PROCESS FOR THE SYNTHESI S OF SOLUBLE, H GH MOLECULAR WEI GHTPCLYMERS Fi el d
of the Invention The present invention relates to processes for the
synt hesi swohoeual4wdabe, hi gh nol ecul ar wei ght pol yners. i paTBsesogosounsl of the
| nventi on Methods for the manufacture of sol uble polynmers having nol ecul ar
wei ghts | ess than about 700,000 are well known. For exanple, soluble
pol yHEMA possessi ng nol ecul ar weights in the range of 500,000 to 700, 000
mass units nmay be acconplished by reacting concentrated solutions of one or
nore ol efm c nononmers as in the presence gf _radical initiators, followed by
the termnation of the process once a gel has been forned. Unfortunately,
this process often yields inconsistent results. Furthernore, depending on
the crosslinker corr@OESSFORENEE JSRAHESIS OESOI VLR 8S6R MOPEEE; AgTPOU nds
may consi st of significant branching in the polyneric chalns. % S
branchi ng reduces the solubility oﬂgﬂﬁﬂjﬁ’ RS pol yHEMA. 20 Summary of
the I nvention The present invention relates to a nethod conprising
pol ymeri zing at | east one nononmer under conditions where at | east about 95%
of the incident light produced by the light source is filtered to produce a
sol ubl ¢, high nol ecul ar wei ght 25 pol ynmer. VIN-5061More specifically, the
present inventiglgLehdifenlish @ Process conprising polynerizing via
irradiation froma [ITght source, a reaction m xture conprising at

The present invention relates to processes for the synthesis of soluble, high

molecular weight polymers.

10 Background of the Invention

Methods for the manufacture of soluble polymers having molecular weights
less than about 700,000 are well known. For example, soluble polyHEMA
possessing molecular weights in the range of 500,000 to 700,000 mass units may be
accomplished by reacting concentrated solutions of one or more olefinic monomers

15 in the presence of radical initiators, followed by the termination of the process once
a gel has been formed. Unfortunately, this process often yields inconsistent results.
Furthermore, depending on the crosslinker content of HEMA used in their syntheses,
these compounds may consist of significant branching in the polymeric chains. This

branching reduces the solubility of the resultant polyHEMA.

20
Summary of the Invention
The present invention relates to a method comprising polymerizing at least
one monomer under conditions where at least about 95% of the incident light
produced by the light source is filtered to produce a soluble, high molecular weight
25 polymer.
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| east one nononer and at | east one photoinitiator wherein at |east about

90% of i nci dent
sol ubl e, Woghod4mbecul ar wei ght pol yner.
1 is the absorbance spectrum for

light emtted by the |ight source is filtered to produce a
Descri pti on ofcrhus200598T4€% Fi gur e
| RGACURE CE@ 1850. Figure 2 shows the

em ssion spectrumof a Phillips TLO3 bulb. 1 O Description of the Invention

I't has been surprisingly found that by controlling the intensity of
incident light to polynerizable systens the rate of

initiation nmay be

mani pul ated to conveni ently produce soloubl e pol ymers having hi gh nol ecul ar

wei ghts. 15 As used herein "sol ubl e"

means that the resulting pol yner

has a

| ow degree of crosslinking. Suitable degrees of crosslinking include those
bel ow about 0. 1% \fEfesipbiiy, A6 hRWnERO oA ril8% BRAGrocREoRipe {ig@bl y bel ow

about 0. 06%

Alternativel

‘natively, 'the solubility may be confirmed hy dissolvin
the pol ymer pelymeszing wiatrrahiation drom alight soufceqe iFREonIRIXBET MBS t abl e ’

sol vents may he feathbhe2RdSElas babnBbilittasay et ki lbdst hbbut HEoRst , using for

exanpl e dielectric constants, dipole nmonent of the solvent, Hansen

sol ubi ity picaieetlghtenitigd by hellightsourse istfdtsred ta progugetassofuble,

such_as pol yH I . are not limted to dinethylformm de,
%fap\gl{elﬁgﬁepoll}ml‘ér. y

dine?hylsulfgklae,

. actate, water, nethanol, isopropyl alcohol,
et hanol, m xtures thereof and the |ike at 250C. Suitable solvents for

Béglar pol ymers,

non-

25 pol ar pol rs.. su S thyl nmethacrylate include, but are not limted
pplticin °P£€ uﬁgde and the |like at 25C. Pol yners which are

sol ubl e under t heFigure 1 is the absorbance spectrum for IRGACURE CGI 1850.

t o tol uene,
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Figure 2 shows the emission spectrum of a Phillips TLO3 bulb.

Description of the Invention

It has been surprisingly found that by controlling the intensity of imcident
light to polymerizable systems the rate of initiation may be manipulated to
conveniently produce soluble polymers having high molecular weights.

As used herein “soluble” means that the resulting polymer has a low degree
of crosslinking. Suitable degrees of crosslinking include those below about 0.1%,
preferably below about 0.08% and more preferably below about 0.06%.
Alternatively, the solubility may be confirmed by dissolving the polymer in a
solvent having a similar degree of polarity. Suitable solvents may be readily
selected by those of skill in the art, using for example dielectric constants , dipole
moment of the solvent, Hansen solubility parameters and the like. Suitable solvents
for polar polymers, such as polyHEMA include, but are not limited to
dimethylformamide, dimethylsulfoxide, ethyl lactate, water, methanol, isopropyl
alcohol, ethanol, mixtures thereof and the like at 25°C. Suitable solvents for non-
polar polymers, such as methyl methacrylate include, but are not limited to toluene,
methylene chloride and the like at 25°C. Polymers which are soluble under the
present invention will have at least about 0.5 gm of polymer dissolve in 1 00 ml of

the selected solvent at 25°C.



present invention will have at |east about 0.5 gmof polynmer dissolve in 1
00 m of the selected solvent at 25C. VIN-5061Additionally, the soluble,

hi gh nol ewol2as6/0medight pol yners of the present inventi onPoayushesm37473

pol ydi spersities fromabout 1.4 to about 1.8, nore preferably between about
1.1 to about 1.5.As used herein "high nolecular weight' neans a wei ght
average nol ecul ar wei ght Mv of at | east about 400,000 and preferably at

| east about 5 500,000 as nmeasured by GPC with absol ute nol ecul ar wei ght
determ nation using a nmultiangle |ight- scattering detector. Appropriate
instrunents are available from Watt Technol ogi es Any free radical

pol yneri zabl e nononer (s) nmay be pol ynerized using the process of the

present i nVen%Aid@i'ﬁonzﬁ?@Dﬁlé @(!)lhmle,fﬂégtﬂnbladﬂﬁ?\leigmbmméﬂsZ>|ﬂﬂe plaBEtBRAtidn O
conprise reactive groups including acrylates, styryls, _vinyls, vinyl
ethers, acryl 8% §&% PORHPRRItEREPEAROU Neh Torfp Pl 4 SYTe @gferafip?/ LA 2 d
C2-i 2al keny! phgayh § to SHout 23! AceRed KRR thYR SoleBilarCeifia! eaylaphamy! G . 6al kyl s.

Preferred free radical polynerizabl e nononmers conprise nethacryl ates,

acryl ates, medYrRgeyRel aieighbMyn ot teasd abayth 40Q.0R0 and peeforably 2hlstsbalsrer er abl y
G - al kylacr yl‘gg(f,@(ﬁ) Antkadnedby 6BE kithasLonka Hofesias y@ei@lﬁ{@teﬁﬁﬂ@ﬁ@n@ﬁh@%- The

free radi cal ymeri zabl e nononmer are nonofunctional. Mre specifically

sui t abl e r eacminlt@ngle dightscattreing detecion yirproprintenrumonts are axzifapl 0,
O vi nyi tar bondV A Eolei e Damate, 8l 1 ¥11 c. 0 vinyl acetyl and
N-vi nyl I act am and Ray freytadivaldolysuuizhtde ronetser(s) mey Y¢ pelymgmeed using thacryl i c- 20
Eg ?:}Q%IO?(I) ng" ngpo%gs% 0F 13 rp?esgln%’?v%n%n O@E‘\I{e&ll?f%{a ﬂd%apgolm&iﬁ)?g ¥bidmegy oup (CR
10 comprise reactive groups including acrylates, styryls, vinyls, vinyl ethers,
acrylamides, N-vinyllactams, N-vinylamides, C,.j;alkenyls, Cy.jpalkenylphenyls,
C,.12alkenylnaphthyls, or C,salkenylphenylCi salkyls. Preferred free radical
polymerizable monomers comprise methacrylates, acrylates, methacrylamides,
acrylamides, and the like, and more preferably Ci.salkylacrylates and
15 Cialkylacrylamides in some embodiments. The free radical polymerizable
monomer are monofunctional. More specifically suitable reactive groups include
acrylic, methacrylic, acrylamido, methacrylamido, fumaric, maleic, styryl,
isopropenylphenyl, O-vinylcarbonate, O-vinylcarbamate, allylic, O-vinylacetyl and
N-vinyllactam and N-vinylamido double bonds. “Acrylic-type” or “acrylic-
20 containing” monomers are those monomers containing the acrylic group
(CR’H=CRCOX)
wherein R’ is H or CHj, R* is H, alkyl or carbonyl, and X is O or N, which are also
known to polymerize readily, such as N,N-dimethylacrylamide (DMA), 2-
hydroxyethyl acrylate , 2-hydroxyethyl methacrylate, glycerol methacrylate, 2-
25 hydroxyethyl methacrylamide, polyethyleneglycol monomethacrylate, methacrylic
acid, acrylic acid and mixtures thereof.

Free radical reactive monomers may also include monomers such as N-vinyl

lactams (e.g. N-vinyl pyrrolidone (NVP)), N-vinyl-N-methyl acetamide, N-vinyl-N-
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wherein R is Hor CH, Ris H alkyl or carbonyl, and Xis Oor N, which
are al so known to polynerize readily, such as N, N-di net hyl acryl am de (DM,
2- hydr oxwetzngdo4aanyl at e , 2- hydroxyet hyl net hacryl at e, Pgirguserosio37473

met hacryl ate, 2- 25 hydroxyethyl nethacryl am de, pol yethyl enegl ycol

nononet hacryl ate, nmethacrylic acid, acrylic acid and m xtures thereof. Free
radi cal reactive nononers may al so i nclude nmononers such as N-vinyl |actans
(e.g. N-vinyl pyrrolidone (NVP)), N-vinyl-Nnethyl acetam de, N vinyl-NVTN
5061let hyl acetam de, N-vinyl-Nethyl fomram de, N-vinyl formam de,

N 2- hydr oxyet hyl vinyl carbamate, N-carboxy-b-alanine N-vinyl ester, with
NVP being preferred. Still further exanples are the hydrophilic vinyl

carbonate or YihpydcetamideaRB A 1-NOARTES Sadhi&s NOGR formakhide, N%hydrMe&yD?O 215,
and the hydrophilic oxazol one 5 npnoners. dj sclosed jn U S.

4,190, 277. O Nayl cathamats, B- q%rmﬁﬁﬂqnif@ Nrsirghestes wigh WB@G%B%?F%W? to one

skilled in the artStﬂM%lrrtﬁerF%&%ﬁEg ﬁg tl‘fe hﬁ@robﬁiﬂb Gl fa8Rmbie b8 viDINAMRMmStEeWhi ch may
be incorporated into the p resent invention Include

N, N- di net hyl amnymaﬁﬂdebéq@m S ?aWarS&Z%Huand thehyrrgplilic grazelapg|

met h cryl ate, rﬂ%ng% %X%Eéaxﬁ U@S’Qlaﬁ[)ﬂ ?96217@ dﬁ'ler QuidbIMlyB¥phigL | done (NVP),

2- hy roxyet hyl” nmet hacr y at e, pol yét'hyl enegl ycol nonomet hacryl at e.

Silicon cont amnwgemmbheawamvoah@dﬂ]ﬂmi inthelagided. Suitabl e silicon

cont ai ni ng nononer s, i n¢ i i ably, the

Si and attached O Igllro & pr?%ggd ?ée Ijag?‘ﬁtrea%ﬁ %%Iﬁ)gnec%ﬁ%lg? gllra Hch r;%glfﬁgﬁt i % an

gm)unt ﬁS gr ea{t@thetpbaemezaf thepgient peertientnchedady, Nfdlmetb}’lelﬁ:eﬂ@bﬂg/(@ﬂéht er than

0 wei ght per (el il -g@ntainin

conponent . %ﬁrogﬁt%ng 8?\%@%} nglgceﬁ?lnnééﬁlacrylz\{ﬁ Zgh};dr(gcfyetthplemahi&ﬁ%%eﬁ\?- 9

10 Vlnylpyrrohdone (NVP), 2-hydroxyethyl methacrylate, and polyethyleneglycol

monomethacrylate.

Silicon containing monomers may also be included. Suitable silicon
containing monomers include at least one [—Si—O—Si] group. Preferably, the Si
and attached O are present in the silicone-containing component in an amount

15 greater than 20 weight percent, and more preferably greater than 30 weight percent
of the total molecular weight of the silicone-containing component. Useful silicone-
containing components preferably comprise polymerizable functional groups such as
acrylate, methacrylate, acrylamide, methacrylamide, N-vinyl lactam, N-vinylamide,
and styryl functional groups. Examples of silicone-containing components which

20 are useful in this invention may be found in U.S. Pat. Nos. 3,808,178; 4,120,570;
4,136,250; 4,153,641; 4,740,533; 5,034,461 and 5,070,215, and EP080539. All of
the patents cited herein are hereby incorporated in their entireties by reference.
These references disclose many examples of olefinic silicone-containing
components.

25 Further examples of suitable silicone-containing monomers are

polysiloxanylalkyl(meth)acrylic monomers represented by the following formula:

Formula I
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conponents preferably conprise polynerizable functional groups such as
acrylate, nethacrylate, acrylam de, nethacrylam de, N-vinyl |actam
N vi nyl amwvoepoczaadist yryl functi onal groups. Exanpl es of psirhise@s®3mont ai ni ng
conmponents which 20 are useful in this invention may b e found in U S. Pat.
Nos. 3,808,178; 4,120,570; 4,136, 250; 4,153, 641; 4,740,533; 5,034,461 and
5,070, 215, and EP080539. All of the patents cited herein are hereby
incorporated in their entireties by reference. These references discl ose
many exanples of olefinic silicone-conta ning conponents. 25 Further
exanpl es of suitable silicone-containing nononers are
pol ysi | oxanyl al kyl (net h)acrylic nononers represented by the foll ow ng
formula: Forrmula | VIN-5061wherepn: R denotes H or |ower alkyl; X denotes O
or NR4; each R4 independently depotes hydrogen or nethyl, 5 each R1-R3
i ndependently denotes a | owe k_L@mH#ﬁgK@sm@Rp#@pyl radical, and nis 1
to 10 and preferably 1 or 3 to||10. Exanples of these polysil oxanyl al kyl
(meth)acrylic nononers include nethacryl oxypropyl tris(trinethylsiloxy)
si l ane, pentanet hyl di si | oxanyl methyl net hacryl ate, and
met hyl di (tri Shl ) ' €.oqd ; OXypro
tris(ttinethgﬁé§¥%&§f§§¥§ﬂﬁg?gg% %ﬁﬁb§?$%¥%¥ZP%§§fegﬂgggre 2?%@” clggs g?
si | i cone- cont dénotesdrydopgmonertlyli s a pol y(or ganosi | oxane) prepol ynmer
represented by For a kl: I3 i e ntly
denot®s an act F%ngtlgﬂék ulﬁéeg? rﬁdrég{lggéngtre% lL,ll ;l)o,weé \3@2{ %gl@%lﬁ?ﬁ %héﬁyl 1‘391‘391, e

nis 1 to 10 and preferably 1 or 3 to 10.

Examples of these polysiloxanylalkyl (meth)acrylic monomers include
methacryloxypropyl tris(trimethylsiloxy) silane, pentamethyldisiloxanyl
methylmethacrylate, and methyldi(trimethylsiloxy)methacryloxymethyl silane.

10 Methacryloxypropy! tris(irimethylsiloxy)silane is the most preferred.

One preferred class of silicone-containing components is a

poly(organosiloxane) prepolymer represented by Formula II:

Formula II
R5 R7 Rl5
| |
A—(R9)—?i——[0?i]m—~0?i—(R9)—A
Re Rs Re
15 wherein each A independently denotes an activated unsaturated group, such as an

ester or amide of an acrylic or a methacrylic acid or an alkyl or aryl group
(providing that one A comprises an activated unsaturated group capable of
undergoing radical polymerization); each of R’, RS, R” and R® are independently
selected from the group consisting of a monovalent hydrocarbon radical or a halogen
20 substituted monovalent hydrocarbon radical having 1 to 18 carbon atoms which may
have ether linkages between carbon atoms;
R’ denotes a divalent hydrocarbon radical having from 1 to 22 carbon atoms,

and
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ester or amde of an acrylic or a nethacrylic acid or an al kyl or aryl
group (providing that one A conprises an activated unsaturated group
capabl e olVouneemgumong radi cal polynerization); each of RET/URG)sSBI74and RS
are independently selected fromthe group consisting of a nonoval ent
hydr ocar bon radi cal or a hal ogen 20 substituted nonoval ent hydrocarbon
radi cal having 1 to 18 carbon atons which nay have ether |inkages between
carbon atons; R9 denotes a dival ent hydrocarbon radical having from1l to 22
carbon atons, and VIN-5061lmis O or an gnteger greater than or equal to 1,
and preferable 5 to 400, and nore preferably 10 to 300. One specific
exanple is a, w bisnethacryl oxypropyl poly-dinethylsil oxane. Anot her
preferred exanpl e j § (EONG kSR RRIRE Bas byd@XMBN OMmAl préeradle Bas £6b, BRNO- - but !
t erm nat ed polydlnetthS|onane . Anot her useful class of silicone
cont ai ni ng congemesferebly 18 1taidds Qrielspechiitesemple in PrgrbismetireylarBseRit e or vi nyl
carbamate no s . (o] JAMa)YY) . [11 1 0 wherein: Y
denotes O sﬁﬁﬁfﬁﬁﬁﬁkﬁéﬁgﬁkhé%ﬁﬁkggﬁ%ﬁ?ﬁgﬁg?kﬁﬁ?g?ﬁ?ﬁg organic radical; R
denot es hydr dgenomethagyloyypropy! tesminated mepng-ni-ity) teyminatedSyi t abl e
si | i cone-cont ai nj.n anig radicals Rr include the followwng: 1 5 -
(CHD gSi [ ( 042‘30@5%?@9{53""&?%2) qSi [ OSi (CH2) sCH3] 3 ;

Another useful class of silicone containing components includes silicone-

containing vinyl carbonate or vinyl carbamate monomers of the following formula:

Formula III

Rsi

; !
CH2=JI—(CH2)q——O-— —Y

10 wherein: Y denotes O, S. or NH; R¥ denotes a silicone-containing organic radical; R

denotes
hydrogen or methyl; d is 1, and q is 0 or 1. Suitable silicone-containing organic

radicals R¥ include the following;

15
——(CHg)gSI[(CH2)sCHsls ;
—(CH2)qSI[OSI(CHy)sCHals ;

|.Q10
—(CHy)g—SIOTR10,

R10
e

|IR10 |IQ10
—(CHa)g—SIO-Si—R10
R10 | R10
e

wherein:
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wherein: VIN-5061R10 denotes - (CH2)p-O CCH=CH2 Wherein p is 1 to 6; or an
al kyl radical or a fluoroal kyl radical having 1 to 6 carbon atons; e is 1
to 200; gwD0d6/0429103 or 4; and s is 0, 1, 2, 3, 4 or 5. PET/I$R005/037473
silicone-containing vinyl carbonate or vinyl carbamate nononers
specifically include: 1,3-bis[4-(vinyloxycarbonyl oxy)but-I

-yl ]tetranet hyl -isil oxane 3-(vinyl oxycarbonylthio) propyl-[tris
(trimethylsiloxysilane]; 3- [tris(trimethylsiloxy)silyl] propyl allyl
carbamate; 3-[tris(trimethylsiloxy)w lyl] -propyl vinyl carbanate;
trinmethylsilylethyl vinyl carbonate; trinethylsilylnmethyl i o vinyl
carbonate, and The sel ected nononers nust be essentially free from
crosslinki ng conpopfigsioteds used herein, a crosslinking conpound is any

mul tifunctional conmpound which, because of it reactivity, is reactive under
t he pol ynerization conditions of the present invention. It should be
understood that nultifupctional 15 conpounds which are not reactive under

t he pol yneri zat{Gh)rcondCtCoretsel ected may be present in anmounts above

t hose specified herein. The anount of crosslinker which may be tol erated
wll to sonme extent vary, depending upon the nononers which are being

pol yneri zed. Gener Whewgin tigd tefioumnn 2ty redisa or p fkeroalkybrdisd d2Yipg { #ed r eact i on

m xture shoul - AROYLs 102X Q. 3nd D 8% Peef&rably | ess than 20
about 5 x 10 mﬁ§1%§§§ﬁgbﬁg}e bygférhﬁ%y’lesssthén’about 4 x 10 3 nmole %

baseds upon al | r eathd sileononpuaieing sinyrcartivaate eneinylnarhpmetemeomgfen t he
E?gﬁgfr el L1 GicBr PRl TBLML SN ARG oG ) BR- 1T Em e i ABRMABt MY be
3-(vinyloxycarbonylthio) propyl-[tris (trimethylsiloxysilane]; 3-
[tris(trimethylsiloxy)silyl] propyl allyl carbamate; 3-[tris(trimethylsiloxy)wily1]
propyl vinyl carbamate; trimethylsilylethyl vinyl carbonate; trimethylsilylmethyl
10 vinyl carbonate, and
The selected monomers must be essentially free from crosslinking
compounds. As used herein, a crosslinking compound is any multifunctional
compound which, because of it reactivity, is reactive under the polymerization
conditions of the present invention. It should be understood that multifunctional
15 compounds which are not reactive under the polymerization conditions selected may
be present in amounts above those specified herein. The amount of crosslinker
which may be tolerated will to some extent vary, depending upon the monomers
which are being polymerized. Generally, the amount of crosslinker included in the
reaction mixture should be less than about 6 x 107 molg%, preferably less than
20 about 5 x 10™ mole% and more preferably less than about 4 x 10° mole %, based
upon all reactive components in the reaction mixture. When the monomers
comprise a polydimethylsiloxane, such as mPDMS, the amount may be higher such
as less than about 2 mole%, preferably less than about 0.5 mole% and more

preferably less than about 0.2 mole %.
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as | ess than about 2 nole% preferably |ess than about 0.5 nol e% and nore
preferably |less than about 0.2 nole % VIN-5061The rate of initiation used
for the pwesesosqroenti on shoul d be sel ected such that ratrasedwaiosr473
propagation remains greater than the conbined rates of chain term nation
and chain transfer. W have found that the desired rate of chain
propagation may be readily 5 achieved by controlling the amunt o f

i ncident |ight which reaches the polynerization m xture. The incident |ight
may be controlled by a nunber of ways knewn in the art. For exanple,
filters, such as glass and solution filters may be used alone or in
conbination to reduce the intensity fromthe light source. The filter is

sel ected accor di ngTHeQath BEinHRE6H LMo tHehﬂedehﬁhtzerﬁ@ﬂ élﬁﬁl@b&ketebted sypact rum of
the 1o initiator used in the polynerizatigon. Generally th éllter IS

sel ected to (HptEigchyn Prapagasion AR %’@PW}QB&&COE‘WCHI‘E? fBater than

about 525 nm ;20fafddandicNEn aRd, 5% to about 60% of nBX|nun1transrnittance

around about 45Cnn1and about 10%to about 20% at about 420nm The thickness

of the glass filteWehaysfound thejthedrsiied ratmof ehaimpigpagtioninayherediifensi ons of

the g% ass filtafe @%9}?&&1 ngrt unt Bfthcldagt l}giltqlh%rﬂ@dcﬁ&sth@f the reaction

vessel to insure t a t entering the vessel passes through the

]EI lter. An ex aqlpinenzaﬁomm&uur@aEhelnglldaséllghtlmaé’rbel @n%iOlB@Ih@FTmmbafs@ Waybt er VG
1 mMmor 2 t hi cknes Iﬁéqg e

absor bance 21;11&1: vgnu%n%f %g\?é%%l%ﬁg tg]'eé %u&l Jsréaésg% o(ﬁlt )ﬁhle% usdf

Si gma- Aldrlchakhmdhmomnmhmﬁmaonsmuﬂ&esnanduﬂhdndEﬂQ&SKMﬁkoﬂheﬁkﬂ@$een The

Adrich Chemi cal i 1990, EX absorb in
the region betW&: el%i Vol %’%*Be FrRc A © %Eé fn?grl?tl%rr)l%l{cé %&e(ﬁg regﬁf’ﬁ@égact ive Blue
4 angy bl ue HEMXatwhis@hinitlse polymerization. Generally the filter is selected to (a) cut off

wavelengths below about 400 nm and greater than about 525 nm, and (b) give about

5% to about 60% of maximum transxmittance around about 450nm and about 10% to
about 20% at about 420nm. The thickness of the glass filter varies from about 1 mm
to about 5 mm. The dimensions of the glass filter should be greater than the
15 dimensions of the reaction vessel to dinsure that all light entering the vessel passes
through the filter. An example of a suitable glass filter is a SCHOTT glass filter
VG6 (1 mm or 2 mm thickness). Alternatively a filter dye may be used. The
absorbance spectrum of several filtex dyes may be found in The Sigma-Aldrich
Handbook of Stains, Dyes and Indicators, Floyd J. Green, The Adrich Chemical
20 Company, 1990. Examples of filter dyes which absorb in the region between about
350 nm and 400 nm include amaranth, Reactive Blue 4 and blue HEMA, which is
disclosed in US 5,938,795.
The distance between the light source and the polymerization mixture may
vary up to about 12 inches Suitable filters block at least about 95% of the incident
25 light produced by the light source, amid preferably in some embodiments at least
about 98%, and even more preferably at least about 99%.
The incident light may be measured using known equipment, such as

commercially available spectral radiometers, such as an International Light
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di sclosed in US 5,938, 795. The di stance between the liglit source and the
pol ynmeri zation m xture may vary up to about 12 inches Suitable filters

bl ock at Wweasdts/mimat 95% of the incident 25 |ight produeet/usgoosisrdzs ght
source, and preferably in sonme enbodi nents at |east about 98% and even
nore preferably at |east about 99% The incident Iight nmay be measured

usi ng known equi pnent, such as commercially avail abl e spectral radioneters,
such as an International Light VIN-5061- S - (Newburyport, NMA.) IL 1400A
radi oneter equi pped with a nodel XRL 14@A-sensor. Suitable |ight sources
should emt at |least about 1 mlliwatt of power and have an em ssion
spectra which overlaps at least in part with the absorbance spectra 5 of

the sel ected phgiRipol AWt SH00A htidnidd cq@ghsdhvital s Keabl4Anonomer s are
di ssolved in a solvent with a photoinitiator. The photoinitiator is

sel ected by ré&fédence to its absorbance spectrum and the spectral output of

the |ight source. telifiblites hB@aRARIRINNILRAOT nifi¥haliABbwsGHI Ce are
selected so that the light source emts radiation in at |east one region of

i 0 the absor bamee emjrsion spasira Whichevertaps 8t lsest inapat Withdhe dhiarbpnes sPefgure 1

shows_ t he absgphange SRt M. S | RGACURE CE 1850 (commercial ly avail abl e
from3 ba SpeC|a?ty &ﬁ§h1céﬁg% g d Figure 2 shows the enission sﬁectrun1of

a Phillips TLO3 buTle fre€ondical polymetizable gemamsrs date dissalved iseedvanhgithehere i s
R o e e e
and a Phi | | i pandTth®8pcbtidlutpayof the light source. Specifically, the photoinitiator and light
source are selected so that the light source emits racliation in at least one region of
10 the absorbance spectrum of the photoinitiator. For example, Figure 1 shows the
absorbance spectrum for RGACURE CGI 1850 (commercially available from Ciba
Specialty Chemicals) and Figure 2 shows the emission spectrum of a Phillips TLO3
bulb. Comparing the Figures, it can be seen that there is an overlap of the
photoinitiator absorbance spectrum and the lamp ermission spectrum between about
15 375 and about 425 nm. Thus, IRGACURE CGI 18 50 and a Phillips TLO3 bulb may
be used in the process of the present invention. Those of skill in the art, using the
teaching of the present invention can readily select other suitable light
source/photoinitiator combinations. Both UV and wisible light activated
photoinitiators may be suitable for the present invemtion. Suitable photoinitiator
20 systems include aromatic alpha-hydroxy ketones, alkoxyoxybenzoins,
acetophenones, acylphosphine oxides, bisacylphosphine oxides, and a tertiary amine
plus a diketone, mixtures thereof and the like. Illustrative examples of
photoinitiators are 1-hydroxycyclohexyl phenyl ketone, 2-hydroxy-2-methyl-1-
phenyl-propan-1-one, bis(2,6-dimethoxybenzoyl)-2,4-4-trimethylpentyl phosphine
25 oxide (DMBAPO), bis(2,4,6-trimethylbenzoyl)-phenyl phosphineoxide (Irgacure
819), 2,4,6-trimethylbenzyldiphenyl phosphine oxi de and 2,4,6-trimethylbenzoyl
diphenylphosphine oxide, benzoin methyl ester and a combination of

camphorquinone and ethyl 4-(N,N-dimethylamino)benzoate. Commercially
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be used in the process of the present invention. Those of skill in the art,
using the teaching of the present invention can readily sel ect other

sui t abl e woghds/meuiunce/ phot oi niti at or conbi nati ons. Bot hpPOV/ts2@swBBITHI €

| i ght activated photoinitiators may be suitable for the present invention.
Sui tabl e photoinitiator 2 o systens include aromatic al pha-hydroxy ket ones,
al koxyoxybenzoi ns, acet ophenones, acyl phosphi ne oxi des, bi sacyl phosphi ne
oxides, and a tertiary am ne plus a diketone, mxtures thereof and the
like. Illustrative exanples of photoiniijpators are 1-hydroxycycl ohexyl
phenyl ketone, 2-hydroxy-2-nethyl-I|phenyl- propan- 1-one,

bi s(2, 6- di met hoxybenzoyl)-2, 4-4-trinethyl pentyl phosphine 25 oxide
(DVMBAPO),  bi S§2i14b16 vistbid TRihbMickeR 2 p3énis RBIaRY Irglee 30y IRReue deoo( [¥ gackr e 819),
2,4,6-trinethyl benzyl di phenyl phosphi ne oxide and 2,4, 6-tri net hyl benzoyl

di phﬁnyl phos ph$Qelraacy ,19d@g@f@ﬁ6d8§<gfaﬁ¢ror@§tbéﬁp%%¢1@w%ﬂ bHoER

canphor qui non : : ORI L@l |

VTN 5061avai | 216?2’% 3?“3’{]%%&&?%*&% HhBEL tantldélﬁlﬁ irblmgn@n?ﬁimdpe e 810,

| rgacur e 1700includeBerecer Lgdend Pargerr 2089 liba Spepighiy Ghemitds Thagean¢ om G ba
Speci alty Cheps . %;_\),5 Lt & i : .
Com"re5?ci ally %gﬂhgtﬁl@a v phlgftl%F?%ﬁdgki&?c?\%%%%gy%%&%tgt?’hfi&l)glgh gﬁgf ?Dar ocur
2959 (Ci ba SpéxriFadetRadiche@itoaicsy AnibhishotapdlyBenzatien, 20nEtiaembxa¥er s whi ch may

be used are djscl Ln.-val upe QL drad IS f. .Radi cal
Cationic & Anlbgﬁ?lg%ggbft)g%%%%?ﬁdzb ﬁ?ﬁg‘ﬁi‘ﬁé&ﬁ&%’ %lél:}gér?(absén%%&“& i'vel | 0& K.
Dietliker; edio%sdwhith@ inBrpathted herdiofvy réfittoese. dheinBats js Neduinbxicaction8, whi ch
i s incorporated herei i

PO e e B LG Do B R B o
reactd on mi xt ¥ge froin abot.0P1, to hb@ms paAs el (0 ndla paboot redstipampsomer. 100 nol ar
parts of r eacwlt\e/r%atr{r\% y? riTIEtEéﬁon can be conducted without a photoinitiator using, for

example, e-beam. Preferred initiators include bisacylphosphine oxides, such as

bis(2,4,6-trimethylbenzoyl)-phenyl phosphine oxide (Irgacure 819®) or a

combination of 1-hydroxycyclohexyl phenyl ketone and bis(2,6-dimethoxybenzoyl)-

15 2,4-4-trimethylpentyl phosphine oxide (DMBAPO) , and the preferred method of
polymerization initiation is visible light. The most preferred is bis(2,4,6-
trimethylbenzoyl)-phenyl phosphine oxide (Irgacure 819®).

The reaction solvent should be selected to solubilize the monomers selected
as well as the polymer as it is formed during the reaction. Suitable reaction s olvents

20 may be selected by Hanssen solubility parameters, dielectric constant, polarity and
combinations thereof. Additionally solvents should have low chain transfer
coefficients, such as those up to about 10, preferably up to about 5 and more
preferably up to about 1, all relative to styrene at 60°C. Chain transfer coeffi cients
are disclosed in Principles of Polymerization, Odian, John Wiley & Sons, 1991, pg

25 252. The chosen solvent (and any impurities) also should not significantly abbsorb
light in the chosen wavelength region and should be free from contaminants ~which

might react with the selected photoinitiator. Where HEMA is a monomeric

component suitable solvents include ethylene glycol, dimethylformamide,
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Alternatively, initiation can be conducted w thout a photoinitiator using,
for exanple, e-beam Preferred initiators include bisacyl phosphi ne oxi des,
such a s Wo20@/0a4480t ri met hyl benzoyl ) - phenyl phosphi ne o®raaseiosyasas e
819(r)) or a conbination of 1-hydroxycycl ohexyl phenyl ketone and

bi s(2, 6-di met hoxybenzoyl )- 15 2, 4-4-trinethyl pentyl phosphi ne oxide
(DVBAPO) , and the preferred nethod of polymerization initiation is visible
light. The nost preferred is bis(2,4,6- trinmethylbenzoyl)-phenyl phosphine
oxide (lrgacure 819(r)). The reaction_s¢{vent should be selected to
solubilize the nononers selected as well as the polyner as it is forned
during the reaction. Suitable reaction solvents 20 may be sel ected by

Hanssen solu bh e'E 19@%}33@ tgﬁfc§mne%§ lBethifel thefeBNF1R Qﬂlyleﬂ@é@édl b¥in

conbi nati ons ditional Iy sol vents shoul d” have |OMIC%aIn transfer
coefficients, p@ﬂmmdas those up to about 10, preferably up to about 5 and

more pref erabl y b Qo aROHY: chnaidlda Wil Akdctibn b c%bé’&rﬁ&%t%%so%ﬁ? THehai n

transfer coefficie 45 are |sc ose&é r|nC|ﬁfes of Polymerization, Gdian,
John Wley & fBinispml@®int ¢f repciién Kbdent fﬁt’ve usddas tha amohntaxeesaamnty rgent

e o) kRS h Rt e BR A" b SRR Lt ORAOLRON Ll Lind Dl O5€

mavel%ngth re e free nfcont am nant s vhi c m ght react
with the sel eﬁéoed;apzhoqomvrdettheathollecuIvagltd-SEMﬁedsheaclmomeampleodmp@nent

sui tabl e solv anl de et hyl ene i et h
VTN 5061di et E@ﬁv@ﬁ fsf%’?( ¥ MR eéﬁaﬁtgmye%%‘:ﬁve ¢ tﬁ)}nétgx%-ﬁg"ﬁ%ggb lqgl%t anclyde yl ene
gl ycol being &h&hﬁ§ﬁﬁﬂnmﬁhﬂnbaaemﬂmﬂmsBmweﬂdﬂoueUWMthbmnBé&ct|on effectlve

anmount of sol vent._The m ni num anount of t d h
amount necessary tEﬁ%@@@@ﬂ#mgwﬁﬂFFggPB%ﬂE? $%%%%Fﬂﬁoﬁ¥§?u l*ﬁeuﬁgpels the

range, of reactd.eMnts @hd/H08ucksSin tHeSoBEBL Mgain using reactive mixtures contammg
HEMA as a component, reaction temperatures of at least about 10°C and preferably
from about 10°C to about 75°C may be used. Temperatures for other reactive
components may be readily determined by those of skill in the art, using the teaching
of the present invention.

15 Generally the process of the present invention is continued until the desired
molecular weight is achieved. Suitable reaction times include up to about 2 hours
and preferably from about 10 minutes to about 1 hour.

These examples do not limit the invention. They are meant only to suggest a
method of practicing the invention. Those knowledgeable in contact lenses as well

20 as other specialties may find other methods of practicing the invention. However,
those methods are deemed to be within the scope of this invention.

Molecular weight distribution was determined by light scattering using the following
instrument parameters:

Instrument: HPLC
25 Injection volume: 20 uL.
Flow Rate: 0.5 mL/min
Detection: RI and Mini Dawn (Light Scattering) or compatible
Column: Phenomenex Phenogel 5u Linear ( 2 ) 300 x 7.8 mm or equivalent
Column Oven Temp:60° C
30 Eluent A: 0.2 % Li Brin DMF (use soln filtered by 0.2um nylon membrane)
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necessary to provide the nol ecul ar wei ghts specified herein. For exanple,
when 2- HEMA is used as a nononer reaction effective anmounts of reaction
sol vent iwol2oake4aemount s sufficient to provide sol uti onsPogtuse@s/oatacst 1M
and about 3 M The reaction tenperature is controlled to maintain the
solubility of the i o reactants and products in the solvent. Again using
reactive m xtures containing HEMA as a conponent, reaction tenperatures of
at | east about 10C and preferably from about 100C to about 75C nay be used.
Tenperatures for other reactive conponenis nay be readily determ ned by
those of skill in the art, using the teaching of the present invention. 15
Generally the process of the present invention is continued until the

desi red nol ecif,abn PRI Isob@ti@chi eved. Suitabl e reaction times include up to
about 2 hour spangi s 8% &fiakky from about 10 m nutes to about 1 hour. These
exanples do not limt the invention. They are nmeant only to suggest a
method of b agbiehdifi-Bi. (28KBA! 100K DIIAS SolsReM e s alhe) dundedntioat | enses
as well 20 as other specialties nmay find ofher nethods._ of practig%ng t he

i nvertt i on. Homenesed intSrobef 0A%6 hoBs indPMF o @ S erninlesiod thg RORIFT FieEe addefhe of this
| nvention. Mblecs &f o) 8Pk ﬁl'lﬁgﬁ VBB TRSp ST FBRA K sbiighid scat ter ing

using the fol l'ow ng instrunent para ers: I'nstrunment: HPLC 25 Injection
\é ol une: 20 ulafdanke®ead entil dissolvdd. fibn swenleistinjeried Rjo the HPLCend hewn (Li ght
catteri i . : i
Ao ") b PR iR Mt i RRQMRDSHG IFAPRAAE g BT th 2 ) 300
determine molecular weight and polydispersity by Astra Software.

10 The absorbance spectrum of the photoinitiator used in the
photopolymerization was measured using a commercially available spectrometers
capable of measurements in the ultraviolet and visible regions of the electromagnetic
spectrum, such as a Spec 55 made by Perkin Elmer. The absorbance spectrum ofa
commercially available photoinitiator, Darocur 1173, is shown in Figure 2.

15 The absorbance spectrum of the filter dye may measured using a UV/VIS
spectrometer, described above. More conveniently, the absorbance spectrum of the
filter dye can be found in The Sigma-Aldrich Handbook of Stains, Dyes and
Indicators by Floyd J. Green published by the Aldrich Chemical Company in 1990.
The absorbance spectrum of a commercially available dye, amaranth, is shown in

20 Figure 3.

The following apparatus was used in the Examples. The exterior sides of'a 4
quart colorless Pyrex dish were wrapped in silver reflective tape to prevent light
from entering the system from the sides and to increase reflectivity within the dish.
The Pyrex dish was placed on a mirror during the reaction to further increase

25 reflection within the dish. The top edges of the dish are sealed with foam insulation
tape (4 mm? strips) to provide a seal between the dish and the filter glass, preventing
light from entering the system at this juncture.

A filter glass cover was placed on top of the Pyrex dish. A sheet of 2mm
thick VG-6 filter glass (Schott Technologies, Inc.) large enough to cover the entire
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Col um Oven Tenp: 60C 30 Eluent A- 0.2 %Li Br in DM ( use soln filtered by
0. 2um nyl on nenbrane) VTN-5061Elution Profile: Isocratic Run Tinme: 42

M nut es OWO2godRahkyist yr ene (28KDa, 1000KDa) and pol yHEMAPC3AS2008m3 1473
standards were 5 prepared in 5 m of 0.2%Li Br in DW. 0.02g sanples of

t he polyner were added to 5.00 nL 0.2%Li Br in DVMF via pipette. The

pol ynmer sanpl es were sonicated and/or heated until dissolved. The sanple is
injected into the HPLC and the procedure outlined in Astra Manual for

anal yzing light scattering data was used .to determ ne nol ecul ar wei ght and
pol ydi spersity by Astra Software. i o The absorbance spectrum of the
photoinitiator used in the photopol ynerizati on was neasured using a

commer ci al | ypauaiikebhe uShes EOIRLET Bhe@RRBla6s Rhs PBAIWnRREHeSt 41/ LBe
ultraviolet and visible regions of the el ectromagnetic spectrum _such as a

Spec 55 madeingythizkByrex qptip elesyfos senpetrhaileced geeithebaret dish dymedbei al 1y
avai | abl e phat qini "Fi'gﬁ-#eolr'lug?a%?,%larap%ﬂﬁs. is shown in Figure 2. 15 The
absor bance spectrumo t%e Ilter dye may neasured using a UW/ VIS
sFechoprer, gescribed above. More conveniently, the absorbance spectrum
of the filter dy 1 I - l dbook of Stai ns,
Dye§ and Indicatg?%q@$R§P%§%Q%?h€?%§%u%%b |§ﬁ%%&%§h¥ﬁ§QAldrich Chem cal
Conpany in 199GI18The abddmighrbbeadof&dydroxycyélobexybphenyldictong yndkig?16abl e dye,

amaranth, is shown in 20 Eiqure 3. _The follow used in the
Exanpl es. The exteri or si%g% cc))%ybaenﬁoy ?a%?%@%%%@%%ﬁé’?@% were w apped
in silver rebhreciriNe3 Lapdrdxg-2pmethglat-plengliropan-1-one

10 Example 1
2-Hydroxyethyl methacrylate (HEMA, containing 0.07 weight % ethyleme

glycol dimethacylate — “EGDMA?”, commercially available from Rohm, 538.56 g,
4.14 mol) and the initiator CGI1850 (commercially available from Ciba, 7.38 g)
were added to a 2500 mL amber bottle. The bottle was capped and either rolled or
15 agitated until a homogeneous solution was obtained. Ethylene glycol (Aldrich, 99
+% spectrophotometric grade, 1998.1 g) was then added to the solution and the
solution was rolled a further 10 minutes. The solution was then degassed for a
minimum of one hour. The reaction apparatus described above was transferred to a
glove box and the glove box was degassed at room temperature by putting it undex a
20 positive pressure of N;. The glove box was monitored so that the O, level was <
0.2% and a positive N, flow was maintained. The degassed HEMA/initiator
solution in ethylene glycol was transferred to the glove box. This solution w-as
poured into the Pyrex dish and placed on the mirror. The dish was centered under
the light bulbs and the filter glass was placed on top of the dish with gentle presstare
25 on top of the glass to ensure a good seal against the dish. The HEMA/initiator
solution in ethylene glycol was allowed to cure for 1 hour under 4 evenly spaced
TL-03 20W visible light bulbs, under the glove box conditions of O, level < 0.2,

room temperature, and a positive N, flow. Immediately after one hour, the reaction
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fromentering the systemfromthe sides and to increase reflectivity within
the dish. The Pyrex dish was placed on a mrror during the reaction to
further iwonreasa49b refl ection within the dish. The toppredgsgo0sfo3tne di sh
are sealed with foaminsulation tape (4 mm2 strips) to provide a seal
between the dish and the filter glass, preventing light fromentering the
systemat this juncture. A filter glass cover was placed on top of the
Pyrex dish. A sheet of 2nmthick VG 6 filter glass (Schott Technol ogi es,
Inc.) large enough to cover the entirer&TN-5061Pyrex di sh was used as the
cover. The filter glass was placed onto a sheet of 1/16 inch thick Pyrex
optical glass for support, then placed over the Pyrex dish during the
reaction. Fi gifigrelvaks llabisittedl8S 4 NeatRRRRY BlckSer abd Woekel alpl tyviiarglingdhe evi at i ons
are used in the exanples below CAJl 850 1;1 (wgt) blend of

1- hydr Oxycycmgﬁgqun }bﬁbﬁﬁ 5 keafslsdonirg \bqtgr(fgr g minimum of two mlnutes The

di met hoxybenzawhdr Vgas‘lfhén ttiepRl by fefok | mbdhaspbhia irdernbak 8! kvatkd 73

2- hydr oxy- 2- Ens%ﬁln 1- phenyl - p%,pan 1-one ffqlso Exgpg?d 2- Hydr oxyet hyl

met hacr yl at eWéS—EIVNVGCtﬁﬁmdhﬁpﬂgmef bwmmagmsqwﬁ@@%weémergﬁr% die WpHBE hacyl at e
- GDVA", comm Vb nd t he
i 'I[%l at of CGPW pe 85‘811@'%16& F Bieblfefi(ﬁl@ lﬂ@t@ﬁﬁg, ands ezgmgiéutjeﬁcéiplw)ate@

rci al avai lable ffom were added to
a 2500 nL anbes pbtﬁtrtdeé a Tited Otfofptlli memdo capendlyayidded finely grmmdeafh&¢ i s

(%o on, 1o yeBall OFREBASRLS waflabd BLHRSRHEALRE Tntidba SOEMBEXES |\
sol ution andtraﬂsﬁersdltma sro#ll Wasder ahd guulai fﬂletgltmmd polymenwewash%éormt uti on was

;Bgc e d\iggs f re ?_},fg'?lé Izalé §¥ ?% 10511268 wa?er%eusrl]nogugverhlc_gf Stgl’%ggt ITRQ \%Hﬁé %E‘(H}%dlg’g Scr I b € d

10 was repeated a second time. Excess water was squeezed out of the polymer after

each wash. The resultant polyHHEMA was dried at room temperature. After drying,
the polyHEMA was ground down using a small blender yielding 245.4 g of a fine,
white powder (46% yield).

15 Example 2
A homogeneous mixture of 615 mg CGI 1850, 150 mL of ethylene glycol,

and 45g of HEMA was degassed by evacuating the system for several minutes,
followed by purging with nitrogen. This process was continued for one hour, using
3 to 4 evacuate/purge sequences, and the mixture was placed under a nitrogen

20 atmosphere.

104 gm of a solution of blue HEMA in ethylene glycol (0.9 g in 200 mL)
was poured into a crystallizing dish having an inner diameter of 184.15mm to
provide a light filter. This cover was then placed on the silvered vessel described
above, which had been charged with the reaction mixture. The junction of the

25 reaction vessel and cover was tightly sealed using duct tape to avoid the penetration
of any higher intensity light from the sides of the system.

The reaction was then exposed to visible light (4 Philips 20W/TLO03 bulbs

bulbs arranged parallel to each other and within a distance of 10-12 inches from the
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gl ove box and the gl ove box was degassed at roomtenperature by putting it
under a 20 positive pressure of N2. The gl ove box was nonitored so that the
2 | evel wa066/@40% and a positive N2 fl ow was mai nt ai nedT/Ush@sademyassed
HEMA/ initiator solution in ethylene glycol was transferred to the gl ove
box. This solution wa s poured into the Pyrex dish and placed on the
mrror. The dish was centered under the light bulbs and the filter glass
was placed on top of the dish with gentle pressure 25 on top of the glass
to ensure a good seal against the dish. Fhe_HEMN initiator solution in
et hyl ene glycol was allowed to cure for 1 hour under 4 evenly spaced TL-03
20N visible Iight bulbs, under the glove box conditions of @2 level <
0.2*% room t eaREHAH She Rt 2o Bhdpbird\Afiéd vaieh %Eéﬂdeﬂ&}%kl%raipﬁcﬁy one
hour, the reaction VIN-5061m xture was transferred to a_ 4 L |aboratory
bl ender and wofitetingihe ixtusp willivvagere ko wAd by g agftagionivlg open fo de
de-ioni zed wat g ofsg‘{erca TeRbit tQ‘{)hltE YR ERashd W@ vRl IR wMaRO0 L H 85D
collected by filtration throug |ng paper. The excess water was
renoved from t g gfaleyionizedhyateramtibity toxterg denaainsgnsiptentaad 8o additinpat he bl ot ting
5 paper. The Wﬁgéaelﬁ By RELGESR e THI A Watoridl W€ e o BRGsRAKPERLAD OUL
excess wat er four tinmes, to eventually yield
finely ground, ammttredmas(é)rmhlof Dﬂhwatpltjﬂoymhqnas The ligeidaiwene desanted ydr at ur e.
The dried polyner was transferre LR The ground
pol ymer was wa e"&at?rcwaso‘r’lvgsﬁgﬁarte&ion gml% r%t&gﬁ:lvgag ql?e@ éig)e uslﬁlng over head
stirring. Thi sbmiglpagerms EOeH ERcess \matwamd ptap@bmedotarysaaamdomtpmmﬁxcess
wat er was sque zed(g Ot tthe 4 . g 1h erwas 'Hégl ultant
pol yHEMA was dPiedEFid! FasHAtEadrse FWS f PAVIELYS PhET B P—TEI\/A was
gr oung, down usiphgicies prdltd uddl ender yiel ding 245.4 g of a fine, V\:hl te powder
o o0
(46%yield). GPC data was obtained using both refractive index and light scattering
detectors. Chromatography was performed using a phenogel 5pm linear (2) 7.8 mm
x 30 cm column (Phenomenex), and 0.5 wt. % lithium bromide in N,N-
dimethylformamide as the eluent. Molecular weights were determined using
15 polystyrene standards. Typical values obtained using low angle light scattering
were: Mn = 2.9 x 10% Mw =4.2 x 10°, Mz = 6.5 x 108, polydispersity (Mw/Mn) =

1.5.

Examples 3-8
20 Example 2 was repeated using the conditions and monomers listed in Table

2, below. TLO03 bulbs were used for the 380-480 nm wavelengths and TL09 bulbs

were used for the 300-400 nm wavelengths.
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15 Exanple 2 A honpbgeneous m xture of 615 ng CA 1850, 150 mL of ethylene
gl ycol, and 45g of HEMA was degassed by evacuating the system for several

m nut es, wol2b@waadviby purging with nitrogen. This proceseCrtas2@s08idnzied for
one hour, using 3 to 4 evacuate/purge sequences, and the m xture was pl aced
under a nitrogen 20 atnosphere. 104 gmof a solution of blue HEMA in

et hyl ene glycol (0.9 g in 200 nL) was poured into a crystallizing dish
having an i nner diameter of 184. 15nmto provide a light filter. This cover
was then placed on the silvered vesselgescri bed above, which had been
charged with the reaction mxture. The junction of the 25 reaction vessel
and cover was tightly seal ed using duct tape to avoid the penetration of
any higher intensity light fromthe sides of the system The reaction was
then exposed to visible light (4 Phihipg 20WTLO3 bul bs bul bs arranged

paral | el tojeach drstancg of IQJ-12inch@s frp e
VTN 5061sam3!Ee) M ll‘lgir]{lee ou\rqnil Ilﬂ?r omxtﬁ%e.r IRTA aNIWOWn C?dl t’ﬂ?eil&‘

guenched by .up dly g utng—t i gre wh tet oV |gurous
agitation wn }e nnnﬁE the at n?,f ¥hel relultla 2 $3H) NLQ* Aél was

washed sevef a4 i mreHENA h 100 1% 15038A-48% He- Noni|z dASud’ar] L | 1580 4
texture renifis conﬁEE@bnt andlho addG-#¥hal S5Yhar|desohblaas obsed-ved. The
rubbery matergal waHEM2en torni4d nt p soebdcer | pi §ces, 1asd1&t i|rir®d| i98.3300 nlL
of D.I. water TparimoGhMMAS. The T|quids wefe decgnted, and the| watern wash
was repeatefl once more,t The preoguct was4snupezed heswersnobliotdi ngopaper to
renove excesg EhANG phaced in g rotary evaporgtor to rgmove|the
residual wateg at nrgaugad pressirel Theagy i ed Ngol ymen 3ags Ml yep sgwt o fine
GMMA = glycerol monomethacrylate, BHEMA = Blue HEMA

5 The highest molecular weight soluble polymers were procluced in Examples
3 and 7 (TLO3 bulbs with a blue HEMA filter). As can be seen firom Table 1, this
process is also amenable to the preparation of random copolymers.
Yields of polymers made using blue HEMA filters and TLO09 bulbs
(Examples 3 and 7) were poor in comparison to those made using the TLO3 bulbs
10 (with or without the blue HEMA filter)- Examples 5 and 6. As shown in Figure 2,
the emission intensity at wavelengths greater than 400 nm of th.e visible light bulbs
(TLO3) is much greater than that of the TLO9 bulbs. With the drop in absorbance of
blue HEMA after 400 nm, it is this higher wavelength of light that is exploited to
trigger homolysis of DMBAPO. Given the data, only the TLO3 bulbs — or bulbs that
15 emit light at wavelengths greater than 400 nm — would be effective in working with

a filter such as blue HEMA.

Example 9
To a 250 mL amber bottle were added 45g HEMA, 150 mL ethylene glycol

20 and 200 mg Darocur 1173. The mixture was stirred by rolling for 4 hours. The
mixture was degassed for 1 hour using a vacuum pump, with N, purging, four times

for 10 — 15 seconds each during degas. In a glove box under positive N; the mixture

VIN-5061



i o particles prior to use. GPC data was obtained using both refractive

i ndex and |ight scattering detectors. Chromatography was perfornmed using a
phenogel Wworédazean (2) 7.8 nm x 30 cm col utmm ( Phenomenexx/usamnd/ 087433 wt . %
l'ithiumbrom de in N, Ndi net hyl formam de as the eluent. Ml ecul ar weights
were determ ned using 15 polystyrene standards. Typical val ues obtai ned
using low angle light scattering were: M = 2.9 x 106; Mv = 4.2 x 106, M =
6.5 x 106, polydispersity (MM M) = 1.5. Exanples 3-8 20 Exanple 2 was
repeat ed using the conditions and nononers listed in Table 2, below TLO3
bul bs were used for the 380-480 run wavel engths and TLO9 bul bs were used
for the 300-400 nm wavel engths. VTN-5061Table 1 GWA = gl ycerol

mononet hacryl atg p&lEMte an% dﬁ?ra@%lm N0 N8 teddRb P eddbcR ival\@veral we@l ubl e
pol ymers were proguced In 3 and 7 (TLO3 bulbs with a blue HEVA

filter). As cans@etl@reﬁlmerfprqmedr ﬂ@soivmg Bi%mp Agraganth ng08 mfoetiflensghical t o t he
preparation of SQ%U%H§Q%E§%YKF5@a Qil}gﬁtafsoﬂlﬁbﬁ{f@@%) YRgSoS iR i ue HEMVA

filters and TL wer e poor In conparison to those
made usi ng t herdacldh ‘tmd;eﬂ)ées{m@d(lmﬁxamm ZMhm@sh contpéning the spiEiom fflier way ) -

Exampl es 5 and ﬁ:ﬁ)l
wavel e?'ngt hs gr é’zftc r%% i‘gééaﬁ%n%g lrlzléhe&?%flgﬂggﬁél tbﬁh S 1(2 %@% i's much
greater than t liain 4)20WHIEL 9.0V light thdbs awd tired hiegldvedqmmfnr ahsweirasze of bl ue

{—IEI\/A after 400ter;nrgeréutlre’lI;sosftlgéﬁz’t&%h&&%\{avel ength of light that is exploited

The resulting polymer was worked up in a blender, blending four times in 500 mL
portions of DI H,O. The product was washed by stirring in 500 mL of DI H,O for
10 24 hours. The water was squeezed from the product with blotting paper and dried
overnight. The product was ground down using a blender, washed in 500 mL DI
H,O for 3 hours and dried overnight. The wash and drying was repeated once. The
product was ground down after the final wash. The product had a Mn of 2,430,000;
a Mw of 2,780,000, and a Mw/Mn of 1.15. A polymer which was made under the
15 same conditions but without an aramanth filter had the following molecular weight

Mn of 310,000; Mw of 400,000 and Mw/Mn of 1.27
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trigger honolysis of DVBAPO. G ven the data, only the TLO3 bul bs - or bul bs
that 1 5 emt |ight at wavel engths greater than 400 nm- would be effective
i n wor ki nrgownadn4aothi | ter such as bl ue HEMA. Exanpl e 9 Teca/iRz@snk74asrber
bottl e were added 45g HEMA, 150 rxi L ethylene glycol 2 0 and 200 ng Darocur
1173. The m xture was stirred by rolling for 4 hours. The m xture was
degassed for l1lhour using a vacuum punp, wthN2 purging, four tines for 10 -
15 seconds each during degas. In a glove box under positive N2 the m xture
VTN- 5061was poured into an 8 cmradius sglvered dish. The reaction vessel
was covered with a solution filter prepared by dissolving 250 ng Amaranth
in 200 nL ethylene glycol and filtering using # 1 filter paper. The filter
sol ution (105y@ cnagvpoured into the reaction vessel described in Exanple
2. The dish containing the solution filter was 5 placed on top of the
reaction vessel. The reaction vessel was placed 10-12 inches from4 20W

TL-09 WV light bul PSA?RQes%%ﬁﬂnéuﬁ}% Igdlﬁi«f&lzh%mi RfadihtibiO Bbmatlightemck amper at ur e,
positive N2, @2 < 0.0 The resulting polynmer was worked up.in a bl ender,

bl endi ng f our retiegnixArEEIpISing af leash pre menopjer ppdt lepieons PBRIARItaigEs washed by
stirring in 59/?%r%l a eaQIabm LA 1ﬂcgﬁn121%hp%'ﬁ§d by B 10BE @lrcbasriRfideszed from

t he product ting paper and dried overnight.” The product was ground
down using a bmdma@mohmkshghHwhwEBOWﬂEmmDWH®© for 3 hours and dried

overni ght. The wash and drying was repeated once. The product was ground
down after the final wash. The product had a Wh of 2,430,000; a Mw of

2, 780, 000, and. @hdvpuwobddss of cldimlSwheteip sdig adeashbricohongaeser resdlsctehBiom thhe 15 sane

\(/:\gln glht I ons bUtgrO\l/l\%) tC(I;]I'PS%JS ll'lgagf nal‘étﬁ‘acry%tgs ];cryltaFes, hquachnﬁmdgi la%aﬂl%eggﬁcp cul ar

10 mixtures thereof.

3. The process of claim 1 wherein said at least one monomer is selected from the
group consisting of N,N-dimethylacrylamide, 2-hydroxyethyl acrylate , 2-
hydroxyethyl methacrylate, glycerol methacrylate, 2-hydroxyethyl methacrylamide,
15 polyethyleneglycol monomethacrylate, methacrylic acid, acrylic acid, N-vinyl
lactams, N-vinyl-N-methyl acetamide, N-vinyl-N-ethyl acetamide, N-vinyl-N-ethyl
formamide, N-vinyl formamide, N-2-hydroxyethyl vinyl carbamate, N-carboxy-83-
alanine N-vinyl ester, hydrophilic vinyl carbonate monomers, hydrophilic vinyl
carbamate monomers, hydrophilic oxazolone monomers, silicone containing

20 monomers and mixtures thereof.

4. The process of claim 1 wherein said at least one monomer is selected from the
group consisting of N,N-dimethylacrylamide, N-vinyl pyrrolidinone, 2~
hydroxyethyl-methacrylate, glycerol monomethacrylate, methacrylic acid,

25 methacrylic acid 2-hydroxyethyl acrylate, 2-hydroxyethyl methacrylamide, N-
vinylpyrrolidone, polyethyleneglycol monomethacrylate and mixtures thereof.
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vh of 310, 000; Mw of 400,000 and Mv Mh of 1.27 VIN-5061VE CLAIM 1. A
process conprising polynerizing via irradiation froma |ight source, a
react i on woxbewm4aonpri si ng at | east one nonomer and at PCEASR005/087473
photoinitiator 5 wherein at |east about 90% of incident light emtted by
the light source is filtered to produce a sol uble, high nolecular weight
polymer. 2. The process of claim1l wherein said at | east one nononer is
sel ected fromthe group consisting of nethacrylates, acrylates,

met hacryl am des, acryl am des and 1o m xtugses thereof. 3. The process of
claiml1 wherein said at | east one nononmer is selected fromthe group
consi sting of N, N-di nethylacryl am de, 2-hydroxyethyl acrylate , 2-

hydroxyet hyl mgt fac¥iaat 65 clahyCRItRdr BRpHAEYE Vibsdlveng Aidit Baoyetloyidbmer
met hacryl ami de, 15 pol yet hyl enegl ycol nononet hacry|ate, nethacrylic acid,

acrylic acid, Nasoixent tp fRrpiawsactiqnypixgire aud degarime sgicreartion ARG 10 N- et hy |
acet am de, “ngﬁdkf@héﬁﬁhg formam de, N-vinyl formam de, N 2-hydroxyethyl
vi nyl carbamate, car boxy-b- al anine N-vinyl ester, hydrophilic vinyl

car bonat e nononers, hydrophilic vinyl carbanmate nononers, hydrophilic
oxazol one nono L. e C L0l ] t her eof .
4, ThéQprocessggﬁﬁ%P§#%$%ﬂaﬂgﬁgﬁﬁgggfﬂgggg?ggggqﬁﬁgﬂﬁgﬁgﬁ%ﬁ&#ﬁﬁgéIected
from t he gr oupvweighsofgrdateg thah abhuxi4a9.680: hyl acryl ami de, N-vinyl pyrrolidi none,
2- hydroxyet hyl - net hacryl ate, glycerol nononethacryl ate, nmethacrylic acid,
25 nethacrylic acid 2-hydroxyethyl acrylate, 2-hydroxyethyl nethacrylam de,
Nvi nyl pyrr ol i dGn&he potegedivldisnieghgreiolsaidpolymet lva @rweight evesagd nrdlscular es

t her eof . weight of greater than about 500,000.

10

8. The process of claim 1 wherein said reaction mixture comprises less than about 6
x 107 mole%, difunctional components, %, based upon all reactive components in

the reaction mixture.

15 8. The process of claim 1 wherein said reaction mixture comprises less than about 5
x 107 mole% % difunctional components, based upon all reactive components in the

reaction mixture.

9. The process of claim 1 wherein said reaction mixture comprises less than about 4

20 x 107 mole %, based upon all reactive components in the reaction mixture.

10. The process of claim 1 wherein said filter filters at least about 95% of the

incident light from said light source.

25 11. The process of claim 10 wherein said filter filters at least about 98% of the

incident light from said light source.
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VTN-50615. The process of claim1l further conprising dissolving said at

| east one monomer in a solvent to forma reaction mxture and degassi ng
sai d reacwpDanoam4x4iore prior to said polymerizing. 5 6. Pae/yscasass7df clai m
1 wherein said polynmer has a wei ght average nol ecul ar wei ght of greater

t han about 400, 000. 7. The process of claim1 wherein said polyner has a
wei ght average nol ecul ar wei ght of greater than about 500,000. 1 0 8. The
process of claim wherein said reaction m xture conprises |ess than about 6
x 10 3 nol e% difunctional conponents,. % based upon all reactive
conmponents in the reaction m xture. 15 8. The process of claim1l wherein
said reaction m xture conprises |less than about 5 x 10 3 nol e% %

di functional qeNPERERERss BRSRAN UPRRerdih| saldemBiciene ligRNBORARAES bl it khEitsr eact i on
m xture. 9. The process of claim1l wherein said reaction m xture conprises

| ess than abogemprishg lgast gneglaps fiiengolgipaditer posompmatiens asead: conponents in
the reaction m xture. 10. The process of claiml wherein said filter
filters at |east about 95% of the incident |light fromsaid |ight source. 25
11. The proceds. B prbesssolidrimtewvkdrein said eeaption Brixtpre fughey campriges st leashout 98%

of the incideg%e&ﬁ&%ﬁ fromsaid |ight source. VIN-506112. The process of

claiml1l wherein said incident light is filtered by at a filter conprising

| east one glass filter, solution filter or conbinations thereof. 13. The
process of cl gy my 1, WREr GidriSik the'sRRE bt Sy HiHE & b RixtERBRpRES; at | east
at least one solvent, at least one free radical polymerizable monomer, less than 6 x
10" mole% multifunctional compounds and at least one photoinitiator, using a light
10 source and at least one filter which filters at least about 90% of incident light from
said light source, under conditions sufficient to produce a substantially linear,

soluble high molecular weight polymer.

15. The process of claim 14 wherein said filter filters at least about 95% of the

15 incident light from said light source.

16. The process of claim 14 wherein said filter filters at least about 98% of the

incident light from said light source.

20 17. The process of claim 14 wherein said at least one monomer is selected from the
group consisting of methacrylates, acrylates, methacrylamides, acrylamides and

mixtures thereof.

18. The process of claim 1 wherein said at least one monomer is selected from the
25 group consisting of N,N-dimethylacrylamide, 2-h-ydroxyethyl acrylate , 2-
hydroxyethyl methacrylate, glycerol methacrylate, 2-hydroxyethyl methacrylamide,
polyethyleneglycol monomethacrylate, methacrylic acid, acrylic acid, N-vinyl
lactams, N-vinyl-N-methyl acetamide, N-vinyl-N-ethyl acetamide, N-vinyl-N-ethyl
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5 one solvent. 14. A process conprising the steps of polynerizing a
reaction m xture conprising at |east one solvent, at |east one free radical
pol yrer i 2sbl2eoemamaner, |ess than 6 x 10 3 nol €% mul ti f urcTiuse@is/o8TnPounds
and at | east one photoinitiator, using a light 1o source and at |east one
filter which filters at |east about 90% of incident light fromsaid |ight
source, under conditions sufficient to produce a substantially |inear,

sol ubl e hi gh nol ecul ar wei ght pol yner. 15. The process of claim 14 wherein
said filter filters at | east about 95% o0f1the 15 incident |ight from said

| i ght source. 16. The process of claim 14 wherein said filter filters at

| east about 98% of the incident light fromsaid |ight source. 20 17. The

process of cl afmifideher iy rsakeid! NI2EBatoxasy N0 BRbarhdc, 28L£BSHGM-f r om t he
group consisting of nethacrylates, acrylates, nethacr élyam des,. acryl am des
and m xt ures t depinoN-ving estqi Bydspphibic wny cardpratemanerpas aydroptilievVigy! | east one

nononer is sel L S oo @hiaBlidpy | acryl am de,
2-h y droxyet hgﬁﬂag%t{/ﬁgﬁ%ﬁ%}gﬁ éﬁ%{rﬁg%ééit&%% ﬁh%%}%éé rSIyI ate, gl yﬂgr ol

met hacryl at e, hohgmerexybmbypresthetealcr yl ani de, pol yet hyl enegl yco
nononet hacryl ate, nethacrylic acid, acrylic acid, Nvinyl |actans,
N- vi nyﬁ -N-nmet hyl acetam de, N-vinyl-N ~-ethyl acetam de, N-vinyl-Nethyl
VTN- 5061f or mani gleThdprudesydf dlamridrwtibesin $didat gasirang yresmbiper 9 selgatedclzarp thent e,
N- car boxy-b- al anine N..vin ter. hydrophid i.c vinyl..carbonate nononers,
hydr ophi | i ¢ viﬁvaegﬁsﬁﬂ%?%&ﬁﬁﬁ%ﬁéi%?X%?J@%ELFﬁﬂébgﬁg%gﬁghe NDNONET S,
sili cone cont ahpiregyethyhmetasryhnd glycorbim@entethacrglafe, methacrylic acid,

methacrylic acid 2-hydroxyethyl acrylate, 2-hydroxyethyl methacrylamide, N-

10 vinylpyrrolidone, polyethyleneglycol monomethacrylate and mixtures thereof.

20. The process of claim 14 further comprising dissolving said at least one
monomer in a solvent to form a reaction mixture and degassing said reaction mixture
prior to said polymerizing.

15
21. The process of claim 14 wherein said polymer has a weight average molecular

weight of greater than about 400,000.

22. The process of claim 14 wherein said polymer has a weight average molecular

20 weight of greater than about 500,000.

23. The process of claim 14 wherein said reaction mixture comprises less than about
1.6 x 10 mole% % difunctional components, based upon all reactive components in
the reaction mixture.

25
24. The process of claim 14 wherein said reaction mixture comprises less than about

1 x 10”° mole %, based upon all reactive components in the reaction mixture.
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5 19. The process of claim 14 wherein said at | east one nononer is selected
fromthe group consisting of N, N-dinethylacrylam de, N-vinyl pyrrolidinone,
2- hydr oxwetzngdio4mavhacryl at e, gl ycerol nononet hacryl at e pCratSh@snyt47e aci d,
met hacrylic acid 2-hydroxyethyl acryl ate, 2-hydroxyethyl methacrylam de, N
1o vinyl pyrrolidone, polyethyl eneglycol nononethacrylate and m xtures
thereof. 20. The process of claim 14 further conprising dissolving said at

| east one nonomer in a solvent to forma reaction mxture and degassi ng
said reaction mxture prior to said polymerizing. 15 21. The process of
claim 14 wherein said polynmer has a weight average nol ecul ar wei ght of
greater than about 400, 000. 22. The process of claim 14 wherein said

pol ymer has a)veigRty6ueed 80&aifl£ahbiin e WRidght light igfieakel by haa fikeut

500, 000. 23. The process of claim 14 wherein said neach%on m Xture

conpri ses | es§omPpRsNgIB; preiglass filtargsolution ey op ambinatensdRare°Eonponent s, based
upon all reactive conponents in the reaction mxture. 25 24. The process of
claim 14 wherein said reaction m xture conprises |less than about 1 x 10 5
nmol e % based upon all reactive conponents in the reaction m xture.
VTN-506125. The process of claim 14 wherein said incident light is filtered
by at a filter conprising |least one glass filter, solution filter or

conbi nati ons thereof. VTN 5061
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