WO 03/ 027761 PCT/ US02/ 25033 CHOLESTERI C LI QUI D CRYSTAL OPTI CAL BODI ES AND
METHODS 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)

?i splays, where light is provid ﬂ:lé Bf’fﬂetiﬁ%ﬂ} ot he display panel, and
rontlit (e.g., reflective) di spg'ays'—vvrrere—&'g,_ ht is prpw.ded 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 a&%ﬂﬁ e ih{<Rrioh ¥Bhkald @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 zers,
articl es;cong ahfli 38 &AfmpRP hh&d'dik YhESmartidfls BELHE USad brighi Mbidntdigheki 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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WD 03/ 027761 PCT/ USO02/ 25033 the sane. In addition, the invention rel ates
to optical bodies containing cholesteric 1liquid 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

Geser pti on 64 SRS GEOEHBUTHENFS B MEREs TR H! e BOREBLETEI wi th ¢ he
acconpanyi ng 141, -PAS mAtBridfhas B 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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-2 WD 03/027761 PCT/ US02/ 25033 Figure 1A is a schematic cross-sectional
view of an optical body having a structure containing particles of a first
chol est erwo oBjogrsd crystal material distributed in a matPCI/usb2/z2s03cond
cholesteric liquid crystal material; Figure 1B is a schematic

cross-sectional view of, an optical body having a. 5 st.rycture conaining
particles of fi .rsff‘lgg ‘%ésc%sf‘fgereﬁtbq (g_gfsé%éf%oqa;l &%w&f@fé’{l&#%oﬁ)éﬁ@??% s; Figure
1C is a scheghichite 66M8iaimEaktictf a\firgi¥hefes@fic HRhidea)std) dshteribWistibuted
structure containing particles of first and second cholesteric liquid

material s  dingtmpatbxal@ seepngd chaleptesic bauid crystal magiiglhest eric 1iquid crystal
terial; 10 Fi i i t] v tical
mat eri a : 9“15%3%:% % aascﬁ&ﬁs‘&aééb%ésﬁéh?oa%l Vigw df@ﬁ%{@/ﬂ @ggfgﬁ%, pptica

body having a str ure contal nin es of nd third
chol est ers ¢ dtiugtiirel contyining partiddsasfifiebtand beq@ud ehdlbsteric quid besnl i c
cross-sectional view of an optical body having a structure with two |ayers
in whi ch eac®2lHplSi contains particles of a different 15 chol esteric |iquid

crystal material g e[)ifé)gtaegéh&ﬁat?c &gggég;a?]mﬁi Gielvorak o ﬁcﬁbaayhﬁ&?».}]g'&

cross-sectional vi g\?\}t an opti cal aving a structure w two | ayers
i n whi ch eacstnicaye comtainingi pastighesrafifirstend sécond ehalestenir kquid nptardliscr yst al
materials digtributed in a naptrix; ,Fjigqure.3 .S a schematic cross-sectional
vi ew of a noft® JbHEedéﬁBﬂart%’f rgq,aa %ﬁﬁpai??tgnﬁllﬂ?dﬁ%gﬁaigﬁgﬂa illustration of
one enbogy nent of Figutd MVisth soh¥hhtdd croshi seBlichal vamaﬂlopgcdl%oalﬁﬁaviﬂ%«_@nt! on;
Figure 5 is a schematic illustration of another enbodinment of a Tiquid
crystal di spiteigture eemspigtinggparticlesrnf firshysageond and thig phelesterig ligiid crysééisni ssi on
spectrumform?teﬁgfsucture prepared by coating a 25 conposition containing a
single cholesteric’liquid material that reflects in the green region of
the visibl e spectFigite JA @ &£hématic drbss-dectidiariviesi sffanpecilbady havihga ee
structures contai ni n% a single cholesteric liquid crystal,. g{)l ymer di sposed
on a subst r aftBichye Fithswedasrs ingsieeachdayer pentaing particletPea difierstict in the

red, gregn, aRfeslril9iduRdRs MhtefilliMibhd f SRGEHKL UM 30 respectively; -3

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;



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

i ndi vi duaWwby3gewposed on a substrate as an aerosol, wher @Ceash2/z8posi tion
was cured after disposition; Figure 9 is the transm ssion spectrumfor a
structure contai ngng. t ch terl kQui . [tions

i ndividually di sgf(?)lggr é(;fr’??}ge %u srsrﬁirsgot%esﬁééstﬁ%f&égﬁggﬁééoﬁkad\ﬁﬁgﬁﬂ ?‘lhe

conposi t i onschtdgseericUiquil @¥itelr copositibhemdividhallg disposedpasealbstrdte guare 10 is
the transm ssion_spectrumfor a structur ontaining two cholesteric liquid
crystal conmp¥Epsolarhere W\WW&FIPWW%%%iélﬁgrfh%l’ogﬂﬂgirate as an aerosol;
and 10 Figure 11 p5.4 & SR oAt Bbn R OriiRhg gl O SPOS] 1o
chol esteric I|q-U|dl crystal conpositions on a substrate In Particulate form
Whi | e t hes i nelmidstenic lighidergstaldompiositions individuatig dfsposedionrassubsteht@ahs &r nat i ve
fornms, specifics. therepf have been shown by way qf e | e in the draw ngs
and  wi || beaiReLH HBAR e changstions WomarmerprsE A rres Baclisan disbatsder . ¢ hat
the intention is Fi%ﬁ:e‘”'ﬁisftlﬂe tedr¥intssfoR@pédiiidr QRtrh Quictdntidihg &40 ar

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

modi f i cat i oneholestamiciguisherystalaesnpesitionhimtdivdually disppsedpnvg subbtrate psaspirit and
scope of the_inventi.on. Detailed Description of the Preferred Enbodi nent
The present FARR tﬁngn is believed to be applicable to optical bodies and

20 met hogp for poFigutezl INg alstigdtaticlréprogehtation bfione xhbmo@beai@ﬁésiﬂgwenti on is
directed to optical_ bodies and nethods of polarizing |ight through the use
of chol est er¢holestesigiliguiderysialgomnositions ¢n & pubstraie in ea@@ulawgomi- 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 |ightibpe %e%pe‘ﬁ 18@25?1- TH%PE@W&“%HBWSEQPF‘%&WHH&g‘?i’aﬂlerla‘iffg‘ﬂﬁft i8] i ght of
the ort hpgongls (pahaf the flveRffon 1o ROSEAMAR dfbodihOk S aERFib&d. | OfMed crystals can
be used to make reflective polarizers. The wavelength of light that is
refl ect ed degetmsy, tire inteatipn tsah cavar allmddifeatiohs, 3qQuivelentacandaitemiativése | i qui d
crystal mate 'lal. The pitch is defi as the distance over which the
liquid cryst Zfng yikp e,s%'ia@ﬁsf’%peao F VN r pointing in the direction
of local orientation, undergoes a, 360 twi st. The helical tw st of the
director results in 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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-4 WD 03/027761 PCT/ US02/ 25033 a spatially periodic variation in the
dielectric tensor of the material, which in turn gives rise to a

wavel engtwosglezrsi ve refl ection of light. For |ight propageftiusgz/zoshg the
helical axis, Bragg reflection generally occurs when the wavel ength, A is

in the followng range.5 np p < (err) <.nep where is the pitch, ne is
the refracti %Pain%]@éRe 1§ H%’@HBI‘%&’F@F‘%I?PW? Eﬁg?"d' °§FIV§'B%¥Fn?IOW cﬁi“bﬂ’ﬂn pol ari zed
parallel to iclt8 Gt Gl ) ; ' r ctive
"dox of 1 heal Seb arflvefngh e el Glofite Ryh. PO plibablifg o

per pendi cul athe heli¢ahexisdBragg reflectidn gdnerally qpacuds svhys theel wavietengthy dniglie thet he
pitch can be_sel ected such that the 10 Bragg reflection is peaked in the
visible, ult{HOWHEIANEGr i nfrared wavel ength regimes of light. The central
wavel ength X of the wavel ength rang;?lpoillg,g%t reflected by the cholesteric
liquid crystal is approximted by (é€rr)o =°.5(no + ne)p. 15 The spectral

width, (err )(vﬁéx’é%)(is tHeSpiRRPE, IX IHERERELNY irldek bf (RIchdRsteridligl chRfal€or- NO) / (ne
+ n0) = p(ne - n ég The spectral width (nmeasured as full width at half peak
hei ght) of alightipblasized parallglite)thedlirgetps ofthe liguid sxystdlanding ig thpirefedctiye about 100

nmor less. This }Jim the ..useful ness .of,. l.esteric |iquid.crystal

pol ymer \/\henms‘é’f ?éatbf Fbéslf ve%‘ill«’-ﬂul?ﬁ Stélﬁfolr Fl}ae liggl t é&gllj%ﬁdtep Weﬁﬁ{w&éh"g@e( about 400
to 750 nm odiretdif telifli®ogbial. rRigRamplbstha pittlacdnybe seRe@asuthiant the0 nmi s
desired. Birefringence of the material corresponds_to_ne-no. . To nake a
reflectilfe pBragersisction panaakedin theyisible, pligvielely g dnfrarsd yavelengthvel engt hs,

mul tiple chollegﬁﬁ%r(ijigh{.qui d crystals can be used. One conventi onal

approach has Been to~nake polarizers with multiple |ayers of cholesteric

liquid 25 cryst aTle cditrahwhegemthiasofahaiviveiemetit rapge ofiight defletedbafthe e,
reflects |ight havi di fferent wavelength. Wth a sufficient nunber of
| ayers, a poa’&l‘?sieéﬁcq%&ﬁi%mldéﬁgﬂr%‘&aéedi at reflects a large portion of

the visible light spectrum These ) copgr ughjpns tend to have a non-uniform
transm ssion or reflection spectra because ‘éach layer reflects a different
regi on of5 | i T spedina widthi Arigi is gppraxininteddty i nproved sonmewhat by al | owi ng

Construction. Thi s can resdie 2ol d0drag G e pi tones
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.

-5-



bet ween the various layers. -5 WO 03/027761 PCT/ US02/ 25033 The opti cal

bodi es of the invention are forned by disposing at | east two different

chol est erwo oBiogubd crystal materials on a substrate. Pref@cahisg2/230be
surface of the substrate (e.g., the surface of an alignnment |ayer provided

as part of a trat ur. aI| ature t an inprove
or provide uni for t”§)‘llot?°%§€fs °5?HFE‘HY° %I% 8‘52%?’8??56113 ‘i‘tg?ﬁsﬁt"@ yst al
material di spgsRst &Ktﬁés@ém hqﬁuﬁ@r&;@pﬁateﬁém Bh AR Ebstlafts PHAGEbIFNthe StfAcRCe
features thatﬁgroduce al i gnnent "of the director of the Iiquid crystal

material at ofthe suhstratades. Sersurfaes of anpligamentlayar prasidasas pae of pr oduced by a
variety of djff
r ubbi né of t fgsgéwarsgfs Eelg%sétr erﬁthtqﬁetLg{J agiﬁgg{%k’gbr vaﬁdo'[lglgé g{n%ﬁent of a

10 phot opol yefdligamiheofithé ﬂfdlakerwlqnm c&ystzladatbmgmﬁspoé&d thaesﬁ popeafat the
chol esteric |iquid cr?/stal materials is disposed as a lurality gf

i ndi vi dual paligmengiclugesany, usiaessfegiurgsiihat prefuse plignment o Ihedhf@F%P

material s ar ly on the order
of wavel engﬁjh%gpfdle{&ﬂél Q?ar%lta{egrhcéﬂ;stdrﬁlc:%?ﬁg%g F%ﬁﬁ&ﬁg&%ﬁf% can be sel ected
to be on theprbauccudd:e'ra warhetyl of differentuhethodsi 1n¢ladmg,cﬁ0r cxﬁm;ﬂc,emidzimémahgt hs of

| ight. Nenati |dc stal are t | | n cul es whi ch,
when in soI’ﬁ‘E’P Fhe Fat‘?l %ﬁﬁcbnﬁﬁ%%él%a?aé%d’rﬂ’g tg?alll %gpg?l el to one

anot her .1(Chi pidtoftiyiRériZablel haterifl b§posri2b®ligie: 9. . cholesteric liquid
crystals) are nolecul es which contain one or nore chiral groups. Wile the
nemati ¢ char act er Ableagiione af theshalesteri¢ ligid erysta) sratgriglsig dispes¢d@es a t endency
t oward paraII | ncy, so that
chiral nemat? %é@@@g&?%%ﬁ?lgpaﬁ% ﬁ%égs?%ﬁ}l%%%éﬁ:gi % QQFI n |ayers,

but wi th thendictiektags ditferene aTle pithds garidllyi selpcicd tabe mmtlreeme“rtoal ly different
direction, so that the director traces a_helical path as it progresses

t hrough t he WAYSlensth aflight pEintergstr §or exapple thﬁplwhucgnbeﬁqlﬁfg@ﬁ@them then be
referre o] SORR nt feature of nematic
and chi (rjlaslt nﬁg |clfi|ﬁf§§llﬁl Y:‘rggét%?u S |§(§%§%el%ﬁsmﬁmcases chiral nematic
liquid crystal s chambtc hqidédrystalsrmermpmallylemmgated nroyez:umlswvmdl fadiemin

chol esteric sophases havij n es which end up t anount of
chiral nemat$ qur’cfﬁloaheélhﬁ‘s“tdé? a EFé‘gtoP]t‘g”cWé? g} gﬁé EEB%léﬁeH}aECto

design a ChOh@gst sfald @gerchmgteﬂc ng&lh%arsﬁdlé)lagmore&u@s Qﬁfch'c‘éh'ﬂaf%ro yel engt h

range. 30 Ch ric lirquid cryst materials typically include nol ecul ar
units that more chiral groups. While 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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are chiral and nesogenic in nature. As used herein, a "chiral” unit is an
asymmetrical unit containing a chiral carbon, (e.g., units that do not
posses a WO 0081 027761 PCT/ US02/ 25033 mrror plane). Apchiusat/2umit is
capable of rotating a plane of polarized light to either the left or the
right in a circular diyection,  As ed.herein, a "nmeseogeni.c” unit is a
unit havi ng nél“ioéaﬁ‘Pﬂ(e‘{ Shige! ungigicapably Of rRtat mla?%%fqo?%gpggg}lnﬁg f or mati on
of ‘a chol eshiEs e ldfodt tHe AEHShHacirbM@s@ireclofN Ak @5ddHeréin) d '‘Grésdgéniyst al
materials can be polyneric and can be formed as a reaction product of

chiral nonomitss amuit haying amed-lie andemgid struetwiedhas facilitatss thefprmagion of a

chol esteric b}i ﬁui d ﬁrg.gt al ¢ F]eri als can be prepared fromthe

pol yneri zat iGf SEIE HAP! |cr¥s|ag§ %FeCrystaI conpounds (e.g., chiral nematic
liquid srystal aoHEMwRSIquid Erosalihigteslp oAnybeEpdlyathomddandehinteal as

non-liquid crystal 10 conpounds (as the_chiral rmnomfrs) w th_nematic
liquid crystadicagtiompsedngt ol ghural memomaensiapd, optigndl e pchiral gonemers, FRE

copol yreri zat.i 0 LI aly ]k qu . nehe chiral

nononer s) vviaet ﬁ&ﬁleeh%}%qqut{rl&c}dugﬂ %&g%?é%%%rﬁggﬁg@w%}g& ﬁf’ﬁ’? gchi ral nmononers).
As used her giolymerizatiemaf ¢idtal liqujdictystal yempounds (pguctdral eématic liquad a | i qui d

crystal conpound that i ot chiral in _.nature. tic.liquid crystal 15
conmpounds c &Y cgg@guq%),[#ﬁwﬁvcpﬁglymepg 1°6‘f°%<% rrﬁo ailcﬂnﬁgfré{ﬁﬁaﬁ crystal
materi al Oany%t?nﬁ%hhmagﬁﬁ%ﬂﬁﬁl ROndhGsy WiiRhiAic [Rjul PSryb] s¥ph@hdefast he chiral

conmpoun nematic liquid crystal conpound. It wi|l also be
under st ood ttheachimhmonomexs), or frotmathe copdiymerization ofeliizal lignidssysted wi t h

chol esteric liquid,c tal . nononers, ol esteri ¢ .l qui ol ynmers
typically i FORIRpUNGS ‘:‘P@’Sgciﬂ{?fc)mﬁ?%eﬁ?) V%"bneéﬁ‘{“{cz}bﬂ%é‘i #3%‘%8%0%5%%@%(383 i ncl ude,
for exanpl e, thpairas Hdnbimbid). eAls G36dl Heteifl 20MBMatiSUjuidsrystal conspoad réfuised
benzene rings. The nesogenic grougs are optionall bonded. to a pol yner

backbone t hrioadisuid enystaleqompprad thehisaiot ehiral apmataren Nematie diggidarysigloups

havi ng, ,f.or exanpl edhne. Ly i e W :8r,
al \I:Iyl gnel,5 alﬁ?)éwg%angs[ %agl(r%?%sgcftge %%MhP ﬁllt%lgé{éeﬂraeqﬁg 11granid e ﬂrlllcl:{{iarcl)ﬁél ities.
The 25 | engtTheogitchydeperl oaplecelativa ratioe balivteighe df the chiraMdodepotnd fumd thet

solubilities in sqolvents. = Suitable cholesteric liquid crystal polyners
i ncl ude pol yresraichigpidgystal compeund. ot Wikl alsp F%@W&%ﬂf that nﬁ%ﬁ%ﬁ?&ﬁ%t e,

oL yam g ERHIER Yy cuP RSB KIS IR, 0 vester 1 e
f1 exi bl e conononmeClsolesBtrivaliquid 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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30 suitable cholesteric liquid crystal polyners have a pol ynmer backbone
(for exanple, a polyacrylate, polynethacrylate, polysiloxane, polyolefin,
or pol ynmewomawnegrrebackbone) with chiral or achiral (or bot RCTRSSDY®BS C

si de-chain groups. The side -7 WD 03/027761 PCT/ US02/ 25033 chai n groups

are optional lLy.separated f.romthe backbon acer, such.as an

al kyl ene or %ﬁ‘/‘ HRS 3% OREo é{é"é?arat?‘gg W&S? g%ckgi)%‘%%‘i‘ PHACET, SYhAS sy t i ng
pol yners  caflk{ignd brRflend:30Cpachr, t@rpr&ﬁ@@ﬁamﬁl%d TH RsH8APPSIieANS can be
tailored by choice of chiral and achiral nononers to prepar e pol yners t hat

reflect |igheandke lme@rebtanehbdmmwlhehgi fhe gerpositionsiepn be taylforeshhyt@blcé

chol esteric | | r S nt

4,293, 435, 50,‘13%‘3, gaz'glé@ﬁ@é’% rgﬁpf?f)gﬁl%g s?ﬁ% %@"9“ Péﬁa"fp gf g‘ﬁzf's 05

Q her chal eswevdléngth el crystal materials can al so be used. Typical I y, a
chol esteric liquid crystal material is selected for a particul ar

appl i cation or opE¥aeR lesiof 9&8@1‘316 shelestershiqpigcryptalpplymerns argdescibed ingi ng, for
exanpl e, 1 el{iac bhifisNll £963.483, 1503 s 9@@@@&@20'5@4%06805 °4.980.62, afi@] OF . | OW

absorption in't ent raneo irterest,” co ity With other
conponents (8744, OS’to@ﬂnat cthxléstdryc lwuidnrastaienabma;ls ba.rqalscdbe useyds ﬂ“aplcelbmaou nd) ,
ease of manufacture, I 1 ahilit quid crystal. materi al

ronomer s o SR e vl el Forcieried tof R Ber ST SoRlieRiRY chptcal”

requi r eniNt Spokfy vaked st bitlor rﬁ&% Sacdrs HruGRRY fé@iﬁfﬁ?iq rd?fb)tﬁir&iﬁhwé@ 1Gitehem cal
properties (fof exanple, flexibility, tensile s sol vent

resi stance, proeessalityeelagtyasaler, laan absomiiva in theawavels naegq:)@frlamns@), and
ease of purif her ei t he t hol.est er.i .quid crystal
conpost t | on-eqraatipdiy o/ oty omBhiien (e b Pahil AR Sneibls il Guf
crystal conpgysal compolfl)p 4selof thahiifibiuge, avAi1a6ilis bothe Piguideeystal dhatbarer

nol ecul ar wei ght conpounds i ncl udi ng mononers and ol i goners that can be
reacted to fermeBEIRS fHramE liqud @rwtal rolymerarheploRyaethod prd regpiseraentar i ¢
l'iquid cryst t-her .tives
such as. 1 or SLsuSAB st bt G Hooaf phidicat i ORGPH RS R el 07
Pol yrer i zat i flexibility, itenside ﬁrcmgth bﬂvenlcrésmﬂadevﬁcrdm}nrembmncﬁgah@phasel c liquid 25

crystal conpositjon to initiate poI merj zation or crosslinking of nononeric
or  other | owltmté@ﬂ?réwr%ﬁ“@tﬂa I5840bf t he conposition. Suitable

polymerization I njt L @ddGeein,1hé AR "El‘itﬁés%erlc"!ﬁtm& stQP&ﬁﬁ Rioh' Rfels@glhcal s to

initiate and propagate pol’ynerization or osslinkin Free radi cal
initiators cemmmisgmnlvemprising 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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chosen according to, for exanple, stability or half-life. Preferably the
free radical 30 initiator does not generate any additional color in the
chol est erwo oBlogrsd crystal | ayer by absorption or other wPS&/USI2IZS083 ee
radical initiators are typically either thermal free radical initiators or

Ig?:%)' } ?JIS(r)]IZ} izgglgfiﬁldl ncﬂeé’%mpl% gl%x{(ﬁg*pﬂ%ﬂuma{él’% E)d){%% ftle C(ﬁn%ﬁngg : %Z Szonitrile

conmpounds. Triagfeal ihitaeors pattraalret rididats upos tigemal dadcembbﬁ&om ad| caI s upon
t hermal deconposition.. Photoinitiat ogacan be activated. by el ectromagnetic

radi ation or par t¥hqtemitiajgrs,eanhe agHvated by gleaEorgagnetic faoﬁlbart"?n&‘iaf‘%‘ic tiators

i ncl ude oni Ui?%aﬁﬁ'tan pﬁ%ﬁmeg b Q1S phot%uﬁ’tﬁﬂ@t‘ﬁ(?ﬁ@ﬁ&l drlifm RRPHRAtBinkt]a8r8) S,
cationic netal salt photoinitiators, photodeconposabl e organosilanes,

| atent sl ptmgatmnmtalds ph@thmﬁpﬂwm,ecatmmdemtal S@lyph@hemwm}s,henyl ket ones, ami ne

L SRR TR IR e SR 0 0

sources can BridheRd phefytketdhies, apiimy @bﬁmteaacabﬂmen&asxﬁrm@oﬂﬁnbm
absorption of particular wavel engths of light. The cholesteric |iquid

crystal conpaenarilbn ulteayighet (Héfr)tlrf%ﬁla@fblé&%qdﬁg activate e iPhPIoMItaeE t ypi cal | y

I ncl udes one, | ncl ude,
for exanpl e, lg{ ggrglfﬁgéﬁe{lggﬁgs c-l;m’te ﬁlg%i( Iﬂﬂ) c@ﬂfﬁﬁ%ﬁ%&dgﬁ%@lcp g%nbg‘%?&)(?d

Addi ti ondl | Mehbmrpmtwﬂrgnumt@mwélmgthsaﬁllglncl ude var| ous dyes and pignents

for 15 absorbing Itr |olet frared, or. visible t, i.f desired. In
some i nstances, ?@e sterigd qu %ﬁ%‘i‘lc?ﬁmpaﬁlé‘o?ﬁa%%pm <9248 nodi fi ers such

as thi Ckeneréoreﬁuéltfdnlthﬁr@wa@l 1ﬁéludésrbn%%?ﬁlo'ré‘§§l@é?ﬁse3fhe' doafiRY cifpdiitfnul to
add coal escing ‘agents to inprove the intinmacy of contact Dbetween particles
af t er deposi ¢anatsodntlode,fer exabwple, dispersing agents)iantienxjidants, arabaritieeronanteind t hat

sonme non-1i g}{g&vcrﬁfy% ﬁ%lft e OéjﬂrxllgRSOéglsolﬁ%%%lscluzci% vparlo s &yegl 5d' plg%e}llf:sqjor

pol yet hyl en

et hyoxypp! yisbanyg @Iﬁbﬁb&@ lifrate@ Sor vsibl¥Mkht, BdeSikdie n GHME Mstmedd, at es such as
3-met hacryl oxypropyl tri net hoxy5| | ane and others with relativel y low gl ass
transition t@apalsaiberperopries to addvisaesitymedifiees such as thickeners apd filleisgnnent
through laygrs of [RY,
pl asti ci zer sgfsgsmcfgscr“o%d:%gét %%Fge ué’é e(?}Q(?J(;%osall ymagagénégtso Hﬁ,&& ggléd crystal
nonomers. Cejnéifraky yfcdﬂnmbemempmialds afdrelepesition drao theubstrdte. oln t he t ot al

anmount of nononeric¢c material used to nmake a cholesteric Ilci]w d crystal
pol yner . addition, 1t has been found that some non-liquid crystal compounds, suc

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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The coating conpositions containing cholesteric liquid crystal materials
can be applied to the substrate by a variety of liquid coating nethods. In
at | east wB®3smiTel enbodi nents, the surface of the substrareT(Us0y25033 he
surface of an alignnent layer) is aligned prior to coating. After coating,
a cholesteric liquid crystal conposition is polynerized or. otherw se .
converted i nmetesiak HEigednversion qagbegceamplished by @VW%S? tsohmiguespCT/ US02/ 25033

material. Thi %lu%ﬂ‘{élve%&r H%YF@{H &%&&qﬁgﬂé tﬁgﬁg% By q%olé@fehi@tliliuﬁfcr}trs?fcﬁhni ques

I ncl udi ng evgbora on o ol vent; align the cholesteric |iquid
crystal  mat gaiegial; cf?d’s@liiﬂc!iﬂm? eBoledterichaqlié stystal oompqgitiouhhorlrcympamlwfrpos! g i on
or conpositions;, or curjng (e.g., poJyneri.zi. e chol.esteric . liqui
crystal conp@&firingic-gs PAY! %ngt}’@%gﬁ%gt&“_’ h@a{i%ﬁiﬂ f%?%%tl?r}a‘.lséqg,’ fofetini ¢
radiationy, Li%le,g%%%%ﬁﬂiohr(éél, g{gtﬁﬁc radiatioR), fighe.g., ulk4vasied visitdllor, an

el ectron beam natio these or | 1'ke techniques. As a result of
the coating arfichraxilight); ai electron béaoi, @5 a epinbinatieuotitheseyos dike techpigues-al s, a

chol esteric reflective polarizer. that is effectj . ] range of
wavel engt hs can beSg c‘lﬂ},‘e ‘fcfa%ﬂ%gﬁui ‘éodl.veﬁshongtg) ﬁéglgsr%g%cg{“}r@%t 1&% he

chol esteric Midiald gehdlvgemoleRettBR@potatizet tnkis afftotive@vbiecirdel raggdetofover a
spectral width of at least 100, 150, 200, or 300 nm or re nmeasured as

full width awanelengtheedn heareducedif deptred. By Jome qrohpddpents, s holgssiCi singl y,
this reflectiy ol ani zer At ycal
di f f usi oL(? TFﬁfECCﬁVre é‘r“%zf?r ﬁlg%&gpgl\f 563‘5@5 i eﬂedé%ggg%égp‘git ﬁﬁ%{’% 1%*‘?‘8?3"5 15

honobgeneous pegli2es, orQ00tUME oOinber mém@nrtd as fidl widile asipdtpeak heightefghof
pol ari zati on effectiveness that can be achieved with these optical bodies
woul d tend t &eflegHoesRectriiMat t he various particles having different pitches

are maintaini ng dig§ef i1y | lebtigSpo1 el SarlYRlve Wirsllivdy 1dw Reelastund by any
particul ar theory,S It %’?b{’%ﬁg te 1t aot t ﬁe depogi tre_dlpa)rljt i cl es of
chol esteri ¢ bptital diffisicsit aThis prepertyt keasipag doushabass @ssorditedh witlohighonpl et el y

m xi ng, so that each riicl i nt ai ns i t.ch which .

appr oxi mh? es hP‘chg?ﬂePEgg?f#‘?sorﬁq g’%d’gt%b?“fq’ w%wgp?ﬁnggaﬁgés?éﬁ(ﬁ%%m%?eover, i t
is thought theltivRnfsRAGE bOECHMRA WTBNAEcGpticsl Goties hdulteend pasuppest es,

wi t hout conplete m xing, wherein the al i%inmant i nposed on the | ayer of

chol esteri c Ithaythievagioyspatticlenbavingdifferent piehes erasnaiptainies diserster ate i s
R
coal escence @hat PRy ddp6titd raadssaficholestarisliquid crystatiinedngietials taaddston
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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effectiveness of the reflective polarizers, wthout significant |oss of
spectral range in polarization. In describing each of the optical bodies,
it will bwowadzrst ood that the 30 substrate preferably hasTasni/aweas
alignnment features, for exanple, an alignnment |ayer. Preferably, these

R Nt
03/027761 PCIAMORLRANZS ali?lédﬁﬁ%?@dﬁer(é%@.ﬁb‘fﬁ@atiﬁ fo MPerthe Wiagtglaf t er

di sposition and the cholesteric |liquid crystal naterial is aligned
thereafter (e.g.,Figprenkhnis sighematig ¢rgss-sendonahviewi aflone embgdiment of the 5

schenmatic cr -.sect4 .\ ' t n0Qf ' ion. The
opti cal body%%%a%?lhg]]lh%g%gw% bgﬁ%g{)? %@@dgg%&gdﬁ a 18?%@:? gtrrléét{i%g%é cont ai ni ng
at | east 3 wocdntaihigtaeleast tivbholdsteriy Bl cryiabmatdials. [l tHihembadiiment, ment |
structure 103 is disgosed on the substrate 104 and contains_particles 101
of a first emsrEedl? isdisnosed on thepubstiatetPdand gpntaing pastigles d Q1 pha firstat ri x 102

of a second oehol SRR CorlithsteRENBAbIERIE, tix ISdisgldrabut i on of

particles in the matrix c e uniformor non-uniform Particles 101 can
be present ichddestdricdiquunt érysthl mhteddl. diwe cestribugion ofi paricles adtheenatoxtact bet ween

particles, shown in Figure ,..Qr e articles can.b resent in | ower
concentrati ofs °rfn86¥/"%ét:°frptl:€ %Eaﬁ%{ég %BP?F&’E?SCHWISF&’EEBﬁY&Q%er . The first
and secopyl COcBisthfiohGo piddubScdiiact baweBRpAFiLRS, 3s BRPn inWibhi@ra) or fiet Ches.

Each cholesteric liquid crystal material reflects circularly polarized
| i ght 15 ovpartieles earglee mesenhindpwerransendrationsvherd &y pattigles imake contgeince and

Puo’or “ror o Wit PRgikoier obhe B bid Sh S lrd Ta P s i, 221" Do)

100 can refl gigferent pitetleger range of wavel engths than one containing a
single cholesteric |i ?ui d crystal material. NMore  specifical L!é t he
C

structure can ref Fedrcholgsterigvigridigysil majerin seflesiseireulgriy polasizedlighfs oci at ed
Rssoct at S v R Eichk AP UGS P wh R Ben i BE BT O Dot ur e
such as 103meeriabdfhsatedresoch aat03ah Figas | Asoninstive ouhese diffecsme or  bot h
O W S FATRESA 88Ol 3 oS PEtlE *5T
di ffusion reggldigngths thi¥fohPsdmBliniAp aQingf eldsRat Bquit dristRink 4883, IMbRr medi at e
between that of the first and second chol esteric
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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liquid crystal materials. Diffusion can result in a broadening of the

wavel ength regions over which the structure reflects light. Figure 1Bis a
schemat i cworoe®s77sect i onal view of an optical body 110 in Pamiush2/2de83 fir st
and second cholesteric liquid crystal materials, 111 and 112 30

respectively, are both jn particulate forng. The.particles conbine to form
a struct urepﬁgleﬁﬁefﬂéi‘?ﬂg?t“r“ﬁ’gn fﬁ.’loﬂ'ﬂgl%f’i}%lyﬁfgqﬁ@g?‘grlfe‘@nf’i quid crystal
materials  hgyBodiinkht R MartRilds T seliRl Maetihlcdre&SmalRR tiAMBe pAtEcIE]BE Of
different average -11 03/ 027761 PCT/ US02/ 25033 Eartlcl e sizes and can
be uni f or m ythedirstapaterial rad peme sigsegatipn pbhe pariclss scsulipfron the difference
particles of. the. . rlé?% re smaller than the particles of the
first materi %‘lﬁg‘hﬂgglgﬁgr%g%‘?% aviltgh of the particles results fromthe

di fference in parFigatecl Giszeschematestbdstsectimy view. ofan lopgcal ®ody 50 that
schematic cross-sectional ,view of an optical bo 150 . that includes a
struct ure 15Mcludss a stEhture d93 that peiaps atleast e @&%qu@ l}quzﬂ}rastelr yst al

materials di sAORAH AhodRorHPSIALE 1534 Thi i bhd SlooftholegaRdigup! esteri ¢

liquid crystal materials are 1n the formor particles 151 and 152. These
two mat eri al erystabmatgrigls ardonttheiform of pamictes 1 51 58d 1 3 ellese twoxmatenialsere t hi rd

chol esteric |iguid crystal terial or.a pal i £t hout. liquid crystal
characteri stfhé@"%ugefi lﬂéﬁ‘%{x g% Rgptrixjcan bg a_ﬁlaf&/qui‘?sg%ﬂcglq& gﬁ i ne

mat eri al10 t h@hfriaPord Sfl@habkithcik lihgidThystd CRarhdtb@dtRar 1fikdthx 169 Habilal SO as
to inprove the uniformty of alignment of the |liquid crystalline phase

bet ween par t isglobs ligsid crystdlingomptepalothera i praferablyrafricast someanterpartiole  of t he

liquid crystal teri h er.l G lLiguid crystal
materi al s ha%/(gltfg’ssg iafgfugirnzpnr? @p{h{%@ﬁ@nﬁﬂ Oft%%n%ggénoﬁ%%fﬁ %gf;%ﬁ!}ﬁ]g l1hésepr oduce
subst anti al | yetwad partivles 191, @S2 & infpravd BB MBITsmiity cRudigamentfthecliqiieé 153.

Figure 1D is a schematic cross-sectional view of an_ optical body 160 that
i ncl udes a sé¢wsal materialss Althqueh-alhthgichelestericliquid systal matesialsiigue d” cryst al

mat eri al djs: : t: ¢ liquid
Cryst ol it el TRASE G Phsept lupostle 14 blodh Y RELENREIREORE | (3

Al t hough eacthaléstdrestlignment thrpughiowt syredtede 158at eri al has a pitch that is
different than thg other.materials, it has been found .t hat bstantially
Nt £ or m chol est er FIEVHR Lo RATeRa essseerbavLaeni dgetica oy JeTHRE ' *765
The parti cl emchBs #Strhurk 163 828 BorbinélthréLRMsteRi¥ figaRICrtAnAhI£aN be

distributed uniformy or non-uniformy. o )
disposed on the substrate 164. All three cholesteric liquid 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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25 The optical bodies of the invention can contain nore than three
cholesteric liquid mterials. At |east one of the materials is in the form
of parti cwe3/0M7bk1 or any nunber of the renmaini ng materi alPsTamn2/®33
particul ate. The structure forned between two cholesteric liquid crystal
materials can contain one or nore |ayers. Figure, 2A i@ﬁt heéi(slg@ermtic

cross-sect i opaaticulitedoror. Layer B enptainsenarticies, 121208 a st ghotestepn ri ous
chol esteric |iquid crystal r - f ; | o gyul tiple
Cayers 124, St maitgeitR B4 fadn Brahd el V] diihphaldy 2 AR
Each | ayer cpgahdshdestdtie! IRfuidérystal maatial distsisuted inemetrixall28i The matrie WO
03/ 027761 PCT/US02/ 25033 particulate form Llayer 124 contai particles
121 of a firisa P@b@@!sctré?t%allqnﬂ&?’élbeEF%?S&‘Pr‘m‘%‘f?rﬁtam@&e’??@H?déﬂ%%h a matrix
127 and |5ayel(/[agrﬁc61d?7oﬂltd. zﬂﬁxﬁ%ké&ﬁ@ﬁm%ﬁge %difﬁgre%?ﬁﬁ&ﬁaf.?hm esteric liquid

al” di's

crystal materi (ributed Ina matrix 8. e matrix 1is a polyneric
materi al and can IOmearaivot efthedayerd indhd siruchuye abgve il subptaate carcapiiir ed. 5

Matrix 127 and trix 128 can, be the sa r different | e or
nore of the m&&}@%@%ﬁ%"é IW}WWIEWQB%% ﬁ’hoélesegg)?fhr%getnégggl ce?n ’é%

mul tiple Choia?étﬁw Godebtqy ek bMEdE 29 ineihspHticlésofufirseeHobaienie tiquif  Fi gur e
2A, the layef 124 closest to the substrate 125 contains p?rtic es of a

first chol estrystatmbferjal (21 distyibutad imamatrixaf athird ghalestsrig Hqud eystal airix of a

third chplesteric, liguid c .10 leal X - 126 I ns
parti cl eg of m&{eé‘&%tfc%f L%qséeor%‘ik%&ﬁ I?agﬁ(%l%'é:f?&yss?@% Chh%%é%?lfélaﬁlfz dff}st ri but ed
in a matrix gatedial 020 dibribhRl &S b efatrix bf afiourth chylssterdic qtié cryatal ma@8ial The four
cholesteric liquid crystal materials all have @'hffe. t i.% he The
average sizel®}. Theefophehalesteis ligyid W@?’s‘"‘i‘?ﬂaléﬁ ?L‘?b‘[lgfg nﬁ@c Sth¥ same or
different. | Qve?%téi‘%ra ﬁtg%’g%ﬁﬁ@% 1&%551%&1% BB cah B8 LR sBmE IdF BFfesdR) esteri c

liquid 15 crys S, eac ich has a different pitch. Three
chol esteric |iquith amtlyseabodimmnosf Figane2 A; direre @@Ghneeﬁh@lﬁﬁt@mféﬂqmﬂri xes 127,

128 are the sane, cholesteric lLiquid cryustal .npterial R B r of the
structur & haﬁryts%mﬁ?&lags?aé iogwmq%élﬁsG%ﬁvg’?tﬁltgﬁ'a?@ref:g@g&%%ié ngt i vely,

ei ther matri g 127 eoms@itiRR chfredult Make tedhitfixds 127] (& dry Hicdam0 material and
the other is ofymarl c material without liquid crystal characteristics.

One | ayer of chéleststic iquidiceystahmatoiel. dEash dayeref the Sirgiiing has {eq eholedlaricr i al s
while the ot.her, | ayer has.only one cholesteric liquid crystal material.
Either | ayerth%ﬁq 05%9(1 ﬁléaqerbﬂ% containing two cholesteric liquid 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
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In yet anot her enbodi ment of Figure 2A, there are two cholesteric liquid

25 crystal materials, each of which has a different pitch. Such a structure
can resulwo oafozr16t he matri xes 127 and 128 are not chol est eciraSoz/zpess
crystal polyners. The only cholesteric liquid crystal materials in the

structure ar rbicles: a . o Fl rg,”ge;ﬁ:i gAY
Cross-secti oﬁ%@ge%al\%vog lféenot'hzge%%ﬁc(e:a%]g%g y O ntihtgmﬁlgnvent ibgn havi ng a
structure w tholestdrici lgjuéd ¢rastel materidle Ifayther rdtdix ohadered t148,040hen@@ substrate

145 cont ai ns_parti cl of . two chaql esteric li quj materi.al s 141, 147
e 1 2R EogteT Suaferial s predeavBrt raelet 4T 34 L b e RbciBat o v

142 of a thin’ii%a?é"éﬂn?aﬁ,@r}'i For'eké}ié}ﬁlg, Ghakadedbe, TBhRIINES subSafiBiily uhifbffl. The
matrices 148, 149 can -13 WO 037027761 PCI/ US02/ 25033 be the sane or

di f ferent5S Teélelestarici alignmantehyoughout stractwes &44,d46. The chelestérie lighd! est eri ¢

liquid crystal teri.al s,,.lf eithe trix material 1 149 .is not a

i auid oryer GysEmalRTial i ravg SFsE pfh’ Tndverigetrasiol Beppticeg 1) 47 pe i
suf fici entl y147 niy e Be 60thE 8fhe ofViffefeff. €xanpl e, coal escence, to produce
substantially uniform5 cholesteric alignnent throughout structures 144,

146. The chol est efheopticglibefliesafyha igveniionean have sructuseppsithymorethamiwei t ches.
The aver ageTﬁagég ggalftgg{hecboglga{iﬁe géi%()i@%«% éﬂétzleastléﬁfe chéyfelteﬁ@ﬁ}g&‘a c9§zst£1he same or

different. e invention can have structures with
nor e t hal0 t weompaytéons Qptivhakhyg ebclclaydraian coetainipattiedesaff nadre thaaohe one

cholesteric liqQuid crystfal 10 conpositij.on. tionally, each.layer can
contai n part ?I%H(i%géerﬁflll‘iﬁ/’b‘i gyf%%ﬁ?“ﬁ’g?é‘“°€hbf‘&§@§$i°@“ FP%%& IB?%tI%MTDOSi tion.
Each layer ca aABLGdided b iskiduled Vit athil & ¥ Al RESc RAfiaPARcabR
distributed. The matrix 1s a polymeric material” ahd can be a cholesteric

| i qui d cryst akhotestend liquid Tityetahmatetrial. Jfheawattix ofigash layen ciyebe the samaerer or

different. 13.\%t 111 be recognized that in each of the enbodi nents
descri bed ab ¥he cholesteric Ii quid crystal conpositions or materials

can be opional | yithaateecighed themaath bPthe etbpdidentedcdérifedabeve, Bat ween
particles of different conposition, between particles and a surrounding

matrix, or behdlesteric liquid enyeral composiions o maleTigls sabriertionally beated afisr m
boundar i o5 bytiemetfRy FroF R e RN Ry bR R ml S Rof Bl 00
amount of  dpdrticies amd £ snrdvadimgmiatak,| e dhothy , THiodiffaxianehetypivally progiuce
t enper ature, m%?eaﬁrili?o%ntlje ec’tion\{)ivgrcao\flii\'ge en%];h §£§e. n]%ffﬁlrslo%l psréviggsdlegse 1sst{ntc¥ of the
mat eri al s.
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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In at | east sonme enbodi ments, the use of a |arger nunber of different
cholesteric liquid crystal materials in a structure results in a broader
range of wpD3wawel engt hs refl ected by the polarizer. The PafrgaiSoat®3zan
provi de a base for deposition or formation of the structure conprising the

various cholesteric liquid_ crystal materials. The substrate can be a
structural JUBfBS Plasticsy Bittsfigld; W%MW%FH%POB'@B%W. Typically, the
substrate i, E/)l?tﬁ§lgt%r Pp*r).%%n{efé%%ifﬁélﬁmiékubmis%t BR&kiagd@n of the
optical 30 body. Exar%) es of substrates include cellulose triacetate (TAC,

avai |l abl e from Thersubstratetan haFejriordthen ondlayen @n one Fwkgdimeduphen; Koni ca
Cor poration, Taokyo Japan:.. and st man. Kadak. Co, o] ter. NY)..SollxTM
(avail abl e fSPB?]T%%%W%WSD@lﬂl%eB égggglfglgéﬁfegocéap ﬁgﬁgggﬁ gcg'tarwﬁm(bl asti cs,
Pittsfield, dMbtal c@ﬂféoﬁﬁbﬂaﬁg@gea on $hdligameROlay& iR ¥ fSiA§ uhifomp birbaioat e ( PET) .

I n some enbodi nents, the substrate is not birefringent. The substrate can

have nore t Wakignorat laygesican bp msde using sy krayn meghanical grahemucal msthodi ns an
| t | havj | | | 1 Qi t al
S | 2 SR O e v

conposi tion yer arr uni Torm direction.
Al'i gnent | gygyrferdayer betheaidsiredsdlizgmantyditeotiom FereRampleapolgvinghdedhodl net hod.
Mechani cal methods of nmaking an ali gg%rrent Igyer i.nct{hug,%?lr.u bgﬂg 0

stret chi ng aolyenigeand palyapidedilmg sanjpealigngd By rihhing the filmdp fhegiesiree,

exanpl e,;apol Nl | s ' 'gﬁ&f’b iHy ' & al i gned
by rubbilr(l)g t%@ﬂ%iﬂnﬁﬁ %eggt&ﬁemérgg?lra ggmll%eaél i gnrr)gﬁtdédﬁlyrléeifcﬁtc {ugh%le I rnsmf’hat can
be aligned Ipolgtingtabdoholy polyolefidesuchas pelyatiylene or pallygroppighe, plotyshiots,

pol yol efi ns such a | yet hyl ene. or pol ypr | en | yest er such as

pol yet hyl enesuf’]éP%B‘ﬁf'ﬁgylé?%@é?p%Bﬁla\?%?rpfﬂﬂlieﬁl@'q%&?f’ﬁ@ﬁéﬁe,Xmgﬁcay%&e%‘t yrene.
The pol yner fid sB16mer flth GnlHRMDHRPhPEB/merfa ESHOBNYEFEST a Mixtdre Bf $olyhreref

pol yners, al though honopol yners tend to be easier to align by stretching
than are 15 athouglyhemepolymerstengriabaeagigrfe plignby gectehingihan gffot ocheni cal | y.
For exanpl e,cooﬁgg,%x%}s orientable polyners can be fornmed into alignnment |ayers
by irraditati dni sotropi cal |y absorbi ng nol ecul es di sposed in a nmedium
or on a substrat eAwalignmdrit (dyer {an tg: forméd plviochemically.gRoy exahmle, iphotot near | y

pol ari zed in the desired ali %nment 20 di,rect i gag, abz,.de Cr.i beﬂ in U S
Pat ent Nos. oriextablopolymersgan by fymed o glignmens dayers by srradgiign Bhot o- or i ent abl e

pol ymers i nCAlHQ)‘?roBR:IaMi/ W IRAng HIERCLRS ApSdsl$h b iédReh dr i 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-

—k D

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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benzenedi am nes. Anot her class of photoalignment materials can be used to
formalignnment |ayers. These polyners selectively react in the presence of
pol ari zedwolwoawibol et 25 |ight al ong or perpendi cul ar toPCrasde/esas i on of
the electric field vector of the polarized ultraviolet Iight, which once

react ed, have be sh to.align Jiqgui | es of
t hese mat eriC gpgmiy%esd)g&qqogg:drqoge Ejeg&rﬂ&g&o&?{)@lﬁﬁgel@%ﬁﬁég %R@EQOZ 661,
and 5, 838, 4ann§@b5tﬁigl MMt eRR0 thi§8r #alalselos®d @rdoadssignédsdndihg ASI yvi nyl
cinnamat e and ot her polyners such as those disclosed in U S. 30 Patents

Nos. 5, 389, dagnt 5P6b®t%§eﬂam0 #$94198,7487. Phot oi soneri zabl e conpounds,
such as azobenze I nt, as
described in U gg aggt?'en%m}%ﬁrﬁgﬁo@f%mx hﬁﬁlﬁgﬁpﬂfeas;ﬁkeﬂr%agg%&%ggo be
formed by caguttag is 5bbsGuéddly@enaeet G AHdSOB4RAORAving arstracturet sppfase. of

| yotropi ¢ nol ecul es whjch orient thenselvy e to |ied, durin
cgat i ng Mol ecul eblthgugh FigureshA t‘hi]& %?Bﬂggesg‘g}”r? W&ﬁ%ﬁ‘%ﬁlﬁﬁ Fn; IU %
Patent Applig p&&a%‘ is Tl k@LmNQd P BGeahean tbélsxﬁkr&ﬁ BefexRitPid R be flabe

structure is orrre e substrate and the 5 structure is subsequently
r enoved fromrtchs/eduﬂ“he safacelcambe nglftzmlsmmmtlunbrmunﬁlmpe and mxtuteulih Fi gur es

A to 1D, 2A, a B sho substr strate is not so
i ted. TheneaBReRi il STaee pb B bRt R BEPER Cins et AoV R © o

curved. 1phe ﬁgﬁxfe@c Q8T e YROIEQERR Rijuid OFystaDialyexrs 10 Aresdeppsitedvsitd st ure. I n
one enbodi ment, the surface of the substrate 1s prismatic in shape as shown

in 10 Fi gura)rgma@nemtfacerﬁiﬂe cholesteric liquid crystal layers 310 are

deposited onto ! nfe Mol o Oeﬁﬁ&&uﬁg&ang@@mﬂm Rl BAR GidA of Ne

i nvention can be er optica yS|ca ments. In one
enbodi nent, ghygiehldl@héras.f in dﬂelembaﬂmhen:bdlmemeﬁmmttacmdné teaipptr t he

structure conprising the various cholesterlc psi tions. 15 exanpl e,
a triacetyl W&largpbile sty coMPRSiRg thearigps &lloﬁ%sggjrlcd’of‘}i’é’s‘ﬁfﬁﬁ%%%urface of

the strugf ur&aﬂﬁﬂcng B ey nﬁ (Th) "ﬁ?ﬂtc'aﬁ'be eftRadd Eﬁaﬂ% up?% dsafhdade can be

formed 'using t strate a anot her polyneric fil one enbodi nent,
a TAC or quhe BEuct\mumnfglalnradhw\mrhl anotber etmquhaemmbtmmtecambet@nnedl vel y,

chol ester| c YA SUREEAY 5D G RERo BB e B T one o kFbet TAGPE 11 'm can
convert the dlfaf‘t’éﬁﬁ?‘a@é 8 £l 1iafdl Y tH%OsIuBétfaZ@. dAltematwely, 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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light into linearly polarized light. After passing through a quarter

wavel ength film circularly polarized light is converted to linearly

pol ari zedwbioghe77éi th its polarization axis + or - 45 degregaisan23p3irom t he
optical axis of the quarter wave film wth the direction determ ned by

th I fi 4 ' | t : | t, th
ubstrate i (o FYEE naRk BRbARHCAD U Ay wles e N e BOR IR FOOBHTCD 10

Fi gures 1A t9 Shih, ptéfersbylin’Be sio0 tanigtsf 0.1 1ph w Blirt \Sigd capdbetseleked bganpri si ng
cholesteric liquid crystal material. For illustrative purposes only, the

particl es areriehyefimethodyibatmonudapspden the methrd ef formpfionp the spksiratecan be any
shape inclu &%xa&?lfeéﬁé%gpﬂ gy %c%aﬁgg#aa?ﬁéle sigh Eénor;é :ﬁ@ked BPSh Rl sizedf 30

i rregul ar. e par ] pe can be uniform’or non-unitorm The
particl e sipressufe, a®tvell ag by €lald preperti¢s. Rod etnfnsiangainherizatibn ertyclé sicge
particles may produce visible  color effects, particularly if. the particles
are so |ar gecapmwéi Qe W@h?ﬂ ?%P@M@ﬁn%%’@n-"?@@@%g% ntioNt,8e9/ 25033

entire layer bed thavi R&tedtb3d Bquil B8RtaRpSlyhder £ itfén ange
of 0.05 m t%lé&é%a&gﬁg?ggg% ia‘ﬁlhgﬁg Sl zte ra%gg {é’?taoﬁly*g%rto o%rﬁ Si ze can

be sel ect ed ¢ap te preprarédyyanyfknommnitectmiquedor foryinggobmkrisrparticlestet hod of
formation on the substrate.. For exanpl. when spray. coatin article size
can be al'ter ed byOBF REMEa% for arppiREPRligls (EeS Bnfbioh B miiize it
propertigs. Figd clRdstericUquRiérystBrgolahdre By 10R@F frioldcRlas wefht 66ipdurdscal |y be
controll ed by polynerization conditions, emulsion conditions, and solvent
sel ection. Faredigemerrimenomenarediswlyed inpgoivantthatds et misriplesyith
conposition . | | r g | ynmeric
parti ol es. R Dis PhEBAAh ol ol ALAATR AL bRl R BB

pol yneri zat i autive agént thiebe hsedas ferm dropletyuwif theoshpkisteric pighidnerystalor | ower

nmol ecul ar wei ght corrpo#_?ds (e.q., otjqiﬁgomers ar .rrgn rs) are dissolved in
a sol vent t hEMRasItoaIn SSRAUBIHE BRI S 1 RETSERTY OT AP oﬂ'g‘gﬁ? POHISNS conbi ned

Wi th watgy tQifii amk fe‘i’%a’ﬁ'b@!bolyﬁlédiéé 8F&ured G hotBssaAdtdesidt, Bitd thieed to form
droplets of the cholesteric liquid crystal ‘conposition in the agueous

phase, if newatssphage tvrethesed kedvinghkolesserpoliquid orystal partigulate matéraal. dibel et s can
be polynerized qr cured,. if necessary,or desired, an h wat er _phase is
embven | eaviig eHarearlrt el Sbe R ER or e s AR 0 TS e
of surface agdvieielyadrit slighenteftle tRolEReriIN i PESstaPiatedRl FatfefblyE theds not
to adversely affect alignnent of the cholesteric liquid crystal material.

Preferably, tusfacesativeagentastebiliee thyomulsion while present iresraptlpmpwis-whi | e present
in smal |2(fjl MOEM Gic surfactants 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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20 Cationic surfactants are generally less preferable. In addition to other
conponents of the enmulsion, a plasticizing nononer naterial nay be

i ncl uded wbiogl2wen be copol ynerized with the nononers thaPCTfusozreiobe
cholesteric liquid crystal polymer. The plasticizing nononmer material

operates to ke the chol ste I c Li Uld o I bl e,
easier to célgﬁpﬂ‘ aSEyIoxXypIopy leff’gf“ﬁ “a@/%‘@é“éﬁ %%EE thggé x%llafrtrléln the use
of a plasti qb\;l s nmn@%uﬂ@é(e the subsequent |y formed chol esteric
liquid crystal poI yme into a "self-plasticizing" polyner. Typi cgl ly, such

mononers i ncl udeln ﬂ@@@htﬂ racthed Rf fosmmgmarticlesethe|MeNOBIErs ¢7% e ORyrATH!

"ncl nae mot ot yRByERELCHEY B i AR e g AEER ARG Theror)

(et h) acsy| goBandrisoltionl catgthen by édddytd ersecogki)sohvbl)t 1mm1501ble with the
al kyl et her (et h) acryl at es) and other (meth acr | ates, ? g 17 WO
03/ 027761 PEPHUSI2/ se@@n ﬁﬁlﬁ’ﬁlﬁéﬁw%‘%ﬁlﬁraoﬁb‘??c% UyE PRty fac H%te ﬂéFnd in

part | cu’ ar s, bk pB rﬁxﬁba{es\égrmsommglm&ﬁﬁpﬁaﬁlae@ t enper at ur es.

I n anot her ng parti the nmononers can be polynerized in
a sol vent mA;l@atharew ctrradbmbhalﬂ)hehmnﬁaqeacslvaraaentl@en besfmqumgupdlllytn'er The 5

pol yrrer . - Thehe BRMRET ST AR EaNEBP I D GUR PRRarTE crye Ry, e
facilitape tHigon, Paa J%fxﬁéth&afypbty@th@wny col rﬂbﬁbrﬁétﬁadiﬂﬁ&ﬂﬁﬂﬁﬂ{ seRigeas stabl e
smal | particles. ternativel i tionall é@t he surface active agent

can be copolmetesilarayeighitaf 350 Mgitg“ﬁ’@qhenﬁgtiho&y( methaggylate from
| abl e f S , t |
v o0 o L8 P AR ek A L POSUBS I e

(behenylj)et hC(Xyaﬁ(aBE)frclnﬁB’hﬁﬁi ;Cham&:afsrm BCclmoeysxﬁherMmalaad),“ﬁDla,urﬂoc keysvill e,
Maryl an nmet hoxypol yet hoxy- 12 ate, (gvailabl rom Bi max

Cheni cal s LTnethaqrplated@yajlapledronysy qg’llcg‘n@)g/ miggl %ﬂwaﬁ]ﬁhg’éﬁ W‘g}ee (avai |l abl e
fromAl d ' Ch: ?Qﬁmeﬁ%d QQevel%iL Wm%lzvr% er&eRDwiR ofter AROROMEFRRS pipdreat | evel s

of 1 to percent w th other nmers to prepare a polyneric

mat er i al vm td‘npolymemmateuahwah itbpioived campatibfsy avithaolarsplventssudh ass  wat er or
et hanol. A varlatlon of the above nethod is to forma solution of the
nmononers andVaSHRf &P ond sol vent imiscible with the nononers. A

surface-active aggRhrisifynl 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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20 facilitate the formation of droplets of the cholesteric liquid crystal
conposition in the second solvent. The droplets could also contain the
necessar ywaganewef or pol yneri zati on and crosslinking to f®cwysaz/2iosul at e
cholesteric liquid crystal material. Yet another nethod for making

particles of a ch Je. liguid crys . S .ol ves directly
spraying a sol uti rgg%i%{lﬁ%lscaﬁgﬁﬁgglf@%cé%ﬁgﬁg%g@g&)hlq@(l)ér?bési tion onto the
substrat e uspregiousl9prepatsiizodymérin aslatisotansie spysed inthdroptdiobfsilanerc | i quid
crystal conposition can contain either previously prepared polymers or

| ower nol ec sk soheng hthesbysat pansevaperptedsaving Rshieesoldhe nolymser These addi ti on
to crosslinkj Aidc®! WIB! thzald btht bakiet: ksthagce the 30
sprayer is E%#gdgggﬁ%helsﬁtggt r at ethlc%:'g%ldhgjehuu’sedbt ol \?gﬁrfﬁgﬁggpart?cl e size.
Typi cal | y5 diedotlyron thrsubspatapet canbetdisposailater 6m the subsraseiinst separetepr oduces
smal ler particles. If the particles are too large, there is a greater

li kel i hood oft*Roal escence. -18 WD 03/ 027761 PCT/ US02/ 25033 Spray drying is

anot her known t eciipd ﬁl‘&@nﬁ&{in@lﬁ&ésr}ﬁetﬁé’dstdf%?irin@t}ﬁr®ﬁhﬂlb%més Bf @ear ed pol yner
i n solution can be sgayed into droplets of polyner and solvent. The

the &ivst mptlhns; 8 pbiralBy of partielepbavimea firstpbelesterirar t i cl es

sol vent can avepimat
can be collegted. Wth this.techni e | C I e, med 5
directly on %%ggﬁ%!at& rat uostl)tllj n%rgﬁlsggs%gioé%ggesgfalﬁéatégécgﬁdg H@ggstﬁ%%]t“ﬁlg{ie in a
separ at e10 st apstaildtenpositntis also dispdsed ea tiedubsietiie of foph @Rt Wil thept i cal
bodies of the .inventiagn. In the first nmethod, a. plurality of particles
havi ng a fi reartiglgsphtbe dirstcholestgric Bawid govstal corpprsyian: i Th shpeturris feated on a
substrate. ' Well : | & ot ¥ | so
di'sposed on’ Traren e el sEsiedlapt oy S Sk pROKSI B ERRPIOEN AR 2, e
first chol estegidnteltwepni tte garysis @holesienpobquid orystalbempdsitions.uTbisimetheht ed to
align the chol eri Il quid crystal conmpositions and optignally,.forma
it Puse " r oot BE boedefr eXetpy et BF BB teal bites difieiedin SRes 1

conposi tipPnsapdliws nmethod could be used, for exanple, to prepare the
optical bodies depicted in Figures 1A 15 and 1B. One enbodi nent of this
met hod i nvol ves dOneembgdisientgf this negthest inselxpsdirectly spiapiggtonetherwise and

Fecond ol oo oy B Sk RO HRAEOI e R © U1 0

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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di sposing the first and second cholesteric liquid crystal conpositions can
result in 20 the structure depicted in Figure 1B. The conpositions can be
sprayed swousntizally or sinultaneously using one or nore PEgrEyeex33 The
various chol esteric conpositions can be m xed before spraying. Each

crystal pol yi Bl oo AR SRpUAER AR B i Bl ThE © 11 O

surf ace- act i rapgitontain/¢idlGRriRIRuid Gygs@lghdry ahietlll agtoleénteandapheropri at e
di stance fromthe substrate to formparticles in the, size range _desired.

Al ternativel «}d VS ARE 35 SBHATeICG asgﬁs balterartivedy, eolsions could beRisedx eri ¢
liquid crysT% égg\& s@ﬂgeéf&??}éltbefﬁ two enul sions can be m xed
e cogﬁl ne

t oget her SI ons caif be roll-coated, dried, and diffused
to give thhe 30 stAncmwmetﬂeqbbﬁtcmﬁn'gisiHugmmi ihBigute élriﬁ‘ht ulncdesmrmh as that

depicted in Figyre 1D can be prepared thre holesterlc l'iquid
Crystal - compbeit FORET BmRer ol B PROEd LY ol SLTPHS (1S 05 027761
PCT/ US02/ 250&3tin %11 PrO2SB e dl 155 FIHEIR drithé Yodfting SHIMUThAGRGMS kol YRI2Ng one or
nore sprayers. spray can contain cholesteric liquid crystal polyners

as well as sthlenemlseséhﬂamrﬂéﬁ taagsibisirated 18 Lovhiehs then passesbedweinmellagent s.
Al ternat i vel EIO45arﬁﬁl ﬁpﬁnﬁltﬁer Ind 898?%50?? 1s°110‘§1%£5’}1f us%a?%{e&%&ééﬁ?%as descri bed

for Figure 1B. oAt I'ng I's igure 11. The

chol est erg ¢ proifité diryﬁfgmtlahgmﬁemqﬂﬁd dhioteserie 1s/ersaydsh, widlarall $¢04 aay of
sprayers 1108 onto a coatln(lzj roll 1102 to forma |ayer, 1115 on the coating
ay

rol | . The cobg pseéilder smopthyne Taygehl 13 Audipeehapshelping &9 aligplls ol 1504 08%¢ r at e
1101, which e IIs 1104 and 1106. Either one or both of
SR R Rte e

rolls 1104 heate to 10 pronote drying and alignnent of the
cholesteric | ayerhothérsembod/tméms paiticlet b4 ﬁmsiycholbﬂenixslédluid cfystal snateoiahi ng

| ayer 1115 and perha he| o align 104 . t be needed,
in some inst¥f J]Wﬁﬁ(yfwg t8 ‘?’gcoﬁaﬁl heat- SB"fedg‘Hﬁ“tlg CEHBI esteric
l'iquid cryst&jindet Ferfélﬁlto elﬁfe?a?beﬁQanHﬂerml BERMWRr hdldclafwRigheat i ng

conposi tion. As used herein hé term 15 "binder"” refers 1o either a

pol yreri ¢ matanpaindsthat eanareactte foswl polymericghatedalndde bérngder alae insludes eact to
o 2oL YT el Bt SSbah e RS SR BB <t o
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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material fromthe nonomers or oligoners. The binder is the matrix form ng
material. The binders can be cholesteric liquid crystal conpositions or 20
conposi t iwpl3mt7hout |iquid crystal characteristics. |n addirtison2ioss
particles and binders, the coating conposition can contain, for exanple,
surface-active,agent.s, .. on r_nore solvents. anti-oxidants, .dyes,

pi gnent s, an‘EP"A‘E?%“Fi%W&? C@ﬁﬁﬂgfga]tsfﬁhaé?ﬁ{eeqhgpﬂlgﬂtpcrag Srplr(?pél§at8? t he bi nder.
The coating mesipasutithemyes IaRBketBolitnent)a layerboitaiat & tatal thigkadsy oknown net hod
i ncludi ng, for examle, spr aﬁ/mcoati ng, rod 25 coating, slide coating,
curtai n coat ¢hedestesigtliqyid erpstaloneteniy) of ariel 18 sHeromstarowhen didedeof . After
application of th 1 .0Q: Lkl 4. Skhel vents are
renoved by evaporg%lé:%?loq%%cﬁ ﬁ@%ﬁ%@lﬂém@?gﬁlgﬁ%éa(ﬁ}?ﬁ%@@%}%ggé%ary_% The cured
bi nder r esul agent. Tl gpehycadrfunctivatto crosdinkpolymiran drieechplestetic ligsidof
cholesteric liquid crystal material, One exapple of a syitahle range of
particle cop%‘é(%f‘fr%&nmﬂﬁ%w_t Hligmatiyelynthe apspt pan gﬁsﬁwwm%ﬂab@gqmw m
(correspondi gGefaPciiflediBid liqiid crybtal ngeRfiiohs! For SRRGAE LrBICHIE michomer
sufficiently low that the particles do not make substantial intimte

cont act wi t hinonsscembeHodestegictliguidoarpstalregmppsitips syphets @rdi@ebth)aerylatdae bi nder
mat eri al be -2 .03/.027761..P US02/.25033. chol esteric |iquid crystal
material so %ﬁ%‘?’“&f*lé’ Ylpﬁlnﬂre?ﬁla&yilg%eé cgr}g g‘&%{né%a I F%‘E}Sﬁ%ﬁ hqlﬁ(g | ayer. In
one emborlj megrystaPedn@yRitiodO T active intindmet MatiiabsH Bdsslinlb@ithsitRérithe | 1 qui d
crystal material of 5 to 10 mcroneters when dried. The cholesteric liquid

” 7"

crystal conpBut of saendehelestrricdiguiderystalcomparitiay Crosgliking "finge’ Hgent can

function to i ' | R (I r

composi 1 on. SRR uRE R DakeadRR pfAehEDE SisbnlipBHcuodiabitber o ¢ i
several chol éiffusionof kheqmaterialr Y3osslinkingpesedse thesavafabilitgod gk enolecutaeact i ve
nononmer in a second chol esteritf Eli qui d cf}yqs#al conposition such as a

di (et h) acryM§ fmétené_se%ﬂaﬂ%?asé i Spn s991ly datfuse. diallyl ether can diffuse
into a figst chol exdselididng h é}e\}éﬁt R ShiRIngITROSHLO BnolddiGid IRAS | Ve |
nmononer material can crossli wth either the first or second cholesteric
| i qui d cryst aystebmptesialsibyheatdndeestidiffisig. "Thixspartichlarlyadvirdageens in | i qui d
crystal material and prevents.or.substantially, reduces further

i 77 ust on or snAsaitis sy e puS bpiles 1 trenhistied ¢ HEGoRher B or 1 ow
nol ecul ar  WglefhorMURE AL as ﬁlhﬁarfﬁiiﬁilé)adp?likﬁtﬂfns.céﬁmﬁﬁﬁﬂ|deﬁ§§iJIfdﬁﬁe 15
Crosslinking hel ps prevent |ater mxi ng of the various cholesteric |iquid
crystal mat eehodgsterisdiquderystalomatetialgcould sgsul in gptical properdy ehangesoviey

advant A%5PYUStim®. 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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applications where the optical bodies can be subjected to substantial heat
during their normal use, such as in many display applications. Continued
di f f usi orwofo3kme1 chol esteric liquid crystal material s comCa/usexedos3 i n

optical property changes over 20 tinme. Crosslinking can produce structures

of cholesteric ligquid crystal ri.als. t.hat .are t antd.al mpre stable
over time and canggguﬁ%%sufﬁai)&%ﬁi‘eeje@é&%d%ﬁoéﬂgme#glqagﬁgg%fgﬁ?&})gtéo%{mmgg % | onger
lifetinme. TocqakiaPad@pbsigorDitntfitihg padicRs of it elicsbcoid Fiodkstericlimid coati ng
conposition is Pr epar ed cont ai ni ng}ripart icles of a first chaolesteric liquid
crystal nat efiyspl malgrials ipa bisiderd dhhedninder sarenipin A dhiekeholgstericiligyidd cryst al
conposi tion. %@&P - cha| | L QL Y. ! t ai ns
either a cho‘frggt?l e(f’%l flélé)gi (;Al%%agg‘g?’ %%ngrcrlgrr &(I})lrcghﬁé)nv\@ ﬁnrris))ll§ eogu a?ﬁl%febi ght
conpoundss t haithaaniqosl qrgdtyiroharazterdstich. dhé tomtmgreenipositiomis diposed orf thehe

articles of the first chol.esteric |ljqui.d crystal. naterjal are slightl
Sol ubl e 1 .t HYSCUESREE SRORUGPIAoB TS AT SR &1 FUGRBTEIS SBRY CPIEner e ar o
l'ow 30 nol eciddloaty Shlde &a0hE TuRhinCohlifl bfirtsiorSdoating AfR ebRBmalibngd he

conposition, the nbnoners can diffuse to sone extent prior to curing or
crossl i nki ngthereafli ng to changes in the pitch within the diffuse region.

-21 WO 03/027761 1 US02/ 25033.. A st.ructure ch.as .t hat depicted in
Figure 1 C can beﬁp lélpaélf) rB‘i?g?‘B‘F‘ﬁ%‘ﬁiB‘eé’ art&ctl)eastoﬁbku&be %’8%‘8@%4‘%“8%&% ai ni ng
particl em of criybtabdoniitRitivacan te sgiayeisintthe eullsiratel dhe ieisatondrhelektetic i n a

bi nder. The bhinder can contain a_third chol esteric IiEuid crystal.

conposi t i on. ligyid erystal porapgsitionfan be difppscd ayerbg pasticles of theeirst diplessiisners 5
wi thout Iiqujd.gr : 511'55&1' ' ROl i..s di sposed
on the substirl(g’llgeicﬁga%n agé%%[gﬁ%e a Iehg@gtc ?%glgtq g@#ﬂﬁ%tﬁg suéﬁdrtaess(%{]?fgf exanpl e,
spray coat i ngpray ¢eatingatlicogtingssliddeoatigg, cmgigin coating] extnsmhicogtingsxhd usi on
coating, and conbi nations . thereof. In still another enbodi nent, the
particles of CQMUNNSherenf} osteric |iquid 10 cryst al conposition can be
sprayed pn the suhﬁ&ﬂ_h@;ﬁethweﬁthwﬁveaﬁs@ﬂema@@f&ﬂfg;a Sruchirflbh thecr ystal
conposition can be disposed over the particles of the first cholesteric

| i qui d cryst substrate epitainingsinorg thanonsuayeabThe tayeatsicay be éomeidque such as, for

exanpl e, spr.ay,coatin rod cqati-ng,. slide.coating urtain coating,
extrUsi on coumTATCOuY O seamsnialD; Jihe ipdgdugiaverseatiin REPTUMADST t he
i nvention i nheARodindntd discusedtabbéd. UA @L@ality B€ particles having a first

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.
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substrate containing nore than one |ayer. The |layers can be forned

simul taneously or sequentially. The individual |ayers can be fornmed using
any of tweosnbodi nrents di scussed above. A plurality of pacrichessodavi ng a
first cholesteric liquid crystal conposition are disposed in a first |ayer

adj acent to the 20 sybsirat nd particles hawvi a..second.chol esteric
cryst al con'&}é}ntgi oS ngd?‘?i?@%%ﬂpeﬂu%? °§8&3’ﬁgt ﬁ“ﬁ@%‘rd@ﬁ%?n P&Z‘e? fu?%{s | ayer .
The struct urfk$a196&r@knd. A RliHiGHAIY Be mMéBRANLT akdelveh@ieh@l sthsllitybfcr yst al
conpositions on the substrate. The tenperature wused for alignnent depends,

at | east in thastryctura cathefterhby impreveddya highey degrpe phpolimmedzation@ndnd t he

of pol yor s SreHiONbRor & cinegndarosei i laR AF Lo PR R A IRARo! 1St On

CoNposi t isoNflegstiilalértg afir aplidationr aftallafyess ortang combinaties obfayérke chol esteric
liquid crystal conpositions within the area of dif.fusion. Sugh gi ffusion
tends to favor tHBongemhedigienhtwa sqFale EQALES KARPARItaNs e BrsRAred nLBE 1 o

bandw dth f £l Malpli Al aﬁg:tl 1Pt sPcitestsR Giquiddrygx@mpl e, to
prepare 30 t rﬁ%ﬁbﬁ%%@%‘%&@fﬂ%&#ﬁ%e %%%?Fl gurses 25\ and’.qill_B. _q'he nmet hod can
further inclmaterigluwhileght bezoudicomains partitles ofthe sedond ghelesterysliguid cryst@posi t i ons

to formthe correspondi ng. chol est.eric liquid, crystal terials. -22 WO
03/ 027761 PCHAIERR?/ n‘bé%ﬂ inggPRGSitien s "‘l?r"ﬁ’b‘?_x Ws&‘ﬁ*%baa&f educe or
prevent ffour tRgtorid § poilRRriOatddal ¥lowetimolcdBlhewtighSconyfiuntsé tHat can be

Addi tional ly, the mechanical and environnmental stability of _the structure

can of t en beeactpd ot pylymeic girseriale Fhebindér qan by gwhplesieiio Hqud grystal

crosslinking. The. curi and crosslinki . be. f d after
appl i cation "‘b"nmos‘@%hb‘}qg%&ge atlyp fyecroggablg‘g?lglé{‘? 1!q‘?)rnn%o agﬁtﬂ é)}lglpisﬁeor any
conbi nat i on & sthiash@fasteribticsO Mhe ®ifideel 0k Bbntainwarisepethat @ngpoahdswyck asposi ti ons

are prepared. The first coating conposition contai n? particles of the
first chol esaressliskingggeris andralynenzaiion mitigtorsh Additionally dbe,eRpIBE Nt ai ns

particles Ofcogrl;b gﬁﬁ)ﬁ?@zﬂl (%Mlﬁ%ﬁ%ﬂ%gm I}é, gqiﬁﬂ:egdrcﬂgé Hents BitbkiRhnts,FACh coating

conposi titon Ca SO contaln’a e binder” 10" conprises a polyneric
mat eri al or pigivertsidlesouidcasitymmodifierss conpesuingagertstand addibenalmemoneds t o f orm

TR N TR RN AR R T
g2 A e SR S RO i 7 o o
Addi t i onal | ysecoirkcantiag comgposition 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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15 conpositions can contain, for exanple, surface-active agents,
anti-oxidants, pignents, dyes, viscosity nodifiers, coal escing agents, and
addi ti onawomsnetmers present to alter various properties @®CTIUs®22838l ti ng
pol ymer matrix. The first coating conmposition is disposed nearest the
substrate form ng a first layer. The second coating conposition. is

di sposed sucHientihipn of hechalgsterg Hauid grystal ﬁrb&h??@éﬁ‘ls ngﬁnfﬁp LSRR The
two layers Gal}aeng %h%&.”ﬁﬁéhaéi&%ﬁbﬂw‘?ﬂ REH A ddldsdrit HgBa Rydeal SuUi tabl e
coating technique such as, for exanple, sp?ay coating, rod coating, slide
coating, curpasticiescwish a topal mxernal stretohedgadymer, interfdce; ihixdbneanipoovide her eof . The
bi nder used in the fjrst cqating co si,tiQn.can be e sane or ., different
Chan the. bt kg (A Sarior aBatig oe dinsomit 2isrey ef sy Rty oot o5
bi nders ean hgidiEd rasleddrghtelipatict shaySitihe GriiRMivnof @e chbfesfetie hblixders are
both cholesteric liquid crystal conpositions, the pitches can be the sane
or di f f er enthas alpartisgtas relatinshipse the filmelongatige diregdipns dbbereds pal |y i sol ate

chol esteric _|iquid.crystal rticle - My f surface
of the. substPaleae ApEiEh BreRRiorihe ol s A et aiRBler P ERaP

materi al , thRd9icheBliiRhitas airchlaepdigtiiet aCohixetedlizho padsheg thivapleat eric 1iquid
crystal particles can be influenced by, for exanple, the nuf act uri ng
process, pariendqmeizedpgticleshelestgric ligid SWS@iP%JP‘P%Fﬁ “f!ﬁ AR & lﬁ’éﬁﬂﬁi’u@?ﬂ

exanpl e,;qt he %%@ G LU | iBREfibGEiBesS NARS aGlarizRE WHENCe the -23
WO 03/ 0219761o #’E@?%%%fwrgrl e tlgﬁggﬁﬁg%lbﬁhleeiﬁ%%egt eri (:Z 1 quid
crystal's healyprally haiesubdiantiallp@nifomdengula parfbimhance tdlithbughlods dreans st r et ched.
Such el ongation wi || reéﬁpt the cholesteric liquid crystal -particles with
a local int e‘F*H‘éW‘%W‘ég@h_ “bol ymer interface, which can provide alignnent.
Addi tional ly or aitebiet EMBbdimeht) BvEicpatatecoaiifg Bompdsitidh8 afe/sipdfed Byt be 5

m nimzed for an elongated particle shape if the orientation of the
chol est eri ¢ did¢askonehafshecqating compesitions¢amtainnpantigles of  first ¢holestegicongat i on

directiogn. If there is pa ,preferred al.ignpen LI i {.the.chol esteric
liquid crystlgu FW@@Q B’P{,%“PH 338{?’1083‘? parh‘é@? acvé# %?Efcgﬁ& 8c?qes§%ncah°§1|@cul ar

pol ari zer. Caldthrvaatedall ITHEltHRRS64tNG chiposidbn eontdianpatitiesds Pairdi cl e
cholesteric liquid crystal polarizer will exit with a distribuytion 10 of

exit propagattiodstorisdigyidscrastel peraali Faeh ennting popposition eantains pagticlepdidar i zer
Ll B O s 5 15

. : er
its on-axis ransm ssion may su her enb two separate
coati ng conpesiteiroasedtodom e palyactr.blfithe binder contains lower molecular weight

20  compounds, 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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at | east one of the coating conposition contains particles of a first
cholesteric 15 liquid crystal material in addition to particles having a
second chwbaswerist |iquid crystal material. The ot her coa&Crnpozespdsiti on
contains particles of a third cholesteric liquid crystal rrat erial. Each
coating conposition contains partlc s and a_bi nder h1 der can
contain eit fige of thopartiges. J3y ehage YEkidhe pagtic e%};‘(ﬁ Be reacted to

forma poly t BPtHE GtHeR parifeied Bhn &liti OMpoOUNds,
crossl i nki ng%g‘atei%%r hggpépgﬁqyrrerq{l}ggﬁp%%bileﬁ?ﬁaat ors canbbe present. The

bi nder can Haester. cFiel heavlerpamctlesqa:nnd)eangrstcahcem;raqadmarltbmsub'ﬁtme surfadeng
conposition can ont.ai.n va ) ot iS00 unds,such a or exanpl e,
surface-active '@E’rfggf estgHp :hq\%gl gpti 5 ﬁ?g &d IW?g%i)f?{/ nodi fiers,
coal esci &g %@51&11@@@ an@GHRF aﬁﬂlﬁ@f@{sslnﬁfuﬁﬁ@ﬁianhﬂlsaﬂvé@é gl baeginpperti es of
the resulting polyneric matrix. 25 The first Coatlgﬁe‘g conposition is

di sposed nearﬁstttl\f@h@dmgﬂ@%lwe dfsplaps- n@féxﬁmpbt Figutecf illustrafes s gcbgmatie oat i ng
conposi tion is dis d. ov e ture is
formed Ii ke ¥PSsise tﬁona View, 0 %Hﬁlsfr%atrl\%b @IXt cflsrpﬁﬂp%s{eqﬁ%@lncﬁ irng%

schena Ica ers can
coated si rruldlm@pmahmnmozseqmmghatowauﬁa)legemyqlkmomamﬂecm t echni que
such as, for exanp spray coating, rod coati sl.id ting, curtain
coati ng, ext%@'ﬂ@h‘*ogs@s é%s&f‘fv’?fbaboé(ﬁsc?né‘(?ﬁtﬂpﬁ%arlé q‘iép@o&h g’ﬁBla?éverage si ze

of the part Isﬁ,gt%ﬁl aﬂaohpgyy ﬁ%ruaésé fifer 430 mﬁﬁﬁ Aa?,aﬁ%meqshokgeem et - The

particl es can optiona e segregat in‘a layer by varying the -24
WO 03/ 02776lcrﬁfa]/rbﬁélﬂi/va56mﬁzersuraeacsépairzttecqnapdmeot wxonByt theeosulagya sl ow

dryi ng sol ven a es W,th a eC|f| Vit er than or
conpar abl e tR? ?‘T\ZSB?‘@&{' (Hb‘i dﬁ’é’rs'taf veRe g%t“ﬂoel“y?’ggf’gllm e heavi er
particl es cagpHpe AMREReGE et bAtRIsidEa the BRpRY ASVIEANE2 Gt fsdpositEhe
cholesteric ITquid crystal optlcal bodi es can be used in a varlety of 5

optical di spﬂraysheb@kbgméMappl i cations, including transm ssive (e.g.,

backl it refle and e jgure 4
i1 ust r?’;\ltses a sch ]?“Fa‘fﬁ%l % ‘zdgc(fg I 5 mf\g’f@%loa}%léour?g %ﬁtﬁ)fﬂtmg‘? «3); ggckl it
di spl ay systteiAsAfiéing ﬂi@huﬂatﬂgeﬁlttedlfﬁﬂﬂl&wmldighM@QZOnae)bmqﬂé bfhdisghg, a

cholesteric liquid crystal reflective polarizer 408, as described above,
and an opt i onefiumed02ds o dguidesystatdisplaydpCR)- 10 system optional Iy incl udes a

gust e ue 2L Py 4 ) BRI Gk pétiphgsehl oo Ve
| i ght from t409 intlgdés) farrexample, & hglitesouncvél@aﬂuha lightrguide 41i8nalgiugh pthear i zed
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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light. A viewer is |located on the side of the display device 402 that is
opposite fromthe backlight 404. 15 The display nedi um 402 di spl ays

i nf or mat iwo 0a02776mges to the viewer by transmtting |ightrcrhsn22®3emnm tted
fromthe backli ght 404 One exanple of a display nmedium402 is a liquid

crystal display ( The backl i.ght 404 hat l' used to
view the display s Srﬁs aéfﬁger?% &s&atloxi;B &gﬁp{?ﬂeh St"eg %ﬁ%t%le 416 and
a light gui déisfldB50@! Thi® vefecid1Ruid 3 sﬁaalllgﬂ;lagboo g ludes b isplagaiedign used.

Al t hough the_|ight guide 418 de icte ure 4 has a generally

rect angul ar %3 $iFeEHP4Hgnd Bé@ﬂ@ctlml’@a@%@ﬁ 59 e The display systas Omqu}ﬁ‘ll}’any

sui tabl e sh shaped,
channel ed, Zlﬁglgggéjoqﬁg%ma@e?%& aﬁmfﬁ}%gﬂ hgfﬁs%%lrghaglgrﬁfs ra |on is that the
| i ght gtﬁ depdldri@zeber esamsdphmteaéom;ﬁment\m ngn\}ertghe cmnrlml)t prdatizegtightfromce 416

"ot 1 ector s (8 auidgRysaENectF paeres o iy RN it [iBRAIA R me and ot her

conponent s t@;lﬁ%ﬁ% hé Re1eeend mmefmwaommr{{m th@aissﬁywe%uﬁms@ﬁl zer 408
is an optical bod g., an optical film t i ncludes at | east one

chol esteric lbmn}ac@fé ﬂy:smmor 6p4.iand |goesohhgk tlagu@hst@e ldlﬂpbid' ragsium 502 30d The

reflective poI ari zer 408 ovi bst nsmt.light of one
pol ari zati on .QF%HV«? P@Wﬁé@ p@jelregﬁcgwﬁﬁp Z%l E/ﬁie{:@ asﬂlﬁly reflect

li ght of1ea §tf116d1 hy HOU idkiudad briythslesfefic ﬁqufalcagtaq lapuéawbay @yi de 418. -25
WO 03/ 027761 02/ 25033 Figure 5 is a schematic illustration of one
type of refl @Q§§1|’11?R§1 ghoyeri Ghespgsifigicheice pf eliplestraic lipyiderygal apticahhody icamii d
crystal disp W;ef JJed 04, and a
reflective p(?) ar‘?gl(e?rﬁcg(% Sasafé)%? %aegsysfg%pggg%ﬁ%%mﬁﬂﬁ%c gdes a quarter
wave pl ate awaverigtiofangéef meésesteric liquid crystal reflective 5 polarizer

or as a separate go nent to convert the circul palarized |jght from
the |iquid crystaf eé&chgluﬁﬁqrﬁtﬁlz@ﬁwﬁ&owﬁ% W?/ cASTIE 3 YAty Qght . Li ght

508 is ppl aghgEnBhonths aﬁ@ﬁhﬁs“&ht‘.’&h&%e@rzﬁ&ﬁdé&ﬁer r#rf)}?éfﬁésstotahfq‘ﬂﬂgh the

di spl ay nedi um 502, bounces off the mrr goes back through the
di spl ay nedi q;mstﬁhﬁspiagd Suoéfdoempnmsgm&lmszmlu@ﬁor eihmplﬁebhglnnesse pol ari zer

506 of this r ecti 0 cr sta 500 i one
cholesteric f ?eﬂineél}/s %ﬂfg’f‘ﬁ%’bﬂa ‘?“H%éﬁﬁaﬁ%aﬂgeﬁ ‘i%h‘ﬁe specific
choi ce of chgurBiyRE bﬁcddtﬁdbt@h/(ﬁﬁﬁé‘iée%iha%ﬂ@@ive%li)‘lz@r@,rlnetalhzed 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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depend on factors such as, for exanple, cost, size, thickness, materials,
and wavel ength range of interest. The cholesteric liquid crystal optical
body can we oaszdewi th a variety of 15 other conponents amdTfuishassoshat
enhance or provide other properties to a liquid crystal display. Such

t d filns include, f | e, bri.ght h filns,
et ar dati on Praee T ORR P okl 1) SRETLS DRETLECTAR GRSt L AR PI tayer ~ or
cont i nuous/ ding pightaficR peRfizatRhl GeidsfssRiH Wid medstired Bvbethk vstsle Baiak

reflectors, prismatic back refl ectors, diffusely reflecting back
refl ectors, sPaFtymaxitythe enalyzer fisst orientpd pithritsiirapsmision agis @t dvlt®ghaphi ¢ back

refl ectors. E?MDEE& ' I | y .St 1 GS: mj t he

pol ari zers p?o GcEa S nth?ﬂézﬁ#:éWagﬁ%?%éi&%e?@g&%{c@%@g%&rfg%? y nmeasuring
the transm taifessidn, herghiafierrefeired tg bs the passiranshissionodndtthen with thesanpl e,
whi ch produced_|ight hayi ggoa circul arl pol arized co nt; a quarter

y ofn
wave plate, ¥WHXZAT eEsNed3tdq indae eppasile diregronythatis to gy qr;rga h§°¥16h? i nearly
pol ari zed i % o [+ inaf . I nal yzer,
i oh, - depen i o o B e O, e s aEar )
pol ari zed | i thablgekaecknsensioy. Thedegres ofdightbloekggeathat is Thsayehe diffessrent s wer e

| aced 30 i ies in the light path of .a.Perkin El L 900
B bect r ophot oG e tgbfbk 2 sy vasdin idipaian o) e EPekescl BOARBRE s o
finall'y loeaviing 1ighe which i¥ perfect iy MRS Po1frizddQs Reeni@gdsafbriide qfanEefave t he

light path of the spectrophotonmeter wth the substrate -26 WO 03/027761
PCT/ US02/ 250p3te wewdd.rig priheiple; bgheonapletelyeblocked biithe analyzen wdile ampolarized

birefringencg .,effe t Lght af e | r rization.
Transm ssi onﬁ%bzé” O#gcgé%?%g%%@ggptaﬂgdilffeg‘%%fiéeﬁl (?Ageﬁgms)ﬁgﬁhr%t%&%%h tre anal yzer
first orientRdelwfblockhge it titsnebicsmi ifdicationSofake gdlariAtion effefiprédilcedly s of the
quarter wave plate in a direction which produced maxi num 5 transm ssion,
her ei naft er thetest pappleo as the pass transnission, and then with the

anal yzeryori ente 1D £, | ' ' ] 90
fromt helsoor I gi ngrﬂ%srufbgtﬁ%tgt (lsr?ral?}?t 0 Srl%ﬁﬁggﬁgnﬁsﬁ?%ﬁnﬁwgigﬁgg@%ﬁn@% &

her ei naf t er atehei2%shidrometsrs (01065 mabed) to mdunhranswiented aligemetdayse obf | i ght

bl ockage, that is t a di fference etween the hl ock an ass curves,
was an indi c%&lmﬁyloﬁ@%(l’ézg}%h &ICWM@M%!%%%BW@Y pitashed-whi ch i s
perfectly Iifgay bl | $onBHBSRES )ﬁ?ﬁfF‘ e r I8 dIedstebRY; pl ate
woul d, in pri nC|d€¥g§}glg§E?orrpf§ftg{ yonb' oc‘%edet{){/ t 1%) gnal gﬁzeﬁﬂvmﬁ[gd

unpol ari zed by copolymerization of naphthalene dicarboxylate, 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
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i ght would be unaffected by any differences in orientation of the
anal yzer. The Ilevel of blockage is therefore an indication of the
pol ari zatworsekfiect produced by the test sanple. 15 The Pairatsoat®3sor each
exanpl e was a transparent filmhaving a thickness of about 125 mcroneters

0. 005 he h d al t | yvi. | cohol
(Pua) wi th chideknatibesr aBtpshut ThS eotsBempesy S Sopleh eVt B, o ¢ ar o
was producedshying;and WE&b%eé’W&e%d"e 1 ABh BlirefreSiliing ST Qfinfafdi®dl by

copol yneri zati on of napht hal ene di carboxyl ate, di nethyl ene terephthal ate,
and 20 sui t@moéurdloéﬁboqtﬁﬂamconventl onal manner, followed by coating of the

filmwth an aque@&%g?x’aﬁ@ee%?l 0 les A D“%[dvﬂ ‘b%?s 1P¥ ﬁ‘e @V&Hﬁ&)l’rﬁtﬂaﬁn rgr{egkfd | ayer

Products and Chemc ennsy vani a.
was then dri lecﬂorw‘(MEKhﬁﬂuﬁdm oIP‘MQuld@a)ts&ﬂI chirdlmopmen Palicdlali LEt T3t anded t o
about 6.8 tines jts or

i diymensi on, in the ¢rossweb direction using a
convent i onal a‘-‘é‘%‘éhmaﬂ‘lfn@'gprﬂhioﬁ@% s 524 l?oflb?ﬁaélﬁl?lﬁ§ gb%g%g[({dgpqrg 1o ¥duce

surface ori Mheb]) dehGaiY BRAEHRHRR VA gf'Pt chhz

substrates ?&a&lgscr?[geﬁ% })ljs‘;l Paten? !@?@%mO% 75; g 811 and
6,111, 697. | dlotig Wvithiphotoaitiggor adydtoxgio, m{dﬁmethyraaetepimnem asmtm)lerafst es can
al so be used. As ipdicated in sone of t&e Iow n? exa Ies t he coat ed

| ayers were Prrocuy” didyé fromrigibe B Eoflr §§’r‘tfz selutians \at t per
cm (300 ymtt r (Model
o, NG ofen, R nicRyBHERe RofAd ofiB U RLcs, SRR, ST ERS ﬁ‘éafsequ. pped
to perform LthmggandﬂV\bmeﬂM(ﬁnﬁﬁﬂl@ﬂemlpquémﬁeﬁﬁgdtffm‘ett anit rogen

at nosphere. C ed t 6.1 neter /m n 0

Fwo_ passes uBEAAS Shene@igie. (ke SHBHbns v g Prorates. Slobdngablode

exposure of about 2J/cm(err). Corrpar ative exanpl es A—D and Exanples 1-2
bel ow utilized methyl ethyl 5 ketone (MEK) solutions of liquid crystal
chiral nonomer Paliocol or TM LG 756 arﬁ“BIaB, iral nononer Paliocol or LC 242,

ggﬁﬂgi ﬁ;/(rj\ligl Sabﬁh%wﬂgﬁf \’5&"75@?5%4 ar:an‘B-% 131\hngf:S’Jr\Ic \,/C\TF g‘ﬁgtgm niitiator

a- hydroxy-(ern)zo(%lﬁﬁondl et hyliamet ophénoneyt.23b@kolak! e [as20)8%0z0s7%M 1173

fromC ba Geigy Corp Basel . _Switzerland in MEK _solutions 10 were
formed whi ch Eé’mSphu@ncoat ed dmb subst r dveSh ofisolisls, al i ghEW-2hT%
Mesophases 1o egotution 1:28 3 wt.% of solids 20.5%-20.7%

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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by heating, and UV cured to formreflective polarizers having different
pol ari zati on characteristics. Three solutions were prepared, as shown in
Tabl e 1: woABWE751 DESI GNATI ON LC- 756: LC- 242 DAROCCUR 1173 ®B@IiSD825033 20
Solution 1:20 3 wt. % of solids 20.5% 20. 7% 1: 24 Solution 1:24 3 wt. % of

solids 20.5% 20, 7% .1:.28 Sol ut n 1:2 soI ds 7% 15 In
Tobl 071 2% PRI RGE ok Bom e difkritices beye S v es A1 SR 7. The
ratios of L Gstron@ ﬂe%ﬂ@orﬁéﬂ’ecbb{cdﬁ% ﬁhwavagng@@srmﬁ@iah% Cof550mI580A A coati ng

of the 1:24 solution of Table | was applied to the PVA alignnment Iayer
descri bed abmntﬁ}crﬁémsmﬁmagﬁmleaﬁ h@lmlﬁnaen@ammgnmﬂlegémpyo referred

to as a Maye d ng a

t hi ckness of hﬁg?sgblelgron%h[ &r'e" ggcgg{ %Lﬁ?ﬁﬂ %g% gHéeglf%gegltcH:&t‘pgb\rﬂl ed at 66
C for 25 % nirishession fok l:me%lbmadtbz ardleds pmnd@md,l 1h&ﬂaﬁﬁigwsnbslaﬂﬁiﬁry a

ni trogen atnosphere, . Optic pol ari zation characteristics were neasured in
t he manner dgg%l}qr@g@nag&p@ffec%@hqsg@faﬁ% lgpghs. ssi on curves are illustrated in
Figure 6 as percent transm ssion vs. wavelength. In Figure 6, curve 61 is
t he bl ock transm ssi on and curve 62 is the -28 WO 03/027761 PCT/ US02/ 25033

pass transm ssion. I S seen CompatdtivedixahglesBIEs bet ween curves 61 and 62
that a strongp i on, eff for, wa engt hs |ntherange of
550 to 580 nano a@ﬁﬂ")tmgﬁﬁgﬁ‘feﬁl&e? Ff%{‘cm?”ésfg’m?fg'ﬂ??g'fa ddPari zation in

the greepre Qﬁté)f’VAt bt Mees S&ivel Abbve) h§1ﬁ@§ 'Pkévh?&an@d&rﬁih@ﬂ of this
range, the d ferences tween 5 ansm ssion for curves 61 and 62 are |ess

pronounced, #ardsod spriayey lelshmgs bald ataa digtanemedf] dbent 130] Suinchestfram thef f ect at

th | di vid f th
three sol ut | s GHRRR by el TRl Gler ot hd B HRacE BBIAD° 0L 1€
| ayers (descaé Jieﬁdmglapme&pruﬁngms&neé ebdurbtichsf spaRiacthd spagingseheranyayer

whi ch was hel di stance of about 12-18 inches fromthe substrate
during spr ayPWQl degyspmpleteiavernge obth etSH’éfa‘?prAa@Eédp@Wga@é ligwid; layer W& pendi ng

upon: spr ayi Nl S1RPEAS hifHEARIIRM ey TPV BieNS desBifbeaRbaVe, Riagener al 1y

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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provi ded conpl ete coverage of the surface. After spraying, the liquid |ayer
was 15 dried at 66C for 5 mnutes, followed by UV cure, as descri bed above,
under niwpageer7at nosphere. Optical pol arization charact ePCINSO%23083 €
nmeasured as described above. Referring to Figure 7 which illustrates

percent transm Ssi.on vel eng ssion cur 2 73,74 for
the bl ock or M@PB@#&fqﬁgnﬁHﬁFyégFr%a nidig S0 }nleg PRE BLEs curves
fell in the V&%@Qﬁfﬁ'as%@%b@@ bR, HlchDpoRirizairy @Rrdribiics WereSRMBurkl OM CUT ves
72, 73,74, le a si ficant polarization effect is present, it is

limted to rasfdembledgbd)\{egwuhnhe tebdtsshown o Fighee & Gumye 82dpthet r um per cei ved

by the eye uti.o able | ution), or

bi ue (1:20 af?d‘g’iﬁ'fﬁs’é’ﬂ t%r%g%;gxﬁr%pv%flq% Onspi é Mégg%r@guctl on in
transm ssgi onrddmidiPnIHEMB analyLe in fhe passitientgiopn of the visible spectrum 25
Example 1 A coating of the 1:28 solution from T Table | was applied to the

substrate described above using a Preval brand handhel d aerosol sprayer as
described in Conparative Exanpl e B. spraying, the liquid |ayer was
dried at 66C for 2 30 m nutes. A coa |ng&o the 1:24 solution from Tabl e |
was then applied Aoty dfitheil:28 sslntiex fromiThbitr I wab appli&btoGhé subsiratei nut es.

Fi nal | t f the 1:20 Tapl e | d by
Spr ayi g | n eReTEnRPaE HHEE o 5o arapi BoRciel Feugrel Sprever 95 deaB bR B2 77
PCT/ _USO?/ I goéginpﬁ'ggvedﬂytﬁﬁbléh gﬁglé&gescr UL S 2 B6dRE otfﬁﬁ‘e 1f24"§ﬁluﬁjdny ing, the

conbi ne yers were cure bed above. Optical polarization
char act eri stfras Tabled wasaspplied in asimilas oranhagfoliowed bywspmycdheoatlag @f the shown

in Figure 8. rve.82.is t ans SSI nfor t al o k3 the bl ock
orientation E%S@H?%ﬁ%‘f fai]’?etlh §y§fs ‘ﬁengﬁe dﬁ%ﬁ@? #] n the pass
orientation. mnﬁl‘&%h@\zcﬁeﬁﬁﬁﬂés@ﬁb&f aHob@ Gptié8l saritation chdradieristies € | was

applied to the substrate described above using a Preval brand handhel d
aer osol spr ayetie measared 83 {i¢seribedabpye.withpthe sesulie s Faguze IWGURGLY2 Hr yi ng

this |ay nn§F %ﬁ%{'ng oi gorttﬁe an]a%yzér #3h'hlo onéﬂtﬂi@{%@lcﬁi\%ez%ﬁgo pliedin a

simlar praye coa ution from
Tabl e |. Therspmshadot ﬂl}t%hslymﬁﬁ tHelpass @hienmﬁoat 1166illGef rante2thatndunee 9% and UV
cured as desgfr ll“lgsrg 9ad?t(')fgreé‘ 51g%?f%éag&}ll frgr%l 061‘15':16232'[ (I)folﬂggrg%r %%Ee ryllg 1|ca~(i15ng 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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were neasured as described above, with the results shown in Figure 9. Curve
92 is 15 the transm ssion for the analyzer in the block orientation and
curve 91 we mle776t ransm ssion for the anal yzer in the pas®cariseztzass on. |t
will be noted that curve 92 of Figure 9 differs significantly from curve

82 of Figure 8, therehy indicating that, the dryi sequence for, the

coatings cartllpyee t,aig ﬂ%’rﬁtF?%ﬁﬁm@g?% SeHItioRZ ‘B%;tt[}%hﬁpr%ﬁgloéﬁ t;’ﬁldPSﬁ

characteri stj 0 ' . | [ solution 1,
1{1?%3 .0?&01}1@(?1”5913(? %lmd 69 r%%ﬁﬁn?telﬁpérhﬁﬁé THe cbinbRed

was formed b I SSO parts of© LG 756, 17.2 parts by
wei ght of LQayd@wemtterDhéatadantid Sy favliOghinutes anthellomdd tp coak tOptiakd i niti at or

2,2 -azobis(2,4:-di.nethyl val eronitrile). .availabl.e a O 52. from Du
Pont ConpanyPOlafZatiet }C%F%Wé?gqcﬁfhf ” Banner figs%‘)%? e‘%@%’d ft ng% the
tetrahydisof yeahs cHéwa in ﬁgﬁ&q@? i Wlijﬁb?ﬁay%&hél&hﬁmié’siom}th Rt mallizéf er ent
ratio of LC 756 to LC-242, was forned by dissolving 4.8 parts by weight of

LG 756, 15. 4n thpmpass otientetisingnd cofve 102 portraya the teansmissionsviy thganglieerdn  VAZO 52

in 79.8 part wei ght of. THF, Each, of..th i ol yneri zed
at 60 C for tﬁﬁB%SBPQ?&?%OIhJHIStSﬁgh 8’?’{1}6‘? glége\l;ﬁ%g% bslelg—%yet &Rgg%%%@agol utions
havi ng a soljolisiZaae eféctPbechPver aaelbtivebplatid suitidn vhthe vizitdy gsbetrumi. ng a
Preval brand hand aerosol sprayer held at a distance of about 18", onto a
PVA al i gnnent |ayer of the type described above and -30 WO 03/027761

PCT/ U8021/025033 allowed to air dry a Jngﬂm‘terrper ature. Solution 2 was then
sprayed over the dried |ayer of sol vl l-and allowed to air dry at room
tenperat ure. The Acodtabiedmubsyar wasyweparedbndissdvieg 0109 gtais ¢f EG1756@ndi nut es

and all owed to cool . Lcal olarizatio har ac i.St.i cs. we tested i
t he manner cfé%l:gﬁaﬁﬁ(?f:%%é& 1%(fq1grtawéo t%ﬁ!&?&“@h@&#)i #oﬁﬁ’éﬁ?@’%%. Cur vlen
101 portray (Sﬁmﬁeﬁ LR GSrs Mﬁlethbﬁﬁpcﬁy@ﬂlds@ﬁhz)mma&Mt@, as8i14BId #nt at i on

and curve 102 portrays the transm ssion with'thé anal yzer in the block
ori ent at i on.MPEM-42 $menBimaninch Eockeybelleeylandt Wednitiats, tetibugd t hat

pol ari zati on effect ccur over ao.rel.atively | riion. of th i sible
spect runt® 10PEXf 'Iea’yﬁwﬂa’bo&get 19 53) /&mh%é?’bwl%@%’r%gsg‘?%%‘ Sgilh tcgz)liag élcl) \}él/ng 0. 09
grans of LG 345figsnex ™02 RE50hibARIo Nebal4einicalddnb., Ghiztago, dflinbR] wahydr of ur an
(THF). To this solution was then added 0.05 grans of

met hoxypol yethtrgded2inthe prewntiof 0 grams,tp His selutign. 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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MPEM 12 from Bi max I nc., Cockeysville, Maryland. An initiator, tert-butyl
15 peroxy-2-ethyl hexanoate in a 50% solution with odorless mneral spirits,
avai | abl ewoas/oITisgonoxTM 21- C50 from Akzo Nobel Chem cal s Pcmaso2/@uwsEago,
[I'linois, was then added, in the anount of 0.2 granms, to the solution.

Pol ymeri zati gn cagnried qut at 70.C for r A partion of .the THE
was t hen eva%&sé\lﬁﬁan't OlymEizaiion yas toug?t'{%;’]go @5?3}9P§h%ﬁ5"/{ﬁ°’?8 Wout 5
grans. \\at er THF RvdshiBencdvapatatedf todRing hOweighNEE thy\eslutidiedovar@atotios t he _
solution, with stirring. This produced a noderately stable emnul sion, which

was then coagi@@sonYaen Hethpemonnt of ifdhgrama,was thepeaddefl ethe splytien, wigh ng a #14
; q . . . ; 9.8
W rewoun Naéfﬁé%?‘?mg ﬁgb%tuﬁgcf‘% 15‘[%?%‘?%%%?%& gglu[sf)on %%Illgvgs%roa%dtob{sethé urticient

to align the Fizatl on aracterrstics were
tested ass deBYAIdhigamainduyer descaibpd above-ubihgid # ldsvitawaindMayes eod)f TIRD a

pl asticizing mononer in formpg cholesteric liquid crystal polypers.
Exanple 5 A caapaties hedied & R @afe_r §9%W%039%H§§mmgt e b ams of
LC-756 and ﬁol%a@%ﬂ@ﬁaﬁ%te\]ﬁgﬁg%rét@sté@apd&f:ma‘%vé.etrahydrOfuran (THF) . To
this solution 30 was then added up to 20 wt% (e.g., 5 w.% 10wm.% and 20
wt.% of poly(ethylene glycol)(100)nonoacryl ate, available from

Pol ysci ences, Inc., VWarrington, Penﬁsa/l v%a. Tri gonoxTM 21- C50 was t hen
added, in the ampunt of 0.2 grans, toX2HR 03/ 027761 PCT/ US02/ 25033 the

sol uti ono Pol yner AzahfabR cYffidsiSrdwhs fépaed bpidiséflviagious gameer 8C-7Seraidt i on of
the THE was then evaporated, to bring th i ght of the solution down to

about 5 gran®95geamesof LGr24¢hm Hh@grams t@@%admrgﬁam(THB)sTpﬁleiﬁsduﬁ@m to the
Cution. wi ST : Lon. whi ch
wns coar ed ot 0/ Wnd O MeRLRIT TN A TRARE AT oo M 1S Of v ©

w rewound Maged was then Blided; rathe agovaisofliehgachs] 1© theEbl@idm rPalymedizatibes t o

align the layer, and the opticgal | arization characteristics were tested
as descri bedVabe carEgd Rpl 4l 78 Gfon BoitF-a @wfgﬁﬁﬁ Vgaﬁ#i%rbar ed by

di ssol vifg Og ) ox?:'ETeg%% tSHTn(?H%?% %%thﬁpﬁm_e QolRRoIHEWE giésgaog% %ﬁgr#é. rW&tQ%Qn grams of

tetrahydrofura issolution was ad ans o
met hoxypol y ethk ampfi @ fridt hgramg) wassthel addgd o #iEb Rition GEith stasingh&hisadded, in

t he anount of Q.2 grans, t he sol.ution.. Pol ri zation then carri ed
out ar 70  Poudscikipderacsl;siable SR gon Haichpied fira' Bl Srio EBVAEer

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

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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15 evaporated, to bring the weight of the solution down to about 5 grans.
Water, in the anmount of 10.0 grans, was then added to the solution, with
stirring.wohi®277pr oduced a noderately stabl e emnul si on, whipch/usag2308&n
coated onto the PVA | ayer described above, using a #14 w rewound Mayer

rod. The coatin heated.to 20 C for tine sufficient to.align the

| ayer, and ?IFFé‘te%ﬁ\é\ﬁégl € 8 amg é'tléﬁﬁﬁntzt@ a@'ﬁﬁ?}‘fc]f%‘?ri %"téitggo p?lé’élf‘aé’d’%as
descri bed abghaacterisliadWER tdstdl fMEEDe8 2B, Si on was prepared by di ssol ving
0.05 grans of LC-756 and 0.95 grans of LC-242 in 10.0 grans of
tetrahydrofuran (THF). To this solution 25 was then added 0.05 grans of

pol yet hyl ene gl ycol nonoacryl ate. Trtgono 21- C50 was then added, in the
anount of 0.2 granms, to the solution. #Hgp rization was then carried out

at 70 C fsor 8 houAsoathbR@iiulesn Whs preparédiby WRSo1VING.0%aaMe LALENT56 andbr | Ng
t he weight of the solution down to about 5 granms. Water, in the anmount of

10. 0 granms, SAL gramsPiddcrét? ol Q.§arams oftetenhyfofuras (THE). dkp thissolutmg pr oduced
d t el i i PVA |
¢ OBl B AL GO A RSB SOOI SRR A ST

WO 03/ 02776 1mPadrhéfbaayate) 3Gilahedtoml Polysdi&feClfcqrWarrinigton, Berfnkylyvaiat t o al i gn
the layer, and.t.he optigcal_.pol arjzatiqgn char ristics were tested as
descri bed ab‘é(}é‘.utl@?&m8§25wﬂs E‘iﬁéaé‘bﬁ’@ Wg‘?ﬁfﬁfé@sﬁf’gﬁaﬁ’ 19y di ssol vi ng
0.09 grafp Opollfrer2Rionhs tRerdarféPdll aP60°LEfF8%hduls. 10 pOrtBh ¥FtheoTHF
tetrahydrofuran (THF). To this solution was then added 0.2 grans of

pol yet hyl enewgs then EY2p0603dnte brieg thy weighs of thesalwtien dawnyo abaut Sgyams.abl e from

v 1t nevaguin RS o a0 RRE et Binthanrd b SRS i Rer 1 e

then carri edThigpratfucéda faoteratedy siable smulidaQ whichiwAfthéhévalddontoviis FVEN
evaporated, to bri ngbthe wei ght of the solution down to about 5 grans.

Water, in thayerfsseiibedrabaye, osige amd4 wiksvoupd Mayerrod- (Ihecagingovahegtedw t h
stirring.e ThiSap l.S| i.ch:was then
coat ed ot o ©H20pGAS R EiherulRAEH A gk B AL ARGl pOUERAES  Neyer
rod. The coathangtesiztichweatedaestdbastdescriti@d@bdw: a tinme sufficient to align the
| ayer, and the optical polarization characteristics were tested as

descri bed above.

-]

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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Exanple 9 A coatable enul sion was prepared in a manner simlar to that of
Exanple 20 8 by first dissolving 0.09 grans of LC-756 and 0.91 grans of

LC 242 i r(wb30@277gt ans of tetrahydrofuran (THF). To this secatisom2was t hen
added 0.4 grans, rather than the 0.2 grans used in Exanple 8, of

pol yet hyl ene gl ycol (1000) nononet hyl et her onet hacrylate. An initiator,
VAZO 52, was then added, in the anﬁwwnqg.z grans, to the sol ution.

Pol ymeri zati on waa doBfable cAl€iah va® Prephied B d&Eolving®.9 GrafRWILC-As@aid | on of
the THE was then evaporated, to bring the weight of the solution dow to

about 5 gran®.l spEneet LE242 i 9@ sramstof detrahydrofuran GREE). vEhe soltienadged to t he
ot ol g . I st on. _whi oh
wns then coansielnfiliihroddlh REAGEH, Fra RISTAL whs B £o G 1 O, AN ©

wi rewounds Maydgoriox®! 2TOS 0cmdtthgpluvs aeticattdt® aBAM 66°Ganti1ahe solids e
sufficient to align the |layer, and the optical polarization characteristics
were tested eemplethydipwivedptopming agogkaomrer spRMiopCT/ US02/ 25033  Exanpl e 10

A coat abl e emul si ' i ‘ .06 and 9.1
arans. of LC 242 1 AH IERERTARYec AT, £ B e hictlBndtersEiufigh. 100
flushed w t hAniailmongest 2 wt.gxgohitiowof emnethdayloltysropyll tritnethoxysiknedded 1 g of 5
TrigonoxTM 21C. 5 nd e utio s heated.t out_60C untjl, the solids
conpl etely d?‘é”é@&??ﬂ‘m b&tﬁ‘?ﬁge@%{%&nﬂ]ﬁﬁ’ﬁ 1 cgi ﬁ& ‘BrIHFI'WIa%é‘HﬁdéPs wer e

pr epar ed)oNng2hRid19 The figst ¥l thiLivel 9K HENROSHRAIViAQLALVA: ¢, AR R/ MRAL Of 2

wt. % sol ution of 3-nethacryl oxypr.op;c/%’( trimet hoxysilane,” available form
Uni t ed Cheni vial reTeizéth6lzo @’pé@,lersail@t whs thpcarrind Feimat wbeut 34 €dor ha@rseach

vial. The first vi,al received 2. t he se d vial recei 4.9, and the
Uhird il AOEEhRmeh g einthe AAPER TS trfv et RT et o Sbout 65 C
for 8 hours. soldfidrewit efityitig) iAZérhiileidn with oul Hiwt.HEsold® WAk taken Ak gipans Was
then added to the solution with stirring. A emulsion with about 5 wt.%

sol i ds was tedaded entela glass migrascope lidesingd thengdriedni cr oscope slide and then
dried. 1p Exanple 11 A coatable emul sion was prepared by dissolving 18.2
grans of Conpound

Example 11

A coatable emulsion was prepared by dissolving 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
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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A~Y - O/ \'/ \ CN O 20 Compound A and 1.8 granms of LC-756 in 80 grans

of tetrahydrofuran (THF) and heated to about 60C to obtain a clear

sol uti on.wGaapousd A can be prepared as described in Eur@pearsoRatoent

Application Publication No. 834754. The solution was flushed wth nitrogen

to expel oxygen. The solution was cooled and then 2 g of 25 TrigonoxTM 21

C-50 was addmdyrheriZatiom mlﬂeﬂlglcncromdﬁ)af lagryll atheniavaileblg 2 Brijedd f59mBpar ed

cont ai ni ng 20 of the t| o} g of a 10%
. ﬁ% %@f SQFD@JO( )@Gre oq“ Lce?zIte Qirﬁ'

sol uti on of em cals LTD.

Cockeysvi | | eyadVddl &ﬂﬂ'bvided Iirianueﬁonaﬁstednﬁamea he witi%a kolidSanti Q7 wi. %t r abr om de
(3g of a 5% solution in THF% was al so added. and m xed éa t he vi al

Pol yrer i zat i oy (@ leni enide s fausd ether. Bhe epwlsion aps takep and din coated opip ‘hours
After - I aug 03/ 0732(%% ﬁgﬁﬁgﬁ@%ﬁﬁgg 3 polynerization, poly(ethylene

oxi de) 35 aval e as Brij 35 from Aldrich Chem cal Co.,
M | waukee, W) and a 1:1 mxture of ethyl acetate: THF was added to provided

an emul sion that contained 17 wt. % oIid d 2.7 wt.% poly(ethylene

oxi de) 35 |auryl ether. The emul sion §‘ n and dip coated onto a 5
gl ass ni croscope Iclogtgbl%réquﬁg}@,{lwgg f,;%ﬂare(lﬁsﬁﬁi%kcﬂvﬂaé 18. a8 ama bf Eomipbiuid on was
prepared by di ssol ving rans of Conpou A, described in Exanple 11,

and 1.8 grang, d)éschﬁ‘ed?ﬁﬂinamp&)llgmt 8<grameoﬂelﬁr7éﬁylu8%mrpf( THF) and heat ed

to about GOCto opt ai n ear,. s ut | u d with

ni trogenl® o %&‘%‘e&}ﬁ?ﬁg‘l Q%"’l(%?ftj %@@&SP%& "Xﬁﬁmoh. %Hg

Tri gonoxTM 2%0 Wﬂ@sﬂ@?%&%tf@eﬁ‘t@eﬁk@é%ygmnQHE&olﬁﬁbWh@ébolé& aﬁdal was
prepared contal ning 20 of the stock nonomer solution. An apount of 0.5 g

of a 10% sol thieh @rg @ffTrigmmﬂ m -hAvay hdded tQ ﬁ@rm 3 staclomenemey sobyion. 15
M | waukee, W) in,THE was adde the de.(3g of a
5% sol ution i n THAYVI "%asﬁr%r%fﬂ‘ifélgané% %hqgo%o?%{rﬁ%ﬁ% ng‘P i zati on
was then caphb&st o(f'@tS @bf 2betsoRBofof Iabry&indﬂfaa@ﬂaté 8Aldeich Chemidab€o.,
pol yneri zation, poly(e th | ene oxj de) 35 | aur(\é et her and a 31 ]f ng}ture of
et hyl acH at Mllqukp@ HF was added to the vial arbon tetrabromide (3gof a

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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was added to provided an enul sion that contained 13 w.% solids and 10 w. %
20 poly(ethyl ene oxide)35 lauryl ether. The emul sion was taken and dip

coat ed onwo 0a/02gbass mi croscope slide and then dried. ThePpgrasentsoshventi on
shoul d not be considered |imted to the particular exanples described
above, but r%&;@ﬂ%@derstood to cover all aspects of 25 the

i nvention as the attached clains. Various nodifications,
equi val ent 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 whi ch Ane@ptigalbedytcompyisigi on i s directed upon review of the

i nstant specificatjon. - U . 'S CLAI MED
IS: T. An optical E odyajl g&%ﬁpg\ﬁﬁggéﬁg%zg&npﬁﬁg ?ﬁgﬁlt (g)lioq%i%?ns%;?ti cl es
conpri si Y acrybtabinaekal,eaderic liquid 5 crystal material; and (b) a second

cholesteric liquid crystal nmaterial formng a structure with the plurality
of first particle®) wheprRd chplestercliquidigygtat materal foning astyetues Wikt er i al
has a pitch i j I ﬁ@é}] i | SILK rystal
mat eri al . 10&9%%@%}5@%&?&{%%9@ g?&@ﬁg?ﬁn&?%l er ecieln ﬁ%&?tﬂ@?ﬂegglﬁti cl es
have an aver baga pitthahastiedifferent tantiasgeonst choledterigdiquinl Gysgahma@eriathe opti cal
body of claim1, wherein the second cholesteric liquid crystal nmaterial is
di sposed as a plurality of second particles. 15 4. The optical body of
claim1,jvhepei n Theopidal Bddytof cPfimf1i, hbreRfhe ifigét PartIed hatlé aPEVEAE i N a
matrix conprising the second cholesteric liquid crystal material. 5. The
opti cal bodydiemetsr i the Tanggted OdlSrum @S st chol esteric liquid crystal 20
mat erial conprises a reaction product of first chiral nononmers and first
achiral nononers. 6. The optical body of claim5, wherein the second

chol esteric Bi qui Theoptidabbodyaftetdimall, wherdgix ihs @scondichelesteit liguiddnstal of t he
first chiral nononmers and the first 25 achiral nononers in a different
ratio than tmaterilisdippsadasadglality of spepndppdiicles- naterial .

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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7. The optical body of claim5, wherein the second cholesteric liquid
crystal material conprises a reaction product of second chiral nononers
and secomaO308/0zuhi r al nmonomers, wherein the second chiral PeoSIER3IRAT €
different than the first chiral nononers. -36 WD 03/027761 PCT/ US02/ 25033

8. The optical bo of . clai . wherein the first chol.esteric |iquid
crystal mat®rial f%%%}%L@%@é}fﬁggB&,a' *5t'd éJILrStS OLF%’}F%‘E ﬁ%‘ﬁfilcg’is{a:lrpnorrers,
first achir amatefRleiRsrises 2 RAcROASLHGMt BF Fekt ORI Wedndmess, Girst 2Btdrappt i cal body
of claim1, wherein the structure conprises nore than one |ayer. 10. The

optical bodymepomers; aadplasiigizing monamers.i r st chol esteric |iquid crystal
material is disposed in a first layer of the structure and the second
cholesteric 10 liquid crystal material is disposed in a second | ayer of
the strucure. 11Thdbsticapbodyadf chuielyl, ohelimihasttuctudeeotipfiséstao@pharcade body
reflects light having a spectral width of at |east 200 nm 15 12. The
optical body@¥$ claim 1, wherein the particles of the first chol esteric
liquid crystal nmaterial are partially diffused with the second chol esteric
liquid crystal material. 13. The optical body of claim11, further

conpri sing alf.hi r theopticabbadyiaf claim @, @hezt the figstaholestere lighid diysmbsed i n t he

tructure, wherein the thi.rd | esteric, liquid t terial h
di fferent pi BelsrabisdnpRieern pEeidnar oElstrr g 6 SEbR AR i o 10
The optipal HQEN cAfstat ditehal3.disposddeina stéundliiyer of teatr@siy i ¢ 1iquid crystal

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

materials are, dis . it . Il ' :
Faspect i very 1g0° TR SHiP LRIy, bnlleit BERHAB0] RER RERCNENES,
third parti chgsecailewidth sfwtlee200mm. matri x conpri sing the second
cholesteric liquid crystal material. -37 WO 03/027761 PCT/ US02/ 25033
15 12.  The optical body of claim 1, wherein the particles of the first cholesteric
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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17. The optical body of claim1l1l, wherein at |east one of the first and
second cholesteric liquid crystal materials is a polynmer conprising

sur f act anwoasmerierrer units. 5 18. A reflective pol ari zer peangmo2/3soas): (a) a
plurality of first particles conprising a first cholesteric liquid crystal
material; and (b) a second cholesteric liquid crystal material form ng a
structure with 10 the plurality of first particles, wherein the first

chol esteric {7.quighCoptichBbodiRrRldidl!1, whafkirfatRédsEbhd dTahe fifst fhd @t than the
second cholesteric liquid crystal material. 19. An optical display,

conpri si ng: chelestericdiguid erygial materials iscoprlymer qogIpIBINgSprfactant pogionpment fir st
particles co {Si sing a first cholesteric 1liquid crystal material; and (b)
a second chol'esteric liquid crystal material formng a structure with the
pluralitys of first particles, wherein the first cholesteric 1liquid crystal
material has_a pitch that is different than the second 20 chol esteric
liquid cryst i nafdpfleptive pplarizerCopprisivg) di splay of claim 19, further

conpri sing a 'igh{a)SOU@@@%fﬁ&gﬂi&e&&ﬁ&m QErs’E‘E’hcﬁ&%rftﬁ%%}f?@dy’ the

met hod conprising: " 25 I'sposing on a substrate a plurali of first
particl es coeoystabmatgrial; afid r st chol esteric liquid crystal conposition; (b)

di sposi ng on the bstrate cond cholesteric ligquid crystal c osition
to forma structur® wi %ﬁecpﬂ@cﬁqq?sgqncclw %rty@tpflgaﬁep Hm@g}?s%&?tmec‘gﬁggsi tion;
and 30 (0 c@R\pAIhiith@fiin® phitickds, RRéteRIBONt stdéstsiicaiquid Erystai slaterixist al
conpositions into first and second cholesteric liquid crystal materials,

respect i vel yhas a ggh\iptisdifrensthapde sosum cholsteric liquidairystalpeaterials
cholesteric liquid crystal material has a pitch different than the second
liquid crystal material. 22. The nethod of claim 21, wherein disposing the
plurality of19.i r sAnpptitdldisptay, bomrisiig: ses di sposing the plurality of first
particles using a coati.ng technique. .

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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selected fromspray coating, rod coating, slide coating, curtain coating,
extrusion coating, and conbinations thereof. 23. The nethod of claim 21,
wher ei n dwepeseTigi on t he substrate a second 10 chol est eri @driwgo/es083 yst al
conposition conprises disposing the second cholesteric conposition using a
coating technjque sel.ect from.spray ceating,, rod.cpati.n sl ide coating,
curtai n coat Wh%,emeti? ﬁffg Fﬁﬁeﬁﬁ%ﬁ ]i“H‘g‘Ii céﬁt&f)%??ﬂg%ﬁsia tgﬁﬁ}f‘gqrgtgfthanzthg The

met hod of clﬁgcaﬁ@ﬁqum/@grsgilﬁlé@ﬁﬁposi ng on the substrate the second 15

chol esteric liquid crystal conposition occurs sinultaneously wth disposing
on the substrate the first particles of the first cholesteric liquid

crystal conpgsiti . 0 . CJl al .2 ) i t he
plurality of i rsfﬂeprél%’ I g;gggla[ﬁgt%g, |e§%8§15 8%%%1163‘)\2@%{6% Ocr}k%%te}%?@rl%g l'iquid
crystal conpashprisesdispoginig the pluzflitslio$ fiess padicles ubing asultiig taétidquee first
particles of the first cholesteric liquid crystal conposition in a matrix
conpri si ng t $feecésdsem seiayicaaings rad qopting. glids glating, cuplainfeaiing XU The

met hod of C'@Jaﬁhgjand%ﬁibﬁiaﬁoﬂtg%ﬁkng the second cholesteric liquid 25
crystal conpositron conprises disposing on the substrate a plurality of

second particles conprising the second cholesteric liquid crystal
conposition. ,27. e t ho f aim?21, .further conprising disposing a
Chi T chol st | cThY et ot ¢ipim 24 YT SiPPURE BB HCRRTIAS b erchdr e w th t he
first ang) seqnbialqasd @ybtal co%q)ohitiqﬁbém?ﬁye%tdﬁpoﬁﬁgﬂ@ss'e%moleéteﬁeel n the

third cholesteric liquid crystal conposition is converted into a third
li quid crysteimpasiton; usingreasaating technigehseltictdddramspray keatingheodpiopting,of t he

first and se hol ari i qu.d. cry ials. - 03/ 027761
T Usoa) 250 5¢ gt T ih et flelineBbiite, TR b Bniiors el 1 e nas o e

than one layer. 29. The nethod of claim 21, further conprising heating the
first and second 5 cholesteric _|iquid crystal conpositions to produce

di ffusi on betheenThhmetiod of claim 21 cxbespin dispesiag o8 thecsubstrate thesegandy)|

conposi tj:ons : i : [ S04 thing the
first anfdsos e%hc?:ri\;%’ten-cgﬂgqucﬁaﬁsa%Q%glc&hpghﬁlgmg r&g}g? %H{u#agﬁégr I lgllusmi %Isé}%é%ﬁcgleﬂl i ffusion
bet ween t he gubstsite siedfirstifhrtieeonitthe ficst elsdlesteric liquidicrystal gah@adsitioat eri al s.  31.
The met hod of claim 21, wherein at |east one of the first and second

chol esteric liquid crystal conpositions conprises chiral nononers,

non-chiral 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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28.  The method of claim 21, wherein the structure has more than one layer.

29.  The method of claim 21, further comprising heating the first and second
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

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.
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