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The present invention relates to polysiloxanes suitable for the preparation of intraccular lenses by 2 cross~linking reaction, having a §
specific gravity of greater than about 1.0, a refractive index suitable for restoring the refractive power of the natural crystalline lens and a |
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INJECTABLEINTRAOCULAR LENS

FIELD OF INVENTION

The present invention relates to an intraocular lens and to materials useful in making
intraocular lenses (IOLs), specifically, injectable IOLs and methods for their preparation. More
particularly, the invention relates to high specific gravity silicone materials suitable for making

accommodative IOLs, which can be injected into the capsular bag with greater convenience than

previously suggested materials.

BACKGROUND OF THE INVENTION

The human eye is a highly evolved and complex sensory organ. It is composed of a
cornea, or clear outer tissue which refracts light rays enroute to the pupil, an iris which controls
the size of the pupil thus regulating the amount of light entering the eye, and a lens which
focuses the incoming light through the vitreous fluid to the retina. The retina converts the
incoming light into electrical energy that is transmitted through the brain stem to the occipital
cortex resulting in a visual image. In the perfect eye the light path from the cornea, through the
lens and vitreous fluid to the retina is unobstructed. Any obstruction or loss in clarity within

these structures causes scattering or absorption of light rays resuiting in diminished visual acuity.

For example, the cornea can become damaged resulting i% sgarring or ail_l_)_l;a_s-igl‘l_g,‘ the fens

is susceptible to oxidative damage, trauma and infection, and the vitreous can become cloudy due

to hemorrhage or inflammation.

As the body ages, the effects of oxidative damage caused by environmental exposure and
endogenous free radical production accumulate resulting in a loss of lens flexibility and
denatured proteins that slowly coagulate reducing lens transparen {The neﬁ:ural flexibility of the
lens is essential for focusing light onto the retina by a process referred to as accommodation.
Accommodation allows the eye to automatically adjust the field of vision for objects at different
distances. A comumon condition known as Wcsuits when the cumulative effects of

oxidative damage diminish this fiexibility reducing near vision acuity. Presbyopia usually
——‘—_—_'—__._.-_q—‘—'—‘—-
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begins to occur in adults during their mid-forties; mild forms are treated with glasses or contact

lenses. ' ~

Lenticular cataract js a lens disorder resulting from the further development of coagulated

\____,_..———-md
protein and calcification. There are four common types of cataracts: sg(n;)e cataracts associated

thh aging and oxidative stress, tratgrr}atic fataracts which develop after ap%orelgn body enters the
Vi
1
lens caliul/cor following intense exposure to ionizing radiation or infrared rays, complicated,
: . . AU~ -

cataracts which are secondary to diseases such as diabetes mellitus or eye disorders such as

~ ‘J; ‘di'gached retinas, glaucoma and regnifis xgmentos‘a -aand toxw cataracts rcSuftmg from medicinal
N L 5 EEJ W,
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or chemical tox1c1tyﬁ Regardless of the cause; the d}:.cabe erLlltb in impaired vision and may lead

to hiindness.

Treatment of severe lens disease requires the surgical removal of the lens involving

phakoemulsification followed by irrigation and aspiration. However, without a lens the eye is
_h-__"_‘,-d—_'—-—-'-'—'&-.
unable to focus the incoming light on the retina. Consequently, an artificial lens is used to

restore vision| Three types of prosthetic lenses are available: cataract glasses, external contact

lenses and IOLs. Cataract glasses have thick lenses, are uncomfortably ﬁeavy and cause vision
anié;;;uch as central image magnification and side vision distortion. Contact lenses resolve
many of the problems associated with glasses, but require frequent cleaning, are difficult to
handle (especially for elderly patients with symptoms of arthritis), and are not suited for persons
who have restricted tear production. Intraocular lenses are used in the majority of cases to
overcome the aforementioned difficulties associated with cataract glasses and contact lenses.
IOLs mentioned in the prior art literature usually belong to one the following categories:

non-deformable, foldable, expansible hydrogels and injectable. The earliest IOLs coming into

surgical practice are non-deforimable implants having rigid structures composed of acrylates and

" methacrylates. This type of lenses requires a large surgical incision m the capsular bag and is not

accommodative. The large incision results in protracted recovery times and the likelihood of

introducing astigmatism. In an effort to reduce recovery time and patient discomfort numerous

small incision techniques and lenses have been developed. /

Present IOLs designed for small incision implantation have elastomeric characteristics
and are made of silicone materials. This type of lenses can be rolled or folded, inserted into the

capsular sac then unfolded once inside. Occasionally, the folding of the lens before insertion
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results in permanent deformation adversely effecting the implant’s optical qualities. Foldable
lenses meet the requirement of reducing the large surgical incision non-deformable lenses
required, but are not accommodative. Moreover, both non-deformable and foldable IOLs are
susceptible to mechanical dislocation resulting in damage to the corneal endothelium.

It has further been suggested to use an elastomeric polymer that becomes pliable when
heated to body temperature or slightly above in small incision IOL implantation. Once pliable,

e
such a lens would be deformed along at least one axis reducing its size sufficient for easy
insertion through a small incision. The lens is then cooled to retain the modified shape until re-
heated. The cooled lens is inserted into the capsular sac and the natural body temperature warms
the lens and it returns to its original shape. The primary drawback to the thermoplastic lens is the
Jimited number of polymers that meet the exacting needs of this approach. Most polymers are
composed of polymethylacrylate which have solid-liquid transition temperatures above 100°C,
To reduce these transition temperatures modifications of the polymer substrate with the use of
plasticizers is required which eventually may leach into the eye.

PR

Dehydrated hydrogels have also been suggested for small incisions technigues. Hydrogel
lenses are dehydrated before insertion and naturally rehydrated once inside the capsular sac.
However, o.nce fully rehydrated the polymer structure is notoriously weak due to the large
amount of water absorbed. The typical dehydrated hydrogel’s diameter will expand from 3 mm
to 6 mm resulting in a lens that contains about 85% water. At this water concentration the
refractive index drops to approximately 1.36 which is unacceptable for an JOL. To achieve a
refractive index equal or greater than that of the natural lens (>1.40) a significantly thicker lens is
required; this is even further exacerbated when lens diameters exceed 6 mm.

To further develop IOLs and reduce surgical incisions to below 1.5 mm, techniques with
injectable IOLs have been suggested, wherein the low viscosity lens material is directly injected
into the empty capsular bag and cured irn situ as a part of the surgical procedure. In this process
the capsular bag is to be used as a moid to form the shape of the lens and thereby contribute
control its refraction. There have been several attempts to develop materizals suitable for use as
injectable IOLs. For example, Gerace et al. describe a fast curing mixture of vinyi-containing
polyorganosiloxane, organosilicone comprising hydride groups and a platinum group metal

catalyst used to form an IOL 1n their 5,278,258, 5,391,590 (*599) and 5,411,553 patents. The

-

e
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resulting polymers demonstrate a reduced tendency of discoloration compared to other platinum
catalyzed silicone polymers. The ‘390 patent also discloses a substantially non-functional
polymer component of the mixture that has a viscosity at least 50 times greater than the
functional polymers. The non-functional component is mixed with the functional components to
adjust viscosity to a pre-determined specification. Kelman discloses an injectable collagen 107,
in US patent number 5,476,515. This lens is clear, resistant to epithelialation and is capable of
accommodation. It is made from a transparent collagen compound that has a refractive index

range from 1.2 to 1.6 that can be used n either its original viscous state, or polymerized into a

wavvartral
1 ARLNG ¥ e

Apart from problems with obtaining control over the crosslinking process and finding
clinically acceptable conditions, there have been a struggle to perfect the polyorganosiloxane
compositions, since they need to have a suitable viscosity for injection, a suitably high refractive
index as well as suitable mechanical characteristics after crosslinking, i.e. a suitable modulus. //
Polydimethylsiloxane (PDMS) has been employed as a material in foldable IOLs andF
refractive index similar to that of the natural crystalline lens. This material is also exemplified as
a part of the injection mixture in the above mentioned patents to Gerace et al. PDMS has also
been found to have a relatively low viscosity and thereby a tendency to leak out of out of the
desired injection site (i.e. the capsular bag). This is considered in the mentioned US Patent
5,391,590, wherein an additional high viscosity polysiloxane is added to the injection mixture.
However, high viscosity silicones have the drawback in that they can entrap air bubbles, which
can impair the optical quality of the resulting product. In addition, it has been found that
polyorganosiloxanes having a high fraction of dimethyisiloxane units may have an unacceptable
low specific gravity with the undesired result that the injected lens material will float on an
aqueous layer in the capsular bag. In such a case, it will be difficult to fill the capsular sac
completely and requires the surgeon to manually express water in order to maintain the correct
lens shape during the curing process. Therefore, it is desirable to formulate an injectable lens
forming material from polysiloxanes which can overcome the problems with floating and

leakage, while still having a suitably high refractive index and the desirable mechanical and

optical gualities so as to constitute an optimal replacement for the natural lens. These features are

soft gel. The collagen compound is injected directfy into the capsuiar sac following natural jens /
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accomplished by the presently invented injectable lens material with a specific gravity greater
that 1.0 which maintains a sufficiently high refractive index at least similar to that of natural

lenses and provides for an optically smooth surface of the resulting lens.

OBJIECTS AND SUMMARY OF THE INVENTION

The objects of the present invention are to provide injectable materials useful in making
I0Ls, specifically, injectable 10Ls, and methods for their preparation and use. In particular it is
an object of the present invention to provide intraocular lenses having the advantage of a specific
gravity greater than 1.0 that greatly simplifies injection of the lens forming silicone material and
helps to assure proper positioning and conformation once cured in sifu, while yet being able to
provide a controllable refractive index within the physiological range the recipient requires for
proper vision and suitably low modulus of the cured produect, so as to better replicate the
accommodative characteristics of the implanted lens. A further object is to provide materials and
methods that lead to a fully cured injectable I0L with an optically smooth surface. These and

other objects not specifically enumerated are addressed by identifying high specific gravity

silicone materials suitable for making accommodative I0OLs that can be injected with greater /

convenience than current materials.

In its most general form the present invention relates to polysiloxanes suitable for the
preparation of intraocular lenses by a crosslinking reaction, having a specific gravity of greater
than about 1.0, a refractive index suitable for restoring the refractive power of the natural
crystalline lens and a viscosity suitable for injection th:oughﬁﬁﬁdé? cannuia )t is to be
understood that the polysiloxanes comprise a certain amount of functional unsaturated groups
suitable for reaction with silicone bonded hydride (Si-H) groups in the presence of a catalyst. The
skilled person knows of a large number of different alkenyl moieties and routes of how to
synthesize vinyl functional polysiloxanes. A suitable and commonly employed route is to
introduce end-blocking groups of vinyldimethy{ siloxane wherein the olefinic viny! group will
enable curing by crosslinking. The polysiloxanes according to the invention can have refractive

index ranges between 1.382 and up to about 1.60, preferably between from about 1.38 to 1.46

and more preferably index ranges from about 1.38 to 1.43, in order to be suitable as a materiai for
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the production of intraocular [enses. Most preferably, the inventive polysiloxanes have a specific
gravity within the range of about 1.03 to about 1.20. The polysiloxanes should also have a
suitable viscosity to be readily injectable through conventional cannula having an 18 Gauge
needle dimension or finer dimensions. Preferably, the polysiloxanes should be able to pass
through a 21 Gauge needle. To comply with these criteria of injectability, pelysiloxanes
according to the present invention should have a viscosity less than about 60 000 ¢St. More
preferably, the viscosity should be less than about 8000 ¢St. The skilled person will be abie to
relate these requirements to suitable degrees of polymerization. Ve
The polysiloxanes typically consist essentially of different slioxane monomer units
having the general formula -R,R,S10-, wherein R_and R, are the same or different substituted or
unsubstituted alkyl or.aryl groups bound to the silicone atom. In accordance with the present
invention at least one of the siloxane monomers included in the polysiloxanes has specific
gravity greater than about 1.0. According to one aspect of the invention the polysiloxanes has at
least one monomer, wherein R_and R, are the same or different alky! or aryl groups of which at
least one of said groups is substituted with one or several fluorine atoms. Preferably, the
polysiloxanes comprises monomer units, wherein R, is fluoroalkyl and R, is alkyl and most
preferably the polysiloxanes comprise 3,3,3-trifluoropropylmethylsiloxane monomers. In order
to provide the polysiloxanes with the typically high specific gravity, it is preferred that the
flugroalkyl containing monomers exceed about 4 mol%. Further, it is also preferable that one of
the siloxane monomers is an arylsiloxane and especially preferred arylsiloxanes are
diphenylsiloxane and phenylalkylsiloxane. ~
According to an aspect of the invention, the polysiloxanes essentially are @olymés\)
derived from three different siloxane monomers of the general formula (R,R,Si10), (R_:R:SIiO)m
(R.R(S10), wherein one of the three monomers has a specific gravity greater than about 1.0 and
said terpolymer has a refractive index of about 1.41. In order to accomplish polysiloxanes with
the mentioned requirements which the inventors have found to be advantageous for obtaining a
material suitable for being injected into the capsular bag of the eye, it has been found suitable
that R, and R, are the same or different lower substituted or unsubstituted alkyl and most
preferable both are methyl. R, and R, shall be selected among the same or different substituted or

unsubstituted aryl and alkyl groups, preferably R, is pheny! and R, is phenyl or methyl. R and R,

/
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shall be selected among fluoroalkyl and alkyl groups and preferably R is triftuoropropyl and R,

is methyl. Alternatively, the inventive polysiloxanes can be higher polymers than terpolymers

including but not limited to tetracopolymers with the same monomer types as mentioned.
According to preferred aspect of the invention, polysiloxanes essentially are vinyl-

terminated terpolymers having the formula:

R R |
( Simo%iimo{;{-iiﬁo-};* /

wherein R1 and RZ are independently C1-Cg alkyl; R3 is phenyl; R4 is phenyl or C4-Cg
alkyl; R3 is CF3(CHy)y wherein x is 1-5; RS is C1-Cg alkyl or fluoroalkyl; [ is in the molar
fraction range of 0 to ©.95; m is in the molar fraction range of 0 to 0.7; and n is in the molar
fraction range of 0 to 0.65. It is preferred that R is methy!, that R2 is methyl, R% is phenyl, that

X is 2, either independently, or in combination. Preferably according to these alternatives RO is
methyl. According to one embodiment, the polysilexane is a copolymer of diphenyl or
phenylalkyl siloxane and dialkyl siloxane. Wecording to further embodiments, the polysiloxane is )
a copolymer of diphenyl or phenylalkyl siloxane and trifluoroalkyi(alkyl)siloxane, or a

terpolymer or higher order polymer of diphenyl and/or phenylalkyl siloxane, dialkvl siloxane and
trifluoroalky! alkyl siloxane. According to a specific preferred embodiment, polysiloxane is a

terpolymer of dimethyl siloxane, diphenyl siloxane or phenylmethyl siloxane and 3,3,3-

triflucropropylmethyl siloxane. Preferably, said polystioxanes comprise at least about 4 mol% of

trifluoropropylmethyl siloxane and } o 50 moi% of dip.henylsiloxane and/or
phenyimethylsiloxane. More preferably said polysiloxanes comprise about 4 to 65 mol% 3,3.3
trifluoropropylmethyl siloxane, 1 to 50 mol% of diphenylsiloxane and dimethylsiloxane
monomer units. One suitable polysiloxane compoesition for being a part of a composition for

injection into the capsular bag of the human eye for the formation of JOL comprises about 28
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mol% trifluoropropylmethyl stloxane, about 4 mol% dipheny! siloxane and dimethyl siloxane
Imonomer units.

An important part of the present invention is the provision of an injectabie iens material,
comprising polysiloxanes having a specific gravity that is greater than about 1.0 and a refractjve
index of a natural lens which are defined as above, a crosslinking agent having a sujtable amount
of unreacted Si-H groups and a catalyst. It is to be understood by the skilled person that such a
material is prepared by mixing the a formulation of the polysiloxane and catalyst with a
formulation of the crossiinking agent, just prior to its use. It is also to be understood that these /
formulations can comprise further conventional constituents, such as agents for affecting ihe

crosslinking and agents commonly associated with the production of IOLs from silicone

1
Wk AL I LR LRSS L, -

materials, e.g. UV light absorbers.

The catalysts can be found among platinum group metal containing catalysts commonly
employed for catalyzing the formation of bonds between Si-H groups and vinyl groups as

referred to in US patent No. 5,278,258,

The crosslinking agents are of the siloxane or polysiloxane (i.e. a multifunctional

organohydrogenpolysiloxane) type carrying at least two, preferably at least three Si-H groups, as
e T

disclosed in US Patents No. 5,278,258 and 5,444,106 which documents are incorporated as.
references for the crosslinking process. Other suitable crosslinkers are the branched siloxanes
mentioned in US Patent No. 2,877,255, An example of a particularly suitable crosslinking agent

for the present invention is tetrakis(dimethylsiloxy)silane.

The amounts of the components of the injectable material can be varied in accordance to

the specific conditions. For example it is desirable to have reasonable fast curing process at

“ambient body temperature so final curing 1s accomplished within about 2 to 6 hours and that the

injected composition is gelled into a stable polymeric network within a suitable working time for
the surgeon. The skilled person will be able find suitable variation of the amount of the
components and selecting suitable catalysts and crossiinking agents io obtain a suitable
crosslinking density and so the resulting lens quality not will be compromised from any optical
deficiency, such as discoloration from excessive catalyst levels. Examples of preferred routes to

produce TOLs of the inventive lens material bases on specific polysiioxanes are given below. Y.
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‘The high specific gravity polysiloxanes preferably are prepared from a mixture of
stloxane compounds including, either trimers, tetramers, or higher order cyclic siloxanes. The
monomers used in the preferred embodiments of the present invention include, but are not
limited to, methy! and substituted methyl siloxanes, phenyl siloxanes and trifluoropropyl
methylsiloxanes having individual specific gravities ranging between about .97 and 1.28.

A crosslinkable terpolymeric stlicone fluid, suitable for IOL can be prepared by
copolymerizing three or more stloxane monomers in a predetermined ratio. Once formed the
polymer has a specific gravity greater than 1.0 and \can be injected into the patient’s previously
prepared capsular bag in a mixture with a crosslinker, the necessary catalyst and irhibitor
formulation and cured in sitw.® During the early, i.e. gelation, phase of the curing process
intraocular pressure is maintained to assure proper lens positioming and conformation within the
capsular sac. The resulting IOL will have a refractive index within the physiologic range

previously determined optimum for the given application and an optically smooth surface.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

The types of siloxane monomers useful in preparing the JOLs of this preferred
embodiment include, but are not limited to, methyl and substituted methyl! siloxanes, phenyl
siloxanes and trifluoropropyl methyl siloxanes with individual specific gravities ranging between
0.97 and 1.28. The high specific gravity silicone co-polymers of the present invention are
prepared by mixing a plurality of these compounds in a predetermined ratic to achieve a desired
specific gravity and refractive index.

According to one embodiment, three siloxane monomers are mixed together with a
suitable end blocker and dried in a reduced atmosphere under controlled thermal conditions. The
reaction mixture is then catalyzed to induce co-polymerization in an inért atmosphere. The
reaction is aliowed to continue for a predetermined time in a precise thermal environment then
terminated. Next, the reaction product is washed, precipitated and dried. The specific gravity,
refractive index and mean molecular weight are determined.

In another embodiment of the present invention three siloxane monomers are mixed

together with a suitable end biocker and dried in a reduced atmosphere under controiled thermal
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conditions as before. The reaction mixture is then catalyzed to induce co-polymerization in an
inert atmosphere. The reaction is allowed to continue for a predetermined time in a precise
thermal environment then terminated. Next, the reaction product is washed, precipitated and
dried. The resulting precipitate is then re-dissolved in a suitable solvent and filtered to enhance
clarity. The specific gravity, refractive index and mean molecular weight are determined.
Changes in the reactants, their relative concentrations and reaction conditions will result in a
variety of end products with different specific gravities and refractive indices. The benefits of
these differences will become apparent to one skilled in the art from the specific examples below.

According to the methods of the present invention, the ratio of siioxane monomer
rcactants necessary to achieve a desired refractive index and specific gravity can be
approximated mathematically. 1f N is the desired JOL’s refractive index and P is the specific
gravity of the lens’ copolymer and where n ; are the refractive indices and p, 4 are the specific
gravities of the monomer reactants then the following mathematical relationship can be used:

N=xn, + xn, + X;l,

P =xp, +Xp, + Xap5
Where x, ; represent the ratio of the individual siloxane monomer reactants required to achieve
an IOL with the desired optical and physical properties and x, + X, + X, = 1.

Having an injectable silicone lens with a specific gravity greater than 1.0 will greatly
simplify the injection process and represents a significant unprovement over previously
suggested materials for injectable lens materials. Prosthetic lenses made by the process
described herein are compliant and retain the refractive index of the natural Jens making them

/

The present invention improves considerably on previously suggested polysiloxane based

ideal as corrective lenses as well as replacements for damaged and cataractous lenses.

materials for injectable TOLs due to 1ts increased specific gravity to above [.0, so displace
residual water after its injection into the capsular sac’s aqueous environment. This characteristic
will reduce post-injection manipulation of the surgeon and will assure that the lens will assume a
natural position and configuration. In accordance with the methods of the present imvention an
injectable IOL material is formed that greatly simplifies the injection, positioning and curing
process. By the mentioned selection of siloxane monomers a high density injectable material can

be provided with a controlled suitable refractive index comparable to that of the natural lens

/

. @
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without compromising the other important requirements including a viscosity suitable for
injection. This will greatly contribute to that 1s possible to adjust the refractive outcome of the
injected lens formed with the capsular bag as a miold by having suitable fractions of siloxane
units contributing to a high refractive index and sifoxane units contributing to a high density.
Another advantage of this invention is that extremely compliant nature fully cured lenses can be
obtained. If a conventional foldable silicone lens is considered to have a stiffness of 100, a cured
injectable lens made from the material of the present invention could be designed to have a
stiffness ranging from zero to five. Therefore, lenses made from the material described herein
can be accommodative and respond naturaliy to the changes in the eyes’ shape as focal length is
adjusted. The accommodative nature of lenses fabricated from materials of the present invention
would make them particularly suitable for corrective purposes besides replacements for diseased
natural lenses and is considered within the scope of this invention. An unexpected, and

beneficial, advantage of the present invention is the optically smooth surface formed after the

lens has cured in situ.

The following examples are offered as being illustrative of the principles of the present invention

and not by way of limitation.

Example 1

Preparation of poly(dimethyl-co-methylphenyl-co-trifluoropropyimethyl)siloxane.

To a dry 50m! flask were added siloxane monomers: hexamethylcyclotrisiloxane, 6.0g,
3,3,3-triflucropropylmethyicylclotrisiloxane, 7.3g, 1,3,5-trimethyl-1,3,5- s i }ﬂ?‘%
triphenylcyclotrisiloxane, 1.7g (1.55ml), and an end-blocker, I.3—diviny!tetramethyfﬁ_iS_ﬂ_Q&EiIlﬁ;
0.14g (0.17ml). The mixture was dried under vacuum at 80 * C for 30 minutes, then Blﬁge___c_l/mvith
argon. The temperature was raised to 140 °C and potassium silanolate catalyst, 7 mg, was added
to initiate polymerization. the reaction proceeded quickly as indicated by an increase

viscosity. After about 30 minutes the mixture clarified. After about 3 hours the temperature was
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raised to 160°C and the reaction continued for a further 3 hours, after which the reaction was
cooled to roorﬁ temperature. The polymer was cleaned using a procedure of dilution with
tetrahydrofuran and precipitation in methanol, then dried. The dried silicone product was glass
clear, with refractive index: 1.4070 (catculated: 1.410), specific gravity: 1.116 (calculated:

1.104), and molecular weight by GPC 25,000. Crosslinking of the polymer produced a clear

silicone gel.
—
Example 2
Premaration of nolvidimethvl-co-methylphenyl-co-trifluoropropylmethyl)siloxane

A reaction mixture was prepared according to Example 1 except that the siloxane monomers
were hexamethylcyclotrisiloxane, 9.0g, 3,3,3-trifluoropropylmethylcylclotrisiloxane, 4.65g,
1,3,5-trimethyl-1,3,5-triphenylcyclotrisiloxane, 1.35g (1.23ml). The resulting silicone polymer
product was glass clear, the refractive index was 1.4082 (calculated: 1.410), specific gravity was

1.066 (calculated: 1.056) and the molecular weight by GPC was 26,000 .

Example 3

Preparation of polv{dimethyl-co-diphenyl-co-trifluoropropyimethylsiloxane

To a dry 50m] flask were added siloxane monomers: hexamethylcyclotrisiloxane, 7.5g,
3.3,3-trifluoropropylmethylcylclotrisiloxane, 6.66g, hexaphenylcyclotrisiloxane,].68g, and an
end-blocker, 1,3-divinyltetramethyldisiloxane, 0.28g (0.34ml). The mixture was dried under
vacuum at 80°C for 30 minutes, then purged with argon. The temperature was raised to 140°C
and potassium silanolate catalyst, circa 7mg, was added to initiate polymerization. The reaction
proceeded quickly as indicated by an increase In viscosity. After about 30 minutes the solutton
was almost clear with some residue at the bottom of the reaction vessel. The viscosity of the
reaction mixture was decreasing. After about 2 hours the temperature was raised to 160°C and

the reaction continued for a further 3 hours, after which the reaction was cooled to room
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temperature. The polymer was washed with tetrahydrofuran and precipitated in methanol, then

dried. The dried silicone product was slightly hazy. The material was dissolved in

tetrahydrofuran, filtered through a 0.45 micrometer filter, and again dried, yielding a glass clear
silicone polymer. The refractive index was 1.4095 (calculated: 1.424), specific gravity was 1.10

(calculated: 1.094) and the molecular weight by GPC was 18,000 . Crosslinking of this material

vielded a clear silicone gel.

Example 4

Preparation of poly(dimethyl-co-diphenyl-co-trifluoropropylmethyl)siloxane

To a dry 1000m] flask were weighed in order: octaphenylcyclotetrasiloxane, 90.61 g,
3,3,3-triﬂuoropropylmethyicylclotrisiloxane, 101.88g, octamethylcyclotetrasiloxane, 368.27g,
and an o,w-diviny! dimethylsiloxane oligomer end-blocker (Mn 1287 by NMR analysis), 40.93g.
The flask was equipped for reflux and the reagents dried under vacuum on a bath at 80°C for 30
minutes. The system was purged with nitrogen, and potassium silanoclate (Mn 395), 267mg,
added. The bath temperature was increased to 160°C and the mixture heated and stirred for 20
hours, yielding a clear colourless polymer mixture. After cooling, the product was diluted with
420ml dichloromethane, and washed four times with 420ml portions of water,_the first portion
being acidified with 3.0ml of 0.1N HCl and the second portion with 0.6ml 0.1N HCI (the third
and fourth portions were not acidified). The polymer was then washed twice with 420ml
portions methanol, diluted with 180ml tetrahydrofuran, and washed twice more with methanol,
as before. The solvent was then removed under vacuum over a few hours, with heating on a bath
at 100°C, to a pressure of below lmbar. The polysiloxane product was ¢lear and colourless, with
refractive index 1.428 (calculated: 1.432) and density 1.04 (caiculated: 1.043). Viscosity at
25°C was 1802 cP. H-NMR, 500MHz, gave unit mole ratios: dimethy] / diphenyl /
trifiuoropropy! / divinyltetramethyl of 0.819/0.071/0.105/0.00494 (monomer ratios were:
0.827/0.070 /0.099 7 0.00483), implying Mn {8,600 . GPC gave Mn 18,500 and Mw 36,600 .
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bxample 5

Preparation of poly(dimethyi-co-diphenyi-co-triflucropropyimethyi)siloxane.

The polymerization method of Example 3 was repeated on a 125g reagents scale, employing
octaphenylcyclotetrasiloxane, 34.88g, 3,3,3-trifluoropropylmethyleylclotrisiloxane, 25.25g,
octamethylcyclotetrasiloxane, 56.4g, and an o,@-divinyl dimethylsiloxane oligomer end-blocker
(Mn 1287), 8.50g, and potassium silanolate, 55mg. The work-up differed from Example 3, using

chloroform, 57ml, to dilute the polymer, followed by three washes with water and two with

methanol, aii 88mi puriioiis, then dilution with 44m) tetrahvdrofuran. followed by two more
washes with 88m! portions methanol, then vacuum W mbar on a bath at 100°C. The
clear colourless product had refractive index 1.455 (calculated: 1.460) and density 1.08

(calculated: 1.080). Viscosity at 25°C was 3324 cP. H-NMR, 500MHz, gave unit mole ratios:

dimethy! / diphenyl / trifluoropropyl / divinyltetramethyl of 0.697/0.158 / 0.140 / 0.00570
{monomer ratios were: 0.713/0.146 /0.135/ 0.00549), implying Mn 18,600 . GPC gave Mn

16,900 and Mw 33,400 .

Example 6

Curing of prepclymers
T T s “ .

The silicone polymers were prepared for curing by formulating two parts, a Part A containing

platinum catalyst in the form of the 1,3-divinyltetramethyldisiloxane complex, and a Part B

containing crosslinker and siloxane inhibitor. The preferred crosslinker was

tetrakisdimethylsiloxysilane, TKIDMSS, but a polymeric silicon hydride (Gelestt! ABCR HMS-

,__,/“‘\.___/
151, a copolymer of methylhydrosiloxane and dimethylsiloxane having nominal Mn 1900-2600
\'—_‘_‘\_...__-._.._____
and 15-18mol% MeHSIO units) is here also reported for comparison\ Optimum ratios of catalyst,
crosslinker, and inhibitor were determined by studying the curing profiles of silicone mixtures

using a rheometer (Rheometrics RDA 2, with determination of the moduli of the cured materials.

Mixtures were formulated to give gel times cirea | 5-20 minutes at 20°C. Tests were performed
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at 35°C using 25mm diameter plates with Imm spacing. Frequency and strain sweeps were
regularly performed on the materials. Mixtures for testing were prepared by accurately weighing
portions of Parts A and B, mixing for 2 minutes, and degassing under reduced pressure before
transferring the mixture to the plates. The disks obtained from the mixtures were clear and

colourless. The results obtained are illustrated by the following examples:

Example 6(a).

Prepolymer prepared in Example 4 was formulated as Part A, containing circa 8ppm platinum,
and Part B containing 18.2mg TKDMSS /g Part B, plus siloxane inhibitor. The mixture was
analysed on the rheometer in different weight ratios of B/A at 35°C, determining shear moduli,
G’, after 3000 seconds, at which time the mixutures were fully cured. The results for ratios B/A
were: ratio: 0.86, G’ 199.2 kPa; rato: 1.00: G 217.2 kPa; ratio: 1.15, G’ 214.5 kPa.

Example 6(b).

Prepolymer prepared as per Example 4 was formulated as Part A, containing circa 12ppm
platinum, and Part B containing 8.23%ww polymeric silicon hydride, Gelest/ ABCR HMS-151,
plus siloxane inhibitor. The mixture was analysed on the rheometer at 35°C as above. Shear

moduli, G’, after 3000 seconds for ratios B/A were: ratio: 0.821, G’ 100.7 kPa; ratio; 1.00: &’

»——“-’// .
167.9 kPa; ratio: 1.22, G’ 193.2 kPa; ratio: 1.52, G’ 184.0 kPa.

Example 7

Implantation of silicone material into pig cadaver eyes

A fresh pig cadaver eye was prepared, with small aperture incision into the capsular bag and
removal of the crystalline lens. The silicone composition was prepared from the prepolymer of
Example 4, having refractive index 1.428, with Part A containing ca.12 ppm platinum as a
divinyltetramethyldisiloxane complex, and Part B containing tetrakisdimethylsiloxysilane
crosslinker, 18.9mg/g mixture, with siloxane inhibitor. Gel time was circal 6 minutes at 20°C.
Silieone for injection was prepared by mixing equal weights of Parts A and B in a Teflon pot,

taking up in a syringe, vacuum degassing, and then injecting into the capsular bag via a 21 gauge
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cannula, so as to refill the bag and give appropriate curvature. After curing (ca. 45 minutes from
the start of mixing) the lens was removed from the eye. The transparent tack-free lens had
anterior radius 10.1+0.4mm, posterior radius 5+0.Imm, thickness 5.33+0.03mm, diameter

9.2i0.1mm“&ts power in air was [15+2diopter, and focal length 8.7+0.1mm (in water, lens
— e ——

power was 29.1+0.5 diopters, and focal length 45.7+0.8mm). The natural crystalline lens of the
Vi

pig has higher RI than that of the human ls:({l“s/;.w From the measured dimensions of 11 pig lenses it

was calculated that an RI of circa 1.51 is required to restore natural refractive power in a refilled

\M-..,.,__

pig lens.

Examnle 8
——t

Implantation of silicone material into a human cadaver eye

A human cadaver eye was prepared, with small aperture incision into the capsular bag and
removal of the crystaliine lens. The silicone composition was prepared and a lens made as per
Example 7. The transparent tack-free lens had anterior radius 8.7+0.5mm, posterior radius
6.2+0.1mm, thickness 4.11+0.06mm, diameter 8.2+0.1mm. Its calculated focal length, 49.08mm
gave a power in water of 27.1+0.7 diopters. The power in water of the average human lens is

21.8 diopters, and to have obtained this power In the lens refilled herein would have required

filling material of R1 1.41 .
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CLAIMS

1. Polysiloxanes suitable for the preparation of intraocular fenses by a crosslinking reaction,

having a specific gravity of greater than about 1.0, a refractive-index suitable for restoring the
refractive power of the natural crystalline lens and a viscosity suitable for injection through a

L‘-\._‘_’-“‘__—
standard cannula.
T

2. Polysiloxanes according to claim !, wherein the refractive index ranges between 1.382 up to

about 1.60

3. Polysiloxanes according to claim 2 comprising at least one siloxane monomer with a specific

gravity greater than about 1.0.

4. Polysiloxanes according to claim 3 comprising at least one siloxane monomer -R R, SiO-,
wherein R, and R, are the same or different alky! or phenyl groups of which at least one is

substituted with one or several fluorine atoms.

5. Polysiloxanes according to claim 4 comprising fluoroalkyl{alkyl)siloxane monomers.
6. Polysiloxanes according claim 5 comprising triflucropropylmethylsiloxane monomers.

7. Polysiloxanes according to any of claims 1 to 6 being terpolymer or higher polymer of three or

more siloxane monomers units.
8. Polysiloxanes according to any of claims 3 to 7 comprising arylsiloxane monomers.

9, Polysiloxanes according to claim 8 comprising methy! and substituted methylsiloxanes,

phenylsiloxanes and trifluoropropylsiloxanes.

10. Polysiloxanes according to claim 9 being essentially a terpolymer of

a) dimethylsiloxane,
b} methylphenylsiloxane or diphenylsiloxane;

¢) and trifluoropropyimethylsiloxane monomers.
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11. Potysiloxanes according to claim according to claim 6 comprising at least about 4 mo! %

lriﬂuoropropy[methyi-si loxane.

12. Polysiloxanes according o any of claims 2 to 11 having a specific gravity of within the range

of about 1.03 to 1.20 and refractive index from above about 1.38.

13. An injectable lens material, comprising polysiloxanes having a specific gravity that is greater
than about 1.0 and a refractive index comparable to that of a natural lens according to any of

claims 1 to 12, a crosslinking agent having a suitable amount of unreacted Si-H groups and a

catalyst.

14. A reaction mixture for making polysiloxanes of an injectable lens material comprising a
plurality of siloxane monomers having a specific gravity ranging from 0.97 to 1.28, wherein the
siloxane monomers comprise one or more trimer or tetramer or higher order cyclic siloxane

monomers forming a silicone lens material with a specific gravity greater than 1.0.

15. The reaction mixture of claim 14, wherein the plurality of siloxane monomers is

copolymerized to make a terpolymer with a refractive index of about 1.41 and a specific gravity

of about 1.1. /

16. The reaction mixture of claim 15 wherein at least one of the monomers has a specific gravity
that is greater than 1.0.

17. The reaction mixture of claim 15, wherein the plurality of siloxane monomers are selected
from a group consisting of methyl and substituted methyl siloxanes, phenyl siloxanes and

triflucropropyl methyl! siloxane.

18. The reaction mixture of claim 15, wherein the plurality of siloxane monomers consists
essentially of cyclic dimethylsiioxane monomer, cyclic diphenylsiloxane monomer and 3,3,3-

triflucropropylmethyl cyclotrisiloxane..
q—‘_‘—_t‘ﬁ—‘—«-_ﬁ
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[9. The reaction mixture of claim 15, wherein the plurality of siloxane monomers consists

essentially of cyclic dimethylsiloxane monomer, triphenyltrimethy] cyclosiloxane monomer and

3,3.3-trifluoropropylmethyl cyclotrisiloxane.

20. A method of preparing an intraccular lens, comprising:

providing a reaction mixture according to any of claims 14 to 19;

polymerizing the siloxane monomers to form a polysiloxane having a specific gravity greater
than 1.0; transferring the polymerized stioxane monomers in a mixture together with a

crosslinking agent and a catalyst to the capsular sac; and curing the mixture to the final lens.

21. A method of preparing an intraocular lens including the provision of a mixture comprising
the polysiloxanes according to amy of claims 1 to 12, a crosslinker and a catalyst, injecting the

said mixture into a mold and curing said mixture at curing temperature optionally under forming

pressure for a time sufficient to prepare said lens.

;

22. A method according to claim 21, wherein the mixture is injected into the capsular bag of a

human eye and cured at an ambient temperature.
. _'_...—._...-4-""_'"
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R, BRHARRTEEEY —AWHEY, RELRTEARS T#EY
P dEAN. RE, FRAFHERAFIURERETENHBRAERAM
B, BWAENEHERBANERT, ARKEHLER, AXKEILRR
WK, EMRBREEHGIEHEE, RARTG—EBLWEBEHL
GG ERER. KERBLOHABERMETEEKLXT 100C HRYF
RAFBEARY., ATHREAEHERE, R ZLXRAXBIHNNES
W R AT RO, R A TR EFEARE T, |

BLIK 6 KB R A A T B R, REBKRER EHATHRK,
LHAERETEARAAL. 22, EXLEHALE, BTRKT RS
K, REBEMNMSBELTH. BEFRARSEKERSG ARKA 3un
FRZE 6nm, FEEHN ALY 85%MK, EXFARET, BRiiH
(refractive index) ¥BE X% 1.36, X TRAEHK RHLR
THELH., ARERABERFTRRATRXAZRAEOCL 40), FL25%E
WL, My A28 6un i, LXRFEHLH—F ek,

H T —F FERAER FBA 0 26T 1. 5on, ERERE
MTESGBRAGN, b, KREENENHA AR EHEATH EL
T IHAEN S F A B R REBR. ATy, EREAER
BTG RE R R, A Ao TEMALA. CRBEHFTEAFLE
ERMTHATEHBRASR R G4, # =, £ 5, 278, 258,
5,391, 590 C 590) f» 5, 411, 553 R X #k ¥, Gerace FHAT —H

ORI AR G ik BALRAY, ZROVWOIEL LHENEAR
PEE AT, B AN A B A B RS ds 2R HEAG A, %;B‘—’é.‘éé'fﬁ
ey AR EASHML, MEBEANESHEFTHERYEEN TR,
EHEET - FERAELLETRARSGHES GRS, IERSE 4@9}
HHEZVHETRAEZESGHAS04EZ. FATRAAS> S THRAHAS
S AA PR ETEMAE, £ US A 5,476,515 F, Kelman é%::f_
—F T AR RIRASR . AHER ZERY, R8T LT RI
R E RMLRAY. CA-FELEHS 1.2-1.6 HEAHKRLSE
W RS, TR REBEEER, REBSRIERER. KRR
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EHTEREXRARREE AEZHANEE.

B T KA A R R oG e R R B0 R T 69 K4 ) R )
AZERBAMHEERBEOPWEEHRERENES, BAENEELALA
T EHGRE, RN HEARBEALRBRE GE TIRBHN, i
AEE. BT RS (POMS) EHBETIFERAE R HH, &
BAIEEE K KGR EN., A& E X Gerace 8558 T 4%
K EAHRE WA — L. PDMS LERXARAATRKGHE, B
i A T AT T K ey A (P E R F) Rk k. X —EEME US
FA4] 5,391,590 P HAA R, KT, GEHSRESH T AR e G
ERZAEK. B2, GREBEARNEIET, SNAEFAEATHA, &
AWM EHRG TR FHR, Aol EXB, BASZHE_FTARE
HETLHAEAMNEEREBEARNBLAARLHRLE, FRAFE LA
RgaE R, WERGEAHAFFLEAER TR EN Ed. ERXBHBT, #
L EHEER, ELIAERLEFIEEZARAURFLARLIEF L
EHEABK, Bk, EESHBEASEN TR GER HAMN
A, XA AR LRGSR ERA, BN AFETNGEEIK
Fe R PR E R FRA, Al E XA RHKRERGRERAL, L
FHTHAIALAERT 1.0 §T A MR EA, HEHH
BHEFTERRAGREEMG LG S8 BLEE, SFREMTBRGE
R EBEFALF EFRAEA.

£ B ) Aedgik |

AEZPHBHARBER THERARR, HHATEHGRAL
K oG-I gttd, hH&FERAAE. BAmT, AEXNG -8B
ARBAEAELRT 1.0 X—KEGRAER, ETRAKXAOHAE
B 60 m ROR AR AR, A TARE S 0 — LR
wEeHE, RN, RSREBSSAESAENENERTCHZIAGT
R R RARE SRR SRS, AR TS EHARAXE
FEs plim AZHGF -2 AMARBFEBERAAFEFR LG




e B TENRARR SRk LA L€ R0 5
WA F RSB AIHAZRELARAA TR, FAEMHER T4
FWAMOHARETEREARGTERGESRRBRARER.
AELRFRGHBR, KAVFRER TAIIBEEAIHERAE
BB, AREART 1.0, LALNIESTRIERERA
IS, FBABEETAIREETESN, TUER, BE2ER6
G A IWNETEELNAETSRARESH ALY Si-D)EABHR
J b Ty BB R4S e AR ] . R AR A B AR AT Bedm K49 R B 64 48 B L3R
o~ Foda AT A AR, G R ) AR R AR, —FFE AL FHRMGEE
RIANLHEEA - PREAEAG RS HERADA, AP, HELHELR#E
BRI RBEEN, AZAHEALFRALS GHR, AXAHREAR
G BRI HTCE N 1.382 2584 1.60, 4% 1. 38~1. 46, FH:%
#5 1.38-1.43. RHE RN X, KAAVHEZARKGRENHY
1.03-1.20. RHEAREFAEALZEGHREAG TEALFHELA 18
Gauge 4F kR4 HAE MR- EFT S, Kk, FRAARKAEAEBET
21 Gauge 4tk. AHFRLEHFRFAE ALXREHEEGEE MK
T 45 60 000 cSt, FAAEILTH 8000 cSt. ALRUEAA R4
Bk X LT KA pE GRS
BHfRAFEAALA LN AAEX-RRSIO- M RFZARERET
A, FHF, R R, AME R FKE YRR TARE GBS KRRAKE
AR FA, REFERALY, A4 THARKTHEY —FARAKERA L

 FERTH L0 EBRBAANS A0 @, REKKALAZS —H 4,

A, RoA» RRAMAXFRGRAXFE, HELAGE S —Adh—
AR EANARBTERR, #htd, BEHEROGASIFGERET, LT,
R, A AARE, RABRE RAEAGEHEKRKOGA 3,3, 3-Z84A1YF
Aaal ik, ATRELFAEGZUREGRARR, £ALAREK
Rag R T Y dnol%. S, AHAERAERE AR 5 FEARR,
P alqhik e 3F R S A R AR AR AR IER AR,
HEBALAG—AF @, REREKALEZ~Fd =L F e
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I FARF 2 38 X A (RiR,S10): (RR.Si0). (R:R.Si0) 85 =Tt B4y,
Eb, /R~ ERTH 1.0, HEN=ZALERGRELER
A 141 ATERBERAINALPAZLRTAH A EFERN T#
ENRFERTHMAMEGER, A, £85H, Rf IR
RAFHRBABARXABRRRA, GLENHAFR RF R FHk
BTHARAARRAGERRRABRGF Ak, L RAXEP R A
RERTFE. R ReVEAARRASLEL, £k RAZKALF R
AFR, E, ARVABRRERTARZALEDEZGEAY, 6
HFERRTHRAEEY, LAA L EEMpeERER,

BRAZAGER T B, BRAEARARXLIEFTAGLSEAT
WHAGZAERY:

R1 R3 ‘ RS
[ %~o~%}%%@{;}%—o%w
R2 R4 . RG

Ed, Rif R#EBEIHA C-C AL RRAXL, RAFAX
C—Cottdk; R°A CF,(CH)x, X9, x4 1-5; R°H C—C BA R AN
A, 1A 0-0.958BER,H; n# 0-0.7HERLSHE; n A 0-0.65
MEBERSE., AR AFTHE, HAERHIFTE, KARSER, Hkx
A 2, AEKBEPZ -, KEARLLY., RBERLEREFX, Kk
RA TR, BB FIEkRTE, BEERI - EAXEERRBARE
TRAEERGERY. RER —HTETE, BAEAKE ZFEIX
AREgRRA Z f A () AR ERY, XA A FEF/H
FABREAER, —HAREARP - AREEARESEARG =T EEHX
P EHBELY. BRAENKEG THE S E, RARRKAI - TFREELR.
CEABERAELATRALAERYE 3,3, 3-ZARAPHEARRH =L
BN, ik, HEAEARRELESY nol%H ZAAETEEER
Fode 1-50mol%ey — R A AR/ RERPLERIR. FHhEH, A
H AR AR A ASY 4-65mol%dy 3,3,3-ZaARATFTRAAR
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1-50mol% ¢ — X R A AR FHAEREA LT, —HETGEH
B (AEANABRBGERTHEARRALER GEEWH—H5)
@44 28mol% M = A AR FTHEBAL, 2 4nol%¥ XA B A K=
YR AR T,

AERHERHRSFARB—FTEHGEAHR, L04AHK
FERXTHLOAD LA RAGRERLBHEIREAR, BAER
FTARAA Si-H AEY TEMAMALH., RERGERAR TUEH,
AT AR AR ARG H NS REMN SR RA
k. BIHFTUEM, XBHMNETTOSTARS, R THa B4
AEEANN AT S HEARAREFTRARAAXG AN, it
V&SR

ALK TAFTHRA THAESI-HAAL CHEELR B REH L
4 A AR, 4= US £41 5, 278, 258 Ak,

REMNAZEARXELER (M ZEROANLARBERR) X8,
EEHESHA, WL EV=ASi-HEH, 4 USE4 5,278,258 #
5,444, 106 Fiif, X@mE LY FIARKIEAIKF 285, e
EHERBEMA I EAIR, 4 US £4] 2, 877,255 Arik. 4 5iE A
TAEX PG —F XA A vy (ZFRFTERAL) K.

TELHA P EES G THREEAFHFORE, Flde, iKEA
MRAEFBEARRTAEAGEGRERALIBAD RS EHILLEY 2-6
DA TR, I, EA A EE T I E & TAFR R AR B R,
REMBESRNE, FAABHERARFRBERAZASETHETEN
SOH, R EE AN IENARFETY KT R, Atk
BEER REREFAMEMAFRRH AT, wHTTRLHALXES
BT E. ATLHAEFREPRATHEZRARREA HAGRAENR
84 8 38 2%, TP

GERERBERREEA T -FHOEZEY. 9EDRT SEHRKELR
FE A SRS E R TALERKERATH T EFTHEKRE
BAARRT: PARPRAGTEARAR. S A28 kP AR i TR




2k, BARECENSY 0.97-1. 28. |

ERTRABENGTRXEEALRART AR TEIE ZFRE
SHAEAREAAMERERFTERLANE. ABRE, BAYWAAX
T 1.0 8 E, HT L RBER. LB EAH Fody 4] F 4 F 65 R
X EAETHANEGERFHREBAL, T8, FELLEEY
BENE, RERAERNUFGRETHEAZEFEERAGRE.
CBRERANBER R RARBEERN LT AR AR TA G T L
CEHZA, FEARAAFL RS LG,

TG R mEE

TRTHEZAAEZRFETHRABEA R ELARGEAL G
ﬁ@ﬁ&%W%#RR%W%&%%Xﬁ&i#%:ﬁﬁﬁﬁﬁﬁi
R, ZAWEREAY 0.97-1.28. ALZAH XA HIELARKEL
% 38 A4 X ﬁ%A%E%&%%WWUMkﬂ%m%fﬁﬁﬁ%ﬁ
dr &8

R ARG E, RERARFAREE TG HEHN —RBE, I
AR RBEGEFTHTERETE. RE, BRAARSWEHBEALRT
AT ERRE., R P ERAG AT HATRAEGER, R
¥k, BERER F k. AR TR NEHE. BAREMT
a1 E.

EAERGH —ALmsET, FEaAEaREAEE A HS
Flimd, Hod B MBGEETHITRETR. RE, BRAE RS
Y e A AT AR AT £ R . R JEH 3 6 o 2 SR F 347
e e, Rk, BEREE AHkE. KERPTE. $HBRY
RABERTETOEMNY, $SRAKBREFE. MFE. BAERK
FFHLTE. REREH. ST REFREEFHFFHAAR
Fl b Ed R AR EA LT 0. A T AMBARAAT £, wT
B ARGy LR R G B X E e S ROR.
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HBAZPGF &, TARFIREETEAANERABEF L
EHLEGEIRERERR TGRS, R NI EPHBRAEL Y
R, PHRAXRMGE, FE, Evn. A ERERHSGE
I, P ARKRREYHGE, NI TAEAKSTEZ

N = xn; + x,n, + X3n;

P = x,p. + x;p2 + Xsps

EF, 2 AT EKBFEAMEAFHAFRYERERARAELGE
/l\&fl.fiiﬁ)iﬁ%éﬁkbﬁ, B, X+ x+ x5 = 1.

WEXT 1.0 O TaEHEARER B XX ALz, 48
WATTEHEN AAGREARAFREZGRE WAIHE T EHA
AL RAEELERFREGTREARREG RARK, HELEEHE
h—HBE, FATELRE GG QEHESRAE,

AR BHOLREHGETREAEARYTERNRAZEAMTAR
FEE, UTHREENMELT 1.0, AGEFLEFAETEGAKK
BV s ERAEAGK, X 4IRS E A 6 B S RAE,
FAEFRBEE R R EARKCEE AWML, HERBALNG T EHBRGTES
8 T0L HHHF A X B ES. Elife B3, B3R R HFREAR
PR EE, TRUE—FSGEEGTERHAR, FEAL XK ARMAT
L E M R AR, FERAHTHAECELNEE, AQEEATESH
M. XFBAMKGITR, EHETALAELS THALRBGAE
FREALEANTHEEGEARLEOGETILE, MALESELEE
MERAHBRGESHERGITARE. ALBH R —AMEEZTHEAERE
EFRARRGEALEN., X THAATHEAARGEN LR EAA A
100, W) vy A % 88 69444 R 60 B 06 65 T 2 545 1 T 53 R R B L
# 0-5. BE, BAAEAHFRHAGER T A RE S fevh K RETY




Ry EL, RBRAVEE—H. RERTROXKIRMEI, AL
BEMAMBEGER G TRAYBRLLFNERATRER S, X&5
TAZPORYPEE. FEANG A RAZHOFTERERZERS B2
BiteaBRtFLPriaka.

Tk GBI R THAAL WG EE, ST AL 69 R4,

5= 1
HER(CFRA- L FAXA-B--FRATR)HZER

¥ 50ml A3 FRAM P mABAR LR SFTEFK=ZZRIR, 6.0g,
3,3, 3-ZRAEAVTEFK=HAK, 7.3¢, 1,3, 5-=¥H- 1,3, 5-=
FERF=ZFAKR, 1.7¢ (1.55n1) F—HHBH, 1,3-LiHEkwy
Ao AL, 0.14g (0. 17nl). HRA4HE 80T HAZT T T 30 454,
KERBAARE. FARESE 140C, FhAEEBi& 47 (potassium
silanolate) E4L#l, Tmg, RFLZEBLRE. HEEEEAE R
Pt AT, 4 30 540G, BREMEXR. EA 3 I WG, FEBEFE
160C, %ERF 3, i, RREDAHELE. RFAAWER
R, TEPRENIRERAYES RETE. THREYAEAR
A EBBEFRG, RAEREA 14070 GHEAL: 1.410), ¥
1.116 (GrF4E: 1.104), ZGPCAF 5 -FEH 25,000, B4t
TRBEFATEFOBLRER.

5545 2

P ﬂw hblébiﬂmé\%, RREBERERA: SPRIK=r
A8, 9.0g, 3,3,3 -ZRALAFTRAIR=F8%, 4 .65z, 1,3,5-
ZWHA- 1,3, 5-Z XA =#A%, 1.35g (1.23nl). BRGAELR
B AEBEFK, BAIEN 14082 GHELE: 1.410), ®EH
1.066 (iHH4a: 1.056), £ GPC R TF 24 26, 000.

1G




FLHAEF 3 |
MER(CFRA-A-—FE R =FRAFR)BER

1 50m] 8 F BB T AG 8R4k STEAR=#4, 7. 5g,
3,3, 3-ZRAATFTER=BAI, 6.66g, ~EAR=Z2HANK, 1.68g
Fo—FFHBA, 1,3-—HEwF L - F85%, 0.28g (0.34ml). %
RoMAE BOCRATTFH 30 04, RERAAK. RBREAZE
140C, FmAinBBi47 AN, X4 Tng, UIIAREGRE. W #
JEX R R R kAT, AY 3004 E, BRILTER, EREE
BEORAA T ENELY. ZRABRSWARBERK. £ 2005, ¥
BESE160C, BER A 3PN, G, WAEWAFHETR, Bb
R Aknhedk, £FE PR, RETE. TREVAEAR S
Baaad., KoHARTwak%S P, A 0. 45un E BT E, HT8,
BANXBEARGEERE S, LRAHBEA 14095 GHFEE:
1.424), s&H 1.10 GHEMA: 1.004) &2 GPC MFHLHTFEH
18, 000. #Z A6 LA —HEF AR,

L3P 4
FER (PRS- RS- = FRETE) BRI

e 1000ml B FATREF AN AERFRwaE R,
90.61g, 2,3, 3-=f @A FTHIL=_£HI, 101.88z, AFTHEFKwe
I, 368.27g Fra, o—= LH A VA RS R A 335 51 (i NMR
SIAEF 6 Mn A 1287), 40.93g. BHMEAEAREE, HFAMNE
80C#IsF FTAZET T30 4. BHhZARAKRSE, mAEEER
47 (Mn 395), 267mg. FBmI £ 160°C, M FHIFRA4H 20 I,
BE—FEFOLERES RS, A% FE, F/SH A 420m] 6=
ST, B 420m] Kk ik, F— k65K M 3. 0nl 65 0. INHCI
B, % KHK M 0.6ml 0. INHCI Bk (5 = ke 5w R KRB .
KRG, BRAWEA 420n] 5P EERLEM A, B 180nl 65w Akvh
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WE, Fi AR TERESRR. RE, EANMEA, E5EM
#EI00CHRAHEEZKT Inbar TAZTREEZN. BREER A
BRALEY, BAIMEY 1. 428 GHEAL: 1.432) FFEHEH 1. 04 GF
FAE: 1.043). &£ 25T fey# %4 1802 cP. H-NMR, 500MHz, £
HEABERKE: R/ (K /Z8AE/ A Fip
0.819/0.071/  0.105/0.00494 ( # 4k 3k 4 %
0.827/0.070/0.099/0. 00483), ® Mn 18,600. ¥ GPC fF % Mn
18, 500 #= Mw 36, 600,

S 5
MER(CFE- - FRA - =g 7 AT HER

A 125 RN L FE L4 3B A4, FAAEERy
AR, 34.88g, 3,3,3-ZHARAFTEAR=HELAK, 25.25g AT
Arwmeftt, 56.4g fra, o-=CH K =TIk RBIKE W 335 H
(Mn 1287), 8.50g, #riBidk47, 55ng. 5 E#MA I FREAGE, £
MAAr, 5Tnl, HEBEESY, BRAKKE=ZX, RMYBEXERL HF
¥ M 88ml, REM 44nml Hw S kv ##, H5-A 88ml P E R LW
K, RBEALEI mbar TT 100CHETHITETAR. BHENLETH
A EXIE#HA 1.455 (FHEME: 1.460), FEH 1.08 (GFH 44
1.080). 25°C sy #5B 4 3324 cP. H-NMR, 500MHz, & H 2T BER
e W ER/ DR E/ 2R R A/ S HE AT AR
0.697/0.158/0. 140/0. 00570 ( 3% 4k 3k # A
0.713/0. 146/0. 135/0. 00549), B+ Mn 18,600. ¥ GPC %-# Mn

16, 900 # Mw 33, 400.

I 3B 6
i B2 4 B 4L
HERNTHRCHEERESY, BHHHS, A

56
A 1,3~ CH Ak PR RERERSHHX, B Hras

AR,
I Ao B




FEMHA, RAGIHEMN AW (FRFRRAL) 25, TKDMSS,
AR ER G L ARSI (Gelest/ABCR HMS-151, F& &4t
CERARP VEEARGEEYS, FE4 Mo B 1900-2000, B A
15-18mo]1%#) MeHSi0 #t.). #id K A EF AN (Rheometrics RDA 2),
MEEREMRGEE, MEERR RSB E L, B2 ELH.
RBEFM FoFr F MY RAEE, BRSSP UELE 20C FHKERR X
94 15-20 44k, S8 35CT#4T, K£MAHEFE lun 45 25mm B AR
. #%ﬁﬁ%ﬂ,ﬁwﬁﬁ;ﬁﬁﬁ%ﬁﬁa# LTBRRRAHIHEHE: &
B E ARy BHY, BE 254, ERRAMWEBER EZ W
BET BA. xiumg%%ﬁﬁéﬁﬁf‘%ﬁ%@ HKEGLERAET TELH
38R :

F 345 6 (a)

%&%ﬁgM THE G RR LB R A NS, L4 K4 8ppm &)
4, B4, H&4 18. 2mg ¥ TKDMSS/g B“‘ii‘)’y\ m bk A 5 A
{£ B/A Xl’]?ﬁ W T F 35C FRAEMNSHRAY, MEHE 3000 #
EHEMEBEEC, ERERRAHZEEN. A THEB/A RAGER
H: f 0.86, GO 199.2 kPa; #l: 1.00: G’ 217.2 kPa;

#. 1.15, G 214.5 kPa.

534 6 (b)

¥ ha Lap 4 FHRHAGTEWRM B A FH5, 45 KY 12ppn
f4h, B34, La4 8. 23%w/w B &b, Gelest/ABCRHIMS-151,
Jo b i E A, e LA T S5CTHRAEENSREGY., WELE
3000 HEMT WS 6, sFwt] B/A s94 R A w4l 0.821, G
100.7 kPa; 4: 1.00: G’ 167.9 kpa; H#: 1.22, ¢° 193.2
kPa; ¥uf: 1.52, G 184.0 kPa,

i




e B E AN P ARR

W& -G FRRY, A& D ilmaitndt ik
. WERF 4O TRBHEEER A, LREEFEAN 1,428, A
o EEKEY 12ppm 544, A LHE AW TEA_BEAKRE &%, B
HHEEcw (VA FTEREL) SR XHA, 18.9ng/g B4, #o
HEAKRIFN., E20CHOBRREFRAXLY 16 4. ATEHGEE
REHHE: FEESHAFLE B ASARAEE TS, Huz
HEY, LERA, REZ 2] gauge GEEEHAERF, KA H
FZER, FRFAEEGME. EELE RRETHY 46 54), MR
BYREER. EHAXRELERTFEA 10.140. 4un, B F £
540. 1mm, B /& 5.33+0.03mm, A% 9.2+0.Imn. EAFA $85d7k%
HA 116%2 EAE, A¥EH 8. 7+0. lmm (KT, ARSI H
29.1+0.5 EAE, BIEH 45. 7+0. 8mm). B X R B LA S I A
BAFHN R A, K11 RERZIAEGNERTTHER, F2XY
1.51 89 RIAA M E A B AGHERREFH IR LS.

57641 8
AP IR AN ARHH

& — AR, REERTEA DG nET &R
th, HlE&ERERAS Y Fmt] THERR. WG RLBER LA
F 4% 8.7+0.5um, £+ 6.2+0. lmm, FJE 4.1140.06mm, A4
8.2+0. Imm. 349 A5 49. 08mm, AR TIHAA 27, 120. 7 B K
B. FHARREEAFHIT AL 21.8 BAE, ALK FHHR
T SRR T RF LA S, ERAAMA RIAH 1. 41.
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