Background of the Invention The invention relates to the .manufacture of a
optical quality polyner and 5 contact |enses nmade from such pol yners.
Hydrogel s are a desirable class of materials for many bionmedi @2%2

“appl i catWOm@y3086They are hydrated, cross-linked pol yneri 3%0 4% hat
contain water in an equilibrium state. US Patent 5,936,052 proposes a

met hod of produci ng hyMethed of MakinganOpticali@uality Polymemdom copol yners and
whi ch are suitable for use in contact lens 1 o applications. According to
the 052 patent, statistical polyners are polynmers w thout significant

bl ock domahga( rodsa OF @eSaventind to produce themis said to conply with the
Lew s- Nayo—E'q&a'fI'rTrT‘r%'Fﬂ_a escribes the ratio of monomer buil ding blocks in.
terms of nononEie invertiontelates torthe manufsettre ofepeptiesl qyalitypobmer agdict i ons

i nvolved. In.th nmet |.n.the 052 patent, the differenti al
ratio of %mfmgegﬁ%%%ﬁﬁgﬁiﬁg’rﬁﬁ%h respect to time is zero and the
differential raHydropéls area desirabieclassmf oatdriabst foomanybiomedisghapplicationany ot her
s a constant. i de f.rom thes onst.raints,.no ofher process. . meters
appear to EBCYC%QFY%P e@n?mSFHB&s&B ge Fﬁgq“lsaq'% Ctoﬁ{g n‘P’?%é’ln equilfbbeh

pol ymer i zakhRn(S Pakst §,05605Wpropssds & mitthod @@ Prodacing hidrogels gianae t he mononer s
from which they were prepared were cool ed, foll ow ng synthesis. 20 Silicone
hydr ogel s Batisticalixpsndory sapplyapiseas mhichyare suitabls forisg, rb&&(t?‘itfﬁ"érl y desirable
for USqy! NaGfithiith. 'ASBAthg 1d RRV03S fartift Biddsiod) pERARYar YoBaler Rithaitng 2

m xture co ning at St one sI1icone-containing mononer and at | east
one hydr opighificant iovsdeomains; The process used topseduce thenbissriddo somplystithhy t he

hydr ophi |'i MDNOJE! hj i . . | K] rate
crossl i nke ewlﬁggg%‘?gﬁ%gg%;g%s ?%?%gmggé}r?tg lgblgr e blﬁ%kﬁeqrrlzé]g}gvi ng
mul tipl e pefmbReherabhéentraiict amispeedidoastants for thereestions imiedvedudethei n thi s

sense refers tqQ a conmpongnt. of the nmongner,. . m. X ed i m.ng. t he cured
pol ymer sy&® PW?@S%ED’HQEW ipﬁ'jmab’tsﬁ{‘]&?!%‘%éa“°r?3$ %or?gﬂgﬁ,wr{ﬁf r’ﬁerllolg,
trinerisg, QhthREYpEETRS tifhe®Le6 dh®thedifteraitial fatibof enembaanetoncemmtioner wi t h
respect to the silicone hydrogel ultim tg_ls%&groduced,from it. The 30

pol ymer i zahvith respeettte amapther is @ corstant-o n@" £35 COBTEARtR AR MR PR rer chai n

creating ajaameters appear to be controlled. The examples indicate that final :

WO 01/ 30867 PCT/ US00/ 29245 Met hod of Making an Optical Quality Pol yner 7(
n

polymerization/cross linking occurs at room temperature since the monomers from
which they were prepared were cooled following synthesis.

20 Silicone hydrogels have high oxygen permeability making them particularly
desirable for use in contact lenses. They are usually prepared by polymerizing a
mixture containing at least one silicone-containing monomer and at least one
hydrophilic monomer. Either the silicone-containing monomer or the hydrophilic
monomer may function as a crosslinking agent or a separate crosslinker may be

25  employed. Crosslinking agents are monomers having multiple polymerizable moieties.
The term “monomer” when used in this sense refers to a component of the monomer
mix used in forming the cured polymer system. The crosslinking agent can be
monomeric, dimeric, trimeric, or polymeric molecules and still be considered a
monomer with respect to the silicone hydrogel ultimately produced from it. The

30 polymerizable functionalities generally bond to more than one polymer chain creating a
network or network-like polymeric structure. There are numerous silicone-containing

monomeric units commonly used in the formation of silicone hydrogels. U.S. Pat. Nos.
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network or network-like polymeric structure. There are nunerous
silicone-containing nononeric units comonly used in the formation of
silicone hydrogels. U S Pat. Nos. -1 WD 01/30867 PCT/ US00/ 29245
4,136, 25@p 0434863, 641; 4, 740, 533; 5,034, 461; 5,070, 215; ﬁ’(ﬁﬁﬂsomzts

5, 310, 779 43362500435, 9954 PAO¥IA8 039081 gﬁ@idﬁlsega@@p@@ 5 a§'0'7' contai ni ng

mononer s nmay copolymeti’zed wWih a & vari et? rop mononer s
to producesasa,a%ptoyldcfsomehsefdrmamphtsogel products Hydroph| i c 5 nmononer s

-t hat have previ found usef ul il con 0

i ncl ude: unsat US’Q%%& 5‘? & PIOROMIETS fuay be 8355& eﬂ%ﬁdﬁ g e‘é%‘ﬁgyogeyl ic
acgds; hagr h&d@pl;}lﬁ?hﬁhbl}tl&%@dpﬁﬂﬁmmetﬁoﬂsﬂmaﬁe Rydiyghl pwﬂaethﬂymmml él ate
and 2- roxyet hyl acryl ate ac such.as . N Vi rrolidone;
and acr §| am%@m%%ﬁ‘aﬁesprﬁ’éwé%g%ﬂ“;msg%ﬁf?r@ ing SHAOR Bé‘i"f’g%llém de. Still
further ex ﬁimi&smﬁaﬁrétafcamaw@mms §udh'a§¥ﬂeﬂ%glﬁ9 r%@c E&idél hétylic car bamat e

nononers di sclosed in and t drophilic

oxazol one mmdsal@m@bi S}i@b(ﬂs %hydrosyetbémethwyla&em 12.‘7#1?07‘}’3 asryldmat el v,

pol yrmeri zi r £, t roubl e
free. V\hengwfgaméi c‘é\%énlg l%?bgﬂ bflé&%r%%agwéongéﬁgﬁhodﬁ?%?ﬁ%?g%lghoblc and
hydr ophi | i andrﬂmmnahylﬁwlmwrﬁtlﬁ furthiee exapmidstarathe hydnpphitic oingyd cm'bdmatfd to
form 15 donai ns which one or. the at te Cont act

| enses Mad& 1Y %&%mﬂ’é%‘?’? 515510?‘%9))“2?% %Pt% #9‘%%0?“4]@1 a phyS| cal

def ect W t hiyirophitic bRéZ0IoRE nivhbine?s dithsedint .S Badbe4,9m7ogene| ti es ranging
in size fromO0.1 to 100 pm.in the pol Jatri hat pear fo.be bound
to the matrix. Goternmatelybpolymerizng Bonpmgswittieny fifiseeat bulk gepertes iy

transm ssi gt frb\ite!FEe. (Wher BR&ng Eﬁ%he'li}'didgéls%%%%nﬁﬁatﬂﬂdfh @Rphskd clarity
can be 20 less than desirable, "Attenpts at renedying_ these effects have

been I ar gelapd hydrophilic manemersyfor example, therevilting polymesicheingtend tofns and
B Rk Slich Bfic B ORer bRl bredclibdh & RAERY Ieflsd HadB¥AEOPN, 1 ©

charactér o MONONMEr S ar e nani mer1 zation process.
Thus, a redbosnaatkeriatsenaysexhibit gritd Geis &i aﬂlysigatalefecf thlmatthmlymelﬁﬁatph ase

separation in the resulting po I s. thraqu Iectlon adlluent

o ch SR e R e P43 SHEKRY & This

approach hagathiRBia¥f#éar to be bound to the matrix. Grit tends to scatter hght resultmg inpoor
light transmission through the lens. Even in the absence of grit, optical clarity can be

20  less than desirable.

Attempts at remedying these effects have been largely restricted to improving
miscibility of the monomers and additives from which the polymer is made.
Differences in the hydrophilic character of the monomers are manifested in the
polymerization process. Thus, a reasonable means for addressing domain formation or

25 phase separation in the resulting polymer is through the selection of a diluent in which
all of the monomeric components are reasonably soluble. This approach has improved
some polymerization processes but still leaves much to be desired. Finding a diluent in
which hydrophilic and hydrophobic components are both fairly miscible is not easily
done and even then the resulting polymer often contains a high degree of blocky

30 domains.

A new method for producing an optical quality polymer with a reduced

propensity for forming grit and improved clarity is still desirable. Furthermore, it
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In yet another aspect of the invention, contact lenses are made from silicone

hydrogels made by normalizing the polymerization rates of the components of the

monomer mix used.

20 Detailed Description

In the process of this invention monomers, crosslinking agents, and additives
suitable for making optical quality polymers are mixed to form a monomer mix. The
mix is brought under conditions in which their reaction rates of the monomers and
crosslinking agents are normalized. The monomer mix is then cured to produce the

25  optical quality polymer.

An “optical quality” polymer is a polymer suitable for use as an intraoccular
lens, contact lens, or other similar device through which vision is corrected or eye
physiology is cosmetically enhanced (e.g., iris color) without impeding vision.

To “normalize” polymerization rates means to render homogeneous the rate at

30  which monomeric components are polymerized. In the embodiment of the invention in
which the optical quality polymers comprise silicone hydrogels, polymerization rates
are normalized when there is a difference of no more than 4 times the reaction rate (i.e.

H

incorporation rate) of the monomers responsible for the polymer backbone and the
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It is preferred that there is a difference of no more than 3.75 times the reaction

rate (i.e., incorporation rate) of the monomers responsible for the polymer backbone

20 and the crosslinking agents and a reduction in grit count of at least 50% relative to
lenses made from processes which not normalized. It is most preferred that there is a
difference of no more than 3.3 times the reaction rates of such materials and a reduction
in grit count of at least 80%.

As noted above, the components of the monomer mix whose

25  reaction/incorporation rates are normalized are those which form the polymer backbone
and those which crosslink it. These include, for example, siloxanes and
acrylic/methacrylic acid and derivatives, polyvinyl, typically di- or tri-vinyl monomers,
such as di- or tri(meth)acrylates of diethyleneglycol, triethyleneglycol, butyleneglycol
and hexane-1,6- diol; divinylbenzene. In the preferred embodiment, the siloxane

30 component is a polydimethyl siloxane and the hydrophilic monomer is a hydroxyethyl
methacrylate or acrylate derivative. In the most preferred embodiment, the monomers
comprise mono-alkyl terminated polydimethylsiloxanes (“mPDMS™) such as

monomethacryloxy propyl terminated polydimethyl siloxane and a macromer
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20 where b =0 to 100, and R;;, is any C,.,, aliphatic oraromatic group which may
include hetero atoms; provided that R, is not functionalized at the point at which it is
bonded to Si. C,;alkyl groups are preferred with butyl groups, particularly sec-butyl
groups, being most preferred. Ry is any single polymerizable vinyl group. Preferably
it is a methacryl moiety but it can also be an acryl or styrenic moiety or other similar

25 moiety.

In the most preferred embodiment of the process of this invention, the
aforementioned monomers and crosslinkers are heated prior to their reaction.
Generally, heating to a temperature of at least about 30°C will have some benefit.
However, it is preferred that they are heated to at least about 45°C, more preferably at

30 least about 55°C, still more preferably at least about 65°C, and most preferably at least

about 70°C. In any event, heating is conducted at a temperature that will normalize
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15 Measures to inprove its incorporation are thus particularly wel come. The
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15  These are radiation initiated free radical polymerizations. Generally, they are

photoinitiated using UV or visible radiation and a corresponding photoinitiator
system. Examples of such photoinitiators are benzoin methyl ether, 1-
hydroxycyclohexyl phenyl ketone, Irgacure 1850 brand photoinitiator (CAS Number
145052-34-2), 1-hydroxy cyclohexyl phenyl ketone (Irgacure 184) ; 2-benzyl-2-n-

20  dimethylamino-1-(4- morpholinophenyl)-i-butanone (Irgacure Tm 369); 1-
hydroxycyclohexyl phenyl ketone (50% by weight) plus benzophenone(Irgacure Tm
500); bis(2,6- dimethoxy benzoyl)-2,4,4 trimethylpentyl phosphineoxide (DMBAPO);
4-(2- hydroxyethoxy) phenyl-(2-hydroxy propyl)ketone (Irgacure TM 2959); 2,4,6-
Trimethy! benzoyl diphenyl phosphineoxide (TPO) (50% by weight) plus 2-hydroxy-2-

25 methyl—l-phenyl-propaﬂ-l-one (HMPP) (50% by weight) (Darocur Tm 4265); 2,2-
dimethoxy-2- phenylacetophenone (BDK) (Irgacure Tm 651) ; bis (nl-2,4-
cyclopentadien-1-yl), bis (2,6-difluoro-3-(1H-pyrrol-1- yl)phenyl) Titanium (CGI-784);
2-methyl-1-(4- (methylthio)phenyl)-2-morpholino propan-1-one (MMMP) (Irgacure TM
907); 2-hydroxy-2-methyl-l-phenyl-propan-1-one (HMPP) (Darocur TM 1173); or

30 mixtures thereof. DMBAPO and Irgacure 1850 are preferred photoinitiators with
DMBAPO being most preferred.

Cure is also suitably carried out in the presence of a diluent. Suituable diluents

include alkanols, N,N- dimethylformamide acetamide, acetonitrile, N,N-
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10 While normalization of the reaction rates is a kinetic result, it can be
achi eved by proper control of variables other than an increase in
tenperature during cure. For exanple, control of UV intensity/dose,

i nitiator WOAYWEET at i on, and UV cure pr ofile can be usedp¢rusonrds!
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hydr oxycycl oimemil sﬁbseeyérekﬁh&ﬁ&o(tﬁﬁﬁlﬁinﬁ@ﬂcﬁbh%tﬁidk%uﬁﬁ@%%@@&ﬂf‘e(| rgacure
Tin 500); bi sé?1 Q’%y benzoyl 4,4 trinmethyl pentyl pho hi neoxi de
(DVBAPO);  48yt9c a‘ﬂ%i?%‘gg e(PEIM%fr BRWHW gysatly sedaced theacure
T™M 2959) ; 2, degiee JfunWhia ki m lgmm@wésse egqm%@cf(gOO% by

wei ght) plus 2-hydroxy-2 2 1y -1 -phenyl - opan % by
wei ght) (DarB@EﬁﬂCQ'Pf\dmalS“sz\mW@ttﬂuhtydthedmnyl acet ophenone ( BDK)

b
79201, e iy s USSPy Yokt

2-met hyl -1 - E_!@ij:ﬁhyl t hi 0) phenyl ) - 2-nmor phol i no propan I -one ( MVVP)
(I'rgacure TM 907, dro en an I ( H\VPP)
(Darocur TM 1173) M%‘F"‘é‘%‘ ‘}%‘5%‘?“?"’5‘%’/&% QIR0 ar

preferred phwmhmnemlmmaue&bmaaw&a@bxenmlgmmesbfphydrei vl Cure is also
suitably carri %ﬁ;&gl‘ﬁ{] ese ce of a diJuent. Sui tuabl e diluents

i ncl ude al kaﬁ’ﬁﬁ’éﬂy | ?"’n‘%r ﬂ&?éryé‘tt%ﬂa?ﬁnﬂl@s oficetonitrile, NN -6 WO
01/ 30867 1PCTinH§Q&&2>Q?ﬁ5pyldis(ﬁH&tﬂyﬁﬂsiﬁﬁlﬂé anf 8! ARS8 oﬂh&ﬂ‘bt hyl sul f oxi de,
acetone, tert-hutyl acet aM acetate, isopro acetate, and

N- net hyl - 2- p?’F%‘F"V%Vi@“P?d Hgro-tutyldernated mqi mnﬂiybd@mp Eke¢ ght
(C5.12) al kap@édmRf & cBin! gfe g‘ileac-urﬁéthgfiﬁdr&ﬁéntﬂﬂéd nheéri 8B TaoPds pter|I S

i nvention offer nunerou nt age
mole of 3-isopropenyl-a,o-dimethylbenzyl i 1socyanate using dibutyltin dilaurate as a
catalyst.

® Example 1: Hydrogel Formation
A hydrogel was made from the following monomer mix (all amounts are
calculated as weight percent of the total weight of the combination): macromer (~18%);
25  an Si,; monomethacryloxy terminated polydimethyl siloxane (~28%);
methacryloxypropyl tris(trimethyl siloxy) silane, “TRIS” (~14%); dimethy] amide,
“DMA” (~26%); hydroxy ethyl methacrylic acid, “HEMA” (~5%);
triethyleneglycoldimethacrylate, “TEGDMA” (~1%), polyvinylpyrrolidone, “PVP”
(~5%); with the balance comprising minor amounts of additives and photoinitiators.

30  The polymerization was conducted in the presence of 20%wt dimethyl-3-octanol
diluent. |
The hydrogels were formed by adding about 9 drops of the monomer mix on a
polypropylene disc fixture in a Haake Rheostress RS1000 rheometer with circulating

bath temperature control. The monomer mix was degassed under roughing vacuum
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5 do not experience phase separation during cure resulting in a reduction
of grit. Further, ‘internal stresses are reduced so that blistering does
not result during subsequent autoclaving of the |lenses forned fromthe
pol ymer. WIGPIF grit greatly reduced the degree of unvREHEHW0L29245t

scattering ixshen HY) $6Detech SURE 30Mnimites Olire Hab ¥ordvditashl theRhévntiige of
domains also inproves wettability of the lens. 10 The invention is further

descri bed i novenghercoprseRf hePOrse py WP&W&%P%@‘OWHB?&%IEYMW%H as
the termis ys &Hn&epgnﬂ%@@%b %&ﬁxﬁa %ﬁfﬁWﬁWcin“oﬁ Pltone mol e
es o ro acryT a

is made from an average O xyet hyl te, 2.8
mol es of et psrieratask widlc any Andaver ¢0@ AR 035 /’11‘639565 02 hght filter. After

nmet hacryl oxy (t I

met hacryl %xyg?lxg%éa{h‘e)ﬁ’ma% e%%%y%bﬁhtﬁgﬁs%ﬁﬁq{f pglly Fgr&eltnh‘{ﬁl@pox ane.
The nacr oneof 159mloPptophral obwar%lndwpmddmmimbm@m-e@ﬂﬁﬂata&w&hl al with 2.0
nol es per nole of_ 3-isqpropen a-di net hyl benz |socyanate usi ng

di butyl ti n dﬁwszuz%ﬁ‘@atars hé&?ﬁﬁ% fhickngssiaf 300, . 1T e%ﬁa@@m P?Paforon A

hydr ogel f Hﬁg@”ﬁ@
cal cul at ed a ?‘g‘;ﬂﬂgﬂéi" g“nltoggﬁﬁ B ota wg?ﬂg@ht o;?%k [ nat| on):
macromer (- . ¢@jdered28y speckion the lmpermnywhere shrwgpoutetshuﬂawmhpsmyxblenet hy!

si | oxane . 28 ry pr fris t.h 0X Si I "TRI S"
(- 145 a Bl mangAion oS Y e L4, ek CFAR 100 i RBGe
"HEMA" (- 50/() are shéw & Taglenegl ycol di net hacryl ate, "TEGMA" (-1%,

pol yvi nyl pyrrolidone, "PVP" (-.5%; with the bal ance conprising m nor
anounts of additives and photoinitiators. 30 The pol yneri zati on was
conducted in the presence of 20%M dipgpidw:l - 3-octanol diluent. The
hydrogel s were fornmed by addi ng about 9 drops of the nononer mx on a

pol ypropyl ene disc fixture in a Haake Rheostress RS1000 rheometer with
circulatipg bath tenperabu;eer&gf;&ramre(o e r’@ﬁ@@a{m{nx was degassed under

roughi ng vacuum -7

20 68
30 40
45 38
55 21
20 65 12

This example shows that grit formation is substantially reduced when cure temperature

is elevated.

25
Example 2: Cure Kinetics

Hydrogels were made according to Example 1 except that cure was conducted at
temperatures of 25 °C, 45°C, and 65°C. Rate constants were determined during the
30  course of cure at each of these temperatures by determining the concentration of
monomer species present over the course of time. The average rates for each of the
components are shown in Table 3. First order reaction kinetics were used in the

calculation.



WO 01/ 30867 PCT/ US00129245 (<50 mm Hg) for between 5 and 30 m nutes. Cure

was conducted in the rheoneter
t enper at ures shown bel ow. Pol yneri zati on

and was woodgess7ti ated with 5 miWem z of WIight

Corp. 420PS 10-25 AM39565-02 light filter.
di sc was renoved fromthe disc fixture and | eached in 4 aliquots

2- pr opanol

dei oni zed water. Each di sc Tahle 23 ReattigonRate Gonstats @1) The discs were

anal yzed f +orpail-on—using Lght m croscope.
for this pﬁTﬂBﬂé‘F) i| MPRMSs | Macramer, DA LHEMA! e
t hr oughout [ TTSsbUl K IS brie d 8; [0

(i.e., ad fe(:szt5 of abm(?gﬁloooﬂlzzg Dré?luge rgﬁgﬁ')w

Table 1: 15 C#Se TenPHOI ur e O0IH2 Gji t 0034t | ROOGES] GO0 | 4501332
65 12 Thi sfexgaptetshey tnat Ht—fotnaton - SoSHp st ani e

cure tenpefratudre isum%/at egid%g xa%‘ig 2: @} Ki nglt:s

over the course of 1200 sec .at varying
occurred under a nitrogen purge

gener @tedisuod/dotusan Andover
After 5 polynerization,

each .
of 150nL

over a 24 hour period prior to being re-equilibrated with

Git,

_g: Xl or nore
|nb‘}%%l b 1

5 21 20

Hr—teduted when
H9‘8P'g€e S were

made according to Exanple 1 except that cure was conducted at

t enper at ur es

of 25 C, 45C, and _65C. Rate cgnstants were determ ned during the 30 course
of cure at each BFS%%@S&@%E%F@P&S mdmtm%n%%slew Bamdation of
monomner §p%ee&sma§m@mm&mﬁ&uﬁa§. BlowkldFbihe L8 rtY 6 d@& rates for each

of the conponents are shown in Table First order reaction kinetics were
used in thecompohents together wittgTRIS are significantly elevated with an increase in
temperature. Thus, increasing cure temperature normalizes the rate of cure of these

components relative to those of the components relatively unaffected by an increase in

temperature.
10
Example 3: Monomer Conversion
Hydrogels were made according to Example 1. The time taken to attain various
levels of monomer conversion (mPDMS, TRIS, DMA) was determined by measuring
15  monomer concentrations during cure. Results are summarized in Tables 3a-c¢ in which
the decrease in the time (seconds) it takes to convert a monomer is shown for i
conversions rates of 40 to 80% as the monomer temperature was increased from 25 to :
65°C.
20 Table 3a: Temperature effect on rate of % conversion of mPDMS
% Conversion 25°C 45°C 65°C
mPDMS Time (sec) Time (sec) Time (sec)
40 149 112 86
55 233 152 119
65 309 178 143
80 459 279 179




WO 01/ 30867 PCT/ ETS00/ 29245 Table 2: Reaction Rate Constants (s') Tenp (O
nmPDVS Macroner -TEGDVA TRIS DVA REMA 25 0. 0040 0.0175 0.0145 0.0053 0.0044
0.0122 45 0.0035 0.0142 0.0140 0.0068 0.0051 0.01412 65 0.0072 0.0235
0.0188 0.wagn3086720071 0.0177 This exanple shows that nPDVBCHES0RRMST eact

much nmore slowy than do

However ,

t he cure I

5 the crosslinkers (TEGDVA and Macroner).

e §5: 10453 2t QURAR Y ed GOR! el RS 27 @

si gni fi cantry; SRS t—an reaserrm —t raturg.— Uy s TTCT & i ng
cure tenpera oé’: t:,llp e +z2es J}ef(cu 3 of-retf gls'}gllfot LUIIPjﬁEgL(:Dec etajive
to those ofi—the—ecd¥ponentis—r¢l E}.% <220 V. .af#cé?mé. Bl anH-rerereasith
t enper at ur g Apl-e—F—MNoRoREF—CoRV-EI-S+-61- Hy-dr-ogel-s—wer-e—rade
accordi ng ta Fy;mﬁp | he .t Ln;g77f aken tgo :\tf:\k?‘s vari-ouls | Q\I&"i of —nohoner
conversi on {( r113D|\/l$5 TRILS _1DVA) wed det er fi ned hl,ﬁsjmaqur iing 159%nnaner
concentratilons dudng curde. Res3f6s arelsummrd3ted in Tables M2 c in iwich
the decrease in the tinme (seconds) it takes to convert a nononer is shown
for conversions r Tabk 3z Téhperatdéffect bpheatemf Obeonveesime ofDMIA was
i ncreased f[r ow Convepsio®5C¢. 20 DAt e 3a: | TenpedsiQire ef flect owsMGte of [ %
conver si on of % CanvergndisetpC 4PC 63Gme®)S TijMe (TiRR)set) M& [ See)
Time (sec) [0 T494d 12 86 | 55 2389l52 119 65 308 1/8 143 80 459 279 1L79
-9 i WO 01/ 67 BT USCA 2924555, 150 100
65 356 193 132
80 533 295 181
5
These examples show that incorporation of certain monomers and crosslinking
agents are greatly increased with the application of heat. In general, the rate of most
chemical reactions increases with increased temperature, however the disproportional
increase in rates of various components relative to others seen here could not be
10 expected in a polymerization reaction, particularly 2 photoinitiated polymerization.
Example 4: Clarity
The monomer mix of Example 1 was degassed under reduced pressure (40 mm
Hg), with stirring for 15 minutes and then left stationary for an additional fifteen
15  minutes at 45°C. It was subsequently transferred to contact lens molds under a nitrogen
atmosphere. The filled molds were preheated for 4 minutes and then exposed to visible
light (wavelength: 380-460 nm with a peak maximum at 425 nm, dose: approx. 2.5
J/em?) for 8 minutes. Lens lot A was cured at 45°C. Lens lot B was cured at 70°C.
After polymerization, the molds were separated and the lenses were released from the
20 molds in a 60:40 (v/v) solution of isopropanol and DI water, leached in 5 aliquots of
isopropanol over a period of not less than 10 hours, then equilibrated in a step-wise
progression to physiological saline over not less than 2 hours.
Lens haziness was determined by measuring the off-axis light scattered by the
lens (at 45 degrees relative to the source) using a white light source and a CCD camera.
25  The lamp was a Newport tungsten-halogen lamp with a projector lens and produced a

photographically uniform color temperature spot at 45 degrees to the sample. The
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Table 3b: Temerature effect on rate of % conversion of Tris % Conversion

25C 45C 65C Tris Tinme (see) Tine (see) Tinme (see) 40 111 80 36 55 177

123 48 65 250 155 90 80 396 234 162 Table 3c: Tenperature effect on rate

of % convgs elsegs70f DVA™ % Conversion 25C 45C 65C DVA T'lﬂ%blfs@@?z Time (see)
Time (see) 40 }39 91?%3 ,3}51@254 150 100, 65 356 193 132 5 181 5. [
These exanpiaEPIsetplagedwiththepostirior e facmgdhe GCR Gamemanddhelampat 6551 i nki ng
agents are ng?e%Ehﬂﬁbﬂt%ﬂf&%@ﬂpl@'ﬂd&;%@%@ﬂﬂhb\ﬂi{tﬂﬁ%&Eeﬁ&??égeof@;egﬁig.era" the

rate of nmost = chemical reactions increases with increased tenperature,
however the di spNerslizstionf thejlyminancecofithe light seattering dgvicsiveas condvetedias s

relative tofoﬁgggr‘?naﬁglggﬁﬁgg%?wglégqjﬁ §3 Fgg @pmg?%%%%%eyneri zation

reaction, particu ( tiated polynmerrzation 4. Carity
The nondirerpasitioned infplaneif thelsampls tol egyus sxairefemehee standind fot lighessstereTHed0 M

, Wth Lrr] f. 1 ] hyt e d nlefi ,stati for an
zl;igZ:li t}MonaI | r{uégﬂtofgﬁlﬁ%ngtﬁméé;&a 3 e4‘§ P*’?{%ﬂ%&ss‘%ﬁ?@a‘hé‘ﬁ?% FIREE @™ ed to |
e eheat ed fr g o ee andt hon expooed &b o bl Liane Canvel engt h
380- 460 nm &Wﬂgoﬁawﬁﬁﬁi‘ﬂiﬁﬁ E‘t‘ﬁﬁgﬁ‘iﬂ?ﬁénﬂb‘é@i S‘QBSFW fully open ahd) for 8 |
mnutes. LefflykRked\yidhfed aWiigBmeds vahle forthe'full fild 5 VEW of 24 ARitRE stififard Af ter |

pol ymeri zation, the nolds were separated and the | enses were released from

the 20 #bl oéeviation oflgssian | injgnsify, it oY thon eptivg field Thisireprawnisia maionm | eached
in 5 aliqua§ 'aﬁ&nofﬁ@d?fiﬂ%@%aﬁ‘f&ﬁmﬁteﬂﬁﬂ%ﬁ of not less than 10 hours, then
p- Wi se

equilibrated In a st
When the opal glass was replaced by a quartz or glass cuvette filled with saline

(packing solution) and stoppered with a silicone stopper, the scatter of this solution was
near zero. Adjustments were made for scatter resulting from the presence of particles

15 by subtracting the sample blank values from the sample values to normalize the blank
to a reading of zero.

The calculation of relative scatter was accomplished as follows. The 0
luminance level was discarded, leaving 255 real luminance levels possible. The blank
values (saline without a lens) were then obtained as well as the sample values. This was

20 done by capturing an image (using the aforementioned settings) and then processing it
with “OPITIMAS” image analysis software commercially available from Media
Cybernetics, Inc. Area morphblogy algorithms employed by the software were used to

conduct the processing. The extreme edge or inclusion of portions of the image not
associated with the lens were avoided in using the Region of Interest (ROI) tool. A
25 mean gray level was obtained for the blank by comparison with the ROI copied to the
image of the lens. 8-bit gray scale images were used for this purpose.
Relative scatter was then determined according to the following equation:
{[(Sample Mean Gray Level) - (Blank Mean Gray Level)] / 255} x 100. The values

. obtained from this equation were then reported as a percent, e.g. 6.8% relative scatter.

30 Comparison of the two lenses described above indicates a five-fold reduction in
off-axis light scattering of Lens lot B relative to Lens lot A. For comparison, light
scattering for two commercially available contact lenses was also determined. Results

are shown in Table 4.
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progression to physiol ogical saline over not |less than 2 hours.

Lens- hazi ness was determ ned by neasuring the'off-axis |light scattered by
the lens (at 45 degrees relative to the source) using a white |ight source
and a CCOwaom0867 25 The | anp was a Newport tungsten-hal BOEHSG293E5W t h a
projector |lens and produced a photographically uniformcolor tenperature
spot at 45 degrees to the sanple. The -10 WO 01/30867 PCT/ US00/ 29245

sanpl e was placed with the posterior clable4aci ng the CCD canera and the

| anp at 45 rpdegrees—nfrgnt—of—the—samptesf; T rpendictar to the
anterior fage of the Ie ési'% Nor mal i zat { on O#gﬁ%@%aﬁ%rﬁé%@ of the light
scattering devi ce wasBdlgfitesidt ed as follows. An ofal glass difftuser (Melles
Corot 13 FSP-003—25am-diareter)—was—b—positi-onedinprace—of—{he sanple to
serve as a flef er ence LOFaRAR'Y f or light scatter. She | anp used to

iI'lum nate tfhe sanpl eL%oﬂ%S' troned such that apgg brt CCD cajrera (an
Optronics THEC 470) set at 60th of alsecond (fixed), gamm = 1.0 and the

| ens (Navitlar 7000) WensiotBe iris sef in the m d.position clig¢k stop

bet ween f ul Yy=ppen—antd—Futty—ctosed—yretded—a—-br+ghtness—vat-tie for the
full field of KAT&HMBI™S98A with a standard 1 o deviation of |ess than |
intensity unit over then entire field. This represents a maxi num variation
of |I part in 256 or approximately 0.4% Wep the al glass was, repl aced by
a quartz &r éﬁ%&@m@a PWS heLMPEPVFmER 1a gpi °1a'("§é§ e B etﬂcF‘?fH)ngéﬁQS‘e

st oppered W tijhyeatish!l | cone stopper, the scatter of this solution was near
zero. Adjustnents were nade for scatter resulting fromthe presence of
particles 15 by subtracting the sanple blank val ues fromthe sanple val ues

to normalize grgﬁu {1g of zero. The calculation of relative
scatter was 8%%%‘#%%“8 eréééa}y#g@?g%. The 0 lum nance | evel was discarded,
| eavi ng 255 real [Lensenawoembhdpastordingds Esdrapled egceapt fimt diffetent Ibewire awmled
val ues (sgline, without a |len b~ L haed pel | he sanpl e
val ues. THis a&/gée é’%‘"ﬂ%r"é’ y%%%%?Sf?’ég%;ﬁgmygfeﬁ@%ywﬁ% “enent i oned
settings) andgrasmic ontaceaglesoveré meddurdd as @hlloWs\VIRS/e sampii’ ofl esth)eissvaof t war e
commercially available from Medi a bernetics, Inc., Area r | ogy .
S G0r | £ his. SABPRRRAP RS uL S Femih SR APl gt in WG atd sl bratth in

. borate buffered saline packing solution (>0.5 hr). Dynamic contact angles of the strips

»

were determined using a Cahn DCA-315 microbalance commercially available from
15  Cahn Instruments of Madison, W1. Each sample was cycled four times in borate

buffered packing solution and the cycles were averaged to obtain advancing and

receding contact lenses for each lens. The contact angles of the five lenses were then

averaged to obtain mean contact angles for the set. Results are shown in Table 5.

20 Table 5
Lens A B C D E
Cure Temp (°C) 45 55 65 70 75
Contact Angle (°, Advancing) 83 76 66 58 54

This example demonstrates that the surface wettability of the lens improves with
increasing temperature of the cure. Without being bound to theory, this is consistent

25  with fewer “blocky” silicone domains on the surface of the lens — that is, as the lens
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conduct the processing. The extreme edge or inclusion of portions of the

i mge not associated with the |ens were avoided in using the Region of
Interest (RO) tool. A 25 nean gray |evel was obtained for the blank by
conpar i swo o387t he RO copied to the 1nmage of the | enpcTseomotssgr ay scal e

i mages .wer i IRQL?%' [y hen determned .
accordi ng ﬁ(’)&@ﬁ% er g‘?’f‘%ﬁ&%&&ﬁ?%"n: %@gﬁgﬁ gﬁi}gg}#\@%% es\‘}rgFI}e O Bl ank
Mean Gray Lkwthe yor¢ hkBséphilic copponditeofithe leas polyimerni ned from t hi s equati on
were then reported as a percent, e.g. 6.8%relative scatter. 30 Conparison
of the two | enses described above indicates a five-fold reduction in
off-axis light scattering of Lens ot Brelative to Lens lot A For
conparison, light scatteri.ng for two commercially avail able contact | enses
was al so determ ned. Results are shown in Table 4. -11 WD 01/ 30867

PCT/ US00/ 29245 Table 4 Lens Light Scattering (% Balafilcon* 4.4
Lotrafilcon* 5.3 Lens lot A 20.4 Lens ot B 3.7 * For conparison. 5 This
exanpl e shows the inprovenent in optical clarity of |enses made accordi ng
to the invention. Exanple 5: Surface Wettability Lenses were nade
according to Exanple 5 except that different lots were cured to at the
follow ng tenperatures: 45C, 55C, 65C, 70C, and 75C respectively. Dynamc
contact angles were neasured as foll ows. Five sanples of each | ens were
prepared by cutting out a center strip approximately 5mmin wi dth and
equilibrating in borate buffered saline packing solution (>0.5 hr).
Dynam ¢ contact angles of the strips were determ ned using a Cal m DCA- 315
m crobal ance commercially available from 16 Cahn Instrunents of Madi son

W . Each sanmple was cycled four tines in borate
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buf fered packi ng solution and the cycles were averaged to obtain advanci ng
and receding contact |enses for each |lens. The contact angles of the five
| enses were then averaged to obtain nean contact angles for the set.
Results ayeophomsen in Table 5. 20 Table 5 Lens A B C D E pCwnusedr®™zs (C) 45
55 65 70 75 Contact Angle (, Advancing) 83 76 66 58.54 __This exanple
denonstr at esCiaImE the surface wettability of the Ieniuhmroves wth "

i ncreasing tenperature of the cure. Wthout being bo ﬂﬂﬂlm uu S is
s”“!"[ he

consistent 25 with fewer "blocky" silicone domains o
| ens - that {NSe, %%,the lens -12 WD 01/ 30967 PCT/ USCan9245 pol ynmer becones
nore isotroplc c} € hydrophobic silicone is dispersed and screened out by

t he nore hydt.ophnéthed efongkineasilicale hylimgeElamppising e steps b hiffing MG OaET

PCT/ USCQ 29245 Clains "J""L' 1ILI1 LiAll 11 111 S. W claim 1. A nethod
of making®a &8 FRBFENR STt ﬂé #ﬁ&dfweﬁ'{e@& °Wﬂf€&i‘?’ﬂ’@;"%ﬁ rs 5
at a tenper atgdisfiofll €at er than about 45C and subsequently curing said

nmononers with radiation. 2. The nethod of claim1 wherein the tenperature
is about 70 to about 75C. 10 3. The nmethod of claim1l wherein said silicone

hydrogel is 5Bg§fe iRk SPAMET Shethl ﬁe&&g%egﬁa@ig DRubieiekpe@eel i ng of

sil oxanes: silanes: am des: additlves, m xtures thereof. 4. The net hod
of claim1l wherein said curing is conducted by visible light. 15 5. The

net hod of,.cl gi L ej ' . ' ' | | oxanes,
met hacry I%xy%’r gld%/fn\éﬁgflg @Fﬁ%?ﬁl ;g% ﬂg%ﬁ?%ii%&g?: &gﬁg?lq%&%é@#%@aé’h e, an
acryl ate selected from the group consisting of siloxanes; silanes; amides; additives, and

mixtures thereof.

4. The method of claim 1 wherein said curing is conducted by visible light.

15
5. The method of claim 1 wherein said monomers comprise a polydimethyl siloxanes,
methacryloxypropyl tris(trimethyl siloxy) silane, a dimethyl amide, an acrylate

derivative, and a methacrylate derivative.

20 6. The method of claim 5 wherein said polydimethyl siloxane comprises

monomethacryloxy polydimethyl siloxane.

7. The method of claim 1 further comprising 2 macromer made by combining 2-
hydroxyethyl methacrylate, methyl methacrylate,

25 methacryloxypropyltris(trimethylsiloxy)silane, mono-methacryloxypropy! terminated
mono-butyl terminated polydimethylsiloxane, and 3-isopropenyl-o,a-dimethylbenzyl

isocyanate.

8. The method of claim 1, further comprising

30 a) formulating a monomer mix comprising polydimethylsiloxane; a macromer
made by combining hydrophobic monomers and hydrophilic monomers; silanes;
amides; methacrylate derivatives; and initiators;

b) normalizing the reaction rates of the monomer mix components;
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derivative, and a nmethacrylate derivative. 20 6. The nmethod of claim5
wherei n said pol ydi net hyl siloxane conprises nononethacryl axy pol ydi net hyl
siloxane. 7. The nethod of claim1 further conprising a macromer made by
conbi ni ngy@e1dexgd oxyet hyl methacrylate, methyl nethacrylgig,

met hacryl oxypropyi)t ri sgt ripet hyl sil oxy)silane, nono-net hacryﬁ oxypropyl
term nated nono- OO Bikret hyl si | oxane, and

3-isopropenyl -a, a- d| met hyI benzyl isocyanate. 8. The nethod of claim1,
further conprising 30 a) formrulating a nononer m x conprising

pol ydi et hyl%lmmﬂ@d clréra Bowherein pernaliping dhsroadtion gates eomupisetlicsting noner s

and hydr ophlng n%nﬁ&%'%?feﬁst aﬁé ;3g®s; amdes; nethacrylate derivatives; and
initiators; nor mal e reaction rates of the nmonomer m x

conponen®s; -14 WO 01/ 308867 PCT/ USOQ' 29245 c¢) radiation curing said
nonomer m X rein.nornal | zin he action
rat es COh‘pI’I? gh%ggﬂ&ﬁ&%n%%ggev&ge&g %ﬁ% © eAstion i gefhxga% od of
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12. The method of claim 9 wherein said monomer mix is cured with visible light at 2

temperature of at least é.bout 70 to about 75°C.
20 13. A contact lens made by the method of claim 1.
14. The lens of claim 13 having a grit count of less than or equal to 40.
15. A contact lens which scatters less than about 4.4% light as measuring by the off-
25  axis light scattered by the lens, at 45 degrees relative to the source, using a white light
source and a CCD camera.
16. The lens of claim 15 which scatters no more than about 4.0% light as measuring by

the off-axis light scattered by the lens (at 45 degrees relative to the source) using a

30  white light source and a CCD camera.
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