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METHOD OF MAKING SILICONE CONTAINING CONTACT LENS WITH
REDUCED AMOUNT OF DILUENTS

Related Applications

This application claims priority to U.S. Provisional Patent Application
No. 61/663,719, filed on June 25, 2012 entitled METHOD OF MAKING SILICONE
CONTAINING CONTACT LENS WITH REDUCED AMOUNT OF DILUENTS, the

contents of which are incorporated by reference.

Field of the Invention

The present invention relates to the method of making silicone containing contact

lens.

Background of the Invention

Contact lenses have been used commercially to improve vision since the 1950s.
The first contact lenses were made of hard materials. Although these lenses are still
currently used, they are not suitable for all patients due to their poor initial comfort and
their relatively low permeability to oxygen. Later developments in the field gave rise to
soft contact lenses, based upon hydrogels, which are extremely popular today. Many
users find soft lenses are more comfortable, and increased comfort levels can allow soft
contact lens users to wear their lenses longer than users of hard contact lenses.

It is desirable to manufacture silicone-containing contact lens using reduced or no
diluent systems, which can enable the cured polymer to be “dry released” from the mold
parts, placed directly into the final package containing packing solution for equilibration.
Typically, the zero diluent systems containing high levels of PVP tend to produce cured
lenses that are very brittle. These lenses when released using mechanical force are
susceptible to physical damage. Applicants have found the incorporation of at least one
mono-cther terminated, mono-methacrylate terminated polyethylene glycol significantly
lowers the level of brittleness in the cured lenses. Thus, the cured lenses are less liable to
fracture when subjected to stress during the lens release process. The at least one mono-

ether terminated, mono-methacrylate terminated polyethylene glycol also allows for
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tuning the visco-elastic properties of the cured polymers for desirable mechanical lens

release without the use of liquids.

Summary of the Invention

In one aspect, the present invention relates to a method of manufacturing a contact
lens, said method comprising the steps of:

(1) adding reactive components to form a reactive mixture, wherein said reactive
components comprise (a) at least one hydroxy-containing silicone component having a
weight average molecular weight from about 200 to about 15,000 g/mole and (b) at least
one monofunctional polyethylene glycol having a weight average molecular weight from
about 200 to about 10,000 g/mole; and less than about 15 wt% diluents;

(i1) curing said reactive components within said mold to form said contact lens
comprising a polymer having a Tg (heating) of less than about 125C; and

(ii1) dry removing said contact lens from said mold.

In another aspect, the present invention feature a contact lens manufactured
according to the above method.

Other features and advantages of the present invention will be apparent from the

detailed description of the invention and from the claims.

Detailed Description of the Invention

It is believed that one skilled in the art can, based upon the description herein,
utilize the present invention to its fullest extent. The following specific embodiments can
be construed as merely illustrative, and not limitative of the remainder of the disclosure
in any way whatsoever.

Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which the
invention belongs. Also, all publications, patent applications, patents, and other

references mentioned herein are incorporated by reference.
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Definitions

As used herein “reactive mixture” refers to the mixture of components (both
reactive and non-reactive) which are mixed together and subjected to polymerization
conditions to form the silicone hydrogels and contact lenses of the present invention. The
reactive mixture comprises reactive components such as monomers, macromers,
prepolymers, cross-linkers, and initiators, and additives such as wetting agents, release
agents, dyes, pigments, light absorbing compounds such as UV absorbers and
photochromic compounds, any of which may be reactive or non-reactive but are capable
of being retained within the resulting lens, as well as pharmaceutical and neutriceutical
compounds, and any diluents. It will be appreciated that a wide range of additives may
be added based upon the lens which is made, and its intended use.

Concentrations of components of the reactive mixture are given in weight % of all
components in the reaction mixture, excluding any diluents. When diluents are used their
concentrations are given as weight % based upon the amount of all components in the
reaction mixture and the diluents.

As used herein “reactive groups” are groups that can undergo free radical and/or
tionic polymerization.

As used herein, “polymerizable” means that the compound comprises at least one
polymerizable functional group, such as acrylate, methacrylate, acrylamide,
methacrylamide, N-vinyl lactam, N-vinylamide, and styryl functional groups. “Non-
polymerizable” means that the compound does not comprise such a polymerizable
functional group.

As used herein, “hydrophobic” means that the compound(s)/monomer(s) is
insoluble in a mixture of 10 weight parts in 90 weight parts of water, and “hydrophilic”
means that the compound(s)/monomer(s) is soluble in a mixture of 10 parts in 90 weight
parts of water. The solubility of a substance is evaluated at 20 °C.

As used herein, the term “alkyl” refers to a hydrocarbon group of from 1 to 20

carbons, unless otherwise indicated.
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Silicone Component

The reactive mixture contains at least one silicone-containing component
comprising at least one hydroxy group (“hydroxy-containing silicone component”) and
having a weight average molecular weight from about 200 to about 15,000 g/mole, such
as from about 300 to about 2,000 g/mole. A silicone-containing component (or silicone
component) is one that contains at least one [—Si—O—Si] group, in a monomer,
macromer or prepolymer. In one embodiment, the Si and attached O are present in the
silicone-containing component in an amount greater than 20 weight percent, such as
greater than 30 weight percent of the total molecular weight of the silicone-containing
component. Useful hydroxy-containing silicone components include polymerizable
functional groups such as acrylate, methacrylate, acrylamide, methacrylamide, N-vinyl
lactam, N-vinylamide, and styryl functional groups. Examples of hydroxy-containing
silicone components which are useful in this invention may be found in U.S. Patent Nos.
4,139,513; 4,139,692; 5,998,498; and 5,070,215.

Suitable hydroxyl-containing silicone components include compounds of Formula

I
R1 [ R1_ R1
| | |
R1—§i—O—SIi—O—SIi—R1
1 1 1
R I R-b R
Formula I
wherein:

R' is independently selected from reactive groups, alkyl groups, or aryl groups,
any of the foregoing which may further comprise functionality selected from hydroxy,
amino, oxa, carboxy, alkyl carboxy, alkoxy, amido, carbamate, carbonate, halogen or
combinations thereof; and siloxane chains comprising 1-100 Si-O repeat units which may
further comprise functionality selected from alkyl, hydroxy, amino, oxa, carboxy, alkyl
carboxy, alkoxy, amido, carbamate, halogen or combinations thereof;

where b =0 to 500 (such as 0 to 100, such as 0 to 20), where it is understood that

when b is other than 0, b is a distribution having a mode equal to a stated value; and
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wherein at least one R' comprises a reactive group, and in some embodiments
from one to three R' comprise reactive groups and at least one R group comprises one or
more hydroxyl group.

Non-limiting examples of radical reactive groups include (meth)acrylates, styryls,
vinyls, vinyl ethers, Cisalkyl(meth)acrylates, (meth)acrylamides,
Ciealkyl(meth)acrylamides, N-vinyllactams, N-vinylamides, C, j,alkenyls,
Cy.12alkenylphenyls, Cy.12alkenylnaphthyls, C, salkenylphenylC, salkyls, O-
vinylcarbamates and O-vinylcarbonates. Non-limiting examples of cationic reactive
groups include vinyl ethers or epoxide groups and mixtures therecof. In one embodiment
the free radical reactive groups comprises (meth)acrylate, acryloxy, (meth)acrylamide,
and mixtures thereof.

In one embodiment b is zero, one R' is a reactive group, and at least 3 R' are
selected from monovalent alkyl groups having one to 16 carbon atoms, and in another
embodiment from monovalent alkyl groups having one to 6 carbon atoms, in another
embodiment one R' is a reactive group, two R' are trialkyl siloxanyl group and the
remaining R' are methyl, ethyl or phenyl and in a further embodiment one R' is a reactive
group, two R' are trialkyl siloxanyl groups and the remaining R' are methyl. Non-
limiting examples of silicone components of this embodiment include propenoic acid,-2-
methyl-,2-hydroxy-3-[3-[1,3,3,3-tetramethyl-1-[(trimethylsilyl)oxy]-1-
disiloxanyl]propoxy]|propyl ester (“SiGMA”; structure in Formula II),

0O
|
O—Si—
N
/ ~
Formula 11

and 2-hydroxy-3-methacryloxypropyloxypropyl-tris(trimethylsiloxy)silane.

-5-
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In another embodiment, b is 2 to 20, 3 to 20, 3-16, 3 to 15 or in some
embodiments 3 to 10; at least one terminal R' comprises a reactive group and the
remaining R' are selected from monovalent alkyl groups having 1 to 16 carbon atoms,
and in another embodiment from monovalent alkyl groups having 1 to 6 carbon atoms.

In yet another embodiment, b is 3 to 15, one terminal R' comprises a reactive group, the
other terminal R' comprises a monovalent alkyl group having 1 to 6 carbon atoms and the
remaining R' comprise monovalent alkyl group having 1 to 3 carbon atoms. Non-
limiting examples of silicone components of this embodiment include (mono-(2-hydroxy-
3-methacryloxypropyl)-propyl ether terminated polydimethylsiloxane (400 - 2000, or
400-1600 My,) ("OH-mPDMS"; structure in Formula III).

/\/\§Si\/ n/S\/V\O/K\O)‘\’(
Formula I

In one embodiment a mixture of hydroxyl-containing silicone components may be
used to improve the compatibility of the reactive mixture.

In another embodiment, the hydroxyl-containing silicone component comprises a
polydimethylsiloxane bis-methacrylate with pendent hydroxyl groups, such as compound
C2, C4 or R2 described in US Patent Application No. 2004/0192872 or such as is
described in Examples XXV, XXVIII, or XXXii in US Patent No. 4,259,467,
polymerizable polysiloxanes with pendant hydrophilic groups such as those disclosed in
US6867245. In some embodiments the pendant hydrophilic groups are hydroxyalkyl
groups and polyalkylene ether groups or combinations thereof. The polymerizable
polysiloxanes may also comprise fluorocarbon groups. An example is shown as structure
B3.

Other silicone components suitable for use in this invention include those
described as “C” Materials in WO 96/31792. Another class of suitable silicone-

containing components includes silicone containing macromers made via GTP, such as
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the hydroxyl-containing macromers disclosed in U.S. Pat Nos. 5,314,960, 5,371,147 and
6,367,929.

In one embodiment of the present invention where a modulus of less than about
120 psi is desired, the majority of the mass fraction of the silicone-containing
components used in the lens formulation should contain only one polymerizable
functional group (“monofunctional silicone containing component”). In this
embodiment, to insure the desired balance of oxygen transmissibility and modulus it is
preferred that all components having more than one polymerizable functional group
(“multifunctional components”) make up no more than 10 mmol/100 g of the reactive
components, and preferably no more than 7 mmol/100 g of the reactive components.

In one embodiment, the silicone component is selected from the group consisting
of bis-3-acryloxy-2-hydroxypropyloxypropyl polydialkylsiloxane; mono-(3-
methacryloxy-2-hydroxypropyloxy)propyl terminated, mono-alkyl terminated
polydialkylsiloxane; and mixtures thereof

In one embodiment, the silicone component is selected from bis-3-acryloxy-2-
hydroxypropyloxypropyl polydialkylsiloxane; and mono-(3-methacryloxy-2-
hydroxypropyloxy)propyl terminated, mono-butyl terminated polydialkylsiloxane; and
mixtures thereof.

Examples of other silicone components include the following:

OH
F H\)\/O S:i—O S:i—n-Bu
o 4

Formula [V
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HO
OH | |
F N Si—O+Si—n-Bu
“Y VA
O
Formula V
HO
OH | |
N Si—O+Si—n-Bu
Y Wél >;|
O
5 Formula VI
H AN
/WN Si—O1-Si—n-Bu
A
O
Formula VII

| AN
N Si—O1-Si—n-Bu
“Y A
O

Formula VIII

10
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O ! O
Formula IX
H | | H
WN—(CH%—?i—o—?i—(CH2)3—NW(\
O O
Formula X

In one embodiment, the silicone component has an average molecular weight of
from about 400 to about 4000 daltons.

The silicone containing component(s) may be present in amounts from about 10
to about 87 weight %, and in some embodiments from about 10 and about 80 and in other
embodiments from about 20 and about 70 weight %, based upon all reactive components

of the reactive mixture (e.g., excluding diluents).

Monofunctional Terminated Polyethylene Glycol

The reactive mixture also contains at least one monofunctional polyethylene
glycol having a weight average molecular weight from about 200 to about 10,000 g/mole,
such as from about 200 to about 2,000 g/mole. The monofunctional polyethylene glycol
comprises only one polymerizable group and may be a mono-cther terminated, mono-
(meth)acrylate or (meth)acrylamide terminated polyethylene glycol. Examples of mono-
ether terminal groups include, but are not limited to, C1-C6 alkoxy groups, such as
methoxy and ethoxy or alkoxy groups comprising up to 8 carbons. Examples of such
mono-cther terminated, mono-methacrylate terminated polyethylene glycol include, but
are not limited to, mPEG 475 (polyethyleneglycol (475 Mw) monomethylether
monomethacrylate, available from Sigma-Aldrich, St. Louis, MO USA (“mPEG475”).

The monofunctional polyethylene glycol(s) may be present in amounts from about

3 and about 30 weight%, from about 5 to about 30 weight%, and in other embodiments

-9-
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from about 10 and about 30 weight %, based upon all reactive components of the reactive
mixture (e.g., excluding diluents if any).

The monofunctional polyethylene glycol(s) provide the resulting cured,
prehydrated polymers with glass transition temperature upon heating, Tg, of less than
about 125C, or between about 115 and about 125C. This provides desirable dry release
characteristics, and particularly a resistance to fracturing. The properties of the hydrated
lens are substantially unchanged from reactive mixtures which do not comprise at least

one monofunctional polyethylene glycol.

Other Hydrophilic Components

In one embodiment, the reactive mixture/lens may also include at least one other
hydrophilic component. In one embodiment, these hydrophilic components can be any of
the hydrophilic monomers known to be useful to make hydrogels.

One class of suitable hydrophilic monomers includes acrylic- or vinyl-containing
monomers. Such hydrophilic monomers may themselves be used as crosslinking agents,
however, where hydrophilic monomers having more than one polymerizable functional
group are used, their concentration should be limited as discussed above to provide a
contact lens having the desired modulus.

The term "vinyl-type" or "vinyl-containing”" monomers refer to monomers
containing the vinyl grouping (Y-CH=CHy) and that are capable of polymerizing, where
Y is not a carbonyl (C=0) group.

Hydrophilic vinyl-containing monomers which may be incorporated into the
reactive mixtures/hydrogels/lenses of the present invention include, but are not limited to,
monomers such as N-vinyl amides, N-vinyl lactams (e.g. N-vinylpyrrolidone or NVP),
N-vinyl-N-methyl acetamide, N-vinyl-N-ethyl acetamide, N-vinyl-N-ethyl formamide,
N-vinyl formamide, with NVP being preferred.

"Acrylic-type" or "acrylic-containing" monomers are those monomers containing
the acrylic group: (CH,=CRCOX) wherein R is H or CH3, and X is O or N, which are
also known to polymerize readily, such as N,N-dimethyl acrylamide (DMA), acrylamide,
2-hydroxyethyl methacrylate (HEMA), glycerol methacrylate, 2-hydroxyethyl

-10-
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methacrylamide, polyethyleneglycol monomethacrylate, methacrylic acid, mixtures
thereof and the like.

Other hydrophilic monomers that can be employed in the invention include, but
are not limited to, polyoxyethylene alcohols having one or more of the terminal hydroxyl
groups replaced with a functional group containing a polymerizable double bond.
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 ("IEM"), methacrylic anhydride, methacryloyl chloride,
vinylbenzoyl chloride, or the like, to produce a polyethylene polyol having one or more
terminal polymerizable olefinic groups bonded to the polyethylene alcohol through
linking moieties such as carbamate or ester groups.

Still further examples are the hydrophilic vinyl carbonate or vinyl carbamate
monomers disclosed in U.S. Patents No. 5,070,215 and the hydrophilic oxazolone
monomers disclosed in U.S. Patents No. 4,910,277. Other suitable hydrophilic
monomers will be apparent to one skilled in the art.

In one embodiment the other hydrophilic component comprises at least one
hydrophilic monomer such as DMA, HEMA, glycerol methacrylate, 2-hydroxyethyl
methacrylamide, NVP, N-vinyl-N-methyl acrylamide, polyethyleneglycol
monomethacrylate, and combinations thercof. In another embodiment, the other
hydrophilic monomers comprise at least one of DMA, HEMA, NVP and N-vinyl-N-
methyl acrylamide and mixtures thercof. In another embodiment, the other hydrophilic
monomer comprises DMA and/or HEMA.

The other hydrophilic component(s) (e.g., DMA or HEMA) may be present in a
wide range of amounts, depending upon the specific balance of properties desired. In one
embodiment, the amount of the hydrophilic component is up to about 60 weight %, such
as from about 5 and about 40 weight %, from about 10 to about 40 weight%, from about
13 to about 40 weight%, or from about 13 to about 30 weight%, based upon the weight of
the reactive components. In one embodiment, the weight ratio of (i) said hydrophilic
components (e.g., DMA or HEMA) and (ii) said at least one at least one mono-

methacrylate terminated polyethylene glycol is from about 25:75 to about 75:25.

-11-
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In another embodiment the amount of (meth)acrylamide monomers is less than
about 10 weight% or between about 3 and about 10 weight% of all components in the
reaction mixture, excluding any diluents. Examples of (meth)acrylamide monomers
include, DMA, acrylamide, N-vinyl-N-methyl acrylamide, N-vinylacrylamide, mixtures
thereof and the like.

The amount of hydroxyl alkyl monomers, may be between about 10 and about 20
weight % of all components in the reaction mixture, excluding any diluents. Examples of
hydroxyl alkyl monomers include HEMA, 2-hydroxyethyl acrylate, 2-hydroxyethyl
methacrylamide, 2-hydroxypropyl methacrylamide, 2-hydroxypropyl methacrylate, 2-
hydroxybutyl methacrylamide, 2-hydroxybutyl methacrylate, mixtures thereof and the
like,

Polymerization Initiator

One or more polymerization initiators may be included in the reaction mixture.
Examples of polymerization initiators include, but are not limited to, compounds such as
lauryl peroxide, benzoyl peroxide, isopropyl percarbonate, azobisisobutyronitrile, and the
like, that generate free radicals at moderately elevated temperatures, and photoinitiator
systems such as aromatic alpha-hydroxy ketones, alkoxyoxybenzoins, acetophenones,
acylphosphine oxides, bisacylphosphine oxides, and a tertiary amine plus a diketone,
mixtures thereof and the like. Illustrative examples of photoinitiators are 1-
hydroxycyclohexyl phenyl ketone, 2-hydroxy-2-methyl-1-phenyl-propan-1-one, bis(2,6-
dimethoxybenzoyl)-2,4-4-trimethylpentyl phosphine oxide (DMBAPO), bis(2,4,6-
trimethylbenzoyl)-phenyl phosphineoxide (IRGACURE® 819), 2,4,6-
trimethylbenzyldiphenyl phosphine oxide and 2,4,6-trimethylbenzoyl diphenylphosphine
oxide, benzoin methyl ester and a combination of camphorquinone and ethyl 4-(N,N-
dimethylamino)benzoate. Commercially available visible light initiator systems include,
but are not limited to, IRGACURE® 819, IRGACURE®1700, IRGACURE®1800,
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). These and other photoinitators

which may be used are disclosed in Volume III, Photoinitiators for Free Radical Cationic

-12-
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& Anionic Photopolymerization, 2™ Edition by J.V. Crivello& K. Dietliker; edited by G.
Bradley; John Wiley and Sons; New York; 1998.

The polymerization initiator is used in the reaction mixture in effective amounts
to initiate photopolymerization of the reaction mixture, such as from about 0.1 to about 2
weight %. 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, the
preferred initiators are bisacylphosphine oxides, such as bis(2,4,6-trimethylbenzoyl)-
phenyl phosphine oxide (IRGACURE® 819) or a combination of 1-hydroxycyclohexyl
phenyl ketone and DMBAPO, and in another embodiment the method of polymerization

Initiation is via visible light activation.

Internal Wetting Agent

In one embodiment, the reaction mixture includes one or more internal wetting
agents. Internal wetting agents may include, but are not limited to, high molecular
weight, hydrophilic polymers such as those described in US Patent Nos. 6,367,929;
6,822,016; 7786185; PCT Patent Application Nos. W0O03/22321 and WO03/22322, or
reactive, hydrophilic polymers such as those described in US Patent No. 7,249,848.
Examples of internal wetting agents include, but are not limited to, polyamides such as
poly(N-vinyl pyrrolidone), poly(dimethyl acrylamide) and poly (N-vinyl-N-methyl
acetamide), polyN-vinyl acetamide, polyacrylamide and copolymers thereof. Suitable
comonomers include acrylic acid, methacrylic acid, 2-hydroxyethyl methacrylate,
reactive polyethylene glycol monomers, combinations thereof and the like.

The internal wetting agent(s) may be present in a wide range of amounts,
depending upon the specific parameter desired. In one embodiment, the amount of the
wetting agent(s) is up to about 50 weight %, up to about 30 weight%, such as from about
5 and about 40 weight %, from about 5 and about 30 weight %, such as from about 6 to
about 40 weight % or from about 6 to about 25 weight % based upon all % of all

components in the reaction mixture, excluding any diluents.

-13-
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Other Components

Other components that can be present in the reaction mixture used to form the
contact lenses of this invention include, but are not limited to, ultra-violet absorbing
compounds, medicinal agents, antimicrobial compounds, copolymerizable and
nonpolymerizable dyes, copolymerizable and non-copolymerizable photochromic
compounds, ionic monomers or components, surfactants, release agents, reactive tints,
pigments, combinations thereof and the like. In one embodiment, the sum of additional

components may be up to about 20 wt%.

Diluents

In one embodiment, the reactive components (e.g., silicone-containing
components, hydrophilic monomers, wetting agents, and/or other components) are mixed
together either with or without a diluent to form the reaction mixture. In one embodiment,
the reactive mixture comprises less than about twenty percent (e.g., such as less than
about ten percent, less than about five percent, or less than about one percent) by weight,
of one or more diluents, or comprises no diluents.

In one embodiment where a diluent is used, the diluent has a polarity sufficiently
low to solubilize the non-polar components in the reactive mixture at reaction conditions.
One way to characterize the polarity of the diluents of the present invention is via the
Hansen solubility parameter, dp. In certain embodiments, the dp is less than about 10,
and preferably less than about 6. Suitable diluents are further disclosed in US Patent
Application No. 20100280146 and US Patent No. 6,020,445.

In another embodiment the selected diluents are ophthalmically compatible, at
least in small concentrations. Thus, in one embodiment the diluent is ophthalmically
compatible in concentrations of up to 5 weight % in the packing solution and in some
embodiments, up to 1% by weight of the packing solution.

Classes of suitable diluents include, without limitation, alcohols having 2 to 20
carbons, amides having 10 to 20 carbon atoms derived from primary amines, ethers,
polyethers, ketones having 3 to 10 carbon atoms, and carboxylic acids having 8 to 20
carbon atoms. As the number of carbons increase, the number of polar moicties may also

be increased to provide the desired level of water miscibility. In some embodiments,

-14-
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primary and tertiary alcohols are preferred. Preferred classes include alcohols having 4 to
20 carbons and carboxylic acids having 10 to 20 carbon atoms.

In one embodiment, the diluents are selected from 1,2-octanediol, t-amyl alcohol,
3-methyl-3-pentanol, decanoic acid, 3,7-dimethyl-3-octanol, tripropylene glycol methyl
ether (TPME), 1, 2-propanediol, glycerol, polyethylene glycol having molecular weights
between about 200 and about 30,000, methyl glucose ethers, such as Glucam polymers,
butoxyethyl acetate, mixtures thereof and the like.

In one embodiment, the diluents are selected from diluents that have some degree
of solubility in water. In some embodiments at least about three percent of the diluent is
miscible water. Examples of water soluble diluents include, but are not limited to, 1-
octanol, 1-pentanol, 1-hexanol, 2-hexanol, 2-octanol, 3-methyl-3-pentanol, 2-pentanol, t-
amyl alcohol, tert-butanol, 2-butanol, 1-butanol, 2-methyl-2-pentanol, 2-ethyl-1-butanol,
ethanol, 3,3-dimethyl-2-butanol, decanoic acid, octanoic acid, dodecanoic acid, 1-cthoxy-
2- propanol, 1-tert-butoxy-2-propanol, EH-5 (commercially available from Ethox
Chemicals), 2,3,6,7-tetrahydroxy-2,3,6,7-tetramethyl octane, 9-(1-methylethyl)-
2,5,8,10,13,16-hexaoxaheptadecane, 3,5,7,9,11,13-hexamethoxy-1-tetradecanol, mixtures
thereof and the like.

Suitable ranges for the components of the present invention are shown in the

Table below.

Component Concentration (wt%)
Silicone component 10-87, 10-80, 20-70

PEG 3-30

Hydrophilic component 5-40, 10-40, 13-40, 13-30
Wetting agent 0- 50; 5-40, 6- 40, 10-20
Other 0-20

Diluent <20, <15, <10, <5,<1,0

It will be appreciated that the amount of the components in each embodiment will

add up to 100. Also, the ranges may be combined in any combination.
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Curing of Silicone Polymer/Hydrogel and Manufacture of Lens

The reactive mixture of the present invention may be cured via any known
process for molding the reaction mixture in the production of contact lenses, including
spincasting and static casting. Spincasting methods are disclosed in U.S. Patents
Nos. 3,408,429 and 3,660,545, and static casting methods are disclosed in U.S. Patents
Nos. 4,113,224 and 4,197,266. In one embodiment, the contact lenses of this invention
are formed by the direct molding of the silicone hydrogels, which is economical, and
enables precise control over the final shape of the hydrated lens. For this method, the
reaction mixture is placed in a mold having the shape of the final desired silicone
hydrogel and the reaction mixture is subjected to conditions whereby the monomers
polymerize, to thereby produce a polymer in the approximate shape of the final desired
product.

In one embodiment, the lenses are released, or deblocked from the mold dry. Dry
release or deblocking is achieved without contacting the lenses with a fluid or liquid.
Suitable methods of dry release include the rapidly cooling the lens and lens mold or
application of mechanical force, such as tapping, twisting, or pressing the lens mold.

In one embodiment, after curing and deblocking, the lens is subjected to
extraction to remove unreacted components and release the lens from the lens mold. The
extraction may be done using conventional extraction fluids, such organic solvents, such
as alcohols or may be extracted using aqueous solutions.

Aqueous solutions are solutions which comprise water. In one embodiment the
aqueous solutions of the present invention comprise at least about 30 weight % water, in
some embodiments at least about 50 weight % water, in some embodiments at least about
70% water and in others at least about 90 weight% water. Aqueous solutions may also
include additional water soluble components such as release agents, wetting agents, slip
agents, pharmaceutical and nutraceutical components, combinations thereof and the like.
Release agents are compounds or mixtures of compounds which, when combined with
water, decrease the time required to release a contact lens from a mold, as compared to
the time required to release such a lens using an aqueous solution that does not comprise
the release agent. In one embodiment the aqueous solutions comprise less than about 10

weight %, and in others less than about 5 weight % organic solvents such as isopropyl
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alcohol, and in another embodiment are free from organic solvents. In these
embodiments the aqueous solutions do not require special handling, such as purification,
recycling or special disposal procedures.

In various embodiments, extraction can be accomplished, for example, via
immersion of the lens in an aqueous solution or exposing the lens to a flow of an aqueous
solution. In various embodiments, extraction can also include, for example, one or more
of: heating the aqueous solution; stirring the aqueous solution; increasing the level of
release aid in the aqueous solution to a level sufficient to cause release of the lens;
mechanical or ultrasonic agitation of the lens; and incorporating at least one leach aid in
the aqueous solution to a level sufficient to facilitate adequate removal of unreacted
components from the lens. The foregoing may be conducted in batch or continuous
processes, with or without the addition of heat, agitation or both.

Some embodiments can also include the application of physical agitation to
facilitate leach and release. For example, the lens mold part to which a lens is adhered,
can be vibrated or caused to move back and forth within an aqueous solution. Other
embodiments may include ultrasonic waves through the aqueous solution.

In one embodiment, the lens is removed from the mold by a dry release process.
In one embodiment of such a process, when then monomer mix has been cured to form a
polymer the mold halves are separated by prying them apart. Typically the lens remains
adhered to one surface of one mold half. That mold half is then flexed in order to force
the lens to separate from the mold. Thus, the lens is removed from the mold without the
use of any release solvent such as water or isopropanol. The released lens can then
optionally be placed into a solvent for leaching or can be placed directly into a package
containing a packaging solution such as buffered saline. Alternatively, the lens can be
subjected to additional processing, such as plasma surface treatment, before it is
hydrated.

The lenses may be sterilized by known means such as, but not limited to

autoclaving.
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Test Methods

Protein solution:

A tear like fluid (“TLF”) was used for protein uptake measurements. The TLF
5  was made from by solubilizing the components, in the amounts listed in the Table below

in phosphate saline buffer supplemented by sodium bicarbonate at 1.37g/1.

Table: Tear Like Fluid (TLF) Composition

Components Composition | Origin
(mg/ml)
Proteins and Glycoproteins
Lysozyme 1.85 Chicken egg white
Lactoferrin 2.1 Bovine colostrum
‘ ' Milk lipocaline (3
Lipocalin 1.3 lactoglobulin)
from bovine milk
Acid glycoprotein 0.05 Bovine plasma
‘ Bovine
Mucins 0.15 submaxillary
glands
(Albumin, Fn', Vn® and others
components present in tears at 0.1% Bovine serum

very low concentrations (ng)

Lipids

Cholesteryl linoleate 0.024
Linalyl acetate 0.021
Triolein 0.016
Oleic acid 0.012
Undecylenic acid 0.0032
Cholesterol 0.0016
Glucose 0.1

'Fn: Fibronectin
10 n: Vitronectin
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Lipocalin uptake was measured as follows. The lipocalin solution contained B
Lactoglobulin (Lipocalin) from bovine milk (Sigma, L3908) solubilized at a
concentration of 2 mg/ml in phosphate saline buffer supplemented by Sodium
bicarbonate at 1.37g/l and D-Glucose at 0.1 g/l. Three lenses for each sample were tested
using each protein solution, and three were tested using PBS as a control solution. The
test lenses were blotted on sterile gauze to remove packing solution and aseptically
transferred, using sterile forceps, into sterile, 24 well cell culture plates (one lens per
well) each well containing 2 ml of lysozyme solution. Each lens was fully immersed in
the solution. 2 ml of the lysozyme solution was placed in a well without a contact lens as
a control.

The plates containing the lenses and the control plates containing only protein
solution and the lenses in the PBS, were sealed using parafilm to prevent evaporation and
dehydration, placed onto an orbital shaker and incubated at 35°C, with agitation at 100
rpm for 72 hours. After the 72 hour incubation period the lenses were rinsed 3 to 5 times
by dipping lenses into three (3) separate vials containing approximately 200 ml volume
of PBS. The lenses were blotted on a paper towel to remove excess PBS solution and
transferred into sterile conical tubes (1 lens per tube), each tube containing a volume of
PBS determined based upon an estimate of lysozyme uptake expected based upon on
cach lens composition. The lysozyme concentration in each tube to be tested needs to be
within the albumin standards range as described by the manufacturer (0.05 microgram to
30 micrograms). Samples known to uptake a level of lysozyme lower than 100 ug per
lens were diluted 5 times. Samples known to uptake levels of lysozyme higher than 500
ug per lens (such as etafilcon A lenses) are diluted 20 times.

1 ml aliquot of PBS was used for samples 9, CE2 and the balafilcon lenses, and
20ml for etafilcon A lens. Each control lens was identically processed, except that the
well plates contained PBS instead of either lysozyme or lipocalin solution.

Lysozyme and Lipocalin uptake was determined using on-lens bicinchoninic acid
method using QP-BCA kit ( Sigma, QP-BCA) following the procedure described by the

manufacturer (the standards prep is described in the kit) and is calculated by subtracting
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the optical density measured on PBS soaked lenses ( background) from the optical
density determined on lenses soaked in lysozyme solution.

Optical density was measured using a Synergyll Micro-plate reader capable for
reading optical density at 562nm.

Mucin uptake was measured using the following solution and method. The mucin
solution contained mucins from bovine submaxillary glands (Sigma, M3895-type 1-S)
solubilized at a concentration of 2 mg/ml in phosphate saline buffer (Sigma, D8662)
supplemented by sodium bicarbonate at 1.37g/l and D-Glucose at 0.1 g/l1.

Three lenses for each example were tested using Mucin solution, and three were
tested using PBS as a control solution. The test lenses were blotted on sterile gauze to
remove packing solution and aseptically transferred, using sterile forceps, into sterile, 24
well cell culture plates (one lens per well) each well containing 2 ml of Mucin solution.
Each lens was fully immersed in the solution. Control lenses were prepared using PBS as
soak solution instead of lipocalin.

The plates containing the lenses immersed in Mucin as well as plates containing
control lenses immersed in PBS were sealed using parafilm to prevent evaporation and
dehydration, placed onto an orbital shaker and incubated at 35°C, with agitation at 100
rpm for 72 hours. After the 72 hour incubation period the lenses were rinsed 3 to 5 times
by dipping lenses into three (3) separate vials containing approximately 200 ml volume
of PBS. The lenses were blotted on a paper towel to remove excess PBS solution and
transferred into sterile 24 well plates each well containing 1 ml of PBS solution.

Mucin uptake was determined using on-lens bicinchoninic acid method using
QP-BCA kit ( Sigma, QP-BCA) following the procedure described by the manufacturer
(the standards prep is described in the kit) and is calculated by subtracting the optical
density measured on PBS soaked lenses ( background) from the optical density
determined on lenses soaked in Mucin solution. Optical density was measured using a
Synergyll Micro-plate reader capable for reading optical density at 562nm.

Wettability is measured by measuring the dynamic contact angle or DCA,
typically at 23 +3°C and a relative humidity of about 45 +5%, with borate buffered saline,
using a Wilhelmy balance. The wetting force between the lens surface and borate

buffered saline is measured using a Wilhelmy microbalance while the sample strip cut
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from the center portion of the lens is being immersed into or pulled out of the saline at a
rate of 100 microns/sec . The following equation is used

F =ypcosO or 0 = cos (F/yp)
where F is the wetting force, v is the surface tension of the probe liquid, p is the perimeter
of the sample at the meniscus and 0 is the contact angle. Typically, two contact angles
are obtained from a dynamic wetting experiment — advancing contact angle and receding
contact angle. Advancing contact angle is obtained from the portion of the wetting
experiment where the sample is being immersed into the probe liquid, and these are the
values reported herein. Five lenses of each composition are measured and the average is
reported.

Oxygen permeability (Dk) was determined by the polarographic method generally
described in ISO 18369-4:2006, but with the following variations. The measurement is
conducted at an environment containing 2.1% oxygen. This environment is created by
equipping the test chamber with nitrogen and air inputs set at the appropriate ratio, for
example 1800 ml/min of nitrogen and 200 ml/min of air. The t/Dk is calculated using the
adjusted oxygen concentration. Borate buffered saline was used. The dark current was
measured by using a pure humidified nitrogen environment instead of applying MMA
lenses. The lenses were not blotted before measuring. Four lenses with uniform
thickness in the measurement area were stacked instead of using lenses of varied
thickness. The L/Dk of 4 samples with significantly different thickness values are
measured and plotted against the thickness. The inverse of the regressed slope is the
preliminary Dk of the sample. If the preliminary Dk of the sample is less than 90 barrer,
then an edge correction of (1 + (5.88(CT in cm))) is applied to the preliminary L/Dk
values. If the preliminary Dk of the sample is greater than 90 barrer, then an edge
correction of (1 + (3.56(CT in cm))) is applied to the preliminary L/Dk values. The edge
corrected L/Dk of the 4 samples are plotted against the thickness. The inverse of the
regressed slope is the Dk of the sample. A curved sensor was used in place of a flat
sensor. The resulting Dk value is reported in barrers.

Water Content
The water content was measured as follows: lenses to be tested are allowed to sit

in packing solution for 24 hours. Each of three test lens are removed from packing
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solution using a sponge tipped swab and placed on blotting wipes which have been
dampened with packing solution. Both sides of the lens are contacted with the wipe.
Using tweezers, the test lens are placed in a weighing pan and weighed. The two more
sets of samples are prepared and weighed as above.pan is weighed three times and the
average is the wet weight.

The dry weight is measured by placing the sample pans in a vacuum oven
which has been preheated to 60°C for 30 minutes. Vacuum is applied until at least 0.4
inches Hg is attained. The vacuum valve and pump are turned off and the lenses are
dried for four hours. The purge valve is opened and the oven is allowed reach
atmospheric pressure. The pans are removed and weighed. The water content is

calculated as follows:

Wet weight = combined wet weight of pan and lenses — weight of weighing pan
Dry weight = combined dry weight of pan and lens — weight of weighing pan
% water content = (wet weight — dry weight) x 100

wet weight

The average and standard deviation of the water content are calculated for the

samples are reported.

Tensile modulus is measured by using the crosshead of a constant rate of
movement type tensile testing machine equipped with a load cell that is lowered to the
initial gauge height. A suitable testing machine includes an Instron model 1122. A dog-
bone shaped sample having a 0.522 inch length, 0.276 inch “ear” width and 0.213 inch
“neck” width is loaded into the grips and elongated at a constant rate of strain of 2 in/min.
until it breaks. The initial gauge length of the sample (Lo) and sample length at break
(Lf) are measured. Twelve specimens of each composition are measured and the average
is reported. Tensile modulus is measured at the initial linear portion of the stress/strain
curve. Percent elongation is = [(Lf — Lo)/Lo]x 100.

Glass transition temperature, Tg is defined as the peak (maximum) in tan 5. The
glass transition Tg after the isothermal cure, the dynamic shear modulus (G’), loss

modulus (G”), and tan & were measured using DSC as a function of temperature
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(frequency 1.0 Hz, auto-tension mode (tension=0), parallel plate (25.0 mm diameter), and

shear stress 5.0 kPa), while the cured films were heated from 55°C to 150°C at 1°C/min.

Examples

These examples do not limit the invention. They are meant only to suggest a
method of practicing the invention. Those knowledgeable in lenses as well as other
specialties may find other methods of practicing the invention. The following

abbreviations are used in the examples below:

DMA N,N-dimethylacrylamide

HEMA 2-hydroxyethyl methacrylate

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

Norbloc 2-(2’-hydroxy-5-methacrylyloxyethylphenyl)-2H-benzotriazole

OH-mPDMS mono-(3-methacryloxy-2-hydroxypropyloxy)propyl terminated,
mono-butyl terminated polydimethylsiloxane (Mw 612 g/mole)

PVP poly(N-vinyl pyrrolidone) (K values noted)

TEGDMA tetracthyleneglycol dimethacrylate

acPDMS 1000 bis-3-acryloxy-2-hydroxypropyloxypropyl polydimethylsiloxane
(MW =1000)

CGI1850 1:1 (wgt) blend of 1-hydroxycyclohexyl phenyl ketone and bis(2,6-
dimethoxybenzoyl)-2,4-4-trimethylpentyl phosphine oxide

mPEG 475 polyethyleneglycol (475 MW) monomethylether
monomethacrylate

Example 1: Formulations Containing mPEG 475 as Hydrophilic Component, with
Various Ratios of K30 to K90

Components of the reactive monomer mixes of Table 1a were formulated in a
zero diluent system. The blends were prepared in amber jars and rolled on a jar roller
with periodic heating at 45 °C until complete solubilization was obtained. Reactive
monomer mixes were degassed under vacuum followed by nitrogen backfill at 760

mmHg for 15 minutes. The lenses were photo-cured using the mold parts and cure
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conditions shown in Table 1b. Lenses were cured with quartz plates placed on top of

base curves to improve edge cut and centration. Pallets with reactive monomer mixtures

loaded mold parts were placed on mirrored surface for cure.

The mold parts were mechanically separated, and the lenses remained

predominantly in the zeonor front curve. The lenses were released from the front curves

by applying a mechanical force on the outer surface of the plastic parts (i.c., tapping

lightly on the front curve using a hammer) at room temperature.

Table 1a
Component Sample 1 Sample 2 Sample 3 Sample 4
OH-mPDMS 40.00 40.00 40.00 40.00
mPEG 475 10.00 17.00 19.00 21.00
HEMA 25.25 20.25 20.25 20.25
TEGDMA 0.50 0.50 0.50 0.50
Norbloc 2.00 2.00 2.00 2.00
PVP K90 10.00 10.00 10.00 10.00
PVP K30 12.00 10.00 8.00 6.00
IRGACURE 819 0.25 0.25 0.25 0.25
Table 1b
Nitrogen Cure Box
Oxygen Level <0.5 %
Visible Light Intensity (TL03) 5—6 mW/cm®
Temperature 55-60°C
RRM Dose 100 uL.
Cure Time 15 minutes
Mold Parts
Front Curve Zeonor
Base Curve Polyproplyene

The resulting “dry released” lenses were clear/non-phase separated after cure and
appeared well plasticized with no evidence of physical damage. There was a noticeable
level of difficulty in mechanical lens release (lens stuck to front curve), indicating a high
level of plasticity or fluidity. The lenses were clear/non-phase separated in packing

solution prior to autoclaving and were hazy/phase separated after autoclaving.

Example 2: Physical Properties
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Water content, percent haze, modulus, and percent elongation were measured for

the sterilized lenses from Sample 1. The data obtained are shown in Table 2, where a

significant level of haze was observed.

Table 2
% Water % Haze Mechanicals
(relative to Modulus o
CSI) (psi) Elongation
47.0 (0.2) 152 (5) 129.8 (6.3) 322.1 (36.6)

Example 3: Introduction of acPDMS 1000 for Formation of Non-phase Separated

Autoclaved Lenses

The blends in Samples 3 and 4 (which previously produced phase separated lenses

upon autoclaving) were re-formulated with acPDMS 1000 as a component of the cross-

linker system, at the expense of HEMA. These blends are shown as Samples 5 and 6 in

Table 3. Blends were treated as per Example 1. In addition, lenses were fabricated, de-

molded and subjected to the aqueous process as per Example 1.

Table 3

Component Sample 5 Sample 6 Sample 7
OH-mPDMS 40.00 40.00 40.00
acPDMS 1000 2.00 2.00 2.00
mPEG 475 21.00 19.00 0.00
DMA 0.00 0.00 19.00
HEMA 18.25 18.25 18.25
TEGDMA 0.50 0.50 0.50
Norbloc 2.00 2.00 2.00
PVP K90 10.00 10.00 10.00
PVP K30 6.00 8.00 8.00
IRGACURE 819 0.25 0.25 0.25

The resulting lenses were clear/non-phase separated after cure. Further, lenses from

Samples 5 and 6 appeared to have a high level of plasticity while lenses from Sample 7

were very brittle. There was noticeable level of difficulty in mechanical lens release

(lens stuck to FC) for Samples 5 and 6. The lenses were clear/non-phase separated in
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packing solution prior to autoclaving and were clear/non-phase separated after

autoclaving, indicating that acPDMS 1000 has a significant effect on reducing haze or

phase separation.

Example 4: Physical Properties:

Sterilized lenses from Samples 5-7 were submitted for physical properties testing.

Percent water content, percent haze, DCA advancing angle, Dk (edge corrected),

modulus, and percent elongation were measured. The data obtained are shown in Table

4, where clear/non-phase separated lenses were obtained. In addition, all lenses were very

wettable and characterized by low moduli.

Table 4
Sample % % Haze DCA Dk Mechanicals
Water (relative to | Advancing (Edge Modulus A
CSI) angle Corrected) (psi) Elongation
5 47.7 15(1) 51 (14) 75 130.2 (5.8) | 159.9 (32.7)
(0.0) ®50 (11)
48 (6)
962 (12)
6 479 21 (0) *51(7) NT 123.4(8.9) | 159.5 (31.2)
(0.1) ®50 (3)
48 (3)
151 (9)
7 45.5 NT 51 (8) 59 142.7 (7.2) | 226.8 (34.0)
(0.1)

*Measured directly out of package

®3 hrs equilibration in DCA medium
24 hrs equilibration in DCA medium
948 hrs equilibration in DCA medium

Example 5: Adjustment of mPEG 475 to DMA Ratio for Optimal Lens Release

Using Sample 6 as the base formulation, DMA was added at 3%, 6% and 9% at

the expense of mPEG 475, as shown in the Samples in Table 5. The intent was to tune the

visco-elastic properties in the cured lenses, using low concentrations of DMA such that

the mechanical lens release from the FC was acceptable, while obtaining optimal degree
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of polymerization. Blends were treated as per Example 1. In addition, lenses were

fabricated, de-molded and subjected to the aqueous process as per Example 1.

Table 5

Component Sample 8 Sample 9 Sample 10
OH-mPDMS 40.00 40.00 40.00
acPDMS 1000 2.00 2.00 2.00
mPEG 475 16.00 13.00 10.00
DMA 3.00 6.00 9.00
HEMA 18.25 18.25 18.25
TEGDMA 0.50 0.50 0.50
Norbloc 2.00 2.00 2.00
PVP K90 10.00 10.00 10.00
PVP K30 8.00 8.00 8.00
IRGACURE 819 0.25 0.25 0.25

The resulting lenses were clear/non-phase separated after cure. There was a noticeable
level of difficulty in mechanical lens release (lens stuck to FC) for Sample 8. Lenses for
Samples 9 and 10 appeared to have acceptable level of plasticity and were mechanically

released without difficulty.

Example 6: Physical Properties

Water content, percent haze, modulus, and percent elongation were measured for

sterilized lenses from Samples 8 through 10. The data obtained are shown in Table 6.

Table 6
Sample % % Haze DCA Dk Mechanicals
Water (relative to Advancing Modulus A
CSI) angle (psi) Elongation
8 46.4 11 (1) 55(6) 75 152.2 129.6
(0.2) 9.2) (33.9)
9 47.7 19 (1) NT NT 157.9 149.7
(0.3) (8.6) (26.2)
10 47.5 20 (1) NT 64 151.9 164.4
(0.2) (12.6) (41.8)

Example 7: Lower Modulus
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Blends containing a combination of K30 and K90 and various ratios of

crosslinkers (acPDMS 1000: TEGDMA) were formulated as shown in Table 7 as per

Example 1. In addition, lenses were fabricated and demolded as per Example 1. The “dry

released” lenses were placed directly into individual lens vials containing 3 mL packing

5  solution and subsequently sterilized.
Table 7
Component Sample | Sample | Sample | Sample | Sample | Sample | Sample | Sample
11 12 13 14 15 16 17 18
OH-mPDMS 38.00 38.00 38.00 38.00 38.00 38.00 | 38.00 | 38.00
acPDMS 1000 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
mPEG 475 10.00 13.00 13.00 13.00 13.00 13.00 14.00 14.00
DMA 11.00 8.00 8.25 8.50 6.00 8.00 7.00 7.00
HEMA 18.25 18.25 18.25 18.25 18.50 16.75 16.75 16.75
TEGDMA 0.50 0.50 0.25 0.00 0.25 0.00 0.00 0.00
Norbloc 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
PVP K90 10.00 10.00 10.00 10.00 12.00 12.00 12.00 10.00
PVP K30 8.00 8.00 8.00 8.00 8.00 8.00 8.00 10.00
IRGACURE 819 | 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
10
The resulting lenses were clear/non-phase separated after cure, appeared to have
acceptable level of plasticity, and released well from FC using mechanical force.
Example 8: Physical Properties
15 Water content, percent haze, modulus, and percent elongation were measured for
sterilized lenses from Samples 11 through 18. The data obtained are shown in Table 8,
where significantly lower moduli were obtained compared to the Samples in Table 6.
Table 8
20
Sample % % Haze DCA Dk Mechanicals
Water (relative to Advancing Modulus A
CSI) angle (psi) Elongation
11 49.5 10 (0) NT 60 133.9 162.9
(0.2) (9.8) (24.7)
12 49.5 10 (1) NT 60 129.5 127.7
(0.2) (7.4 (31.6)
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13 515 16 (4) NT 63 113.0 2023
(0.3) (8.7) (27.5)
14 523 18 (0) 61 (7) 62 100.2 204.7
(0.2) (8.7) (25.5)
15 50.3 9 (1) NT 62 127.4 186.4
(0.2) (7.4) (45.4)
16 545 25 (1) 51 (12) 65 | 81.8(4.9) | 2619
(0.0) (55.0)
17 54.4 22 (1) 55 (11) 63 83.0 2438
(0.2) (13.0) (42.8)
18 543 20 (2) 52 (6) 65 | 87.6(5.1) | 2587
(0.1) (43.6)

Example 9: PVP Release

Sterilized lenses from Samples 14 and 16 were tested for the release of PVP into

packing solution (borate buffered saline solution). For each lot, 2 vials were opened and

the lenses were transferred, using plastic tweezers, into a new vial containing 3 mL of

fresh packing solution. The vial was capped and placed on a reciprocating shaker at

medium speed and ambient conditions. After 1 hour, the lenses were transferred to new

vial containing 3 mL of fresh packing solution and shaken for 2 hours. This procedure

was repeated for the generation of samples at the time points shown in Table 9. The

samples were analyzed for PVP by High Performance Liquid Chromatography with

Electrospray lonization Mass Spectrometry (HPLC/ESI MS).

Separation of PVP was achieved by reversed-phase chromatography using the

following chromatographic conditions:

Column: Polymer Labs PLRP-S Polystyrene Di-vinyl benzene,
50 x 4.6mm x 5 um, 100 A

Column Temperature: 50 °C

Injection Volume: 50 uLb

Flow Rate: 1 mL/minute

Mobile Phase: Eluent A: Acetonitrile with 0.1% Trifluoroacetic acid
Eluent B: Water with 0.1% Trifluoroacetic acid

Eluent C: Isopropanol with 0.1% Trifluoroacetic acid

The mobile phase gradient for analysis was as follows:

Time (mins) %A %B %C
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0.0 22 78 0
1.0 22 78 0
11.0 70 30 0
11.1 50 0 50
14.0 50 0 50
14.1 22 78 0
17 22 78 0

Detection of PVP was achieved by ESI MS with 80% source Collision Induced
Dissociation (CID), with monitoring ions with a mass to charge (m/z) of 86 (PVP).
The data for cumulative release of PVP from Samples 14 and 16 are shown in Table 9,

where release was demonstrated for up to 24 hours.

Table 9
Sample 14 Sample 16
Cumulative Release | Cumulative Release
Time (hr) ug/Lens ug/Lens
1.00 76.02 18.63
2.00 79.11 21.18
4.50 89.29 32.65
6.00 92.93 36.60
8.50 99.10 45.87
12.00 107.84 57.67
24.00 139.17 100.53

Example 10: Optimization of mPEG 475:DMA Ratio for Desirable “Dry Release”

Blends containing a combination of K30 and K90 were formulated as shown in
Table 10 as per Example 1. In addition, lenses were fabricated and “dry released” as per
Example 1. The purpose of this study was to characterize the sensitivity of the cure and
properties of the formulation to changes in the PEG:DMA ratio, in an attempt to optimize
the properties with regards to processing.

The level of plasticity or fluidity increased with increasing levels of mPEG 475,
which resulted in increasing level of difficulty with respect to mechanical release at room
temperature. The highest level of difficulty was obtained with Sample 19 where about

60% of the lenses remained stuck to the zeonor front curve when the mechanical force
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was applied. The level of brittleness increased with increasing levels of DMA, which
resulted in significant improvement in the number of lenses obtained upon applying the
mechanical force to the front curve. With Sample 26, 100% of the lenses release from the
front curve when the mechanical force was applied at room temperature. However, a
significant number of lenses were characterized with physical defects such as cracks or

factures and edge chips likely due to the high degree of brittleness. The best yields, i.e.

the highest number of lenses release with minimal number of physical defects, were

obtained with Samples 22, 23, and 24.

Note that all of the dry release/mechanical release studies were conducted at room

10 temperature, and temperature has a significant impact on the visco-elastic properties of

the cured lenses. Therefore, temperature may be used to influence the release behavior of

lenses.

Cooling the lenses with high levels of mPEG 475 (Samples 19, 20, and 21) to

below room temperature, would tend to increase the viscosity and level of brittleness in

15  the lenses, which would likely result in significant improvements in the yields obtained

upon dry release/mechanical release.

While heating the lenses with high levels of DMA (Samples 25 and 26) to above

room temperature, would tend to decrease the viscosity and level of brittleness in the

lenses, which would likely result in significant improvements in the physical defects and

20  hence improve the yields obtained upon dry release/mechanical release.

Table 10a
Component Sample | Sample | Sample | Sample | Sample | Sample | Sample | Sample
19 20 21 22 23 24 25 26
OH-mPDMS 40.00 40.00 40.00 40.00 40.00 40.00 40.00 40.00
acPDMS 1000 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
mPEG 475 19.00 18.00 16.00 13.00 10.00 6.00 3.00 0.00
DMA 0.00 1.00 3.00 6.00 9.00 13.00 16.00 19.00
HEMA 18.25 18.25 18.25 18.25 18.25 18.25 18.25 18.25
TEGDMA 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Norbloc 2.0 2.0 2.00 2.00 2.00 2.00 2.00 2.00
PVP K90 10.00 10.00 10.0 10.00 10.00 10.00 10.00 10.00
PVP K30 8.00 8.00 8.0 8.00 8.00 8.00 8.00 8.00
IRGACURE 819 | 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
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The Tg(heating)of the lenses of Samples 19-26 was measured and the results are

shown in Table 10b.

Table 10b
Sample # | mPEG475 (wt%) | DMA (wt%) T heating ()
19 19 0 116
20 18 1 116
21 16 3 114
22 13 6 118
23 10 9 124
24 6 13 127
25 3 16 129
26 0 19 135

Example 11: Effect of Ratio of PVP K30:K90 on Lens Properties

Blends containing a combination of K30 and K90 were formulated as shown in
Table 11 as per Example 1. In addition, lenses were fabricated and demolded as per
Example 1. The “dry released” lenses were transferred directly into 1 mL polypropylene
blister packages containing 995 uL packing solution (with 50 ppm methylcellulose) heat
sealed with propylene lined aluminum foil and subsequently sterilized by autoclaving.
The purpose of this study was to examine the impact of the K30:K90 ratio on the physical

properties, parameters, biometrics profile and leachable monomers of the lenses.

Table 11
Component Sample Sample Sample | Sample
27 28 29 30

OH-mPDMS 38.00 38.00 38.00 38.00
acPDMS 1000 2.00 2.00 2.00 2.00
mPEG 475 13.00 13.00 13.00 13.00
DMA 8.00 8.00 8.00 8.00
HEMA 16.73 16.73 16.73 16.73
Blue HEMA 0.02 0.02 0.02 0.02
Norbloc 2.00 2.00 2.00 2.00
PVP K90 12.00 10.00 8.00 6.00
PVP K30 8.00 10.00 12.00 14.00
IRGACURE 819 0.25 0.25 0.25 0.25
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Example 12: Lens Physical Properties

Lenses from Example 11 were tested for physical properties. As demonstrated for
Samples 25 through 28 in Table 12, comparable lens properties were obtained for the
ratios of K90:K30 examined. Percent water content, percent haze, DCA advancing angle,
Dk (edge corrected), modulus, and percent elongation were measure using the methods
set forth in US Patent No. 8,168,720. All the lenses were very clear and wettable with
low moduli, and the overall properties of the lenses are suitable for good clinical
performance. In addition, the refractive indices of the lenses were measured on five
consecutive days, after the sterilized lenses were stored at room temperature for about 1
week. The data in Table 12 show that the refractive indices of all of the lenses remained
essentially constant from day 1 through day 5, suggesting that the lenses have attained

equilibrium very quickly.

Table 12
Property Sample 27 | Sample 28 | Sample 29 | Sample 30
Water Content, % | 54.8(0.3) 54.4 (0.1) 54.3(0.1) 53.9(0.3)
Haze, % of CSI 15(1) 17 (0) 17 (0) 18 (0)
Refractive Index, 1.4013 1.4026 1.4034 1.4038
Day 1
Refractive Index, 1.4016 1.4022 1.4033 1.4037
Day 2
Refractive Index, 1.4015 1.4026 1.4040 1.4045
Day 3
Refractive Index, 1.4024 1.4030 1.4033 1.4043
Day 4
Refractive Index, 1.4019 1.4033 1.4038 1.4040
Day 5
Sessile Drop 74.00 (3.61) | 70.67 (7.51) | 66.33 (4.51) | 71.33 (4.16)
Dk (edge corr.) 63.0 67.9 68.6 66.8
Modulus, psi 75.9(6.1) 77.7(3.2) 89.2(5.9) 71.1 (3.8)
Elongation, % 187.9 (67.1) | 207.3 (66.0) | 214.5(52.2) | 210.8 (76.7)

The wettability of lenses were be determined using a sessile drop technique measured
using KRUSS DSA-100 TM instrument at room temperature and using DI water as probe

solution. The lenses to be tested (3-5/sample) were rinsed in DI water to remove carry
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over from packing solution. Each test lens was placed on blotting lint free wipes which
were dampened with packing solution. Both sides of the lens were contacted with the
wipe to remove surface water without drying the lens. To ensure proper flattening, lenses
were placed “bowl side down” on the convex surface on contact lens plastic moulds. The
plastic mould and the lens were placed in the sessile drop instrument holder, ensuring
proper central syringe alignment and that the syringe corresponds to the assigned liquid.
A 3 to 4 microliters of DI water drop was formed on the syringe tip using DSA 100-Drop
Shape Analysis software ensuring the liquid drop was hanging away from the lens. The
drop was released smoothly on the lens surface by moving the needle down. The needle
was withdrawn away immediately after dispensing the drop. The liquid drop was
allowed to equilibrate on the lens for 5 to 10 seconds and the contact angle was computed

based on the contact angle measured between the drop image and the lens surface.

Example 13: Effect of Ratio of PVP K30:K90 on Lens Biometrics Profile

Lenses from Example 11 were tested for uptake of protein, mucin and lipocalin.
Total protein uptake was measure using method described above.
The data obtained are shown in Table 13, where negligible differences were

obtained. In addition, the levels obtained are consistent with lenses of good clinical

performance.
Table 13

Property Sample 27 Sample 28 | Sample 29 | Sample 30
Total Protein Uptake 7.85 (0.63) 7.71 (0.25) | 7.75(0.32) | 7.70(0.40)
(ug/Lens)
Mucin Uptake (ug/Lens) 5.26 (0.08) 5.26(0.12) | 5.23(0.02) | 5.15(0.04)
Lipocalin Uptake 3.71 (0.18) 3.49(0.15) | 3.75(0.31) | 3.70(0.40)
(ug/Lens)

Example 14: Effect of Ratio of PVP K30:K90 on Leachable Levels

Lenses from Example 11 were tested for leachable monomers by reversed-phase
HPLC-UV. The data for Samples 27 through 30 are shown in Table 14, where the levels

of leachable monomers were below the limit of quantization.
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Ten blister packages were opened and lenses were transferred to lint-free blotting

paper. Lenses were briefly blotted and transferred to a glass scintillation vial. Five (5)

mL of methanol was added and the vial was sonicated at room temperature of 30 minutes.

Samples were prepared in triplicate and the extracts were analyzed by HPLC-UV using

the following conditions:

Column: Agilent Eclipse Plus C18, 75 x 4.6mm x 1.8um
Column Temperature: 25 °C

Injection volume: 10 uL

Flow rate: I mL/minute

Mobile Phase: Eluent A: Water with 0.05% o-phosphoric acid

Eluent B: Acetonitrile with 0.05% o-phosphoric acid

Eluent C: Isopropanol with 0.1% Trifluoroacetic acid

The mobile phase gradient for analysis of DMA, HEMA, mPEG 475 and Norbloc was as

follows:

Time (mins) %A

0.0 97
4.0 97
20 0
30 0
31 97
35 97

%B
3
3
100
100
3
3

%C

SO OO O

The mobile phase gradient for analysis of OH-mPDMS was as follows:

Time (mins) %A
0.0 0

5
8
11
12
17

SO OO O

The results are depicted in Table 14.
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Table 14

Component Sample 27 Sample 28 Sample 29 Sample 30
DMA <3 ug/g <3 ug/g <3ug/g <3ug/g
HEMA <3 ug/g <3 ug/g <3ug/g <3ug/g
mPEG 475 <78 ug/g <78 ug/g <78 ug/g <78 ug/g
Norbloc <3 ug/g <3 ug/g <3 ug/g <3 ug/g
OH-mPDMS <78 ug/g <78 ug/g <78 ug/g <78 ug/g
(n=4)

It is understood that while the invention has been described in conjunction with

the detailed description thereof, that the foregoing description is intended to illustrate and

not limit the scope of the invention, which is defined by the scope of the appended

claims. Other aspects, advantages, and modifications are within the claims.
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What 1s claimed is:

Claims

1. A method of manufacturing a contact lens, said method comprising the
steps of:

(1) adding reactive components to form a reactive mixture, wherein said reactive
components comprise (a) at least one hydroxy-containing silicone component having a
weight average molecular weight from about 200 to about 15,000 g/mole and (b) at least
one monofunctional polyethylene glycol having a weight average molecular weight from
about 200 to about 10,000 g/mole; and less than about 15 wt% diluents;

(i1) curing said reactive components within said mold to form said contact lens
comprising a polymer having a Tg (heating) of less than about 125C; and

(ii1) dry removing said contact lens from said mold.
2. The method of claim 1, wherein said at least one mono-methacrylate
terminated polyethylene glycol is a mono-ether terminated, mono-methacrylate

terminated polyethylene glycol.

3. The method of claim 2, wherein said at least one at least one mono-

methacrylate terminated polyethylene glycol is mPEG 475.

4. The method of claim 1, wherein said reactive components comprises less

than five percent, by weight, of one or more diluents.

5. The method of claim 3, wherein said reactive components comprises less

than five percent, by weight, of one or more diluents.

6. The method of claim 1, wherein said polymer comprises a Tg (heating) of

between about 115 and about 125C. .
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7. The method of claim 1, wherein said reactive mixture comprises from

about 10 to about 20 weight % of at least one hydoxyalkyl containing monomer.

8. The method of claim 5, wherein said reactive mixture comprises less than

about 10 20 weight % (meth)acrylamide containing monomers.

9. The method of claim 1, wherein at least one at least one hydroxy-
containing silicone component is selected from compounds of Formula I:

Fﬁ’l [ $1_ $1
R1—§i—O—SIi—O—SIi—R1
1 1 1
R' | R_b R
Formula I

wherein:

R' is independently selected from reactive groups, monovalent alkyl groups, or
monovalent aryl groups, any of the foregoing which may further comprise functionality
selected from hydroxy, amino, oxa, carboxy, alkyl carboxy, alkoxy, amido, carbamate,
carbonate, halogen or combinations thereof; and monovalent siloxane chains comprising
1-100 Si-O repeat units which may further comprise functionality selected from alkyl,
hydroxy, amino, oxa, carboxy, alkyl carboxy, alkoxy, amido, carbamate, halogen or
combinations thereof;

where b = 0 to 500, where it is understood that when b is other than 0, b is a
distribution having a mode equal to a stated value; and

wherein at least one R' comprises a hydroxy group.

10.  The method of claim 1 wherein said at least one hydroxy-containing
silicone component is selected from the group consisting of bis-3-acryloxy-2-
hydroxypropyloxypropyl polydialkylsiloxane; and mono-(3-methacryloxy-2-
hydroxypropyloxy)propyl terminated, mono-alkyl terminated polydialkylsiloxane; and

mixtures thereof.
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11.  The method of claim 1 wherein said at least one hydroxy-containing
silicone component is selected from monomethacrylate terminated
polydimethylsiloxanes; bis-3-acryloxy-2-hydroxypropyloxypropyl polydialkylsiloxane;
and mono-(3-methacryloxy-2-hydroxypropyloxy)propyl terminated, mono-butyl

terminated polydialkylsiloxane; and mixtures thereof.

12.  The method of claim 1, wherein said at least one hydroxy-containing
silicone component comprises mono-(3-methacryloxy-2-hydroxypropyloxy)propyl

terminated, mono-butyl terminated polydialkylsiloxane.

13.  The method of claim 3, wherein said at least one hydroxy-containing
silicone component comprises mono-(3-methacryloxy-2-hydroxypropyloxy)propyl

terminated, mono-butyl terminated polydialkylsiloxane.

14.  The method of claim 5, wherein said at least one hydroxy-containing
silicone component comprises mono-(3-methacryloxy-2-hydroxypropyloxy)propyl

terminated, mono-butyl terminated polydialkylsiloxane.

15.  The method of claim 7, wherein said at least one hydroxy-containing
silicone component comprises mono-(3-methacryloxy-2-hydroxypropyloxy)propyl

terminated, mono-butyl terminated polydialkylsiloxane.

16.  The method of claim 1, wherein said reactive components comprises
DMA and the weight ratio of (i) said DMA and (ii) said at least one at least one mono-

methacrylate terminated polyethylene glycol is from about 25:75 to about 75:25.
17. The method of claim 1, wherein said reactive components comprises from

about 20 to about 70 percent, by weight, of said at least one mono-methacrylate

terminated polyethylene glycol.
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18. A contact lens manufactured by the method of claim 1.

19. A contact lens manufactured by the method of claim 14.
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IR BN o T, 5 S i PVP IR AR Rl T A L ) e i 22 AL R B o
XLEEE R AEA MU AT R B I 5 T 322U IR . B N AL, BN 20— Fh ik
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[0008]  (ii) FEJTIRMBLEL Py [l 4b Firids J 3 A 40 43 LB B iR A 1, Pl ids H2 A5 1 60 5
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[0012]  FaA5 R4 A SO Rl , AU 1) B AN 53 n] S KB BE s R AR R B o i B ks
it 5 P A R AN s PRI I B IJC 18 Wl #AN 2 AT ART 7 3 PRAIAS 2 T () Hex 8 7
(00131 BRAES A & S, 7 WA SCAE (1) A7 B TR 27 AR T ELAT A BH I J A Ak
TIEEAN A FIPIFHF S Lo F3o, B A SO X I ) LR Bl A e e 2
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[0014] EX

[0015]  GIASSCATHL, “ I NAPEIR AW IR A E IR G N A T A KT
AR 7K Bk I TN i (0 2E 2y (R NV PRI AE I N R ) BRSO N PR TR A )4,
E VA A2 B i o | £ NN NG o £ N -2 ) vl 1| I L A 71 D @ N B QR M EE
T GRh BURL) IR A ) (BT A2 FeESUE ik &4, e 1 IM4E
o] —FpmT DA S NP9, BT DU R S SR, (R BB OR B AE TS5 i N s LA S 2 R 2
FVEFAE W) R FRRER o N BRAR, v 55 T Pl A5 188l S L0 FH O SR s I 58 72 3
LRI IPAI

[0016] s J3 11 VR A5 A PR 20 43 PR R DA R A A i 8 1) 2 9 1) e IS V845 0 v R B A 2893 1Y)
FEE%LH . SRR, S AT R B R 5L T 70 s SR VR A W AR RE 71 b 1K P A 4L 4y
BEMNEUERE %A,

(00171 GnASCHT A, “ e ik A7 ) e AR B AR/ BFH & SR A I SR

[0018]  UIASCHT A, “nIREH” RIS 20—l REME M, 1 NG R
1 S DN A R TG S TR S I e o PP D AR IR . N— LB SR N IR . N— 2 SRR IR 2K 20 2
R . AT RET AR A YA TR A E REH

[0019]  WIASCHTH, “BiKIE” g —M a2 Fiih &9 / ARELL 10 EE A E T 90 HiE
B K PR G R ASES IR, FF H oK 235 —FPrel 2 BG4 / BT DL 10 B4
BT 90 EREMI/KIRAY T A TTEN . 5 20°C NS00 R AR B

[0020]  UNASSCHTHL, BRAE S AME I, B NIARTE “pedt” 248 1 2 20 M1 e,
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[0022]  NPERAMIES E DR S A IEERLLY, Frid SH R A s £ 0 —4
RN (“SRENAIEEA D7) FEHEAZ) 200 2245 15, 000g/mole (i WIZy 300 2
272,000g/mole) MEI T 8. SHIEEMLL D (SCENRELL D ) NAERAR KD T3
W HERD P SH R DA [-Si-0-Si] FERMA sy, £, Si FptE o LA
KT 20 F& %, W UEKT 30 Fi % 1S A HLEERI L0010 8 2 T B AFAE T A HLEE
Yloyrhe AT & 2R A WU AL S T 2R A 5 e ], W W I R IR  HH I TN A e s T
b L IS I . N- 3R NI . N- IR BRI I 2 e e e, T A K
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A
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[0026] R 7 dthide [ S N PESE  fe B3 ] L s o5 IR I, AT AT 35 AT w5k 1
FE VR RIS PR e AR IR | U TR IR 2 L I PR R L T B AT T A
EHERER IF AR A 1 & 100 A Si-0 EE G, ik B E oo i 5% B 4%
BRI VR VAR R IE R B I R R IR IR L ki R EE T 4L A
HheH

[0027] P b = 0 % 500 (#5400 £ 100, Wl 0 2 20) , Frp R B f#, 4 b AN 0 B, b
N BAETIREM IR (mode) 7041 ;I H.

[0028]  HHr AN R N EFE [, IF HAE RSl b 2 A R A e 3
U, 3 H &3 b—A R BEPOS — A s 2 AR5 A

(00291 [ H9 I S N PR E T I AR BRG] B 46 ( H 2 ) NG IR K M2 4062t &
JREIE . Cog i dE (HIE ) INMEIRER. (S ) IWIRIENL. C e bt (L) M N- &
I RN N— LG BEMENL  Cyoyy M EE Cyoyy M EERIE L €,y I EEZEIE Cy g WA REE C g M2
50— CMEFEEIEHIRER LA 0— SRR le . BH B 1~ SN 35 A () A R 14511 (0 4
LG FE BRI E B B LA AT TR AW o A2 — AN STt 1, B 2 S MR A ds (3 )
PRI PRI AL . (R ) INIREENG . DL eI iR &9

[0030]  fE—ANsjiflrf, by 0, —ANRUM RN, HFHEDSIAR BEARE —F
16 AN S 1~ 1) — OB 25 5E A1, IF HAE 55— sgitif] vhak B B — 2 6 MR 71— ki 5
S, A 5 — A S, — A RO ROV AEIE R, BN RO = hE R e S L A, B 4x ) R
N LIRS, JF A — AN, — A RO ONAPESER], AN RY D = hi ik
PEFEFED], IR R N L. ASZt) (A HLEE 4L 53 1 3R BR ) 1 9] 700 55 N 4 R —2- H
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A
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[0033]  FE5 AN T, b A 2 & 20.3 & 20.3 § 16.3 £ 15, slAE S5 jifsl ol 3
F 10 ;58— K RS RNV ERER], I AR AW R A EE 15 16 MRIEFR—10
YRR, I HAE S — AN S, % A BH 15 6 MR 11— e i 5l . 785 —As
Jtifl . b o 3 & 15, —ANAH RS RN L, S — AN AR RS B 1 & 6 MR T
[ — ML [, BRI R & B 12 3 AR T — ML B . ARSEtfl i a oL
YA AR BRI T dE (B — (20— $23E —3- HIEL BRI TN 3L ) - Tk 38— 3%
4B (400-2000. 88 # 400-1600M,) (" OH-mPDMS"” 52l TTT HFfl&isy ) .
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BUAE IR 2H 2 1R 5T 5 23 B R 7 NAZ AN & A — N T R A E Rl ( “ B RE S A LR
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CRCOX) , Hert R 24 H 8K CH,, FFH. X 24 0 8 N, 38 S AKX L AR 2R B 5 4, W I N, N- LR
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N= ZMk -N- LG eI DL EANTRIR G P i 20— o 85— SEitifs] v, oAb
KAk BAAA AL FE DMA AT/ B HEMA.

(00601  FRAR T it () B AR g P4, JLAth— Pl 2 Fhoigok k4 43 (451 4n DMA B HEMA) LA
W2 G AR AR o A5 — AN, T I N oy I E R U, SR KA IR A R 24
60 FLE %, W U2 5 4 40 FE %2 10 R4 40 FE% L 13 2440 8% 54 13 2
2530 B %o E—AHEEI T, (1) FTidksERME4 5> (6 DMA 8% HEMA) 5 (i) Frid %
b BB L DU R G Bt i () 2R 4 R E R EL o2 25 1 TH B 75 1 25,

(00611 &5 —/NSEtfsl b, (FH2E) DM I Ak i o IO TR S b i i i 4143 (AT
I FREFIBRAD ) /N T2 10 FiE % N T4 3 EE X AL 10 EE% 2 E. (HIE) N
Pt Jbag B AR () 491) 1~ E 45 DMA L A RN« N— Sk -N- WA RN « N— Sk AR LG &
IR A

[0062]  Fadr i ARV & n] b e TR SR T A (AR RERIBR SN ) A T4 10
AR %ALY 20 E5 %2 (0], FRLEEE BRI ]+ L4 HEMAL IN MG TR 2- FR LR 2- FR LR H
FEN MR  2- FR N 2 AR N IR eI 2 F R N IR IR IR N IR\ 2- 2 T S AR TN . 2- 72
TR IGIREE . AR A Y%
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[0064]  —FhERZFPER G TIAFI B E T RNIEBEY T . RE 51 R A6 1 AR EA R
T Y i ?ﬁiamﬁmw%@ Cit R BE I 2 A i A 28 G e k1 e A
BRI E o TGS ), HOGHIRAMER (W05 R a - FREEE . e fd B A S Al I AR &
P Tt A A A Tl OO 2 AR A Bl , FBURE N b — i eI RR S5 ) o Jen R A~ 1A
TN 1- FREEPA OB OREE I L 2— FR 0k —2- AL —1- O3k — T —1- 3L (2,6 - HIARZE R
Bk ) -2, 4-4- = I 3L R IL A AL B (DMBAPO) - XU (2,4, 6— = F 4% FR R 3 ) — 4% F 450 1L I
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AL AR I F R, AR S 4- (N N- ZHIEEE ) KR SBRRIA & . vl R W 3R1S T
WAEHEFIERAIFEART [IRGACURE" 819 IRGACURE® 1700, IRGACURE®
1800, [IRGACURE®™ 1850( #3158 [ Ciba Specialty Chemicals), BL A Lucirin TPO 7

KA (15 H BASF) o« W RIIEIRTFH UV D651 & 5744E Darocur 1173 Fl Darocur 2959 (Ciba
Specialty Chemicals). HJAff H 13X L& 80 HAh ' 51 & 7 2 FF T 1 G. Bradley 4 45 1
J.V.Crivello&K. Dietliker [] Photoinitiators for Free Radical Cationic&Anionic
Photopolymerization, 2§ 111 %, 5 2 X, John Wiley and Sons ;New York ;1998.
[0065]  ZREGIRAUGIRXNIEBEIRDCREG A M E (FW0.1 24 2FHEY% ) H
TIRNIRGY . PTG T B - SR G 51 R ), A8 R #elm] Wt e84 sl H A T =X i
MIEFER IR RVIR G IR G Sy, 51 & PTAERAA A D GS R AT, i, e— 1
SFo SR, A8 FHOG S LR RTINS, A% 1R 75 1 R 00 oA e B A A B T X (2, 4, 6- = ISR H
BEdE ) - RIS (IRGACURE® 819) 8k 1- 233k UL K IL /i 5 DMBAPO (11414, )
BAE S —SEitif v, A 51 R T2 2 ] WG .
[0066] A SR JE VR 7
[0067]  AE— NS5, S IR -E )AL — APl 2 B A BN R PN I ) AT L R A
AR T m T EEKEREY (FwHiid T 3£ L H 6, 367, 929 16, 822, 016 ;7786185 ;
PCT M| 11 W003/22321 M1 W003/22322 T HRLE ) , 5 s N SR K PR &4 (i ik 1
FE LR 7,249, 848 HR L ) o PAESIEVE R A - SIS PR SR Wk, v an, R (N- &
I BEE S ) R ( IR R ) IR (N- L0t -N- WL AEEZ ) V3R N- LM
LN BRI G DL A e T AL R Y. B I8 L R ARG N A TR s IR NG IR\ 2— HH 2
WIGTRFE LB SOV 2R 4 B AR e T A A 5545
(00681 AR Pty (B AR S £, — R ul 22 i e 5 T DAL SE v Ju R I AR AR . A2 —A
SEHt v, 2T NIRRT T A ((ERIRRERIRR AN ) 488 f o v, —Fhek
PRI R AR 24 50 Him % 224 30 HiE%, L 5 Hiw % £4 40 EE % 45
% P22 30 %, WL 6 HE% 2L 40 HE %L 6 HE % 2L 25 HiE%.
oo69]  FLAthZH >
[0070]  AIAEAE T T A R W I s v 1) e TR 4 b 1) HLAR AL 43 B R ARAN PR 1
KAWL E Y 25570 U E AL G LR AR R G I ekl aT LR AR SR A O L
AL AW B FRARBRZE 43 2R T 7R S AR 3 1k T ) R BT T A A S5 . A
— NS, 3N SR LSRR R 2 4 20 HE %
[00711 kgt
[0072]  7E—ANSEHA] T, FEAAAE BUAAEAE BRI I 0 1 R S NP2 43 (Bl & L
Tk A 2H 0 S/ PR B RN SRR/ B A 2y ) TREAE B UUB U NIRG Y. 15— 5K
I, RN EIRAE S N T A E 2 A (Bl N T a2 N T A
T EBNT A 52— ) R el 2 MR, Bl A B R
(00731 A FHA e 1) 1 — AN St 9 v, A B 55 LA AR IR ARk DA s 3 25 F B i I
ARG TH AR E A 55 o RAEAR K B IR R A B B M 1) — 07 20 48 1 Hansen ¥ 2
ZH0 8 po AEHFLLESIIEEI Y, 6 p /NT 10, IEN T2 6. SEIRMBSIIE—2 AT T3
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[ &A1 H13 20100280146 FIZE[E L F) 6, 020, 445 H1,

[0074] 75 —/NSEHtif 26 2 AR R RN IR BAE AR ( R/DFEMRIRE R ) o BRI, 78
— AN, FRREAE AR 2 £ 5 T % T HAE LS ) R s R T 2
% 1 % R N IR BHH AR o

[0075] G AR RE T I 2RO B FRAECAN PR T B AT 2 22 20 ANl B 7 B S T A A i A
10 &5 20 /N 51 RO BR e 1K L SR I FLAT 3 28 10 AN T IRl FLELAT 8 &8 20 AN 511
TR o B AN, AR5 7 R AR T G 0, DA B T /K /KB IR E o AE—28sK
it A8 v 5 I AT R AU o IR RN LG BAT 4 & 20 ANk IR F IR R AT 10 &8 20 Mk
Ji - BRI -

[0076]  fE— NSl b, FRREFIIE B 1, 2- ¢ REBUREE 3 FH 2L -3 . 22 1R. 3,
7T- I -3- EEE, =08 B EE (TPME) L1, 2- P LA =BE. B A T4 200 14y
30, 000 Z [ 153 F (P58 & e AR 25 e (15 1 Glucam SRA) ) « LR T 482 4K
CIE S 255 .

[0077]  AE—ANSEtf9] H , FRORE AL B AT — 8 RERE I /K s i B KRR 7)o A — LB St
B, 2L 2 SRR SRR . AR RGBT FE] T AR EAR T 1- 3= FE.
1= W% 1- Ol 2- CUEE . 2- .3 FE -3 Pl . 2— R BUS  A — T2 T
1= THE.2- 3L -2 JREE.2- 40 -1- THE.OWE.3,3- WL —2- T %60 ¥ .1 —
el 1- LA SE —2- TNIE1- BUT582E —2- TN, EH-5 ( v]J8 H Ethox Chemicals).2,3,6,
- VRS -2, 3,6, T- DY EAE 9- (1- 3L 43 ) -2, 5,8,10, 13, 16— /N4 A% T-E%5%.3, 5,
7,9,11,13- NHEEIE -1- HIUEE SRR S5,

[o078]  FHTAKMMA S MAEEEE R T FRT.

[0079]
i W (E&E%)
A HUEL 5 10-87,10-80, 20-70
PEG 3-30
SRR 2H 4y 5-40, 10-40, 13-40, 13-30
TERE 7 0-50 ;5-40,6-40, 10-20
Hopt 0-20
il <20,<15,<10,<5,< 1,0

[0080] [ B, AN S G A2 0 IR IN 2 22 1000 i 4b, IXEB Y [T LMEAT41

HIRAIITAHE
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FNARERE (AR R SR P50 ) AT [0 o iR il B TR A~ 0T 156 B R 3, 408, 429

A3, 660, 545 1, FEL B I JVA AT T 96 LA 4, 113, 224 1 4, 197, 266 o fE—5C
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il vh, AN R W P s A T L L AR R A LR AR I T T K, AR 22 5 1, I HLRE RS
R IR S5 IR IR . XTI, B O NIR A W BT B e 28 B s A WU 7K it
JBE R T AR PRI L o, AT S TR B ) 48 32 Al PR AR SR & I 25 A, el b ™ A2 AT B 28 P i 1 it 1)
KHEARII R G -

[0083] ANt b, AT MRS gt ) B BB o A A AN B s Ak Bt A
(R0 5 S BT 3 2 R o e 30 B 1 5l 7 VA DOtV H B8 A A A5 9
AU, ¥ an e FLA Bt s B BB

[0084]  FE— NSt b, [ AL ARG 2 5, X8 BEAT S I, DA 2SR A S5 3 1A 2 43 A 5
F BB A o WA SR BGRAR (A WL, Gl ) BEAT I, B A H K
FEHL

[0085]  ZKWVBRA AL B 7K VR o A5 — N SEHAG o, AS R W (R KRB 5 22 /b 24 30 FE 6 %
[PI7K A6 — 28545 o A 7 43 /D 2 50 T3 %6 17K, 78— S8 s v 22 /b2 70 % K, fE 3
S H 22202 90 R %6 7K o KRR AR S AN K 2 43 1 A v
TS A SR FVE TR AL o eI AL & 55 . BRI AL S Y sl &R 590
B KA G, FOAH BT AN 25 AR PR 7K S VB It 25 5 1 I T gl 2D 1
fink 5% v ANASE L o I3 25 e ot AR IR 8] o AE AN S5 o, 2K 5 /T4 10 %6, 1AL
S /N T4 5 FL R % A LR (R an S I ), 48 53— A SRt o, KA S AL
W ARSIt o, KA T ZERE IR AR BE, T A 2 A, | PR A BRI R AL B T
(00861  fE &l it v, WA Qi 28 HEURE 5 R IR ARV, BIUAS R B TK VAT AN
IMSEIFER o A5 &SI TtAs] o, PRI AT AL HEAZ G dn - o () — R e 2 e oK s fi
TIPS B 7] ) 7K P 38 im 2 DAASEBE v 5t 25 PR 7K1 s LA ks e 40 4 B
s BLRCKE 22 /b — B R BRI A KSR, B2 e DR BT T 78 20 R Bk I I 2H
I3 BI7KA o R AT AR AN BAN I 45 FE 88 E s 992 (A DL T 5 A8 1) B i 0o 1 v gk
T

[0087] LSz 45tk P Cu 355 it I A7) LA R DAk 9B 22 R0 B ASE o 451 4, WA PR R
BRI B0 A AR AN TS A o A St 9] AT /G 455 2 e 7KV VAR ) 7 8
[0088]  AE— NSt fe] H, E L TR B T2k MR LB B o AR IX M T 20— St
b, 2 ARTR S S O AL DO SR S, T B kA e AT s . W
B DR FE B 2 — BRI — N R . SRS Bl A L P 5 DL & SR )
PRI, T AR AN FHATART R B 5m) (o an, /KBl NI ) IS o0 ™ WA LB B8 o AR5 Tl
S PRV A 0k A TBCE 380 FH 3500 B 50 N B mT B JCE B  (aan, 22 v 3k
K BRI . Sy, B8 AT AR K-S 2 AT A 2 B IR Ab B, 5 an 4 5 AR SR T AR B .
foose] B f Al AT (S AR T m R KH ) RF.

(00901 Ry

[0091] FRJREH -

[0092]  BEYHVBECIRGAR ( “TLE”) HTE A mRolicsil & . k4 4~ R a1 r)
HIIRAE 1. 37g/1 [RBK PR SV A 78 IR Bk 1 56 9% v SR 7K W SRl 4% TLF .

[0093]
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F: BBAKFR(TLR) 2844

404 20 A% (mg/ml) * R
QAR EE
Vi 1) Bl 1.85 A &

k& a 2.1 SRLEL

yiRES 0.3 Ao 5
# 8 F3Leg ILAE 2

A B RE G 1.3 HE:G (BILHE
a)

BRMEAE R 0.05 2 sn 3

FEa 0.15 ZARTF M

(@%&%&. Fn'. Vol FAMIKK

0 ok
JE(ng) G A2 T B P 64 Fpbdn o 0.1% i
JE i
A B AR I8 b AR A 0.024
8L B RS 0.021
Hid = d AR AR 0.016
DRy 0.012
+—ER M B 0.0032
fie [ A% 0.0016
# A 0.1

[0094] 1 Fn:4EEH

[0095] 2 Vn :BH&EEE

[0096] i 7 Ak G s 2 Aol . 158 BA-FL A B ALEkER 1 (TR i 4k
BA) FNEIEEE AW (Sigma, L3908) LA 2mg/mL FHR W ff TR 25 22 1 £h /K R
o, FH 137/ 1 RN 0. 1g/1 (1) D- M2 BE K Ab 78 o X TR i, Al FH AR B 1
TR =AM 7, I PBS A5 0 B BNAR = /MBe Fr o R BT 1 A2 T 20 A T LA
2 BRI VT T B ML RS 2 T IR RN FLAL T 2mL (19 B BRI 24 LI 1% F- B
b (AL ) o BB PSRN o B 2mL 199 B R B AE— L
RO ANl A S 5 T

[0097] A 458 b BARCRH AN A 55 £ 11 B O HLB 7 A6 PBS v xS ROSOR A s FBE dE AT
B LAGT IR ZE R AIK, JBCE AR AR B 100rpm HiFE I PE X R G ds EIFAE 35°C il E 72
NI o AR T2 N E IS, Bl R iR =AY (3) ML A4 200mL /4 PBS
/NP B phde 3 22 5 k. BE R4 B DL BRI Y PBS W, IR R C R HETE
s (RRARAT LAMEE ), 08— S ARF 1) PBS IR AR AR 55 35 - SR (135 T4/ B 4L & i
T PRI VAT IR R SC 0 5 o 7 A A5 R AR A ) 2 P 0 T AR 5 75 A Qs i iR 1 1 B 1
PRAEDDTETE Y (0. 05 e 28 30 Fme ) o ELAIWRINCHS B BEFE FEAIR T 100 v g REANEE 1 IRAE
WeRRE 5 % . O SNV B BEOBOREE s T 500 wog AN A HORE By IR A 3E B A 85 05 )
YRRkt 20 5.

[0098] ¥ PBS i Iml Z54% il kEH T4 5 9. CE2. Al balafilcon 55 )7, 3F HoKf 20ml Y T4K
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AR A BEH o XTAREAS G FRBE A HEAT R RE I AL BE, AN [R] 2 LA 75 PBS 1Ty JE 3% 11 i al I
JIE B I

[0099] ¥ s Wlg ol I iz 23 B WOl A B b ) - ms bk FH RV N 5 , Ik J7 kA
QP-BCA 5!l & (Sigma, QP-BCA) , 1A HH il p ik i) 2 B8 (BrRAED) il o8 A0l ) & A Pl
) 5 F AR I T R B v R (R TN e 1R DY YR 25 A PBS HRR B ) (T
5¢) PTG AT I

[0100]  FFAERE7E 562nm UG BE M Synergy 1T ABEAR ORI G

(01011 CRiER IR AT T A0SR ikl & . £3 B 2RI R I, AR AR 1 R B
7 (Sigma, M3895- ! 1-S) LA 2mg/mL )9 BE S fft 11 18 Sh 2% v R /KW (Sigma, D662) ,
H 1.37g/1 HIBRIRE AR 0. 1g/1 1) D- MZ0EkAb 75 .

[0102] T AEAME 5 1) = ANEE A0 HRG B iy i sk, FF HLASE AT PBS AR DAy ok L v il ik
Ao MRREE F AE TG 20 A T DA BRI B R A8 G 1 BT JC e Hb G RS 3 T 1K
ANFUELT 2mL (RPRG R IR 24 FLAE R IR B (RN LB ) o BENBE R S R
NI o 0T B A8 PBS AR A s v AR g ois 380k 1 ok il 46

[0103] LR ARG ER (1 1 BE 7 AR LA A B 359 NAE PBS HR R0 IR F R ASOR) FH A o i
HEAT 25 5 LAy 1125 R0 K 5 I8 78 ELA LA 100rpm SR 9 R % % B IEAE 35°C Rl
B 72 /80 7 T2 /NEREE WS, B s RS R R AN (3) AL 4T 200mL A4
FUPBS H/ME T #E st 3 22 5 IR B E4uh B DL 2Bt 8 1 PBS WO F R 2 A~
FLALE ImL 1¥) PBS WG 24 LA

(01041 RN 2R 1 WR e 230 FH B3 b 1 s bk FR R v 000 5, i 3k U7 A5 ) QP-BCA 571 &
(Sigma, QP-BCA) , A1 i il 7 ik ()20 3R (Bl & Al &b A ik ) , I Had it
ARG I TR IR B BT s ()06 %% FE Y 25/ PBS TR 8 v (55t ) il 1)
BN, R B AE 562nm T IO 1) Synergy T Flbr SR G2
[0105]  Jf 5 {& 233 °C A £ 4545 % Y AH X ¥ BE F 18 1 A 1 £h 2% o &5 7K I HL R H
Wi lhelmy -5 ) A5 Ff £ 5% DCA, MR & n ¥ii P o A FH Wi lhe Imy foft &% - &
B2 2 T R PR &k 2% b 58 7K 2 TR) PRSI ) TR s MBS F 1 v 38 20 DD FR A i 45 LA 100
K/ FD I 2R N B R 7K A B ER K b o AT R i A 2K

[0106] F = ypcos® 8{ 0 = cos ' (F/yp)

(01071 L F ORI ST, v A ERIBARI R 5K T, p A2 H AR IFE A, I H 0 o8
FEfh o G, M BDASENE SL 0 IRAS P N A AR — TR A R R B . FERE SRR
NERINBAAR TR 50 AT S 6 PR 38 70 SRAS i BB A A1, I FLIX LE it 2 fik ) 4 A% SCHdd
SKIAE o ARSI & AL, Tl s (.

[0108] ik ISO 18369-4 :2006 Hr A AAH A 1 AH H A LA AR A I AR 35 5 SRl i 37 280 88
(Dk) o 7EF7 2. 1% 5AMIEE N T E . W MR S A& DA G LR R B A A<
N (40, 1800ml /min HIZU/TAT 200ml/min (2575 ) KO HIRES . B G IR4EIK
RV t/Dko A8 FHINER SR 92w $hK o 38 3k A R v 1 e a0 A58 1T A it i MMA. 55 el
EI . AR AR T8 . NS X IR HE S A B RS, A2
I BA AR E S e Wl E A B AN A 1 R AL 4 /N FESA Y L/Dk, 4% L/Dk AH
XTI AR AR B R D Dk W SRAE S 128 Dk /T 90barrer,
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¥ (1+(5.88(CT(Lhem it )))) HIiLZk IENH BV L/Dk fH. WA & )28 Dk KT
90barrer, WK (1+(3. 56 (CT (LA em it )))) HIIAZR IEN H 2412 L/Dk {H. # 4 M
(LI LAEIE 1) L/Dk AN T R EAE R o IR I RIEO FF 5 16 Do A AL B2 K
PR KRS . T Dk B LA barrer by Bf73EATid 5%

[0109] JK&&

(01101 % N J7 MK F i AE AR P8R A7 TR 24 /NI o A FH i 4 i A
25 MR IR P B =AM 1y R R — A, IR LA TRl 4 b, ik R e 4
W) RO . AEEE B 38 5 R A . A B, K R TR A
W FRRE . 4 IR R IR S AR LR AR EE IR, IF T SAME
01111 JEIDEFE S ALE T ST E 60°C [ H S HAE A 30 208, Ml &1 5. il i =
T, ARIAE| AR/ 0.4 i) Hgo RIATUF A, TSR 4 /Mo FTIFBUSRE, IR
FIRA . BHAIERE. W HHEKE & .

[0112] R FE =M MAAEE - FREMRMERE

[0113] FHE={MAGH WAL TE - FREMMWERE

[0114]

%K4EE=(EE TF)x 100
nE

(01151 THAAE b 7K 35 1 (P30 (R Y Al 22 10 5%
[o116] i kA F FRAR AR W df A B i 1) C 5% 70 Ay A% S 2% 1R 8% 20 284 A X 560 WL 1) 1 T
RISk, MR A E. SRR EFE Instronl122 B, K HAT 0. 522 ge~F 4K,
0.276 JE~]“H” i1 0. 213 Je~f“30” 56 BB TR AE S e 2 Je e b, JF LA 2in/min ()1H
CHR KRR WEAE MK (Lo) FFEMBZAKEE (L) o ALK
B AN, HEd s P . 7N ) / NS R EG (MR AR 26 PR3 oAb Il Fe i i . A
Kot = [(Lf-Lo) /Lol X 100.
[0117] R IEAL AL AR IR T PR &k tan & MW (H RAE ) o A B v B 1 A8 4K 1)
DSC ( #i% 1. OHz A #hik X (5K F1= 0) . FATHR (25. Omm B A% ) S AIBIYIN 17 5. 0kPa)
[ IR 228 [ 46 [P IAA 55°C LA 1°C /min T2 03421 150 °C el & 55 i [ 4 2 ) ) 383 Ak
AR E Te BhASBI IR R (67) JHFER R (G”) Fl tan §
[o1181  sEf
[0119]  IXLESEEIANFREIA K B o SN PORAEFE H SE A R I 7. B 35 8 il
[N A L 5 mT e s B B A SE B AR B M T . W R 48 5 AR LU SE AT A -

[0120]  DMA N, N= LN N

[0121]  HEMA HIL IR 2- F2 LR

[0122]  IRGACURE 819 XU (2,4, 6~ =R HWERL ) - ZRILE 10

[0123] Norbloc 2-(27 - 323 -5- WIENIAWEAIE 43R ) —2H- K = m
[0124]  OH-mPDMS HL - (3 HIE GRS —2- FRIL AL ) NS - T
S v 2R SR (Mw 612g/mole)

[0125]  PVP & (N= LI HEneng fe i ) (Brid K {E)

[0126]  TEGDMA VY 2, i F I I I R e

17
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[0127]  acPDMS 1000 XX —3- PMAmEA L —2- BN LN 4 3L 3 — W LRk e (MW = 1000)

[0128] (CGI1850 1- BRI EA UL R L A (2, 6— — WAL R DL ) -2,4-4- =
FREE IR R 1 0 1 (wet) LR
[0129] mPEG 475 RO RE (ATOMW) 5 HH P PR FE L A 5 T T4

[0130] S 1 A0S A /K PEZH 0 6] mPEG 475, DA 26 F B 1K K30 55 K90 [ £il5]
(01311 ¥43R 1 Y Nk TR S ) B 40 70 B e F R AR R o AEBREI €] i o)
F IR IF H A ISR YA BAT LA 45°C R In AR ) ) O 8 TR i AT IR 3h E 23RS 58
I o AR LA S N FARTR G AT I 2 5 2 A 760mmtg () AU RE 15 4y
B IR bt Fros BB A A A A RO B o A RCE AE R it b i)
ERSOR [ 4 85 LA S 36 1 e D) EI RN ) OV o R 5 E 280 I 1 F A4 TR 5 4 R B 2L B A4 1)
FEASCE AR SRR I LU TR

[0132] WUt o BB L5, OF HBE i = ERFFAE zeonor BT I o 1AL =0 N RHL
B3 e 0 28 P A A R i R A A e i i ) ke AR T B

[0133] £ 1la
[0134]
2043 51 2 &3 yE A
OH-mPDMS 40.00 40.00 40.00 40.00
mPEG 475 10.00 17.00 19.00 21.00
HEMA 25.25 20.25 20.25 20.25
TEGDMA 0.50 0.50 0.50 0.50
Norbloc 2.00 2.00 2.00 2.00
PVP K90 10.00 10.00 10.00 10.00
PVP K30 12.00 10.00 8.00 6.00
IRGACURE 819 0.25 0.25 0.25 0.25
[0135] £ 1b
[0136]
KB 148
AKF <0.5%
T L AR5%Z(TLO3) 5 - 6mW/cm®
B 55-60°C
RRM 7| & 100uL
B 4 I IS 74
AR L34
LRk Zeonor
F R @ KA

(01371 PRS0 “ Tl eg” B R AL 2 5 A& W / dEAH 2> B 1, IF B B IE %
1B A B A VB IA (RE 5 o AENIE v 08 77 TR A] A7 AE 25 R ERE R (B A o 2
AU ) X F5 7 s R R B MK o BE R A e s K B B AR A& Y/ HE
AR B, IF HAE s K B 2 o BRI/ AH 5 B

[0138] =5 2 A BHEEYE

[0139]  PEAF HFEM 1 KW E T KRS & 58 H o b s K i o b 3Rk45
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i%

R B

16/24 1T

K7 3 2 v, Joh LR 21 5 5 1 25 Ko

[0140] %2
[0141]
K% FE% AR BE,
(A82FF CSI) AEE (psi) PR EY%
47.0 (0.2) 152 (5) 129.8 (6.3) | 322.1 (36.6)
[0142]  SEf] 3 ;5]\ acPDMS 1000 WIH T 1 sl AEAH 2 B i) i el 2 4
[0143] £ LLy/D HEMA AR IR 4500 R A FH acPDMS 1000 15 AT BEFIAA 2 1) 2H 49K T35

P IRE 3 RRE il 4 CRRLERE S S e iy B R I 7 AR 2 BB ) R 3R Y. X4
HERMIAERR 3 P bR 5 FIFE N 60 ARYESEH] 1 RARBIILIRY) . A, AR S 1 ok ifiliE
AT AL BB 5 22 K AL PE

(01441 £ 3
[0145]
20 4 oo S b 6 a7
OH-mPDMS 40.00 40.00 40.00
acPDMS 1000 2.00 2.00 2.00
mPEG 475 21.00 19.00 0.00
DMA 0.00 0.00 19.00
HEMA 18.25 18.25 18.25
TEGDMA 0.50 0.50 0.50
Norbloc 2.00 2.00 2.00
PVP K90 10.00 10.00 10.00
PVP K30 6.00 8.00 8.00
IRGACURE 819 0.25 0.25 0.25

[0146]

PR B A e A 2 Ja B W / ARARGY B . BRAh, 15 B FEdh 5 A1 6 IS A

EXRBA BT, A3 BRES 7 BB RIS W o 0T RES 5 M 6 1, ZEALAER
R TT AR 2 N ERE RS (B R B FC) o B8 1 7 i s K B 2 R AR s oA
IR/ AEAH S B, I BAE s B K B2 5 i W / JAEAS: 3, IXF8 78 acPDMS 1000 &
BEAIR 55 5 mlAH 0 T HAT W R

(01471 Sy 4 A FERE

fo148] 43 HAE ML 5-7 B CK W B &2 W) B PRI . IEK S B a0t R A7)
EEDCA R HEA Dk (AL AR IE ) B RS 70t SRAF I EHE s T35 4, Ho 3kt
TIEWIR /AR S e AL, DA D B R ) O B R AT (R AE

[0149] 4
[0150]
o | K% FIE % DCA Dk AL e
(Aa2+F CSI) | #rEtA (A% CARIE) K% (psi) 1% %%
5 | 477 15 (1) 151 (14) 75 130.2 (5.8) | 159.9 (32.7)
(0.0) ®50 (11)
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[0151]

€48 (6)
462 (12)
6 |479 21 (0) 51(7) NT 123.4 (8.9) [ 159.5 (31.2)
(0.1) ®50 (3)
€48 (3)
151 (9)
7 455 NT 51 (8) 59 142.7 (7.2) | 226.8 (34.0)
(0.1)

[0152]  a MELEGHUHY 5 BB =

[0153] b £F DCA 4\ i -~F-4ir 3 /Nt

[0154] ¢ {F DCA 4\ )i ~F-1; 24 /Nt

[0155]  d {F DCA A1) " ~F-1f; 48 /Nt

[0156] 551 5 - ifi 15 mPEG 475 AHXT DMA [ bb 26 DL SR S A4 45 o 0

(01571 FIHIAE S 6 /E R A7), 75 Lok /> mPEG 475 AU B DL R ¥ N 3% .6 % A
9% I¥) DMA, 41 5 FRHIIFE S s . H B2 R G FE 1) DMA SR =y 28 [ 4k (1) 58 Fr v R R 33

PEVERE, AAHLIREE 7 A FC I 25 R vl F52 1), RIS SRAS S AR I SR G R AR sefpl] 1 Ab 3

JLVRDY . AN, RS S 1 RBE B A A IR 2 K Ab B

[0158] £ 5:
[0159]
20 45 Hdn 8 59 A5 10
OH-mPDMS 40.00 40.00 40.00
acPDMS 1000 2.00 2.00 2.00
mPEG 475 16.00 13.00 10.00
DMA 3.00 6.00 9.00
HEMA 18.25 18.25 18.25
TEGDMA 0.50 0.50 0.50
Norbloc 2.00 2.00 2.00
PVP K90 10.00 10.00 10.00
PVP K30 8.00 8.00 8.00
IRGACURE 819 0.25 0.25 0.25

[0160] PS8 b 7E [ 2 Ja A& W / AEAH 3 B RET AR 8 1 &, ZEALIEE v #
BT IHAFAE 2 AR RS (B8 oRE 2 FC) o #8409 A 10 B B R B A2 198
K- 1 H e 8% T A X ALk R 25

[0161]  Sf3 6 A FHAEEYE:

[0162] AT FAF AL 8-10 ) VK BB 7 /K & 18 55 BE 1 2 Ll B & VA P 40 LE . 3R
R EH R TR 6 .

[0163] X6

[0164]

20
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G K% FE% DCA Dk HURRE BE
(#asF CSI) | ATH#HA BEps) | HEE%
8 46.4 (0.2) 11 (1) 55 (6) 75 | 152.2(9.2) | 129.6 (33.9)
9 47.7(0.3) 19 (1) NT NT | 157.9(8.6) | 149.7 (26.2)
10 47.5(0.2) 20 (1) NT 64 | 151.9(12.6) | 164.4 (41.8)
[0165] S 7 AREAEE

[o166] MR B L] 1 R 7 h AT SR B HIALE K30 AT K90 [ 2H A DA A 4%l LE R i A8 6571
(acPDMS 1000 :TEGDMA) [HIHVEMI. BeAh, P S 1 kfilid s i A s, Ks “ T
BB HBRCE RIS SmL AR I ST B AN, O HLRE S BEAT KR

[o167] X7
[0168]
20 5 o | Hoe | o | Ao | o | AR | AR | AR
11 12 13 14 15 16 17 18

OH-mPDMS 38.00 | 38.00 | 38.00 | 38.00 | 38.00 | 38.00 | 38.00 | 38.00
acPDMS 1000 200 | 200 | 200 | 200 | 2.00 | 200 | 2.00 | 2.00
mPEG 475 10.00 | 13.00 | 13.00 | 13.00 | 13.00 | 13.00 | 14.00 | 14.00
DMA 11.00 | 800 | 825 | 850 | 6.00 | 800 | 7.00 | 7.00
HEMA 18.25 | 1825 | 18.25 | 18.25 | 18.50 | 16.75 | 16.75 | 16.75
TEGDMA 0.50 | 050 | 025 | 0.00 | 0.25 | 0.00 | 0.00 | 0.00
Norbloc 200 | 200 | 200 | 200 | 200 | 2.00 | 2.00 | 2.00
PVP K90 10.00 | 10.00 | 10.00 | 10.00 | 12.00 | 12.00 | 12.00 | 10.00
PVP K30 800 | 800 | 800 | 800 | 800 | 800 | 8.00 | 10.00
IRGACURE 819 025 | 025 | 025 | 025 | 025 | 025 | 025 | 025

(01691 TS M5 v fE b4k 2 J5 MBI / AEAH 0 B 1, B B2 B nT 2 R A K,
It HRERE R ALK ) A FC 38 4 %1 5

[0170]  sC4 8 A FFgEME

(01711 AT AAES 11-18 M CU K B8 i MK & & %5 8 [ 70 o B R E 2t
A EAE 7R T-38 8 v, JLrp AR 138 6 T AR S ERAS T W3 IR AR 5.

[0172] #£8
[0173]
o K% FE% DCA Dk HUARNE BE
(#axfF CSI) | ATHA AEF (psi) 19K F%

11 | 49.5(0.2) 10(0) NT 60 133.9(9.8) | 162.9 (24.7)
12 | 49.5(0.2) 10 (1) NT 60 129.5(7.4) | 127.7 (31.6)
13 | 51.5(0.3) 16 (4) NT 63 113.0 (8.7) | 202.3 (27.5)
14 | 52.3(0.2) 18 (0) 61 (7) 62 100.2 (8.7) | 204.7 (25.5)
15 | 50.3(0.2) 9(1) NT 62 127.4 (7.4) | 186.4 (45.4)
16 | 54.5(0.0) 25 (1) 51(12) | 65 81.8(4.9) | 261.9(55.0)
17 | 54.4(0.2) 22 (1) 55(11) | 63 83.0 (13.0) | 243.8 (42.8)
18 | 54.3(0.1) 20 (2) 52 (6) 65 87.6 (5.1) | 258.7 (43.6)

[0174] {51 9 :PVP BEJK
[0175] AP GPBEENER W (IR £h 22 b Th /KW ) A Y PVP SRR B FE 0 14 FIkE
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R B

19/24 1t

i 16 KB o X T REANARE, T TF 2 AN HAVH SR #8585 f
101 O 5 Y AT A T A NS T P AN 6 i il = 5 Ao RS 9 AR GBS S ol N R G =R
BN bo 1 /NI 25, 8 e 264 3mL 397 0 VR S IR /N A I B3RS 2 /N
XFT B AR PR A, A28 9 P I TR) s B A G T ol o v s30AH iy — P g -4 T
i (HPLC/EST MS) >R4rHrAf i 1) PVP.

(01761 I e AH 8 s yA A FH R T B €A 7 25 4R SE 00 PVP 140 -
[0177]  #F :Polymer Labs PLRP-S B&K /4% — — LMidEa8, 50 X 46mm X 5 1 m, 100A
(01781  FEi& :50°C
[0179] JEAAERFL :501u L
[0180] VAL :1mL/ 434
(01811  BEhAH YL A : EFH 0. 1% =M LRI LI
[0182] YRV B : B 01% —H LRI /K
[0183] VR C : B 0. 1% —H LRI R
(01841  HT MR S AHBE EE R BT -
[0185]
i) (44 ) %A %B %C
0.0 22 78 0
1.0 243) 78 0
11.0 70 30 0
[0186]
11.1 50 0 50
14.0 50 0 50
14.1 22 78 0
17 o5 78 0
(01871  Hit HA 80% Y5t d ik S /4 = (CID) ) EST MS SkSZEL PVP &, v Wl A

86 [M)sifar bt (m/z) HIES¥ (PVP).

[0188] 15 HAF AL 14 A1 16 (1 PVP 1 S|mBURE R 7~ T-38 9 v, P RE g Uk B FF S 2 2
24 /N,
[0189] 9
[0190]
FE&h 14 FEN&L 16

i) (hr) | RV ug/ BE A SRR g/ B

1.00 76. 02 18. 63

2. 00 79.11 21.18

4. 50 89. 29 32. 65

6. 00 92. 93 36. 60

22
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8.50 99. 10 45. 87
12. 00 107. 84 57.67
24.00 139. 17 100. 53

[0191] 525 10 A4k mPEG 475 :DMA EvZE DLSEEN T 35 ) Tt 5] 2 7

[0192] R4k sz 1 RACHIE 5 K30 A1 KO FIZH A HIFLIR Y, WiZk 10 Fros. pbabh, fidh sz
1 1 RHE I H R B R o AWEFTI H BOAE T 3R B ads il 570 1 ] 4 AR A ) T
PEG : DMA LUZRARAL FIBUR L, Hh bk AR O T A B R AR AR 1

[0193] ¥4k IK-FERIR BN /K T B2 mPEG 475 7K P 18 Iy 384 b, 31X S 804 =3 R 6T
BB 257 A 380 B N ERE RE o FF i 19 FoAT S5 ey IR PRDERS B2, L >t in AT LAk g 1), 5
H 2T 60 % PR R A 2 zeonor HIF T o Jf 17K F-BEAE DMA 7K~ B3 In i 34 0, iX 3 B7E xS
I T 0 AT LB 1) 308 22 A0S BT SRAS R 88 8. RE TR 26 110 5, A8 Sl R L )
I8 7 9 100 %6 159 58 AHIT T30 25 o SR 1T, KB IR R AE A 2 A v e DR e e 1 R B
AR FR R I, 1 G L 4 T SR SRR 1 o KR 22,23 A1 24 $45 T Bl R B A B
dpe /DA (AP PR (R I 00 3RAT T S e A ) B8

[0194]  FEVERES A 09T 85 / MU B S 7E i R kAT, JF Bl s 12 [k
(PVBE A IRk B PR B A W s o DRIk, mT A FH LR Sk e m B 1 (1) 34 s PE

[0195] i HA mmPEG 475 AKFIIEE R (FEdh 19220 1 21) v 31 2IMIG T % ik T35 s
v R FEE RGP AP, X W] g 3 BT ) 5/ BB 25 IR T SRS 1) ™ 2845 21 0 28 3G
[0196]  ARTAEE AT =y DMA K88 (FFah 25 Fi1 26) N mr T =k i T s
YR R 1 7K ~F- 5 30 TT B T 2504 B RF 87 7 10 1) 42 = 508 I DT S0 T 0 2/ AUk
BN PR AR 077 2

[0197] 10a

[0198]

284> Moe | BEde | HMFee | FRoe | ARde Hoe | A | R
19 20 21 22 23 24 25 26
OH-mPDMS 40.00 | 40.00 | 40.00 | 40.00 | 40.00 | 40.00 | 40.00 | 40.00
acPDMS 1000 2.00 [ 2.00 2.00 2.00 2.00 2.00 2.00 | 2.00
mPEG 475 19.00 | 18.00 | 16.00 | 13.00 | 10.00 6.00 3.00 | 0.00

DMA 0.00 1.00 3.00 6.00 9.00 13.00 | 16.00 | 19.00
HEMA 18.25 | 18.25 18.25 18.25 | 18.25 18.25 | 18.25 | 18.25
TEGDMA 0.50 | 0.50 0.50 0.50 0.50 0.50 0.50 | 0.50
Norbloc 2.0 2.0 2.00 2.00 2.00 2.00 2.00 | 2.00
PVP K90 10.00 | 10.00 10.0 10.00 | 10.00 10.00 | 10.00 | 10.00
PVP K30 8.00 8.00 8.0 8.00 8.00 8.00 8.00 | 8.00

IRGACURE 819 | 0.25 0.25 0.25 0.25 0.25 0.25 025 | 0.25

[0199]  M&EFE M 19-26 (BT 11 Tg Nk ), IF H 4 3oRT3 10b s
[0200] £ 10b

[0201]
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FEihgm5 [mPEGA75( B % )  |DMA( EH% ) Tg i ©
19 19 0 116
20 18 1 116
21 16 3 114
22 13 6 118
23 10 9 124
24 6 13 127
25 3 16 129
26 0 19 135

[0202] 5§ 11 :PVP K30 : K90 b & Bk (1 5E i

[0203] A4k sz 1 RACHIE 5 K30 A1 KO FIZH A HIFLIR Y, WiZk 11 Fros. pbabh, fid sz
B 1 RHIEEE F HAT LR . B TR B B EER RS R 995 v LR ( B
50ppm HEEETYEZR ) IR I A BB S F3 H IK ImL 588 DA 00 B8 B 2 Ay 9 LB S Ja ot
R K AT KR . HTST I H AR TR A K30 & K90 bb 8t 185 F i B ok L 80
WG R R T U8 25 BRAR ) 52 )

[0204] 11
[0205]
1i0 w27 | A28 | AFSe 29 | A9 30
OH-mPDMS 38.00 38.00 38.00 38.00
acPDMS 1000 2.00 2.00 2.00 2.00
mPEG 475 13.00 13.00 13.00 13.00
DMA 8.00 8.00 8.00 8.00
HEMA 16.73 16.73 16.73 16.73
15 & HEMA 0.02 0.02 0.02 0.02
PVP K90 12.00 10.00 8.00 6.00
PVP K30 8.00 10.00 12.00 14.00
IRGACURE 819 0.25 0.25 0.25 0.25

[0206] =25 12 .5 PR

[0207]  WKAF H S 11 8L R DB . anaR 12 W IR S 25-28 BTk, X A
K90 & K30 Lb3, /45 T R 5 2 M L8 ke k. I 6 &R 8, 168, 720 Hh B
D5 VERIN K 4 Ee 2 4 He . DCA Rk ff < Dk (1A% O IE ) AR R 7 4
bt o A0EE i 7 B B 3 HL ok n R ), HARRER, IF B8 SRR I T R 4F
(RIImPRTERE o AR, A TR B AR % MfAFEL 1 2 )5, fE8 TR I TR IE S 45
(RFTsR 3. 3% 12 8 s o, 8 R TS NS 1 R 25 5 RIEA FARFREE, X
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MR C AR R PR ES TP .

[0208] % 12
[0209]
PERE R 27 Ffih 28 Fih 29 Fih 30
KEE, % 54.8(0. 3) 54.4(0. 1) 54.3(0.1)  |53.9(0.3)
[0210]
CSI %%, % 15(1) 17(0) 17(0) 18(0)
Prop R, 5 1K 1. 4013 1. 4026 1. 4034 1. 4038
Proa, 5 2 K 1. 4016 1. 4022 1. 4033 1. 4037
Prop A, 55 3 K 1. 4015 1. 4026 1. 4040 1. 4045
Pripr e, 5 4 K 1. 4024 1. 4030 1. 4033 1. 4043
RSN 1. 4019 1. 4033 1. 4038 1. 4040
e VR 74.00(3.61) |70.67(7.51) |66.33(4.51) |71.33(4.16)
Dk (1% CARIE ) 63.0 67.9 68. 6 66. 8
BifE, psi 75.9(6. 1) 77.7(3.2) 89.2(5.9) 71.1(3.8)
S 187.9(67.1) |207.3(66.0) |214.5(52.2) [210.8(76.7)

[0211]  {E%3E N8 KRUSS DSA-100TM AN, H 25 B 1 /KA R BRI ML, 18k Je i e Ak
ME B8 7 B ATERE R o 76 58 /K P e R & (3-5/ FF i ), DABR 235k B I W
o BRI B 1 U A R R R A B B b A B A IR A T 38 B A ¢
Y, DL 2 R0 K 0, AN TEEBE Ao A T B AR 224 1 6 B 1 “ BT ) 7 b il 2
Fefu e SRR B R b R RV RNy TR A SR R A AR R b, AR R
TS A T 1 oRE 5 S B R S 0 N, T Fe 8 A4 . AU DSA 100-Drop  Shape 47
AT IRA AR S 2 Tt E TR 3 2 4 A1) 25 B 2K » AR DR 0 I8 B9 B8 v ek .
SN 27 IS I 29I 7R i 1 = S 1 T e i W 10l = YA 1 A1 2 O v 7
WAESE R EoPAT 5 A 10 #PIF HEE T 0 BHGORI 4 i 2R T2 [R1 I 45 0 42 fnk £ A v 45 5 f
o

[0212] =24 13 :PVP K30 : K90 bRt B AW 48 it 2R 1 5% i

[0213] WA S 11 A8 0 A 1 R 2 R R W e e R ois 80 1 RO R
I 3 T B TR

[0214]  FRAGIEAE R T-38 13, JLrp RIS T n] S AT 22 5o AN, SR F5 5
HA R IR ERER B8 o

[0215] £ 13
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23/24 T1
[0216]
PEfE FE& 27 KA 28 KA 29 FE 5 30
SEAFRICE (ng/ B ) 7.85(0. 63) 7.71(0.25) |7.75(0.32) |7.70(0. 40)
AR AR (ng/ BH) 5.26(0. 08) 5.26(0.12) |5.23(0.02) |5.15(0.04)
ez 8 s AR (ng/ Bik) 3.71(0.18) 3.49(0.15) |3.75(0.31) |3.70(0. 40)

[0217]  S2f5 14 :PVP K30 : K90 Bt nl 3& K IR 54

[0218]  Jiid e Al HPLC-UV SRIIRAT B S 11 (8 F (T JE 2 ik AEdh 27 22 30 (4L

fa7s T34 14 o, Ferp ar g2 AR I AR AL R

[0219]  FTIFHN AT F HR BT A e A% B A BB AR o K558 R I [m) 3 1= FLA%
¥ BB N PRI o AT (5) mL I ELRF MR 2300 BB A AL BE 30 70 b B mh

il 2% Bl — = =4 9F Hadl ik HPLC-UV A H R IR Sk 4 i ) -
[0220]  #F :Agilent Eclipse Plus C18,75X4.6mmX1.8um
[0221]  FFid :25°C

[0222]  JEAMER ;10w L

[0223]  Yiid :1mL/ Z34

[0224]  FEEhAH PEBM A - HAT 005 % [EMFR KK

[0225] YRR B - B AT 0. 05% IEBERRIK) £ ik

[0226]  PEMLI C : B 0. 1% =50 LRI 57 N E

[0227]1  FF DMA. HEMA. mPEG 475 F1 Norbloc (15T HIAE Sl AR I R B s

[0228]
BF ] (44F) %A %B
0.0 97 3
4.0 97 3
20 0 100
30 0 100
31 97 3
35 97 3

[0229]  HF OH-mPDMS f¥] 53 M IR FE Sl AH A BE 4n R o -
[0230]

aFa (44F) %A %B
0.0 0 90
5 0 90
8 0 30
11 0 30
12 0 90
17 0 90

[0231] &9 IRT3R 14,

[0232] % 14

[0233]
26

%C

o O O OO

%C
10
10
70
70
10
10
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ikin FEdh 27 FEib 28 FE &b 29 FE b 30
DMA <3ug/g <3ug/g |[<3unglg |<3ung/g
HEMA <3ung/g <3pg/g |[<3ng/g |<3ug/g
mPEGA75 <78ug/g |<T78ug/g |[<78ug/g [<78ug/g
Norbloc <3ug/g <3wg/g [<3ung/g |<3ug/g
OH-mPDMS(n = 4) [< 78ug/g < 78ng/g |[<78ng/g [<T78ng/g

[0234]

I T il BUR CE A AR W B AR St 5 S E T AR W], (B A IR A 5 AR

I 1t A= R A1) £ it R ASOR) 2 3R A5 BT B S AR A W A Lo HA 5 1T S IS s R S AEBUR

ZORLEN

27
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