WD 01/85812 - 3 DEC 2004 PCT/US00/33980 1 5 COVPCSI TI AND METHODS FOR
THE MANUFACTURE COF OPHT C LENSES Field of the | ntion hyempresent

i nvention relates to ophthalmc lenses. In particular, the in i O

provi des c¥WBH¥BILNs for producing | enses by casting. 10 Bachguswgnsbsef t he
- I nvention The use of spectacle |l enses for the correction of anetropia is
wel |l known. For exanple, multifocal |enses, such as progressive addition

| enses, are used for. the treatnent of presbyopia. A nunber of nethods are
known for producing ophthalmc |enses. These net hods include casting

sem -fini shed | ens bl anks and subsequently 15 polishing and grinding the

bl anks to forml ensmmmsmmmwommmmmswf ace
onto an optical wafer, or preform bgm%b%sﬂ'@e casting of a 'surface
ustinthat 1t

onto an optigal preformis advantageo can reduce the nunber

of nolds required to produce a full g.escrdptive range of 20 | enses.
However, known resins for use in the%@?tqfﬁ%wm& e | enses may be

unsui tabl e for castiTie greseit iVehfi6f rélifes tGopitBilRidlende’! If thef €Si N
used in casting onto preform nust adhere to the preform Additl’onglly,

shrinkage of t Havesdion proviges compasitionssfoe profineing lenses byt ¢astingivent i on provi des
conpositions useful for casting surfaces onto preforns to formlenses. 25
Description of the Invention and its Preferred Enbodi nents The present

i nvention pggpvides conpositions f Bégggﬁ’rfd Hno I ¢ | enses, including
mul ti focal spectacle |enses such ggap gresswe% | I|mon | enses, as well
as net hods using t hélleampafispéotarde ehsésfor ithv/intectivh of disettapipisvéli Rigwar e 30

useful in prodycing ophthalmc lLens by casting of a_surface onto a preform
By -"optical préf Is; multifaeal lonses, Sugk as progressiye pddition lanses, areuserd for the
I

article capabl g afn ' i ' [ ' i for. e.in
produci ng a spectac e%Fé%gB*&q?{ &@%ﬁ?ﬁm&s aﬁl kndwh %an °phtﬁlam'°
lenses. These methods include casting semi-finished lens blanks and subsequently
15 polishing and grinding the blanks to form lenses, casting of whole lenses, and

casting of a surface onto an optical wafer, or preform, to form a lens,

The casting of a surface onto an optical preform is advantageous in that it
can reduce the number of molds required to produce a full prescriptive range of
20 lenses. However, known resins for use in the casting of whole lenses may be
unsuitable for casting of a surface onto a preform. For example, a resin used in
casting onto preform must adhere to the preform. Additionally, shrinkage of the cast
J, layer is an issue. Therefore, the invention provides compositions useful for casting
surfaces onto preforms to form lenses.

Description of the Invention and its Preferred Embodiments
. The present invention provides coxhpositions for producing ophthalmic
lenses, including multifocal spectacle lenses such as progressive addition lenses, as
well as methods using the compositions of the invention. The compositions are
30 useful in producing ophthalmic lens by casting of a surface onto a preform. By
“optical preform™ or “preform™ is meant an optically transparent article capable of
refracting light, which article is suitable for use in producing a spectacle lens.



WO 01/ 85812 PCT/ US00/ 339 2 Preferably, the lens forgmaed using the DEC 7004

conposition of the inve on is a spectacle 5 |ens, re preferably 3a

mul ti f ocal referably a progressive addition |l ens. In one enbodi nent,
voriast

the invent I des a conposition conprising, consistindE¥EsnEsENl y
of , and consisting of about 50 to about 80 wei ght percent of ethoxylated
bi sphenol A diacryl ate, non-ethoxyl ated bi sphenol A diacrylate, 10
propoxyl at ed bi sphenol A diacryl ate, bisphendl A epoxy acrylates, or

m xtures thereof, about 5 to about 40 wei ght percent of benzyl acrylate,
about O to about 30 weight percent of tetrahydrofurfuryl acrylate,

| sobornyl acrylate, cyclohexyl accrylate, or mxtures thereof, and about O
to about 15 wei ght percent of dipentaerythritol pentaacryl ate,

trimethylol propane triacrylate, pentaerythritol 15 triacrylate, ethoxylated

or propoxyl at edPtefembtyh;Hedé:ﬁrfﬁnﬂai%uﬁﬁ fhereonaRitici 6TakY Invefon Ra
propoxyl ated glycerol tri acri;M ltgent aerythritol tetraacrylate,

di tri met hyl of pri§piRoredrefomb nstamnfarablymrogrmmdmmlene.r
conbi nati ons thereof The correspondl ng net hacryl ates or styryl derivatives
may be used in place of the listed acrylates, but the acrylates preferably

are used. 20 It is adey%I it a%¢&¥ﬁﬁ?r§?idh£€%%%p&lﬁ8m%@% of the

invention is capable of provi cast
sufficiently higinsisting essestiall ycteff mdm‘insmnngmﬁaboﬁm 15labOAHB vidight peRdenP Bf

| nposed by proc gln groovin of the |l ens periphery.
Additionally %&’9@3‘9@ E@Oﬁés‘ﬂ @@ﬂhmambgswmwedM@e,( To

that is at sBRH the | nai 1 ntal ns

di mensi onal 3%9*}0?*}9%@3{1 in ie #Sfag%&lsﬁn@%ﬂgfg%o Pﬁ,

| ayer exhi bltsthdlaef;eihomfimabb@t&l%@ﬁﬁ erieent o bealyli derylste %fabﬁhte_m to
w t hstand del am_ nation V\/nenthelen5|g edged an féic?'tedlntoa3000-

DEC 2004 WO 01/%8%ghtpeseent obtsuplislyofurfusyl asmylate; dsebornyl actylage, aynlohesylt | ayer
State. s Pref onghiyt 8 el itk ol Bl fap SbbB s R pereualy of the
formul a: d:pentaexythmol pentaacrylate, trimethylolpropane triacrylate, pentaerythritol
15 triacrylate, ethoxylated or propoxylated trimethylolpropane triacrylate, ethoxylated

or propoxylated glycerol triacrylate, pentaerythritol tetraacrylate,

ditrmmetbylolpropane tetraacrylate, dipentaerythritol hexaacrylate, or combinations

thereof. The comresponding methacrylates or styryl derivatives may be used in place

of the listed acrylates, but the acrylates preferably are used.

L

20
It is a discovery of the invention that the composition of the invention is

capable of providing a cast layer havixig a modulus sufficiently high to resist
deformation under the stresses that may be imposed by processing, such as edging,
grooving, of the lens periphery. Additionally, the cast layer has a glass trausition

25 temperature (‘-‘Tg”)thmis at a point above room temperature such that the layer
maintains dimensional stability even in extreme environments. Further, the cast
layer exhibits adherence to the surface upon which it is cast sufficient to withstand
delamination when the lens is edged and fitted into a

30



H11-1 1 C-GGC OCHCH, } T/H CH CHZO C -C=C Y whereipn x and y are each
| ndependently 1, 2, or 3. X +y =2 or 3. Suitabl 0 et hs %ésfa%ﬂﬁl’d
bi sphenol A conponents ar@conmercially available. InThe co% i tron of
t he i nventwormy/ssgie wei ght percentages of the ethoxyl ated bi ppliaveb3fspay be
_.about 50 to about 80,* preferably about 55 to about 65 wei ght percent of
the total weight of the resin conposition. Preferably, the |evel of
et hoxyl ati on on the bisphenol A 15 diacrylate is equal to or less than
about 6. A m xture of ethoxylated bisphenol A nay be used, provided that
about 80 wei ght percent or nore has at least 4 to 5 ethoxylate units. It
i s a discovery kns fraae; finslly, the casblayertalsaisihibitsa refrative ddex of absutchss aed
20 bi sphenol A go nt.,a cured polymer with a high refractive index
results. Additiwﬁ;}?"ﬂ&eﬁ‘fmﬁ%{{ 50 or nore wei ght percent of the
short-chai ned bi sphenol A conmponent in the cast |ayer ensures that the Tg
of the layer will be at |east about 15 C greater than room tenperature and
.have a nodul sis gr eat Breférably, ab ethox1afdQ biddhenolPA dBfiporkntiis U¥d@sfRhe EGhRNRD! Y
is used in the conmposition of the invention in weight percentages of about
5 to about 40, preferably about 10 to about 30 weight percent of the total
wei ght of the rgsin cgrrys'tion. Is a discovery of the inventjon that
benzyl acrylate s _pr ef ly sel ¢ f~_\er Cibp hyl - @EC'{QOOﬂ,@/\O
01/ 85812 PCT/ USQltgf§3'§‘éU' BFRLHITE @ ot 1@}- CICH C—C=C_,
et hoxylation in“the fornulfati on, fthe &&s& | r\amdA | be susceptible to
oxi dation and yellowi ng with age. 5 Preferab tetrahydvofiurfa¥yl acrylate
is used in anmounts of about O to about 30, preferably about 2 to about 30,
nmore preferably about 5 to about 15 weight

wherein x and y are each independently 1,2, or 3 and x + y =2 or 3. Suitable

10 ethoxylated bisphenol A components are commercially available. In the
composition of the
invention, the weight percentages of the ethoxylated bisphenol A may be about 50 to
about 80, preferably about 55 to about 65 weight percent of the total weight of the
resin composition. Preferably, the level of ethoxylation on the bisphenol A

15 diacrylate is equal to or less than about 6. A mixture of ethoxylated bisphenol A
may be used, provided that about 80 weight percent or more has at least 4 to 5
ethoxylate units.

It is a discovery of the invention that, by using a relatively short-chained
20 bisphenol A component, a cured polymer with a high refractive index results,
Additionaily, use of about 50 or more weight percent of the short-chained bisphenol
A component in the cast layer ensures that the Tg of the layer will be at least about
15° C greater than room temperature and have a modulus greater than about 1500
Mpa.
25 '
Benzyl acrylate preferably is used in the composition of the invention in
weight percentages of about 5 to about 40, preferably about 10 to about 30 weight
percent of the total weight of the resin composition. It is a discovery of the

invention that benzyl acrylate is preferably selected over a phenoxy ethyl



percent. Dipentaerythrit pentaacrylate also is preir ably used in the

conposition of the inv ion in weight percentages about Qjtprraghput 15,
preferablxgﬁq’?}&lE .5 to 1o about 8, nore preferably about 2 to about 8

wei ght percent. ch of these conponents is comercially aP&I/Gi#pa398ene
ordinarily skilled in the art will recognize that the curing of the:
conposition of the invention may be carried put by any suitable curing

met hods including, without limtation, ultra-violet light, thermal,

m crowave, and infra-red 15 radiation curing alone or in conbination.
Preferably, UV cure using both high and lowintensity U/ light is used.
Thus, in a preferred enbodi nent, the invention provides a nethod for
produci ng a | ersrylaterhecaisegwith highi levels of ethoryplatioh liy e fornalation)thé sist kyep'
the steps of a.)..exposin nol d,assemhl y._and a c¢conposition conprising,
consi sting essé*?pﬁ’rﬁq“?c%’%,"?"aﬁ‘?c?ww ysllewing,with 886 t 0 about 80 wei ght 20
percent of athoxylated bisphenol A diacrylate, about 5 to about 40 wei ght
percent of 'benzyl acrylate, about 0 to about 30 tetrahydrofurfuryl :

acrylate, and about Fefepatdp tetiahydiofifiRgDacolaté bnised in RABEMAS F ¥h&D hAbLEW

intensity LTV light under conditions suitable to convert at |east about 50
percent or nor 80opreferably@bputs? to ahout 39 cmore peefergblyabont 5 talabmut 16xwpegitng,
i 1i0

subsequently, the conpos to,high intensity UV.light 2% der .
condi ?i ons Zui PEBFRE [@‘1’58%&3@'%‘4 H?’gﬂwqﬁﬁqﬁ%%&r%&ﬁéﬁﬁq ERIPYSHHg o

first step of tomermvmnqwéa@ﬂ 988 of 2ok Fhobes ™y #aémsispmﬁo.stts

low intensity ultraviolet |ight. "For purposes of the invéntion, °| ow
intensity UV kbaet8, mprejgrdferghly atiouh 2 amaboit &nweight péreenoiBack) ofthiese about 50,
preferably about 1 to, about 5 cnP. .Suitable wavel engths for carrying
out this step SPUPARCH commercially g -/ 85812 5 -3 DEC 214

PCT/ US00/ 33980 about 300 to about 450, preferably about 360 to about 400

nm The | ow i ntensi iOhe SURRS i ' %‘:H@gﬁ‘ftbﬁmgi P

wavel ength and tine _§Lfi t abl e}s{%nlcléil@téhﬁat east about é%ggégﬂ{e or nore

of the cast cospuposiiomofthedovention mayhmpsarsed ocubby any aritable/curingirhethods

mai nt ai ni ng the e of..polynerizati.on as | ag possible, which,K rate_is a

rate at which W&@?&ﬁ@%ﬁﬂ“ﬂﬂeﬂﬁdﬁgﬂﬁg& gﬁ?‘g?”é""&?@’ﬁé&.‘i infigrred

ordinar i1 15ki fdditioncukig adle oHih bofBifABh? PrifAbly, UV chrd i Sdeh HiicAI O

. low intensity UV light is used. Thus, in a preferred embodiment, the invention
provides a method for producing a lens comprising, consisting essentially of, and

consisting of the steps of: a.) exposing a mold assembly and a composition
comprising, consisting essentially of, and consisting of about 50 to about 80 weight

20  pércent of ethoxylated bisphenol A diacrylate, about 5 to about 40 weight percent of

g benzyl acrylate, about 0 to about 30 tetrahydrofurfuryl acrylate, and about 0 to about ;

15 dipentaerythritol pentaacrylate to low intensity UV light under conditions
suitable to convert at least about 50 percent or more of the composition’s reactive
groups; and b.) exposing, subsequently, the composition to high intensity UV light

25 under conditions suitable to complete through curing of the composition.

In the first step of the method of the invention, a mold assembly is exposed
to low intensity ultraviolet light. For purposes of the invention, low intensity UV
light is UV light with an intensity of about 0.5 to about 50, preferably about 1 to
about 5 mW/em®. Suitable wavelengths for carrying out this step of the process are

30



factors including, without Iimtation, the conpositigg used and the
t hi ckness of the cast | r. The mai ntenance of the‘w poly Méa@@‘on
rate i s achieved through e 10 use of the lowintensity UVIir% aler,
optional | WO @&s8tr nore of using a photoinitiator concent retT/osoos3gmbout 1

.. wei ght percent or |ess based on the total conposition weight,

i ncorporation of periods of non-exposure into the lowintensity exposure
cycle, and comnbinations thereof The tinme fo? the lowintensity exposure
wi || depend on the conposition cast 15 onto the preform the type and
anount of initiator used, cast conposition viscosity, the nature of the
reactive groups, the thickness of the layer to be cast, and the intensity

To anout 300" <ehepRaCo peekis A58yl SRERIhGn ab athioon TeSbw e The

low intensity Wr- el [ | oth SREH italble 20
sone | ens asse I es lﬁay rewpgd?r%?ﬁ?ﬁg %ﬁ’ﬁlﬁd&%l ty é‘%gsg]sure\e@ﬁvgftri ed
out in two or amesst abeysSOysEreant pemopeiof the canromppsition’s resctivegrblps dnd)it  of
about 5 to about A 60 seconds, between each | ow intensity exposure,

Pr ef er abl y, 5 peprefaably; while Bwintainyg the e of polymenzation asdowsespnssible; which

alternated wt - . i . . . opds. 25
Subsequent to é;ﬁ{l e@%oﬁﬁ%nagéﬁﬁ#éew&élcﬁ ds&%%;%f ggo'?%g %Fd
assenmbly is expdaneily skilledh thetaeWilk iécodrize MBE thisYdRy wilDdebehl @8% Mimbedldfe to
conplete through cure of the cast conposition. The intensity of the U/

| i ght for thi sfastospinghiding; avitheut limitgtion; the) compositien usedaindthe tycloess ofthabout
1500 mnWcns . The wavelength O - 3 C,2004, WO 01/.85812. 6 PCT/ 0/ 80 at
aht oh ¢ he expoSH BV I Bl taee oEhE 1Y PaRTREReR HIF i pcbicve BByt the,
that used (50 GRIIYhOldw fndéhsitP WV BB did! $pEomfy b or tiSreSdBidgdét OF S
determ native for low 3 intensity e};&)sure ting are determ native for the

hi gh i nt ensi t yphotpioBiater conpentratice of abdut\l, weighbt perpent or tess basedor theatabbout 3
seconds to about 60.seconds, .preferabl abqgut .5 seconds 1 baqut .15 .
seconds. The hFPESIHRRTIER Misgesrrion dperiods of Bomeapaife e thelop intzasiy,
as a single, CoRokiteRYsleCHiPSothinatiéiétN&Eof (e high intensity exposure

al so may be carried out using alternating periods of UV exposure

The time for the low intensity exposure will depend on the composition cast
15 onto the preform, the type and amount of initiator used, cast composition viscosity,
the nature of the reactive groups, the thickness of the layer to be cast, and the
intensity of the UV light. Generally, the total exposure time will be about 5 seconds
to about 300 seconds, preferably about 60 seconds to about 120 seconds.

The low intensity exposure preferably is carried out in one step. However,
20 some lens assemblies may require that the low intensity exposure be carnied out in
two or more steps using periods of non-exposure to the UV light of about 5 to about
60 seconds between each low intensity exposure. Preferably, periods of exposure of
about 30 to about 60 seconds are alternated with non-exposure peniods of about S to
about 60 seconds.

Subsequent to the termination of the low intensity exposure, the mold
- assembly is exposed to high intensity UV light under conditions suitable to complete
through cure of the cast composition. The intensity of the UV light for this step may
be about 50 to about 2000, preferably 500 to about 1500 mW/cm”. The wavelength



I 0 and non- exposure peri . The | ow and hi gh intensi pol ymeri zati on
steps may be carried out anbi ent tenperature and mospheri.q [ErEmEure.
Pr ef er abl ywdiﬁle@gonposi tion is hot- coated and the polynerization process

is carried 1Zbout the glass transition 15 tenperature, PGIUSH3I3WO t he
cured conposition or above. By "hot-coated " is neant that the conposition
I's heated before it is cast to about its Tg. Heating nmay be acconplished

by any conveni ent neans including, wthout |fmitation, use of an oven,

heat circul ator, or conbination thereof Polynerization at the preferred
tenperature is also achieved by any conveni ent nmeans including, w thout
limtation, 20 nmaintaining the core chanber at the preferred tenperature by
use of forced agtrwhithehé exposhrd i ; ' RO ﬂ?%fﬁeﬁ I

out in any fashion that@%yeth{b?ﬁgﬂgegﬁﬁ%}béiﬁdb@?i on of?ét e |1 ght th‘#s%gh'
the nol d assenbloycarsy owgdhe/lom iatensity éxposafe r Thelsamelfactors determinative fonfowol d

assenbly to {he Light by 25 placing.the | j ght . sourge beneath the nold
assenbl y. s&d@i%ﬁﬂ&ﬂ?*’#%ﬂ%ﬁﬁ%&%@%@%%%@&h IR{ERSHY BXPPFUSE L€ on, '
mercury and xe I 88spo : | i a

conbi nati ons tmﬁ?ﬂ%ﬁﬁgh .%ﬁﬁ?ﬁ%@gﬁ%ﬁ@ %%ﬁ“@i‘é’%ﬁ%ﬁ%‘?h%’f‘ trably

limtation, merabeuyS seesmds to abisht 18 sectnds X The high thténsity and
m crowave-ignited_ | anps, or, the |like, and conbinations thereof 30 Suitable

sources for thePreferablyis, casied qunas & singley continious expesurercieweverythehigh abl e.

3 DEC 2004 WO SO0/ 33980. The .nol d assenbly i.s,c sed of .

one or nore m)lé Eaﬁé’éosggo P&yige W&%WW@%@WMWW%
nmol d hal f ofo hednuaﬁame;qﬁsgeq,eﬂadﬁ of any suitable material including,

wi thout limtation, glass or plastic. The optical prefornms 5 used in the
nol d assenblies my be made of any suitable materials including, wthout

limtation, polycarbanates uch.as bi sphenol. A, pol ycarbaonates, ,ally]
di gl ycol carbonat _es,fgfué% %"é’s‘aﬁﬂf‘ﬁﬁ%ﬁ!rﬁgwsﬂ%“ﬁ%% sﬁaﬁ’:ﬁwﬁﬁqgmé
(CR-39TH ), al |anibient tefifperature GhE Binssphéri@plesburey PRFERDR, tel doh déiﬁoahﬁﬁetlat e
and triallyl citrate, acrylic esters, acrylates, nethacrylates, such as
net hyl - et hyl - cestedmndthe pelymestration processds &drried opt attabopt the lass itransition
pol yesters,, poly ether ph hepe oxigdes, and the like_a conbi pations
Phereot - Thi prErEHIRie)ohE: B i siied SRmiRien At hven B dgneonsd % meant
that the composition is heated before it is cast to about its Tg. Heating may be
accomplished by any convenient means including, without limitation, use of an
oven, heat circulator, or combination thereof. Polymerization at the preferred
temperature is also achieved by any convenient means including, without limitation,
20 meaintaining the cure chamber at the preferred temperature by use of forced air.

The low and high intensity UV exposures may be carried out in any fashion

that permits the even distribution of the light through the mold assembly. A
convenient and preferred mode is to expose the mold assembly to the UV light by

25 placing the UV light source beneath the mold assembly. Sources of low intensity
UV light inciude, without limitation, mercury and xenon arc lamps, fluorescent-type
bulbs, or the like, and combinations thereof. High intensity UV light sources
include, without limitation, mercury, xenon, and mercury-xenon arc lamps,
FUSION™ microwave-ignited lamps, or the like, and combinations thereof.

30  Suitable sources for the UV light used in the invention are commercially available.



nol di ng, thernoform ng, ting, or the like. 15 | niggeat ors us @é;sﬂﬁ t he
i nvention are those capab of initiating polynerization of the !Yesi n
by the polwoenissst2i on nmet hod sel ected including, wthout | pgriRbiNose

. thermal initiators, photoinitiators, and conbinations thereof Preferably,
a photoinitiator is selected. Suitable initiators include, wthout
limtation, free-radical generating photoinftiators, photocationic
initiators, photobase 20 initiators, and m xtures thereof. Suitable
free-radical generat| ng initiators include, wthout limtation, nethyl
benzoyl formate, arofhetine dl@@'e‘mldsrs erinpeies of ong ermate mpld-halves; amoptical

5 DL T O ol S o i S i

2, 2- di et hoxy- 2xpigi) Quithou? 1iflifafieh sk of plstic. The o calpreforms_
phenyl - acet ophenone ben20| n methyl ether, ben20| n |sobutyl et benzoin,

sbeanzil, bénzubedintbe imdid hmnibllebmaxjob mh@tdffanylemtable materials mcludmg,

2, 2- dlhydroxybenzoph none, nzyllden act eophepon noz henone and
acet ophenone, Withoyt F H’ﬂ? 39 !SBH'B"?E R?iv Hb’lt he

bt 6 commor cial 'f*?ﬁ %Fﬂ&g%"*?ﬁﬁﬁ%f g 15 Bl catiete ”9%"’%“%“
01/85812 8 - astplCothiA tibMl/cySRRARIRRNyTPRospRRE Rhd Ballyh bitiatt, Gérylie etest, |

depend on the type of initidtof selected”as well as thé conposifion

fornul ation usmlﬂwmmhacyylm&esuehrwmm- ¢thylt and butylwiethapeylatesanghount
effectlvet0|n|t ate nerization 1to abou ht percent 5
based on tH hﬂ‘ Fg'f?fé srggﬁ'ﬁﬁ%rm}rfﬂfeﬁﬁgo ‘gqﬁ/a%dot\gélt'&ﬁ‘?gto about
| wei ght percs&hblﬂaﬁoaﬁﬂkb%eo?nm@ pRfSi 7Y R produiced Inc?hndybbﬂveﬁjmﬁﬁhhé on of

the invention may include any deS| red additive, I ng Wi t hout

limtation, crixhidingerithow ﬂlantabon,ynjecbm nmldmggmestmlanmmcn mnldiaga
conbi nations t her eoE 10 The VI sc ;% of the cast conposition may be about
5 to about 500'MeIYgP €about 300, nore preferably about 5 to
about 300, nost preferabl y about 5 to about 100 centi poi se neasured at 25

Cwith a Brookfield
15 Initiators useful in the invention are those capable of initiating

polymerization of the cast resin by the polymerization method selected including,
without limitation, thermal initiators, photoinitiators, and combinations thereof.
Preferably, a photoinitiator is selected. Suitable initiators include, without
limitation, free-radical generating photoinitiators, photocationic initiators, photobase

20 initiators, and mixtures thereof. Suitable free-radical generating initiators include,
without limitation, methyl benzoyl formate, aromatic ketones including, without
limitation, 2-hydroxy-2-methyl-1-phenyl-propan-1-one, 1~
hydroxycyclohexylphenylketone, 2,2-di-secbutoxyacetophenone, 2,2~
diethoxyacetophenone, 2,2-diethoxy-2-phenyl-acetophenone, 2,2-dimethoxy-2-

25 phenyl-acetophenone, benzoin methyl ether, benzoin isobutyl ether, benzoin, benzil,
benzil dimethy] ketal, benzyl disulfide, 2,2-dihydroxybenzophenone,
benzylideneacteophenone, benozphenone, and acetophenone, 2,4,6-
trimethylbenzoyldiphenoylphosphine oxide, and the like, and combinations thereof.
Suitable free-radical generating initiators are commercially available or methods for

including, without limtation, injection nolding, i njét I on- conpr essi on

30 their production known.



vi sconeter. One ordinar skilled in the art wll cogni ze that the

wei ght percent ages of e nono- and pol yfuncti onal nomer s UBE( ML
controlle o 15 achieve the desired viscosity. Additj t he

. gl ass tra&s‘?ﬁ@%l‘% enperature, or Tg, of the cured corrpositl}%ﬁ/%g@gém
preferably is greater than about 45 C. One ordinarily skilled in the art
wi Il recognize that the Tg of the cured cogposition should not differ 20
significantly, preferably not by nore than about 1 to about 10 C fromthat
of the material used to formthe optical preform Preferably, the Tg of
the cured conposi tmmaahtqmniﬁaiormﬁfwmrﬂe?ebebn%eﬂ,?eormﬁhﬁawa&téd'aé he

e

same. Further, one ordinarily skilled in t art wil'l recognize that the

desired cured wehgsothietcomposigion fornud atianaziod.c Typicsy.cthe rmount ofinitiatenrwillsbed
their concentrations. The nmononer .ni xtur.e sele have. gbout 0.4 to
bheut 006 et aanimR efgeiviio RS T aciization Shavt D IdgrABH 5 WeiSht percent

Preferably, st hged, wg%mt %&pf 3 fo
reactive grsoup equ?’sgferent p(g‘;tﬁelg gogen%%@mn. # e lgtn%g#?%kl%gm
conposi tion cgeicent.| In sidition wapsuitableflifitiator,\the composition of the iaventioinayi ch

amount w || depend on the conposition selected, the paraneters of the
surface desi r dclede ary denired addisive, ipeludior rethowy lisitatienoerosslinkers; viseasityn

whi ch the WO - 20 RCT/ LUS0Q/ 33980 conposition will be
cast. Typi cal %ﬁ%@%ﬁ‘bﬁ%&&ﬁ%&%‘%ﬂ'ﬁw | be about 2 to about

20 g. 5 Casting of the conposition onto the preformto forma surface or
surfaces nmay be acconplished by any known nethod. Suitable nmethods for
casting on¥ or norEhesvisqasie of Hie castrogipesitionrmayibe sbargdrtoiabout 589, Pat ent

5512 371 o, SEEGhY 1055 Bgn aBag S0gpmbrepsteisly agoucs trahotd 300n080) "o g
5,907, 386 i NCoyaprablyabdi®52b Bbéut 100%khti ﬂ:&&ﬁ&ﬁa%”@%ﬁﬂh%nﬁokh&d.

general, the cast conposition 1s dispensed Into the nold asse y using
any conveni entviscemeter. Onetordinatily skiikediia eheodrt svill requigatserthattthe weipht

Preferably, .the )
Y percentages of the mono- and polyfunctional monomers must be controlled so as to

15 achieve the desired viscosity.

Additionally, the glass transition temperature, or Tg, of the cured
composition used preferably is greater than about 45 © C. One ordinarily skilled in
the art will recognize that the Tg of the cured composition should not differ

20 significantly, preferably not by more than about 1 to about 10° C from that of the
material used to form the optical preform. Preferably, the Tg of the cured
composition and optical preform material are substantially the same. Further, one
ordinanly skilled in the art wili recognize that the desired cured composition Tg is
achievable by selection of monomers and their concentrations.

The monomer mixture selected may have about 0.4 to about 0.6 equivalents
of reactive groups per 100 g composition. Preferably, the monomer mixture used
contains about 0.4 to about 0.6 reactive group equivalents per 100 g composition.
The amount of composition cast will be an amount effective to form a surface,

30 which amount will depend on the composition selected, the parameters of the
surface destred to be formed, and the size and shape of the surface on which the



15 nol d assenbly is fornmed of one nold half and an optical preform the
preform acting as the s‘nd nol d hal f The corrpositi, may be di spensed so
0

as to form when cured, e or both of a convex and ncave surlitadéll

pref erabl yy@g op@yex surface, on the preform Preferably, tlhf‘r/ﬂﬁﬂo?ﬁ balf is
positioned, the resin is dispensed onto a surface of the nold ha P and the

preformis then contacted with the 20 resin by placi-ng the preformon the
conposition Once the nold half and preformgare positioned as desired,
addi ti onal conposition nay be dispensed into the nold assenbly to ensure
the elimnation of air bubbles and voids. Preferably, the nold half or

hal ves used are of a greater dianmeter than that of 25 the optical preform
This permts contai nment of the conposition w thout the use of a gasket,
sealing ring, compositiomawilkep¢asheTiypically,tthe smovatefsompogitiontusedwild be gbout
radius of the, preform.surface in contact with the conposition and nold
half is |less t%ghgﬁﬂﬁgbgof the nold half, the use of a spacing neans may be
_necessary. By "spacing neans" is nmeant any equi pnent suitable for use in
mai nt ai ni ng”t he desired di stance between 30 WD 01/85812 10 0 - 3 DEC 2004

PCT/ US00/ 33980 t he Ni'the w@mmﬁom@f,&ﬁ;ﬁmlfoﬂﬁ aisarfatS of hifaled N

contact with the cgfgrrpo I tion. enplary equl prent for use as spaci ng nmeans
i ncl ude, wi t homay e laceomplishedby smplesown aeitidds , Suitablermgethodsfor tcaghnig dne. or
Optionally, and preferably, fqllown | Sass of . I.he S t he
|l ens is heat edmPEr %‘i&ﬁﬁ}(ﬂ O are; Mmmi’ Bs'tsr(;i)‘i‘-gﬁszvg?ig#’%gg’ses
resulting fro o] h# ak i o] . ' I 4 by
any conveni entﬂ@%’a?rg’t E,ég@ ’|F7n |%ra?§’g69 2’ng’t oﬁﬁtddﬁ%th%l? %ﬁgﬁ’bﬁs’?ﬁ{j %’ggzr'?n}a?’,
infrared, qo n$ goBHMes.es8o068Y, 5861 904tkndas,POT386 limooepdratediefein abtheir t he
| ens is heated using thermal energy for about | to about 30, preferably
about 5 to abotntiretiEesfyfeferencs. t enperature of about 50 to about 125,
preferably about 80 to about 1100 C. 15 The invention will be clarified by
considering the following, non-limting exanples. Exanples 1-18

In general, the cast composition is dispensed into the mold assembly using

an.y convenient means, such as by the use of a displacement pump. Preferably, the
15 mold assembly is formed of one mold half and an optical preform, the preform
acting as the second mold half. The composition may be dispensed so as to form,
when cured, one or both of a convex and concave surface, preferably a convex
surface, on the preform. Preferably, the mold half is positioned, the resin is
dispensed onto a surface of the mold half and the preform is then contacted with the
20 resin by placing the preform on the composition. Once the mold half and preform
are positioned as desired, additional composition may be dispensed into the mold

assembly to ensure the efimination of air bubbles and voids.

Preferably, the mold half or halves used are of a greater diaweter than that of
25 the optical preform. This permits containment of the composition without the use of
a gasket, sealing ring, or similar equipment. In those cases in which the curve radius
of the preform surface in contact with the composition and mold half is less than that
of the mold half, the use of a spacing means may be necessary. By “spacing means”
is meant any equipment suitable for use in maintaining the desired distance between

30



The follow ng procedure gaas used to forma | ens usi ni t he conpositions and

20 processes of the inve®™ion. A casting conpositio s used ogHmﬁemﬂ
follomﬁng tion SRI" 285 - tetrahydrofurfuryl acrylate

et hoxyl at ed % 2Phenol A diacrylate (3 nole); SR 399 dlpeﬁFH@# ﬁ¥¢?ol
pentaacryl ate and 1RGACURE 184 1-hydroxycycl ohexyl phenyl ketone. Wi ght
percentages are listed on the tables. Approximately 3.0 g of each

conposi tion was di spensed onto 25 the conca¥® side of a glass nold that was
81 mmdianmeter. A 70 mm pol ycarbonate optical preformwas placed on the
conposition and additional conmposition dispensed, using a pipette, to
ensure that no air bubbles or voids are present between the glass nold and

preform 30 a' thedm Qﬁ:h%?ﬁﬂfa c&ﬂtam i ght
source was positioned ow t he d?é é&a?%fb@ge conposi t1on vvaselthen

exposed to W kompositbnaExemplang eﬁmpﬁfenamirmu asBpating Bednsikélodd vaiftsbut about
300- 380 nmfor 2 .mnutes and, subsequently of an intensity of 5

appr oxi mat ey lioutatpnciapes, gasksts §)-ooes,md the ke sees. The |ens formed from
t he conposi tion and preformwas renoved fromthe nol d manual | y and baked
for 10 mn at 100 Cin a convection oven ) TabI el Exarrpl e 1Exanpl e

2Exanpl e 3Exanpl e 4%&% Hndaiefeeatity, B
2

m
- 285SRTm - 285' SR= 0-/ - 18% 18¥/<) ot 00/ SRT 3498RTm 349§5R—
_349SRI " - 349Skensis hemeRiwa taaoaxd 804 tepesanre suitablewy feizve sop(seSresaling3. 5%)

SRTm - 399SR"" »399SRT 3998RTY 3995 29955
(2. ?%(7 509 ( 2118 %'?‘? m' % %ﬁ%ﬂ#%ﬂk}r’%\ﬁﬁ‘gﬁ“&enzw

Acryl at eAaqyl ahfeffdd/ingk

31. 5% 26. 5% 23.51018.5Q/6 WioBrRiniiatbe ¥ [%lm poal faed, of MIGTOWEYS FRETEY

1841 RG 184 (llﬁl)mb@@nomt)wétb%( Prefetatly, the lens is heated usmgthermal energy for
about 1 to about 30, preferably about S to about 15 mins at a temperature of about 50

to about 125, preferably about 80 to about 110° C.

15 The invention will be clarified by considering the following, non-limiting
examples.
Examples 1-18

The following procedure was used to form a lens using the compositions and

20 processes of the invention. A casting composition was used of the following
formulation: SR™ 285 — tetrahydrofurfuryl acrylate; SR™ 349 ethoxylated
bisphenol A diacrylate (3 mole); SR™ 399 dipentaerythritol pentaacrylate and
TRGACURE™ 184 1-hydroxycyclohexyl phenyl ketone. Weight percentages are
listed on the tables. Approximately 3.0 g of each composition was dispensed onto

25 the concave side of a glass mold that was 81 mm diameter. A 70 mm polycarbonate
optical preform was placed on the composition and additional composition
dispensed, using a pipette, to ensure that no air bubbles or voids are presemnt between
the glass moid and preform.
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0 6139536. 905274267.3 (cps @25 C DSC DataTmax (m 0) Imax (mn) -Tmax
(min) -Tmas (nmin) -Tmax ( -Tmaz (min) - 0.10.080. ,'10. 10. 123 QEC 2004
%Conver zi on%Conver si on%Convasi on%Conver si on%Canver ai on%Conver si on Tnax -(r)
Tmax - ( TriMR 01@5813ax - Tmax - @ Tnmax - 25.0924. 4726. 2725. 5224pd7R%00/53980

- Er Abal pyEni nal pyF1P7Fni bal pyE" W Ewb&1p9 (r Vg) - 82.11(avVg) - 78.81(eaVg) -
87.23(ol!g) - 85.85(oal/g). 9206(c ft) - 80.72 Reft2CdW 1U&X

(uncluzd) 1.541.531.521.521.531.52 2D C L 94

Modul us253721072473270626012541 (Mpa) @250 C 0 WD 01/85812 12 Table 2 1* -
3 DEC 1004 PCT/ US00/ 33 Exanpl e 7Exanpl e 8Exanpl e 9Exampl e 10Exanpl e |

| Exanpl e 12 Resi nSRARC-BY dightrsouscasman posiionsdbelow ths giass malds The spmpesition

(11.5% 18. 0 % R , e ' - 349SRT.349SRT" 34 . o49SRT"
$aaosrr 340 sy Peled )\t pEhrEEan iR Rr dupfoshrely 33 w5
about 300-380 nm for 2 minutes and, subsequently of an intensity of
5 approximately 700 mW/cm® and 3-00-380 nm for 18 secs. The lens formed from the
composition and preform was removed from the mold manually and baked for 10

min at 100° C in a convection oven.

10 "Table 1

Examplel] { Example2 | Example3 { Example4 | Example 5 | Exampleé
Resin SR™-285 | SR™.285 | SR™-285 | SR™.285 | SR™.285 | SR™ -285

(0 %) (0 %) (18 %) (18 %) (16.5) (18.0%)
SR™ -349 | SR™.349 | SR™ -349 | SR™-349 | SR™.349 | SR™ -349
65%) | (65%) (55 %) (55 %) (65 %) (63.5%)
SR™.399 | SR™ 399 | SR™ 399 | SR™.399 | SR™.399 | SR™.399
(2.5%) (7.5%) (2.5%) (7.5%) (2.5%) (2.5%)

Benzyl Benzyl Benzyl Benzyl Benzyl Beazyl
Acrylate Acrylate Acrylate Acrylate Acrylate Acrylate
{31.5%) (26.5 %) (23.5%) {18.5%) (15.0 %) {15.0%)
IRG 134 IRG 184 IRG 184 IRG 184 IRG 184 IRG 134

(1 %) (1%) 1 %) (1%) 1% 1 %)
(:p-s @ 253, 613 95 36.90 52 7438 673
C)
Troax (min)~ | Tmax(min)= | Jmex (min)= | Imax(mm)= | Tmax(mm)= | Imax(min)=
DSC Data | =708 oo | Tem | Ter | e M
% Convernon % Copvasion | % Cooversion | % Conversion % Conversion % Coovarsion
@ Toax = @ Tmax = @ Toux= @ Toax = @ Tmax = @ Tmax =~
25.09 24.47 26.27 25.52 34.17 24.46
Enthalpy Enthaipy Eathalpy Enthalpy Enthaipy Enthaipy
(cal/g)=82.11 | (calig)=78.81 | (calVp)=87.23 | (calVp)= 8585 | (cal/g)~ 82.06 | (calig)~$0.72
Refractive
Index
(uncured) 1.5¢ 1.53 1.52 1.52 1.53 1.52
@20°C
Modulos 2537 2107 2473 2706 2601 2541
(Mpa) @

25°C




SRTm - 399SRT" - 399SRTm 9SRT" -399SRT" -399SRTm - -
(7.5%9 (7.5%9 (2.5% (2.5 (7.59% (7.5% Benzyl Beazyl yl Benzyl B(grg{;lz%nzyl
Acryl at eAgyybpsfei vl at eAayl at eAcryl at eAcryl ste S00

_15. 09% 15. 0% b. 0% 35. 0985. 096, 0% | RG 1841 RG 1841RG 1841 RG 1847 FEY4ATHG 184
(1 DL (19 (1Y% (1% Viscosity (cps @ 25109. 468. 648. 13248. 8843. 2 Dye
Dat aTmax (ma) -Tmax (am -Tmax (On) 7max (npn) -Tmex (mn) -Tux (mn) -

0. 090. 090. 10. 120.1 0. 1 %Canveni 0034 Canval on%Canvd' ai an% C, v i onR4 Caav"on3
Coovnei al | @max- @anx- Taax- @nmax- (c)Trrax ar Mx-

22.6221.97303326. 4622. 124. 46 Eudta*yF.1,. _. Enthal pyEndLal pyEnt ba>pyE bml py
(al 789(S) - .10(avVg) - 83.18(calS) - 89365 aYg) 86.82(a& 1g). R 8731 I ndex
1.531.521.531.532.531.53 (yam ZOC I\/bdul @23152588278025442669 (I\/pa) @

[HlalaYaVWillaTaYaYeVa Uil o

25 C 5 10 WOB4-8581+213~Fabls —EC ”""—"9 i et
13Exanpl e 14Exanpl e 1p ‘fe 1%’&’8%.%;7?5%61 M %&WW
- 285SRTm - 285SHékin 28 SRPK-282 § 583K -283 85 SR -2K5 ) SH™(-28509 . SKF® 285 | O SR06-285
{11.5%) {18.0%) (0.0 %) (6.5 %) {0.0) {1.5%)
SR™.349 | SR™ 349 | SR™ -349 SR™.349 | SR™ 349 | SR™ -349
{65 %) {58.5 %) (61.5 %) {55 %) (56.5 %) * (55%)
SR™ 399 | SR™.399 | SR™ -399 SR™ 399 | SR™.399 | SR™.3199
(7.5%) (7.5%) (2.5%) (2.5 %) (7.5%) (7.5%)
Benzyl Benzyl Benzyl Benzyl Benzyl Benzyl
Acrylate Acrylate Acrylate Acrylate Acrylate Acrylate
{15.0%) (15.0 %) (35.0%) {35.0%) (35.0 %) (35.0 %)
IRG 184 IRG 184 IRG 184 IRG 184 IRG 134 IRG 184
(1 %) (1%) (1 %) (1 %) 1%) (1%)
(; @ 25] o 109.4 636 43.] 32 4838 433
o .
— — v— =T T ey = | Tres (i) <
DSC Data | Ty~ [ Tae(eiy= | Toux Gy = | Tews (o)™ | Ty (o)™ | Tows e
% Conversion | % Cooversion | % Conversion % Conversion | % Convarsion | % Comversion
@ Toax « @ Troax ™ @ Tmax = @ Tmax = @ Trax = @ Traax =
22.62 21.97 - 3033 26.46 221 24.46
Entbalpy Exthalpy Entbal Enthalpy Enthalpy Exthalpy
(calig) = 75.89 | (calig}~32.10 | (calVig) -g.ls (calig) = 8936 | (caVgr 8682 | (calg) =57.31
Refractive
Index
(uncured) 1.53 1.52 1.53 1.53 1.53 1.53
@20°C
Moduius 2489 2315 2588 2780 2544 2669
Mpa) @
25°C
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SR m - 349SR""
- (60-00/6) (60.0' /) (60. 009

- 399SRri

- 349SR m - 349SRT"

- 399SRTK -399S

Benzyl| Benmyo &psssyl Benzyl Bcnzyl Bennyl
. Acryl ateAcryl at eAcryl at eAci y] at oAcl yl at eAcryl at e

25. 0%) (349 30. 0925. 00/ 6(20. 099 15. 0% | RG 184| RG 184l RG 1841RG 184FRG 184I RG

184 (10/0)(1 %9 (1 % (1 % (1% (1% fi 5751.1B8. 656.081.6124.6 (cps @2.5 250

DSC Dat aTnmax (mm) -Tnax (me)

- 349SRTK - 349SR
5.00% (70.0 % (75.0% S
2399 11 (5.00/0)(5.0% (0. 0% (0. 009

-Tmax (mm Tmax (mn)
0.10. 10.120. 110. 10. 1 %Conver si on%Coovcr noo% onvm ca,;
' GCoaver s*ce%Convaacn®Comm (r) Tmax - (r) TAeRle3r) Tmax - (r) Tmax - @ Tsaax-(r)

- 34

399SR"’

-Trmax (min)

BT GW 0. 09

PCT/US00/33980

-Trmax (min)

T=ax - 273727; - . - —4-0
. Fnt bal pyFAt ball pyFi t bsl Evéﬁqnafl VEV Eiwe(lcjalﬁ’sﬂm?kég WP Exampic 13
8425(c*Yqg) - B5.Fa4inci :T/ SR™ 7285 90p SBRAYVE)S5- | 79KIB (285 YBSR™ -285 ¢ 4%@6&\/\!" SRPh8%X
1.531.531.531] 531.531.,)539.088)= hr €D %P0C NBE)UsP3IGPREAZ 69%@52"8@2%@
. (Mpa) @25 C| 3 DEC 208m™ 1349\ W SR™ -345C || aSRM ebab S| SBR™ -4 qnPRBI-3490n SR™ -349
conprising: about 50 fo@@eet BOGReYYNht Kericent| of5.8880xy{#0-eH) (75.0%)
SR™ .399 | SR™.399 | SR™-199 | SR™-399 | SR™.-399 | SR™ -399
(5.0%) (5.0%) (0.0%) (0.0 %) (0.0%) {0.0%)
Benzyl Benzyl Benzyl Benzyl Benzyl Benzyl
Actylate Acrytate Acrylate Acrylate Acrylae Acrylate
(25.0%) (34 %) (30.0%) (25.0%) (20.0 %) (15.0 %)
IRG 184 IRG 184 IRG 184 IRG 184 IRG 184 IRG 184
(1%) (1%) (1%) (1 %) (1%) (1%)
(:; @ ,;155 o 57 s1.1 386 56.0 816 1246
0 _ _
- am) = 'min) = i) = T tn) = T )=
DSC Data Tmo(.l ’ Tmn‘.ln) Tmfx‘:: ) Tm;.( ﬁm ) m‘xo(.'lmIIJ mo(.llml
% Conversion | % Conversion % Conversion % Conversion % Conversion % Conversion
@ Tmax = @ Tax = @ Tmax = @ Tmax= @ Taax= @ Toux =~
2737 279 2827 25.91 24,19 2448
Enthalpy Eathalpy Enthslpy Enthalpy Enthalpy
(calig) = 8533 | (cp)= 8425 | (cal/p)=83.64 | (calVg)=T9.92 | (calg=T738 | (calig)=T72.94
Refractive
(upcred) 1.53 1.53 1.53 1.53 1.53 1.53
@20°C
Modulus 2387 2864 2698 2695 2589 2119
(Mpa) @
25°C




bi sphenol A di (nmetb)acry]ate: about 5 to out 40 wei ght percent of beozyl
(rncth) aeryl ate; about 2 to about 30 wei ght percent of |cirah drofhjrft
(meth)acrylatc ; and about OS- to about 8 weight percent of - JOEC 200k

di pcnl aerytbritol penta (ncth)acrylate. 2. The conposition of claiml,
wherein a bisphcnol Ais wused of the' formula: HOH=C--CG--OCH.CH2j O H
fl 0-tCH12CH O -C C °~ Hwbcrcin x 4hd y are each independently 1, 2, or
3 and x+y=2, 3, or 4. 3. The conposition of claim2, wherein the

et hoxyl at édhaths sjphoetbis: A di acrylate is in an anount of about 55 to about

65 wei ght percent. 4. The conposition of claim2 or 3 wbcrcin the benzyl
(rDtth)acryl"ate is a benzyl acrylste in an anount of about 10 to about 30
wei ght percent, the tetrabgdrof.urfuryl_(rreth) acrylate is a
tetrahydnfurfuryl acryletEOPROSIIPLARAANLE! about 5 to about 15 wei ght
percent, and the dipentaeryhthri- tol pcnta (neth)acrylate is a

di pcntacrythrito] pentgoacrsgt & @boui NBRAveHD Uitkcedf dbabéxylaed about 8 wei ght

percent. - 3 DEC 2004 15;ineddisPepheglLrnigps conprising: a preform and a
| aver conprising about 50°to about so ight pcrccent of ethoxylated
bi sphenol A di (nmeth)acrylatc, about 5 to :

: about 5 {o about 40 weight percent of benzyl (meth)

acrylate: :

about 2 lo sbout 30 weight percent of tetrshydrofurfl
(meth)acrylate © and

about 0.5 to about 8 weight percent of dipentaerythritol
penta (meth)acrylate,

2. The composition of claim 1, wherein a bisphenol A 1s
used of the formula: o

q H o CH,y : ' O H o
N I , i 7
/c=c—-—c—f-0c92c1-lz-};———o T o—rcn,cngoiy—c—c=c\
H ‘ CH, )

H

whercin ¥ and y ace each independently 1, 2, or 3 and x+y=2,
, or 4.

’ 3. The composition of claim 2, wherein the ethaxylated

bisphenol A diacrylate is in an amoun! of about 55 1o about

65 weight percent,

4. The .composition of claim 2 or 3 wherein the benzyl
(meth)acrylate is 2 benzy! acrylate in an amount of about 10
lo abowt 30 weight percent, the ietrahydrofurfury] (meth)
acrylate is a tetrahydrofurfuryl acrylate in an amount of
about 5 to about 15 weight percent, and the dipentaeryhthri-
tol penta (meth)acrylate is a dipcntacrythrito] penta acrylate
in an amoun! of about 2 1o about 8 weight percent.



about :40 wei ght percent of benzyl (ne(h)acrylate, about 2 to shout 30
Wei ght percent of tctrahydrofurfu- ryl (nmeth)acrylate, and about 0.5 to
about. 8 weight percent of dipcatacrythritol penta (ntth) acryl_a§ ﬁﬂeﬁiuyhe

spectacle lens of claim$S. wherein the bisphenol A conponent of yer
is of the forrula: oH HHF3 0/ c¢--c4-rtocri;ct~~}~o0 Co- CHdip HR
ClS, wherein x and y are each indcpcnddntly 1., 2, or 3 and x +y -2,, 3,
or 4. 7. The spectacle |lens of claim6, wherein the ctboxylated bisphenol
A diacrylate of the layer is an anmount of about 55, to about 65 weight
percent. S. The spectacle lens of claim{f or 7 wherein the benzyl
(meth)acrylatc is a behzAspeticlr laeecimprgiPSanount of about 10 to about 30
wei ght percent, the te;rppg{ry@lg;%grfuryl (nctb) acrylate is a
tctrahydrofurfuryl acryiMe in an. anpu f oY 15 wei ght
percent, and the di pcn¥§é’?§1ﬁ%ﬂ'isﬁf§qgﬂg§§%ézb@g &gw{ﬁtrgg?%a
di pentacrythritol perrt aetbepias Wsihgnol v f”g]f“ aﬂg‘iﬂ ézﬁio about 8
wei ght pcr cent. . about f40 Wcigh[ pf:.rcenl of benZ}'l (mctb)acr}']ﬂie,
' about 2 1o sboul 30 weight percent of tetrabydrofurfu-

ryl (meth)acrylate, and about 0.5 10 about 8 weight

percent of dipentacrythritol penta (meth)acrylate.

6. The spectacle lens of claim 5, wherein the bisphienol A
component of ihe layer is of the formula:

w H O

. CH; © H H
N | L
/c,—..—.. C—C—1OCH,Cliz};—0 Cl: O—fCHXH0 3~ R
H
H ' Cha

wherein x and y are each independently 1, 2, or 3 and X +y
=2, 3, or 4, . |

7. The spectacle lens of claim 6, wherein the c{hnxylate:?
bisphenol A diacrylale of (he layer is an amount of about 33
to about 65 weight percent. : o

8. The spectacle lens of claim 6 or 7 wherein the benzyl
(meth)acrylate is & beazy) acrylate in an amoupt of about 10
to about 30 weight percent, the tetrabydrofurfuryl (meb)
scrylate is 3 tcirahydrofurfury]l acrylate in an amount of
about 5 10 about 15 weight pereent, and ihe dipentacrythritol
penta (meth)acrylate is a dipentacrythritol penta acrylate in
an amount of abeut 2 to about § weight perecnt,



