-1- FACI LI TATI NG RELEASE OF SI LI CONE HYDROGEL OPHTHALM C LENSES FI ELD OF THE
| NVENTI ON This invention relates to a process to produce ophthalmc | enses
made fromsilicone hydrogels. Mre specifically, the present invention
relates to nmethods and systens for releasing an ophthalmc |enses fromnold
parts in which they were forned by exposure of the lenses to a release aid
whi ch includes a surfactant. BACKGROUND THE INVENTION It is well known
that contact |enses can be used to inprove vision. Various contact |enses
have been commercially produced for many years. Early designs of contact
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currently used in sone applications, they are not suitable for all patients
due to their poor confort and relatively low perneability to oxygen. Later

devel opnments in the field gave | enses, based upon
hydr ogel s. Hydrogel contact |eﬁ?§§5§$§T§§&§V§§§ﬁ§§$ today. These |l enses are
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Mal | eabl e soft contact | enses can be nmanufactured by formng a lens in a
mul ti - parhydnagels. Where specifecallpthe presend invertiqngelstes to mspiogs aphsysendpitelsating t n
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first nol dlepsy did Ghichihdludes@aomexasur f ace that corresponds with a back curve
of an ophthalmc lens and a second nold portion with a concave surface that
corresponds with a front curve of the ophthalmc lens. To prepare a |ens

using such nold portions, Bgm@mﬁ%\bm?@pr mul ation is placed
a 0

bet ween the concave and convex surfaces the nold portions and
subsequently cured. The hydrogel lens fornulation may be cured, for exanple
by exposure t dt & weleknoworthitaohtactlerses eancbel usgrhto. impevecisienl Mguousgentattor ns a

| ens according ta the di nensj ons,of ,the nmold portions. Fol.low ng cure
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the lens fromthe -2- remaining nold part. According to prior art, release

of the | etpplitationsithey arp het suitpblp orfal patigntyduedo their poor comfort and relatively low

permeability to oxygen. Later developments in the field gave rise to soft contact lenses, based

upon hydrogels.

Hydrogel contact lenses are very popular today. These lenses are often more comfortable
to wear than contact lenses made of hard materials. Malleable soft contact lenses can be
manufactured by forming a lens in a multi-part mold where the combined parts form a

topography consistent with the desired final lens.

Multi-part molds used to fashion hydrogels into a useful article, such as an ophthalmic
lens, can include for example, a first mold portion with a convex surface that corresponds with a
back curve of an ophthalmic lens and a second mold portion with a concave surface that
corresponds with a front curve of the ophthalmic lens. To prepare a lens using such mold
portions, an uncured hydrogel lens formulation is placed between the concave and convex
surfaces of the mold portions and subsequently cured. The hydrogel lens formulation may be
cured, for example by exposure to either, or both, heat and light. The cured hydrogel forms a

lens according to the dimensions of the mold portions.

Following cure, traditional practice dictates that the mold portions are separated and the

lens remains adhered to one of the mold portions. A release process detaches the lens from the



by exposure of the lens to aqueous or saline solutions which act to swell
the I ens and | oosen adhesion of the lens to the nold. New devel opnents in
the field have led to contact | enses that are made fromsilicone hydrogels.
Known hydration processes using aqueous solutions to effect rel ease have not
been efficient with silicone hydrogel |gnses. Consequently, attenpts have
been made to release silicone | enses usi'ng organic solvents. Processes have
been described in which a lens is .imersed in_an alcohol ( ,. ket.ane
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adm xture th water as a mnor conponent (see e.g., US. Pat. No.

5, 258, 490xdheklomef the leralto Hheugbldsone success has been realized with the known
processes, the use of highly concentrated organic solutions can present
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ai d the refmixture pfithtwater as agninpoepmpeaentises early.S. Pat. Nonb258&Mdi nent's, the
pol yether can be included in a nmononer used to formthe lens. Sone
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removes UCDs from the lens.

SUMMARY OF THE INVENTION

Accordingly, the present invention provides apparatus and methods for facilitating the
) release of a silicone hydrogel ophthalmic lens from mold part. According to the present
invention a polyether is utilized to aid the release of the lens from the mold part. In some
embodiments, the polyether can be included in a monomer used to form the lens. Some
embodiments can include a polyether included in a mold part material and still additional

embodiments can include the polyether in a solution to which a formed lens is exposed .

In addition, the present invention relates generally to ophthalmic lenses fashioned from
materials including wettable silicone hydrogels formed from a reaction mixture including at
least one high molecular weight hydrophilic polymer and at least one hydroxyl-functionalized

silicone-containing monomer. In some embodiments, the ophthalmic lenses are formed from a



anount of a hydroxyl-functionalized silicone-containing nononer. In other
enbodi nents, the present invention relates to a nethod of preparing a
bi onedi cal device, such as an ophthal mc | ens which includes including an
effective anmount of polyether, such as, for exanple: PEG or PEO, into a
pol yner, such as a high nol ecular weight 5 _hydrophilic polynmer, and curing
the m xture to create a bionedical device, such as an ophthalmc | ens.
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OF THE | NVENTI ON The present invention relates to rel ease of a silicone
hydr ogel [fasmed biopredicahddvicepaexposerbsibsaqueritde polymerization. 1t has been f ound
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DESCRIPTION OF THE DRAWINGS
FIG. 1 illustrates a diagram of an ophthalmic lens mold and lens.

FIG. 2 illustrates a block diagram of exemplary steps that can be utilized to implement some

embodiments of the present invention.

FIG. 3 illustrates a diagram of apparatus that can be utilized to implement some embodiments of

the present invention.

DETAILED DESCRIPTION OF THE INVENTION
The present invention relates to release of a silicone hydrogel lens from a mold part used
to form the lens. It has been found that release of a silicone hydrogel ophthalmic lens can be
facilitated by exposing a monomer used to form the lens, or the polymerized lens, to a polyether,
such as PEG or PEO. According to the present invention, the polyether can facilitate release if it

is mixed with a monomer prior to polymerization, if it is included in the plastic of a mold part



PEG and PEO nmaterials are soluble in water and in many organic sol vents and
in various enbodinents of the present invention, can be incorporated into
one or nore of. a nmononmer mx, a nold part and a solution used to treat the
formed |l ens. Cenerally, Polyethylene glycol (PEG and pol yethyl ene oxide
(PEO) are polyners that are generally the sanme in structure except for
chain length and end groups. Polyethylene glycol refers to the polyner with
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and; polyethylene glycol has the following structure:
H-(CH,-CH,-0),-H

According to the present invention, PEG and PEO can couple to hydrophobic molecules
to produce non-ionic surfactants which facilitate the release of an ophthalmic lens or other
biomedical device from a mold part utilized to fashioned them. Generally, as used herein,
surfactants are water-soluble surface-active agents comprised of a hydrophobic portion, usually
a long alkyl chain, attached to hydrophilic or water solubility enhancing functional groups. In
the present invention, nonionic hydrophiles associate with water at the ether oxygens of a
polyethylene glycol chain. The hydrophilic end of the surfactant is strongly attracted to the
water molecules and the force of attraction between the hydrophobe and water is only slight. As
aresult, the surfactant molecules align themselves at the surface and internally so that the

hydrophile end is toward the water and the hydrophobe is squeezed away from the water.



t he present invention, surfactants of the PEG fam |y of nol ecul es have been
found to have a beneficial inpact on |ens release w thout adversely
impacting lens quality. In particular, the present invention teaches that
pol yet hyl ene gl ycol dinethyl ether 2000 and pol y(ethylene glycol) 2000 are
useful in facilitating rel ease of an ophbthalmc lens froma nold part used
to formthe lens. Definitions As used herein, "high nolecular weight
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conbi nat i owldpart used sefosmdpelens.es. The termlens includes but is not limted
to soft Contackm¥EQSQ§’ hard contact |enses, intraocular |enses, overlay
| enses, ocul ar , and optical inserts. As used herein, the term PEG
refers to a polagesdiesia, "Bighandleculfsveigia tyd@pkilio polyhrer't @fers toEubstefices Bavting a
pol yet hyl ene oxi de. As used herein, "released froma r’rPI d," means. fhat a
lens is et"ight avsrpscanelequlaspephitod ao losp Hinehent 189,400 Daltons, whetpin i el y
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permeation chromatography refractive index detection. Thus, monomers can include dimers and

in some cases oligomers, including oligomers made from more than one monomeric unit.

As used herein, the terms “lens”, “ophthalmic lens” and “ophthalmic device” refer to
devices that reside in or on the eye. These devices can provide optical correction, wound care,
drug delivery, diagnostic functionality, cosmetic enhancement or effect or a combination of
these properties. The term lens includes but is not limited to soft contact lenses, hard contact
lenses, intraocular lenses, overlay lenses, ocular inserts, and optical inserts.

As used herein, the term PEG refers to a polyethylene glycol.

As used herein, the term PEO refers to a polyethylene oxide.

As used herein, “released from a mold,” means that a lens is either completely separated
from the mold, or is only loosely attached so that it can be removed with mild agitation or

pushed off with a swab.



concave surface 104 is a lens formng surface used to formthe front surface
of- the ophthalmc Ilens. Simlarly, the term"back surface nold part" refers
to the nold part 101 whose convex surface 105 forns a |lens form ng surface,
which will formthe back surface of the ophthalmc Iens 100. In sone

enbodi nents, nold parts 101 and 102 are-6f a concavo-convex shape,
preferably including planar annular flanges 106 and 107, respectively, which
surround the _circunference of the uppernost edges of the concavo-convex
regi ons oiﬁﬁhgxﬁﬁﬂﬂlparts 101-102. Typically, the nold parts 101-102 are
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surface 104 of the front mold part 102 throughout its circumference, thereby cooperating to form

a sealed mold cavity in which the ophthalmic lens 100 is formed.

In some embodiments, the mold parts 101-102 are fashioned of thermoplastic and are
transparent to polymerization-initiating actinic radiation, by which is meant that at least some,
and preferably all, radiation of an intensity and wavelength effective to initiate polymerization
of the Reaction Mixture or monomer (“Reaction Mixture”) in the mold cavity can pass through

the mold parts 101-102.

For example, mold parts can include: polystyrene; polyvinylchloride; polyolefin, such as
polyethylene and polypropylene; copolymers or mixtures of styrene with acrylonitrile or
butadiene, polyacrylonitrile, polyamides, polyesters, cyclic olefin copolymers, or other known

material.

According to the present invention, one or more of the mold parts 101-102 include at

least one of: PEG and PEO in an amount effective to facilitate release of the lens from the one or



enbodi mrents of the present invention, one or nore of PEG and PEO, such as
for exanple, PEG 2000 can be added to the nold material as an additive
prior to an injection nolding process used to fashion the nold part. In
sone preferred enbodi nents, the one or nore of PEG and PEO, such as, for
exanple PEG 2000, is added to the nold-pl-astic in ambunts of between 25
parts per mllion (ppm) to 1000 parts per million, in sonme nore preferable
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Referring now to Fig. 2, a flow diagram illustrates exemplary steps that may be

implemented in some embodiments of the present invention. It is to be understood that some or
all of the following steps may be implemented in various embodiments of the present invention.
At 201, the Reaction Mixture (described in more detail below), is deposited into a first mold part
102, which is utilized to shape the ophthalmic lens 100.

) At 202, the first mold part 102 can be combined with at least one other mold part (the

second mold part) 101 to shape the deposited silicone monomer or other Reaction Mixture.

At 203, the Reaction Mixture is cured and formed into a lens 100. Curing can be
effected, for example, by various means known in the art, such as, exposure of the monomer to
actinic radiation, exposure of the monomer to elevated heat (i.e. 40°C to 75°C), or exposure to

both actinic radiation and elevated heat.

At 204, the first mold part 101 can be separated from the second mold part 102 in a
demolding process. In some embodiments, the lens 100 will have adhered to the second mold

part 102 (i.e. the front curve mold part) during the cure process and remain with the second



Heating can be acconplished with a heat exchange unit to mnimze the
possibility of explosion, or by any other feasible neans or apparatus for
heating a liquid. At 206, the lens is hydrated by exposing the lens to the
hydration solution. According to the present invention, the hydration
solution is an aqueous sol ution which i nél-udes one or nore of PEG and PEQ
and in some particul ar enbodi mrents PEG 2000, in an anount effective to
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| enses 100 can be placed in pallets or trays and stacked vertically. The

sol ution d¢amhydsatiomotuiigncethoat the peleasspnodf: Phe aad £EO.of | enses 100 so t hat
the solution will flow downwardly over the |enses 100. The sol ution can
al so be i nt r odircgunea¢mbaaiiments, tipolsidritonsoktiomgay hksotimlede, additives, such as Tween

80, which is polyoxyethylene sorbitan monooleate, Tyloxapol, octylphenoxy (oxyethylene)
ethanol, amphoteric 10), preservatives (e.g. EDTA, sorbic acid, DYMED, chlorhexadine
gluconate, hydrogen peroxide, thimerosal, polyquad, polyhexamethylene biguanide,
antibacterial agents, lubricants, salts and buffers. In some embodiments, additives can be added
to the hydration sofution in amounts varying between 0.01% and 10% by weight, but

cumulatively less than about 10% by weight.

The temperatures of the hydration solution can be anywhere from near freezing to near
boiling; however, it is preferred that the temperatures between 30° C and 72° C, and even more

preferably between 45° C and 65° C.

Exposure of the ophthalmic lens 100 to the hydration solution can be accomplished by
washing, spraying, soaking, submerging, or any combination of the aforementioned. For
example, in some embodiments, the lens 100 can be washed with a hydration solution of

deionized water and PEG 2000 in a hydration tower.



In sone enbodi nents, the trays can be noved upwardly allow ng the | enses 100
to be exposed to increasingly fresher solution. In other enbodinents, the
ophthalm c | enses 100 are soaked or subnmerged in hydration solution during
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corresponds w
which may be part of a frame, are mated with individual concave slotted cups to receive the

contact lenses when they release from the front curves. The cups can be part of a tray. Examples

can include trays with 32 lenses each, and 20 trays that can be accumulated into a magazine.

According to some embodiments of the present invention that expose the lenses to the
hydration solution via submersion, magazines can be accumulated and then lowered into tanks
containing the hydration solution that includes at least one of PEG and PEO, and preferably
PEG 2000. The solution may also include other additives as described above. In addition, in
some embodiments, the hydration solution can be heated to a temperature of between about

30°C and 72°C.

At 207, the ophthalmic lenses are rinsed to remove the PEG 2000 and any residue from
the lenses. Rinsing can be accomplished, for example, by any method that exposes the lens to a
rinsing solution, such as, for example, DI water. Accordingly, in various embodiments rinsing
can include one or more of: subjecting the lens to a flow of rinsing solution, and submersion of

the lens in a rinsing solution.



back curve of an ophthalmc I ens and a second nold part with a concave
surface that corresponds with a front curve of the lens. According to the
present invention, one or nore of the: PEG and PEO whi ch make up one or
nore of the concave and convex nold parts, aids in rel ease of the of the
lens fromthe nold part to which the leis has remai ned adhered to after
separation. In sone enbodi nents, in which the one or nore of PEG and PEO i s
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i npl ement ati ons of the present .invention. In sone preferred enbodi nents,
processi ngrEsaNds éthzofions surve ghthsdense cessi bl e to ophthalmic |enses 100 via
a transport mechani sm 305. The transport nechani sm 305 can include for

exanpl e one or Aggrdingfo thg prespritinveatien ppe pomorsry the: PEQG and B Q which reaksjuinct i on
with a l OGRLHSH of %%Bﬁcaklggﬁd OBek H‘ﬁ)!ldJ s, AdSQ YR o 5f’th~ﬁﬁﬂ§ EomQﬁéjl e or
hydr aul i ¢ nmechani sm power e y a varl abl e’ speed notor or other known drive
nmechani s mpitparstoovitigh thSdems heseodied atliseredio aftectepdmatibmck surface nold parts
101 placed in pallets (not shown). The pallets can be noved by the
transport mechmndosi® eathodhigdnoe anwhioh ther ongi enords ORIES andBE6Stiaincudsd 3ibti304. A
conputer or other controller 306 can be operatively connected to. the

pr ocessi n§iodd arisohs PEEIANdFEQ eanrabs fagijitatgsepargtion of %% F’@%Baé'@sw ihoupdamage tit i on
301-304 apfl cufddSéhs TRl el fb%eﬁ %trﬁ@h lpﬁltﬁg Aéc%%ﬁgg)étggg&géﬂ EVEhSAP theSne or

coordi nate the novenent o nses etween the p stations 301-304.

Pr ocessi nqost aft PBOsand8 PE(BM4y essimilate intalthe RieactionxXdMinlre froanthie mjodd parsn nol di ng
station 301. At the injection nolding station 301, injection nolding
appar at us Agaesit s a quantity of a Reaction M xture, such as, for exanple,
a silicone hydrogel as described above, into the front curve nold portion

102 and pr ef er RbfejtirpaioN ®iREY3, aG¥rkidghen llcstswdfAappatids vérdidinédia - 11-
Reaction M xture. The Reaction M xture should conprise any nmaterial_ or
mi xt ure oPTaFRIsEE;statiens 3Qn3 Q4 thatran bp ytilizadrin smplewmentatiensd thepresent wxentipne e ar |

i ntegral §$}ﬂcpﬁr'e?é1'r%tj%mbaﬁeﬁgvbﬁgésﬁnﬁ@ﬁtigﬁs 301-304 can be accessible to ophthalmic
lenses 100 via a transport mechanism 305. The transport mechanism 305 can include for
example one or more of: a robot, a conveyor and a rail system in conjunction with a locomotion
means that may include, a conveyor belt, chain, cable or hydraulic mechanism powered by a

variable speed motor or other known drive mechanism (not shown).

) Some embodiments can include back surface mold parts 101 placed in pallets (not
shown). The pallets can be moved by the transport mechanism 305 between two or more
processing stations 301-304. A computer or other controller 306 can be operatively connected
to the processing stations 301-304 to monitor and control processes at each station 301-304 and
also monitor and control the transport mechanism 305 to coordinate the movement of lenses

between the process stations 301-304.

Processing stations 301-304 can include, for example, an injection molding station 301.
At the injection molding station 301, injection molding apparatus deposits a quantity of a
Reaction Mixture, such as, for example, a silicone hydrogel as described above, into the front

curve mold portion 102 and preferably completely covers the mold surface 104 with the



contact lens precursor. As utilized in this application, a "precursor" neans
an object which has the desired relative dinensions and which upon
subsequent hydration in water or buffered isotonic saline aqueous solution
can be worn as a contact |ens. Exanples of such conpositions abound in this
field and are readily ascertainable by rgference to standard literature
sources. I n sone enbodi nents, polynerization of Reaction M xture can be
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can include for exanple, one or nore of: actinic radiation and heat. In
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i nclude a heat source that can maintain the tenperature of the Reaction
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order of ?‘rgnt%ug\%grﬁglﬁ 102, The source of initiation can include for example, one or more of: actinic
radiation and heat. In some embodiments, actinic radiation can be sourced from bulbs under
which the mold assemblies travel. The bulbs can provide an intensity of actinic radiation in a

given plane parallel to the axis of the bulb that is sufficient to initiate polymerization.

In some embodiments, a curing station 302 heat source can be effective to raise the
temperature of the Reactive Mixture to a temperature sufficient to assist the propagation of the
polymerization and to counteract the tendency of the Reaction Mixture to shrink during the
period that it is exposed to the actinic radiation and thereby promote improved polymerization.
Some embodiments can therefore include a heat source that can maintain the temperature of the
Reaction Mixture (by which is meant that resin before it begins to polymerize, and as it is
polymerizing) above the glass transition temperature of the polymerized product or above its
softening temperature as it is polymerizing. Such temperature can vary with the identity and

amount of the components in the Reaction Mixture. In general, some embodiments include



75 C. In sone enbodi nents, a source of heat can include a duct, which bl ows
war m gas, such as, for exanple, N2 or air, across and around the nold
assenbly as it passes under the actinic radiation bulbs. The end of the
duct can be fitted with a plurality of holes through which warm gas passes.
Distributing the gas in this way hel ps aghjieve uniformty of tenperature
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In some embodiments, the hydration solution utilized to remove the diluent can also be
used to facilitate release of the lens from a mold part in which the lens was formed, for example,
the back curve mold part. According to the present invention, the hydration solution used for
treating the lens includes one or more of: PEG and PEOQ, and in some preferred embodiments,
the solution will include PEG 2000. Some preferred embodiments can include a solution which
includes deionized water (DI water) and 500 parts per million (ppm) to 2000 ppm of PEG 2000,
and some more preferred embodiments including 800 ppm to 1200 ppm PEG 2000.

The hydration station 304 can include, for example, a hydration tower or a submersion
vehicle capable of exposing the ophthalmic lenses 100 to a hydration process in accordance with
the present invention. For example, hydration station 304 can include an apparatus in which the
lenses are stacked vertically in trays, which are moved upwardly, and a flow of the hydration
solution flows downwardly in the tray stack to successively wash the lenses in the lower trays of
the stack. The solution may be introduced at the top of the stack or fresh solution may be

introduced at various points in the stack. In some embodiments, a flow of hydration solution



with different concentrations of one or nore of PEG and PEO may be
introduced at various points in the stack. Cenerally, a cascade of sol ution
fl ows downwardly over each ophthalmc |ens. Detail ed descriptions of

vari ous enbodi ments of hydration apparatus utilizing a downward flow are
disclosed in U S. Patent 6,207,086, whicigdis incorporated by reference into
this application. Some embodi ments can al so include submersion of the
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reduced hypoxia, and nay cause |ess |nba ness I nproved ort and
have a rediced ri sk of adverse responses such as bacterial infections. -14-

For example, some embodiments may include lenses that are exposed (i.e. through
submersion or solution flow) to a hydration solution with a primary purpose of releasing each

lens 100 from its respective mold part 102.

In some embodiments, a heat exchanger 307 is used to maintain the temperature of the
hydration solution at a temperature greater than typical ambient room temperature. For
example, and without limitation, a heat exchanger can be used to raise the temperature of the

hydration solution to about 30° C to about 72° C.

Lens materials

Ophthalmic lenses suitable for use with the current invention include those made from
silicone hydrogels. Silicone hydrogels offer benefits to ophthalmic lens wearers as compared to
conventional hydrogels. For example, they typically offer much higher oxygen permeability,
Dk, or oxygen oxygen/transmissibility, Dk/I, where 1 is the thickness of the lens. Such lenses
cause reduced corneal swelling due to reduced hypoxia, and may cause less limbal redness,

improved comfort and have a reduced risk of adverse responses such as bacterial infections.



Silicone hydrogels are typically made by conbining silicone-containing
nononmers or macroners wth hydrophilic nononmers or macroners. Sone

enbodi ments can include ophthalmc |enses of the present invention which are
prepared by m xi ng a high nol ecul ar wei ght hydrophilic polymer, the

hydr oxyl -functi onali zed silicone-contalping nononer, plus one or nore of
the following: the additional silicone containing nononers, the hydrophilic
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| ens nol ds, and cured by exposing the nononer to one or
bismethacryloxypropylpolydimethylsiloxane, mPDMS (monomethacryloxypropyl terminated
mono-n-butyl terminated polydimethylsiloxane) and TRIS (3-methacryloxypropyltris
(trimethylsiloxy)silane).
Examples of hydrophilic monomers include HEMA (2-hydroxyethylmethacrylate),
DMA (N,N-dimethylacrylamide) and NVP (N-vinylpyrrolidone).
In some embodiments, high molecular weight polymers may be added to monomer
mixes and serve the function of internal wetting agents. Some embodiments can also include
additional components or additives, which are generally known in the art. Additives can
include, for example: ultra-violet absorbing compounds and monomer, reactive tints,
antimicrobial compounds, pigments, photochromic, release agents, combinations thereof and the
like.
The silicone monomers and macromers are blended with the hydrophilic monomers or
macromers, placed into ophthalmic lens molds, and cured by exposing the monomer to one or
more conditions capable of causing polymerization of the monomer. Such conditions can

include, for example: heat and light, wherein the light may include one or more of: visible,



nore conditions capabl e of causing polynerization of the nonomer. Such
conditions can include, for exanple: heat and |ight, wherein the |light may

i ncl ude one or nore of. visible, 15 ionizing, actinic, X-ray, electron beam
or ultra violet (hereinafter "UV') light. In sone enbodinents, the |ight
utilized to cause polynerization can hajye.a wavel ength of about 250 to

about 700 nm Suitable radiation sources include UV | anps, fluorescent
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Speci alty em cal's).
photoinitiators are 1-hydroxycyclohexyl phenyl ketone, 2-hydroxy-2-methyl-1-phenyl-propan-
1-one, bis(2,6-dimethoxybenzoyl)-2,4-4-trimethylpentyl phosphine oxide (DMBAPO),
bis(2,4,6-trimethylbenzoyl)-phenylphosphineoxide (Irgacure 819), 2.4,6-
trimethylbenzyldiphenyl phosphine oxide and 2,4,6-trimethylbenzyoyl diphenylphosphine
oxide, benzoin methyl ester and a combination of camphorquinone and ethyl 4-(N,N-
dimethylamino)benzoate. Commercially available visible light initiator systems include
Irgacure 819, Irgacure 1700, Irgacure 1800, Irgacure 819, Irgacure 1850 (all from Ciba
Specialty Chemicals) and Lucirin TPO initiator (available from BASF). Commercially
available UV photoinitiators include Darocur 1173 and Darocur 2959 (Ciba Specialty

Chemicals).

In some embodiments, it may also be useful to include diluents in the monomer mix, for
example to improve the solubility of the various components, or to increase the clarity or degree
of polymerization of the polymer to be formed. Embodiments can include secondary and

tertiary alcohols as diluents



In sonme enbodi ments, it may al so be useful to include diluents in the
nmononmer m x, for exanple to inprove the solubility of the various
conponents, or to increase the clarity or degree of polynerization of the
polyner to be formed. Enbodi ments can include secondary and tertiary

al cohol s as diluents -16- Various procedses are known for processing the
reaction mxture in the production of ophthal mc |enses, including known
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The preferred weight average molecular weight of these high molecular weight
hydrophilic polymers is greater than about 150,000; more preferably between about 150,000 to
about 2,000,000 Daltons, more preferably still between about 300,000 to about 1,800,000
Daltons, most preferably about 500,000 to about 1,500,000 Daltons.

Alternatively, the molecular weight of hydrophilic polymers of the invention can be also
expressed by the K-value, based on kinematic viscosity measurements, as described in
Encyclopedia of Polymer Science and Engineering, N-Vinyl Amide Polymers, Second edition,
Vol 17, pgs. 198-257, John Wiley & Sons Inc. When expressed in this manner, hydrophilic
monomers having K-values of greater than about 46 and preferably between about 46 and about
150. The high molecular weight hydrophilic polymers are present in the formulations of these
devices in an amount sufficient to provide contact lenses, which without surface modification
remain substantially free from surface depositions during use. Typical use periods include at
least about 8 hours, and preferably worn several days in a row, and more preferably for 24 hours
or more without removal. Substantially free from surface deposition means that, when viewed

with a slit lamp, at least about 70% and preferably at least about 80%, and more preferably



150. The hi gh nol ecul ar wei ght hydrophilic polyners are present in the
formul ati ons of these devices in an anount sufficient to provide contact
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pol yacryl ilﬁllt@g’ {o polﬁw-%%'l rro?ﬁor?ex ngle N 9%'y¥ 2-p1per1IaXne poly-N-vinyl-2-caprolactam,
poly-N-vinyl-3-methyl-2-caprolactam, poly-N-vinyl-3-methyl-2-piperidone, poly-N-vinyl-4-
methyl-2-piperidone, poly-N-vinyl-4-methyl-2-caprolactam, poly-N-vinyl-3-ethyl-2-
pyrrolidone, and poly-N-vinyl4,5-dimethyl-2-pyrrol- idone, polyvinylimidazole, poly-N-N-
dimethylacrylamide, polyvinyl alcohol, polyacrylic acid, polyethylene oxide, poly 2 ethyl
oxazoline, heparin polysaccharides, polysaccharides, mixtures and copolymers (including block
or random, branched, multichain, comb-shaped or star shaped) thereof where poly-N-
vinylpyrrolidone (PVP) is particularly preferred. Copolymers might also be used such as graft
copolymers of PVP.
The high molecular weight hydrophilic polymers provide improved wettability, and
particularly improved in vivo wettability to the medical devices of the present invention.
Without being bound by any theory, it is believed that the high molecular weight hydrophilic
polymers are hydrogen bond receivers which in aqueous environments, hydrogen bond to water,

thus becoming effectively more hydrophilic. The absence of water facilitates the incorporation



oxazol i ne, heparin pol ysacchari des, polysaccharides, m xtures and copol yners
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shaped) thereof where poly-N vinylpyrrolidone (PVP) is particularly
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hydroxyl-functionalized silicone containing monomer, more preferably more than about 20
weight percent.

The ratio of Si to OH in the hydroxyl-functionalized silicone containing monomer is also
important to providing a hydroxyl functionalized silicone containing monomer which will
provide the desired degree of compatibilization. If the ratio of hydrophobic portion to OH is too
high, the hydroxyl-functionalized silicone monomer may be poor at compatibilizing the
hydrophilic polymer, resulting in incompatible reaction mixtures. Accordingly, in some
embodiments, the Si to OH ratio is less than about 15:1, and preferably between about 1:1 to
about 10:1. In some embodiments primary alcohols have provided improved compatibility
compared to secondary alcohols. Those of skill in the art will appreciate that the amount and
selection of hydroxyl-functionalized silicone containing monomer will depend on how much
hydrophilic polymer is needed to achieve the desired wettability and the degree to which the

silicone containing monomer is incompatible with the hydrophilic polymer.



wei ght percent. The ratio of Si to OHin the hydroxyl-functionalized
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Cl 6al kyl; R2,R3, and R4, are independently, G .5alkyl, triC 6alkyl sil oxy,
phenyl, naphthyl, substituted Cl 6alkyl, substituted phenyl, or substituted
napht hyl where the al kyl substi futent & areRsel ectf®d from one or nore nenbers

of the group consisting ﬁﬂ_ﬁ%{éﬁLh@ggﬁgﬁ@énxlR&gghﬁﬁLhyl, Cl _6al koxy,
am de, hal ogen, hydroxyl, | | 4 L, |,
, R R

I

wherein:
n is an integer between 3 and 35, and preferably between 4 and 25;
R' is hydrogen, Cysalkyl;
R2,R3, and R*, are independently, Ci.galkyl, triC;.¢alkylsiloxy, phenyl, naphthyl, substituted
Cialkyl, substituted phenyl, or substituted naphthyl
where the alkyl substitutents are selected from one or more members of the group
consisting of C;.¢alkoxycarbonyl, C, ¢alkyl, C;.¢alkoxy, amide, halogen, hydroxyl,
carboxyl, C.salkylcarbonyl and formyl, and
where the aromatic substitutents are selected from one or more members of the group
consisting of C.salkoxycarbonyl, C;¢alkyl, C;salkoxy, amide, halogen, hydroxyl,
carboxyl, Ci.¢alkylcarbonyl and formyl,
R’ is hydroxyl, an alkyl group containing one or more hydroxyl groups; or (CHz(CRgRlo)yO)x)-
R'' wherein y is 1 to 5, preferably 1 to 3, x is an integer of 1 to 100, preferably 2 to 90 and more
preferably 10 to 25; R’ - R*! are independently selected from H, alkyl having up to 10 carbon
atoms and alkyls having up to 10 carbon atoms substituted with at least one polar functional

group,

R® is a divalent group comprising up to 20 carbon atoms;



car boxyl, C _6al kyl carbonyl and fornyl, and where the aromatic substitutents
are selected fromone or nore nenbers of the group consisting of

C _6a] koxycarbonyl, C _6al kyl, C _6al koxy, am de, hal ogen, hydroxyl,

car boxyl, G _bal kyl carbonyl and formyl; R5 is hydroxyl, an al kyl group
contai ning one or nore hydroxyl groups;.o29r (CH2(CROR1)rO),)- RL t wherein y
is lto 5, preferably Ito 3, xis an integer of Ito 100, preferably 2 to 90

and nor e pnp et ef ?94%%90 Fhft2an Fi?der e 1 dﬂgﬁé@&%ﬁg&ﬁgbh%néﬁkﬁ%%df rom H,

al kyl haV|ng up bon ons an to 10 carbon atons
substltuumdmmsmguﬁtoB@ambommmnmolar functional group, R6 is a divalent

group co isin Q carbon ato - Ry is a nonoval ent group that
can under f‘F adi ‘%%F&F%ratflvéﬁ'&f/%?“pc%ﬁ“fpdﬁf"@ “B&P 9%?%9%?508}% and conprising up to
20 carbon at ongafon Mixfured (Yﬁh@ﬁltesé?xrt idvehtYo B8} inBf@d losdikaA bfid Rgirehgylt 0 20
carbon atons. Reaction m xtures of the present invention may i1nclude nore

t han one ﬂuydmxlyded Sflwnm¢@tmmlnzmngﬁnpli cone contai ni ng mononer. For

funct | | |
oreferrod R L riparpedT BiORR RSl GRS BRGSOty
and tri ClRb5ghkdrogédd, ewthemnememéaﬁ@w rsed QyJalkghand tHiOTRAlkylkisoxypmgst For

[ tif t | (dif t I R1- R4 |ndeen tly ¢ i se
et hyl eEPEHLf%?r?@m@g{ye,;Qé@al°e§&lg}ﬁéy. bamuigsiips! alifnauma! pr BRI compr i se

an 01 2 feneidii b hori®. S EALY ASEN RS AR B s Che SRtk BERY) am de.

N- V|nyIIac 1 2al yl phenyl’,
12al keny| coaphrisbiyh acrglate, £2tyfa) €nglkyteerplate dcr)bahlkly, Ql,earktybicpﬂzeﬂléc,ﬂéd RS is

oY of o1t ea g A, Ny RAENR®, Cr G, Cor By ol Cr e RenegRRS & | Gai iyl -

phenyl eneg 63[]@9*(1 bRalyRNEalk (L 120yc| oal kyl , Ci1-6al koxycar bonyl, am de,
car boxy, y

| carbonyl, carbon Cl 6al kox substi t ut ed C _6al kyl,
substituted G TiEairipredy isdygepyt uéHszd:Pf @élz%lm@@p%awklyhydw% bEing mesked
phenyleneleegggtltuted napht hal ene, substituted G -i2cycl oal kyl, where the
substitue%ts are selected fromone or nore nenbers of the group consisting
of The preferred R®is a divalent C, galkyl, Cygalkyloxy, C;.¢alkyloxyC,.¢alkyl, phenylene,

naphthalene, C;.jocycloalkyl, C;.salkoxycarbonyl, amide, carboxy, C,.salkylcarbonyl, carbonyl,
Ci.salkoxy, substituted C.salkyl, substituted C,.salkyloxy, substituted C1_6alkyloxyC1_6élkyl,
substituted phenylene, substituted naphthalene, substituted C;_j;cycloalkyl, where the
substituents are selected from one or more members of the group consisting of
Ci.salkoxycarbonyl, C;alkyl, C;_¢alkoxy, amide, halogen, hydroxyl, carboxyl,
Ci¢alkylcarbonyl and formyl. The particularly preferred R® is a divalent methyl (methylene).

The preferred R’ comprises a free radical reactive group, such as an acrylate, a styryl,
vinyl, vinyl ether, itaconate group, a C;¢alkylacrylate, acrylamide, C;.¢alkylacrylamide, N-
vinyllactam, N-vinylamide, , C,.i2alkenyl, C,.j2alkenylphenyl, C,.j2alkenylnaphthyl, or
C,.salkenylphenylC, salkyl or a cationic reactive group such as vinyl ether or epoxide groups.
The particulary preferred R’ is methacrylate.

The preferred R3is is a divalent Ci.salkyl, Cjalkyloxy, C;.salkyloxyC;.salkyl,
phenylene, naphthalene, C;.jocycloalkyl, C;salkoxycarbonyl, amide, carboxy, C;.salkylcarbonyl,
carbonyl, Cj_¢alkoxy, substituted C.¢alkyl, substituted C; ¢alkyloxy, substituted
Ci.salkyloxyCi galkyl, substituted phenylene, substituted naphthalene, substituted

Cr.2cycloalkyl, where the substituents are selected from one or more members of the group



C _6al koxycar bonyl, G . 6al kyl, Cl1_6al koxy, am de, hal ogen, hydroxyl,
carboxyl, ( -6al kyl carbonyl and fornyl. The particularly preferred R6 is a
di val ent methyl (nmethylene). The preferred R7 conprises a free radi cal
reactive group, such as an acrylate, a styryl, vinyl, vinyl ether,
itaconate group, a G _6al kYl acrYl ate, aegiylam de, Cl-bal kYl acrYl am de N
vinyl lactam N-vinylamde, , C2.12alkenyl, C2_12al kenyl phenyl

C2_i 2al ke I Kk e Kk o) active
o oup. suchtet Bk Byeatond o RN KL, Ko, By GO 21
is nmet ha@%hl&ybarwh}d apdé:frmyﬂ eﬂhd%m&ularb_y laefdrmdiRérBtCI ﬁlk@tdxly@ll caligjl. 6al kyl oxy,

G . 6al kyl oxy a I ene, na t hal ene, cl oa

Cl. 6al koxyca%ﬁ‘ﬁ Yesaﬁh@% ‘PJ‘ESBQW Zpﬁril S'@&?W"Bﬁ’f‘ﬂ%?‘l" mEra(?thy(?ﬁ??Pla“hat are

G _6al koxy, a{fréﬂe’xtr@(fiar@é ;Q@}%éﬁ)ﬁloacﬁf@frﬁétﬁﬂlﬁﬂy@o f@L[&y[quyz -tSiaRREHyA-yt ed
Cl_6al kyI oxth ., substituted phenyl end, substituted napht hal ene
substit ut[étdmethylsilzlbm]dlailmhyl]wmlww]mrhgylsstbs(twitldecmnsal%)rhﬁ saledd3-ed from one

IS L koxycar bonyl |
G - Bal kyl OB Ra By B R PRSI Gt IRy o

Cl1_6al kyl carbonyl and fornyl. The particularly preferred R8 is
G _6al kyl oxyC, . 6al kyl . Exanpl es of hydroxyl-functjonalized silicone
cont ai ni ng nmononer of Formula Ot hat are partbcﬁ'l(cclrmv preferred are

2- propenoi ¢ acid, 2-nethyl - Fg -tetranmet hyl -1 -
[(tr|nethyI5|IyI)oxy]d|5|on roégxy propy es er (which can al so be
named ( 3-

met hacryl oxy- 2- hydr oxypr opyl oxy) propyl bi s(tri matSH(}f"é]N oxy) met hyl si | ane) xO
OSi(CH3)3 \-( O-~O0"~ i-CH3 Il OH O Si (CH3)3 The above compound,

(3- net hacryl oxy-2 hydroxypropyl oxy) propyl bi s(tri methyl sil oxy)nethylsi |ane
is formed froMerbeposdnt®unidf(Balethqryokic®s an 80: 20 m xture of the conpound
shown above and (2-nmethacryl oxy-3- . . . . .

hydr oxy pr BEYPSRIPPHIOSHPFERY liqrffﬁ%ﬁﬂwogﬁy 1Sy aAnR A formethEom an cpgride-otitigi ment s
of the prga@Rks al W@@Hlﬁﬁre' Jf theScorfpRLAd SIRWnl BoleMRI SBhAFPIRY-30f the primary
hydr oxyl present, preferably greater than about 10 wt % and nbre preferably
at | east aidonepzpy yhprays(tranéth bl axy)methysijanef imssmieembddiments pf the present

cont ai ni NEvR0R TS Sref r}r(%:ld"fcc)j Ea\(e some amount of the primary hydroxyl present, preferably
greater than about 10 wt% and more preferably at least about 20 wt%.
Other suitable hydroxyl-functionalized silicone containing monomers include (3-

methacryloxy-2-hydroxypropyloxy)propyltris(trimethylsiloxy)silane

0 o-Si(CHa)
) \”)LO/\(\O/\/\S:i-O-Si(CHg,)g,
OH 0
Si(CH3)3

bis-3-methacryloxy-2-hydroxypropyloxypropyl polydimethylsiloxane

0 0
\/U\O/ﬁ/\o/\/\/Sifo;S\i\é\/\o/\oq\OJ\/

OH



met hacr yl oxy- 2- hydr oxypr opyl oxy) propyltris(trinethyl siloxy)silane O

OSi(CH3)3 Si(CH3)3 Il OHO Si(CH3)3
bi s- 3- met hacryl oxy- 2- hydroxypropyl oxypropyl polydinethylsiloxane 0 0 O ~
Si( 0,Si~~0~0" OH~~~~ H-2

3- met hacryl oxy- 2- ( 2- hydr oxyet hoxy) pr opyl28xy) propyl bi s(tri met hyl si |l oxy) net hyl
silane OSi O O OOH n -St-

N, N, N, N -tetraki s(3-net hacryl oxy-2-hydroxypropyl)-a,omb is-3 -am

i nopropyl - pol ydi net hyl si | oxane. The reaction products of glycidyl

met hacrylate with am no-functional polydinethylsiloxanes may al so be used

St ot ur eI AR BRSPS A B ont ai i ng

nononers i ncl ude those simlar to the conpounds di sclosed in Pro. ACS Div.
Polym WMat. Sci. Eng., April 13-17, 1997, p. 42, and having the follow ng
structure: OROROROH\ I 11 HOGR NSiI~OSINOR ORORI n OOR R
where n = 1-5¢9 and R i ndependently %znp\txi se H or a pol ynerizabl e unsaturated

group, with a
oﬁ/\o/\/\/s{\

(O\A\ (I)
n OH ———Ti——

N,N,N’,N’-tetrakis(3-methacryloxy-2-hydroxypropyl)-a,w-bis-3-aminopropyl-
polydimethylsiloxane.

The reaction products of glycidyl methacrylate with amino-functional
polydimethylsiloxanes may also be used as a hydroxyl-functional silicone containing monomer.
Still additional structures which may be suitable hydroxyl-functionalized silicone

containing monomers include those similar to the compounds disclosed in Pro. ACS Div.

Polym. Mat. Sci. Eng., April 13-17, 1997, p. 42, and having the following structure:

OR OR O
H OR OR

) ROWLE WAV
NN M
OR OR {O \>/\/ OR

n O OR OR

where n = 1-50 and R independently comprise H or a polymerizable unsaturated group, with at
least one R comprising a polymerizable group, and at least one R, and preferably 3-8 R,
comprising H.

These components may be removed from the hydroxyl-fucntionalized monomer via
known methods such as liquid phase chromatography, distillation, recrystallization or extraction,

or their formation may be avoided by careful selection of reaction conditions and reactant ratios.



| east one R conprising a polynerizable group, and at |east one R and
preferably 3-8 R, conprising H These conponents may be renoved fromthe
hydr oxyl - fucntional i zed nononmer via known methods such as |iquid phase
chromat ography, distillation, recrystallization or extraction, or their
formati on may be avoi ded by careful sel.egtion of reaction conditions and
reactant ratios. -23- Suitable nonofunctional hydroxyl-functionalized
silicone nono ' e : Lsw || e,
P Sui tablo. T p oienBREEERE Bk BBl el ST S mert B colBiaN. | e
conmer ci advhijabdwfrbmaldlest,finaMésekedle, PA.nByitablermulsfinctienal RAdroxylrfagctivaalizedde

usi ng the procedures disclosed. [n 5.994, 488 and 5, 962, 54 ile

hydr oxyl -skfons MoRAMFTZ 8tF @WT?BH’J?’&W@B‘eﬁf%GﬁE%ﬁ’& @F%révgllebfgnorfr%%@ to be
parti cul ahhde RiHgtRObBcddAfesRiRydsdd 79 599mRes bl £96044pTEr s for bi onedi cal
devices, and particulalrly ophthalmc devices, any functionalized silicone
cont ai ni ng nonhide hydnpxst-fungtienalized yikieenexentainargimenomers free hagn doundtp he|
article is _¢co ti ith i d M t - sed.
Sui  abl o RUTTOru e i b s CRBREC hNAER Tk o RRIMRRER SydRugfei 0
t he fol | cophitglmrieviess, apyrfatiidhalizddysilic@at codtiininginsorioart whivh, yhanpafmedaed of

nono- 3- net hacryl oxypraopy| term nated, nono-butyl term nated
pol ydi met ¥{osforBed ieo @ tighps mailbboylaatha S%{C%LBY@FE}%C fmpopents may be
m xed togg%li. uitable AR iGA TRl on%-c@h{zﬁ%ﬁ%hm%magmg% s@lbctBd ing 20T A

o] we P an ht par

m xt ure I ght parts K-90 PV 0 welg ts DVA 1s~ added
dr op-w sefollowngdn@pihebcempaibplity ¢est. mahigtésoone grambof sachrafimao-3nti | t he

sol ution repai clo after three mnutes of stirring. Th t he
added bl chetiar RyTaR sl oioBb b M elpdfonFimEdh P Rarebr ffiPYE Hh
nonomer  CSUPPA0DPAd 4 tohdiiéte bAEKted e @MKEH togethRE il (HR&rdrg 8€3,7-dimethyl-3-
silicone-containi ng nonomner haV|ngha conpatlblllgﬁﬁindex of greater than 0.2

grams, noeaanst afabpult0yCglemixire vh i waigbtipars K99 P Fsand 6§ weight perte PMA vy
greater than. about. 1 rame. Wil be suitable for.use in this.invention. An
Tertoct i vaoR B biscro by dRufic tomprri ey wlp it St foe Sy Richer i oxy !
f unct i onadlowdschiet threxaniRuted OF stirfinp.J ThOMAERIT $hedddedBlehd ¥ EPVP @Ad DMA e anount
needed to_ conpatibilize or dissolve the high nplecul ar meiﬂpt hydr ophi lic

pol yner atftermireddn geams and perordadias thsy menpnes 6pPRELINy Rdexa Ay ydnyk, t he

anmount of - 1 Sl 1 ; LNl NG 10k e\ din

R L LT S
grams, more preferably greater than about 0.7 grams and most preferably greater than about 1.5

grams will be suitable for use in this invention.

An “effective amount” or a “compatibilizing effective amount* of the hydroxyl-
functionalized silicone-containing monomers of the invention is the amount needed to
compatibilize or dissolve the high molecular weight hydrophilic polymer and the other
components of the polymer formulation. Thus, the amount of hydroxyl-functional silicone
containing monomer will depend in part on the amount of hydrophilic polymer which is used,
with more hydroxyl-functionalized silicone containing monomer being needed to compatibilize
higher concentrations of hydrophilic polymer. Effective amounts of hydroxyl-functionalized
silicone containing monomer in the polymer formulation include about 5% (weight percent,
based on the weight percentage of the reactive components) to about 90 %, preferably about
10% to about 80%, most preferably, about 20% to about 50%.

In addition to the high molecular weight hydrophilic polymers and the hydroxyl-
functionalized silicone containing monomers of the invention other hydrophilic and

hydrophobic monomers, crosslinkers, additives, diluents, polymerization initators may be used



wi th nore hydroxyl-functionalized silicone containing nononmer being needed
to conpatibilize higher concentrations of hydrophilic polyner. Effective
anounts of hydroxyl-functionalized silicone containing nononer in the

pol ymer formul ation include about 5% (wei ght percent, based on the weight
percentage of the reactive conponents) -t)g -about 90 % preferably about 10%
to about 80% nost preferably, about 20%to about 50% In addition to the
high 1ol e fard¥Rb SltmdKAI AR bEHRAVERES. 1A iDR 1l gg OMdculk Waght onal i zed
silicone cont'al ni ng nononers o e I nvention other rophilic and

hy dr ophobhyrephil el gmercand sigiomklefusgtiomdiiiedisilzene chritaining snonouiey tee hydaogedn

i nitators,.my, be used . pr re the bionmedical i ces. of the

i nvent i onfonpﬁla%ﬂfl ‘P‘?yolﬁdf‘ge ﬁ‘#cgtﬁ&ﬁg?&%eﬁ?n%fwonmf‘ g‘aﬁiﬂpﬁﬁ“’&ww&?s’ andy
hydr oxy!l - {8qtikeRad kAR ehsbibmedoa depidédMhd@vemipaner, the hydrogel

formul ati ons may include additional silicone containing nononers,

hydr ophi |A8d1€§8ﬁb@@ﬂ[c%ne @ggtamg{%mgmé}gers to give the bionedical devi ces of
t he i nventron. I ona I cone ntai ni ng Mononers Wth respect to the
addi tional si letﬂqg eanb a"leerPﬁloHQ 9[5'35@@(}1 ﬁhgcln;f;(da) gf?s Ml%ﬁﬁd@énalo-ggbfs can

i ncl ude, 3-net cry oxypr opyltris(trinet |"ane
nononet hatRIS axyipelogey B- m@hmﬁmMOmdrhy@mmahhlyilmyl)mhané’ERIS),

e, ” et haBbysBs ET sy R S R P PRl bR A HIAREN S oot ar o
par ti cul apeihabtgRixypro ﬂb@@lﬁh{eu@mbx@met@ms- &@ﬂ{eaiaetyrmypmwmaﬁleﬂfyl the

i nvention. Additiona [i coné containi ng nononer s y pr esent
amount s oflisdteoe agd mnlammms terenf aggpartisy rlpsme¢f91resstﬁldghtl@ﬁalasumne-soréﬁamabout 60

and nost [ % r rs
Addi ti onaflf&ngmgeact 61%%8%?#%(%@ ?On%pgl“f&r%e%ﬂ#tggél &?dr%n Bg%h%gre%[@gel ncl ude
any hydr @mhmdts 6f du0TRY aboltSEWL %, mbmnﬁéiérabtymfabbmtcﬁrmid dwdtramkimost:or
exanpl e m)n?mars cont a*ng@n‘a)sacr I|c groups (CH2.dbd. CRCOX, where R is
hydr ogen Bretergblpgf app or vinyl groups (--C. dbd.CH2) may be

used. Exappli®shidk N@(qgh{elrsonal hydr oph| lic mononers are
N, N- di net hylacrylam de, 2- hydroxyet hyl nethacryl ate, gl ycerol

mononet hacr yI aAéditianallyymamwlstomonms ofthe plesanit d/entieil may hlycb gvbylk oyl

nmonomnet hagr met hacr i.c acid r p rroI | done
Nevi myl - NEHEPRRe mEBeRe g ReliPaficoRaingf n@Beds: t Snl
containing acrylic groups (CH2 dbd.CRCOX, where R is hydrogen or C;.¢alkyl an X is O or N)

or vinyl groups (--C.dbd.CH;) may be used. Examples of additional hydrophilic monomers are

N,N-dimethylacrylamide, 2-hydroxyethyl methacrylate, glycerol monomethacrylate, 2-

hydroxyethyl methacrylamide, polyethyleneglycol monomethacrylate, methacrylic acid, acrylic

acid, N-vinyl pyrrolidone, N-vinyl-N-methyl acetamide, N-vinyl-N-ethyl acetamide, N-vinyl-N-
) ethyl formamide, N-vinyl formamide and combinations thereof.

Aside the additional hydrophilic monomers mentioned above, polyoxyethylene polyols
having one or more of the terminal hydroxy! groups replaced with a functional group containing
a polymerizable double bond may be used. Examples include polyethylene glycol, ethoxylated
alkyl glucoside and ethoxylated bisphenol A, reacted with one or more molar equivalents of an
end-capping group such as isocyanatoethyl methacrylate, methacrylic anhydride, methacryloyl
chloride, vinylbenzoyl chloride, and the like, produce a polyethylene polyol having one or more
terminal polymerizable olefinic groups bonded to the polyethylene polyol through linking

moieties such as carbamate, urea or ester groups.



ethyl formam de, N-vinyl formam de and conbi nati ons thereof. Aside the

addi tional hydrophilic nononers nentioned above, pol yoxyethyl ene pol yol s
havi ng one or nore of the term nal hydroxyl groups replaced with a
functional group containing a polynerizable double bond may be used,
Exanpl es i ncl ude polyethylene gl ycol, etBoxylated alkyl glucoside and

et hoxyl ated bi sphenol A, reacted with one or nore nolar equivalents of an
end- cappi ng gr

anhydri de, %f'fglgfru;tﬁ f(glﬁglﬁ? Q%{e\?ﬁﬁﬁi lelﬁsg\g %cr?b@értig?iremgl%%ﬂh%kﬁcl ke,
produce ammuinwss ﬂlydrepblhpokmﬂommmglemdmolytmtwn term nal pol ynmerizabl e

ol efinic groups bonded to the pol yethylene polyol through |inking noieties
such as car bardditionat b;ahqvhﬂe:shenorgemuminehd&N &tdid]éthilacryhﬁride@wtﬁl)e?s i ncl ude

oxazo] ondERISRE Eméfhacr% By BRI g OB HERBTEAETI A
i nclude N;f ﬁj/l‘?@m)ié g@VI‘ %mg@ﬁyfe Kﬁleol %ronbﬁﬁ%@é?yﬁﬁehmet}ﬁ&tyhé%lw & fic(dddVh) |

gl ycer ol acryl at roxyeth met hacryl am de, N V|nylpyrroI|done
(NVP) , poanyl@pmjbhetletgil tgz@roof ﬁddmmalﬁe{dmhdmenommmbq presaait én ar@smnj;qq c acid

amounts oo ERiAoB TG, 0P by b I b o Bt b ERERER .

60 and mmarﬂrﬁfﬁé@hlw of about 10 and 50 weight % Crosslinkers Suitable

crosslinkers are conpounds with two or nore polynerizable functional groups.
The crossEiossliakersay be hydrophilic or hydrophobic and in some enbodi nents of
t he present | m%gggﬁgg LfctohaSsddpeker s

have been fouﬁﬂﬂﬁgkc&%§ﬁgéhHﬁgFmg%ﬁgxﬂaﬁﬁgnggmaﬁt0 |nﬁroveg opt?cg? é?arity
(reduced Hazirostinker mqyéxedxydtoq)hmc @Shydfhplmbld_mdsin sorhx empbddiments of thetpadsent

hydrophilj ¢ crosslinkers incl].ude oynds hav ol yneri zabl e
et onalgs gox e Gy irogalh suf BERRTRE e e g PrahBuad i Pad s

pol yet her mhccﬁ‘\@‘h?@rogéls kwln Yved bﬁmﬁelaﬁgetﬁddﬁm HR%ABT Bparal e d€ ST EEHAIVA
(tetraet hyl eneglycol hacr rEGDVA (triethyl eneglycol

di met hacr ¢na). @)xametehyf @h@glewfy@lmpbﬂwmdeerI@Iué yndséwwgetwedar qNhe

di nmet hyac t t f

Scanpl oo BV Bl GG Gl B DAL RSt R EPRHLMAR  FriE SRer

hydr oxy! - athideot hydietyl g&dups | Spleclﬁn 0 exampleainoiudg TRGDMR [(tetraeth  lefeghydol onal

ol yet her - pol ydi net hyl si | oxa-
poly dlirjneth%crylate) ¥rEGDMA (trlethyleneglycol dimethacrylate), ethyleneglycol dimethacylate

(EGDMA), ethylenediamine dimethyacrylamide, glycerol dimethacrylate and combinations
thereof Examples of suitable hydrophobic crosslinkers include multifunctional hydroxyl-
functionalized silicone containing monomer, multifunctional polyether-polydimethylsiloxa- ne
block copolymers, combinations thereof and the like. Specific hydrophobic crosslinkers include
) acryloxypropyl terminated polydimethylsiloxane (n=10 or 20) (acPDMS), hydroxylacrylate
functionalized siloxane macromer, methacryloxypropyl terminated PDMS, butanediol
dimethacrylate, divinyl benzene, 1,3-bis(3-methacryloxypropyl)- tetrakis(trimethylsiloxy)
disiloxane and mixtures thereof. Preferred crosslinkers include TEGDMA, EGDMA, acPDMS
and combinations thereof. The amount of hydrophilic crosslinker used is generally about 0 to
about 2 weight % and preferably from about 0.5 to about 2 weight % and the amount of
hydrophobic crosslinker is about 0 to about 5 weight %, which can alternatively be referred to in
mol % of about 0.01 to about 0.2 mmole/gm reactive components, preferably about 0.02 to
about 0.1 and more preferably 0.03 to about 0.6 mmole/gm.
Increasing the level of crosslinker in the final polymer has been found to reduce the

amount of haze. However, as crosslinker concentration increases above about 0.15 mmole/gm



bl ock copol ynmers, conbinations thereof and the |ike. Specific hydrophobic
crosslinkers include acryloxypropyl term nated pol ydi net hyl sil oxane (n=10
or 20) (acPDwVs), hydroxylacrylate functionalized siloxane macroner,

met hacryl oxypropyl term nated PDMS, butanedi ol dinethacrylate, divinyl
benzene, 1, 3-bi s(3-nethacryl oxypropyl)--ggetrakis(trinmethyl sil oxy)

di sil oxane and m xtures thereof. Preferred crosslinkers include TEGDVA,
EGOMA, ac . Rirddf 1V PR o about
crossli nklleagyﬁgggﬁp %&ge%g l+sor9§6f3gl%%ojbwe% W?gl %Al/reel(agﬁv éi}rgp ? pr efae?lébl y

f rom abou$0 lﬁbj)SThms abwute eZntmllrgdntts 8fthe prebdng na/nmnmtthgf:rosﬁyﬂtcnmmnmsmon and
crosslinker is. an..al ternati be
referred $BOYnhis Sﬁ@Fted/ %?roé{glgﬁtcr?fsmvﬁf gonéﬁlb%ﬁnoﬁ "tnﬁﬁ%%%m RN \7 een
conponent s?ooupﬂ? @f SR ot @D wthol8s/Br dr@slimdeput 0.1 and nore preferably 0.03 to
about 0.6 mmole/gm Increasing the level of crosslinker in the final polyner
has been founds iR UGRpddfits o@a@d{mes%himﬁe gem%yﬁﬁowﬁﬁl thE 9 $ildy kB be
concentration increases above about 0.15 mmole/gm=-26- reactive conponents
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psi). Thus, in s of the present n _the ,crosslinker
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in the reambiffiont Wetdo€asd thegilkween about 0.01 and about 0.1 mmol es/ gm
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in the art mayaadifShdtomptehisdfdude sRbrioxygs ﬂeﬂﬁééﬂi@cdﬁ\ﬁon@ﬁt@ sithtaslchibbhed to
ultra-violet absorbing conpounds and nonhoner, reactive tints, antimcrobial
conmpou ndscarborgtmemtmnd phmammgrmmqmew mdethmmag@lﬁmmg meoepienavhisheretkierads and
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cont ai ni Nexafply lﬁ[&bﬁndt\bblﬁzi‘inlag@zlﬂlg)wkyl d%teri dftqnaﬂi)a@yid: adichictas 2,2,2-
fluorine-containin me h acryl ates nore specifically i nclude, for
exanpl e, frifligrete!] &ﬁbﬁpw Hey 252,852 ahwﬂwg%?remdﬁme%&%xlafér HeP34bHd such

as 2,2, 2- %ﬂéﬁuo&%ﬁ%@%ﬂ%ﬂh)a@%ﬁﬁt? %‘f’é%' 55,65 ﬁg% -3 8néer1§§i dct&@ro' sopr opyl

(rreth)acry ate ept af 'uor o at e,

2, 2, 3, 3, 4(mgth)abrytat 22,338,435, 8,6&-7973,&,18é9déhea‘)dadmﬂwb§r¢nyl (meth)a):a&tatglhlattbg like.
2,2,3,3,4,4,5,5,6,6,7,7,8,8,9,9-h- exadecafl uorononyl (nmeth)acrylate and the
like. Di bq=n1§ The reaction conponents (hydroxyl-functionalized silicone
cont ai ni ng—mnonomner ,

The reaction components (hydroxyl-functionalized silicone containing monomer,

hydrophilic polymer, crosslinker(s) and other components) are generally mixed and reacted in
the absence of water and optionally, in the presence of at least one diluent to form a reaction
mixture. The type and amount of diluent used also effects the properties of the resultant polymer
and article. The haze and wettability of the final article may be improved by selecting relatively
hydrophobic diluents and/or decreasing the concentration of diluent used. As discussed above,
increasing the hydrophobicity of the diluent may also allow poorly compatible components (as
measured by the compatibility test) to be processed to form a compatible polymer and article.
However, as the diluent becomes more hydrophobic, processing steps necessary to replace the
diluent with water will require the use of solvents other than water. This may undesirably
increase the complexity and cost of the manufacturing process. Thus, it is important to select a
diluent which provides the desired compatibility to the components with the necessary level of
processing convenience. Diluents useful in preparing the devices of this invention include
ethers, esters, alkanes, alkyl halides, silanes, amides, alcohols and combinations thereof. Amides

and alcohols are preferred diluents, and secondary and tertiary alcohols are most preferred



hydr ophi lic polymer, crosslinker(s) and other conponents) are generally

m xed and reacted in the absence of water and optionally, in the presence
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di l uent used al so effects the properties of the resultant polyner and
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It is preferred that R, R' and R" are independently selected from H or unsubstituted

linear, branched or cyclic alkyl groups having 1 to 7 carbons. It is more preferred that R, R’, and

R" are independently selected form unsubstituted linear, branched or cyclic alkyl groups having

1 to 7 carbons. In certain embodiments, the preferred diluent has 4 or more, more preferably 5 or

more total carbons, because the higher molecular weight diluents have lower volatility, and

lower flammability. When one of the R, R' and R" is H, the structure forms a secondary alcohol.

When none of the R, R' and R" are H, the structure forms a tertiary alcohol. Tertiary alcohols are

more preferred than secondary alcohols. The diluents are preferably inert and easily displaceable

by water when the total number of carbons is five or less. Examples of useful secondary

alcohols include 2-butanol, 2-propanol, menthol, cyclohexanol, cyclopentanol and

exonorborneol, 2-pentanol, 3-pentanol, 2-hexanol, 3-hexanol, 3-methyl-2-butanol, 2-heptanol,

2-octanol, 2-nonanol, 2-decanol, 3-octanol, norborneol, and the like.



groups includi ng hal ogens, ethers, esters, aryls, am nes, am des, al kenes,

al kynes, carboxylic acids, alcohols, aldehydes, ketones or the |like, or any
two or all three of RR R and R' can together bond to formone or nore
cyclic structures, such as alkyl having 1 to 10 carbons which my al so be
substituted as just described, with the38-oviso that no nore than one of R
R or RR is H It is preferred that RR R and R' are independently sel ected

fromH or unsupgpidstotdsefll tBRRAF al@cﬁlﬁb’fbclhﬁdd@trertfl)\ﬁ@inbp tét-kvlyl, AlcONFS2 hdviyng- 1 to
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nor borneol, and the |ike. -28- rsp es of useful tertiary al cohols include
t ert - but ap@Panal @B4-Himathyl - mﬁ@pl 39l-dimetiyl-3 ockaph drbenyl-2-butanol, 2-methyl-1-

2, 3-di et L. 1- met hyl cycl ohexanol

2- met hyl - Bﬂénﬁ 2%9&3@“9%&%@yh%ﬁn%gggg{lgﬁglhke - chl or o- 2- net hyl - 2- pr opanol ,
2- met hyl - 2 hepbAas'lmgh alZeln® toh yixtuies o€ tvenai morg 0P thembbyd-lided alaahrdd or two or more
4 mot Pyl - HEBR SABICITE0 e SHLaE SRV AR b e HgidTHetsaR HABY e polymer of this
met hyl - §ve@nol , 4- net hyl - 4-nonanol, 3-nethyl - 3-octanol,

-et hyl - 3- hexanol , 3-nethyl - 3-heptanol, 4-ethyl-4- heptanol,

_propy! - 4- heplnaasthin embiodispanes, tHe_prefired aleadio] d@e@tsﬂrwnyqlarszambwnmm 1-
nmet hyl cycl t hyil
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2- phenyl - %rtpdrmjdalmhol anﬁthXyne?hm penkandt, ZWmﬂﬁﬂQ/ﬂ 2-butanol, 3-methyl- 3-pentan01
2,3,4-tri rret hm_ - 3- pent ngjé q?l - di net hyl - 3-oct anol, 2- phenyl 2- but anol ,

2- et hyl - 'eﬂ’d arRpntanoly.dsime Ylsdractangl; hyl -3-pentanol, and the like. A single
al cohol or M Xpi{k&ts G o HAnQLddTRERNE, hbSErRRRYRO], hShae), AeGABR S Byt O OF
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alcohol, 3-methyl-3-pentanol, isopropanol, t amyl alcohol, ethyl lactate, methyl lactate, i-propyl
lactate, 3,7-dimethyl-3-octanol, dimethyl formamide, dimethyl acetamide, dimethyl
propionamide, N methyl pyrrolidinone and mixtures thereof.

In some embodiments of the present invention the diluent is water soluble at processing
conditions and readily washed out of the lens with water in a short period of time. Suitable
water soluble diluents include 1-ethoxy-2-propanol, 1-methyl-2-propanol, t-amyl alcohol,
tripropylene glycol methyl ether, isopropanol, 1-methyl-2-pyrrolidone, N,N-
dimethylpropionamide, ethyl lactate, dipropylene glycol methyl ether, mixtures thereof and the
like. The use of a water soluble diluent allows the post molding process to be conducted using
water only or aqueous solutions which comprise water as a substantial component.

In some embodiments, the amount of diluent can be generally less than about 50 weight

% of the reaction mixture and preferably less than about 40% and more preferably between



al cohol s according to the structure above can be used as the diluent to nmake
the polynmer of this invention. In certain enbodinents, the preferred

al cohol diluents are secondary and tertiary alcohols having at |east 4
carbons. In particular, sonme al cohol diluents can include tert-butanol,
tert-anyl al cohol, 2-butanol, 2-nethyl-29pentanol, 2, 3-dinethyl-2-butanol,
3-net hyl - 3-pentanol, 3-ethyl-3-pentanol, 3,7-dinethyl-3-octanol. Diluents

can al so jhpe! 14%@d absut30%. . InReRE @mebdinRatsadiRlent MaN@AB®Include additibnal t er t - but yl
al cohol , 3-nethyl - 3-pentanol, isopropanol, t anyl aIgghoL, etﬁé% | act at e,
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pyrrolidinone a m Xt ur es ereo i somnme ments of the present
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washed out of the lens with water in a sgogt Period of Lime. Suitable water
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50 weight % of the reaction mxture and preferably |ess thaﬂ@ﬁgOUt 40% and
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li ke, tha O@Eﬁ@F%Wévwﬁ@ﬁp%Pﬁﬁﬁﬁﬁf@“&Fﬁﬁ%ﬁ@?&?@h@e3@8@5¥§§Q€&ﬁﬂ€Fé? 'es, and
phot oi ni t jrgdcAte 106! BERURUEAD, REacBFOIBBDI(S fbREba B0 )CHeti @M and Lucirin

al koxyoxybénzoi ns, acet ophenones, acyl phosphi ne oxides, and a tertiary

ani ne pl ukPQ injtiater @Heilablg fkern BsShHeoramprciahly ayaitable WY phploinjtiaterstinghedeex anpl es

of photoi Riti at - | X ' oy . . .

o DOT! Bkl 073 o Bk M RARASLUGHBRE, 1he i s s nhe cion

di et hoxyhemzey ¢ffettide dmbuntsret injtlapeptoydpohresipitioneo fakd @act(dAVBARE, .4 fidn2, 4, 6-
tri met hyl henzoyl ) - phenyl phosphj neoxi de (1rgacure 819), .

2.4, 6-tri @%)ph(},?{ %MF aipﬁtﬁ%lm,welght per 100 parts of reactive monomer. Polymerization of the

reaction mixture can be initiated using the appropriate choice of heat or visible or ultraviolet
light or other means depending on the polymerization initiator used. Alternatively, initiation can
be conducted without a photoinitiator using, for example, e-beam. However, when a
photoinitiator is used, some embodiments can include a combination of 1-hydroxycyclohexyl
phenyl ketone and bis(2,6-dimethoxybenzoyl)-2,4-4-trimethylpentyl phosphine oxide
(DMBAPO), and the method of polymerization initiation can include visible light. Other
embodiments can include: bis(2,4,6-trimethylbenzoyl)-phenylphosphineoxide (Irgacure
819.RTM.).

In some embodiments, the present invention can further include ophthalmic lenses of the
formulae: 1 Wt % components HFSCM HMWHP SCM HM 5-90 1-15, 3-15 or 5-12 0 0 10-80
1-15,3-15 or 5-12 0 0 20-50 1-15, 3-15 or 5-12 0 0 5-90 1-15, 3-15 or 5-12 0-80, 5-60 or 10- O-
70, 5-60 or 10- 40 50 10-80 1-15, 3-15 or 5-12 0-80, 5-60 or 10- 0-70, 5-60 or 10- 40 50 20-50
1-15, 3-15 or 5-12 0-80, 5-60 or 10- 0-70, 5-60 or 10- 40 50 HFSCM is hydroxyl-functionalized



phosphi ne oxi de and 2,4, 6-trinmethyl benzyoyl di phenyl phosphi ne oxi de, benzoin
nmet hyl ester and a conbi nation of canphorqui none and et hyl

4- (N, N-di et hyl am no) benzoate. Conmercially available visible |ight
initiator systens include Irgacure 819, Irgacure 1700, |Irgacure 1800,

| rgacure 819, Irgacure 1850 (all from C-I38-Specialty Chem cals) and Lucirin
TPO initiator (available fromBASF). Commercially avail able W
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conbi nations presented with the proviso that the |1isted conponents, and any
addi t i onal pepmpoTe e gbewtd ta @b@qj 15 0eighs pgigentgpr about 3 to about 15 weight percent, or

about 5 to about 12 weight percent. . All of the about weight percents are based upon the total of
all reactive components.

In some embodiments, a range of diluent is from about 0 to about 70 weight percent, or
about 0 to about 50 weight percent, and or about 0 to about 40 weight percent and in some
embodiments, between about 10 and about 30 weight percent, based upon the weight all
component in the reactive mixture. The amount of diluent required varies depending on the
nature and relative amounts of the reactive components.

In some embodiments, the reactive components comprise 2-propenoic acid, 2-methyl-,2-
hydroxy-3-[3-[1,3,3,3-tetramethyl-1-[(trime- thylsilyl)oxy]disiloxanyl]propoxy]propy! ester
"SiGMA" .about.28 wgt. % of the reaction components); (800-1000 MW
monomethacryloxypropyl terminated mono-n-butyl terminated polydimethylsiloxane,
"mPDMS" (.about.31 %wt); N,N-dimethylacrylamide, "DMA" (.about.24%wt ); 2-hydroxyethyl
methacryate, "HEMA" (.about.6%wt); tetracthyleneglycoldimethacrylate, "TEGDMA"
(.about.1.5%wt), polyvinylpyrrolidone, "K-90 PVP" (.about.7%wt); with the balance comprising



A range of the conbined silicone-containing nononers

(hydroxyl -functionalized silicone-containing and additi onal

si |l i cone-cont ai ni ng nononers) can be fromabout 5 to 99 weight percent,
nore preferably about 15 to 90 wei ght percent, and in sonme enbodi nents about
25 to about 80 wei ght percent of the readtron conponents. A range of
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fo about 15 Ukdrecent Ay - Acalal agp o fuat cisparsmesbght 2B iebesiest B Based
upon the tgb@kd ffacticd hixt@acti ve conponents. In sone enbodi ments, a range of
diluent is fromabout 0 to about 70 wei ght percent, or about 0 to about 50
wei ght percent, and or about O to about 40 wei ght percent and in sone

enbodi nents, between about 10 and about 30 wei ght percent, based upon the
wei ght all conponent in the reactive mxture. The anmount of dil uent

requi red varies depending on the nature and rel ative anmounts of the
reactive conponents. In some enbodi ments, the reactive conponents conprise
2-propenoi ¢ acid, 2-nethyl-,2- hydroxy-3-[3-[ 1,3,3,3-tetranethyl-I-[(trinme-
t hyl si |l yl ) oxy] di sil oxanyl ] propoxy] propyl ester "Si GVA" .about.28 wgt. % of
the reaction conponents); (800-1000 MV nonomnet hacryl oxypropyl tern nated
nmono- n- butyl term nated pol ydi net hyl sil oxane, "nPDVM5" (.about.31 %m);

N, N- di net hyl acryl am de, "DMA" (.about.24% ); 2-hydroxyethyl nethacryate,
"HEMA" (.about.6%M); tetraethyl eneglycol di nethacrylate, "TEGDVA" (. about.
1.5%\ ), polyvinylpyrrolidone, "K-90 PVP' (.about.7%\); with the bal ance
conprising -31- mnor anounts of additives and photoinitiators. The

pol yneri zati on can al so be conducted in the presence of about 23% (wei ght %
of the comnbi ned nononmers and diluent blend) 3,7-dinmethyl- 3-octanol diluent.
In sonme enbodi nents, the polynerizations for the above formul ati ons can be
conducted in the presence of tert-anyl-alcohol as a diluent conprising
about 29 wei ght percent of the



uncured reaction mxture. 32 CLAIMS What is clainmed: |I. An apparatus for
formng a bionmedical device conprising silicone hydrogel, the apparatus
conprising: a first nold part and a second nold part positioned relative to
each other to form a cavity in a shape gfd size suitable to formthe

bi onedi cal device; wherein at |east one the first nold part and the
second nold part conprising an anount of polyethylene glycol sufficient to
facilitate rel ease of the formed bi onedL88VIS device. 2. The apparatus of
claiml wherein the at | east one of the first nold part and the second nold
part conprising an anount of polyethylene glycol sufficient to facilitate
rel ease ofWhithecldiateded bi onedi cal device additionally conprises

pol ypropyl ene. 3. The apparatus of claim|l wherein the at | east one of the
first nold part and the second nold part conprising an anmount of

pol yet hyl ane glaCahaaitisitbiClofiting b®idm&diddl b@ig Jo%p?@ﬁ% sﬂfcon@ _fl?_ﬁdrf)égl LS

bi onedi cal device additionally conprises a polyolefin. e apparatus of
clai m 1 wher ei pppdiguncompastg: one of the first nold part and t he second nol d

i si f I h f
el case of the for panretenfnd e ERBRaRIRsNEN BREl efu bRt bl b

Zieglar-Natta haaeey imcal s%@;b@éﬂd%aze@uﬁﬂﬂ]@toﬂbﬂﬁﬂiétbi&nékflczﬂ|d@-1/16é| wherein the
pol ymerization initiating condltlons conprises actinic radiation. 6. The
apparatus of clai m Whkr &least one ofhailishimpls partanddfigescernd meld P IcamPTiEing ARy

are transpar eghohﬁ’thd?%;mg'le%@% S)QQI dyhdibRtd ﬁgllil@a% h:néag Bfatqls %rﬁ%ﬂ bhoznedﬁa[]mt hod

of processing an o conprising silicone y roge

conpri si ng: 33deﬂe@OS|t|ng a lens formng resin on a lens form ng surface of
a first nold part; bringing the lens formng mxture into contact with a
second lens formng surface of a second nold part, wherein the first nold

part and the segerppdmlisofasiin RivBerein the at least one of the first mold part and the second
mold part comprising an amount of polyethylene glycol sufficient to facilitate release of

the formed biomedical device additionally comprises polypropylene.

3. The apparatus of claim 1 wherein the at least one of the first mold part and the second
mold part comprising an amount of polyethylene glycol sufficient to facilitate release of

the formed biomedical device additionally comprises a polyolefin.

4, The apparatus of claim 1 wherein the at least one of the first mold part and the second
mold part comprising an amount of polyethylene glycol sufficient to facilitate release of

the formed biomedical device additionally comprises a Zieglar-Natta based polyolefin.

5. The apparatus of claim 1 wherein the polymerization initiating conditions comprises

actinic radiation.

6. The apparatus of claim 1 wherein the mold parts are made of thermoplastic and are

transparent to polymerization initiating actinic radiation.

7. A method of processing an ophthalmic lens comprising silicone hydrogel, the method

comprising:



configured to receive each other such that a cavity is fornmed between the
first lens formng surface and the second |l ens form ng surface and wherein
the cavity defines the shape of the ophthal mc |ens; exposing the |ens
formng resin to polynerization initiatigﬂ conditions to forma lens from
the lens formng resin and adheres the lens to at |east one of: the first
nmold part and the second nold part; separating the first nold part fromthe
second nol d part sué¢poshiag atens femringepsingiini lkay tormingsHeagecatei first melH®pdd to at

| east one of the fi Bﬁ:ﬁ%i\rﬁf&h‘é#\&%rﬁrnﬁﬂ%nﬁﬂﬁreﬁﬁt%%ﬂtactr(?ﬂtkga B&bhd le%PoQﬁlitiﬁggsg&Q@e

ophthalmc lens to a ydrati o ol ution conprising an anoun
pol yet hyl ene gbfzsdcosdifmoldpaztytvheirf the ifikst el dparedrelabe sabnd held pamsartr om a nol d

part in which t device is forned; and wherein at | east on f the first
ol part and EHEEEEHRGS ORGPy M bRt ESheRbRy Srvyane

gl ycol suffici estnidg@surfacé hid @k SedoBl RAS Eorffing fuefab&iRl wikbreif iR ARIthaehiRE el ai m
7 wherein the anount of polyethylene glycol sufficient to facilitate

rel ease of theshapasfthemphthalicdensart in which the device is formed conprises

bet ween about 800 rt SN 1200 part. o oml i of
o vethyl aneltl vooy SRTEREL 1 {ordy B 80K clidn Bt Ao RelcohdlloRiep form o

pol yet hyl ene gligne flonstht ldnsif@fding fesinadt lailieddsahe fe@b &gt @eadf ortehd: the figst hfoddrpaat
mol d part in which the device is formed conprises between about 500 parts
per mllion an@"®BEGSPAA OB i 11§ on of pol yethyl ene glycol. 10. The

met hod of claim?7 %@tiﬂg&%@ﬁw%aﬁ%n{ {hg@@dog){ ﬁ% 5k SRS thdttheSbRRe P!

exposing the |lens t d part to a secon ration sol ution

conpri si ng dei ophthachiovEneremaons adhersé tq dtdedsi orstoftilyadiat mold sl antl itlerse€ordm t he
| ens. 11. The rretlhod of claim7 wherein the polynerization initiating
conditions comINISBEL actinic radiation. 34 12. The method of claim 7

wherein the pol yner exgsingithé opHihaid1Bn0Adirtti9B&ti6R SRLISEE m@BigHnGmount
radi ati on and heat. i - i
of polyethylene glycol sufficient to facilitate release of the lens from a mold part in
which the device is formed; and
wherein at least one of the first mold part and the second mold part comprise an

amount of polyethylene glycol sufficient to facilitate release of the lens.

8. The method of claim 7 wherein the amount of polyethylene glycol sufficient to facilitate
release of the lens from a mold part in which the device is formed comprises between

about 800 parts per million and 1200 parts per million of polyethylene glycol.

9. The method of claim 7 wherein the amount of polyethylene glycol sufficient to facilitate
release of the lens from a mold part in which the device is formed comprises between

about 500 parts per million and 2000 parts per million of polyethylene glycol.

10.  The method of claim 7 wherein the method additionally comprises the step of exposing
the lens and the mold part to a second hydration solution comprising deionized water to

rinse the first hydration solution from the lens.

i1.  The method of claim 7 wherein the polymerization initiating conditions comprises

actinic radiation.
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12.  The method of claim 7 wherein the polymerization initiating conditions comprises

actinic radiation and heat.





