
SILICONE HYDROGEL LENSES WITH WATER-RICH SURFACES        The present
invention generally relates to an ophthalmic device, especially a
silicone hydrogel contact lens which has a lens structural
configuration creating a water content gradient and comprises: a
silicone hydrogel bulk material having a water content (designated as
WCsiuy) of from about 10% to about 70% by weight and an outer surface
layer that has a thickness of about 0.1 to about 20 pm and completely
covers the silicone hydrogel bulk material and is made of a hydrogel
material totally or substantially free of silicone and having a
higher water content characterized by a water-swelling ratio of at
least about 100% if WCait, S. 45% or by a water- swelling ratio of at
least about [120  WC,,H1(1- vvcsaiy)]% if WCsaiy >45%, as measured by
AFM with a cross section of the silicone hydrogel contact lens in
fully hydrated state. BACKGROUND       Silicone hydrogel (SiHy)
contact lenses are widely used for correcting many different types of
vision deficiencies. They are made of a hydrated, crosslinked
polymeric material that contains silicone and a certain amount of
water within the lens polymer matrix at equilibrium. According to the
FDA's contact lens classification, hydrogel contact lenses are
generally classified into two main categories: low water content
contact lenses (containing less than 50% of water) and high water
content contact lenses (containing greater than 50% of water). For
SiHy contact lenses, high oxygen permeability, which is required for
a contact lens to have minimal adverse effects upon corneal health,
is achieved by incorporating silicone, not by increasing water
content, in the crosslinked polymeric material. As a result, unlike
conventional hydrogel contact lenses, SiHy contact lenses can have a
low water content while still having a relatively high oxygen
permeability (Dk), for example, Focus(r) Night & Day(r) from CIBA
Vision Corporation (ca. 23.5% H20 and Dk-140 Barrers; Air Optixe from
CIBA Vision Corporation (ca. 33% H20 and Dk-110 Barrers);
PureVision(r) from Bausch & Lomb (ca. 36% H2O and Dk-100 Barrel's);
Acuvue(r) Oasys0 from Johnson & Johnson (ca. 38% H2O, Dk-105
Barrers); Acuvue(r) Advance(r) from Johnson & Johnson (ca. 47% H20,
Dk-65 Barrers); Acuvue(r) TruEyemi from Johnson & Johnson (ca. 46%
H20, Dk-100 Barrers); Biofinity(r) from CooperVision (ca. 48% H20,
Dk-128 Barrers); AvairaTm from CooperVision (ca. 46% H20, Dk-100
Barrel's); and PremiOTM from Menicon (ca. 40% H20, Dk-129 Barrers).
Water in a SiHy contact lens can provide the desirable softness that
enable a SiHy lens to be worn for sufficiently long periods of time
and provides patients with the benefits including adequate initial
comfort (i.e., immediately after lens insertion), relatively short
period of adapting time required for a patient to become accustomed
to them, and/or proper fit. Higher water content would be desirable
for providing SiHy contact lenses with biocompatibility and comfort.
But, there is a limit to the amount of water (believed to be 80%)
that a SiHy contact lens can  contain while still possessing
sufficient mechanical strength and rigidity required for a contact
lens, like conventional hydrogel contact lenses. Moreover, high water
content could also have undesired consequences. For instance, oxygen
permeability of a SiHy contact lens could be compromised by
increasing water content. Further, high water content in a SiHy lens
could result in greater in-eye dehydration and consequently
dehydration-induced wearing discomfort, because a SiHy contact lens
with a high water content could deplete the limited supply of tears



SUMMARY OF THE INVENTION The present invention can satisfy the needs
for SiHy contact lenses with hydrophilic surfaces that have a
persistent surface hydrophificity, surface wettabifity and surface
lubricity in the eye throughout the entire day.         In one
aspect, the invention provides a hydrated silicone hydrogel contact
lens which comprises: an anterior (convex) surface and an opposite
posterior (concave) surface; and a layered structural configuration
from the anterior surface to the posterior surface, wherein the
layered structural configuration includes an anterior outer hydrogel
layer, an inner layer of a silicone hydrogel material, and a
posterior outer hydrogel layer, wherein the silicone hydrogel
material has an oxygen permeability (Dk) of at least about 50,
preferably at least about 60, more preferably at least about 70, even
more preferably at least about 90 barrers, most preferably at least
about 110 Barrers, and a first water content (designated as WCsipy)
of from about 10% to about 70%, preferably from about 10% to about
65%, more preferably from about 10% to about 60%, even more
preferably from about 15% to about 55%, most preferably from about
15% to about 50% by weight, wherein the anterior and posterior outer
hydrogel layers are substantially uniform in thickness and merge at
the peripheral edge of the contact lens to completely enclose the
inner layer of the silicone hydrogel material, wherein the anterior
and posterior outer hydrogel layers independent of each other have a
second water content higher than WCsit, as characterized either by
having a water-swelling ratio (designated as WSR) of at least about
100% (preferably at least about 150%, more preferably at least about
200%, even more preferably at least about 250%, most preferably at
least about 300%) if WCs my 45%, or by having a water-swelling ratio
of at least about [120  WC,,, Al - WC",y)]% (preferably [130  WC./ (1
WC,,y)]% , more preferably [140*WC",y)]% , even more preferably [150
Al - WC",y)]%) if WC >45%, wherein the thickness of each of the
anterior and posterior outer hydrogel layers is from about 0.1 pm to
about 20 pm, preferably from about 0.25 pm to about 15 pm, more
preferably from about 0.5 pm to about 12.5 pm, even more preferably
from about 1 pm to about 10 pm (as measured with atomic force
microscopy across a cross section from the posterior surface to the
anterior surface of the silicone hydrogel contact lens in fully
hydrated state).       In another aspect, the invention provides a
hydrated silicone hydrogel contact lens. A hydrated silicone hydrogel
contact lens of the invention comprises: a silicone hydrogel material
as bulk material, an anterior surface and an opposite posterior
surface; wherein the contact lens has an oxygen transmissibility of
at least about 40, preferably at least about 60, more preferably at
least about 80, even more preferably at least about 110 barrers/mm,
and a cross-sectional surface-modulus profile which comprises, along
a shortest line between the anterior and posterior surfaces on the
surface of a cross section of the contact lens, an anterior outer
zone including and near the anterior surface, an inner zone including
and around the center of the shortest line, and a posterior outer
zone including and near the posterior surface, wherein the anterior
outer zone has an average anterior surface modulus (designated as
SMAn, ) while the  posterior outer zone has an average posterior
surface modulus (designated as SM0 ), wherein the inner zone has an
average inner surface modulus (designated as SM,, ), wherein at least
SM -SMSM -SM one ofbine'Pi"' x100% andhmerx100% is at least about



as bulk material, an anterior surface and an opposite posterior
surface; wherein the contact lens has (1) an oxygen transmissibility
of at least about 40, preferably at least about 60, more preferably
at least about 80, even more preferably at least about 110
barrers/mm, and (2) a surface lubricity characterized by having a
critical coefficient of friction (designated as CCOF) of about 0.046
or less, preferably about 0.043 or less, more preferably about 0.040
or less, wherein the anterior and posterior surfaces have a low
surface concentration of negatively-charged groups including
carboxylic acid groups as characterized by attracting at most about
200, preferably at most about 160, more preferably at most about 120,
even more preferably at most about 90, most preferably at most about
60 positively-charged particles in
positively-chargedparticles-adhesion test.       These and other
aspects of the invention including various preferred embodiments in
any combination will become apparent from the following description
of the presently preferred embodiments. The detailed description is
merely illustrative of the invention and does not limit the scope of
the invention, which is defined by the appended claims and
equivalents thereof. As would be obvious to one skilled in the art,
many variations and modifications of the invention may be effected
without departing from the spirit and scope of the novel concepts of
the disclosure. BRIEF DESCRIPTION OF THE DRAWINGS       Figure 1
schematically depicts a sectional view of the structural
configuration of a SiHy contact lens according to a preferred
embodiment of the invention.       Figure 2 schematically depicts a
sectional view of the structural configuration of a SiHy contact lens
according to another preferred embodiment of the invention.
Figure 3 shows the fluorescence intensity profiles across the cross
sections of a SiHy contact lens in a con-focal laser fluorescence
microscopy.       Figure 4 shows the SEM (scanning electron
microscopy) images of a SiHy contact lens of the invention in a
freeze-dried state.        Figure 5 schematically illustrates the set
up of the inclined plate method according to a preferred embodiment.
Figure 6 shows optical microscopic images of the contact lenses
having different coatings thereon after being immersed in a
dispersion of positively charged particles (DOWEXTh 1x4 20-50 Mesh
resins).        Figure 7 schematically illustrates how to mount
vertically in a metal clamp a cross-section piece of a SiHy contact
lens of the invention for AFM testing.        Figure 8 shows the AFM
(atomic force microscopy) image of a portion of a cross section of a
SiHy contact lens in fully hydrated state On phosphate buffered
saline, pH -7.3) according to a preferred embodiment of the
invention.        Figure 9 shows a cross sectional surface modulus
profile of a SiHy contact lens of the invention in fully hydrated
state (in phosphate-buffered saline, pH - 7.3), along two shortest
line between the anterior and posterior surfaces on the surface of a
cross section of a SiHy contact lens, according to a preferred
embodiment of the invention as represented approximately by the plots
of the cantilever deflection as function of the distance. DETAILED
DESCRIPTION OF EMBODIMENTS OF THE INVENTION       Reference now will
be made in detail to the embodiments of the invention. It will be
apparent to those skilled in the art that various modifications,
variations and combinations can be made in the present invention
without departing from the scope or spirit of the invention. For



As used in this application, the term "silicone hydrogel contact
lens" refers to a contact lens comprising a silicone hydrogel
material.       As used in this application, the term "hydrogel" or
"hydrogel material" refers to a crosslinked polymeric material which
is not water-soluble and can contains at least 10% by weight of water
within its polymer matrix when fully hydrated.       As used in this
application, the term "non-silicone hydrogel" refers to a hydrogel
that is theoretically free of silicon.       As used in this
application, the term "silicone hydrogel" refers to a hydrogel
containing silicone. A silicone hydrogel typically is obtained by
copolymerization of a polymerizable composition comprising at least
one silicone-containing vinylic monomer or at least one
silicone-containing vinylic macromer or at least one
silicone-containing prepolymer having ethylenically unsaturated
groups.       As used in this application, the term "vinylic monomer"
refers to a compound that has one sole ethylenically unsaturated
group and can be polymerized actinically or thermally.       As used
in this application, the term "olefinically unsaturated group" or
"ethylenically unsaturated group" is employed herein in a broad sense
and is intended to encompass any groups containing at least one >C=C<
group. Exemplary ethylenically unsaturated groups 0 CH30 III include
without limitation (meth)acryloyl (-C-C=CH2 and/or -C-CH=CH2x, )
ally!, vinyl (-C=CH2), styrenyl, or other C=C containing groups.
As used in this application, the term "(meth)acrylamide" refers to
methacrylamide and/or acrylamide.       As used in this application,
the term "(meth)acrylate" refers to methacrylate and/or acrylate.
As used in this application, the term "hydrophilic vinylic monomer"
refers to a vinylic monomer which as a homopolymer typically yields a
polymer that is water-soluble or can absorb at least 10 percent by
weight water.       As used in this application, the term
"hydrophobic vinylic monomer" refers to a vinylic monomer which as a
homopolymer typically yields a polymer that is insoluble in water and
can absorb less than 10 percent by weight water.       As used in
this application, the term "macromer" or "prepolymer" refers to a
medium and high molecular weight compound or polymer that contains
two or more ethylenically unsaturated groups. Medium and high
molecular weight typically means average molecular weights greater
than 700 Daltons.         As used in this application, the term
"crosslinker" refers to a compound having at least two ethylenically
unsaturated groups. A "crosslinking agent" refers to a crosslinker
having a molecular weight of about 700 Daltons or less. 



As used in this application, the term "polymer" means a material
formed by polymerizing/crosslinking one or more monomers or macromers
or prepolymers.        As used in this application, the term
"molecular weight" of a polymeric material (including monomeric or
macromeric materials) refers to the weight-average molecular weight
unless otherwise specifically noted or unless testing conditions
indicate otherwise.        As used in this application, the term
"amino group" refers to a primary or secondary amino group of formula
-NHR', where R' is hydrogen or a C1-C20 unsubstituted or substituted,
linear or branched alkyl group, unless otherwise specifically noted.
As used in this application, the term "epichlorohydrin-functionalized
polyamine" or "epichlorohydrin-functionalized polyamidoamine" refers
to a polymer obtained by reacting a polyamine or polyamidoamine with
epichlorohydrin to convert all or a substantial percentage of amine
groups of the polyamine or polyamidoamine into azetidinium groups. As
used in this application, the term "azetidinium group" refers to a
positively charged /         ON-Vie) group of\ .       As used in
this application, the term "thermally-crosslinkable" in reference to
a polymeric material or a functional group means that the polymeric
material or the functional group can undergo a crosslinking (or
coupling) reaction with another material or functional group at a
relatively-elevated temperature (from about 40C to about 140C),
whereas the polymeric material or functional group cannot undergo the
same crosslinking reaction (or coupling reaction) with another
material or functional group at room temperature (i.e., from about
22C to about 28C, preferably from about 24C to about 26C, in
particular at about 25C) to an extend detectable (i.e., greater than
about 5%) for a period of about one hour. As used in this
application, the term "phosphorylcholine" refers to a zwitterionic
group of o -04-0-(CH2),-4LR2 6- R3in which n is an integer of 1 to 5
and RI, R2 and R3 independently of each other are C1-C2 alkyl or
C1-C8 hydroxyalkyl. As used in this application, the term "reactive
vinylic monomer" refers to a vinylic monomer having a carboxyl group
or an amino group (i.e., a primary or secondary amino group).
As used in this application, the term "non-reactive hydrophilic
vinylic monomer" refers to a hydrophilic vinylic monomer which is
free of any carboxyl group or amino group (i.e., primary or secondary
amino group). A non-reactive vinylic monomer can include a tertiary
or quaternium amino group.         As used in this application, the
term "water-soluble" in reference to a polymer means that the polymer
can be dissolved in water to an extent sufficient to form an aqueous
solution of the polymer having a concentration of up to about 30% by
weight at room temperature (defined above). 



As used in this application, the term "water contact angle" refers to
an average water contact angle (i.e., contact angles measured by
Sessile Drop method), which is obtained by averaging measurements of
contact angles.       As used in this application, the term
"intactness" in reference to a coating on a SiHy contact lens is
intended to describe the extent to which the contact lens can be
stained by Sudan Black in a Sudan Black staining test described in
Example 1. Good intactness of the coating on a SiHy contact lens
means that there is practically no Sudan Black staining of the
contact lens.       As used in this application, the term
"durability" in reference to a coating on a SiHy contact lens is
intended to describe that the coating on the SiHy contact lens can
survive a digital rubbing test.       As used in this application,
the term "surviving a digital rubbing test" or "surviving a
durability test" in reference to a coating on a contact lens means
that after digitally rubbing the lens according to a procedure
described in Example 1, water contact angle on the digitally rubbed
lens is still about 100 degrees or less, preferably about 90 degrees
or less, more preferably about 80 degrees or less, most preferably
about 70 degrees or less.       The intrinsic "oxygen permeability",
Dk, of a material is the rate at which oxygen will pass through a
material. As used in this application, the term "oxygen permeability
(Dk)" in reference to a hydrogel (silicone or non-silicone) or a
contact lens means a measured oxygen permeability (Dk) which is
corrected for the surface resistance to oxygen flux caused by the
boundary layer effect according to the procedures shown in Examples
hereinafter. Oxygen permeability is conventionally expressed in units
of barrers, where "barrer" is defined as [(cm' oxygen)(mm)/
(cm2)(sec)(mm Hg)] x 101.       The "oxygen transmissibility", Dk/t,
of a lens or material is the rate at which oxygen will pass through a
specific lens or material with an average thickness of t [in units of
mm] over the area being measured. Oxygen transmissibility is
conventionally expressed in units of barrers/mm, where "barrers/mm"
is defined as [(cm3 oxygen)! (cm' )(sec)(mm Hg)] x 10'2.       The
"ion permeability" through a lens correlates with the lonoflux
Diffusion Coefficient. The lonoflux Diffusion Coefficient, D (in
units of [me/min]), is determined by applying Fick's law as follows:
D = - n' / (A x dc/dx) where n' = rate of ion transport [mol/min]; A
= area of lens exposed [mm2]; dc = concentration difference [mol/L];
dx = thickness of lens [mm].         As used in this application, the
term "ophthalmically compatible" refers to a material or surface of a
material which may be in intimate contact with the ocular environment
for an extended period of time without significantly damaging the
ocular environment and without significant user discomfort.        As
used in this application, the term "ophthalmically safe" with respect
to a packaging solution for sterilizing and storing contact lenses is
intended to mean that a contact lens stored in the solution is safe
for direct placement on the eye without rinsing after autoclave and
that the solution is safe and sufficiently comfortable for daily
contact with the eye via a contact lens. An ophthalmically-safe
packaging solution after autoclave has a tonicity and a pH that are
compatible with the eye and is substantially free of ocularly
irritating or ocularly cytotoxic materials according to international
ISO standards and U.S. FDA regulations.       As used in this
application, the term "cross section" of a SiHy contact lens refers



As used in this application, the term "crosslinked coating" or
"hydrogel coating" interchangeably is used to describe a crossfinked
polymeric material having a three-dimensional network that can
contain water when fully hydrated. The three-dimensional network of a
crossfinked polymeric material can be formed by crossUnking of two or
more linear or branched polymers through crosslinkages.       As used
in this application, the term "water-swelling ratio," in reference to
an anterior or posterior outer hydrogel layer of a hydrogel material
of a SiHy contact lens of the invention, means a value determined
with AFM according to WSR -ax100% in which WSR is the LDry
water-swelling ratio of one of the anterior and posterior outer
hydrogel layer, Lwet is the average thickness of that outer hydrogel
layer of the SiHy contact lens in fully hydrated state as measured
with AFM on a cross section of the SiHy contact lens in fully
hydrated state (i.e., in a phosphate buffered solution, pH - 7.30.2),
and Loty is the average thickness of that outer  hydrogel layer of
the SiHy contact lens in dry state as measured with AFM on a cross
section of the SiHy contact lens in dry state (dried without
preserving the porosity of the hydrogel material, e.g., vacuum dried)
and in substantially dry atmosphere. It is believed that a
water-swelling ratio of each outer hydrogel layer (of a SiHy contact
lens of the invention) is proportional to the water content possessed
by each outer hydrogel layer and a water-swelling ratio of at least
about 100% 120* WCsin Or Y % (whichever is larger, WCs,q, is the
water content of the bulk (or inner layer of ) 1- WCsni, silicone
hydrogel material of a SiHy contact lens of the invention) can be
served as a good indicator of the nature of the outer hydrogel layers
having a higher water content relative to the bulk (or inner layer
of) silicone hydrogel material of a SiHy contact lens of the
invention.       As used in the this application, the term "reduced
surface modulus", in reference to either or both of the anterior and
posterior outer hydrogel layers of a SiHy contact lens of the
invention, is intended to mean a value calculated based on the
following equation RSM -SM""w x100% SM,, In which RSM is the reduced
modulus of the anterior or posterior outer hydrogel layer relative to
the inner layer, SM,", is the average surface modulus of the
posterior or anterior outer hydrogel layer, and SMis the average
surface modulus of the inner layer. SMand SM,"," are obtained from a
cross-sectional surface modulus profile of the SiHy contact lens in
fully hydrated state (as measured by analyzing surface mechanic
properties, i.e., surface moduli of a cross section of the fully
hydrated SiHy contact lens using AFM), as described above. It is
expected that the cross-sectional surface modulus profile (i.e., a
graph of surface modulus vs. distance from one of the anterior and
posterior surfaces to the other surface along a shortest line between
the anterior and posterior surfaces on the surface of a cross section
of a SiHy lens in fully hydrated state) should have at least two
outer zones (one including the anterior surface and the other
including the posterior surface) and one inner zone (corresponding to
the bulk silicone hydrogel material. The average surface modulus for
the outer zone (i.e., outer hydrogel layer) is obtained by averaging
all surface moduli in the outer zone excluding a region of about Ito
about 2 microns between the outer zone and the inner zone (i.e., in
and/or near the boundary region or transition zone).       A
"critical coefficient of friction" is the tangent of the critical



surface lubricity of that contact lens and can be used to quantify
the surface lubricity of a contact lens.       As used in this
application, the "positively-charged-particles-adhesion test" refers
a test for characterizing the surface concentration of
negatively-charged groups (e.g., carboxylic acid groups) of a
hydrated SiHy contact lens. The positively-charged-particles-adhesion
test is performed as follows. An aqueous dispersion of DOWEXTM 1x4
20-50 Mesh resins, which are spherical, Type I strong base resins
(styrene/divinylbenzene copolymers containing NI(CH3)3C1- functional
groups and 4% divinylbenzene) is prepared by dispersing a given
amount of DOWEXTM 1x4 20-50 Mesh resins in a phosphate buffered
saline (pH -7.3) to have a resin concentration of 5% by weight and
then mixed well by shaking or stirring or vortexing at approximately
1000 rpm for 10 seconds. Hydrated silicone hydrogel contact lenses
are immersed in the aqueous dispersion of DOWEXTM 1x4 20-50 Mesh
resins prepared above and stirred vortexed at an rpm of about
1000-1100 for 1 about minute, followed by rinsing with DI water and
vortexing in DI water for about 1 minute. Then, the lenses are placed
in water in glass Petri dishes and images of lenses are taken with
Nikon optical microscope, using bottom lighting. The number of
positively-charged particles adhered onto the surface of each lens
can be counted. The number of positively-charged particles adhered
onto the surface of the lens is proportional to the surface
concentration of negatively-charged groups of a contact lens.
As used in this application, the term "carboxylic acid content", in
reference to the crosslinked coating or an outer hydrogel layer of a
SiHy contact lens of the invention, means the weight percentage of
carboxylic group (COOH) based on the weight of the crosslinked
coating or the outer hydrogel layer of the SiHy contact lens. The
carboxylic acid content of a crosslinked coating or an outer hydrogel
layer can be estimated theoretically based on the composition of
starting materials for making the crosslinked coating or the outer
hydrogel layer and on the carboxylic acid content of each starting
materials.       The invention is related to a SiHy contact lens
having a layered structural configuration and unique water gradient
from inside to outside of the SiHy contact lens: a lower water
content silicone hydrogel core (or bulk material) completely covered
with an outer (surface) hydrogel layer having a higher water content
and adequate thickness (at least about 0.1 pm) and being
substantially free of silicone (preferably totally free of silicone);
and the water content of the outer hydrogel layer being at least
about 1.2 folds (or 120%), preferably at least about 1 3 folds (or
130%), more preferably at least about 1.4 folds (or 140%), even more
preferably at least about 1.5 folds (150%), most preferably at least
about 2 folds (or 200%) of the water content of the bulk material.
Figure 1 schematically illustrates a SiHy contact lens having a
layered structural configuration, according to a preferred
embodiment. In accordance with this preferred embodiment of the
invention, the SiHy contact lens 100 has an anterior surface (or
front curve or convex surface) 101 and an opposite posterior surface
(or base curve or concave surface) 102  which is rest on the cornea
of the eye when worn by a user. The SiHy contact lens 100 comprises
an inner (or middle) layer 110 and two outer layers 120. The inner
layer 110 is the bulk material of SiHy contact lens 100 and has a
3-dimensional shape very close to the SiHy contact lens 100. The



charged groups (e.g., carboxylic acid groups) as characterized by
attracting at most about 200, preferably at most about '160, more
preferably at most about 120, even more preferably at most about 90,
most preferably at most about 60 positively-charged particles in
positively-chargedparticles-adhesion test. Also preferably, the
hydrated silicone hydrogel contact lens has a surface lubricity
characterized by having a critical coefficient of friction
(designated as CCOF) of about 0.046 or less, preferably about 0.043
or less, more preferably about 0.040 or less.        In accordance
with the invention, the inner layer of a SiHy contact lens is
practically the bulk material of the lens. It can be derived directly
from a preformed SiHy contact lens in a surface modification process
where two outer hydrogel layers are applied and attached directly
and/or indirectly onto the preformed SiHy contact lenses. A preformed
SiHy contact lens can be any commercial SiHy lens, such as, one of
those described above. Alternatively, a preformed SiHy can be made
according to any methods well known to a person skilled in the art.
For example, preformed contact lenses can be produced in a
conventional "spin-casting mold," as described for example in U.S.
Patent No. 3,408,429, or by the full cast-molding process in a static
form, as described in U.S. Patent Nos. 4,347,198; 5,508,317;
5,583,463; 5,789,464; and 5,849,810, or by lathe cutting of silicone
hydrogel buttons as used in making customized contact lenses. In
cast-molding, a lens formulation typically is dispensed into molds
and cured (i.e., polymerized and/or crosslinked) in molds for making
contact lenses. For production of preformed SiHy contact lenses, a
SiHy lens formulation for cast-molding or spin-cast molding or for
making SiHy rods used in lathe-cutting of contact lenses generally
comprises at least one components selected from the group consisting
of a silicone-containing vinylic monomer, a silicone-containing
vinylic macromer, a silicone-containing prepolymer, a hydrophilic
vinylic monomer, a hydrophobic vinylic monomer, a crosslinking agent
(a compound having a molecular weight of about 700 Daltons or less
and containing at least two ethylenically unsaturated groups), a
free-radical initiator (photoinitiator or thermal initiator), a
hydrophilic vinylic macromer/prepolymer, and combination thereof, as
well known to a person skilled in the art. A SiHy contact lens
formulation can also comprise other necessary components known to a
person skilled in the art, such as, for example, a UV-absorbing
agent, a visibility tinting agent (e.g., dyes, pigments, or mixtures
thereof), antimicrobial agents (e.g., preferably silver
nanoparticles), a bioactive agent, leachable lubricants, leachable
tear-stabilizing agents, and mixtures thereof, as known to a person
skilled in the art. Resultant preformed SiHy contact lenses then can
be subjected to extraction with an extraction solvent to remove
unpolymerized components from the resultant lenses and to hydration
process, as known by a person skilled in the art. In addition, a
preformed SiHy contact lens can be a colored contact lens (i.e., a
SiHy contact lens having at least one colored patterns printed
thereon as well known to a person skilled in the art).       Any
suitable silicone-containing vinylic monomers can be used in the
invention. Examples of preferred silicone-containing vinylic monomers
include without limitation N-
[tris(trimethylsiloxy)silylpropyI]-(meth)acrylamide,
N-[tris(dimethylpropylsiloxy)-silylpropy1]- (meth)acrylamide,



4,684,538, 4,703,097, 4,833,218, 4,837,289, 4,954,586, 4,954,587,
5,010,141, 5,034,461, 5,070,170, 5,079,319, 5039,761, 5,346,946,
5,358,995, 5,387,632, 5,416,132, 5,451,617, 5,486,579, 5,962,548,
5,981,675, 6,039,913, and 6,762,264 (here  incorporated by reference
in their entireties); polysiloxane-containing macromers disclosed in
U.S. Patent Nos. 4,259,467, 4,260,725, and 4,261,875 (herein
incorporated by reference in their entireties). Di and triblock
macromers consisting of polydimethylsiloxane and polyalkyleneoxides
could also be of utility. For example, one might use methacrylate end
capped
polyethyleneoxide-block-polydimethylsiloxane-block-polyethyleneoxide
to enhance oxygen permeability. Suitable monofunctional
hydroxyl-functionalized siloxane-containing vinylic
monomers/macromers and suitable multifunctional
hydroxyl-functionalized siloxane-containing vinylic
monomers/macromers are commercially available from Gelest, Inc,
Morrisville, PA. 



Another class of preferred silicone-containing macromers is
silicon-containing prepolymers comprising hydrophilic segments and
hydrophobic segments. Any suitable of silicone-containing prepolymers
with hydrophilic segments and hydrophobic segments can be used in the
invention. Examples of such silicone-containing prepolymers include
those described in commonly-owned US Patent Nos. 6,039,913,
7,091,283, 7,268,189 and 7,238,750,7,521,519; commonly-owned US
patent application publication Nos. US 2008-0015315 Al, US 2008-
0143958 Al, US 2008-0143003 Al, US 2008-0234457 Al, US 2008-0231798
Al, and commonly-owned US patent application Nos. 61/180,449 and
61/180,453; allot which are incorporated herein by references in
their entireties.       Examples of preferred hydrophilic vinylic
monomers are N,N-dimethylacrylamide (DMA), N,N-dimethylmethacrylamide
(DMMA), 2-acrylamidoglycolic acid, 3-acryloylamino-l-propanol,
N-hydroxyethyl acrylamide, Npris(hydroxymethyl)methylFacrylamide,
N-methy1-3-methylene-2- pyrrolidone,
1-ethy1-3-methylene-2-pyrrolidone,
1-methyl-5-methylene-2-pyrrolidone, 1-ethy1-5-
methylene-2-pyrrolidone, 5-methyl-3-methylene-2-pyrrolidone,
5-ethyl-3-methylene-2-pyrrolidone,
1-n-propy1-3-methylene-2-pyrrolidone,
1-n-propy1-5-methylene-2-pyrrolidone, 1-isopropy1-3-
methylene-2-pyrrolidone, 1-isopropy1-5-methylene-2-pyrrolidone,
1-n-buty1-3-methylene-2- pyrrondone,
1-tert-buty1-3-methylene-2-pyrrolidone, 2-hydroxyethylmethacrylate
(HEMA), 2- hydroxyethyl acrylate (HEA), hydroxypropyl acrylate,
hydroxypropyl methacrylate (HPMA),  trimethylammonium 2-hydroxy
propylmethacrylate hydrochloride, aminopropyl methacrylate
hydrochloride, dimethylaminoethyl methacrylate (DMAEMA), glycerol
methacorlate (GMA), Nvinyl-2-pyrrolidone (NVP), allyl alcohol,
vinylpyridine, a C1-C4-alkoxy polyethylene glycol (meth)acrylate
having a weight average molecular weight of up to 1500, methacryfic
acid, N-vinyl formamide, N-vinyl acetamide, N-vinyl isopropylamide,
N-vinyl-N-methyl acetamide, ally! alcohol, N-vinyl caprolactam, and
mixtures thereof.        Examples of preferred hydrophobic vinylic
monomers include methylacrylate, ethylacrylate, propylacrylate,
isopropylacrylate, cyclohexylacrylate, 2-ethylhexylacrylate,
methylmethacrylate, ethylmethacrylate, propylmethacrylate, vinyl
acetate, vinyl propionate, vinyl butyrate, vinyl valerate, styrene,
chloroprene, vinyl chloride, vinylidene chloride, acrylonitrile, 1-
butene, butadiene, methacrylonitrile, vinyl toluene, vinyl ethyl
ether, perfluorohexylethyl-thiocarbonyl-aminoethyl-methacrylate,
isobornyl methacrylate, trifluoroethyl methacrylate,
hexafluoro-isopropyl methacrylate, hexafluorobutyl methacrylate.
Examples of preferred cross-linking agents include without limitation
tetraethyleneglycol diacrylate, triethyleneglycol diacrylate,
ethyleneglycol diacylate, diethyleneglycol diacrylate,
tetraethyleneglycol dimethacrylate, triethyleneglycol dimethacrylate,
ethyleneglycol dimethacylate, diethyleneglycol dimethacrylate,
trimethylopropane trimethacrylate, pentaerythritol tetramethacrylate,
bisphenol A dimethacrylate, vinyl methacrylate, ethylenediamine
dimethyacrylamide, ethylenediamine diacrylamide, glycerol
dimethacrylate, triallyl isocyanurate, triallyl cyanurate,
allylmethacrylate, allylmethacrylate, 1,3-
bis(methacrylamidopropy1)-1,1,3,3-tetrakis(trimethylsiloxy)disiloxane



Example of preferred organic solvents includes without limitation,
tetrahydrofuran, tripropylene glycol methyl ether, dipropylene glycol
methyl ether, ethylene glycol n-butyl ether, ketones (e.g., acetone,
methyl ethyl ketone, etc.), diethylene glycol n-butyl ether,
diethylene glycol methyl ether, ethylene glycol phenyl ether,
propylene glycol methyl ether, propylene glycol methyl ether acetate,
dipropylene glycol methyl ether acetate, propylene glycol n-propyl
ether, dipropylene glycol n-propyl ether, tripropylene glycol n-butyl
ether, propylene glycol n-butyl ether, dipropylene glycol n-butyl
ether, tripropylene glycol n-butyl ether, propylene glycol phenyl
ether dipropylene glycol dimetyl ether, polyethylene glycols,
polypropylene glycols, ethyl acetate, butyl acetate, amyl acetate,
methyl lactate, ethyl lactate, i-propyl lactate, methylene chloride,
2- butanol, 1-propanol, 2-propanol, menthol, cyclohexanol,
cyclopentanol and exonorborneol, 2- pentanol, 3-pentanol, 2-hexanol,
3-hexanol, 3-methyl-2-butanol, 2-heptanol, 2-octanol, 2- nonanol,
2-decanol, 3-octanol, norborneol, tert-butanol, tert-amyl alcohol,
2-methyl-2-pentanol, 2,3-dimethy1-2-butanol, 3-methyl-3-pentanol,
1-methylcyclohexanol, 2-methyl-2-hexanol, 3,7- dimethy1-3-octanol,
1-chloro-2-methy1-2-propanol, 2-methyl-2-heptanol,
2-methyl-2-octanol, 2-2- methy1-2-nonanol, 2-methyl-2-decanol,
3-methyl-3-hexanol, 3-methyl-3-heptanol, 4-methy1-4- heptanol,
3-methyl-3-octanol, 4-methyl-4-octanol, 3-methyl-3-nonanol,
4-methyl-4-nonanol, 3- methy1-3-octanol, 3-ethyl-3-hexanol,
3-methyl-3-heptanol, 4-ethyl-4-heptanol, 4-propy1-4- heptanol,
4-isopropyl-4-heptanol, 2,4-dimethy1-2-pentanol,
1-methylcyclopentanol, 1- ethylcyclopentanol, 1-ethylcyclopentanol,
3-hydroxy-3-methyl-1-butene, 4-hydroxy-4-methy1-1-  cyclopentanol,
2-phenyl-2-propanol, 2-methoxy-2-methyl-2-propanol
2,3,4-trimethy1-3-pentanol, 3,7-dimethy1-3-octanol,
2-phenyl-2-butanol, 2-methyl-1-phenyl-2-propanol and
3-ethyl-3-pentanol, 1-ethoxy-2-propanol, 1-methyl-2-propanol, t-amyl
alcohol, isopropanol, 1-methyl-2-pyrrolidone,
N,N-dimethylpropionamide, dimethyl formamide, dimethyl acetamide,
dimethyl propionamide, N-methyl pyrrolidinone, and mixtures thereof.
Numerous SiHy lens formulations have been described in numerous
patents and patent applications published by the filing date of this
application. All of them can be used in obtaining a preformed SiHy
lens which in turn becomes the inner layer of a SiHy contact lens of
the invention, so long as they will yield a SiHy material having a Dk
and water content specified above. A SiHy lens formulation for making
commercial SiHy lenses, such as, lotrafilcon A, lotrafilcon B,
balafilcon A, galyfilcon A, senofilcon A, narafilcon A, narafilcon B,
comfilcon A, enfilcon A, asmofilcon A, filcon II 3, can also be used
in making preformed SiHy contact lenses (the inner layer of a SiHy
contact lens of the invention).       Lens molds for making contact
lenses are well known to a person skilled in the art and, for
example, are employed in cast molding or spin casting. For example, a
mold (for cast molding) generally comprises at least two mold
sections (or portions) or mold halves, i.e. first and second mold
halves. The first mold half defines a first molding (or optical)
surface and the second mold half defines a second molding (or
optical) surface. The first and second mold halves are configured to
receive each other such that a lens forming cavity is formed between
the first molding surface and the second molding surface. The molding



believed that the water-swelling ratio of each outer hydrogel layer
correlates with its water content and as a good approximation can
represent reasonably the water content of the outer hydrogel layer.
In alternatively preferred embodiments, where the water content
(WCsity) of the inner layer of the silicone hydrogel material is
about 55% or less, the water-swelling ratio of each outer hydrogel
layer is at least about 150%; where the water content (WCsiHy) of the
inner layer of the silicone hydrogel material is about 60% or less,
the water-swelling ratio of each outer hydrogel layer is at least
about 200%; where the water content (WCsiHy) of the inner layer of
the silicone hydrogel material is about 65% or less, the
water-swelling ratio of each outer hydrogel layer is at least about
250%; where the water content (WCsiHy) of the inner layer of the
silicone hydrogel material is about 70% or less, the water-swelling
ratio of each outer hydrogel layer is at least about 300%.        It
is understood that the water content of the anterior and posterior
outer hydrogel layers (the crosslinked coating) can be determined
more accurately according to the procedures described in Example 23.
Alternatively, the water content of the two outer hydrogel layers
(the crossUnked coating) can be determined with an article comprising
a non-water-absorbent thin substrate and a crosslinked coating
thereon, wherein the crossflnked coating is applied onto the
non-water-absorbent thin substrate according to the identical coating
process for the SiHy contact lens under substantial identical
conditions. The water content of each outer hydrogel layer then can
be determined based on the difference between dry and hydrated
weights of the article with the crosslinked coating.        In
accordance with the invention, each of the two outer hydrogel layers
is substantially free of silicone, preferably totally free of
silicone. However, it is well known that when X-ray photoelectron
spectroscopy (XPS) is used to establish the presence or absence of
silicon in the outer hydrogel layer (generally a probing depth of
from 1.5 to 6 nm), samples are inevitably contaminated by the
environmental silicon, as shown by the detection by XPS of silicon on
the surface of samples which are theoretically free of any silicon
atom, such as, for example, a polyethylene sheet, a DAILIES@
AquaComfortPlusTM contact lens from CIBA VISION Corporation or an
ACUVUE@ Moist from Johnson & Johnson (see Example 21 below). As such,
the term "substantially free of silicon" is used in this application
to mean that a surface silicon atomic percentage measured by XPS on a
SiHy contact lens is less than about 200%, preferably less than about
175%, more preferably less than about 150%, even more preferably less
than about 125% of the silicon atomic percentage of a control sample
known to be inherently (theoretically) free of silicon (e.g., a
polyethylene sheet, a DAILIES(r) AquaComfortPlusTM contact lens from
CIBA VISION Corporation or an ACUVUE(r) Moist from Johnson &
Johnson). Alternatively, each outer hydrogel layer of a SiHy contact
lens of the invention is substantially free of silicon, as
characterized by having a silicon atomic percentage of about 5% or
less, preferably about 4% or less, even more preferably about 3% or
less, of total elemental  percentage, as measured by XPS analysis of
the contact lens in dried state. It is understood that a small
percentage of silicone may be optionally (but preferably not)
incorporated into the polymer network of the outer hydrogel layer so
long as it would not significantly deteriorate the surface properties



Examples of preferred reactive vinylic monomers include without
limitation amino-C2-C6 alkyl (meth)acrylate, C1-C6 alkylamino-C2-C6
alkyl (meth)acrylate, allylamine, vinylamine, amino-C2-C6 alkyl
(meth)acrylamide, C1-C6 alkylamino-C2-C6 alkyl (meth)acrylamide,
acrylic acid, C1-C12 alkylacrylic acid (e.g., methacrylic acid,
ethylacrylic acid, propylacrylic acid, butylacrylic acid,
pentylacrylic acid, etc.), N,N-2-acrylamidoglycolic acid, beta
methyl-acrylic acid (crotonic acid), alpha-phenyl acrylic acid,
beta-acryloxy propionic acid, sorbic acid, angelic acid, cinnamic
acid, 1-carobxy-4-phenyl butadiene-1,3, itaconic acid, citraconic
acid, mesaconic acid, glutaconic acid, aconitic acid, maleic acid,
fumaric acid, tricarboxy ethylene, and combinations thereof.
Preferably, the SiHy contact lens is made from a lens formulation
comprising at least one reactive vinylic monomer selected from the
group consisting of amino-C2-C6 alkyl (meth)acrylate, Cl-C6
alkylamino-C2-C6 alkyl (meth)acrylate, allylamine, vinylamine,
amino-C1- C6 alkyl (meth)acrylamide, Cl-C6 alkylamino-C2-C6 alkyl
(meth)acrylamide, acrylic acid, C1-C12 alkylacrylic acid,
N,N-2-acrylamidoglycofic acid, and combinations thereof.       The
lens formulation comprises preferably from about 0.1% to about 10%,
more preferably from about 0.25% to about 7%, even more preferably
from about 0.5% to about 5%, most preferably from about 0.75% to
about 3%, by weight of a reactive vinylic monomer described above.
A preformed SiHy contact lens can also be subjected either to a
surface treatment to form a reactive base coating having amino groups
and/or carboxyl groups on the surface of the contact lens. Examples
of surface treatments include without limitation a surface treatment
by energy (e.g., a plasma, a static electrical charge, irradiation,
or other energy source), chemical treatments, chemical vapor
deposition, the grafting of hydrophilic vinylic monomers or macromers
onto the surface of an article, layer-by-layer coating ("LbL
coating") obtained according to methods described in US Patent Ser.
No. 6,451,871, 6,719,929, 6,793,973, 6,811,805, and 6,896,926 and in
U.S. Patent Application Publication Nos. 2007/0229758A1,
2008/0152800A1, and 2008/0226922A1, (herein incorporated by
references in their entireties). "LbL coating", as used herein,
refers to a coating that is not covalently attached to the polymer
matrix of a contact lens and is obtained through a layer-by-layer
("LbL") deposition of charged or  chargeable (by protonation or
deprotonation) and/or non-charged materials on the lens. An LbL
coating can be composed of one or more layers.       Preferably, the
surface treatment is an LbL coating process. In this preferred
embodiment (i.e., the reactive LbL base coating embodiment), a
resultant silicone hydrogel contact lens comprises a reactive LbL
base coating (i.e., the two transition layers) including at least one
layer of a reactive polymer (i.e., a polymer having pendant amino
groups and/or carboxyl groups), wherein the reactive LbL base coating
is obtained by contacting the contact lens with a solution of a
reactive polymer. Contacting of a contact lens with a coating
solution of a reactive polymer can occur by dipping it into the
coating solution or by spraying it with the coating solution. One
contacting process involves solely dipping the contact lens in a bath
of a coating solution for a period of time or alternatively dipping
the contact lens sequentially in a series of baths of coating
solutions for a fixed shorter time period for each bath. Another



In accordance with the invention, the water-soluble and crosslinkable
hydrophilic polymeric material for forming the outer hydrogel layers
(or crosslinked coating) comprises crosslinkable groups, preferably
thermally-crosslinkable groups, more preferably azetidinium groups.
Preferably, the water-soluble and crosslinkable hydrophilic polymeric
material for forming the outer hydrogel layers (or crosslinked
coating) is a partially-crossfinked polymeric material that comprises
a three-dimensional network and crosslinkable (preferably
thermallycrosslinkable) groups, more preferably azetidinium groups
within the network. The term "partially-crossfinked" in reference to
a polymeric material means that the crosslinkable groups of starting
materials for making the polymeric material in crosslinking reaction
have not been fully consumed. Examples of crosslinkable groups
include without limitation azetidinium groups, epoxy groups,
isocyanate groups, aziridine groups, azlactone groups, and
combinations thereof.       In a preferred embodiment, the
water-soluble and crosslinkable hydrophilic polymeric material for
forming the outer hydrogel layers (or crosslinked coating) comprises
(i) from about 20% to about 95% by weight of first polymer chains
derived from an epichlorohydrinfunctionalized polyamine or
polyamidoamine, (U) from about 5% to about 80% by weight of
hydrophilic moieties or second polymer chains derived from at least
one hydrophihcity-enhancing agent having at least one reactive
functional group selected from the group consisting of amino group,
carboxyl group, thiol group, and combination thereof, wherein the
hydrophilic moieties or second polymer chains are covalently attached
to the first polymer chains through one or more covalent linkages
each formed between one azetitdinium group of the
epichlorohydrinfunctionalized polyamine or polyamidoamine and one
amino, carboxyl or thiol group of the hydrophilicity-enhancing agent,
and (di) azetidinium groups which are parts of the first polymer
chains or pendant or terminal groups covalently attached to the first
polymer chains.       With such a water-soluble and crosslinkable
hydrophilic polymeric material, the outer hydrogel layers (or
crosslinked coating) can be formed by simply heating a preformed SiHy
contact lens (having amino and/or carboxyl groups on and/or near the
surface of the contact lens, or a base coating comprising amino
and/or carboxyl groups) in an aqueous solution in the presence of the
hydrophilic polymeric material to and at a temperature from about 40C
to about 140C for a period of time sufficient to covalently attach
the hydrophilic polymeric material onto the surface of the contact
lens through covalent linkages each formed between one azetidinium
group of the hydrophilic polymeric material and one of the amino
and/or carboxyl groups on and/or near the surface of the contact
lens, thereby forming a crosslinked hydrophilic coating on the
contact lens. It is understood that any water-soluble and
crosslinkable hydrophilic polymeric material containing crosslinkable
groups (e.g., those described above) can be used in the invention to
form the anterior and posterior outer hydrogel layers of a SiHy
contact lens.       A water-soluble and thermally-crosshnkable
hydrophilic polymeric material containing azetidinium groups
comprises (i.e., has a composition including) from about 20% to about
95%, preferably from about 35% to about 90%, more preferably from
about 50% to about 85%, by weight of first polymer chains derived
from an epichlorohydrin-functionalized polyamine or polyamidoamine



Da!tons, vinyl alcohol, N-methyl-3-methylene-2-pyrrolidone,
1-methy1-5-methylene-2-pyrrolidone,
5-methyl-3-methylene-2-pyrrolidone, N,N-dimethylaminoethyl
(meth)acrylate, N,Ndimethylaminopropyl (metha)crylamide,
(meth)acryloyloxyethyl phosphorylcholine, and combinations thereof; a
copolymer which is a polymerization product of a composition
comprising (1) from about 0.1% to about 30%, preferably from about
0.5% to about 20%, more preferably from about 1% to about 15%, by
weight of (meth)acrylic acid, C2-C12 alkylacrylic acid, vinylamine,
allylamine, and/or amino-C2-C4 alkyl (meth)acrylate, and (2)
(meth)acryloyloxyethyl phosphorylcholine and/or at least one
non-reactive hydrophilic vinylic monomer selected from the group
consisting of acrylamide, N,N-dimethylacrylamide, N-vinylpyrrolidone,
N-vinyl-Nmethyl acetamide, glycerol (meth)acrylate, hydroxyethyl
(meth)acrylate, N-hydroxyethyl (meth)acrylamide, Craralkoxy
polyethylene glycol (meth)acrylate having a weight average molecular
weight of up to 400 Daltons, vinyl alcohol, and combination thereof.
Most preferably, the hydrophilicity-enhancing agent as a
hydrophilicity-enhancing agent is PEG-NH2; PEG-SH; PEG-COOH;
monoamino-, monocarboxyl-, diamino- or dicarboxylterminated
polyvinylpyrrolidone; monoamino-, monocarboxyl-, diamino- or
dicarboxyl-terminated polyacrylamide; monoamino-, monocarboxyl-,
diamino- or dicarboxyl-terminated poly(DMA); monoamino- or
monocarboxyl-, diamino- or dicarboxyl-terminated poly(DMA-co-NVP);
monoamino-, monocarboxyl-, diamino- or dicarboxyl-terminated
poly(NVP-co-N,Ndimethylaminoethyl (meth)acrylate)); monoamino-,
monocarboxyl-, diamino- or dicarboxylterminated poly(vinylalcohol);
monoamino-, monocarboxyl-, diamino- or dicarboxyl-terminated
poly[(meth)acryloyloxyethyl phosphrylcholine] homopolymer or
copolymer; monoamino-, monocarboxyl-, diamino- or
dicarboxyl-terminated poly(NVP-co-vinyl alcohol); monoamino-,
monocarboxyl-, diamino- or dicarboxyl-terminated poly(DMA-co-vinyl
alcohol); poly[(meth)acrylic acid-co-acrylamide] with from about 0.1%
to about 30%, preferably from about 0.5% to about 20%, more
preferably from about 1% to about 15%, by weight of (meth)acrylic
acid; poly[(meth)acrylic acid-co-NVP) with from about 0.1% to about
30%, preferably from about 0.5% to about 20%, more preferably from
about 1% to about 15%, by weight of (meth)acrylic acid; a copolymer
which is a polymerization product of a composition comprising (1)
(meth)acryloyloxyethyl phosphorylcholine and (2) from about 0.1% to
about 30%, preferably from about 0.5% to about 20%, more preferably
from about 1% to about 15%, by weight of a carboxylic acid containing
vinylic monomer and/or an amino-containing vinylic monomer, and
combination thereof.       PEGs with functional groups and multi-arm
PEGs with functional groups can be obtained from various commercial
suppliers, e.g., Polyscience, and Shearwater Polymers, inc., etc.
Monoamino-, monocarboxyl-, diamino- or dicarboxyl-terminated homo- or
copolymers of one or more non-reactive hydrophilic vinylic monomers
or of a phosphorylcholine-containing vinylic monomer can be prepared
according to procedures described in U.S. Patent No.  6,218,508,
herein incorporated by reference in its entirety. For example, to
prepare a diamino- or dicarboxyl-terminated homo- or co-polymer of a
non-reactive hydrophilic vinylic monomer, the non-reactive vinylic
monomer, a chain transfer agent with an amino or carboxyl group
(e.g., 2- aminoethanethiol, 2-mercaptopropinic acid, thioglycolic



The packaging solution has a tonicity of from about 200 to about 450
milliosmol (mOsm), preferably from about 250 to about 350 mOsm. The
tonicity of a packaging solution can be adjusted by adding organic or
inorganic substances which affect the tonicity. Suitable ocularly
acceptable tonicity agents include, but are not limited to sodium
chloride, potassium chloride, glycerol, propylene glycol, polyols,
mannitols, sorbitol, xylitol and mixtures thereof.       A packaging
solution of the invention has a viscosity of from about 1 centipoise
to about 20 centipoises, preferably from about 1.2 centipoises to
about 10 centipoises, more preferably from about 1.5 centipoises to
about 5 centipoises, at 25C.        In a preferred embodiment, the
packaging solution comprises preferably from about 0.01% to about 2%,
more preferably from about 0.05% to about 1.5%, even more preferably
from about 0.1% to about 1%, most preferably from about 0.2% to about
0.5%, by weight of a water-soluble and thermally-crosslinkable
hydrophilic polymeric material of the invention.       A packaging
solution of the invention can contain a viscosity-enhancing polymer.
The viscosity-enhancing polymer preferably is nonionic. Increasing
the solution viscosity provides a film on the lens which may
facilitate comfortable wearing of the contact lens. The
viscosity-enhancing component may also act to cushion the impact on
the eye surface during insertion and serves also to alleviate eye
irritation.       Preferred viscosity-enhancing polymers include, but
are not limited to, water soluble cellulose ethers (e.g., methyl
cellulose (MC), ethyl cellulose, hydroxymethylcellulose, hydroxyethyl
cellulose (HEC), hydroxypropylcellulose (HPC), hydroxypropylmethyl
cellulose (HPMC), or a mixture thereof), water-soluble
polyvinylalcohols (PVAs), high molecular weight poly(ethylene oxide)
having a molecular weight greater than about 2000 (up to 10,000,000
Daltons), polyvinylpyrrolidone with a molecular weight of from about
30,000 daltons to about 1,000,000 daltons, a copolymer of
N-vinylpyrronclone and at least one dialkylaminoalkyl (meth)acrylate
having 7-20 carbon atoms, and combinations thereof. Water soluble
cellulose ethers and copolymers of vinylpyrrolidone and
dimethylaminoethylmethacrylate are most  preferred
viscosity-enhancing polymers. Copolymers of N-vinylpyrrolidone and
dimethylaminoethylmethacrylate are commercially available, e.g.,
Copolymer 845 and Copolymer 937 from ISP.       The
viscosity-enhancing polymer is present in the packaging solution in
an amount of from about 0.01% to about 5% by weight, preferably from
about 0.05% to about 3% by weight, even more preferably from about
0.1% to about 1% by weight, based on the total amount of the
packaging solution.       A packaging solution can further comprises
a polyethylene glycol having a molecular weight of about 1200 or
less, more preferably 600 or less, most preferably from about 100 to
about 500 DaItons.       Where at least one of the crosslinked
coating and the packaging solution contains a polymeric material
having polyethylene glycol segments, the packaging solution
preferably comprises an a-oxo-multi-acid or salt thereof in an amount
sufficient to have a reduced susceptibility to oxidation degradation
of the polyethylene glycol segments. A commonly-owned co-pending
patent application (US patent application publication No.
2004/0116564 Al, incorporated herein in its entirety) discloses that
oxo-multi-acid or salt thereof can reduce the susceptibility to
oxidative degradation of a PEG-containing polymeric material.



posterior outer zone has an average posterior surface modulus
(designated as SM," ), wherein the inner zone has an average inner
surface modulus (designated as SMinr,r ), wherein at least SM,m," one
of-S MP" x100% and S-SM MI'm x100% is at least about 20%, preferably
at SMinnet.SM""ier least about 25%, more preferably at least about
30%, even more preferably at least about 35%, most preferably at
least about 40%. Preferably, the anterior and posterior outer zones
covers a span of at least about 0.1 pm, preferably from about 0.1 pm
to about 20 pm, more preferably from about 0.25 pm to about 15 pm,
even more preferably from about 0.5 pm to about 12.5 pm, most
preferably from about 1 pm to about 10 pm.       In a preferred
embodiment, the hydrated silicone hydrogel contact lens can have an
elastic modulus (or Young's Modulus) of from about 0.3 MPa to about
1.8 MPa, preferably from about 0.4 MPa to about 1.5 MPa, more
preferably from about 0.5 MPa to about 1.2 MPa; a water content of
from about 10% to about 75%, preferably from about 10% to about 70%,
more preferably from about 15% to about 65%; even more preferably
from about 20% to about 60%, most preferably from about 25% to about
55% by weight; a surface wettability characterized by having an
averaged water contact angle of about 90 degrees or less, preferably
about 80 degrees or less, more preferably about 70 degrees or less,
even more preferably about 60  degrees or less, most preferably about
50 degrees or less; a surface hydrophilicity characterized by having
a WBUT of at least about 10 seconds; or combinations thereof.
In another preferred embodiment, the anterior and posterior surfaces
have a ow surface concentration of negatively-charged groups (e.g.,
carboxylic acid groups) as characterized by attracting at most about
200, preferably at most about 160, more preferably at most about 120,
even more preferably at most about 90, most preferably at most about
60 positively-charged particles in
positively-charged-particles-adhesion test. To have a low surface
concentration of negatively charged groups (e.g., carboxylic acid
groups), the anterior and posterior outer hydrogel layers should have
a relatively low carboxylic acid content. Preferably the anterior and
posterior outer hydrogel layers have a carboxylic acid content of
about 20% by weight or less, preferably about 15% by weight or less,
even more preferably about 10% by weight or less, most preferably
about 5% by weight or less.       In another preferred embodiment, a
SiHy contact lens of the invention has a good surface lubricity
characterized by having a critical coefficient of friction
(designated as CCOF) of about 0.046 or less, preferably about 0.043
or less, more preferably about 0.040 or less. Alternatively, a SiHy
contact lens of the invention preferably has a lubricity better than
ACUVUE OASYS or ACUVUE TruEye as measured in a blind test according
to the lubricity evaluation procedures described in Example 1.
In another preferred embodiment, the hydrated SiHy contact lens
preferably has a high digital-rubbing resistance as characterized by
having no surface cracking lines visible under dark field after the
SiHy contact lens is rubbed between fingers. It is believed that
digital-rubbinginduced surface cracking may reduce the surface
lubricity and/or may not be able prevent silicone from migrating onto
the surface (exposure).       In another preferred embodiment, a
hydrated SiHy contact lens of the invention comprises an inner layer
of the silicone hydrogel material, an anterior outer hydrogel layer,
and a posterior outer hydrogel layer, wherein the anterior and



%, preferably about uts %, more preferably aboutgem  1- Wgens1-WC
1500 WC even more preferably aboutLeas %. In alternatively preferred
embodiments, where 1-WCLCflS WCLens is about 55% or less, the
water-swelling ratio of each outer hydrogel layer is at least about
150%; where WCLens is about 60% or less, the water-swelling ratio of
each outer hydrogel layer is at least about 200%; where WCLens is
about 65% or less, the water-swelling ratio of each outer hydrogel
layer is at least about 250%; where WCLe" WCLe", is about 70% or
less, the water-swelling ratio of each outer hydrogel layer is at
least about 300%.        Preferably, the SiHy contact lens further
comprises a transition layer located between the silicone hydrogel
material and the outer hydrogel layer. All of the various embodiments
of the  transition layer as described for the previous aspect of the
invention can be used, alone or in any combination, in this aspect of
the invention.        A hydrated SiHy contact lens of the invention
can be prepared according to the methods described above. All of the
various embodiments of the inner layer (i.e., silicone hydrogel
material) described above can be used, alone or in any combination,
in this aspect of the invention as the silicone hydrogel core. All of
the various embodiments as described above for the previous aspect of
the invention can be used, alone or in any combination, in this
aspect of the invention.        It should be understood that although
in this aspect of the invention various embodiments including
preferred embodiments of the invention may be separately described
above, they can be combined and/or used together in any desirable
fashion to arrive at different embodiments of a silicone hydrogel
contact lenses of the invention. All of the various embodiments
described above for the previous aspect of the invention can be used
alone or in combination in any desirable fashion in this aspect of
the invention.        In a further aspect, the invention provides a
hydrated silicone hydrogel contact lens. A hydrated silicone hydrogel
contact lens of the invention comprises: a silicone hydrogel material
as bulk material, an anterior surface and an opposite posterior
surface; wherein the contact lens has (1) an oxygen transmissibility
of at least about 40, preferably at least about 60, more preferably
at least about 80, even more preferably at least about 110
barrers/mm, and (2) a surface lubricity characterized by having a
critical coefficient of friction (designated as CCOF) of about 0.046
or less, preferably about 0.043 or less, more preferably about 0.040
or less, wherein the anterior and posterior surfaces have a low
surface concentration of negatively-charged groups including
carboxylic acid groups as characterized by attracting at most about
200, preferably at most about 160, more preferably at most about 120,
even more preferably at most about 90, most preferably at most about
60 positively-charged particles in
positively-chargedparticles-adhesion test.       In a preferred
embodiment, the hydrated silicone hydrogel contact lens has an
elastic modulus (or Young's Modulus) of from about 0.3 MPa to about
1.8 MPa, preferably from about 0.4 MPa to about 1.5 MPa, more
preferably from about 0.5 MPa to about 1.2 MPa; a water content of
from about 10% to about 75%, preferably from about 10% to about 70%,
more preferably from about 15% to about 65%; even more preferably
from about 20% to about 60%, most preferably from about 25% to about
55% by weight; a surface wettability characterized by having an
averaged water contact angle of about 90 degrees or less, preferably



carboxylic acid content of about 20% by weight or less, preferably
about 15% by weight or less, even more preferably about 10% by weight
or less, most preferably about 5% by weight or less.        In
another preferred embodiment, the two outer hydrogel layers of a
hydrated SiHy contact lens of the invention comprise a water content
higher than the water content (designated WCLens) of the hydrated
silicone hydrogel contact lens and more specifically must be at least
about 1.2 folds (i.e., 120%) of the water content (WCLens) of the
hydrated silicone hydrogel contact lens. It is believed that the
water-swelling ratio of each outer hydrogel layer can represent
approximately the water content of the outer hydrogel layer as
discussed above. Where WCLens is about 45% or less, the
water-swelling ratio of each outer hydrogel layer is preferably at
least at least about 150%, more preferably at least about 200%, more
preferably at least about 250%, even more preferably at least about
300%. Where WCLens is higher than 45%, 120  WC  the water-swelling
ratio of each outer hydrogel layer is at least about`"s %, preferably
1- WC 130  WC140  WC aboutLens %, more preferably about%, even more
preferably about 1- WC"as1- WC" 150  WC 1-`"s%. In alternatively
preferred embodiments, where WCLe," is about 55% or less, the 1-
WC,", water-swelling ratio of each outer hydrogel layer is at least
about 150%; where WCLen is about 60% or less, the water-swelling
ratio of each outer hydrogel layer is at least about 200%; where
WCLene is about 65% or less, the water-swelling ratio of each outer
hydrogel layer is at least about 250%; where WCiens is about 70% or
less, the water-swelling ratio of each outer hydrogel layer is at
least about 300%.        In another preferred embodiment, the
anterior and posterior outer hydrogel layers independent of each
other have a reduced surface modulus of at least about 20%,
preferably at least about 25%, more preferably at least about 30%,
even more preferably at least about 35%, most preferably at least
about 40%, relative to the inner layer.       Preferably, the SiHy
contact lens further comprises a transition layer located between the
silicone hydrogel material and the outer hydrogel layer. All of the
various embodiments of the transition layer as described for the
previous aspect of the invention can be used, alone or in any
combination, in this aspect of the invention.       A hydrated SiHy
contact lens of the invention can be prepared according to the
methods described above. All of the various embodiments of the inner
layer (i.e., silicone hydrogel material) described above can be used,
alone or in any combination, in this aspect of the invention as the
silicone hydrogel core. All of the various embodiments as described
above for the previous aspect of the invention can be used, alone or
in any combination, in this aspect of the invention.         It
should be understood that although in this aspect of the invention
various embodiments including preferred embodiments of the invention
may be separately described above, they can be combined and/or used
together in any desirable fashion to arrive at different embodiments
of a silicone hydrogel contact lenses of the invention. All of the
various embodiments described above for the previous aspect of the
invention can be used alone or in combination in any desirable
fashion in this aspect of the invention. 



The previous disclosure will enable one having ordinary skill in the
art to practice the invention. Various modifications, variations, and
combinations can be made to the various embodiment described herein.
In order to better enable the reader to understand specific
embodiments and the advantages thereof, reference to the following
examples is suggested. It is intended that the specification and
examples be considered as exemplary.       Although various aspects
and various embodiments of the invention have been described using
specific terms, devices, and methods, such description is for
illustrative purposes only. The words used are words of description
rather than of limitation. It is to be understood that changes and
variations may be made by those skilled in the art without departing
from the spirit or scope of the present invention, which is set forth
in the following claims. In addition, it should be understood that
aspects of the various embodiments may be interchanged either in
whole or in part or can be combined in any manner and/or used
together. Therefore, the spirit and scope of the appended claims
should not be limited to the description of the preferred versions
contained therein. Example 1 Oxygen Permeability Measurements
The apparent oxygen permeability of a lens and oxygen
transmissibility of a lens material is determined according to a
technique similar to the one described in U.S. Patent No. 5,760,100
and in an article by Winterton et al., (The Cornea: Transactions of
the World Congress on the Cornea 111, H.D. Cavanagh Ed., Raven Press:
New York 1988, pp273-280), both of which are herein incorporated by
reference in their entireties. Oxygen fluxes (J) are measured at 34C
in a wet cell (i.e., gas streams are maintained at about 100%
relative humidity) using a Dk1000 instrument (available from Applied
Design and Development Co., Norcross, GA), or similar analytical
instrument. An air stream, having a known percentage of oxygen (e.g.,
21%), is passed across one side of the lens at a rate of about 10 to
20 cm3 /min., while a nitrogen stream is passed on the opposite side
of the lens at a rate of about 10 to 20 cm3 /min. A sample is
equilibrated in a test media (i.e., saline or distilled water) at the
prescribed test temperature for at least 30 minutes prior to
measurement but not more than 45 minutes. Any test media used as the
overlayer is equilibrated at the prescribed test temperature for at
least 30 minutes prior to measurement but not more than 45 minutes.
The stir motor's speed is set to 120050 rpm,  corresponding to an
indicated setting of 40015 on the stepper motor controller. The
barometric pressure surrounding the system, Pmeasured, is measured.
The thickness (t) of the lens in the area being exposed for testing
is determined by measuring about 10 locations with a Mitotoya
micrometer VL-50, or similar instrument, and averaging the
measurements. The oxygen concentration in the nitrogen stream (i.e.,
oxygen which diffuses through the lens) is measured using the DK1000
instrument. The apparent oxygen permeability of the lens material,
Dkapp, is determined from the following formula: Dkapp =..ItAPpxygen)
where J=oxygen flux [microliters 02 /cm2 -minute]       Poxygen
=(Pmeasured 'Praetor vapor)=(%02 in air stream) [mm Ha=partial
pressure of oxygen in the air stream Pmeasured =barometric pressure
(mm Hg) Pwater vapor =0 mm Hg at 34 C On a dry cell) (mm Hg) Pwater
vapor =40 mm Hg at 34C On a wet cell) (mm Hg) t=average thickness of
the lens over the exposed test area (mm) Dkapp is expressed in units
of barrers.       The apparent oxygen transmissibility (Dk /t) of the



Measure the oxygen flux through a thickness series of lotrafilcon A
or lotrafilcon B (reference) lenses using the same equipment
according to the procedure for apparent Dk measurements described
above, to obtain the intrinsic Dk value (DK) of the reference lens. A
thickness series should cover a thickness range of approximately 100
pm or more. Preferably, the range of reference lens thicknesses will
bracket the test lens thicknesses. The Dkapp of  these reference
lenses must be measured on the same equipment as the test lenses and
should ideally be measured contemporaneously with the test lenses.
The equipment setup and measurement parameters should be held
constant throughout the experiment. The individual samples may be
measured multiple times if desired.       Determine the residual
oxygen resistance value, Rr, from the reference lens results using
equation 1 in the calculations. Et Dk aPPk (1)    in which t is the
thickness of the test lens (i.e., the reference lens too), and n is
the number of the reference lenses measured. Plot the residual oxygen
resistance value, IRr VS. t data and fit a curve of the form Y = a +
bX where, for the jth lens, Yi = (AP / J), and X = t. The residual
oxygen resistance, Rr is equal to a.  Use the residual oxygen
resistance value determined above to calculate the correct oxygen
permeability Dka (estimated intrinsic Dk) for the test lenses based
on Equation 2. Dke = t / [(t / Dka) -(2)       The estimated
intrinsic Dk of the test lens can be used to calculate what the
apparent Dk (Dka s(d) would have been for a standard thickness lens
in the same test environment based on Equation 3. The standard
thickness (taw) for lotrafilcon A = 85 pm. The standard thickness for
lotrafilcon B = 60 pm. Dk, stel = tStd [( tsid/ Dkc)Rr ski](3) Ion
Permeability Measurements.       The ion permeability of a lens is
measured according to procedures described in U.S. Patent No.
5,760,100 (herein incorporated by reference in its entirety. The
values of ion permeability reported in the following examples are
relative ionoflux diffusion coefficients (D/Draf) in reference to a
lens material, Alsacon, as reference material. Alsacon has an
ionoflux diffusion coefficient of 0.314X10-3 mm2/minute. Lubricity
Evaluation       The lubricity rating is a qualitative ranking scheme
where 0 is assigned to control lenses coated with polyacrylic acid, 1
is assigned to OasysTm/TruEyeTm commercial lenses and 4 is assigned
to commercial Air OptixTM lenses. The samples are rinsed with excess
DI water for at least three times and then transferred to PBS before
the evaluation. Before the evaluation, hands are rinsed with a soap
solution, extensively rinsed with DI water and then dried with
KimWipee towels. The samples are handled between the fingers and a
numerical number is assigned for each sample relative to the above
standard lenses described above. For example, if lenses are
determined to be only slightly better than Air OptixTM lenses, then
they are assigned a number 3. For consistency, all ratings are
independently collected by the same two operators 



in order to avoid bias and the data reveal good qualitative agreement
and consistency in the evaluation. Surface WettabilityTests. Water
contact angle on a contact lens is a general measure of the surface
wettability of the contact lens. In particular, a low water contact
angle corresponds to more wettable surface. Average contact angles
(Sessile Drop) of contact lenses are measured using a VCA 2500 XE
contact angle measurement device from AST, Inc., located in Boston,
Massachusetts. This equipment is capable of measuring advancing or
receding contact angles or sessile (static) contact angles. The
measurements are performed on fully hydrated contact lenses and
immediately after blot-drying as follows. A contact lens is removed
from the vial and washed 3 times in -200m1 of fresh DI water in order
to remove loosely bound packaging additives from the lens surface.
The lens is then placed on top of a lint-free clean cloth (Alpha Wipe
TX1009), dabbed well to remove surface water, mounted on the contact
angle measurement pedestal, blown dry with a blast of dry air and
finally the sessile drop contact angle is automatically measured
using the software provided by the manufacturer. The DI water used
for measuring the contact angle has a resistivity > 18M0cm and the
droplet volume used is 41. Typically, uncoated silicone hydrogel
lenses (after autoclave) have a sessile drop contact angle around 120
degrees. The tweezers and the pedestal are washed well with
Isopropanol and rinsed with DI water before coming in contact with
the contact lenses. Water Break-up Time (WBUT) Tests. The surface
hydrophilicity of the lenses (after autoclave) is assessed by
determining the time required for the water film to start breaking on
the lens surface. Briefly, lenses are removed from the vial and
washed 3 times in - 200m1 of fresh DI water in order to remove
loosely bound packaging additives from the lens surface. The lens is
removed from the solution and held with tweezers against a bright
light source. The time that is needed for the water film to break
(de-wet) exposing the underlying lens material is noted visually.
Uncoated lenses typically instantly break upon removal from DI water
and are assigned a WBUT of 0 seconds. Lenses exhibiting WBUT 5
seconds are considered good hydrophilicity and are expected to
exhibit adequate ability to support the tear film on-eye. Coating
Intactness Tests. The intactness of a coating on the surface of a
contact lens can be tested according to Sudan Black stain test as
follow. Contact lenses with a coating (an LbL coating, a plasma
coating, or any other coatings) are dipped into a Sudan Black dye
solution (Sudan Black in vitamin E oil) and then rinsed extensively
in water. Sudan Black dye is hydrophobic and has a great tendency to
be absorbed by a hydrophobic material or onto a hydrophobic lens
surface or hydrophobic spots on a partially coated surface of a
hydrophobic lens (e.g., silicone hydrogel contact lens). If the
coating on a hydrophobic lens is intact, no staining spots should be
observed on or in the lens. All of the lenses under test are fully
hydrated.   Tests of coating durability. The lenses are digitally
rubbed with Solo-care@ multi-purpose lens care solution for 30 times
and then rinsed with saline. The above procedure is repeated for a
given times, e.g., from Ito 30 times, (i.e., number of consecutive
digital rubbing tests which imitate cleaning and soaking cycles). The
lenses are then subjected to Sudan Black test (i.e., coating
intactness test described above) to examine whether the coating is
still intact. To survive digital rubbing test, there is no



Example 3 Preparation of Lens Formulations       A lens formulation
is prepared by dissolving components in 1-propanol to have the
following composition: 33% by weight of CE-PDMS macromer prepared in
Example 2, 17% by weight of
Npris(trimethylsiloxy)-silylpropyl]acrylamide (TRIS-Am), 24% by
weight of N,Ndimethylacrylamide (DMA), 0.5% by weight of
N-(carbonyl-methoxypolyethylene glycol-2000)-
1,2-disteaoyl-sn-glycero-3-phosphoethanolamin, sodium salt) (L-PEG),
1.0% by weight Darocur 1173 (DC1173), 0.1% by weight of visitint (5%
copper phthalocyanine blue pigment dispersion in
tris(trimethylsiloxy)silylpropylmethacrylate, TRIS), and 24.5% by
weight of 1-propanol. Preparation of Lenses        Lenses are
prepared by cast-molding from the lens formulation prepared above in
a reusable mold, similar to the mold shown in Figs. 1-6 in U.S.
patent Nos.7,384,590 and 7,387,759 (Figs. 1-6). The mold comprises a
female mold half made of CaF2 and a male mold half made of PMMA. The
UV irradiation source is a Hamamatsu lamp with the WG335 +TM297 cut
off filter at an intensity of about 4 mW 1cm2. The lens formulation
in the mold is irradiated with UV irradiation for about 25 seconds.
Cast-molded lenses are extracted with isopropanol (or methyl ethyl
ketone, MEK), rinsed in water, coated with polyacrylic acid (PAA) by
dipping lenses in a propanol solution of PAA (0.1% by weight,
acidified with formic acid to about p1-12.5), and hydrated in water.
Resultant lenses having a reactive PAA-LbL base coating thereon are
determined to have the following properties: ion permeability of
about 8.0 to about 9.0 relative to Alsacon lens material; apparent Dk
(single point) of about 90 to 100; a water content of about 30% to
about 33%; and a bulk elastic modulus of about 0.60 MPa to about 0.65
MPa. Example 4       An in-package coating (IPC) saline is prepared
by adding 0.2% polyamidoamineepichlorohydrin (PAE)( Kymene from
Ashland as an aqueous solution and used as received, azetidinium
content of 0.46 assayed with NMR) in phosphate buffer saline (PBS
hereinafter) (about 0.044 w/w% NaH2PO4+120, about 0.388 w/w/%
Na21-1PO42H20, about 0.79 w/w% NaCI) and the p1-1 is then adjusted to
7.2-7.4.       Lenses from Example 3 are placed in a polypropylene
lens packaging shell with 0.6 mL of the IPC saline (half of the IPC
saline is added prior to inserting the lens). The blister is then
sealed with foil and autoclaved for about 30 minutes at 121C, forming
crosslinked coatings (PM-x-PAE coating) on the lenses.       Then the
lenses are evaluated for debris adhesion, surface cracking,
lubricity, contact angle and water break-up time (WBUT). The test
lenses (packaged/autoclaved in the IPC saline, i.e., lenses having
PAA-x-PAE coating thereon) show no debris adhesion after being rubbed
against a paper towel while control lenses (packaged/autoclaved in
PBS, i.e., lenses having a PAA-LbL base coating thereon) show severe
debris adhesion. The water contact angle (WCA) of the test lenses is
low (-20 degrees) but the WBUT is less than 2 seconds. When observed
under dark field microscope, severe cracking lines are visible after
handling the lens (lens inversion and rubbing between the fingers).
The test lenses are much less lubricous than the control lenses as
judged by a qualitative finger-rubbing test.  Example 5
Poly(acrylamide-co-acrylic acid) (or PAAm-PAA or poly(AAm-co-AA) or
p(AAm-co-AA)) partial sodium salt ( -80% solid content,
Poly(AAm-co-AA)( 80/20), Mw. 520,000, Mn 150,000) is purchased from
Aldrich and used as received.       An IPC saline is prepared by



An IPC saline is prepared by dissolving 0.02% of poly(AAm-co-AA)
(80/20) and 0.2% of PAE (Kymene from Ashland as an aqueous solution
and used as received, azetidinium content of 0.46 assayed with NMR)
in PBS and adjusting the pH to 7.2-7.4. Then the saline is then
treated by heating to and at about 70C for 4 hours (heat
pre-treatment). During this heat pretreatment, poly(AAm-co-AA) and
PAE are partially crosslinked between each other (i.e., not consuming
all azetidinium groups of PAE) to form a water-soluble and
thermally-crosslinkable hydrophilic polymeric material containing
azetidinium groups within the branched polymer network in the IPC
saline. After the heat pre-treatment, the final IPC saline is
filtered using a 0.22micron polyether sulphone (PES) membrane filter
and cooled down back to room temperature.       Lenses having a
PAA-LbL base coating thereon prepared in Example 3 are placed in a
polypropylene lens packaging shell with 0.6 mL of the IPC saline
(half of the saline is added prior to inserting the lens). The
blister is then sealed with foil and autoclaved for about 30 minutes
at about 121C, forming a crosslinked coating (PAA-x-hydrophilic
polymeric material) on the lenses.       The test lenses (packaged in
the heat-pretreated IPC saline, i.e., lenses having PAA-xhydrophilic
polymeric material coating thereon) show no debris adhesion after
being rubbed   against paper towel while the control lenses (packaged
in PBS, i.e., lenses having a noncovalently attached layer of FAA
thereon) show severe debris adhesion. The test lenses have a WBUT of
longer than10 seconds. When observed under dark field microscope, no
cracking lines are visible after rubbing the test lens. The test
lenses are very lubricious in a finger rubbing test and equivalent to
the control lenses.        A series of experiments are carried out to
study the effects of the conditions (duration and/or temperature) of
heat pre-treatment of the IPC saline upon the surface properties of
resultant lenses coated with the IPC saline. Heat treatment times of
about 6 hours or longer at about 70C result in lenses that are
susceptible to debris adhesion similar to the control lenses. It is
believed that longer preheating treat may consume most azetidinium
groups and as such numbers of azetidinium groups left in the branched
polymer network of the resultant water-soluble polymeric material are
insufficient to attach the polymeric material to the FAA coating.
Heat treatment for only 4 hours at 50C results in lenses that show
surface cracking lines under dark field microscopy after being rubbed
between the fingers similar to the test lenses in Example 5 where the
IPC saline is not heat pre-treated. It is believed that shorter
preheating treat may consume a small amount azetidinium groups and as
such numbers of azetidinium groups left in the branched polymer
network of the resultant water-soluble polymeric material are high so
that the resultant crosslinked coating (PAA-x-hydrophilic polymeric
material) on the lenses may have too high crosslinking density.
Example 7       Poly(acrylamide-co-acrylic acid) partial sodium salt
( -90% solid content, poly(AAm-coAA) 90/10, Mw 200,000) is purchased
from Polysciences, Inc. and used as received.       An IPC saline is
prepared by dissolving 0.07% of PAAm-PAA (90/10) and 0.2% of PAE
(Kymene from Ashland as an aqueous solution and used as received,
azetidinium content of 0.46 assayed with NMR) in PBS and adjusting
the pH to 7.2-7.4. Then the saline is heat pretreated for about 4
hours at about 70C (heat pre-treatment). During this heat
pretreatment, poly(AAm-co-AA) and PAE are partially crosslinked to



Debris Adhesion Evaluation  Temperature (C) Time (hrs) 50 55 60 65 70
4   pass   6  pass  



pass  8 pass  pass  fail 10  pass  fail  12   pass  



24     fail  Example 10        Copolymers of methacryloyloxyethyl
phosphorylchohne (MPC) with one carboxyl-containing vinylic monomer
(CH2=CH(CH3)C(0)0C2H40C(0)C2H4COOH (MS), methacrylic acid (MA)) in
the absence or presence of butylmethacnilate (BMA) are evaluated in
an in-package coating systems in combination with PAE.        PBS
containing NaCl (0.75% by weight), NaH2PO4.H20 (0.0536% by weight),
Na21-1PO4.2H20 (0.3576% by weight) and DI water (97.59 % by weight)
is prepared and 0.2% RAE (polycup 3160) is added. The pH is adjusted
to about 7.3.       0.25% of one of several MPC copolymers is then
added to form an IPC saline and the IPC saline is heat pre-treated at
70C for 4 hours (heat pre-treatment). During this heat pretreatment,
MPC and PAE are partially crosslinked to each other (i.e., not
consuming all azetidinium groups of RAE) to form a water-soluble and
thermally-crosslinkable hydrophilic polymeric material containing
azetidinium groups within the branched polymer network in the IPC
saline. After 4 hours, the heat-pretreated IPC saline is filtered
through 0.2 micron Polyether sulphone [FES} membrane filters (Fisher
Scientific catalog#09-741-04, Thermo Scientific nalgene
#568-0020(250m1).       Lenses having a PAA-LbL base coating thereon
prepared in Example 3 are packaged in the heat-pretreated IPC saline
and autoclaved for about 30 minutes at 121C. Table 2 shows that all
lenses possess excellent surface properties. Table 2 MPC Copolymer D.
A. Cracking Lubricity Wettability 



WBUT (sec.) Poly(MPC/MA) 90/10 pass pass excellent excellent
Poly(MPC/BMA/MA) 40/40/20 pass pass excellent excellent
Poly(MPC/BMA/MA) 70/20/10 pass pass excellent excellent
Poly(MPC/BMA/MS) 70/20/10 pass pass 



excellent excellent * The numbers are molar percents of monomer units
in the copolymer. D.A = Debris Adhesion WBUT is longer than 10
seconds. Example 11 PAA-coated lenses. Lenses cast-molded from a lens
formulation prepared in Example 3 according to the molding process
described in Example 3 are extracted and coated by dipping in the
following series of baths: 3 MEK baths (22, 78 and 224 seconds); DI
water bath (56 seconds); 2 baths of PM coating solution (prepared by
dissolving 3.6g of PAA (KW.: 450kDa, from Lubrizol) in 975m1 of
1-propanol and 25 ml of formic acid) for 44 and 56 seconds
separately; and 3 DI water baths each for 56 seconds. PAE/PAA-coated
lenses. The above-prepared lenses with a PM base coating thereon are
dipped successively into the following baths: 2 baths of PAE coating
solution, which is prepared by dissolving 0.25 wt% of RAE (Polycup
172, from Hercules) in DI water and adjusting the pH to  about 5.0
using sodium hydroxide and finally filtering the resultant solution
using a Sum filter, for 44 and 56 seconds respectively; and 3 baths
of DI water each for 56 seconds. After this treatment, the lenses
have one layer of FAA and one layer of PAE. Lenses with
PAA-x-PAE-x-CMC coatings thereon. One batch of lenses with one layer
of PAA and one layer of RAE thereon are packaged in a 0.2% Sodium
carboxymethylcellulose (CMC, Product# 7H 3SF PH, Ashland AquaIon) in
phosphate buffer saline (PBS) and the pH is then adjusted to 7.2 -
7.4. The blisters are then sealed and autoclaved for about 30 minutes
at 121 C, forming crosslinked coatings (PAA-x-PAE-x-CMC) on the
lenses. Lenses with PAA-x-PAE-x-HA coatings thereon. Another batch of
lenses with one layer of PAA and one layer of RAE thereon are
packaged in 0.2% Hyaluronic acid (HA, Product 6915004, Novozymes) in
phosphate buffer saline (PBS) and the pH is then adjusted to 7.2 -
7.4. The blisters are then sealed and autoclaved for about 30 minutes
at 121 C, forming crosslinked coatings (PAA-x-PAE-x-HA) on the
lenses.       The resultants lenses either with PAA-x-PAE-x-CMC
coating or with PAA-x-PAE-x-HA coating thereon show no Sudan black
staining, no debris adhesion, and no cracking under microscopy
examination. The lenses with PAA-x-PAE-x-CMC coating thereon have an
average contact angle of 303 degrees, while the lenses PAA-x-PAE-x-HA
coating thereon have an average contact angle of 203 degrees. Example
12 IPC solution preparation. A reaction mixture is prepared by
dissolving 2.86% by weight of mPEG-SH 2000 (Methoxy-Poly(Ethylene
Glycol)-Thiol, Avg MW 2000, Product #MPEG-SH2000, Laysan Bio Inc.)
along with 2% by weight of PAE (Kymene from Ashland as an aqueous
solution and used as received, azetidinium content of 0.46 assayed
with NMR) in PBS and the final pH adjusted to 7.5. The solution is
heat-treated for about 4 hours at 45 C (heat pretreatment). During
this heat pretreatment, mPEG-SH 2000 and PAE are reacted with each
other to form a water-soluble and thermally-crosslinkable hydrophilic
polymeric material containing azetidinium groups and
chemically-grafted polyethyleneglycol polymer chains. After the
heat-treatment, the solution is diluted with 10-fold PBS containing
0.25% sodium citrate, pH adjusted to 7.2-7.4, and then filtered using
0.22micron polyether sulphone (PES) membrane filter. The final 1PC
saline contains 0.286% by weight of hydrophilic polymeric material
(consisting of about 59% by weight of MPEG-SH-2000 chains and about
41% by weight of PAE chains) and 0.25% Sodium citrate dihydrate. The
PBS is prepared by dissolving 0.74% NaCI, 0.053% NaH2PO4.H20 and
0.353% Na2HPO4.2H20 in water. Lenses with crosslinked coatings



[mPEG-SH200011 (wt%) Reaction time a 45 C (hr) D.A. Cracking
Lubricity WCA     Test 1 Test 2  2.86 0 0,2 0,2; 2, NA 



3 3 17 2.86 0.5 0,0 0,2; 0,2 2-3 2 21 2.86 2 0,0 0,0;0,0 2 2 20 2.86
4 



0,0 0,0;0,0 1-2 1 37 0.5 4 0 0,2; NA 4 3-4 15 1.5 4 0 0,0; NA 3 3 20 



6 4 0 0,0; NA 0-1 0 51 D.A. = debris adhesion; WCA = water contact
angle.1. PAE concentration: 2% by weight.        As the solution
concentration of mPEGSH2000 increases, the lens lubricity increases
accordingly. It is believed that the increase in the contact angle of
the surface may be due to the increasing density of terminal methyl
groups on the surface with increasing grafting density. At high
grafting densities, corresponding to a solution concentration of
0.6%, the contact angle approaches measurements obtained on
Polyethylene glycol (PEG) monolayer grafted flat substrates
(Reference: Langmuir 2008, 24, 10646-10653). Example 13       A
series of experiments are carried out to study the effects of
molecular weight of the mPEG-SH. The IPC saline is prepared similar
to the procedure described in Example 12. However, the following
mPEG-SH are used to prepare the saline: mPEG-SH 1000, mPEG-SH 2000,
mPEG-SH 5000 and mPEG-SH 20000. All the salines are subjected to heat
treatment at 45C for 4 hours and 10-fold dilution. The results and
the reaction conditions are shown below: mPEG-SH D.A. Cracking
Lubricity WCA M.W. (Daltons) Conc. (%)*  



Test 1 Test 2  1000 1.5 No No 2 1 21 1000 2.86 No No 1 1 27 2000 



1.5 No No 2 2 28 2000 2.86 No No 0-1 0 21 5000 1.5 No No 2 2 



18 5000 2.86 No No 0-1 0-1 26 20000 1.5 No No 3 2 21 20000 2.86 No No



2 1 21  D.A. = debris adhesion; WCA = water contact angle *The
initial concentration of MPEG-SH in the IPC saline with 2% PAE
therein before the heat pretreatment and the 10-fold dilution.
Example 14       A reaction mixture is prepared by dissolving 2.5% of
mPEG-SH 2000, 10% of PAE (Kymene from Ashland as an aqueous solution
and used as received, azetidinium content of 0.46 assayed with NMR)
in PBS and 0.25% of sodium citrate dihydrate. The pH of this solution
is then adjusted to 7.5 and also degassed by bubbling nitrogen gas
through the container for 2 hours. This solution is later heat
treated for about 6 hours at 45 C forming a thermally crossfinkable
hydrophilic polymeric material containing mPEG-SH-2000 groups
chemically grafted onto the polymer by reaction with the Azetidinium
groups in PAE. After the heat-treatment, the solution is diluted
50-fold using PBS containing 0.25% sodium citrate, pH adjusted to
7.2-7.4, and then filtered using 0.22micron polyether sulphone (PES)
membrane filter. The final IPC saline contains about 0.30% by weight
of the polymeric material (consisting of about 17% wt.mPEG-SH-2000
and about 83% wt. PAE) and 0.25% Sodium citrate dihydrate.
PAA-coated lenses from Example 11 are packaged in the above IPC
saline in polypropylene lens packaging shells and then autoclaved for
about 30 minutes at about 121C, forming a crosslinked coating on the
lenses.       The final lenses show no debris adhesion, no cracking
lines after rubbing the lens. The test lenses are very lubricious in
a finger rubbing test comparable to control PAA-coated lenses.
Example 15       A reaction mixture is prepared by dissolving 3.62%
of mPEG-NH2 550 (methoxypoly(ethyleneglycol)-amine, M.W. - 550
(Product IIMPEG-NH2-550, Laysan Bio Inc.) along with 2% of PAE
(Kymene from Ashland as an aqueous solution and used as received,
azetidinium ratio of 0.46 assayed with NMR) in PBS and the final pH
adjusted to 10. The solution is heat-treated for about 4 hours at 45
C forming a thermally crosslinkable hydrophilic polymeric material
containing MPEG-NH2-550 groups chemically grafted onto the polymer by
reaction with the azetidinium groups in PAE. After the
heat-treatment, the solution is diluted with 10-fold PBS containing
0.25% sodium citrate, p1-1 adjusted to 7.2-7.4, and then filtered
using 0.22micron polyether sulphone (PES) membrane filter. The final
IPC saline contains about 0.562% wt. of polymeric material
(consisting of 64% wt. MPEG-SH-2000 and about 36% wt. PAE) and 0.25%
Sodium citrate dihydrate. PBS is prepared by dissolving 0.74% NaCI,
0.053% NaH2PO4.H20 and 0.353% Na2HPO4.21-120 in water.
PAA-coated lenses from Example 11 are packaged in the above IPC
saline in polypropylene lens packaging shells and then autoclaved for
about 30 minutes at about 121C, forming a crosslinked coating on the
lenses.       The final lenses show no debris adhesion, and no
cracking lines are observed after digitally (finger) rubbing the
lens.  Example 16       Poloxamer 108 (sample) and nelfilcon A (CIBA
VISION) are used as received. Nelfilcon A is a polymerizable
polyvinyl alcohol obtained by modifying a polyvinyl alcohol (e.g.,
Gohsenol KL-03 from Nippon Gohsei or the like) with
N-(2,2-Dimethoxyethyl)acrylamide under cyclicacetal formation
reaction conditions (13iihler et al., CHIMIA, 53 (1999), 269-274,
herein incorporated by reference in its entirety). About 2.5% of
vinyl alcohol units in nelfilcon A is modified by
N-(2,2-Dimethoxyethyl)acrylamide.        IPC saline is prepared by
dissolving 0.004% poloxamer 108, 0.8% nelfilcon A, 0.2% PAE (Kymene,



The test lenses show no debris adhesion after being rubbed against
paper towel. The lenses had a WBUT of above 10 seconds. When observed
under dark foiled microscope, cracking lines are not visible after
rubbing the lenses between the fingers. The lens is much more
lubricous than the lenses from Example 4 but still not as lubricous
as PAA-coated control lenses packaged in PBS. Example 17 A. Synthesis
of BO% Ethylenically-Functionalized chain-extended polysiloxane
KF-6001A (a,w-bis(2-hydroxyethoxypropyI)-polydimethylsiloxane, Mn =
2000, from ShinEtsu) and KF-6002A
(a,w-bis(2-hydroxyethoxypropyI)-polydimethylsiloxane, Mn = 3400, from
Shin-Etsu) are separately dried at about 60C for 12 hours (or
overnight) under high vacuum in a single neck flask. The OH molar
equivalent weights of KF-6001A and KF-6002A are determined by
titration of hydroxyl groups and are used to calculate the millimolar
equivalent to be used in the synthesis.       A one-liter reaction
vessel is evacuated overnight to remove moisture, and the vacuum
broken with dry nitrogen. 75.00 g (75 meq) of dried KF6001A is
charged to the reactor, and then 16.68 g (150 meq) of freshly
distilled IPDI is added into the reactor. The reactor is purged with
nitrogen and heated to 45C with stirring and then 0.30 g of DBTDL is
added. The reactor is sealed, and a positive flow of nitrogen is
maintained. An exotherm occurs, after which the reaction mixture is
allowed to cool and stir at 55C for 2 hours. After reaching the
exotherm, 248.00 g (150 meq) of dried KF6002A is added to the reactor
at 55C and then 100 pL of  DBTDL is added. The reactor is stirred for
four hours. Heating is discontinued and the reactor is allowed to
cool overnight. The nitrogen bubble is discontinued and the reactor
is opened to atmosphere for 30 minutes with moderate stirring. A
hydroxyl-terminated chain-extended polysiloxane having 3 polysiloxane
segments, HO-PDMS-IPDI-PDMS-IPDI-PDMS-OH (or HOCE-PDMS-OH), is
formed.        For 80% ethylenically-functionalized polysiloxane,
18.64 g (120 meq) of IEM is added to the reactor, along with 100 ML
of DBTDL. The reactor is stirred for 24 hours, and then product (80%
IEM-capped CE-PDMS) is decanted and stored under refrigeration. B:
Synthesis of Non-UV-absorbing amphiphilic branched polysiloxane
Prepolymer       A 1-L jacketed reactor is equipped with 500-mL
addition funnel, overhead stirring, reflux condenser with
nitrogen/vacuum inlet adapter, thermometer, and sampling adapter. The
reactor is charged with 45.6 g of 80% IEM-capped CE-PDMS prepared
above and sealed. A solution of 0.65 g of hydroxyethyl methacrylate
(HEMA), 25.80 g of DMA, 27.80 g of (tris(trimethylsilyI))-
siloxypropyl)methacrylate (TRIS), in 279 g of ethyl acetate is
charged to the addition funnel. The reactor is degassed at <I mbar
for 30 minutes at RT with a high-vacuum pump. The monomer solution is
degassed at 100 mbar and RT for 10 minutes for three cycles, breaking
vacuum with nitrogen between degas cycles. The monomer solution is
then charged to the reactor, and then the reaction mixture is stirred
and heated to 67C. While heating, a solution of 1.50 g of
mercaptoethanol (chain transfer agent, CTA) and 0.26 g of
azoisobutyronitrile dissolved in 39 g of ethyl acetate is charged to
the addition funnel and deoxygenated three times at 100 mbar, RT for
10 minutes. When the reactor temperature reaches 67C, the
initiator/CTA solution is added to the PDMS/monomer solution in the
reactor. The reaction is allowed to proceed for 8 hours, and then
heating is discontinued and reactor temperature is brought to room



0-2: Lens formulation with UV-absorbing polysiloxane prepolymer (4%
DMA)       In a 100 mL amber flask, 24.250 g of macromer solution
prepared above (43.92% in ethyl acetate) is added. In a50 mL vial,
0.15 g of TPO and 0.75 g of DMPC is dissolved in 20 g of 1- propanol
and then transferred to the macromer solution. 20 g of solvent is
pulled off using rotavap at 30 C, followed by addition of 20 g of
1-propanol. After two cycles, the mixture is concentrated to 14.40g.
0.6 g of DMA is added to this mixture and the formulation is
homogenized at room temperature. 15 g of clear lens formulation 0-2
is obtained. D-3: Lens formulation with UV-absorbing polysiloxane
prepolymer (2% DMA /2% HEA)       In a 100 mL amber flask, 24.250 g
of macromer solution prepared above (43.92% in ethyl acetate) is
added. In a 50 mL vial, 0.15 g of TPO and 0.75 g of DMPC is dissolved
in 20 g of 1- propanol and then transferred to the macromer solution.
20 g of solvent is pulled off using rotavap at 30 'C, followed by
addition of 20 g of 1-propanol. After two cycles, the mixture is
concentrated to 14.40g. 0.39 of DMA and 0.39 of HEA is added to this
mixture and the formulation is homogenized at room temperature. 159
of clear lens formulation D-3 is obtained. Example 18 Example E:
Covalent attachment of modified PAE coating polymers        Monomers
containing amine groups, N-(3-Aminopropyl)methacrylamide
hydrochloride (APMAA-HCI) or N-(2-aminoethyl) methacrylamide
hydrochloride (AEMAA-HCI) are purchased from Polysciences and used as
received. Poly(amidoamine epichlorohydrine) (PAE) is received from
Ashland as an aqueous solution and used as received.
Poly(acrylamide-co-acrylic acid) (poly(AAm-co-AA) (90/10) from
Polysciences, mPEG-SH from Laysan Bio, and poly(MPC-coAeMA) (i.e., a
copolymer of methacryloyloxyethyl phosphorylcholine (MPC) and
aminoethylmethacrylate (AeMA)) from NOF are used as received.
APMAA-HCI monomer is dissolved in methanol and added to the lens
formulations D-1, 0-2 and 0-3 (prepared in Example 17) to achieve a 1
wt% concentration.       Reactive packaging saline is prepared by
dissolving the components listed in Table 4 along with appropriate
buffer salts in DI water. The saline is heat pre-treated by stirring
for 8 hrs at about 60C. After heated pre-treatment, the saline is
allowed to cool to room temperature and then filtered using a 0.2pm
PES filter. Table 4 Package Saline Sample 1 2 3 4 5 pH 



7.4 7.4 7.4 8 8 PAE 0.2% 0.2% 0.2% 0.2% 0.2% Poly(AAm-co-AA) (90/10)
0.07% 0.2% - -- - nnPEG-SH, Mw=2000 -- 



-- 0.3% -- - mPEG-SH, Mw=10000 -- -- - 0.2% - Poly(MPC-Co-AeMA)
(90/10) -- -- -  0.2%        Lens formulation 0-1 prepared in Example
17 is modified by addition of the APMAA HCI monomer (stock solution
of APMMA-HCL in 1:1 methanol:propanol) and cured at 16mW/cm2 with
330nm filter. Lens Formulations D-2 and D-3 prepared in Example 17
are modified by addition of the APMAA-HCI monomer and cured at
4.6mW/cm2 with 380nm filter.        DSM lenses. Female portions of
polypropylene lens molds are filled with about 75 microliters of a
lens formulation prepared as above, and the molds are closed with the
male portion of the polypropylene lens molds (base curve molds).
Contact lenses are obtained by curing the closed molds for about 5
minutes with an UV irradiation source (Hamamatsu lamp with a 330
nm-cut-off filter at an intensity of about 16 mW 1cm2. 



LS lenses. LS lenses are prepared by cast-molding from a lens
formulation prepared as above in a reusable mold, similar to the mold
shown in Figs. 1-6 in U.S. patent Nos.7,384,590 and 7,387,759 (Figs.
1-6). The mold comprises a female mold half made of CaF2 and a male
mold half made of PMMA. The UV irradiation source is a Hamamatsu lamp
with a 380 nm-cut-off  filter at an intensity of about 4.6 mW 1cm2.
The lens formulation in the mold is irradiated with UV irradiation
for about 30 seconds.        Lens formulation D-1 modified with
APMAA-HCI is cured according to DSM and LS methods described above,
while with lens formulation D-2 or D-3 is cured according to the LS
method described above.        Molded lenses are extracted in methyl
ethyl ketone, hydrated, and packaged in one of the salines described
in Table 4. Lenses are placed in a polypropylene lens packaging shell
with 0.6 mL of the IPC saline (half of the saline is added prior to
inserting the lens). The blister is then sealed with foil and
autoclaved for 30 min at 121C.        Evaluation of the lens surface
shows that all test lenses had no debris adhesion after being rubbed
against paper towel. When observed under dark-field microscope,
cracking lines are not visible after rubbing the lenses between the
fingers.       The lens surface wettability (WBUT), lubricity, and
contact angle are measured and results are summarized in Table 5. The
lenses are made according DSM method unless specified otherwise.
Lubricity is rated against a qualitative scale from 0 to 5 where
lower numbers indicate greater lubricity. In general, all properties
are shown to improve after application of the in-package coating.
Table 5 Lens formulation for making lenses Saline' WBUT (second)
Lubricity Contact Angle 11 D1 as control (free of APMAA) 1 0 4-5 



114  3 0 4 119 D1 w/1% APMAA 1 10 0-1 104  3 2 0-1 99 D2 as control
(free of APMAA)  



0 4-5 115  3 0 3 107  4 0` 3-42 1162 D2 w/1% APMAA 1 5 2-3 90  



3 6 1 95  4 5-102 32 1062 D3 w/1% APMAA 2 9 3-4 103  3 14 2-3 91 



4 15 3 54  5 13 2 69 1. The number is the packaging saline number
shown in Table 4. 2. LS lenses Example 19 Preparation of Lens
Formulations. A lens formulation is prepared by dissolving components
in 1-propanol to have the following composition: about 32% by weight
of CE-PDMS macromer prepared in Example 2, about 21% by weight of
TRIS-Am, about 23% by weight of DMA, about 0.6% by weight of L-PEG,
about 1% by weight of DC1173, about 0.1% by weight of visitint (5%
copper phthalocyanine blue pigment dispersion in TRIS), about 0.8% by
weight of DMPC, about 200 ppm H-tempo, and about 22% by weight of
1-propanol.  Preparation of Lenses. Lenses are prepared by
cast-molding from the lens formulation prepared above in a reusable
mold (quartz female mold half and glass male mold half), similar to
the mold shown in Figs. 1-6 in U.S. patent Nos.7,384,590 and
7,387,759 (Figs. 1-6). The lens formulation in the molds is
irradiated with UV irradiation (13.0 mW/cm2) for about 24 seconds.
PAA-coating solution. A FAA coating solution is prepared by
dissolving an amount of FAA (MM.: 450kDa, from Lubrizol) in a given
volume of 1-propanol to have a concentration of about 0.36% by weight
and the pH is adjusted with formic acid to about 2.0. PAA-coated
lenses. Cast-molded contact lenses as above are extracted and coated
by dipping in the following series of baths: DI water bath (about 56
seconds); 6 MEK baths (about 44, 56, 56, 56, 56, and 56 second
respectively); DI water bath (about 56 seconds); one bath of PAA
coating solution (about 0.36% by weight, acidified with formic acid
to about pH 2.0) in 100% 1- propanol (about 44 seconds); one bath of
a water/1-propanol 50%/50% mixture (about 56 seconds); 4 DI water
baths each for about 56 seconds; one PBS bath for about 56 seconds;
and one DI water bath for about 56 seconds. IPC saline.
Poly(AAm-co-AA)(90/10) partial sodium salt ( -90% solid content,
poly(AAm-co-AA) 90/10, Mw 200,000) is purchased from Polysciences,
Inc. and used as received. PAE (Kymene, an azetidinium content of
0.46 assayed with NMR) is purchased from Ashland as an aqueous
solution and used as received. An IPC saline is prepared by
dissolving about 0.07% w/w of poly(Mm-co-AA)(90/10) and about 0.15%
of RAE (an initial azetidinium millimolar equivalents of about 8.8
millimole) in PBS (about 0.044 w/w% NaH2PO4.H20, about 0.388 w/w/%
Na2HPO4.2H20, about 0.79 w/w% NaCI) and adjusting the pH to 7.2-7.4.
Then the IPC saline is heat pre-treated for about 4 hours at about
70C (heat pretreatment) During this heat pretreatment, poly(AAm-co-M)
and PAE are partially crosslinked to each other (i.e., not consuming
all azetidinium groups of RAE) to form a water-soluble and
thermally-crossUnkable hydrophilic polymeric material containing
azetidiniurn groups within the branched polymer network in the IPC
saline. After the heat pre-treatment, the IPC saline is filtered
using a 0.22micron PES membrane filter and cooled down back to room
temperature. 10 ppm hydrogen peroxide is then added to the final IPC
saline to prevent bioburden growth and the IPC saline is filtered
using a 0.22micron PES membrane filter. Application of crosslinked
coating. Lenses having a PAA-LbL base coating thereon prepared above
are placed in polypropylene lens packaging shells (one lens per
shell) with 0.6 mL of the IPC saline (half of the saline is added
prior to inserting the lens). The blisters are then sealed with foil
and autoclaved for about 30 minutes at about 121C, forming SiHy
contact lenses with crosslinked coatings (PAA-x-hydrophilic polymeric
material) thereon. 



Characterization of SiHy lenses. The resultant SiHy contact lenses
with crosslinked coatings (PM-x-hydrophilic polymeric material)
thereon show no debris adhesion after being rubbed against paper
towel while the control lenses (packaged in PBS, i.e., lenses having
a non-  c,ovalently attached layer of PAA thereon) show severe debris
adhesion. The lenses have an oxygen permeability (Dke or estimated
intrinsic Dk) of 146 barrers, a bulk elastic modulus of 0.76 MPa, a
water content of about 32% by weight, a relative ion permeability of
about 6 (relative to Alsacon lens), a contact angle of from about 34
to 47 degrees, a WBUT of longer than10 seconds. When observed under
dark field microscope, no cracking lines are visible after rubbing
the test lens. The lenses are very lubricious in a finger rubbing
test and equivalent to the control lenses. Example 20        SiHy
lenses and IPC salines in lens packages after autoclave, which are
prepared in Examples 6, 14 and 19, are subjected to following
biocompatibility studies. In-vitro Cytotoxicity Evaluation. SiHy
lenses are evaluated by the USP Direct Contact Material Assay. Lens
extracts are evaluated by the USP MEM Elution and ISO CEN Cell Growth
Inhibition Assay, and the IPC saline in the packages after autoclave
is evaluated by a Modified Elution test. All lens and lens extracts
evaluated are well within acceptance criteria for each test and no
unacceptable cytotoxicity is observed. In-vivo Testing. ISO Systemic
Toxicity in the Mouse shows that there is no evidence of systemic
toxicity in the mouse with extracts of lenses. ISO Ocular Irritation
Study in the Rabbit shows that extracts of lenses are not considered
irritants to the ocular tissue of the rabbit. ISO Ocular Irritation
Study in the Rabbit shows that the IPC saline in the packages after
autoclave is not considered an irritant to the ocular tissue of the
rabbit. Lenses worn in a daily disposable wear mode for 22
consecutive days are nonirritating to the rabbit model, and eyes
treated with test lenses are similar to eyes treated with the control
lenses. ISO Sensitization Study (Guinea Pig Maximization Testing of
Packaging Solutions) shows that the IPC saline after autoclave do not
cause any delayed dermal contact sensitization in the guinea pig. ISO
Sensitization Study (Guinea Pig Maximization Testing of Lens
Extracts) shows that Sodium chloride and sesame oil extracts of the
lenses do not cause delayed dermal contact sensitization in the
guinea pig. Genotoxicity Testing. When IPC salines from the lens
packages and SiHy lens extracts are tested in Bacterial Reverse
Mutation Assay (Ames Test), it is found that the lens extracts and
IPC salines are considered to be nonmutagenic to Salmonella
typhimurium test strains 1A98, TAI 00, TA1535 and TAI 537 and to
Escherichia colt WPuvrA. When SiHy lens extracts are tested in
Mammalian Erythrocyte Micronucleus Assay, they have no clastogenic
activity and to be negative in the mouse bone marrow micronucleus
test. When IPC salines from the lens packages are tested according to
Chromosome Aberration Test in Chinese Hamster Ovary, the IPC salines
are negative for the induction of structural and numerical chromosome
aberrations assays using CHO cells in both non-activated and
59-activated test systems. When SiHy lens  extracts are tested
according to Cell Gene Mutation Test (Mouse Lymphoma Mutagenesis
Assay), the lens extracts are shown to be negative in the Mouse
Lymphoma Mutagenesis Assay. Example 21       The surface compositions
of preformed SiHy contact lenses (i.e., SiHy contact lens without any
coating and prior to applying the PAA base coating), SiHy contact



F* Si Preformed (without coating) 58.0 6.2 23.0 0.8 12.1 With PAA
coating 48.9 1.6 42.1 2.9 4.5 With crosslinked coating 59.1 10.8 25.4
3.2 



1.4  *: Fluorine is detected, mostly like y from surface
contamination during vacuum drying process XPS analysis        Table
6 shows that when a PAA coating is applied onto a SiHy lens
(preformed without coating), the silicon atomic composition is
substantially reduced (from 12.1% to 4.5%) and the nitrogen atomic
composition is also reduced (from 6.2% to 1.6%). When a crosslinked
coating is further applied onto the PAA coating, the surface
composition is predominated by carbon, nitrogen and oxygen, which are
the three atomic composition (excluding hydrogen because XPS does not
count hydrogen in the surface composition). Such results indicate
that the outmost layer of the SiHy contact lens with crosslinked
coating is likely to be essentially consisting of the hydrophilic
polymeric material which is the reaction product of
poly(AAm-co-AA)(90110) (60% C, 22% 0 and 18% N) and PAE.        The
following commercial SiHy lenses which are vacuum-dried are also
subjected to XPS analysis. The surface compositions of those
commercial SiHy contact lenses are reported in Table 7.  Table 7
Surface Atomic N composition 0 F" (%) Si  C    



N&D(r) Aqua TM 68.4 9.1 18.6 1.5 2.4 Air Optix@ Aqua TM 67.7 9.9 18.2
1.9 2.4 PureVision(r) 58.2 6.9 26.0 1.1 7.9 



PremioTM 61.1 6.9 23.6 1.8 6.6 Acuvue(r) Advance(r) 61.1 4.9 24.9 0.7
8.4 Acuvue(r) Ow's(r) 61.5 5.0 24.4 0.6 8.5 TruEveTM 



63.2 4.9 24.2 0.8 7.0 Biofinity0 46.5 1.4 28.9 5.3 17.9 Avaira TM
52.4 2.5 27.8 4.2 13.1     Fluorine is detected also in Advance,
Oasys and TruEye lenses, mostly likely from surface contamination
during vacuum drying process XPS analysis 



It is found that a SiHy contact lens of the invention has a nominal
silicon content, about 1.4%, in the surface layer, much lower than
those of commercial SiHy lenses without plasma coatings (Acuvue0
Advance(r), Acuvue(r) Oasys0, TruEyeTm, Biofinity(r), AvairaTM) and
PureVision(r) (with plasma oxidation) and Premiotm (with unknown
plasma treatment), and even lower the SiHy lenses with a
plasma-deposited coating having a thickness of about 25 nm (N&D(r)
AquaTM and Air Optix0 AquaTm). This very low value of Si% is
comparable to the silicon atomic percentage of a control sample,
polyethylene from Goodfellow (LDPE, d=0.015 mm; LS356526 SDS;
ET31111512; 3004622910). Those results indicate that the very low
value in the XPS analysis of vacuum dried SiHy contact lens of the
invention may be due to contaminants introduced during the
preparation process including vacuum drying process and XPS analysis,
similar to the observed fluorine content in the
non-fluorine-containing lenses. Silicone has been successfully
shielded from XPS analysis in the SiHy contact lenses of the
invention.       XPS analysis of SiHy contact lenses of the invention
(prepared according to the procedures described in Example 19),
commercial SiHy contact lenses (CLARITITm 1 Day, ACUVUE(r) TruEyeTm
(narafilcon A and narafilcon B)), polyethylene sheets from Goodfellow
(LDPE, d=0.015 mm; LS356526 SDS; E131 111512; 3004622910), DAILIES(r)
(polyvinylalcohol hydrogel lenses, i.e., non-silicone hydrogel
lenses), ACUVUE0 Moist (polyhydroxyethylmethacrylate hydrogel lenses,
i.e., non-silicone hydrogel lenses) is also carried out. All lenses
are vacuum-dried. Polyethylene sheets, DAILIES(r) and ACUVUEO Moist
are used as control because they do not contain silicon. The silicon
atomic compositions in the surface layers of the test samples are as
following: 1.30.2 (polyethylene sheet); 1.70.9 (DAILIES0); 2.80.9
(ACUVUE(r) Moist); 3.71.2 (three SiHy lenses prepared according to
the procedures described in Example 19); 5.811.5 (CLARITITI'l 1 Day);
7.80.1 (ACUVUEO TruEyeni (narafilcon A)); and 6.50.1 (ACUVUE0
TruEyeTm (narafilcon B)). The results for SiHy  contact lens of the
invention are closer to those of the traditional hydrogels than to
the silicone hydrogels. Example 22 Fluorescein tagged PAA (PAA-F).
FAA-F is synthesized in-house by covalently attaching
5-aminofluorescein to PAA (Mw 450k). The labeling degree of
fluorescein is a few %, for example, about 2 mole% (or n/(m+n)=2 % in
the formula shown below) \ /Ink CO2H COX Fluorescein tagged FAA
(FAA-F)X: Fluorescein moiety Preparation of Lenses.       Lenses are
prepared by cast-molding from the lens formulation prepared above in
Example 19 in a reusable mold (quartz female mold half and glass male
mold half), similar to the mold shown in Figs. 1-6 in U.S. patent
Nos.7,384,590 and 7,387,759 (Figs. 1-6). The lens formulation in the
molds is irradiated with UV irradiation (13.0 mW/cm2) for about 24
seconds. PAA-F coating solution. A PAA-F coating solution is prepared
by dissolving an amount of PM-F prepared above in a given volume of
1-PrON/water (95/5) solvent mixture to have a concentration of about
0.36% by weight and the pH is adjusted with formic acid to about 2.0.
About 5% water is used in order to dissolve PAA-F. PAA-coated lenses.
Cast-molded contact lenses are extracted and coated by dipping in the
following series of baths: DI water bath (about 56 seconds); 6 MEK
baths (about 44, 56, 56, 56, 56, and 56 second respectively); DI
water bath (about 56 seconds); one bath of FAA-F coating solution
(about 0.36% by weight, acidified with formic acid to about pH 2.0)



Application of crosslinked coating.       Lenses having a PAA-LbL
base coating thereon prepared above are placed in polypropylene lens
packaging shells (one lens per shell) with 0.6 mL of the IPC saline
prepared according to the procedures described in Example 19 (half of
the saline is added prior to inserting the lens). The blisters are
then sealed with foil and autoclaved for about 30 minutes at about
121C, forming SiHy contact lenses with crosslinked coatings
(PAA-x-hydrophilic polymeric material) thereon.  Con-focal laser
fluorescent microscopy.        A cross section of a hydrated SiHy
lens with crosslinked coating (prepared above) is cut and placed
between two glass cover slips and the image is collected on a
con-focal laser fluorescent microscope (model # Zeiss LSM 510 Vis).
It is scanned from the front curve side of the lens to the base curve
side of the lens, or vice versa. The presence of PAA-F is shown by
the green fluorescence and con-focal laser fluorescence microscopic
images can be obtained. The examination of the con-focal laser
fluorescence microscopic images reveals that the PAA-F rich layer is
present on both lens surfaces (anterior and posterior surfaces) and
at the peripheral edge, while no PAA-F is observed in the bulk
material of the hydrated lens.        The fluorescence intensity
profiles are examined across the lens cross section along a line
passing through both the posterior and anterior surfaces and normal
to the posterior surface. Figure 3 shows two representative the
fluorescence intensity profiles along two lines across the lens cross
section, one at the point where the lens thickness is about 100 pm
(panel A) and the other at the point where the lens thickness is
about 200 pm (panel B). The original points in Figure 3 are the
center points between the anterior and posterior surfaces along the
lines. It can be noticed in Figure 3 that there is a PAA-F-rich layer
near the outermost surfaces of the SiHy lens with crosslinked
coating, no PAA-F is present at the bulk of the lens, and the coating
thickness is similar on these two cross-sections regardless the
thickness of the cross-sections.       The thickness of the PAA-F
rich layer (i.e., the sum of the infusion depth into the outer
hydrogel layer and the penetration depth of PAA-F into the bulk
material (i.e., the inner layer)), or the transition layer (for
schematic illustration see Figure 2, the transition layer 115), can
be estimated from the fluorescence intensity profile shown in Figure
3. The possible thickness of the transition layer (PAA-F-rich layer)
is estimated by the distance from zero intensity, after crossing the
peak intensity, to zero intensity again. Considering that there are
possible contribution from unknown factors (such as scattering) to
the fluorescence intensity, the minimum layer thickness is the
thickness for which a florescent intensity of at least 10% of the
maximum peak intensity is retained. Based on such estimation, the
minimum PAA-F-rich layer thickness could be at least about 5 microns.
Note that the thickness for the SiHy lenses with PAA coating of the
previous Examples could be higher, considering the PM concentration
used is 10 times higher than the PAA-F concentration used in the
experiments here. A lens with thicker coating can also be prepared by
using a dip coating time that is more than 44 seconds, 44 seconds
were the dip coating time for PM-F used in this experiment. A lens
with thicker coating may also be prepared by using FAA of different
molecular weight. Example 23       This example illustrates how to
determine the water content of the crosslinked coating (the two outer



tests in this example. It can be assumed that the outer coating layer
of the SiHy contact lenses of Example 19 comprises at least 80% water
and may be even higher when fully hydrated. Example 24       An Abbe
refractometer is typically used to measure the refractive index of
contact lenses. The refractive index difference between a testing
lens and the instrument prism creates a unique angle of total
internal reflectance which results in a dark visible shadow line. The
angle at which this shadow line appears is directly related to the
refractive index of the testing lens. Most contact lenses (including
SiHy contact lenses without coating prepared in Example 19) produce a
distinct shadow line in the Abbe refractometer, but SiHy with
crosslinked coating (i.e., the outer hydrogel layers) of Example 19
do not produce a distinct shadow line. It is believed that this
phenomenon is due to a decrease in the refractive index of the lens
at the surface compared to the bulk and the fact that the transition
from bulk to surface is not abrupt. It is further believed that near
the surface of the lens the water content begins to increase which
results in a localized decrease in the refractive index of the lens.
This in effect would create simultaneous shadow lines at multiple
angles resulting in a blurred image of the shadow line.       The
Abbe data demonstrates that the outer surface layer is characterized
by an increase in the water content near the surface of the lens,
consistent with the results described in Example 23. Example 25
SiHy contact lenses with crosslinked coating (i.e., the outer
hydrogel layers) prepared in Example 19 desalinated in ultrapure
water, placed individually in a 50mL disposable beaker with 50 mL of
ultra-pure water and frozen by placing the beaker in a bath with dry
ice and isopropyl alcohol. The beakers are wrapped in aluminum foil
and placed on a VirTis Freezemobile 35EL with a vacuum pressure of =
30 pbar and a condenser temperature of = -70C. After 24 hours the
aluminum foil is removed to increase heat transfer and the flasks are
left for another 24-48 hours for removal of residual moisture. The
flasks are capped to prevent the introduction of moisture from the
air until analyzed. Lens samples are cut in half and two strips are
then cut from the middle of each half and mounted on their edges for
imaging of cross sections. Samples are then sputter coated with Au/Pd
for -1 min and exampled by SEM using a Bruker Quantax Microanalysis
System (JEOLJSM-80OLV SEM).The sample stage is tilted -0-60 at the
discretion of the analyst to obtain the desired sample orientation.
It is believed that when the SiHy contact lenses are freeze-dried,
the hydrated surface structure of the lenses may be preserved or
locked to some degrees. Figure 4, panel A shows the top view of a SEM
image of a surface of a freeze-dried SiHy contact lens prepared in
Example 19. It can be seen from Figure 4 that the freeze-dried SiHy
contact lens has a sponge-  like surface structure which would be
expected for a high water content hydrogel. This result further
confirms that a SiHy contact lens of the invention comprises the two
outer hydrogel layers of a high water content hydrogel. Figure 4,
panels B and C show the side views at two different angles of a cross
section of the freeze-dried SiHy contact lens shown in panel A. The
panels B and C show the thick inner layer having a smooth surface, a
transition layer (PAA layer) with a brighter color on top of the
inner layer, and an outer hydrogel layer with sponge-like structures
on top of the transition layer. Based on the data shown in the panels
B and C, the thickness of the freeze-dried outer hydrogel layer is



Lenses having a PAA- base coating thereon prepared above are placed
in polypropylene lens packaging shells (one lens per shell) with 0.6
mL of the modified IPC saline prepared above using PAAm-PAA-F (half
of the saline is added prior to inserting the lens). The blisters are
then sealed with foil and autoclaved for about 30 minutes at about
121C, forming SiHy contact lenses with crosslinked coatings
(PAA-x-hydrophilic polymeric material) thereon.  Con-focal laser
fluorescent microscopy.        A piece of a hydrated SiHy lens with
crosslinked coating (prepared above) is placed between two glass
cover slips and the image is collected on a con-focal laser
fluorescent microscope (model # Zeiss LSM 510 Vis). It is scanned
from the front curve side of the lens to the base curve side of the
lens, or vice versa. The presence of PAAm-PAA-F is shown by the green
fluorescence and con-focal laser fluorescence microscopic images can
be obtained. The examination of the con-focal laser fluorescence
microscopic images reveals that the PAAmPAA-F rich layer (i.e., the
outer hydrogel layers) is present on both lens surfaces (anterior and
posterior surfaces) and at the peripheral edge, while no PAAm-PAA-F
is observed in the bulk material of the lens.       The fluorescence
intensity profiles are examined across the lens cross section along a
line passing through both the posterior and anterior surfaces and
normal to the posterior surface. The thickness of the PAAm-PAA-F rich
layer can be estimated from the fluorescence intensity profile across
the lens. The possible thickness of the outer hydrogel layer
(PAAm-PAA-F-rich layer) is estimated by the distance from zero
intensity, after crossing the peak intensity, to zero intensity
again. Considering that there are possible contribution from unknown
factors (such as scattering) to the fluorescence intensity, the
minimum layer thickness is the thickness for which a florescent
intensity of at least 10% of the maximum peak intensity is retained.
Based on such estimation, the minimum PAAm-PAA-F-rich layer (hydrated
outer hydrogel layer) thickness could be at least about 5 microns.
Example 27       Lenses are fabricated using lens formulation D-2
(Example 17) to which APMAA monomer has been added to a concentration
of 1%. LS lenses are prepared by cast-molding from a lens formulation
prepared as above in a reusable mold, similar to the mold shown in
Figs. 1-6 in U.S. patent Nos.7,384,590 and 7,387,759 (Figs. 1-6). The
mold comprises a female mold half made of glass and a male mold half
made of quartz. The UV irradiation source is a Hamamatsu lamp with a
380 nm-cut-off filter at an intensity of about 4.6 mW 1cm2. The lens
formulation in the mold is irradiated with UV irradiation for about
30 seconds.       Cast-molded lenses are extracted with methyl ethyl
ketone (MEK), rinsed in water, coated with polyacrylic acid (PAA) by
dipping lenses in a propanol solution of PAA (0.0044% by weight,
acidified with formic acid to about pH 2.5), and hydrated in water.
IPC Saline is prepared according to the composition described in
Example 9 with pre-reaction conditions of 8 hrs at approximately 60C.
Lenses are placed in a polypropylene lens packaging shell with 0.6 mL
of the IPC saline (half of the saline is added prior to inserting the
lens). The blister is then sealed with foil and autoclaved for 30 min
at 121C.       Evaluation of the lens surface shows that all test
lenses have no debris adhesion. When observed under dark-field
microscope, cracking lines are not visible after rubbing the lenses
between the fingers. The lens surface wettabihty (VVBUT) is greater
than 10 seconds, lubricity is rated as "1", and contact angle is



Dry Weight for 5 lens) Water Content%  Average Std. Dev. Average Std.
Dev. Average Std. Day. tst Group 0.144 0.001 0.0950 0.001 34.2 0.4 2'
Group 0.137 0.001 



0.0947 0.002 30.8 0.4         There is a statically significant
difference (7 mg) in wet weight between the first and second groups
of contact lenses, due to the presence of the hydrated crosslinked
coating the contact lenses comparing with the control lenses (without
coating). However, the difference in dry weight between the first and
second groups of contact lenses is about 0.3 mg and is not
statistically significant. The lens water content for the coated lens
can be estimated to be -96% according to the following calculation
W:r WZdi7 mg 1--96%). It is understood that the water content \AT -
W11 ) 2',+ (Wid: - W;1211) 7 mg + 0.3 mg estimated here for the
crosslinked coating on a contact lens may be not accurate because the
difference in dry wet weight between the first and second groups of
contact lens is too small and even smaller than the standard
deviation. Example 29       This Example illustrates how to quantify
the lubricity of SiHy contact lenses according to the inclined plate
method ("Derby friction test"). The inclined plate method is a simple
test to setup as shown in Figure 5. The set up for inclined plate
method is composed of a plastic reservoir or tank 501 which is filled
with a phosphate buffered saline (PBS, pH-7.3) 502, a 503
borosilicate glass plate 503 and a shim 506 with an adjustable height
between 5 mm and 20 mm height. Both the borosilicate glass plate 503
and the shim 506 are submerged in the phosphate-buffered saline 502
in the plastic reservoir or tank 501. In a test, a contact lens 504
is placed on the borosilicate glass plate and then a stainless steel
ferrule 505 (to provide physiologically  relevant pressure). Critical
Coefficient of Friction == tan 0, in which 0 is the critical angle,
FN is the normal force, and Ft is the tangent force. The highest
angle at which a lens continues sliding after being pushed, but
stops, or takes longer than 10 seconds, before reaching the end, is
defined as the "critical angle 0". The critical coefficient of
friction (CCOF) is the tangent of the critical angle 0. A lens which
does not move will be below the CCOF, while a lens which does not
stop during the travel distance will be above the CCOF. Angles above
or below the CCOF are removed from analysis. Derby friction test can
provide a direct way of measuring the kinematic coefficient of
friction.        In the tests according to the inclined plate method,
all lenses are stored in PBS solution at least overnight (>6 hours)
before testing, in order to remove any residual packaging solution.
The glass plate (6" x 4" borosilicate glass) is scrubbed with a soap
solution (1% Micro-90) and wiped (AlphaWipe TX1009). Each plate is
rinsed thoroughly in DI water, about 2 minutes. A section of the
plate friction is tested by finger rubbing to ensure all soap
solution is removed. The water is wiped with paper towels (KimTech
Kimwipe #34705) and inspected under light to ensure no foreign
particles remain on the glass. The glass plate is placed on shims of
various heights in a plastic reservoir or tank, and the height of
this plane is measured with a micrometer and recorded. The reservoir
is filled with phosphate buffered saline (PBS) to ensure the lens is
completely submerged (28 mm depth).       Each lens is placed on the
"starting line" and a 0.79 g ferrule (1/4" stainless steel to provide
physiologically relevant pressure) is dropped onto the lens surface.
The lens is allowed to slide down the plate, and the time the lens
took to travel the 96 mm is recorded. 



The lens is moved to the starting position with the weight removed
prior to retesting. This "pre-loading" effect should be minimized for
best repeatability. The lens may be tested at multiple angles to
obtain the ideal CCOF.       Sixteen commercial contact lenses and
silicone hydrogel contact lenses prepared in Example 19 are tested
for CCOF and the results are reported in Table 9. The results show
that a SiHy contact lens of the invention (prepared in Example 19 to
have a crosslinked coating thereon) has the lowest CCOF among any
class of silicone hydrogel lenses which are commercially available
and tested, thereby having the highest lubricity.  Table 9 Contact
lenses Silly C. H. (mm) C.A. (deg) CCOF Example 19 Y 5.7 2.2 0.038
DAILIES AquaComfortPlus N 6.0 2.3 0.040 



1Day Acuvue N 6.5 2.5 0.043 Dailies Aqua N 6.8 2.6 0.045 1-Day Acuvue
TruEye (narafilcon B) Y 7.2 2.8 0.048 SofLens Daily Disposable N 7.6
2.9 



0.051 1-Day Acuvue Moist N 7.7 3.0 0.052 Proclear 1-Day N 8.3 3.2
0.056 1-Day Acuvue TruEye (narafilcon A) Y 8.8 3.4 0.059 Clariti
1-Day Y 9.2 



3.5 0.062 Acuvue Moist Y 7.7 2.9 0.051 Air Optix Aqua Y 8.1 3.1 0.054
Biofinity Y 8.1 3.1 0.054 PureVision Y 



9.4 3.6 0.063 Acuvue Advance Y 9.7 3.7 0.065 Acuvue Oasys Y 9.9 3.6
0.066 Clariti Y 12.5 4.8 0.084  



C.H.: Critical Height; CA.: Critical angle Example 30       This
Example illustrates how to characterize the negatively-charged
surface of a SiHy contact lens according to the Positively Charged
Particles Adhesion test.       The surface charge of a lens surface
can be detected indirectly via its interaction with charged particles
or beads. A negatively charged surface will attract positively
charged particles. A surface free of negative charge or substantially
free of negative charge will not attract positively charged particles
or will attract few positively charged particles.       Uncoated SiHy
contact lenses (i.e., cast-molded and extracted with MEK as described
in Example 19), PAA-coated Silly contact lenses (as prepared in
Example 19), and Silly contact lenses with a crossUnked coating
thereon (as prepared in Examples 14 and 19) are tested as follows.
The PAA coating of PAA-coated contact lenses has a surface
concentration of carboxylic groups of about 62.5% by weight ( cMmAA
in which McooR is the mass of carboxylic acid group and MAA is the
mass of acrylic acid). The crossfinked coating of contact lenses of
Example 14 is theoretically free of carboxylic acid groups, whereas
the crosslinked coating of contact lenses of Example 19 may contain a
low surface concentration of carboxylic 0.07%10% MC0011/ M acid
groups (must be smaller thanAA  -2% by weight). Lenses are 0.07% +
0.15% immersed in a dispersion with positively charged particles,
after appropriate rinse, the number of particles adhered on the lens
is visualized and estimated or counted.         DOWEXTm 1x4 20-50
Mesh resins are purchased from Sigma-Aldrich and used as received.
DOWEXTM 1x4 20-50 Mesh resins are spherical, Type I strong base anion
resins and are styrene/divinylbenzene copolymer containing
N(CH3)3CI-functional groups and 4% divinylbenzene. A 5% of 1x4 20-50
Mesh resins are dispersed in PBS and mixed well by stirring or
vortexing at approximately 1000 rpm for 10 seconds Lenses are
immersed into this dispersion and vortexd between rpm 1000-1100 for 1
min, followed by rinsing with DI water and vortex for lmin. The
lenses are then placed in water in glass Petri dishes and images of
lenses are taken with Nikon optical microscope, using bottom
lighting. As shown in Figure 6, almost the entire surface of
PAA-coated lenses is covered with adhered positively charged
particles (Figure 6a), whereas a total of about 50 positively charged
particles are adhered onto lenses with crossflnked coating prepared
in Example 19 (Figure 68) and no positively charged particles are
adhered onto lenses with crossfinked coating prepared in Example 14
(Figure 6C). Some loosely adhered particles may fall off the lens
surface and can also be found in the water surrounding the lenses.
It is understood that when positively-charged particles with larger
size (i.e., DOWEXTm monosphere ion exchange resins, cross-linked
polystyrene beads, chloride form, -590 microns in size, from
Sigma-Aldrich) are used in the tests, the number of particles adhered
onto the particles can be decreased. About 30% of these DOWEX
monosphere resins are dispersed in PBS. Lenses are immersed into this
dispersion for -1 min, followed by rinsing with DI water. The lenses
are then placed in water in glass Petri dishes and images of lenses
are taken with Nikon optical microscope, using bottom lighting. It is
found that there are many particles (about 200 particles) adhered
onto PAA-coated lenses and no particles are adhered onto lenses with
crosslinked coating. Some commercially available contact lenses are
also tested. No particles are observed on following lenses: Acuvue(r)



is performed as follows. PEI (Lupasol SK, 24% in water, Mw of
-2000000) is purchased from BASF and used as received. Prepare an
aqueous dispersion of 1% Amberlite particles and 5% PEI. Adjust the
pH to 7 and make sure solution is well-mixed (e.g. by stirring for
30min). Followed by suspending the dispersion in a large amount of
water 2 to 3 times and filtered 2 to 3 times before collecting
particles (PEI-coated Amberrite). A 5% of PEI-coated Amberlite CO50
particles are dispersed in PBS and vortexed at about 1000 rpm for 10
seconds. Lenses are immersed into this dispersion and vortexed
between rpm 1000-1100 for 1 min, followed by rinsing with DI water
and vortex for lmin. The lenses are then placed in water in glass
Petri dishes and images of lenses are taken with Nikon optical
microscope, using bottom lighting. It is observed that there are a
lot of PEI-coated Amberlite particles (positively charged particles
because of the presence of PEI) adhered onto FAA-coated lenses
(Example 19). But, there is virtually no PEI-coated Amberlite
particles adhered onto uncoated SiHy contact lenses (Example 19),
SiHy contact lenses with crosslinked coating (Example 19), or
PAExPAA-coated lenses (Example 4). Example 31 Sample Preparation:
AFM studies have been conducted on SiHy contact lenses (prepared in
Example 19) in hydrated state and in dry state. A lens is removed
from its blister pack (sealed and autoclaved) and a cross-section is
cut (for example by using a razor blade). The cross-section piece of
the lens is mounted vertically in a metal clamp, as shown in Figure
7. A small piece of lens is sticking out of the top of the holder to
allow the AFM tip (above the lens cross section in Figure 7) to scan
it. AFM Experiment:       Two separate AFM instruments are used to
characterize the lens cross section. In both instances (except for
dry samples), the AFM scan is done under a phosphate buffer solution
(PBS with or without NaCI but having an osmolarity substantially
identical to that of the physiological saline) to maintain fully
hydrated state of the hydrogel sample.       The first AFM instrument
is Veeco BioScope AFM with a Nanoscope IV controller. Data is
collected utilizing triangular silicon cantilevers with a spring
constant of 0.58 N/m and a nominal tip radius of curvature of 20-60
nm. Scans are done in constant contact (force-volume) mode with a
probe velocity of 30 microns/second and a force-volume scan rate of
0.19 Hz. The topographic data and force-volume data are collected
simultaneously. Each force curve consisted of about 30 data points.
The lens is fully immersed in PBS during the AFM scan. Normally a
scan size of maximum of 20 microns is used in order to achieve high
enough resolution for the force-volume image. 128x128 pixels force
plots are collected over about 3 hours per images.        An AFM
image of a cross section of a SiHy contact lens with crosslinked
coaling (Example 19) in fully hydrated state is obtained via the
Force-Volume method and shown in Figure 8. In the image the darker
colored region 420 indicates the coating and the lighter colored
region 410 indicates the bulk material of the lens. The average
thickness of the crosslinked coating (i.e., the anterior and
posterior outer layers) of the SiHy contact lens (Example 19) is
determined to be about 5.9 pm (st. dev. 0.8 pm) as obtained from 7
images, 4 lenses.        AFM technique enables the determination of
the surface modulus (surface softness) at a specific locations on the
lens cross section. Figure 9 shows a cross sectional surface modulus
profile of a SiHy contact lens with a crosslinked coating (prepared



AFM image of a cross section of the SiHy contact lens (Example 19) in
fully hydrated state and in dry state are obtained according to the
PeakForce QNM method. By analyzing the obtained images, the thickness
of the crosslinked coating in fully hydrated state is determined to
be about 4.4 microns, while the thickness of the crosslinked coating
in dry state is determined to be about 1.2 microns for vacuum dried
sample, about 1.6 microns for oven dried sample. The water-swelling
ratio ( Lwe x100% in which Lwei is the average thickness of the outer
hydrogel LDrY layer of the SiHy contact lens in fully hydrated state,
and LDry is the average thickness of that outer hydrogel layer of the
SiHy contact lens in dry state) of the crosslinked coating of the
SiHy contact lenses (prepared in Example 19) is calculated to be
about 277% (oven dried sample) or about 369% (vacuum dried sample).
Example 32 Preparation of Lens Formulations       Formulation I is
prepared by dissolving components in 1-propanol to have the following
composition: 33% by weight of CE-PDMS macromer prepared in Example 2,
17% by weight of Npris(trimethylsiloxy)-silylpropyliacrylamide
(IRIS-Am), 24% by weight of N,Ndimethylacrylamide (DMA), 0.5% by
weight of N-(carbonyl-methoxypolyethylene glycol-2000)-
1,2-disteaoyl-sn-glycero-3-phosphoethanolamin, sodium salt) (L-PEG),
1.0% by weight Darocur 1173 (DC1173), 0.1% by weight of visitint (5%
copper phthalocyanine blue pigment dispersion in
tris(trimethylsiloxy)silylpropylmethacrylate, TRIS), and 24.5% by
weight of 1-propanol.       Formulation II is prepared by dissolving
components in 1-propanol to have the following composition: about 32%
by weight of CE-PDMS macromer prepared in Example 2, about 21% by
weight of TRIS-Am, about 23% by weight of DMA, about 0.6% by weight
of L-PEG, about 1% by weight of DC1173, about 0.1% by weight of
visitint (5% copper phthalocyanine blue pigment dispersion in TRIS),
about 0.8% by weight of DMPC, about 200 ppm H-tempo, and about 22% by
weight of 1-propanol. Preparation of Lenses Lenses are prepared by
cast-molding from a lens formulation prepared above in a reusable
mold (quartz female mold half and glass male mold half), similar to
the mold shown in Figs. 1-6 in U.S. patent Nos.7,384,590 and
7,387,759 (Figs. 1-6). The UV irradiation source is a Hamamatsu lamp
with the WG335 +TM297 cut off filter at an intensity of about 4 mW
1cm2. The lens formulation in the mold is irradiated with UV
irradiation for about 25 seconds. Cast-molded  lenses are extracted
with methyl ethyl ketone (MEK) (or propanol or isopropanol).
Application of PAA Prime Coating onto SiHy Contact lenses       A
polyacrylic acid coating solution (PM-1) is prepared by dissolving an
amount of PAA (M.W.: 450kDa, from Lubrizol) in a given volume of
1-propanol to have a concentration of about 0.36% by weight and the
pH is adjusted with formic acid to about 2.0.       Another PM
coating solution (PAA-2) is prepared by dissolving an amount of PM
(MW.: 450kDa, from Lubrizol) in a given volume of an organic-based
solvent (50/50 1-propanol /H20) to have a concentration of about
0.39% by weight and the pH is adjusted with formic acid to about 2.0.
Above-obtained SiHy contact lenses are subjected to one of dipping
processes shown in Tables 10 and 11. 



Table 10 Baths Time Dipping Process   20-0 20-1 20-2 20-3 20-4 20-5 1
56s H20 H20 H20 H20 H20 



H20 2 445 MEK MEK MEK MEK MEK MEK 3 565 MEK MEK MEK MEK MEK MEK 4 56s



MEK MEK MEK MEK MEK MEK 5 56s MEK MEK MEK MEK MEK MEK 6 56s MEK MEK
MEK 



MEK MEK MEK 7 56s MEK MEK MEK MEK MEK MEK 8 565 H20 H20 H20 H20 H20
H20 



9 44s PAA-1 PM-1 PAA-1 PM-2 PAA-2 PM-1 10 56s PAA-1 PAA-1 PAA-1 PAA-2
PAA-2 PM-1 11 56s H20 



PrOH H20 H20 H20 H20 12 44s H20 PrOH PrOH PrOH 50/50 50/50 13 56s H20
H20 H20 H20 



H20 H20 14 56s H20 H20 H20 H20 H20 H20 15 56s PBS PBS PBS PBS PBS PBS
16 



56s H20 H20 H20 H20 H20 H20 PrOH represents 100% 1-propanol; PBS
stands for phosphate-buffe ed saline; MEK stands for methyl ethyl
ketone; 50/50 stands a solvent mixture of 50/50 1-PrOH/H20.  Table 11
Baths Time Dipping Process   80-0 80-1 80-2 80-3 



80-4 80-5 80-6 1 56s H20 H20 H20 H20 H20 H20 H20 2 44s MEK MEK MEK
MEK MEN 



MEK MEK 3 56s MEK MEK MEK MEN MEN MEK MEK 4 565 MEK MEK MEK MEK MEK
MEK 



MEK 5 56s MEK MEK MEK MEK MEK MEK MEK 6 56s MEK MEK MEK MEK MEN MEK
MEN 



7 5% MEK MEK MEK MEN MEK MEK MEN 8 56s H20 H20 1-120 H20 H20 H20 H20
9 



446 PAA-1 FAA-1 FAA-1 FAA-1 FAA-1 FAA-1 FAA-1 10 56s FAA-1 50/50 PrOH
50/50 PrOH PrOH H20 11 565 



H20 H20 H20 50/50 PrOH 50150 50/50 12 44s H20 H20 H20 1-120 H20 H20
1-120 13 56s 1-120 



H20 H20 1-120 H20 H20 1-120 14 56s H20 H20 H20 H20 H20 H20 1-120 15
56s PBS PBS 



PBS PBS PBS PBS PBS 16 56s 1-120 H20 H20 H20 H20 H20 H20 PrOH
represents 100% 1-p opanol; PBS stands for phosphate-buffered saline;
MEK stands for methyl e hyl ketone; 50/50 stands a solvent mixture of
50/50 1-PrOH/H20. Application of Crosslinked Hydrophilic Coating
Poly(acrylamide-co-acrylic acid) partial sodium salt,
Poly(AAm-co-AA)(90/10) ( -90% solid content, poly(AAm-co-AA) 90/10,
Mw 200,000) is purchased from Polysciences, Inc. and used as
received. PAE (Kymene, an azetidinium content of 0.46 assayed with
NMR) is purchased from Ashland as an aqueous solution and used as
received. An in-packagecrosslinking ([PC) saline is prepared by
dissolving about 0.07% w/w of poly(AAm-co-AA)(90/10) and about 0.15%
of PAE (an initial azetidinium millimolar equivalents of about 8.8
millimole) in phosphate buffered saline (PBS) (about 0.044 w/w%
NaH2PO4.H20, about 0.388 w/w/% Na2HPO4.2H20, about 0.79 w/w% NaCI)
and adjusting the pH to 7.2-7.4. Then the IPC saline is heat
pre-treated for about 4 hours at about 70C (heat pretreatment).
During this heat pretreatment, poly(AAm-co-AA) and PAE are partially
crosslinked to each other (i.e., not consuming all azetidinium groups
of PAE) to form a water-soluble and thermally-crosslinkable
hydrophilic polymeric material containing azetidinium groups within
the branched polymer network in the IPC saline. After the heat
pre-treatment, the IPC saline is filtered using a 0.22micron
polyether sulphone [PES] membrane filter and cooled down back to room
temperature. 10 ppm hydrogen peroxide is then added to the final IPC
saline to prevent bioburden growth and the IPC saline is filtered
using a 0.22micron polyether sulphone [PES] membrane filter.
Lenses having a FAA prime coating thereon prepared above are placed
in polypropylene lens packaging shells (one lens per shell) with 0.6
mL of the IPC saline (half of the saline is  



added prior to inserting the lens). The blisters are then sealed with
foil and autoclaved for about 30 minutes at about 121C, forming SiHy
contact lenses with crosslinked hydrophilic coatings thereon.
Characterization of SiHy lenses.        The resultant SiHy contact
lenses with crosslinked hydrophilic coatings thereon and a center
thickness of about 0.95 microns have an oxygen permeability (Dkc or
estimated intrinsic Dk) of about 142 to about 150 barrers, a bulk
elastic modulus of about 0.72 to about 0.79 MPa, a water content of
about 30% to about 33% by weight, a relative ion permeability of
about 6 (relative to Alsacon lens), and a contact angle of from about
34 to about 47 degrees. Characterization of the Nano-textured
Surfaces of Contact Lens
Transmission-Differential-Interference-Contrast (TDIC) Method.
Contact lenses are placed on a glass slide and flattened by
compressing the lens between the slide and a glass cover slip.
Contact lens surfaces are located and examined by focusing through
the lens using a Nikon ME600 microscope with transmission
differential interference contrast optics using a 40x objective lens.
The obtained TDIC images are then evaluated to determine the presence
of winkled surface patterns (e.g., random and/or ordered worm-like
patterns, or the likes).
Reflection-Differential-Interference-Contrast (RDIC) Method. Lenses
are placed on a glass slide and flattened by making 4 radial cuts
every -90 degrees. Excess saline is blown off the surface using
compressed air. Lens surface is then examined using Nikon Optiphot-2
with reflection differential interference contrast optics for the
presence of winkled surface patterns on the surfaces of a contact
lens using 10x, 20x and 50x objective lenses. A representative image
of each side is acquired using 50x objective lens. The contact lens
is then flipped over, excess saline removed and the other side of the
contact lens and is inspected in the same way. The obtained RDIC
images are then evaluated to determine the presence of winkled
surface patterns (e.g., random and/or ordered worm-like patterns, or
the likes).        Dark Field Light Microscopy (DFLM). DFLM is
generally based on dark field illumination which is a method of
enhancing contrast in observed samples. This technique consists of a
light source outside or blocked from the observer's field of view in
order to illuminate a sample at an angle relative to normal
transmitted light. Since the un-scattered light from the source is
not gathered by the objective lens, it is not part of the image and
the background of the image appears dark. Since the light source is
illuminating the sample at an angle, the light observed in the sample
image is that which is scatted by the sample toward the observer,
contrast is then created between this scattered light from the sample
and the dark background of the image. This contrast mechanism makes
dark illumination especially useful for the observation of scattered
phenomena such as haze.       DFLM is used to evaluate the haziness
of contact lenses as follows. It is believed that since the
dark-field setup involves scattered light, dark-field data could
provide the worst-case  estimate of haziness. In 8-bit grey scale
digital images each image pixel is assigned a grey scale intensity
(GS!) value in the range from 0-255. Zero represents a pixel that is
perfectly black and 255 represents a pixel that is perfectly white.
An increase in the scattered light captured in the image will produce
pixels with higher 051 values. This 051 value can then be used as a



A 1-L jacketed reactor is equipped with 500-mL addition funnel,
overhead stirring, reflux condenser with nitrogen/vacuum inlet
adapter, thermometer, and sampling adapter. 89.95 g of 80%partially
ethylenically functionalized polysiloxane prepared in Example 17, A,
is charged to the reactor and then degassed under vacuum less than 1
mbar at room temperature for about 30 minutes. The monomer solution
prepared by mixing 1.03 g of HEMA, 50.73 g of DMA, 2.76 g of Norbloc
methacrylate, 52.07 g of TRIS, and 526.05 g of ethyl acetate is
charged to the 500- mL addition funnel followed with a degas under
vacuum 100 mbar at room temperature for 10 minutes and then refilled
with nitrogen gas. The monomer solution is degassed with same
conditions for additional two cycles. The monomer solution is then
charged to the reactor. The reaction mixture is heated to 67C with
adequate stirring. While heating, a solution composed of 2.96 g of
mercaptoethanol (chain transfer agent, CTA) and 0.72 g of dimethyl
2,2'-azobis(2- methylpropionate) (V-601 - initiator) and 76.90 g of
ethyl acetate is charged to the addition funnel followed by same
degas process as the monomer solution. When the reactor temperature
reaches 67C, the initiator/CTA solution is also added to reactor. The
reaction is performed at 67C for 8 hours. After the copolymerization
is completed, reactor temperature is cooled to room temperature.
Synthesis of UV-absorbing amphiphilic branched prepolymer The
copolymer solution prepared above is ethylenically functionalized to
form an amphiphilic branched prepolymer by adding 8.44 g of IEM (or
2-isocyanatoethyl methacrylate in  a desired molar equivalent amount)
in the presence of 0.509 of DBTDL. The mixture is stirred at room
temperature under a sealed condition for 24 hours. The prepared
prepolymer is then stabilized with 100 ppm of hydroxy-tetramethylene
piperonyloxy before the solution is concentrated to 200 g (-50%) and
filtered through lum pore size filter paper. After the reaction
solvent is exchanged to 1-propanol through repeated cycles of
evaporation and dilution, the solution is ready to be used for
formulation. The solid content is measured via removing the solvent
at vacuum oven at 80 C. Preparation of lens formulation       A lens
formulation is prepared to have the following composition: 71% by
weight of prepolymer prepared above; 4% by weight of DMA; 1% by
weight of TPO; 1% by weight of DMPC; 1% by weight of Brij 52 (from
Sigma-Aldrich), and 22% by weight of 1-PrOH. Lens preparation
Lenses are fabricated by cast-molding of the lens formulation
prepared above using reusable mold, similar to the mold shown in
Figs. 1-6 in U.S. patent Nos.7,384,590 and 7,387,759 (Figs. 1-6)
under spatial limitation of UV irradiation. The mold comprises a
female mold half made of glass and a male mold half made of quartz.
The UV irradiation source is a Hamamatsu lamp with a 380 nm-cut-off
filter at an intensity of about 4.6 mW 1cm2. The lens formulation in
the mold is irradiated with UV irradiation for about 30 seconds.
Cast-molded lenses are extracted with methyl ethyl ketone (MEK),
rinsed in water, coated with polyacrylic acid (PAA) by dipping lenses
in a propanol solution of PAA (0.004% by weight, acidified with
formic acid to about pH 2.0), and hydrated in water.       IPC Saline
is prepared from a composition containing about 0.07% PAAm-PAA and
sufficient PAE to provide an initial azetidinium content of
approximately 8.8 millimole equivalents / Liter (-0.15% PAE) under
pre-reaction conditions of 6 hrs at approximately 60C.. 5 ppm
hydrogen peroxide is then added to the IPC salines to prevent



wherein the outer hydrogel layer is substantially free of silicone,
preferably totally free of silicone, and wherein the water content of
the outer hydrogel layer is at least 1.2 folds (or 120%), preferably
at least 1.3 folds (or 130%), more preferably at least 1.4 folds (or
140%), even more preferably at least 1.5 folds (or 150%), most
preferably at least 2 folds (or 200%), of the water content of the
silicone hydrogel bulk material when being fully hydrated. 2. The
silicone hydrogel contact lens of claim 1, wherein the outer hydrogel
layer comprises two outer layers which merge at the peripheral edge
of the silicone hydrogel contact lens, wherein the two outer layers
are substantially identical to each other. 3. The silicone hydrogel
contact lens of claim 1 or 2, wherein when being fully hydrated the
silicone hydrogel bulk material has: a water content (designated as
WCsHy) of from 10% to 70% by weight, preferably from 10% to 65%, more
preferably from 10% to 60%, even more preferably from 15% to 55%,
most preferably from 15% to 50% by weight; a bulk elastic modulus of
from 0.3 MPa to 1.8 MPa, preferably from 0.4 MPa to 1.5 MPa, more
preferably from 0.5 MPa to 1.2 MPa; or a combination thereof. 4. The
silicone hydrogel contact lens of any one of claims 1 to 3, wherein
the silicone hydrogel contact lens has at least one property selected
from the group consisting of: (a) an oxygen transmissibility of at
least 40, preferably at least 60, more preferably at least 80, even
more preferably at least 100, most preferably at least 120,
barrers/mm when being fully hydrated; (b) a surface silicon atomic
percentage of 5% or less, preferably 4% or less, even more preferably
3% or less, of total elemental percentage as measured by XPS analysis
of the silicone hydrogel contact lens in dried state; (c) a surface
hydrophilicity characterized by having a water breakup time of at
least 10 seconds when being fully hydrated; (d) a surface wettability
characterized by having an averaged water contact angle of 90 degrees
or less, preferably 80 degrees or less, more preferably 70 degrees or
less, even more preferably 60 degrees or less, most preferably 50
degrees or less when  being fully hydrated; (e) a surface lubricity
characterized by having a critical coefficient of friction
(designated as CCOF) of 0.046 or less, preferably 0.043 or less, more
preferably 0.040 or less when being fully hydrated; and (f)
combinations thereof 5. The silicone hydrogel contact lens of any one
of claims 1 to 4, wherein the outer hydrogel layer has a reduced
surface modulus of at least 20%, preferably at least 25%, more
preferably at least 30%, even more preferably at least 35%, most
preferably at least 40%, relative to the silicone hydrogel bulk
material when being fully hydrated. 6. A silicone hydrogel contact
lens, comprises: a silicone hydrogel core (or bulk material)
completely covered with an outer (surface) hydrogel layer, wherein
the contact lens has an oxygen transmissibility of at least 40
barrers/mm (preferably at least 60, more preferably at least 80, even
more preferably at least 100, most preferably at least 120,
barrers/mm) when being fully hydrated, wherein the silicone hydrogel
bulk material has a bulk elastic modulus of from 0.3 MPa to 1.8 MPa
(preferably from 0.4 MPa to 1.5 MPa, more preferably from 0.5 MPa to
1.2 MPa) when being fully hydrated, and wherein the outer hydrogel
layer has a reduced surface modulus of at least 20%, preferably at
least 25%, more preferably at least 30%, even more preferably at
least 35%, most preferably at least 40%, relative to the silicone
hydrogel bulk material when being fully hydrated. 7. The silicone



preferably 60 degrees or less, most preferably 50 degrees or less
when being fully hydrated; (d) a surface lubricity characterized by
having a critical coefficient of friction (designated as CCOF) of
0.046 or less, preferably 0.043 or less, more preferably 0.040 or
less when being fully hydrated; and (e) combinations thereof. 10. The
silicone hydrogel contact lens of any one of claims 6 to 9, wherein
the water content of the outer hydrogel layer is at least 1.2 folds
(or 120%), preferably at least 1.3 folds (or 130%), more preferably
at least 1.4 folds (or 140%), even more preferably at least 1.5 folds
(or 150%), most preferably at least 2 folds (or 200%), of the water
content of the silicone hydrogel bulk material when being fully
hydrated. 11. A silicone hydrogel contact lens, comprises: a silicone
hydrogel material as bulk material, an anterior surface and an
opposite posterior surface; wherein the contact lens has (1) an
oxygen transmissibility of at least 40 barrers/mm (preferably at
least 60, more preferably at least 80, even more preferably at least
100, most preferably at least 120, barrers/mm) when being fully
hydrated, and (2) a good surface lubricity as characterized by having
a critical coefficient of friction of 0.046 or less (preferably 0.043
or less, more preferably 0.040 or less) when being fully hydrated,
wherein the silicone hydrogel contact lens has a surface silicon
atomic percentage of 4% or less, even more preferably 3% or less, of
total elemental percentage as measured by XPS analysis of the
silicone hydrogel contact lens in dried state. 12. The silicone
hydrogel contact lens of claim 11, wherein when being fully hydrated
the silicone hydrogel contact lens has at least one property selected
from the group consisting of: (a) a water content of from 10% to 70%
by weight, preferably from 10% to 65%, more preferably from 10% to
60%, even more preferably from 15% to 55%, most preferably from 15%
to 50% by weight when being fully hydrated; (b) a surface
hydrophilicity characterized by having a water breakup time of at
least 10 seconds; (c) a surface wettability characterized by having
an averaged water contact angle of 90 degrees or less, preferably 80
degrees or less, more preferably 70 degrees or less, even more
preferably 60 degrees or less, most preferably 50 degrees or less;
and (d) combinations thereof. 13. The silicone hydrogel contact lens
of claim 11 or 12, wherein the anterior and posterior surfaces have a
low surface concentration of negatively-charged groups (e.g.,
carboxylic acid groups) as characterized by attracting at most 200,
preferably at most 160, more preferably at most 120, even more
preferably at most 90, most preferably at most 60 positively-charged
particles in positively-charged-particles-adhesion test. 14. The
silicone hydrogel contact lens of any one of claims 11 to 13, wherein
the silicone hydrogel contact lens in fully hydrated state has a high
digital-rubbing resistance as  characterized by having no surface
cracking lines visible under dark field after the silicone hydrogel
contact lens in fully hydrated state is rubbed between fingers. 15.
The silicone hydrogel contact lens of any one of claims 11 to 14,
wherein the hydrated silicone hydrogel contact lens comprises an
inner layer of the silicone hydrogel material, an anterior outer
hydrogel layer, and a posterior outer hydrogel layer, wherein the
anterior and posterior outer hydrogel layers are substantially
uniform in thickness and merge at the peripheral edge of the contact
lens to completely enclose the inner layer of the silicone hydrogel
material, wherein the anterior outer, posterior outer and inner zones



16. The silicone hydrogel contact lens any one of claims 11 to 15,
wherein the silicone hydrogel bulk material has a bulk elastic
modulus of from 0.3 MPa to 1.8 MPa (preferably from 0.4 MPa to 1.5
MPa, more preferably from 0.5 MPa to 1.2 MPa) when being fully
hydrated. 17. The silicone hydrogel contact lens of claim 15, wherein
the outer hydrogel layer has a reduced surface modulus of at least
20%, preferably at least 25%, more preferably at least 30%, even more
preferably at least 35%, most preferably at least 40%, relative to
the silicone hydrogel bulk material when being fully hydrated,
wherein the silicone hydrogel bulk material has a bulk elastic
modulus of from 0.3 MPa to 1.8 MPa (preferably from 0.4 MPa to 1.5
MPa, more preferably from 0.5 MPa to 1.2 MPa) when being fully
hydrated. 






