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EXTENDED WEAR OPHTHALMIC LENS 

BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 

This invention relates broadly to lenses and polymeric materials useful in optic and 

ophthalmic arts. More specifically, this invention relates to polymeric materials and 

treatment.processes useful in the manufacture of contact lenses. Still more-specifically, this 

invention relates to contact lenses useful as extended-wear contact lenses.:. 

2. DESCRIPTION OF THE RELATED ART 

A wide variety of research. has been conducted in the field of biocompatible polymers. The 

definition of the term "biocompatibte• depends on the particular application for which the . 

polymer is designed. In the field of ophthalmic lenses, and in particular in the field of 

contact lenses, a bioCompatible lens may be generally defined as one which will not 
substantially damage the surrounding ocular tissue and ocular fluid during the time period of 

contact. The phrase "ophthalmically compatible" more appropriately describes the 

biocompatibility requirements of ophthalmic lenses. 

One ophthalmic compatibility requirement for contact lenses is that the lens must allow 

oxygen to reach the cornea in an amount which is sufficient for long-term corneal health. 

The contact lens must allow oxygen from the surrounding air to reach the cornea because 

the comea does not receive oxygen from the blood supply like other tissue. H sufficient 

oxygen does not reach the cornea, corneal swelling occurs. Extended periods of oxygen 

deprivation causes the undesirable growth of blood vessels in the comea. "Soft" contact 

lenses conform closely to the shape of the eye, so oxygen cannot easily circumvent the 

lens. Thus, soft contact lenses must allow oxygen to diffuse through the lens to reach the 

cornea. 

Another ophthalmic compatibility requirement for soft contact lenses is that the lens must 

not strongly adhere to the eye. Clearly, the consumer must be able to easily remove the 

lens from the eye for disinfecting, cleaning, or disposal. However, the lens must also be 

able to move on the eye in order to encourage tear flow between the lens and the eye. 

Tear flow between the lens and eye allows for debris, such as foreign particulates or dead 
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epithelial cells, to be swept from beneath the lens and, ultimately, out-of the tear fluid. 

Thus, a contact lens must not adhere to the eye so strongly that ad~quate movement of the 

lens on the eye is inhibited. 

While there exist rigid gas permeable ("RGP") contact lenses which have-high· oxygen·· 

permeability and which move on the eye, RGP lenses are typically quite uncomfortable for 

the CQnsumer. Thus, soft oontact lenses are preferred by many consumers because of 

comfort. Moreover, a contact len-s-Which may be continuously worn for a period of a day or 

more (including wear during periods of sle8ping) requires comfort levels wH1eh exclude RGP 

lenses as popular extended-wear candidates. 

In order to balance the ophthalmic compatibility and consumer comfort ·requirements in 

designing a daily wear soft contact lens. polymers and copolymers of 2-hydroxyethyl 

methacrylate (HEMA) were developed. Th8se hydrophilic polymers move well on the fl'llF _ 

and provide sufficient oxygen permeability for daily wear. Certain-soft contact lenses have 

been approved by the FDA for extended wear periods of up to about 6 n-lghts of overnight 

wear and seven days of daily wear; However, the'"Q>nsumer cannot·safely and ~mfortabty 

wear these poly(HEMA) len&es for extended periods of seven days or rnore, because the --­

oxygen permeablllty is insufficient. True extendedwear O.e., seven days or more) of these 

lenses may result, at a minimum, in corneal swelling and development of &Urtace blood 

vessels in the comea. 

In order to improve oxygen permeability, polymers containing silicone groups were 

developed. A variety of siloxane-containing p()lymers have been disclosed as having high 

oxygen permeability. For example, see U.S. Patent Nos. 3,228, 741; 3,341,490; 3~996, 187;--­

and 3,996, 189. However, polysiloxanes are typically highly lipophlllc. The properties (e.g., 

lipophilicity, glass transition temperature, mechanical properties) of known polysiloxanes 

has resulted in contact lenses which adhere to the eye, inhibiting the necessary lens --­

movement. In addition, polysiloxane lipophllicity promotes adhesion to the lens of lipids and 

proteins in the tear fluid, causing a haze which interferes with vision through the lens. 

There have been attempts to blend the desirable hydrophilic properties of hydrophilic 

polymers, formed from monomers..such as HEMA, with the desirable oxygen permeability of 

polymers formed from siloxane-containing .monomers. For example, see U.S. Patent Nos. 

3,808, 178; 4, 136,250: and 5,070, 169. However, prior. attempts at producing a true· -. 

extended wear contact lens have been unsuccessful, either because of the effect of the 
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exten~ed-wear lens on comeal health or because the lens would not move on the eye. 

Thus, there remains a need for an ophthalmically compatible, transparent polymeric 

material which is suited to extended periods of continuous contact with ocular.tissue and· 

tear fluid. 

OBJECTS ANO SUMMARY OF THE INVENTION 

An object of the invention is to provide a material having a balance of oxygen permeability,. 

Ion permeability, on-eye movement and tear exchange, all of which are sufficient far corneal 

health and wearer comfort during extended periods of continuous wear. 

·Another object of the invention is to provide an ophthalmic lens capable of extended 

continuous wear periods of at least 24 hours without substantial adverse impact on ocular 

health or consumer comfort, and more preferably, to provide a lens capable of continuous 

wear of 4 to 30 days or more without substantial adverse _Impact on ocular h~lth or 

consumer comfort. 

· A further object of the invention is to provide. an ophthalmic lens capable of extended 

continuous.wear periods of.at least 24 hours without.substantial comeal swelling or 

consumer discomfort, and more preferably, to provide a lens capable of continuous wear of 

4. 7, 14 or 30 days or more without substantial comeal swelling or consumer discomfort. 

Yet another object of the invention is to provide methods of forming an extended-wear 

ophthalmic lens. 

Still a further object of the Invention is to provide methods of testing and classifying 

ophthalmic lenses as candidates for true extended-wear. 

These and other objects of the invention are met by the various embodiments described 

herein. 

One embodiment of the invention is an ophthalmic lens, suited to extended periods of wear 

in continuous, intimate contact with ocular tissue and tear fluid. The lens displays a _balance 

of oxygen permeability and ion permeability sufficient to maintain good corneal health, 

adequate movement of the lens on the eye and wearer comfort during extended wear 

periods. The lens is formed by polymerization, preferably copolymerization, of (a) at least 
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one oxyperrn polymerizable material which is capable of polymerizing to form a polymer 

having a high oxygen permeability; and (b} at least one ionoperm polymerizable material 

which is capable of polymerizing to form a··polymer having a high ion· permeability~ 

Preferably, the lens includes a core polymeric material and ophthalmically compatible 

surfaces. In a preferred embodiment, the surface is more hydrophilic and lipophobic than 

the core polymeric material. 

Another embodiment of the invention is a method of fOrming an ophthalmic lens having high 

oxygen permeabDtty and high ion· permeability. The method includes the step of forming a 

core material, having an inner surface and ah outer surface,· such that at least one pathway 

for ion transport and at least one pathway for oxygen transport are present from the inner to 

the outer surface. In a preferr8d embodiment, the method includes treating the surface of 

the lens to render the surfaee more hydrophilic than the core. 

A further embodiment of the invention is an ophthalmic.lens comprising.a polymeric material 

which has a high oxygen permeability and a high ion or water permeability, the polymeric 

material being formed from at least one polymerizable material including (a) at least one 

oxyperm aegment and (b) at least one ionoperm segment The lens displays a balance of 

oxygen permeability and ion permeability stifficient to maintain good corneal health, 

adequate movement of the lens on the eye and wearer comfort during extended wear 

periods. 

Yet another embodiment of the invention Is a method of using a contact lens having both an 

oxygen transmission pathway and an ion transmission pathway from inner to outer surface 

as an extended wear lens. The method includes {a) applying the lens to the ocular 

environment and (b) allowing the lens to remain in intimate contact with the ocular 

environment for a period of at least 24 hours without substantial adverse impact on corneal 

health or wearer comfort. A preferred method includes additional steps of (c) removing the 

lens from the ocular environment; (d) disinfecting the lens; (e) applying the lens to the 

ocular environment; and (f) allowing the lens to remain in intimate contact with the ocular 

environment for a period of at least an additional 24 hours. In a preferred embodiment, the 

lens is wom for a continous period of at least seven days without substantial adverse 

impact on corneal health or wearer comfort. 

.. 
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OUTLINE OF DESCRIPTION OF THE PREFERRED EMBODIMENTS 

I. DEFINITION OF TERMS 

II. CORE POLYMER AND LENS 

A. Oxyperm polymerizable materials 

~- lonoperm polymerizable materials 

C. Weight ratio of oxyperm to ionoperm polymerizable materials 

0. Morphology 

E. Bulk Water Content 

F. Ion and Water Permeability 

1. lonoflux Ion Permeability Measurements 

2. lonoton Ion Permeability Measurements 

3. HydrodeH Water Permeability Measurements 

G.. Oxygen Perme&J:>ility and Transmlssibility 
H. Mechanical On-eye 'Movem9nt Parameteis · 

1. Tensile Modulus and Short Relaxation Time 

2. Tangent Delta 

3. Parameter Combinations 

I. Examples of suitable materials 

1. Material •A• 

2. Material .B" 

3. Material •C" 

4. Material ·D" 

Ill .. OPHTHALMICALLY COMPATIBLE SURFACES 

IV. UTILITY 

A. Ophthalmic lenses 

B. Contact lenses 

V •. Ml;THODS OF USE AS EXTENOEO..WEAR LENSES 

VJ. M!:THOOS OF MANUFACTURE OF LI;NSES 

PCTIBP'6/012&5 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

One embodiment of the present invention is an ophthalmically compatible, transparent lens 
suited to extended periods of continuous contact with ocular tissue and tear fluids. A . . 

particularly preferred embodiment of the invention is ari extended-wear vision correction 
lens suited for safe and comfortable long term wear withoUt removal. In order to pror:Jerly 
describe the invention and to delineate the metes and· bounds of the claims, a set Of basic 
terms will be defined at the outset. 

I. DEFINmON OF TERMS 

An .. ophthalmic lens" , as used herein, refers to lenses which are placed in Intimate contact 
with the eye or tear fluid, such ~ contact lenses for vision correction (e.g., spherical, toric, 
bifocal), contact lenses for modification of eye color, ophthalmic drLig delivery devices, 
ocular tissue protective devices (e.g., ophthalmic heating promoting lenses), and the like. A 
particularly preferred ophthalmic lens is an extended-wear contact lens, especially 
extended-wear contact lenses for vision correction. 

A "polymerizable material which is capable of po!ymeriziog to form a polymer having a high 
oxygen permeability", as used herein, refers to monomers, oligomers, macromers, and the 
like, and mixtures thereof, which are capable of polymerizing with like or unlike 
polymerizable materials to form a polymer which displays a relatively high· rate of oxygen 
diffusion therethrough. For convenience of reference, these materials will be referred to 
herein as •oxyperm polymerizable materials" and the resultant polymers will be referred to 
herein as •oxyperm polymers•. 

The "oxygen transmissibility" of a lens, as used herein, is the rate at which oxygen will pass 
through a specific ophthalmic lens. Oxygen transmissibillty, Dklt. is conventionally 
expressed in units of barrers/mm, where t is the average thickness of the material pn units 
of mm] over the area being measured and "barrer" is defined as: 

[(cm3 oxygen)(mm) I (cm2 )(sec)(mm Hg)} x 10-e 
The "oxygen permeability", Dk, of a lens material does not depend on lens thickness. 
Oxygen permeability is the rate at which oxygen will pass through a material. Oxygen 
permeability is conventionally expressed in units of barrers, where "barrer" Is defined as: 

((cm3 oxygen)(mm) I (cm2 )(sec)(mm Hg)] x 10·10 

··!.i 
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These are the units commonly used in the art. Thus, in order to be consistent with the use 

in the art, the unit "barrer" will have the meanings as defined above. For example, a lens 

having a Dk of 90 barrers (':'oxygen permeability barrersj and a thickness of 90 microns 

(0.090 mm) would have a Dk/t of 100 barrers/mm ('oxygen transmissibility barrers"/mm). 

A "polymerizable material which is capable of polymerizing to form a polymer having a high 

ion permeability", as used herein, refers to monomers, oligomers; macromers, and the like, 

and mixtures thereof, which are capable of polymerizing with like or unlike polymerizable 

materials to form a polymer which displays a relatively high rate Of ion or water permeation 

therethrough. For convenience of reference, these materials will be referred to. herein as 

"ionoperrn polymerizable materials" and the resultant polymers will be referred to herein as 

"ionoperm polymers". 

A "macromer", as used herein, refers to a polymerizable material which has a molecular 

weight of at least about 800 grams/mot. The term "macromer", as used herein, also 

encompasses ollgomers. 

A "monomer", ·as used ·herein refers to a polymerizable material which has a.molecular 

weight of less than about 800 grams/mol. 

A "phase", as used herein, refers to a region of substantially uniform compoSition which is a 
distinct and physically separate portion of a heterogeneous polymeric material. However, 

the term "phase• does not imply that the material described is a chemically pure substance, 

but merely that certain bulk properties differ significantly from the properties of another 

phase within the material. . Thus, with respect to the polymeric components of a lens, an 

ionoperm phase refers to a region composed of essentially only ionoperm polymer (and 

water, when hydrated), while an oxyperm phase refers to a region composed of essentially 

only oxyperm polymer. 

A •continuous phase", as used herein, refers to a region of substantially uniform 

·composition which forms a continuous pathway from one surface of an article to another 

surface of an article. 

"Co-continuous phases" , as used herein, refers to at least two regions, each of 

substantially uniform composition which differs from the other, and each of which forms a 

continuous pathway from one surface of an article to another surface of an article. Thus, 



WO 9'131'792 

-8-

an ophthalmic lens having co-continuous phases of oxyperm polymer and ionoperm 

polymer will have two continuous pathw&ys or sets of continuous pathways extending from· 

the inner surface of the lens to the outer surface of the· lens. 

·uorphology" , as used herein, refers to the structure and relationship of the phases of a 

material. 

·0phtha1mically compatible•. as used hereiri, 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. Thus, an ophthalmically compatible contact lens will not produce significant 

comeal swelling, will adequately move on the eye with blinking to promote adequate tear 

exchange, will not have substantial amounts of lipid adsorption, and will not cause 

substantial wearer discomfort during the prescribed period of wear. 

"Ocular environmenf', as used herein, refers to ocular fluids (e.g., tear fluidl and ocular 

.. 

tissue (e.g., the comea) which may come into intimate contact with a contact lens used for ·'··-

vision correction, drug delivery, wound healing, eye color modification, or other ophthalmic 

applications. 

•Hydrophilic•, as used herein, describes a material or portion thereof which will more readily 

associate with water than with lipids. 

A "hydrophilic surface •, as usecJ herein. refers to a surface which is more hydrophilic and 

lipophoblc than the bulk or core material of an article. Thus, an ophthalmic lens having a 

hydrophilic surface describes a lens having a core material having a certain hydrophilicity 

surrounded, at least in part, by a surface which is more hydrophilic than the core. 

The •outer surface" of a lens, as used herein, refers to the surface of the lens which faces 

away from the eye during wear. The outer surface, which is typically substantially convex, 

may also be referred to as the front curve of the lens. The "inner surface" of a lens, as used 

herein, refers to the surface of the lens which faces towards the eye during wear. The inner 

surface, which is typically substantially concave, may also be referred to as the base curve 

of the lens. 
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· .. TRIS", as used herein, refers to 3-methacryloxypropyltris(trimethylsiloxy) silane, which is 

represented by CAS No. 17096-07-0. The term "TRIS" also includes dimers of 3-

me1hacryloxypropyltris(trimethylsiloxy) silane • 

.. Molecular weight" of a polymeric material (including monomeric or macromeric materials), 

as used herein, refers to the number-average. molecular weight unless otherwise specifically 

noted or unless testing conditions indicate otherwise. 

A. Oxyperm ·Polvmerizable uaterlal• 

Oxyperm polyrnerizable materials incJude a wide range of materials which may be 

polymerized to form a polymer displaying a relatively high oxygen diffusion rate 

therethrough. In addition, these materials must be relatively ophthalmically compatible. 

These oxyperm polymerizable materials include, without limitation thereto, silo>cane­

contalning macromers and monomers. fluorine-containing macromers and monomers, and 

carbon-carbon triple bond-containing macromers and monomers. The oxyperm macromer 

or monomer may also contain hydrophilic groups. 

Preferred oxyperm polymers are those formed.from .a sil~e-containlng macromer •. 

Macromers ·having·dlalkyJ sHoxane grou~. especially dimethyl siloxanes, are particularly 

preferred. These macromers are broadly referred to as poly(dimethyl siloxanes) (also, 

PDMS). The siloxane-containing macrorner may also include hydrophilic groups. Examples 

of suitable siloxane-containing macromers include, without limitation thereto, the Materials 

A, B, C, and D as described herein. 

The oxygen transmiss1bility (Dk/t) of·the lens is preferably at least 70 barrers/mm, more· 

preferably at least 75 barrens/mm. and most preferably at least 87 barrers/mm. The lens 

center thickness is typicaUy more than about 30 microns, preferably about 30 to about 200 

microns, more preferably about 40 to about 150 microns, even more preferably about 50 to 

about 120 microns, and most preferably about 60 to about 100 microns. 

The oxygen transmissibility of the extended-wear lens from the outer surtace to the inner 

surface must be sufficient to prevent any substantial corneal swelling during the period of 

extended wear. It is known that the cornea swells approximately 3% to 4% during overnight 

periods of sleep when the eyelids are closed, as a result of oxygen deprivation. It is also 

known that wearing a typical contact lens, such as ACt,JVUE (Johnson & Johnson), for a 
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period of about 8 hours (overnight wear) eauses comeal swelling of about 11 %. However, 

a preferred extended-wear contact tens will produce, after ·wear of about 24 hours, including 

normal sleep periods, corneal swelling of less than about 8%, more preferably less than 

about 6%, and most preferably less than about 4%. A preferred extended-wear contact · ,,:~? 

lens will produce, after wear of about 7 days, including normal sleep periods, corneal. . .,., 

swelling. of less than about 10%, more preferably less tttan about 7%, and most preferably 

less than about 5%. Thus, the extended-wear lens muSt have oxyperm polymer in an 
amount sufficient to produce oxygen diffusion pathways' from the outer surface to the inner 

surface of the lens which are sufficient to yield the above properties relating to corneal 

swelling. Preferably, the extended-wear lens has a continuous phase of oxyperm polymer 

extending from the o&Jter surface to the Inner surface of the lens. 

a. lonoperm Polvmerlzabte Material• 

lonoperm polymerizable materials include a wide range of materials which· may·be 

polymerized to form a polymer displaying a relatively high· ion diffusion rate therethrough •. In· 

addition, these materials must be relatively ophthalmically compatible. These ionopenn 

polymerizable materials include, without limitation thereto, acrylates and methacrylates, 

such as 2-hydroxyethyl methacrylate, acrylamide, methacrylamlde, and dimethylacrylamide; 

poly(alkylene glycols), such as poly(ethylene glycol); N-vinyl pyrroldones such as N-vinyl-2-

pyrrolidone; and the like and mixtures thereof. Other ionoperin materials are disclosed in 

the specific embodiments Of Materials A-0, described below. 

C. Weiaht Ratios 

The ratios of oxyperm to ionoperrn polymerizable materials may vary· substantially. · 

depending on the seleeted balance of oxygen permeability and ion permeability for the 

chosen end-use of the molded polymeric article. Preferably, the volumetric ratio of oxyperm 

to ionoJ)erm material (including water) In the fully hydrated lens is about 40 to about 60 to 

about 60 to about 40. However, weight percentages, based on the total weight of the lens, 

will be defined because weight percentages are more conveniently utilized in lens 

fabrication. Preferably, the extended-wear contact lenses having substantially :only 

ionoperm and oxyperm materials will have about 60 to about 85 weight percent oxyperm 

polymerizable material and about 15 to about 40 weight percent ionoperm polymerizable 

material in the prepolymerization mixture, based on total polymerizable material weight. 
. . 

More preferably, the prepolymerization mixture will contain about 70 to about 82 weight 
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percent oxyperm potymerizable material and about 18 to about 30 weight percent ionoperm 

polymerizable material, based on total polymerizable material weight. 

A wide variety of additional polymerizable materials· may be included in the mixture prior to 
polymerization. Cross-linking agents, such as ethylene glycol dimethacrylate (EGDMA), 

may be added to improve structural Integrity and mechanical strength. Antimicrobial 

polymerizable materials such as poly(quatemary ammonium) salts may be added to inhibit 

microbial growth on the lens material. Also, additional ionoperm monomers or macromers 

and oxyperm polymerizable materials may be added to adjust the oxygen permeability and 

ion permeability of the final molded article. An especially advantageous polymerizable 

material is TRIS, which may act both to increase oxygen permeability and to improve the 

modulus of elasticity. 

A preferred prepolymerization mixture will include (a) about 30 to 60 weight percent 

oxyperm macromer, (b) about 20 to 40 weight percent ionoperm potymerizable material, 

and (c) about 1 to ·35 weight percent TRIS, based on the total lens weight. More. preferably, 

the amount of TRIS is about 10 to 33·weight percent, based on the total prepotymerization 

mixture weight. 

In a preferred embodiment. the prepolymerization mixture includes less than about 5 weight 

percent cross-linking agent, based on ·the total prepolymerization mixture weight. More 

preferably, the prepolymerization mixture includes less than about 2 weight percent cross­

linking agent, based on the total prepolymerization mixture weight. Even more preferably, 

the prepolymerizatlon mixture includes substantially no cross-linking agent. In a particularly 

preferred embodiment, the prepolymerization mixture inclUdes no added cross-linking 

agent. 

The previously described ranges for oxyperm polymerizable materials, ionoperm 

polymerizable materials, and TRIS are offered to enable the reader to better comprehend 

the invention. However, it should be noted that the specific weight or volume percentages 

of oxyperm and ionoperm polymerlzable materials are not the most critical factors to 

consider in preparing a good extended-wear ophthalmic lens~ More importantly, the lens 

must have sufficient ion permeability for good on-eye movement and sufficient oxygen 

permeability for good corneal health during the extended wear period. 
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D. Morphologv 

One requirement of the lens material is that the lens allow a high visible ~ight transmission 
from the outer to inner surface of the lens. A lens· morphology which·includes large phase 
separated regions will rec:luce visible light transmilslon and cause substantial undesirable 
image distortion, thereby destroying the value of the lens as a vision correction device. 
Thus? the lens must have a morphology which allows at least about 80%, more preferably 
about 90%, visible light transmission and does not produce any significant undesirable 
image distortion. 

In one preferred embodiment. the lens material haS at least two phases: the phases, 
including at least one oxyperm phase and at least one ionoperm phase. While there may 
be two distinct phases. it is believed that there may be a transition phase. or interphase, In 
which the materiai composition and the material properties are a blend of those of the 
oxyperm and ionoperm materials. Thus, there may exist a distinct oxyperm phase or 
plurality of distinct oxyperm ·phases, a distinct ionoperm phase or a ·plurality of distinct 
ionoperm phases, and an amphipathic phase mixture or blend of oxyperm and ionoperm 
phases. In one preferred embodiment, the glass transition temperature {Tg) of, the oxyperm 
phase is less than about -11 SD Celsius {minus 115 degrees Celsius). 

The existence of separate oxyperm and ionoperm phases. rather than a complete blend of 
oxyperm and ionoperm phases, is believed to be advantageous in promoting the diffusion 
of oxygen and ions. Oxygen will diffuse predominantly through theoxyperm polymer, while 
the ionoperm polymer provides a higher barrier to oxygen diffusion. Similarly, ions will 
diffuse well through the ionoperm polymer. but the oxypenn polymer provides a higher 
resistance to ion diffusion. Thus, one homogeneous oxypermJionoperm phase wiU provide 
undesirable resistance to both oxygen and ion diffusion, while two separate oxypenn and 
ionoperm phases will provide low resistance pathways for transmission of both oxygen and 
ions or water. Thus, the ideal extended-wear lens has a pathway or series of pathways 
from the outer surface to the inner surface for transmission of oxygen therethrough, and an 
analogous continuous pathway or series· of pathways for transmission of water or ions 
therethrough. In a particularly preferred embodiment, the lens has two co-continuous 
phases, one an oxyperm phase and the other an ionoperm phase, allowing for permeation 
of water or ions and oxygen between the front and base curves of the lens. 

..., . 
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E. Bulk Water Content 

The measurement of water content is diffi_pult because the removal of adhered surface · 

droplets, without affecting the bulk lens water content, is difficult. In addition, water may · 

evaporate from the lens surface .quickly, thereby· lowering the water content from the · 

equilibrium level. Accordingly, a discussion of the bulk water content of a lens warrants a 

discussion of the measurement tech.nique used to determine the water content. 

The preferred bulk water content·of the hydrated lens will be a function of the lens material 

properties. The material properties are dependent on the prepolymerization macromers and 

monomers .and polymerization conditions. Thus, the preferred water content for a lens 

inc::luding a fluorine-containing oxyperm material may be different from that of a lens 

including a slloxane-conb!dnlng oxyperm material. Accordingly, while general ranges for 

bulk water content are offered for a better understanding of the invention, the Invention is 

ne>t generally limited to specific bulk water contents. 

One method of mea&uring the .water content of a lens formed in accordance with the 
. . . . 

present invention, referred to herein as the" Bu1k Technique", is as follows. First the lens is 

thoroughly hydrated in a physiological saline solution,. such that the water in the lens is in 

equilibrium with the surrounding water. Next the lens is gently blotted between two lint-free 

bl~ng cloths to remove surface moisture. The lens is quickly placed on an aluminum 

weighing pan and the first wet weight, w,, is measured. Next, the aluminum pan with lens 
is. placttef in a oven at 36°C for a period of at least 24 hours. After heat treating, the pan 

with lens is removed, placed in a desiccator, and allowed to cool to room temperature 
(about 22°C). The pan with lens is weighed again to determine the dry weight, Wd. The 

lens is re-equilibrated in physiological saline solution and a second wet weight W2 is 

determined the.reon. The wet weights ~, and Wv are averaged to yield an average wet 

weight, Ww. The bulk water content is determined by the following equation: 

Pel'C$nt water content= ~w - Wd) I Ww x 100 

A preferred lens.bulk water content, determined by the" Bulk Technique", is less than about 

32 weight percent. More preferably, the lens has a water content of about 1 o to 30 weight 

percent, based on the total lens weight .. A particularly preferred lens water content is about 

15 to about 25 weight percen~. 
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F. Ion and Water Permeabllltv 

Unexpectedly, it has been determined that the ion permeability through the lens correlates 
well with on-eye movement. As discussed earlier, it is known that on-eye movement of the 
lens is required to ensure good tear exchange, and ultimately, to ensure good- comeal 
health. While the invention is not bound by theory presented herein, it may be useful to 
discuss some theory for a better understanding of ways to practice the invention. 

It is theorized that water permeability is an exceptionally important feature for an extended­
wear lens which includes oxyperm polymers such as those disclosed herein. Siloxane­
containing oxyperm materials tend to adhere· strongly to the eye. thereby stopping on-eye . . 

movement. The ability to pass water through the lens is believed to allow a siloxane-
containin~ polymeric lens to move on the eye, where the movement occurs via forces 
exerted by water being squeezed out of the lens. The water permeability of the lens is also 
believed Important in replenishing lens water content once pressure is removed. Further, 
the permeability of ions is believed to be directly proportional to the permeability of water. 
Thus, ion permeability is a predictor of on-eye movement. 

However, regardless of whether the water permeability theory Is a correct understanding of 
the aCtual on-eye movement phenomenon, it has been unexpectedly found that above a 
certain threshhold of ion permeability through a lens, from the Inner surface of the lens to 
the outer, or vice versa. the lens will move on the eye,· and below the threshhold the lens 
will adhere to the eye. Thus, the present innovative extended-wear contact lenses provide 
a balance between the relatively high oxygen permeability (and associated high binding 
capacity) of oxyperm materials with the low binding capacity (high on-eye movement) of 
ionoperm materials. It is believed that this.is accomplished by providing a plurality of 
continuous ion transmission pathways for ion and water movement through the lens. 

It should be noted that ions may move through the lens via these ion pathways by a number 
of means. For example, ions may diffuse through the lens because of concentration 
differences from one surface to another. Ions may also be forced through the ion pathways 
by the mechanical action of blinking, with the concomittent compression forces on the lens 

· essentiaily squeezing water out of the lens. In addition, the charge nature of the surfaces 
may provide an electromotive force which drives ion permeation through the lens. At. times, 
one of these driving forces may be larger than the others, while at other times the relative 
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magnitude may reverse. This discussion is presented to clarify that the invention is not 

·restricted by the method or driving force by which ions move through the lens. 

Neither the measurement of water permeability. nor ion· permeability through. an. ophthalmic 

lens is considerect a routine.matter of testing in the industry. Accordingly; a discussion of 

the preferred ion or water permeability ranges warrants a discussion of the measurement 

techni~ues used to determine the permeability. 

The water permeability of a lens may be determined from the rate of· water permeation 

through the lens, from one surface to another surfac:e. The water permeability of a lens 

may be determined by positioning a lens between two reservoirs holding solutions having 

known, and different, initial concentrations of radlolabeled water (e.g., tritlated water), and 

then measuring concentration of radiolabeled water in the "receiving" reservoir (the reservoir 

towards which the net flow of radiolabeled water Is positive) as a function of time. 

The relative ion permeability of a lens may be determined from the rate of ion permeation 

through the lens,. from one surface.to.another surface ... The rate of ion permeation may be 

determined: by positioning·a:lens,between,two reservoirs. holding solutions having .known, 

.and different. initiation concentrations, and then measuring conductivity in the •receiving• 

reservoir (the reservoir towards which the net flow of ions is positive) as a function of time. 

The concentration of ions, such as sodium, can be measured accurately using a pH meter 

and an ton-selective electrode. Ions are believed to be transmitted through a lens, from 

Inner to outer surfaces and vice versa., primarily by the diffusion of ions through water 

. pathways in the tens. Ion permeability through a lens Is believed to be directly proportional 

to water permeability through a lens. 

1. lonoflux Measurement Technique 

The following technique, referred to herein as the "lonoflux Technique", is a preferred 

method for determining the ion permeability of a lens. This technique may be used to 

determine the likelihood of adequate on-eye movem~nt. 

The "tonoflux Technique" involves the use of a conductometer (LF 2000/C, catalog no. 

300105, Wissenschaftlich-Technische Werkstitten GmbH (WlW), Germany), an electrode 

equipped with a temperature seosor (LR 01!T, catalog no. 302 520, WfW), a donor 

chamber containing a salt solution, a receiving chamber containing about 60 ml of 

deionized water, a stir bar and a thermostat. 
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The donor chamber is specially designed for sealing a contact lens thereto. so that the 

donor solution does not pass around the lens (i.e., ions may only pass through .the lens). 

The donor chamber is composed of a glass tube which is threaded at the end which is 

immersed in the receiving solution. The glass tube includes a centrally located hole of ::~~· 
about 9 mm in diameter. A lid, which is threaded to mate with the glass tube, holds a lens-

retaining member which includes a centrally located hole of about 8 mm in diameter. The 

lens-retaining member includes a male portion adapted to mate with and seal the edges of 

the inner (concave) surface of a leris and a female- portion adapted to mate With and seal 

the edges of the outer (convex) surface of a lens. 

The lens to be measured Is placed.in the tens-retaining member, betWeen the mate and 

female portions. The male and female portions include flexible sealing rings which are 

positioned between the lens and the respective mate or female portk>n. After positioning 

the lens in the lens-retaining member, the lens-retaining member is placed in the threaded 

lid. The lid is screwed onto the glass tube to define the donor· chamber. ·The donor. 

chamber is filled with 16 ml of 0.1 molar NaCl solution. The receiving chamber is filled with 

60 ml of deioniZed water. The leads of the conductivity 'meter are immersed in the· 

deionized water of the receiving chamber and a stir bar i~ added-to ·the receiving chamber. 

The receiving chamber is placed in a thermostat and the temperature·is held at about 35°C. 

Finally. the donor chamber Is Immersed in the receiving chamber. 

Measurements of conductivity are taken every 20 minutes for about three hours. starting 1 O 

minutes after immersion of the donor chamber into the receiving.chamber. The lonoflux 

Diffusion Coefficient, o. is determined by applying Fick's law as follows: 

where 

.0 = • n' / (Axdc/dx) 

n' = rate of ion transport (mol/min] 

A = area of lens exposed [mm2) 

D:: lonoflux Diffusion Coefficient[mm2/minJ 

de = concentration difference [mol/LJ 

dx = thickness of lens [mm] 

An lonoflux Diffusion Coefficient of greater than ab0ut 6.4 x 1 o-s mm2/min is preferred tor 
achieving sufficient on-eye movement. More preferably, the lonoflux Diffusion Coefficient is 

greater than about 2.6 x 10·1 rnrn2/min, while most preferably, the.lonoflux -Diffusion 

Coefficient is greater than about 1.5 x 10·1 mm2/min. It must be emphasized that the 

'·: ~ 
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lonoflux Diffusion Coefficient correlates with ion permeability through the lens, and thereby 

is a predictor of on-eye movement. 

2. lonoton Measurement Tecbnigue 

The following technique •. referred to herein as the •1onotcn Technique•, .is another preferred 

method for determining the relative ion permeability of a lens. The technique is based on 

measurement of the diffusion of sodium chloride through a lens. 

·The "lonoton Technique" involves the use of a pH meter (Beckman, VWR catalog' no. 

BK123142), a VS~1 Diffusion Cell Drive Console (Crown'.'Bio, Somerville, NJ), a DCB-. . . 

1 OOB Diffusion Cell. (Crown-Bio), and a 6 cm sodium ion-specific electrode (MicrOelec­

tronics, Londonderry, NH, catalog no. Ml-414P). The technique is not limited to the . 

aforementioned instruments or materials; equivalent instruments or materials may be used. 

First, a contact len$ is mounted onto an orifice of the OCB-1008 cell chamber, the donor 

chamber. Next, the connecting cell chamber (receptor chamber) is placed agalnst·tt1e cell 

chamber containing ·the contact. lens and tightly clamped. on the clamp holder supplied with 

the VSC-1 Drive Console. Then. a phosphate-buffered saline (PBS, Mediatech catalog -no. 

21-031 ·L V) is placed into the receptor.side ·of the cell chamber. Stir bars are added to each . 

cell chamber. The 6 cm electrode is placed into the PBS saline receptor side. After the 

electrode-has equilibrated in the PBS saline, the pH meter is placed in the mV function to 

establish the o mV point. PBS which has been saturated with sodium chloride Is added to 
the donor chamber. 

The millivolt signal is recorded at 5, 10, 15, 30, 60, 120, and 180 minute intervals. The 

milivolt signal is converted to a ·sodium ion concentration by a standard curve of sodium ion 

concentration vs. millivolt signal. The lonoton Ion Permeability Coefficient, P, is then 

determined in accordance with the following equation: 

where: 

In( 1 - 2C(t)/C(O) ) = -2APt I Vd 

C(t) = concentration of sodium ions at time t in the receiving cell 

C(O) = initial concentration of sodium ions in donor cell 

A = membrane area, i.e., lens area exposed to cells 

V = volume of cell companment (3.0 mQ 

d = average lens thickness in the area exposed 

P = permeability coefficient 
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The average thickness of the lens in the exposed test area may be determined by 

averaging a number of readings, e.g., 1 o readings, with a low-pressure thickness­
measuring instrument, such as a Mitotoya micrometer Vl-50; or equivalents 1hereot The 
lonoton Ion Permeability Coefficient, P, having units of cm2/second, may be determined 
from the slope of a plot of time (t) v. tn( 1 - 2C(t)/C(O)) x (-2At I Vd). 

An lonoton Ion Permeability Coefficient, P, of greater than about 0.2 x 1 o-s cm2/sec is 
preferred; while greater than about 0.3 x 10 .. crn2/sec is more preferred and greater than 
about 0.4 x 10-s cm2/sec is most preferred. It must be emphasized that the lonoton Ion 
Permeability Coefficient correlates with ion permeability through·the lens, and thereby is a 
predictor of on-eye movement. 

3. Hydrodell Water Permeability Tecbnique 
The following technique, referred to herein as the '"Hydrodell Technique", is a preferred 
method for determining the water permeability of a lens. ·This technique may be used to 
determine the likelihood of adequate on-eye movement 

The Hydrodell Technique involves the measurement of the rate of transfer of the 
radiolabelecl solutes THO eti-HO or tritiated water} and 14C-glucose across the contact lens 
using a two-chamber apparatus. 14C-glucose is used in this measurement technique to 
reveal any leak in the system during testing. The lens is mounted.between chambers, 
which are stirred at a controllable rate. Chamber I contains a solution with a high · · 
concentration of labeled solute. Chamber II, the "receiving chamber", contains an identical 
solution but without the labeled solute. Samples of the solution in chambers I and II are 
taken at intervals over the test period. The radioactivity in the samples is measured. The 
permeability of the lens is calculated from the measured radioadivity, the sample times, the 
chamber volumes and the lens area exposed to the solutions. A more detailed description 
of the Hydrodell Technique follows. 

a. Solution Preparation 
Dulbecco's phosphate buffered saline (DPBS) is prepared by first dissolving, sequentially, 
about 160 g sodium chloride (NaCl), about 4 grams pOtassium chloride (KCI). about 23 
grams disodium hydrogen orthophosphate (Na2HP04), about 4 grams potassium 
dihydrogen orthophosphate (KH2PO.), and about 1 O grams sodium azide in a liter of 

reverse-osmosis (MllliQ) water. Then, the pH is adjusted to about 7.3 by adding appropriate 

·.· .. ... :. 
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amounts of HCI. Finally, the buffer solution is diluted to 1 :20 (50 ml buffer solution with 950 

ml reverse-osmosis water) and allowed to degas either in a screw-capped container 

ovemight or under vacuum. 

A Cold Glucose buffer solution. ls prepared by adding about 0.1 grams D-glucose to one liter 

of OPBS, followed by sterilization via filtration through a 0.2 µI millipore filter and storage at 

4°C until use. 

The Chamber l solution is prepared by adding about 6 µI THO (TR53, 1.0 mCiJml activity, 

available from Amersham Australia, located in North Ryde NSW Australia) and about 16 µI 
14C-glucose (in ethanol, available from Amersham Australia) to about 12 ml of the Cold 

Glucose buffer solution. Preferably, this solution is used within about 24 hours of 

preparation. The Chamber II solution is DPBS. 

b. ·APoaratus Preparation 

The chambers have a volume sufficient to hold about 12 ml of solutiOn during testing. 

While the exactshape of.the chambers is not critical, both chambers have rectangular 

cross-sections for ease of construction. The chambers may be made from. a,variety of 

water-proof rigid materials, preferably clear (e.g.t acrylic plates, FX Plastics, Marrickville 

NSW Australia) so that samples may be observed during testing. Each chamber has a 

circular aperture of about 7 mm diameter appropriate for mounting a lens between the 

chambers for contact with solUtions held within the chambers. Some affixing means, such 

as a set of mounting bolts, are necessary to securely affix one chamber to the other with 

the lens mounted in between. 

A test contact lens i·s mounted symmetrically over the aperture of Chamber IL Folds and 

wrinkles are manually removed from the lens. Chamber I is positioned adjacent the 

aperture and mounted lens of Chamber II, and the chambers are secured to one another 

using mounting bolts. 

About 12 ml (Vz) of OPBS is placed in Chamber II. About 12 rnl of the Chamber I labeled 

sotution is placed in Chamber I, at which point time t=O is established. Stirrers are added to 

both chambers and the stirrer speed is set at about 1200 rpm. 
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c. Samoling 

Sampling generally starts at time to = 5 minutes. The final sample time, t,, is usually at 

about so minutes for high water content lenses and about 120 minutes for low water 

content lenses, although these times are not critical. 

At time to = 5 minutes, two samples of about 0.2 ml volume are pipetted from Chamber I, 

· and two 0.2 ml aliquots of DPBS are added to Chamber I to restore the VOiume. These 

samples are placed into plastic counting tubes with about 4 ml Ultima Gold™ cocktail 

(available from Packard Instrument Co., Meriden, Connecticut) ai1d about 0.9 ml DPBS. 

Also at time.to,· one sample of about 1.0 ml volume is Pipetted ftom Chamber II and one 1.0 

ml aliquot of DPBS is added to Chamber II to restore the volume. The sample is placed into 

a plastic counting tube with about 4 ml Ultima Gold™ Cocktail. 

At intermediate times between to and It (e.g., every 10 minutes), one sample of-about 1.0 ml 

volume is pipetted from Chamber II and one 1.0 ml aliquot of DPBS is added to Chamber II 
to restore the volume. Each sample is placed into a plastic counting tube with about 4 ml 

Ultima Goldn. cocktail. 

At time tt. two samples of about 0.2 ml volume are pipetted from Chamber I. These 

samples are placed into plastic counting tubes with about 4 rrif Ultima Gold™ cocktail and 

about 0.9 ml DPBS. 

Also at time t.. two samples of about 1.0 ml volume are pipetted from Chamber ll. ·These 

samples are placed into plastic counting tubes with about 4 ml Ultima Gold™ cocktail. 

d. Measurements 

The activity of the samples are measured by liquid scintillation eounting, or other 

appropriate technique. Uquid scintillation counting may be advantageously accomplished 

by using protocol number 6 for 3H/,.C on a Tri-Carb Liquid Scintillation Analyzer (1900TR, 

available from Packard Instrument Co.). 

Three standards containing about 104 to 105 cpm THO in raversed-osmosis (MilliQ) water 

are prepared. Three standards containing about 104 to 105 cpm 14c glucose in reversed­

osmosis (MilliQ) water are also prepared. A blank containing MilliQ water is prepared. 

·.{;: .. 
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The scintillation analyzer settings are LLA = O KeV and ULA = 12 KeV tor 3H {"1 j in channel 

1 and LLB = 12 KeV and ULB = 156 KeV for 14C ("21 in channel 2. The standards and 

blank are counted three times during each counting of samples, and the counts are 

averaged. The following denote the relevant measured sample activities: 

b1 = measured activity of blank sample in channel 1 

bt = rneasured activity of blank sample in channel 2 

S' 11 = measured activity of standard 3H sample in channel 1 

S' 12 = measured activity of standard 14C sample in channel 2 

S'21 = measured activity of standard 3H sample in channel 1 
. . . i 

S'22 = measured activity of standard 14C sample in channel 2 

y, = measured activity of test sample (both 3H and 14C) in channel 1 

y2 = measured activity of test sample (both 3H and 14c) in channel 2 

e. water Perm&abilitY Calculation 

In order to calculate the actual activity of a sample, the measured activities of the isotopes, 
3H and 14C, must first be corrected to remove the cross-c0ntamlnation error due to the 

presence of both isotopes in one sample. Without explaining the mathematical derivations, 

the fo11owing stepwise procedure is offered as an example of one .m~. of determi~ing 

water permeability from the above.measurements: 

(1) Calculate s,,, 812, S21t and Sa, from the following equations: 

S11 = S'11 - b1 

S12 = S'12 - b1 

S21 = 8'21 - ba 
Sa= $'a· b2 

(2) calculate 812 and a21 from the following equations: 

812 = 812 / 822 
az, = Sit I Su 

(3) Calculate corrected concentrations of 3H ("1 n) and 14C ("2•) from the following 

equations: 

c, = [(y1· b1) • a12 (Yr ba)) I (1- a,2 &,1)V 

c, = ({yr ha) • 821 (y,- b,)J / (1- 812 &,1)V 

where V is the volume of the test sample. 
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(4) Calculate water permeability for an interval from t, to ~ as follows: 

where Vu is the volume of Chamber ll, cu~ is the concentration of 3H in Chamber II at time 

~. eu(t1) is the concentration of 3H in Chamber II at time t,, A is the area of lens exposure. ei 

is the average concentration of 3H in Chamber I over th~ time period t, to ~ and c. is the 

average concentration of 3H in Chamber II over the time period t1to '2. 

The ophthalmic lenses of one embodiment of the present invention have a Hydrodell Water 

Permeability Coefficient of greater than about 0.2 x 1 o-e cm2/sec. The ophthalmic lenses in 

a preferred embodiment of the invention have Hydrodell Water Permeability Coefficient of 

greater than about 0.3 x 1 o-e cm2/sec. The ophthalmic lenses in a preferred embodiment of 

the invention have Hydroclell Water Permeability Coefficient of greater than aboOt 0.4 x 10 .. 

cm2/sec. 

G. Oxygen Transmlssfbllttv and Perm•bllh 

As mentioned earlier, the comea receives oxygen primarily from the corneal surtace·which 

is exposed to the environment, in contrast to other tissues which receives o;tygen from 

blood flow. Thus. an ophthalmic lens which may be worn on the eye for extended periods 

of time must allow sufficient oxygen to permeate through the lens to the cornea to sustain 

corneal health. One result of the cornea receiving an inadequate amounfof oxygen is that 

the cornea will swell. In a preferred embodiment, the oxygen transmissibility of the present 

ophthalmic lenses is sufficient to prevent any clinically significant amount of corneal swelUng 

from occurring. 

A preferred ophthalmic lens material will have an oxygen transmissibility, Dk/t. of at least 70 

(cm3 oxygen)(mm)/mm-cm2 x (sec/mm Hg) x 10"' or [barrers/mm], more preferably at least 

75 barrers/mm, and most preferably at least 87 barrers/mm. 

The oxygen permeability of a lens and oxygen transmissibility of a lens material may be 

determined by the following technique. Oxygen fluxes (J) are measured at 34°0 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, Georgial. or 

.·.-:;;_,· 
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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. The barometric pressure surrounding the system, Pmeasured• is measured. The 
. . 

thickness (t) of the tens In the area being. exposed for testing is determined by measuring 

about 10 locations With a Mltotoya micrometer VL-50, or similar instrument, and averaging 

the measurements. The oxygen concentration hi the nitrogen stream (i.e., oxygen which 

diffuses through the lens) is measured using the DK1000 instrument. The oxygen 

permeability of the lens material, Dk• is determined from the following formula: 

where J = oxygen flux [microllters ~Jcm2..minute] 
Poxygen = cPmeasured. Pwater vapor> x (%02 in air stream) (mm Hg] 

= partial pressure of oxygen in the air stream 

Prneasured = barometric pressure [mm Hg] 

Pwater vapor= O mm Hg at 34•c (in a dry cell) (mm Hg] 

Pwater vapor= 40 mm Hgi at 34•c On a wet .call) [mm Hg) 

t =·average thickness. of ,the lens over the exposed test area [mm] 

where Dk is expressed in units of barrers, 

i.e., [(cc oxygen)(mm)/cm21 x (sec/mm Hg) x 10·10. 

The oxygen transmissibility <Dkft) of the material may be calculated by dividing the oxygen 

permeability CDt<> by the average thickness (t) of the tens. 

H. Mechanical On-eye Movement ParameJers 

On-eye movement of a lens may be predicted from the mechanical properties of a lens, the 

ion or water permeability through the lens, or both the mechanical properties and ion or 

water permeability. In fact, on-eye movement may be predicted mort:t accurately from a 

combination of mechanical properties and ion or water permeability. 

1. Tensile Modulus and Short Relaxation Time 

Tensile mechanical testing may be performed on lens materials to determine mechanical 

properties. A procedure for preparing a test sample from a lens for subsequent mechanical 

testing includes the following steps: 
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1. Cut a parallel-sided strip through the center of the lens. A suitable width for. the strip 

is about 3.1 mm. 

2. . Immerse the test strip in a phosphate-buffered saline solution (approximating ocular 

fluid osrnolality) for a period of about 24 hours before testing. 

3. Conduct mechanical testing with the test strip immersed In phosphate-buffered saline 

at ambient temperature (about 23°C). 

Tensile modulus may be measured by applying a·strain rate of about 100% per minute to 

the test strip and recording the resultant stress. However, the procedure may be used at 

differing strain rates. 

Stress relaxation is measured by applying a constant strain of about 5% to the test strip and 

recording the resultant stress for about 5 minutes. A useful mechanical testing instrument 

for this type of testing is the Vdrodylie V-200 from Uveco Biomechanical Instruments, 
located in Burlington, Vermont. 

In order to analyze stress relaxation data, a three element Maxwell-Wiechert model (a 

spring and two spring-dashpot elements in parallel) may be assumed for the polymer 

material. For this model the stress relaxation modulus is given by the following equation: 

E(t) = Eo + E,exp(-t/t1) + E,e>ep(-tlt2) 

Stress v. time curves may be normalized to the maximum (initial) stress induced In the 

samples. These curves may be analyZed by a variety of commercially available software 

(for example, ORIGIN software) by fitting the double exponential equation: 

y(t) =Yo+ A,exp(-t/'1) + Aeexp(-tlta) 

in order to obtain the stress relaxation parameters Yo. t1s A11 tz. and A;. 

It has been determined. that the tensile modulus (modulus of elasticity, E) and the short 

relaxation time constant (t,) correlate well with on-eye movement. In order to have 
appropriate on-eye movement, a tens preferably has a tensile modulus of less than about 3 

MPa. More preferably, E is about 0.4 to about 2.5 MPa while a particularly preferred E is 

about 0.5 to about 1.5 MPa. 

A preferred short relaxation time constant (t1) is greater than about 3.5 seconds. More 

preferably, t, is greater than about 4 seconds, while a particularly preferred t, is greater than 

about 4.5 seconds. 

"i'": 
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2. Tangent Delta 

Lenses m_ay also be·evaluated by dynamic mechanical analysis (OMA) methods. It h'8 
been determined that a factor known as tan 6. (i;e., tangent delta), also known as 

mechanical loss· factor, correlates well with on-eye movement. It has. been observed that 
lens materials which move on the eye exhibit a distinct increase in tan 6 with increasing 

frequency from about 0.1 to 1 O Hz when these materials are tested by dynamic mechanical 
analysis. The tan 6 of a preferred lens material is above about 0.2 at 0.1 Hz and increases 

to about 0.25 or more at about 10 Hz. A tan 6 of about 0.3 or greater at 10 Hz is more 

preferred, while a tan 6 of about 0.5 or greater at 10 Hz is even more preferred. 

OMA measurements may be determined in l!lCCOrdance with the following.procedure. A disk 

of lens material having a diameter of about 3.0 mm and a thickness of about 0.50 mm is 

formed. The disk is placed in a Perkin-Elmer DMA-7 instrument. The disk is immersed in a 

solution buffered to a pH of about 7.2 and held isothermally for a period of about 10 

minutes or more prior to testing, at a temperature of about 23 to 35°C ·. The instrument is 

set to a comp_ression measuring mode and the strain on the sample is adjusted to about 2% 

to 4%, depending 9n,the sample r911ponse. The amplitude of compression is about 2 to 4 

µm. Measurements. of .the modulus. of elasticity_ and tan 6 are taken at frequ~ncies of about 

0.1, about .1, and about 1 o Hz. 

3. Parameter Combinations 

In order to assure appropriate movement of the lens on the eye. one may select materials 

which have a combination of the above-discussed properties. Therefore, a preferred group 

of extended-wear contact lens materials have {a) a modulus of elasticity (E) of about 1.5 

MPa or less, (b) a short time relaXation constant (t1) of greater than about 4 seconds, and 

(c) an lonoton Ion Permeability Coefficient of greater than about 0.3 x 1 a.a cm2/sec and/or 

an lonoflux Diffusion Coefficient greater than about 6.4 x 10-6 mm2/min. 

I. Examples of Suitable Materials 

1. Material "A"' 

One embodiment of a suitable core material of the present ophthalmic lenses is a 

copolymer formed from the following monomeric and macromeric components: 

(a) about 5 to about 94 dry weight percent of a macromer having the segment of the 

formula 

CP-PAO-DU-ALK-PDMS-AU<-OU-PAO-CP 
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wherePOMS is a divalent poly(disubstituted siloxane), 

ALK is an alkylene or atkylenoxy group having at least 3 carbon atoms, 

OU is a diurethane-conlalning group, 

PAO is a divalent polyoxyalkylene, and 

CP is selected from acrylates and methacrylates, 

wherein said macromer hai a number-average molecular weight of 2000 to 10.000: 

(b) · about 5 to about 60 weight percent methacryloxypropyltris(trimethylsiloxy)silane; 

(c) about 1 to about 30 weight percent of an acrylate or methacrylate monomer; and 

(d) o to 5 weight percent cross-linking agent, 

with the weight percentages being based upon the dry weight of the polymer components. 

A preferred polysiloxane macromer segment is defined by the formula 

CP·PAO-OU·ALK-PDMS-ALK-DU-PAO-CP 

where PDMS is a divalent poly(disubstituted siloxane): 

CP is an isocyanatOalkyl acrylate or methacylate, preferably Jsocyanatoethyl methacrylate. 

where the urethane group is bonded to the terminal cai'bOn on the PAO group; 

PAO is a divalent polyoxyillkylene (Which may be substituted), and is preferably a 
polyethylene oxide, i.e., (-CH2·CH2-0-)mCH2C~- where m rnay range from about 3 to 

about 44, more preferably about 4 to about 24; 

OU is a diurethane, preferably including a cyclic structure, 
where an oxygen of the urethane linkage (1) is bonded to the PAO group and an oxygen of 

the urethane linkage (2) is bonded to the ALI< group; 

and AU< is an alkylene or alkylenoxy group having at least 3 carbon atoms, preferably a 

branched alkylene group or an alkylenoxy group having 3·to 8 carbon atoms, and most 

preferably a sec-butyl (i.e., -C~CH2CH(CH3)-) group or an ethoxypropoxy group 

(e.g., -O-(CH2)2-0-(CH2>3-). 

It will be noted that the DU group can be formed from a wide variety of diisocyanates or 

triisocyanates, Including aliphatic, cycloaliphatic or aromatic polyisocyanates. These 
. . 

isocyanates include, without limitation thereto, ethylene diisocyanate; 1,2-

diisocyanatopropane: 1,3-diisocyanatoptopane; 1,6-diisocyanatohexane; 1,2-

diisocyanatocyclohexane; 1,3-diisocyanatocyclohexane; · 1,4-diisocyanatobenmne, bis(4-

isocyanatocyclohexyl)methane; bis(4-isocyanatocyclohexyl)methane, bis(4-

isocyanatophenyl)methane; 1,2- and 1,4-toluene diisocyanate; 3,3-dichloro-4,4'-
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diisocyanatobiphenyl; tris(4-isocyanatophenyl)methane; 1,5-diisocya~atonaphthalene; 

hydrogenated toluene diisocyanate; 1-isocyanatomethyl-5-isocyanato-1,3,3-

trimethylcyctohexane (i.e.,.isophorone diisocyanate); 1,3,5-tris(6-isocyanatohexyl) biuret; 

1,6-diisocyanato-2.2;4-(2,4,4)-trimethylhexane; 2,2~-diisocyanatodlethyt .fumarate; 1,5-

diisocyanato-1-carboxypentane; 1,2-, 1,3-, 1,6-, 1,7-, 1,8-, 2,7-and 2,3-

diisocyanatonaphthalene; 2,4- and 2,7-dlisocyanato-1-methylnaphthalene; 1,4-
diisocyanatomethylcyclohexane; 1,3-diisocyanato-6(7)-methylnaphthalene; 4,4'­

diisocyanatobiphenyl; 4,4'-dilsocyanato-3,3'-dimethoxybisphenyl; 3,3'- and 4,4'­

diisoeyanato-2,2'-dimethyJbisphenyl; bis(4-isocyanatophenyt)· ethane; bis(4- . 

lsocyanatophenyl ether); 1,2- or 1,4-toluene diisocyanate; and mixtures thereof. Preferably 

DU Is formed from isophorone diisocyanate or toluene diisocyanate, and more .preferably, 

isophorone dilsocyanate, where one isomeric dlurethane structure of isophorone 

dii~e is defined above. 

A preferred Material A macromer segment has the following formula: 

ff H IT ft . 
-A40Re-08rAs-jC~1o~R1~0CrR14-00--R1s 

H H H 

wherein: 

R, and R2are lower alkyl (C,-Ce), preferably C1·Cs alkyl, more preferably methyl; 

Rs. Re, Rs, and Re are lower alkylene (CrCs), preferably C1-C3 alkylene, more preferably Cr 
C, alkylene, and preferably, where the total number of carbon atoms in Rs and Rs, or Re and 

Ra is greater than 4; 

R1 and Ra are linear or branched alkylene or a bivalent cycloalkylene, preferably bivalent 

cycloalkylene;· 

R,. R10. R,,, and R12are C1-C2 alkylene, preferably C2 alkylene; 
R13 and R,, are lower alkylene (C,-Ce), preferably C1-C3 alkylene, more preferably ethylene; 

and 

A1s and A1s are linear or branched lower alkenyfene, preferably ere, alkenylene; 
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m and p, independently of one another, may range from about 3 to about 44,· more · 

preferably about 4 to about 24; and 

n "'.lay range from about 13 to about 80, more preferably~ about 20 to about 50. and even 

more preferably about 24 to about 30. 

The polysiloxane macromer may be synthesized by the following preferred process. At. 

about room temperature (about 2o-25°C), p0ly(dimethyldoxane) dialkanol having hydroxy­

alkyl (e.g., hydroxy-sec-butyl) or hydroxyalkoxy (e.g., tiYC'Jroxyethylpropoxy)end groups and 

having a molecular weight of about 2000 ·to 3000 (preferably about 2200, i.e., having about 

28 repeating siloxane groups) is reacted with isophorone-diisocyanate at abOut a 1 :2 molar 

ratio, using aboUt 0.2 weight percent (based on polydimethylsiloxane) dibutyltin dilaurate 

added as a catalyst. The reaction is carried out for about 36 tO 60 hours. To this mixture is 

added poly(ethylene glycol) having a molecular weight of about 40() to 1200 (more· 

preferably about 500 to 700) at about a 2:1 or 2.1 :1 molar ratio with re&pect to the PDMS, 

about 0.4 to 0.5 weight pereent dibutyltin dilaurate (based on polyethylene glycol weight), 

and chloroform sufficient to ensure substantial mixture homogeneity. The mixture is 

agitated for about 12 to 18 hours, then held at a temperature of about 44 to 48°0 for about 
·--~·· 

6 to 10 hours. Excess chloroform is evaporated therefrom at about room temperature to 

produce a composition having about 50 weight percent Solids. Then, isocyanatoethyl 

methacrylate is added to the mixture in about a 2:1 to 2.3:1 molar ratio with respect to 
PDMS. The mixture is agitated at room temperature for about 15 to 20 hours. The resulting 

solution contains a polysiloxane macromer having the composition described above and a 
number-average molecular weight of about 2000 to 10,000, more preferably about 3000 to 

5000. 

An advantageous polymeric material formed from the Material A macromer of the present 

invention is a copolymer of the aforementioned Material A macromer; an· acrylated or 

methacrylated siloxane monomer,· preferably methacryloxypropyltris (trimethylsiloxy) sllane 

(referred to herein as "Tris•); a hydrophilic monomer, preferably 2-hydroxyethyl methacrylate 

(HEMA); and preferably, a cross-linking agent such as ethylene glycol dimethacrylate 

(EGDMA). The final copolymer composition includes about 1 o to 90, preferably 70 to 90, 

weight percent polysiloxane macromer; about 5 to 60, preferably about 8 to 20, weight 

percent siloxane monomer; aboUt r to 30, preferably about 1 to 5, weight percent acrylate 

or methaerylate monomer; and o to about 5, preferably up to about 2 weight percent cross­

linking agent (e.g., EGDMA) based on a total dry copolymer weight A more preferred 

composition includes about 80 to 84 polysiloxane macromer, about 12 to 15 weight percent 

········ 
~ 
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TRIS, about 3 to about 4 weight percent 2-hydroxyethyl methacrylate, and about o. 7 to 

about 1.2 weight percent ethylene glycol dimethacrylate. 

The advantageous copolymers of th& present invention. may be formed: from the previously-

. described polysiloxane macromer in the. following manner. A monomeric solution is formed. 

by adding Tris, HEMA, DAROCUR® 1173 (a photoinitator available from Ciba-Geigy 

Corporation), and optionally, EGDMA to the polysiloxane macromer solution. The resulting 

polymer precursor solution preferably contains about 83 to about 95 weight percent. 

polysiloxane macromer solution, about 5 to about 1 O weight percent Tris, about 0.5 to about. 

5 weight percent HEMA, about 0.1 to about 1.0 weight percent DAROCUR® 1173, and 

about 0.1 to about 1.0 weight percent EGDMA. More preferably, the m_onomer solution 

contains about 87 to about 93 weight percent polysiloxane macromer solution, about 7 to 

about 8 weight percent Tris, about 2 to about 4 weight percent HEMA, about 0.3 to about 

0.7 weight percent DAROCUR® 1173, and about 0.3 to about 0.7 weight percent EGDMA. 

The monomer solution is preferably agitated for about 8 to about 24 hours prior to the 

polymerization step. 

Contact lenses may be prepared from the .monomer solution by ·applying the monomer 

solution to appropriate lens molds and applying .sufficient ultraviol.et ·(UV} radiation :to initiate 

polymerization. The ultraviolet light may be applied for a period of a few minutes to about 5 

hours, depending on the intensity of light applied. SUbsequent to polymerization~ the 

contact lens may be extracted with a solvent, e.g., isopropanol, to remove unreacted 
monomers. 

Thus, generally, one embodiment.of the present invention ls a method of forming a molded 

polymeric article suitable for ophthalmic applications (especially a contact lens), including 

the following steps: 
(a) contacting a poly{dialkylslloxane) dialkanol with a diisocyanate compound in the 

presence of a first catalyst at conditions sufficient to cause reaction of said diatkanol with 

said diisocyanate, thereby forming a first mixture; 

(b) contacting said first mixture with poly(alkylene glycol), a second catalyst, and 

sufficient solvent to ensure mixture homogeneity, thereby forming a second mixture; 

(c) evaporating sufficient solvent from said second mixture to generate a third mixture 

having a solids content of about 40 to 60 weight percent; 

(d) adding isocyanatoalkyl methacrylate.to said third mixture, thereby forming a fourth 

mixture containing a polysiloxane macromer; 
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(e) adding to said fourth mixture 3-methacryloxypropyltris(trimethylsil<>xy)silarie 
(TRIS). a hydrophilic monomer, a cross-linking agent. and a photoini~iator, thereby forming a 
fifth mixture; 

(f) placing said fifth mixture into a mold; and 
(g) applying sufficient radiation to copolymerize said monomers, thereby forming 

said polymeric material into a molded polymeric article. 

The hydrophilic copolymers of the present invention are especially advantageous in the 
formation of 11soft• contact lenses. In the use of the copolymers in the contact lens field, the 
lenses have a water content of about 1 O to about 50 weight percent. more preferably about 
10 to about 30 weight percent. and most preferably about 15 to about 22 weight percent, 
based on total hydrophilic polymer weight. Preferably, the fully-hydrated contact lens has 
an 0xygen transmissibility (Dilt) of greater than 70 barrers/mm ~~e •• ((cc oxygen)(mm)/cm2] 
x (sec/mm Hg] x 1o·1 °>. more preferably greater than abOut 75 barrers/mm, and most 
preferably greater than about 87 barrers/mm. 

2. Material •s" (Polysiloxane-comprising perfluoroalkyl ethers) 

The Material '"B" macromer is defined by formula (I): 

(I) 

where each P1 • independently of the others, is a free-radical-polymerizable group; 
each Y, independently of the others, is -CONHCOO-, -CONHCONH-. -OCONHCO·, 
-NHCONHCO-, -NHCO-, -CONH-, -NHCONH-, -COO-, -OCO-, -NHCOO- or -OCONH-: 
m and p, independently of one another, are 0or1; 
each L, independently of the others, is a divalent radical of an organic compound having up 
to 20 carbon atoms; 
each X1, independently of the others, is-NHCO-, ·CONH-, ·NHCONH-, -COO-, -OCO-, 
-NHCOO- or -OCONH-; and 

Q is a bivalent polymer fragment consisting of the segments: 

(a) 

where x+y is a number ·in the range of 10 to 30; 
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each Z. independently of the others, is a divalent radical having up to 12 carbon atoms or Z 

is a bond; 

ea~ E, independently of the others, is -(OCH2CH2}q·, where q has a value of from Oto 2, 

and where:the link.-Z-E-:represents the. sequence -Z-(OCHtCH2)q-; and 

kis0or1; 

b) ~'f ~~ -Alk-fi 0-fi Alk-
. Ra.· . R . 

" n 

where n is an integer from 5 to 100; 

Alk is alkylene having up to 20 carbon atoms; 

80-100% of the radicals A1i Ra. Ra.and. A.., independently of one another, are alkyl and 

0-20% of the radicals R1, R2, Ra and~. independently of one another.tare alkenyl, aryl or 

. cyanoalkyl; and 

(c) 

where R is a divalent organic radical having up to 20 carbon atoms. and 

each Xz, independently of the otherst is -NHCO-, -CONH-, -NHCONH-, -COO-, -OCO-, -

NHCOO- or OCONH-; 

with the provisos that there must be at least one of each segment (a). (b), and (c) in Q, that 

each segment (a) or (b) has a segment (c) attached to it, and that each segment (c) has a 

segment (a) or (b) attached to it. 

The number of segments (b) In the polymer fragment. Q is preferably greater than or equal 

to the number of segment& (a). The ratio between the number of segments (a) and (b) in 

the polymer fragment Q is preferably 3:4, 2:3, 1 :2 or 1: 1. The molar ratio between the 

number of segments (a) and (b) in the polymer fragment Q is more preferably 2:3, 1 :2 or 

1:1. 

The mean molecular weight of the polymer fragment a is in the range of abOut 1000 to 

about 20000, preferably in the range of about 3000 to about 15000, particularly preferably 

in the range of about 5000 to about 12000. 

The total number of segments (a) and (b) in the polymer fragment a is preferably in the 

range of 2 to about 11, particularly preferably in the range of 2 to about 9, and in particular 
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in the range of 2 to about 7. The smallest polymer unit Q is preferably composed of one 
perfluoro segment (a). one siloxane segment (b) and one segment (c). 

In a preferred embodiment of the polymer fragmentQ, which preferably has a composition 
in the abovementioned ratios, the polymer fragment Q is terminated at each end by a 
siloxane segment (b). 

The compositions in a bivalent polymer fragment Q always correspond above and below to 
a mean statistical comJ>osition. This means that. for example, even Individual block 
copolymer radicals containing identical recurring units are Included, so long as the final 
mean statistical composition is as specified. 

X, is preferably -NHCONH-. -NHCOO- or -OCONH-. particularly preferably -NHCOO- or -
OCONH-. 

The XrR-Xa segment is preferably a radical derived from a diisocyanate, where each X,, 
independently of the other, is NHCONH-. -NHCOO- or-OCONH-. in particular -NHCOO- or 
-OCONH-. 

Z Is preferably a bond, lower alkylene or -CONH-arylene, in which the -CO- moiety is linked 
to a CF2 group. Z is particularly preferably lower alkylene, in particular methylene. 

q is preferably o, 1, 1.5 or 2. particularly preferably O or 1.5. 

The perfluoroalkoxy units OCF2 and 0Ci='2CF2 with the indices x and y in segment (a) can 
either have a random distribution or be in the form of blocks in a chain. The sum of the 
indices x+y is preferably a number in the range of 1 O to 25, particularly preferably of 1 O to 
15. The ratio x:y is preferably in the range of 0.5 to 1.5, in particular. in the range of 0. 7 to 
1.1. 

A tree-radical-polymeriZable group P1 is, for example, alkenyl, alkenytaryl or 
alkenylarylenealkyl having up to 20 carbon atoms. Examples of alkenyl are vinyl, allyl, 
1-propen-2-yl, 1-buten-2-, -3- and -4-yl, 2-buten-3-yl, and the isomers of peiitenyl, hexenyl, 
octenyl, decenyl and undecenyl. Examples of alkenylaryl are vinylphenyl, 
vinylnaphthyl or allylphenyt. An example of alkenylarylenealkyl is o-, m-. or p-vinylbenzyl. 

. ····~: 

. ... ~~--
·.:"Yi/~ 
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P1 is preferably alkenyl or alkenylaryl having up to 12 carbon atoms, particularly preferably 

alkenyl having up to 8 carbon atoms, in particular alkenyl having up t9 4 carbon atoms. 

Y is preferably -COQ.;, ·OCO-, ·NHCONH·, -NHCOO-, ·OCONH-, NHCO..or -CONH·, par­

ticularly preferably -COO-, -OCO-, NHCO- or ·CONH-, and in particular, -COO- or .QCQ.. 

In a pr~rred embodiment, the indices, m and p, are not simultaneously zero. If p is zero, m 

is preferably 1. 

L is preferably alkylene, arylene, a saturated bivalent cycloaliphatic. group having 6 to 20 

carbon atoms, arylenealkylene, alkylenearylene, alkylenearylenealkylene or 

arylenealkylenearylene. 

Preferably, L is a divalent radical having up to 12 carbon atoms, particularly preferably a 

divalent radical having up to 8 carbon atoms. In a preferred embodiment, L is fUrthermore 

alkylene or arylene having up to 12 carbon atoms. A particularly preferred embodiment of L 

is lower alkylene, in particular lower alkylene having up to 4 carbon atoms. 

The divalent radical R is, for example, alkylene, arylene, .alkylenearylene, arylenealkylene or · 

arylenealkylenearylene having up to 20 carbon atoms, a saturated bivalent cycloaliphatic 

group having 6 to 20 carbon atoms or cycJoalkylenealkylenecycloalkylene having 7 to 20 

carbon atoms. 

In a preferred embodiment, R is alkylene, arylene, alkylenearylene, aryleneatkylene or 

arylenealkylenearylene having up to 14 carbon atoms or a saturated divalent cycloaliphatic 

group having 6 to 14 carbon atoms. In a particularly preferred embodiment, R is alkylene or 

arylene having up to 12 carbon atoms or a sabJrated bivalent cycloaliphatic group having 6 

to 14 carbon atoms. 

In a preferred embodiment, A is alkylene or arylene having up to 1 O carbon atoms or a 

saturated bivalent cycloaliphatic group having 6 to 1 o carbon atoms. 

In a particularly preferred meaning, A is a radical derived from a diisocyanate, for example 

from hexane 1,6-diisocyanate, 2,2,4-trimethylhexane 1,6-diisocyanate, tetramethylene 

diisocyanate, phenylene 1.4-diisocyanate, toluene 2,4-diisocyanate. toluene 2,6-
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diisocyanate, m- or p-tetramethylxylene diisocyanate, isophorone diisocyanate or 
cyclohexane 1,4-diisocyanate. 

In a preferred meaning, n is an integer from 5 to 70, particularly preferably 10 to so, in 
particular 14 to 28. 

In a preferred meaning, 80-100%, preferably 85-100%, in 'particular90-100%, of the 
radicals R,, ~ Rs and R. are, independently of one another, lower alkyl having up to 8 
carbon atoms, particularly preferably lower alkyl having· up to 4 carbon atoms, especially · 
lower alkyl having up to 2 carbon atoms. A further particularly preferred embodiment of R,, 

A2. Rs and R. is methyl. 

In a preferred meaning, 0-20%, ~referably 0-15%, in particular 0-10%, of the radicals R,, ~. 
A, and R. are, independently of one another, lower alkenyl, unsubstituted or lower alkyl- or 
lower alkoxy-substltuted phenyl or cyano(lower alkyl). 

Arylene ls preferably phenylene or naphthylene, which is unsubstituted or substituted by 

lower alkyl or lower alkoxy, in particular 1,3-phenylene~'1,4-phenylene ormethyl-1,4- i~i 
phenylene, 1,5-naphthylene or 1,8-naphthylene. -~ 

Aryl is a carbocycllc aromatic radical· which is unsubstituted or substituted preferably by 

lower alkyl or lower alkoxy. Examples are phenyl, tolyl, xylyl, methoxyphenyl, t­
butoxyphenyl, naphthyl and phenanthryl. 

A saturated bivalent cycloaliphatic group is preferably cycloalkylene, for example 
cyclohexylene or cyclohexylene(lower alkylene), for example cyclohexylenemethylene, 
which is unsubstituted or substituted by one or more lower alkyl groups, for example methyl 
groups, for example trimethylcyclohexylenemethylene, for example the bivalent isophorone 
radical. 

For the purposes of the present invention, the term "lower" in connection with radicals and 
compounds, unless defined otherwise, denotes, in particular, radicals or compounds having 
up to 8 carbon atoms, preferably having up to 4 carbon atoms. 

Lower alkyl has, in particular, up to 8 carbon atoms. preferably up to 4 carbon atoms, .and 
is, for example, methyl, ethyl, propyl, butyl. tert-butyl, pentyl, hexyl or isohexyl. 
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Alkylene has up to 12 carbon atoms and can be straight-chain or branched. Suitable 

examples are decylene, octylene, hexylene, pentylene, butylene, propylene, ethylene, 

methylene, 2~propylene1 2-butylene, 3-pentylene, .and the Bke .. 

Lower alkylene is alkylene having up to 8 carbon atoms, particularly preferably up to 4 

carbon atoms. Particularly preferred meanings of lower alkylene are propylene,. ethylene 

and methylene. 

The arylene unit in alkylenearylene or arylenealkylene is preferably phenylene, 

unsubstituted or substituted by lower alkyl or lower alkoxy, and the alkylene unit therein is 

preferably lower alkylene, such as methylene or ethylene, in particular methylene. These 

radicals are therefore preferably phenylenemethylene or methylenephenylene. 

Lower alkoxy has, in particular; up to 8 carbon atoms, preferably up to 4 carbon atoms, and 

is, for example, methoxy, ethoxy, propoxy, butoxy, tert-butoxy or hexyloxy. 

Arylenealkylenearylene·is preferably phenylene(lower alkylene)phenylene having up to 8, in 

particular up to 4, carbon atoms· in. the alkylene unit, for example 

phenyleneethylenephenylene or phenylenemethylenephenytene. 

The macromers of the fonnula (I) can be prepared by processes known per se, for example 

as follows: 
In a first step, a perfluoropolyalkyl ether derivatiVe of formula (IV): 

in which Xs is -OH, -NH21 -COOH, ·COCl, -NCO or -COORs, where -COOAs is generally an 

activated ester in which R, is alkyl or aryl which is unsubstituted or substituted by halogen or 

cyano, and the variables Z, E, k, x and y are as defined above, is preferably reacted with 

two equivalents of a btfunctional radical of formula (V): 

X.-R·X. M 

in which R is as defined above and ~ is a functional radical which is coreactive with an ~ 

and is preferably ·OH·, -NH2. COOH, -COCI, -COOR5 or -NCO; in the presence or absence 
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of a suitable catalyst, where the reaction of Xa with .><..gives a group~: after which a 

reactive derivative of formula (VI): 

is obtained which is then preferably reacted with two equivalents of an a,0>-substituted 

sitoxane of formula (VII): 

(VII) 

where the variables R,, Ai. ~. A... n, Xa and Alk are as defined above, in the pres~nce or 

absence of a suitable catalyst, giving a compound of formula (VIII): 

(VIII) 

in which PFPE is (E)k-Z-CFr(OCF2)x-(OCF.CF2),-0CFrZ-(E)k, Sil is the siloxane radical 

and the other variables are as defined above; after which the reactive intermediate of the 

formula (VIII) is preferably reacted with two equivalents of a compound of the formula (IXa) 

or (IXb): 

P1-Mm·L·X.. (IXa) 

PrV2 (IXb) 

in the presence or absence of a catalyst, to give the macromer of the formula (I): 
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in which Y2 is a functional radical which is coreactive with X., and is preferably-OH, -NH2. -

COCH, -CCCI, -COOR&, -CONCO or -NCO, and the variables.are as defined idlove. and in 

which x, is formed from the reaction of Xa with X. and Y is formed from the reaction of Y 2. 

with x.,. 

The starting materials of formula (IV) for the preparation of the perfluoroalkyl ethers are 

known and many are commercially available. For example, U.S. Patent No. 3,810,875 and 

European Patent No. 0211237 (U.S. Patent No. 4,746,575) describe such compounds. 

Ausimont, Italy, markets perfluoroalkyt ether dimethanols under the name Fomblin,. for 

example Fomblin ZDOL and Fomblin ZDOL-TX. Further Fomblin derivatives of the formula 

(IV) are commercially available, including, for example, Fomblin ZDISOC, in which the 

radical ·Z·X., in the formula (IV) is_ CONH-CeHa(CHs)-NCO; Fornblin ZDEAL, in which the 

radical Z-Xa in the formula (IV) is -COORa; and Fomblin ZDIAC, in which the radical -Z-Xa in 

the formula (IV) is -COCH. 

Bifunctional radicals having a substitution. pattem as per formula M exist in large numbers 
and are commercially available. ExampfesJnclude. without limitation .thereto: diisocyanates, 

such. as isophorone .diisocyanate and; 2,2,4-trimethylhexaoe 1,6-diisocyanate; diols, such as 

glycol and cyclohexane-1,2-diol: dicarboxylic acids, such as adipic acid and maleic acid: 

diamines, such as ethylenediamine and hexamethylenediamine, diesters. such as diethyl 

phthalate and dibutyl malonate; derivatives containing various functional groups. such as 2-

aminoethanol, monomethyl malonate, glycolic acid, salicylic acid, glycine and glycine methyl 

ester. 

Preference is· given to bifunctional derivatives of the formula M which have different 

reactivities irrespective of the nature of their functional. radicals x.. In the case of Identical 

radicals ~. this is achieved, for example, through different steric requirements In the direct 

vicinity of a radical X.. Exampl~ thereof are isophorone diisocyanate, 2,2,4-

trirnethylhexane 1,6-diisocyanate and toluene 2,4-diisocyanate. The advantage of using 

bifunctional derivatives of formula M of different reactivity is that the chain length of 

polymer Q (number of segments (a). (b) and (c)) is easily adjustable and controllable. 

a.~substituted siloxanes of formula (VII) are likewise commercially available, for example 

a,w-hydroxypropyl-terminated polydimethylsitoxane KF6001 from Shin-Etsu. 
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The novel compounds can be prepared in the presence or absence of a solvent. It is 

advantageous to use a substantially inert solvent, i.e., one which does not participate in the 

reaction. Suitable examples thereof are ethers, such as tetrahydrofuran (THF), diethyl ether, 

diethylene glycol dimethyl ether or dloxane. halogenated hydrocarbons, such as chloroform 

or methylene chloride, bipolar aprotic solvents, such as ~nitrile, acetone, 

dimethylformamide (DMF) or dimethyl sulfoxide (DMSO), hydrocarbons, such as hexane, 

petroleum ether, toluene or xylene, and furthermore pYridine or N-methytmorplloline~ 

In the preparation of novel ·com~unds, the reactants are advantageously employed in 

stoichiometric amounts. The reaction temperature can be, for example, from -30°C to 

1 so·c. preferably from 0° to room temperature. The reaction times are in the range of about . 

15 minutes to 7 days. preferably about 12 hours.· 1t necessary, the reaction is carried out 

under argon or nitrogen as protective gas. In ur8than&-forrning reactions, a suitable catalyst, 

for example, dibutyltin dilaurate (DBTDL). is adv&ntageously added. 

The present Material •e• furthermore relates to a polymer comprising a product of the 

polymerization of at least one compound of formula (I). as defined above and, if desired, at 

least one vinylic comonomer (a). In a preferred compC>Sitioh of a novel copolymer. the 

proportion by weight of a compound of formµla (I) is in the range of 100 to 0.5%, In 

particular in the range of 80 to 10%, preferably in the range of 70 to 30%, based on· the total 

polymer. 

In a preferred polymer comprising a product of the polymerization of a1· 1eas1 one 

compound of the formula (I), comonomer (a) is absent and the polymer·is a homopolymer. 

A comonomer (a) present in the novel polymer can be hydrophilic or hydrophobic or a 

mixture thereof. Suitable comonomers are, in particular, those which are usually used in 

the production of contact lenses and biomedical materials. A hydrophobic comonomer (a) 

is taken to mean a monomer which typically gives a homopolymer which is insoluble in 

water and can absorb less than 10% by weight of water. Analogously, a hydrophilic 

comonomer (a) is taken to mean a monomer which typieally gives a iiomopolymer which is 

soluble in water or can absorb at least 10% by weight of water. Suitable hydrophobic 

comonomers (a) are, without limitation thereto, C,-C,.,alkyl and CrC1aeycloalkyl acrylates 

and methacrylates, C3-C,e&lkylacrylamides and -methacrylamides, acrylonltrile, methacrylo­

nitrile, vinyl C,-C,saJkanoates, CrC1aalkenes, Ca-C1ahaloalkenes, styrene, (lower alkyl)­

styrene, lower alkyl vinyl ethers, CrC10Perfluoroalkyl acrylates and methacrylates and 

~-
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correspondingly partially fluorinated acrylates and methacrylates, C3-C12Perfluoroalkylethyl­

thiocarbonylaminoethyl acrylates and methacrylates, acryloxy- and methacryloxyalkyl­

siloxanes; N-vinylcarbazole, C1-C,ialkyl esters of maleic acid, fumaric acid; ltaconlc acid, 

mesaconic.acid .and. the· like. 

P~eference is given, for example, to acrylonitrile, C,-c.alkyl esters of vinylically 

uosaturated carboxylic acids having 3 to 5 carbon atoms or vinyl esters of carboxyfic acids 

having up to 5 carbon atoms. 

Examples of suitable hydrophobic comonorners (a) are methyl acrylate, ethyl acrylate, 

propyl acrylate, isopropyl acrylate, cyclohexyl acrylate, 2-ethylhexyl acrylate, methyl 

methacrylate, ethyl methacrylate, propyl methacrylate, butyl acrylate, vinyl acetate, vinyl 

propionate, vinyl butyrate, vinyl valerate, styrene, chloroprene, vinyl chloride, vinylidene 

chloride, acrylonitrile, 1-butene, butadiene, methacrylonitrile, vinyltoluene, vinyl ethyl ether, 

pertluorohexylethylthiocarbonylaminoethyl mathacrylate, isobornyl methacrylate; triftuoro;. 

ethyl methacrylate, hexafluoroisopropyl methacrylate, hexafluorobutyl methacrylate, tris­

trimethylsilyloxysilylpropyl :methacrylate :(TRIS), 3-methacry~oxy propylpentamethyldisiloxane 

and bis(methacryloxypropyl)tetramethyldlsiloxane •.. 

Preferred examples of hydrophobic comonomers (a) are methyl methacrylate, TRIS and 

acrylonitrile. 

Suitable hydrophilic comonomers (a) are, without this being an exhaustive list, hydroxyl­

substituted lower alkyl acrylates and metbacrylateS, acrylamfde, methacrylamide, (lower 

alkyl)acrylamldes and -methacrylamides, ethoxylated acrylates and methacrylates, hydroxyl­

substituted (lower alkyl)acrylamldes and -methacrylamides~ hydroxyl-substituted lower alkyl 

vinyl ethers, sodium vinylsulfonate, sodium styrenesulfonate, 2-acrylamido-2-

methylpropanesulfonlc acid, N-vinyfpyrrole, N-vinyl-2-pyrrolidone, 2-vinyloxazoline, 2-vinyl-

4,4' -dialkyloxazolin-5-one, 2- and 4-vinylpyridine, vinylically unsaturated carboxylic acids 

having a total of 3 to 5 carbon atoms, amino(lower alkyl)- (where the term "amino• also 

includes quaternary ammonium), mono(lower alkylamino)(lower alkyl) and di(lower 

alkylamino)(lower alkyl) acrylates and methaaylates, allyl alcohol and the like. Preference is 

given, for example, to N-vinyl-2-pyrrolidone, acrylamide, methacrylamide, hydroxyl­

substituted lower alkyl acrylates and methaCJYlates, hydroxy-substituted (lower 

alkyl)acrylamides and -methacrylamides and vinylically unsaturated carboxylic acids having 

a total of 3 to 5 carbon atoms. 
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Examples of suitable hydrophilic comonomers (a) are ·hydroxyethYI methacrylate (HEMA), ·;::·~. 

hydroxyethyl acrylate, hydroxypropyl acrylate, trimethylammonium 2.;.hYdroxy z/h 
propylmethacrylate hydrochloride (Biemer® CA. for example frOm Nippon Oil}, .\~ 
dimethylaminoethyl methacrylate (DMAEMA), dimethylaminoethylmethacrytamide, }~ 
a~lamide, methacrylamide, N,N-dimethylacrylamide {OMA), allyl alcohol, vinylpyridine, 

glyc91'C?l methacrylate, N-(1, 1-dimethyl-3-oxobutyt)acrytamide, N-vinyl-2~pyrrolidone (NVP), 

acrylic acid, methacrylic acid and the like. 

Preferred hydrophilic· comonamers (a)· are trimethylamrnonium 2-hydroxy 

propylrnethacrylate hydrochloride, 2-hydroxyethyl methacfylate, dimethylaminoethyl 

· methacrylate, trimethylammonium· 2-hydroxypropylmethacrylate· hydrochloride, N~N­

dirriethylacrylamide and N-vinyl-2-pyrrolidone. 

The novel polymers are synthesiz&d in a manner known per se from the corresponding 

monomers (the term monomer here also including a macromer according to the definition of 

the formula (I)) by a polymerization reaction customary to the pei'sOn skilled in the art. 
Usually, a mixture of the abovementioned monomers is·w8rmed with addition of a free­

radical former. Examples of such free-radical formers are azoisobutyronitrile (AIBN), 

potassium peroxoclisulfate, dibenzoyl peroxide, hydrogen peroxide and sodium 

percarbonate. If, for example, said compounds are warmed, free radicals form with 

homolysis, and can then initiate, for example, a polymerization. 

A polymerization reaction.can particularly preferably be carried out using a photoinitiator. In 

this case, the term photopolymerlzatlon is used. In the photopolymerization, it is appropriate 

to add a photoinitiator which can initiate free-radical polymerization and/or crosslinking by 

using light. Examples thereof are customary to the person skilled in the art; suitable 

photoinitiators are,· in particular, be~ln methyl ether, 1~hydroxycyclohexylphenyl ketone, 

Darocur and lrgacur products, preferably Darocur® 1173 and lrgacur® 2959. Al.so· suitable 

are reactive photoinitiators, which can be incorporated, for example,·into·a macromer, or 

can be used as a specific comonomer (a). Examples thereof are given in European Patent 

No. 0632329. The photopolymerizatioli can then be initiated by actinic radiation, for 

example light, in particular UV light having a suitable wavelength. The spectral requirements 

can, if necessary, be controlled appropriately by addition of suitable photosensitizers. 

A polymerization can be carried out in the presence or absence of a solvent. Suitable 
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solvents are in principle all solvents which dissolve the monomers used, for example water, 

alcohols,. such as lower alkanols, for example ethanol or methanol, furthermore . 

carboxamides, such as dimethylformamide, dipolar aprotic solvents, such as dimethyl 

sulfoxide.ormethyl ethyl•ketone~.ketones, for example.acetone or qtclohexanone. 

hydrocarbons.: for example toluene,· ethers, for example '.fHF, dimethoxyethane or dloxane, 

halogenated hydrocarbons, for example trichloroethane, and also mixtures of suitable 

solvents, for example mixtures of water and an alcohol, for example a water/ethanol or 

water/methanol mixture. 

A polymer network can, if desired, be reinforced by .addition of a crosslinking agent, for 

example a polyunsaturated comonomer (b). In this case, the term crosslinked polymers is 

used. The invention, therefore, furthermore relates to a crosslinked polymer comprising the 

product of the polymerization of a macromer of the formula (I), if desired with at least one 

vinylic comonomer (a) and with at least one comonomer (b). 

Examples of typical comonomers (b) are allyl (meth)acrylate, lower alkylene glycol" 

di(meth)acrylate, poly(lower alkylene) glycol di(meth)acrylate, lower alkylene . 

di(meth)acrylate. divinyl ether, divinyl sulfone, di- and trivinylbenzene. ·trimethylolpropa,le· 

tri(meth)acrylate,. pentaerythritol tetta(meth)acrylate, · bisphenol Adi(meth)acrylate, 

methylenebis(meth)acrylamide, triallyl phthalate and diallyl phthalate. 

The amount of comonomer (b) used is expressed in a proportion by weight based on the 

total polymer and is in the range from 20 to 0.05%, in particular in the range from 1 o to 

0.1 %, preferably in the range from 2 to 0.1 %. 

3. Material •c• 

Material "C7 polymers are formed by polymerizing polymerizable macromers which contain 

free hydroxyl groups. Macromers which are built up, for example, from an amino-alkylated 

polysiloxane which is derivatized with at least one polyol component containing an 

unsaturated polymerizable side chain are disclosed. Polymers can be prepared on the one 

hand from the macromers according to the invention by homopolymerization. The 

macromers mentioned furthermore can be mixed and polymerized with one or more 

hydrophilic and/or hydrophobic comonomers. A special property of the macromers 

according to the invention is that they function as the element which controls microphase 

separation between selected hydrophilic and hydrophobic components in a crosslinked end 
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product. The hydrophilic/hydrophobic microphase separation is in the region of less than 
300nm. The rnacromers are preferably crosslinked at the phase boundaries between, for 
example, an acrylate comonomer on the one hand and an unsaturated polymerizable side 
cf'!ain of polyols bonded to polysiloxane on the other hand, by covalent bonds and 
additionally by reversible physical interactions, for example hydrogen bridges. These are 
formed, for example, by numerous amide or urethane groups. The continuous sile>Xane 
phase which exists in the phase composite has the effect of producing a surprisingly high 
permeability to oxygen. 

The present embodiment of the invention relates to a macromer comprising at least one 
segment of the formula (I): 

-a---z-b-
1 
d 

in which 

(a) is a polysiloxane segment, 
(b) is a polyol segment which contains at least 4 C atoms, 
Z is a segment (c) or a group X1, 
(c) is defined as XrR·Xa. wherein 

(I) 

R is a bivalent radical of an organic compound having up to 20 C atoms and 
each X2 Independently of the other is a bivalent radical which contains at least one carbonyl 
group, 

x, is defined as Xa. and 

(d) is a radical of the formula (II): 

Xa-L-(Y)k"P1 (II) 

in which 

P1 is a group which can be polymerized by free radicals; 
V and Xa independently of one another are a bivalent radical which contains at least one 
carbonyl group; 

k is 0 or 1; and 

Lis a bond or a divalent·radical having up to 20 C atoms of an organic compound. 

A polysiloxane segment (a) is derived from a compound of the formula (IU): 

., ... . _.,·. 

,.:: ·.• ; 
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(Ill) 

in which n is an integer from 5 to 500; 

99.8-25% of the radicals R,. R2, ~. ~. Rs and Rs independently of one another are alkyl .. 
and 0.2-75% of the radicals R1, R2, Ra, Fl.. Rs and Rs independently of one another are 
partly fluorinated alkyl, aminoalkyl, alkenyl, aryl. cyanoalkyl, alk-NH-alk-NH2 or 

alk-(OCH2)m·{OCHz)p-OR1, 

R1 is hydrogen or lower alkyl, alk is alkylene, and 

m and p independently of one another are an integer from o to to, one molecule containing 

at least one primary amino or hydroxyl group. 

The alkylenoxy groups -(OC~~m and -(OCH2)p in the siloxane of the formula {Ill) are 

either distributed random1y in a ligand alk-(OCH2CHa)m-(OCHa)p-OR1 or are distributed as 

blocks in a chain. · 

A polysiloxane.segment(a) is linked a·totat of 1-50 times; preferably. 2-30 times, and in 

particular 4-10 times, via a group Z with a segment (b) or another segment (a), Z In an 

•a-Z-a" sequence always being a segment (c). The linkage site in a segment (a) with a 

group Z is an amino or hydroxyl group reduced by one hydrogen. 

In a preferred embodiment, a polysiloxane segment is derived from a compound of the 

formula (111) in which the radicals R1, Rz. Ra. R.. Rs and Re are a total of 1-50 times, more 

preferably 2-30 times, and in particular 4-10 times, independently either terminally or 

pendently aminoalkyl or hydroxyalkyl, the other variables being as defined above.· 

In a preferred embodiment, a polysiloxane segment is derived from a compound of the 

formula (Ill) in which 95-29% of the radicals R,, Ra. R:,, R., Rs and Ra independently of one 

another are alkyl and 5-71 % of the radicals A,. R21 ~ R., Rs and Rs independently of one 

another are partly fluorinated alkyl, aminoalkyl, alkenyl, aryl, cyanoalkyl, alk-NH-alk-NH2 or 

alk-(OCHaCHz)m-(OCH2)p-OR1. and in which the variables are as defined above. 

In a preferred meaning. n is an integer from 5 to 400, more preferably 10 to 250 and 

particularly preferably 12 to 12~. 
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In a preferred meaning, the two terminal radicals R, and Re are aminoalkyl or hydroxyalkyl, 
the other variables being as defined above. 

In another preferred meaning, the radicals R. and Rs are 1-50 times, more preferably 2-30 
times and in particular 4-10 times pendently aminoalkyl or hydroxyalkyl and the other 
variables are as defined above. 

In another preferred meaning, the radicals R,, ~. Ra. R., Rs and Ra are a total of 1-50 
times, more preferably 2-30 times and in particular 4-10 times, independently both 
terminally and pendently aminoalkyl or hydroxyalkyl and the other variables are as defined 
above. 

If Z is x,, x, is a bivalent grou~ which contains at least one carbonyl group. A carbonyl 
group mentioned Is flanked in any manner, if appropriate, by-0-, -CONH-, -NHCO- or-NH-. 

Examples of bivalent groups Z are typically carbonyls, esters, amides, urethanes, ureas or 
carbonates. 

X1 is preferably an ester, amide, urethane or urea group, in particular an ester or amide 
group. 

Xz is defined In the same way as X1 and is preferably an ester, amide, ·urethane, carbonate 
or urea group, more preferably an ester, amide, urethane or urea group and in particular an 
amide, urethane or urea group. 

If Zin formula (1).is x,, a polyol segment bis preferably understood as meaning a polyol 
derived from a carbohydrate, carbohydrate monolactone or carbohydrate dilactone. A 
carbohydrate is understood as meaning a mono-, di-, tri-, tetra-, oligo- or polysaccharide. A 
carbohydrate lactone is understood as meaning the lactone of an aldonic or uronic acid. An 
aldonic or uronic acid is, for example, a carboxylic acid formed by oxidation of a mono-, di-, 
tri-, tetra-, oligo- or polysaccharide. Examples of aldonic acid lactones are gluconolactone, 
galactonolactone, lactobionolactone or maltoheptaoriolactone; examples of urontc acid 
lactones are glucuronic acid lactone, mannuronic acid·lactone or lduronic acid lactone. An 
exampJe of a carbohydrate dilactone is O-gtucaro-1,4:6,3-dilactone. 

..... ., .. 
·-..:'"·. 

·'~···'J.' 

..;:·. 
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A carbohydrate lactone reacts, for example, with a primary amino group or a hydroxyl group 

of segment (a). to. form a covalent amide. or ester bond of the type x,. Such linkag~s are the 

constituent of a further preferred embodiment of macromers according to the invention. 

Such macromers have an alternating distribution of segments of type (a) and (b) which are 

interrupted by x,. 

This embodiment of the invention preferably relates to a macromer of the formula. (IV): 

(IV) 

in which the variables are as defined above. 

An embodiment of the invention furthermore preferably relates to a macromer according to 
formula M: 

in which the polysllox&ne segment (a) contains q pendent ligands, 

x is o, 1 or 2, 

q has an average numerical value of 1-20. preferably 1-10, and in particular 1-5, and 

the segments (b) in a macromer according to the formula M are linked in total (per 

molecule) with up to 20, preferably with up to 15, and in particular with up to 6 · 

polymerizable segments (d). 

An embodiment of the invention furthermore preferably relates to a macromer according to 

fOrmula (VI): · 

in which a linear sequence is present, · 

xis 0, 1or2, 

(VI) 

q has an average numerical value of 1-20, preferably 1-10, and in particular 1-5, 
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and the segments (b) in a macromer according to the formula (VI) are linked in.total (per 
molecule) with up to 20, preferably with up to 15, and in particular with up to 6 
~lymerizable segments (d). 

An embodiment of the invention furthermore very preferably relates to a macromer 
according to formula (VII): 

<j>x c;>x 
b-x,-a-x1-b 
I I 

(d)x (d)x 
(VII) 

in which x is 0, 1 or 2, and 
the average number of segments (d) per molecule of the formula (VII) is preferably in the 
range from 2 to 5, and very preferably is in the range from 3 to 4. 

A polyol segment (b) is derived from a polyol which carries no lactone group If the group Z 
is a segment (c). Examples of such polyols are a 1,2-polyol, for example the reduced 
monosaccharides, for example mannltol, glucltol, sorbltol or idltol, a 1,3-polyol, for example 
polyvinyl alcohol (PVA), which is derived from partly or completely hydrolysed polyvinyl 
acetate, and furthermore amino-terminal PVA telomers. aminopolyols, aminocyclodexbins, 
aminomono-, -di-, -tri-, -oligo- or -polysaccharides or cyclodextrin derivatives, for example 
hydroxypropylcyclodextrin. An abovementioned carbohydrate dilactOne can be reacted, for 
example, with preferably 2 equivalents of an amino-terminal PVA telomer to give a polyol 
macromer which carries, in the central part, the carbohydrate compound derived from the 
dilactone; Such polyols of this composition are likewise understood·to be a suitable polyol. 

As illustrated in formula (I), a segment (b) carries at least one vinylic polymerizable segment 
(d), a linkage of a segment (d) via the bivalent radical Xs thereof to an amino or hydroxyl 
group, of a segment (b), reduced by a hydrogen atom being intended. 

A vinylic polymerizable segment (d) is incorporated either terminally or pendently preferably 
1-20 times, more preferably 2-15 times, and in particular 2-6 times, per macromer molecule 
according to the invention. 

": ;'· 

·.:;~~*~ 
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A vinylic polymerizable segment (d) is incorporated terminally and also pendently as desired 

(as a terminal/pendent mixture) .preferably 1-20 times, more preferably 2-15 times and in 

partipular:2·6. times, .per :macromer ·molecule according_ to the invention. 

A group P1 which can be polymerized·by free radicals is, for example, alkenyJ, alkenylaryl or 

alkenytarylenealkyl having up to 20 C atoms. Examples of alkenyl are vinyl, allyl, 1-propen-

2-yl, 1-buten-2- or -3- or -4-yl, 2-buten-3-yl and the isomers of pentenyl, hexenyl, octenyl, 

decenyl or undecenyl. Examples of alkenylaryl are vinylphenyl, vinylnaphthyl'or allylphenyl. 

An example of alkenytaryleneatkyl is vinylbenzyl. 

P, is preferably alkenyl or alkenylaryl having up to 12 C atoms, more preferably alkenyl 

having up to 8 C atoms and in particular alkenyt having up to 4 C atoms. 

L is preferably alkylene, arylene, a saturated bivalent cycloaliphatic group having 6 to 20 

carbon atoms, aryfenealkytene, alkylenearylene, alkylenearylenealkylene or 

arylenealkylen88f)'lene. In a preferred meaning, L furthermore is preferably a bond . 

. 1n. a·preferred·meaning, Lis a divalent: radical having up to 12 C atoms, :and .more preferably· 

a divalent radical having·up, to ·a ·C, atoms; In a:preferred. meaning, L furthermore is alkylene · 

or arylene having up to 12 C atoms. A very preferred meaning of L is lower alkylene, in 

particular lower afkylene having up to 4 C atoms. 

Y is preferably a carbonyl, ester, amide or urethane group, in particular a carbonyl, ester or 

amide group, and very preferably a carbonyl group. 

In another preferred meaning, Y is· absent, i.e., k is O. 

In a preferred meaning, "3 is a urethane; urea, ester, amide or carbonate group, more 

preferably a urethane, urea. ester or amide group, and in particular a urethane or urea 

group. 

A vinylic polymerizable segment (d) is derived, for example, from acrylic acid, methacrylic 

acid, methacryloyt chloride. 2-isocyanatoethyl methacrylate (IEM), allyl isocyanate, vinyl 

isocyanate, the isomeric vinylbenzyl isocyanates or adducts of hydroxyethyl methacrylate 

(HEMA) and 2.4-tolylene diisocyanate (TOI) or isophorone diisocyanate (IPDI), in particular 

the 1 :1 adduct. 
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The invention furthermore preferably relates to a macromer in which a segment (d) is 

incorporated either terminally or pendentty or as a terminaVpendent mixture 5 times. 

The invention furthermore_ preferably relates to a macromer in which a segment (d) is 

incorporated terminally 5 times. 

The diradical R is, for example, alkylene, arylene. alkylenearylene, arylenealkylene- or 

arylenealkylenearylene having up to 20 carbOn atoms:·a saturated bivalent cycloaliphatic 

group having 6 to 20 carbon atoms or cycloalkylenealkylenecycloalkylene having 7 to 20 

carbon atoms. 

In a preferred meaning, R is alkylene, -arylene, alkylenearylene, arylenealkylene or 

arylenealkylenearylene having up to 14 carbon atoms or a saturated bivalent cycloaliphatic 

group having 6 to 14 carbon atoms. 

In a preferred me&ning, R is alkylene, arylene, alkylenearylene or arylenealkylene having up 

to 14 carbon atoms, or a saturated bivalent cycloaliphatic group having 8 to 14 carbon 

atoms. In a preferred meaning, R is alkylene or arylenj·having up to 12-carbon atoms, or a 

saturated bivalent cycloaliphatic group having 6 to 14 carbon atoms. 

In a preferred meaning, R is alkylene or arylene having up to 10 carbon atoms, or is a 

saturated bivalent cycloaliphatic group having 6 to1 O carbon atoms. 

In a very preferred meaning, a segment (c) is derived from a diisocyanate, for example from 

hexane 1,6-diisocyanate, 2,2,4-trimethylhexane 1,6-diisocyanate, tetramethylene 

diisocyanate, phenylene 1,4-diisocyanate, toluene 2,-4-diisocyanate, toluene 2,6-

diisocyanate, m- or p-tetrarnethylxylene diisocyanate, isophorone diisocyanate or 

cyclohexane 1,4-diisocyanate. 

A preferred embodiment of segment (c) is furthermore derived from a diisocyanate in which 

the isocyanate groups have different reactivities. The different reactivity is influenced, in 

particular, by the spatial requirements and/or electron density in the neighbourhood of an 

isocyanate group. 

The average molecular weight of a macromer according to the invention-is preferably in the 

range from about 300 to about 30,000, very preferably in the range from about 500 to about 

:., 

--~! 
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20,000, more preferably in the range from about 800 to about 12,000, and particularly 

preferably in.the range from about 1000 to about 10,000. 

A preferred ·embodiment.of the macromer has a segment sequence, of .th• formula (VIII): 

(VIII) 

in which r is an integer from 1to10, preferably from 1to7, and in particular from 1to3; 

t is O or 1, and preferably ·1; 

a linear (c-a) chain which may or may not be terminated by a segment (b) is present (t=1 ); 

and the above preferences apply to the total number of segments (d), which are preferably 

bonded to a segment (b). 

A preferred embodiment of the macromer has a segment sequence of formula (IX): 

b-Z-a-{c-a·(Z·b).}r (IX) 

in which the sequence (c-a)-(Z-b)1 hangs pendently r times on the segment (a) and may.or 

may not be terminated:by:asegrnent.(b);. : 

r is' an: integer.from; .1. to.10, preterably-.from .1 ·to 7, .and: in.particular :from>1 to 3; 

t is o or t, and is preferably 1; 
Z is a segment (c) or a group X1: and 

the above preferences apply to the total number of segments (d), which are preferably 

bonded to a segment (b). 

Another preferred embodiment of the macromer has a segment sequence of formula (X): 

b-c-{a-c}.-B (X) 

in which s is an integer from .1 to. 10, preferably from 1 to 7, and in particular from 1 to 3; 

B is a segment (a) or (b); and 

the above preferences apply to the number of segments (d), which are bonded to a 

segment (b). 

Another preferred embodiment of the macromer has a segment sequence of the formula 

{XI): 



wo"'31m 

-50-

(XI) 

in which the structures are linear, 

s is an integer from 1 to 1 o. preferably from 1 to 7, and in particular from 1 to 3; 

B is a segment (a) or (b}; 

tis o or 1, and 

the above preferences apply to the number of segments (d), which are bonded to a 

segment (b). h ' 

The ratio of the mmber of segments (a) and (b) in a rriacromer according to the Material ·c­
embodiment of the invention is preferably in a· range of (a):(b)=3:4, 2:3, 1 :2, t:1, 1 :3 or 1 :4. 

The total sum of segments (a) and (b) or, where appropriate, (a) and (b) and (c) is in a 

range from 2 to 50, preferably 3 to 30, and in particular in the range from 3 to 12. 

Alkyl has up to 20 carbon atoms and can be straight-chain or branched. Suitable-examples 

include dodecyl, octyl, hexyl, pentyl, butyl, propyt, ethyl, methyl, 2-propyl, 2-butyl or 3-pentyl. ·t~ 

Arytene is preferably phenylene or naphthylene, whiCh is unsubstituted or substituted by 

lower alkyl or lower alkoxy, in particular 1,S-:phenylene, 1,4-phenylene or methyl-1,4-

phenylene: or 1,5-naphthylene or 1,8-naphthylene. 

Aryl is a carbocyclic aromatic radical, which is unsubstituted or substituted by preferably 

lower alkyl or tower alkoxy. Examples are phenyl, toluyl, xytyt, rnethoxyphenyl, t-butoxy­

phenyl, naphthyl or phenanthryl. 

A saturated bivalent cycloaliphatic group is preferably cycloalkylene, for example 

cyclohexylene or cyclohexylene-lower alkylene, for example cyclohexylenemethylene, which 

is unsubstituted or substituted by one or more lower alkyl groups, for example methyl 

groups, for example trimethylcyclohexylenemethylene, for example the bivalent isophorone 

radical. 

The term "lower" in the context of this invention in connection with radicals and compounds. 

unless defined otherwise, means, in particular, radicals or compounds having up to 8 

carbon atoms, preferably having up to 4 carbon atoms.· 
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Lower alkyl has, in particular, up to 8 carbon atoms, preferably up to 4 carbon atoms, and 

is, for·example, methyl,, ethyl,-. propyl, butyl, tert-butyl, pentyl, hexyl or isohexyl. 

Alkylenehas up·to 12 carbon atoms and-can-be straight;.chain or branched. Suitable 

examplea include,decylene~,octylene1 ,hexylene, pentyl~ne, butylene, propylene, ethylene, 

methylene, 2-propytene, 2-butylene or 3-pentylene. 

Lower alkylene is alkylene having up to 8, and particularly preferably having up to 4 carbon 

atoms. Particularly preferred examples of lower alkylenes are propylene, ethylene and 

methylene. 

The arylene unit of alkylenearylene or arylenealkylene is preferably phenylene, which is 

unsubstitut~ or substituted by lower alkyl or lower alkoxy, and the alkylene unit of this is 

--prefe~ably lower alkylene, such as methylene or ethylene, in particular methylene. Such 

radicals are therefore preferably phenylenemethylene or methylenephenylene. 

Lower alkoxy has, in .particular •. up to a .carbon atoms, preferably up.to 4 carbon atoms, and 

is~ for example~ methoxy, ethoxy, propoxy, butoxy, tert-butoxyor hexyloxy. 

Partly fluorinated .alkyl Is understood_' as' meaning alkyl in which up to 90%, preferably up to 

70%, and in particular up to 50%, of the hydrogens are replaced by fluorine. 

Arylenealkylenearylene is preferably phenylene-lower alkylene-phenylene having up to 8, 

and in particular having up to 4 carbon atoms in the alkylene unit, for example 

phenylenethylenephenylene or phenylenemethylenephenylene. 

A monosaccharide in the context of the_ present invention is understood as meaning an 

aldopentose, aldohexose, aldotetrose, ketoPEtntose or ketohexose. 

Examples of an aldopentose are 0-ribose. 0-arabinose. 0-xylose or 0-lyose; examples of 

an aldohexose are 0-allose, 0-altrose, 0-glucose, 0-mannose, D-gulose, 0-idose, 0-

galactose, 0-talose, L-fucose or L·rhamnose; examples of a ketopentose are 0-ribulose or 

0-xylulose; examples of a tetrose are 0-erythrose or threose; and examples of a 

ketohexose are D-psicose, D-fructose, 0-sorbose or 0-tagatose. Examples of a 

disaccharide are trehalose, maltose, somaltose, cellobiose, gentiobiose, saccharose, 

lactose, chitobiose, N,N-diacetylchitobiose, palatinose or sucrose. Raffinose, panose or 
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maltotriose may be mentioned as an example of a trisaccharide. Examples of ·an 
oligosaccharide are mattotetraose, maltohexaose, chitoheptaose and furthermore cyclic 
oligosaccharides, such as cyclodextrins. 

Cyclodextrins contain 6 to 8 identical units of a-1.4-glucose. Some examples are a-, p- and 
y -cyclodextrin, derivatives of such cyclodextrins, for example hydroxypropylcyclodextrins, 
and branched cyclodextrins. 

The macromers according to this embodiment of invention can be prepared by processes 
known per se, for example as follows. 

In a first step, a polysiloxane containing at least one primary amino- or hydroxyalkyl 
group is reacted with a carbohydrate lactone, an amide or ester bond being formed and a 
compound of the formula (Xlla) or (Xllb) being formed: 

(a-Z-b)ci 

a-(Z-b)Q 

(Xlla) 

(Xllb) 

''~· 
:~t~ 

=~··· 

.':-:·.·. 

in which the variables are as defined above and Z.is a group x,, .. ,c 

after which the c0mpound (XII) is reacted with an unsaturated palymerizable compound of ~-
the formula (XIII): 

X.-L-Mk""P1 (XIII) 

in which X. is a group which is coreactlve with a hydroxyl or amino· group of segment (b), 
an Xa group of a segment (d) ·according to formula (II) being formed from such a reactiOn, 

• where X. is preferably-COOH, -COOR10. -COCI or -NCO, in which 
R10 is alkyl, or is aryl which is unsubstituted·or substituted by lower alkyl or lower alkoxy, 
and the other variables are as defined above, 
after which a macromer accotding to the formula (IV) or (V) is formed· 

(V) 

in which the segments (d) are incorporated terminally or pendently. 
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Anotherprocess::starts from ·a polysiloxane'(a):which contains terminal.primaryamino- or 

hydroxyalkyl groups and is reacted ·with a carbohydrate dilactone to form linear structures 

of .the formula .(XIV):: 

(XIV) 

in which the variables are as defined and preferred above, after which a compound of the 

formula (XIV) is reacted with a compound of the formula (XIII) analogously to the above 

process to give a maC:romer of the formula (VI): 

(VI) 

in· which,the variables are-as: defined and preferred above. 

Another process starts from·a·polysiloxane (a) which contains terminal primary amino-or 

hydroxyalkyl=groups-:and ·is initially .reacted with a bifunctional compound of the formula 

(XV): 

(XV) 

in which X. _is a group which is coreactive with a hydroxyl or amino group of segment (a), 

an Xa group of a segment (c) being formed from such a reaction, where X. is preferably 

-COOH, -COOR,0, -COCI or -NCO, in which R10 is alkyl, or aryl which is unsubstituted or 

substituted by lower alkyl or lower alkoxy, and A is as defined above, 

after which this intermediate is reacted with a polyol which carries no lactone group to give 

a compound of the formula (XVI): 

b-c--{a-c}.-b (XVI) 

in which the variables are as defined and preferred above, after which the compound of the 

formula (XVI) is reacted with a compound of the formula (XIII) to give a macromer of the 

formula (X): 
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b-c-{a-c}.-8 (X) 

in which s is an integer from 1 to 10, preferably from 1 to 7, and in particular from 1 to 3; 

B is a segment (a) or (b); and the above preferences apply to the number of segments (d) 

which are bonded to a segment (b). 

Another process starts from a bifunctional compound of the formula (XV): 

(XV) 

which is reacted with an excess of polyslloxane (a) to give an -a-(c-a)r sequence, in which 

the above meanings apply, after which, in a second step, the intermediate is reacted with a 

polyol which carries no lactone to give a compound of the formula (XVII): 

b-Z-a-{c-a},-Z-b (XVII) 

after which the compound (XVII) is reacted with the compound (XIII) to give a macromer Of 

the formula (VIII): 

b-Z-a-{c-a},-(Z-b)t (VIII) 

in which r is an integer from 1 to 10, preferably from 1 to 7, and in particular from 1 to 3: t is 

O or 1, and is preferably 1: in which a linear (c·a) chain, which may or may not be terminated 

by a segment (b), is present (t=1); and the above preferences apply to the total number of 

segments (d), whiCh are preferably bonded to a segment (b). 

Another process starts from a carbohydrate lactone which is reacted in a'first step with a 

compound of the formula (XIII), the lactone function being retained, after which the 

intermediate is reacted with a p0lysiloxane containing at least one amino or hydro><yl group 

to give a compound of the formula (IV} or M: 

a-tX1-b,)q 
(IV) 

(d)x 
M 
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in which q is typically 1 or 2, and in which the above meanings and preferences otherwise 

apply, and the segments (d) are incorporated terminaRy or pendently. 

The present embodiment of the invention furthermore relates to the intermediates which are 

novel and which occur during synthesis of the macromers according to the invention. 

The invention therefore furthermore relates to a compound of the formula {Xlla): 

(a-Z-b)q (Xlla) 

in which q is greater than 1, 

(a) . . is derived from a polysiloxane as defined by formula (I) above and 

(b) is derived from a carbohydrate dilactone. 

An embodiment of the invention furthermore relates to a compound of the formula (Xllb): 

a-(Z-b)q {Xllb) 

In which z. (b) and q are as defined and preferred above, but with the proviso that a 

segment (a) is deriVed from a compound of the formula (Ill): 

(Ill) 

in which n is an integer from 5 to 500; 

99.8 - 25% of the radicals R,, R2, Ra. R.. Rs and R& independently of one another are alkyl 

and 0.2 - 75 % of the radicals R1r Rz, ~ R.. Rs and Ra independently of one another are 

partly fluorinated alkyl, aminoalkyl, alkenyl, aryl, cyanoalkyl, alk-NH-Alk-NH2 or 

alk-(OCHzCH2).n-(OCH2}p-OR7 in which R., is hydrogen or lower alkyl, alk is alkylene and 

m and p independently of one another are an integer from o to 1 o, one molecule containing 

at least one primary amino or hydroxyl group and at least one partly fluorinated alkyl group. 

The invention furthermore relates to a compound of the formula (XVI): 
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t).c-{a-c}.-b (XVI) 

in \_'Vhich a segment (b) is derived from a polyol which carries no lactone and the other 
variables are as defined and preferred above. 

An embodiment of the invention furthermore relates to a compound of the ·formula ·(XVII): 

t).Z-a-{c-a}r-Z-b (XVII) 

in which a segment (b) is derived from a potyol which carries no lactone and the other 
variables are as defined and preferred above. 

A si10xane (a) containing at least one primary amino or hydroxyl group is, for example, 
commercially obtainable. Examples are KF-6002, t<F-8003, x-22.;1e1C (Shin Etsu) or GP4 
(Genesee). Other slloxanes can be synthesized with the aid of published processes. 

A polyol (b) required for the synthesis is as a rule con:unercially obtainable. Examples are 
gluconolactone or lactobionolactone. Otherwise, they can be synthesized with the aid of a 
published process. 

The compounds according to the invention can be prepared in the presence or absence of 
a solvent. A solvent which is largely inert, i.e., does not participate in the reaction, is 
advantageously used. Suitable examples of these are ethers, such as tetrahydrofuran 
{THF), 1,2-dimethoxyethane, diethylene glycol dimethyl ether or dioxane, halogenated 
hydrocarbons. such as chloroform or methylene chloride, bipolar aprotic solVents, such as 
acetoliitrile. acetone, dimethylformamide (DMF) or dimethyl sulfoxide (DMSO), 

hydrocarbons. such as toluene or xylene. and furthermore pyridine or N-methylmorpholine. 

The reactants are advanUigeously employed in stoichiometric amounts for the preparation 
of the compounds according to the invention. The reaction temperature can be, for 
example, from -30°C to 150°C. The range frOm 0°C to 40°C is a preferred temperature 
range. The reaction times here are In the range from about 15 minutes to 7 days, 
preferably in the region of about 12 hours. If necessary;. the reaction is carried out under 
argon or nitrogen as an inert gas. A suitable catalyst is ~vantageously added for urethane­
forming reactions, for example dibutyltin dilaurate (DBTDL). 

., 

.i 
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The present invention furthermore relates to a polymer comprising a polymerization product 

of at least one macromer according to the Invention as defined above and, if appropriate, at 

least one vinylic como.nomer (a). 

The preferred composition of a polymer.according to the invention comprises a weight 

content, with respect to the total polymer, of a macromer according to the in~tion in the 

range from 100 to 0.5%, in particular in the range from 80 to 10%, and preferably in Ile 

range from 70 to 30%. 

In a preferred polymer comprising a polymerization product of at least one macromer 

according to the invention, comonomer (a) is absent and the polymer is preferably a 

homopolymer. 

A comonomer (a) which is contained in a polymer according to the invention ·can be 

hydrophilic or hydrophobic or a mixture of both. Suitable comonomers include, in particular, 

those which are usually used for the preparation of contact lenses and biomedical 

materials. 

A hydrophobic comonomer (a) is understood as meaning monomers which typically·give,·as 

a homopolymer, polymers which are water-inSoJuble and can absorb less than 10% by 

weight of water. 

Analogously, a hydrophilic comonomer (a) ls understood as meaning a monomer which 

typically gives, as a homopolymer, a polymer which is water-soluble or can absorb at least 

10% by weight of water. 

Suitable hydrophobic comonomers (a) include, without this list being exhaustive, c,-C,.alkyl 

and C,-C,aeycJoalkyl acrylates and methacrylates, CrC,ealkylacrylamides and -methacryl­

amides, acrylonitrile, methacrylonitrile, vinyl C,-C,aalkanoates, CrC1aalkenes, CrC1shalo­

alkenes, styrene, lower alkyl styrene, lower alkyl vinyl ethers, C2-C10Perfluoroalkyl acrylates 

and methacrylates or correspondingly partly fluorinated acryla1es and rnethacrylates, Ca-C11-
perfluoroalkyl-ethyl-thiocarbonylaminoethyl acrylates and methacrylates, acryloxy- and 

methacryloxy-alkylsiloxanes, N-vinylcarbazole and c,-C,~lkyl esters of maleic acid, fumaric 

acid, itacomc acid, mesaconic acid and the like. Preferred comonomers are, for example, 

acrylonitrile, C,-C..alkyl esters of vinylically unsaturated carboxylic acids having 3 to 5 

carbon atoms, or vinyl esters of carboxylic acids having up to 5 carbon atoms. 
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Examples of suitable hydrophobic comonomers (a) inCtude methyl _acrylate, ethyl acrylate, 

propyl acrylate, isopropyl acrylate, isobutyl acrylate (IBA), isOoctyl acrylate (OA}, isoclecyl 

acrylate (DA), cyclohexyl acrylate, 2-ethylhexyl acrylate (EHA). methyl methacrylate, ethyl 

methacrylate, propyl methacrylate, butyl acrylate, vinyl acetate, vinyl propionate, vinyl 

butyrate, vinyl valerate, styrene, chloroprene, vinyl chloride, vinylidene chloride, acrylonitrile, 

1-bt,rtene, butadiene, methacrytonitrlle, vinyl toluene, vinyl ethyl ether, perfluorohexyl­

ethylthiocarbonylaminoethyl methacrylate, isobomyl methaaylate, trifluoroethyl meth- . 

acrylate, hexafluoroisopropyl methacrylate, hexafluorobutyl (meth)acrylate (HFBMA and 

HFBA), tris-trlmethylsilyloxy.;sllyl-propyl methaci'ylate (TRIS), 3-methacryloxypropylpenta­

methyldisiloxane and bis{methacryloxypropyl) tetramethyldisiloxane. 

·, .. 

Preferred examples of hydrophobic comonomers (a) are methyl methacrylate, IBA, HFBA; 
HFBMA, ·OA, EHA, DA, TRIS and acrylonitrile. 

Suitable hydrophRlc comonomers (a) Include, without this list beilig conclusive, hydroxyl­

substituted lower alkyl acrylates and methacrylates, acrytamide, methacrylamide, lower 

alkylacrylamides and -methacrylamides, ethoxylated acrylates and methacrylates, hydroxyl- .. ,1 

-~-~ 

. substituted lower alkylacrylamldes and -methacrylamides, hydroxyl-substituted lower alkyl i 

vinyl ethers, sodium vinylsulfonate. sodium styrenesulfonate, 2-acrylamido-2-methyl- r 
propanesulfonic acid, N-vinylpyrrole, N-vinyl-2-pyrrolidone, 2-vlnyloxazoline, 2-vinyl-4,4'-di­

alkyloxazolin-5-one, 2· and 4-vinylpyridine, vinylically unsaturated carboxylic acids having a 

total of 3 to 5 carbon atoms, amino-lower alkyl (where the term "amino• also Includes 

quaternary ammonium), mono-lower alkylamin~lower alkyl and di-lower alkylamino-lower 

alkyl acrylates and methacrylates, allyl alcohol and the like. Preferred comonomers are, for 

example, N-vinyl-2-pyrrolidone, acrylamlde, methacrylamide, hydroxyl-substituted lower 

alkyl acrylates and methacrylates, hydroxyl-substituted ·1ower alkylacrylamides and -meth-

acrylamides and vinylically unsaturated carboxylic acids having a total of 3 to 5 carbon 

atoms. 

Examples of suitable hydrophilic comonomers (a) include hydroxyethyl methacrylate 

(HEMA), hydroxyethyl acrylate, hydroxypropyl acrylate, trimethylammonium-2-hydroxypropyl 

methacrylate hydrochloride (Blemer®OA, for "example from Nippon Oil), dimethylaminoethyl 

methacrylate (DMAEMA), dlmethylaminoethyl methacrytamide, acrylamide, methacrylamide, 

N,N-dimethylacrylamide (OMA), allyl alcohol, vinylpyridine, glycerol methacrylate, N-(1, 1-
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dimethyl-3-oxobutyl)acrytamide, N-vinyl-2-pyrrolidone (NVP), acrylic acid, methacrylic acid 

and the like. 

Preferred hydrophilic comonomers. (a) are 2-hydroxyethyl methacrylate, dimethylaminoethyl 

methacrylate, trimethylammonium-2-hydroxypropyl methacrylate hydrochloride;. N,N­

dimethylacrylamide and N-vinyl-2-pyrrolidone. 

The polymers according to the invention are built up in a manner known per se from the 

corresponding monomers (the term monomers here also including a macrorner according to 

the invention) by a polymerization reaction with which the expert is familiar. Usually, a 

mixture of the abovementioned monomers is heated, with the addition of an agent which 

forms free radicals. Such an agent which forms free radicals is, for example, 

azoisobutyronitrile (AIBN), potassium peroxodisulfate, dibenzoyl peroxide, hydrogen 

peroxide or sodium percarbonate. lfthe compounds mentioned are heated, for.example, 

free radicals are then formed, by homolysis, and can then, for example, initiate a 

polymerization. 

A polymerization reaction can particularly preferably be carried out using a photoinitiator. 

Photopotymerization is the term used in this case. For photopolymerization, a.photoinitiator 

which can initiate free radical polymerization and/or crosslinking by the use of light is 

suitably added. Examples of this are famlHar to the expert, and specificaUy, suitable 

photoinitiators are benzoin methyl ether, 1-hydroxycyclohexyl phenyl ketone and Darocur 

and lrgacur types, preferably Darocur 1173® and Darocur 2959® . Reactive photoinitiators 

which can be incorporated, for example, into a macromer or can be used as a special 

comonomer (a) are also suitable. Examples of these are to be found in EP 632 329. The 

photopolymerlZation can then be triggered off by actinic radiation. for example light, in 

particular UV light of a suitable wavelength. The spectral requirements can be controlled 

accordingly. if appropriate, by addition of suitable photosensitizers. 

Polymerization can be carried out in the presence or absence of a solvent. Suitable 

solvents are in principle all solvents which dissolve the monomers used, for example water. 

atcohols, such as lower alkanols, for example ethanol or methanol, and furthermore 

carboxylic acid amides, such as dimethylfonnamide, dipolar aprotic solvents, such as 

dimethyl sulfoxide or methyl ethyl ketone, ketones, for example acetone or cyclohexanone, 

hydrocarbons, for.example toluene, ethers, for example THF, dimethoxyethane or dioxane. 

and halogenated hydrocarbons, for example trichloroethane, and also mixtures of suitable 
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solvents, for example mixtures of water with an alcohol, for example a water/ethanol or a 

water/methanol mixture. 

If appropriate, a polymer network can be intensified by addition of a so-called crosslinking 

agent, for example a polyunsaturated comonomer (b). The invention furthermore relates~ 

a polymer comprising the polymerization product of a rriacromer according to the invention 

with, if appropriate, at least one vinylic comonomer (a) and with at least one comonomer (b). 

Examples of typical comonomers (b) are, for example, allyl(meth)acrylate. lower alkylene 
glycol di(meth)acrylate, poly lower alkylene glycol di(meth)acrylate, lower alkylene­

di(meth)acrylate. diVinyl ether, divinyl sulfone, di- or trivinylbenzene. trimethylolpropane 

tri(meth)acrylate, · pentaerythritol tetra(meth)acrylate, bisphenol A di(meth)acrylate, 

methylenebis(meth)acrylamide, triallyl phthalate or diallyl phthalate. 

The amount of comonomer (b) used is expressed in the weight content with·respect to th& 

total polymer and is in the range from 20 to 0.05 %, in particular in the range from· 10 to 
0.1 %, and preferably in the range from 2 to 0.1 %. 

4. "Material D'" 

Another advantageous embodiment of the present invention relates to the uie of a 

siloxan&-COntaining macromer which is formed from a poly(dialkylsiloxane) dialkoxyalkanol 

having the following structure: 

i7 or ftsOR4-0H 

Re 
n 

where n is an integer from about 5 to about· 500, preferably about 20 to 200, more 

preferably about 20 to 1 oo; 
the radicals R,, A,, Rs. and A... independently of one another, are lower alkylene, preferably 

C1-Cs alkylene, more preferably C1-Cs alkylene, wherein in a preferred embodiment. the 

total number of carbon atoms in R, and R2 or in ~and ~ is greater than 4; and 

Rs. R6, Rt. and Ra are, independently of one another, lower alkyl, preferably C1·Ce alkyl, 

more preferably C1-Ca alkyl. 
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The gen~al structure of the Material D macromer follows: 

ACRYLATE • LINK- ALI< • 0 - ALK - PDAS - ALK - 0 - ALI<· LINK - ACRYLATE 

where the ACRYLATE is selected from acrylates and methacrylates; LINK is selected from 
urethanes and diurethane linkages, ALK - O - ALK is as defined above (R,-0-R, or 

~-Rs), and PDAS is a po1y(dialkylsiloxane). 

For example, a Material D macromer may be prepared by reacting isophorone dilsocyanate, 

2-hydroxyethyl (meth)acrylate and a poly(dialkylsiloxane) dialkoxyalkanol In the presence of 

a catalyst. 

A preferred Material D macrorner may be prepared by reacting a slight excess of 

isocyanatoalkyl methacrylate, especially isocyanatoethyl methacrylate (IEM), with_a 

poly(dialkylsll~ne). dlalkoxya1kanol, .preferably poly(dimethylsiloxane) c:fipropoxyethanol, in 

the presence of a Catalyst, especially an organotin catalyst such as dibutyltin dllaurate 

(DBTL). The primary resulting structure is as follows: 

i5 
R100-R10R2-;i J' 

I 
~ Ra n 

wherein R100 and ~are defined as follows: 

R1aa: 

;10 H L 
H2c=:c-c-o--R9-N 

I 
H 

R• 

-!--fl11-0-~J:Oi2 
! 

where Ra and Rn are alkylene; preferably C1.e alkylene, more preferably ethylene; and R,o 

and A12 are methyl or hydrogen. 

The •Material D" prepOlymer mixture may be formed by mixing the aforementioned siloxane­

containing macromer with one or more hydrophilic monomers and a thermoinitiator or a 

photoinitiator such as Darocur® 1173. A solvent, such as hexanol, is preferably added to 
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homogenize the mixture. Preferably, an appropriate amount of TRIS is added to lower the 

modulus of elasticity to a desired level. The ionoperm monomer or monomers may be 

selected from any of the aforementioned ionoperm or hydrophilic monomers. Preferably, ·:,:s. 
the ionoperrn monomer is selected from the group consisting of acrylates, methacrylates, ,.,.t. 

acrylamides, methacrylamides and mixtures thereof. More preferably, the ionoperm 

monomers are selected from dimethylacrylamide (OMA) and methacrylic acid (MAA). 

A preferred "Material D" prepolymer mixture, in weight percentages based on total mixture 

weight, includes about 35 to 60% Material D macromer; about 6 to 25% TRIS; about 15to 

35% ionoperm monomer; about 0.1 to 1 % · photoinitiator; and about 1 o to 20% solvent. A 

more preferred "Material D" prepolymer mixture, in weight percentages based on total 

mixture weight, includes the following: about 40 to 55% Material O macromer: about 8 to 

16% TRIS; about 20 to 30% dirnethylacrylamide; about 0.2 to 2% methacrylic acid; about 
. . 

0.1 to 1% photolnitiator; and about 1 o to 20% ·solvent A particularly preferred "Material o· 
prepolymer mixtllre, in weight percentages based on total mixture weight, ineludes the 

following: about 44 to 50% Material D macr0mer: about 10 to 12% TRIS;· about 22 to 28% 

dimethylacrylamide; about Oto 1% methacrylic acid; about 0.2 to 0.6% phOtoinitiator; and 

about 10 to 20% solvent. 

The prepolymer mixture may be formed into lenses and other ophthalmic devices by any of 

a number of techniques known in the art and disclosed herein. Preferably. the prepolymer 

mixture is conveyed into a concave half of a lens mold, the convex mold half is mated with 

the concave mold half. and an appropriate amount of radiation is applied to initiate 

polymerization. While ultraviolet (UV) radiation is preferred, a number of other energy 

sources known in the art and disclosed herein may also be used. 

The Material D ophthalmic lens is preferably a polymerization product of the following 

macromeric and monomeric components, based on total weight of polymerizable material: 

(a) about 45 to about 65 percent Material D macromer; 

(b) about 5 to about 25 percent TRIS; and 

(c) about 20 to about 40 percent ionoperm monomer. 

The Material O ophthalmic lens is more preferably a polymerization product of the following 

macromeric and monomeric components, based on total weight of polymerizable material: 

(a) about 50 to about 60 percent Material D macromer; 

(b) about 1 o to about 20 percent TRIS; and 



... 
·.:: .·· 

:· -~ 

WO 96131'792 

-63 -

(c) about 25 to about 35 percent ionoperm monomer. 

In a preferred embodiment, the Material O ophthalmic lens is a polymerization product of the 

following. rnacromeric and monomeric .components, based. on.total weight of polymerizable 

material: ' 

(a) about 50 to about 60 percent Material D macromer; 

(b) about 10 to about_20 percent TRIS; 

(c) about 25 to about 35 percent OMA; and 

(d) up to about 2 percent MAA. 

In another preferred embodiment, about 0.2 to 1.0 weight percent MAA is used, together 

with the components (a), (b), and (c) in the above-cited amounts. 

m. OPHTHALMJCALLV COMPATIBLE SURFACE§: 

The ophthalmic lenses of the present Invention have a surface which is. bloc:ompatible with 

ocular tissue and ocular fluids during the desired extended period of contact. In one 

preferred embodiment, the ophthalmic lenses of the present invention include a core .. 
material, as defined above,. surrounded,· at least. in part, by a surface which is more 

hydrophilic and Upophobic than .the core. material. A hydrophiffc surface is desirable in order 

to enhance the compatibility of the lens with the ocular tissues and tear 1luids. As surface 

hydrophilicity increases, undesirable attraction and adherence of lipids and proteinaceous 

matter typically decreases. There are factors other than surface hydrophilicity, such as 

immunological response, which may contribute to deposit accumulation on the lens. 

Deposition of lipids and protelnaceous ~atter causes haze on the tens, thereby reducing 

visual clarity. Proteinaceous deposits may also cause other problems, such as irritation to 

the eye. After extended periods of continuous or intermittent wear, the lens must be 

removed from the eye for cleaning, i.e., deposit removal. Therefore, increased surface 

hydrophilicity, and concomittent reductions in deposits of biological matter,.allows increased 

wear time. 

11Surface treatment processes", as used herein, refers to processes to render a surface 

more ophthalmically compatible,. in which, by means of contact with a vapor or liquid, and/or 

by means of application of an energy source (1) a coating is applied to the surface of an 

article, (2) chemical species are adsorbed onto the surface of an article, (3) the chemical 
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nature (e.g., electrostatic charge) of chemical groups on the surface of an article are 
altered, or (4) the surface properties of an article are otherwise modified. 

There are a variety of methods disclosed in the art fOr rendering a surface of a material 
. . 

hydrophilic. For example, the lens may be coated with a layer of a hydrophilic polymeric 
material. Alternatively, hydrophilic groups may be grafted onto 1he ·surface of the lens. 
thereby producing a monolayer of hydrophilic material~ These coating or grafting processes 
may be effected by a number of processes. includlng'without limitation thereto, exposing 
the lens to plasma gas or immerslng·the lens in a monomeric solution under appropriate 
conditions. 

Another set of methods of altering the surface properties of a lens involves treatment prior 
to polymerization to form the lens. For example, the mold may be treated with a plasma 
(i.e., an ionized gas), a static electrical charge, itradiation, or other energy source; thereby 
causing the prepolymerzation mixture immediately adjacent the mold surface to differ in 
composition from the· core of the prepolymerization mixture •. 

A preferred class of surface treatment processes are plasma processes, in which an ionized 
gas is applied to the surface of an article. Plasma gases and processing conditions are 
described more fully in U.S. Patent Nos. 4,312,575 and 4,632,844, which are incorporated 
herein by reference. The pl&sma gas is preferably a mixture of lower alkanes and nitrogen, 
oxygen or an inert gas~ 

In a preferred embodiment, the lens is plasma treated in the presence of a mixture of (a) a 
c,_. alkane and (b) a gas selected from the group consisting of nitrogen, argon, oxygen, 
and mixtures thereof. In a more preferred embodiment, the lens is plasma treated in the 
presence of a mixture of methane and air. 

IV. UTILITY 

A. Ophthalmic Lenses 

The novel polymers or crosslinked polymers can-be converted into ophthalmic moldings in a 
manner known in the art, in particular into contact lenses; for example by carrying out the 
photopolymerizatlon or photocrosslinking of the novel pOlymers in a suitable contact lens 
mold. Examples of novel ophthalmic moldings, in addition to contact lenses, include without 

... ---· • 

: ... : .. 
: . . ~{_: 

...... -:--·· 



_.;, 

W09'131792 

-65. 

limitation thereto, contact lenses for vision correction, contact lenses for eye color 

modification, ophthalmic drug delivery devices, ophthalmic wound healing devices, and the 

like. 

B. Contact Lenses 

A specific embodiment of the invention is directed to contact lenses which comprise 

essentially -a novel polymer or polymeric network. Such contact lenses have a range of 

unusual and extremely advantageous properties. Amongst these properties are, for 

example, their exceHent compatibility with the human cornea flf necessary after suitable 

surface treatment {coating)) and-with tear fluid, which is based on a balanced ratio between 

water content and water permeability, oxygen permeability and mechanical _and adsorptive 

properties. This balance of d~sirabJe properties results in high comfort and the absence of 

initation and allergenic effects. Owing to their favorable permeability properties with respect 

·to various salts, ·nutrients. water and diverse other components of tear fluid and _gases (C~ 

and 02), the novel contact lenses have no ~ •. or virtually n9 effect, on_ the _tiatural 
metabollc·processes in the cornea. In contrast to many other siloxane-containlng contact 

lenses, the present innovative extended-wear lenses have chemical and mechanical 

properties and ion ·permeability sufficient to. avoid the ~ndesired binding effeCt .. 
Furthermore, the novel contact lenses-have high dimensional stability and shelf life. 

It must be emphasized that this balance of properties, especially the high ion permeability in 

combination with the high oxygen permeability, is key to producing a true extended-wear 

· contact lens. The high oxygen permeability is required to prevent comeal swelling, thereby 

reducing the likelihood of ocular damage and wearer discomfort during periods of extended 

wear. The high ion permeability enables the lens to move on the eye such that corneal 

health is not substantially altered and wearer comfort is acceptable during a period of 

extended, continuous contact with ocular tissue and ocular fluids. 

The preferred extended-wear contact lenses of the present invention are those which are 

comfortable over the period of extended wear. If the lens diameter is too small, the eyelids 

will not cover any portion of the lens when the eye is open. Thus, the eyelids will contact 

· ·· the edge of the lens each time the eyelid is closed. This repeated eyelid-lens interaction 

· typically causes irritation, wearer discomfort, and lens dislodgement. Accordingly, the 

· preferred contact lens diameters are those which are sufficiently large to minimize eyelid­

lens interaction and the associated irritation. Preferably, the contact lens has a diameter of 
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about 12 to about 16 millimeters, more preferably aboUt 13to15 mm, and mostpreferably 

about 13.5 to 14.8 mm. 

V. METHODS OF USE AS EXTENDED-WEAR LENSES 

The above-described ophthalmic lenses have special utility as extended-wear contact 

lenses. Contact lenses having sufficient oxygen and water transmission rates from inner 

(base curve) to outer (front curve) surface may be colitfnuously wom for long periods of 

time without substantial corneai swelling ·or wearer discomfort. The method of wear 

includes (a) applying the lens to the eye and (b) ·allowing the lens to remain in intimate 

contact with the eye and tear fluids for a periOd of at least 24 hours without substantial 

adverse impact on corneal health or wearer comfort. 

A preferred method includes additional steps of (c) removing the lens trom the ocular 

environment: (d) treating the lens (i.e., disinfecting or cleaning the lens): (e) re-applying .the 

lens to the eye; and (f) allowing the lens to remain in intimate contact with the'·eye and tear 

. --. 

fluids for a period Of at least an additional 24 hours without substantial adverse impact on '·;; 
corneal health or wearer comfort. >Y 

In a preferred embodiment, the lens is wom for a continuous period of at least four (4) days f: 

without substantial corneal swelling or wearer discomfort. In another preferred embodiment, 

the lens Is wom for a continuous period of at least seven (7) days without substantial 

comeal swelling or wearer discomfort. In another preferred embodiment, the lens is worn 

for a contfnuous period of at least 14 days without subStantial comeal -swelling or wearer 

discomfort. In yet another preferred embodiment, the lens is wom for a continuous period 

· of at least 30 days without substantial corneal swelling or wearer discomfort 

VI. METHODS OF MANUFACTURE 

The ophthalmic lens may be manufactured, generally, by.thoroughly mixing the oxyperm 

and ionoperm polymerizable materials, applying an appropriate amount of the mixture to a 

lens mold cavity, and initiating polymerization. Photoinitiators. such as those commercially 

available photoinitiators disclosed above, may be added to the prepalymerization mixture to 

aid in initiating polymerization. Polymerization may be initiated by a number of well known 

techniques, which, depending on the polymerizable material, may include application of 
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radiation such as microwave, thermal, e-beam and ultraviolet. A preferred method of 

initiating polymerization is by application of ultraviolet radiation. 

It has been discovered that the ion and/Or water permeability of some of the 

aforementioned core materials may be increased by initiating and.completing polymerization 

in an atmosphere which is substantially free of oxygen. Suitable gases .which are readily 

commercially available Include, without limitation thereto, nitrogen and carbon dioxide. · 

Thus, in a preferred embodiment, the oxyperm and lonopenn polymerizable materials are 

pOlymerlzed in an atmosphere having less than about 10000 ppm oxygen. More preferably, · 

the atmosphere surrounding the polymerizable material contains less than about 1000 ppm 

oxygen. Even more preferably, the surrounding atmosphere contains less.than about 100 

ppm oxygen, while the most preferred oxygen content is less than about 20 ppm. 

In the aforementioned embodiment, the Pf'&polymer mixture must be degassed prior to 

polymerization. The degassing may be accomplished by a number of techniques known in 

the art. One technique for. degassing the prepolymer mixture involves the use of a series of . 

freezing and thawing steps which are repeated until the appropriate gas concentration level 

is achieved in the prepolymer mixture. This· freeze/thaw methocUnvolves.cooling~the 

prepolymer mixture until the mixture solidifies, applying a vacuum to the solidified . 

prepolymer mixture, discontinuing the vacuum, and thawing the prepolymer mixture untl1 the 

mixture is again in liquid form. While this degassing technique is advantageous In a 

laboratory setting, other degassing techniques known in the art may be more advantageous 

for commercial lens manufacturing processes. 

Alternatively. the atmosphere surrounding the lens mold may include oxygen, under certain 

conditions. For example, if the tens mold halves seal adequately to one another and the 

lens mold material has a low rate of oxygen permeability (e.g., polypropylene), it is possible 

to polymerize a degassed prepolymer mixture in a mold surrounded by ambient air without 

reaching prepotymer oxygen concentrations sufficiently high to substantially reduce ion or 

water permeability of the final lens .. Thus, in another preferred embodiment of double-sided 

molding, the lens is formed by the following steps: (1) the prepolymer mixture is degassed, 

(2) a lens mold half is filled with the prepolymer mixture, (3) the mold halves are sealed to 

one another, and (4) the polymerization is initiated to form the lens, where the lens mold 

halves are formed from a material having a low oxygen permeability and steps (2)-{4) may 

·occur in the presence or absence of oxygen. In this embodiment, it is preferred that the 
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lens molds are stored in an inert substantially oxygen-free atmosphere, e.g., nitrogen or 

carbon dioxide, prior to use. 

An essential feature of the manufacturing methods of 1he present innovative lenses is that a 

balance of high oxvgen permeability and. high ion. permeability Is achieved. Manufacturing 

techniques and conditions which result in lowering either the oxygen permeability or the ion 

permeability below levels sufficient to maintain good corneal health and on .. eye movement 

during periods of extended wear are unacceptable to produce the Innovative extended-wear 

contact lenses Of the present invention. 

Preferably, the manufacturing method produces a contact lens having a Dk/t of at least 70 

barrers/mm and a lonoton ton Permeability Coefficient of at least 0~2 x 10"' crn2/sec. More 

preferably, the manufacturing method produces a contact lens having a DkJt of at least 75 

barrers/mm and a lonoton Ion Permeability Coefficient of at least 0;3 x 1 o• cm2/sec. The 

manufacturing method preferably provides a contact lens having a Dk/t of at least 87 

'b&rrers/mm and a lonoton Ion Permeability Coefficient of at least 0.4 x 10-e cm2/sec. 

The previous disclosure will enable one having ordinary skill in the art to practice the 

invention. In order tO better enable the reader to understand specific embodiments and the 

advantages thereof, reterence to the following examples is suggested. However, the 

following examples should not be read to limit the scope of the invention. 

Examples A-D are arranged in accordance with the materials defined above. Thus, 

Examples A-1, A-2, etc. relate to Material •A" as defined above, Examples B-1, B-2, etc. 

relate to Material ·e· as defined above, Examples C-1, ·c;.2, etc. relate to Material •C", and 

Examples D-1, · 0-21 etc. relate to Material "D". Temperatures are stated in degrees Celsius 

unless otherwise specified. 

Examples E, F and G are directed to demonstrating a correlation between on-eye 

movement·and the lonoton Ion Permeability Coefficient, the lonoflux Ion Permeability 

Coefficient, and the Hydrodell Water Permeability Coefficient, respectively. 

EXAMPLEA-1 

A polysiloxane macromer is prepared by reacting, at room temperature (about 21°C), one 

mole equivalent (about 100 grams) of poly(dimethylsifoxane) dialkanol (Shin Etsu Chemical 

···:~. 
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Co., Tokyo, Japan) having hydroxyethyl propoxy end groups with 2 mole equivalents (about 

21.2 grams) of isophorone diisocyanate (Aldrich Chemical Co., Milwaukee, Wisconsin) in 

the presence of about 0.2 grams dibutyltin dilaurate catalyst (Pfaltz &·Bauer, Inc., 

Waterbury, Connecticut). After.about 48 hours reaction time, 2.02 mole equivalents (about 

38'. 7 grams) of poly( ethylene glycol) (•PEG•; about 610 g/mol Mn, Dow Chemical Corp., 

Midland, Ml) and about 0.17 grams of dibutyltin dilaurate (about 0.43% by weight PEG) are 

added to 80 grams of the reaction product from the prior step. Sufficient chlorOtcrm (Aldrich 

Chemical Co.) is added to the mixture to make the mixture homogeneous. This mixture ls 

stirred at room temperature for about 15 hours. Next, the mixture is stirred for about 8 

hours at a temperature of about 44 to 48°C, with the temperature held substantially 

constant by. a surrounding oil bath. The chloroform is then evaporated, In order to achieve 

a final concentration of about 50% by weight solids, by stirring the mixture at ·room 
temperature for about 8 hours. Then, about 2.14 mole equivalents (about 10.4 grams) of 

isocyanatoethyl methacrylate ("IEM•, Monomer Polymer, Inc., Feasterville, PA) is added to · 

the mixture. FinaHy, the mixture is covered with aluminum foil and stirred at room 

temperat1Jre _for about 17 hours, yielding a polysloxane-containing macromer having a 

number-average molecular weight (Mn) of about 4000 grams per mole. 

The macromeric.solution is then.polymerized, in the presence of about 0.5 weight percent 

DAROCUR® 1173 photoinitiator (Ciba-G$igy Corporation, Ardsley, NY) to form contact 

lenses. Polypropylene contact lens molds are filled with the copolymer precursor· solution. 

Ultraviolet light (about 300 to 400 nm) at about 3-s mWJcm2 is applied to the solution in the 

mold for about 3 hours at room temperature. The UV light, in conjunction with the 

photoinitiator, causes polymerization. thereby allowing the solution to form a contact lens 

having the shape of the mold. The lenses are extracted with isopropanol to remove the 

remaining chloroform solvent and any unreacted componentS. The product is a 

polysiloxane-containing polymeric contact lens. 

Prior to taking oxygen permeability measurements, the lenses are hydrated by placing the 

lenses in isotonic buffered saline solution for at least eight hours. After hydration, if 

necessary because of handling, each lens is cleaned with MlRAFLOW® Daily Cleaner 

(CIBA Vision Corporation, Duluth, Georgia) to remove grease and lipids prior to testing. 

Excess MIRAFLOW® cleaner is removed by rinsing with saline or purified water. 

Oxygen fluxes (J) are measured at 34~C in a wet cell (i.e., gas streams are maintained at 

about 100% relative humidity) using a Dk1000 instrument Oxygen transmissibility, DJt, is 
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determined as outlined in the portions of the specification relating to oxygen permeability 
and transmissibility. 

EXAMPLEA-2 

A polysiloxane macromer is first prepared substantially in accordance with the.procedure 
described in Example A-1. 

A copoiymer precursor solution Is prepared by mixing about 180 grams polysiloxane­
containing macromer, about 15 grams 3-methacryloxypropyltris (trimethylsiloxy) silane (Shin 
Etsu}, about 4 grams 2-hydroxyethyl methacrytate (8HEMA•), about one gram ethylene 
glycol dimethacrylate (1'EDGMA1

), and about one gram DAROCUR® 1173 photoinitiator at 
room temperature for about 16 hours. 

The copolymer precursor solution is then polymerized to form contact lenses. 
Polypropylene contact lens molds are filled with the copolymer precursor solution. 
Ultraviolet light (about 300 to 400 nm) at about 3-6 mWJcm2 is applied to the solution in the 
mold for about 3 hours at room temperature. The UV light causes polymerization. thereby 
allowing the solution to form a contact lens having the shape· of the mold~ The lenses are 
extracted with isopropanol to remove remaining chloroform solvent and any unreacted 
components. A preferred resulting polymer contains about 81.8 weight percent 
polyslloxane macromer, about 13.6% TRIS, about 3.6" 2-hydroxyethyl methacrY!ate, and 
about 0.9% EDGMA. 

The contact lens is degassed by placing the lens under suitable vacuum for a ·period 
sufficient to remove substantially all ga8 from the lens matrix. Fully hydrated degassed 
contact lenses having this composition have a Dk of about 87 barrars, a water content of 
about 19 weight percent, and a modulus of elasticity of about 2.5 MPa. 

EXAMPLEA-3 

A contact lens is prepared substantially in accordance with the procedure described in 
Example A-2, but having the final composition of about 19.5 weight percent polysiloxane 
macromer, about 47% TRIS, and about 33.5% N,N-dimethylacrylamide. Fully hydrated 
contact lenses having this composition have a Dk of about 49 barrers, a water content of 
about 30 weight percent, and a modulus of elasticity of about 2.4 MPa. 
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EXAMPLEA-4 

A contact lens is prepared substantially In accordance with the procedure described in 

Example A-2, but having the final composition of about 30 weight percent polysiloxane 

. macromer, about 50% TRIS, and about 20% N,N-dimethylacryfamide. Fully hydrated 

contact lenses having this composition have a Dk of abOut 76 barrers. a water content of 

about 20 weight percent, and a modulus of eJastlclty of about 1.3 .MPa. 

·EXAMPLE A-5 

A contact lens is prepared subStantially in accordance with the procedure deserlbed in 

Example A-2, but having the final composition of about 30 weight percent polysiloxane 

macromer, about 40% TRIS. and about 30% N,N-dimethylacrylamide. Fully hydrated 

contact lenses having this composition have a Dk of about 55 barrers, a water content of 

about 30 weight percent, and a modulus of elasticity of about 3.5 MPa. 

EXAMPLE.A-6 

A contact lens is prepared substantially in accordance with the procedure described in 

· Example A-2, but having the final composition of about 30 weight percent polysiloxane 

macromer, about 60% TRIS, and about 10% N,N-dimethylacrylamlde. Fully hydrated 

contact lenses having this composition have a Dk of about 11 o barrers, a water content of 

about 8. 7 weight percent, and a modulus of elasticity of about 2.6 MPa. 

EXAMPLEA-7 

A contact lens is pr:epared substantially in accordance with the procedure described in 

Example A-2, but having the final composition of about 30 weight percent polysiloxane 

rnacromer and about 70% TRIS. ·Fully hydrated contact lenses having this composition 

have a Ok of about 128 barrers and a water content of about 4.9 weight percent. 

EXAMPLEA-8 

l ... 
A contact lens is prepared substantially in accordance with the procedure described in 
Example A-2. but having the fmal composition of about 30 weight percent polysiloxane 
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macromer, about 45% TRIS, 5% fluoroacrylate, and about 20% N,N-dimethylacrylamide. 
Fully hydrated contact lenses having this composition have a Dk of about 69 barrers, a 
water content of about 20 weight percent, and a modulus of elasticity of about 1.4 MPa. 

EXAMPLEA-9 

A contact lens is prepared substantially in accordance with the procedure described. in 
Example A-2, but having the final composition of about 82 weight percent polysiloxane 
macromer, about 14.4% TRIS, and about 3.7% 2-hydroxyethyl methac~ate. Fully hydrated 
contact lenses having this composition have a Dk of about 96 barrers, a water content of 
about 19 weight percent, and a modulus of elasticity of about 1.8 MPa. 

EXAMPLE A-10 

A polysiloxane macromer is prepared substantially in accordance with ·the procedures 
described in· ExamJ>le A-1, but the polyethylene glycol has a molecular weight of about 660. 

·A contact lens is prepared substantially in accordance with the procedure described in 
Example 2, but having the final composition of about 81.9 weight percent polysiloxane 
macromer, about 13.6% TRIS, about 3.7% 2-hydroxyethyl methacrylate, and about 0.8" 
ethylene glycol dimethacrylate. Fully hydrated contact lenses having this composition have 
a Dk of about 81 barrers, a water content of about 20 weight percent, and a modulus of 
elasticity of about 1.4 MPa. 

EXAMPLE A-11 

A contact lens is prepared substantially in accordance with the procedure described in 
Example A-2, but having the final composition of about 82 weight percent polysiloxane 
macromer, about 8.8% TRIS, about 4.9% fluoroacrytate, about 3.5% 2-hydroxyethyl 
methacrylate, and about 1% EDGMA Fully hydrated contact lenses having.this .. 
composition have a Dk of about n barrers, a water content of about 22 weight percent, and 

a modulus of elasticity of about 1.3 MPa. 

... 
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EXAMPLE A-12 

A contact lens is prepared substantially in accordance with the procedure described in 

Example·A-1, but the·polysUoxane.macromer used has hydroxy-sec-butyl end groups as 

opposecUo hydroxyethylpropoxy end groups. The fully hydrated contact lens, after 

degassing, has a Dk of about 70 barrers, about a 22 weight percent water content, and a 

modulus of elasticity of about 2.4 Mpa. 

EXAMPLE B-1: Macromer synthesis 

51.5 g (50 mmol) of the perfluoropolyether Fomblin® ZDOL (from Ausimont S.p.A, Milan) 

having a mean molecular weight of 1030 g/mol and containing 1.96meq/g of hydroxyl 

groups according to end-group titration is introduced into a three-neck flask together with 50 

mg of dibutyltln dilaurate. The flask contents are evacuated to about 20 mbar with stirring 

.· ·and subsequently decompressed with argon. This operation is ~ated twice~ 22.2g 

(0.1 mol) of freshly distilled isophorone dlisocyanate kept under argon. are subs&quently 

added in a counteratream of argon. The temperature in the flask is kept.below 30°C by 

· · cooling with a waterbath. After stirring.overnight at room temperature, the rea~on. is 

complete~. Isocyanate tltration·gives an; NCO content of 1.40 meq/g (theory: 1.35 meq/g). 

202 g of the a,c.o-hydroxypropyl-terminated polyclimethylsiloxane KF-6001 from Shin-Etsu 

having a mean molecular weight of 2000g/mol (1.00meq/g of hydroxyl groups according to 

titration) are introduced into a flask. The flask contents are evacuated to approx. 0.1 mbar 

and decompressed with argon. This operation is repeated twice. The degassed siloxane is 

dissolved in 202ml of freshly distilled toluene kept under argon, and 1 OOmg of dibutyltin 

dilaurate (DBTDL) are added: After complete homogenization of the solution, all the 

· perfluoropolyether reacted with isophorone diisocyanate (IPDI) is added under argon. After 

stirring ovemight at room temperature, the reaction is complete; The solvent is stripped off 

under a high vacuum at room temperature. Microtitration shows 0.36meq/g of hydroxyl 

groups (theory 0.37meq/g). 

13. 78 g (88.9 mmol) of 2-isocyanatoethyl methacrylate (IEM) are added under argon to 

247g of the a,ro-hydroxypropyl-terminated polysitoxane-perfluoropolyether-polysiloxane 

three-block copolymer (a three-block copolymer on stoichiometric average, but other block 

lengths are also present). The mixture is stirred at room temperature for three days. 
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Microtitration then no longer shoWs any isocyanate groups (detection limit 0.01meq/g). 

0.34meq/g of methacryl groups are found (theory 0.34meqlg). 

The macromer prepared In this way is completely ·colourless and clear. It can be stored in .. :;~i\ 

air at room temperature for several months in the absence of light without ·any change in .~~~~ 
molecular weight. 

EXAMPLE B-2: Macromer synthesis 

The first step of the macromer synthesis described under Example B-1 is repeated. An 

Isocyanate titration of the perfluoropolyether reacted with IPDI gives a content of 1.33meqfg 
of NcO. (the0ry 1.35meq/g) •. 

In a second step, 87.1 g of the a,0>-hydroxypropyl-terminated polydlmethytslloxane 

TegomerH-Si2111 (Th. Goldschmidt AG, Essen) having a mean motecular weight of 
890g/mol (2.25meq/g of hydroxyl groups according to titfation) are dissolved in 87ml o1 

toluene. After the reaction has been carried out as indicated under B-1 and the solvent has · 

been removed, a hydroxyl group content of 0.86meqtg·1s determined by microtitration 

(theory 0.60meq/g). The resultant intermediate is in tum reacted with a stoichiometric 

amount of isocyanatoethyt methaCTylate. Microtitration then no longer shows any isocyanate 

groups (detection limit 0.01 meq/g). 0.56meq/g of methacryl groups are found (theory 

0.53meq/g). The rmicromer prepared in this way Is completely colourless and dear and has 

a long shelf life. 

EXAMPLE B-3: Macromer synthesis 

The first step of the macromer synthesis described under Example B-1 is repeated, but 

using a different perfluoropolyether: Fomblin® ZDOLTX (from Ausimont S.pA, · 
Milan). This material is terminated by O-CFrCH2'"(0CH:zCH2)n-OH (where n = o, 1or2). The 

material used has a mean molecular weight of 1146g/mol, and contains 1.72meq/g of 

hydroxyl groups according to end-group analysis. An isocyanate titration cf the 

perfluoropolyether reacted with IPOI shows a content of 1.23meq/g of NCO (theory 

1.25meq/g). 

In the second step, a stoichiometric amount of Tegomer Hi-Si2111 and toluene are again 

added. After the reaction has been carried out as indicated under Example B-1 and the 
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solvent has been removed, a hydroxyl group content of 0.63meq/g is detennined by 

microtitration (theory 0.58meq/g). The resultant intermediate is in turn reacted with a 

stoichiometric amount of isocyanatoethyl · methacrylate. Mlcrotltration then no longer shows 

· any isocyanate groups (detection limit 0.01 rneq/g). 0.55meq/g of methacryl groups are 

~und .(theory ·0.51 meq/g). The macromer prepared. in this .way is completely colourless and 

clear and has a long shelf life. 

EXAMPLE B-4: Macromer synthesis 

The first step of the macromer synthesis described under Example B-1 is repeated, but 

s.o g of Fomblin/ZOOL and 2.18 g of IPOI are employed. When the reaction is complete, 

mlcrotttration shows an isocyanate group content of 1.31 meq/g of hydroxyl groups (theory 

1.36 meq/g). 

The second step. of the synthesis described under Example B-1 is likewise carried out 

analogously. the stoichiometric ratio betw"n isocyanate-terminated perfluoropolyether and 

hydroxypropyl-tenninated poJysiloxane being 2:3. After the reaction has been completed 

and the solvent has been removed; microtitration shows a content of 0.2meq/g of hydroxyl 

groups· (theory 0.18meq/g). · 

The third step of the synthesis described under Example B· 1 is likewise carried out 

analogously. IEM being employed in a precisely stoichiometric ratio. After the reaction, free 

isocyanate groups can no longer be detected (detection limit 0.01 meq/g). 0.19meq/g of 

methacryl groups are found (theory 0.19meq/g). 

EXAMPLE· B-5: Production of contact lenses 

13.0 g of macromer from Example B-1 are dissolved in 5.6 g of ethanol (Fluka, puriss. p.a.) 

(70% by weight solution). After complete homogenization of the solution, 5.2 g of 3-

tris(trimethylsiloxy)silylpropyl methacrylate (TRIS from Shin-Etsu, product No. KF-2801), 7.8 

g of freshly distilled dimethylacrylamide (OMA) and 160 mg of photoinitiator Darocur® 1173 

(Ciba)·are added. This solution is filtered through a Teflon membrane having a pore width of 

0.45 mm under an argon pressure of from 1 to 2 atm. The filtered solution is frozen in a 

flask in liquid nitrogen, the flask is evacuated under a high vacuum, and the solution is 

returned to room temperature with the flask sealed. This degassing operation is repeated 

twice. The flask containing the macromer/comonomer solution is then transferred into a 
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glove box with an inert-gas atmosphere~ ·where the· sC>ILitiori is pipetted ·into dust-tree 

contact-lens moulds made from Polypropylene. The moulds are closed, and the 

polymerization reaction is effected by UV irradiation (15mWtcm2, 5 min.), with simultaneous 

crosslinking. The moulds are then opened and ptac8d in ethanol; ·causing the resultant 

lenses to swell out of the moulds. The lenses· are extracted for 24 hours with constantly 

replenished distilled dichloromethane and subsequently dried in a high vacuum. The dried 

lenses are equilibrated in phosphate-buffered physiological saline solution in autoclave­

resistant vials and then autc>claved at 120°C for 30 mihutes. All physical data 

measurements are carried out on autoclaved lenses. 

The lenses produced· in this way are characterized by. the fOIJOWing values: 0xygen per· 

meability (Ok) 77 barrer (determined by the "wet" method described below), water content of 

the equilibrated lenses 32 percent by weight, elongation at break at 35°C 360%, modulus of 

elasticity 30°C 0.5MPa (measured using a Minimat from Polymer Laboratories, UK). 

"Wef' measurement of the oxygen plrrneablltty: 
The oxygen permeabUity of a material Is determined by the coulometric method. To this 

end, pre-autoclaved lenses are clamped in a·holder and then covered on the upper side 

with a 2 cm layer of water. A gas mixture comprising 21 % of oxygen and 79% of nitrogen is 

passed continuously through the water layer with swirling. The oxygen which diffuses 

through the tens is measured using a couloi'netrid detector • .The· reference values are those 
measured on commercially aVailable contact lenles using this methOd. Qbasott• (CIBA­

Vision, HEMA lens) gives a measurement of approx. 7-10 barrer, and Excelens• (CIBA­

Vision. PVA lens) gives a measurem·ent of approx. 22barrer. 

Unfortunately, the oxygen permeabillty of,.for example, aontact lenses is frequently given in 

the literature as a straight Dk value without further definition and frequently without giving 

any reference material. These are usually values determined on dry material (dry 

measurement). A comparative measurement of the oxygen permeability of polymer B-5 

shows· the differences: 

a) •wet" measurement: 77 barrer, but b) dry measurement: · 158 barrer 

EXAMPLE 8-6 

The process described under Example B-5 for the· production of contact lenses is repeated, 

but the mixture of comonomers has the following composition (in per cent by weight): 
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55 % of macromer from l:xample B-1 

22 % of TRIS 

22.5%ofOMA 

0.5 % of Biemer® QA 

EXAMPLE B-7 

PCTIEPM/01265 

The process described under Example B-5 for the production of contact lenses is repeated, 

but the mixture of cornonomers has the following composition Qn percent by weight): 

55 % of macromer from Example B-1 

22%ofTRIS 

23%of0MA 

EXAMPLE B-8 

Analogously to EXAMPLE B-5 (in weight percent): 

40 % of macromer from Example B-1 

30% of TRIS 

30%ofDMA 

EXAMPLE B-9 

. The process described under B-5 for the production of contact lenses is repeated, but a 

70% by weight solution of the.macromer in toluene is used instead of the 75% by weight 

solution in ethanol described above. The mixture of comonomers has the following 

composition (in percent by weight): 

55 % of macromer from Example B-1 

22%ofTRIS 

23%ofDMA 

· EXAMPLE 8-10 

The process described under B-5 for the production of contact lenses is repeated, but a 

70% by weight solution of the macromer in octamethylcyclotetrasiloxane is used instead of 

the 75% by weight solution in ethanol described above. The mixture of comonomers has 

the iollowing composition (in percent by weight): 
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55 % of macromer from Example ·e-1 
22% of TRIS 

23%ofDMA 

PCTIEPH/01265 

Physical measurement data for the contact lens materials from Examples B-5.to B-1 o (02 

Dk value, wet method) are presented in TABLE 8-1: 

TABLE B-1 . 

Example Water Content Ok Modulus of Elongation at 

[%] [barrer] Elasticity Break 
rMPal 1%1 

B-5 32 77 0.5 360 

8-6 23.S 110 1.1 160 

B-7 19.5 110 0.6 130 

B-8 30.9 81 0;3 .. 300 

B-9 30 

B-10 25 

EXAMPLE B-11 

About 10.0 grams of macromer from Example B-1 are dissolved in 3.3 grams of ethanol 

(Fluka, purlss. p.a.). After complete homogenization of the solution, about 4.0 grams of 3-

tris(trimethylslloxy)silylpropyl methacrytate {TRIS, from Shin-Etsu, product no~ KF-2801 ), 

about 5.9 g. freshly distilled dimethylacrylamide (DMA), about 0.1 g. Biemer® QA (a 

methacrylate having quaternary ammonium substituents, Unz Chemie) and about 100 mg 

of photoinltiator Darocur® 1173 (Ciba) are added. The solution is filtered through a 

TEFLON membrane having a pore width of 0.45 mm under an argon pressure of from about 

1to2atm. 

The filtered solution is frozen in a flask in liquid nitrogen, the flask is evacuated under a high 

vacuum, and the solution is retumed to room temperature with the flask sealed. This 

degassing operation is repeated twice. The flask containirig the macromer/comonomer 

solution is then transferred into a glove box with an inert gas atmosphere, where the 

solution is pipetted into dust-free, polypropylene contact lens molds. ·· The molds are closed, 

and the polymerization reaction is effected by UV irradiation; with simultaneous crosslinking. 

:!$. 
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The molds are then opened and placed in isopropyl alcohol, causing the resultant lenses to 

swell out of the molds. The lenses are extracted for about 24 hours with nearly continuous 

replenishing of isopropyl alcohol. Subsequently, the lenses are dried under high vacuum. 

The. dried contact tenses are equilibrated in autoclave-resistant vials in pht>sphate-buffered 

physiological saline solution, and then autoclaved for 30 minutes at about 120°c. Physical 

measurement data for the autoclaved lens is presented below: 

Dk [barrer]: 

water content [%]: 

modulus of elasticity [Mpa]: 

93 

20.3% 

0.96 

EXAMPLE B-12 

Lenses are prepared in accordance with the procedures described iniexample B-11, but are 

subsequent surface treated as follows. The dried lenses are transferred into a plasma 

coating apparatus wherein they are surface treated In a methanef'air" mixture .rair", as used 

here, denotes 79% nitrogen and21% oxygen) for a period of about 5 minutes. ·The 

apparatus. and plasma treatment process.have been disclosed by H. Yasuda in •Plasma 

Polymerization", Academic Press, Orlando, Florida (1985), pages 319 forward. 

The plasma-treated contact lenses are equilibrated in autocl8Ve-resistant vials in 

phosphate-buffered physiological saline solution, and then autoclaved for 30 minutes at 
about 120°c. Physical measurement data for the plasma-coated autoclaved lens is 

presented below: 

Dk (ba"er}: 88 

water content [%): 

modulus of elasticity (Mpa]: 

21.8% 

1.03 

EXAMPLE B-13 

.Lenses are prepared in accordance with the procedures described in Example ~5. but the 

mixture of comonomers has the following composition, in weight percentages: 

Macromer of Example B-1: 60% 

.TRIS: 25% 

OMA: 15% 
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EXAMPLE 8-14 

Lenses are prepared in accordance with the procedures described in Example B-6, with the 
same comonomer composition •. but the comonomers are dispensed into dust-free c:Ontact 
lens molds in ambient air atmosphere. 

· EXAMPLE C-1 

Reaction of a,m-bis-aminopropyl-dimethylpolysiloxane with O(+)gluconic acid d-lactone: 

Before the reaction, the amino-functionalized polydimethylsiloxane employed for the 
synthesis (X-22-161-C, Shin Etsu, JP) was finely dispersed in acetonitrile, extracted and 
then subjected to molecular distillation. 

The following ~ons take place with exclusion of ~O. 200 g of purified ainino­
functionalized polydimethylsiloxane (0.375meq of NHJg; Ml1(VPO) 3400-3900 (VPO: 
Vapour Pressure Osrnometry)), dissolvecJ in 200 ml ot' absOli.lte THF, are slowly added 
dropwise to a suspension of 13.35 g. (75 mmol) of O(+ )gluconlc acid d·lactone· in 50 ml of 

absolute THF and the mixture is stirred at 40°C for about 24 hours until the lactone has 

reacted completely. (Monitoring of the reaction by thin layer chromatography (TLC): silica 
gel: i-propanol/HaO/ethyl acetate 8:3:1: staining with Ce(IV) sulfate/phosphoromotybdic acid 
solution (CPS reagent)). After the reaction, the reaction Solution is concentrated to dryness 
and the residue is dried under 3 Pa (0.03 mbar) ·for 48 hours. 213.3 g of a,o>-bis(3-

gluconamidopropyl)-poly-dlmethylsiloxane are obtained. Titration of the amino groups with 
perchloric acid shows a con\tersion of the amino groups of more than 99.8%. 

Reaction of a.to-bis-3-aluconamidocropy!-dimethyloolvsiloxane with IEM : 

The product obtained above (213.3 g) is dissolved in 800 mr of absolute THF and the 
solution is heated to 40°C with the addition of catalytic amounts of dibutyltin dilaurate 
(DBTOL). 14 g (90 mmol) of IEM in 20 ml of absolute THF are added dropwise to this 
solution over a period of about 4 hours. This corresponds to a concentration of 1.2 
equivalents of IEM per gluconamide unit. The reaction is carried out in the course of 48 
hours (monitoring of the reaction by IA spectroscopy detection of the NCO ties). The 
reaction solution is concentrated and the product is dried in a brown glass flask under 3 Pa 

··•,:. 
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(0.03mbar) for 24 hours. while cooling with ice. 227.2 g of a colourless rubber-elastic 

product of high optical transparency remain. 

EXAMPLE C-2 to C-7 

Further amino propyl-dimethylpolysiloxanes (PDMS) are reacted with .a different ·amount of 

gluconolactone and concentrations of IEM analogously to Example C-1. The examples are 

summarized in Table C-1 

TABLE C-1 

PoMdimethvtsitoxane) rPDMSl Amount of batch 

Example Name. .Type Mn NH2* PDMS Glu IEM 

g(mmol g (mmol) g {mmol) 

of NH.) 

C-1 ·X-22•161-C term. 3400 2 200 13.4- 14.0 

C75) (75) (90.0) 

C-2 X-22-161-C term. 3400 2 200 13.4 25.7. 

(74) (75) (165.0) 

C-3 X-22-161-C term. 3400 2 200 13.4- 29.2 

(75) (75) {187.5} 

"C-4 PSB13 · nen. 1200: 1 

C-5 GP'4 oen.· 3150:. 2.6 
C-6 GP6 oen. 5960 3 

C-7 KF8003- pe~. 9700 4.7 200 17.5 18.2 

(98) (98) (117.4) 

Legend: 

X-22-161-C and KF 8003 are products from Shin Etsu {Japan), PS813 is a product from 

Petrarch-H ls, GP4 and GP6 are products from Genesee. 

*Amino groups per inacromer chain 

Glu:D(+) gluconic acid d-lactone 

term: terminal 

pen: J)endent 

! 
I 
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EXAMPLE C-B 

The reaction is carried out in accordance with Example C-1, but instead of D(+)gluconic :;-:~. 

acid d-lactone, 75 mmol of lactobionic acid 1,5-lactone, suspended in 50 ml of absolute .. ;~ 

THF, are added dropwise to a solution of amino-functionalized polydimethylsiloxane (X-22- ·<;Jk 

161-C) in 180 ml of absolute THF and 20 ml of DMSO (pure, 99%). Trtration of the amino 

groups with perchloric acid indicates a reaction conversion of 99% (<0.01 meq of NHJg). 

Here also, a colourless optically clear macromer is obtained. 

EXAMPLE C-9 and C-10 

The reaction8 are carried out analogously to Example C-1. However, the catalyst 

necessary for addition of the isocyanate onto the hydroxyl groups is varied. Instead of 

OBTDL. catalytic amounts of 1,4-diazabicyclo(2.2.2)octane (DABCO) or 4-dimethylamino­

pyridine (DMAP) are added and the reaction Is continued as described under Example '0-1. 

In both cases, an optically clear, colourless rubber-elastic macromer results in a manner 

corresponding to Example C-1. {~~; 

EXAMPLE C-11 

The reaction is carried out analogously to Example C-1. In a manner corresponding to 

Example C-8, 0.1 mol of lactobionic acid 1,5-lactone is suspended in 50 ml of absolute THF 

and the suspension is added dropwise to a.solution of arnino-funotionatized 

polydimethylsiloxane (KF-8003) in 180 ml of absolute THF and 20.ml of DMSO (pure, 99%). 

The reaction time is increased to about 48 hours. A residual content of 0.07meq of NHJg 

can be detected. and is reacted completely by addition of the corresponding molar amount 

of D(+)gluconic acid d-lactone to the reaction solution. The colourless highly transparent 

product has a residual content of amino groups of <D.01 meq/g. 

EXAMPLE C-12 

52.09 g (9.78 mmol) of purified amino-functionalized polydimethylsiloxane (X-22-161-C, 

Shin Etsu JP), dissolved in 110 ml of absolute THF, are initially introduced into the reaction 

vessel under an inert gas abnosphere, and 1.14 g (6.52 mmol) of D-glucaro-1,4:6,3-

dilactone, dissolved in 20 mt of absolute THF, are added. The reaction solution is stirred at 

room temperature for 15 hours and then worked up in a manner corresponding to Example 

;th. 

·:... 
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C-1. The amine content is 0.134meq/g. The terminal· amino groups of the resulting penta­

block macromer are reacted with gluconolactone in the fotlowing reaction step. 41.84 g 

(5.146 meq of NH2) of the above macromer and 0.917 g (5.15 mmoO of O(+)gluconic acid d­

tactone are suspended In 300 ml of absolute. THF and the suspension is stitted under 

nitrogen at 4C>°Cfor 18 hours. The filtered solution is then concentrated and the.residue is 

dried under 3 Pa (0.03 mbar) for 48 hours. A highly viscous optically clear substance having 

a residual content of amino groups of 0.013 meq/g results. 

EXAMPLE C-13 

Prgrat!on of an amino- and perf!uoroalkyt-functionalized oolydimetbylsiloxane:. 

3.0 ml of absolute toluene.are added to 15 g of poly(dimethylsiloxane-co-methylhydro­

siloxane). (Bayer Silopren U-230; 10,000 g/rnol; 2.3 mmol of Si-H/g), and 1. 72.g (9.2 mmol) 

of allylphthalimide [CAS Reg~ No. 5428-09-1] are then added. The mixture is frozen several 

times and the flask evacuated and then brought to room temperature again. The flask is 

then let down with argon. 0.7 ml of a 0.005 molar solution of Lamoreaux catalyst (prepared 

in accordance with US 3,220,972, General Electric) in absolute toluene (100 ppm of Pt/mol 

of Si-H). is added and .the mixture-ls heated to 80°C. After a reaction time of half an. hour, a 

colourtess,.clearto'.Slightly ctoudy'.SOlution~ the 1H-NMR spectrum of which no longer shows 

resonances of allyllc hydrogen atoms, is obtained. 

Thereafter, 6.2 g (15.3 mmol) of degassed allyl 1H,1H,2H,2H-perftuorooctyl ether are slowly 

added and the miXture is stirred at 80°0 for 2 hours. A 'H-NMR spectrum now shows a 

severely weakened resonance of the Si·H function at 4.6 ppm and an intense resonance at 

0.5 ppm, which originates from Si..CHa hydrogen atoms. 

3.0 ml of 1-hexene are then added in order to react the remaining excess of Si-H groups, 

which could otherwise cause crosslinking of the polymer when air later has access. The 

mixture Is further stirred at 80°C for another half an hour. The reaction mixture is then left 

to stand overnight. The product is purified over a silica gel column with hexane/ethyl acetate 

(3:2), the solvent is stripped off and the macromer is dried under a high vacuum. A 

colourless, clear, viscous product is obtained. The macromer purified in this way is taken up 

in 20 ml of hexane, 20 ml of methylamine [33% in ethanol] are added and the mixture is 

heated to 40°0. After 10· 15 minutes, a white voluminous precipitate separates out. After 30 

minutes, the suspension is cooled and filtered and the precipitate is washed with a little 
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hexane. The filtrate is evaporated and the residue is then dried under a hlgh :vacuum. 

Thereafter,_ the content of amino groups is determined bytitrimetry (perchloric acid). 

The resulting_ macromer is clear and viscous. The amino group content is 78~8% of theory. 

The total yield of macromer after the chromatographic purification is 75%~ 

Preoaration of a gluconamide: ~ 

17.3 g (corresponding to an amine content of 5.4 meq) of this aminoalkyl-substituted 

product are dissolved in 20 ml o1 dried THF. The solution is repeatedly frozen, degassed 

and let down with argon. All the following operations are carried out in an argon 

atmosphere. 712 mg of D(+)-gluconic acid d-lactone (4 mmol) are then added. Because of 

the low solubility of the lactone, a suspension is initially obtained. After stirring overnight at 
50°C, the solution is clear and the lactone has be9n used completely. The stoichiometric 

remaining amount of D(+)-gluconic acid d.;.lactone (280 mg, 1.46 mmol) is-then added and 

the mixture is stirred again at SOOC overnight. A trace of unreacted tactone is obsenled. 

Completion of the ~n is monitored ·by means of thin layer chr0matography on· silica gel 

plates with the mobile phase 1-propanol/ethyt acetate/water (6:1 :3). The siliCa gel plates are ··+' 

developed by means of Ce(l\i) suffate/phosphoromolybdic acid solution. Subsequent 

titration on amino groups yields a residual amino content of < 0.1 %. ·After filtration and 

removal of the solvent by distillation, a highly viscous clear macromer with 0.295 

mequivalent of gluconamide per gram of macromer is obtained. 

EXAMPLE C-14 

Before the potymerization, the acrylates employed, lsobutyl acrylate (IBA), N,N­

dimethylacrylamide (OMA) and 3-methacryloyloxypropyl-tris(trimethy1silyloxy)silane (TRIS) 

are each freed from inhibitors by distillation. 0.32 g (2.76 mmol) of IBA, 0.80 g (8.1 mmol) of 

OMA and 1.44 g (3.4 mmol) of TRIS are weighed into a 50ml round-bottomed flask and the 

flask is flushed with N2 for half an hour, while cooling with ice. 1.44 g of macromer from 

Example C-1 are transferred to a round-bottomed flask with a nitrogen attachment, 

degassed under 3 Pa (0.03 mbar) for 24 hours and then dissolved in 2.7 g of ethanol which 

has been flushed with N2 for half an hour beforehand. The subsequent preparation of 

samples and the polymerization are carried out inside a glove box with exclusion of oxygen. 

The above monomer mixture and the macromer solution from ·example C"' 1 are mixed, With 

the addition of 0.012 g (0.21 mmol) of Oarocur® 1173 and the mixture is subjected to 
microfiltration (0.45 mm filter). 180 µI of this mixture are introduced into a polypropylene 
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mould, which Is then closed with an appropriate lid of polypropylene. The mixture is then 

irradiated with a lN-A mercury high pressure lamp in a nitrogen atmosphere in a UV oven 

equipped for this for 5 minutes. The lamps (5 each of the brand TLK40W/10R, Philips) are 

above and below the holder inserted. The irradiation intensity is 14.5 mW/cm2
• 

The polypropylene mould is opened and the finished discs or lenses are removed by 

soaking by means of a solvent mixture of methylene chloride and ethanol (2:3). The lenses 

and discs are extracted in ethanol ~ ro~m temptH"ature in special polypropylene cages for 

48 hours and then dried at 40°C under 1 OPa (0.1 mbar) for 24 hours (autoclaving at 120°C, 

30 minutes). The discs show an E modulus of 1.1 MPa, a permeability to oxygen of 183 

barrier and a hardness (Shore A) of 53. 

EXAMPLE C-15 to C-19 

Further polymers are prepared in a manner corresponding to Example0-14 .(composition in 

percentages by wei.ght). Table C-11 shows examples C-15 to C-19 and t~ properties of the 

resulting materials measured on dilf;S. 

Example Water Macromer Macromer OMA TRIS· ·E Ok 

·Content from weight weight weight modulus [barrer] 

1'%1 Examole .Percent cercent oercent fMDa} 

C-15 not c..s 32.8 30* 37.2 - -
tested 

C-16 19.9 c~ 32.9 34.3 32.7 0.7 84 

c-11· 25.1 C-3 39.3 34.3 38.4 0.9 72 

.C-18' 17.6 C-3 35.7 34.3 30.0 0.7 100 

C-19 23.4 C-3 33.3 33.3 33.4 0.7 96 

Legend: 

OMA: N,N-Dimethylacrylamide 

TRIS: 3-Methacryloyloxypropyl-tris(trimethylsilyloxy)silane 

*: instead ofOMA, in this example DMeA (2-Dimethylaminoethyl acrylate) was used 
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EXAMPLE C-20: Uncoated contact lens 

A contact lens is prepared in a manner corresponding to Example C-14, using the Example 
C-3 macromer, with the following composition in percentages by weight. 

Macro mer: 

OMA: 
TRIS:. 

33.3. 

33.3, 

33.4. 

The lens has a Dk of about ~.and a water content of about 20.0 weight percent.: The 
results are presented in TABLE C-111 for comparision with coated lens proi:>erties. 

EXAMPLE C-21: Plasma-treated contact lens 

Dried lenses prepared in accordance with the procedures described in Example C-20 are 
transferred into a plasma coating apparatus where the lenses are surface treated in a 
methanef'air" mixture ("air", as used here, denotes 79% nitrogen and 21 % oxygen). The 
apparatus and plas~a treatment process have been disclosed by H. Yasuda in ·Plasma 
Polymerization•. Academic Press. Orlando, Florida (1985), pages 319 forward. 

The dried plasma-treated contact lenses are equilibrated in autoclave-resistant vials in 
phosphate-buffered physiological saline solution, and then autoclaved for 30 minutes at 
about 120°C. The plasma-treated autoclaved lens has a Dk [barrer} of 90 and a water 
content of 21.5%. The results are presented In TABLE C-111 for comparision with coated 
lens properties. 

TABLE C-111 

Exam e Surface e Dk er Water content 

C-20 untreated 94 20.0 

C-21 lasrna-treated 90 21.5 

EXAMPLE C-22 

The synthesis of this polymer corresponds tO Example c;,:14 with the following comonomer 
composition: EDmple e-3 macromer/TRIS/DMA: 32.8%/32.6%/34.2% On percentages by 
weight) and an addition of 0.4% by weight of trimethylammonium-2-hydroxypropyl 
methacrylate hydrochloride (Biemer® QA, Nippon Oil Corp.). The polymer has a modulus of 
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0.9MPa and a permeability to oxygen of 82 barrer. The water content is 25.1 % (after 30 

minutes' autoclaving at 120°C). For comparison, Example C-16 has a water content of 20% 

with a very similar comonomer composition (no addition of Biemer® QA). 

EXAMPLE C-23 

The polymer is prepared analogously to Example C-14. but the polymerization is carried out 

in bulk, which means without addition of ethanol. The composition of the comonomers and 

the material properties of the polymer synthesized, measured on discs is given below. 

Example C-7 macromer: 41%. 

IBA: 23%, 

1-vinyt-2-pyrrolidone (NVP): 24%, 

acrylonitrile (AN): 12%. 

The disc hardness (shore A) is 68. 

EXAMPLE C-24 

The polymerization is carried out in accordance with Example C-14 but with the following 

changed comonomer composition: 
macromer of Example C-7/lBA/TRIS 20%/19%/60% and 1 % (in percentages by Weight) of 
bis(3-methacryloylo>eypropyl)tetra methyldlsiloxane. An optically clear polymer with an E 

modulus of 0.4MPa, a ~aabllity to oxygen of 241 barrer and a hardness (Shore A) of 42 

is obtained. 

EXAMPLES C-25 through C-27 

Contact lenses are prepared in accordance with the procedure described in Example C-14. 

Tue compositions in weight percentages are as follows: 

Example Macromer Macrorner IBAweight OMA TRIS HFBA 
weight percent weight weight weight 

percent percent· percent percent 

C-25: C-3 ,,36.0' 8.0 20.0 3s.o·;. -
C-26 C-2 35.0:. 5.0 20.0 .35.0 5.0 

C-27 ·c..s 32.8 - 30.0 37.2 -
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. TRIS Is 3-methacryloyloxypropyl-tris(bimethylsiloxy) silane, 

HFBA Is 2,2,3,4,4,4-hexafluorobutyl acrylate. 

EXAMPLE C-28 

The polymerization is carried out in accordance with EXample C-14 but with the following 

changed comonomer composition: macromer of Example C-1/DMAITRIS 33.3%/ 33.3% I 
33.3%. An optically clear polymer is obtained. 

EXAMPLE D-1: Macromer Synthesis 

In a dry box under nitrOgen atmosphere, about 200 grams of dry PDMS dipropoxyethanol 

(Shin-Etsu) is added to a container. lsocyanatoethyl methacrylate (IEM) ln an amount equal 

to about 2 moles per mole PDMS dialkanol is added to the container. About 0.1 weight 

percent dibutyltin dilaurate (OBTL) catalyst, based on PDMS dialkanol weight. is added to 

the container along with a stir bar. The container is immersed in an oil bath atop a stir plate, 

and secured in pl&ce with a clamp. A stream of UPC air at.about 2 psig is passed over the 

mixture. The mixture Is agitated at room temperature (about 22°C) for about 24 hours. An 

iterative procedure follows in which the mixture is analyzed for isocyanate content and IEM 

is added if the PDMS dialkoxyalkanol has not been completely reacted. The mixture is 

stirred about 24 hours more. The macromer produced is a siloxane-contalning macromer. 

EXAMPLE 0-2: Lens fabrication 

A prepolymerization mixture is prepared by mixing about 56 grams of the macromer from 

Example 0-1. about 14 grams of TRIS, about 29 grams N,N-dirnethylacrylamide (OMA), 

about 1 gram methacrylic acid, about 0.5 grams Oarocur® 1173 photoinitiator, and about 20 

grams hexanol. The mixture is agitated for about 20 minutes at room temperature. Next. the 

mixture is degassed via a series of freezing and thawing steps. The container is placed in a 

liquid nitrogen bath until the mixture solidifies. A vacuum is applied to the container at a 

pressure of about 200 millitorr or less for about 5 minutes. Then, the container is placed in 

a bath of room temperature water until the mixture is liquid again. This process is 

performed a total of three times. The mixture is then polymerized to form contact lenses. 
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The prepolymerization mixture is poured into polypropylene contact lens molds in a nitrogen 

atmosphere. The polymerization is effected by applying UV radia~ion (about 4·6 mW/cm2
) 

for a period of about 15 minutes. The resulting fully hydrated contact lens has a water 

content of about 23%. The lens has a Ok·of about 115 barrers and a modulus of elasticity 
of about 2 MPa. 

EXAMPLE 0-3: Lens fabrication 

A contact lens is prepared in accordance with the procedure described in Example D-2, with 

. the difference being. that the composition is about 50% macrom~ of Example D-1, about 

20% TRIS and about 30% OMA. The resuHing fully hydrated contact lens has a water 

content of about 20%. The lens has a Dk of about 118 barrers and a modulus of elasticity 

of about 1.8 Mpa. 

EXAMPLE E-1 (Material A) 

A contact lens is P,.epared substantially in accordance with the procedure described in 

Example A-2. Prior to polymerization, the prepolymerization mixture is degassed by cooling 

the prepolymer mixture with liquid nitrogen until the mixtu~ solidifies and is near liquid 

nitrogen temperature, then app,ying a vacuum (about 0.1 mm Hg) to the solidified 

prepolymer mixture, discontinuing the vacuum, and thawing the prepolymer mixture until the 

mixture is again in liquid form. This degassing procedure is performed a total of three times 

on the prepolymerization mixture. The prepolymer mixture is cured in a nitrogen atmosphere 

to form the contact lens. The cured lens has an. equilibrium water.content of about 19%. 

Subsequent to curing, the lens is plasma treated for about 1 O minutes in an atmosphere of 

methane and air at a 2:1 CH.:air volume:volume ratio. The working pressure of the gas is 

about 50 millitorr. The plasma treatment is accomplished in a Plasma Polymerization 

Apparatus LCVD·2<MOOA (Plasmacarb, Bedford, Massachusetts). 

The lonoton Ion Permeability Coefficient of the lens is 0.81 x 1 o.a cm2/sec. Clinical 

examination shows that the lens moves on the human eye. See Table E for a summary of 

the results. 

EXAMPLE E·2 (Material B) 

A contact lens is prepared substantially in accordance with the procedure described in 

Example B-1 O. Prior to polymerization, nitrogen gas Is bubbled through the prepolymer 
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mixture in order to remove oxygen~from the prepolymer mixture. The-prepolymer mixture is 

cured in a nitrogen atmosphere to form the-contact lens. The cured lens has &n-equilibrium 

water content of about 26 weight percent. No coaling1s applied to the surface. 

The lonoton Jon Permeability Coefficient of the lens is -O.o83 x-104 cm2/sec. Clinical 

examination shows that the lens doeifnot move on the human eye. Seelable E for a 

summary of the results. 

EXAMPLE E-3 (Material B) 

A contact lens is prepared substantially in accordai1Ce with the procedure: described in -
Example B-12. Prior to polymerization. the prepolymerization mixture is degassed by the 

repeated freeze/thaw procedure Of Example E-1. The prepolymer mixfui'e-is cured in a 

nitrogen atmosphere to form the contact leris.- The cured lens has an equillbriumwater 
content of about 30 weight percent. Subsequent to cunng, the lens is plasma treated for-- -

about 3 minutes in an atmosphere of methane and air ata 2:1 CH,:air volume ratio. 

The lonoton Ion Permeability Coefftcient-otthe lens is o.so x 10"8 cm2/sec-.--CHnical. 

examination shows that the lens moves on the human eye. See Table E for a summary of 

the results. 

EXAMPLE E-4 (Material B) 

A contact lens is prepared substantially in accordance with the procedure described in 

Example B-12. Prior to polymerization,-the prepolymeriZation mixture is degassed by the 

repeated freeze/thaw procedure of Example E-1 ~-The prepolymer mixture is cur8d in-a 

nitrogen· atmosphere to form the contact lens. The cured-lens has an equilibrium water 

content of about 30 weight percent -Subsequent to curing, the lens is plasma treated for 
·-

about 5 minutes in an atmosphere of metffane and air at a 2: 1 CH,:alr volume-ratio. 

The lonoton Ion Permeability Coefficient of1he lemfts 0.47x10·3 cm2/sec. Clinical 

examination shows that the lens moves on the human eye. S-ee Table E for a summary of 

the results. 

EXAMPLE E-5 (Material B) 

A contact lens is prepared substantially-in accordance with the procedure aescribed in 

Example B-12. Pripr to polymerization, the prepoiymerization mixture is degassed bylhe 

repeated freeze/thaw procedure of Example E-1. The prepalymer mixture is cured in a 

,.. .. · .... ; 

: ~ .. ~: 
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nitrogen atmosphere to form the contact lens. The cured lens has an equilibrium water 

content of about 30 weight percent. Subsequent to curing, the lens is plasma treated for 

about 7.5 minutes in an atmosphere of methane and air ata a:1 CH .. :air volume ratio. 

The lonoton Ion Permeability Coefficient of the lens IS 0.35 x 104 c~/sec. Qinical 

examination ·shows that the lens moves.on the human eye. See Table E for a summary of 

the results. 

EXAMPLE E-6 (Material B) 

. A contact lens is prepared· substantially in accordance with the procedure descriQed in 

Example 8-11. · Prior to polymerization, the prepoJymerization mixture is_ degassed by the 

repeated freeze/thaw procedure of Example E-1. The prepolymer mixture is cured in a 

. nitrogen atmosphere to form .the contact lens. The cured lens has an equilibrium water 

. content of about 30 weight percent. The lens is not subsequently coated. 

The lonoton Jon Permeability Coefficient of the lens is 1.1 x 104 cm'lsec. Clinical 

examination shows that the lens moves on the human eye. See Table E for a summary of 

the results. 

EXAMPLE'. E--7 (Material C) 

A contact lens is prepared substantially in accordance with the procedure described in 

. -Example C-21 ; Prior to polymerization, the prepolymeriZation mixture is degassed by the 

repeated freeze/thaw procedure of Example E-1. The prepolymer mixture is cured in a 

nitrogen atmosphere to form the co~ lens. Subsequent to curing, ·the lens is plasma 

treated for about 5 minutes in an atmosphere of methane and air at a 2:1 CH.:alr volume 

ratio. 

The lonoton Ion Permeability Coefficient of the lens is 2.9 x 10-a cm2/sec. Clinical 

examination shows that the lens moves on the human eye. See Table E for a summary of 

the results. 

EXAMPLE E-8 (Material C) 

A contact lens is prepared substantially in accordance with the procedure described in 

Example C-21. Prior to polymerization, the prepolymerizatk>n mixture is degassed by the 

repeated freeze/thaw procedure of Example E-1. The prepolymer mixture is cured in a 

nitrogen atmosphere to form the contact tens. Subsequent to curing, the lens is plasma 
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treated for about 7.5 minutes in an atmosphere of methane and air at a 2:1 CH.:air volume 
ratio. 

The lonoton Ion Permeability Coefficient of the lens is 0.25 x 10-3 cm2/sec. Clinical 
examination shows that the lens moves on the human eye. See Table E for a summary of 
the results. 

EXAMPLE E-9 (Material C) 

A contact lens is prepared ·substantially in accordance with the procedure described in 
Example C-20. ·prior to polymerization, the prepolymerization mixture is degassed by the 
repeated freeze/thaw procedure of Example E-1. The ptepolymer mixture is cured in an air · 
atmosphere to form the contact lens. Subsequent to curing, the lens is not surface treated. 
The lonoton Ion Permeablllty Coefficient of the lens is 0.008 x 104 cm2/sec •. Clinical 
examination shoWs that the lens does not move C>n the human eye. See Table E for a 
summary of the results. 

EXAMPLE E-10 (Material 0) 

A contact lens is prepared substantially in accordance with the procedure described in 
Example D-2. Prior to polymerization, the prepolymerization mixture Is degassed by the 
repeated freeze/thaw procedure of Example E-1. The prepolymer mbcture is cured in a 
nitrogen atmosphere to form the contact lens. Subsequent to curing, the lens is not surface 
treated. 

The lonoton Ion Permeabifdy COefficient of the lens is 1.4 x 104 cm2/sec. Clinical 
examination shows that the lens moves on the human eye. See Table E for a summary of 
the results. 

EXAMPLE E-11 (Material 0) 

A contact lens is prepared substantially in accordance with the procedure described in 
Example 0-2. Prior to polymerization, the prepolymerization mixture is degassed by the 
repeated freeze/thaw procedure of Example E-1. The prepolymer mixture is cured in a 
nitrogen atmosphere to form the contact lens. Subsequent to curing, the lens is plasma 
treated for about 7.5 minutes in an atmosphere of methane and air at a 2:1 CH4:air volume 
ratio. 
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The lonoton Ion Permeability Coefficient of the lens is 0.61 x 10-3 cm2/sec. Clinical 

examination shows that the lens moves on the human eye. See Table E for a summary of 

the results. 

EXAMPLE E-12 (Material 0) 

A contact lens is prepared substantially in accordance with the procedure described in 

Example D-2. Prior to polymerization, the prepolymerization mixture is degassed by the 

repeated freeze/thaw procedure of ·example E-1. The prepolymer. mixture is cured in a 

nitrogen atmosphere to form the contact lens. Subsequent to curing, the lens is plasma. 

treated for about 5 minutes in an atmosphere of methane and air at a 2:1 CH.:air volume 

ratio. 
The lonoton Ion Permeability ~ffiCient of the tens is 1.5 x 10·3 cm2/sec. Clinical 

examination shows that the lens moves on the human eye. See Table E for a summary of 

the results. 

EXAMPLE E·13 (Material 0) 

A contact lens is prepared substantially· in accordancewilh the procedure described in 

Example 0•2. Prior to polymerization. the prepolymerization mixture is degassed by the 

repeated freeze/thaw procedure of Example E-1. The prepolymer mixture is cured in an air 

atmosphere to form the contact lens:. Subsequent to curing, the lens is not surface treated. 

The lonoton Ion Permeability Coefficient of the lens ts -0.001 x 10·3 cm2/sec. Clinical 

examination shows that the lens does not move on the human eye. See Table E for a 

summa,Y of the results. 
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TABLE E 

Example Material Degasslng Curing Surface IOnatonlon On-eye 

atmosphere treatment Permeablnty Movement 

ctt.:alr Coefficient 

plasma (10"" 

Jminutes) cm2/sec] 

E-1 A 3-cycle nitrogen 10 0.81 YES . 
freeze/thaw 

E-2 8 nitrogen n~rogen noplas~ -0.063 NO 

bubble 

E-3 B 3-cycle nitrogen 3 0.50 YES 

freeze/thaw 

E-4 B 3-cycle nitrogen 5 0.47 YES 

freeze/thaw 

E-5 B 3-cycle nitrogen 7.5 0.35 YES 

freeze/thaw 

E-6 B 3-Cycle nitrogen no plasma 1.1 YES 

freeze/thaw 

e~1 c 3-cycle nitrogen 5 2.9 YES 

freeze/thaw 

E-8 c 3-cycle nitrogen 7.5 0.25 YES 

freeze/thaw 

E-9 c 3-cycle air no plasma 0.008 NO 

freeze/thaw 

E-10 0 3-cycle nitrogen no plasma 1.4 YES 

freeze/thaw 

E-11 0 3-cycle nitrogen 7.5 0.61 YES 

freeze/thaw 

E-12 0 3-cycle nitrogen 5 1.5 YES 

freeze/thaw 

E-13 0 3-cyde air no plasma -0.001 NO 

freeze/thaw 
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Considering Examp1es E-1 through E-13 of Table E, the lowest value of lonoton Ion 

Permeabi1ity Coefficient for which a lens moves on the eye is 0.25 x 10·3 cm2/sec. The 

highest value of lonoton Ion Permeability Coefficient for a lens which bound on the eye is 

0.008 x to~ crn2/see. Thus, a contact lens preferably has an lonoton Ion Permeability 

Coefficient greater than about 0.008 x 1 o.s cm2/sec., more preferably· greater than about 
0.25 x 1 o-a cm2/sec. 

EXAMPLE F-1 (Material C) 

A contact lens is prepared substantially in accordance with the procedure described in 

Example C-25. Prior to surface treatment. the lonoflux Ion Permeability Coefficient is 

determined to be about o mm2/min. 

Subsequent to ion permeability measurements, the lens surface is coated with 

polyvinylpyrrolldone (PVP) in accordance with the following procedure, using a glass 

plasma reactor equipped with an external ring electrode and a 27.13 MHz radio frequency 

(RF) generator for the generation of an inductively-coupled, cold glow discharge plasma. 

Highly purified argon is used as a p1asma gas and as a carrier gas for N-vinylpyrrolidone 

(NVP) monomer feed. The NVP feed line is located about 10 cm below the glow zone. 

The contact lens is placed in the 20 cm diameter plasma reactor at a position about 15 cm 

below the plasma glow zone. The reactor Is then evacuated for about 30 minutes to about 

0.009 mbar. Subquent to evacuation, the plasma gas flow is set to 20 seem (standard cubic 

centimeters), the glow discharge is started at a pressure of about 0.15 mbar and maintained 

for about one minute at a power of about 170 Watts On order to clean and activate the lens 

surface). After reduction of argon plasma gas flow to about 10 seem, the argon carrier gas 

flow for the NVP monomer is also set to 1 O seem. The temperature of the NVP source (with 

the carrier gas bubbling through the liquid NVP} is held at about 40°C. The lenses are 
treated for about to minutes with a pulsing glow discharge plasma (1 µsec. on, 3 µSec. off) 

at about 0.35 mbar pressure and about 150 Watts power. 

After interrupting the glow discharge and the carrier gas flow, the reactor is continuously 

purged with a 20 seem argon stream at a pressure of about 0.009 mbar for about 30 

minutes, in order to remove residual monomer and activated species. The PVP coated 

contact lenses thus produced are highly wettable and show the following dynamic contact 

angles, measured with a KRUESS (Hamburg, Germany) K-12 instrument: 
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Untreated Treated 
Advancing .. ·· 102 38 
Recedina 48 23· 
Hvsteresis 53 15 

Clinical tests show that the lens does not move on the eye. See Table F for a summary of 
the results. 

EXAMPLE F-2 (Material C) 

A contact lens is prepared substantially in accordance with the procedure de8cribed in 
Example C-26. Prior to surface treatment. the lonoflux Ion Permeability Coefficient is 
determined to be about 2.8x10·7 mm2/min. SubsequenttOion permeability measurements, 
the lens surface is coated with polyvinylpyrrolidone as in Example·F-1. Clinical tests show 
that the lens does not move on the eye. See Table F for a summary of the results. 

EXAMPLE F-3 (Material C) 

A contact lens is prepared substantially in accordance with the procedure described in 
Example C-27. Prior to surface treatment, the lonofiux Ion Permeability Coefficient is 
determined to be about 9.3 x 10·7 mm2/min. Subsequent to ion permeability measurements. 
the lens surface is coated with polyvinylpyrrolidone as in EXample F-1.• Clinical tests show 
that the lens does not move on the eye. See Table F for a summary of the results. 

EXAMPLE F-4 (Material C) 

A contact lens is prepared substantially in accordance with the procedure described in 
Example C-18. Prior to surface treatment, the lonoflux Ion Permeability Coefficient is 
determined to be about 2.6 x 1 o.e mm2fmin. Subsequent to ion' permeability measurements, 
the lens surface is coated with polyvinylpyrrolidone as in Example F-1. 

Clinical tests show that the lens moves on the eye. See Table F for a summary of the 
results. 
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EXAMPLE F-5 (Material C) 

A contact lens is prepared substantially in accordance with the procedure described in 

Example C-16. Prior to surface treatment, the tonoflux Ion Permeability Coefficient is 

determined to be about 1.3 x 1 o-s mm2/min •. Subsequent to ion permeability measurements, 

the lens surface Is coated with polyvinytpyrrolidone as in Example F· 1. Clinical tests show 

that the lens moves on the eye. See Table F for a summary of the results. 

. EXAMPLE F-6 (Material C) 

A contact lens is prepared substantially in accordance with the procedure described in 

Example C-19. Prior to surface treatment, the lonoflux Ion Permeability Coefficient is 

determined to be about 2. 7 x 1 o-s mm2/min. Subsequent to ion permeability measurements, 

the lens surface is coated with polyvinylpyrrolidone as in Example F-1. Clinical. tests shoW 

thatthe lens moves on the eye. See Table F for a summary of the results. 

·-EXAMPLE F-7 (Material C) 

A contact lens is prepared.substantially in accordance .with the procedure. described in 

Example C-17. Prior to surface treatment, the lonoflux Ion Permeability Coefficient is 

determined to be about 7.8 x 10 .. mm2/min. Subsequent to ion permeability measurements, 

the lens surface is coated with polyvinylpyrrolidone as in Example F· 1. Clinical tests show 

that the lens moves on the eye. See Table F tor a summary of the results. 

EXAMPLE F-8 (Material B) 

A contact lens Is prepared substantially in accordance with the procedure described in 

Example B· 13. Prior to surface treatment, the lonoflux Ion Permeability Coefficient is 

determined to be about 1.5 x 1 o.s mm2/min. Subsequent to ion permeability measurements, 

the lens surface is coated with polyvinylpyrrolidone as in Example F-1. CHnical tests show 

that the lens does not move on the eye. See Table F tor a summary of the results. 

EXAMPLE F-9 (Material B) 

A contact lens is prepared substantially in accordance with the procedure described in 

Example s-14·, Prior to surface treatment, the lonoflux Ion Permeability Coefficient is 
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determined to be about 1.1 x 10-s mm2/min. Subsequent to ion permeability measurements, 

the lens surface is coated with polyvinylpyrrolidone as in Example .F-1. Clinical tests show 

that the lens does not move on the eye. See Table F for a summary of the results. 

EXAMPLE F-10 (Material B) 

A contact lens is prepared substantially in accordance with the procedure described in 

Example B-7. Prior to surface treatment, the lonoflux Ion Permeability Coefficient is 

determined to be about 3.8 x 1 o-e mm2/min. Subsequent to ion permeability measurements, 

the lens surface is coated with polyvinylpyrrolidone as in Example F-1. Clinical tests show 

that the lens moves on the eye. See Table F for a summary of the results. 

EXAMPLE F-11 (Material·B) 

A contact lens is prepared substantially in accordance with the procedure described in 

Example B-6. Prior to surface treatment, the lonoflux lon Permeability Coefficient is 

determined to be about 8.5 x 1 o-e mrn2/mln. SubSequent to ion permeability measurements, 

the lens surface is coated with polyvinylpyrrolidone as in Example F-1. Clinical tests show 

that the lens moves on the eye. See Table F for a summary of the results. 

EXAMPLE F-12 (Material B) 

A contact tens is prepared substantially in accordance with the procedure described in 

Example B-5. Prior to surface treatment, the lonoflux Ion Permeability Coefficient is 

determined to be about 7.1 x 10-1 mm2/min. Subsequent to ion permeability measurements, 

the lens surface is coated with polyvinylpyrrolidone as in Example F-1. Clinical tests show 
. . 

that the lens moves on the eye. See Table F for a summary of the results. 
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TABLE F 

EXAMPLE MATERIAL IONOFLUX ION ON-EVE MOVEMEN'li 

(Example reference· ·PERMEABILITY -CLINICAL 
number) . COEFFICIEN'r" DETEMINATION 

[mm2/mlnl 
F-1 C-25 0 NO· 

F-2 C-26 0.28x10 ... · NO 

F-3 C-27 0.93x10 .. NO 

F-4 ·C-18- 2.6.x 10 ... ves·, 
F-5 ;:·.C-16 1a~ox 10 .. · .. ·YES· 

F-6 C-19 27.0x10 .. YES· 

F-7 C-17 7.Sx 10-s ves· 
F-8 B-13 1.5x10 .. NO:· 

F-9 B-14 1.1x10 .. NO 

F-10 ·e-7 3.8x 10.e YES 

F-11 B-8 8.5x10 .. YES, 

F-12 8-5 71.0x10 .... YES-
.. . .. 

* All lonoflux Ion Permeability Coefficients were determined on uncoated lenses. 

Considering only Examples F-1 through F-13 of Tabte F, the l0west value of lonoflux Ion 

Permeability Coefficient for which a tens moves on the eye is 2.6 x 10"' mm2/min. The 

highest value of lonoflux Ion Permeability Coefficient for a lens which binds on the eye is 

1.5.x 10..a mm2/min. Thus, a contact lens preferably has an lonoflux Ion Permeability 

Coefficient greater than about 1.5 x 10-1 mm2/min., more preferably greater than about 2.6 x 

10-s mm2/min. 

EXAMPLE G-1 

A contact lens is prepared substantially in accordance with the procedure described In 

example A-2 .. The Hydrodell Water Permeability Coefficient is determined to be about 0. 71 

x 10-1 cm2/second. Clinical tests show that the lens moves on the eye. See Table G for a 

summary of the results. 
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EXAMPLE G-2 

A contact lens is prepared substantially in aceordance with the procedure described in 

Example 8-5. The Hydrodell Water Permeability Coefficient is determined to be about 1.09 

x 1 o.a cm2/second. Clinical tests show that the lens moves on the eye. See Table G for a 

summary of the results. 

EXAMPLE G..S 

A contact lens .is prepared s~ally in accordance with the procedure described in 

Example B-6. The lens is surface treated in a plasma gas in accordance with the procedure 

described in Example F..; 1. The Hydrodell Water Permeability Coefficient is determined to 

be about 0.27 x 1 o"' cm2/seco~d. Clinical tests show that the lens moves on the eye. See 

Table G for a summary of the results. 

EXAMPLE G-4 

A contact lens is prepared substantially in accordance with the procedure described in 

Example C-19. The lens is Surface treated in a plasma gas in accordance with the 

procedure described In Example F-1. The Hydrodell Water Permeability Coefficient is 

determined to be about 0.37 x 10 .. cm2/second. Clinical tests show that the lens moves on 

the eye. See Table G for a summary of the results. 

EXAMPLE G-5 

A contact lens is prepared substantially in accordance with the procedure described in 

Example t>-2. The Hydrodell Water Permeability Coefficient is determined to be about 1.26 

x 10.a cm2/second. Clinical tests show that the lens moves on the eye. See Table G for a 

summary of the results. 

EXAMPLE G-6 

A contact lens is prepared substantially in accordance with the procedure described in 

Example C-14. The Hydrodell Water Permeability Coefficient is determined to be about 

0.08 x 1 o-s cm2/second. Clinical tests show that the lens does not move on the eye, See 

Table G for"a summary of the results. 

., :. 1 ·.::~ 

··., .. 
:' ~_: . 
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TABLE G 

EXAM- MATERIAL SURFACE. HYDRODELL WATER -~EMOVE-. . . . 
PLE (Example TREATMENT PERMEABILITY MEtlT-CLINICAL 

refer-.:• COEFFICIENT DJ:;J'ERMINATION 

number) rcm21sec.1 

G-1 A-2 none 0.71x10 .. YES 

G-2 8-5 none 1.09x 10.e YES. 

G-3 8-6 pyp·.: 0.27x 10 .. ves·. 
G-4 C-19 ··pyp· 0.37x10 ... . YES. 

·G-5 D-2 none 1~26x 10., YES~-

G-6 'C-14 none 0.08x 10"' .NO 

Considering oniy Examples G-1 through G-6 of Table G, the lowest value of HydrodeH 

Water Permeabllity Coefficient for whlct.i a lens moves on the f!ft& is 0.27 x 1 o"' crrf/sec. 

The highest value of Hydrodell Water Permeability. Coefficient for a lens which. binds on the 

eye is 0.08 x 1 o"' cm2/sec. Thus, a contact lens preferably has a Hydrodell Water 

Permeability Coefficient· greater than about 0.08 x ·to"' cm2/sec., more•-preferably greater. 

than 0.27 x 10 .. em2isec. 

The invention has been described in detail, with reference to certain preferred 

embodiments, in order to enable the reader to practice the invention without undue 

experimentation. Theories of operation have been offered to better enable the reader to 

understand the invention, but such theories do not limit the scope of the invention. In 

addition, a person having ordinary skill in the art will readily recognize that many of the 

previous components, compositions, and parameters may be varied or modified to a 

reasonable extent without departing: from the scope and spirit of the invention. 

Furthermore, titles, headings, example materiats or the like are provided to enhance the 

reader's comprehension of this document, and should not be read as limiting the scope of 

the present invention. Accordingly, the intellectual property rights to the invention are 

defined by the following claims, reasonable extensions and equivalents thereof, as 

interpreted in view of the disclosure herein. 
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CLAIMS: ·.~·· 

1. An ophthalmic lens havi,,g ophthalmically compatible inner and outer surfaces. said lens ,. :?i:t 

being suited to extended periods of wear In continuous. intimate contact with ocular tissue 
and ocular fluids, said lens comprising a polymeric material which has a high oxygen 
permeability and a high ion permeablllty, said polymeric material being formed from 
polymerizable materials comprising: 

(a) at least one-oxyperm polymerizable material and 

(b) at least one ionoperm polymarizable material, 
wherein said lens allows oxygen permeation in an amount sufficient to maintain corneal 
health and wearer comfort during a period .of extended, continuous contact with ocular 
·tissue and ocular fluids, and 

wherein said lens allows ion or water permeation in an amount sufficient to enable the lens 
to move on the eye.such that corneal health is not substantially harmed and wearer comfort 
is acceptable during a period of extended, continuous contact with ocular tissue and ocular 
fluids. 

2. An ophthalmic lens of claim 1, wherein said ophthalmic lens is selected from the group 
consisting of contact lenses for vision correction, contact lenses for eye color modification, 
ophthalmic drug delivery devices, and ophthalmic wound healing devices. 

3. An ophthalmic lens of claim 2, wherein said ophthalmic lens is a contact lens. 

4. An ophthalmic lens of claim· 1, wherein said ophthalmic tens has an oxygen 
transmissibility of at least about 70 barrers/mm. 

s. An ophthalmic lens of claim 4, wherein said ophthalmic tens has an oxygen 

transmissibility of at least about 75 barrers/mm. 

6. An ophthalmic lens of claim 5, wherein said ophthalmic lens has an oxygen 
transmissibility of at least about 87 barrers/mm. 

7. An ophthalmic lens of claim 1, wherein said polymeric material comprises an ionoperm 
phase which extends continuously from the inner surface of the ophthalmic lens to the outer 
surface of the ophthalmic lens. 
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8. An ophthalmic lens of claim 1, wherein said polymeric material CQmprises an oxyperm 

phase which extends continuously from the inner surface of the ophthalmic lens to the outer 

surface of the. ophthalmic·lens •. 

9. An ophthalmic lens of claim 1, wherein said polymeric material comprises a plurality of 

co-continuous phases. including at least one oxyperm phase which extends. continuously 

from the inner surface of the ophthalmic lens to the outer ·surface. of the ophthalmic lens 

and at least one ionoperm phase which extends continuously from the inner surface of the 

ophthalmic lens to the outer surface of the ophthalmic lens. 

.· ... · 

10. An ophthalmic lens of claim 1, wherein said polymeric material comprises at least one 

ion or water pathway which extel'.1ds continuously from the inner sun.ca of the ophthalmic 

lens to the outer surface of the ophthalmic lens. 

11. An ophthalmic ~ens of clalm 1, wherein said polymeric material comprises at least one 

oxygen pathway which extends continuously from the Inner surface of the ophthalmic lens 

to the outer surface of the ophthalmic.lens. 

12. An ophthalmic lens of claim 1, wherein said polymeric material comprises a plurality· of 

co-continuous pathways, at least one being an ion or water pathway and at least one other 

being an oxygen pathway, which pathways extend continuously from the inner surface of 

the lens to the outer surface of the lens. 

13. ·An ophthalmic lens of claim 12, wherein said co-continuous pathways include a 

continuous phase of ionoperm. polymeric material and a continuous phase of sllaxane· 

containing polymeric material. 

14. An ophthalmic lens of claim 12, wherein said pathways have a domain size which is 

less than a size which undesirably distorts visible light in an amount which is visible to the 

eye of the wearer. 

15. An ophthalmic lens of claim 1. wherein said lens has an lonoton Ion Permeability 

Coefficient of greater than about 0.2 x 1 o-s cm2/sec. 
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16. An ophthalmic lens .ot claim 15, wherein said lens has an lonoton Ion Permeability 

Coefficient of greater than about 0.3 x 10.,. crrfl/sec. 

17. An ophthalmic lens of claim 16, wherein said lens haS an lonc>ton Ion Permeability 

Coefficient of greater than about 0.4 x 104 cm2/sec. 

18. An ophthalmic lens of claim 1, whert9in said lens has an· 1onoflux Diffusion Coefficient of 

greater than about 1.5x10-1 mm2/min. " 

19 .. An ophthalmic lens of claim 18, wherein said lens has an lonoftux Diffusion Coefficient 

of greater than about 2.6 x 1 o• mm2/mln. 

20. An ophthalmic tens of claim 19, wherein said· lens has an lonoflux Diffusion Coefficient 

of greater than about 6.4 x 1 o-e mm2/min. 

21. An ophthalmic lens of claim 1, wherein said lens has a· Hydrodell Water Permeability 

Coefficient of greater than about 0.2 x 10 .. cm1/sec. 

··--· .. 

22. An ophthalmic tens of claim 21, wherein said lens has a Hydrodell Water Permeability · ·· .:;;;;-::; 

Coefficient of greater than about 0.3 x 1 o .. cm2/sec. 

23. An ophthalmic lens of claim 22, wherein said lens has a Hydrodell Water Permeability 

Coefficient of greater than about 0.4 x 1 o-e cm2/sec. 

24. An ophthalmic lens of claim 1, wherein when hydrated, said tens has an equilibrium 

water content of less than about 32 weight percent when tested in accordance with the Bulk 

Technique. 

25. An ophthalmic tens of claim 24, wherein when hydrated, said lens has an equilibrium 

water content of about 1 o to about 30 weight percent when tested in accordance with the 

Bulk Technique. 

26. An ophthalmic lens of claim 25, wherein when hydrated, said lens has an equilibrium 

water content of about 15 to about 25 weight percent when tested in accordance with the 

Bulk Technique. 
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27. An ophthalmic lens of claim 1. wherein said lens comprises a core polymeric material 

and an ophthalmically compatible surface whi.ch is a hydrophilic surface, wherein said 

su~ce is more hydrophilic than said core. 

28. An ophthalmic: lens of claim 2:7, wherein said hydrophilic surface is a hydrophilic 

polymeric surlace coating. 

29. An ophthalmic lens of claim 28, wherein said hydrophilic surface coating is applied via a 

plasma coating process. 

30. An ophthalmic lens of claim 29, wherein said plasma coating is generated in the 

presence of a mixture of (a) a c, .. alkane and (b) a gas sel8cted 1r0m·ttie group consisting 

of nitrogen, ~on, oxygen, air and mixtures thereof. 

31. An ophthalmic lens of claim 30, wherein said plasma coating is generated in the 

presenc,e of a mixture of methane and air. . 

32. An ophthalmic lens of claim 1, wherein said· oxyperm polymerizable material is a 

siloxane-containing macromer.-. 

33. An ophthalmic lens of claim 32, wherein said siloxane-containing macromer is a 

poly(dimethyt siloxane) having a number average· molecular weight of at least about 800 

and a glass transition temperature less than about -115 degrees Celsius. 

34. An ophthalmic lens of claim 33, wherein said siloxane-contalnlng macromer has a 

number average molecular weight of at least about 1700. 

35. An ophthalmic lens of claim 32, wherein said polymeric material is formed from a 

potymerizable mixture comprising about 1 to about 10 weight percent of.a low molecular 

weight siloxane-containing monomer. 

36. An ophthalmic lens of claim 35, wherein said low molecular weight siloxane-containing 

monomer is TRIS. 

37. An ophthalmic lens of claim 1, wherein said polymeric material is formed from a 

polymerizable mixture comprising: 
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(a) about 60 to about 85 weight Percent oxyperm macromer; and 

(b) about 15 to about 40 weight Percent ionoperm monomer. 

38. An ophthalmic lens of claim 37, wherein said polymeric material is formed from a 

polymerizable mixture comprising: 

(a) about 70 to about 82 weight percent oxyperm macromer; and 

(b) about 18 to about 30 weight percent ionoperm monomer. 
'·!.·:: 

39. An ophthalmic lens of claim 1. wherein ·said polym19ric material is formed from a 

polymerizable mixture comprising: 

(a) about 30 to 60 weight percent oXyperm macromer; 
(b) about 20 to 40 weight percent ionoperm palymerlzable material; and 
(c) about 1 to 35 weight percent TRIS, based on the total lens weight 

40. An ophthalmic lens of claim 1, wherein said polym8ric material iricludes a polymer 

composition having good optical clarity anct high oxygen permeability, comprising: 

(a) about 5 to about 94 dry weight percent of a macromer having the formula: 

~ H H . H 
-R40Rs-oBrRa-i~1o~R1r-~rR14---oc-:--R1s 

H H M 

wherein: 

R1 and R2are selected from C1-Cs alkyl, 

Ra. ~ Rs. and Re are selected from C1..C. alkylene. 
~ and Ra are selected from linear or branched alkylene and bivalent cycloalkylene, 

Re. R10. Rn. and R12are selected from 01-~ alkylene. 

R1a and R1,are selected from C,-C, alkylene, 

R,5 and R,6 are selected from linear or branched lower alkenylene, 

m and p, independently of one another, are about 3 to about 44, and 

n is about 13 to about 80. 
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wherein said macromer has a number-average molecular weight of 2000 to 10,000; 

(b) about 5 to about 60 weight percent of an acrylated or methacrylated siloxane monomer; 

(c) . about 1 to about 30 weight percent ot an acrylate or methacrylate monomer; and 
(d) ·Oto 5 weight.percent cros•linking agent;: 
wherein said weight percentages are based upon the dry weight of the polymer 

components. 

41. An ophthalmic lens of claim 40, wherein said lens is a contact lens. 

42. An ophthalmic lens of claim 1. wherein said polymeric material comprises a polymer 

formed by polymerization of at least one macromer of formula (I): 

where each P1, independently of the others, is a free-radical-polymerizable group; 

each Y, independently of the others, is -CONHCOO-, -CONHCONH-, -OCONHCO-, 

-NHCONHCO-, -NHCO-, -CONH-. -NHCONH-, -COO-, -OCO-, -NHCOO- or -OCONH-; 

m and p, independently of one another, are 0 or .1; 

each. L. independently of the. others~ is a divalent radical of an organic compound having up 

to 20 carbon atoms; 

each X1, independently of the others~ is -NHCO-, -CONH-, -NHCONH-, -COO-, -OCO-, 

-NHCOO- or -OCONH-; and 

Q is a bivalent polymer fragment consisting of the segments: 

(a) -(E)rZ-CFr(OCF,)x-(OCFzCF,),-OCF2-Z-(E)ic-, 

where x+y is a number in the range of from 1Oto30; 

each z, independently of the others; is a divalent radical having up to 12 carbon atoms or Z 

is a bond; 

each E, independently of the others, is ·(OCHzCHi)q~, where q has a value of from 0 to 2, 

and where the link -Z-E- represents the sequence -Z-(oCHzCH2)q·; and 

k is o or 1; 

b) 
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where n is an integer from 5 to 100; 

Alk is alkylene having up to 20 carbon atoms; 

80-100% of the radicals R,, Ra, Rs and ~. independently of one another, are alkyl and 

0-20% of the radicals R,, R2. Rs and·~ independently of one another, are alkenyt, aryl or 

cyanoalkyl; and 

(c) 

where R is a divalent organic radical having up to 20 carbon atoms, and 

each ~. independently of the others, is -NHCO-, -CONH-, -NHCONH-, -COO-, -OCO-, 
-NHCOO- or OCONH~: 

with the provisos that there must be at least one of each segment (a), (b), and (c) in Q, that 

each segment (a) or (b) has a segment (c) attached to It, and that each segment (c) has a 

segment (a) or (b) attached to it. 

43. An ophthalmic lens of claim 42, wherein said lens ts a contact lens. 

44. An ophthalmic lens of claim 1, wherein said polymeric material comprises a polymer. 

which polymer is produced by polymerizing at least one macromer comprising at least one 

segment of formula (I) 

-a--Z-b-

1 
d 

in which 

(a) is a polysiloxane segrnent. 

(b) is a po1yol segment which contains at least 4 C atoms, 

Z is a segment (c) or a group x,, 
(c) is defined as XrR-~. wherein 

(I) 

R is a bivalent radical of an organic compound having up to 20 C atoms and 

each X2 independently of the other is a bivalent radical which contains at least one carbonyl 

group, 

x, is defined as X2. and 

(d) is a radical of the formula (II): 

(II) 
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in which P, is a group which can be polymerized by free radicals; 

Y and Xa independently,·of one another are a bivalent radical which contains at least one 

carbonyl group; 

k Is O or 1; and 

Lis a bond or a divalent radical having up to 20 C atoms of an organic compound. 

45. An ophthalmic lens of claim 44 which Is a contact lens. 

46. An ophthalmic lens of claim 1, wherein said polymeric material comprises a potymer. 

which polymer Is produced by polymerlzing at least one macromer of the formula: 

t 
Oii ffsOR4-R200 

Ra n 

wherein R100 and Raoo are defined as follows: 

R100: Raio: 

?10 
.H IT 

~c==c-c-o-Rg-Nco-

1 
H 

where n is an integer from about 5 to about 500, 

~,, Ra. R3, and A.. independently of one another, are lower alkylene, 

Rs, Re. R7, and Ra.independently of one another, are alkyl, 

R,and R11 are alkylene, and 

R,o and R12 are methyl or hydrogen. 

47. An ophthalmic lens of claim 469 wherein said polymerii;: material is formed by 

polymerization of a prepolymer mixture, which, in weight percentages based on total mixture 

weight. comprises: 

(a) about 45 to about 65 percent of a slloxane-containing macromer of the formula: 
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t i7 
R100-R10~-1i Ori R30R4-R200 

Re Ra 
n 

wherein R,00 and .Raio are defined as follows: 

R100: 

where n is an integer from about 5 to about 500, 

R,, R2. Ra. and R., independently of one another, are lower alkylene, 

Rs. Ra. R7, and Ra, independently of one another, are alkyl, 

Re and R,, are alkylene, and 

R10 and R12 are methyl or hydrogen: 

(b) about 5 to about 25 percent TRIS; and 

(c) about 20 to about 40 percent ionoperm monomer 

48. An ophthalmic lens of claim 47 which is a contact lens. 

49. An ophthlamic lens of claim 1, wherein said lens allows oxygen transmission in an 

amount sufficient to prevent any clinically signficant corneal swelling during a period of 

extended, continuous contact with ocular tissue and ocular ftuids. 

50. An ophthalmic lens of claim 1, wherein said lens produces, after wear of about 24 

hours, including normal sleep periods, less than about 8% comeal swelling. 

51. An ophthalmic lens of cla~m 50, wherein said lens produces, after wear of about 24 

hours, including normal steep periods, less than about 6% corneal swelling. 

52. An ophthalmic lens of claim 51, wherein said lens produces, after wear of about 24 

hours, including normal sleep periods, less than about 4% corneal swelling. 

53. An ophthalmic lens of claim 1, wherein said period of extended continuous contact is at 

least 24 hours. 
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54. An ophthalmic lens of claim 53, wherein said period of extended continuous contact is 

at least 4 days. 

55. An ophthalmic lens. of claim.54, wherein said period of extended continuous contact is 

at least 7 days. 

56. An ophthalmic lens of claim 55~ wherein said period of extended continuous contact is 

at least 14 days. 

57. An ophthalmic lens of claim 66, wherein said period of extended continuous contact is 

at least 30 days. 

58. An ophthalmic lens of claim 1, wherein said lens has a tensile modulus of 3 MPa or 

less. 

59. An ophthalmic lens o1 claim 1, wherein said lens has a short relaxation time constant of 

greater than about 3.5 .seconds. 

60. An ophthalmic lens of Claim 59, wherein said lens has an lonoton Ion Permeability 

Coefficient, P, of greater than about 0.2x10• err/sec. 

61. An ophthalmic lens of claim 59, wherein said lens has an lonoflux Diffusion Coefficient 

of greater than about 2.6 x 10• mm2/min. 

62. An ophthalmic lens of claim 59, wherein said lens has a Hydrodell Water Permeability 

Coefficient of greater than about 0.2 x 10-e cm2/sec. 

63. An ophthalmic lens of claim 1, wherein the polymeric material has a tan 6 above about 

0.25 at about 10 Hz. 

64. An ophthalmic lens of claim 1, wherein said lens has an lonoton Ion Permeability 

Coefficient of greater than about 0.3 x 1 o"' cm2/sec, a tensile modulus cf 3 MPa or less, and 

a short relaxation time constant of greater than about 3.5 seconds. 
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65. An ophthalmic lens of claim 1, wherein said lens has an lonoflux Diffusion Coefficient of 
greater than about 2.6 x 1 o·• mm2/mlri., a'.tensile modulus of 3 MPa or less, and a short 

relaxation time constant of greater than &bout 3.5 seconds. 

66. An ophthalmic lens f)f claim 1, wherein said lens has a HydradeH ·Water Permeability 
Coefficient of greater than about 0.3 x 1 o,. cm2/sec., a tensile modulus of 3 MPa or less, 

and a short relaxation time constant of greater than about 3.5 seconds. 

67. An ophthalmic lens of claim 1, wherein said lens comprises a core polymeric material 

and an ophthalmically compatible surface which is a hydrophilic surface, wherein: 
. said surface is more hydrophilic than said ·core, 
said period of extended continuous contact is at least 7 days, 

said core material has an lonoton Ion Permeability Coefficient of greater than about 0.3 x 

10,. cm2/sec, a tensile modulus of 3 MPa or less, and a short relaxation time constant of 

greater than about 3.5 seconds, 

said lens has an equilibrium water content of about 10 to about 30 weight percent when 
tested in accordance with the Bulk TeChnique, 

said lens has an oxygen permeability of at least 70 barrers/mm, and 

said lens is an extended-wear contact lens. 

68. An ophthalmic lens of claim 1, wherein· said lens comprises a core polymeric material 

and an ophthalmically compatible surface which is a hydrophilic surface, wherein: · 
said surface is more hydrophilic than said core, 

said period of extended continuous contact is at least 7 days, 

said core material has an lonoflux Diffusion Coefficient of greater than about 2.6 x 10 .. 

mm2/min., a tensile modulus of 3 MPa or less, and a short relaxation time constant of · 

greater than about 3.5 seconds, 

said lens has an equilibrium water content of about 1 O to about 30 weight percent when 

tested In accordance with the·Bulk Technique. 

said lens has an oxygen permeability of at least 70 barrers/mm, and 

said lens is an extended-wear contact iens. 

69. An ophthalmic lens of claim 1, wherein said lens comprises a core polymeric material 

and an ophthalmically compatible surface which is a hydrophilic surface, wherein: 

said surface is more hydrophilic than said core, 

said period of extended continuous contact is at least 7 days, 

.,;; . 
.. _.;.;.·. . __ .,.;: ... 

.. ·-~·,• 
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said core material has a Hyclrode11 Water Permeability Coefficient of greater than about 0.2 

x 1 o-s cm2/sec., a tensile modulus of 3 MPa or less, and a short relaxation time constant of 

greater than about 3.5 seconds, 

said lens has .an .equilibrium water content of about 1 o to about 30 weight percent when 
tested in accordance .with :the .Bulk Technique, 

said lens has an oxygen permeability of at least 70 barrers/mm, and 

said lens is. an extended-wear contact lens. 

70. An ophthalmic lens, comprising an inner and outer surface, wherein said inner surface 

is adapted to.rest immediately adjacent to the human cornea. wherein said lens has the 

following properties: 

(a) an oxygen permeability from said inner to said outer surface sufficient to prevent 

substantial corneal swelling cluring a period of extended wear; 

(b) ophthalmic compatibility during a period of extended, continuous, intimate contact with 
the ocular environment; and 

(c) ion or water permeability sufficient to allow lens movement on the eye in an amount 

sufficient to sustain comeal health and wearer comfort. 

71. An .ophthalmic-lens of claim·.70,. wherein said period of .extended wear: is at least24 

hours. 

72. An ophthalmic lens of claim 71, wherein said lens produces, after wear of about 24 

hours, including normal sleep periods, less than about 8% comeal swelling • 

. 73. An. ophthalmic lens of claim 72, wherein said ler1$ produces. after wear of about 24 

hours, including normal sleep periods, less than about 6% corneal swelling. 

74. An ophthalmic lens of ~laim 73, wherein said lens produces, after wear of about 24 

hours, including normal sleep periods, less than about 4% corneal swelling. 

75. An ophthalmic lens of claim 71, wherein said extended period of wear is at least 4 

days. 

76. An ophthalmic lens of claim 75, wherein said extended period of wear is_ at least 7 

days. 
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77. An ophthalmic lens Ot claim 76, wherein said lens produces, after wear of about 7 days, 
including normal sleep periods, less than about 10% conieal swelling. 

; 

.;~.;;:~ 
... ;,:, 

78. An ophthalmic lens of claim 77, wherein said lens produces, after wear of about 7 days, ·'#W 
including normal sleep periods, less than about 7% corneal swelling. 

79. An ophthalmic lens of claim 78, wherein said lens produces, after wear of about 7 days, 
including normal sleep periods, less than about 5% c<>meal swelling. 

80. An ophthalmic lens of claim 70, wherein said period of extended wear is at least 14 

days. 

81. An ophthalmic lens of claim so, wherein said eXtend&d period of wear is at least 30 
days. 

· 82. An ·ophthahnic lens of claim 70, wherein said oxygen permeabHily (Ok) is at least 70 
barrers/mm. 

83. An ophthalmic lens of claim 70, wherein said lens has a tensile modulus of 1.5 MPa or lf.r 
less. 

84. An ophthalmic lens of claim 70, wherein said lens has a short relaxation time constant 

of greater than about 3.5 seconds. 

85. An ophthalmic lens of claim 1, wherein the polymeric material has a tan 6 above about 
0.25 at about 1 O HZ. 

86. An ophthalmic tens of claim 70, wherein said tens has an lonoton Ion Permeability 
Coefficient of at least about 0.2 x 1 o-e cm2/sec. 

87. An ophthalmic lens of cJaim 70, wherein said lens has an lonoflux Diffusion Coefficient 
of greater than about 1.5 x 10-& mm2/min. 

88. An ophthalmic lens of claim 70, wherein $aid lens has a Hydrodell Water Permeability 
Coefficient of greater than about 0.2 x 10.e cm2/sec. 
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89. An ophthalmic lens of claim 70, wherein said extended period of wear is at least 24 

hours and said oxygen transmissibillty is at least 80. barrersJmm, and wherein said lens has 

a .tensile modulus of 1.5 MPa or less, a short relaxation time constant of 1.4 to .1 o seconds, 

and an lonoton ·Ion Permeability CoeffJCient of at least 0.2 x 1 o-a cm2/sec. 

90. An ophthalmic tens of claim 70, wherein said extended period of wear ~ at least 4 days 

and said oxygen permeability (Ok) is at feast 90 barrers/mm, and wherein said lens has a 

tensile modulus of 1.5 MPa or less, a short relaxation time constant of greater than about 

3.5 seconds, and an lonoton Ion Permeeblllty Coefficient of at least 0.4 x 10-e ~/sec 

91. An ophthalmic lens of claim 70, wherein said extended period of wear is at least 4 days 

and said oxygen permeability (Dk) is at least 90 barrers/mm, and wherein said lens has a 

tensile modulus of 1.5 MPa or less, a short relaxation time constant of greater than about 

3.5 seconds, and an lonoflux Diffusion Coefficient of greater than abaut 1.5 ·x 1 o-e mm2/min. 

92. An ophthalmic lens of claim 70, wherein said extended period of wear is at least 4 days 

and said·oxygen. permeability (Dk) is at least.90 barrers/mm, and wherein sai~ lens has a 

tensile modulus of 1.5 MPa or less~ a short relaxation time constant of greater than about 

3.5 seconds, ·and·a Hydrodell Water Permeability Coefficient of greater.than about 

0.2 x 10"' cm2/sec. 

93. A method of using a contact lens as an extended wear lens, said lens having 

ophthalmicaHy compatible inner and outer surfaces, said lens being suited to extended 

periods of wear in continuous, intimate contact with ocular tissue and ocular fluids. said lens 

comprising a polymeric material which has a high oxygen permeability and a high water 

permeability, said polymeric material being formed from polymerizable materials ·including: 

(a) at least one oxyperm polymerizable: and• 

(b) at least one ionoperm polymerizable. 

wherein said. lens allows oxygen permeation in an amount sufficient to maintain corneal 

health and wearer comfort during a period of extended, continuous contact with ocular 

tissue and ocular ftuids, and 

wherein said lens allows ion permeation in an amount sufficient to. enable the lens to move 

on the eye such that corneal health is not substantially harmed and wearer comfort is 

acceptable during a period of extended, continuous contact with ·ocular tissue and ocular 

fluids, 

said method comprising the steps of: 
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(a) applying said lens to the ocular enviforiment; and 

(b) allowing said lens to remain i!'l fntirrif!te'c<)ntact with the ocular environment for a first 

period of at least 24 hours. = ~ 

94. A method of claim 93, further inctuding the steps of: 

(c) removing said lens from the ocular ~~ironment; · 
(d) disinfecting or cleaning said lens; · ' ' 

(e) re-applying said lens to the ocul.,_ en.~ronment; and 
(f) allowing said lens to remain in intimate contact with the oeular environment for a . 

second period of at least 24 hours. 

95. A method of claim 93, wherein said firB,t intimate contact period is at least 4 days. 

96. A method of claim 94, wherein said first and ISeCOnd intimate contact periods are at 
least 4 days. 

97. A method of claim 95, wherein said ·first Intimate contact period is at least 7 days. 

98. A method of claim 98, wherein said first and second intimate contact periods are at 

least 7 days. 

99. A method of claim 97, wherein said first intimate contact period iS at least 14 days. 

1 oo. A method of claim 98, wherein said first 'and second intimate contact periods are at 

least 14 days. 

101. A method of claim 99, wherein said first intimate contact period is at least 30 days. 

102. A method of claim ·100, wherein said first and second intimate contact periods are at 

least 30 days. 

103. An ophthalmic lens· of claim 93, wherein said· Jens produces, after wear of about 24 

hours, including normal sleep periods, less than about 8% corneal swelling; · 

104. An ophthalmic lens of claim 103, wherein said lens produces, after wear of about 24 

hours, including normal sleep periods, less than about 6% corneal swelling. 

.. 

. ... :.~··:' 
··th, .. 
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105. An ophthalmic lens of claim 104, wherein said lens produces •. after wear of about 24 

hours. including normal sleep periods, less than about 4% corneal swelling. 

106 •. An ophthalmic lens of claim 93, wherein said lens·produces, after wear of about 7· 

days, including normal sleep periods, less than about .10% corneal swelling. 

107. An ophthalmic lens of claim 106, .wherein said lens produces, after wear of about 7 

days, including normal sleep periods, less than about 7% comeal swelling. 

108. An ophthalmic lens of claim 107, wherein said lens produces, after wear of about 7 

days, including normal sleep periods, less than about 5% corneal swelling. 

109. A method of forming a biocompatible lens having high oxygen permeability and high 

water permeability. said method comprising the steps of: 

(a) forming a core material including: 

(1) at least one continuous pathway from front curve to base curve surfaces for oxygen 

transmission therethrough, and 

(2) at least one continuous pathway, from front curve to base curve.surfaces for water. 

transmission therethrough; ·and 

(b) altering the surface of said core material to produce a surface which is mor• hydrophilic 

than said core material, 

whereby said lens allows oxygen permeation Jn an amount sufficient to maintain corneal 
health and wearer comfort during a period of extended, continuous contact with ocular 

tissue and ocUlar fluids, and 

whereby said lens allows ion permeation in an amount sufficient to enable the lens to move 

on the eye such that corneal health is not substantially harmed and wearer comfort is 

acceptabJe during a period of extended, continuous contact with ocular tissue and ocular 

fluids. 

110. A method of claim 109, wherein said ophthalmic lens has an oxygen permeability of at 

least 70 barrers/mm. 

111. A method of claim 11 O, wherein said ophthalmic lens has an oxygen. permeability ·of at 

least 87 barrers/mm. 
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112. A method of claim 109, wherein said inQmate contact period is at least 24 hours. 

. . 

113. A method of claim 112, wherein said intimate contact period is at least 7 days. 

114. A method of claim 109, wherein said lens has an lonoton Ion Permeability Coefficient :-:;.;: 

of at least about 0.3 x 10 .. cm2/sec. 

115. An ophthalmic lens of claim 109, wherein said'tens has an lonoflux Diffusion 

Coefficient of greater than about 1.5 x 1 o-i mm2/min. 

116. An ophthalmic lens of claim 109, wherein said lens has a HydrodeU Water 

Permeability Coefficient of greater than about 0.2·x 10-s·cm2/sec. 

117. A method of claim 111, wherein said intimate contact .Period Is at least 7 daYs. 

. ' . -· 
118. A method~ claim 112, wherein said Intimate contBCt period is at least ·14 days. 

119. A method of claim 118, wherein said surface altering comprises plasma treating said 

surface to render said surface more hydrophilic than said core. A~ 

120. An ophthalmic lens having ophthalmically compatible inner and outer &Urtaces. said 

lens being suited to extended periods of wear in continuous, Intimate contact with ocular 

tissue and ocular fluids, said lens comprising a polymfiric material which·has a high oxygen 

permeability and a high ion permeability, said polymeric material being formed from 

polymerizable materials comprising at least one polymerizable material comprising: 

(a) at least one oxyperm segment; and 

(b) at least one ionoperm segment, 

wherein said lens allows oxygen permeation in an amount sufficient to maintain corneal 

health and wearer comfort during a period of extended, continuous contact with ocular 

tissue and ocular fluids, and 

wherein said lens allows ion or water permeation in an amount sufficient to enable the lens 

to move on the eye such that corneal health is not substantially harmed ai1d wearer comfort 

is acceptable during a period of extended, continuous contact with ocular tissue and ocular 

fluids. 

., ... ..,.. 
.· •.. 

: . ..:! 
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121. An ophthalmic lens of claim 120, wherein said ophthalmic tens has an oxygen 

transmissi~ility of at least about 70 barr~rs/mm. 

122. An ophthalmic lens of claim 121, wherein said ophthalmic lens has an oxygen 

transmisslbility of at. teast:.about75. barrers/mm. 

123. An ophthalmic lens of claim 122, wherein said ophthalmic lens has an oxygen 

transmissibffity of at least about 87 barrers/mm. 

124. An ophthalmic lens of claim 120, wherein said lens has an lonoton Ion Permeability 

Coefficient of greater than about 0.2 x 10.e cm2/sec. _. __ 

125. An ophthalmic lens of claim 120, wherein said lens has an lonoflux Diffusion 

Coefficient of greater than about 1.5 x 10 .. mm2/min. 

126. An ophthalmic tens of claim 120, wherein said lens has a Hydrocten Wat.er 

Permeability Coefficient of greater than about 0.2 x 1 o-e crn2/sec. 

127. A method of screening an ophthalmic lens for utility as an extended-wear lens,- said 

method ·comprising the steps of: 

(a) allowing said lens to be fully hydrated by allowing said lens to equilibrate in a saline 

solution; 

(b) testing the lens to determine a factor which is a function of the oxygen transmisslbillty of 

said Jens; 

(c) testing the lens to determine a factor which is a function of the ion or water permeability 

of said lens; and 

(d) selecting said lens as an extended-wear lens if said oxygen transmisslbitlty factor and 

said water or ion permeability factor are both above predetermined limits which are 

established to ensure good corneal health and wearer comfort when said lens is in intimate 

contact with a human eye for a period of continuous, extended wear of at least 24 hours. 

128. A screening method of claim 127, wherein said ion permeability factor is the lonoton 

Ion Permeability Coefficient 

129. A screening method of claim 128, wherein said lonoton Ion Permeability Coefficient is 

greater than about 0.3 x 1 o-6 cm2/sec. 
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130. A screening method of claim 127, wherein said ion permeability factor is the lonoflux 
Diffusion Coefficient. 

131. A screening method of claim 130, wherein Said lonoflux Diffusion Coefficient is 
greater than about 2.6 x 10" mm2/mln. 

· 132. A screening method of claim 127, wherein said water permeability factOr is the 
Hydrodell Water Permeability Coefficient. 

133. A screening method of claim 132, wherein said Hydrodell.Water Permeablllty 
Coefficient is greater than about 0.3 x 1 o"' cm2/sec. 

134. A screening method of claim 129, wherein said oxygen transmissibility factor is the Ok 
and the limit is 70 barrers/mm. 

135. A screening method of Claim 131, wherein said oxygen transmissibi&ty factor is the Dk 
and the limit is 70 barrers/mm. 

136. A screening method of claim 133, wherein said oxygen transmissibillty factor is the Dk 
and the limit is 70 barrers/mm. 

· 137. A polymer composition having good optical clal'lty and high oxygen permeability, 
comprising: 
(a) about 5 to about 94 dry weight percent of a macromer having the formula: 

L R Ir fi 
II.is 11.ia-f o-R1rfo~ocrR1-jco-RsoRs 

H H H 

wherein: 

71 12 
iiO ii-
R1 n ~ 

.. 

-~ 
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A, and R2are selected from C,-Cs alkyl, 

Rs. Rt. A,, and Raare selected from C,-Ce alkylene. 

R7 and Re are selected from linear or branched alkylene and bivalent cycloalkylene, 

Re. R10. R11. and .R12 are selected from C1-Ct alkylene, 

R1a and R, .. are selected from c,-Cs alkylene, 

Ats and R1eare selected from linear or branched lower alkenylene, 

m and p, independently of one another, are about 3 to about 44, and 

n is about 13 to about 80, 

wherein said macromer has a number-average molecular weight of 2000 to 10,000; 

{b) about s to about 60 weight percent of an acrylated or methacrylated siloxane monomer: 

(c) about 1 to about 30 weight percent of an acrylate or methacrylate mo_nom~r; and 

(d) o to 5 weight percent cross-linking agent; 

wherein said weight percentages are based upon the dry weight of the polymer 

components. 

138. A polymer of claim 137, wherein said siloxane monomer is 3-methacrytoxypropyltris 

{trlmethylsDoxy)silane. 

139. A polymer of claim 137, comprising:. 

(a) 70 to 90 weight.percent of said macromer: 

(b) 8 to 20 weight percent of said siloxane monomer; 

(c) 1 to 5 weight percent hydrophilic monomer; and 

(d) 0 to 2 weight percent cross-linking agent. 

140. A polymer of claim 137, comprising about 10 to about 50 weight percent water. 

141 •. A polymer of claim 140, wherein said water content is about 1 O to about 30 weight 

percent. 

142. A polymer of claim 141, wherein said water content is about 15 to about 22 weight 

percent. 

143. A polymer o1 claim 139, comprising about BO to 84 weight percent of said polysiloxane 

macrorner. 
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144. A polymer of claim 139, comprising about 12 to 15 weight percent 

methacryloxypropyltris ·(trimethylsiloxy)silane. · ·'"' 
::~~~~r.. 

145. A polymer of claim 137, wherein said acrylate or methacrylate component is 2- ;r~~~-
hydroxyethyl methacrylate. ~rt~ 

· 146. A polymer of claim 140, comprising about 3.to about 4 weight percent ot 2-

hydroxyethyl methacrylate. 

147. A polymer of claim 137, wherein said cross-linking agent is ethylene glyciol 

dimethacrylate. 

148. A polymer of claim 147, comprising about 0.7to1.2 weight percent ethylene glycol 

dimethacrylate 

· · 149. A poiyme~ of claim 137, comprising: 

(a) about BO to about 84 weight percent polysiloxane macromer; 

(b) about 12 to about 15 weight percent methacryloxypropyltris(trimethylsiloxy)silane; 

(c) about 3 to about 4 weight percent 2-hydroxyethyl methacrylate: and 

(d) about o. 7 to 1.2 weight percent ethylene glycol dimethacrylate. 

150. A polymer of claim 149 having about 15 to about 22 weight percent water, based on 

total polymer weight. 

151. A contact lens, comprising the polymer of claim 137. 

152. A contact lens of claim· 151, having a Dk greater than 80 barrers and a water content 

of about 1 O to 30 weight percent. 

153. A contact lens, comprising the polymer of claim 139. 

154. A contact tens, comprising the polymer of claim 150. 

155. A contact lens of claim 154, having a Dk greater than 80 barrers and a water content 

of about 1 o to 30 weight percent. 

.... .iii~-
,,, I,• 
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156. A method of forming a molded polymeric article suitable for ophthalmic applications, 

comprising the steps of: 

(a) contacting a poly(dialkylsiloxane) dialkanol with a diisocyanate compound in the 

presence of a first catalyst at conditions sufficient .to cause reaction of said dialkanol with 

said diisocyanate, ·thereby forming a first mixture; 

(b) contacting said first mixture with poly(alkylene glycol), a second catalyst, and sufficient 

solvent to ensure mixture homogeneity, thereby forming a second mixture: 

(c) evaporating sufficient solvent from said second mixture to generate a third mixture 

having a solids content of about 40 to 60 weight percent; 

(d) adding isocyanatoalkyl methacrylate to said third mixture, thereby forming a fourth 

mbcture containing a polysiloxane macromer; 
(e) adding to said fourth mixture 3-methacryloxypropyltris(trimethylsiloxy)silane (TRIS), a 

hydrophilic monomer, a cross-linking agent and a photoinitiator, thereby forming a fifth 

mixture; 

(f) placing said fifth mixture into a mold; and 

(g) applying sufficient radiation to said fifth mixture to copolymerize the polymerizable 

material contained· therein, thereby forming said polymeric material into a. molded polymeric 

article. 

157. A method as recited in claim 156, -wherein said molded polymeric article is a contact 

tens. 

158. A method of claim 156, comprising the steps of: 

(a) contacting poly(dimethylslloxane) dialkanol with isophorone diisocyanate in the 

presence of dibutyltin dllaurate at conditions sufficient to cause reaction of said dialkanol 

with said diisocyanate, thereby forming a first mixture; 

(b) contacting said first mixture with poly(ethylene glycol), dibutyltin dilaurate, and sufficient 

solvent to ensure mixture homogeneity, thereby forming a second mixture: 

(c) evaporating sufficient solvent from. said second mixture to generate a third mixture 

having a solids content of about 40 to 60 weight percent; 

(d) adding isocyanatoethyl methacrylate to said third mixture, thereby forming a fourth 

mixture containing a polysiloxane macromer; 

(e) adding to said fourth mixture 3-methacryloxypropyttris(trimethylsiloxy)silane, 2-

hydroxyethyl methacrylate, ethylene glycol dimethacrylate and a photoinitiator, thereby 

forming a fifth mixture; 

(f) placing said fifth mixture into a mold; and 
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(g) applying sufficient radiation to copolymerize said polysiloxane macromer, TRIS, 

HEMA, and EGDMA, thereby forming said polymeric material into• molded polymeric 

article. 

. ...... ~, 
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