-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 nethods and systens for releasing an ophthalmc |enses fromnold
parts in which they were fornmed by exposune 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 opnents in the field gave r#@ﬁ[i@F%@ﬁinﬁﬂﬂﬁfﬁﬁql9”5951 based upon
hydrogel s. Hydrogel contact |enses are very popular today. These |enses are
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useful article, such as an ophthalmc Iens, can include for exanple, a

first nol drgense pidrivhigh inckideoheustacnl 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 |lens

usi ng such nold portions, aBACKGROWNDY OFCHEE INVENTIONul ation is placed
bet ween the concave and convex surfaces of the nold portions and
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traditional Eractlce dictates that the nold portions are separated and the
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the lens f 585“&@&15} %éy are not suitable for all patients due to 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



remai ning nold part. According to prior art, release of the lens fromthe
nold can be facilitated by exposure of the |l ens to agueous or saline
solutions which act to swell the lens and | oosen adhesion of the lens to
the nmol d. New devel opnents in the field have led to contact |enses that are
made fromsilicone hydrogels. Known hydratlon processes using agueous
solutions to effect release have not been” efficient with silicone hydrogel

| enses. Consequent | attenpts have been nmade to release. silicone ses
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agents, that effectively releases lenses from the molds in which they were formed, and which

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



-3- reaction mxture including a high nol ecular weight hydrophilic polymner
and an effective anmount of a hydroxyl-functionalized silicone-containing
nmononer. I n other enbodi nents, the present invention relates to a nethod of
preparing a bionedical device, such as an ophthal mc |ens which includes
i ncluding an effective amount of polyetbgg, such as, for exanple: PEG or
PEO, into a polyner, such as a high nolec Iar wei ght hydrophilic pol yner,
and curing the mxture to create a_ bi oned) devi ce, such g%?ophthalnlc
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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



-4- used to formthe lens, and if it is included in an aqueous solution to
which a fornmed lens is exposed. PEG and PEO nmaterials are soluble in water
and in many organic solvents and in various enbodinments of the present

i nvention, can be incorporated into one or nore of: a nononer mx, a nold
part and a solution used to treat the forged |lens. Generally, Polyethylene
glycol (PEG and polyethyl ene oxide (PEC§ are polyners that are generally
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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
a result, 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.



-5- Ophthal mc | ens manufacturing processing typically includes the step of
rel easing the lens fromthe front curve nold during hydration. Rel ease
allows the lens to be further processed and placed into a prinmary package
for further processing, such as inspection and sterilization. In the
present invention, surfactants of the PEGsfam |y of nolecules have been
found to have a benefici al |rrpact on lens rel ease wi t hout adversely
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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.
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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.



Lens Formation Referring nowto Fig. 1, a block diagramis illustrated of an
ophthal mc | ens 100, such as a contact |lens, and nold parts 101-102 used to
formthe ophthalmc lens 100 (prior art). In some typical enbodi nents, the
nold parts include a back surface nold part 101 and a front surface nold
part 102. As used herein, the term"front ;surface nold part” refers to the
mol d part whose concave surface 104 is a lens forming surface used to form
the front surface of the ophthalmc lens. Simlarly, the term"back surface
nol d part” Ifeg$ Bérgnationt he nol d part 101 whose convex surface 105 forns a

| ens form ng surface, which will formthe back surface of the ophthal mc
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the nold parts 101-102 i ncl ude at
dimensioned such that the convex surface 105 thereof engages the outer edge of the concave

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



| east one of: PEG and PEO in an anount effective to facilitate rel ease of
the lens fromthe one or -7- nore lens part 101-102. An effective anount of
the at | east one of PEG and PEQ, according to the present invention, is an
anount that will coincide with a shorter release time with inclusion of the
at | east one of PEG and PEO with an equi va7| ent Reaction M xture and
conditions, as conpared to a nold part wi‘thout the at |east one of PEG and
PEO. Accor di ng to sone enbodi pents of th ent in ntlo one or nore of
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surface. Referring now tpo Fig. 2, a flowdiagramillustrates exenplary steps
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second nold part) 101 to shape the deposited silicone nononer or other

Reacti on Mpdiisfsiepd™ 203, the Reaction Mxture is cured and fornmed into a
| ens 100. CUring clan be effected, for exanple, by various nmeans known in the
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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



denol di ng process. In sone enbodi nents, the lens 100 wll have adhered to
the second nold part 102 (i.e. the front curve nold part) during the cure
process and remain with the second -8- nold part 102 after separation until
the I ens 100 has been rel eased fromthe front curve nold part 102. In other
embodi ments, the lens 100 can adhere to the first nold part 101. At 205, in
sone enbodi nents, the hydration solution can be heated. For exanple, the
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In some embodiments, the hydration solution may also include 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 solution 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.



washi ng, spraying, soaking, subnerging, or any conbination of the

af orenenti oned. For exanple, in sone enbodi nents, the | ens 100 can be
washed with a hydration solution of deionized water and PEG 2000 in a
hydration tower. -9- To hydrate the | enses by washing in a hydration tower,
front curve nold parts 102 containing |lenges 100 can be placed in pallets or
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In some preferred methods, after separation or demolding, the lenses on the front curves,
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.



At 207, the ophthalmc lenses are rinsed to renove the PEG 2000 and any
residue from the | enses. R nsing can be acconplished, for exanple, by any
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connect ed processing stations 301-304 that can be utilized in implementations of the present invention. In
some preferred embodiments, processing stations 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



to the processing stations 301-304 to nonitor and control processes at each
station 301-304 and also nonitor and control the transport mechanism 305 to
coordi nate the novenent of |enses between the process stations 301-304.
Processing stations 301-304 can include, for exanple, an injection nolding
station 301. At the injection nolding s_tlalt_i on 301, injection nolding
apparatus deposits a quantity of a Reaction M xture, such as, for exanple,
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includes apparatus that provide a source of initiation of the Reaction Mixture deposited into the
front curve mold 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



In sonme enbodi ments, a curing station 302 heat source can be effective to
raise the tenperature of the Reactive Mxture to a tenperature sufficient
to assist the propagation of the polynerization and to counteract the
tendency of the Reaction M xture to shrink during the period that it is
exposed to the actinic radiation and theregpy pronote inproved
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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 PEO, 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



treating the lens includes one or nore of. PEG and PEOQ, and in sone
preferred enbodi nents, the solution will include PEG 2000. Sone preferred
enbodi ments can include a solution which includes deionized water (D
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with a primry PeHeRamplepéonictripsiimientemal 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.
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from the nold p@&‘émples of silicone containing monomers include SiGMA, a,®-
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,
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tertiary amine plus a diketone, mixtures thereof and the like. Illustrative examples of

photoinitiators are 1-hydroxycyclohexyl phenyl ketone, 2-hydroxy-2-methyl-1-phenyl-propan-

1-one, bis(2,6-dimethoxybenzoyl)-2,4-4-trimethylpentyl phosphine oxide (DMBAPO),

bis(2,4,6-trimethylbenzoyl)-phenylphosphineoxide (Irgacure 819), 2,4,6-

trimethylbenzyldiphenyl phosphine oxide and 2,4,6-trimethylbenzyoy! 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



as benzoyl peroxide and azo conpounds such as Al BN (azobi sisobutyronirile).
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High Molecular Weight Hydrophilic Polymer

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



di met hyl -3-octanol. If one attenpts to release such |enses in water, such
diluents prevent absorption of water, and do not allow sufficient swelling
to case release of the lens. Alternatively, silicone hydrogels nay be nade
using relatively hydrophilic and water soluble diluents such as ethanol,
t-butanol or t-amyl alcohol. Wen such dL¥ ents are used and the | ens and
mol d are placed into water, the diluent nay nore easily dissolve and the

|l ens may nore easilg rel ease jn water thap if pore hydrophobic diluents are
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hydrophilic polymers are those that contain a cyclic moiety in their backbone, more preferably,
a cyclic amide or cyclic imide. High molecular weight hydrophilic polymers include but are not
limited to poly-N-vinyl pyrrolidone, poly-N-vinyl-2-piperidone, 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



pol yam des, polyl actones, polyim des, polylactans and functionalized
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that silicone and its attached oxygen account for more than about 10 weight percent of said

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.



will be useful in this invention provided that when said polyner is added to
a silicone hydrogel fornulation, the hydrophilic polynmer (a) does not
substantially phase separate fromthe reaction mxture and (b) inparts
wettability to the resulting cured polymer. In sonme enbodinents it is
preferred that the high nol ecul ar wei ght drophilic polymer be soluble in
the diluent at processing tenperatures. Mnufacturing processes which use
wat er or water soluble diluents may be preferred due to their sinplicity
and reduced cosExamples ﬂg@’ r@ﬁ%&lﬂ}%@@@%lBW%P@&W%MW@MMW& AeTSc
pol ynmers whirebndlis Wakgqr sol ubl e at processing tenperatures are preferred.
Hydr oxyl -functional i zed silicone containing nononer As used herein a
"hydroxyl -functionalized silicone containing nononer" is a conmpound
containing at |east one polynerizable group hayp)ng an average nol ecul ar
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3000 Daltons, which is capable of conpatibilizipg the silicone containing
nmononers included in the hydrogel fornulRtion Rith the hydr ophi li c pol yner.
Hydroxyl functionality is very efficient at inproving hydrophilic
conpatibility. Thus, in a preferred enbodi nent hydroxyl-functionalized
silicone containing nononmers of the present invention conprise at |east one
hydroxyl group and at |east one "-Si-OSL-"group. It is preferred that

silicone and its attached oxygen Rccoun®® forRnore ﬁ%an about 10 wei ght
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hydr oxyl -functional i zed silicone Bontai Ring RononeR'is also inportant to
provi di ng a hydroxyl functionalized silicgge cont ai ni ng nmononer which wll
provi de the desired degree of conpatibilization. If the ratio of hydrophobic
portion to OHis too high, the hydroxyl-functionalized silicone nononer nay
be poor at conpatibilizing the hydrophilic polyner, resulting in
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where the alkyl substitutents are selected from one or more members of the group
consisting of C;_galkoxycarbonyl, C,salkyl, C;salkoxy, amide, halogen, hydroxyl,
carboxyl, C,.¢alkylcarbonyl and formyl, and
where the aromatic substitutents are selected from one or more members of the group
consisting of C,.¢alkoxycarbonyl, C,salkyl, C,¢alkoxy, amide, halogen, hydroxyl,
carboxyl, C.¢alkylcarbonyl and formyl;
R’ is hydroxyl, an alkyl group containing one or more hydroxyl groups; or (CHz(CRgRIO)yO)X)-
R!' wherein yis | to 5, preferably 1 to 3, x is an integer of | 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;



silicone containing nononmer is inconpatible with the hydrophilic polyner. -
19 Exanpl es of hydroxyl-functionalized silicone containing nononers include
nmononmers of Fornmulae | and 11 RR R2 R/-R8 1 -R8- 1 CS-RB RS R4 | RL R
RR R | 11 RRBCRB-Si-[CSi]fl-RB-CR8-R~- RS R4 RA Rt 11 wherein: nis
an integer between 3 and 35, and preferabh% between 4 and 25; R is
hydrogen, C, 6alkyl; R2,R3, and R4, are | épendently C, _6al kyl,

triC, _6al k |7SI | oxy, phenyl napht hyl, substituted Cl1 6al kyI subst i tuted
phenyl, or RS iba FopQialant AEgyR{say canpise éfrﬁ?n@d%%kayflld/oé%%‘tf‘i‘%ﬂ ¥ReEzakion a8d| ect ed

from one or FBF E‘gbeg@ ddemgroup consisting of G _6al koxycarbonyl,
C, _6al kyl, 1&{1&9 a%%?%% hal ogen, hydroxyl, car boxyl ,

G _6al kyl c® bsamsiivalantbrftnva‘rwt graupcconipeisiag up o 20t earbari gomebst i t ut ent s are

sel ected from one s of the grou ons | St

6al koxycar bonyl , RS efq‘oéd?'%&res @Ph%%{fa?f&vverﬁ%\n(%% ipdpdgaRre tﬁ%ﬂ?%e roxyl Car boxyl ,
C, _6al kyl C&‘ﬁrhﬁ@}y{éhz@dlﬁlihf:&{erabhtalri%g menéelr oxyl , an al kyI group cont ai ni ng one
or nore hydroxyl groups; or (CH2(CROR10)y R11 wherein isl to 5,

preferably Ito For mpgofaacthn@letg/@rom fqn%onfbaec? sicong Fepiping m@wgcfr theoprefsired

Ravi no-up T LSRR e Beke R T SRR Gl B PR G - oy et

subst i t ut egreferdrdad Iaethybalslttrlmnélybdba}r chm rrmtlmﬁunalonal (dlfunctlonal or higher) R'-R*
independently comprise ethylenically unsaturated polymerizable groups and more preferably
comprise an acrylate, a styryl, a C;¢alkylacrylate, acrylamide, C;.salkylacrylamide, N-
vinyllactam, N-vinylamide, , C».2alkenyl, Cs. 2alkenylphenyl, C,.i2alkenylnaphthyl, or
C,.ealkenylphenylC/_salkyl.

The preferred R’ is hydroxyl, -CH,OH or CH,CHOHCH,OH, with hydroxyl being most
preferred.

The preferred R® is a divalent Ciealkyl, Csalkyloxy, C;salkyloxyCi.salkyl, phenylene,
naphthalene, C;_jocycloalkyl, Ci.salkoxycarbonyl, amide, carboxy, C,.salkylcarbonyl, carbonyl,
C,.6alkoxy, substituted C; ¢alkyl, substituted C, salkyloxy, substituted CI_GalkyloxyCl-Gélkyl,
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,
C\¢alkylcarbonyl and formyl. The particularly preferred R® is a divalent methyl (methylene).

The preferred R7 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,.j2alkenyl, Cs.j;alkenylphenyl, C,.j;alkenylnaphthyl, or
C,.salkenylphenylC; ¢alkyl or a cationic reactive group such as vinyl ether or epoxide groups.
The particulary preferred R’ is methacrylate.

The preferred R® is is a divalent C,alkyl, C;calkyloxy, CisalkyloxyCisalkyl,
phenylene, naphthalene, C;.iocycloalkyl, C,salkoxycarbonyl, amide, carboxy, C.¢alkylcarbonyl,
carbonyl, C;.ealkoxy, substituted C,.salkyl, substituted C,¢alkyloxy, substituted
Ci.salkyloxyC, ealkyl, substituted phenylene, substituted naphthalene, substituted

Ci.1ocycloalkyl, where the substituents are selected from one or more members of the group



group, R6 is a divalent group conprising up to 20 carbon atons; -20- R7 is a
nonoval ent group that can under free radical and/or cationic polynerization
and conprising up to 20 carbon atonms R8 is a divalent or trivalent group
conprising up to 20 carbon atons. Reaction m xtures of the present invention
may include nore than one hydroxyl - funqg%qnalized silicone contai ning
nmononmer. For nonofunctional hydroxyl functionalized silicone containing
nononer the preferred Rl is hydrogen, and the preferred R2, R3, and R4, are
Cl_6al kyl emeisting dCigalkRyycarhonily Ciedet. Cigrlkpyy. @gwg%elﬁg?m avgroxyl, carboxyl,
trinethyl sc{_éqmylca}%%ylraﬁhtfblfnmc_frh@P@Aic&m}f }%&@F'efn'eg’ Ralis O ,alNyBAS ) Ayl R4

i ndependently Conprise ethyl’enically unsaturated polynerizable groups and
nmor e pr ef er abl yExappigsraf bedranylafonsticnnkzed silisoye gdntaimnCmeabogt efclropmatad that are

acrylamde, C ,6al kyl acryl am de, N-_vinyl|act N- vinyl am

&) 2al ke DS R e amufgmoiesld By ARt G5 Sterrametny-1
C2_6al keny|(pinesiylilyl)ox Pldiskykanyl[p@poxydpropyladteRbvhish bancilaxtyd namedH3OH or
CH2CHOHCH2OH, wi t h hydroxyl bejng nost = preferred. The preferred R6 is a

di val ent anetbagrklpry-2chydeaiyRippyleyy papz@as(ﬁw%&bg}@@}sww,ﬂlaﬂﬁ)eny| ene,
napht hal ene, Cl1 12cycl oal kyl, C _6al koxycar bonyl, am de, carboxy,

C _6al kyl carbonyl, carbonyl, Cl1 6al koxy, substituted C _6al kyl, substituted
Ci _6al kyl oxy, substituted C _6alkyl oxyCl. 6al kyl ~-SEGHse)i t ut ed phenyl ene,
substituted naphthal ene, subs{ n%Fd\FL>%$6¥9LQ§P , Where the substituents
are selected fromone or nore ersl of “the grau onsi sting of

Ct . 6al koxycarbonyl, G 6al kyl, G _6al KeRy, anideFlhangen, hydr oxyl ,

carboxyl, G _6al kyl carbonyl and fornyl. The partSi{Etishkrly preferred R6 is a
di val ent nmet hyl (nmethylene). The preferred R7 conprises a free radical
reactive group, such as an acrylate, a styryl, vinyl, vinyl ether,

i taconat e gr oupThetabbile &dthpohdcBh@h&rylagy-3d am de, Cl. 6al kyl acryl am de, N-
vinyl lactam N-viny|an de, . C2_1§aLkené£, C2_12al enyIPhenyI, i .

C2_i 2al ken§HdaaYRIGRYIoXy roPytisEAPRBHSH BRensthids agg isdprmed rgmanspexide Whighti ve
gr oup SUCH Btk BY 50:80 RftktuR o SROK{SuRY QI aboTSnP@UME oy BL ef erred R7

i s methacr
hydroxypropyloxy)propylbis(trimethylsiloxy)methylsilane. In some embodiments of the present

invention it is preferred to have 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)s
\”)LO/\(\O/\/\S;i-O-Si(CH:m
OH o]

Si(CHa3)3

bis-3-methacryloxy-2-hydroxypropyloxypropyl polydimethylsiloxane

0 0
\/U\O/\’/\O/\/\Siéo\Si o/\/\o/[v



The preferred R8 is is a divalent ¢ _6al kyl, Ci1-6al kyl oxy,

C _6al kyl oxyC _6al kyl, phenyl ene, napht hal ene, Cl. 12cycl oal kyl,

C _6al koxycarbonyl , am de, carboxy, G .6al kyl carbonyl, carbonyl,

Cl. 6al koxy, substituted Cl1_6al kyl, substituted C _6al kyl oxy, substituted
C _6al kyl oxyC, _6al kyl, substituted phenxkﬁqe, substi tut ed napht hal ene,
substituted C _iZ2cycloal kyl, where the sSubstituents are selected from one
or nore nenbers of the group -21- consisting of G _6al koxycarbonyl,
Cl. 6al kyl, G . 6al koxy, am de, hal ogen, hydroxyl, carboxyl,

C _6al kyl carbonyl and fornyl. The particularly preferred R8 is
Cl_6al kyl oxyCl_6al kyl . Exanpl es of hydroxyl -functionalized silicone

cont ai ni ng3-methamytoxyf2-Eohydipxyethox propataxy)psemibistrimethylsipepaethglgilanee

2- propenoi ¢ acid, 2-nethyl-,2-hydroxy-3-[3-[1,3,3,3-tetranethyl-I-
[(trimethylsi |yl)oxy]disiloxanyl]propoxy]propyl ester (which can also be
named ( 3- nethacryloxy-2-hydroxypropyloﬂy)propylbis(trinethyls

| oxy) met hyl silgne) 0 O Si (CH3)3 " 1x v&Fqg}- ~i-CH3 Il OH O Si(CH3)3 The
above conpound|| (3-nethacryl oxy-2 o)

hydr oxypr opy! i é ' %ﬁiloxy)nethylsilane is formed froman
epoxi de, whilch odudes an 80: 20 ni>Xture of the conmpound shown above and
(2- met hacrylloxy- 3- hyadr ox opyl ox®) propyl bi s(tri net hyl sil oxy) net hyl si |l ane.
I n sone enbodi nents bf e E%tQQLSFLgvention it is preferred to have sone
anount of the primary hydroxyl pregent, preferably greater than about 10
wt % and nore preferably at | east about 20 wt% O her suitable

hydr oxyl - functional i zed silicone containing nononmers include (3-

met hacr yl oxy- 2- hydr oxypr opyl oxy) propyltris(trinethylsi |oxy)silane =~ x0
OSi(CH3)3 if "O-~O*~Si-O-SKCH3)3 Il OH O Si(CH3)3

bi s- 3- met hacr yl oxy- 2- hydr oxypr opyl oxypropyl pol ydi net hyl si | oxane

N,N,N’,N’-tetrakis(3-methacryloxy-2-hydroxypropyl)-a,®-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

H
RO | \J \/ I
OR 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.



O~0 00Sir "0S OO O0OH~ ~\ OR-22-

3- net hacryl oxy- 2- ( 2- hydr oxyet hoxy) propyl oxy) propyl bi s(tri nmethyl
siloxy)nmethylsilane 0 Si 0 O O CHI n -Si- NNN,N-tetrakis(3-nethacryl
oxy- 2- hydr oxypropyl ) -a, cu-bi s-3 -am nopropyl - pol ydi net hyl si | oxane. The
reaction products of glycidyl nmethacrylate wth am no-functional

pol ydi met hyl si | oxanes may al so be used asZy- hydr oxyl - functi onal silicone
contai ning nmonomer. Still additional structures which nmay be suitable

hydr oxyl - f unct i Switdblezmdnefingtivoaldydony bfunctiepatisastiorigose menpuges arhesemerciglly ar

LS. e cornoiR Pekaseihyl MR e, Bofane BRANThe b SRy Fion RS |
OR OR 10 ORilicGR GFdindds G cOMmakially avaitatle FOmaGlesR Inaddpeisditint PA ocmapbe se H
or a polynerizahl e unsatyrated group,_wth.,at  _l t one R conprising a

pol yner i zaBtade ysipghe pé?ﬁg'értes 5@@8#%&&%%&&@%,559%233%1 y 3-8 R conprising

H. These conpongilif HBMxhRUnSHENARSE JiIRiBht BéntMRE oHomekCitt BR&H foafdiongenomer
via known nethods such as liquid phase chromatography, distillation,

recryst al | ipagiculerly suitablet fompitoi isiing compatibleipplymerader biomediogl dryicgs,cind @artisylalrly

caref ul SeloSﬁt%éan@c ggviée%,a acntyi uQctf%)gngiea isﬁlggne%%gtagn‘:ﬁ?gc ﬁlg%méra\%igﬁ,'wHe%%'olymerized
and/or formed into a final article is compatible with the selected hydrophilic components may be
used. Suitable functionalized silicone containing monomers may be selected using the
following monomer compatibility test. In this test one gram of each of mono-3-
methacryloxypropy! terminated, mono-butyl terminated polydimethylsiloxane (nPDMS MW
800-1000) and a monomer to be tested are mixed together in one gram of 3,7-dimethyl-3-
octanol at about 20°C. A mixture of 12 weight parts K-90 PVP and 60 weight parts DMA is
added drop-wise to hydrophobic component solution, with stirring, until the solution remains
cloudy after three minutes of stirring. The mass of the added blend of PVP and DMA is
determined in grams and recorded as the monomer compatibility index. Any hydroxyl-
functionalized silicone-containing monomer having a compatibility index of greater than 0.2
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



Sui t abl e nonof uncti onal hydroxyl -functionalized silicone nononers are
comercially available fromGelest, Inc. Mrrisville, PA Suitable

mul tifunctional hydroxyl-functionalized silicone nonomers are commercially
avai l abl e from CGelest, Inc, Mrrisville, PA or may be nade using the
procedures disclosed in 5,994,488 and 5, %&2 548. Wil e

hydr oxyl -functional i zed silicone contalnlng nononers have been found to be

particularly suitable for rovldl atl s, for onedi ca

devi ces, aWePrfRi’Fq F%E GIOéIP‘idI“S?Pd%’b‘PﬁS R tc)ljéédg‘élﬁ 9 {h‘ﬁh ﬁ%"rfé‘bair PEEET | i cone
cont ai ni NgLyREEHIES m}hmndw@%xppfumwaﬁ% silR1H¢ EdntdiRPRtbrioRie the hydicdel
article is co atlble with the Sel ected hydrophilic conponents may be used.
Sui t abl e f fomotlatiors maeiackide pddivienat sliecriesoniginnenoaranaer sy disphdis eenosyrs. aictg
the foll ow_n n t S test one gram of each of
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added bl end of PVP and DMVA is termned in grans and recorded as the
nononer comeaemehadrylpxypieesd terminatad polyshimpthy s loreanps nalydineghylsiloxanes, 3-

silicone-c :ngsé than 0.2
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hydr oxyl - | i cone contai ni ng nononer belng needed to
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to about 80% noSt erably bout 20% to abou
or vinyl groups (--C.dbd. CH2) 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 hydroxyl 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.



In addition to the high nol ecul ar wei ght hydrophilic polyners and the

hydr oxyl - functionalized silicone containing nononers of the invention other
hydrophi lic and hydrophobi c nononers, crosslinkers, additives, diluents,
pol ymeri zation initators may be used -24- to prepare the bionedical devices
of the invention. In addition to high nol fular wei ght  hydrophilic pol yner
and hydroxyl -functionalized silicone cont@ining nononer, the hydrogel

formul ati ons nmay i ncl ude additional silicone contalnlng nDnoner%
hydr ophi | i ¢ nmondtfuthengepmplesjacluds thy Bydroplyligvipxl qaRongferainyd 53048¥F ces of

the invent hﬁsﬂ?méqdwdr lic oabbI6ROROAARS LY fllyddanagrer s W th respect to the

addi ti onal I con€ contal ni ng nononers, useful am de analogs of I|IRI'S can
i nclude, 3-neth r hoXy )
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i nvention. afflelicitiRAdhs Setdof MRIIGSHAL Ry dRbpHElid T OKUTRIS miAR e PesPites @Mburitfiof
anounts of about O to about 75 w % nore preferably of about 5 and about 60

and nost  ghat rtapbaut 3¢ Wik umors prefiably of shovghandabouy 69 afshmpstarajeiablye gbout
Addltlonalllga &g@&% fho,component s of the present invention may al so include
any hydrophi 152 moroners used to prepare conventional hydrogels. For

exanpl e nnﬂbm%hﬂ«x$ontaln|ng acrylic groups (CH2.dbd. CRCOX, where R is

hydr ogen or al nyl groups

used. Exanpl es g taﬁ“u‘irf’?%)%?rs W&PB‘BE%WS&V‘%WB%Pg’r%P‘gymgnza 1 Rieddonat gr"uf}g
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| ate, 2- hydroxyethyl nethacr Ianlde ol yet hyl eneg Xcol nDnonethacryIate
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et hoxyl at edmide or hydroxyl groups. Specific examples include TEGDMA (tetraethyleneglycol

dimethacrylate), TTEGDMA (triethyleneglycol 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



al kyl gl ucosi de and et hoxyl ated bi sphenol A, reacted with one or nore nol ar
equi val ents of an end-capping group such as isocyanatoethyl nethacrylate,
met hacryl i c anhydri de, methacryloyl chloride, vinylbenzoyl chloride, and
the |i ke, produce a polyethylene polyol having one or nore term nal

pol ymeri zabl e ol efinic groups bonded to }qu pol yet hyl ene pol yol through
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copol yners ' j f th [ Sreci fi r iC
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or 20) (ac@EhaMhcryhaye]e®3y3,4dr55,6/6¢7,7,8,8/9h-crxaddcafabrsndngk @neth yaengtaneramtd, the like.
met hacryl oxypropyl term nated PDMS, butanedi ol

Diluents

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



di et hacryl ate, divinyl benzene, 1, 3-bis(3-nethacryl oxypropyl)-
tetrakis(trinmethylsiloxy) disiloxane and m xtures thereof. Preferred
crosslinkers include TEGDVA, EGDVA, acPDMS and conbi nations thereof. The
anount of hydrophilic crosslinker used is generally about 0 to about 2

wei ght % and preferably fromabout 0.5 to ?bout 2 wei ght % and the anmount of
hydr ophobi ¢ crosslinker is about 0 to aboff "5 wei ght % which can

alternatively be referred to in nmol % of about 01 to about 0.2 nmol e/ gm
reactive calepbelakiiuents.dixamplesf gthersysefubasghlugngs foa&@atnventioralﬁa udere preferably

0.03 to abeuihdBaiaPheirgpYled I &R LS, hrachﬁJyle‘ﬂte eggrceﬁﬁleﬂhpk@tﬁer' anfibg final
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concentration in the reaction m xture of between about 0.01 and about 0.1
mol es/ gm @FasetherkEipropdrnietal wahn-buwhpbere progylgne glyerlim-tutyl ethgs; diprogylene

general l'y W%P?tﬁ Hfierfr fépt YerlohRoPE buf%p&héid@%%fﬁ@'%g eh}n% {Hyfle but are

not limte a-vi 6 bso i ng conpound reactive
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nononer s angethte Lméthma&get@mumatmw factofd. ERardples KNANYT Halidestudgfubdst and
i ncl ude fluorine-containing (neth)acrylates, and nore specifically include,
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conmponent s pidaddientalicyl Hmﬁ% P10 RSO WHIGORSY §RnallVbAELbIRIERABYith one or more
hydrophilic polymer, “crosslinker(s) and other conponents) are generally

m xed and rgeues dwluding halegens stheese eviers,eaylaramings, apidesaiienss, alkyngshearbpedience
of at |east cfagealc%hbﬂ,eﬂ&ehgfges{ REBHE o ?r?eclme?& any two or all three of R, R and R" can

together bond to form one or more cyclic structures, such as alkyl having 1 to 10 carbons which
may also be substituted as just described, with the proviso that no more than one of R, R' or R"
is H.

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.



m xture. The type and anount of diluent used also effects the properties of
the resultant polynmer and article. The haze and wettability of the final
article may be inproved by selecting relatively hydrophobic diluents and/or
decreasing the concentration of diluent used. As discussed above,

i ncreasi ng the hydrophobicity of the dllq&nt may al so al |l ow poorly
conpati bl e conponents (as nmeasured by the conpatibility test) to be

processed to forma co o] d.article. Howev he di | uent

becones more hy#ERSA é‘se EtSE‘@ ?IK‘SFE?‘@{E)&‘*%@E&%’?&P{/ t%ﬁ%@?‘&e@s‘ %E‘eﬂa %uent
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conveni ence. uent's n’prep e devides 6 i'sTrn entlon
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gl ycol net br)ébarﬁil bgr4- ﬁmﬂtl@tl@%pdﬁ[dﬁby|36n©n@{hyt—@10cfan§ll’ op¥iknygtdhigntanad PpPmethyl-ene
glycol n- pro y ether, tripropyl ene g n- butyl ether, propyl ene glycol
n-butyl et Bsny %Pﬁﬂﬁﬂyﬁéﬂéfﬂ@ﬂﬁdﬁmuﬁo e@#ﬁer trlpropylene gl ycol

n-butyl ether, prapyl Ql@ghcg |0Yﬁﬁ*tufé§%m@o @rtrﬁ‘@r@ of gfeF%QWflﬁ&Fal%%@@&r téhb TR ke

et her, polyethylene 'ycol s, polypropyl ene glycols and m xtures thereof
Exanpl es oalc@sxlseacsords@ftg Ithef shructurg aboivegarhe used antbk dideeng thipbkeide patymer bﬁﬂhySI
acet at e, ?x acetate met hyl lactate, ethyl |actate, i-propyl |actate.
Exampl es o g} hal i des useful as diluents for this invention include

met hyl ene chl orlndﬁrtalﬁmfmhmencst theiprereesd aJ&ﬂlfouhllmtscﬁré sbeaﬁa?ari exid tefthaiys
i nvention include octanetzglcyclotetra5|onane | es of . al cohol s useful

as di | uent lcehsls haying at jaagh %bpmsdemaa@ulahég@eﬁlwhwgillﬂlﬁrés carpinghye tert-banobi n
R R and Ry @Eff LBH&W"BQ&H&' Y%t 92%2ta§159@3'ﬁ1m@th IQ%{amF@ Ghac. génté}%F' ic

nonoval ent al avl ng whi'ch nmay opti onal e substitut'ed
with one o8- eﬂut—é—peqamlp3;7+dmnbth¢i-3}gcthm10gens et hers, esters, aryls, am nes,
am des, al ker]eSDlluentsy crallgsalso%?crh?&)%é)iagol, heptanol, octanol, nonanol, decanol, tert-butyl
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



aci ds, al cohols, al dehydes, ketones or the like, or any two or all three of
R, Rand R' can together bond to formone or nore cyclic structures, such
as alkyl having | to 10 carbons which my al so be substituted as just
described, with the proviso that no nore than one of R, R or R® is H It
is preferred that R Wand R' are independgntly selected fromH or
unsubstituted | i near, branched or cyclic al kyl groups having l1to7

car bons. pre %rr d that R d pendent |y sel ected
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4- et hyl - 4- heptanol, 3-neth oct anol - - 4-"oct ano
3- et hyl - 3Caomervally ayailzhle Mwblﬂhghbnu%pr sygtemét dﬁét&@é\tf&ﬁé? Irgacure 1700,

3-ethyl - 3- ﬂgé(c% of 8003Ir hi@’é 1'93Irg?&geaﬁgl&(alf'frﬁﬁt@hﬁga tg'h@tpe%calsg and LUflrln 1-

4- propyl - ept anol’; so rop ano nt ano

met hyl cycl ®Gp@rinicatok (avhﬂzﬂﬂétﬁtbmmsmeﬁbmmfc,tal[y avhihahlle Utimtmmtlalnml include
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3, 4-tri nREAWle-is eﬂ@c@fv@@ﬁ%un@ o 1nﬁia't@ﬂﬂ6¥dpo%/n%ﬁz§tﬂ9} of te RAGHH m&um:’teag" Aom

2-met hyl -1 - phenyl - 2- propanol and 3-‘et hyl -"3-pentanol, and the |iKe.” A single
al cohol  or abAuxPditeebait 2parss by Waightpesfl 09 partsfaeastive slosemel. dshwherization althor

or € 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- 0-
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



al cohol s according to the structure above can be used as the diluent to nmake
the polyner 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-2-pgntanol, 2, 3-dinethyl-2-butanol,

3- et hyl - 3-pentanol, 3-ethyl-3-pentanol,” -3, 7-di nethyl -3-octanol. Diluents
can al so i nclude: hexanol, heptanal. octanol, nonanol, decanol, tert-butyl
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sol ubl e diluent all ows ost nol di ng pr ss to be con using water
only or aqupouso sul theilisted caimperentsoapt anyerdditioeal campanatsostdaptto 400 eeighotent .
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nmore pref er ghtoneleoh and¥rd diddaaltsil kOn& bshtaRiag imohGhters) BarSBRo@EBOISNEBIDS,

di luent may al so include additional conponents such as rel ease agents and

can i ncl udeWaightereresat, mire Preheratly gbous 16 &n20 weighioraksanty angdg) samis §mbadiments about
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sapn, dagp&d smel%% lerc%ﬁ%mh yea&meghrzag@en%yma . oﬂlﬁd%é@yf—@&%ﬁ&ﬁgﬂ?ﬁe

benzoyl peroxi I sopr per car bonat e, I SI sobutyro
like, that gbeseabstainirgemonaukircan be attoutd teatane?§ weigbvpdremht,ipeefpmbhtaboets|0 tand

hot oi ni ti at,or stens suc ro i c,al pha- .hydr ox et ones .
B Roxyoxyberiobt & S8 FRe ARG SR b RS s arats 17 HRE Snpadivents g
am ne plus angh &Etydrphilld niénbn@s chlBs Berh aBA 0ttbabbitke weight Pelcel mvR RERMBlyes
of photoinitiators are 1-hydroxycycl ohexyl phenyl ketone,

2- hydr oxy- 2abest hig aboupbwgighipesssah and gostusefersbly abogt 10 to about 50 weight percent of

di- met hoxy befiz ylcfiveotipbnbhts TROME RSB heRE 2RI B8 h Bk niSledRYRREER hyoptlifie 4 6-
polymer can be about 1 to about 15 weight percent, or 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]propyl 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); tetraethyleneglycoldimethacrylate, "TEGDMA"
(.about.1.5%wt), polyvinylpyrrolidone, "K-90 PVP" (.about.7%wt); with the balance comprising



trimet hyl benzoyl ) - phenyl phosphi neoxi de (irgacure 819),
2,4,6-trimethyl benzyl di phenyl phosphi ne oxide and 2,4, 6-trinmethyl benzyoyl

di phenyl phosphi ne oxi de, benzoin nmethyl ester and a conbination of
canphor qui none and et hyl 4-(N, N-di net hyl am no) benzoate. Comrercially
avai l able visible light initiator systens qj;nclude Irgacure 819, I|rgacure
1700, Irgacure 1800, Irgacure 819, Irgacure 1850 (all from C ba Specialty
Chemi cals) and Lucirin. TPO initiatar..available from BASF). mrer ci al |

el | abl o DTSR BGHT B adbisies Rk oG e PasmsriciRa cab e B Sosecipbinhe
Speci al ty GhegheadfaboutTdses, (Wéiklhtd% OF the SotBREd ifdnbiersiagaatliél blet X3, Mdeméthyl-
effective anpunts to initiate photopol ynerization of the reaction m xture,
e.g., f r om 3-a¢favdl djuentt o about 2 parts by weight per 100 parts of reactive
nononer . Pol ynery I . j ] I TR i he
appropriate choﬂgéa%%gﬁgg@ngpngé?gﬁgkg%nﬁkgggéﬁ%?gﬁehﬁFgE?ng&gteg?hﬂgg%g
dependi ng oin thdpegoty ateit-natyl-elvohalias a diloent aseprising steuna?® weihy percent bf Gaei on
can be conductgd wi.t hout a photoinitiator using, for exanple, e-beam
However, wh¥FU%C TFATBPHMYat or is used, some enbodi ments can include a
conmbi nati on of 1-hydroxycycl ohexyl phenyl ketone and

bi s(2, 6-di net hoxybenzoyl ) -2, 4-4-tri nmet hyl pentyl phosphi ne oxi de (DVBAPO),
and the nethod of polynerization initiation can include visible Iight. O her
enbodi ments can include: bis(2,4,6-trinethylbenzoyl)-phenyl phosphi neoxi de
(lrgacure 819.RTM ). In sone enbodi nents, the present invention can further
i ncl ude ophthalmc |enses of the fornulae: 1 W % conponents HFSCM HMAHP
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 O 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 i s
hydr oxyl - functional i zed -30- silicone containing nononer HWHP i s high

nol ecul ar wei ght hydrophilic polynmer SCMis silicone containing nonomer HM
i s hydrophilic nmononer. The wei ght percents above can be based upon al
reacti ve conponents. Thus, in sonme enbodinents, the present invention can

i ncl ude one or nore of. silicone hydrogels, bionedical devices, ophthal mc
devi ces and contact |enses, each of one or nore of the conpositions listed
in the table, which describes ninety possible conpositional ranges. Each of
t he ranges



considered can be prefixed with "about", whereby the range conbi nations
presented with the proviso that the |isted conponents, and any additi onal
conponents add up to 100 weight % A range of the conbi ned

si |l i cone-cont ai ni ng nmononers (hydroxyl-functionalized silicone-containing
and additional silicone-containing nDnone?fz can be fromabout 5 to 99

wei ght percent, nore preferably about 15 {0 90 wei ght percent, and in sone
enbodi nents about 25 to about 80 meigh& 8ﬁggent of the reaction conponents.
A range of hydroxyl-functionalized sil k =cont ai ni ng nononmer can be about
5 to about 90 wei ght percent, preferably about 10 to about 80, and nost
preferably about 20 to about 50 wei ght percent. In sone enbodi nents a range
of hydrophiWha ingJaieedr can be from about 0 to about 70 wei ght percent, nore
preferably about 5 to about 60 wei ght percent, and nost preferably about 10
to about 50 wei ght percent of the reactive conponents. In other enbodi nents
a range of ihi gh Arndphcialmic lewai fginiednfyam a pdactiocmixpode\comprisiag: abhiglabml&cular tveight

about 15 wei ght percent, or about to about_ 1 p about 5
to about 12 wei 4 loﬁ@ﬁﬁgﬂwnwr@Pﬁﬂsﬁ“Fﬁ@“§BbﬁFmaB$§ﬁgrbﬁ? ‘B?Q(Hﬁsed upon

the total of  alhythR@fpl Y@M dunt dF PRy RIKE camtfﬁmemémgﬁat@f
diluent is frorncartl)ou?ﬁ;t to about 70 melghg%percent%gl about 0 to about 50

wei ght percent, relpase of thedenstiram & mokbpart m@nvteihgld@wp@wcf@medand in sone
enbodi ments, between about 10 and about 30 wei ght percent, based upon the
wei ght all conponent in the reactive m xture. The anount of dil uent
required varies]deppmﬂMngcnﬂsbhﬂmnﬂhhhb&hﬂhdamGMakﬁvad@nbﬂmyknagbtﬁe

reactive conponents In so 0 nts he re tive c onent s rise
2- propenoi ¢ aci §uf @‘%Pﬁ??‘pa? n%ﬁ be lgng Or[lf“?soé part iy gﬁétﬂenlﬁps ‘is(%‘f‘g{‘)’pl ne-
t hyl silyl) oxy] dlcg;nbgg@w{\ge}gﬁgmgyg mwﬁ gster "Si GVA" .about.28 wgt. % of
the reaction conponents); nnnonethacryloxypropyl term nat ed

nono- n-butyl term nated polydlnethyIS|onane "nPDMB" (. about.31 %m);

N, N- di et hy] acr t . 24¢ hy hacryat e,
"HEMA" (. ab§0ut éjd)woyﬁltﬁ?l &Y'y adt Hy‘f‘%ﬁ’egr%% un'%‘? {fé&%%%f C‘?’ about .
1.5%nm ), pol yvi pyffiejent ol facitities releliseXdT thders (rorﬂlaohktld f)%ﬁlﬁl) whishtile leheis fehrdce
conprising -31 mnqr anounts of additiyes and photoinitiators. The

pol yneri zati on GQWP%$§§eBEEEQﬁHd%§éﬂ”@%/?he presence of about 23% (wei ght %
of the conbi ned nononers and diluent bl end) 3, 7-dinethyl -

4. The ophthalmic lens of claim | wherein the amount of said polyethylene glycol
sufficient to facilitate release of the lens from a mold part in which the lens is formed

comprises between 0.01 to 3 weight %.

5. The ophthalmic lens of claim 1 wherein the ophthalmic lens is a silicone hydrogel

contact lens.
6. The ophthalmic lens of claim 1 wherein the polyethylene glycol comprises PEG 2000.
7. The ophthalmic lens of claim 2 wherein the polyethylene glycol comprises mPEG.
8. The ophthalmic lens of claim 2 wherein the polyethylene glycol comprises PEG DME.

9. A method of preparing a biomedical device comprising the steps of:



3-octanol diluent. In sone enbodi nents, the polynerizations for the above
formul ati ons can be conducted in the presence of tert-anyl-al cohol as a

di l uent conprising about 29 wei ght percent of the wuncured reaction m xture.
-32- CLAIMS What is clained: 1. An ophthalmc lens fornmed froma reaction
m xture conprising: a high nolecul ar meig?g_ hydr ophilic polynmer; an

ef fecti ve anount of an hydroxyl-functionalized silicone- containing nononer;
and an anount of polyethylene glycol sufficient to facilitat r el ease of
the lens froma nol dcr_ﬁamg@ﬁllvﬁfiea%C?Iﬂgor&evice@prlgmgo%tie@atonf.hlgweolaﬁlﬁemmtc
l'ens of claim 1hp@pRilid pbRfeRMRWHectRe apftiudt GHOk YREIDAL BH8rodl M ERttionalEddl Ci ent
to facilitate rel ease OP the Tens froma nold part in"which the lens is

formed conpri sedichrs-cangainiog 0@Bomer; 20d arameunt 98 pdyetitylenogllied] shfficienf ns of
claiml whereinghe_ angunt i ol yet-hyl en l,ycol . fficient t.
Fact 11 tate. 1ol oRlfa®TRHEs o e SrodiGh AEHGRERE o B i SHh Ui Ted o o
conpri ses bet wedsvife R3Fotnted> wei ght % 4. The ophthalmc lens of claim1

wherein the amount of sajd polyethyl ene glycol sufficient to facilitate
rel ease of the lens #ﬂﬁﬁﬂ@gﬂﬁﬂﬂ”ﬁﬁFP?F%“Mﬁ?@ﬁ“Fﬂé¥?%ﬂ§ﬂ§§a¢0rned conpri ses

between 0.01 to 3 weppRing%Wsecond Misid PRAINGnEEWHR IR Wikttt 8F EBrhpoBRs 8hdithbhe
ophthalmc lens is a silicone hydrogel contact Ilens. 6. The ophthalmc |ens

of claim1 wher éirst mdidpatil yet hyl ene gl ycol conprises PEG 2000. 7. The
ophthal mc lens of claimz2 wherein the polyethyl epe gl.yc conmpri ses nPEG
8. The ophthalmc | eﬁ%”r%%tﬁg Pﬁftﬁ{efr}\ﬁﬂwg?e k%/tﬂtéor\éb? g‘é’fr%ﬁd/?/cgfr)\éeevb “/col conpri ses
PEG DME. 9. A net hodepatatipp @afirsnigold paitdroetlihe 3écotle wialé paroBivhithdt g fohRedst eps
of : -33- creating a mxture of conmponents conprising: at |east one high
mol ecul ar wei ghIGRRgEGhHsVIGeTeRaing adheredtn aplepd Ops obthg Aisti mrold parhand thg s¢copde
hydroxyl-functiggﬁabéﬁd
exposing the formed biomedical device to a solution to cause the formed
biomedical device to release from the at least one of the first mold part and second mold

part to which it remained adhered.

10.  The method of claim 9 wherein the amount of said polyethylene glycol sufficient to
facilitate release of the device from the mold part in which the device is formed

comprises between 0.05 to 5 weight %.
11.  The method of claim 9 wherein the amount of said polyethylene glycol sufficient to
facilitate release of the device from a mold part in which the device is formed comprises

between 0.01 to 3 weight %.

12. The method of claim 9, wherein the biomedical device is a silicone hydrogel contact

lens.

13.  The method of claim 9, wherein the wherein the polyethylene glycol comprises PEG
2000.

14, The method of claim 9, wherein the wherein the polyethylene glycol comprises mPEG.



sil i cone-contai ni ng nononer; and an anount of pol yethyl ene glycol sufficient
to facilitate rel ease of the bionedical device froma nold part in which

t he bi onmedical device is formed; depositing the m xture of conponents into
a first nold part; placing a second nold part in contact with the m xture of
conponents and the first nold part; curi the m xture of conponents to
form a bi onedi cal deV|ce separating the first nold part fromthe second

nold part such t t e rned i ice remains, a o at
| east one o 5Cthe Waﬁﬁﬂ‘f @OE@&% eghﬁ?ﬁ*ﬁ&?Fqugégﬂﬂﬁg t he
f ormed bi omedi cal deV|ce to a solutlon to cause the forned bionedica

device to release fromthe at |east one of the first nold part and second
mold part t@ V\M@,ﬂwme lrydregehamad remerreaction niijrgeantsising a kgl melgulaheeighh

e amount of oo AN A UL BELPRLrS R s AR s ease of
between 0.05 to @nmii@moﬁ(omdrlandﬂb@wmmﬁ)ﬁtocﬂwmgm‘)mogpmlyeuhglene 'glyeolam)unt of

sai d pol yethylene glycol sufficient to facilitate rel ease of the device
froma nmold part in which the device is fornmed conprises between 0.01 to 3

weight % 1g; Thﬁlermwaa@lhpdmgél@lfenaﬁn | 0heTRE Corh iRty f1RM sirladdRhAKilicend
silicone hydrogel contact”™ léns. 13. The nethod of claim9, wherein the

wher ei n the pol yeeniadiegmondyerol conprises PEG 2000. 14. The nethod of claim
9, wherein the wherein the pol yethyl ene glycol conprises nPEG -34- 15. The
met hod of claim9, wherein the polyethylene glycol conprises PEG DME. 16. A
si |l i cone hyt§. ogeAn hsparaak fof timing £Bicinkdialrdexicel cemprivify siHeong hadfvigelntheol ecul ar
wei ght  hydrophilic polyner; an effective anount of an
hydroxyl-functidﬁ@ﬁ?ﬁ@&o@PPWE$ne- cont ai ni ng nononer; and between 0.05 to 5

vei ght % of pol yet hylgme: @gbMGatt-and a second mold part positioned relative to each other to form
a cavity in a shape and size suitable to form the biomedical device;
wherein 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.

19.  The apparatus of claim 18 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 polypropylene.

20.  The apparatus of claim 18 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.

21.  The apparatus of claim 18 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.

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

depositing a lens forming resin on a lens forming surface of a first mold part;



17. The silicone hydrogel of claim 16 further conprising at |east one
additional silicone containing nononer. 18. An apparatus for formng a

bi onedi cal 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 and size suitabke to formthe bionedi cal device;
wherein at | east one of the first nold part and the second nold part
conprising an anount .of. | yet hyl ene gl ycal sufficient to facilitate

ol base of the for mobriBBhat G brade mitrento SohatyTar stchad B G spafoce
wherein the at |east one of the first nold part and the second nold part
conpri sing an afbaptcond mekl past mpewsinthg iyt old part and thpsecopd modd partafee rel ease
of the formed bionedi cal device additionally conprises pol ypropyl ene. 20.
The appar at us ofonfigiired to8eaginsrearnotheresugh thapaeavitynsfopmed hetwepn tie fhgsllenspar t
and the second nold part conprising an anount of polyethylene glycol
sufficient to fdanling atrface ehdths secohd ldnk Eorimbngnedfats andewhaeaih tikesavag defines the
additionally conprises a polyolefin. 21. The apparatus of claim 18 wherein
the at |east oneghdpk of kiR dphthalmioérd; part and the second nold part conprising
an anount of polyethylene glycol sufficient to facilitate release of the

formed bionedi cal deyj in%}fiﬁ'é' feh©RAinG rE GRS potfferdrafib R HiddtindRbhdtiBRSE Form a

pol yol efin. 22. A nethod processi ng an ophthal mc | ens conpri sing

silicone hydrogel e . i .Siing it S of ' N
on a lens form ?\%‘%‘fﬁ’ﬁ %‘gzé“g? grén lﬁéj Iggsg{n aﬁgﬁgheé%ﬁp ?Fe-n ggon Egl%%s{n(g&nogf' @%gﬂr {‘rg%lrg%%h
formng m xture i(ﬂEO cont actld\é\%%.h a second lens formng surface of a second
mol d part, wher @MhtERECdMQd ity part and the second nold part are
configured to receive each other such that a cavity is forned between the
first lens formng SERRFAIAE thenfirst meldae dipmn ihéﬁgcmemliaa%mﬁéb% thefgrigter ei n

the cavity defines the shape of the ophthalmc |ens; exposing the |ens
fornmi ng resin tophbilymelens eamasis ddheredl & atdepstonediftheofinst meldipartrand the sependf r om
the lens formng resin and adheres the lens to at |east one of. the firs
nol d part mold part; and

exposing the ophthalmic lens to a first hydration solution comprising an amount
of polyethylene glycol sufficient to facilitate release of the lens from a mold part in

which the device is formed.

23.  The method of claim 22 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.

24.  The method of claim 22 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.



and the second nold part; separating the first nold part fromthe second
nol d part such that the fornmed ophthalmc |ens remains adhered to at | east
one of the first nold part and the second nold part; and exposing the
ophthalmc lens to a first hydration solution conprising an anmount of

pol yet hyl ene glycol sufficient to faciliq$ﬁq rel ease of the lens froma nold
part in which the device is fornmed. 23. e nethod of claim22 wherein the
amount of pol yethyl en | ycal sufficient t facilitate rel ease of the | ens
froma nol Jpart PR S Peyheeiniiie %tﬁ%efdiwhv STPriges thGp oftsspesingoo
parts per mllion and 1200 parts per mllion of polyethylene glycol. 24. The
met hod of cl ai mtbolepmanding nﬂ%p%@mﬁecw hydrajien gYlMEeRECNBrEHIL fngrflzf@iwr o
facilitate release of the lens froma nold part in which the device is

f or med conprisegﬁwbéEWb@dDdU@QUS@@Gmpﬁﬂmﬂmpgn&niIIion and 2000 parts per
mllion of polyethylene glycol. -36- 25. The nethod of claim 22 wherein the
nmet hod additionally conprises the step of exposing the lens and the nold
part to a second hydration solution conprising deionized water to rinse the
first hydratd on BRlmdthédof daM 12hehdréifshe pflymdriiatiBf Iniefing fcokdiBbdry cddprb&r ei n
the polynerization initiating conditions conprises actinic radiation. 27.
The nethod of clajim.2zdiMarei n the polymerization initiating conditions
conprises actinic radiation and heat.

27.  The method of claim 22 wherein the polymerization initiating conditions comprises
actinic radiation and heat.





