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| NFRARED LI GHT REFLECTI NG FI LM Background The present
di scl osure relates generally to infrared |ight

wo edozest4Bhg film The present invention nore PCT/US2006/040942
particularly relates to infrared light reflecting film
that includes a cholesteric liquid crystal |ayer. Dyed
and vacuum coated plastic filns have been applied to
wi ndows to reduce heat | oad due to sunlight. To reduce
heat |oad, sol BYFRAREIHLEGHIrREFLEIGHING FIKMEi t her t he
visible or the infrared portions of the solar spectrum
(i.e., at wavelengths ranging from400 nmto 2500 nm
or greater.) Primarily thpagkghowhpor ption, dyed films
can control the transm ssion of visible light and
consBYuBateny diselogire ealates ganerally deinfiaved lighsweflesting 8lred The

' r y . do t bl ock near-i.nfrared.sol.ar .
pels 0 hicbof b, o o AL B L0 b ey taces
chakesierit ligu@ctrydtainayer.ef | ecting fil mor solar control

films. Dyed filns also often fade with sol ar exposure.

| n dAAdidngvacuimesodted plgstio Blmsdiave beenmppliedrtd windows to reduce

d often.fade at different .rates, . causin
e B8 b B o BRaieB e Ghud SoRE RS SRR et
visibleei theiafaredipdeNs bf tHessoi 8pdctiail G281 80whelldtihs ranging from 400
vacuum deposited grey netals, such as stainless st ee%,

nn ey nm ppgeshter.thr ome, or ni chrome al | oys. The
de ite I e tal fil fer about .the sane , ..
deoraubEly Pl oS ond e irarapsiona viivle
ligh®sitd @Sedtently Brovitled blasPRALEGER. I-ﬁ%vé\fefﬁ%% h}mé E&eﬁ’eﬁﬁfydo not
netal filhs are an inprovenent over dye I nme"wt

bl@@g@ﬁﬁiﬁfﬁrwo@f coengy andl confaguagtly wramsit abmplekaly effe@ive as infrared

. relatively stable whe xposed.to light, o en

iR 1S AP0 (ROT6 L Kok R0 o SR solrexposur.

In AGEASH] WiNdnOMnffard &foe@itNAIHRCARESRS d%&eofgaﬁ fade at different
oxi dation, color changes are genéerally not etectabfe.

ratpg, ccavsiaghan hewatiterhcaler ahegas oybiaths Jlifgofthe fifhal s bl ock

sl Ar P IFICRE T BHOR s BEER BT EH o GoRtesBeT ey metals,
eyl Tonch MRS B pRAHEARRS, IRChERKIeq oy
megal| filmis pffgr hbavit thecsamedogreco6f tegnsissatni intise visible and infrared
portions of the solar spectrum. As a result, the grey metal films are an improvement over
dyed films with regard to solar control. The grey metal films are relatively stable when
exposed to light, oxygen, and/or moisture, and in those cases in which the transmission of
the coatings increases due to oxidation, color changes are generally not detectable. After
application to clear glass, grey metals block light transmission by approximately equal
amounts of solar reflection and absorption.

Vacuum-deposited layers such as silver, aluminum, and copper control solar

radiation primarily by reflection and are useful only in a limited number of applications
due to the high level of visible reflectance. A modest degree of selectivity (i.e., higher

visible transmission than infrared transmission) is afforded by certain reflective materials,

such as copper and silver.
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due to the high level of visible reflectance. A nodest
degree of selectivity (i.e., higher visible

WO e@n®Mi43%i on than infrared transm ssion) is aP¢DUN®A/040942
by certain reflective materials, such as copper and
silver.There is a need for inproved infrared |ight
reflecting filmor solar control filn1that has a high

i si-ple light transm ssi.o subta.ntl |1y bl ocks
!t e T SRS e T e SPASAE st petFetrol film that
hak @ hadtesiB RS8R krhifsrhiSsibA) M@Ju%gjtahﬁélﬂftbﬁﬁ{s n?ﬁzef.rla@ Qadflétiom
The present 1nvention nore particularly relates
infrared light reflecting filmthat includes a
chol esteric liquid crystal_|layer. In one enbodi nent an
infrared light reflectingS¥PM% is disclosed and
I
I nclTdgHeRndisSdHduge fe'lﬂ@st ge‘héﬁﬂ @@ﬁﬁﬁ}ei(ﬁlgégﬁ%ﬁ%ﬁe%ﬁlm The

i ncluding a polynmer and an infrared
presaBl 1@§¢@mmn¢rrc geitidularly setlafes teambrarediliphosdldcting filnethat includes a
bstr ubstrate and infrared |ight reflecting
Chgfﬁ%tieré% g'rud(,mf %&iﬁ Y§crystal |ayer have a conbi ned haze

val ug ofé ehBSEntelifsth r%%are'drhgﬁf‘fé@a?ﬁnf‘?ﬂgg]g' @?&P?edl dnfl hﬁcludes a

control article for blocking i1n
Vlﬂllﬁﬁ lightlgarispayint wbstratemchldingchepolﬂnw aildtdnanfralgﬂﬂlght reﬂectlng
ng.a pol an in

ed
chp e REE B R o h RRarE PR b SRR ci D tibstpiaged infaced lght
reﬂ?Bcﬁﬁg’ 51‘?6165%&15 ﬁkﬁu& Hggfa[ BYE had Qrcgﬁﬁﬁt ? él%?éllvs'%@é Yfless than 3%.

hesi ve | ayer sed”on t e VI SI
t r aﬂils plarthmenshmisncmtadlght cdntie] anmfcteaﬂbeﬁlobhgg tinfi@td BERtiMEn an
teric Liquj | ayer, and_a

in 8 By sotute el agid ﬁlﬁifga Ehshienohrae ﬁfmmner, an
1nﬁ£é’@ﬁght\f€ﬂec‘?ﬁ1? %ﬁol@ﬂpﬁg é'sfa'ﬂ fa:ygld@ @%o#l oh E}%rs%gstrat a pressure

lecting arficle |nc ester
senslthlgnadhcsnﬁsllaﬂd:r disppeed drhthe V[Sﬁﬂé dghtstrdnispditntisibd@ratd 615the infrared
rare g@ ele ths a second chol esteric

. range o
hgf“i faﬂF“&m@r egferip PEr e pLlass gehstrale disnosed ensthe
pres @R Seridftivieih & ®ela ﬁ@vel engt hs, and a retarder film

di sposed between the first chol esteric | iquid crystal

| ay &fet aiﬂndr erheodiments dnahinizl ansih frared lightpetldotivipyaticlt idchydiig a first
retards af |east a portion of the

chq e TieHid st |t Patigtcss liglHon adiss ropkeeat Smiind vevalengths, o
secbﬁ@%h&l@ﬁetlld 9(2.}'@ h]é/s{aﬁalygl‘:&xﬁﬁ g{ i 1 t%f’? ?f?rkgrfsf: rtaﬁ!%ee SH8khSa

l'iquid cryst scr tlon
wairlengthyg and a retarder ﬁlm disposed between the first cholesteric liquid crystal layer

and the second cholesteric liquid crystal layer. The retarder film retards at least a portion
of the light in the first range of infrared wavelengths such that the light is reflected by the
second cholesteric liquid crystal layer.
Brief Description of the Drawings

The present application 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:

FIG. 1 to FIG. 5 schematically shows various illustrative embodiments of an

infrared light reflecting article.
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The present application may be nore conpletely
understood in consideration of the foll ow ng detail ed
waele®eos@ss on of various enbodi nents of the i nvRCIL/US2IV06/040942
connection with the acconpanyi ng draw ngs, in which:
FIG 1 to FIG 5 schematically shows various
illustrative enbodi nents of an infrared |ight
article.Wiile the inventign is anenable to

reflecting. . , .
var i By ﬂt?dn’r%lafl iofaenanle ta vedpwrampdificatinngand glieraptivederms,

l.e i.n th .
SR er SOEHE< WEER SRR, Ry BE e Rip SRR oo LB e
deseritexdsh dewdil. Tiahewldbe uhbaktobt.chadwilver) thad fhe iiteifibn {sthot to limit the
limt tgg invention to the particul ar enbodi nents =
INYILIOR i) By pagieulas smbgdimeis,desenhed; (rsthe copirarg, the infention is to
el |.00S. [ . thves. .

cof e YTREATo i iy R, ¥ ERG T ATRTed FRLAR Y SR gt scope of
th®atvantieed Descri ption The foll owi ng description shoul d

be read with reference to the drawings, in which |ike

elements in different drawi ngs are nunbered in |ike

fashi on. The draw ngs?%ilﬁb ar e.Rr/}ot necessarily to

scal e, depict selecte SPF%&rll & %nbodi ment s~ and

ar e TietfollowmpdRecriptioh ishbld bb ecadGEfEreffredda@o BieSdrh@HE 8n which
Al t hough, exanpl es of construction, dinensions, an

. n, . . d .
likgeplcangndy i diferent drawinga eeecpumheradiia likafashien. sTherdsmyings, which are

4] | [ 1] recognize that.many, of
nof BECRSsaFL oS, plchSefBlt Ml SRR Berien g TR0} Rlgncea to
limi yhelseoptt ofl th idclosiit e asthoidreahrptesi oTdbaAfRHon, Aitensions, and
nunbers expressing feature sizes, anpbunts, and
myfpijalp arg|illystigiedfor te varews dlements theseskilied an therartawid] recognize that

' 0 ynder st o as;, hei n ified in all
i e el BT e e B Ao Tl il
| ndiGaERbthepwisdendionéd, allundbes d&?f@ﬁhg &latR86REE bRYoSnts, and
set forth in the foregoing specification and attached

physigalpsoperiéesappd bxdherapdcifinationand elaims.ase jo bepeteditong asgomg

g fi ht, b bt ai.ned t
e N e A N e
cofigf®] the nbie bl pRERRERS set ISHIC Bthe Boreysth® Blecii¥@aR¥n and attached

wei ght, %w, and the Iike are synonyns that refer to

claims apmppEimationsthasican vanyisspensing upontthe desiied ipropsftiasisatght to
beﬁ)hﬂ?a?ritlegl S’gtag%§kﬂ%glg Yhe! arI]‘F utmaziilgght e ?efacflirﬁgs 81%(%?&% ﬁeiregrr;. and

Weight percent, percent by weight, % by weight, %wt, and the like are synonyms
that refer to the concentration of a substance as the weight of that substance divided by the
weight of the composition and multiplied by 100.

The recitation of numerical ranges by endpoints includes all numbers subsumed
within that range (e.g. 1 to 5 includes 1, 1.5, 2, 2.75, 3, 3.80, 4, and 5) and any range
within that range.

As used in this specification and the appended claims, the singular forms “a”, “an”,
and “the” encompass embodiments having plural referents, unless the content clearly

dictates otherwise. For example, reference to a composition containing “a layer”

encompasses embodiments having one, two or more layers. As used in this specification



The recitation of numerical ranges by endpoints
i ncludes all nunbers subsunmed within that range (e.g.
wa2e034ncl udes 1, 1.5, 2, 2.75, 3, 3.80, 4, BCMUSH006/040942
and any range within that range. As used in this
speci fication and the appended claims, the singular
fornms "a", n", and "the" enconpass enbodi nents
unl ess_the content clearl

a
| . referents, nt _
a“@%"f g‘?f’égh%{ ﬁ!%‘mrﬁne@g oo scearprrlly eaplyed de its senge including
“26Q/POZ1Eds Qe SR LIRLAY di'c?atésat%ﬁér;viseenc onpasses

enbodi ments having one, two or nore |ayers. As used in
t hi sThegem f'pressuie semsidive héhaapp 0 ERS AT Rifers to 4 MRcdedsit material

s P BB SRR T b S ) dherence
, . C ) y e or

i BTk o e A SEHC e SR DU i e
suffigiertt gbhasiverstrepgtb pe be remsaved tleanlydr@s sewabarde. per manent

e A eBerd Sl Rl ol
e, OO R o
thereefeaswoldds palyinars| oligonas,yoreopoly @60 Boikblck endrandom
coBflyBBhee R R R e ChEREst . as el | as

ol e S P B b1

cleptemt pnd BreludThihe ebmmentetdjictense aefler and QuroReiRIRIREMHe clements
| ose proximty to another el enent and

beﬁ‘%i??&%i%tgd ?’H 1@ PR 1ayers disrpsed bstrecearler tlementad f ur t her
i nclydesnt &lgye‘?’l’ @%ﬁ'ggé ﬁn&?%t <gd t%%ﬁa{ﬁ% g gmg% é)%?gif%rth%gﬁ ora

| ayers di sposed tween el’enent s .
singild dptivel thiviteesst dodingle phywidal dbclamesd Galigclply s H8hct boundary layer
e

thickness or a single optical thickness. A single .
or B%@FE‘EP appp-distigsisboundary dayen gechasdfos examaple yoeomopositional gradient

C ' : -di st boundary..l ayer
bty Rif Tyt PEMnEOTRUAA ol Shhe PB4 oo P Binmaguh .
forl exyemple, roflesiingdMighttb@al ridieclfiRasleadihs DR 19BSREMSSH Bt zones
an optical property such as, for exanple, reflection
betgyeen faygts %Bé@fgudé Qrig 0% anase oneradicats i material of gptical property
ordd@y stood that zones between |ayers can include one
or nore or gradients of material or optical property

gr adherdrt “polymeric material” will be understood to include polymers, as defined
above, and other organic or inorganic additives, such as, for example, antioxidants,
stabilizers, antiozonants, plasticizers, dyes, and pigments.

The term “cholesteric liquid crystal composition” refers to a composition
including, but not limited to, a cholesteric liquid crystal compound, a cholesteric liquid
crystal polymer or a cholesteric liquid crystal precursor such as, for example, lower
molecular weight cholesteric liquid crystal compounds including monomers and oligomers
that can be reacted to form a cholesteric liquid crystal polymer.

The term a “mixture” refers to an association of heterogeneous substances that may
or may not be uniformly dispersed including, for example, a solution, dispersion and the
like.
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The term "polynmeric material” wll be understood to
i ncl ude pol yners, as defined above, and other organic
w@eoo7osgani ¢ addi tives, such as, for exanpl e, PCT/US2006/040942
anti oxi dants, stabilizers, antiozonants, plasticizers,
dyes, and pignments. The term "cholesteric liquid
crystal conposition refers to a conposition
a cholesteric liquid

Ic?flls ' 1ot bglwgo ' ?ftﬁ geégﬁqutaeﬁléﬂnéﬂ%@aﬁs%my#@sammr
pl&e. %@ﬁ?&l%ﬂt% é%Fl’e%? éjtat‘fr{v%égl%be C{]}Z(ﬁ %a‘%n %f'ﬁghﬁ8 gltﬂé%rthe left

exanpl e, | ower ecu eric
orcthq/lsg}almamrpdaﬂdﬁsectmﬂl udi ng nmonomers and ol i gorrer s

t hat can be reacted to forma cholesteric |iquid

crystt ISR Ry FSFOSCte UPEFofe; to AiuRitipring agreamstrical grycture that

faaﬁfsd%ltﬁé hald gﬂnﬁ@ﬂg%@g&ﬁ] |ncé?nc'es that may or

may not e tni T erse udi ng, for exanple,
a s olhet teom 2 “dérmmi”diqail apstalt doepouk@ refbre té & tiguid crystal compound
&hlral unit refers to an asymetrical unit that does
that dprmse nermatic liqwid efysigl pge- A chiral unit is capabl e of

[ Ot afidigr AR AR l%%ehgfb! PAISBHLORAAL chlBY ol 1685 11ty

the left or inacircu rec

digsetvimgarioties @gﬁiﬁ&rﬁe (smﬂuté) togbei 8 sblatién Uﬂdlk}r)]éifﬁbih NG ‘Golvent” may be
geonetrical structure that facilitates the formati on

a 18¥Xt'éreloifﬁ{i? o BPIEUBstangssophase. The terma "nematic”
L qupl tgﬁ-X sélﬁ'lla ﬁl%fQP gy’r}gfehet[o%ﬁfaf &nﬂa&hh&y&dco?nﬁ/oﬁﬁmgs including

conpoun crysta
chithEliduid mys'&bbo&ﬂpﬁundﬁ edc¢tdral ﬁox@ehqwiﬁf‘cty"bm Qoﬁlbaﬁndsi’chat can form or

pabl e of at | east partially_ dissaolving another
miﬂfﬁg’&%ﬁl@éte{lg Savideyystal mespphase toganebinaion wigh efher kquid cryatal

]n"ﬁg ljvent” may be a m xture of one or nore substances.
alteterm ‘chiral material" refers to chiral conpounds

or CiiEnesh tpodirdzatibiiClebeats RopleRY pelhridatieh drclay pbRtization, elliptical
mpounds and chiral non-liquid crystal conpounds t hat

pOEaawaﬁ!% 9F 87y ptheiieearandemapaarizetipe stafeqnivehielr ghgtelﬂctnc vector of the

t er li UI d.c
ool SO Ao RGBT LR M D 15 S o
oripnlation dAvarids.in & lsj‘fswha’ifc RainRf.| Bl pol@idatiBh, it@blectric vector
pol ari zati on, or any. other nonrandom pol ari zation

rergaigs & 3 pinglginkane; whildineirculag oy eliptieal pplarigation, the electric vector of

the beam of light rotates in a systematic manner.

Reflective polarizers preferentially reflect light of one polarization and
preferentially transmit the remaining light. In the case of circular reflective polarizers,
light circularly polarized in one sense, which may be the clockwise or counterclockwise
sense (also referred to as right or left circular polarization), is preferentially transmitted
and light polarized in the opposite sense is preferentially reflected. One type of circular
polarizer includes cholesteric liquid crystal polarizers.

The present disclosure relates generally to infrared light (IR) reflecting film
articles. The present invention more particularly relates to infrared light reflecting film
articles that includes a cholesteric liquid crystal layer. The infrared light reflecting film
described below is believed to be applicable to a variety of applications needing IR

reflection, for example, architectural and transportation applications. The infrared light

-5-
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beam of |ight does not change direction randomy, but

ei ther maintains a constant orientation or varies in a
weyBresasd c manner. I n plane pol arization, theP&l/E81006/¢40942

vector remains in a single plane, while in circular or

elliptical polarization, the electric vector of the

beam of light rotates in a systematic manner.

ef | ective polarizers preferentially reflect |ight of
refRing Artisls ietudsn i i efleetias ehalssiancylauidrypit lay aralisposed on a

trdRPRER sﬂgst{d.tg P%hotﬁé}.em%fi&?%‘?s, tle kbRl l(]jl%[lt Ireﬁgétﬁl?ed.ﬁi}s@e includes

pol ari zers, t circularly poI ari zed-in one

aniiit reflecting dhelestedic dikjoikony ssal 19fer dBPoded hetvasel \Witfmsi5Ras Substrate
ht or left circular

alsq . referred to.as ri . ( .
méi&nziiﬁb%‘ﬁ laygr, The IIH?@%ﬁéﬁtrPf&fmtlyg ertigiseantheadhersd to aypptical
. : . . o Lally
B LEED) LU MO 00 TRDEELSIET i pamies
disdussed Hebovi, provideiatlaprydatin afeheapptiestslity dfehadieded¥d infrared light
reﬁi sclosure relates generally to infrared light (IR

gqtingrticley but shauld potdedaterpréfed By e imiting S@O%ﬁlqt i on nore
LR8BSR IR LS B

chiral/@rnatukl ée.g.Ninobscelds khaghé noeidsest b igrrbt plahelesd mdIeshlar units
below is believed to be applicable to a variety of
that e mesageaicdn Raw (Fe-1 Rolealesthat ehibit liquid eeviel phases) and can be

It . t .J-on. .appl,.catjaons...Th .
P ERbIL ke A EARRBOELAHA ARDILE BN SR Sa avd rv
conpoliads (nagatid)ahixed @fithGrlcbadinthecd Miitak lind Ay 8sleste8ORGEE crystal

on a transparent substrate. |In other enbodinents, "the .
coppogidipaioy mgistials dnqlede qompornds having metiolastesicdiquidrerystal phase in

: i : i c. i qui. L. di d
IS8 RS0 FIOLEE) bt B e LSl iR SRR 3G ptccua
alighment) bf thediduld @hétalrretech amalied] Fistlon IeHy the dashRIAd

to an optical substrate such as, for exanple, a glass
perpendiculat to thydirsetor xahglesteric ligwid erystabseampsissiond iarscalssesterred to

[0V i.at | f. L i il i.ty. of
e T R
cogiiposition Bpimateeial Ritks PisRA it A dRedtio JelRAdRAAS B the director and

Chol esteric liquid crystal conpounds generally include
alqpg the wria pf thgichelestreie helpe thatitrtakesifor thadireeor ©.1gtage through 360°,

. i | d
In B EHBRim R, 017 (RPhePRIRE SR B Pbrl 1 bt e (.
ol efthie|patsh bhathelydierd fiquid eiyis@] flaksiaPbaniieaa@ied B9 GnikRHg or

be polyners. Chol esteric liquid crystal conpositions
othegyisg cembinirg (fe, bictrpolimdrizgiion) aphyrst comprung svthcsnematic liquid

cr}(éﬂag P@é&)&lndm Ieed l}}lo. tstgfig %P%Ig %Elﬁa hiso B inaduggci {)}? L Cl’lill?elll tn'on-liquid crystal

errc
material. The pitch may depend on the relative ratios by weight of the chiral compound

and the nematic liquid crystal compound or material. The helical twist of the director
results in a spatially periodic variation in the dielectric tensor of the material, which in turn
gives rise to the wavelength selective reflection of light. For light propagating along the
helical axis, Bragg reflection generally occurs when the wavelength, A, is in the following
range

HD<A<ngp



10

15

20

25

conpositions or materials include conpounds having a
cholesteric liquid crystal phase in which the director

W@ edwa/08mB3 vector that specifies the directi onP@F/US2006/040942

average | ocal nolecular alignnment) of the liquid
crystal rotates in a helical fashion along the
di mensi on perpendicular to the director. Cholesteric

Ei qui.d crystal conpositions are also referred to as )
where pds theeigh pad r end 7 ase (heaincipalssbastivedndicesmfdhgehalesteric

CI A EH e S T,
reflectidnds geaked i0theatiibla) wingvibleg otxifrared whitderphiotepahey dfight. In

helix) that it takes for the director to rotate ]
mepy enbRfliments, the phelhis seleptsd isuerihat the BragedeBeciionds pepkedin at least

3 | a cholesteric liquid crystal
thrgra erle@ﬁfe%n@élﬁr#%%é@é}gy m xi ng or otherw se
conbCholeger{clig@uid chytal _&ﬁﬁ%)(_){mﬂ_ﬁ,l i#dtdiap chéleQrid Bduid chrstal polymers,
conmpound with a nematic I%UId crystal conpound. The
arg ggnesalbyelnownanslsepically anysef these mpderadsicanbeaisethta mpke optical

SRR B SRR TS iy T3l bR TR BBRR R s P
Nag)d, 20830t 5]332]500.u8, 886,245 5847 OGP USEI6ZY, SITae)57all-of which

The helical twist of the director results in a
arg peorrergted hereindyi refejenceat i on in the diel ectric tensor

of t teri ak igh.in turn. giyves rise to the

e oI} P RroetE il cfest o &7l Fmeipd ikgyes o
contippuad of forguld @9 the helical axis, Bragg reflection

general ly occurs when the wavelength, |, is in the

fol | owi ng range qpp<@ﬁnep§g€$§%®—ﬁg—p pitch and nO

and ne are the principal fve indic of the
cholesteric liquid crystal material. For exanple, the
whereghisda®, her $eRdsamacrslath nethacryldie oBacrytpmidé; Ryds & §61-Cs)

a8 et Bebal SICHERLIEISS pobbachuriBone 0o~
~OCIOf0-, sCrehect-athaNchtheti- fe-Reagn; Retd LA iéhe,

peaked in at least the infrared wavel ength regi ne of
cyicloghenylehgs hetstasy tlyldne caryy ldne; roy detadargleng d s bondn C @i redkylene,

teric Liguid t al | , |
CREMARERAT (PSP SroPReed D e Bithe @~
~(E$)())N9«E<€CH}&N—9 aN=bogi ¢s —N@(@W:l&%nﬁfmsa&‘é flﬂ@f)é?ldc%ﬂey dseiler?ted for

| esteric liquid crystal polyners are descri
each 8; RPista bondscyclballgdsne 36y chnatkeby B8e, s ey dyl&86 agdéhe, or

he%fogr%ffe'ng?l%é is %ya%%ég,zc%hnc?, ’thlAc')L,l( > 8) aah<|ox§)f,f (&@égg re]tlkyl, nitro, amino,
carboxy, (C;-Cg)thioalkyl, COCHj;, CF3, OCF;, or SCFs.

In some embodiments, the cholesteric liquid crystal compound includes a
compound of formula (I):

R—Ri—Ry{RsRs}~Rs—Re 0
where, nis 1 or 2; R is an acrylate or methacrylate, R; is a (C-Cs) alkylene; R; is a bond
or —O—; Rj is an arylene or hetroarylene; Ry is a bond, (C;-Cs) alkylene, —O—, —C(0)O—,
—0(0)C-, —0C(0)0O—, —C(O)N—; R3 and Ry are independently selected for each n; Rs isa
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are incorporated herein by reference. In many
enbodi nents, the cholesteric liquid crystal conpound
w0 p@7asig33 a conpound of forrmula (1): R Ri- RZPCT/URBBEI040942
/In-Rs- R6 (I) where, nis 1, 2, 3, or 4, Ris an
acryl ate, nmethacrylate, or acrylamde; RL is a (Cl-C8)
al kyl ene, (C2-C8) al kenyl ene, or (C2-C8) al kylyne; R2

o, B i SNy e 2 S b, v

Cc I I e I ¥ EERSOE-O

RIS KA SR R LOMISOREAL P SRR sk
al ke@yé exeapl¢ CPa R esdricliquidk crystal woylyde,is a Gempm@(d@)f&bl;mula C2:
-0(0CG, -0C(OO0, -C(ON, -CH=N-, -N=CH, or
-NC(O -; R3 and R4 are independently seletted or each
n; R5 is a bond, cycl oal kyl ene, cycloal* ene,
hetrocycl yl ene, arylene, or g RG i
hydr ogen, cyano, hal o, (Cl C8) al kyl,
nitro, am no, carboxy, (b 08
or SCF3. In sone enbodi , the chol esteric liquid
crystal (0 % o Tea WP compound of formula (I):
where, nis or 2; R is an acrylate or nethacryl ate,
Rl is a (Cl-G5) alkylene; R2 is a bond or -0-: REA)s

A AT EE O FERY R
coﬁﬁﬁler%ll? %@mla‘ﬁﬁ%ﬁﬁglerﬁélleb’ulﬁleﬁrﬁﬁfs @gllé&ﬂorq,@ith aval blesfrom BASF,

abond, arylene, or hetroarylene; and i's hydr
Chﬁymﬁg N@alAm, eX(amlpleCZ&)coaim‘tmlyllly @@ihlaﬁ&)chaiakmblecu]lat umt is Paliocolor

L@@%g"%ﬁgfe%&@% Craflefo N, Hpreves ¢ il Holeplepaiauid orystal

|
AN AR 0 I 2 G G filon or

ingetionr ci al |y avail able achiral nolecular unit is

Pal I LC24 ava ble from BASF, .Charl ott
An ' 1310 fhislasferic M/@'V%IP SPrRPRNsEnalsoherused. nﬁI“i@l?Ffﬁflc liquid

cry'sﬁéltcohxt%oﬁﬁd iﬁc9 8¢ BL QLledtEd RE t}%}étﬁ:'uh% Q#)@lcfaﬁmﬁﬁﬁg:a} laody based on one

However , steric
orgmoys tfawtors m¢mhmgj§omxdnmiae cefrastivsindives d;uﬁfad:eoe?cen‘:gyt bi¢te ipfocess-
P!

n also be utilized jn, conposi th
abcﬁy c? arity, color, Iow absorptfon int %e waveiengﬂl of 1 1nterest compatibility with other

components (e.g., a nematic liquid crystal compound), molecular weight, ease of
manufacture, availability of the liquid crystal compound or monomers to form a liquid
crystal polymer, rheology, method and requirements of curing, ease of solvent removal,
physical and chemical properties (for example, flexibility, tensile strength, solvent
resistance, scratch resistance, and phase transition temperature), and ease of purification.
Cholesteric liquid crystal polymers are generally formed using chiral (or a mixture
of chiral and achiral) molecules (including monomers) that can include a mesogenic group
(e.g., arigid group that typically has a rod-like structure to facilitate formation of a liquid
crystal phase). Mesogenic groups include, for example, para-substituted cyclic groups
(e.g., 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,
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invention. O her cholesteric liquid crystal conpounds
can al so be used. A cholesteric liquid crystal

w@ovposmad may be selected for a particul ar appPCTES10061040942
or optical body based on one or nore factors
i ncluding, for exanple, refractive indices, surface
energy, pitch, processability, clarity, color, |ow

t ag%gé%tl%%iw&q\g@%{qég &q’gg‘?r%}ﬁ%;%‘%’fg’tg‘s%ggpt@?e} cgn ﬁ@ aH¢red to provide
ifbigH ' e of
difreRui ﬂ‘o?érﬁéé &lchGoTBP | tp}}e,g?fu?ﬁgfe? fn mch}(lf:krgg/s eas

manuf'acture, avall abi I qul t al

c onpuutablleaholesten otigsidtony stal polyandrs tholude polysieas hpangy ﬁrfelliiral or

heol ,_method and requirements of curing, ease of
a3 o et ROV DoBg <P PTG Bl POSF DRy i, pplgpiloxane,
orPAERAnid) LAY ind P B AL oy G b o
fleéhip eo-atamomers. ddttleresartable chplastedic Hauil ofystaCholyaskShidve a polymer

L e AN S, B B i
polyrRAbME BLIBBAY WliSdhidal'Ald Mﬁgft Iﬂ?%?glg@g l@id}gﬁ:ﬁgigeggf)&ps. The side-

group (e.g., a’‘rigid group t _ o
cheingroupsersoptionblly sepaeatédfromithabakbonat 4 yacei siechldsofol Bkample,

c tal phase). sogeni ¢ groups include, for exanple,
mﬁialgyi@@%%i%é’él BRGes tgpiide fexibility. par a- subst i t ut ed

ben [ : [ r.o .e..0ntd onall e

e 88l BTSSR 16 B8 901 904 omposicion
cas paceatectarpthemtisti disfoyet érito aabrfaded U dhakktee 1ifeid crystal

exanpl e, benzene, pyridine, pyrimdine, alkyne, ester,
comRy Peminchiden & ABial b mopnentisp i ot oRsbest &) chirshebmpound, ()

i ' iti T J f acer .
e ARk 207D L85 T8RO Pl BES D S0E et
liqasl, crjsal mkangl er (it cuphbihitiorsthérdo ofheashblesieric Bylidak)fal
chol.esteric |jquid crystal polyners include polymners

CORROTIHGR sancse Wrlude amepichip! goaIpaentdhat contrins at Isestame (i) nematic

W eTo! ] : iy acryl at
o B e T P B R SRR M eFetcap br s fgdorm o
nemesolieuid crygtad ppyneptdr ¢iip lal conbeREbAa tiRgedTY Tob&thét Wiih the chiral
flexible co-nmpnoners. O her suitable cholesteric
compeRng the permatic lyid prvsia!l epmpouad(sy pymematisdsiibberystef mpnomers
I A thacryl at .
cof 0% ABSUEGN Be oRELITELDRET 8 Eoopmosiion he
choledtérichquia cryatall canpositidn FRSQBENEIGISbitkCorGhre RdEitEY Such as, for
The sidechain groups are optionally separated fromthe
eXPRRRFIHES @ﬁelﬁsamﬁmkﬁrﬁs gahozesants,antiexidanss,elastinizers, stabilizers,

ancﬂ.\lgriéjiv%ﬁ:t} 1g)f'/ra1%|d,k<¥rl ‘ﬁﬁgle%(gihggbs% au%ge EiSIesta%d %rigon\l/én se.

Cholesteric liquid crystal compositions can also be formed using one, two, three, or
more different types of any of the following: chiral compounds, achiral compounds,
cholesteric liquid crystals, cholesteric liquid crystal monomers, nematic liquid crystals,
nematic liquid crystal monomers, latent nematic or chiral nematic materials (in which the
latent material exhibits the liquid crystal mesophase in combination with other materials),
or combinations thereof. The particular ratio(s) by weight of materials in the cholesteric
liquid crystal composition will generally determine, at least in part, the pitch of the

cholesteric liquid crystal layer.



10

15

20

25

30

To forma cholesteric liquid crystal |ayer, a

cholesteric liquid crystal conposition can be coated
wW@eo0oHkEsM se di sposed onto a surface. The choP@BUS200€040942

liquid crystal composition includes a chiral conponent

containing at |east one (i) chiral conpound, (ii)

chi raI nmononer that can be used (e.g., polynerized or

crossl i nk forma cholesterlclqu|d crystal
pol ChOEeF e(IP?‘I‘l)“d;“ﬁ%WH@P?lBHH isgengistly pariet a coating

ol Tt e R R b e A by gl

crystads, (liguichenywtbli mmohomiers,credeysih@hdditivaspornhy dtihdr)com@BRdrit of the
st al .nononer. t hat n be used to forma

ui.d.cr a
chﬂiézgrgpp Ligpi dd:ﬁysaa &PWP&‘PO% may@gsp achys g §olyept. glncsemasi agaes, the solvent
cah BEGERkant l-gﬁg %dH dvgrtepm'ilﬁ?edcﬂ%xé ?l'le) &%HH% Q@Iﬂi}(.’)sntl({h % f%r example,

nemat i c crystal “conpoun
drging $headonnpmsﬁmarts ceapordie theseiehiorrostitiby atpoerid sfahe Sflvent (e.g.,
t he cho| esteric |i qU| d crystal composition. The
re3oiBe aspepiing linwidicay sl yrangmet toforsiatliayid enisfakipalpmer) or by cooling

bel W Hd 0&§§n§{en£5%hﬁm]%%‘f“tﬁé co‘ﬁﬁdosﬁfdﬁh as, for exanple,

curing agent ross kers I'Ozonant s,
ant iReectiena thiolpoasouad withshe Bguad bfylstéEéc&npcaﬁld has been found to
ltraviolet, infrared, or visible |i %Et absor bi ng dyes

rediig lgﬁ hie velye oExrsPEwEsholestprigligwid ervpil Slme obresieranapsliments,
théstrl'l?k%l BPotid fs 5'@ e&'ﬁgg%i(&?ﬁmgfgo%f ILH{I % c pogl?lcrl % co-

erent typ ow ng.. ¢

polyanqized disto tl&‘:dhole%‘cerﬁ@iqnﬁlw?ﬁéial ohipbesd @eé ExdmpliIRAFT agent). In
crystals, cholesteric liquid crystal nonomers, nematicC

mflfiyc?mbﬂ)d%%@:éh%thlﬂéﬁﬁw%ﬂd isquiativd tyel WVhilonesriniending to be bound

L R IR e e e

facikatipd alignnhént 6OMRIl@td @ﬂsﬂﬂl théle@lilEdeoiRhRIdusih h,thé}fnal induced
conbl nat i ons thereof articular rati oit
Phssi SGPATatien PRRERSS; Hnes 4lmh@tr¢esegm@nféém IO@ver mq: ing tcmpsttaaires Thus,

thé:t?lﬂﬁ %81{11#135191{11 %ﬁ'nhahd g-le]{éﬁlrlc%ll | %Pd etng?ra{snlér%ﬁ ’ha%ﬁ Y]ah&ei, %P%Eqmd crystal

ﬁlﬂnﬁ!{ﬁﬁglé’l‘@eﬁ bl OF it ldybfisthneéd IbRhibEPARLRI. tion i
general | y part of a coating conposition that may
i nclldgahigl %me@mi (8 assish lrsbmgrlhg] sthazecedye efithe masulting @holesteric

hqg{rdoérgsgaél| llcl gra S a{)odé tg%%f:]ﬁ%l%?t al; @ %.f laygrhas a haze

Valﬁub d)rh @Sd‘ngé Iffbni 0 WS% (q‘dsyﬂiaﬁB"/&)OM&htO' 18 QW’&&‘SS%&P4%? lor&dm 0 to
lvent. I n sone cases, the solvent can be

%s@%tﬂ%ﬂﬂi’tf%} |oy frpm&tcez%cﬂesseﬂhawm @drdm Oriv f He(less atnanrﬂg/o) In
T T MR PR A RN
(or&@iﬂb@fmd) h&zeOvalue in a range from 0 to 5% (less than 5%), or from 0 to 4% (less
than 4%), or from 0 to 3% (less than 3%), or from 0 to 2% (less than 2%), or from 0 to 1%
(less than 1%).

The “haze” value of an optical body can be determined from the percentage of light
which, in passing through the body, deviates from the incident beam through forward
scatter by more than a specified average degree. ASTM D1003 provides a method for

making such a measurement.
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reacting a solvating liquid crystal nononer to forma

liquid crystal polyner) or by cooling below the
wEe@cesSEBNg tenperature of the conposition. ReRCT/USIPOE040942

thiol conpound with the liquid crystal conpound has

been found to reduce the haze value of resulting

cholesteric liquid crystal filnms. In sone enbodi nents,

the thiol conpound is protected by a protecting group

unt | The thiol sompensinrlydesopnsi of meare paflenhihipl maieties attached to an

- er i ' ' yst Y S X le .l
LR I P T —
stiustuadithat syl cofthinl one\OhimMoRe AGkrobdhE e sibzgnitdnd thab b A6k iBerfere with

any particular theory, aliphatic chain end may act as
thespestiindfenetinm afdbmeasnpasiies, Substitpentaincige alkoghinsidross amino,

al%ﬂ%ﬂié%@%%ﬁ aftiYs bRhalJPhf G G4 S€gment s during a thermal

ase separation proocess, since aliphatic

segniarbmelbmtddiramas thehibl SnpRNB ey Alibke Sr brbitited (U120 g)alkyl
t hi ol conpound can aid in reducing a haze neasured

thiphas aliegicor tranghed (CeGialkylybioh| Infsomesnghaidimends, |thg gl

oo R CHRGH kL B tE e B GBI rgrosh
CHI(CH)RSIESOHI (OM) 681] @SUO[A1,)],8HYI d crystal layer. In
sone enbodi nents, the cholesteric liquid crystal |ayer

has 1& mawemnbadipents, cholesisge ligviderstal pobymers arsfotnprskby reacting

QOh. f to 4%l ess.than 49 r 0, t %
ot gkl hgta’ b iofEvich B30, ek 0 i an Yoohto By o 110 10
%fof@RE Br imerelfid] |c@§1§oﬁﬂlﬁrby]ve@i%ht|o$ IR BRI sAIRRILIBNG fSthe bHl§mer.
chol esteric liquid crystal Tayer disposed on a

subshitertcoating the eholestericdiquicherpstaledinplositionisanyeited fto a liquid
R g TN O -
inél0@ip QvigbraA¥en dfes Iena heaifig:; ]gfb"sslfrikﬁ{ﬁ {Ble }:Rolés%ﬁé ﬁ‘@ﬁ% grystal
0

than 1% . The "haze" val ue an optical body can -
cogrosition NI uEing ife- g h eolymetisimghthe chélesteghitiquitlicotstal icomposition

S Rl 5 TR S B e, o
inBMRH AGR!) A80I16@ron/bed| @Q@&nﬁhé’c‘i’dﬁ?&&h&e R 1RO tbchRifues.

maki ng such a neasurenent. The thi ol conpound includes
one 4% a rashle optheeating dridudonmersion itesha¢tersherhid aryatal materials, a

[ ji.ety., Th j.C_.nDi et i ncl ud
chpfexEte TPl RArT (B SHECHYio Vet At rang ok ey dengily can be
pro®@iteq AN Haifed ONesdhe &ﬁf)@di{hﬁﬁt@fﬁ@%%ﬁeﬁ@@ﬁ%ét‘%tﬂo@d}ﬁer

that do not interfere w
substantially reflects light over a spectral width of at least 100, 150, 200, 300, 400, 500 or

600 nm or more measured as full width at half peak height of the reflection spectrum.
Optionally, initiators can be included within the cholesteric liquid crystal

composition to initiate polymerization or crosslinking of monomeric components of the
composition. Examples of suitable initiators include those that can generate free radicals
to initiate and propagate polymerization or crosslinking. Free radical generators can also
be chosen according to stability or half-life. Preferably the free radical initiator does not
generate any additional color in the cholesteric liquid crystal layer by absorption or other
means. Examples of suitable free radical initiators include thermal free radical initiators

and photoinitiators. Thermal free radical initiators include, for example peroxides,
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the specified function of the conposition.

Substituents include al koxy, hydroxy, am no, alkyl
wG@aimgnsies ed ami no, or halo, for exanple. |n SPEEUS2006/040942
enbodi ments the thiol compound is a |inear or branched

(C1-C18)al kyl thiol, or a linear or branched

(C6-Cl2)al kyl thiol. I'n some enbodi nents, the thi ol

conpound i s CH3(CH2)5SH, CH3(CH2)6SH, C}B(C}Q)
Pﬁ‘@lﬁ%@sm@éppﬂréme@mm Thesafreeip 9llf@lsmtlathsgmq29w freesradicals

HQ%EE@ many enbodi nents, cholesteric
uq% ul crystmia|S1t1|0 nmers are forned by reacting
ch oI Bistieinitatdrs aan bzb atiyated by eoROBhEN00 SadMhtidh drip@fficle irradiation.

aboyt 0,1 to % .1 to.20 % or 1 to 10 % of one or
Exagn eSt ¢ syitalle ﬁb@em%atw IW%‘F% pnigm saffhotsinitiatory, praanometallic

oS RIornddl SaR TS pihiandr Ml iecdrlfsBNig ofdh Slikfies,

crystal conp03| Ion’ir's cgnverte

latenysitlphonicacids, phosphine bixiles, cYbloiexs0 pheiys kowdnes ﬁmlﬂﬁ: substltuted
acconpl i shed by a varleté of t echni ques_i ncl udi
acglprBenoRes, 3Rd benzephenopent ¢ el}?éaauy, ﬁ@ravml@séw) nw@gthrwé used to

acflbﬁ)t% ied lg{olltcﬁn tlaﬂ)lr“ a(ith)%[l%/lﬁ Bf%l ? Jrees. %]HI %c? é‘l?]gp&%g}tlators can be

cm@ammed bl@ﬂlela;’@sdrgtloﬁ Ofpe@?i@lﬂﬁhﬁavetbﬁ ofﬁghtatl on (e.g
actinic_radiatjon), g ravi ol et, visi bI e
or 4w pligned chplgpfesic haw @ﬂ@&qlnp ?ﬁeweahf: agftievedobsing eavensienal
t. of th
tré%ftm{nﬁ? S?o é(a}ngir%\e/%'rhge?lgdr? (%‘ﬁ%%%l OPA%E @ é:?}gl%yt]erla ?1q1&1d c?x,s&l £|hase

inchatley de«pbﬁtm@ﬂﬁ%bl%sﬁeﬁé liquidetysed cbmPofi@bdbh 4 bribhtad subktrate.
effective over a wi de range of wavel engths can be

Thersyhsfeateican e qrienfedasing, fpr%mpbndr@mmetﬁc@lqmqs@r rubbing with

r Iarlz tant
rof I PERDE iy Pho Gl TP BRI BRSNSt 15, Pat Nos.
4,96094128032809, 5,380698 85001666058 1814 ®7, ahd b ©58203 UNERr Asposition,
full width at hal f peak hei ght of the refiection

the glaolesteria liqyid rypial cc;mpqsmqm iahented dwve e glass| trasition temperature
st al

i1 hi h d t
ottt QS BRI b P L R P s oo
gléb@ﬁpﬁmﬁﬁh@éorhﬁ&nmr@ﬁﬁhk iDthe iua By 5l p}fas@ UAftéRb@vely or in
initiators include those that can generate free

adfia@mcme@om@omﬁom pm ke Idmﬂospt whikeyint the quyirceystezl aohasm or

I ators can a
Choddlhfen dh BB SR ¢ B e SR RuBeR PP i prstal
mét&@alfdh%es,ubﬁ?dt@ aThé wrfabélbfjihe deetraiqk. gﬁ%ﬂ@ﬁﬁfa‘%e 3P¥n ahgnment layer

addi tional color in the cholesteric 1iquid crystal
provged asparigfdhe pbisatephaser sueface alignment feature that can improve or

provide uniformity of alignment of the cholesteric liquid crystal material disposed thereon.
A surface alignment includes any surface features that produce alignment of the director of
the liquid crystal material at that surface. Surface alignment features can be produced by a
variety of different methods including, for example, unidirectional rubbing of the
substrate, stretching the substrate, or photoalignment of a photopolymerizable material by
light, among others.

The substrate can provide a base for deposition or formation of an optical body or
structure including the various cholesteric liquid crystal compounds. The substrate can be

a structural support member during manufacture, use, or both. The substrate may be
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nmeans. Exanples of suitable free radical initiators

include thermal free radical initiators and
wEbevoswsl i ators. Thermal free radical initiatPC€BHUS2006/040942

i ncl ude, for exanple peroxides, persul fates, or

azonitrile conpounds. These free radical initiators

generate free radicals upon thermal deconposition.

Phot0|n|t|@Fors can be actjvated b electronagnetl

trgnspRTERt QYRT tie Waxrlengthaangeof @peration of the aifisal body such as, for
t
o IR B AOLIR, Bl sovogipgpes e

substidte st ietandet op heddrdativi filat aich as Kfﬂﬁé}mﬁqﬂalm%ﬁbiu% plate. In some
Iatent sul phoni ¢ aci ds,

I
nﬁaa%aagrf’ 5T B D s oo B8 Pl R B el (PET) or
AEGHARMERERC I AR EORRACTAR ST R IR Bl bikeringent, |

p hot Thensubbtedte tan ladve ooty thaatohe faykt. it sogRhidimans, Bke substrate is
d Phot0|n|t|ators can be chosen based on the

a 1p oty atica MO EY) Hhe lnpsre pampveslifbarent rgﬂ@ctIVAnndex
RO RE B M L B8 7Ny s, e

layaes hl@d;uﬂ’fcudﬁlyehmp;b nigat fighthrelleat®at aCpllualitii 6F thé Mﬁér&’dces undergoes
phase i ncl udes depositing the cholesteric |iqui
CO&FW%{F OF derbystite iterisrengd inoerdenio &ivesthe ﬁﬂmah@desnrhé reflective or
Ak o | e
tratiglg n{vg fo S}Ye %og{)fﬁt?&i ﬁ&ﬁé"&és%lﬁd E)or reggﬁqig?% l%lﬁaVIV\ie? Q’ISlble or

neElmtﬁfaﬁdd wavebsnigtiny ¢aeh et ferktd)5Hag bo Spaé tileiafks QR alphysical
Pat. Nos. 4,974,941, 5,032,009, 5, 389, 698,

thnskm@ ngtiplied bygsiransive index) of lgsethan gbound eicrategiers i Thicker layers
caﬁ%&ﬁ\y&eet%g# (?ﬁss%% 11901%4&3%#%1%%1%%%1%%1?%&aaqeﬁstlé&tér? srllJlr%ges o%%e P Im, or

pr@wamoﬁ;ndﬁyuayetmsﬂdsa&wdhﬁarms ﬁﬁh IR 8&iratd Peckets of layers.
conmpgsition can_be cooled into | assy state and the
conmpasiretlentive éh%rrﬁlésmlhswmomré}es ovkidayer opficat §lm are a function

TR e D -

loduhdd:chposﬁ:t&ihsb@ﬂfe(“iﬂﬂﬁ@/ BYplehesBRRIIVG iAdicdsaRSH,, BMtPa refractive index n,
cholesteric liquid crystal material on a substrat e.

 asspqiatesd with a dhignostexis obibe fline T@esegndlccm@pmemah@reﬁfacm index of

theaéd g&?ﬁﬂierfa o?ié{ﬁo\fl dea&legteﬁ I algya he S t r at ed)z-g?ess

red@éaWe@e Ilmrprﬁcﬁifcm thy réffacfild BABHhre Q:Bn’@r&fedod'jﬁjluﬁﬂcﬁfs Infaterials
['iquid crystal material di sposed thereon.” "A surface

selsmcg»rﬁmmroma@nm derditions. MOF fide can &t mads blyh:atexf;mﬂdm oBtypically
ol SO R L Byt
passiiy e nileEyEesttrBYatd through one or more multiplication dies, and then
stretching or otherwise orienting the extrudate to form a final film. The resulting film is
composed of typically tens or hundreds of individual layers whose thicknesses and
refractive indices are tailored to provide one or more reflection bands in desired region(s)
of the spectrum, such as in the visible or near infrared. In order to achieve high
reflectivities with a reasonable number of layers, adjacent layers preferably exhibit a
difference in refractive index (Any) for light polarized along the x-axis of at least 0.05. In

some embodiments, if the high reflectivity is desired for two orthogonal polarizations, then
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variety of different methods including, for exanple,
uni di rectional rubbing of the substrate, stretching

wo b@788333 rat e, or photoal i gnnent of a PCT/US2006/040942
phot opol yneri zabl e material by Iight, anobng ot hers.
The substrate can provide a base for deposition or
formation of an optical body or structure including

the varjous cholesteric |liqujd crystal conpounds. The
the ffagent layers alsorrahibit difforensin teliabieindm ey fduhet golarized

C , oth.. The . substr.ate . .
ol beg r gﬁg‘%‘ %a%%natt H%?/t: eor'@%' hlgl 0&\%@5 o ;3]8%(3 S5 egga Vﬁé?‘fjftxi djfference Any
canfbeidse tlemt0.6br GRAogMeh Bsltildyer steotedl RledtfBomiaBly Bh&dent light
light spectrum (from425nmto 750nm. In sone

of onp palaresion statp and ansmitsmerallsineisient light oban orthogonal

196 Lan filmsuch as, for exanple, a half wave
pop%;at é&?%th{%'sorre enbodi ments, substrates include

pol V€désited, ths usifhclSe Rk BiRY4REEAL S bRRRER aaja{,eﬁlé {dEDfor light

or polyvinyl alcohols. In sone enbodinents,
pokaiizsd plong thesz-muin cti aled be faijered to Tthiewudesiralile ecflativibapreperties

[ han one | ayer. | 0 emhodi t t he ]
£ol Bk Bl kPR cofiptent o LopRNGyaR At fkim Roviepse of pglanation,
any %Mﬁﬁ of Bidtel AN rﬁmtitaﬁéxeégﬁcaﬁﬁlhﬁ%'x\!&ié \%ﬁﬂée considered to be
characteristics so that 'some light I's reflected at
oriepted Withie thelpganeed theafilirasehtthdt alyemagnifiide off Ayietss AiEmum.
suffjciently thin so that light reflected at a
Heneg, thy magnigde,ol dny eancher qguialsto g dse ghaadbetaes graater ithea) the
ive ce in order.to give.the filmthe.
B ok Pl ELRG TRE 1R oR o FicTp Bl e o besth With in
leplatifigthef diffofenelast AR i el -negati
caluI t rla%i gl elt , ei si%t?%emiﬂjI brl(pﬁgég{c%ai%ﬁ?}la#eggﬁwg&}éﬁt?ﬁé%) ﬁg(,m negative.
In gthehwoedsethe gefistiat indek diffexencepbétembn tvo kiyassern{ihg @n intérface
qp&%{s_i cal _thi gkne_s_s mul tiplied by refractive index) of
aq Y s MhaRialyde ) T 5nd Fdrrpdayhererthe daesy designations b2 are chosen so

thad QNE¥ QL i@l 5 B included, such as skin layers at the
outer surfdced of the film or protective boundary

| ay dlosnaihtpolsigh reflectiviey dtyepblatiradt it a66NRfuB LA IBAEHKBERlence, the
.0f layers, The reflective and transm ssive properties
z-igdexispatchy/an. bspraes dayers qambsicentzoliedrto be snbstdntiaH less than the

i ve indi ces. of i ve | . Each
o 5L 558 M SRR AN S 5550 o,
0208, R8sl L LB

layttsivwhiase sefleativity fifr ptpodarfzed hightTib eswstind Ot 6&8 cobERER € Bfunction of
incbgs refractive index of the subject material for |ight

o angley %lprgﬁ:gnﬁm thgzripdesy man)@ap by cpntmi@d to have the
o BB FEREHY Bl Al B S BT Y5, e
condition yields interfaces whose reflectivity for p-polarized light increases with
increasing angles of incidence, as is the case for s-polarized light.

Multilayer optical films have been described in, for example, US Patent 3,610,724
(Rogers); US Patent 3,711,176 (Alfrey, Jr. et al.), “Highly Reflective Thermoplastic
Optical Bodies For Infrared, Visible or Ultraviolet Light”; US Patent 4,446,305 (Rogers et
al.); US Patent 4,540,623 (Im et al.); US Patent 5,448,404 (Schrenk et al.); US Patent
5,882,774 (Jonza et al.) “Optical Film”; US Patent 6,045,894 (Jonza et al.) “Clear to

-14 -



10

15

20

25

30

sel ection and processing conditions. MOF filmcan be
made by co-extrusion of typically tens or hundreds of

wo 2002050468 two al ternating polyners A B, follpeEtS1®g6/040942

optionally passing the nultilayer extrudate through
one or nore nultiplication dies, and then stretching
or otherw se orienting the extrudate to forma final

R P T B Sl 5
Pﬁtﬁifcﬁtfi’&{ WS9A 9%2‘2?@%&1&% gpf qﬁfrgu%tl @1§tgx\f%1%ﬁ%eoﬁgce 3 'fm%g Patent

reflection esired Teglon

Puhlichtias2001/a022982 All l{Neavdti eredd) “AppfataaicFor Makiag Wiltitager Optical
eflectivities with a reasonabl e nunber

F@th aﬁ of gvlhg e Adrameatroraighhaciptynefermey. bayrhpelyseric multilayer
o SEE0150 s LI AR A Gl RO b0 o g cup o

the mdllv.idmi ndy&rs. | Suchffﬁmb icaihbe edrhieatiblewitll high Wdehé 8@nhiRbturing
two orth gon% pol ari zations, thenthe adjacent |ayers
&

Prafessese3Ml HaY bemade frelaegeshesthandsollgoorye | ndex (Dny)

for at .1 east 5.

o oThEbIRRALE Sl B Rl A7 oy AR Bbmiflariof Y pdinitie
pdDnyercisipe gelse s oﬁ&ﬁﬁb&ﬂlﬁ&t@fhecinﬁlﬁla@ép@biﬁ:&l Blnirs! foioh QYRS

stack that ref|lects normally incident |ight of one

alisHatipg Javerso adirst rolymer wpainsinding pedyathylene terephthelate (PET) or

copbits P p 8- BLRERRAANPRLAGEED bl 3 bf pallpel Bk
polgyretisy] fosthdcighre) mhmmmd c@b@l ﬂlef gpﬁ;@y@wﬁylmh@rﬁ@te)

be tajilored to achi eve desirab ectivit

(coPMpErL i laone gmbogiangst,he multﬂ%ﬁer @ntl@eé iﬁ;l)t@n@fqmlsd by alternating

f
U SRS L R LR Ry
type ﬁtmluﬂmgl d d:oﬂ@@lnﬁ‘@rd)fpdﬁ(ﬁ&h&%@lﬁa&&la@fﬁrﬂ%tﬂ&l%@%ﬁté)h @n another

pl ane of the filmsuch that the magnitude X’is a

enhoditenh thpapdilayenpptigeldHimt is fermstl byprajternating éayerpudla first polymer

ty 1n!:ﬁ§ﬁ1lgt%§fr?)r}%)?aglted etth F @’t‘gﬁIG(}tr?rll% oaé}?gﬁgm %]yl‘gﬁqlfxgi&anedlmethanol
(cd>faE/B(r}) drel eegidpotihbr ﬂype ﬁ@hﬂmgqsdw@hﬂ&ee 1 hﬁﬁ[a%@m) ora

éé Dnz is dictated by requiring that Dnx
coae;lbfrrmeg ¢olyethylene parhghalate (C@EENDhEn a@ﬁhea@mbwélmmw,ethe multilayer

Opﬁbélff%lelg ?&%wlaeoﬁrﬁ \,{ng a!é/g S of aﬁ ydﬁe@?%%lglt ﬁdﬂfg}agé)%gwéhylene
nabl@th@lbtedﬁ‘%l (@B@th@ﬁ of Bolyéhlefe ﬁ;ﬁﬂhﬂﬁﬂ‘at@ and H3dcoRd ﬁol?nﬁ? Yrpe

e., Dnx > To mai ntain high reflectivity of
m<ﬁu<émg a@lyﬁl@qthvl ghthaenylaghlor q @ep«dmgueesf fly Gorethiyd emetlencrytlate). Useful

combination of alternating polymer type layers are disclosed in US 6,352,761, which is

incorporated by reference herein.

In one embodiment, the substrate contains an alignment layer having a surface
capable of orienting a liquid crystal composition disposed on the alignment layer in a fairly
uniform direction. Alignment layers can be made using mechanical or chemical methods.
Mechanical methods of making an alignment layer include, for example, rubbing or
stretching a polymer layer in the desired alignment direction. For example, polyvinyl
alcohol, polyamide, and polyimide films can be aligned by rubbing the film in the desired

alignment direction. Films that can be aligned by stretching include, for example,

-15 -



10

15

20

25

30

z-index msmatch Dnz between | ayers can be controlled
to be substantially | ess than the maxi num i n-pl ane
w0 edorasdy e i ndex difference Dnx, such that DneCHUS2006/040942
0.5*Dnx, or Dnz < 0.25*Dnx. A zero or near zero
magni t ude z-index msmatch yields interfaces between
| ayers whose reflectivity for p-polarized light is
onstant or near constant as a function of incidence

Py algohet melyelsias sugheasz for yemple: rokeatHemor nokipreielene,
t [ | ari red t
908 Pt 6 DML ) TS S SRt o
potystgtiehé. GTheypadyler filid ednf WeCeiSorbisEmeérch besdlymed, ¥r A &ixture of
q-polarlzed 1 ght increases with increasing angles of
PY¥@Fdence, as is the case for s-polarized light.

IV R N K —
paly 6 cirbbé fozpred dito alipnrbntlayets byoitadialeh] @Wyi wdg anisotropically

Tngtnoplastic_cptical Bodi es For Infrared, Visible or
abspibing neleeileq digpgsed in smpdianer on yabsas Witkdight ée.gt ultraviolet

it 5Tt ey RSl g BRUBR. gslpngnbedin
Ut Patent)NGsOB197¢ 94 1,53,030,009/8ndP8,06812936 al) 45 wBRA clrd BIdGDoRted herein
"Clear toColored Security Filnf; US Patent

[ .
by&e@éﬂ!’ﬁz-s Suitali Blote origntale pobiresrs sishideipalyimiderinclwire, for
ex%]h?!gér %:Lgbts{i&?ed 4%%(1%%%%‘3‘%1'01‘3'6“' rk et al.) "Infrared

rence Bilter"; “©S Pat ent Publication

20014 ME:2 feds bF plidseadipnthet mdlerihls cai\BP a5l b ForkiPAlidYikdn thyers.
Mul tilayer Optical Filns", all of which are .
These pelpmertselectie e reachip theprssense of polarizadattrpdpletiglitalong or

P 05 P o P T S i,
whiokl birdectd@dted, ANRS Boen SR td Al 16 &S staPERIJsRIcBs W tldterials.
hi gh vol une nanufacturln%ggrocesses, and may be nade

Examplesraf éhesh eatasialaate dedcribem dersexamipte, nultS. Pateat Nbs.150389,698,

far, ‘ usef ul .conbi nat.i.on.of alternating
5’po ’9ﬁgrmagg%§t4%e$2¥f‘flﬁw A BrEBYR fereiy E%r?ﬁ?ﬂe{“?el' ayer
opt i RatoiddnhefizkBle cOmPBEndRkueh 4 Fii@ikhmple, A¥BERzeE derivatives are
first paolymer type including polyethyl éne

alsoesuitpile il RhotoalipEmyntozs desgprihedrie U.SfPatait et hy0&287, incorporated

PE d d | . .
GO B TR i e o
lyGtedpd moRcules whedhydridat dud 1o iBEDH %ﬁﬁﬁ’éc?&ﬁ%ggc;élgfwfolehﬁ‘lesd of this

one enbodi nent, the nultilayer optica mis forne
typpyara diselopedt, forgexhmple; in G1S. Rafeinr No. 39530k, hergpeincorporated by
'ngkuding pol yet hyl ene terephthal ate and a second
of yrrer

The optical bodies can be combined with other optical or physical elements. In

I’efﬁ

one, embodiment, a visible light transparent polymeric film can be disposed between an
infrared light reflecting cholesteric liquid crystal layer and a pressure sensitive adhesive
layer. This construction can be adhered to an optical body such as, for example, a glass
substrate. In many embodiments, the adhesive layer includes a ultra-violet light absorber
compound or material.

The pressure sensitive adhesive (PSA) layer described above can any type of

adhesive that enables the infrared light reflecting cholesteric liquid crystal layer to be
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type including a copolynmer of poly(nethyl nethacryl ate

and ethyl acrylate). In another enbodi nent, the
woredoviosayer optical filmis formed by alternat P@IyUS2006/040942

| ayers of a first polyner type including

cycl ohexanedi net hanol (PETG or a copol ynmer of

cycl ohexanedi net hanol (coPETG and second pol yner type

i.nc] udi ng pol yet hy] ene napht hal at e {PE’\% or a )
afjéis??{)qoﬁﬁ‘@%eb?ﬁﬁél DRl A% Torgyammls, glags. (Elimeniplet ghporption
ad@fiRkl gérbﬁéﬁﬁ? BB infd e BYAL 'Ih?%’a%& %%?ﬁﬁé td ltl%e”ﬁ’%ﬁ? is an optically
formed by alternating T'ayers of a £ péﬁyner ype

clean @ISAdfilng syphlay @ tpoislaciytate) prrbsune b i2ive adiResbRP PISW¥RIre Bdrmally
aa] ethyl?ne napht hal at e and .a second pol yner type
tagkydt ey Dptsmperalirs Wiieh & denigal i repmdemperatise P greateiofi.., about
I b I : C [ pat.ien of
2P IS EBRAEDY NS BTl GBI i et o s
ar6pdlythertdesignbd amtl fosmulagsdrtp @kkibR thdreqhiefie vigBseashie pRiperties
I n.one enbodi nent, the substrate contains an alignnent

resulting inpdasired balanperod sackcpgshpthesion, #1d shaar heddiag ppwer al the

g . i g :
oSt Am SRR e L RRRA AR G AP BFBbEYShs b nar
rubieede syistherfy mibbdrae. & Adtyrehe/biiadicaatopdihas ssSBRE&fRNI cal

met hods of mnaki gég[éan al i gnment | ayer include, for

stagugisPRrens/stiprsna (SI8) block eppalymersh spisoperelestomper paly alphe-olefin-,

y . . on. | Lvvi nvl

ool R b SR ORL, O 38R and oS DTR YeafOa oty Qe

(neyh)astbhaicdighstdpolimenPS As hid@ 30Bicl Q8 a phdfeinddlhss of PSA for the
direction. Filnms that can be aligned by stretching

Presert igyentiongiue do Byl optigal Iojarityyrermarsaro b properyies ever tise (aging

X : . pel vet hyl ene. or_ pol apyl ene,
sl 0 YL O ROERAS gROLNE LS5, R0 R MO SPHLERS:
t er phidledsaliferan e ldispbied dge REANtTHIRIr8lkSse 18R can be formed of any
ol ystyrene, The polyner filmcan be a honopol yner, a

Y
usefypreierial such as,fonexemple polynrss gheapst anshmay inghidentrelease coat.

. I ried, phot ochemically. For..exanpl e,
SuEE Ind B0 LR B AR ST bhirs o8l WS B Bynmmepiymers.
actyligessd Silicdnes aghigiel 96 facilitate Yhd &1ea6 Sths BlIERPIR&! frdm the
absor bi ng nol ecul es di sposed in a nediumor on a

adbgsbetrate with light (e.g., ultraviolet light) that is
i 1 ARt RS, 1 st 8 il CRRAelt i SR eippared
light R82ctip%hoR8@rid liﬁﬁﬁ?og%’sitatﬂg%}l}eé @hn ¥hdiSpbsed Bn bAE 8F Bth ddeslof the

herei.n by reference. phot o-ori ent abl e

retgisie, fsn.s Therinifiarrel lighit yeflectiess cliohestariti Iinyid érystal layer can also be
termed a cholesteric liquid crystal reflective polarizer. The pitch of the infrared light
reflecting cholesteric liquid crystal layer is similar to the optical layer thickness of
multilayer reflective polarizers. Pitch and optical layer thickness respectively determine
the center wavelength of the infrared light reflecting cholesteric liquid crystal layer and
multilayer reflective polarizers. The rotating director of the infrared light reflecting
cholesteric liquid crystal layer forms optical repeat units similar to the multiple layers in

multilayer reflective polarizers having the same optical layer thickness.
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exanpl e, substituted 1, 4-benzenedi am nes. Anot her

cl ass of photoalignnent materials can be used to form
w@bdiogiessd | ayers. These pol ymers sel ectively PEHUS20061040942

t he presence of polarized ultraviolet |ight along or

per pendi cular to the direction of the electric field

vector of the polarized ultraviolet |ight, whi ch once

reacted, have heen shown to align liquid crysta

conpd¥icenish wawslengih.api andghe spestil haadwidth,Hids of ﬂfﬁtl@hr iflscted by

BRI ol B PP s g

Therentepanadlenkthen gk apityxingfiet nce. Phot oi soneri zabl e
conmpounds such as, for exanple, azobenzene derivatives

are al so suitable for phbf@aPginBnt, as described in
?S o Al l‘gg}eAtINg Tef(rsa'cg %‘ n%?ces of &%%Bg{%gt%}lgﬂqlfl rcﬁlés 1% light polarized

yers can
pafaf])lal iorthle ARédtG df thé’ H@aﬁd @f'ysta‘lf 01,y & for phigolreed Adicular to the
orient due to shear l'i ed during coating. | ecul es

dlf@FtOf Af thedigyd C&V%alc(ném 8 éﬂeCtIﬁble@beJ &), i§ pppp:gmated by:
Pat ent No. 6, 395, 3%4}&,_?{]02 E/g Qéﬁg nr_a@ed by
e e C 1

reference. The opticCa irbi ned with

ot heWhépthie %&‘eﬁﬁfgeﬁﬂé}@tﬁ@ina%h@l’(&&@%@ is K. D fks spectral bandwidth or
enbodi nent, a visible |ight transparent polﬁ/qrrerl c film

width(msasured poBdldvigh atdel peak heighthe @Iclﬂqlgﬂ’ﬁrlq Uvid etyistaly
coﬁ@gglﬁfﬁﬁ ?sreée%g,l%ﬂlglibg ré/r thasl T’Ihl? llrgg% [ %rghechgéesteric liquid

crmbn PoBehdr wIRA r@ﬂHctlﬁﬁﬂ' ob&dxv@wéhgmangébﬁbﬁmmlqugar than 100 nm
ass substrate. In nmany enbodi nents, the adhésive

is includes a ultra-violet Iight absorber compound

or t Lessure s I tive adhesiv PSA .
Iayeni?) Ig‘escélr ?}E)T%?? %3 ldJ Stgﬁrﬁﬁ??lﬁ@ P8t %%C@Bg*e}é ? fggtecunga
brﬁd&’@hgésoﬂvb@eldﬁéﬂ@rrﬁdlﬁbleﬂhichﬂ@fétl%cdah% &P | Bh&bdn@ cholesteric

Ilqwd crystal layer to beaffixed to another opti cal

ll%@dﬁ‘ﬂ%t gigersfegp éf@mldéﬁy lgﬂnmgng bf etherwibodtatking two separately-
dditiv orated.into. t

AN B0 DR RERERRIE o R 5, v

difftdrbsp Iﬁﬂéﬁéh (Pg Qlaﬁﬁh)dﬁ‘féryﬁt%ﬁip@élﬁéﬁél & e?ﬁﬂ&alet HM‘Ferent ratios by
adhesi ve. As are normal |y tacky at assenD

Iy
qu&lm@é ekiral ead nemptickquid crygial cfahpqnentsbx nEedripyar s a diffarent pitch
C or greater).

an%ﬂaﬁ Foé‘f é'efileﬁzﬁ 11@38%‘”5%8%‘%%&9{3" s e1n§ tion well as
PSASVRE & sPPcImEmem B Dif WYReS, apdlatiosBah 3t eendRcRY At flects a

the requisite viscoelastic properties

large portion of the 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 improved somewhat by allowing some diffusion of the liquid
crystals between the various layers during construction. These layers can be heated to
diffuse some liquid crystal material between the layers. This can result in an averaging of
the pitches between the various layers.

This method, however, requires a substantial number of processing steps including
separately forming each layer (e.g., individually drying or curing each layer), stacking
(e.g., laminating) the layers, and then heating the layers to cause diffusion of liquid crystal

material between the two layers. This also requires substantial processing time,
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resulting in a desired bal ance of tack, peel adhesion,

and shear hol ding power at the assenbly tenperature.
wab@7oeEs3 commonl y used pol ynmers for prepari ngP@BBS2086/@10942

natural rubber-, synthetic rubber- (e.g.,

styrene/ but adi ene copol yners (SBR) and

styrene/isoprene/styrene (SIS) block copolyners),

SI | i cone el astoner-, poly al pha-olefin-, and various

Y #tvigpaatdbe fime gequlrad 1 daff@mam betieemthertyp aresjously formed

acr ate based pol yner
hi Asal} gﬂé‘y%o vcehgI y}gga%?@%ey erd: suée of PSA for the

pr esBsehniqoesefot nmklr@u&ult1Qajré1}%hble§i;@1ﬁ¢ G@hid ehyatal biftical bodles have
permanence of properties over tine (aging stabilit
S’iﬁ dexrdored: iTibpse tegniguen dulude sobigat and meferialmelepiien t améwte

foftink 3R LG bR kOB PR B S PR R et Binete
copiiemixdliresuch as, for exanple, polynmers or paper and

may include a release coat. Suitable materials for use
i n° rlgoag dQustraysembrdimert, 2 methodraf forming chdlesseric iquid crystal

oSBT 5 A PG Rl B e couin
miedfresavieof the cﬁ@l@”ﬁeﬁ@b@ﬂﬁ Bt laybRah Uwd dlﬁ'él%nﬁéﬁhcal properties.
include a retarder filmand the infrared |ight

Thegppiing linﬁgur@wen anpledeiacfinst d@ﬂﬁte@mﬂwm cry %tylelgrrmmtlba, a second
h t er '

ohflcSfe Aeu Lo sRlnoRdhitn 2pf R0 Bt dSdsh@ite eyt with the
cogtintSiltudeay Afst fe@r@r ldsddseddnd By EREn de ?Me%%thBé QuHstrQﬂé'iﬂ)m the

crystal reflective polarizer. The pitch of
sm&lﬁ easting mlx@lm et single conging rmmug@ acludes anmrdnoneysstvaht(s) and

{ er thi.cknes
ool Sale Ml R b B PS oh c AL B5y Bjoe e
solvéﬁt@i) Ut Rk B8 HosiEGRAAH |n‘1/é?llldﬁs Ql%ﬁdf ﬁ”&olé@fcrl% HQJuRS crystal bi-layer
wavel ength of the infrared ctin

copfiBicienseare described in 645y 2004- 01@5;149 \ahldh mhmrpalyatad by reference
hefeSil. | ective polarizers. The rotating director of the
htrared Ii ght reflecting cholesteric liquid crystal

| ayg# aﬁ&h&ﬁll@ﬁia'tﬁé‘lemb@cﬂlﬁﬁht ld@hétﬁocﬁbf‘ﬂohﬁfn tcﬂofe@@rlc hguld crystal
rrultlsle | ayers in multil ayer reflective po ari ze

bogigy ineépdes @rmamethom Qrgradre IChqlestethqmd esstaTt@ersefrm? ] Sﬁlgle

| th t.r.al d dt h t he
coftEThRIEp ach e B hoRToRR BuA Ryl byt fe hers dgrent optica
prdp@)rt&fs dBpebdinginixife Bhl HiBlule o Rt c'hGﬁ:st@ﬁf’ ll&&lh%ws?al composition, a

uid crystal. The center wavel ength
se@pg Fb&lpﬁﬁltl@hqlbsl crystad c@ppesitia), pnd a solvent. After coatmg a substrate with

the coating mixture, a first, second, and third layer can be formed on the substrate. The
single coating mixture includes one or more solvent(s) and two, three, or more cholesteric
liquid crystal compositions that are at least partly soluble in the solvent(s). Useful
compositions and methods describing cholesteric liquid crystal bi-layer constructions are
described in U.S. Patent Application Serial No. 10/858,238, which is incorporated by
reference herein.

These methods can form one, two, three or more cholesteric liquid crystal layers
with different optical properties. Optical properties that can differ include, for example,

pitch which can include effective pitch ([netn,]/2 x p), and handedness.
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where nO and rie are the refractive indices of the
cholesteric liquid crystal for light polarized
W@analsmeB3 to the director of the liquid crystaPCY/me006/040942
and for light polarized perpendicular to the director
of the liquid crystal (nO) . The spectral bandw dth,
DI, is approxi mated by: Al =2l o(ne-noy( nI e-(l-nO) :8§ ne- n0)
. n the biyefringence of the materia ne-n is <
2,156 CEpegtea. BamimisRclien HeHiqre sevstebpolimet,  second
' 1.ohty) teric |iquid .
o T e PR e B SRS Hoh ol MY ppmer hatis
optionaltysforined fisaf aiporeiss obtheaeahdIcholestedi€ lidiif eyt tnber. The

I Vi I th nge
T LU A
ar§ BitfeRSk 8hd ﬁa\}eiefﬂ‘flsiagt &Heslggél of g{cbﬁﬁaﬁ%ﬁp{)m ari zer

road range o

capabl e of reflecting a wavel engt hs,
mul tThelsecquidt abblesterigtigaidaystil ol .caBbe BRb&th the mixture prior to
chol esteric |jquid cr%lst al polarizers can be fornmed by

CORURY S CPHYEIRIXGR OpQ e suhskate; r?étet’fmvglefwﬁrilggidiﬁm (rglnmssbcond
erd J A U ' sposed,.on
oo 44 05 L B R s o

mdérammien gfteli the eostitly mixnRess ddatdontd BE seedaRl & s Bivdnels§Bhoved
rati os of. chiral and nematic |iquid crystal

i gh
fromy, Wﬁ&ﬁéﬁ%%ﬁﬁ%éghe fizsy eholpiericdiqyiq eryptehpolpingrandathe second

' L.ng. a dif.ferent
chbRRER Aaa oA Aol kel iRt Bubbls Bihpe, tmone
embolamdnz,ehe iz chelestaiskquid tBstat ﬁcﬂﬁméﬁfdnﬁ‘sT h3ay@r h@h&ifit the

of the ht spectrum These constructions

; 3
su Sglir%tH; %%3 thesesond Pﬂlafﬁe%‘mq liraid ey stabmpnemenfonms a ykeaon therfirst

. | .ref ts different regio
S R R et e
first|ldyewi wigicls carebedidjddeai RhOfubbige, iheluiieh aCrhélH'ﬁIri%J St thekygen

the variqus |ayers during construction. ese |ayers
Ch‘&lﬁﬁe%ﬁ‘ﬁégfﬁ’dtai Bolymyer.u $be sesprd layep wdichrops e idispasedrdnathe first

: . e ' an resylt.in aver aqgi of

B SRR Rafib B Rl The 00 SRS pid &y AR ath o
chélestericeliquid egysial efitediabiiibisathétate AHARS bedeaRR6 &R Maligned

steps_including separately form n%J each | ayer (e.g.,
OP‘i“i?E BWYd ubis glignediopticalbody camter he nllyagreed to fetraeKulhgeured
Optﬁ&i fody. | @M nating) the layers, and then heating the

ayer s"to cause diffusion of Ii qui d crystal
In some embodiments, a tri-layer construction can then be formed from the bi-layer

structure by partial curing such that the physical properties of one or more of the second
liquid crystal monomer, first liquid crystal polymer, and the second liquid crystal polymer
are altered resulting in at least a portion of the second liquid crystal polymer migrating to a
position between the second liquid crystal monomer layer and the first liquid crystal
polymer layer. For example, by heating the bi-layer structure or at least partially curing the
bi-layer structure with U.V. radiation, the solubility of the second liquid crystal monomer
in the second liquid crystal polymer may be decreased causing the second liquid crystal
monomer to at least partially separate from the second liquid crystal polymer to form a tri-
layer structure. In this example, an optical body includes a first layer, a second layer, and a

third layer disposed between the first and second layers. The first layer, which can be
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material between the two |layers. This also requires
substanti al processing tine,particularly, in view of
wo b@7o5083 requi red for diffusion between the tmMOI/US2006/040942
previously fornmed liquid crystal l|ayers which are
typically polynmeric in natuie. Techniques for naking
multi-layer cholesteric liquid crystal optical bodies
been devel gped. These techni ques include sol vent

dgqa}f\égwatﬂéer% piraip) lé%lflﬁi?ﬁrﬁ mgjorifycofithe st Ch@m@rﬁghq% crystal polymer.
Tﬁerkre@&ld l%er?fr?élﬁde% t&%ﬁ 8{ @r dﬁh% ée%gﬁcfjc ?é’s‘?‘etrﬁl I}quﬁ‘cy grg?tapmonomer

substrate oma SlI coating mxXx

The third {ayat 1mh1demﬁmdemﬂtchohs1ﬁﬁé HaaidetystadhBiyngr. This cholesterlc
steric ljquid crystal bodies |ncludes formn

e el iriekit b erhatafs can dhepaiedeaiea o fosmyancigaed optical body.
TH Elgérﬁd ‘E)Pﬁ&dl %gdﬂ;rbﬁﬂ bf be gbu%d b6 Q%.lllﬁﬁéu%ﬂ éﬁgt%caﬂgocgy

crys ayers ccan ave rent o I ca
The Teatontige mixttreroan taddihtlbﬁkﬂlylideluae ] re"aﬁﬁv@llﬂ@h@ﬁéﬁhat@nal to

id crystal conpositiogn, a second cholesteric
CW%SE'EIF i g9dideato palipesia i s reaﬁwean@tﬂwmatewlmay bea reactwe

m érrrégd n SYRE b g anttJ]is talgﬁolk%?@#l ﬁ%g]c %'atl ﬁ%mpouncf a precursor

and a secon er can

fosau hlmleMre: liquidredybtal p@li]l@lbﬁ o€ 8 3hirdl Goffipy k], EF or&@rnﬁlenﬂie%actlve
coating m xture includes one or nore solvent(s) and
m?wefél?at%\l 8t b [f@rgxapiple, pudeﬁme&l)@@ry@teaan epayyersittlptena diepoxide,

a &1{?1‘3?1 EAIE eﬂh@la&IotHé} E%:Ylvg' alt'e% of 'i‘hls‘ir 1ive m\éﬁgﬁtnés‘)sg'ﬁsi’ gr

osItions §hdestry g

“fixesithel clmlmaﬂ liduid byl lagen(s) tahd pteverts oREebsBRESIY RAHcdshny
U. S 2004 0165140, which is incorporated by reference
myepashot mateHoVINiR the leyer(s) aventimenbodi ment, a net hod

f [ UId cr bodi.es . i pcl yde ..

b PSR 08 ORI oo o 858 aving
folcay@r ibm‘nlhgm Rastith@t eayeficHalyiig difrekh @tlcﬁﬁﬁhp&ﬁei #86m a single

cholesterlc l'iquid crystal layers can have different

migRire gyplves Q}Séﬁlﬁp&mcwa@)bﬁy quhqﬁwos three eamoiernbbledieria

COB‘AhE)?ﬁIOlg; flrhgss efe[tfv% (1,111‘ gyp Jﬁlr a1 algg T¢hr n etglr?g ngeggf)ge/iﬁj{ gle X

intéfat@on poahbeg nﬁteﬁhldiﬂtté@sﬁ(ﬁl %lhbllﬁ}hﬁarﬁlﬁ@t%f £ sﬁi‘fa@e%r%ior@
first, second, and third Iayer can be forned on the

MegFFEMERts. Any|of these wilk be ssafulfgr mmwgmgwlcqumbl QIS’S'(ahmatﬂrlals that

t three re chol esteri
oo TAEESEIER! TR b AD B F s 8o PRt g, e
noskiited &, ¥i3céNg, Fidlsy BBALSIn tekipBiattires QNS c‘bhﬁﬁﬁbﬁ’iﬂd molecular
met hods describing cholesteric |iquid crystal

wepghh of thg polyeres, difference in surface tension, cholesteric liquid crystal phase

morphology, and temperature of the components. For example, it is useful for one
material to have a lower surface tension than another material to help drive it toward the
top layer or surface. In addition, it can be useful to form a layer at a temperature high
enough so that it is in the chiral nematic phase which typically has a lower viscosity. It is
also useful for one material to have a relatively low viscosity at a processing temperature
to reduce the time for phase separation to occur. It is also useful for the first cholesteric
liquid crystal polymer layer (which may be the lower layer) to have sufficiently low
viscosity to provide for enhanced mobility of the components. Consolidation and

reduction of interfacial surface area are driving forces for the layer formation. The low
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described in U S. Patent Application Serial No.

10/ 858, 238, which is incorporated by reference herein.
w(abh@3meswes hods can formone, two, three or norBCT/US2006/040942

chol esteric liquid crystal |layers with different

optical properties. Optical properties that can differ

i ncl ude, for exanple pitch which can include
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TpreRt sotvrofeutte fittorent gompatetiljidesdpr %lcwéﬁtem enajariels, as one solvent

evapGafas &ﬁ%ﬁ%ﬁﬁ gb.l‘fbé fe%['éeas{}{)%%@é Qt%r%/ 1'8% h%ayer while the other

di fferent an ve at sorre
matnnai@ atmdins intsplutibne Adeeonidelytoe iesddtion mdteildwah Yetyadifferent

egﬁgrrer .can be present in the m xture r|or to coatlng
HC L3atifinRytemBetaiites e b R se thas eneupaterial is én ﬁa(mla@v@y) low

T
enbmqalgldg sepasdtivh. WiRanENeldidr@f additor; 0aé vathridl ¥§uld B¢ hleast

coated ontQ the substrate. As solvent is renoved from
pagtially cytad; th gpcrease ifp sisepratyfar changelisiselibiity end mhﬂnde separation.

Crysit GCIBQII %Enﬁgﬁt cgffgrlehge% cséﬁ‘e‘iﬁ $e GO OA elgéer Ieﬁaélvemjlgcompatlble

cryst a nono east par i al
chbhycens polymensge ﬁn‘b&dlvﬁﬂfdlffeﬁehﬁmﬁlebﬁlhr WBRhRSHRY vAll often have

uc@ﬁtlpd crystal polynmer forns a |ayer adjacent the
1eqt isensiics nuhish sl gnlanee sepaeation and dayierfarmptionl

r olesteric |igquid
cr yst afre ﬁa%lﬁlg%neal?alsgleégg?rg |&hug§l% dﬂ? Isa}y?ir)ﬁépngtfmf’ﬁﬁsé gﬁSt the
tethpeatsrdosinrtetabovelihe nbinaté trhyi@in tedPpbiathirs 8foMecRMsRERbmpound
to the substrate, includes a majority of the first

but ks than Hienematig trppsitiey temperasere pie secont e:hslesiomi corag@md. This

mm.bfghth@ ikt ?‘?A{cﬂig? g’g@%ﬂ & Il}ﬁo h%n{: gFuilsg liiayeﬁ 6% 1'&11%%&%’ %ﬁ%gratlon The

tempmna:tuErcan'ﬂm helsed bigdvieGhd héhhutid tFmyEiba kerﬁﬁér@tﬁf@éf th@ second
this structure can then be heated to forman aligne

cheJgitericaeornrampd sqihas matariphwdll Symi isedhobusteyic phaset lagar. the
[ fuII ure ti cal body. In

chélHétJ—:ch %gérg% GL% XF ? ?%é%&es%ﬁ%‘f%?g?l on can then be

f or ﬂ’hd nfetigods *db@rﬂbbd BRI caR be BerfdRdRingal \tdrﬁ%&f{éélﬁlﬂlues and

such that the physical properties of one or
eqyipente cdldigdigures show a distinct physical boundary between layers for illustrative
purposes only. As described herein, a “layer” will be understood to include a single
physical thickness or a single optical thickness. A single physical thickness can include a
distinct boundary layer as shown in the figures or can include a non-distinct boundary layer
such as, for example, a compositional gradient between layers. A single optical thickness
can be observed by an optical property such as, for example, reflection of light about a
range of wavelengths. It is understood that zones between layers can include one or more
or gradients of material or optical property gradients.

In some embodiments, a layer including nanoparticles can be disposed adjacent to

the infrared light reflecting cholesteric liquid crystal layer. The nanoparticles can have any
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liquid crystal nmonomer, first liquid crystal polyner,
and the second liquid crystal polyner are altered

WO e®alosi4ay) i n at | east a portion of the secondPCT/ys006/040942
crystal polyner migrating to a position between the
second liquid crystal nononer |ayer and the first
[iquid crystal pol yner Iayer For exanple, by heating
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oxjleadet eflumihith %B(fcﬁcéu’éh okRIRS h&ravaﬁéﬂlélﬁbﬂn' GHE PREAERNLE Materialien

or surface tension
GmbH, Germany.

In some embodiments, a metal layer can be deposited on or disposed adjacent to
the infrared light reflecting cholesteric liquid crystal layer. The metal layer can reflect a
portion of the light spectrum, as desired. The metal layers can include, for example, gold,
silver, aluminum, and/or nickel, as well as dispersions of these and other metals. The
metal layer can be any useful thickness such as, for example, from 1 to 50 nanometers, or

from 1 to 25 nanometers, or from 1 to 10 nanometers.
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nmeasurenents. Any of these will be useful for

characterizing liquid crystal materials that wll
webasesasepar ate. The formation of layers can deEETS20061040942

many factors including, but not limted to, viscosity,
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Alternatlvel?g% ' in additi on, naterials with very
t

hagrjcopts, ek the i rbswneaﬁ%quilnwtﬁ,éhm@@mt @yeluanluldes ingextd light

n_hts.(relative
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| . | d
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at on.and a er formation.

erdb PR A RerPa P dryneied S cad¥iGihis Bt iimasaigns substrte 15. s
de§RTHERLD&R, HeQhBRSteriE g8t crfst layer 12 can be tuned to reflect infrared light

wavelengths of a first polarization (S- or P-polarization). In some embodiments, the

cholesteric liquid crystal layer 12 can be tuned to reflect light from 850 nm to 900 nm, or
from 1000 nm to 1050 nm, or from 1200 nm to 1250 nm, or from 1600 nm to 1650 nm.
In some embodiments, the visible light transparent substrate 15 is an infrared light
reflecting multilayer film having alternating layers of a first polymer type and a second
polymer type. In these embodiments, the visible light transparent substrate 15 can be

tuned to reflect light (S- and P-polarization) in any portion of the IR light spectrum. In
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tenperature can be above the nematic transition
tenperature of one chol esteric conpound but | ess than

WO bh@7/080383 i ¢ transition tenperature of a sSeconPCT/US2006/040942
chol esteric compound. This will help the first
material to forma chol esteric phase |ayer and enhance
separation. The tenperature can then be raised above
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Asq%egl éeﬁ ag{)vc? s Cl)l%gats’éé n;g hgﬁ% sggl l%yelrsagéé>4| ﬁ]&ﬂag {Hrﬁg }/eﬂect
1nﬁmad)hghttwa3/IeEﬁgmabfbﬁrsi ipd peisaebna®; app%la&&aﬁ&g k&R ed
reflectlng chol esteric liquid crystal l'ayer. The

eﬂ&‘?&ﬁ’é&fﬁ% the| chelestgric Havid caysjal dasfeny 225 24 sam be hunad to fedlect light from

Xarg! 01 o 100, aqr
85ﬁanomegpgrn%n to‘?’lﬁrégln%aondgpnélr?? | yﬁg :}rogégzé{g% t%ﬁ§/5%rafeﬂfr0m
160hhmkod650 smch as, for exanpl e, from 1to 10 or 2to 8

m croneters. The nanoparticle layer can include

nanéysalesqrihed gbeie, ghnlesteristliquid Gia{dﬁahglat@nalatréﬂ@:m circdarly polarized
. 90 wt %, .40 .to 80.w 50 to
hgfvl\tf(g% n s%rreang(r%n%dﬁﬁsﬁtrg t%}flﬂ%ﬂ]ﬁdar%‘ﬁ%c W@P@%y IPWET%H the
chawmemamlmeﬁﬁ@l Bé&oauddSEleft haf@ERAE RN RARLE |

npositions are disclosed in U S. 6,81 1, 867, %dchrcmaﬂy

pOIP%‘Z‘FqﬂléﬂW (B¢ Hebichapg cirewlar eoneonhutmesses thmugbthe cholesterlc helical

st IGi; o? gg?@ taid&gﬁ%@ gp aﬁlgﬁ;l&gﬁjl&gf éf tﬁ%pﬁe‘:ﬁ gz%rvg ngtlh 1S reﬂected
Planigoiighi hedded and a et harded ChSIbiigk @ eﬂs 'E&%';e& HERP, gl‘%?:‘ﬂ Lﬁ,eto 100%

hanoparticles includes tin, antino
of iggidgridight af the penedoydvelengthl Havgver, ellrdse dompodiions must be inert to

one another if placed together or a non-birefringent layer must be placed between the

cholesteric layers and finding both right and left handed cholesteric layers tuned to the
proper wavelength can be difficult. One approach illustrated herein is to provide a retarder
film 25 between the first infrared light reflecting cholesteric liquid crystal layer 22 and the
second infrared light reflecting cholesteric liquid crystal layer 24, where both cholesteric
layers are tuned to the same wavelength range and both cholesteric layers are the same
handedness. Thus, the retarder film (e.g., half wave retarder) will rotate or invert the
polarization-state of light transmitted through it. For example, right handed light that

passes through a left handed cholesteric layer is converted in the retarder film to left
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the netal oxide nanoparticles include, tin oxide,

anti nony oxide, indium oxide, indiumdoped tin oxide,
w@eaor7oery3 doped i ndiumtin oxide, antinony ti nPORUS®N6/040942

antinony doped tin oxide or mxtures thereof. In sone

enbodi nents, the netal oxide nanoparticles include tin

oxi de or doped tin oxide and optionally further
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ful
blu%eﬁ’lghl;1 \?v\a/l\?elgr?g}{h lrjasnge,l'land appear to have a blue color.

In some embodiments, the visible light transparent substrate 25 is a half wave PET
retarder film. In one embodiment, the visible light transparent substrate 25 has a thickness
from 5 to 25 micrometers.

FIG. 3 schematically illustrates an embodiment of an infrared light reflecting
article 30. The infrared light reflecting article 30 includes an infrared light reflecting
cholesteric liquid crystal layer 32 disposed adjacent a visible light transparent substrate 35

(as described above). In some embodiments, the infrared light reflecting cholesteric liquid
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t hi ckness. I n one enbodi nent, the substrate is
autonotive or architectural glass. In sone enbodi nents
WO posli4ey) cl ear gl ass substrates as a gl azi ngPGESBNG/040942
t he gl azi ng system has a shadi ng coefficient of 0.68
or less, or 0.6 or less, or 0.55 or less, or 0.50 or
|l ess, at a visible transm ssion (Tyis) of 70% or

e e LB Gt B 5.
Al BYGE, thd dHRGRRCE @thiad;&%tém(a]ﬁ? 32 %Qxﬁ,ﬁgh}\?g ag'lr?t layer 31 and a

scratch and wear resi oat
seb@ylelay@ra‘ﬁﬁ (b rpiayeesttuorire)u Thpiflrittlyy e 81 chebé fihed tcﬁt&ﬂbd:tgiﬁrst range
rticles durlng processi ng and durin

Of{ﬁl ¥R lg fgwa of gpelagizatepdr or Bynstarization)maf egmyi layer
3 < ?f;?rﬁ‘é@ﬁg i gg g&%ﬁd 'ok’ r%xaar%ﬂ?oéﬁ \Jﬁ@él@ﬁ@ﬁ% 3f a polarization (S-

orfPapalaxiadtion). alimchohiéerﬂboﬁﬁnedts’} tigofifst AlheebnERY & 31E B®can be
hard oat |ayer includes infrared |ight absorbi met al
Beeniy s toirellest lightdiom Bh@ nege PEU nh er ﬁrarru nng ¢l 050 nm,

fyl k exa fir O
et ek weigs i e ol e
ordrano 3 Gt 164D nan Inwhe @rdddinaaftthe Bt mcy%t FWcael teh& tdQeflect

The infrared light reflecting article 10 includes an

lightfry 37a8ge frogn¥80rnsm FQel:QGOrfgn thesseeqnddaydr ddican be fused ko reflect

EHE] e P 5POSR RSl S B ohd BD0RA! i

chem@ﬁc Hq&i‘dscrysltzh@n-ﬂd%f edriRuétichb brd Rk&ASHIR U.S 0831851 4, which

quid crystal layer 12 is coated or |am nated onto
lsmermr%@da rqfﬁtrgmehemmsparent substrate 15. As

d t d

12 AR POREGpty wf RS o S b o Y26Qntihilion
ha®ing@ight bslefitahddd ek ra\n& §Ie s8korfd lﬁf’ér@'?»'céﬁlbé ARkd td ﬂect infrared

some enbodi nents, the cholesteric crystal laye

lighphasing areoppestieldirestions thes subistagtiallyf albmﬁas@l light bba gmlﬁed

Wa]\.’gibe Bg{l?l‘ﬁang’F r%f?eg%d%gdéoﬁfjﬁgfagerlg%@ rsé)cg]néé@ Qm to

embqg ik %mbbﬁ'l‘?neYﬁsS tfklcﬁoie$t9H5 hhﬁlﬁ%ﬁ%@eﬂ & i) girj pe?‘f 1?’1@1'-1186 a first,

15 is an infrared Iight l'ecti'ng
semduang thitd ayeraaittdpylenyteucsuref nod shows)t wipaé ymrlayey psetuﬁéwlto reflect

h nbod
iraR 5 B0 G HEBE T ey GRS 8ot Sttt cep reflect
a braﬁa beGght! Wegzl'éle %t%s 3801 60 RALAH5F A a‘rirln,g)tlal ﬁle l%?é(r sf?r%ﬁﬁl'ré)&n reflect a

of the IR I spectrum | nsone e
band of lighs Wavghngths fmeZ0emb tes SlshmaUBeflib camposittoriswné thetleods

h nmto 900 n or from 1000 nm
dejeg 1%31 &ﬁfﬂ r%#fqﬁ%ﬁg&@lwm QB fre dscribed in U.S. Patent
Application Serial No. 10/858,238, which is incorporated by reference herein.

In some embodiments, the visible light transparent substrate 35 is an infrared light
reflecting multilayer film having alternating layers of a first polymer type and a second
polymer type. In these embodiments, the visible light transparent substrate 35 can be
tuned to reflect light (S- and P-polarization) in any portion of the IR light spectrum. In
some embodiments, the visible light transparent substrate 35 can be tuned to reflect light

from 800 nm to 900 nm, or from 1000 nm to 1100 nm, or from 1200 nm to 1300 nm, or
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from 1600 nmto 1700 nm |In one enbodi nent, the
visible Iight transparent substrate 15 can be tuned to

wo edo7es3d i ght (>80% refl ection) from 800 nm tPCI/ESI06/040942

nm FIG 2 schematically illustrates an enmbodi nent of
an infrared light reflecting article 20. The infrared
light reflecting article 20 includes a visible light

o BRP B LR 2o URRRE B AL, Bak bbby st

cah &Y @lined4do a¢TlEcAliSiR gﬂ!ﬁ‘ﬂ% i &HdcAb©hrdh 806 nhfh! 1266 g
cholesteric liquid crystal |ayer 24 (as described
abovida. 4 ssherpaticallyrilbusirates tis pmbbdinient ofareidfrhded hight reflecting

ol 4o SR hiERe] S Fed S Atele G diun YPlegight ransparent
e Bk 0 54 8 B W
layey 42 end e secand finfzared lightghflccting ehalagttisligiid @ryistal $yer 46 (as

el BeREYR I ta SHbMbEERF: e Mitseightyaflaating shrserigiid
crisfal SRR 0P, Ul 'afedcotafédro? ge{n?gé%h hg{(l)ttgé (ngm@ ﬁglgg@n%p%refng Substrate 45.

nm or from 1000 nm rom _
Aslde5eribed above, ftheofirs G lestemictlpuikb&9staintay Ast2des sadRR first layer 41

bove, cholesteric liquid crystal materials reflect
and ng%ngﬁ?XFr 63 (& Pirlpger S?m@me) éhd thesepansilesteric liquid crystal layer

! oT™ e q ‘ ;
s NS e -
41cHbtasietunel foatflet bdirstehigetAnetraed GohtaNdWldRetROF 2 $Hlarization

li gfpt, the right hand circul ar conponent passes
(St 9irinefarizationy prsl theseqond layet #3418 can beduneddo raftesta second range of

. 9 i nci L he, t.uned length |
intPlr O Dk el et o B U e b a Bl e e i etiments,
thecfivat lagéresli, 47 bid Sdcond RY6L4BU8 CaNbE BldbSGidety ﬁﬁeé—%or%ﬂgét light

incident |ight of the tuned wavel ength. However, 't
frogp$afbamite 8ﬂ‘gnmugt frera 10 nm tod 060 exrg oo frher 1200 mpd cEX$0 nm, or

frop D ANSh 1 Lo AR ettt 550 B33P L 06RH% oy Bt T4, In one
emdOdineat, thBRERGeA10UP S4:£hd ﬁnb@i@ﬁeﬁeét%gﬁgiﬁlt ?ﬁaﬁ%@frg&%grnm to
ff I ach 1 strate

wavel ength can be difficult. One appr
10¢{bnmiand ithe segonst loyérdiS, 48 cat tar ieed foi efte@ Sigheinwerangd fiém 1300 nm

st infrared light reflecting cholesteric liquid
u’@%§§?%l | ayer 22 and the second infrared |ight

P 40 B ESOTs  WTTy  IEc
cholegjesicdinpid cryatablayerd$ danehchcincluds b dirstesebayceaml thlre ldyRe(a tri-
layg’ras%cture, not shown) where each layer is tuned to reflect a different range of infrared
light. In many embodiments, the bi-layer structure can reflect a band of light wavelengths
from 100 nm to 250 nm and the tri-layer structure can reflect a band of light wavelengths
from 200 nm to 500 nm.

As described above, cholesteric liquid crystal materials reflect circularly polarized
light of wavelength and handedness matching the periodicity and symmetry of the

cholesteric helical structure. Because a left hand cholesteric reflects left hand circularly

polarized light, the right hand circular component passes through the cholesteric helical
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handedness. Thus, the retarder film(e.g., half wave
retarder) will rotate or invert the polarization-state

w@boozioghs3 t ransmtted through it. For exanpl e, PCT/yk1006/040942

handed |ight that passes through a left handed
chol esteric layer is converted in the retarder filmto
Iefthanded light and that converted |ight cag t hen ge
by t ond,chql esteric | r .and passe
sty oI Pouid So7hrol ke Rigteor Ko tmed eI e Bteested.
Plhél hﬁl'f&ﬁ@l@dl RS Foft HaBed il dtefic! 1A 1oL LABSARANEMLct yp to 100%
surk;gs??%te 15 is a retardeer fil mltcur%g% Og an |nfrrarce L °
ofjipejthent lightyef thé tuned wlawelgudis. t hat correspond to the
t hat, the cholesteric |layers ar

o PP FBGEl 3 gt R P arbr U nEiles 14 pwoen the frst
1nfr§u@& %@Hﬁ%ﬂ&c‘c?ﬂgbﬂ)fe@t‘éﬁc hﬁuﬁ%?yé@aq 1%%??% %ﬁagtfm%%&rng éJ,ifragflg% ight

P-pol arization) in any p
re gémg rChtnhestbnnc hiqurigt ceystad tyerds, svhetdisoth oheladt@dt lay€btre tuned to the

refl ec articl O.can reflect 50% or qgreater, or
s Y Bl5 R AR o S i 55 s s sate et Lhus, the
h t
R A T e g
tranemited drofigh i lFunexhniIﬂe atght hdndad éigdhd thatBasses mlgeu%ﬁ a left handed
range and/or a visib

enffRyRriS FlhiS cPREsrea Y tegPieies BTG o 5 Ieececiliges o that converted
thUﬁll tRAObR A1 ‘é&@&ngg & éé@ﬂlde&ﬁ)?ersg Fle ll%?ég %@d ;?E[sgecf ag? é)Ht of the

In these enbodi S, VI Si _ ransp
infsarbd tiglattrefldcfing artidhe40.uned to retard light (S- and

P-pql arization) in any portion of the IR |ight
s pg R BURE QWHOQJZ{YICGFS teiinible lighiransparent substrate ﬁlsmatn;arder film

tur?e'aJQﬁ dh f@é%?d %}R ‘?aﬂg%f al%gleé%ﬁgglﬁt ?og?qsg%/qftgg /é) IE?In\g/e kD wavelengths

thay Itlﬁﬂthete,steﬂb lefyrem’aré ﬁ%etl @0. 98%heselenfboditheiAY/ %E@w@i@%’ light thfsparent
| nC| dent ht of the tuned wavel ength ranges.
Bredrie etard light 6% anil Prpolerzastive) ineny @otuoao%the IR

AR N En SR

somgr@n@; br fr&NFOYs 1699854, dr TR0/ b 95%&%%@11{@91@11% ®f the
the reflecting article 20 can have a col ored

Wﬁﬁ@dﬁlﬁﬁ%ﬂé‘; as desired. In one enbodi nent, the

fl f 0% 0Q% o
;ﬁf !hﬁ rar %881{&1 Pts\/\‘}ﬁ\/ Ve fsaé\ﬂﬁ lehtrtgf}%té%aré‘ﬁg Bt lsfa vave PET
retdep filen. 1AQHe ‘éfnb@ﬂm\{érﬁ ithé elsiﬂlélhéht%ﬁﬁia?é}ﬂ ShbhaRas hél§ YGtickness

as_for_ example, a bl ue wavel e range,
frogphtoadS misremetersa bl ue coI or. In some enbodi ments, the
25 hal f  wave
;'EEQ’FFPJEGS 1sI agscilertngt?cn ?l‘}aﬁl?s%atess %gsét liaaEiler}nent 0 g’n frllfrared light reflecting
article 50. The infrared light reflecting article 50 includes a retarder film layer 51 disposed

between a first infrared light reflecting cholesteric liquid crystal layer 52 and a second
infrared light reflecting cholesteric liquid crystal layer 53. Each cholesteric liquid crystal
layer can be a single-, bi- or tri-layered cholesteric liquid crystal structure (as described
above). As described above, the cholesteric liquid crystal layers can be tuned to reflect
infrared light wavelengths of a first polarization (S- or P-polarization). In some

embodiments, the cholesteric liquid crystal layers can be tuned to reflect light from 850 nm
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retarder film In one enbodi nent, the visible |ight
transparent substrate 25 has a thickness fromb5 to 25
wore@rosasers. FIG 3 schematically illustrat esP@mnUS2006/040942
enbodi nent of an infrared light reflecting article 30.
The infrared light reflecting article 30 includes an
infrared light reflecting cholesteric liquid crystal
| ayer 32 _di sposed adjacent a visible |ight transparent
to S0Baw 2 QO%PQ@%& SO0 oxfeswe 1 200 Bm ¢ k250 nm, or from 1600 nm
ogBegdiqrents, the infrared light reflecting cholesteric
['iquidcrystal layer 32 is coated or |am nated onto the
vi si Alvisible tjpht tranapaparsabitrase S isrddpesadbon AsadiiRsnyto ietsecond
. ﬁbovgﬂ th% chol%gterLc_li%gid crystal |ayer 32 can
infraved Jight reflpstmg;chplesieric Hiquidraysialdares A3 Tmspare @ubqdiments, the

e j | can he.tun .
LT B BEE Ul T80 AL Sl WA R R Bl i
aliefnating tdyarsi of atfirstpolEnerctypPaidid scbAdpolombr 8. idese

second | ayer, 33 can be tuned to reflect a second range

enpfodiments, thevisibimiishidsrsnarit pubstipte$5sen e itunetlito reflesilight (S- and

- i zat i . odi nts, the first and . .
P-Bo RIS B0 T o AT RORRETRAS It 1o)% tbRip RS, e visive
lighe tragsplardnt gibbtrite 88cEH B fifed & PGt 8 $000HH IO M or from

to 1050 run, or from 1200 nmto 1250 nm or from 1600

109 niyto1 HHO namor Hont 1209 ety A0, dmm h$0bamite dAYOLBO0 In one

4 . b enbodi men he first |ayer 31
erfieffet A sty RO ARG TSRl ey e g B8 el et -8
reflESRnNFOABYOIAe SEXOREN.| ayer 33 can be tuned to

reflect light in a range from 1300 nmto 1640 nm

Us eflaithedlupioded ¢robedimant, rprdsouts saeiiveiligien §9 chdismsed between an
L.iquid.cr al, bi -l ayer, const.ructi ons. are_descri bed .in,
oRY° .#%%y Hhidede firs] i lstpe lie ePSRLISE W hspresmbsdiments,
thd'BreSiuie sdnBitidd OiyBLs9 RIUIBGRILOEM the & cﬁbfe%ri!: idipate) cig};]s;[aq #Yers2. In

be tuned to reflect infrared l'ight having rirght o
manyfambvalirderds, it pressure sensitivé layset®indhiday 21, B absaibebeompound or

tuned to . reflect infrared |ight having an opposite .
el A BiFaSs RUE oo BtiFal SEbSHPIS g BoIParekon (gReesae gensitive
i 16 vel : . the first
R L VL
enboth ménteg, lighhebsoktihgatmiphrticld layerd7ds Yisdvad dikgysed addcent to or

can inclyde a first, second and third |ayer (a _ .
oniihe YHS@@%Pg {rapRerng subsgeteso k) ontinapkhasdeast laggrd8 is shown
: : I [ .ant er,of Infrared |.iaght
SRS R L Sh 1 L850l 89° o AIAA AL o
layee idoheles thetinfigred lighi aP8brbvivehepatibiss fadmud, 0eparateGn2R€d light

ab?o%i%g%aﬁlgpeartticrlé l-alyglry Se7ris %to{ }lojr%geuntt.eAg%r&ditti%L;tleIl%treﬁecting metal layer can
be included in the infrared light reflecting article, as desired. The nanoparticle layer 57,
hardcoat layer 58 and metal layer, are all described above.

The above infrared light reflecting article constructions provide improved solar
control film articles. In some embodiments, the infrared light reflecting article has an
average visible light transmission (400 to 780 nm) of at least 45% and an average infrared

light transmission for 780 nm to 2500 nm light of less than 10% or less than 15%. In some

embodiments, the infrared light reflecting article has an average visible light transmission

-30 -



10

15

20

25

band of |ight wavel engths from 200 nmto 500 nm

Usef ul conpositions and net hods descri bing cholesteric
WO p@paiosh48¥ yst al bi -1 ayer constructions are desPCT/D8I06/610942

U. S. Patent Application Serial No. 10/858, 238, which

IS incorporated by reference herein. In sone

enbodi nents, the visible |ight transparent substrate

IS infrared light reflecting nultjlayer film

Otf%‘glﬁaﬁtg"%g/? ?ﬁ%‘ﬂﬁﬁb@dﬂ%@l&%ﬂ%ﬂw&orw 7 gblesyrior subsrmtighyall

ek . .
P RN OB sk 2200 i EE MR, bt
refleqting @ttidl¢ bstan(aSerage tight-ipfibaion batwean)780 An@NY0 PRI E0% or

&L]kgﬁ IR Iighﬁ spectrum I n sone enbodi nents, the
A A & avgree tigh tepstrission deyeen 400 and 2309 nse of Hptedrdess. In
furtdrleafodln i i 00, NM, ..

e g oo K bRt Btion
between 7180 and 200 nmadf §0%drqteatarind anhweraps lighterans@itkion between

an nt trate 35 can be tuned to reflect |ight
14pO 3BT B o PO ortesS w6l bbb, e cabaged ight
re i [ . : ' infr d
AR Rt avorde G0 SRof BORHCIS a1 A ot 0% or
greagdriagd ah myerag light erad@nissioh bew@er 140Gkl Z00i@RbE 5% or less.
transparent substrate 45 di sposed between a first
infrared |ight reflecting cholesteric liquid crystal
| ayer 42 and a second inf@g%ﬁgﬂagght refl ecting
chol esteric liquid crystal Tayer 46 (as descri bed
abowd) chehrica diselosedbbdowend comibeidlipfavailate frb&hhldrich Chemical
C reflecting ggolesteric liquid crystal |layers 42, 46
OPANLJIlesy OBieryisenoisted onto the visible Iight
Exhfiiépar ent substrate 45. As described above, the
first cholesteric liquid crystal |ayer 42 can include

Synthfesis of RAdBagent and a second | ayer 43 (a bi-|layer

str Cﬁﬁ%ﬁ and the second cholesteric liquid crysta

| ayér dRundbqtipap dey Haskgyith astisrban wag elhrgedseitl tegrahydrofuran
27 SVRIL ' [ Fe) o The fir yer 41 .

( A7 ca%’%ﬁ@u(ﬁéeu 1?%(%?0&?# fég%ﬁl glfc?ofl gganFthy OdéF%?llLs'ni L%Féﬂtmn was

codledytot 0 Wamelndomgbtis anf trizthyd buineZ81730A1Y Was &lded dropwise. The
and the second | ayer 43, 48 can be

P-pol ari zat i on) !
SOlP‘iﬁ‘ﬁme%eé Yedpveagd wes alewad to disgb0%# fariPminedd lat wiom temperature
3 ary [ S- or P-polari i.on) ..
Cr LB Bl BENBEL P B Ry B o gt AR b
and ZxpemeiBopabBiccaid (368 iy s BARAYwly U TR oktheb 86IuB6E turned
ight from850 nmto 900 nm or from 1000 nmto 1050

yelidW Wik Wi AracpRithie it hegmiptwe wamstived firrommite@Penatare overnight and
. 06 or fr 00 to

ol e AR08 Il TR0

intdoe stinmeteatiueous BC1 @00 N| S@BIL)isBluioh AMES 0fah SRR MYek Vas

separated and washed with aqueous saturated sodium chloride (50 mL), dried over

magnesium sulfate, filtered and concentrated under reduced pressure to yield a yellow
solid. Hexane (90 mL) was added and the mixture was heated to form a homogeneous
solution. The solution was recrystallized in a freezer to afford S-n-dodecyl-S-(2-

methylpropanoic acid)-trithiocarbonate as short yellow needles.
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1060 nm and the second | ayer 43, 48 can be tuned to
reflect light in a range from 1300 nmto 1640 nm 1In

wo eoovhsu3enbodi ments, the first chol esteric | iPui/uS2006/040942
crystal layer 42 and the second cholesteric liquid
crystal layer 46 can each include a first, second and
third layer (a trilayer structure, not shown) where

LIS GritSl @ olimen sy el eeheing formaten | ager
St r ueOyhfoth n&?ﬁéﬂ%ﬁéte @th?%lgfe (b'ngg, C%l\f&lo%bg} A5 dibL8Thne

100 nmto nmand the“tri~layer ructure can
(26€9E)3W@rean1b@h1¢ed)fntd> iy hbn‘uamu@ emggiesicAtir bie's oY ftdp elek mlxture was

T eI T AR
plhcaderdnNessC BRbLEM B §tﬂl%dp@fﬂe9%eqh5ﬁ{o ecaua;%fmgl?ws (%19%9 removed

the cholesteric helical structure.
the jpsifeon eil bathy lef tand tﬁsr d fett minated, avidracddeditieyl. Q51680355 Paliocolor,

BARPDRATT kbt ek B Eaiect! B B, pﬁ%ﬁéfww@wm

pu5 Q%a@IE 1ﬂt6‘ 6il @ﬁﬂ‘lt Aftémﬁe %ﬁ{cﬂﬁoe{: lee}ﬁ}@ﬁ’g%iq Q%EJT ut on was

| ected. Placing a right

plwmnetgtaarowcn hla@ééesfot Vpledther Tlean Viagd 52 (0.0180g,tDu R&ﬁ%wa‘s added
h. One approach

i,nci den he t uned wavel engt
arﬁdlkleﬁtslprtéﬁ %Wéﬁg ChIqr anet Eefp?r‘*d%qua%wa? 4 kFcholymen havipg number-
aveRl t
CRErERRICA: helgh! of SN0 BINSSETS R e
Pobﬁbﬂaﬁaalhmghdswmnmﬂxt|ng cholesterlc I|qU|d crystal
Iay th chole eric layers are tuned to
th e am@t&é}? FQUQAGE 1S acrth%i A éﬁmpé@n Ratprt Apnfisption
arder
P“?ﬁ@atm% P RS R o3y pbioh B RERE, Thi Prygpge of 4
cypuribaplicnpl benreatt ethel afrylhiedght transmitted through it.
For exanple, right handed |ight that passes through a
| eft handed chol esteric layer is converted in the
retarder filmto left handed |ight and that converted
light can then be reflected by the second 2 ric
| ayer and passed back out of the infrared

reflecting article 40. In song, embod

visible light transparent sub | rat & i S a retarder
filmtuned to an infrared A ange of wavel engt hs
that correspond to the g of %avelengths that the

chol esteric | ayer re tuned to. In these enbodi nents,
the vistbleffli ght tr&sparent substrate 45 can be
tuned to retjard light (S- and P-polarization) in any

portion of the IR

Compound LC 756 (Paliocolor™ LC 756 is commercially available from BASF) and
Compound L.C 242 (Paliocolor™ LC 242) are liquid crystal monomers available from
BASF Corp. (Ludwigshafen, Germany). Vazo™ 52 and Vazo™ 67 (DuPont, Wilmington,
Del.) are thermally decomposable substituted azonitrile compounds used as a free radical

initiators.
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i ght spectrum In many enbodi nents, the infrared
light reflecting article 40 can reflect 50% or

wW@e@ansr33 or from60%to 99% or from 70% t o 9BO6/US20061@40942

incident |light of the tuned wavel ength. In sone
enbodi nents, the visible |ight transparent substrate
45 is a half wave PET retarder film In one

enbodi.nment, the visible | ght transparent substrate 45
has Bhi Hﬁcmhé@gr Folwiang 5128 @ svaricembined avith a FE @42 manomer solution

AT A4S IR SRS Bl

reflecting artl cle 50 includes a retarder filmlayer
51 disposed bet weewr dofdhdisoldfiohar €d TTght reflecting

chol esteric liqu Yehd e a second
infrared |ight r‘%gé%—mj—ehe +qui d cryst al
| ayer 53. Each chg Ed2beric 1 ildl; crystal |ayer can be

a single:, bi- o LCPA2 | ayere WO esterif | qui d
crystal structureBEES descri Helil&bove). |As descri bed
above, the chol eslgadweedd7qui d &t§stal | ayers can be
tuned to reflect|Behryangd I dhgggwavel engths of a first
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enbodi nents, the Ry eSterte ..g y d——crystal |ayers can
be tuned to refl eet ..;ht fgm-850—+unte, 900 nm or
from 1000 nmto 1 1 or fir 31200 _nnf to 1250 nm

or from 1600 nm HQ@O nm_ A33G&ible |ight
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t he second i nfraf sdiid teféntr ef|l340eng chol esteric

liquid crystal layer 53. Tn sSome enbodi nments, the

visible light transparent substrate 55 is an infrared
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PET A &8P, Er)rg(n) % d Wire- WOLL{‘X& R}H %‘lﬁ.?l%te{]g@r? f'véqpm N%er liquid

In one enbodi he visib
crgsifi soatatgeoSbmaaon Bed thidkaiedso Thefcbatirtg wWasgdit dlﬁe‘eBiB%tbout 15 second

fr 800 mtq 1200 nm In the illustrated
ﬁ%%ﬁ?%ﬂtlg a#ﬁﬁ 1ot S apayies. vEPemphatoaingdn g ysign gepoessor
(MY 5505-280, D-bulb, Fusion System Inc.) in air with a line speed of 20 FPM, a

highly transparent, non-sticky LC coating was obtained with a low level of haze: 1.6%.

Spectra measurement from 300 nm to 2500 nm on a Perkin Elmer spectrometer showed
two distinctive reflecting bands covered from 830nm to 1280 nm spectra region, a desired
reflecting region for solar control films.
Example 2

A liquid crystal (LC) polymer was prepared following similar procedures described

in Example 1 using the following composition and condition:
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optical substrate 54 and the first cholesteric liquid
crystal layer 52. In sone enbodi nents, the pressure
W@ 003050482 | ayer 59 is disposed on the first PCT/US2006/040942
chol esteric liquid crystal |ayer 52. In many
enbodi nents, the pressure sensitive |ayer 59 includes
a U V. absorber conpound or nmaterial. A release |ayer
or optical substfate-54 can pe chnnCQP on the
pressure sensitive musilye arior to
adhering to an opti cal substra%@uﬁm(gMW infrared |ight
absor bi ng nanopay tC2Z hnbayer | 57 1433shovwn di sposed
adj acent to or op thecyseible 1ighy transparent
substrate 55. Anlopbi,RPBhe NAf dCOgF T ayer 58 is shown
di sposed adj acen Lgk& 59" the 1;%2§ku icle layer 57.

I n sone enbodi nepts e €0 ayef 1 ncludes the
infrared |ight absggﬂbéo?—mn and thus, a
separate infrared LidBtalahso biﬁ@fﬁano,article | ayer

57 is not presenf.Sobid codtént i onal8.9Fer ef|l ecti ng net al

| ayer can be inc| udisditiont he| i 60tGIL & ||i ght refl ecting

article, as desired. The nanoparticle Tayer 57,

har dagat clRKeker381uRBH (518 A -

above. gﬁgﬁgﬁe |n? éred #Whﬁ&ﬁ?ngégpﬁﬁnggﬁfﬁ?g&HmSOhmon
(7éé|g_ssarnﬂ:$qlmlm1 desaribeden Bxpmpleeld Followingahé Saﬁllhe If)ﬂobemure used in

article enb nts, the infrared lig
E)ﬁaaml‘ee{:ﬁﬁﬂgﬂﬁ Pfqagﬁelaﬁ%@é Vs QRInedvith 2 lovy @eme N 1.6%
Exaniple 81 ssion (400 to 780 nm of at |east 45%and an

average infrared light transm ssion for 780 nmto 2500

nm IA ﬁquid@fysteé $5C) palpmeD¥aoprep@sd fdllvavingd Effilat prosedies described
. Enb %W:nts e infrared light reflecting article has
in Exampier lagping the foflawing §ﬁmp?%?f5%ﬁds@méﬁ@p at | east 60%

and an infrared |ight transm ssion of 20%or | ess for

substantially al ch nlu nd 2500
nm In some enbddi nents Fnfrared | ﬂ? rdfl ecting
article has an average light reflectilof® n 780
and 1200 nm of 50%or ge&anemeand an|avetZ¥e I|i ght
transmi ssi on betjween 140DC##E 2500 nm of0.59% dr | ess.
In further enbodi nent s, Didkelanaf rared|l i ghrgref|l ecting
article has an gverage TygRisprefTection @gfmeen 780

and 1200 nm of 8§0% & T~@rgnaniav Hi ght
transm ssi on bet wc%@rHﬁ”m A a?ﬁplgw@“... ed \f/u ar | ess.
In still further—enbodimelt:  the infir 1ht
reflecting artidlLe hasS Pﬁimﬁnﬁmp Ligh t27r7@1%e tion

bet ween 780 and |1200 nn€eddit@vs or gr ¢aé@€/Hhd |an
average light transm ssion between 1400 and 2500 nm of

Thi% O polyafes soltdéd (. ¥Bg) was combined with a L.C 242 monomer solution (7.55g,

same solution described in Example 1). Following the same procedure used in Example 1,

a highly clear bi-layer LC film having a thickness of 5.0 um was obtained with the
following optical properties:

Transparency: 90.6
Haze: 0.53

Clarity: 98.8
Example 4

A liquid crystal LC polymer was prepared following the similar procedures

described in Example 1 using the following composition and condition:
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250 nmL round-bottomdry flask with a stir bar was

charged with tetrahydrofuran (27.83 niL),

di sul fide (5.02

m.), and 1-dodecaneth

carbo
i ol

(10 ni).
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solution was cooled to OGOC in an ice bath and triethyl

amne (8.73 nl)

turned yel |l ow an
mn and at room
solution). The s
ice bath and 2-b
slowy. The oran
precipitate. The
t enper ature over
filtered and was
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sol ution. The or
washed wi th aque

ise

was added dr opwi
d was aChemszdlst o stir
 enperature for anoth
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(orange

pl ut 1 oowRSHhsRe! €d D3

ck 170C
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sotu grred—y

1 iQ&J\arlgf —rrod

o= TRVi
TTTTTATUTC \A'(". T® T T e I A SR v )

nt P

i ght  an¥?4on% white

L pr‘o-gﬂt at

e. GRé fi

hed wi €Hs(EFh)SHacet at
a stirredladalueous HC

( L8®BSN,

ange ofgiditentérdayer wg

S BER®hat

ous sat uHadigen S0dl um

CRORY/| §iF

white

e was
[trate
50 ni)
ed and
(50 nl),

dried over magnesium suffate, fittered amnd

SPGB PSS 5T B UBE BB U5 e RPN .5
safe3bRbloh dedcfibsa  BEARKIS TR qtbﬂlo%@ﬁ%‘iﬂe%ﬁme PRRcdReWst P Example 1,
was recrgital lized in a freezer to afford

a lgghly clesy layerduC {ibm heeinp plthickyeanof €90 um was obtained with the

1 d)-tr.ithi ocatbonate as short yell ow needl es. Liquid
fo%%%glp{lfa[_l@mpﬁ%f?ner synthesi s and coating fornmation

4- Cyanobi phenylralppaass:€¢ opyl acrylate (9.54 g, C2
mononer) and dipxol ane (2§.1499) were introduced into
j ar cont ai ni N8y gnet i 09§t7i r bar. After the m xture
EJas dggassed for about 2 mn with controlled nitrogen
y“the jar was sealed with tape, and placed into -
130010} dolpaétwasaitepatéd fol8HingNitRhr ﬁﬁ@ec{ﬁ?&%@ﬁiﬁ%% Example 1
fully di'ssolved, renoved the Jar fromoil bath, let
usingdhe foblowang eomprisitionewd canditiatded t he LC756 (0.36 g,
Pal i ocol or, BASF), RAFT agent (0.34 g), and Vazo 67

(0.018 g, Du PonHWpeseaLMM. . ut it
back into oil bath. Aftekemigassol uti on Bewahe (cl ear
again, the clear|_solution was placed |iWeight@)dven at
650C for 24 hourls. The@2 mémpmeb2 (0. (018 479 Du |Pont )
was added LC756 0.18
Dioxolane 13.44
Vazo 52 0.01
CH3(CH,),SH 0.09
Total: 18.50
Solid content 27.37%
Condition 60°C/18h

This LC polymer solution (5.29 g) was combined with a LC 242 monomer solution (7.54g,
same solution described in Example 1). Following the same procedure used in Example 1,
a highly clear bi-layer LC film having a thickness of 5.20 um was obtained with the

following optical properties:
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and kept in the oven at 650C for another 24 hours to

afford LC pol yner havi ng nunber aver aged nol ecul ar
waowdoghso4ed 5500 g/ nol . (pol ydispersity: 1.8, QGRO/US2006/040942

results with polystyrene as internal standard).

Preparation of the C2 nononer is described in European

Pat ent Application Publication No. 834754, which is

i ncor por at ed rein by reference. The structure of 4-

cyanobi phenyl ;‘%%ﬁﬁ‘%y:et IS?;(J)I4 acrylate is: Compound LC

756 (Paliocol orf®m) LC 7584 commercially avail able

from BASF) andlesBpound LE3B2 (Paliocol or (tm) LC 242)
Examplei6qui d crystal nonomers avail abl e from BASF Cor p.

(Ludw, gshaf en, Gernan Vazo(t.m. 52 and Vazo(tm 67

( Dup%”kt%,s PRV W Hﬁl?arﬁfqﬂ)owglé’eﬁml}érrmm}wed@é%ﬁmla% Bgample 1
usfighbé fdlle \ditid

T e ity AR g PR SRS B et T8 g e 0
dissalye dlammivixtang ofiltdy 58, Vo2 aminliemercapsto! 4timdedarol: 54 ¢,

Pal i ocol or, BASF) prepared with the follow ng

formul ation: Whepe,—BHT refers to

2,6-Di-tert-buty| - 4- met Gy¢misalenol (96% Aatudt i dh) ,

Irgacure 907 is ja photoinitiator (G haWeightH@)ils

cycl ohexanone (A dri chi?2 niddoBier 4- Cyano 4.39

hydr oxybi phenyl (TCl'), 1p¢Byk361 1s a COTET Ci al

surfactant avail@ablef MBIBxHe CTETT €, \I/\\ﬁ_wng‘! ord,

alhbal

CT., and Benzyl A—Ts—benzyt_—atrcohot-1—AEEer—rHXi ng
this conbi ned SOTFH%E en Wﬁ{ eringlthP 03h 4 0.45um
filter, it was cloated (q:H'-ﬁ'll Hl m (31 SCQ)Q%hpEk) usi ng
a wire-wound rod (nunber T to givela bi.00aygr |iquid
crystal coating jof 6 m criwtaldri ed thijckre3s. The

coating was air |[dried Sodid @it 15 secorykgapnd [t hen
heated in a 1200C oven ¢§@kdiRodl NUT €S. E@?ls?ﬂ tocuring

[ o Ve S | Y

i n a Fusion processor (Mder DRS120;—b-butb, Fusi on
nG. )y :N_ & ith a line eed of 20 FPM a.
ThRAS PO bR spliPh 64 e Bt e Bie e omasepiadionsd 77 &
sarité LU rAodérls8Nion Abschidé®in BxRiple PP lfr@\;iﬂg ﬁ%%%%c&iure used

_ from300 nmto 2500 nmon a Perkin E pectro
in Expaorle 1t sveleal bitlayertliG/Blm efithecthickpesb afid20anicmnesdert masobtained
. n 0.1280.nm spectra region, a desired reflectin
Wlt?’ég? ggr%lto?vé?g g@f"&&@ﬁﬁ‘%@%l fi IgrrB. Exanpl e 2 °
Transparency: 90.9
Haze: 1.07
Clarity: 99.7

N

Example 7. Single layer LC film

A LC polymer was prepared following the similar procedures described in

Example 1 using the following composition and condition:
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A liquid crystal (LC) polyner was prepared follow ng
simlar procedures described in Exanple 1 using the

WO od070%4483) conposi tion and condition: This LC ppdHO8E2006/040942
solution (5.29 g) was conbined with a LC 242 nononer
solution (7.54 g, same solution described in Exanple
1). Follow ng the sane procedure used in Exanple 1, a
highly clear bi-layerLtCfilmwas obtained with a | ow
haze of 1.6% Exanple 3Chemigls d crysft aActuat) pol yner
was prepared fol Lowing simlar proceduWeighddg)kri bed in
Exanpl e 1 using {he fold2amrmognezonposi|ti oh7and
condition: This |C pol ymgic7sel ution (5.3719) was
conbined with a [C 242 m%@ solutijon 1(3_/38b5a, same

sol ution descri bfd—l—n‘ExV\ ) ; Fott owh 39t e sane
procedure used i p—Exapte a—h h!;, eear—bi- | ayer
LC fil m havi ng a thi r\l(nn:EOtlal]f 5 0 um \ARQISﬂ: ilned with

the fol | owi ng optical peliheenipats: T ans%%e%’ﬁcv: 90. 6
Haze: 0.53 darity: 98. @oﬁobannl e 4 All 66W/d8kcrlystal LC
pol ynmer was prepared following the simlar procedures

TideECrpobesleri so1uRea MRS 5; wi$ bd}ﬁblhl%@wﬁtﬁlth@mdﬂ@ve% @{@@B'(b i198) and
and condition: This LC polymer solution (5 g) wa

CHO1bOA e aswvel as additioupd Dmmi»amr@ 96121t FQHIOWi.ﬁg 55@$anseqymcedure

uséc? &L:%% i ég Egag ¢ Ie b ﬁ?%ggrﬁ_gf%ﬁ@ut ?lglb Ih@ﬁ%lg lagﬁdlgg&ess p_? 123? &picrometers

watsabfauhdmxbmmqonomg%ﬂ Préfertes?0 UM was obt ai ned
with the follow ng optical properties: Transparency:
90.5 Haze: 1.19 d ari tlranggreficExadplle 5 A LC pol yner
was prepared foll ow ngHasem | ar prd@@dures described in
Exanpl e 1 using the faflemt Nng congosi tion and
conditio

Example 8. Slngle layer film made from thiol-involved C2 polymer

LC polymer was prepared following the similar procedures described in Example 1

using the following composition and condition:

Chemicals Actual
Weight (g)

C2 monomer 4,76
LC756 0.19
Dioxolane 13.41
Ci2Hp5SH 0.08
Vazo 52 0.01
Total 18.45

Solid Content 27.32%

Condition 60°C/18h

This LC polymer solution (2.40 g) was combined with the additives HOCB (0.06g) and
CHO (0.71 g) as well as additional Dioxolane (1.94 g). Following the same procedure
used in Example 1, a highly clear LC film having a thickness of2.31 micrometers was

obtained with the following optical properties:

Transparency: 89.1
Haze: 3.30

Clarity: 99.3
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This LC pol yner solution (5.29 g) was conbined with a
LC 242 nononer solution (7.54g, sane sol ution
waele®enosdaasl in Exanple 1). Follow ng the sane pPODEMINE040942
used in Exanple 1, a highly clear bi-layer LC film
havi ng a thi ckness of 5.20 um was obtained wth the
foI | ow ng opti caI properti es: Transparency: 90.4 Haze:

05 Carity nple 6 A LC polyner was prepared
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descri bed i n Exappl e 1)Chémidatsni ng t He datmalprocedure

used in Exanpl e
t hi ckness of 5.2
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a clear bi-layer L

OMeigdhi(py

th a
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m cr @uBh&cmepas obt

al ngg7w t

h the

foll owi ng optica
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proper '(?736 rranspa

r eng;ig HU

9 Haze:

1.07 Cdarity: 99
LC polyner was p
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o

E)(d.ll OI TIUI 15
narod Q& WQA no t h\.,

| (J.)I]IB13

ESfilmA

procedures descr

<

b

| SAS LIS AL AL LELEL Y S

ed _in e 1 usi

CO

nditionTatAi s LC pol

ng 04 f01|(|0Wi ng
u

y mel8. 3o

i on

conposition and
(4.81 g) was con

Di

ned $olihCottentaddi t i

v e37.6#06B

(0.12 g)

and CHO (1.39 g)

as wel lcoagitiaadi ti ond

| 6Dyxoh 3

ne (3.90

g). Follow ng the sanme procedure used in Exanple 1, a
clear LC film (w thout thiol) having a thickness of
Tz I1Q pedyoreo seltiters (2Psg)okdsadondbinedi wilth MECfMQImmom@r solution (7.55

1 Haze: 02
égrg? 59 9tlgrgg£sgrléede in EX-IE}II% eS arF% o%(nng t%e same procedure used in Example
1, an bilayer LC film (without thiol) having a top layer thickness of 3.20 micrometers and

a bottom layer thickness of 2.39 micrometers was obtained with the following optical

properties:
Transparency: 89.9
Haze: 11.4
Clarity: 93.2

Example 10. Bilayered LC film made from direct mixing with thiol (n-C,Ha5SH)

To the combined solution (6.00 g) described in Example 9 was added 1-dodecanethiol
(0.02 g). The mixture was well mixed in an orbital shaker. Following the same procedure
used in Example 1, a bilayer LC film having a having a top layer thickness of 3.12
micrometers and a bottom layer thickness of 2.35 micrometers was obtained with the

following optical properties:

Transparency: 89.8
Haze: 16.1
Clarity: 86.1

All references and publications cited herein are expressly incorporated herein by
reference in their entirety into this disclosure. Illustrative embodiments of this disclosure
are discussed and reference has been made to possible variations within the scope of this

disclosure. These and other variations and modifications in the disclosure will be apparent
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Exanple 8. Single layer filmmade fromthiol-involved

C2 polynmer LC polyner was prepared follow ng the
wa@Rew7s3pr ocedur es descri bed in Exanpl e 1 usiPQI/Ukm06/040942

foll owi ng conposition and condition: This LC pol ynmer

solution (2.40 g) was conbined with the additives HOCB

(0.06g) and CHO (0.71 g) as well as additiona

Di oxolane.(1.94 g). Fallow ng the sane grocedure used

toTppSe.Rlslist in the o Wy genartng ot the soaphak fhigdiclosure, and it should
thy f1:2. ] i.ned with the
b BETERn g b aitpfbste 16 AT R UTR AR GHES St St fotn
heBeif.0A &oadingly; the AisSlosaens & 1 likiéd 6y beXadBlkithsProvided below.
bi | ayered LC filmLC pol yner was prepared fol | ow ng
the simlar procedures described in Exanple 1 using
the follow ng conposition and condition: The LC
pol ymer solution (5.29 g) was conbined with an LC 242
nmonomer solution (7.55 g, same solution described in
Exanple 1). Follow ng the sane procedure used in
Exanple 1, an bilayer LC film (w thout thiol) having a
top | ayer thickness of 3.20 microneters and a bottom
| ayer thickness of 2.39 mcroneters was obtained with
the follow ng optical properties: Transparency: 89.9
Haze: 11.4 Carity: 93.2 Exanple 10. Bilayered LC film
made fromdirect mxing with thiol (n-G 2H25SH) To the
conmbi ned solution (6.00 g) described in Exanple 9 was
added 1-dodecanethiol (0.02 g). The m xture was wel |
m xed in an orbital shaker. Follow ng the sane
procedure used in Exanple 1, a bilayer LC fil m having
a having a top layer thickness of 3.12 m croneters and
a bottom Il ayer thickness of 2.35 mcroneters was
obtained wth the followi ng optical properties:
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Transparency: 89.8 Haze: 16.1 Carity: 86.1 Al
references and publications cited herein are expressly
w0 ponpasnt ed herein by reference in their entPCEUS2006/040942
into this disclosure. Illustrative enbodinents of this
di scl osure are discussed and reference has been nade
to possible variations within the scope of this
di scl osure. These and ot her vari ations and
$fications in the disclosure will be apparentto
those skilled in the art wthout departing fromthe
scope of this disclosure, and it should be understood
1.t hatAt hiferetl Bght oflecting artioltcohipiisingd t o t he
iIIustﬁg ivﬁlenbodinents set forth herein.
Accct¥p LFI lght frapsparegtsubstiate cp@priginga pofywaretndonl y by
t he gl:aj OV . -Ah:NB: j.nf Li.gh
rof 1CRirRa Mgt icHEA RO BA T o B on' B Substace,
whereinsipasubstrats ahd infiate lighpsflesiingcliol@®driciRiuid afstaPlayer have a
infrared light reflecting cholesteric Iiquid crystal
co haze pelueaf lsps thae3%ubst rat e, wherein the substrate
and infrared light reflecting cholesteric liquid
crystal layer have a conbined haze val ue of |ess than
2.3% An articleadctording tackihdi faghérotdpdisiigla frogsit¥ensitive adhesive
conprising a pressure sensitive adhesive | ayer

eSSy L layer, .
laygr dispaied Byihe Misiblg Lghstansnagmt sehsiiateateninfigreddightiradlesting
-nf.rar ' reflecting cholesteric liquid
Chgfrggtse%lgﬁlﬁﬁlg)e/cg’@élwekn article according to claim1l
wherein the visible Iight transparent substrate
conprises, an infrared light reflecting multilayer film

3. havidyardicleacperdingdo claja rlgwlaﬁreia the yisibleplighy trenspayané sehstiate

200 4. article.according to
cop R p e b B b O BBl R PG s of o et
polyehdrepid 4@ acdaedmisiodyrhér thp&lui d crystal |ayer di sposed
on the transparent substrate, wherein the transparent
substrate is di sposed between the infrared |ight

refl J, s rq i jd crystal |ayer,.apd the .
4 sec TR LGRS Hatip 1 LS il D i AftfustiThe eflecting
cheleysiialiqhidyeystal TayeAtispésed oh eheueaRpaMGubSrad, 3Hddn the

wherein the visible |light transparent substrate
trapgnagent sebpstrgteria digpersd betwaen the infrared light reflecting cholesteric liquid

crystal layer and the second infrared light reflecting cholesteric liquid crystal layer.

5. An article according to claim 4 wherein the visible light transparent substrate

comprises a retarder film.

6. An article according to claim 1 wherein the infrared light reflecting cholesteric
liquid crystal layer comprises a first layer reflecting a first range of infrared light and a
second layer reflecting a second range of infrared light, wherein the first range is different

from the second range.
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6. An article according to claim1 wherein the
infrared light reflecting cholesteric liquid crystal
wo 200205@ehpri ses a first |ayer reflecting a fiPGL/USANE@0942
of infrared light and a second | ayer reflecting a
second range of infrared Iight, wherein the first
range is different fromthe second range.7. An article
- acco di n% to claim1 wherejn the infrared

T-r ef I 2R MUKl 2reidmg teclaimy | y rsmd‘hs/ gifrared | agl%reffe@ﬁm pladesteric
llcﬁl 1?§tta1 Ia éellgcg)rr]r{ {sgiegfrifsp ngy?r %?Fc;t gngra aafgtggroaﬁé bf‘mﬁ%feﬁqlght a second
layemfreﬁﬁcadg bisgdund rapd of infidrediliglety fid o @i esfer fkﬂle@tlﬁ@a tifird range of

ﬁ [ nfrared light, vvherel n the first an%

mﬁf%f&gil@ b athgeeinhe frsfiraeees speqad mnge and thirdagnge @e ditfarenht
contr ol artl cle for blocking infrared light froman
infrared |ight source conprising: a visible |ight

8.t r anA pightesuintre Linsitledbeblocldng irdiangl leghp Gloyi®i infidfed light source
infrared light reflecting cholesteric Iiquid crystal

COYNIEIEdi sposed on the substrate; a pr essure sensitive
adh | ght
tr aﬁdz:\ial%glr%leﬁlnli?‘c’éﬁ?‘Erélqll4 825%%89?[% Bﬁﬁ%‘élﬁ? ‘%ﬁ% reflecting
cholaashfrated lightreflectingchbRbtetialighid o@ﬁ;ﬂal aa}@k aiposed on the substrate;
substrate di sposed_on the pressure sensitive adhesive
| ay e?rpre@ureﬁﬁ?n%ﬂ'flw wdhesiye &yreﬁqhﬁ@o% op fhe visiBleight shpspaient

sl HEDhE hffed FARRARGARE R AN B RIRA] RS Y
aI t elrgiaﬁslsn@stia&ychlﬁm)s@d o ttel predsuRGksiBve ddhRSiveRge

second pol ynmer type. 10. An article according to claim
8 further conprising a second infrared l'ight

g refl loi er di sposed
on {RETHEE EOFUERE Ll il el BLle 1ol Blp RSB S Bpac
coﬁnphsésrmtlﬁfraﬁd dilgﬁmﬂedlrig%ﬁ!ﬁ!ﬁ?ei ﬁﬁn hikﬁﬁ?&l@éi‘nétir@liyers of a first
reflecting cholesteric liquid crystal Tayer and 'the
ok é‘&%ﬁiﬁpqqq‘%raaﬁeé@qp errigp¢.ecti ng chol esteric liquid
crystal layer. 11. An article according to claim10
wherein the visible light transparent substrate

IOC o npui gesleac@tiagde tlafo BrurtHe?- coﬁxﬁn@lhg'a%'e&)rﬂqﬁﬂﬁl‘éﬂ Nght Rflecting
aim@8 wherein the infrared I|i | ecting

Ch%‘ﬁﬁPfé%h@#lFl ervistad layar dispasedpn Itfawtmspmpirsub@sata whieredn the

trah%%gént S és,ltrgﬁtlé g {llb t%vegn @éegigﬁgrfefl A]Igé f%qo’lggltfq,gf q%gieé@rlc liquid
crylstaf bdyer mahe lséboh& thfdrécﬁﬁ glt2eWRtihg cHbIES & ERduid crystal layer.

11. Anarticle according to claim 10 wherein the visible light transparent substrate

comprises a retarder film.

12. Anarticle according to claim 8 wherein the infrared light reflecting cholesteric
liquid crystal layer comprises a first layer reflecting a first range of infrared light and a
second layer reflecting a second range of infrared light, wherein the first range is different

from the second range.
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fromthe second range.13. An article according to

claim8 wherein the infrared light reflecting
webowiesiesic |iquid crystal |ayer conprises a PCT/ES2006/040942

| ayer reflecting a first range of infrared light, a

second | ayer reflecting a second range of infrared

light, and a third layer reflecting a third range of

infrared |ight, wherein the first range, second range

13N d M iartiplq anegrding to ddainf Ewherein the lnfmed light aeflegting ghalesteric

W8 550 PR PR TS Bl R OB  second
laf'@ri‘@ﬂe&'ﬁlg lanEEGHAa e sROeh 484 hgm anBL£ANAdayrdd o RRLIR g hhird range of
iquid crystal |ayer that lects light" in the Tirst

infravegdight, Whetein thedingirnge ﬁthé ranggdngd thiet rangeare different.
di sposed between the first cholesteric liquid crystal
| ayer and the second cholesteric liquid crystal |ayer,

14vher gh inftded GEktaE0@ink aiold @indrfigeat | east a portion

of the light rn the first range of i nfrared

wav e Brsg chadesteranliquid erystablayérghat reeatelight dn e firdtyangeef infrared

Seeﬁ (ﬁ chol esteric liquid crystal |ayer. 15. An
>according to claim14 wherein the retarder

film fasndchédtert@idiid @@%ﬁl@&é&ﬁaﬁ&ﬂ&té’%ﬁ |11?ﬂﬁtfﬁst' Hnge of
the first range of infrared wavel engths.

lnﬁmeldcdlae'emetbsmndg to claim 14 wherein the f| rst

chol est eri UId taI Iec S L
i v ot Spaiterditoy inied b e e b sbn B v Pl el and the
seﬁ@ﬂtgﬁlo@éstdrﬁflfq?[@é}yyﬁl\’lﬁi@nﬂhél@m HORABHE ﬁlﬂleref:a!r(!ssit 1€8Whortion of
is ferent from the second range; a second
the highteiptthe first tange oflinfrayest wdveleagths suétuthat the light is réflegtet by the

i n e, f i nfrared wavel engths and in the
5§ ﬁ}?lqstf‘ﬁ’ﬁglq&adqﬁqﬁtglalﬁ ¥4 wavel engt hs; and a retarder
film di sposed between the first chol esteric |i qui d

crystal layer and the second cholesteric liquid
151 y shnhrtickyancordiviptioaiaimt Hewhartiartberetdrdd¢rfilmetaamdmifavave

rlafAbap B4F Nyl e e e aTaneBea R sl of

infrared wavel engths such that the light is reflected
by the second cholesteric liquid crystal layer. 17. An
leartish erthﬁtmmcdﬁddtg toalaimalidnwieteintibe Bishclidiestdriorlgfuid enygial layer

R T SOPEL 5%, 8 A Lrom 800,
wavelengths, wherein the first range is different from the second range;

a second cholesteric liquid crystal layer that reflects light in the first range of
infrared wavelengths and in the second range of infrared wavelengths; and

a retarder film disposed between the first cholesteric liquid crystal layer and the
second cholesteric liquid crystal layer, wherein the retarder film retards at least a portion of
the light in the first range of infrared wavelengths and in the second range of infrared

wavelengths such that the light is reflected by the second cholesteric liquid crystal layer.

17.  An article according to claim 14 wherein the first range of infrared wavelengths
comprises a range from 880 nanometers to 1060 nanometers or a range from 1300

nanometers to 1640 nanometers.
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nanoneters to 1640 nanoneters. 18. An article according
to claim 16 wherein the first range of infrared
woRWEgE hs conprises a range from 880 nanonmePEr/ES1006/040942
1060 nanoneters and the second range of infrared
wavel engt hs conprises a range from 1300 nanoneters to
1640 nanoneters. 19. An article according to claim 14
further conprising an infrared light reflecting
multilayer filmhaving alternating |ayers of a first
oly S . '
1) LA Bt o RS, BB hERBOCE RPRSEelsneths
confprisses pinde Gloal 880 ©mometerditei D60 hytdradtedsaye the s2BondAange of
.article according to claim19 wherein the infrared
infraigd tvavekenglhs corgPritastai tprgeelrorn il BOR pasometars tq | ¢fiftnappmgters.
third range of infrared wavel engths and the third
range is different fromthe first range. 2 1. An
1r t i &h ertRbCacoidivg fo@ldimalidnfuttherf dobiphisingaRfrinst Nigheflecting
infrared |ight absorbing |ayer disposed adjacent to
myltitayer filpe hatipg abierapting layejeptia 8rsy pelymer trpe pndp seqead polymer type

R AR DA YRR S o o e

lighdtgstkelayer. | i quid crystal layer reflects light in a
second range of ultraviolet [ight or visible |ight

wavel engt hs; the second cholesteric liquid crystal

aye h reflects |i. 10 t.he second .ran of. .
20, Phy Rl AEO R & R G 00 LR el putciever
filkhefleett HpREh afthirdrdn@t JF H¥raddd WoRKIngehsRAA thePMir@fradgdgs different
frI [ gl;}t in the second range of ultraviolet |ight or
R

Giitst 1apght wavel engt hs such that the light is
reflected by the second cholesteric liquid crystal
| ayer.
21.  An article according to claim 14 further comprising an infrared light absorbing

layer disposed adjacent to the first cholesteric liquid crystal layer or the second cholesteric

liquid crystal layer.

22.  Anarticle according to claim 14 wherein the first cholesteric liquid crystal layer
reflects light in a second range of ultraviolet light or visible light wavelengths; the second
cholesteric liquid crystal layer that reflects light in the second range of ultraviolet light or
visible light wavelengths; and the retarder film retards at least a portion of the light in the
second range of ultraviolet light or visible light wavelengths such that the light is reflected
by the second cholesteric liquid crystal layer.
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