM 510 Vis). It is scanned from the front curve side of the lens to
the base curve side of the lens, or vice versa. The presence of PAAM-PAA-F is shown by the
green fluorescence and con-focal laser fluorescence microscopic images can be obtained. The
examination of the con-focal laser fluorescence microscopic images reveals that the PAAmM-
PAA-F rich layer (i.e., the outer hydrogel layers) is present on both lens surfaces (anterior and
posterior surfaces) and at the peripheral edge, while no PAAmM-PAA-F is observed in the bulk
material of the lens.

The fluorescence intensity profiles are examined across the lens cross section along a
line passing through both the posterior and anterior surfaces and normal to the posterior surface.
The thickness of the PAAM-PAA-F rich layer can be estimated from the fluorescence intensity
profile across the lens. The possible thickness of the outer hydrogel layer (PAAM-PAA-F-rich
layer) is estimated by the distance from zero intensity, after crossing the peak intensity, to zero
intensity again. Considering that there are possible contribution from unknown factors (such as
scattering) to the fluorescence intensity, the minimum layer thickness is the thickness for which a
florescent intensity of at least 10% of the maximum peak intensity is retained. Based on such
estimation, the minimum PAAmM-PAA-F-rich layer (hydrated outer hydrogel layer) thickness could
be at least about 5 microns.

Example 27

Lenses are fabricated using lens formulation D-2 (Example 17) to which APMAA
monomer has been added to a concentration of 1%. LS lenses are prepared by cast-molding
from a lens formulation prepared as above in a reusable mold, similar to the mold shown in Figs.
1-6 in U.S. patent Nos.7,384,590 and 7,387,759 (Figs. 1-6). The mold comprises a female mold
half made of glass and a male mold half made of quartz. The UV irradiation source is a
Hamamatsu lamp with a 380 nm-cut-off filter at an intensity of about 4.6 mW fem?® The lens
formulation in the mold is irradiated with UV irradiation for about 30 seconds.

Cast-molded lenses are extracted with methyl ethyl ketone (MEK), rinsed in water,
coated with polyacrylic acid (PAA) by dipping lenses in a propanol solution of PAA {0.0044% by
weight, acidified with formic acid to about pH 2.5), and hydrated in water.

IPC Saline is prepared according to the composition described in Example 9 with pre-
reaction conditions of 8 hrs at approximately 60°C. Lenses are placed in a polypropylene lens
packaging shell with 0.6 mL of the IPC saline (half of the saline is added prior to inserting the
iens). The blister is then sealed with foil and autoclaved for 30 min at 121°C.

Evaluation of the lens surface shows that all test lenses have no debris adhesion. When
observed under dark-field microscope, cracking lines are not visible after rubbing the lenses
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hetween the fingers. The lens surface wettability (WBUT) is greater than 10 seconds, lubricity is
rated as “1°, and contact angle is approximately 20°.

Example 28

Cast-molded SiHy contact lenses (without any coating) prepared from Example 19 are
used. All lenses are extracted in MEK overnight to ensure all residual monomer is removed. The
first group of lenses (lenses with hydrated crosslinked coating thereon) is soaked overnight in a
PAA coating solution {0.36% by weight of PAA in 1-Propanol, pH 1.7 — 2.3 adjusted with formic
acid), while the second group of lenses (control) is soaked in 1-prepanol for the same duration.
Both groups of lenses are packaged in the IPC saline prepared in Example 19 and autoclaved.
Lenses after autoclave are tested (in groups of 5) using gravimetric analysis technique to
determine the weights of dry and wet contact lenses (N=14 for the first group of contact lenses;
N=18 for the second group of contact lenses). The results are shown in Table 8.

Table 8
Wet Weight (for 5 lens) Dry Weight (for 5 lens} Water Content%
Average Std. Dev. Average Std. Dev. Average Std. Dev.
| 1= Group 0.144 0.001 0.0950 0.001 34.2 0.4
2" Group 0.137 0.001 0.0947 0.002 30.8 0.4

There is a statically significant difference (7 mg) in wet weight between the first and second
groups of contact lenses, due to the presence of the hydrated crosslinked coating the contact lenses
comparing with the control lenses (without coating). However, the difference in dry weight between the
first and second groups of contact lenses is about 0.3 mg and is not statistically significant. The lens water
content for the coated lens can be estimated to be ~96% according to the following calculation
(e Wl‘;:,:‘ - WZ:EI __ 7 mg

(Wi owpst e (WY - W) Tmg+0.3mg

1st

= 96%). It is understood that the water content

estimated here for the crosslinked coating on a contact lens may be not accurate because the difference
in dry wet weight between the first and second groups of contact lens is too small and even smaller than

the standard deviation.

Example 29
This Example illustrates how to quantify the lubricity of SiHy contact lenses according to

the inclined plate method (*Derby friction test”). The inclined plate method is a simple test to set-
up as shown in Figure 5. The set up for inclined plate method is composed of a plastic reservoir
or tank 501 which is filled with a phosphate buffered saline (PBS, pH~7.3) 502, a 503
borosilicate glass plate 503 and a shim 506 with an adjustable height between 5 mm and 20 mm
height. Both the borosilicate glass plate 503 and the shim 506 are submerged in the phosphate-
buffered saline 502 in the plastic reservoir or tank 501. In a test, a contact lens 504 is placed on
the borosilicate glass plate and then a stainless steel ferrule 505 (to provide physiologically
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is the normal force, and F, is the tangent force. The highest angle at which a lens continues
sliding after being pushed, but stops, or takes longer than 10 seconds, hefore reaching the end,
is defined as the “critical angle 8". The critical coefficient of friction (CCOF) is the tangent of the
critical angle 8. A lens which does not move will be below the GCOF, while a lens which does
not stop during the travel distance will be above the CCOF. Angles above or below the CCOF
are removed from analysis. Derby friction test can provide a direct way of measuring the
kinematic coefficient of friction.

In the tests according to the inclined plate method, all lenses are stored in PBS solution
at least overnight (>6 hours) before testing, in order to remove any residual packaging solution.
The glass piate (6 x 4" borosilicate glass) is scrubbed with a soap solution {1% Micro-90) and
wiped {AlphaWipe TX1008). Each plate is rinsed thoroughly in DI water, about 2 minutes. A
section of the plate friction is tested by finger rubbing to ensure all soap solution is removed. The
water is wiped with paper towels (KimTech Kimwipe #34705) and inspected under light to
ensure no foreign particles remain on the glass. The glass plate is placed on shims of various
heights in a plastic reservoir or tank, and the height of this plane is measured with a micrometer
and recorded. The reservoir is filled with phosphate buffered saline (PBS) to ensure the lens is
completely submerged (28 mm depth).

Each lens is placed on the "starting line” and a 0.79 g ferrule (1/4” stainless steel to
provide physiologically relevant pressure) is dropped onto the lens surface. The lens is allowed
to slide down the plate, and the time the lens took to travel the 96 mm is recorded.

The lens is moved to the starting position with the weight removed prior to retesting. This
“pre-loading” effect should be minimized for best repeatability. The lens may be tested at
multiple angles to obtain the ideal CCOF.

Sixteen commercial contact lenses and silicone hydrogel contact lenses prepared in
Example 19 are tested for CCOF and the results are reported in Table 9. The results show that a
SiHy contact lens of the invention (prepared in Example 19 to have a crosslinked coating
thereon) has the lowest CCOF among any class of silicone hydrogel lenses which are
commercially available and tested, thereby having the highest lubricity.
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Table 9

Contact lenses SiHy | C.H.{(mm) | C.A. (deg) CCOF
Example 19 Y 5.7 22 0.038
DAILIES AgquaComfortPlus N 6.0 2.3 0.040
1Day Acuvue N 6.5 2.5 0.043
Dailies Aqua N 6.8 28 0.045
1-Day Acuvue TruEye (narafilcon B) Y 7.2 28 0.048
SoflLens Daily Disposable N 7.6 29 0.051
1-Day Acuvue Moist N 7.7 3.0 0.052
Proclear 1-Day N 8.3 3.2 0.056
i-Day Acuvue TruEye (narafilcon A) Y 8.8 3.4 0.059
Clariti 1-Day Y 9.2 35 0.062
Acuvue Moist Y 7.7 29 0.051
Air Optix Aqua Y 8.1 3.1 0.054
Biofinity Y 8.1 3.1 0.054
PureVision Y 9.4 3.6 0.063
Acuvue Advance Y 9.7 3.7 0.065
Acuvue Oasys Y 9.9 3.6 0.066
Clariti Y 12.5 4.8 0.084

C.H.: Critical Height; C.A.: Critical angle

Example 30

This Example illustrates how to characterize the negatively-charged surface of a SiHy
contact lens according to the Positively Charged Particles Adhesion test.

The surface charge of a lens surface can be detected indirectly via its interaction with
charged particles or beads. A negatively charged surface will attract positively charged particles.
A surface free of negative charge or substantially free of negative charge will not attract
positively charged particles or will attract few positively charged particles.

Uncoated SiHy contact lenses {i.e., cast-molded and extracted with MEK as described in
Example 19}, PAA-coated SiHy contact lenses (as prepared in Example 19), and SiHy contact
lenses with a crosslinked coating thereon (as prepared in Examples 14 and 19) are tested as
follows. The PAA coating of PAA-coated contact lenses has a surface concentration of

carboxylic groups of about 62.5% by weight (Mwo%d in which Mcoow is the mass of
AA
carboxylic acid group and Mg, is the mass of acrylic acid). The crosslinked coating of contact
lenses of Example 14 is theoretically free of carboxylic acid groups, whereas the crosslinked
coating of contact lenses of Example 19 may contain a low surface concentration of carboxylic
0.07%-10%. Mecoon”

'

0.07% +0.15%
immersed in a dispersion with positively charged particles, after appropriate rinse, the number of

A 2% by weight). Lenses are

acid groups (must be smaller than

particles adhered on the lens is visualized and estimated or counted.
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DOWEX™ 1x4 20-50 Mesh resins are purchased from Sigma-Aldrich and used as
received. DOWEX™ 1x4 20-50 Mesh resins are spherical, Type | strong base anion resins and
are styrenefdivinylbenzene copolymer containing N*(CHs);CI functional groups and 4%
divinylbenzene. A 5% of 1x4 20-50 Mesh resins are dispersed in PBS and mixed well by stirfing
or vortexing at approximately 1000 pm for 10 seconds. Lenses are immersed into this
dispersion and vortexd between rpm 1000-1100 for 1 min, followed by ringing with D] water and
vortex for 1min. The lenses are then placed in water in glass Petri dishes and images of lenses
are taken with Nikon optical microscope, using bottom lighting. As shown in Figure 6, almost the
entire surface of PAA-coated lenses is covered with adhered positively charged particles (Figure
6a), whereas a total of about 50 positively charged particles are adhered onto lenses with
crosslinked coating prepared in Example 19 (Figure 6B) and ro positively charged particles are
adhered onto lenses with crosslinked coating prepared in Example 14 (Figure 6C). Some loosely
adhered particles may fall off the lens surface and can also be found in the water surrounding
the lenses.

It is understood that when positively-charged particles with larger size (i.e., DOWEX™
monosphere ion exchange resins, cross-linked polystyrene beads, chloride form, ~590 microns
in size, from Sigma-Aidrich) are used in the tests, the number of particles adhered onto the
particles can be decreased. About 30% of these DOWEX monosphere resins are dispersed in
PBS. Lenses are immersed into this dispersion for ~1 min, followed by rinsing with DI water. The
lenses are then placed in water in glass Petri dishes and images of lenses are taken with Nikon
optical microscope, using bottom lighting. it is found that there are many particles (about 200
particles) adhered onto PAA-coated lenses and no particles are adhered onto lenses with
crosslinked coating. Some commercially available contact lenses are also tested. No particles
are observed on following lenses: Acuvue® TruEye™, Acuvue® Advance®, Acuvue® Oasys®,
Avaira™, Biofinity®, Air Optix®, and Focus® Night & Day®. Particles are observed on following
4 types of lenses (in the order of increasing number of particles); PureVision®, 1 Day Acuvue®
Moist®, Proclear 1 day, Acuvue® (Etafilcon A) lens. Almost the entire surface of Acuvue®
(Etafilcon A) lens is covered with adhered positively charged particles.

Negatively charge resins (Amberlite CG50) are purchased from Sigma and used as
received. A 5% of this Amberlite CG50 beads is dispersed in PBS and vortexed at about 1000
rpm for 10 seconds. PAA-coated lenses are immersed into this dispersion and vortexed between
rpm 1000-1100 for 1 min, followed by rinsing with DI water and vortexed for 1min. The lenses
are then placed in water in glass Petri dishes and images of lenses are taken with Nikon optical
microscope, using bottom lighting. No Amberlite particles (negatively charged) are found on
PAA-coated lenses.

Negatively charged beads (Amberlite CG50), which are coated with polyethylenimine
{PEIl, a positively charged electrolytes), are used in this experiment. The PEI coating procedure
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is performed as follows. PEI (Lupasol SK, 24% in water, Mw of ~2000000) is purchased from
BASF and used as received. Prepare an aqueous dispersion of 1% Amberlite particles and 5%
PEI. Adjust the pH to 7 and make sure solution is well-mixed (e.g. by stirring for 30min).
Followed by suspending the dispersion in a large amount of water 2 to 3 times and filtered 2 fo 3
times before collecting particles (PEIl-coated Amberlite). A 5% of PEl-coated Amberlite CG50
particles are dispersed in PBS and vortexed at about 1000 rpm for 10 seconds. Lenses are
immersed into this dispersion and vortexed between rpm 1000-1100 for 1 min, followed by
rinsing with D] water and vortex for 1min. The lenses are then placed in water in glass Petri
dishes and images of lenses are taken with Nikon optical microscope, using bottom lighting. It is
observed that there are a lot of PEI-coated Amberlite particles {positively charged particles
because of the presence of PEI) adhered onto PAA-coated lenses (Example 19). But, there is
virtually no PE[-coated Amberlite particles adhered onto uncoated SiHy contact lenses (Example
19), SiHy contact lenses with crosslinked coating (Example 19), or PAExPAA-coated lenses
(Example 4).

Example 31
Sample Preparation:

AFM studies have been conducted on SiHy contact lenses {prepared in Example 19) in
hydrated state and in dry state. A lens is removed from its blister pack (sealed and autoclaved)
and a cross-section is cut (for example by using a razor blade). The cross-section piece of the
lens is mounted vertically in a metal clamp, as shown in Figure 7. A small piece of lens is
sticking out of the top of the holder to allow the AFM tip (above the lens cross section in Figure 7)
to scan it.

AFM Experiment:

Two separate AFM instruments are used to characterize the lens cross section. in both
instances (except for dry samples), the AFM scan is done under a phosphate buffer solution
(PBS with or without NaCl but having an osmolarity substantially identical to that of the
physiological saline) to maintain fully hydrated state of the hydrogel sample.

The first AFM instrument is Veeco BioScope AFM with a Nanoscope IV centroller. Data is
collected utilizing triangular silicon cantilevers with a spring constant of 0.58 N/fm and a nominal
tip radius of curvature of 20-60 nm. Scans are done in constant contact (force-volume) mode
with a probe velocity of 30 microns/second and a force-volume scan rate of 0.19 Hz. The
topographic data and force-volume data are collected simultansously. Each force curve
consisted of about 30 data points. The lens is fully immersed in PBS during the AFM scan.
Normally a scan size of maximum of 20 microns is used in order to achieve high enough
resolution for the force-volume image. 128x128 pixels force plots are collected over about 3
hours per images.
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An AFM image of a cross section of a SiHy contact lens with crosslinked coating
(Example 18) in fully hydrated state is obtained via the Force-Volume method and shown in
Figure 8. In the image the darker colored region 420 indicates the coating and the lighter colored
region 410 indicates the bulk material of the lens. The average thickness of the crosslinked
coating (i.e., the anterior and posterior outer layers) of the SiHy contact lens (Example 19) is
determined to be about 5.9 pm (st. dev. 0.8 pm) as obtained from 7 images, 4 lenses.

AFM technique enables the determination of the surface modulus (surface softness) at a
specific locations on the lens cross section. Figure 9 shows a cross sectional surface modulus
profile of a SiHy contact lens with a crosslinked coating (prepared in Example 19) in fully
hydrated state. Because the surface modulus of a material is proportional to the cantilever
deflection, a cross-sectional surface modulus profile of a contact lens can be obtained
approximately by plotting the values of cantilevers deflection (as a measure for the surface
modulus of a material at a specific location on the lens cross section) as a functional of the
distance from the side {(anterior or posterior surface) of the cross section along two lines across
the cross section shown in Figure 8. As shown in Figure 9, the crosslinked coating (the anterior
and posterior outer layers of the contact lens of Example 19) is softer than the bulk (inner layer
of} silicone hydrogel lens material. Moving along the two lines, the surface modulus first remains
almost constant with an average cantilever deflection of about 52 nm (i.e., average surface
modulus} over the zone between 0 and about 5.9 microns and then gradually increases at
locations further inside lens until reaching a maximum and remains approximately constant
thereafter (plateau) with an average cantilever deflection of about 91 (i.e., average surface
modulus) over the zone above about 7 microns. The transition from the softer crosslinked
coating to the harder bulk SiHy material, which occurs gradually over the span of a few microns,
suggests that a gradient in morphology or composition (water content) may be present between
the surface of the coating and the bulk of the lens. Surface moduli in the zone between 5.9
microns and about 7 microns, i.e., a region around the border between the outer hydrogel layer
and the inner layer of the silicone hydroget material, is not used in the calculation of the average
surface modulus. It can calculated that the anterior and posterior outer hydrogel layers
{crosslinked coating) of the SiHy contact lens {(Example 19) has a reduced surface modulus
{ W%&w—xmm in which S_Mm:is the average surface modulus of the posterior or

Inner

anterior hydrogel layer, and SM____ is the average surface modulus of the inner layer) of about

43%.

Inner
The SiHy contact lenses {prepared in Example 19) are studied with the second AFM

instrument. The scanning is done using a Bruker lcon AFM in Quantitative Nanomechanical
Measurements {FeakForce QNM) mode using lenses in either fully-hydrated (PBS without NaCl
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but with glycerol to reach at the similar osmolarity) or dry state. The lens ¢ross section is
mounted in a metal clamp as described above. Test conditions include, a Spring Constant of 1.3
N/m, Tip Radius of 33.3 nm, Sensitivity of 31 nm/V, Scan Rate of 0.4 Hz, and a scan Resolution
of 512x512.

AFM image of a cross section of the SiHy contact lens {(Example 19) in fully hydrated
state and in dry state are obtained according to the PeakForce QNM method. By analyzing the
obtained images, the thickness of the crosslinked coating in fully hydrated state is determined to
be about 4.4 microns, while the thickness of the crosslinked coating in dry state is determined to
be about 1.2 microns for vacuum dried sample, about 1.6 microns for oven dried sample. The

water-swelling ratio ( Lwe x100% in which Ly is the average thickness of the outer hydrogel
Dry

layer of the SiHy contact lens in fully hydrated state, and Lp,, is the average thickness of that

outer hydrogel layer of the SiHy contact lens in dry state) of the crosslinked coating of the SiHy

contact lenses (prepared in Example 19) is calculated to be about 277% (oven dried sample) or

about 369% (vacuum dried sample).

Example 32

Preparation of Lens Formulations

Formulation | is prepared by dissolving components in 1-propanoi to have the following
composition: 33% by weight of CE-PDMS macromer prepared in Example 2, 17% by weight of
N-[tris(trimethylsiloxy }-silylpropyl]acrylamide (TRIS-Am), 24%-by weight of N,N-
dimethylacrylamide (DMA), 0.5% by weight of N-(carbonyl-methoxypolyethylene glycol-2000)-
1,2-disteaoyl-sn-glycero-3-phosphoethanolamin, sodium salt) {L-PEG), 1.0% by weight Darocur
1173 (DC1173), 0.1% by weight of visitint (5% copper phthalocyanine blue pigment dispersion in
tris{trimethylsiloxy)silylpropylmethacrylate, TRIS), and 24.5% by weight of 1-propanol.

Formulation 1l is prepared by dissolving components in 1-propanol to have the following
composition; about 32% by weight of CE-PDMS macromer prepared in Example 2, about 21%
by weight of TRIS-Am, about 23% by weight of DMA, about 0.6% by weight of L-PEG, about 1%
by weight of DC1173, about 0.1% by weight of visitint (5% copper phthalocyanine blue pigment
dispersion in TRIS), about 0.8% by weight of DMPC, about 200 ppm H-tempo, and about 22%
by weight of 1-propanol.
Preparation of Lenses

Lenses are prepared by cast-molding from a lens formulation prepared above in a
reusable mold (quartz female mold half and glass male mold half), similar to the mold shown in
Figs. 1-6 in U.S. patent Nos.7,384,590 and 7,387,759 (Figs. 1-6). The UV irradiation source is a
Hamamatsu lamp with the WG335 +TM297 cut off filter at an intensity of about 4 mW jcm?. The
lens formulation in the mold is irradiated with UV irradiation for about 25 seconds. Cast-molded
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H20 H20 H20 50/50 PrOH 50150 50/50 12 44s H20 H20 H20 1-120 H20 H20
1-120 13 56s 1-120

lenses are extracted with methy! ethyl ketone {MEK) {or propano| or isopropanc).
Application of PAA Prime Ceating onto SiHy Contact lenses

A polyacrylic acid coating solution (PAA-1) is prepared by dissolving an amount of PAA
(M.W.: 450kDa, from Lubrizol) in a given volume of 1-propanol to have a concentration of about
0.36% by weight and the pH is adjusted with formic acid to about 2.0.

Another PAA coating solution (PAA-2) is prepared by dissolving an amount of PAA (M.W.:
450kDa, from Lubrizol} in a given volume of an organic-based solvent (50/50 1-propanol /H,0) to
have a concentration of about 0.39% by weight and the pH is adjusted with formic acid to about
2.0.

Above-obtained SiHy contact lenses are subjected to one of dipping processes shown in
Tables 10 and 11.

Table 10
i Dipping Process
Baths | Time 55 20-1 202 | 203 | 204 20-5
1 565 | H20 H20 | H20 | H20 | H20 H20
2 44s | MEK | MEK | MEK | MEK | MEK | MEK
3 56s | MEK | MEK | MEK | MEK | MEK | MEK
4 56s | MEK | MEK | MEK | MEK | MEK | MEK
5 56s | MEK | MEK | MEK | MEK | MEK | MEK
6 56s | MEK | MEK | MEK | MEK | MEK | MEK
7 56s | MEK | MEK | MEK | MEK | MEK | MEK
8 56s | H20 | H20 | H20 | H20 | H20 H20

9 443 PAA-1 PAA-1 PAA-1 PAA2 | PAA2Z | PAA-1
10 56s PAA-1 PAA-1 PAA-1 PAA-2 | PAA2 | PAA-1
11 56s H20 PrOH H20 H20 H20 H20
12 44s H20 ProH PrOH PrOH 50/50 50750
13 56s Hz20 H20 H20 H20 H20 H20
14 56s H20 H20 H20C H20 H20 H20
15 56s PBS PBS PBS PBS PBS PBS

16 565 H20 H20 H20 H20 H20 H20
PrOH represents 100% 1-propanol; PBS stands for phosphate-buifered saline; MEK stands for
methyl ethyl ketone; 50/50 stands a solvent mixture of 50/50 1-PrOH/H.0.
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H20 H20 1-120 H20 H20 1-120 14 56s H20 H20 H20 H20 H20 H20 1-120 15
56s PBS PBS

Table 11
. Dipping Process

Baths | Time 200 T 801 | 80-2 | 803 | 804 | 80-5 | 80-6
1 | 56s | H2O | H20 | H20 | H20 | H20 | H20 | H20
2 | 4ds | MEK | MEK | MEK | MEK | MEK | MEK | MEK
3 | 56s | MEK | MEK | MEK | MEK | MEK | MEK | MEK
4 | 56s | MEK | MEK | MEK | MEK | MEK | MEK | MEK
5 | 56s | MEK | MEK | MEK | MEK | MEK | MEK | MEK
6 | 56s | MEK | MEK | MEK | MEK | MEK | MEK | MEK
7 | 56s | MEK | MEK | MEK | MEK | MEK | MEK | MEK
8 | 56s | H20 | H20 | H20 | H20 | H20 | H20 | H20

9 44s | PAA-1 | PAA-1 | PAA-1 | PAA-1 | PAA-1 | PAA-1 | PAA-1
10 56s | PAA-1 50/50 PrOH | 50/50 | PrOH | PrOH | H20
11 56s H20 H20 H20 | 50/50 | PrOH | 50/50 | 50/50
12 44s H20 H20 H20 H20 H20 H20 H20
13 56s H20 H20 H20 H20 H20 H20 H20
14 568 Hz20 H20 H20 H20 H20 H20 H20
15 568 PBS PBS PBS PBS PBS PBS PES

16 56s H20 H20 H20 H20 H20 H20 H20

PrOH represents 100% 1-propancl; PBS stands for phosphate-buffered saline; MEK stands for
methyl ethyl ketone; 50/50 stands a solvent mixture of 50/50 1-PrOH/H;0.

Application of Crosslinked Hydrophilic Coating

Poly(acrylamide-co-acrylic acid) partial sodium salt, Poly(AAmM-co-AAY20/10) ( ~90%
solid content, poly(AAm-co-AA) 90/10, Mw 200,000) is purchased from Polysciences, Inc. and
used as received. PAE (Kymene, an azetidinium content of 0.46 assayed with NMR} is
purchased from Ashland as an aqueous sclution and used as received. An in-package-
crosslinking (IPC) saline is prepared hy dissolving about 0.07% w/w of poly{AAm-co-AA)(S0/10)
and about 0.15% of PAE (an initial azetidinium millimolar equivalents of about 8.8 millimole) in
phosphate buffered saline (PBS) (about 0.044 wiw% NaH:PO,-H>0, about 0.388 wiw/%
NagHPO4-2H20, about 0.79 w/w% NaCl) and adjusting the pH to 7.2~7.4. Then the IPC saline is
heat pre-treated for about 4 hours at about 70°C (heat pretreatment). During this heat
pretreatment, poly(AAm-co-AA} and PAE are partially crosslinked to each other (i.e., not
consuming all azetidinium groups of PAE) to form a water-soluble and thermally-crosslinkable
hydrophilic polymeric material containing azetidinium groups within the branched polymer
network in the IPC saline. After the heat pre-treatment, the IPC saline is filtered using a
0.22micron polyether sulphone [PES] membrane filter and cooled down back to room
temperature. 10 ppm hydregen peroxide is then added to the final IPC saline to prevent
bioburden growth and the IPC saling is filtered using a 0.22micron polyether sulphone [PES]
membrane filter.

Lenses having a PAA prime coating thereon prepared above are placed in polypropylene
lens packaging shells (one lens per shell) with 0.6 mL of the [PC saline (half of the saline is
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nL of the IPC S!@Jflh&%n-(DE}%LefntiQIIntérﬂ?eﬁ@:bsﬂEslj (§DIC) Method. Lenses are placed on a
glass slide and flattened by making 4 radial cuts every ~80 degrees. Excess saline is blown off
the surface using co‘mpressed air. Lens surface is then examined using Nikon Optiphot-2 with
reflection differential interference contrast optics for the presence of winkled surface patterns on
the surfaces of a contact lens using 10x, 20x and 50x objective lenses. A representative image
of each side is acquired using 50x objective lens. The contact lens is then flipped over, excess
saline removed and the other side of the contact lens and is inspected in the same way. The
obtained RDIC images are then evaluated to determine the presence of winkled surface patterns
{e.g., random and/or ordered worm-like patterns, or the likes).
Dark Field Light Microscopy (DFLM)}. DFLM is generally based on dark field
illumination which is & methed of enhancing contrast in observed samples. This technique
consists of a light source outside or blocked from the observer's field of view in order to
illuminate a sample at an angle relative to normal transmitted light. Since the un-scattered light
from the source is not gathered by the objective lens, it is not part of the image and the
backaround of the image appears dark. Since the light source is illuminating the sample at an
angle, the light observed in the sample image is that which is scatted by the sample toward the
observer, contrast is then created between this scattered light from the sample and the dark
background of the image. This contrast mechanism makes dark illumination especially useful for
the observation of scattered phenomena such as haze.
DFLM is used to evaluate the haziness of contact lenses as follows. It is believed that

since the dark-field setup involves scattered light, dark-field data could provide the worst-case
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added prior to inserting the lens). The blisters are then sealed with
foil and autoclaved for about 30 m nutes at about 121C, form ng SiHy
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Characterization of SiHy |enses. The resultant Si Hy contact
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wherein the outer hydrogel layer is substantially free of silicone,
preferably totally free of silicone, and wherein the water content of
the outer hydrogel layer is at least 1.2 folds (or 120%, preferably
at least 1.3 folds (or 130%, nore preferably at least 1.4 folds (or
140% , even nore preferably at least 1.5 folds (or 150%, nost
preferably at least 2 folds (or 200%, of the water content of the
silicone hydrogel bulk material when being fully hydrated. 2. The
silicone hydrogel contact lens of claim1l, wherein the outer hydrogel
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preferably 60 degrees or |ess, nost preferably 50 degrees or |ess
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16. The silicone hydrogel contact |ens any one of clains 11 to 15,
wherein the silicone hydrogel bulk material has a bulk elastic
nmodul us of fromO0.3 MPa to 1.8 MPa (preferably fromO0.4 MPa to 1.5
MPa, nore preferably from0.5 MPa to 1.2 MPa) when being fully _
hydrated. 17. The silicone hydrogel contact |ens of claim 15, wherein
the outer hydrogel |ayer has a reduced surface nodul us of at | east
20% preferably at least 25% nmnore preferably at |east 30% even nore
preferably at |east 35% nost preferably at |east 40% relative to

e 51 1 OB Rk B b S i S tgn
nodul us of fiEtignidgsignairhas GUOFBONRRAG grlessepigfsrgbly P 843 Or lassvwre preferably
MPa, more pbad ef 8BS Whdr KmPruly NaRatb® ahd2n MERbinditee thsisg fully

hydrat %d The silicone hydrogel contact lens of any one of claims 1 to 4, wherein the outer hydrogel

layer has a reduced surface modulus of at least 20%, preferably at least 25%, more

preferably at least 30%, even more preferably at least 35%, most preferably at least 40%,

relative to the silicone hydrogel bulk material when being fully hydrated.

6. A silicone hydrogel contact lens, comprises: a silicone hydrogel core (or bulk material)
completely covered with an outer (surface) hydrogel layer, wherein the contact lens has
an oxygen transmissibility of at least 40 barrers/mm (preferably at least 60, more
preferably at least 80, even more preferably at least 100, most preferably at least 120,
barrers/mm) when being fully hydrated, wherein the silicone hydrogel bulk material has a
bulk elastic modulus of from 0.3 MPa to 1.8 MPa (preferably from 0.4 MPa to 1.5 MPa,
more preferably from 0.5 MPa to 1.2 MPa) when being fully hydrated, and wherein the
outer hydrogel layer has a reduced surface modulus of at least 20%, preferably at least
25%, more preferably at least 30%, even more preferably at least 35%, most preferably at
least 40%, relative to the silicone hydrogel bulk material when being fully hydrated.

7. The silicone hydrogel contact lens of claim 6, wherein the outer hydrogel layer having a
thickness of at least 0.1 pm, preferably from 0.1 um to 20 pm, more preferably from 0.25
Mm to 15 um, even more preferably from 0.5 pm to 12.5 pm, most preferably from 1 pm to
10 um as measured with atomic force microscopy across a cross section from the
posterior surface to the anterior surface of the silicone hydrogel contact lens in fully
hydrated state.

8.  The silicone hydrogel contact lens of claim & or 7, wherein the silicone hydrogel bulk
material has a water content (designated as WCgyy) of from 10% to 70% by weight
(preferably from 10% to 65%, more preferably from 10% to 60%, even more preferably
from 15% to 55%, most preferably from 15% to 50% by weight) when being fully hydrated.

9.  The silicone hydrogel contact lens of any one of claims 6 to 8, wherein the silicone
hydrogel contact lens has at least one property selected from the group consisting of: (a) a
surface silicon atomic percentage of 5% or less, preferably 4% or less, even more
preferably 3% or less, of total elemental percentage as measured by XPS analysis of the
silicone hydrogel contact lens in dried state; (b) a surface hydrophilicity characterized by
having a water breakup time of at least 10 seconds when being fully hydrated; (c) a
surface wettability characterized by having an averaged water contact angle of 90 degrees
or less, preferably 80 degrees or less, more preferably 70 degrees or less, even more
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10.

11.

12.

13.

14.

preferably 60 degrees or less, most preferably 50 degrees or less when being fully
hydrated; (d) a surface lubricity characterized by having a critical coefficient of friction
(designated as CCOF) of 0.046 or less, preferably 0.043 or less, more preferably 0.040 or
less when being fully hydrated; and (e) combinations thereof.

The silicone hydrogel contact lens of any one of claims 6 to 9, wherein the water content
of the outer hydrogel layer is at least 1.2 folds (or 120%), preferably at least 1.3 folds (or
130%), more preferably at least 1.4 folds {or 140%), even more preferably at least 1.5
folds (or 150%), most preferably at least 2 folds (or 200%), of the water content of the
silicone hydrogel bulk material when being fully hydrated.

A silicone hydrogel contact lens, comprises: a silicone hydrogel material as bulk material,
an anterior surface and an opposite posterior surface; wherein the contact lens has (1) an
oxygen transmissibility of at least 40 barrers/mm (preferably at least 60, more preferably at
least 80, even more preferably at least 100, most preferably at least 120, barrers/mm)
when being fully hydrated, and (2) a good surface lubricity as characterized by having a
critical coefficient of friction of 0.046 or less (preferably 0.043 or less, more preferably
0.040 or less) when being fully hydrated, wherein the silicone hydrogel contact lens has a
surface silicon atomic percentage of 4% or less, even more preferably 3% or less, of total
elemental percentage as measured by XPS analysis of the silicone hydrogel contact lens
in dried state.

The silicone hydrogel contact lens of claim 11, wherein when being fully hydrated the
silicone hydroge! contact lens has at least one property selected from the group consisting
of: (a) a water content of from 10% to 70% by weight, preferably from 10% to 65%, more
preferably from 10% to 60%, even more preferably from 15% to 55%, most preferably from
15% to 50% by weight when being fully hydrated; (b) a surface hydrophilicity characterized
by having a water breakup time of at least 10 seconds; (c) a surface wettability
characterized by having an averaged water contact angle of 90 degrees or less, preferably
80 degrees or less, more preferably 70 degrees or less, even more preferably 60 degrees
or less, most preferably 50 degrees or less; and (d) combinations thereof.

The silicone hydrogel contact lens of claim 11 or 12, wherein the anterior and posterior
surfaces have a low surface concentration of negatively-charged groups (e.g., carboxylic
acid groups) as characterized by attracting at most 200, preferably at most 160, more
preferably at most 120, even more preferably at most 90, most preferably at most 60
positively-charged particles in positively-charged-particles-adhesion test.

The silicone hydrogel contact lens of any one of claims 11 to 13, wherein the silicone
hydrogel contact lens in fully hydrated state has a high digital-rubbing resistance as
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15.

16.

17.

characterized by having no surface cracking lines visible under dark field after the silicone
hydrogel contact lens in fully hydrated state is rubbed between fingers.
The silicone hydrogel contact lens of any one of claims 11 to 14, wherein the hydrated
silicone hydrogel contact lens comprises an inner layer of the silicone hydrogel material,
an anterior outer hydrogel layer, and a posterior outer hydrogel layer, wherein the anterior
and posterior outer hydrogel layers are substantially uniform in thickness and merge at the
peripheral edge of the contact lens to completely enclose the inner layer of the silicone
hydrogel material, wherein the anterior outer, posterior outer and inner zones in the cross-
sectional surface modulus profile represents the anterior outer hydrogel, posterior outer
hydrogel and inner layers respectively, wherein the hydrated silicone hydrogel contact
lens has a water content (WCjq,s) of from 10% to 70%, preferably from 10% to 65%, more
preferably from 10% to 60%, even more preferably from 15% to 55%, most preferably
from 15% to 50% by weight, wherein the anterior and posterior outer hydrogel layers
have a thickness of from 0.1 pm to 20 pm, more preferably from 0.25 pm to 15 um, even
more preferably from 0.5 pm to 12.5 pm, most preferably from 1 um to 10 pm, wherein the
anterior and posterior outer hydrogel layers independent of each other have a water-
swelling ratio of at least 100% (preferably at least 150%, more preferably at least 200%,
even more preferably at least 250%, most preferably at least 300%) if WCiens is 45% or
120 WC 130 WC

less, or a water-swelling ratio of at least ————£%.% (preferably ————259%,
1-WC,.. 1-WC,_ .

140e WC 150e WC
more preferably ———.ﬂ% , even more preferably .—L&%) it WCiaps IS
1-WC,,, 1-WC,

higher than 45%.

The silicone hydrogel contact lens any one of claims 11 to 15, wherein the silicone
hydrogel bulk material has a bulk elastic modulus of from 0.3 MPa to 1.8 MPa (preferably
from 0.4 MPa to 1.5 MPa, more preferably from 0.5 MPa to 1.2 MPa) when being fully
hydrated.

The silicone hydrogel contact lens of claim 15, wherein the outer hydrogel layer has a
reduced surface modulus of at least 20%, preferably at least 25%, more preferably at least
30%, even more preferably at least 35%, most preferably at least 40%, relative to the
silicone hydrogel bulk material when being fully hydrated, wherein the silicone hydrogel
bulk material has a bulk elastic modulus of from 0.3 MPa to 1.8 MPa (preferably from 0.4
MPa to 1.5 MPa, more preferably from 0.5 MPa to 1.2 MPa) when being fully hydrated.
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