WO 03/ 027761 PCT/ US02/ 25033 CHOLESTERI C LI QUI D CRYSTAL OPTI CAL BODI ES AND
VETHODS OF MANUFACTURE AND USE Field of the Invention This invention

rel ates twoapteal bodi es such as reflective polarizers, @aCudozss035
containing the optical bodies, and nethods of using and naki ng the sane. In
addition, the invention relates to optical bodies containing cholesteric
liquid crystal LESTERIC LIOUID CRYSTAL ORHC AL BORIES AND

devi ces, such as pol ari 2G5 ;sral&m F‘X@rﬁﬁﬁfmi@sﬁ variety of 10
applications including IFTqura crystar _aorsprays (LCbs). Liquid crystal

di splays fall broadly into two categories: backlit (e.g., transm ssive)

di spl ays, where light is provid ﬂzlé[)f’fﬂetiﬁ%ﬂ} ot he display panel, and
frontlit (e.g., reflective) di spE'ay'r—wrrere—&'g, ht is provided fromthe
front of the di spThiygifventon redatés toriptital odies sukdhes eefldcvive polapiay, anidess can be
conmbined to formitransflective displays. that.can be 15 backlit, for

exanpl e, %nd@ntﬁmﬁgﬁhf‘g?ﬂtwebbﬂﬁl% Hhﬁme%wse%ﬁlsmsgf@ﬂ nzﬂkfrg@rrge 887 1 ght .
Convent i onal , RG], ke hédRtioh¥Bhtegtd @uﬁpooa&%%manﬂnqoaio@ést&ﬁn uRf\gygan have

| ess than 10% 11 ght transm ssion. nventional reflective L afe al so

based on absmmpsitenpol ari zers and can have | ess than 25% reflectivity. The
| ow transm ssion or reflectance of these displays reduces display contrast
and brightness and can 20 req@Backghound gfaheinveationnpti on. Refl ective

pol ari zers have begen veloped. for use in displays and other . a I cations.
Ref | ective pol ari §B?‘%aqg?‘é}?‘?lr?é‘fflhiaélthij’f'F?réﬁg‘gﬂlg?riSé{F “B%Mdﬁé‘ VﬂBF'é(?quzat i on
and prefgy en%ﬁ%ﬁﬂor{s%dlﬁ(ﬁﬁg iiqllahtc_rﬂ@a\{ u&?m%(mm)ol@mh cnl%iaiiﬂilslﬁ%%é an It is

preferred t reflective polarizers transmt "and refl'ect |1 ght w thout
absor bi ng r ebmadlyahtp t®6 chtagopiesamaciditfe.gf trammmibsiyg) disphysfweherd light is he

reflective polarizer hag.n re,than . 10% ahsor ption f.or, t.ne transm ssion
pol ari zat i oanMSingi %&ﬁ%“b‘%@? Sglag\})épelaandoﬁ?}j;gt é%dgﬂ%cftlv%é)@q@ﬁgt hs and, as
a consequencherehipht Ripr@Gddd/Ro Shefrét T the diEP188{el 8/, @htaEm!lipht)0OTEsd hat broad
wavel ength range, as well. Summary of the Invention 30 Generally, the

present i nvehtd &ispler medescandesombenad to demeansilestivadisplays deat cabe pol ari zerss,
articl es;cong ahfli 38 &AfpRPhh&d'dik hESmartidfls BELHE dSact brighil AMbidtdigheki ng -1

Conventional backlit LCDs typically use absorbing polarizers and can have
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less than 10% light transmission. Conventional reflective LCDs are also based on
absorbing polarizers and can have less than 25% reflectivity. The low transmission
or reflectance of these displays reduces display contrast and brightness and can

20  require high power consumption.

Reflective polarizers have been developed for use in displays and other
applications. Reflective polarizers preferentially transmit light of one polarization
and preferentially reflect light having an orthogonal polarization. It is preferred
that reflective polarizers transmit and reflect light without absorbing relatively

25  large amounts of the light. Preferably, the reflective polarizer has no more than
10% absorption for the transmission polarization. Most LCD’s operate over a
broad range of wavelengths and, as a consequence, the reflective polarizer

typically operates over that broad wavelength range, as well.

Summary of the Invention

30 Generally, the present invention relates to optical bodies such as reflective

polarizers, articles containing the optical bodies, and methods of using and making
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WO 03/ 027761 PCT/ USO02/ 25033 the sane. In addition, the invention relates to
optical bodies containing cholesteric liquid crystal conpositions. One
enbodi mrerwoios/ozateppt i cal body that includes a) first par®PCTluss2/zoapri sing
a first cholesteric liquid crystal material and b) a second cholesteric
liquid crystal nmaterial. The first particles and the second cholesteric 5
liquid crystthe same.ein additian, thednwntion relates tomptisakhediesicpntpingngathelasiericc | i qui d

crystal matgri.al h a pitch that | iff t t- ol esteric
liquid cr ystlé‘ﬂ“‘81 SRR paipd Oﬁl%O%ng’nSf???Bﬁ‘é‘?enf fsahie %E%@O@ﬂ%}%éﬁﬁ@?%gf i qui d
crystal mat efjsphartisles BorhPfsing & fivét Sholegerivliuid.eiysial materibhardit) afsecondxanpl e,
the first particles are dispersed in a _matrix of the second, chol esteric

liquid cryst eholestarisrliquid crystabmpteriale i firg partigies ang thesecond choliflelas nor e
than one J aygr...ln [t € | k] &g 11 quid
crystal r#at eﬁﬂ‘gpgr%gdi%één%ggoﬁ n“ﬁ‘%%‘g%%? F%a E%sg??dlgrsﬁ%ggiqgg% i@rcg:lal bodi es
can be used amtedial Bid Bsitchvkatpodiffeienethantitt seaonduholestedc liquid afystall ay. Anot her

enbodi ment is a nmethod of making an gpti.cal . bod First particles
conprisi ng ameferngl kpmeszapplecthp F‘Eﬁ.‘i’?’g CE?I%?%H ﬁ%‘é@rﬁ’é@ﬁ*‘f F‘&f?“_éi‘é“_&lﬁ’sepos ed on a
15 substrate {%rﬁa &g‘sgg&{& FalRIES t1§ Gh&hér éiuinglee?fﬂé&irﬁt!paﬁm%%é Hispétsddsinal SO

di sposed on the strate to forma structure with the first cholesteric
li qui d cryst alatrosfthe s¢dond choldtericf liquid crystd] matsoakl o lethes sxasmples, thequi d

crystal conposition re converted into fi.rst n ..chgl esteric

i quid cf‘{/st apticas pegy SJNOTE ARANONE | %F-y.ﬂ‘ sty o gircrﬁ%lgcegg ‘é‘?ﬁ@ li quid
crystal mat egjRbsthasligui@tlyshal Hafehiafs@ah be b ih e aicartsbdy Quedt optigait al
material. 20 In one exanpl'e, the second cholesteric |i qgu ci crystal materi al
is in the fobodies canstecusad aparafleetivespolarizen st spsrbedisedih 2USRIRE fi r st

particles are dispersed | ' L @ sEnarticids d
crystal material. %Inﬁag?ﬁ%lsoéixmé@rﬁf{p gé%%deéégg?@ggwg%%%ﬁ?s rlrgr% tlhan one
layer. |In addbinb@sing @TestehokBetc Hald chsmbtompasitint are dispbseduwingd  cryst al
materials can be used in the optical body. 25 The, ahove t he

b umary of
present ihvesebsgate S reond phalpiats Haidieeial ¢mposiion l%lﬁ_‘1§%a’t§g‘?§adé i ment or
every i npl TSkt %LE@@:@%M% RY& Chd1efericTifuid Eiyal €smpddttidnhe
I C ol 'ow nmore particularly exenplify

detail ed desCription rl _ these
enbodi ment s. TBelifeét aRe segonficholasteric liqued Eryaial cysp@dionk erd qoneertddgntonfiyt be nor e
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liquid crystal material has a pitch different than the second liquid crystal material.

20 In one example, the second cholesteric liquid crystal material is in the form of
second particles. In another example, the first particles are dispersed in a matrix of
the second cholesteric liquid crystal material. In other examples, the optical body
has more than one layer. In addition, one or more additional cholesteric liquid
crystal materials can be used in the optical body.

25 The above summary of the present invention is not intended to describe
each disclosed embodiment or every implementation of the present invention. The
Figures and the detailed description which follow more particularly exemplify

these embodiments.

Brief Description of the Drawings
30 The invention may be more completely understood in consideration of the

following detailed description of various embodiments of the invention in
connection with the accompanying drawings, in which:
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connection wth the acconpanyi ng drawi ngs, in which: -2 WD 03/027761

PCT/ US02/ 25033 Figure 1A is a schematic cross-sectional view of an optical
body haviwg@ 0a/02m6r uct ure containing particles of a first ekolussyzioss |iquid
crystal material distributed in a matrix of a second cholesteric liquid
crystal material ; Figure.lB is a.schemati.c cross-secti.onal .view of an
optical body havi%‘&u%ulélss%srchﬁql Cecr8§§ﬁsteﬁél aﬁﬁleﬁ’a tafI@Pbgaq%Pd¥b?Vs}?génd second
chol esteri c dthtiré contiining partiBMs&Ifiadirst chbiegterie lidéidicsystal stdt@ M Histributed
cross-sectional view of an optical body having a structure containing

particl es ofinfd matrixaf@ sseandrediolepferie hawig iceystal matatiakat eri al s distributed in
a matrix of a thi teri I QUi d | ri.al. QH% 1Dis a
schemati c cross- s%%?%glﬁlﬁaﬁsavsl%[elé{/ﬁ%qc cgﬁésgsﬁgt:i%@f %gﬁ?&ﬁg@ﬁ%% bégy E%r ?ur e

cont ai ni 15g paructurt esntathirg pasticlessd vstind agudnt oholdsteriwliqsd enyswal | i quid crystal
materials; Figure 2A is a schematic cross-sectional view of an optical body
having a st¥a®false with two layers in which each layer contains particles

of a different 15gchnl ﬂ?fsﬁarécﬁex{létwrgssgeilﬁ&ﬁi vi@@tcﬁ”rah%‘k/tigd%lﬁ)&ﬂ} haiggain a

matrix; Figure 2B I's a schematic cross-sectional vie an optical body
havi ng a st stocture eomainingtpattidlesyodifsstiand wedootl chalesterialjyqrid omtermisns parti cl es
of one or note .. ljquid crystal materjals distributed in.a matrix; Figure 3
is a schemat lét“('?flggéngé‘@ttﬁz’bﬂngﬁ&%é‘\%o%?teﬁc Swgfzfyé?atl%eﬁa}’ate; 20 Figure 4 is
a schemefg ¢ il | uskipatd ANisOf scRBRatRIQOSH S¥eHdnaPlicd dfiadloptcAbibay Bhvinglh spl ay,
according to the invention; Figure 5 is a schematic illustration of another
enbodi nent oftrugture genteiningpasticl¢s ofifisgdl sppondy @ad thaidredolesterip diquidwesyitalon: Fi gure
6 is the tra&g{qﬁgﬁi on spectrumfor a structure prepared by coating a 25
conposition contarhing a single cholesteric liquid material that reflects
in the green regFigaredfA isheschematid @rosspetisnalvielv gfah@phicdl bollyphatingasm ssi on
spectra for three structures cont.ai ni ngaa single cholesteric liquid

crystal pol ysBictue $bwa leyeraingtiich saehdayes copfaigepytisles ofmdiergtte  t hree
structurgs r%fo'l&?éﬁci lﬁuﬁé‘f‘rygtﬁﬂnatgﬁﬁeiﬂstﬂﬁﬂgd o) %aﬁ&gi ons of the visible
spectrum~ 30 respectively;
Figure 2B is a schematic cross-sectional view of an optical body having a
structure with two layers in which each layer contains particles of one or more
liquid crystal materials distributed in a matrix;
Figure 3 is a schematic cross-sectional view of a non-flat substrate;
20 Figure 4 is a schematic illustration of one embodiment of a liquid crystal
display, according to the invention;
Figure 5 is a schematic illustration of another embodiment of a liquid
crystal display, according to the invention;
Figure 6 is the transmission spectrum for a structure prepared by coating a
25  composition containing a single cholesteric liquid material that reflects in the green
region of the visible spectrum,;
Figure 7 is the transmission spectra for three structures containing a single
cholesteric liquid crystal polymer disposed on a substrate as an aerosol, where the

three structures reflect in the red, green, and blue regions of the visible spectrum,
30 respectively;



-3 WD 03/027761 PCT/ US02/ 25033 Figure 8 is the transm ssion spectrumfor a
structure containing three cholesteric liquid crystal conpositions

i ndi vi duaWby3g2®ppsed on a substrate as an aerosol, wher @Ce&amsh2/zWRPOSi ti on
was cured after disposition; Figure 9 is the transm ssion spectrumfor a
structure contai ngng. t ch terl QU . [ tions

I ndi vi dual l'y di sgﬂ(?)lggr é(;fr’??}ge %u srsrﬁirsgot%esﬁééstﬁ%foqées?rggtg?’esélo%ka\}\ﬁﬁgﬁ'ﬂ ?‘lhe

conposi t i onschatdseerieUiqaill ai/étal contpositibhciadividhiallg dispdiedpncdiibstrdte goare 10 i s
the transm ssion_spectrumfor a ,structuriaﬁontai ning two cholesteric liquid
crystal ponp%?é?%oil’d}%er? FMP\PPBWR_QFIWHB’P%EH% iirfh%l’ogtt}%?trate as an aerosol ;
and 10 Figure 1L pgud of sﬁngs?owsgéaﬂﬁﬂdr%r%mwon%ﬁiﬁg%95 di sposi ng
chol esteric liquid®crystal conmpositions on a substrate 1n particulate form
Whi | e t hes i nelmidstenic lighidergstaldompiositions individuatig dfsposedionrassubsteht@ahs &r nat i ve
forms, specifics thereof have been shown by way qof e le in the draw ngs
and vi || beRieeLin BRARiE chEmasiions yewfurdprise Al hies Ballsan diBORsder . ¢ ha
the intention is Fi%ﬁrenl‘lﬁsftlﬁ:&dﬂﬁnﬁssioﬂ%pédi%ﬁﬂfdr@@trﬁ&;ﬁe%n%ﬁﬁg% ar

enbodi nents described. On the contrary, the intention is to cover all

modi f i cat i oneholestamiciguisherystalaesnpesitionhimtdivdually disppsedpnvg subbtrate psaspirit and
scope of the ei nventi,on. Detail ed Description of the Preferred Enbodi nent
The present FARR t"ﬁngn is believed to be applicable to optical bodies and

20 net hods for poFigatezl INg alstigdtbaticlréprpsthtati6nlbfibne ﬂnblﬂio@bﬁai@ﬁésiﬂgnvent ion is
directed to optical_ bodies and nethods of polarizing |i g t through the use
of chol est er¢holgsieisiliguiderystalqompomyions en & FRPSirale ip pargiculaisdoBr. t he _
cholesteric | ui el BleiRIROThbIBI o iriotd ndeRBldnE UhdhferhivE VII | @
the present invention i1s not so [ITmted, an apprecration of various
aspects of tfoems,specificothessiof havedbegashvsh tyhwayiofexanplesinitbs dawings anbie 25
exanpl es provided. bel ow . Cholesterigc liqgyid crystals can selectively
reflect |ightlbpe %eS&a\’e\tﬁ l_eggﬁlﬂ- TH%PEW&“%HBWSEQPF‘%&WHH&g‘?i’atb_cerla‘ﬁg?ﬁft S| i ght of
the orthpgongls (Hahaf hé &ivelifon 10RO FRANAR ditbodiRO 1§ 8EREib&d. | Ofitied crystals can
be used to make reflective polarizers. The wavel ength of light that is
refl ected depermsy,tire infeatipi tsah cavet allmddiBeations, 3qQuivelentacandaltemptivése | i qui d

crystal mate 'lal. The itchai@ﬁ defi as the distance over which the
liquid cryst RHg Wikip ghe snyp and scepe ol e Iventions - hointing in the direction

of
Detailed Description of the Preferred Embodiment

The present invention is believed to be applicable to optical bodies and
20  methods for polarizing light. In particular, the present invention is directed to
optical bodies and methods of polarizing light through the use of cholesteric liquid
crystal compositions. At least one of the cholesteric liquid crystal compositions is
in a particulate form. While the present invention is not so limited, an appreciation
of various aspects of the invention will be gained through a discussion of the
25  examples provided below.

Cholesteric liquid crystals can selectively reflect light of a particular
circular polarization and transmit light of the orthogonal polarization.
Consequently, cholesteric liquid crystals can be used to make reflective polarizers.
The wavelength of light that is reflected depends on the pitch and indices of

30 refraction of the liquid crystal material. The pitch is defined as the distance over
which the liquid crystal director, which is a unit vector pointing in the direction of
local orientation, undergoes a 360° twist. The helical twist of the director results in
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| ocal orientation, undergoes a 360 twist. The helical twi st of the director
results in -4 WO 03/027761 PCT/ US02/ 25033 a spatially periodic variation in
t he di el ewOrBo217ensor of the material, which in turn gi v@STRISOB23063 a

wavel ength sel ective reflection of light. For |ight propagating along the

hel ical axis, Br, reflection generally. occurs en th vel.ength, A is
inthe fol !%)%Raﬂgﬂ aﬁgéil%thlﬁnm&eéleﬁ 16783 06%23@#%510?\0?’6}%}11 is the
refractive i %i@%ééftofa%v%ﬁ%ﬁssfe%ﬁ&e ref8iodl o‘f%i%ﬁtt. glr)]r lfié}ft p_rd;iagﬂingpa%r?gr i zed

parallel to The director of "the liquid crystal, dno'is e refractive

i ndex of t hethehelied tixis) Bragg cpfledtion geieedllyfoocurs wheh thghtvavetength, 2¢id in the

per pendi cul af to.the director of the liquid crystal. For exanple, the

pi tch can belol8VMRETABSUch that the 10 Bragg reflection is peaked in the
visible, sultraviolet, or infrared wa 8 regimes of light. The central
wavel engtsuh X of the wavel ength rangé’\f]g% {L?ﬁg%t reflected by the cholesteric

liquid crystgherkd i@&{érﬁeéh,ni%ti@dlewfr&@ivé ifdeR othe thoRReric quid R sBP st I al
width, A4, is approximated by AA, = 2 2o(ne - nod /(ne + n0) = p(ne -
n0). The spelightablaized pargie 46 thealireetor oithe lighidicrystal, andimk, ipbakefrastiyeit ) of a

cholesteric . lLiquid crystal conpositipn.s. ical ly about 10 m or | ess.
This tim s PHEtetBeflyiiudic SRIEESH| B BoaRednottlnRly B when

reflectivitydiesesdr of g [efifid 6stal) Rorekdhgle) thgpitch aamde seRbrd sudDBat the 750 nm)
or ot her wavel ength range substanti al | Iar?er t.han 100 nmis desired.

Bi r ef r i nifencBrage refigctign ispeaked iadhg é‘§1}98% yUraywlgicoripfrared yayelRugth ref | ecti ve

pol ari zer ¢ fi: 1 £fl ecting a broad range of wavel engths, multiple
chol esteri caﬁg@hﬁﬁg ygt al s can be used. One conventional approach has

been to make pol afheensralwavelength A ifehd wyelengtf ranpodbBsghe réftected dyithe 25
crystals. Each la .er.has a different E)itch and, therefore, reflects |ight
having a di f $holestriclignid erysields 2RgreRmeted B i ci ent number of layers, a

pol arizer can be constructed that) cejbgcts, g | arge portion of the visible
| i ght spectrum These constructions tend to have a non-uniform

t ransm ski onThe speetirdlevitiiip A ds pe eppraxinitesthyse each | ayer reflects a different

region of light. The uniforjity. n be 30 ,i nproved sonmewhat by all ow ng
sonme diffusion of the |iqui Er%/g’?'ﬁl'g"’) Be W, n—tDX(E'"")(‘)

The spectral width (measured as full width at half peak height) of a cholesteric
liquid crystal composition is typically about 100 nm or less. This limits the
usefulness of a cholesteric liquid crystal polymer when reflectivity over the entire

20  visible light range (about 400 to 750 nm) or other wavelength range substantially
larger than 100 nm is desired. Birefringence of the material corresponds to ne-n,.

To make a reflective polarizer capable of reflecting a broad range of

wavelengths, multiple cholesteric liquid crystals can be used. One conventional
approach has been to make polarizers with multiple layers of cholesteric liquid

25  crystals. Each layer has a different pitch and, therefore, reflects light having a
different wavelength. With a sufficient number of layers, a polarizer can be
constructed that reflects a large portion of the visible light spectrum. These
constructions tend to have a non-uniform transmission or reflection spectra
because each layer reflects a different region of light. The uniformity can be

30 improved somewhat by allowing some diffusion of the liquid crystals between the
various layers during construction. This can result in an averaging of the pitches

between the various layers.
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various |ayers during construction. This can result in an averaging of the
pitches between the various layers. -5 WD 03/027761 PCT/ US02/ 25033 The
optical bwaioe®blthe invention are fornmed by di sposi ng aPCirasg/2308s
different cholesteric liquid crystal materials on a substrate. Preferably,

the surface of t sybstrate . 0., the surface, of. an.align t |ayer
provi ded as part ﬁe %pglcgttggﬁs&)&zljegiﬁg?tlgngmt‘%gggfgy fisRenrs ataaaé”f&l%. that can
i nprove or pligiétenechtlésteiciquid Srysthl hteARNTBAG s@bstlabe PETGLBIST @€ sérfhdequi d
crystal material disposed thereon. A surface alignnment includes any

surface featefthe sulistratefe.gdthessufacepfirraraligamentiayatiprasideskasprrt of e | i qui d

o vduced by oSl b 4 B Wb AT eh BPBERE o BRAMCSRUGRR
uni di r ects ongf alightheht sfgh©thdldseerizUbpid @y sal mategilclivposed thereSnils kurédce, or

phot oal i gnment of a, 10 phot opol yneri zabl e material by pqlarjzed |jght. At
| east one ofaltgweehmcl@é@%%r}ycsurﬁaeﬁjfeam&%%twivﬁﬁ ahignment p ﬂl?idéfﬁ%‘éﬂ% as a

plurality ofglLRdi g i ' : ( ic liquid
crystal mat%lrb :illgkig are lé!?ﬁlrédrlg{n@.%t %e%ﬁ%ﬁzﬁgll%ée@gﬁq@%ﬁ% ed to be on
t he order of prodesed|byregtahietyf ofldiff¢rentohethodsenelgding Hor exanapiplumjditentompilt ch can
be selected to, be the 15 order. of, visible, ultraviolet, .or infrared
wavel engt hs B’E’bWﬁéﬁ{ﬁ.‘e ﬂgﬁﬁ?’é{rﬁfh‘ﬁ‘g(ﬁhﬁ@ Qaé?,sgrabgtogl%%eéx}t P{2 el ongat ed

nol ecul eg) WhpikdlopoMifiéridaBle rfstbidlibgpofirized ng_;t_ liquid phase, tend to align
paral l el to one another. Chiral nematic Tiquid crystals (e.g., cholesteric
liquid crystals) Atlsastoneelithesholestenic bawid srystabmatesiels ipdispossdias 81 gr oups.
Wil e the nepati I . i+l - j | qui d. 0 produces a
tendency t ove e s PEFRFAE ity TR niBRERSE e el BySer?y

tendency, somhiaihlsGlé differon NBlid sitolis genetally seRod t@babn gie drderalfl el to one

another in layers, but with the director for .each |ayer pointing in an
i ncr ement al | yaslengsh ahlight of méeresto for ggmpie, the pitchgan be pepcted odwonthee) j cal

path as id p t t ' tieG: bhayers. Layers of this
conf i gurfast i oélﬂg%ﬁ%%%ﬁlﬁ’e@grmrﬁg t’tog%éﬁs;?{}%gk‘ées!tgﬁl cdfg t?’n&*sophases. An i nport ant
feature of nenmatiNemati Liduid atystatsnare typidailygelothgated stoddcales svhi¢hy sthen in many
cases, chiral nematic liquid crystals can be added to _nenmtic liquid
crystals to %qwt}ﬁnpqxcﬂt@gtll@md&hﬁ%%ﬁé% st pare) %?It%}@@%"&@ﬁﬁaléagﬂa upon

the amount ghg Biafs?alls (@f%{f‘%hbféstkﬁgH%lxﬂd%hkﬁﬁs?'ar@xﬂgﬁguleé WhicRRbRGRY ShelpCONES

possible to esi ' ayer” whi'ch reflects light of a

n a chol esteric
particul ar waeed gt gronps féhile the nematic character of chiral nematic liquid crystals

20  produces a tendency toward parallel alignment, the chiral groups modify this
tendency, so that chiral nematic molecules tend to align parallel to one another in
layers, but with the director for each layer pointing in an incrementally different
direction, so that the director traces a helical path as it progresses through the chiral
nematic layers. Layers of this configuration can be referred to as cholesteric

25 mesophases. An important feature of nematic and chiral nematic liquid crystals is
that in many cases, chiral nematic liquid crystals can be added to nematic liquid
crystals to form cholesteric mesophases having pitches which depend upon the
amount of chiral nematic liquid crystal added. It therefore becomes possible to
design a cholesteric layer which reflects light of a particular wavelength range.

30 Cholesteric liquid crystal materials typically include molecular units that
are chiral and mesogenic in nature. As used herein, a "chiral" unit is an

asymmetrical unit containing a chiral carbon, (e.g., units that do not posses a
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30 Cholesteric liquid crystal materials typically include nolecular units
that are chiral and nesogenic in nature. As used herein, a "chiral" unit
is an aswommatei7zenl unit containing a chiral carbon, (e.gPCTursior/gsohat do
not posses a -6 WD 03/027761 PCT/ US02/ 25033 m rror pI ane). A chiral unit is

capabl e of rotati a pl d Il t to her | eft or the
right in a dPROGP eh"&é@f"ﬁb‘ﬂl“%pa}%‘@é??%?t 9i‘gﬁtt Onit is a

uni t havi ng &néotle '1éfk@r ROH gt if aQirdhilatigikdetiBn.t h@hsédafdrémta@ﬂxﬁ@sogéiﬁc'f or mati on
of a cholesteric liquid crystal phase. 5 Cholesteric |liquid crystal

materi al s camitiea poit inmang a rechike amd tigid S@um that facilitetes the formytiovf@  of
chiral nono and achiral nononers. For exanple,

chol esteri cﬁpﬁfﬁﬁeﬂcgﬂyg Paﬁgi%ﬁﬁ, al s can be prepared fromthe

pol yneri zati on ofCKdnstedc liqluﬁlkbrsist@lrrﬁﬁéﬁils canpopolgtaereargl candisiformednsnat i ¢

liquid crystal corrpound fromthe co oI rrerl zation of a ch| ral
non- i qui d Carrygqtmnpx ordueh %10(1%@31{5}% IP&‘? lysrachirt menomessy FRknat i ¢

liquid crystgl omthe
copol yneri zaet ﬁ%nm&%?%a l?qi’f%%‘?%a@‘?‘%{‘?%c con%%ﬁ%é%ﬁ?glsﬁ1%he chiral
monomer s) W golyrieivtion of ¢h1nl quidycsysail compqnmdldesg(dﬂral nématachquidl nononers) .

As used herein, nema uid crysta np ref er. to,a liquid
crystal conpdyswd cpﬂ’é’f’mi“is CIOH?IYP?{?“ﬁ% lolﬁ‘rog %M%@W@Wﬁtakr ystal 15
conpoundy CaRnbRuldsds i cm:fgll ﬁlbfn&rﬁ@s)(\bffﬂ?ﬁexﬂincq &y stal é‘orﬁpdilﬁdiﬁ&a?;r ystal
material. The pitch depends on the relative ratios b of the chiral

conpound andhe h@iurah swnomers), jog diioth the pepalymerzation efichiral }lllﬂnllldl crystalo be

under stood that no UI . cryst al a raI W|th

chol esteric 9% F’Hl?“ﬂgscgaf/ﬂ’t %8%?%1’ U |®rEF&§'StS cry#&f ol yrer s
typically ingé délfirabnioB6MERNI As 8§edHerein %O'namanam@lmagmvnqp@mmrsu ncl ude,
for exanple, para-substituted Céﬁl I C (groups such_as para-substituted

benzene ri ngs.2 liid erusfakpomnound thabis nef ehishin patute; Nemasis dignidiesystalno| ymer
backbone .t hr ough a T

T R T BT

al kyl ene, almmﬁtcheiebards ohftheoeldtiee ratidsbgewdight of tredhiral enfound tadthal i ti es.

The 25 length or type of spacer can be a red,to |de |ffere
S0l ubi 11 £1 Ssnemmatis JMpiEHARLStalSmPPHRH. ot R se P mnderriof it £y B S5y e <

| ncl ude pol y&ﬂ?ﬁfrﬁl rﬂ@ﬁfdlﬂé}s Ban B hded wift chdfelierig liqRial Red fonofeksy car bonat e,

pol yam de, yacryl a
Cholesteric liquid crystal polymers typically include a mesogenic group.

20  Suitable mesogenic groups include, for example, para-substituted cyclic groups
such as para-substituted benzene rings. The mesogenic groups are optionally
bonded to a polymer backbone through a spacer. The spacer can contain
functional groups having, for example, benzene, pyridine, pyrimidine, alkyne,
ester, alkylene, alkene, ether, thioether, thioester, and amide functionalities. The

25  length or type of spacer can be altered to provide different solubilities in solvents.

Suitable cholesteric liquid crystal polymers include polymers having a
chiral or achiral polyester, polycarbonate, polyamide, polyacrylate,
polymethacrylate, polysiloxane, or polyesterimide backbone that includes
mesogenic groups optionally separated by rigid or flexible comonomers. Other

30 suitable cholesteric liquid crystal polymers have a polymer backbone (for example,
a polyacrylate, polymethacrylate, polysiloxane, polyolefin, or polymalonate

backbone) with chiral or achiral (or both) mesogenic side-chain groups. The side-
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pol ynet hacryl ate, pol ysil oxane, or pol yesterim de backbone that includes
nmesogeni ¢ groups optionally separated by rigid or flexible conmononers.

O her 30 woimapi7el chol esteric |iquid crystal polynmers haveca/ysot/gsves
backbone (for exanple, a polyacrylate, polynethacrylate, polysiloxane,

ol yol efin, qr.polynal onate _backbon with chiral, or achira or both
P oen o si il P Saihal A L rom thEpErRbh A STHeRts BRBE 28053 ehai
groups are ogjldﬁeﬁ@d»ﬂ Ak AERASAEEHabdrod proRdd ASKBIRE e @sﬁﬁﬁggﬂgmr%tsch as an

al kyl ene or yl ene oxide spacer, to provide flexibility. esul ting
pol yners caganthe lineage hrancindaatéresslinked. dhe semporitians cambe tavlorrddiighoirs can be

tailored by choi f i.ral and. achir noner.s. Lo, pr e, Ral ynmers that
reflect i gh? cgn%r%gan &S Pl(r%gid{] %omnlg’\fsepg’r{a?%gb%l&%gs%tarﬁ%ﬁcé@ glgt?o%éudle lé%‘?/e

chol est ers ¢ whvHldr@gticrayigé.al pol yners are described in U S. Patents Nos.
4,293,435, 5,332,522, 5,886,242, 5,847,068, 5,780,629, and 5, 744, 057.
Q her chol est eri cEXampissfsuifable pholesterq liguid enysfabpalymers agesdsseribsdincal 1y, a

chol esteric b!sqPat@n&rqo%ggbgggﬁfrsi,@basiﬁ, 58685424 49706 ,Q%d,&ﬁa@u ding, for

application or optica y 'based on ’oné or hore factors i
exanpl e, ref5,a44,052 Other cledestqpictliujd crpstalopateadls tart also bé wseidt Typicallgra, | ow

absorption i he wavel t .of .int t, . Ibllit ith oth
components (elert it o0 it et 7 berical BpicryR aonbittpound) |
ease of JRNUSRSIDAERS orPR drafbre ificYor® incliiing, ifmxdmgreyﬁéf@ktimnarcb%Ipitc@,r

mononmers to forma liquid crystal polyner, rheol o?y, met hod an
requi r ement sprogessdbilityr ¢lanty, eclew 1oyt albsormtiontin therwarglengihrpagecef intgrast, cheni cal

properties (for | e flexibili tensile .strength, solvent

Feat st ance, <oty ylimqer EhmBoncats/e s SORpp BB VIR s demals killie) | and
ease of puriéiyaatdodkpound), UERbf RRhefabturd, Beailadility oEieligaidasrytallhatedidl cryst al
conposition"” refers to a conposition conprising a cholesteric liquid
crystal conpeunenomers kofosmtadiquid ¢rysial rRelymer, gieplogy) mefhpy g {eqmrem@&ér

nmol ecul ay wei . CO ' | ' r an be
react edaltso f%gr%hggt%‘?gg E‘Félngp%n{[bg’hpghggr?%g?g# a})egpgarlrg) lrré&% (Foétﬁg%gfté’eri C
l'i qui d crystfiéxibititg eisilé stren@t) salvam resistanedesceateh @ristances and please addi t i ves

such as, for exanple, crosslinking ents.and polynerization initiators.
Pol yneri zat i'ﬁﬁls}t’rﬂntt@&i’?ﬁ‘@r%aﬁ‘f‘dtf@s‘? ﬁ%fqﬁa.’téatlw-t hin the cholesteric liquid 25

crystal conpositi 88y{dd HeRih, thd frMOLHSTBdrFAL 'u?@crgléta%d?ﬁpﬂsitﬁh"' PerQlto FONOMEr i C
or other |ower nolecular welght conpounds of the conposition. Suitable
composition comprising a cholesteric liquid crystal compound, a cholesteric liquid
20  crystal polymer, or lower molecular weight compounds including monomers and
oligomers that can be reacted to form a cholesteric liquid crystal polymer. The
cholesteric liquid crystal composition can also include one or more other additives
such as, for example, crosslinking agents and polymerization initiators.
Polymerization initiators can be included within the cholesteric liquid
25  crystal composition to initiate polymerization or crosslinking of monomeric or
other lower molecular weight compounds of the composition. Suitable
polymerization initiators include those that can generate free radicals to initiate and
propagate polymerization or crosslinking. Free radical initiators can also be
chosen according to, for example, stability or half-life. Preferably the free radical
30 initiator does not generate any additional color in the cholesteric liquid crystal

layer by absorption or otherwise. The free radical initiators are typically either

thermal free radical initiators or photoinitiators. Thermal free radical initiators
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pol yneri zation initiators include those that can generate free radicals to
initiate and propagate polynerization or crosslinking. Free radical

i nitiat orwomat2abs0 be chosen according to, for exanpl e, PETAISN/23093 Or
half-1ife. Preferably the free radical 30 initiator does not generate any
addi tional colof. i | [ h ALl D ption or
ot herw se. fﬁ%ﬁ ?’efgr ér%pg%%eﬁ%%lgﬁ’&%{)%u g@faé%,gor%%rlﬁ%g% f%/&l@l;{@}q%r q‘h‘%ﬁ?réﬁal free
radi cal i ni tradicakigitiatorp periepdta ficé aidivats upbhetiermhl decomposidoical initiators -8
WO 03/ 027761 PCT/ US02/ 25033 i ncl ude, for exanpl e, .peroxjdes, persulfates,
or azonitrile co Bgl.atofﬁ%‘g’et?efﬁcgﬁateﬁi BHF](?_QI“_’ WF@F’G‘I‘%‘%@H@F&‘F_ free

radi cal s upoR,URGEABEXARREIPORhbIL BhofHRliAbRiiAdIddeBrtuf 3t PRotdinitiaris,ed by
el ectromagnetic radiation or particle irradiation. Exanples of suitable
phot oi ni t5 at ergsndnmeshllid phetninitiatera) datiphic msitalisalt ahetomnitiat@sor ganonmet al | i ¢

phot oi ni ti at Lnitiator t odeconposabl e

i oni l..sal ] h
or ganosi |l an ,rO%‘?da?g‘g’tHiPgsghﬁpoﬁnga?ﬂ%éﬂaz’%?’g%t?n %hg) ﬂcr?gld(%ﬂ%gé@flge %’9@ SOhexyl phenyl
k|e§ ?ge_sbl 2Tflﬁﬁb§ltﬂhkﬂy1%to%@§hﬁﬂﬁ@i@&ﬁ&ted&ﬂ@toﬂ%ﬂéﬂ&bmgpheﬁ&mr ally,
u Vi

irradiation is used to activate the photqinitiator,
al t hough ot héendralhulteyipletd5 Vo amadiationsis ysedrp geidyats the Rhetoynitiaipr. be chosen
based on 10 rpi: i r f 1l T
chol esteric {1@&%@58@; 5@%@?0@%%98%§b€ ﬁlg%l(ﬁc%n glgjt%gb?{ é%f&ac h%%%p}la F]%d&?
conposi tifon thbabsdrytiorcefl gaytidutur mastelsngtheoblightor e sol vents. The coati ng

conposition can alsaq include, . for exanple, dispersing.agents,

anti - oxi dants, anﬁh%?hqlqsmﬂlﬁﬂf .rySt%lcf@H{)pPB‘ﬁaPP ,qu;t ‘g%"a“[gqaﬂﬁgporrposi tion
can incl ude é’(ﬁﬁ]ﬁdgﬂﬁ)n%z_ﬁ%ﬁﬁwlygh&ﬁ@&to%efoi?ho%éscﬁpéﬁi biodtihg thRshion
infrared, or visible lignht, i'f desired. I'n sone instances, it may also be
appropri at e ¢an adsbdnolude,dei ¢expmpiel dispensing aigerts,antitdxidaktsnandsandinezohatts.er s.

Al so, in so .nstances, it may be.useful to, add coal escing agemts to
Tmrove. the AASHPRRDY dsrcoptRg GPiiheah maiie arel B 35 BepRERPEn ont o
the substy at ghsotting @Ed{ibieNnfrhred, b2 vissi6 NightQ M sitdia tin S6E ind@idcés, gui d crystal
conpounds, such as 20 pol yet hyl ene gl ycol's, pol yethyl ene gl ycaol

(et h) acr y| amey alsad apprepiste xa/pdsl visaosixnedidiery seh ps Bickenerggndillersas ot her
(meth)acryl ales su - e I, | . ot hers
weh Tol a1 varg R uartel TERET by LIRS SR Lol SLEREY R ARHE O T

t ransm ssi onin€ifnady bcurkatt bétheon girticleayfersiepdsitia drt6 kiessubdires eInconmponent s

may act as internal plasticizers, as desgribed 25 bel ow,, when copol yneri zed
with Iiquid ddjtiona it hes hesrefound thahsome nap-liquid gystal compounds, such as

20  polyethylene glycols, polyethylene glycol (meth)acrylates, and

methyoxypolyethoxy(meth)acrylates, as well as other (meth)acrylates such as
3-methacryloxypropyl trimethoxysilane and others with relatively low glass
transition temperatures (Tg), can improve the transmission of alignment through
layers of particles. These components may act as internal plasticizers, as described
25  below, when copolymerized with liquid crystal monomers. Generally, these
compounds are less than 10 wt.% of the total amount of monomeric material used
to make a cholesteric liquid crystal polymer.
The coating compositions containing cholesteric liquid crystal materials
can be applied to the substrate by a variety of liquid coating methods. In at least
30 some embodiments, the surface of the substrate (e.g., the surface of an alignment
layer) is aligned prior to coating. After coating, a cholesteric liquid crystal

composition is polymerized or otherwise converted into a cholesteric liquid crystal
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conpounds are | ess than 10 wt.% of the total anount of nononeric material
used to make a cholesteric liquid crystal polynmer. The coating

conposi t iwpd3eortbai ni ng chol esteric liquid crystal materi &c3/usoaesobe
applied to the substrate by a variety of liquid coating nethods. In at

| east 30 sone enbodinents, the surface of the substr t he surface

. ( te (.e.g.,
of an al i gnmeaterial. slhis yonversign egndg apsananlished Boa vy OﬁﬁeP]é‘?‘q ating, a

{ an al | gnometers . St
Conver t o | niprath R GO AR NG HE AR 21 25033

mat eri al . Thinategiah ¢essslirkingths chelesterioliqplid stystl] tympositiomi etcpmpbsitienshni ques

I ncl udi ng evaporation of_ a so| verht‘?; heat i.nﬁ t.ﬁ al # n the.chol est (grri c liquid
crystal rmt @F5using (e8o@elymekizHg) thsehelssiere figpid erys f’gﬁ?ﬂp%ﬁlg‘:%‘{‘éﬁm&: osition
Or composd t %ple,q{ea&fﬁd'id?ﬂm((&g.g actifiOATRIOhY, 18R (elg QilieAqb186 VRIVIE, ori qui d
crystal conposition using, for exanpl e, hear, r adi ation (e.g., actinic
radi ation), Infgind ljght)yan elettrorabéant, ot a coinbingtien ofthesejqifikg t et ), an

el ectron beam or ,a conbination.of these or |i A0 a result of
the coating and céﬁ@é?@’l?toq?%ﬂeom@ﬂ% &*%%Vgrsmncfﬁilégdtgg%{]gw&%gts ér?i als, a

chol esteric paidaGt h ¥BolBRt@d leRlgttivielpalarizer tahfieefftotive@vera widsirasgerafnge of
wavel engt hs can be produced, if desired._In sone enbodigﬁnts t he

chol esteric w®@velengtheeanhe nredused.iEdesiigths nsomembpdiments thechalestfricoyer a

spectral . wi dth, of at .| ¢ - 1&Refoy. ed as
full w d}(w afeq}?ﬁ{we é)oé%'i%gé?%s nglfl}ﬁglgc@?g?tl cge{%{ ?gﬁecggfe‘g{dr%r?nfﬁwr prisingly,
this refl ectilyg 200] @ 300aim 6Amottaneasaredeak fitll widtly al Il peak dkighf of thet i cal

diffusion. This groperty has previously been associated with highly 15
honpgeneous KfcEan speRtttHe ot her hand, the wide spectral range of

pol ari zation eff ' : > : | ] dfcal bodi es
%g\;pth*éﬁ{gﬁgtﬁu% 2 ER b GIAE iR aWelativdl) f5ve o8t

woul d tend to sugg various particles having different pitches
are mai nt ai nopticad idiffisizine Thitisnopérty ks prentousty besn agsosiatedgwitlohighlybound by any

particular theory, it js.th t that e depasi '

chol estel?c ﬂlpﬁlﬁ%ﬁlee]li,éqdé?ﬁ- ?(x‘g&ﬁé’lﬂbef S?ﬂdts rt]?:eo ﬁ&%‘?‘%@% %ﬁlgizgﬁé? etely

m xi ng, so tRebcRARREsRRtChtb@adiédvet aithsthéseldpti€dl bobics voald teditsuggest
approximates its pitch prior to deposition onto the suybstrate. Mreover, it

is thought thedthevapicuppasticieshavirgdiferanbpitchen arsdayptapargdissretsar ti cl es,
el ot o O RAERelT Whild not WA o b Bodtld Y YA Part RPHRAr2R i ioubfyor - ©f
that the deposited particles of cholesteric liquid crystalline materials coalesce
20  without completely mixing, so that each particle maintains a pitch which at least
approximates its pitch prior to deposition onto the substrate. Moreover, itis
thought that a propagation phenomenon can occur between particles, without
complete mixing, wherein the alignment imposed on the layer of cholesteric liquid
crystal material in contact with the substrate is propagated throughout the layer and
25  through all of the particles despite their differing pitches. It has been found that
improved coalescence of particles generally leads to improved polarization
effectiveness of the reflective polarizers, without significant loss of spectral range
in polarization.
In describing each of the optical bodies, it will be understood that the
30 substrate preferably has surface alignment features, for example, an alignment
layer. Preferably, these surface alignment features are provided prior to disposing

the cholesteric liquid crystal material on the substrate. Alternatively, surface
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crystal material in contact with the substrate is propagated throughout the
| ayer and 25 through all of the particles despite their differing pitches.
It has bewo oBoertel t hat i nmproved coal escence of parti cl esPgersozaiogs | eads
to i nproved polarization effecti veness of the reflective polarizers

wi t hout significan ss of .spectral range .in l.arizati on. ndescrlblng
each of the %lmgi feﬁg’ﬂ?se“sanb‘r’tpr‘?/ﬁ‘ﬁqqadaﬁ? aﬂa%sﬁté%%@t fefioleststic Bids st r at e
preferably hggstatmbReigl 1§hh§ﬂﬂ&ﬁ€re§f&@wg €By hdaling €X aAlig t8e nbferral). gnment

| ayer. Preferably, these surface alignnment features are provi ded prior to

di sposing the ¢ hEilgE@t h isc schemptic erpsssteationshviemi ofl ong smbrdimanbef that e.

Al ternativel %""8&%{’[ agalwgygg@ié%gﬁhf%yﬁg%{)g§g§§ sf qutg%r{%gt features

can be provi FPEBbS steric Crystal

material §s edntgniad at Ieastearbtchdsleéten@hqulbyryhaamfeglatso [athHigembodmend eri al ) .
Figure 1A is a schenatig¢ cross-sectjonal view of one enbodi ment of the

i nvent i on. THEHEE 183 1s dsngged ompthe subsiiatesl 04 aé‘dlﬁ@'ﬂ@‘&‘ﬁ@*“l’ﬂ?séﬁboﬁa Srstucture
103 5 cont ai xCT I erials. In this
embodi nent , E}is({gttjeg%ct}lr@%%gg g@g&g@é@&ggd{ %h slto\féas.t@tfg s?[éqlrdand cont ai ns
particles 106hcxhéstemicthusd crysihkrhetsnelr |Td1e|d|smbmhouro§pamiblem ﬁmemaadtmdcat ributed
ina mtrix second c liquid cr.yst ri,a The

di stribution %WBHH?I’&O&&W‘RHP%W@ (;1 % eege’ﬂntr}?{ BfratJ’rﬂegﬁy un| form

Particl eg) 10dorfeairdiRnRs pARiike wma%%érme@psﬂlmeblag Bhokbh ROFIgRtIALE B2 tO
produce contact between particles, as shown in Figure 1A~ or the particles

can be preseparti¢las cavisrpresent wrowat ¢Ctmsntmensewwwfmpmtu@1eesnakakente@nt act

have Cai fror SR Rt ange. The AR uRERERIGRRSERy b oy Ml figiEbRe Tor | oo <

circul arly p@ilffént pricHesght 15 over a range of wavel engths deterni ned by
the birefringence and pitch of the material. If a structure such as 103 in

Figure 1 A contai Bach ghylesterigiauidfrystal material goflscissirenlagly pplatized kghfst al
materialf o ér?ﬁlm CB}XNaJVQ Ed?t@ﬁﬁlﬁ&i b hl%rb%g'ﬁ{(’greﬁge{%ﬁ p?tfc offygel engt hs

t han one con alnln a S|ng esteric |qU| erlal Mor e
speci ficall ymatehel slif a strietoee soelnas Hi3l 1ad?ugurMA\mntairfsngbrmr neye diffsrenbne regi on

is 20 associ dWltht e fi olesteric lLiguid ¢rystal terial. and the
other regi ondideselediuid sl Prerin heordeigngy Al Pabiebeie tpelst tner 95 al
material. A §hidiGldiaht6ie @ntaidilsaG 1&%0&%@}1@%&1@ erél ridterid® 2 NWoROME

nol ecul es of one or both cholesteric lNquid
specifically, the structure can reflect two wavelength regions: one region is

20  associated with the first cholesteric liquid crystal material and the other region is
associated with the second cholesteric liquid crystal material. A structure such as
103 can be heated so that at least some molecules of one or both cholesteric liquid
crystal compositions diffuse into the other cholesteric liquid crystal composition in
the process of forming the structure. The diffusion results in the formation of a

25 region with pitches intermediate between that of the first and second cholesteric
liquid crystal materials. Diffusion can result in a broadening of the wavelength
regions over which the structure reflects light.

Figure 1B is a schematic cross-sectional view of an optical body 110 in

which the first and second cholesteric liquid crystal materials, 111 and 112

30  respectively, are both in particulate forms. The particles combine to form a
structure 113 on the substrate 114. The two cholesteric liquid crystal materials

have different pitches. The particles can have the same or different average
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crystal conpositions diffuse into the other cholesteric liquid crystal
conposition in the process of formng the structure. The diffusion results
in the fowoasizitenf a 25 region with pitches internedi at e Pogttiseresoshat of
the first and second cholesteric liquid crystal materials. Diffusion can

result in a brpadenin f the velen e ich the structure
reflects |i gP?rrggl Meivis g“dcl)@ntt? (l%PE “E’rf@g’él}'gésﬁq?"gﬁia%\ﬂngw of an opti cal
body 110 in embéditheht)the gaﬂﬁﬂesfﬁl(ﬁlessi%@&mjmﬁtéﬂhl%é Sthalfer thithélp&rtivies af
materials, 111 and 112 respectively, are both in particulate forns. The
particles coﬁhblfﬁg majeriad apd some segrrgatipe ofi thg particles sesyltp Somdhe diffezencehe t wo
chol esteric | | s have different pitches. The particles
can have the S&?ﬁ%&%g&yg S?‘Z?tg?‘g‘@ Fage -11 WO 03/ 027761 PCT/ US02/ 25033
particle 3izes anBigasnl®MB awsshémitid ¢rossetionalivietvarfiah yptca bodpus®that | n one
enbodi ment, the particle f the second material are snmg]ler than the

particles ofincludes ??‘Wﬁé&ﬁ%ﬁ“&ﬁﬂs ddpast %?*@é%ﬁ%dl%f tH¥abharticl es

resul ts fromyhe. (i il Gfine bibsafetlis! ?h? £ R 2Rl sRBREL dl%'stél{(ﬂgdutx% 5 Figure
1 Cis a schematic cross-sectional view of an optica at

i ncl udes a scnystatmaenalsaretihahe foomtofipagickes 15&and liholesmmmtenalslamw d

crystal di sposed he substr e 154. first, and second
chol esteric &Fﬁ-ﬁwuged lﬁf“?ﬁ%’flggt q’&?@"é’fl‘é ﬁﬂf]Ffjecqol‘?sﬁq”thqBégr(frV flos 151 and
152. Therp t¥tck®l 6'd plgmér Withdbt filiidRusef chitaderigtct.! K ridtfix 135 thatdal | X can
be a third chol esterlc gwd crystal 10 material or a polyner w thout

| i quid cryst Inotidgaidicayst hmq:@atenal ﬁﬁtﬁrlﬁi@ref%bm bestagomeiinterparticle | i qU| d
crystalline i al r

contact, oo SO P 0B it heRpoFHRraRhe R s g COREU AR ©

crystal i ne bérasen particleees, paL td @ﬁ;ﬁ&ve]ﬁ&unif&%ufycbﬂaﬂgﬁmb!ﬂ df e lllk:[iildl ormty of
alignment of the liquid crystal materials. Al though all the cholesteric

liquid cryst&ystabmaterialss Algpestall @PPP%‘P%?FFC liquid ﬁ@gtal materials hg¥en f ound

possi bl 0 R t t throughout
struct urele§ 15@%&&?@“&%?%{%%@%0 Ito %%lgﬁ%@ls&mé‘%zsﬁ*?%?&fﬁyl ew an opti cal
body 160 thacholesm‘lunlhgnmantsthmmghmrtetrﬂgﬁﬂretllsat contains three choI esteric

liquid crystal eri di sposed onthes bstr Al | ree
chalest ot ot T qunEeai e s & SeRP R et Bl B S B 4 A6 T s 161,

162, and 165inchided?sainaaq B3 ahetarhias itfed dnaWstrie liyidalrystdT#hRérad has a
pi tch that is different than the other materials, it has been found that
disposed on the substrate 164. All three cholesteric 11qu1d crystal materials are in

20 the form of particles 161, 162, and 165. Although each cholesteric liquid crystal

material has a pitch that is different than the other materials, it has been found that
a substantially uniform cholesteric alignment can be achieved throughout structure
163. The particles can be of the same or different average size and can be
distributed uniformly or non-uniformly.

25 The optical bodies of the invention can contain more than three cholesteric
liquid materials. At least one of the materials is in the form of particles. All or any
number of the remaining materials can be particulate.

The structure formed between two cholesteric liquid crystal materials can
contain one or more layers. Figure 2A is the schematic cross-sectional view of an

30 optical body 120 in which the various cholesteric liquid crystal materials form a
structure 123 having multiple layers 124, 126. Layer 124 is between the substrate

125 and layer 126. Each layer contains a cholesteric liquid crystal material in a
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a substantially uniformchol esteric alignment can be achi eved throughout
structure 163. The particles can be of the sane or different average size
and can bwodBs217sbut ed uniformy or non-uniformy. 25 Thepoptusozbsobodi es of
the invention can contain nore than three chol esteric quui d materials. At
| east one of the materials is in the form of any nunber

of the rerralparmgllatalfm diayer bt eantaing particlesatd. Of?fflgs%@ﬂ?éﬁeﬂ? é‘q'f“f}r med bet ween
two chol esteri ﬁ al'rh ﬁ%?mﬂﬁﬁ%gutg‘i i t'i-itxallﬁ afié"fhyelc% @nﬁlwélemﬁ)ﬂ ayers.

Figure 2A i s 0Ss-secti onal view of an optical body 120
in which the, s@am@mlmca&fuer érgsthi igatetialcligtabuted nmlaaurm 1£8f dhemmatdx r uct ur e

123 h |t | 124, 126. L
155 and | gyoe ap'g%rﬁwi%ftééy@pde%m rolsterigrud Sortel Prerb dePten o ©
material 40 gl WOOHUBALT68 B WORGH2SPARRR bRt e form Layer 124

cont ai ns par Irst cholesteric liquid crystal material
distributed i n a Merolrxnoiaaf ﬂmdayleewlarthelﬂﬁlcmamvnéhwbﬁtrﬁﬁé%"@mal’éf a

second chol esteric I uid crystal .materi.al d| St @ neg A i 128. The
matrix is amBIPEE %t%tl’éltukl Gry SRl ity I OTE S, bg)s r’[ge(r;'lt (bIP][:I qui cr Ystal
material, ify, 851'2r4%se§1 /e dubsstiatd 1 29'6bndky partidleSofeafirsbeholdseeris dimidor
dlfferent material. One or nore of the |ayers, in the struc&ure bove the

substrate cacrystehmaterial 12| distpibeted ot metrrqfa thirdeholesteriediomid epystal j a1 s. 1n

one enbogdj nment . of L@pfsrt ate 125
cont ai nsfi(})arma?f‘élgf%?tgayﬁ fzsqéocﬁ%?geé% 2‘?‘?%‘%%%.5 E:)%e%%tngpalrlrgterlzgl 121

di stributed pfredialBe di¥tribhited ifh binfatti:cofd foatth chaesteripliqhid cgystahmatb@ahat eri al
127. Layer 126 contains particles of second ol e c li crystal
material 122128.sThq fout ehplesterie IFPé‘Edf‘FWStglfm%te‘f‘aﬁPﬁtﬂ] Yf’rfghe E‘?lfé‘g d crystal
raterial 128, %1%%d#th&€ﬁlla§§ i thferd |4 ©I6KBh B oFBHeREin3lo? gtskerhave

different pi erage size of the particles in layers 124 and 126
can be of the sani axrot]nhrfefrﬂmémtent bf Figuet2ie thezerarsdhiee pholesterid iawié 2A there

are three chol es eric. st ter h h has a

di f f er ent? pi P’é’ﬁta hc%&h‘@&”i’?‘ih&% (ﬁﬂjfgm@?tﬁé‘t iﬁreggﬁr%lg)%?%? ié)\ﬂj's&can resul t
when the mat Enh?éfa?céxg}?osuﬂ&ﬁ cAh Reshlp ¥heR IR maHKEIRTe 11 ark rtlwsamecr yst al
material. Eac ayer of the structure has two cholesteric (%w d. crystal

material s. Achalesterid Nqig cryefal meterightack layprof tho stractprehas BVQ;PRﬂ elarier i ¢
liquid cryst ?iquld crystal materials.
Alternatively, either matrix 127, 128 can be a cholesteric liquid crystal
20  material and the other is a polymeric material without liquid crystal characteristics.
One layer of the structure has two cholesteric liquid crystal materials while the
other layer has only one cholesteric liquid crystal material. Either layer can be the
one containing two cholesteric liquid crystal materials.
In yet another embodiment of Figure 2A, there are two cholesteric liquid
25  crystal materials, each of which has a different pitch. Such a structure can result
when the matrixes 127 and 128 are not cholesteric liquid crystal polymers. The
only cholesteric liquid crystal materials in the structure are particles 121 and 122.
Figure 2B is a schematic cross-sectional view of another optical body of the
invention having a structure with multiple layers. The layer 144 closest to the
30 substrate 145 contains particles of two cholesteric liquid crystal materials 141, 147
in matrix 148. Layer 146 is formed over layer 144 and contains particles 142 of a
third cholesteric liquid crystal material in matrix 149. The matrices 148, 149 can

-13-



20 material and the other is a polynmeric material w thout |iquid crystal
characteristics. One layer of the structure has two cholesteric liquid
crystal maDesiozi7sl whil e the other |ayer has only one cholPestusn2/zsoss qui d
crystal material. Either |ayer can be the one containing two cholesteric
liquid cryst i m?{m ' . i gune 2A, there are
two chol este?‘% glglg%lggioghﬁ%ééngr;g{a n%?%%ipg S, gacﬁé%ﬁéﬁ%ﬁbﬁas a different
pitch. Such ehdd¢starctliquid agstarmstatidls. Ifteithert hatrivamaterked 448 A49annot28 ar e not

B T TR SO T A TE
schemti ¢ o fResh R0, Fr BtifbloAlBRncORS bRdhcd @aRfall\hifohvent | on

having a structure with fmultiple l'ayers. The layer 144 closest to the 30
substrat & 14éhalestarmi alignmantt throughoud Struatures héd,d$6eThe cholegéret liqupdt al

materials 141, 147  i.n ri x..148. Layer 146 is fornmed over .l.a 144 and
Contai ns. par cepLmaeBisEl have sieRn: piRE T metee it Rt e, o
matrix 149. T4 189chn 6&6f thd 8amd die@rent. 13 WO 03/ 027761 PCT/ US02/ 25033 be
the sane or different. The matrjices are polynmeric materjals and can be

chol esteric |iqui §heepticabbodietaf thesingention cap hae stigturesvitinmerg than s 149 i s
not a |iqui . ] RN . rticlies 141, 142,
147 be in su%y ?J(S:?ﬁz&r%? %@Mﬁ‘ﬁ"[“? ﬁ%?l%le%%%%ellc stﬁ/{hggg%ngilggnfglcﬁ'&%oal escence, to
produce Hubstanpasitidny Qptiohaliyneaciclhgdreah eontainglattipheyitmdré ttan@hout st ruct ures

144, 146. The cholesterjc liquid crystal materials all have different

pi t ches. ThechRiesteriiaideyepl Woaaptyw Eﬁ%lam,an cquigin AATXAR WhiChot ¢t he
same or di ffﬁ{ee«aﬁousﬁfma&tAreaistrhﬁ@édesmafmétﬁﬁig DYAPRO R al ficaR peUCt Ur es
with more than two T1ayers that each contain particles of at |east one
chol est eri c & chplestery ypuditrystdl metepalk i Theomatriof cashdayey carebethelsapepr can
contain partiﬁ es . of nore than one cholesteric liquid crystal conposition.
Each | ayer cg eﬁedlrtrtai_n a matrix in which the various particles are _

di stributed. The mB#illibé récogRizB@ B dabh BREhE leinbbdiditstsCdscriRd aBodd)@eest eri

liquid crystal material. The matrix of each |ayer can_ be the sanme or
di fferent. 21chqlestegiqliquiskcrystalspmposigionhen matgrigls 6#n by ontipnallyrheatedhadier s

descri bed ab . . | I QUi D . [ L erials
Can be_opt 1 ogufEpislol o pRNRILHREIGEb B SarfENEORNERIPARAoSARA, R BB =
particl es of paititlesamhi surmypdiigtmatrix, do®bthe €This difution lcaxs typivadllg psaducoundi ng

matrix, or both. This djffusion can typicall duce ..
more uniform rehectlon over a wavele}/n%th rangg/. Blrﬁgusijon provides less distinct

20  boundaries between particles and between particles and the matrix. The amount of
diffusion can be controlled by, for example, heating temperature, heating time,
viscosity of the materials, and density of the materials.

In at least some embodiments, the use of a larger number of different
cholesteric liquid crystal materials in a structure results in a broader range of

25  wavelengths reflected by the polarizer.

The substrate can provide a base for deposition or formation of the
structure comprising the various cholesteric liquid crystal materials. The substrate
can be a structural support member during manufacture, use, or both. Typically,
the substrate is transparent over the wavelength range of operation of the optical

30 body. Examples of substrates include cellulose triacetate (TAC, available from,
for example, Fuji Photo Film Co., Tokyo, Japan; Konica Corporation, Tokyo,
Japan; and Eastman Kodak Co., Rochester, NY), Sollx™ (available from General
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nore uniformreflection over a wavel ength range. Diffusion provides |ess

di stinct 20 boundaries between particles and between particles and the
matri x. Twe wmmowat of diffusion can be controlled by, forcaamopk®33 heating
tenperature, heating time, viscosity of the materials, and density of the

materials. |In at |east so enmbodi ment the use of . a I nunber of
different dHeftasPlastics, P%t%g?lé Ml"ss‘i%llp 79> S qsl?o}a}'eg’ty?‘??gture results in a
br oader ranq&egﬁtha@é (p2Y ?'ﬁrb@hf&%n{lﬁ)mrﬁ&{tse%ebéﬁb&ﬂ@e RQJo@Bir@f?ilh enthe substrate

can provi de a base ep03| tion or formation of the st ruct ure conprising
t he various chol e’léheesubsiraltaazpmlluivcny)sttdahnnmlaycrallsonel'h@bgdml@m,&tee can be a
structural nber durin nuyf act ure.. use V. t he
substrate i ss B&?fﬁ%‘bﬁz’éﬁ% Weﬂg% Vg A SRS cagab 2;8)%%{ gaﬁ

optical 30 hegyal cEii@amh@;s dizhosed B thedIRAmeACayétGn aefduﬂyluaﬂ‘enﬁ diretivhat e (TAC
available from for exanple, Fuji Photo Film Co., Tokyo, ,Japan; Konica

Cor por ati on Anmnmt laygesian be made Bsing amnKQYERIAechsnicaley %11“2911 meflef. sol | xTM
(avail abl e fy amcag&xgtltlpaslgi’ r}{gﬂgg’{“9%@%ﬂF@éfqﬁﬁaﬁ%ﬁ%ﬁ@%%ﬁﬁt@i’]ﬁlﬁP' astics,

Pittsfield, yesters,®suc ere ate (PET).
I n some enb%lﬁﬁéﬁl&yerﬁmexemhﬁddra@ﬁmleﬁt dmbtldm rl&frrexalgﬁlet polWﬁyBaJtIﬂtOil ate can

have nore than one | aye | n. one enbodi men sub (o nI ns an
al i gnment | Bpdyany e an palysrmdﬁafﬂ@searp%ﬂ%é bﬁl"‘;@h‘?ﬁ %ﬁ%‘im Slr crystal
CONpPOSi tyjp0n ﬁ@@%@gﬂmgﬁoﬁ h%hﬁ& ﬂﬁ{‘%rﬁe 41%&{ by are@cml?g fnlcdadU¥of Skamplé,r ect i on.

Al i gnrrent | ay e using own nechanical or chemcal method.
Mechani cal rm:ﬂj’mrﬂysl abdohok pblyglefins suqhgln pe}yethlylzepe pr polyprogElenepol yegtetsr

tretchi | d direct . F
exanp! 6. por 68 Ay PORERN ferenbiieile ey S PR bRt ol i gnea
by rubbing thg ﬁdwrﬂeﬂﬁhﬁmué@%nﬁqu@n@la@yamﬁerdcbrrmmt@e obellyﬂﬁ:rsI, hat can

be aligned by stretching include, for exanple, polyvi nyI cohol ,
pol yol efi ns aéthohglalsorp@n ¥mery ltendeo be cpuerye phigybrsitctching taseer s such as

pol yet hylene te ehé hal at e or pol yet hyl ene napht hal ate and pol ystyrene.

The pol yrer FPPR™EA% be a honopol yner, a copol yner, or a mixture of
polymers, al t hough aligiingmnlayeecs lieeﬂ@dnéd)pltmooaamcmnyt antﬂag‘rpldqphsmF et chi ng

than are 15 copolyners. An ali ?nmant }/ can be formj g %ochem’ cally.
For exanpl e, Orfjfiéabég polymers can be formed into alignment layers by irradiation o

anisotropically absorbing molecules disposed in a medium or on a substrate with
light (e.g., ultraviolet light) that is linearly polarized in the desired alignment

20 direction, as described in U.S. Patent Nos. 4,974,941, 5,032,009, and 5,958,293.
Suitable photo-orientable polymers include polyimides comprising substituted 1,4-
benzenediamines.

Another class of photoalignment materials can be used to form alignment

layers. These polymers selectively react in the presence of polarized ultraviolet

25  light along or perpendicular to the direction of the electric field vector of the
polarized ultraviolet light, which once reacted, have been shown to align liquid
crystal materials. Examples of these materials are described in U.S. Patents Nos.
5,389,698, 5,602,661, and 5,838,407. Suitable photopolymerizable materials
include polyvinyl cinnamate and other polymers such as those disclosed in U.S.

30 Patents Nos. 5,389,698, 5,602,661, and 5,838,407. Photoisomerizable compounds,
such as azobenzene derivatives are also suitable for photoalignment, as described

in U.S. Patent No. 6,001,277. Alignment layers can also be formed by coating
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orientable polynmers can be forned into alignnment |ayers by irradiation of
ani sotropi cally absorbi ng nol ecul es di sposed in a nediumor on a substrate
with [|igwWwpoBerst ultraviolet light) that is |inearly polramiusezi2ioss t he
desired alignnment 20 direction, as described in U S. Patent Nos. 4,974,941,

5,032,009, and 5,958,293. Suitabl ot 0-0rjen | e I ' ude
pol yi ni des &6 i%?%é’%i)ﬁ’gé)ﬂct moge u%s %?“ e%e%ti‘aﬁ_g'@%"%se‘is{‘.% ti%{aﬁg‘%&%}jass of
phot oal i gneRkingRb&HgaMo1SsANks RE HiS Qs 4re diselosedini @ruIBihed peainigdJ.SThese
polynmers selectively react in the presence of polarized ultraviolet 25

| i ght al ong Ratenp &ipplieation Beripl No 09hM8diSEect i on of the electric field vector
of the polarized yl ' | 1 gh ' . n shown to
align liquid crylﬁtag{;tﬂgr%%ﬁdéﬂ%&ggﬁg#g% lgwﬁﬁggg?@g?ﬁgﬁﬁﬁg descri bed
in U S Bat ertustulNois subseqiddflyG&ovdd, fodiR tietsuibsteatellcayig 8 stridtureSuifaedb| e

phot opol yneri zabl e materjals _include polyyinyl cinn nd ot her
pol ymers such as Alhnugh Figwesolsate 11 %’3‘1‘% %bawear&l@q?\\g?{.a?@%%?e@%,

5, 602, 661, i i )t PheS QU SRR B ureatflltaA e F@ObeNzene
derivati vesasgﬁsetﬁdé l’égmgg(lyltl%ig% ?{l)ers _pho%t(g)gﬁgenrrent , lgjas de%cri bed ei n U S

Pat ent No. Gr@afved7 The sluifapervembe hnfamsorowmn-wiifoombe shape aad taxjureolt i ng - 15 WO

03/ 027761 PCT/ USQ2/,25033 ' 1 yot r opi | whi ch ori ent
Chemel ves. S SPIPORE B 1Lt Of HEAEwy ol PTG By e S0gPn IR S sort “ar e

di scl oseg i rrigRreas O GdnsreRAbIBEels Ryuid BRjsRNlaydR B0 @t depdsifedroned thblo.
09/ 708, 752. 1n another enbodi nent, the structure is formed on the substrate
and the 5 grisgutiaserface Jlbsequently renoved fromthe substrate | eaving a

structure surfac Al t lé%p Eicqur. : noot h,
flat substrate, ﬁ]lée osptﬂllgétfbr a esOkg{éﬁo?engl@l%fg%&%jce%&ﬁ?ﬁg&%égﬁ?g}tﬂgaggﬁ be

snoot h or t eptlysicaelemehts.aln die ebdbadiment, apolymaetic fleisattaéirdao drerupper uni f or m
or non-uniformin shape and texture. . one enbodi nent, . the Ifﬂl{_rface of the

I n
substrate i sSUpfaFeehihe StrRGiure | COPRTISIBE LENARIOPHC CSESTHOBPESIIEAR more
chol est g4 ¢ é)ailﬁighég a%ﬁycgml'gglgﬁ&%r@f[@fﬁhﬁrc%n@eaeﬁhw@o @B uBpdrNGrfaddy dfSITaL i C

surface 310. ptic I es of the invention can be conbined with other
optical or thbgsuaaile vsingmpradbesiven Inarotbertambadinent, mlapuhaerean ke formed i s

e O BB syal i 3em! poiRert AHE! Y She ARGIRLRS TRE 21 0us
quarter wave film is laminated to the substrate. Alternatively, the TAC or quarter
wave film can be laminated to a layer containing cholesteric liquid crystal polymer

20 material. The quarter wave film can convert the transmitted circularly polarized
light into linearly polarized light. After passing through a quarter wavelength film,
circularly polarized light is converted to linearly polarized light with its
polarization axis + or - 45 degrees away from the optical axis of the quarter wave
film, with the direction determined by the specific circular polarization state. In

25  yet another embodiment, the substrate itself can be a quarter wave film.

Each structure depicted in Figures 1A to 1D, 2A, and 2B contains a
plurality of particles comprising cholesteric liquid crystal material. For illustrative
purposes only, the particles are circular and monodisperse. However, the particles
can be any shape including, for example, spherical, elliptical, conical, and

30 irregular. The particle size and shape can be uniform or non-uniform. The particle
size is not critical, except to the extent that very large particles may produce visible

color effects, particularly if the particles are so large that they extend through the
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15 example, a triacetyl cellulose (TAC) filmcan be attached to the upper
surface of the structure using an adhesive. |In another enbodi nent, a

| am nat e wansber76or med using the substrate and anot her p®CyrEso2/zsoss I m In
one enbodi nent, a TAC or quarter wave filmis lamnated to the substrate.
Al ternativel y.,. T . ﬂyga]y - il L . =Tyl | ayer
cont ai ni ng C%Tct)llr%a{s;l? &F ﬁg oﬂléaﬁllﬂgﬁ%ﬁ}tétal agté‘{lélglngérscgguﬁgl? é%%%%ﬁgtogtfg? ter wave
filmcan congerim} preferabiyinthe siee raige 000 ardny tddD LAY, | Sigscanl beglecied by al i near | y
pol ari zed light. After passing through a quarter wavel ength film

circul arly perigty ofenethpdthatmaydapead o thetraethodhelzformatinn iy the sebsfratéht wit h
its polarizati I St - %gm Ay | Is of the
guarter vvavelg&rfelgglrtrl?i%\’/\nalthﬁn ?pf]rgy 80?4?18& | on&?j%l?er mgnée {Qﬂéflnﬁ'hée}msdﬁg%efa?% circul ar
pol ari zats onpreéssates as well 25 by Buidgpropdrties. cHobethuision polyrherizatiba pasticde sizsel f can
be a quarter wave film Each structure depicted in Fjgures 1A to 1D, 2A,
and 2B cont afaAdyeicalbf e canfrofjedypy VPFE?%@H&BH%PP aﬁ@ukﬁa Qafibons, apflqyj g

crystal mat efgjdnt sdi@tioh! PURicle@hhVifig aRHSIRQSESiQNY )érysﬁahsolgﬁfe} EShSSsitRE
circul ar and nonodi sperse. However, the particles”™ can be any shape

i ncl udi ng, fon texaepiral bysptydmiowal techaidue foi foahingpolymeexic, pasticless0 i rregul ar .

The particle size ang g&a&e can be unif.orm or, non-unifor The .$articl e
size is not cri tigg? recag %{orPﬁep?ﬂ%g% 18t mthl.a/Fs e “ﬂ“d’Pg‘]aT‘?%“P Ul es may
produce N si Phecholdatedic 1RfulEdrstal ér§ bt Rfwley molectil¥e weaiht téhpsundse so | arge
that they extend through the -1 03/027761 PCT/ USQ2/ 25033 entire |ayer.

I n one enboderermligomees granenomess)sre dissodyed in g splyentsthatds petdgiscible withs gm to

5 pm prefer ' |- | . | C el ected
by a wvari et‘sptlg%{ #egf &{;)&@gggtlﬁ%tlrs%a%ﬁglg%gﬁ#%ﬁ%thgo#eﬁgﬁh%@nf gﬁr& f%n on the
substrate. 4oive aganphebe udedno sgadroplestaf iy chobesteric lliqusl argstalan be al tered
by orifice size and § pressure,  as v}ell as t())¥ flui.d _properties. For

emul si on pol SAERQsHioN;ip the 3queqysphases fagcessany of desired, F@eﬁ POHESTSI | ed by

pol yrer i gat | 9inaQREifopRRSecanBEPoRinRizE@ BAk Urb® MfnecBfidry Srle¥igtl, agftrRCt | ON.
Particles having a cholesteric I'iquid crystal polynmer conmposition can be

prepar ed by water Rimsess resoed gawing oholéssenn inquig ofygtabparticylate mpatériad.. Thpe

t echni que for preparing,.particles inyolves enul sion pol ri zat,ion. 10 The
chol ester i ¢ ¥Sod SHTRSRHES 285l may ee Yo Pe foribrstt of fotlio st i S0t b ounds
(e.g., oligoRefseBrafflensIiEnfcht ff the dhlsMriSlividcrystaPin%Rfihl. tFaferabby, i

mscible with water. This conposition is conbined with water to form an
enul si on. A Sufareeadiveagents stabidiae theceanlsien whdepresert in smell appents of t he

chol estefq ¢ &b fitlidlsabhi are generally less preferable.

In addition to other components of the emulsion, a plasticizing monomer

material may be included which can be copolymerized with the monomers that
form the cholesteric liquid crystal polymer. The plasticizing monomer material
operates to make the cholesteric liquid crystal polymer more flexible, easier to coat
25 asafilm, or both. In at least some embodiments, the use of a plasticizing
monomer can make the subsequently formed cholesteric liquid crystal polymer
into a “self-plasticizing” polymer. Typically, such monomers include flexible
alkylene or ether-linked chains with polymerizable functional groups. Examples of
such plasticizing monomers include methoxypolyethoxy(meth)acrylates,
30 poly(ethylene glycol) (meth)acrylates (including poly(ethylene glycol)
alkylether(meth)acrylates), and other (meth)acrylates, such as 3-
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conposition in the agqueous phase, if necessary or desired. The conpositions
15 within the droplets can be polynerized or cured, if necessary or
desired, wod3bkE61 wat er phase is renmoved | eavi ng chol est ePCg/usozed083 cr yst al
particulate material. The use of surface active agents may need to be

moni tored or controlled as.not .to vers | i of the
chol esteric r’i“iﬂlﬁffﬂo’éwgﬁyi%rﬁﬁtlhgﬁsé}?‘m ﬁP‘g n}lﬁﬁ%@}é?ﬁ%%ﬁ %%gﬁ 131%llyl ve agents
stabilize thgy [gg};&hmlmb}r@eﬁﬁﬁésent in srral | amounts. 20 Cationic
surfactants arée %gnera y less preferable. In addition to other cgrrponents

of the enul sion, Iaapethenmethod a ommmrtwlmthérm%omwa@ée.m whi ch can
be copol ymer Zeglv)%]t mls§1gﬁ Wit 64 e ﬁlgl%merts Qﬁcmhu?@sluﬁ Jﬁ)r rfidr aHe! qui d

crystal poI asticr 2 ng nono ates to make the
chol est esi Cﬂolﬂﬁﬁrdolﬁtlbﬁbﬁi tha@bquedrmaeeddndxolybm immsisdible with thbeat 25 as a
film or both. In at |east sonme enbodi nents, the. us ast,i ci zi ng

mononer can nebreer; Hbe senoad §oRVARL con CoRtAiB %‘F\fﬁ?eeg‘it’é(relage’}t tﬁ& ﬂ‘t al pol ymer
Lo a "sellh %ﬁ&fﬁkib% o Bth YiBeconfivel dostabté il IR S |ncI ude

flexible ene or a| ns wth polynerizable functional
gr oups. Examkamtwblysorcaﬂdmloaslﬂy, dinezsunfgcmmg@tlcm eld@polymerlzed into

nmet hoxypol yef ho net r rret h) acryl ates
(i ncl udi ng ﬁg? ﬁé&ﬁ&l ﬁ@o%ﬁorﬁqr%ﬁ%%ﬁl %?’# %IPE epané( ot her
(et h) aqpy! atqsn, P@\UPB ﬁ&h@xypé@eﬁﬁ@&@@%31%6%&@%&@2&3&&3&1 average

met hacryl oxypropyl trimethoxysilane, and in particular those that have

rel atively mfaiﬂplgar&g@ghtrcéﬁép’t}?w 25 thebenylothexy (35) methsehdste SORHBENAY f or ni ng
particles, 0 wi th both
t he nononer s eﬁ‘B"%q g?r €s uq%g %S’ﬂ a@&ﬁé?ﬂeth@?@ )ﬁs/e(rar{eo\r@glo Iﬁ%t?gdr{g)i g%n t hen be
added to a qaa@md*;s&dm%u Eﬁbmwalsllérmv% Cbckltebrmllqndhﬂwhnh d), Bhlafus;dcopd ﬁol vent
can contain a surface-active. agent .to facilitate.the sfer of the

pol yner i nt gnethecrylatedavailable feom Agé“@t%né‘c%lré} ﬁ&%’k‘lfet‘?l’ g@] ifet ernatively
or addi tyison r | t he

ol yer 1570 topdmciZed {0 F e A er D I o B, 20

Exton, PA.), apolymeﬂmmmlaywtthymme@tqmpﬂtlbmmtmém'rsylvamé swihtds an aver age
mol ecul ar vvelg of, 35 BEM 25, (behenyl et hoxy (25) nethacrylate from
Bi max  Cheni Walpior efignol ‘Cockeysvill e, Maryland), methoxypol yethoxy-12

net hacryl ate A variation of the above method is to form a solution of the monomers and
add a second solvent immiscible with the monomers. A surface-active agent could
20 facilitate the formation of droplets of the cholesteric liquid crystal composition in
the second solvent. The droplets could also contain the necessary agents for
polymerization and crosslinking to form particulate cholesteric liquid crystal
material.
Yet another method for making particles of a cholesteric liquid crystal
25  composition involves directly spraying a solution of the cholesteric liquid crystal
composition onto the substrate using, for example, an aerosol sprayer. The
cholesteric liquid crystal composition can contain either previously prepared
polymers or lower molecular weight compounds such as oligomers or monomers in
addition to crosslinking agents and polymerization initiators. The distance the
30  sprayer is held from the substrate can be used to vary the particle size. Typically,
holding the sprayer further away from the substrate produces smaller particles. If

the particles are too large, there is a greater likelihood of coalescence.
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(avail able from Bi max Chem cals LTD., Cockeysville, Mryland), or |auryl

nmet hacryl ate (available from Al drich Chemcal Co., MIwaukee, W) can be 15
copol ynmrerwoad/oat76l evel s of 1 to 20 wei ght percent with ot Rer/usonzives s to
prepare a polyneric material with inproved conpatibility with polar

sol vents such as rw?ﬁgfyiﬁ”igf}ﬂé?%@ang“éa%ﬁ{fﬁf&eifgpmgkig%?%ﬁ?@'% et hod is to

forma solution o S arsecon vent immscible with

t he nmononer sprefiodsly pasparsigiolferds estutiGioetntbe sptayea diitd diaplats dfolymemat i on of
droplets of the cholesteric liquid crystal conpositjion in the second

sol vent . Theansrsobreat sThasplvens canevaporatsipavingraticlesotihe palymer. s These

pol yneri zati : LK E Ngr; #&Rﬁ t Leqliquid
crystal nat@#Pngc%g$§§%%§E%rqﬁ%@ﬁ%gé or %ﬁﬁ?ﬁgﬁggﬁggﬂkggég?h%dcholesteric
| i qui d cry/stdirecfly ondhgsautistratoibut candiedéspostidrletet by thepubstratgina spamatei on of t he
cholesteric liquid crystal conposition onto the substrate using, for
exanpl e, an &8osol sprayer. The cholesteric liquid crystal conposition

can contain eit heThPn¥ARHSThIuBESRAREE of PRépUARE theVpticAWRHIcRBE fieul ar wei ght
conmpounds such as oligomers or nononmers in addrtion to crosslinking agents

and pol yner i insention. i In the Sirsy methorl e phirality aE partieles hadngp figgy eholesterirel d fr om
the substratg can be.used to vary. rtl Si | . | di ng
t he sprayer ﬁ%‘??ﬁ@?sgé\?\%r?p?srl%% %ﬁelség%g !t% ?‘é’tS&e’Bipurea(t)ed u%§%°°§xn§}1§1§%d%%}1@‘p§| es. If

the parti®| esystabcdmgssithdealsé Bdpésell on ehesubsttaté td fokeftlal shaomreowitk @l escence.
-18 WO 03/027761 PCT/ US02/ 25033 .S rag dr%/i ng i s, another known technique for
maki ng par t i eartigles af the figsticholesteric, ipHa cgtabedmyprsitiong Thestructyre is heated sprayed
i nto droplet t : : r eavi ng
ar t1 ¢l o of Byl ¥cserlauRPLrl SN comPoSiidh MU BHILENARY Gl PR

t echni que, trgigpdretwednghe saroouscholegerfioliqued ctystil canpdsitioms. This eethad r at e but

can be di spose ater, on the substrate.in a rate. step.. The invention
hel udes. ot ONL B 1S, BB sigle: prinpre sopfel BhEeSehinEd Hrigdft 10 I the
first mefrodgnguml urality of particles having a first cholesteric liquid

crystal conposition are disposed on a substrate. A second chol esteric
liquid 10 cryst al Oveambeiimeshof thisanethodiinyplysedirestly spraymglos othgrwise o form a

SLrUCLUT S b R R B8 by lSertd it ERLPERIsfich B vt
substrate using, for example, an aerosol sprayer or atomizer. Such a method of
disposing the first and second cholesteric liquid crystal compositions can result in

20 the structure depicted in Figure 1B. The compositions can be sprayed sequentially
or simultaneously using one or more sprayers. The various cholesteric
compositions can be mixed before spraying. Each cholesteric liquid crystal
compositions can contain the cholesteric liquid crystal polymers as well as solvents
and other additives such as surface-active agents. The sprayer is generally held at

25  an appropriate distance from the substrate to form particles in the size range
desired.

Alternatively, separate emulsions can be formed for the two cholesteric
liquid crystal compositions and then these two emulsions can be mixed together.
The combined emulsions can be roll-coated, dried, and diffused to give the

30  structure depicted in Figure 1B.

A structure such as that depicted in Figure 1D can be prepared by spraying

three cholesteric liquid crystal compositions on the substrate. The compositions
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to align the cholesteric liquid crystal conpositions and optionally forma
diffuse region between the various cholesteric liquid crystal
conposi t iwox3/0Tties nmet hod could be used, for exanple, topoTapsaz/esBhe
optical bodies depicted in Figures 1A 15 and 1B. One enbodi nent of this

met hod i nvol ve i | Fayl ng. or er w f.orn [ and
second chol e%@:ore?sgﬁﬁlfé{l]ﬁ qﬁ%@%’t%%@&%&s‘fsﬁ ‘(ljsr?fs$g i) th%g Slgljsag%rét ?g‘% e using,
for exanpl e, spraly G @BaaAin SHYlaYRIc lilﬂhicﬂdr?ﬁiilz;ﬁﬂymﬁslﬁhwall aeidieshtodnd athaposi ng

the first and second cholesteric liquid crystal conpesitions can result in
20 the st rucddéiteveg spshcassyringe-aatiye pgenty Alerataishp sautsionssopldbegisedior ayed

sequenti al | yfon?lrthéistﬁ}b!n}r@%@é@h%e&%wme or nore sprayers. The various
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i quid criystal cAnher method of evating it ilustratdieindigire 31 eThe chaleptdrdt cr yst al

pol ymers as wel.l as a?ol vents and ot hgr addi tijves such surface-active
agents. The Y@HdgEystal coppositions ate praygd fomba scries QfSAraysrs gf(@ Wtance from

the substrat ggigg tar m@gbtﬂ?ﬁﬁ E?agk?lfl@ebnsthé Sod’tﬁﬁg@ll. T'ﬁ»‘éédaﬁﬁF réM 1 R2nat i vel y,
e

separate emnul sions can ormed for the two chol esteric i quid crystal

conposi t i onsthandppliesthe laperd 14 {uto @ pubistrate 14 Obavhiglethan passes bejweendolls The
combi ned enu} s{0n ol | - e ried, [Lf ive the 30
Llsd4 an lﬁﬁgFlglgllljé’r ong Igf' ngh o(il rolg 11%Q and ﬁObg%antqlég}%gt(gh % 9

structure deplicte e structure suc epicted in

Fi gure 1D caprobtddsiig ad alignmpritafithegcholedtetie 1o/enl o6t widlelroljuil 04 aayst al
conpositions on the substrate. The conpositions, -19 WO 03/027761

PCT/ US02/ 250b3usehH fpesmagathips dayse hlernd perhapgbelping e aligndbrelly 10AmaY one or

nor e sprayerﬁ?tb'gql%edeﬁpgla%{fﬁqﬂst&%gg ain cholesteric liquid crystal polyners
other a

as well as solvents anh ditives such as surface-active agents.
Al ternatively, enldahearembodithehts)paneted of o firftchotestergc Bquid ctystabmaterdbscri bed

for Figure 1B. 5 Another nethad of coating is.illustr d.in F 11. Th
chol ester ¢ SETBEPVER P (8 SHH0R PO B SORPRIUR FE Ui el of
SPpr ayer s1 5110l Orcfers RAHsPE ol hoRertd? of RV olRUE whighb on the coating

roll. The coating roll 1102 thén applies the |layer 1115 to a substrate
1101, whi ch ¢tdmpounds thetcaparans énforml polymeriomatgrial. TThebinder alseincbides or bot h of

roll's 1104 and 1 06ecaar} rt;cie neal grdc LQp 0 ro %§e£5¥ci> R an a(lar'icgnmant of the
chol oster: o Py gnelian AL S b itkB 2§y B
material from the monomers or oligomers. The binder is the matrix forming
material. The binders can be cholesteric liquid crystal compositions or
20 compositions without liquid crystal characteristics. In addition to particles and
binders, the coating composition can contain, for example, surface-active agents,
one or more solvents, anti-oxidants, dyes, pigments, and additional monomers to
alter the properties of the binder. The coating composition is applied to the
substrate using any known method including, for example, spray coating, rod
25  coating, slide coating, curtain coating, extrusion coating, and combinations thereof.
After application of the coating composition to the substrate, the solvents
are removed by evaporation and the binders are cured, if necessary. The cured
binder results in a polymeric matrix surrounding the particles of cholesteric liquid
crystal material. One example of a suitable range of particle concentration within a
30  matrix is from 30% to 100% (corresponding to no matrix). If the particle
concentration is sufficiently low that the particles do not make substantial intimate

contact with one another after coating, it is preferred that the binder material be a
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be useful for snoothing |ayer 1115 and perhaps helping to align it, rol
1104 may not be needed, in sone instances. |In other enbodinents, particles
of a firswoohot®wsteric liquid crystal material are m xedPairtusob2egers to
forma coating conposition. As used herein, the term 15 "binder" refers to

ith I | C. | al I I ] I.gh d h
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bi nder r esul SERTE s3B! £ iy Taf BRI i oRERRR g,

chol est erg ¢ trystdi ébmpositivhal Thgredtiva monoher fxtefial @n@rossligitiivith Ritkertadige of
particle concentration within a 30 matrix is from30%to 100%

(cor r espondi fitst posesendreholgsteric liguid ¢pstalgopmpesition.corsalinking |

ifiies') the
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contact wi th one ano er coatin I's preterr I nder
mat eri al be @iffugion\éDtiEIhfterial6 Cré¥sTinking déc2ed38 thecdvallaslitgrdf dow ngplecttlazr yst al

material so that the alignnent.can be propagated throughout the layer. In
one enbodi nve‘,gI*hmF‘WéIs’%ﬁmaé‘_?rWis "I-Iatt‘i?PSPSIE'Iﬁq Yess of cholesteric liquid
crystal paterial @Ios?liﬁ]@n%lﬁn)eéf@ u%r%?éﬁﬂa%ﬁni heqid Rifoud I:Iﬁol@é?&Icelﬁglgde ic liquid

crystal conpositions can e a crosslinking 5 agent. The nt can
function to cuystskinatekialsblyheatrinduced diffusedno | Bes spadiculagyiadvantagestsin

conposition. Alternatively, the nt can function to craqsslipk. polyners in
several chol arpligptions Wherg %‘CQPI}_%"I@B‘_%E%W&W SIJIIJSII@fI?(r‘—'B‘I'bSI@?é_ € t,‘II’&ngeact ive
nonomer i N fheYoRNS BB hei harly disHls) fpYisdtiins COORGRicH dPPustoH oY tAS @

di (neth)acrylate, a diepoxide, a divinyl, or a diallyl ether can diffuse

into a firstcholestesistliquidcrystglmaterials could result in optical property changes over

20 time. Crosslinking can produce structures of cholesteric liquid crystal materials

that are substantially more stable over time and can be used to produce a more
reliable product with a longer lifetime.
To prepare the optical bodies depicted in Figure 1A, a coating composition
is prepared containing particles of a first cholesteric liquid crystal material and a
25  binder of a second cholesteric liquid crystal composition. The second cholesteric
liquid crystal composition contains either a cholesteric liquid crystal polymer or
lower molecular weight compounds that can be polymerized. A diffuse region can
form if the particles of the first cholesteric liquid crystal material are slightly
soluble in the second cholesteric liquid crystal composition. If there are low
30 molecular weight cholesteric liquid crystal compounds in the composition, the
monomers can diffuse to some extent prior to curing or crosslinking leading to

changes in the pitch within the diffuse region.
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10 crystal conposition. The reactive nononmer nmaterial can crosslink with
either the first or second cholesteric liquid crystal conposition.
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-21 WO 03/027761, PCT/ L‘LSOZ/fZSO?’?’ A structure such as that depicted in Figure
1 C can be pfUpNRaPSfeeini ng a coating conmposition containing particles

of firstjaind secoRdomBOMBHbE bF thelihvtntibh jefudss Mrmiy £ithRhge bRt DI nder. The
bi nder can contain a third cholesteric liquid crystal conposition.

Al ter nat i vel substrate chntaukgrg mare thamorei layepoTheraysrsean hefomeds 5 wi t hout i quid
subst rat o sy apGp sty setieniat (118 SETRAR e b edo RRE R mERMSte, spr ay
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cholesteric liquid crystal composition are disposed in a first layer adjacent to the
20  substrate and particles having a second cholesteric crystal composition are
disposed in a second layer over the first layer. The structure is heated to align the
various cholesteric liquid crystal compositions on the substrate. The temperature
used for alignment depends, at least in part, on the cholesteric liquid crystal
materials and the method used for alignment.
25 Heating can also optionally promote diffusion of polymers or monomers
into adjacent cholesteric liquid crystal compositions resulting in an alteration of the
pitches of the cholesteric liquid crystal compositions within the area of diffusion.
Such diffusion tends to favor the formation of a structure having a broader spectral
bandwidth for reflected light. This method could be used, for example, to prepare
30 the optical bodies depicted in Figures 2A and 2B.

The method can further include curing the various cholesteric liquid crystal

compositions to form the corresponding cholesteric liquid crystal materials.

22-



In still another enbodi ment, the particles of the first cholesteric |liquid
10 crystal conposition can be sprayed on the substrate. Then the second
chol est erwo o3loeryai d crystal conposition can be di sposed owem/usem2asticl es
of the first cholesteric 1liquid crystal material using any suitable
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li qui d GRSt Rm@rREPPSOIICAS mbtdrial Br olWer MbRBulaf welighf eshginds Bacdandief f usi on
tends to favor ‘the forimation of a structure having a broader spectral

bandwi dt h f aeacted todfotma grolyimgiiic mar¢riad. Fhe binderaanbg ajsholgstedc ligwd casstalpl e, to

prepare 30 the optical bodies depjcted.i | The net hod can
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to form the GodtilRhRABRHBELSC Thk ®fiders can kottaind/acibysther doaipduhdd such a22 WO

03/ 027761 PCT/ US02/ 25033 Curing, crosslinking, or, both can reduce or
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are prepar edcoa-tliﬂg composition is disposed nearest the substrate forming a first layer. The

second coating composition is disposed such that a second layer is formed over the

20 first layer. The two layers can be coated simultaneously or sequentially using any
suitable coating technique such as, for example, spray coating, rod coating, slide
coating, curtain coating, extrusion coating, and combinations thereof.

The binder used in the first coating composition can be the same or
different than the binder in the second coating composition. Either one or both

25  binders can be a cholesteric liquid crystal composition. If the binders are both
cholesteric liquid crystal compositions, the pitches can be the same or different.

In some embodiments, the binder may substantially isolate cholesteric
liquid crystal particles from each other and from the surface of the substrate. If the
binder is not a cholesteric liquid crystal material, the orientation of the helical axes

30 of the cholesteric liquid crystal particles can be influenced by, for example, the
manufacturing process, particle shape, etc. or the orientation can be random. For

example, the manufacturing process and particle shape can influence the
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first coating conposition contains particles of the first cholesteric
liquid crystal material while the second contains particles of the second
chol est erwo Wsiogquied crystal material. Each coating conposiPOTarsozasvdal so
contain a binder. The binder 10 conprises a polyneric material or |ower

mol ecul ar wei ght conpounds that can be reagct ?d to form pol r_rer'i_ﬁ_errateri al .
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coating 15 conpositi .can contain, for exanple, surface-active agents,
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addi tiongl NRAMBES forkm@isthtel PartcleSshayiTitRUS dR8 10F tiRSchefesfetie hes ul ti ng
polymer matrix. The first “coating conposition is di sgosed nearest the

substrat e f drasiapgrticutar reatignshiprto theHdm eJergstian deqtiong IEBefsds @i on i s

di sposed such tha sec €lead S..f r LT r. The
fwo  ayer o atplefRt aBaRiER Qe RA AL o BERE 1okt lolot i ofRUPT . TR
coating t echyydgean stilt hctas a clroilaepalimdes, Coltingyedclight pagingrthrbugloat i ng, sl ide

coating, curtaln coating, extrusign coating, and cQnbjnations thereof. The
bi nder used TPRdqmigeqd partiticchalestarc b soistal Belanzes “Bﬁ ef"ﬁé""é’eﬂés ﬁ"m%ﬂfferent

than th [ N PR 5&&; SeESlititied- sfel both 25
bi ndersqgn%&gpg?%?g%t eri ([:Hilfl q déﬁgzraest al ﬁg%lgg%ssl‘tﬁihtg . 2Tr]i‘%eltevr‘{fel[bi nders are
bot h chol esttgpically hayei sdbstantills unifompasguiar peforndnee pilthowgsitcematie t he sanme
or different. In sone emhpdi nents, the binder nmay substantially isolate
chol est eri ¢ TANSERASPIIPREI T parti cl es from each other and fromthe surface

of the substrat e.ylfhofHeembbdifRAt, two fphrate é‘daah%é&rﬁrfsdsmdﬂsm flepdrysbal
material, the orientation of the helical axes 30 of the cholesteric liquid

crystal par tatd¢assonsanf thecoating gempesitiancontains paxtagles of a fingecholgstetitact uri ng
process, particle shape, .efc. .qr.the origenfation can [an . fFor

exanpl e, 13t hel 9 Eﬁyﬁ@f E’ﬂeﬁl@f IBragglélgg t%ﬂeﬂ{l IS {“lwé?%a %ﬁ%gﬁ%ggoal%&?rgcﬂ iq?éér:ce the -23
WO 03/ 02776 1crPsedi/ iien412 T0e dtiRk cedtinglcomposifion bentaihopatities ofa thirqui d crystal ' s
helical axis when the binder is a film that has been stretched. Such

el ongat i on viholesisrigdisiid arpgalanraal; Ealcqatigg remposjiangontains narielesang ¢ h a
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m ni m zed f ofandse reacteitatfenn paolyier.clfshapiadérfcontammsdowemnmalecar wéighhe
chol est le iC yo?rll;i)o)fmds, crosslinking agents and polymerization initiators can be present. The
binder can be a cholesteric liquid crystal composition. The coating composition
can also contain various other compounds such as, for example, surface-active
agents, anti-oxidants, pigments, dyes, viscosity modifiers, coalescing agents, and
other monomers present to alter the properties of the resulting polymeric matrix.
25  The first coating composition is disposed nearest the substrate forming a first layer.
The second coating composition is disposed over the first layer such that a
structure is formed like that shown schematically in Figure 2C. The two layers can
be coated simultaneously or sequentially using any known coating technique such
as, for example, spray coating, rod coating, slide coating, curtain coating, extrusion
30 coating, and combinations thereof.
The average size of the particles in the first layer can be the same or

different. The particles can optionally be segregated within a layer by varying the
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has a particular relationship to the filmelongation direction. If there is
no preferred alignment direction of the cholesteric liquid crystal

di rect or ,wole/opsi cal body can still act as a circul ar p@carisapesos3s
Collimated |Iight passing through a random zed particle cholesteric liquid
crystal polarizer will exit with a distribution 10 of exit propagation
vectors and sisi A thepartiglas. By chaosing; stow dg%g]soiv%ﬁgqpaggglew}t a typically

have substangiaf} éﬁpggpgaﬁm%%m&}%%gm@Sfthalo&ﬂwgmcieg RarPgeridec S

transm ssi on” may anot her “e I ment, two separate coating
conposi t i ondfastere Thedpaviedpdrtitles atn Hegnse coneentrited neardhasubstyate swibacsi t i on

contains particl of, fi.rst cgholesteric,15 liqguid crystal.material in
addition to part ?@Peégloﬁaa@pﬁéqgﬁsc&%aﬁ&pﬁwgfbg@le%?q(]}ébq qsa@?’nda V%ﬂe\%?gl material .
The ot he CQﬁkiwmiﬁﬂisal%hb'ﬂﬂflammheéﬂ%ﬁnemamgqf@gm@fsiva (&.Bi, batklighol esteric

liquid crystal material. Each coating conposition contains particles and a
bi nder. The roflective, andriransfiecsive displasier For exampleeFigyre 4 Blusirateed gphemeBepounds

that can be_reacted to. for . er e ' ' | ower

mol ecul ar weirgRe oot %‘ﬁ%‘(’)vuort; Egll@gt‘éé eubnﬂ‘%g‘*‘%%@ﬁ%@%%‘%@%@ﬁ@%iaz ation
initiators cagplempdiREL402, a Bicklighi 40lics chelostéric kquidotysat mflectivei qui d cryst al
conposition. The coating conmposition  can ,alajo ffont ?{lpg )fgr i ous ot her
conpounds swalarizer 40%, as desrpedaboygyand @ optiona) seflegipr 4De. ThedisplRyi qant s,

bl Gent 510 QYo AEATAY WolFRN { bty na0EHRRGS M BIRR! holdfl ighiaer TONOMer s

present to al'ter the properties the resulting polynmeric matrix. 25 The
first coati ngystalmpfisitive pnlarigerdir ap o semirate eorepenenh® obart thetcactlerlyi ng a first

| . Th coal i i tjion4s.di d the first I
suh that o PRSTEAERCIE e RaRa SheE RSV B ey BSIetige T Figr e
2C. The two iy ensyieas is RRac@Jn WL sﬁ&%‘ﬁth@ﬁﬁ?lé?'d}évi@é 46EMdCRIpPbdite USi Nng any

known coating technique such as, for exanp spray coating, rod coating,

sl i de coat i nigomdhe bagkhglsdQdi ng, extrusion 30 coating, and conbi nations
t hereof ., . The aver.age,.si.ze of. the partjcl. ln:the .first. | be the
sanme or 15di fferent. dﬂﬁ%‘i"b‘é‘?i“i‘% 52 (g%pla}%ﬁﬁi%ghgwn&l{naggs e tﬁy‘ﬁé‘ﬁ’g}%

n-o y be Ségrega wi'thin a

| ayer by varyddghitting lighkhMGs Badtted frod tHRGhekIGE 484H008e sxangplodf 4 Bsplar ti cl es.
By choosing a slow drying solvent, the Eart icles with a specific gravity

greater tharmedivetf3dp abnaidicaystalgispby (Lk®)ot her particles can settie
aster, The nemu o BRLAUR PR IRRTEPRLHR, Uohet Iy BiganLbst
vari ety of 400 includes, for example, a light source 416 and a light guide 418, although other
20  backlighting systems can be used. Although the light guide 418 depicted in Figure
4 has a generally rectangular cross-section, backlights can use light guides with
any suitable shape. For example, the light guide 418 can be wedge-shaped,
channeled, a pseudo-wedge guide, etc. The primary consideration is that the light
guide 418 be capable of receiving light from the light source 416 and emitting that
25 light. As aresult, the light 418 can include back reflectors (e.g., optional reflector
406), extraction mechanisms and other components to achieve the desired
functions.
The reflective polarizer 408 is an optical body (e.g., an optical film) that
includes at least one cholesteric liquid crystal optical body, as described above.
30  The reflective polarizer 408 is provided to substantially transmit light of one
polarization state exiting the light guide 418 and substantially reflect light of a
different polarization state exiting the light guide 418.
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5 optical displays and other applications, including transm ssive (e.g.,

backlit), reflective, and transflective displays. For exanple, Figure 4
i1l ustratwe oaosvhemati ¢ cross-sectional view of one il ugcraiSovesobackl it
di splay system 400 including a display nmedium 402, a backlight 404, a

cholesteric liquig crystal reflective. polariz 08, .as described above,
and an optional re re%flgla s&geér'laumﬁu%ﬁaggﬁ?8borieoty§{/cs>€rgﬁ]bgb\z[eilwgﬁrygglnC| udes a
quarter wavedipplay 0@ ST kdfleRfivd hiqui€ BBsRBdiSplag 500 ficludes & atsFIag Imddafrhect i ve

pol ari zer or_as a separate conponent to convert the circularly polarized
li ght from t 3 pijuPH54. wad areflestivepelptizer 569-aThe display systene aptignaly| ar i zed

light. A vie | | f L SR ay i that is
opposite f ri\gﬁq{ug %Sza h‘%ﬁ% F‘%H?B‘XB‘%‘% p%{g%%t}lge c&%%gﬁeggﬁ%@icﬁ %6§§e§ﬁgél ays

i nf or mat iSon polanizeagess 4 sephiate cangpunentty cotveatrthercirdularty poleditedtlight from eni tt ed
fromthe backli.ght, 404. e exanpl.e of .a dj spl a) lymA402 i.s a liquid
crystal di ;pﬁlf‘ﬁygk‘@(ﬁﬂfstalfﬁe%&ﬁ RPRH R tﬁbﬂeﬁrhﬁ’llaé'éﬁgﬁgﬂ% Lit‘ﬁl?-f ﬁ%fgésht used to
view the di Zlgﬂlﬂzeaﬁrttﬁ@}eﬂ‘é@@vé M&%ﬁ%é,iﬁ%l_@ﬂﬁ@@hﬁhe dis lagmedﬁﬁii'rs@?, 416 and

a light gui 418, although ot'her 20 backlighting systeis can be used.
Al t hough t hebduingés offtheduirdbt §04emid goestback tirpygh e displey medyem$02lahg

rectangul ar cr,0ss-section klights can_.use i ght. | des W t. any
sui tabl e sharﬁg.eaﬁ'&poi%f’%&aﬁﬁereﬁ?cé'ﬁ’f’ P&@Pa%fesi’?é’?@% c%edléaél-l haped,
channel er) acSeLdESHINESUEinglideLoneathlestEHE ligtiid Eysyal 6phcdl Bedptason is that the
| i ght guide 418 be capable of recejvi n%lolcli ht fromthe light source 416

C

and eni tti ngdasprakedzboye.ghbe spasifig chaisg pf rici ligiyid orystalepticalrhadygan back
reflectors ( ' ref ) o . ' hsnms and ot her
conponent s t%epgré Pfe?\?&é:lté}ﬁgﬁc&ea% i;ogé%&?%l%éhg ?tbﬁlgig’mﬁg&%éé%?ﬁqggﬂ%ol ari zer 408
I S an opti cawavedehgti mange of mweregpt i cal film that includes at |east one

cholesteric liquigd crystal. qQptical body, as descyibed ahove.. 30 The
reflective pol ariflé?c_ : tq@q&"@?ﬁ%ﬂl QP F@&’BQY&?’H Spgeg vyip gq,ﬁelty ?f ght of one
pol ari zafg onymEAlePnpohbhts A6d filkes ﬂhhgé?&a&é'dﬁgr&ﬁ@e &hék r{)g%b?fi@é%'aaﬂdﬂd reflect

light of a different polarization state exiting t I ght guide 418. -25
WO 03/ 027761crip€al diglay. 25083 oFipgnerds &nd Slnws inclhderdion exampleybrightnéssn of one

type of reflective |iguid cryst.al IS 500., This reflecti.ye |iquid
T ystal dt spiynesgen it gt wales pRipE regy Ve pfies ath SlBs. ' and
reflective pguRilayzebr &finuditdisphesse] st AR Ve PBlarioas] h¥tallized back

reflectors, prismatic back reflectors, diffusely reflecting back reflectors, multilayer

20  dielectric back reflectors, and holographic back reflectors.

EXAMPLES
Circular polarization characteristics of the polarizers produced in the
following examples were measured by measuring the transmittance of light
25  through a combination of the test sample, which produced light having a circularly
polarized component; a quarter wave plate, which converted the circularly
polarized light to linearly polarized light; and a linear polarizer, hereinafter called
the analyzer, which, depending on orientation, either passed or blocked the linearly
polarized light produced by the quarter wave plate. These components were placed
30 in series in the light path of a Perkin Elmer Lambda 900 spectrophotometer, with
the light first entering the test sample and finally leaving the analyzer. The sample
to be tested was placed in the light path of the spectrophotometer with the substrate
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I ncludes a quarter wave plate as part of the cholesteric liquid crystal
reflective 5 polarizer or as a separate conponent to convert the circularly
pol ari zedwbiogloe776r om the |iquid crystal reflective pol ar ipzerusom2908hear |y
pol ari zed Iight Light 508 is polarized by the reflective polarizer 506,

t s th | m_50 ff d
goos back ¢ GBI FE GBS Ay By e R RerRe TP LT 28PT5 08, The
reflective pak ﬁ@h@ﬁfer%@ﬁn@itlohh ITsarsRfidsesit wiemédsiredbvéfihe Rissielighti spl ay 500

i ncludes one cholesteric liquid crystal optical body, as described above.
The speC|f|CSP@méVlﬁfthéﬁ@almﬁrﬂt@ﬂplﬂtq@l%! etsmamsaipnwalat%dy aBan depend

on factors s oS and

wavel engt h r%bgg'% ‘Bﬂ erﬁéﬁig%%h'eeg lée(rétil%l{{&hl% cr J;@%?Mﬂ:%l cal body

can be used u\aﬁshnmonahexemyﬂafrefehﬁd% hseuhe @@smfmemissloamildfthémwnhﬁmt enhance

or provide other propertles to a crystal dlsplagp uch conponent s
|

and filns i reRlger ongyedat dapinghe BPH"&H? ﬁE%%loneWﬁ‘a‘ﬁé‘éWrﬂt o8 the et ar dat i on
pl ates inclugy %ﬂal%‘éﬁﬁﬁ&n,"t@éf‘odﬁé%ﬁﬁmﬁ drishii&ion, H&EﬁlHI@r%@%n@&t as

cont i nuous/ di sperse phase reflective polarizers, netallized bac
reflectors, the ﬂ)mmkttr'ansrbiasibnr &he¢ degrea of light bfouk@eythatalfs lt@satyi the diffecdnce

refl ectors, t|| Il el ectric back eflect and ra h|c back
reflectors. @é% %%Peg P&} CHoCE& Y LA c%q?é?roaf leee(?qggete- ‘Eg’oiﬁ“%

pol ari zeyos pglfkséq Wh'ibhtllé‘?erff&lt?'(}iﬂeﬂqu FARXTRIIQS itV eR g d¥ERsH ¢ @Mem@wrl ng
the transmttance of hr ou conbi natlon of the test sanple,

whi ch Ipr odu clddtelwfgﬂd, in aunwgleabq:wmletallm blocked by rthﬁzmalmtrﬁthﬂé nnpolarizadar ][ er
bol ar | zed | i it SoufE0 Sfarfetich BS afl, bittcey io BeBHpA B icafalyd? T oo Y

whi ch, depengiéldfolockh s tiairéfore andhdibsionEshepblarizakiba effest prdduckd bear | y

pol ari zed | i ght produced by the quarter wave plate. These conponents were
pl aced 30 i nthg&st gample. t he | i ght path of a Perkin El mer Lanbda 900

spectrop]]@otorret er hé’\ﬁlfb atg%i-ela a{J ﬁrksg%ﬁ‘s h&ﬂtﬁﬂ?gﬁ\ﬁﬁé ﬁ‘?%@ % o the

finally l'eaving t e anal yzer. e teste
i ght path odbth&Smmomemmiﬂ@ﬁ&umhesmto lemd’nsmsutestedamgnmetﬁ M@r@ﬁ/ 027761

PCT/ US02/ 2503 aC| rce to avoi d, an rate refri ngence
effects thatP aﬁ?@@@&‘% lﬂpshj eaﬁqeﬁolﬁe%mé@%ﬁﬁe yr?%ﬁeéﬁéssion vas
measured ovefyd Qx%séfété Rk ?rddugé'&? éd?x?iﬁ&&dé%éﬂ dxrubiBf of R BbYAREster bififedOr | €Nt €d

with its transm ssion ax
by copolymerization of naphthalene d1carboxylate dimethylene terephthalate, and

20  suitable diols in a conventional manner, followed by coating of the film with an
aqueous dispersion of Airvol 425 PVA, available from Air Products and
Chemicals, Allentown, Pennsylvania. The PV A alignment layer was then dried and
then the PV A coated film was heated and stretched to about 6.8 times its original
dimension, in the crossweb direction using a conventional oven and continuous

25  web tentering apparatus to produce surface orientation in the PVA alignment layer.
Examples of such substrates are described in U.S. Patent Nos. 6,096,375;
6,113,811; and 6,111,697. It will be recognized that other transparent substrates
can also be used.

As indicated in some of the following examples, the coated layers were UV

30 cured. This procedure was performed using a 118 watt per cm (300 watt per inch)
Fusion brand conveyer type curing apparatus (Model No. MC-6RQN, Fusion UV
Systems, Inc., Gaithersburg, MD) which was equipped to perform UV curing

27-



optical axis of the quarter wave plate in a direction which produced

maxi mum 5 transm ssion, hereinafter referred to as the pass transm ssion,
and t hen wootds/oetrer anal yzer oriented at 45 in the oppositecdiuseztioon, that
is to say at 90 fromthe origi nal orientation, to produce m nimum

t i i ft t th Th
Hegree of I UHE BREsh amisRhtre; The fouRyershesrpspput e MeRERER ne bl ock
and pass curf@in), Wag tedp adaéwateln@dmc%réabscﬁ@g;reaﬂu@g ikl @timaaditeral 10 si nce

l'ight which is perfectly |inearly polarized as it energes fromthe quarter
wave pl ate expgbue of AbP2Hempl e,  be corrpl et el y bl ocked by the anal yzer,

whi | e unpol ari zed e
orientation of thgogh%yz% SAFH]e %q gglé“ﬂlst {Eereﬁﬁ,ﬁe{h 1n
i ndi cati gn olietbxite(MEKﬁmlﬁﬁdns@Iﬁlxqﬁiﬁe:cﬁsta;bbmlalemhomer PaliccolaSY L€amsland 15 The

substrate for each exampl e wa trans arent film havin t hi ckness of
about 125 i ¥héH P%m?rcfag'GSOIPhc Hé<$44. dothravaHablp ﬁ*tsgd:aoél"?%% | ayer

of Dol yvi IV udicefittn, dekiminy! ﬁhc&ﬁ%ﬁﬁg%@l&g alﬁ&umef CE58 Mapclised y
attached. The substrate was produce nuous vve extrusion of a
copol yest er dlongwith plhytompatbymwmywqa Mthb&tbpﬂ@nﬁe dvaitabbeoasy | at e,

di met hyl ene terephfhalate, and suita SI e diols in a conventiqgnal manner,

fol  oned by Paweihg 1473 fiom marﬁwﬁmano bowitgeland, i MEKs polutionsy) 425
PVA, avy (% ablgrof R Pvhich Qﬁilﬁ%te%o%%jo ggﬁﬁgt&?és,sdneﬁ' !11 a\¥Mito n'f@gﬁl?i% g/ani a.

The PVA alignnment Tayer was then dri e and then t VA coat e m was
heat ed and sby h&m:lhgzhrtddj‘émuw thMneﬂwlvnmslamlzclglhawhg differentsi on in the
crossweb d|re ti.on us onv a oven and canti nuous b
Center | ng applAion Ehae Grcies. Sier SuaioR Eite RePaR 1 PRETAVARYE Tynment
| ayer. Exanples of such substrates are described in U S. Patent Nos.
6,096, 375; 6,113,811; and 6,111,697. It will be recognized that other
transparent substrates can also be USHLEAs indicated in some of the

fol | owi ot es—t] ' _
borformos PRGN, T o) RAROGER bt T ru i BSana ] © e
conveyer type]oerdoMeicaPPRT at us:Zgvbdel | No3 WS oReMidsFugi 00 5% 2G3y%t s,
Inc., Gaithprshurg NMD) which was equilpped to perform{IN curing -27{WO

03/ 027761 PCTIIQQ@QMBB underl%{4 ni trog'eﬁ vt %red pHilse. | Th20.8¥md&Y%r speed
was about 6tl A&?%lbﬂ ||| 1 \LU d,z% S QAT OIARRES ["Ch§ 58985779,C" each

cure, resul [ i mat e ot al
15
In Table I, the term solids includes LC-756, LC-242, and Darocur™ 1173.
The ratios of LC-756:LC-242 are by weight.
20 Comparative Example A

A coating of the 1:24 solution of Table I was applied to the PVA alignment
layer described above by means of a #14 wirewound coating rod, commonly
referred to as a Mayer rod. The #14 Mayer rod produced a liquid coating having a
thickness of 35.6 micrometers. The coated liquid layer was then dried at 66° C for

25 5 minutes, followed by UV cure as described above, under a nitrogen atmosphere.
Optical polarization characteristics were measured in the manner described above,
and the transmission curves are illustrated in Figure 6 as percent transmission vs.

wavelength. In Figure 6, curve 61 is the block transmission, and curve 62 is the
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exposure of about 2J/cnR. Conparative exanples A-D and Exanples 1-2 bel ow
utilized methyl ethyl 5 ketone (MEK) solutions of liquid crystal chiral
nononer Pabidooi7er rm LC- 756 and achiral nonomer Pal i ocol @CTIS225033 bot h
avai | abl e from BASF Corporation of Ludw gshafen, Germany. By conbining
varying amounts _of LC-.756_and LC-24 .4along with photoiniti

a- hydr oxy- a,%ﬁsﬁfrﬁ’ést’?fﬁl%g{tbsp?‘?%gﬂ@, t%g\(}gfqr% %beége ?%X?fréllai‘f@&%%rﬁ Ci ba
Gei gy Corp. @fonBPpofirizatiM $FERE beeh fok WadbikngtBOihhd ARSe ofis5owars80f or med whi ch
could be coated onto substrates, dried, aligned into nesophases b%

heati ng, andnaggmetarethmemicaning that lesslightof po¢ pelatization ithieggeaairegien eht

pol ari zati on,char LSLi: Th Q] Ut r par own in
Tabi e | TABRE RS EReeshEE, R R RS L SRR Py

Sol ut i onls 20{anwiniS&idH fos Olives@arkP6224te Téks proddurivel LihdomtingZrshibstantialbf

sol i ds20.5% 20. 7% 1: 28 Sol utionl: 283 wt. % of solids20.5% 20. 7% 15 I n Tabl e
|, the term ¥Blicapolapaptipnedteciat thase wayelongths. ang Darocur' 1173.  The rati os
of LC-756:LC-242 are by weight. 20 Conparative Exanple A A coating of the
1: 24 solution of Table I was applied to the PVA alignnent |ayer described
above by neans of a #14 w r ewoQouiparmiveExanqdes B@monly referred to as a

Mayer rod. The #14 Mayer rod produced a.liquid coati havi.nqg .a thickness
of 35.6 nicronet efdivigyal o %‘&lggﬂpﬁg‘f"(ﬁl?f?ﬁs‘fl%‘é’ﬁ m%ﬁaﬂ%ﬁ P@bhe_ 66 C for 25
5 minutefy falhawetyRiNmes18yas(dsa el ABsY3RAKE 2 PRVEBradd Riddheen

at nosphere. tical polarization characterisSticS were neasured in the

manner descr advesbl sproyer whiclnwas held at adistanessofaboutul2y Bsinghes framihet rat ed i n

Figure 6 as rcent. t.ransm.ssi VS, wav th igure B, curve 61 is
the bl ock & r IEfREdHRE SRE. Kutdo B HuR g B8l vt stz 25033
pass transni g&efdling iboh Spra@ag distoe ditbd@htdresfepaghghtlewprping gereallpl and 62

that a strong pol arization effect occurs for wavel engths in the range of
550 to 580 paMiied campleisgverage ahthsgukipes: Aflss sprayige thediquiddaysswasi zation in

the gr eeﬁser g%}ic?f;at%f@ th@1§5 }Hir?dt%y, ol RRRE YR ic&ref 1ENS b 9Hovdthddde of this

range, t rences betwee
nitrogen atmosphere. Optical polarization characteristics were measured as

described above. Referring to Figure 7 which illustrates percent transmission vs.
wavelength, transmission curves 72, 73, 74 for the block orientation of the analyzer
was obtained, while the pass curves fell in the general area of the family of curves
20  71. As seen from curves 72, 73,74, while a significant polarization effect is
present, it is limited to reflecting light in the part of the visible spectrum perceived
by the eye as green (1:24 solution of Table I), red (1:28 solution), or blue (1:20
solution), respectively, thereby producing a reduction in transmission in the green,
red, or blue region of the visible spectrum.
25
Example 1
A coating of the 1:28 solution from Table I was applied to the substrate
described above using a Preval brand handheld aerosol sprayer as described in
Comparative Example B. After spraying, the liquid layer was dried at 66° C for 2
30 minutes. A coating of the 1:24 solution from Table I was then applied in a similar
manner, and dried at 66° C for 2 minutes. Finally, a coating of the 1:20 solution

from Table I was applied by spraying in the same manner as the previous layers,
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5 transm ssion for curves 61 and 62 are | ess pronounced, indicating a
substantially smaller polarization effect at these wavel engt hs.

Conpar at iwe oBx2arpl es B-D I ndi vi dual coatings of the threepPsalusoz/esess from
Table | was applied to 10 separate PVA alignnment |ayers (described above)

using a Preval brand hel d aerosol s r. which ) | d_at a di stance
of about 12-20d Oél‘z'ﬁgﬁte@gl%p gﬁ‘r&t‘ﬂ‘éut%ugit?‘?tg{:g{n%ﬂ?& %F&@?Hﬁa%ﬁﬁ ¥&over age
of the sprayed ahdlRe8scrbed §5bved ERRial pilaritBish SHakRYdrREcHEledGSuread

duration of spraying, the spraying generally provided conplete coverage of
t he surf ace.asAlesaribed pbewe, with thdwesulisphown imfignrasasCume §2iiedeat 66C for 5

m nutes, followed by UV, cur as_gescri bed . Ni.f rogen

at nosphere. tﬁi‘éﬁ“&;s§1°¥158ﬁ %‘Fi@%ﬂ%ﬁn ﬁﬁy" owp%ﬁ?ﬁégn%a{r}ggﬁ%ggh% ed as

descri bed alpyuRmidSRhaoF the @ndlPzdrifthe®ads ounedion) | ust r at es per cent

transm ssion vs. wavel ength, transm ssion curves 72, 73, 74 for the bl ock

orientation of the analyzer was obtained, while the pass curves fell in
the general area of the famly of CUE VS l? 71. As seen fromcurves 72,
73,74, while a significant polarization Rffect is present, it is limted
to reflecting |igRicoatingtdfeheh8 seliatibifrom Fabld lewagepptiedito thesubsirated by t he
eye as green_ (1:.24 solution of T Ble 1), . .red (1:28 solution)., or blue (1:20
sol ution), rdespraked; ghave ,uS’tnBérPé%‘S?? ?aﬁeé}é?%ﬁjaaeﬁ%sﬂﬁiﬂr?ﬁﬁ ap ﬂesl"%‘g?f&‘t’i ssion in
the greep, i 1681 Withut in Y&, #PSfink WMhe2B2f¥AmE 1 A
coati ngelof t‘%@qag%vﬁ%)ﬁﬁgn frlomuTa Iegll waisl appl i eg to the substrate
descri bed abfbora Tablerigvas &pdiedlin dsiantir manodrefolowed by elspryedigeatingof thescr i bed

in Conparat] anpl.e f Sprayi the |iguid.layer,was (ried at

66C for 2 30{ :1)4& ﬁ‘ﬁ?‘%&whﬂn&fgﬁi If*ugfh(‘?f‘:%f’ﬁé‘erilgézyfrss‘g?rﬁttﬁ%hcg?erd%%%‘a%?%rf was t hen
applied i n anfjufdsladl UVBREEhs dRHLEH dRde BptRal foldrddatidn Bhdradtassticki nal 1y, a
coating of the 1:20 solution from Table |I was applied by spraying in the

sane nanner weretheasyiedws dessribedahoye, witlotheeesolis shomrsin Fogare 956 3 and

dried at,66C,for 2 m.nutes. After i . i t hiuned | ayers
wer e U\}fuﬁgﬁ &2“‘&‘8%‘&?"63‘6" %ﬁb&gr.ﬁ' ?f’f(?g? B%%ft%t?%dicgﬁl % g? gﬂc%t eristics
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Curve 82 is the transm ssion_ for the analg/zetr an thel\1 bl ock..or]j enﬁati on and
curve 81 is efifdgure 9 differs significantly from curve 82 of Figure 8, thereby indicating that

the drying sequence for the coatings can have a significant effect on the optical

polarization characteristics of the coatings.
20
Example 3
A first solution, solution 1, was formed by dissolving 2.8 parts by weight of
LC-756, 17.2 parts by weight of LC-242, and 0.2 parts by weight of thermally
activated initiator 2,2’-azobis(2,4-dimethylvaleronitrile), available as VAZO 52
25  from Du Pont Company, Wilmington, Delaware, in 79.8 parts by weight of
tetrahydrofuran (THF). A second solution, solution 2, having a different ratio of
LC-756 to LC-242, was formed by dissolving 4.8 parts by weight of LC-756, 15.2
parts by weight of LC-242, and 0.2 parts by weight of VAZO 52 in 79.8 parts by
weight of THF. Each of these solutions were polymerized at 60° C for 14 hours,
30 and then diluted with THF to produce solutions having a solids content of 10%
each. Solution 1 was sprayed, using a Preval brand hand aerosol sprayer held at a

distance of about 18”, onto a PVA alignment layer of the type described above and
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5 transm ssion for the analyzer in the pass orientation. Exanple 2 A
coating of the 1:28 solution fromTable | was applied to the substrate
descri bedwalwower7esi ng a Preval brand handhel d aerosol spragarvsag2zaescri bed
in 10 Conparative Exanple B. Wthout dryi ng this Iayer a coati ng of the
1: 24 solution fromTable | was applied in a_sim|ar tﬁ?ollo d by a

sprayed coatallagefo Rdry af roam SIPRATHBES- PoBorYes then SPr’i%V S&HF’ yers
were then dnjed o?&ol@t@orﬁlagﬁd alfowdditf 'dfr%r eoWeﬁHér@ﬁr@ST he €8mbink&d above

Opti cal pol ar| zation racteristics nmeasured as descri bed above,
w th the reslayetrswsiwhmhemdaltguﬂ@@forthﬂrmmu&zanéallﬁwdﬁtecpohr@pﬂogbl on for the

anal yzer int bl.ock orient.ation ve 91 i.s trans sion for the
anal yzer in Wﬁ%@zﬁﬁ%éﬁr‘?"é‘?ﬂsﬁq WHE® t?sge%n%e ‘5‘%“9?598%"??\%@“&\7@1 of Figure
9 differg S'rgéw&'sﬁ@% h'VF e itfe B ﬁtfrtrEysQHé GasmibdiG WM thethabatl ng t hat
t he dryi ng sequence f he coatings can have a significant effect on the

optical polinthezsss onerltttmimd@iur\@tlloésmﬁfawﬁﬁ e 193, WlﬁothEﬂa#W% B A first

20 U 0n SShiio bt TR R B ol O ©

thermal Iy  geldrizatieseff&td é@h@éve? aZclafivapiagelpottion oBthbylsitide epse@trumr ile),
avai |l abl e as VAZO 52 25 from Du Pont Conpany, W/I m ngton, Delaware, in 79.8

parts by weight of tetrahydrofuran (THF) A second sol ution, solution 2,
havi ng 40 different ratio of LC—7561;f 442, was forned by dissolving 4.8
parts by WEI ght of LC- 756, 15.2 partis wel ght of LGC-242, and 0.2 parts
by wei ght of VAZQA baatabile Eﬁm&lqmwassprbpa:ed/\b:y gllssolmhg L1];¢ > grﬁas:hf bE-hasd

sol uti ons were pol at. 60 C for e |Iuted wth
THE to proddb2l g@ﬂétqféég‘ﬂ%% 10,0 grams of trira QS‘?O{P@H%“ éﬁ{lﬁo&o tg’é UUeR| ytion 1
was spr ay6d’wéksth919a@deﬁ ()‘?()‘Sa%raﬂg %P&eﬁﬁprcﬂf‘éﬁb’?@klﬁﬂ%ﬁﬁ@r&léﬂ@|ada119dbleaas di stance

of about 18", onto a al i gnnent | ayer the type descri bed above and
30 WD 03/ 02MPEM- mmsaﬁmz&ssmckaymue,tbdmalanddmlatnarqsotmttwnﬂer ature.

Dlu oL s SR P s i M R |0
115 C for 10s"TripéneR el C30 feweAkiONEE) |Cheﬂkialsﬁl@b Chicago, Illinois, was

then added, in the amount of 0.2 grams, to the solution. Polymerization was

carried out at 70° C for 8 hours. A portion of the THF was then evaporated to

bring the weight of the solution down to about 5 grams. Water, in the amount of

20  10.0 grams, was then added to the solution, with stirring. This produced a

moderately stable emulsion, which was then coated onto the PVA alignment layer

described above, using a #14 wirewound Mayer rod. The coating was heated to

120° C for a time sufficient to align the layer, and the optical polarization

characteristics were tested as described above. Examples 4-10 illustrate the use of

25  aplasticizing monomer in forming cholesteric liquid crystal polymers.

Example S
A coatable emulsion was prepared by dissolving 0.09 grams of LC-756 and
0.91 grams of LC-242 in 10.0 grams of tetrahydrofuran (THF). To this solution
30 was then added up to 20 wt% (e.g., 5 wt.%, 10wt.%, and 20 wt.%) of poly(ethylene
glycol)(100)monoacrylate, available from Polysciences, Inc., Warrington,

Pennsylvania. Trigonox™ 21-C50 was then added, in the amount of 0.2 grams, to
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pol ari zation characteristics were tested in the manner described above,
with the 5 results shown in Figure 10. Curve 101 portrays the transm ssion
with the woaBywzersl in the pass orientation and curve 102 pomtusay2sodhe
transm ssion with the analyzer in the block orientation. is seen from

|t
the differenges twe the curves that olakizatLon effects oceglUr over a
rel atively I@PG%I% oMt F@Wn&flzaﬁlr‘?é‘ v@'ﬁsé’fﬂeg °§B%‘cﬁ’? S,anér? BRa %‘S‘a“ ﬂfﬂjgat abl e
emul si on wasTHFeRRItksh dVypétia®aOlo\bring ths WeigHf ithe lutidar dovéh ®Wbous 91 grams of
LC-242 in 10.0 grans of tetrahydro uran (THF). To this solution was then

added 0.05 ggtams. dYatereidg ywonytcafif0,gramy.eastthen 3ddsd o thesalutian| withys

MPEM 12 fro L AXrd i r . ipit] r..t.ert-butyl

15 peroxy- ZEQ é&h%hgﬂ%g f)oéitugg f%gjéaé%{’%}g%?%{gf%hf%q’f Wﬁ%&o‘ﬁseég gge?rioﬁteortgl spirits,

avai | abl & aBVAralgamentlbyct Hescoridedl abomeAlsing dNtildalirdhamdMbyer kéd: . TheChi cago,
mount ranms, to the, solution.

Illinois, was .then adde in, the of 0.2 ¢
Pol yner i zat i SHiRgYas Beird tod 290 F fat ?szl@t?sotp agglﬁmlgy,ewﬁdm PRIFALE the THE
was then evap&ma%gnmaraaéﬁﬁg?aggeefgwmdégzﬁﬁéa%%%.ut' on down to about 5

grans. Water, I n the anount o .0 grans, was then added to the

solution, with stirring. This produced a noderately stable enul sion, which
was then coated onto the PVA align t |aye descri bed above, using a #14
wi rewound Mayer rod. The coating was ﬁ%‘ﬁ%&’rto 120 C for a tinme sufficient

to aligmghe |ayep,coatapleteiful Aot Wadprepited@ by ankdl0mg OC k F LEL7I5Sander €
tested as descri bed above. Exanples 4-10 illustrate the use of 25 a

pl asti ci zi ng0-Ad seams ofiLC-LH2 i ergised tetrahydiofugan (THEF)y To dhis selutiomr s .

Exanple 5 A i i | RY: ans of

CC 756 and - BRI D @Bl B lBS TR M aoRle Te VAT 20 1
t hi s sol uti oQ05@Wasvientatiésd, adihe dmopnt of D grahty) toeh@solutionMPdlymeriZatbn % and 20

N .

Pol ybcl enbas fieh carpad Rt I0nC OB AR Saron SAhg SABR B 50 was ¢ hen
added, ifx th it : 5 033 the
sol uti onl.nj Po ;?Eea}r%iwzaé%oio%rhr%v\tgesq% r r|0fe ggﬁltgégty\@%‘gﬂé)o or@%gﬁﬂsjf :&Q%\"glgrti on of
the THE wasththemustafdhgrans, was then adfet] e thesobtion owith kteriegl Thison down to

about 5 grans. ter,.in th mount. of 10 0 grans, s then ed to the
20 uti on, “w PRucEd gty Ao B B o HEPepy e but 5 BN BYen. v ch
was coated ofdseribdiabove, using a #14 wirewound Mayer rod. The coating was heated to

120° C for a time sufficient to align the layer, and the optical polarization

20  characteristics were tested as described above.

Example 7
A coatable emulsion was prepared by dissolving 0.05 grams of LC-756 and

0.95 grams of LC-242 in 10.0 grams of tetrahydrofuran (THF). To this solution

25  was then added 0.05 grams of polyethylene glycol monoacrylate. Trigonox ™ 21-
C50 was then added, in the amount of 0.2 grams, to the solution. Polymerization
was then carried out at 70° C for 8 hours. A portion of the THF was then
evaporated, to bring the weight of the solution down to about 5 grams. Water, in
the amount of 10.0 grams, was then added to the solution with stirring. This

30 produced a moderately stable emulsion, which was then coated onto the PVA layer

described hereinabove, using a #14 wirewound Mayer rod. The coating was
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5 PVA alignnment |ayer described above using a #14 w rewound Mayer rod. The
coating was heated to 120 C for 10 mnutes to align the layer, and the
optical wolmanezati on characteristics were tested as descrPChaboakwse.
Exanpl e 6 10 A coat abl e enul si on was prepared by dissol vi ng 0.05 grans of

LC 756 and f LC-242..in of te ofura THF). To
this soluti 01?'F ?‘“\%g 125‘3@ Olp thige quﬁgznétp M%ﬁgbﬁ% ‘6?9%/ ?f’g’é’ | ate.
Trigonox' m %m%sﬁ%w&ﬂé&&t&ﬂﬁ%scﬂﬂ@dtab@veamunt of 0.2 grams to the
solution. Polynerization was then carried out at 70 C for 8 hours. A
portion of the THE was then 15 evaporated, to bring the weight of the

sol ution down to about 5 grans. V\ateﬁ inl he amount of 10.0 grans, was
then added to the solution, with sti %‘?'HB his produced a noderately

stabl e ersul si on, Mkbgfabl@muliieNwadpiepsted BY diskd10ing\00I @i of UESTI6 dd above,
using a #14 w r ewound Mag rod. The coat! ngr@was heated to, 120 C for a

time suffici @Rl sramsafildrr2éhin 10,0 svamsof detrahudigfirar GHK) | Ba thissoiwionoo
characteri st ggn% ?@H} oat abl e

enul si on vvas%%srstg\égégﬁﬁ |sss(1f$8§'g{hgté81gg§g8¥r§0005§ %&y 6&3{: 0.95 grans of
LC 242 in 10mOngnethscrelatd, evailahledrooh Bokysci¢ndesInc. Warlrﬂng'smsbémisyl&am% was t hen
added 0. 05 grans .of thyl en nonoa ate. Tri go "t 21- C50
was t hen add‘%ﬂ‘mflﬁof’%%ﬁvﬁnwaﬁ?d‘%d gﬁﬁé‘ﬁ?m{@r(ﬁugwtﬁﬁw utiog: yeri zat i on
was thenc arPél?HﬁeHi‘étwﬁtwamh& d@ieold (a%@’ C ﬁ:rl%q{ohirso 5 N BBrtfoH%f fitdErms then
evaporated, to"bring the V\Blgnt of the solution down to about 5 grans.

Water, in twes @nmampogﬁtect.@o m@n&velgmgf thesalutigd dawndo abaut S@rams.on wi t h

stirri ng. T oduce ately.sta was t hen
coat ed ont o PectaoRRe EHH of LOBRFHEL Sl g B0 S0 Rion Wb S B wouna
Mayer rod. Tiigispestfucédla Wderafely MIQBﬁﬁ&Yo}@%RGRMdSH& &ﬁ%ﬂ?od&eﬁie&dmo 120 C
for a tinme sufficient to align the |ayer, and the optical polarization

char act er i st layer dessrabedabpvsy using add 6 wirsaguas Mayer Ef@arﬁlﬁpé’o@l% Wscl&ﬁteébl e

enul si o r r or0- 91 grams of
G 242”11 10100 280 &8s e iont Al P12 opffed pBlsPRMtion - ©LL 2" P
added 0. 2 grehamactdrisficd wetehydtahes dghoribetl @¥20) nononet hyl et her

Example 9
A coatable emulsion was prepared in a manner similar to that of Example
20 8 by first dissolving 0.09 grams of LC-756 and 0.91 grams of LC-242 in 10.0
grams of tetrahydrofuran (THF). To this solution was then added 0.4 grams,
rather than the 0.2 grams used in Example 8, of polyethylene
glycol(1000)monomethylether monomethacrylate. An initiator, VAZO 52, was
then added, in the amount of 0.2 grams, to the solution. Polymerization was then
25  carried out at 60° C for 8 hours. A portion of the THF was then evaporated, to
bring the weight of the solution down to about 5 grams. Water, in the amount of
10.0 grams, was then added to the solution with stirring. This produced a
moderately stable emulsion, which was then coated onto the PV A layer described
hereinabove, using a #14 wirewound Mayer rod. The coating was heated to 120° C
30 for a time sufficient to align the layer, and the optical polarization characteristics

were tested as described above.
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nmononet hacryl ate, avail able from Pol ysci ences Inc., Varrington,

Pennsyl vania. An initiator, VAZO 52, was added in the anmount of 0.2 grans
to the sowota3ori7610 Pol yneri zation was then carried out atrCGUSG2bzms3 8
hours. A portion of the THE was then evaporated, to bring the weight of
the solution down to about 5 grans. V\atelr in the amount of 10.0 grans,
was then added to the solution with X3P  Thi's produced a roderately

stabl e enul si on, moahbmmﬁ&mmgﬁﬁe@ﬁkearbwigsm@m glaP T 14356 aed above,
using a #14 w_.rewound M rod. The coatl n% was heated 15 to 120 C for a

er !
time suffici &Aterams of Lgr4e i 99 grams of feferhydrolwpr (HAF). pieselutianivas
characteri st} et b . oat abl e
enul si on vvashgsr%ggg{@ lﬁﬁé%qﬂgggéei?&géérrﬁ ﬁ%rﬁﬁé%gﬁ'ﬁlgm?g gegﬁlpé 8{S 20 8 by first
di ssol vi gy OTAforwx&a10f50L4ad tadsctigbrOwThegtedn® aut 6CCdatilithe ddkid® gr ans  of
t et rahydr of ur an (TI-;(%. To this solution was then added 0.4 grans, rather
than the 0. 2cqmplgehidisselved, forming asteck mengagrselutignene
gl ycol (1000) nono : AT 2, was
t hen added, in tggﬁ%%ﬁ%{]&éﬁerﬁggb%%%%s%ﬁk‘%&?ﬁg@\ Q‘ﬁ%%%o’ﬁ&%ﬁ%%ﬁogati on was
t hen 25 car Anethomut of2 w% ©Ghitmn & Shaethscryldxpmopylarimethokipslafie}E was t hen

Wit or i 1 rvaiRplamn g CHeRgil Lo RoeleBeh skl oBh. o HABSS edtion wi i 1

stirringyo ThighRANAYRE Erd vidTRIRNRH Ol Y 1RtseBird VAU 4 Yha heMfqt hen
coated onto the PVA | ayer described ~ herei nabove, using a #14 w rewound

Mayer rod. Thiel ocivedh6 gnwdelymessization wasithen cargied patrat about ®6° €Ubf 8 bowst t o
align the | ayer nd t.he. optical polarizatieon characteristi.cs, were tested
as descri bedxgﬁa’/cgym%?ﬁ% ﬁ%tfb’?fg%imﬁép%égﬁaé%g? %%F‘r%}eg(i‘l@% coat abl e
emul si on wassdlitegiew el styingl ASehivikiod withabetuesHt.9§ sdlids Wab takef anddip 9r ans of
LC-242 in 90 grans of tetrahydrofuran (THF). The sol ution was | ushed with
ni trogen to e9aikd orix ¢ glass nmigrosoepe slide andithen dited- added 1 g of 5 Tri gonoxTm
21C-50 aﬁj the solution was heated to about 60C until the solids

conpl etel’y dissolved, formng a stock nonomer solution. Three vials were

prepared containing 15 g of the stodixamplemer solution. An anmount of 2

wt . % sol uti on of 3-nethacryl axypropyl trinmethoxysil ane,
° coatagﬁ‘e e uls(?logl evas g%épared by dESSOl)\(’I};lg 18.2 grams of Compound

0o
S aaa®a

20 Compound A
and 1.8 grams of LC-756 in 80 grams of tetrahydrofuran (THF) and heated to

A

about 60°C to obtain a clear solution. Compound A can be prepared as described
in European Patent Application Publication No. 834754. The solution was flushed
with nitrogen to expel oxygen. The solution was cooled and then 2 g of

25  Trigonox ™ 21C-50 was added to form a stock monomer solution.

A vial was prepared containing 20 g of the stock monomer solution. An
amount of 0.5 g of a 10% solution of methoxypolyethoxy-12 methacrylate (Bimax
Chemicals LTD., Cockeysville, Maryland) in THF was added to the vial. Carbon
tetrabromide (3g of a 5% solution in THF) was also added and mixed in the vial.

30 Polymerization was then carried out at about 60° C for at least 18 hours. After
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avai l able form United Chem cal Technol ogies, Bristol, PA in THE was added
to 10 each vial. The first vial received 2 g, the second vial received 4 g,
and the tworod/o2wsml received 6 g. Polynerization was thenPcarusopesosdt at
about 65 C for 8 hours. After polynerization, water in the amunt of 15
grans was then added to the solution with stirrin A emul sion w th about
5 w.%soli leymmztaabn,rpoay(dthdlepe Omda)selduryﬂmthela(agmaﬂgée M BUCDIHNB sl ide and

t hen dri ed. nmul,si,o R sol vi ng
18:2 grams oRRBERGORRFIACeNMD BBt A S e SR ECbfia SR =P, Ve
grams of tetyahide@idpravided hi?):mambnhﬂatceﬂtamd 13bveti% s@tﬁt@ and 2o7owa%1 a clear
sol ution. Conpound A can be prepared_as describe Patent

d
Appl i cati on mjﬂbﬂwhﬂtnﬁ@ﬁldl%s laggy pther. Threergulsioniwag %17§§ @Ea °na ni trogen
to expel Oxygen. led and then 2 g of 25 TrlgonoxTntzl
C- 50 was ad ﬁssr%lct %Slﬁh% mﬁ%ﬁ%ﬁ@r sol utlon A vial was prepared
containing 20 g of the st ock nononer sol ution. anmount of 0.5 g of a 10%
sol ution of nethoxypol yet hoxy-12 mé‘g@gﬂ}i g&e (BI max Chem cals LTD.,
Cockeysville, Mryland) in THE was §0“the vial. Carbon tetrabrom de

(3g of a 5% sol UtA%'aﬁfaﬂle-@ﬁlﬁl)lslma?#réﬁar@&jg?ﬁlsé’dldlng'm@dgrhtﬁs bh€ottipalind 30

Pol yneri zati on was then carried out at about 60 for at | east 18 hours.
After -34 WM, wﬁbﬂﬁﬁﬁﬁﬁxﬁﬁﬁlwaﬂQSQ@alpﬁ)b@h@ﬂﬁéamBQ)Efantﬁcﬂfy( et hyl ene

o | vankold Ve aléxeéfagﬁmfp GV i b oy SR Cp §Painty ebriduiidiinge,
provi ded an %3% td Wtﬁtrﬁtkdg%g td-xpM o%’%%ﬁ' Te8 salifor’wds ¥8oléd and

pol y(et hyI ene oXl| de aur et her. The sion was taken_and di p coated
onto a 5 gl &es 2y afi Prigoope’ Ii(béomaddﬂéﬁoﬁmstoﬁmﬁm@efl@ Wiodoat abl e

| si di bed i
Bampl o 11, and LA gt oG 26 s Yy OBk i, AGecri bed 1n

amount of 0.5 g of a 10% solution of lauryl methacrylate (Aldrich Chemical Co.,
15  Milwaukee, WI) in THF was added to the vial. Carbon tetrabromide (3g of a 5%
solution in THF) was also added and mixed in the vial. Polymerization was then
carried out at about 60° C for at least 18 hours. After polymerization,
poly(ethylene oxide)ss lauryl ether and a 1:1 mixture of ethyl acetate:isopropanol
was added to provided an emulsion that contained 13 wt.% solids and 10 wt.%
20  poly(ethylene oxide);s lauryl ether. The emulsion was taken and dip coated onto a

glass microscope slide and then dried.

The present invention should not be considered limited to the particular
examples described above, but rather should be understood to cover all aspects of
25  the invention as fairly set out in the attached claims. Various modifications,
equivalent processes, as well as numerous structures to which the present invention
may be applicable will be readily apparent to those of skill in the art to which the

present invention is directed upon review of the instant specification.

30
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10 tetrahydrofuran (THF) and heated to about 60C to obtain a clear
solution. The solution was flushed with nitrogen to expel oxygen. The

sol uti on wespoobed and then 2 g of TrigonoxTM 21C-50 wa®cCadibez23063 f orm a
stock nononer solution. A vial was prepared containing 20 g of the stock
nmonomner sol u{v f 0.5 g of a 10% sol ution of lauryl

nmet hacr yl at * Co., 15 MIwaukee, W) in THE was added to
the vial. Carbon tetrabrom de (3g of a 5% solution in THF) was al so added
and mixed in the vial. Polynerization was then carried out at about 60 C
for at |eastl.18 hbamtlcﬂiﬁpé}’, coulpyidmel zat i on, pol y(et hyl ene oxi de)35 | auryl

e L e B GBS AR AL p e iy 0, oot 0o

oxi de) 35 3 augrybtabinbetial; ai¢ emul si on was taken and dip coated onto a glass
m croscope slide and then dried. The present invention should not. be

consi dered |initedto %H@OBQP}EQIE%?%IWU&%PE@”GE%HPFB’@&% gure Witk 1 at her
shoul d be un I fairly set
shoul 4 be_unErhang dra:aRRGIA) knasRtGs Frpluduhiq Y Atk oRuaRal 311
as wel | as nbaser piteh thatnsidifferens thao thehiecond dholgsteais diqnidi anystaitmaserialmay be

applicable will be readily apparent to those of skill in the art to which
the present invention is directed upon review of the instant

speci ficpyiop. 30ThSeptie Qédﬂifﬁa@ﬂa 1P whetdiPite 22 partidiii hal SafhviirddeD |1S: 1
An optical body, conprising: Q%) a pI urality of first particles conprisi ng

a first chol diemsterin thedengs of 9.Q5rymtad pmat erial ; and (b) a second
cholesteric liquid crystal naterial formng a structure with the plurality
of first particles, wherein the first cholesteric liquid crystal materi al
has a pitch 8hat The éptidabb&ditofichdm 1It, bhefeiicthedecndIchslestetic liquid ehdtatr yst al
material. 10 2. The optical body of claiml, wherein the first particles
have an averﬁ’@@nahisélﬂﬁ’%ﬁdqsﬁﬁlvféllwa?fééc%ﬂp@“tﬁ’?sm to 5 gm 3. The optical
body of g4 aim1, wherein the second cholesteric liquid crystal material is
di sposed as a plurality of second particles. 15

4, The optical body of claim 1, wherein the plurality of first particles are

dispersed in a matrix comprising the second cholesteric liquid crystal material.

S. The optical body of claim 1, wherein the first cholesteric liquid crystal
20  material comprises a reaction product of first chiral monomers and first achiral

monomers.

6. The optical body of claim 5, wherein the second cholesteric liquid crystal
material comprises a reaction product of the first chiral monomers and the first
25  achiral monomers in a different ratio than the first cholesteric liquid crystal

material.

7. The optical body of claim 5, wherein the second cholesteric liquid crystal
material comprises a reaction product of second chiral monomers and second
30 achiral monomers, wherein the second chiral monomers are different than the first

chiral monomers.
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4. The optical body of claim1, wherein the plurality of first particles
are dispersed in a matrix conprising the second cholesteric |iquid crystal
mat er i al .wB.03/0t6ppti cal body of claim1l, wherein the fir®CTais0/2W82ric
liquid crystal 20 material conprises a reaction product of first chiral

nmononers and,first, achiral noner.s. .6. . The .optjcal body .of c|aimb5,
wherein the %‘econﬂhh%?ﬁtl}cég?%iry{z)gcfﬁ"&}i’ Fhereln 8Iﬁr& ﬁhing?tF%‘f ﬁ%ﬂ piSLaZs a
reaction pr ogldtiabDdonipties 4 Fdakbtisiprodict B0 AR ERiSal Mbhohdees, First aEhidd achi r al
nononers in a different ratio than the first cholesteric liquid crystal

material . 7. mPpemest Indplasisipnganondmgten 5, wherei n the second chol esteric
liquid crystal material conprises a reaction product of second chiral
nononmers and second 30 achiral nononers, wherein the second chiral nononers
are differeng. thathd bstichl bady of chiithél, wierembe Structtie cdfpbisésGharéGhan one

PCT/ US02/ 25033 8. The optical body of claiml1, wherein the first

chol esteric F‘V?fui d crystal nmaterial conprises a reaction product of first
chiral nmonomers, first achiral nononers, and plasticizing nononers. 5 9.
The optical body of claiml1l, wherein the structure conprises nore than one
| ayer. 10. Th& opTheeptidabbdyaff ctiimi%wherenhtbe dirst cholesteric Bquidanistadt eri ¢

liquid crystal, .mpterial .i.s di sposed.j.n first layer of .the structure and
t he second CWSTGE'EF— léﬁfsgosefdnlaglﬁf}ﬁﬁeé P%}@Fﬁﬁuﬁﬁfeeaf’ldéﬁy?%mﬁ{ %&?@e&ci n a second
layer of 1@ heligdid eBstal thatekibl is Hiposydtih@akcdiddyyepbf theatritthre. Wherei n t he

optical body reflects light having a spectral width of at |east 200 nm 15

12. The optical body of claiml, wherein the particles of the first

chol st or i & Hrqu e S8 Bay Bl VAGEPREEHELY bodl fepkiag gt il ™, *econe

further conpskpdctigl widthof 1 led0dstneric liquid 20 crystal naterial disposed
in the structure, wherein the third cholesteric liquid crystal material has
a different pitch than the first and second liquid crystal nmaterials. 14.

The optigal ppdy he Ghitalbddd of MiEha, Whbfiin 1B phicRRQF BRIURS! Goldsiticd crystal
liquid crystal material are partially diffused with the second cholesteric liquid

crystal material.

13.  The optical body of claim 1, further comprising a third cholesteric liquid
20  crystal material disposed in the structure, wherein the third cholesteric liquid
crystal material has a different pitch than the first and second liquid crystal

materials.

14.  The optical body of claim 13, wherein the third cholesteric liquid crystal
25  material is disposed as a plurality of third particles.

15.  The optical body of claim 14, wherein the second and third cholesteric
liquid crystal materials are disposed as a plurality of second and third particles,
respectively.

30
16.  The optical body of claim 15, wherein the first and third particles are

dispersed in a matrix comprising the second cholesteric liquid crystal material.
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25 material is disposed as a plurality of third particles. 15. The opti cal
body of claim 14, wherein the second and third cholesteric Iliquid crystal
mat er i al swares/odizsposed as a plurality of second and thirdpPoaruSozbsss3
respectively. 30 16. The optical body of claim15, wherein the first and
third particles are dispersed in a matrix conprising the second
cholesteric liquid crystal material. -37 WD 03/027761 PCT/ US02/ 25033 17.

The optical ppdy Dhe shtraMody OMBiAI 1N whbrelPAIéasOOR 6tithd ARt hhd scodd second
cholesteric liquid crystal materials is a polyner conprising surfactant

comononer  u¢liolesters lingidrerystal raeterigle ispoplymereqomnsising syt faefant cemonometr al i ty
of first parﬁl;j%l es conprising a first cholesteric liquid crystal material;
and (b) a second cholesteric liquid crystal material form ng a structure
with 10the plurality of first particles, wherein the first cholesteric
liquid crystal materjal, has g pitch that is different than the second

chol esteric F-qui @ reflsedive pOREERSORIPTISG:  An optical display, conprising: a
reflective polariger c {154 j i §1cles
conprising a fi rsé?cho? stdelﬁl ggﬁ%?%ﬁgegﬁﬁéﬁsﬁﬂgnigg?F%({I?&%cdlaﬁg(; a second
chol esteri c trysfal materiglsad material forming a structure with the plurality

of first particle wherein . the first cholesteric iquid crystal.ateri al
has a pitch that &’Q di??eézf’aqﬁh‘ﬁ?%‘ﬁlctﬁ%" HIYRLmIET ]‘ntj8fr&'§’lgé1rsilc'rb‘xﬁufeqmt crystal
mat eri al 10 20the Pr@alplof Giddt peitiRls 2¥h&@EinGhefifst diblesteHcl IRid &95MRI haterigl a | i ght
source. 21. A nethod of naking an optical body, the nmethod conprising: 25
(a) di sposi neascrpitchdhasds differenhthon theserend cholesieris diqpidrarystalenaterétpri si ng a
first cholesteric liquid crystal conposition; (b) disposing on the
substrate a second cholesteric liquid crystal

19.  An optical display, comprising:
a reflective polarizer comprising
15 (a) a plurality of first particles comprising a first cholesteric
liquid crystal material; and
(b)  asecond cholesteric liquid crystal material forming a
structure with the plurality of first particles, wherein the first cholesteric
liquid crystal material has a pitch that is different than the second

20 cholesteric liquid crystal material.
20.  The optical display of claim 19, further comprising a light source.

21. A method of making an optical body, the method comprising:
25 (a) disposing on a substrate a plurality of first particles comprising a
first cholesteric liquid crystal composition;

(b)  disposing on the substrate a second cholesteric liquid crystal
composition to form a structure with the first cholesteric liquid crystal
composition; and

30 (c) converting the first and second cholesteric liquid crystal

compositions into first and second cholesteric liquid crystal materials, respectively,
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conposition to forma structure with the first cholesteric liquid crystal
conposition; and 30 (c) converting the first and second chol esteric liquid
crystal wompmsi7wions into first and second chol esteric | ipquiwboze3nss al
materials, respectively, -38 WD 03/027761 PCT/ US02/ 25033 wherein the first

TR s e B R e
plurality ofsetbﬁ@ﬁqlﬂgeggsgallgﬁfe}ﬁl.conpri ses disposing the plurality of first

particles using a coati'ng technique selected fromspray coating, rod
coating, slide coating, curtain coating, extrusion coating, and

conbi nati ons,4 her he. cl.aj. , el IS inhg on the
substrate a 2sie'conglqél%lec 8I°£§§Ienrlrr|§l(i:’ |e(5§|L(§1? S(Pr%!f}g% gl}]e pé‘\g%gé’s?ﬁ’g‘n" agtgcﬁmé@sri ses

di sposi ng t heorssrisesn dispoudhgtie hirslity ©f AR paiticRs usiay AGostinpoaéhniguet echni que
selected fromspray coating, rod coating, slide coating, curtain coating,
ext rusi on cosl§otRg oM APTay eBRting: radrioating slidg coating, cprainfopfing exfusioni m 21,

wherei n di Sppo%itiﬁg, éﬁﬁ_c%ﬁﬁir&'ﬁgﬁstﬂh@fe&? he second 15 cholesteric liquid crystal
conposition occurs sinultaneously with disposing on the substrate the

first particles of the first.cholesteric liquid crystal conposition. 25.
The nmet hod of, cl atn 21 rein,.di sposi the plurality of firgt particles
2nd di sposi ntp+t heTBbaEhaden skt el FReHinathpeS e b e ubeaasedonl conpr i ses
20 di spogy NGchHlestdiR 1RfuRBéHy b EcoliRsitioh 8bmPASdsididp8sing thetB€orfd dhvlesiehig! esteric
liquid crystal conposition in a matrix conprising the second chol esteric

liquid crystesmpasginposing ageatingtechmigunsslastrd fodm spray soatng, widegoating,di sposi ng
the second chgleatl & LkAubslin20 ALNS( LG OTRISIERANSRTRELSES di SPOSi ng

on the substrate drality >Second pa es conprising e second
cholesteric liquid crystal conposition. 27. The nethod of claim 21, further
conprising disposing a_ third cholesteric. liquid crystal conposition to

form a structhre Whemethed of clagn 2} herein shigposing B dhecsubstrate theisgeand cr yst al
conposi tj:ons i i | LG gl Iy ption is
convert ef in hc?%a}’?e{ il%ﬁc{‘%ﬁcﬁ%ﬁo&p&%ﬁgﬁ%&é{ré%ﬁﬂ tgﬁéé)\% ﬁg}% g{ %:S ThEd Q[?'gr ent
t han t he pi t aibswite theefifkt paticlenaf the fiest dhalbsdreslirid cryktabeomipasitiont al
materials. -39 :

25.  The method of claim 21, wherein disposing the plurality of first particles

and disposing the second cholesteric liquid crystal composition comprises

20  disposing on the substrate the first particles of the first cholesteric liquid crystal
composition in a matrix comprising the second cholesteric liquid crystal

composition.

26.  The method of claim 21, wherein disposing the second cholesteric liquid
25  crystal composition comprises disposing on the substrate a plurality of second

particles comprising the second cholesteric liquid crystal composition.

27.  The method of claim 21, further comprising disposing a third cholesteric

liquid crystal composition to form a structure with the first and second cholesteric
30  liquid crystal compositions, wherein the third cholesteric liquid crystal

composition is converted into a third liquid crystal material having a pitch different

than the pitch of the first and second cholesteric liquid crystal materials.
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WD 03/ 027761 PCT/ US02/ 25033 28. The nethod of claim 21, wherein the
structure has nore than one layer. 29. The nmethod of claim 21, further
conpri si ngolemeizag the first and second 5 cholesteric |i qardsor/y®sal
conpositions to produce diffusion between the first and second chol esteric
liquid crystal conmpositions. 30. The nethod of claim21, further conprising
heating the first and second cholesteric liquid crystal naterials to
produce diffysio i EGANch i lquid
crystal naté¥?a|nggﬁ&ﬁﬁﬁgfﬁ%?ﬂ%%%gFﬁ§€2%%?§1, whgﬁgﬁhgg%gﬁtggkhone of the
first and second cholesteric liquid crystal conpositions conprises chiral

onomers, noib-. ¢ hl'fh%l metilr([))ci1 8%[&% 216: Slrtﬁel% rcgr%%}'xgilqé hgﬁmn%qgengrré andl sSecond
5  cholesteric liquid crystal compositions to produce diffusion between the first and

second cholesteric liquid crystal compositions.

30. The method of claim 21, further comprising heating the first and second
cholesteric liquid crystal materials to produce diffusion between the first and

10  second cholesteric liquid crystal materials.

31.  The method of claim 21, wherein at least one of the first and second
cholesteric liquid crystal compositions comprises chiral monomers, non-chiral
monomers, and surfactant comonomers.

15
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