COSMETI C CONTACT LENSES HAVI NG A SPARKLE EFFECT 5Cross-Reference to Rel ated
Applications This application clains the benefit of United States

Provi si onatb 24pppiopssat i on 61/ 015, 216, fil ed Decenber 20, PQOAS2008i081876 S
hereby incorporated by reference in its entirety. 10Background of the

I nvention The invention relates to contact |enses having a sparkle effect
and sparkle additives useful in the production of cosnetic contact |enses.
In particular, the invention is directed to sparkle additives that use
interference particles to provide a sparkle effect to the |enses. 15 The
use of cosnetic contact lenses to alter or augnment the natural color of the
iris is well known. Colorants used in cosnetic |enses generally are
prepared with binding polymer to forma colorant m x. A variety of pignents
are comrercially available for use in the production of tinted contact

| ens. Typically, tCRSMIFHEIGONTALKILENSES PAENGASPAREBE KFFFAdue and
transl ucent colors to change the color of an iris, as for exanple, from
brown to blue. Additionally, cosnetic | enses have been manufactured that

attenpt to gnhance t he eye b ﬁﬁﬂﬂ&%eeﬁo [o§eds rhﬁgl ;appearance so as to
draw attention to the eye Mrg%_UT_WHFHUUEEUgaﬁdg%g_Qﬁ% color of the iris.

For exanpl e, cHiorapplicativthafaiinnctbe paenefite opi duiedt StacapRbliciondl Appldbatomg a
pearl -type | us , h hores i nts to produc | ow ef f ect
D grent o wi t h aEER: DEF RRSIEERT ahaP e sty B sl R i e ar e

di sadvant ageous dageguse either the enhancenent is too subtle to be noticed
when the lens is on-eye or the enhancenent |ends an unnatural appearance to
30 the wearer's iris. Cosnetic | enses that enhance the appearance of the
eye Wi thoutjpseem ng unnat ural apgekdesindaPhie Invauwiary of the Invention
One aspect of the invention is a contact |ens in?or orating sparkle
addi ti ves t hatTlsriBRaHen Fladesdp eppiacienses hayer kg eirst and pr dgiyeeye. The
sparkl e ef fectyskl i HE PRREELMEY doBmet@! cdnbBt RAE. th PRrticlB, McAinDénfion ihe
nat ural appearance of the eye. In another aspect of the invention, contact
| enses havi ng djsates fesparderdditeghihpg yse itefrases patepsionyovida uwalgp cffesht i s
greater than aQeutiReo count/mP 10 In yet another aspect of the invention,
contact | enses having sparkle effect include sparkle particles that are
random y dilstributed within the area in the lens in which they are
di sper sed. / | J . J.enses
havi ng a sparkpgqg ng%n%§£%ﬂ§£aﬁﬁ%ﬁﬁgag%8%e nkﬁ%ﬁ@%@%@}c&@F%ﬁﬁ%1ns%ﬁ

well known. Colorants used in cosmetic lenses generally are prepared with binding

polymer to form a colorant mix. A variety of pigments are commercially available
for use in the production of tinted contact lens. Typically, the cosmetic lenses use
20 either or both opaque and translucent colors to change the color of an iris, as for
example, from brown to blue. Additionally, cosmetic lenses have been manufactured
that attempt to enhance the eye to produce a more striking appearance so as to draw
attention to the eye with or without changing the color of the iris. For example,
colorants that incorporate pigments capable of producing a pearl-type luster,
25 phosphorescent pigments to produce a glow-effect, pigments with reflective material

and the like are known.

These lenses are disadvantageous because either the enhancement is too subtle to be
noticed when the lens is on-eye or the enhancement lends an unnatural appearance to
30 the wearer’s iris. Cosmetic lenses that enhance the appearance of the eye without

seeming unnatural are desirable.



In yet another aspect of the invention, contact | enses with sparkle effect
have greater than about 0.5 to about 50 wt% chol esteric liquid crystal

parti cl eswbasexdedsst he total wei ght of sparkle additivePCOrseaistoBTsme

(i ncluding binder, sparkle particle additive, 20 and solvent). In yet

anot her aspect of the invention, contact |enses with sparkle effect
conprise cholesteric liquid crystal particles and one or nore organic or

i norgani c pignments. 25Detail ed Description By selecting certain particles
to incorporate into a cosnetic lens, a sparkle-effect nay be obtai ned when
the lens is observed on-eye. The additives useful in the invention are
cholesteric liquid crystal particles, which are transparent platelets of an
organi c 30 polymer network with a helical liquid crystal structure. Unlike
interference systens, such as an interference stack, in which a cosnetic
effect is obtalnedsgﬁuﬁé R te8hl &ffohon t hrough nultlple | ayers, the
cholesteric liquid €5 provide a cosnetic effect, sparkle
effect and/or @ul @pe@rﬁr’@ethynttqnalﬁm@sa%iﬁnamlajson@rdtleetSp@rhle&dditw%thaby a

! ayer .Of mat er (511'065(1 7?3@1@%&&%' ell t 'le?A q{ )(f?ekx%h olﬁaeg% Ci'h%ss gl‘ck?e F:flfec R t he

i nvention are ose t are sul e for incorporationi RO t

mat eri al , can fredugseethind, btthe mmedem, nechtgning themgtutad eppealangyof tieteyh as
pad-printing, ink-jet printing and the |like, and are of a particle size for
use in contact I I alitit ¢! es useful
in 10 the i nvelﬁta?éc;}%&?‘s e@‘%‘ﬁi’é I?f% Q%?JCC% qt?&nl&fggsl Hgﬁmglg-%rﬂd%%\lf&tg d%ﬁig. ves

avai |l abl e fromm@@ﬁCEQUWnetegwtmﬁhﬁgeﬁmﬁ@hemg@ﬁﬂi@En%amy The sparkl e effect
observed in the practice of this invention can be subjectively observed
when | enses that incorporate the sparkle additive conpositions of this 15

i nvention aDeiManmuﬂkeyQEOWMbmedevmhescmﬂam1@@%§hnmgapakby§®mihdn@es o)
B??Sthx?ng?l Is%ﬁ?ﬂer agtgc?esgtgaﬁca{(% pa%g IS% (gstrl gc[ Xlithln\%ep IéreX 11% Hlexllenes lﬁu\%léh
energetic, |i watyare dispaeidous, and alert ijectlvely, the sparkle effect IS
quantified by reference to a nunber of sparkle

In a yet further aspect of the invention, contact lenses having a sparkle effect have a

15 K,pgreater than 0.25.

In yet another aspect of the invention, contact lenses with sparkle effect have greater
than about 0.5 to about 50 wt% cholesteric liquid crystal particles based on the total
weight of sparkle additive composition (including binder, sparkle particle additive,

20 and solvent).

In yet another aspect of the invention, contact lenses with sparkle effect comprise

cholesteric liquid crystal particles and one or more organic or inorganic pigments.

25 Detailed Description

By selecting certain particles to incorporate into a cosmetic lens, a sparkle-effect may
be obtained when the lens is observed on-eye. The additives useful in the invention
are cholesteric liquid crystal particles, which are transparent platelets of an organic

30 polymer network with a helical liquid crystal structure. Unlike interference systems,



20 factors including reflective properties and the randomess of the
pattern of sparkle additive particles in the contact |lens. Preferably, the
| enses ofwoOhe12/a99%8t i on exhi bit greater than 35 points @®CTruske8o87806 (Or
sparkle count) and nost preferably they are greater than 45 when neasured
as described below. An additional sparkle effect factor is the area of the
coverage of the particles. Indexing the nunber of reflective 25 points
(sparkle count) to the area in which the sparkle additive is applied is the
nost preferred conponent for assessing sparkle effect. This sparkle density
value (p) is defined as follows: p = n/Ap , where n= sparkle count and Ap =
the area containing the sparkle additive (nmeasured as descri bed bel ow).
Spar kl e occurs when p> about 0.5 count/mm®2, preferably it is greater than
about 1 count /s as gRdiniasistengy steel alp| Yhiglp & eosmstigredigetels elriinedaby dighy

count/ m® An algﬁt%cttlbﬁ)[ﬁﬁbu ﬁllﬁhfé lg)tefr Gte SRGLRFiC] I11 ulh sga@%ﬁ i€1e® rdfv?d%di)mqess
of the pattern o partlc es | ens A rand istribution of particles
of the invent iwpmetesafferis smamklaeﬁq:tt an@(br cs)barcmrgeév[vft@mmlvﬂn@r augefigstion ahdom
distributionslgﬁ ghy Bsl.andeom 5 distributions do not | ook natural. This
is expressed a sp val ue ?heasured as described below) and is cal cul ated
wWth respect to the brlghtness or |ntens|ty of the main peak of a Fourier
Tr ansf or m of um.nat ed ns L Se¢ ond S as

fol l ows: k" —18@}01“]&“0 hﬂbldﬁ@fsear ?m“le% “Se? ﬁl&g‘ﬂvmﬁon REIRS ¥al%tsulcaablrll be seen
that if the sdonmlcbarpprqmeakmlosthaslexhsr ngfehalas:aﬁh;e weil nvige aie, désheah piiapngM | | be
equal to zero. nver sel if th secong ea ero en ksp will be
cqual to one. FIRGLE R huPeainias Jagg PEMIBrRg HhS BT 480 alsc BETRIaDI y
approachi ng 1 dwaver wufid ¢dﬁtaeﬂ1bnsreanﬂ>@mﬁ@s@ft@ﬁmamnp'waﬂalge @aﬂﬁalbyﬁsafulspar kl e
effect. 15 The preferred val ues for sp ar ki eater than
about 0.5 dburlhy RS QSY glf@ﬁabwhw jruta a?réﬁ%lrl 6@?281 Bibit Ao, and
nost preferablmcpﬁbﬁﬁomg@@ﬁﬁﬂjBm%mm@@pq%nﬁmgount/nnﬁ wth randonness fact or
ksp val ues greater than 0.55 and preferably approaching 1. 20 Sparkle
effect can be observed by illumnating the lens, imaging the illum nated

| ens, and thenrianghdd Bect RBsdrRGE he pRRL&S BF B ¥n'§}€ntﬁ>ﬁacral’i|t% &bjcBflelf actors.
This is best done with a high resolution CCD canmera affixed to a stabilized
pl atform The GspvedBen lingespthat mcerppipteathe spaikie adilitercogongpsifipns3oirthisy t h t he
zoom on | £5s1 GEfios GLhid H3G b B8 a6 SRl AC Bty Oored Gifadiehdler that
is curved (&Ath a10 air %%%s)betmeen t%e cbntac?ﬂgn “Th e%s hqfder

el i m nated anchnahnpeﬁremstsdeSWbﬂdkfIlSeghttﬁmY, otihidy, Pt dm%sbmgimnlnﬁgghtﬁamge glare
or shadows re e r ut the
o ocess. pr ef SPABy P Re P AR AL R bARL BT E RO LRHABE,
Sterile Artifical Tears Lubrlcant Eye Drops) or saline sqution (such as
Target store n for Se0sit iy, is
reduced as nqujm:we hwﬁpm $¥£1ﬁ8wmna(géyfe &3 eré%?num’ %MH%aof t he
l ens with |2bgfthctclashc_lum@relﬂbctafle@r(bmh&m abhy t}reahmiolnmgss&ﬂ thé pat&rrbeit wesdte

Blr g]E g; :El ;3/. ngbr%llfl %gglwglgle%m ttﬂe contact ?en%OH)retfergbqy,%ﬁe e%seegeo the 1n$en§18r§ gxhtltl)i{m 'S

greater than 35 points of reflection (or sparkle count) and most preferably they are
greater than 45 when measured as described below. An additional sparkle effect
factor is the area of the coverage of the particles. Indexing the number of reflective
25  points (sparkle count) to the area in which the sparkle additive is applied is the most
preferred component for assessing sparkle effect. This sparkle density value (p) is
defined as follows: p = n/A,,, where n= sparkle count and A, = the area containing
the sparkle additive (measured as described below). Sparkle occurs when p > about
0.5 count/mm?, preferably it is greater than about 1 count/mm?, and most preferably

30 it is greater than about 4 count/mm?®.



The lens and lens holder is illumnated wwth a |ight source such as a
DC-950 Fi ber Lite (produced by Dol an-Jenner |Industries of 159 Swanson Road,
Boxbor oughp 2MRy09p3sget her with a |ight collimating attaclrCEniS2e808m876

pol ari zer (nore preferably a right handed pol arizer). These are preferably
stabilized in a fixed position at an angle of 10 twenty degrees to the |ens
so that light is cast on it with an intensity of 2,500-3,000 Lux.
Preferably the light source is at a distance of about 135 mmfromthe |ens
in the |l ens holder. Sparkle count, or points of reflection, are counted in
the i mages obtained fromthe canmera. The sparkle count (or points of
reflection) is preferably determ ned using ImgePro 8 software
(comrercially available from Media 15 Cybernetics, Bethesda, MD, by: a)
resizing the image to 10 or 15% b) converting to 16-bit grayscal e i nage
twi ce, C) applyi Blyifonaf SHPEEIERRSt bl BN nt AcO0E BTohARIDE Y pikLPGE I NT the
remaining image and performng a background subtraction to subtract the
despeckl ed i mepeticles amileHensr ebedndpmglisgrbayion nﬁg@tlcl@)oféhfgmgﬁm@ntrmlts tount "
function (Wt LRNESakd S6lelopoMRONAL "t NigheenGd 0,000 60yP35").

f) 20 renoving any VI OUS ol nts, such as are inthe pupi | area or
stray points cxiutsbtd@n@ﬂotnhelwklmned cﬂnsa&bxprg;);edr ecolkgi et (neanuebey  of
count ed object fer epeat ed on, noJ e ges and
the average nd Crﬂ;e%gelow s spicy %F‘ 'S0 Pl ﬁmeessc%ulﬁ'f?s“:yeocféﬂged
"Area" measur aﬂﬁﬁtpeakSOfdlﬂTCahl Tveok fovint dsf dnniigeined éBens af tand beghtconeidial | y

avai |l abl e fronlwbg Q%Pernetlcs Bet hesda, 25 MD, by using the Manual

Bri ght Object &k 2@8? dting | ower range value until pattern features are
counted as one bri jject and then using "Area" neasurenent in

Measur ement neky.= f ‘%ﬁ?ionness i s best distinguished using a Fourier
Transform anal ysi s appr dach. The 30 Fourier Transform shows the conponent
frequenci eg)ofrdiliging ?Jﬂl@%ﬂn@t'fb?l k., 3 cdBrG8erdth 1f{h|3§ecjoﬁ&§§§eakpi gfglabl vy, the
Fourier Transforminmage is fornul ldted to express the inage's frequency
dommi n as a syanika mpia akdky thes hpenkge @qu@h@ zgfo. Seinmgrselwibthe besopdargprakes s
represents th t | sents
15 apati al T rneekr LS SHUE G BHG  Bn CRRRAND Ve B R s
5 transform w mtfelabky@mplromhl@hka\f@mh@ﬁcwhhrau@m@ss for whiilghng heattnebspsfkdr m
patterns shOM/qigcernable sharp peaks outside the central peak it is
because of periodicity (non-randommess or order) and the positions of the
peaks are riel ated inversely to spatlal periodicities in the original inage
and |l ens. The referre of . opt a surenents i s
Gaing the equi Bt erhas Rr e Bt B S e b P S BB above wi e
the FFT (FastIﬁabmb@nnlgaﬁ&fﬁmmihﬁmne@mﬁmmfmhﬂUmmsmeaﬁmgnteqymnmﬂmh set up

i ncluding but not limted, camer.a i ght sourc | ens and | ens
ol der . 5 r epr oA SBIVED, Hilh ELmGeT Beioelir SHe S Shodiieadlo 16 bi
grayscal e, (bhxabﬁbﬁagp&um@m;pn was engaged (via pressing the icon,

sel ecting ' Anplltude (floating pt.), setting the spectrumgain to 15, and
sel ecting "“forward". This 15 produces the Fourier Transforminmage from

whi ch fandO”“Qﬁﬁd&@&ﬁkﬂmﬂ%%%Bﬂ%ﬂﬁ@y@ﬂﬂmﬁh m&n&%nﬁ@%&gMQQMQ&nﬁ%ﬁm%slS
calculated (1 - (height of side peaks divi ht of central peak)).

The anpunt of aHéhcgpasikzies hadmageve deferanng the aoaélé%ﬁfpiq% 'ﬁofseérlhls\}iebeéﬁount

meani ng an 20 gEpWith a%@tregoﬁﬁfaht%n &ng%fﬁﬁedrr@rzagta&ﬁl%spmorﬁlhm egp having a
sparkle effect when the lens is observed on-eye. Typically, an anmount of

about 0.5 to atyoWra isprefedbihat aplistanenefl Yasgeomanvithiae remen wdpyhit safing he
sparkl e addit 'ﬂt‘%l&fgg@?éhﬂ&e%n(a'l% é«%ﬂf%ﬂfgaﬁk &ﬂ% (it SR bEEBIS é'eh‘%ﬂe

additi ve, and sol ve be use partl e size |str| utlon range is
apprOX|natelycmnmdwm@ﬂwdwwﬁmb&eﬂamhymﬂMMGﬂéb@uUMBﬁk&nn@ﬂ@r&wgmsﬂwt

may cause glare or shadows removed). The lenses are periodically moistened
throughout the process, preferably with artificial tear solution (such as Prestige
Brand Sterile Artifical Tears Lubricant Eye Drops) or saline solution (such as Target

4



25 preferably about 18 to about 35 um in each case neasuring the |ongest

di mensi on of the particle. Those skilled in the art will realize that

| i sted pawbDi2012098352es refer to the average of the parti eCe/use@s/08rsds t hat a
normal distribution around the average occurs. Pignments in addition to
the cholesteric liquid crystal additives nmay be used in the 30 sparkle

addi tive conposition. Such additional pignents may be those organic or 6

i norgani c pignments suitable for use in contact |enses, or conbinations of
such pignents. Illustrative organic pignments include, without [imtation,

pt hal ocyani ne bl ue, pthal ocyani ne green, carbazole violet, vat orange # 1,
and the |i ke and conbi nations thereof Exanples of useful inorganic pignents
include, without 5 limtation, iron oxide black, iron oxide brown, iron

oxi de yel | ow, StqrehrapgSelmeSelution far fansifivicdivexi danbicnh Hehtferefyoed as mpeh as

conmbi nations t f h AR n-sol ubl e
dyes may be uslg)gsrliﬁ%cwﬁg}ng%a\%ﬁsqﬁre&‘&aﬁb( %i)t% Eit'lte%lon dl?%shﬁglro Irt?aa?m ngqgnd Vi nyl
sul f one- based adgwken str@faung W es- Arigtvpicy pstires aad@loaﬁmmwleﬂahye sugiohabl e. 10
The sparkl e addi It lenses of the invention are
conposed of o§%1%$%8 Eé&gggP&ngéﬁﬁﬁﬁgvgguﬂ#?ﬁmat | east one of the sparkle
additives being a cholesteric liquid crystal additive, one or nore

sol vents, and indi n f d enbo nme

invention, a bﬁlﬁg rsn gnd Qﬁnﬂrlz%l%{er ISIIHmm&%fi We{ ael Iil?sourclglsgc %C? %Orl%rllg%r
interpenetratHn@(pmﬂmmﬂmymnﬂmm%kmmmkhmhaaﬁnéaSwﬁmbeRmalBoﬁmﬁomyupbses of

the invention, "interpe r network" PN ned as
Lhe compimat i dnetstes BB Skl Sumng St Rene o PoerS e a e  ASEBD T yrar i s
synt hesi zed angh@sd poldisen).| Tivsegke ipreférhigty plaifiedde a Giked M itidh Atdn angRws, sone

degree of inter enetratlo ccurs thin the network stru ypi cal ly,
the i ndeperifierit'*? %F?ﬁﬁ%ﬂ?q‘?}‘ééﬂtliaI)l%}‘éisrﬁaftﬂé it Ry &gy igtepsity 3? 8% Opgrm e
type of |PN, spgcipkdfe@bll YheRighdurde RNt aldfstHOOPRDHEE 185 nBR @ oMIthdRAEnRIR) Y MEr s

that are cross-1inked and one or
lens holder. Sparkle count, or points of reflection, are counted in the images

obtained from the camera. The sparkle count (or points of reflection) is preferably
determined using ImagePro 8 software (commercially available from Media

15 Cybernetics, Bethesda, MD, by: a) resizing the image to 10 or 15%, b) converting to
16-bit grayscale image twice, ¢) applying a “despeckle” filter to one gray image, d)
selecting the remaining image and performing a background subtraction to subtract
the despeckled image from the remaining gray image, e) engaging the “count”
function (with the threshold set to “manual” with range “10,000-65,535”), )

20 removing any obvious bad points, such as glare in the pupil area or stray points
outside of the printed contact, g) recording the number of counted objects. This is
preferably repeated on remaining 9 more images and the average number of points of
reflection (or sparkle count) recorded. “Area” measurement is determined with
ImagePro 8 software (commercially available from Media Cybernetics, Bethesda,

25 MD, by using the Manual Bright Objects and adjusting lower range value until
pattern features are counted as one bright object and then using “Area” measurement

in Measurement menu.

Randomness is best distinguished using a Fourier Transform analysis approach. The

30  Fourier Transform shows the component frequencies of the reflections of an image

5



nore polyners that are not substantially cross-1linked as disclosed by
"Interpenetrating Pol ymer Networks: An Overview' by Sperling,L.H in

| nt er penewoabiziy9Bsl ymer Net wor ks, Edited by Kl enpner, 8p&niseeog/osmsne
Utracki, pp 25 3-6(1994). For the purposes of the invention, the type of

i nterpenetrating polynmer network used is a sem-IPN. In one enbodi nent, the
sem-IPNis fornmed using a lens material, which is crosslinked and a

bi ndi ng polyner that is not substantially crosslinked. For the purposes of
this invention not substantially crosslinked neans that the non-crosslinked
material is not subjected to conventional crosslinking 30 conditions prior
to contact with the lens material. Sem -1PNs may be fornmed in one step, or
in a series of steps, which are known as sequential sem -IPNs. One of
ordinarily skidfithedensas.t Prefepbly. thelFpurics deapsiosme impstis farmalatsd daeimeess e
cross-1inking igg é‘& ﬁe(%u%hgﬁJ WRimaid UsQUIRRHELfY QiR d'd??%h'idstv'vh%?em can create
a reaction enV|r nmen at favors“the formation o equent i al

i nt er penet r at i mighinessyrpescnte thwomiplitigle Phede pwiehr agmpaicytrand pougef ngprejentst he

addi tive conpo P or

conbi nati ons tﬁeb&%'ﬁ ‘%@5ﬁ38?§ﬁ?5%@“§% gﬁ%gﬁﬂﬁg%bne Fﬁﬂﬁ%méach ot her
and the b|ndlngmpbhynmhamamnépﬂ&kmbf§mhumﬂmwhmmmwammﬁmmsmtﬂniﬂ@w1ens
material. Thesg hin functlon t hat render
"o the- pol yrrer Aok Sfhap Giakl BT oS BloR 1 AR P Pher L Poh

i nteractions wmmhmeﬂghnmhh@mndMh@ohumﬁkﬁquhdgmnup&uﬂummmbswsq&halhat t he

mannor that | AereSkne T G e pd BT hedhebob Bk Ren BT R bR o 1

the nobility ahesantbaQireriidtyiapsihdirc a@ldprhmteiﬁaa@eadh@[ma:gapltol Ldo@SrareThe
i nteracti ons between the functi ol ar, dispersive, 15 or
B s Fo R vl

s. 18
of a chargé®tr ﬁg & 2Ry il Eh u%ﬁ‘?@h dgwoﬁbgl ®be | ocat ed

on the pol ymereq@ipnfeniaet wrﬁfchiaafglﬂapﬁt%n%d HﬁC@B@ﬁlﬁé}’é nghemut:daelem&bones For
exanpl e, a nmononer, or mxture of nononers, that forma la%/msr with a

posi tive char densthejdenea repsesantprivedBreci celpaed Wi canyrsiRs freto-bit eiavsdlpeer s t hat

form 20 a pol y@p#he Wt *Furféh&?@@sté %@geﬁ%ﬁ QFesélmé’[c@hts'@f%ctﬂign%nﬂﬂmR@’ ymer. As a
nore specific exanple, nethacrylic acid

2-hydr oxyet hy| (Festigdr yiseitine (e spaemum ggimfo ba and éf&eofﬂég pravege Ahivas/ HEMA
copol yner tl%‘at Oi)(ﬁlcgs}"tﬁ@F r?&?‘flra\q’ﬁgﬁ% i n%@#ﬂ%ﬁgll(& ng}}h(ﬁh&@g &Mlb): d%ﬁlﬂ}féd

acryl am de co ynmer to formt )
and the randomness factor (kgp) is calculated (1 — (height of side peaks divided by

height of central peak)).

The amount of the sparkle additive used is a sparkle effective amount meaning an
20 amount that results in one or more arecas of the lens having a sparkle effect when the
lens is observed on-cye. Typically, an amount of about 0.5 to about 50 weight
percent based on the total weight of the sparkle additive composition (including
binder, cholesteric particle additive, and solvent) may be used. The particle size
distribution range is approximately 4 to 70 um, preferably 4 to about 35 um and most
25  preferably about 18 to about 35 um, in each case measuring the longest dimension of
the particle. Those skilled in the art will realize that listed particle sizes refer to the

average of the particle size and that a normal distribution around the average occurs.

Pigments in addition to the cholesteric liquid crystal additives may be used in the

30 sparkle additive composition. Such additional pigments may be those organic or

6



25 As anot her exanple, the binding polynmer may be conposed of

hydr ophobi cal | ynodi fi ed nononers including, without limtation, am des and
est ers ofwohe1dessal a: CH3(CH2 ) x- L- COCHR=CH2 30 8 whepeiruskoosmyg7she - NH or
oxygen, x may be a whole nunber from2 to 24, Rmay be a Cl to C6 al kyl or
hydrogen and preferably is nmethyl or hydrogen. Exanples of such am des and
esters include, without limtation, lauryl nethacrylam de, and hexyl

nmet hacryl ate. As yet anot her exanple, polyners of aliphatic chain extended
5 carbamates and ureas nmay be used to formthe binding polynmer. Preferred
bi ndi ng polynmers will depend upon the lens material to be used. For
etafilcon A the preferred binding polyners are a random bl ock copol yner of
HEMA, and MAA or a honopol yner of HEMA. The wei ght percentages, based on 10
the total wei ghergefic thgmasisnaiiiablepior yisern contagialesesopfpetTalipations heyeh

embodi ment s | Splgg% ﬁﬁlsfréhv@tb‘?%%na&lgm\éﬁk G dRE L GRE lfﬂ%@gﬁ%a?%g%n@ to

about 2 wei ght rcent MAA filcon A the preferré 1di ng
pol ymers are alvardodybmek gmpolcgrhmoleomeEWat @erhgePHMS, anDivie hired and

optionally, PVJ%mb%%nE!V:% %hg}%l Ctﬂ"%’f’ %h&sﬁﬁ A nggr P%:ﬂ{ggtspg% YRET st be

such that it is sone sol ub ens e ’l'ens materi al
can di f fusesi nliroitation, iHowexide plagh, itdneoxsdmerotvinneon vkide ryalllcezcutcalr omm gdt of the

bi ndi ng_pol yrrg %tarﬁann %15)6 an, tlﬁe rllceagl;[liéom a%]tlon tﬂereo L é{c%ltl%nh Erl nt ed

i mage. For eta preerer abl ecu ar Wwei 1Nl ng
pol ymer i s abqugmehtQQ06luble aataui- sdlﬁlﬁle Qoex, mmpbeumdaﬁcﬂﬁ@bg wlﬂﬁuahmuinoﬁ 000 to

about 40, 000, t preferably abo 17,000, to 5, 00 ak whi ch
cor r esponds to(Haﬁ Oﬁﬁ?lg%ﬁgr‘x(}gi ﬁ‘_ﬁrfon?i]f’%s?%ély?ﬁ gﬁ@iﬁgh (g' a Qlﬁ@g@‘t@r%nal yses
( = (M x M)coMMdra@nesaitaie. be significantly higher for binding polyners

cont ai ni ng S|I|cones including up to about 500,000 nol ecul ar weight. 25 For
pur poses of't he i nvention, the nolecul ar wei ght is determ ned using a gel

perneation chrofe F&qlreadabum tbmposBOnd 1@atin SRALAES biGle aVAntiRf fr@€drhpiRed NAEX
detectors. Two co ums of PWI000 and PW2500, a net hanol -wat er el uent of

75125 wt/wt  adjfise @8 mose sue aedtiven v Eripatbongnef the spatkla padigyeshsimgert hyl ene

gl ycol and pol ygltetieRGiPXY B! JIHCE Wn Sr MbleRoMBl, HE R bRt HRIyAGY! B2 VeI ght s
rangi ng from
preferred embodiment of the invention, a binding polymer is used that is capable of

15 forming an interpenetrating polymer network with the lens material. For purposes of
the invention, “interpenetrating polymer network™ or “IPN” is defined as the
combination of two or more independent polymers in which one polymer is
synthesized and/or cross-linked in the presence of the other. Thus, some degree of
interpenetration occurs within the network structures. Typically, the independent

20 polymers used to form the IPN are in network form. One type of IPN, specifically a
semi-IPN, is composed of one or more polymers that are cross-linked and one or
more polymers that are not substantially cross-linked as disclosed by
“Interpenetrating Polymer Networks: An Overview” by Sperling,L.H. in
Interpenetrating Polymer Networks, Edited by Klempner, Sperling, and Utracki, pp

25 3-6(1994). For the purposes of the invention, the type of interpenetrating polymer
network used is a semi-IPN. In one embodiment, the semi-IPN is formed using a
lens material, which is crosslinked and a binding polymer that is not substantially
crosslinked. For the purposes of this invention not substantially crosslinked means
that the non-crosslinked material is not subjected to conventional crosslinking

30 conditions prior to contact with the lens material. Semi-IPNs may be formed in one

7



30 325,000 to 194 are used. This nethod is only for EtaA and binding
polynmers soluble in nethanol -water eluent of 75/25 wt/wt. Bi nding polyners
cont ai ni Yo 12/esses nmay be soluble in alternate dil uenPsT/USe@sosireari |y
skilled in the art will recognize that, by using chain transfer agents in 5
t he production of the binding polyner, by using |large anmounts of initiator,
by using living polynerization, by selection of appropriate nononer and
initiator concentrations, by selection of ambunts and types of solvent, or
conbi nati ons thereof, the desired binding polynmer nol ecul ar wei ght nay be
obtained. Preferably, a chain transfer agent is used in conjunction with an
initiator, or nore preferably with 10 an initiator and one or nore solvents
to achieve the desired nol ecul ar we Alternatively, small anounts of
very hi gh nol e &F e sghes o ﬁ@nSngvhpglajmomys peugritey seTpi-Edkj uAes Pbn wi t h
| arge amounts Bfingdl \@ite honEH WiRRomifeaht 8 HERRYr Lol kit Rectindl N
polymer. Preferably; the viscosity OP he bi nding polynmer w |1~ bé about
4,000 to aboutelma tEoglkedditiopmir gematurlz@, Gn cxﬁt@tmﬁlomreawmnmenagetrﬁ@rmef ul
in formng the Ly, onstants val ues of
greater than a %ggﬂ%fRQSr @%%E1§5%§£% P%bﬁggggﬁgﬁt 7, and nore
preferably greater t han about 25 000 Sui t abl e such charn transfer agent s
are known and d%cbﬁﬂe, m“thqgt %w D di Irpq%R%%K%hh% N ghe formul a
R-SH wherein R Is°a 2§ E1Y1% CT? aIr t PAIITYE SaRDeHt ygtrcafrpahtrc or
CH3( CH2) x- SH Wﬂm{o@bllym)er i08 cbpdlomae}, orb@mﬁ:ﬁm;)nm-tmmoyl haBJIiﬂgosder sbhubilityy |

chl oride, n- but id - Tergapt o eth mer cap tan

5 ohl or obut andb A s BirEa GG D G G Ty (oL e b

tri et hyl am ne,théiennimbtgtiyl meﬂeftiudmlgamiyrderr§mb§ t6lain ﬁalbb@m gretqrsaﬁhlrardrelde and
brom de, and tHe like, d conbrnatrong there f CGene Ee about 0O _to about
7 wei ght péf ceht polsmis<ide] SgRoRE (o \’irétnérPP r .stﬂa% G PRGNS Y Eh wi | |
be used. Prefenabbiedonrcmn@ionbidroupdenanss Michlthat A6 @0@shifQne p@rymer or

conbi nati ons thereof is used as the chain transfer_ agent. desi rabl e
ini tiators nmaycoBelymseidteract Mifhithag of dothssin 2 Prier dat Brgreass tfr%flewlbﬂ tthe 30

vi si bl e light,yihefiRl ndifthd k@t@istt #RAmbKR! tfkad%t%nﬁmen%dtt%§ ahtirer eof 10
Preferably, a thernmal initiator is used, fore preferably 2, 2-azobis

i sobut yr oni t r i Bagickasd The nteragfising botwieest Hp| faetignad igraup may e lasrdiversivef
initiator §edor"(\4fla|chagg ﬁ’Q@f& C(Qnﬂieyz Qatlﬂgoq*he ﬁmmngmroﬂfs e 18889 T he
total weight of the rmul ation. For etafilcon A~ preferably, 2,2-azobis

2- met hyl but yr amiltdr joecapslymse Haokberes dokiarsadeat fiblthe BicRtvaeshi ndi ng pol ymers of
the invention may be nade by any conveni ent pol ynerization process
including, without limtation, radical chain polynerization, step
polynerizatiod%nenmmgkpmImnbymenhzakhmmofM0mMmmBhﬁmhﬂpmlypeWhEaMmbnt ring
openi ng, group tnan e gnerlzatupn a9l trans&errpohéneru %H%p and
the like. 10 ﬁ%@?v?aiﬁ%a g?%d}g}ﬂﬂ¥ QARG e ¢ 660 yn%rlzatlon
i s used. Candi etll)(ﬂylﬁerf\oﬂth a:aegayvmqlammttotfm o Ibyrmﬁrgl Iz)aﬁm@n Aaraemmnetsbedﬂﬁd he

or oduct fon_of TRECS! RETHEY Hrter T e, i eIt R Rab ng

boi li ng por nt Smdgew/eeéu abeuivide20 MAd/EBIA Copobehee ahatoR thén trﬂiﬁedsazhtheant to be
used will b on the type of binding polynmer to be produced and its
mol ecul ar werdﬁ%“ﬁ aBﬁ@nﬁgWDeﬂt@yhﬁ@V H@? GPRYNFEET 9 Lo Pindicet one
al cohol , cyclqﬂ@%ﬁﬂone i sopropyl lactate, 3-nmethoxy 1-butanol, 1-ethoxy-2-
pr opanol , %ghanol, and the |iKke.

As another example, the binding polymer may be composed of hydrophobically-

modified monomers including, without limitation, amides and esters of the formula:

CH:(CH, )x-L-COCHR=CHj,
30



20 Coating, or wetting, of the cholesteric liquid crystal additives with

bi ndi ng pol ynmer provides better dispersion of the additives in the bulk

bi ndi ng pebyneve99sPRe coating nay be achi eved by use of ®CIAS2EIBVETS76

el ectrostatic, or hydrogen bonding forces to cover the additive' s surface.
25 In addition to the sparkle additives and binding polyner, the preferred
sparkl e additive conposition of the invention nay contain one or nore
solvents that aid in coating of the sparkle additive onto a surface. It may
be desirableto control the sparkle additive conposition's surface tension.
This surface tension nmay be 30 achieved by treatnent of the surface, for
exanple a nold surface, to which the 11 sparkle additive conposition wll
be applied. Surface treatnents may be effected by nethods known in the art,
such as, but nwter¢ip firpaycber-HHpirpzmgenan hay 8¢ aHaolemaaberinm 2 tonl4, & max b/el y,
and preferably, L Welal I d hoi ce
of sol vents u§28¥?ﬁcgﬁgygggpéﬁgégggg%ﬁ%ﬁaggﬁg%%?’i%n. %%¥ﬁuggx? %ggglvents
useful in the swparkides addisteisviecledsnpobout iligntatdn, {avey | impiteptylaondared kdxoke

sol vents t hat bl e of i ' r i ne vVi-SCQSi of the
sparkl e additf@%ﬁ%%ﬁggsigfd%xékg&gfg%n lgnpggﬁ%ggﬁ:?ﬁgﬁghgﬂéﬁr§%%%&1ension.
Sui t abl e sof venttemates hnitepaswndytsuised to fortethe bimnding polyopent anones,

4- et hyl - 2- pent anone, 1-nethoxy-2- 10 propanol, 1-ethoxy-2-propanol,

i sopropyl lactate, ethanol, and the |ike and conbi nati ons thereof For
etafilcon A, prrefeeredblndinglpodinmox y-R-dopendaupoh thadenk Segerapyd bk asédat €oar e
used. For narafilcon, A preferably, 1-ethoxy-2-propano nd et hanol .are
ised 15 The SHHUFRT A DRI U UE L heRa | T GBD BRGR GO R, of
factors. For exXxempl, end M2ae\ an®hitiopolynsd b? HEVAA . USROwtiphtfpefdghtages| higedoddi ng

pol ynmer will depend upon {he nol ecu| ar i ght of the. binding pol yner

Hest red and0t HE B ﬂeia%aeﬁ%bnéwo £ 18 © rFBH‘@P%enéH‘o‘h%SBﬁ&%QE‘E’PgES Ysed in
the bi ndi ng palbyimss. to hbsut a0® WRlghOpertANWHBRIA bitDabp@d  &NdboUSE theivhi ;]Lera:ﬂpe_nd_
upon the viscosity and surface tension desired for 20 the sparkle additive

conposi ti on. PUAtherfor inprafilcan shathel erefsgad thinding: plyesist e randey Beckappl i ed

to a mold and GHECRMANENAl 6ASMPBLS! DRIA, ahéi‘%pﬁ&ﬁa\}}%tm@i sol vent used wi ||
depend upon the [éens and nmoid materials used and ether the nold materi al

has undergone any surface treatnent to increase its wettability.
ki |1 of orie or§i Racy S CEER, S Pndtle SRR ol e i B LF gnt
of the sol ventslubked thei leis ascridband th dens cnagsioLiean TBifuse iighit. plamseent atdhe t ot al
Fecogni ze. ¢ hat - Bh Aty dhe ety S Ren RENELEAR plinG Lebdfib 8 P aftd i
particl e/ addi timpectuiod quabtyf gfrth¢ hentsbinagaet J'os elabbed, piiiaaldy.itheé omlecular
weight of the binding polymer is about 7,000 to about 100,000, more preferably
20 about 7,000 to about 40,000, most preferably about 17,000 to about 35,000 Mpeax
which corresponds to the molecular weight of the highest peak in the SEC analyses (
= (Max My)")
MW ranges can be significantly higher for binding polymers containing silicones
including up to about 500,000 molecular weight.
25 For purposes of the invention, the molecular weight is determined using a gel
permeation chromatograph with a 90° light scattering and refractive index detectors.
Two columns of PW4000 and PW2500, a methanol-water eluent of 75/25 wt/wt
adjusted to S0mM sodium chloride and a mixture of polyethylene glycol and
polyethylene oxide molecules with well defined molecular weights ranging from

30 325,000 to 194 are used. This method is only for EtaA and binding polymers
9



30 particle/additive volune may be determ ned by any known neans and,
generally, is a volune based on the efficiency of a solvent and the

bi ndi ng pebyerEvoIvIssSsuspend t he pignent/additive particl @€TUSR008%8T8Pé €, as
di sclosed in Patton, Tenple C., Paint Flow and Pignent Dispersion, 2d ed.,
pp 126-300 (1993). 5 A plasticizer may be added to the sparkle additive
conposition to reduce cracking during the drying of the col orant and
optical nold parts, to enhance the final quality of the imge produced
using the sparkle additive conposition, and to enhance the diffusion and
swelling of the colorant by the lens material. The type and anount of

pl asticizer used will depend on the nol ecul ar wei ght of the binding pol yner
used 10 and, for sparkle additive conpositions placed onto nolds that are
stored prior t@uhkein myhardhayater|qlyeat of 6120 viwide Hindie pels@pig| cogtagyng ci zer s
i nclude, wit hos&ﬁcohésrﬁlwe sBftbledh YEFM ?11u@ﬁt9py| ene gl ycol , dipropyl ene

gl ycol, tripropylene glycol, polyet ene gl ycol 200, 400, or 600, and the
i ke and combi nations t her eof Preferably, gl ycerol is used. Amunts of

pl asti ci zer u t ased on
t he wei ght of 69§%§? F%ﬁgdﬁ'k.%ﬁ“@%ﬁ%%%ggﬁ%ﬁ%g’ egggggﬁ Eﬁgﬂle glgparkle
addi ti ve conpabé pioductivaywf be biwhig milyrec, by usnay }ylrgagmtoluets spamidtce bydokiitg ve

O g PSRRI S BT G PEF LshePria 2SS AL SHRRLL VSl
an opaci fying agé%tp use a8 6? ylng ageﬁ%s suc s 20 for

exanpl e ti tanlammaﬂtrm@ndebprselzctnm ok haleyntaraed agpeesiCichicny @veinhtdidtiens The

add 1 ve conceRTPal e opani s pelepr s b @iodl im0 ©

addi ti onal or gadhaid tihs fein@e@danied pi @Rt Sort Wikt andihRiafdetor etded @sfeRblyowith qui d
crystal qnents are used in addltkgggtthegggggkge effﬁct may be controll ed
i

by varyi ng £ he!c BHEE  #9t f6n Bere; L] Bngesitgf gralpgereighti | . 10 a

preferred sparKki@nagdiyl ink@ LONRODE VérdMighi nidletutir eighhBindify Bol meNmay@kout 0. 5
to about 50 wei ght percent of chol esteric liquid crystal additive, about 10

to about 45 welSghin earEEHn vGth Bigadmeynty ef W@m toAPAIRIpIn Agslepigpd a0ty AT wei ght
percent of solyepihdingPOyaRe. PIQFéTrdb(P}n aid Mscoﬁ%pé’ftth@blgdltng pBRAE wiil Meauit

percent of plasticizer i's used hHe wei ght "percentages are based on the
total weight 0¥W¥hea@peﬂk0@)@ﬁﬁ@ﬁ*ﬁ@2ﬁbﬁp05|t|on m xture. In addition to
the cholesteric liquid crystal sparkle additives, an amount of about 0 to 5
about 25 melght percent based on the wei ght of the colorant for organic

pi gnents and abisit trnsto agbounsddll mefoginhg pler tieding fpotymersohagamha:mpragmfelnt S may

may rpart a voPyelaPp Rt A PRt B urdtalr s AR B Wb e el e gt

percent of prgﬁa%empngamﬁ&mmamdmabgmo Suittablcaduolu tha2O trivefeg A enpedre miwrof

' norganic pi gneg 1n011%yw1tﬁout ?1m1tat10n aliphatic thiols of the formula R-SH wherein R is a

20 C; to Cyy aliphatic, a benzyl, a cyclicalipahtic or CH3(CH;),-SH wherein x is 1 to 24,
benzene, n-butyl chloride, t-butyl chloride, n-butyl bromide, 2-mercapto ethanol, 1-
dodecyl mercaptan, 2-chlorobutane, acetone, acetic acid, chloroform, butyl amine,
triethylamine, di-n-butyl sulfide and disulfide, carbon tetrachloride and bromide, and
the like, and combinations thereof. Generally, about 0 to about 7 weight percent

25 based on the total weight of polymer formulation will be used. Preferably

dodecanethiol, decanethiol, octanethiol, or combinations thereof is used as the chain

transfer agent.

Any desirable initiators may be used including, without limitation, ultra-violet,
30  visible light, thermal initiators and the like and combinations thereof.

10



10 Conbi nations of pignents may be used in ratios dependent upon the color,
shade, and hue desired. One ordinarily skilled in the art will recognize

t hat addiwOwver/piser t han t hose di scussed al so may be i RCTaseasios7svée
sparkl e additive conposition of the invention. 15 Suitable additives
include, without limtation, additives that aid flow and | eveli ng,
additives for foam prevention, additives for rheol ogy nodification, and the
| i ke, and conbi nati ons thereof The sparkle additive conposition of the

i nventi on becones enbedded in the lens 20 material upon curing of the
material. Thus, the sparkle additive conposition may enbed closer to the
front or back surface of the |ens fornmed depending on the surface of the
nold to which the lens the sparkle additive conposition is applied.

Addi tional |y, Rypferably, arthermsl yidgter ipfised pap pecierally £i2vagolip rpsyonigee pidy be
applied in any, DLl o byl ARMRC TIRARA B hitiafr GlRALANBLAD. PR YT

| ayer may be used 2 njunction wth the sparkle additive conposition.

For exanpl e, iaboutfeverghtportersfbasddenithn/tord oighteofdhefarmiitivgi dgr gefilgered, | ayer
may be applie e, gl di. - l.d . i or, to application
of the sparkl r%%r% i%gg%%%%%g%#@%ﬁgﬁ¥ﬁ%k%’g%?q%?ﬁgﬁﬁgﬁ%%P§ner may be the
sane or different fromthe binding polyner used for the sparkle additive

composi tion | ayers, Lt the, glear BLnding. polymer. i, di trerent fram 30 the
bi ndi ng pol ymers i1 “MsP BE “Corpat’t bl"e Wt h "the bi Mti*ng” p&Py w8 Ard" | ens
polymerization process including, without limitation, radical chain polymerization,
step polymerization, emulsion polymerization, ionic chain polymerization, ring
opening, group transfer polymerization, atom transfer polymerization, and the like.
10  Preferably, a thermal-initiated, free- radical polymerization is used. Conditions for

carrying out the polymerization are within the knowledge of one ordinarily skilled in

the art.

Solvents useful in the production of the binding polymer are medium boiling
15 solvents having boiling points between about 120 and 230 ° C. Selection of the
solvent to be used will be based on the type of binding polymer to be produced and
its molecular weight. Suitable solvents include, without limitation, diacetone
alcohol, cyclohexanone, isopropyl lactate, 3-methoxy I-butanol, 1-ethoxy-2-

propanol, ethanol, and the like.

20
Coating, or wetting, of the cholesteric liquid crystal additives with binding polymer
provides better dispersion of the additives in the bulk binding polymer. The coating
may be achieved by use of dispersive, electrostatic, or hydrogen bonding forces to
cover the additive’s surface.

25

In addition to the sparkle additives and binding polymer, the preferred sparkle
additive composition of the invention may contain one or more solvents that aid in
coating of the sparkle additive onto a surface. It may be desirableto control the
sparkle additive composition’s surface tension. This surface tension may be
30 achieved by treatment of the surface, for example a mold surface, to which the

11



material in terns of expansion factor and ability to swell and it nust be
capable of swelling into the lens material. The invention nay be used to
provi de cweretZmisard or soft contact | enses nmade of 5 &OY/USR@RM818260OS
material, or material suitable for manufacturing such | enses. Preferably,
the Il enses of the invention are soft contact |enses having water contents
of about O to about 90 percent. Mre preferably, the | enses are nade of
nononer s contai ni ng hydroxy groups, carboxyl groups, or both or be nade
fromsilicone-containing polyners, such as sil oxanes, hydrogels, silicone
hydr ogel s, and 10 conbi nations thereof Material useful for formng the

| enses of the invention nay be made by reacting bl ends of macroners,
nononers, and conbinations thereof along with additives such as

pol yneri zat i orfPpiflerddditige somimyition ik beraprdietl.a Surfaca dertanents wiay e Gfeqtedit at i on,
si | cone hydr aaghsukAgen bf ARl Lich A0 BuRENATRY S, PR QPHal definERROTEN -
Exanpl es of such silicone macroners include, without imtation, 15

pol ydi net hyl siAltxeatierclyetiiapneierdtye dhanlasiied suran tensipd megyhbd pchiqyedbpshas

described in Lg{il\bltcggfs%ﬁ\?eht%%sgcﬁh%tsﬁ?]&%ga]dglﬁvgéo%ﬁgléo?4’ 260, 725 and 4, 261, 875;

pol ydi nmet hyl si 1 oxane macromers w meriz unction described in
U S. 20 Patents Nos. 4,136, 250; 4,153, 641; 4,189,546; 4,182,822; 4,343,927,

4,254, 248; 4,355 147; 4, 276, 402;: 4, 327.203: 4,.341, 889: 4, 486, 577: 4,605, 712:

4 543 368, 4 chRSeHESEVERS iR i S e wduiticiediiidiog 4] vRIGyEd) Ard e

5, 358, 995; 5, 3Bdke63Rents hatkbd cdpaile obindiBaxiy/@;de&re 8612, thed GscoSind&thésbbrkle
5,981, 675; and 6,039, 913: .. and,caonbi.nations thereof The | so be nade
AR I TSP e R o O e AR SR e S R e

t hose descri beadclude, WifhouPaiiaton, Masopebtail@s, 144 ieth§l-Dpdntmd8e, BmdddxPe0;
5,371, 147 and 5,336,7%7' or _nmacroner.s 25 fongrisiggtgol%}inet vyl si | pxane
bl ocks and BolRfetaAsk bréers2oipanls itaneds’ daderi waineln 49ds hepdtentid Nos.
4,871, 785 and &nfdpdhtid@l thoflok. OfFot NRafiédnedh, PpileRMbEy, Al RhBRY-2BYopafGOkRPT at ed
in their entireties by reference. Suitable materials al so nargbe made

f r om combi nat i ¥Ryt 145 EE Msethd FPlorisHEseh S0P EEHithbhenttioxycpropgnof and
described in WusnoPRat glis Nos. 5, 760, 100; 5,776, 999; 15

15 The specific amount of solvents used will depend on a number of factors. For
example, the amount of solvents used in forming the binding polymer will depend
upon the molecular weight of the binding polymer desired and the constituents, such
as the monomers and copolymers, used in the binding polymer. The amount of low
boiling solvent used will depend upon the viscosity and surface tension desired for

20 the sparkle additive composition. Further, if the sparkle additive composition is to be
applied to a mold and cured with a lens material, the amount of solvent used will
depend upon the lens and mold materials used and whether the mold material has
undergone any surface treatment to increase its wettability. Determination of the
precise amount of solvent to be used is within the skill of one ordinarily skilled in the

25 art. Generally, the total weight of the solvents used will be about 20 to about 75

weight percent of total additive composition will be used.

One ordinarily skilled in the art will recognize that each particle/additive used will
have a critical particle/additive volume for the solvents selected. The critical

30 particle/additive volume may be determined by any known means and, generally, is a

12



5,789, 461; 5,807,944; 5,965,631 and 5, 958, 440. Hydrophilic nononers may be
i ncorporated into such copol yners, including 2-hydroxyethyl nethacrylate

(" HEMA") ,wo-2hixvgssget hyl acryl ate, N, N-di et hyl acryl am @#€T(USDM8/037876

Nvi nyl pyrrolidone, 2-vinyl-4,4 -dinethyl-2-oxazolin-5-one, nmethacrylic
acid, and 2- 5 hydroxyethyl nethacrylam de. Additional siloxane nononers
may be incorporated such as tris(trinethylsiloxy)silylpropyl nethacrylate,
or the sil oxane nononers described in U S. PatentsNos. 5,998, 498;

3,808, 178; 4,139,513; 5,070, 215; 5,710,302; 5,714,557 and 5,908, 906. They
may al so include various toughening agents, UV bl ockers, and wetting
agents. They can be nmade using diluents such as 10 primary al cohols, or the
secondary or tertiary alcohols described in U S. Patent No. 6,020, 445. All
of the cited paiwngkased en theclisientnebt pdrant agfl the bindmigrpobimar fesyseendtile
reference. The,; I al: . | | anNsgs, & I and
comercially ﬁﬁggég?Fﬂﬁ e?ﬁgﬁg?§¥§%ﬁ@gﬁi%ﬁaﬁg%%?fgl us%dfﬁgMgcaEﬁﬁgﬁgsed
hydr ogel , nor elpw ehéPigniey! ldispd iipic 8d ed, prad-IWe 19913ndi ng pol ymer is formed
fromlinear random bl ock copol yners of MAA, and HEMA; |inear random bl ock
copol yners of MAA and HEMA; |inear random bl ock copol ynmers of HEMA and LMA;
or a HEMA honopolagnerer nkaydfe dddedtoAthe dpakle adéitvé norhpdSitioPat enicdNosckidg 680, 336

and 4, 495, 313 jncor,porated.20 herein in.their.entireties ef erence,
aoera Ty D32 JPEEHRRLANE R 62 IEHSL I o) Shdia B! [ Nohie Wil SLFRET |
to about 2.5 pifwhdvAvagegpqiuvoed usiigethy sParBletaddaie dbmposdioapundetohynhaive thd ycol

di net hacryl ate,...about 0.0b. to_.about 1. bw 1,1 1- trjnethyl ol propape

1 imet hachy! atar e sating o 15 P lorah Bufegetsdi gty ohe RpomalBReE Sl i ot
Preferably et gfliskiciaer Wed Svilll ggsknoh thé moledgiar weighdemthd bodkngcd@hdt ieed 25 of
MAA and HEMA in a ratig of . .0.47 MAA.to 100 HEMA, _or with a |inpear random

bl ock copoll§metdofr HERAe Ak eKAMPRS NS Riaced o gylds haEri sire! RSO IWKE t o 99. 5
HEMA and 0.5 MAA.shelf-lifeAstabieifyeteedd MeURadl plastiorit aelude] REhéutCRAMIone | ens
is carried out using pad 30 printing as follows. A netal plate, preferably

i ] p
made from st ecdlYSHY RsPEeRs eberladipyoryine ralnl sitinfonyeas eyeele POlYPEYIgRR er ed

with a photo r&sis$bo0Tabe dr 8bo, i@ khc 1fe G0 2GhSInRIonP 8LRGTE NBrRRILEY/, gg@%I ubl e
once cured. The pattern for the additive conposition is selected or

desi gned. For i&xedpl/emountreofplastielpes uedyeaperaly Milhbaf to theyt pavelghiasrens
pattern thal Govefch Rekbioforldspiclifiile iomddlipfioes not cover the portion
of the eye 5 eftecting vision. %he final overall pattern wll then be
reduced to the desired size using any of a nunber of techniques such as
phot ogr aphi ¢ t-gchnj I A I t resi st
material is cd@%&ﬂhﬁﬁfﬁ%ﬁfﬁ@ﬁﬁgéﬁ§ﬁﬁ?%%ﬁ“gﬁ%ﬁﬁIﬁigf??“?@ S qggﬁ?gbﬁaashed
wi th an aqueoupaktl utldione agvdcdntratiore smtlt theg sparklge addtiet phedlei ntze ted. pl at e
to a suitable denil {O, GXaRL e, AROML, 2O CLOnS,. QoDMLI onR.FOLy 1O
carrying out the pattern Gren Ty are™ i thiti t RE" Ko edge® B ne“bifti nari |y
ski |l I ed i n 2b hefoarckamplbeitapan kdiexided di tzince oxiderpas i dommerdidlyt hesilablepoThd ed ont o
the pattern ta fill t de ssions with s l.e additive c osi.t.ion. The
e bf ¢ he worBleny torep Bk aletgRay ot 2 BEvat A PR P et er s to
the layout of @deintritie eapesiclei Gfe appini &d dage tihevlieadditionae \@ganicwber ever
such a pattern or deslé%%\MIl be used, .t he 3E§Iication.of the addjtives in
the additive cBYSHET PHBRFolRharcpart SIS EHe dWsidgrvaireBiEHert #e Wehdbm That
i's, the patterdydiondesk@andé-badct hiay bocomeblianey Va9Rgithe @nbdhubfiths RtRsd he
front curve of the lens is a randomdi stribution of additives. A silicon
pad of a 263 swdgiisnd pigasistes Wellnd varyi ng hardness, generally about 1 to
about 10 Shore A duroneter units, is pressed against the inage on the plate
to renove the sparkle additive conposition and the sparkle additive
conposi ti on ney & preferigd ypasklp gHditiye pympasiien rmaixiusm olthe tipieentet. it 0.5TkHe pad i s
then pressed aggligf wlibf R HRSHUEACRIRT A%aPRIGRR! ST S Aibolines sParkl e
|l owed to dry.

additive conposition |
weight percent of binding polymer, about 20 to about 70 weight percent of solvents,

30 and, optionally, about 0.2 to about 7 weight percent of plasticizer is used. The
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25 The sparkle additive conposition is applied to all or a portion of the
nmol ding surface of the nold. Typically, the sparkle additive conposition is
appl i ed twotheto9psssti on of the surface that will be use@CraShwsdsishe
portion of the lens that will overlay the lens wearer's iris but not any
portion of the eye affecting vision. The application nmay be 30 carried out
by any conveni ent neans. Preferably, the application is carried out by pad
printing. In the event nolds containing printed patterns are stored for

| ater use in the production of |enses said nolds can be conditioned with
heat and nitrogen to renove excess solvents and oxygen prior to their use
in lens production. 5A lens-form ng anount of a lens material then is

di spensed into the nold. By "lens-form ng anount” is neant an anount

suf ficient to pigHwewscragesar hgped: digthe fosad weight phihe kpselde adibdyercempostiipi cal |y,
about 10 to abgut,./5 preferably about 50 to about 75 ng of lens materi al
is used. By "lens material” is neant the nononmer or nononers that, when
cured, formthe lens. The lens material may include any of a 10 w de
variety of additives i [ WL i1 i LRt avi ol et
absorbers, an taﬁeggﬁl? Logﬁ%n he@%ﬁ%%@??%@ étpa}é(ﬁeg%dfdﬂﬂes’ al a@gﬁt%&mﬁ%ﬁﬁ’{) ?10{3

di ffusi on of tdbeutlBnecighhpecembaschb thehveeighd df the vdomonfoosigeniopigmeite ahdens
materi al and aa%ditgi Ve 6ol osiitliltonr ar e, cur reqlmun(iler X on%ji Bi on [ tabrl eto
form 15 the tiTPed PR ThETHHNPEIEH RENGTMS RERDP 08 PhE i M°"G88end upon
t he conponent shigf pitmentadakdchiraene ofrho ailditiaral pigehchte msyimpat & atrysietkelaiced and
are within the_skill of _ on f i nar kill in the.art to.determpe. In a
o o or o enbolErHe, PO groat i RO T Seide nBete it SrésainERe A e an

el evat ed t enpedbattuine tofabalod wOighto pakenit oBSnorganid Npighitds afbodiemanld, curing
takes from about 75 to apout 240 sebéond . Once cur'%ﬁg 20 'hs corrpi]et ed, the
lens is rel'8ased™HRHieNt AePEBFYS 41 %SrediHeRHRUIPEHEHEIRONAAE COP ¢4t es are
| eached from thahheasiredhe lens is then equilibrated in a buffered saline
sol uti on. The invention will be clarified further by consideration of
the followng, non-limting 25 exanples. Exanples Exanple 1 Binding

Pol ymer Synt hegihe ordinarily skilled in the art will recognize that additives other than those

discussed also may be included in the sparkle additive composition of the invention.
15 Suitable additives include, without limitation, additives that aid flow and leveling,
additives for foam prevention, additives for rtheology modification, and the like, and

combinations thereof.

The sparkle additive composition of the invention becomes embedded in the lens
20 material upon curing of the material. Thus, the sparkle additive composition may
embed closer to the front or back surface of the lens formed depending on the surface
of the mold to which the lens the sparkle additive composition is applied.
Additionally, one or more layers of sparkle additive composition may be applied in
any order. In yet another embodiment, a clear binding polymer layer may be used in
25  conjunction with the sparkle additive composition. For example, in the method of
the invention a clear binding polymer layer may be applied to the molding surface of
a mold half prior to application of the sparkle additive composition. The clear
binding polymer may be the same or different from the binding polymer used for the
sparkle additive composition layers. If the clear binding polymer is different from

30 the binding polymer, it must be compatible with the binding polymer and lens
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A bi ndi ng pol ymer was made using 96 g of 1-dodecanethiol ("DODT"), 56.54 g
| auryl nmethacrylate ("LMA"), 7.40 g nethacrylic acid ("MAA"), 1367 g of
hydr oxyetwol2oetdegsssyl ate ("HEMA"), 68.5 g glycerol, 378PgT/US2008/087876
1- et hoxy- 2- propanol ("EP"), 1511 g isopropyl lactate ("IPL") and 8.89g 2, 2'
-azobis(2- 5 nethylbutyronitrile) ("AMBN'). First adding the DODT, nononers
and sol vents, except for about 50 - 100 cc of the IPL, were mxed in a 5
liter blue cap bottle and stirred for 10 minutes. The m xture was then
poured into a 5 L stainless steel reactor with stirrer and nitrogen. The
m xture was stirred and heated for approximately 25 mn. until the
tenperature was 68 C. After the tenperature was stabilized at 68 C, 10
t he AVBN was di ssolved in the renmaining | PL and added whil e opening the
ni trogen bl eedmatquipd ipEsrpsrat expaesianfagias ang sbihite do swelbpnsicie awst ey capghloaf hour s
after which theg igaR&as AUl MRS Ncreased to 80 C and the reaction was
conpleted. The m xture was then allowed to equilibrate to roomtenperature.
The viscosity of the m xture was adjusted as desired by mxing 4 parts of
IPL with 1 par; .0 - I L I fic0 re ,Q0;. ¢ Spar kl e
addi tive corrpofshletllt%eﬁgo%%%’ g??\‘lgérﬁigtgfﬁ%g% éoo%{l%?t e ??\%%Orgtg&ﬁlg tyllrg}lg%e?%@{? EO
j ade col ored chgl kstver ions pasttriad] es naataiab switabbe fere ntandfagniogeaneodh Wasa.
prepared. The i er.cent the particle used, for . various co sitions
Rereaca 20 el REIGRT offhy WISy RELAL P BRELEE LA ARE R SR e
addi ti ve conpadiabowrd toiabcutW0iprepehi Ndere,preftrable sthe dngespa¢ tadd ef @oitinidrsye, and
sol vent). Three Iorwd[éi ons_of ea%h gf t he 3.gt 6. lt?and 8.f9 wt.l.gercent of
sparkl e addi t i PB"4"5t P RO CATDEFE pEPWY- O5PRY Babt Mafe Tom, ¥lickPst ages of
18, 24 and 35 q@nt%niﬁgesg@g@ﬁeirs;ekmh A T oloraneqt ﬂl?(ﬂrogléé,ngili%r?aﬂlsfdh@g@sﬁhﬂ& of >
35 pm was prepar using a particle i.ght 25 percent .3.3.. Contact Lens
Fabr i cat | ofl’ & GABEHSTTRREe n Ylater usr%ﬁﬁifﬂ%%w% sﬂenaewéﬂvéwﬁ%%m@b'ﬁ cal
mol d was firstmffel syt Rektind biends dOmibrem&d 8a6nonRYE bnd ¥WrkhutvastheRoPASRd of the
bi ndi ng pol ynmer_ descri bed above. A random 30 pattern using each of the
additive conpo¥ith pdiHERS Sichhis R BISEZaN48 IBHOSr SHEDYE Bedely ocludpevithoght curve
mol di ng surf acgnigfioR BRLYR K)BBEIORIAIE afroDlifeonSOMErbBAS EsmdOhy S8 S Par ki e
addi tive conposition/fornulation were single printed and sone were double
printed with aneiesicsn. ERgeplepld swak spicopt éepcramess micludggatthewcligsafion, havi ng
;f OétSa:‘%i) ?égge}@dﬁﬁéthMlo%Qné &N 18 5ih bl dafichydphini@ ol SPS ad RKHAag i mount
United  States Patents Nos. 4,259,467, 4,260,725 and 4,261,875;

polydimethylsiloxane macromers with polymerizable function described in U.S.
Patents Nos. 4,136,250; 4,153,641; 4,189,546; 4,182,822; 4,343,927, 4,254,248;
4,355,147, 4,276,402; 4,327,203; 4,341,889; 4,486,577, 4,605,712; 4,543,398;
20 4,661,575; 4,703,097; 4,837,289; 4,954,586; 4,954,587; 5,346,946; 5,358,995;
5,387,632 ; 5,451,617; 5,486,579; 5,962,548; 5,981,615; 5,981,675; and 6,039,913;
and combinations thereof. They may also be made using polysiloxane macromers
incorporating hydrophilic monomers such as those described in U.S. Patents Nos.
5,010,141; 5,057,578; 5,314,960; 5,371,147 and 5,336,797, or macromers
25 comprising polydimethylsiloxane blocks and polyether blocks such as those
described in U.S. Patents Nos. 4,871,785 and 5,034,461. All of the cited patents are

hereby incorporated in their entireties by reference.

Suitable materials also may be made from combinations of oxyperm and ionoperm
30 components such as is described in U.S. Patents Nos. 5,760,100; 5,776,999;
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5 A conplenentary nold half was then used to conplete the nold assenbly.
The nol d assenbly was placed onto a belt that then passed through a cure
tunnel cowprie#d9ssd a dark zone and a curing zone that RaI/USCeNSOREA6 Wit h

| anps emtting a wavel ength of 370 to 440 nm having eeleThe nold assenbly
passed into the first 10 stage of the tunnel, also referred to as the dark
zone in which no bulbs were present, but in which heaters heated the air to
between 55 and 75 C to maintain the nold tenperature at or above the

col orant sparkle additive Tg. The nold passed through the bulb and dark
zone of the tunnel at a speed so that it remained in this zone for about 75
seconds during which tine the Tg tenperature was nai ntained by a 15

conti nuous feedback systemthat nonitored the nold environnent tenperature.

The ol d t hen Bi%A6d: PRET.AEE 0. 20081 aand BHBerBd Hydorhilia mgnomeie mayhbeh
cont ai ned bul Qﬁ%ﬁebr%a g YRYEL &Q%I!Her%’,f iﬁJleihgogﬂl diderthfie éﬂe?%l dy

out put of each was maintai ned by a mcrop essor” bdse erature
control | er. THEHEMA NG-nfdraxtyethyleageylata deNidancthplscrylamidestldMAZhdN-conpl et ed.

Once curing l.at ed,, Ihe el 22 pved f I d any
uncur ed nnnoﬁgﬁgﬁﬁﬁpﬁﬁ§%?g§£€£ﬂéﬁpgg%ﬁ§&(8?%ﬁﬁ?¥§£?éﬁgﬂk§ﬂgaP@hgmﬁgs t hen
was rel eased fhydmxyéteylmudtishcaiamideuAldilitioed] edoxane enobarhére meg bsahdonmraal ut i on.
The base curveg for BEINESRGIADR B REhaPRE. (LOM SASHuk ORINLALL on vere
25 measured. The' dverage base curVePRRE MEasurdd” using A PaARanet1es

ul trasoni ¢ nmeaksdribe@nin Byt Rarntn Wiisc 15, 98dbR;| 8/868,il 33; p4t,a&8%fil 30,702 1pedest al

and the return_tj i ur ultrasonic.signal ref]lected fromthe
| ens base Curv%*%C§?+§7Qﬁ%ﬁﬁn§?3h§§%$n?ﬁyH@ﬁgﬁpgwpﬁggga?§g%@ﬁﬁg§1 For the

f or mul S“ OES Usseiitg) wv%lo%ﬁeraruﬂd%nm@ a%bl?tﬁdT]é)@rdahg)beﬁadE hgigg uﬂnﬁ@ﬁd@wbhﬁ
rinted, the average base curves re faound. t out of the

: peci fi catilBn Rt slgo iy Oﬁgﬁs%ﬂﬁ‘c},‘}‘eﬁﬂéerﬁ%ﬁggﬁdégﬁ&%@?ﬁﬁ%?e{i PRENIES from

each particle gomeisser £l Dabmg &itc@hatddls 4r@hefeby MnRARINET B hoHE ANBHAMDYC

toxicity, ocular irritation and cytotoxicity. The results showed that the

| enses were ndffefd&s-c, non-irritating and non-cytotoxic. 5 The |enses were

then placed on prosthetic eyes, one having a light blue and a dark brown

iris. Each eye was constructed froman acrylic substrate and had an average
corneal radi uslhsf magp#lyXpitneking thre gowpst Ippres @iee wall deowadend reogreqreipldy al |

. diri " ‘ v . i nal
painted Irig aﬁ%l”%)(l)eg Ple [ fyf A fRia PNl ?scaeHEMASIBb%‘I—:d %@egﬁ{grg‘&eg&yﬁf’y single

observer using a nmagni frér of approxi mately 3x power I'st ance
of 40 cm or | exafilgnndirand tgibemling fodpmar mgforrheshfeam tingat randem blyak eerobyandrons and

particle size | a e 1 i f J %ﬁﬁg T ger
particles, ina¥2§§§a%§gﬁggg%#égﬁgﬁﬁoﬁgﬂﬁ%?%ﬁagﬁﬁﬁﬁ%?%A%?§? e %hh%ze | i ght
blue iris thamasdval |bdockpeopblynices oAndEMAwend ddvident ratiidvis. hdSopadidngri onal | y

noted was that_the 3.3 wt re or.mul.at i the > particle, size
Gstri buti on et Andeiolst G0, PN LR e P LR R 80 ha
t he sparkl eoeffeedt imaRirnoitiredibs by retbicaced gendrallyt ken faraclesen of M@ partkebys par kl e

additive nor the sp rkL,Iﬁggitive osition. .Th d printi cess,
with the 20 nf%?gﬁ(gﬂﬁYsi érﬂ%ﬁ}qgg%d%?P%ﬁgﬁ@Wyﬁﬁgg %%F“P@?Q?#ﬁ{‘>an even
print distri buibbenl. apewtdie/1gardyol asnctiautythtd)aveutmeEntor dist.5 ipbwt gol1ar ound
the outer dianeter of the print area or renov fromthe m.cron clich
used to tr ansftémethwﬁolrgﬁgf%t@ﬂlﬁ@l&?%ﬁtﬁe w0 DG ah 0 amout 034 ookl O 4

visibility tint. Preferably etafilcon A is used with a linear random block copolymer

25  of MAA and HEMA in a ratio of 0.47 MAA to 100 HEMA, or with a linear random
block copolymer of HEMA and MAA in a ratio of 99.9 HEMA and 0.1 MAA to 99.5
HEMA and 0.5 MAA.

A preferred method of manufacturing a cosmetic lens is carried out using pad

30 printing as follows. A metal plate, preferably made from steel and more preferably
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Exanple 2 25 A sparkle additive conposition containing 271.50 g of the

bi ndi ng pol ynmer described in Exanple 1, 8.9 w % HELI CONEO j ade col ored

pi gnent (Weaget/wpssshe wei ght of the total sparkl e additip¢g/useensosisvé on) of
a 24 p.mparticle size distribution and 6 wt % of 1-propanol was prepared.
The front curve of a polystyrene optical nold was first printed wwth a 15
p. mclear |ayer, which |ayer was conposed of the 30 binding polyner set
forth herei nabove. A single or double layer of a 20 p.mthick 21 pattern
was pad printed onto the front curve nolding surface of a polystyrene
optical nold. Contact Lens Fabrication: 5 The nold was degassed for at

| east 8 hours to renpve excess solvents and oxygen after which the nold was

pl aced onto a belt and filled with a | ens-form ng anount of etafilcon A A
conpl ement ary TP dtades siges swyered wwdhpl kot rasist msitediah dkaé riplcgpabipnef nol d
assenbly was Passhtls LWGQUAMLBICHE chféﬂ.”ef'he;aaﬁerﬁ%ldth%ﬁéiﬁge Lo KGR, tihe 10
pre-cure, dark zone of the tunnel at a speed so that it remained in this
zone for aboutscR4d vedssigitle Honwrnahploae eeftarpprs bai ¢ hmhdaingr gattew drelat t he

air to bet me[}iagtgrn\?t\gﬂ c%éerg:p%% ??aﬁr%k Qheaiaﬁ %ﬂp{lé/es tn%ﬁ@ov%?‘gﬁte r1.]1c91t &+ % gg{) k zone

in which no b re on, In which heaters heate e ar t ween
75 and 85 € fafectary dsidi.t Toadihal2d0raigegem Thid thol ok tddeded ax ithcedbstrétesidar kK zone

and entered the.curing zon i ch.caontained, 15 hul.b mtti wavel engt h
of 370 o 440 MRy P 4 Per AP sEPuFRT R o ey T f M Bl A R0 °5
C. The nol d wake iptat pints, dndaliegthotd regdttnetkriabis @eufedr FAvisethe atringhihepldtd me t he

curing was conpleted. The lLens.was rel eased.fromthe npld, any uncured
monomer s and/ db SEITAERY Ve e Pl ARa RS s R RS reling et SRl T nen
equi i brated iintoathbpldieted ssiglbicngepanfoit ¢xample2dbobx 20Mplicrodk. ACSRdtidaks eforddi ti ve
composi ti Or}OCOcra]l}’r?;{nglog thg' 32? err? I:tcﬁirt]g arlglwqglgnntge Er?olvé/lgfgre 0?%%: grldglgrqul sﬂilled in

the art.

The sparkle additive composition is then deposited onto the pattern to fill the
depressions with sparkle additive composition. The use of the word “pattern” or

15 “design” in the above description refers to the layout of additive composition applied
to the lens. However, wherever such a pattern or design will be used, the application
of the additives in the additive composition to the pattern or design area will be
random. That is, the pattern or design that is formed and used in printing onto the
front curve of the lens is a random distribution of additives. A silicon pad of a

20 suitable geometry and varying hardness, generally about 1 to about 10 Shore A
durometer units, is pressed against the image on the plate to remove the sparkle
additive composition and the sparkle additive composition may then dry slightly by
evaporation of the solvent. The pad is then pressed against the molding surface of an
optical mold and the sparkle additive composition is allowed to dry.

25
The sparkle additive composition is applied to all or a portion of the molding surface
of the mold. Typically, the sparkle additive composition is applied to that portion of
the surface that will be used to mold the portion of the lens that will overlay the lens
wearer’s iris but not any portion of the eye affecting vision. The application may be

30 carried out by any convenient means. Preferably, the application is carried out by
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Exanple 1, 0.9 wt % Jade Helicone particles based on the weight of the total
sparkl e additive conposition and 6 wt % 1-propanol was prepared for each of
t he t hreewDR0vpsssent particle size distributions 18, P4T/Uspa)3B®8578a6n
Lenses were fabricated as in Exanple 2 (Contact Lens Fabrication section).
The | enses were placed on a dark brown prosthetic eye, as described in
Exanpl e 1. Through vi sual observations, 0.9 w% was determ ned to be the

| owest concentration that resulted in a desired sparkle effect for 18 and
24 um particle size Helicones. The Jade 35um Helicone particles 30 were
remade at a concentration of 0.5 wt% relative to the total sparkle additive
conposi tion and manufactured as described above. Lenses were anal yzed on a
dark brown prosthetic eye. A concentration of 0.48 W% relative to the
total sparkl e rddriniing lediwpoeitmodd opp@iniigriniedipAiemcon tteisd fetlaterise 8t t he 35
umparticle sige Rl fandSeles L2 el AnbeABRUGTSPR ke o hifie B Exampl e
4 A sparkl e addi lpl ve conposition contalning up to 135, 120 and I05 g of the
bi ndi ng pol ymermdesecess eelvints @danpgea ptior 9, their usg iglengprdd@8oB wt %
respectively, Jade Helicone particles based on the weight of the total
sparkl e additive conposition and 10 6 wt % 1- propanol was prepared for each
of the three differfekhs-franingaheustiof e lahs stateribluthéroin disp@ise@ito thaohoBIS Bym
respectively. lLenses.were fabricated as in Exanple nt act, Lens
Fabr  cat | on” sedgranit it pERL 8 ARv Ry ERMR il BN s d 65 i
clear (w th 6,an2@hicld@sswleSiacll- Py pipatyo hbaue Spwabomdlb yprefefablycdoiitrsatto abmt r el at i ve

to the total of all_.conpaonents r 8, 42 and 46 wt, % respectively. The

targer 40 and BSTEOUES TH PP LY dOlHRE getesR RN 1 ow but was

wett ed. Hi gherme@neenthitakh@nsral QuhthaAsWTHe Hak maefiel iy ibélagh ag opel ymer

required increased sol veagt..concelnci.rati. ns taq create a v%tte ink with flow
T 355

such that tie WE§YsOnef Wl eHReuting ndthulimifefig dpiti UREYEt Jade 18 um

Hel i cone partigk&Berdtand Botifke bl &ndatatibAnthytofand 50wt % i n 1- propanol (only)
resulted in wetted particles. 20 Maxi mum processabl e concentrati ons

relative to the total pad printing ink conposition were actual 46 wt % for
the 18 and 24 um pahiih@ing theafiGustmidtdle 184 MedGal Rfo TP S BB ETHPBLifidC hiRS -

lens material and additive composition are cured under conditions suitable to form
15 the tinted lens. The precise conditions for curing will depend upon the components
of the additive composition and lens material selected and are within the skill of one
of ordinary skill in the art to determine. In a preferred embodiment, a visible light
cure is used at room air and at an elevated temperature of about 70 to about 85 ° C.
In this embodiment, curing takes from about 75 to about 240 seconds. Once curing
20 is completed, the lens is released from the mold and any uncured monomers and or
dilutes are leached from the lens. The lens is then equilibrated in a buffered saline

solution.

The invention will be clarified further by consideration of the following, non-limiting

25  examples.

Examples
Example 1

Binding Polymer Synthesis

18



25 Exanple 5 A sparkle additive conposition containing 135g of the binding
pol ynmer described in Exanple 1, 9.4 w % Jade Helicone particles based on

t he wei ghwoab1zdeesssot al sparkl e additive conposition an@Cé/useéissrepanol
was prepared for each of the three different particle size distributions
18, 24, and 35 um Lenses were fabricated as in 30 Exanple 2 (Contact Lens
Fabrication section) using clichs of 20 and 30 um depth. The | enses were

pl aced on a dark brown prosthetic eye, as described in Exanple 1. Through
vi sual observations, the 30 umdepth clich resulted in a | ens whose printed
regi on appeared nore dense for each particle size. 5 The | enses above were
manuf actured using a clear |ayer of 15 umdepth. The 9.4 wt % Jade Heli cone
24 um particles at 20 and 30 um depth were al so manufactured using a 30 um
depth clear | aydindimghpdyiger wissmade vprepPd &t ¢fohdodegtstheol (ePEDA0), cSﬁé%@s in
appear ance wh ' i for a 1l U B | ayeia» r,easi ng the
depth of the ?F'ilrgﬂqéeg?a%{y% llggléo)ﬁe%?)(? iognt mc?élgg{lecéd ﬁhlgAaAe?isilitdycgfgfhe 10
ef fect and i ndwdexiethylmathagigloten(“BEMAIR, ¢4 2arglyeydr 3Tad Imshdxyparropasal t he

effect. Exanpl A rkle i tive ogibi-Qn nt gicHL N 35ag..0f the

bi ndi ng pol yne Elgg’scr%?@edgi n?sggllaoh%ll el"‘%?‘gg. ﬁﬂ\g}%gﬁ) J%@e E@Pécgzh%%gg? |Ecl es
based on t he weéthyibutpfonitiile) (“‘AMBNSpariksk eddifg thd DODV.emoompes atd @iveattsd 6 wt %
1- propanol was_prepared faor ch of t three diffe t . particle size

i ot buti one 8ot BE S s FHER et BE. hadfedlin Y oBEn Seie B e
(Cont act Lens dhabd ford0intinutsse Cthe o) tubiasttivem [eiufekl@ntents Ipatinkrineet] edactohs of 20

um depth each. One. clich design_ extended to. byt did n i ncl ude t he pupi l
oo o (domat VTG iR e FRE Se S ot o6t for BORBAMERAG Be” an
annul alrI band Qﬁ%lZﬁhtiIﬁ!eQiérfqbéﬂaﬁhr,e \Yﬁ@@@l"Che\ﬂeelﬂ@térﬁpeﬁdiurlems aualslligink 68 [ed,nb |
partially or s ntirally co tely aqverlies the | ens wearer's |inba
region, or IPhetﬂf 3&(@@}5 s Bksofd e sipipg Wlmléa%eﬂﬁ@a{f?.opq*ﬂ%g Penteeer e

pl aced on a dafikedbroepoRmsidiRhivas @Y16wedRSSiHERE tori 16- XA Hteld whithrigugh

vi sual observations, the effect was visible and simlar in all printed

regi ons. 25 EX&RPIaUE vt aerarsed (it ohpidiths taction vesreaplstedg TheanigtUs ndi ng
pol ymer descripgadnidalfes@ind quﬁlibrgztt% ﬁ@ r¥nechpdRnt8 MR di&dshy BE - QRixtig! | cone

particles based on the weight of the total additive conposition and 6 wt %
1- propanol wasviradpysieeas deseksmiggnget parts of IPL with 1 part of EP.

15
Sparkle Additive Composition Preparation:
Sparkle additive compositions containing 140 g of the binding polymer,
HELICONE® jade colored cholesteric particles and 6 wt percent 1-propanol were
prepared. The weight percent of the particle used for various compositions were 3.3,
20 6.1, and 8.9 wt percent based on the total weight of the additive composition
(including binder, cholesteric particle additive, and solvent). Three formulations of
each of the 3.3, 6.1 and 8.9 wt percent of sparkle additive formulations were
prepared using particle size averages of 18, 24 and 35 um, respectively. A
formulation using a particle size of > 35 um was prepared using a particle weight

25  percent of 3.3.

Contact Lens Fabrication & Various Testing:
The front curve of a polystyrene optical mold was first printed with a 15 pm clear
layer, which was composed of the binding polymer described above. A random

30 pattern using each of the additive compositions/formulations was pad printed onto
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30 fabricated as in Exanple 2 (Contact Lens Fabrication section) but used
three different clichs. Each clich contained a single dot, a dot cluster
of 5 and woaot2/bisst er of 10 etched onto the surface. Each/uskéosiosiéfered
in the size of the dot diameters. Size of the dot dianeters were 200, 400
and 600 um respectively, and all were at a 20um depth. The | enses were

pl aced on a dark brown and |light blue 5 prosthetic eye, as described in
Exanpl e 1. Through vi sual observations, the distinguish ability of the dots
decreased as the size and nunber of dots in the cluster decreased. Al dots
were nore visible on the dark brown prosthetic eye than on the |ight bl ue.
Single dots were visible >200 umand all dot clusters > (and equal to) 200
um 10 Exanple 8 A sparkle additive conposition containing 1359 of the

bi ndi ng pol ynehe gerfcurisaepliing Bwfaepoba polygygngppicabgeld2 Sommlenset oficeelt i on

Hel i cone part 's%h&?e J&ﬁﬁfvg I[)(Fsﬂﬁ)n%ﬂnglrgtloﬁfwe?@ﬁnél?foﬁﬁted;Qiﬁf éf)ln% Bad '(1§de@

conposition, d 15 % ( Ive to the wel he 15 Heli cone

white pi gment moedosil a dﬁslg@nﬁdie myfd \er%tén 1@2 nitrpgion peflesyregulipger0.a%o
described in r re
fabricated as |§E%&§ﬁ%%%ﬁ%q?%b%q %S %%5%’ #%%3?91 sé%@f%%% X@

resul ting | ensésompldmenrtarginsdd hdbives thgarskd ® cefipiett the 201dEesompllye 9 Spar kl e
additive conmpositions were prepared by addi ng approximately 0.5 wt % 24 um
di stribution Jade Helicone particles to Etafilcon A disclosed in U S.
Patent Nos. 4 H&%&B&s@nﬂblﬂw@ﬂa&ﬂ%md bk et itliemqmsséd dirsadhos edle itimnel S.

Pat ent Nos. 6, 270,.2 2 6,3671i 29: . 6, 82% q16 943 @g 55697 495; and
6, 054, 090. TheOP®EE Qfé dﬁﬂ?ﬁ?ﬁ%? Qo zgh &f n“(aﬁ&q‘élﬁ%fi lomes PREINES cryst al

addi tives wer evdvefehgthrofd70 @ 440 n@\hevinsH @ISThe RS a@ScivBlyeasRa Uftackufied on a

smal | scal e u5|n | ove box filled wiith nitro <0. % oxygen) and at
a tenperat dPe e Qgthg&ur@sl glsgredezed g e d %P@eﬁa%i@ﬁ go bu R

but in which heaters heated the air to between 55 and 75 ° C to maintain the mold
temperature at or above the colorant sparkle additive Tg. The mold passed through
the bulb and dark zone of the tunnel at a speed so that it remained in this zone for
about 75 seconds during which time the Tg temperature was maintained by a
15 continuous feedback system that monitored the mold environment temperature. The
mold then exited the dark zone and entered the curing zone, which contained bulbs
emitting a wavelength of 370 to 440 nm. The intensity output of each bulb was
maintained by a microprocessor based temperature controller. The curing of the lens
material was initiated and completed. Once curing was completed, the lens was
20 removed from the mold and any uncured monomers or dilutes were leached from the
lens. The lens was then was released from the mold and equilibrated in a buffered

saline solution.

The base curves for between 4 and 15 lenses made from each formulation were
25 measured. The average base curve was measured using a Panametrics ultrasonic

measurement system in which each lens is placed onto a pedestal and the return time

is measured for an ultrasonic signal reflected from the lens base curve over a known

diameter to measure the surface sag. For the formulations using the 24 and 35 um

sized particles that were double printed, the average base curves were found to be out
30 of the specification of 8.50 mm + 0.2 mm.
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nol ds were dosed with approxi mately 100 uL of reactive nononer m X, back
curve 30 plastic nolds were then placed on top of the front curves and a
wei ght wawoado#d9ssThe wei ghts were renoved and t he assemrbiryusess/ostsen pl aced
under UV lanps and allowed to cure for 10 or 25 mnutes for etafilcon A
and narafilcon A respectively. The assenbly was then placed in a saline
packi ng solution at 90 degrees. Back curves were renoved and | enses were
rel eased in aqueous solution. Through visual observations, the sparkle
effect was visible and simlar in both materials. 5 Exanple 10 Contact

| enses from Exanple 2 were placed on eye for a qualitative eval uati on of
the effect. Two lens lots were involved in the clinical study: a single 10
| ayer and doubl e | ayer. Four groups total were involved in the study. Al
groups were Caucasian. The four groups were divided as: (1) ages 18-20 with

i ght eyes, (2 6}9?&5@% ﬁétr\!t\ﬂe& hengés%m %Xc%spart(c;se) 515'59@%)/35%?] Qteéf\‘-fcgrhtoﬂé%ﬁ eyes,

and (4) ages 21-25"wt eyes. The words used e participants to
descri be t he rasslykis forgysemisyexiefyf eatlaniesitetiogland cetotpxicttwi ke yesulpsi shpwedust |

brightening/li 5 fresh and alert.
Exanpl e 11 Antgggﬂ%¢%35§§%p05|Xﬁ%#&%gﬁﬁgﬁ%%deﬁﬁghkm "bi ndi ng pol yner

described im 20 exanple 1, 28. 3mﬂ@6Jade 18un1d|str|bution Hel i cone

particl es bas ht. of al ark e. addj. t osi;tion and
6Wt % 1- pr opangﬂ‘eaénses Wgreatirl%ldpla‘ifg srosvvee&l SRRV Y hght AN ﬁgﬁ Gt
(Cont act Lens Hrabn nr«:satEa«oh] epewhd m);tnemlefmm hﬂnactrylhcemg:’sate/\mdehanamleagegh in

25 Exarpl ¢ 12 RHAHANET GGTBORIORRY i ah™Bbnt ¥ Ao B6L it Y0 (oD PO &

si licone hydr ageht 3)14 riﬁihrlg)nﬁ)ﬂ{eygtEfTachanls@ﬂrﬁhsﬁeﬁhoﬁlaoyf OkifgR Blerwdr WingtD. 09)

HELI CONEO j ade col, addIIIV 05|t| n of .a 24 rticle size
di stributi dh. %lﬁn é‘BH@"W&ﬁfbéél QReT 3p &&@&Pf%&q OE%faerleSS:auwr us

Pat ent Appl i cafnidéht Gikbh@4O 8RB ddNthhih@s RAARNRAtIoAO G Qartfle) GRN SRAcaMdS itRN Car e,
Inc., the entire specification of which is incorporated herein
resulting sparkle effect increased. Larger particles, increased concentration, or both
were more visible on the light blue iris than smaller particles and lower
concentrations.
15
Additionally noted was that the 3.3 wt percent formulation of the >35um particle size
distribution did not have an observable sparkle effect. It is believed that the sparkle
effect was not observable due to the process — not the sparkle additive nor the sparkle
additive composition. The pad printing process, with the 20 micron additive cliché,
20 most likely did not result in an even print distribution and the particles could have

been redistributed around the outer diameter of the print area or removed from the 20

micron cliché used to transfer the sparkle additive composition.

Example 2

25 A sparkle additive composition containing 271.50 g of the binding polymer
described in Example 1, 8.9 wt % HELICONE® jade colored pigment (based on the
weight of the total sparkle additive composition) of a 24 pm particle size distribution
and 6 wt % of 1-propanol was prepared. The front curve of a polystyrene optical
mold was first printed with a 15 um clear layer, which layer was composed of the

30 binding polymer set forth hereinabove. A single or double layer of a 20 pm thick
21



by reference. A 50:50 solution of 1-Ethoxy-2-Propanol and 200 proof Ethanol
was added to the m xture until a viscosity of 1000 cP was achi eved using a
Br ookf i elwodnwogdssvi sconet er, spindle 18 at 25 C. 5 ThecCramsgolakrsieat i on
process was the sane as that of Exanple 2 except that the dark zone
pre-cure was 60 seconds and unheated and the cure was 544 seconds with
tenperatures between 60 and 70 C. The resulting | enses had an observabl e
sparkle effect. 10 Exanple 13 An additive conposition containing 135 or 120
g of binding polynmer (described in Exanple 1), 10 or 20 wt% respectively
Jade, Maple, and Titanium Helicone particles based on the wei ght of binding
pol ymer was prepared. Two different particle sizes (18 and 35 mcron) for
each fornulation were fabricated. Lenses were 15 fabricated as in Exanple 2
(Cont act Lens IRHPRiVvearrdprigfedento e fipnt curvomeidinespeene opamplpiege epticehs f or
the sparkle adgji ve conposition transfer were used. These two clichs

i ncluded one wth a high and one with a | ow area coverage. Description of
the contact |ens paraneters for each |ot produced are listed in Table 1. 20

Exanpl e 14 Th . in Exanple 13 were anal yzed to determ ne
t he sparkle Cgahﬁ&ﬁg%gggﬁ&ﬂ!gﬁg ity (p), and sparkle randomess fact or

(ksp). Partb clﬁlesmzléswasfdeg@wdmr amnlelasB B housrto m@nwetdmwesqmnmardccmygsl are
listed in Tabl gte{ IAQ% @%alf ﬁlacé[dhoent be%t and%eQWHEr k?né(%ar r}rslg %morqx% fs 3 and

4 were analyze get &r'h coun a and

sparkl e randOﬁﬂﬁﬂ&mﬂﬁCA@bmﬁkﬁﬁhmmﬁmﬁdkﬂéwﬁﬂwmdﬁ)Mﬁﬁﬁﬁ@@b&mhﬁdyﬁﬂﬂiol|Om5. A
hi gh resol ution CCD canera was affixed to a stabilized platform The CCD 30
canmera was at a distance of 97 +1-3 mnmwith the zoomon its | owest setting.

The | enses wereheph@ld ade@blyavdsgasehakaleh atdiad tuhitel. CURM@MId(Passe tirbighahd
bubbl es bet ween the contact .and the |ens hol der ellnhpated and. al | folds,
wri nkl es, dP JusiEwres %ﬁngg ﬁﬁﬂnngl?at a speed so that it remained 1n this zone for about

240 secs. The tunnel was equipped with heaters to heat the air to between 75 and 85
°C. The mold assembly then passed into a dark zone in which no bulbs were on, but
in which heaters heated the air to between 75 and 85 ° C for an additional 240 secs.
The mold then exited the dark zone and entered the curing zone, which contained

15  bulbs emitting a wavelength of 370 to 440 nm and in which heaters heated the air to
between 75 and 85 °© C. The mold was in this heated, lighted zone for 240 sec at
which time the curing was completed. The lens was released from the mold, any
uncured monomers and/or dilutes were leached from the lens, and the lens was then
equilibrated in a buffered saline solution.

20
Example 3
A sparkle additive composition containing 149¢ of the binding polymer described in
Example 1, 0.9 wt% Jade Helicone particles based on the weight of the total sparkle
additive composition and 6 wt% 1-propanol was prepared for each of the three

25  different particle size distributions 18, 24, and 35 um. Lenses were fabricated as in
Example 2 (Contact Lens Fabrication section). The lenses were placed on a dark
brown prosthetic eye, as described in Example 1. Through visual observations, 0.9
wt% was determined to be the lowest concentration that resulted in a desired sparkle
effect for 18 and 24 um particle size Helicones. The Jade 35um Helicone particles

30 were remade at a concentration of 0.5 wt% relative to the total sparkle additive
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may cause gl are or shadows renoved). The | enses were periodically noistened
t hroughout the process with artificial tear solution (Prestige Brand

Steril e AvOizbi2@bssFears Lubricant Eye Drops). Anbi ent | ipghtusaas/osmsdaced as
much as possible. Ten images of the lens with |ight cast upon it are taken
by rotating 30 +/- 5 between 5 pictures and noistening with artificial
tears as needed. Exposure tinme was 600ns. The |l ens and | ens hol der was
illTumnated with a light source (DC-950 Fiber Lite, produced by

Dol an-Jenner | ndustries of 159 Swanson Road, Boxborough, MA) together wth
a light collimting attachnment and a right handed pol arizer. These were
stabilized in a fixed position at an angle of 20 degrees to the |lens so
that light is 10 cast on it with an intensity of 2,500-3,000 Lux. The |ight
source was at @npPstiemed mnuimsreasdesmbetiebavenbenses wre apdyredioplaglerk

Spar kl e count M@@n@ PR el T Eod PRAESH Q)Pt()aéfSn\@fﬂ/ réthWet x?%&%@r sgbarkTJ"e
sparkl e count was determ ned using |InagePro 8 software (comercially

avai | abl e fromdNitide go@pretianeriscthe rmetnmé@@ancemnomfor tHr ISewmziartigle fiec | mage

L Sonnet L. COMBA% kot Bl Al pYREaNE, ] Tage, i ce. ) applying 18 a
"despeckl e" filter to one gra ) sel ecting the renaining inmage and
performng a background subtractlon to subtract the despeckled i mage from

t he renai ni ng r%¥ i yage, e) engaging the "count"” function (with the

t hreshol d set Medual * with range " 10, 000-65,535"), f) renoving any

obvi ous bad poAmpakwaﬂmhv@angkﬁmmnbmumhmgmppoﬂ3ﬁneaaﬂdleagaWﬂmdﬁmﬁmgoutside
of the prlnted ont a ordln th 0, nu of ,count ed objects. This

was repeat ed 09‘? X eé?ﬁii%h gﬁ@an}%@r i gé?a%gb:ﬁ% ngérrﬁa’gc%vﬁg'r lfi count

\(/jvas obt al( n)ed Hélﬁo@éllﬁfr@cg@ tﬁpegirdﬂ tge @@igﬂth ofl the td’teﬁ ltspﬁklie addiatd %miposﬁg@ agpar kl e
ensity (p i ne y dividin e ar n obtai ned as 25
above) by tlfe $6W41 éF@@n@oﬁﬁfI”%F§% @5 hﬁég néﬁé@nhpﬁﬁcenﬁﬁéPro 8
sof t war e (Comitﬁb@iohy19@a| drbdsaunt, respedvineliya L@m%@@tfa&%ateaag hesganpldD) by
usi ng the Manual Bri ght ects and adj usting | ower range val ue untijl
pattern featureoafet ko ﬁ@%%caagn tRgEOr .I@H%I tasfté&ftlglar@arC?f%we{fs‘&Onao ang eq”

measur enent i nesMRRjYF GBIV, 2094111wt%_ h%r&ﬁ%l‘%ﬁ)e&%@bt Eoﬁd%)ltrétﬁmi }eﬁti%’ td n Table
1. 30 The randommess factor (kv) wa bt ai ned as | ows: the 10

i mages (measurtBeltosd ohbsamnonespHwer (38, %%%ﬁﬁﬁdﬁﬂéﬂﬁmﬁéﬁﬁbnﬂhﬁﬁﬁgéé@é@ied as a
represent ati vesqiRog, aRgy (v?f)llect‘ﬂé“{ﬁ(géte@kv&t% &r B tﬂog,r BUSEA @zette(db) Hﬁéﬁ@r FFT

function was engaged (via pressing the icon, selecting "Anplit
(fl oating pt. )concentrations around &5 wt% Helicone in binding polymer required 1ncreased

solvent concentrations to create a wetted ink with flow such that the resulting
concentrations were closer to 50 wt%. Jade 18 um Helicone particles at 45wt% in
clear (only) and 50wt% in 1-propanol (only) resulted in wetted particles.

20
Maximum processable concentrations relative to the total pad printing ink
composition were actual 46 wt% for the 18 and 24 um particles and actual 44 wt%
for the 35 um particles.

25  Example 5
A sparkle additive composition containing 135g of the binding polymer described in
Example 1, 9.4 wt% Jade Helicone particles based on the weight of the total sparkle
additive composition and 6 wt% I-propanol was prepared for cach of the three
different particle size distributions 18, 24, and 35 um. Lenses were fabricated as in

30  Example 2 (Contact Lens Fabrication section) using clichés of 20 and 30 um depth.
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5 setting the spectrumgain to 15, selecting "Forward" and applying "FFT",
(c) saving the image (FFT image), (d) selecting FFT i mage as the active and
sel ect i ngwOQor¥m99sss Enhancenent™ fromthe Enhance nmenu Prab/US¢@p/os8msrect i ng
"Quarter Tone" under "Curve Type" nenu, (f) setting contrast slider to 100,
(g) opening count nenu, (h) setting range from"130 to 255" under "Manual
Bright (bjects”, (i) selecting "Center 10 X' and "Center Y" under
"Measurenents Menu", (j) identifying the center object and the furthest
bright points; (k) finding distance between "Center X' and "Center Y"

val ues, (1) selecting FFT i mage as active inmage and sel ecting "Surface
Plot" fromthe "Measure"” tab, (m setting elevation to zero, (n) rotating
the image so that the Iar?est (if any) intensity peaks that are symmetric
about the cent®e lpsakwaicelaspéan w‘ali@orvwa PEIsthetiq ey, aedeserilicddn Expople fage”

form the " Qut ppfs, g{lgqg?ual(&))s 8IRL, ’Thé“édﬂnh&ﬁh !clnéhle‘?gsut&?nngeﬂgtwlﬁ)geém oPeaks on

the inmage that mar asellne nmeasuri ng ting I

calibration toegﬁmmﬁwmeqnmﬁnﬁaSUbrﬁghPMtheught of the peaks using the
measure tool, (s) dividing the values of any side peaks by that of the
central peak, (t) randommess factor (kv) = 1 - (height of side peaks

di vi ded by heiﬂfetlemsfcs alent make peakicturd@usiinea lcaaldlaym@sfswﬁmcdqpnh (Kihp 9% |isted

in Table 1. é& fgﬁscri tlon%§ I %% t Exa h Area
Jade, 35um 20 );Paél@ “rege a!?rtp e %%11318 ]g\ S5 Otnéarlﬁu:édr% um 20%
using a 30 um depth clear layer. Through visual observations, there were no changes
in appearance when increasing from a 15 to 30um clear layer.
Increasing the depth of the cliché for the Helicone print increased the density of the

10  effect and increasing the depth of the clear layer had no impact on the effect.

Example 6
A sparkle additive composition containing 135g of the binding polymer described in
Example 1, 9.4 wt% Jade Helicone particles based on the weight of the total sparkle
15 additive composition and 6 wt% 1-propanol was prepared for each of the three
different particle size distributions 18, 24, and 35 um. Lenses were fabricated as in
Example 2 (Contact Lens Fabrication section) but two different patterned clichés of
20 um depth each. One cliché design extended to but did not include the pupil region
(donut-like in pattern) and the other included a limbal ring as (an annular band of
20  color that, when the lens is on-eye and centered, partially or substantially completely
overlies the lens wearer’s limbal region, or the junction of the sclera with the
cornea). The lenses were placed on a dark brown prosthetic eye, described in
Example 1. Through visual observations, the effect was visible and similar in all
printed regions.
25
Example 7
An additive composition in containing 120 g binding polymer described in Example
1, 18.9 wt% Jade 18 um distribution Helicone particles based on the weight of the
total additive composition and 6 wt% I-propanol was prepared. Lenses were

30 fabricated as in Example 2 (Contact Lens Fabrication section) but used three
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696.4 8.54 0.99 Exanple 13, Low Area Maple, 18um |OMm % 48.9 4.08 0.91
Exanple 13, Low Area Titanium 18um | Owm % 67.9 5.66 0.9 Exanple 13, High
Area MaplwoQ 208995580t % 695.2 8.53 N M PCT/US2008/087876

different clichés. Each cliché contained a single dot, a dot cluster of 5 and a dot
cluster of 10 etched onto the surface. Each cliché differed in the size of the dot
diameters. Size of the dot diameters were 200, 400 and 600 um, respectively, and all
were at a 20um depth. The lenses were placed on a dark brown and light blue

5 prosthetic eye, as described in Example 1. Through visual observations, the
distinguish ability of the dots decreased as the size and number of dots in the cluster
decreased. All dots were more visible on the dark brown prosthetic eye than on the
light blue. Single dots were visible >200 um and all dot clusters > (and equal to) 200
um.

10
Example 8
A sparkle additive composition containing 135g of the binding polymer described in

Example 1, 8.8 wt% Jade 24 um distribution Helicone particles based on the weight
of the total sparkle additive composition, and 15 % (relative to the weight of the
15 Helicone) of a white pigment composition (made of 30wt% TiO, in binding polymer
as described in Example 1) and 6 wt% 1-propanol was prepared. Lenses were
fabricated as in Example 2 (Contact Lens Fabrication section). The resulting lenses

had an observable sparkle effect.
20 Example 9

Sparkle additive compositions were prepared by adding approximately 0.5 wt% 24
um distribution Jade Helicone particles to Etafilcon A, disclosed in U.S. Patent Nos.
4,680,336 and 4,495,313 and narafilcon A disclosed in U.S. Patent Nos. 6,270,218;
25 6,367,929; 6,822,016; 6,943,203; 5,697,495; and 6,054,090. The reactive monomer
mixes containing cholesteric liquid crystal additives were left on a roller over night.
Lenses were manufactured on a small scale using a glove box filled with nitrogen
(<0.5wt% oxygen) and at a temperature of 50 to 65 degrees. Front curve plastic
molds were dosed with approximately 100 uL of reactive monomer mix, back curve
30 plastic molds were then placed on top of the front curves and a weight was added.

The weights were removed and the assembly was then placed under UV lamps and
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Exanpl e 13, Low Area Titanium 18um 10w %

Area Titanium 18um 20wt % 100.7 8.39 N M Exanple 13, Low Area Jade,
20wt % 119v0 201298938 M Exanpl e 13, Hi gh Area Mapl e, 35um PCOWS2003885B78

10

15

20

25

30

allowed to cure for 10 or 25 minutes for etafilcon A and narafilcon A, respectively.
The assembly was then placed in a saline packing solution at 90 degrees. Back
curves were removed and lenses were released in aqueous solution. Through visual

observations, the sparkle effect was visible and similar in both materials.

Example 10

Contact lenses from Example 2 were placed on eye for a qualitative
evaluation of the effect. Two lens lots were involved in the clinical study: a single
layer and double layer. Four groups total were involved in the study. All groups
were Caucasian. The four groups were divided as: (1) ages 18-20 with light eyes, (2)
ages 21-25 with light eyes, (3) ages 18-20 with hazel eyes, and (4) ages 21-25 with
hazel eyes. The words used by the participants to describe the resulting on-eye effect
were glittery, twinkly, pixie dust, brightening/lightning, sparkly, luminescent, moist,
fresh and alert.

Example 11

An additive composition containing 105¢g of binding polymer described in
example 1, 28.3wt% Jade 18um distribution Helicone particles based on the weight
of the total sparkle additive composition and 6wt% 1-propanol was prepared. Lenses
were fabricated as in Example 2 (Contact Lens Fabrication section) except that
lenses were packaged in borate buffered saline containing 440 ppm PVP (K90 poly-
N-vinylpyrrolidone).

Example 12

An additive composition containing 80 wt% (240.0g) of a silicone hydrogel binding
polymer was combined to form a 20 wt % (60.0g) HELICONE® jade colored
additive composition of a 24 mm particle size distribution. The silicone hydrogel is
described in Example 3 of US Patent Application 61/040880 in the name of Johnson

& Johnson Vision Care, Inc., the entire specification of which is incorporated herein

26
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4.37 NNM Exanple 13, H gh Area Titanium 18um |OmM % 481.8 5.91 N M Exanpl e
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by reference. A 50:50 solution of 1-Ethoxy-2-Propanol and 200 proof Ethanol was
added to the mixture until a viscosity of 1000 cP was achieved using a Brookfield

digital viscometer, spindle 18 at 25 °C.

The lens fabrication process was the same as that of Example 2 except that the dark
zone pre-cure was 60 seconds and unheated and the cure was 544 seconds with
temperatures between 60 and 70 °C.

The resulting lenses had an observable sparkle effect.

Example 13
An additive composition containing 135 or 120 g of binding polymer (described in

Example 1), 10 or 20 wt%, respectively Jade, Maple, and Titanium Helicone
particles based on the weight of binding polymer was prepared. Two different
particle sizes (18 and 35 micron) for each formulation were fabricated. Lenses were
fabricated as in Example 2 (Contact Lens Fabrication section) but two different
patterned clichés for the sparkle additive composition transfer were used. These two
clichés included one with a high and one with a low area coverage. Description of

the contact lens parameters for each lot produced are listed in Table 1.

Example 14
The lenses described in Example 13 were analyzed to determine the sparkle count,

sparkle density (p), and sparkle randomness factor (kg,). Particle sizes of 18, 24 and
35 microns with weight percents are listed in Table 1. Additionally, the lenses
described in Examples 3 and 4 were analyzed to determine the sparkle count, sparkle

density (p), and sparkle randomness factor (k).

Sparkle counts were obtained as follows:

A high resolution CCD camera was affixed to a stabilized platform. The CCD
camera was at a distance of 97 +/-3 mm with the zoom on its lowest setting. The
lenses were placed on a lens holder that is curved (with all air bubbles between the

contact and the lens holder eliminated and all folds, wrinkles, or other features that
27
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may cause glare or shadows removed). The lenses were periodically moistened
throughout the process with artificial tear solution (Prestige Brand Sterile Artifical
Tears Lubricant Eye Drops). Ambient light was reduced as much as possible. Ten
images of the lens with light cast upon it are taken by rotating 30° +/- 5° between
pictures and moistening with artificial tears as needed. Exposure time was 600ms.
The lens and lens holder was illuminated with a light source (DC-950 Fiber Lite,
produced by Dolan-Jenner Industries of 159 Swanson Road, Boxborough, MA)
together with a light collimating attachment and a right handed polarizer. These
were stabilized in a fixed position at an angle of 20 degrees to the lens so that light is
cast on it with an intensity of 2,500-3,000 Lux. The light source was at a distance of
135 mm from the lens in the lens holder. Sparkle count was counted in the images
obtained from the camera. The sparkle count was determined using ImagePro
software (commercially available from Media Cybernetics, Bethesda, MD, by: a)
resizing the image to 15%, b) converting to 16-bit grayscale image twice, ¢) applying
a “despeckle” filter to one gray image, d) selecting the remaining image and
performing a background subtraction to subtract the despeckled image from the
remaining gray image, ¢) engaging the “count” function (with the threshold set to
“manual” with range “10,000-65,535”), f) removing any obvious bad points, such as
glare in the pupil area or stray points outside of the printed contact, g) recording the
number of counted objects. This was repeated on the remaining 9 more images and
the average sparkle count was obtained. The average sparkle count is listed in Table
1.

The sparkle density (p) was obtained by dividing the sparkle count (obtained as
above) by the total area count. Area count was determined with ImagePro 8
software (commercially available from Media Cybernetics, Bethesda, MD) by using
the Manual Bright Objects and adjusting lower range value until pattern features are
counted as one bright object and then using “Area” measurement in Measurement

menu. The sparkle density (p) is listed in Table 1.
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The randomness factor (kp) was obtained as follows:

One of the 10 images (measured as above in sparkle count determination) was
selected as a representative image and (a) converted to 16-bit grayscale, (b) the FFT
function was engaged (via pressing the icon, selecting “Amplitude” (floating pt.),
setting the spectrum gain to 15, selecting “Forward” and applying “FFT”, (c) saving
the image (FFT image), (d) selecting FFT image as the active and selecting “Contrast
Enhancement” from the Enhance menu tab, (e) selecting “Quarter Tone” under
“Curve Type” menu, (f) setting contrast slider to 100, (g) opening count menu, (h)
setting range from “130 to 255 under “Manual Bright Objects”, (1) selecting “Center
X and “Center Y” under “Measurements Menu”, (j) identifying the center object
and the furthest bright points; (k) finding distance between “Center X and “Center
Y values, (1) selecting FFT image as active image and selecting “Surface Plot” from
the “Measure” tab, (m) setting elevation to zero, (n) rotating the image so that the
largest (if any) intensity peaks that are symmetric about the center peak are clearly
visible, (0) selecting “New Image” form the “Output” tab, (p) determining the
inflection point of the peaks on the image that marked the baseline for measuring, (q)
setting image calibration to “none”, (r) measuring the height of the peaks using the
measure tool, (s) dividing the values of any side peaks by that of the central peak, (t)
randomness factor (ky,) = 1 — (height of side peaks divided by height of central peak).

The randomness factor (kgp) is listed in Table 1.
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Ci ba Vision Freshl ook Radiance 0 0 0.5 Tabl e 1: Average sparkle count,
sparkl e density (p) and randomess factor (k) values. 5 Exanple 15

Commer ci aWvolzersa®ess§ manuf act ured by Ci baVi si on under t hepprasoes/osmsne of
"Ci ba Vision Freshl ook Radi ance Contact Lens"”, "Eden" and "Autumm" product
descriptors) containing mca were also tested for sparkle count, sparkle
density (p) and randomess factor (kT) as per Exanple 14. Results are
listed in Table 1 (see 10 "Eden"” and "Autumm" rows in Table 1). What is
clainmed is: 1. A contact lens exhibiting sparkle. 5 2. The contact |ens of
claim11 having p greater than 0.5.

Contact Lens “Autumn” Brand

Ciba Vision Freshlook Radiance 0 0 0.55
Contact Lens “Eden” Brand

Table 1: Average sparkle count, sparkle density (p) and randomness factor (k)

values.

5 Example 15
Commercial lenses (manufactured by CibaVision under the product name of “Ciba

Vision Freshlook Radiance Contact Lens”, “Eden” and “Autumn” product
descriptors) containing mica were also tested for sparkle count, sparkle density (p)
and randomness factor (ks,) as per Example 14. Results are listed in Table 1 (see

10 “Eden” and “Autumn” rows in Table 1).
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3. The contact lens of claim1l having a ksp greater than 0.55. 4. The

| ens of claim1l having an effective anmbunt of sparkle additive to produce
10 a sparwbeoefesss. 5. The |l ens of claim4 wherein thecsaseéisesmdeitive
is distributed in a portion of the lens in a randompattern. 15 6. The
contact lens of claim1l having p greater than 0.5 and a ksp greater than

0. 55. 7. The lens of claim4 wherein the sparkle additive conprises
cholesteric liquid crystal particles of about 0.5 to about 50 percent based
on the total weight of the 20 sparkle additive. 8. The lens of claim4,
further conprising one or nore organic or inorganic pignments. 25 9. The |ens
of claim®6 wherein the particles range having an average size from4 to 70
um 10.The lens of claim®6 wherein the particles range having an average
size from 18 tWhads eigiedits. 30 WD 2012/ 099555PCT/ US2008/ 087876 11. The |ens
of claim4 wherein the sparkle additive is conbined with a binding polyner
to forma sparkle additive conpound and said sparkle additive conprise 0. 2-
30 W % (based bn t Hecangaelenygxhipiifingobarkisar kl e addi ti ve conpound). 5 12. The

| ens of claim1 having sparkle additive in the portion of the |ens that
covers the iris when worn on-eye and wherein said sparkle additive does not
interfere wht2.vi silbdacontact leh8of cThim 1 lewsgof gredtaitimnds. cl ai m 12 wherei n
sparkle additives are not in the area of

3. The contact lens of claim 1 having a kg, greater than 0.55.

4, The lens of claim 1 having an effective amount of sparkle additive to produce

10  a sparkle effect.

5. The lens of claim 4 wherein the sparkle additive is distributed in a portion of

the lens in a random pattern.

15 6. The contact lens of claim 1 having p greater than 0.5 and a kg, greater than
0.55.
7. The lens of claim 4 wherein the sparkle additive comprises cholesteric liquid

crystal particles of about 0.5 to about 50 percent based on the total weight of the
20 sparkle additive.

8. The lens of claim 4, further comprising one or more organic or inorganic

pigments.

25 9. The lens of claim 6 wherein the particles range having an average size from 4

to 70 um.

10. The lens of claim 6 wherein the particles range having an average size from
18 to 35 microns.
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10 the lens to be placed over the pupil.

14. The lens of claim12

having a linbal ring that is accentuated. 15. The lens of claim1l

conpri Si MyORol 2ya9aEFs.

hydr ogel .

17. A nethod of making a contact lens that exhibits

conprising applying the sparkle additive to a portion of the |ens.
nmet hod of claim 17 wherein a portion of the lens is fornmed and the sparkle
additive is printed onto a surface of the |ens. 19. The net hod

claim 17 wherein a polyner
sparkl e additive has been printed on it.

wherein the sparkle additive is pad printed. 21. The nethod of
17 wherein the sparkle additive is applied by ink jet 30 grlntln

2012/ 099555PCTVuS20thg layg PE7iginp 2 whigeeinie lsprdkle fad difivg lmcszmbmﬁ

16. The lens of claim 1l conpri CmgiSaocsioBiscone

sparkl e
18. The

of

| ayer is applied to surface of the 25 lens after
20. The nethod of claim 17

claim
WO

V@hﬁﬁm@m%parkle

addi tive is in,@R38 ke a%ﬂﬂkﬁe'a&&tlﬁfégﬂgyghﬁd A1 a1d é}Ql'érBHdlﬁ cané)% 302t %

(based on the total wel ght of spar
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ditrve conposit
30 wt% (based on the total weight of sparkle additive compound)

12. The lens of claim 1 having sparkle additive in the portion of the lens that
covers the iris when worn on-eye and wherein said sparkle additive does not interfere

with vision.

13. The lens of claim of claim 12 wherein sparkle additives are not in the area of

the lens to be placed over the pupil.

14. The lens of claim 12 having a limbal ring that is accentuated.

15. The lens of claim 1 comprising polyHEMA.

16. The lens of claim 1 comprising a silicone hydrogel.

17. A method of making a contact lens that exhibits sparkle comprising applying
the sparkle additive to a portion of the lens.

18. The method of claim 17 wherein a portion of the lens is formed and the

sparkle additive is printed onto a surface of the lens.

19. The method of claim 17 wherein a polymer layer is applied to surface of the

lens after sparkle additive has been printed on it.

20. The method of claim 17 wherein the sparkle additive is pad printed.

21. The method of claim 17 wherein the sparkle additive is applied by ink jet

printing.
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23. The nethod of claim 17 wherein the sparkle additive conposition

conpri ses cholesteric particles and bi ndi ng pol yner. 24. The net hod of
cl ai m 18 wbaeneia9iske particle size is 4 to 70 um the pacriusbesiBare
random y distributed, and the |ens exhibits a p greater than 0.5.

22. The method of claim 17 wherein the sparkle additive is in a sparkle additive
composition and comprises 0.2-30 wt% (based on the total weight of sparkle additive

composition).

23. The method of claim 17 wherein the sparkle additive composition comprises

cholesteric particles and binding polymer.

24, The method of claim 18 wherein the particle size is 4 to 70 um, the particles

10  are randomly distributed, and the lens exhibits a p greater than 0.5.
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