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ULTRAVIOLET ABSORB]NG POLYMERS COMPRISING FULLERENE

BACKGROUND OF THE INVENTION

This invention relates to ultraviolet light absorbing polymer compositions, and more
panidﬂarly, to polymer composition comprising copolymers of fullerenes with one or more
other monomers copolymerizable therewith, particularly acrylic monomers. This invention
further relates to ocular devices, particularly Sunglassw, intraocular lenses and contact
lenses, prepared from such ultraviolet light absorbing polymers. -



BACKGROUND OF THE INVENTION  This invention relates to ultravi.olet |ight
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i nvention further relates to ocul ar devices, particularly sungl asses,
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US Pat. No. 4,304,895 discloses the use of 2-hydroxy-4-methacryloyloxybenzophenone
and mixtures thereof as a monomeric UV absorber copolymerizable with acrylic monomers
and useful in the preparation of UV absorbing hard contact lenses.

Similarly, copolymerization of an allyl-2-hydroxy-benzophenone with an acrylate ester
such as methyl acrylate is described in U.S.. Pat. No. 4,310,650, and, the
copolymerization of ethylenically unsaturated derivatives of 2,4-dihydroxy benzophenone
with other vinyl type comonomers is broadly disclosed in U.S. Pat. No. 3,162,676.

U.S. Pat. No. 4,528,311 discloses certain benzotriazole monomers which are

_ copolymerizable with vinyl monomers such as methyl methacrylate to yield optically clear

polymers useful in the preparation of intraocular and contact lenses. Representative of the

disclosed benzotriazole monomers and a particularly preferred compound is 2-(2-hydroxy-
S-methacrloyoxypropyl-3'-tert-butylphenyl)-5-chloro-2H-benzotriaole. '

The problem of eye damage caused by the penetrating UV radiation in the 300-400 nm
range is especially acute in aphakic patients. Aphakic patients have lost their natural lens,
which is the primary UV filter in the eye. Without this natural UV filter, aphakic patients
are far more susceptible to the photochemical damage that long range UV light can induce.
The visual correction of aphakia resulting from such lenses removal requires the use of
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wi th other vinyl type conononers is broadly disclosed in U S. Pat. No.
3,162, 676. U S. Pat. No. 4,528, 311 discloses certain benzotriazol e
nmononers which are copol ynerizable with vinyl nonomers such as nethy]

met hacrylate to yield optically clear polyners useful in the preparation of
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effective UV light absorbers than those of prior art in terms of the much lower amount of
absorber required to achieve a similar transmittance characteristic as compared to that
claimed in U.S. Pat. No. 4,528,311.

Molecular fullerenes have been described as entirely closed, hollow spheroidal shells of
carbon atoms containing 32 to 1000 or more carbon atoms in each sphere, reference
Smalley, R.E. "Supersonic Carbon Cluster Beams in Atomic and Molecular Clusters”,
Bernstein, E.R. Ed.; Physical and Theoretical Chemistry, Vol.68, Elsevier Science: New
York, 1990; 'pages 1 to 68, the disclosure of which is totally herein by reference.The
prototypical fullerene, Cgp, has been referred to as buckminsterfullerene and has the
molecular geometry of a truncated icosahedron, thus the Cgp molecules resemble a
molecular sized soccer ball, reference Time Magazine, May 6, 1991, page 66, and Science
, vol.22, Apr.12, 1991, page 646, the disclosure of which is totally incorporated herein by
reference. Molecules of Cgg as well as Cyg and other fullerenes have also been refereed to
as buckyballs. Buckminster-fullerenes are usually comprised of Cgo molecules
contaminated with small amount of C¢ and possibly Cg4 molecules or even smaller



Mol ecul ar full erenes have been described as entirely closed, holl ow
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fullerene, Clerr], has been referreg to"as buckminsterfullerene and has the
nol ecul ar geonetry of a truncated icosahedron, thus the C[err] nol ecul es
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conprised mainly of Cferr] and smaller anounts of Cferr] and Cferr] carbon
nol ecul es, and pdssibly small anounts of other higher nolecul ar. wei ght

fullerenes. Pure CJerr] can SUMMARYAOFIHE ONxt ure by chromat ogr aphy
usi ng hexane as solvent and is designated as fullerene in this invention.
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Specifically, the fullerenes, a third form of carbon, have been described as being
comprised of 60 atom clusters of carbon arranged at the verticals of a truncated ?cosahedron
and resembling miniature soccer balls. Reference to fullerenes includes all forms of the
fullerenes illustrated herein, other known fullerenes, mixtures thereof in embodiments, and
‘the like.

DESCRIPTION OF THE DRAWINGS

FIG.1 is a plot of transmittance curves of polymethylmethacrylate copolymers with
increasing amount of fullerene.

FIG.2 is a plot of UV transmittance curves for polymethylmethacrylate copolymers with
increasing amount of fullerenes mixture.



Specifically, the fullerenes, a third formof carbon, have been descri bed
as being conprised of 60 atomclusters of carbon arranged at the verticals
of a truncated icosahedron and resenbling mniature soccer balls. Reference
to fullerenes includes all fornms of the fullerenes illustrated herein,

ot her known fullerenes, m xtures thereof- in enbodi nents, and the |iKke.
DESCRI PON OF THE DRAW NGS FIG1 is a plot of transmttance curves of

pol ynmet hyl met hacryl at e copol yners with increasi ng anount of fullerene.
FIG2 is a plot of W transmttance curves for polymethyl nmethacryl ate
copolynmers with increasing amount of fullerenes m xture.

EXAMPLE 1 Pol yneri zati on In a 10 nL
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45[err] C for about 15 hours, then at 90[err]C for two hours. Wen cool ed,
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showed tra.nsmissxon of 79.9% at 700 nm, 3.3% at 430 nm and 0.00% at 400 nm. A UV-
transmittance curve for the polymer in Example 1 containing 0.03% by weight together
with curves of similarly prepared polymer containing from 0.002 to 0.06 percentage of the
fullerene is shown in Fig. 1. It can be observed that even as low as 0.015% addition of
fullerene, only 3.2% of the light is transmitted at 400 nm. As the concentration of fullerene
is increased, substantial complete absorption occurs to above 480 nm. It is possible to
; regulate the amount of light in the rangc of 380 to0 430 nm by varying the concentration of
fullerene in the composition. f
For optical UV filtering in sunglasses or ocular lenses, strong absorpuon of hght up o
about 420 nm is desired. This can be achieved in the present invention from as low as
0.03% of fullerene, as compared to the much higher level required claimed in prior ars.
For example, U.S. Patent 4,716,234 requires a loading of 3.0% of a benzotriazole UV
absorber to achieve transmission of 29% at 430 nm and 0.08% at 400 nm. A 0.03%
loading of fullerene in the present invention absorbs all the light at 400nm and only
transmits 3.3% at 430 nm.




fullerene in the conposition. For optical UV filtering in sunglasses or
ocul ar | enses, strong absorption of light up to about 420 nmis desired.
This can be achieved in the present invention fromas |ow as 0.03% of
fullerene, as conpared to the nmuch higher level required clained in prior
arts. For exanple, U S. Patent 4,716,234 requires a |loading of 3.0%of a
benzotriazol e UV absorber to achieve transm ssion of 29% at 430 nm and
0.08% at 400 nm ‘A 0.03% | oading of gullerene in the present invention
absorbs all the light at 400nmand only transmts 3.3%at 430 nm
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wei ght. Wen the nononer becane vi scPolymérizatiors careful |y poured into the
cell which was made of -two sheets of glass-and a Teflon frane sandw ched
bet ween t he l[;legtes using_the spring clips to retain it in p05|t|on It was
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was made of two sheets-of glass and a Teflon frame sandwiched between the plates using
the spring clips to retain it in position. It was then placed vertically in an oven at 45°C for
about 15 hours, then at 90°C for two hours. When cooled, the clear sheet of PMMA-

fullerenes mixture could strip easily on removing the spring clips.The resulting polymer
showed transmission of 77.3% at 700 nm; 6.2% at 430 nm and 1.0% at 400 nm. Again the
0.03% loading by weight of fullerenes mixture easily outperforms those UV absorbers
claimed in prior arts. Fig.2 shows the UV absorption characteristics of PMMA with
increasing concentration of fullerenes mixture.

Example 3 .

In a 10 mL round-bottom flask, a fullerenes mixture (0.72 mg), 4.6 mL of methyl
methacrylate (MMA) and 0.4 mL of ethyl methacrylate (EMA) was polymerized with

' 0.25% by weight of azobisisobutyronitile (AIBN) as initiator at 85°C. This composition
yields a fullerene concentration of 0.015% by weight. When the monomer became viscous,
it was carefully poured into the céll_ which was made of two sheets of glass and a Teflon
frame sandwiched between the plates using the spring clips to retain it in position. It was
then placed vertically in an oven at 45°C for about 15 hours, then at 90°C for two hours.
When cooled, the clear sheet of PMMA-fullerenes mixture could strip easily on removing



met hacryl ate (MVA) and 0.4 nL of ethyl methacrylate (EMA) was pol ynerized
with 0.25% by wei ght of azbisisobutyronitile (AIBN) as initiator at '
85[err]C. This conposition yields a fullerene concentration of 0.015% by
wei ght. When t he nonomer becane viscous, it was carefully poured into the
cell which was made of two sheets of glass and a Teflon franme sandw ched
between the plates using the spring clips to retain it in position. It was
then placed vertically in an oven aty45[err]C for about 15 hours, then at
90[err]C for two hours. Wen cool ed, the clear sheet of PMVA-fullerenes
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pol.ypr opyl ene _an ene, pol opyl ene ol ybut
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am des and polyacrylonitrile.

¢. Polystyrene

d. Copolymers of styrene and a-methylstyrene, for example styrene/butadienc
copolymers, styrene/acrylonitrile copolymers, and styrene/acrylonitrile/methacrylate
copolymers.

‘. Halogen containing vinyl polymers, for example polyvinyl chloride, polyvinylidene
chloride, polyvinyl fluoride, vinyl chloride/vinylidene copolfymers, vinyl
chloride/vinyl acetate copolymers.

f. Polymers which are derived from o,B-unsaturated acids and derivatives thereof,
polyacrylates and polymethacrylates, polvhydroxyeﬂlylmcﬁnaaylanc poylacrylic
amides and polyacrylonitrile.

g. Polycarbonates.
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fullerenes mxtures with other ethylenically unsaturated materials such as

styrene, methy/Polyestenewhichlanxderived from dicarboxyligracids and dialeohols andfarifrm ges,

acrylonitrile, .H%vcﬁ'ﬁﬁi = N &ffé@p&ﬂ&:ﬁ ed) f8Y éxamhplo %heyl
fluoride, et hylh§ne propyl e%gld\ér?gwr% xtures th lfg%?. 'Ig?lgJ cgbrrlggtglyt I on of
this invention gyl E@%B‘Iﬂbﬂmﬂlﬂﬁﬁl Kane tegPibalalss or b ng plastics

and ot her organic materials wherever such materials are exposed to W
radi ation fromeither natural or artificial,source I did] ﬁge
medi cal usedin YRes éﬁﬁ"agmi‘i %Piqsgﬂé'gé“naec's‘ﬁeﬁl _%Se‘g'e gg%l\nllec E,'ﬁSE 'ﬁ]e:E !

mat eri al s of t hemolezoesderivatiesstthareofgfoe exmuyle cellnlosermogtaiencalkiose propionates

applications s 2% ]' r m@%@ 16Omi1b4RIS .,

transparent pl é&?l C é.’%??%%u%?&@%@%%gﬁ%gﬂ us g‘,%%g}::kagi ng

materials, vinyl w ndow coverings, autonobile paints and interior

coverings,  enp¥diarly bSFHORTSosIURS afd/ 6SpdlitieR EdnPrivei s frold001abIET % by

applications wl lefEﬁe apparent to those famliar tl"lzahhl S art HFmdh r.%sult

of proceedveightgf ?‘Fﬁggﬁ'éﬁm“ myggures yit other ethylenically unsaturat enais -
such as styrene, methylstyrene, siloxanes, acrylates, methacrylates, acrylamides,
acrylonitrile, vinyl acetate, vinylidene chloride, vinyl chloride, vinyl fluoride, ethylene,
propylene and mixtures thereof.

The composition of this invention finds wide applications in formulating UV absorbing
plastics and other organic materials wherever such materials are exposed to UV radiation
from cither natural or artificial sources. In addition to the medical use in intraocular and
contact lenses described above, the materials of the present invention are useful in many

_industrial applications such as in solar energy collectors, polymeric coatings, transparent
plastic films, fluorescent light diffusers, packaging materials, vinyl window coverings,
automobile paints and interior coverings, epoxys, fiberglass constructions and others.
Many other applications will be apparent to those familiar with this art as a result of

proceeding specification.

_ Weclaim:



9 CLAIM5 1. An ultraviolet |ight
stabilized polynmer conposition conprising a fullerene or a ful |l erenes
m xture. 2. The conposition of claiml wherein the said polymer is

sel ected fromthe group consi sting of polyvinyl halides; polyacrylates,
pol ynmet hacryl ates, pol ystyrene, pol yvi nyl i dene hal i des, polyol efins and
pol ycarbonates. 3. A conposition in accordance with claim 1l wherein the
fullerene is present in an anount of from between about 0.001 and about
0.1 weight percent. 4. A conposition according to claim3l, which also
contains one or nore additional 2 i ngredi ents selected from anong

antioxidants, heat stabilizers, cgloring agents, Il l m m
agents, nold rel ease agents, Iub 8, nelt viscosi tUI ﬂuﬂumﬁl n, | ame
retardants and synergists, and plasticizers. 5. A conposit s
accordance wth claiml \/\herel n the fullerene is conprised of C[err] .
carbon. 6. 1A Aangigavibieo lightstsbilifsdopolgmenicoinposidomcbmphising mfulleecneidr] zr ene
i's conpri sed O%'#geﬁg! carbon in the configuration of a soccer ball.

7. A conposition Th a ance with claim1l wherein the fullerene m xture
S conprised of C(Jerr] carbon, (ferr] carbon, (ferr] carbon, (err]

carbon, ( eQr]Tﬁé‘?&ﬂP%%lﬁ’én ofclaﬁﬂ foe?é’mrdtf@!iﬁ@ ﬁne?u?'séléété&ﬁfokﬂ fheGRows | S1 Ng

t he corrp05|t|on 0 A coating materi al %’ hI
conposi tion of CRUsiRE of polyvmyl halides, polyacrylatcs polyme aay ates, polystyrene,

polyvinylidene halides, polyolefins and polycarbonates.

3. A composition in accordance with claim 1 wherein the fullerene is present in an
amount of from between about 0.001 and about 0.1 weight percent.

4. A composition according to claim 1, which also contains one or more additional
ingredients selected from among antioxidants, heat stabilizers, coloring agents,
fillers, reinforcing agents, mold release agents, lubricants, melt viscosity reducers,

- flame retardants and synergists, and plasticizers.

5. A composition in accordance with claim 1 wherein the fullerene is comprised of Cgy
carbon.

6. A composition in accordance with claim 1 wherein the fullerene is comprised of Cgg
carbon in the configuration of a soccer ball.

7. A composition in accordance with claim 1 wherein the fullerene mixture is
comprised of Cgg carbon, Cog carbon, Cgy carbon, Cy34 carbon, Csgg carbon, or
mixtures thereof.

8 A plastic film comprising the composition of claim 1.

" 9 A coating material comprising the composition of claim 1.



