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ADDI TIVES Field of the Invention 5 The invention generally relates to
cholesteric |liguid crystal conmpositions for formng chalesteric |iquid
crystal fi“f%ooyﬂ%f’gﬁpti cal bodi es such as reflective pol a{’quf&zQ?‘méﬂﬁ
particularly relates to cholesteric liquid crystal copolyners and additives
for inclusion in cholesteric liquid crystal conpositions. 10 Background of
the Invention Optical devices, such as polarizers and mnors, are useful in
a variety of applications including liquid crystal displays (LCD s). Liquid
crystal displ aysHOAMESTERIEAQUIDERYSRAL CARQLY VEERS ANEKADDITEES |

transm ssive) displays, where light is provided from behind the display
panel, and frontlit (e.g., reflective) displays, where light is provided 15
fromthe front of the display (e.Reldofthileventibn ght). These two di spl ay nodes
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pol ari zers have been devel oped for use in these displays as well as other

applic?(i‘i ons. Reflective polarizers pref tially reflect |ight having one
pol ari zation and 25 transmt.bﬂaf#“—l&ﬂ-qiﬁiép#ﬁ%&ﬂ%e or orthogonal . .
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mavele;%thsﬁgﬁﬁgegghéﬁggﬁ%%%%éﬁgé?%@ﬁ%hk@?ﬁ2%%?6%”%8139?%%?gﬁ§§t typically
oper at e overkoinbiatd brfoadirmailedtien displaysahg ean t@sbavidlt) for dxali¥ple2 itet HABEHGA

P 2004/ 021
CT/ US2004/ %on 1tf1L0(i)1s or read under bright ambient light.

Conventional backlit LCDs typically use absorbing polarizers and can have less
than 10% light transmission. Conventional reflective LCDs are also based on absorbing
20 polarizers and typically have less than 25% reflectivity. The low transmission or
reflectance of these displays reduces display brightness and can require high power
consumption.
Reflective polarizers have been developed for use in these displays as well as other
applications. Reflective polarizers preferentially reflect light having one polarization and
25 transmit light of the opposite or orthogonal polarization. The reflected light has the ability
to be recycled, making it possible to have a higher percentage of the light converted to
polarized light and consequently a higher transmission of light. It is preferred that
reflective polarizers transmit and reflect light without absorbing relatively large amounts
of the light. Preferably, the reflective polarizer has no more than 10% absorption for the
30 transmission polarization over the desired range of wavelengths. Most LCD’s operate
over a broad range of wavelengths and, as a consequence, the reflective polarizer must

typically operate over that broad wavelength range, as well.



The invention provides conpositions and nmet hods of making optical bodies for
use in such applications. Summary of the Invention 5 Generally, the present
invention relates to optical bodies for displays, such crysta

di spl aysVOR80NRHM64as the displays and ot her devices coﬂ€§Wﬁ#W%H]ﬁ% opti cal
bodi es. I n one enbodi nent, a cholesteric liquid crystal conposition includes
a) a cholesteric liquid crystal conpound or a cholesteric liquid crystal

precursor; and : of oo Jsor mul a
(i) R R re P RRe e i iHp Bhodbf ma@hRUbial bidles BaahP 2R - re
R10 R) 2 mn(sk¢H dpplicatiense n is 1, 2, 3, or 4, mis 1, 2, or 3; Ris an

acryl ate, nethacryl ate, acrylanide, 15 i socyanate, epoxy, or silane; R is a
(C3-C3) al kyl ene, (C3-C8) al kenylene, or (C3-Cs) alkylyne; R2 is a bond,
-0-, -C(IO)OIi(IQO)C- la:l(ko)@ulmmﬂ(v@ﬁ%emvéﬂthiﬂ- -N:CH'| or 'NC(O) -, R3
is a cycloal ky cyc oal kenyl ene, heterocycly en

het roé?/yl ene; netal &%Wﬁsent@iené@} telptqsyip @Wé’aﬁ((’é? ?%)dlsﬁ a&%ﬁ‘;ﬂ e (C2 C8)

al l'yl yne, E’(ﬁlﬂmlchsplags as well & & disp lggn@other §&ARY Edntainifk BbMptical CHEN-

- N=CH-, or R5is a bond cycl oal kyl ene, cycl oal kenyl ene,
hetrocyclyb@h@ aryI ene, or hetroaryl ene; R6 is hydrogen, cyano hal o,

(C1-Cs) al koxy, y

(G - C4) t hi oal k}Pg’g%E@S—@?"%% chpfiatfti 808 °&‘§%S§P°§¥’€°&EFW al kyl ene, (C2)

aI kenyl enechobdsteCICHYuid byt yovatpolisl ora ch@led\gﬂﬂﬂ’lm]geirm’ysl‘ﬁﬂbmpm(sﬁialﬁgj) aal koxy, (G -

yl, nitro 1 nQ, rbo cat (C1 -c4)thioal kyl, COCH3, CF3,

a~JO(lgr S@@’O“’Z‘%oég]n?@ gg? “i%ﬁ%’i Haula I oal kenyl ene, het erocycl yl ene,

aryI ene, or hetroaryl ene; (_)_QI - aI kyl ene, (C2-Cs)

al kenyl ene, or (C2-Cs) alk yng Ag'?o%ﬁg‘ﬁ" r]?ﬁod is a cholesteric liquid

crystal conposition that includes a reaction proauct of a) a cholesteric

| iquid crystal precursor; %_g_m_q{zggﬂmﬁggjhforwl a (1), formula (11) or

formula (111). 2 an
Ro T TR4RyRy;—Ryp R},
H )"_‘ )? (1

wherenis 1,2, 3, or4; mis 1, 2, or 3; R is an acrylate, methacrylate, acrylamide,

15 isocyanate, epoxy, or silane; R, is a (C;-Cg) alkylene, (C5-Cy) alkenylene, or (C;3-Cs)
alkylyne, R, is a bond, —O—, —C(0)O—, -0(0)C—, —0C(0)O—, —C(O)N—, -CH=N-,
—N=CH-—, or ~NC(O)~; R is a cycloalkylene, cycloalkenylene, heterocyclylene, arylene,
or hetroarylene; R, is a bond, (C;-Cg) alkylene, (C;-Cs) alkenylene, (C»-Cg) alkylyne,
carbonyl, —O~, -C(0)O—, —O{0)C—, -0C(0)O—, ~C(O)N—, ~CH=N-, -N=CH-, or

20 —NC(O)—; Rs is a bond, cycloalkylene, cycloalkenylene, hetrocyclylene, arylene, or
hetroarylene; Ry is hydrogen, cyano, halo, (C;-Csg) alkoxy, (C1-Cs) alkyl, nitro, amino,
carboxy, mercapto, (Ci-Cg)thioalkyl, COCHj;, CF3, OCFs, or SCFs; Ry is a (C1-Cy)
alkylene, (C;) alkenylene, or (C,) alkylyne; Rg is is hydrogen, halo, (C,-Cs) alkoxy, (C;-
Cy) alkyl, nitro, amino, carboxy, mercapto, (C;-Cg)thioalkyl, COCHj, CF3, OCF3, or SCF;3;

25 Ry is a cycloalkylene, cycloalkenylene, heterocyclylene, arylene, or hetroarylene; and Ryg
is a (Cy-Cs) alkylene, (C,-Csg) alkenylene, or (C2-Cs) alkylyne.

Another embodiment is a cholesteric liquid crystal composition that includes a
reaction product of a) a cholesteric liquid crystal precursor; and b) a compound of formula

(D), formula (1I) or formula (TII).



WO 2005/ 023964 PCT/ US2004/ 021610 1In a further enbodi ment, a chol esteric
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of forming a cholestéric liquid crystal i Acl udés sposing any of the
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i npl enent ation of  the |nven e ed Description
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under stood in consideration o he following detailed descri pt| on of

vari ou enb%iqﬂfﬂibﬁege ovclodenylsne helresclylene anfraes dr batragrylpne; 281 Rinés acconpanyi ng
draw ngs, i 1 C nbodi ment
'of a liqui dlqy st ‘al algj HMFES(/: dﬁ)sal @ﬁﬂlg)\rl\ndﬁ%&?%{é@% F\é\}g%ﬁ Icl)lgﬁg%fﬁd Figure 2
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di splay in accorgdan h,the inv 30 Fjgure is a matic
illustration of 193?&5‘?{0 gYimsHing e ﬁ?@hfﬁ%}ml&gl h &er&csiﬁﬂél{d s aglrtl lay in
accordance itclnBestdigosiny a3t df @t chalsleric liquid crystal compositions described above on a

15 substrate; and aligning the cholesteric liquid crystal composition to form a cholesteric

liquid crystal film.

The above summary of the present invention is not intended to describe each
disclosed embodiment or every implementiation of the present invention. The Figures,
Detailed Description and Examples which follow more particularly exemplify these

20 embodiments.

Brief Description of the Drawings

The mvention may be more completely understood in consideration of the
following detailed description of various embodiments of the invention in connection with
25 the accompanying drawings, in which:
Figure 1 is a schematic iltustration of one embodiment of a liquid crystal display in
accordance with the invention; and
Figure 2 is a schematic illustration of another embodiment of a liquid crystal
dlsplay in accordance thh the invention;
30 " Flgure 3 is a schematic 111ustrat10n of yet another embodiment of a liquid crystal

display in accordance with the invention; and



3 WO 2005/ 023964 PCT/ US2004/ 021610 Figure 4 is a light transm ssion
spectrum of an optical body fornmed according to Exanple 2. Wiile the

i nvention, nable to various nodifications and alte Lye.kar
specificgwpéggﬁggﬁgave been shown by way of exanple in Pﬁgﬁ%ﬁgﬁﬁﬁagpand wil |
be 5 described in detail. It should be understood, however, that the
intention is not tolimt the invention to the particul ar enbodi nents

described. On t gm0 hdiphs trdnb@iskibh §REHERN of & dpfical GO¥Efordkd adiBdingiecat i ons,
equi valents, and alternatives falling within the spirit and scope of the

i nventi on. B@mpketZi | ed Description The polyneric optical filmof the present
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unless a different definition is given in the clains _or elsewhere_.in this
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branched chgi pvempqval ent  hydrocarbon radical optionally containing one or
nore heteroatom ¢ substitutions 20 independently selected fromsS, 0, Si, or
N. Al kyl groups generally include those with one to twenty atonms. Al kyl

gr oups, jmay be unsubstituted or S'ﬁe%&ifebﬁe?c@iv\foih t hose substituents that do

not interfere wwth the specified he conposition. Substituents

i nclude al koxy,Thhydiyosic optealc@ipt of thegmesadt, invhkoH is belirstd toicegiplivablaty or hal o,
for exanple. Exanples of "al.kyl" as used herein include, bu re not limted
Lo, mothyl CRIERPRPHEHPBACoPEs ML Shepbere Feaplafie ST sopr opyl
and the |ikad ofier 8s&ids B&ifhig tHePrit@EdMpeRsakots. SWaile 1R pRssént ifremiontis Adtght or
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ar oupe Ty B a R BV RS, o W th t hose 30 SUbetifuents that
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Subst i tuent gl el i) K USRI o TRLSARS B Tpdihcaldy! SUDSTi tuted
As used herein, the term “alkyl” refers to a straight or branched chain monovalent
hydrocarbon radical optionally containing one or more heteroatomic substitutions
20 independently selected from S, O, Si, or N. Alkyl groups generally include those with one
to twenty atoms. Alkyl groups may be unsubstituted or substituted with those substituents
that do not interfere with the specified function of the composition. Substituents include
alkoxy, hydroxy, mercapto, amino, alkyl substituted amino, or halo, for example.
Examples of “alkyl” as used herein include, but are not limited to, methyl, ethyl, n-propyl,
25 n-butyl, n-pentyl, isobutyl, and isopropyl, and the like.
As used herein, the term “alkylene” refers to a straight or branched chain divalent
hydrocarbon radical optionally containing one or more heteroatomic substitutions
independently selected from S, Q, Si, or N. Alkylene groups generally include those with
one to twenty atoms. Alkylene groups may be unsubstituted or substituted with those
30 substituents that do not interfere with the specified function of the composition.
Substituents include alkoxy, hydroxy, mercapto, amino, alkyl substituted amino, or halo,

for example. Examples of “alkylene” as used herein include, but are not limited to,



for exanple. Exanples of "al kylene" as used herein include, but are not
limted to, 4 WO 2005/ 023964 PCT/ US2004/ 021610 nethyl ene, ethyl ene,

pr opane ropane-1,2-diyl and the |ike. As use term
"alkenylje‘isfi)‘z(a ¢%H@ to a stralght or branched chain dlgaﬁgﬁﬁhﬁmﬁﬁggarbon
radi cal having one or nore carbon--carbon doubl e bonds and optlonally
contai ning one or nore heteroatom c substitutions independently sel ected

from5 S, Omeﬁmen@rethmenélﬂf@ﬁyé esmlﬂrﬁmﬁe-ggwah& heilitel ude those with two to
twenty atons ene gro be unsubstituted or subﬁtltut ed with
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Al kyl yne gr B reg‘@ﬁé&’ﬁlsli’eﬁl }eﬁgﬁl 8 Wioflﬁo"t \Aﬁgf fﬁ%ﬁ‘flv&a%“o% Al kyl yne
groups 15 NBydHE, Hi@ﬁ:h!]@t@tdlﬁlﬂé %ﬂ{ypiubﬁuﬂgd hrhinb @l hlo! for &b, Bxamblet bENt s t hat
do not interfere with t specified function_ of the composition,
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ani no, ypr p,ané@l@ gxanple. As used herein, "cycloalkyl" refers to an

ali cyc} I C hy rocarbon group. Cycloal kyl groups generally include those with

three to twel ve #awdsdherainpiins ter@y'glkplahk® bfegrt@mpisaigm;br bragchied chairsdibalenitt ut ed or
substituted t hos stituents that nat he specified

' er
‘function of hﬁgcaébonﬁaﬁca? |H% & V% {mfeucgrra\bt g"caﬁ “d‘%“" ark JS ango}ﬁﬁo&g Xy, mercapto,
am no, al kykomtihiag bﬁetmeﬁbrahua@atomtc shbdtitiohoihdepeadentle sele&tmrfroan 8)y@|3adrkyl ring

may be option y fused to e Qqr re anot her heterq I|c ring(s),
het er oar yl n@@){ne EPYRS gel?fifﬁ@(@%fudee% 8&4‘ RERIP VPR Goss, H&?@F‘B‘QF kyl

rings. 1ﬁxanﬁ=ﬂa§%c Qhsubfiabos §ﬁb(§t1tut§§w1‘ﬁ§t‘ﬁgser%€l§sﬁhﬁntg%a't H‘&h&%erfé}b'%tﬁ'ﬂfé not
limted to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl,

or cycl ooctWele@ﬁ@chh@l of; thecompesitiae dSheittednits inglpde alley Irydyaxly onerRanisysl * r ef er s
to an alic cal having at |east one carbon
y Jn&rb bﬁgﬁ%@%ﬁ&éd anhXcS’ Pffaﬁg}&&x@@}e. 9

car bon double int oal kenyl groups generally
i ncl ude those wi Ahudeliherint bcyt:kmellkylé rafers knoam adit ywitis hydrocarbon group. Cycloalkyl

groups generally include those with three to twelve carbon atoms. Cycloalkyl groups may

20 be unsubstituted or substituted with those substituents that do not mterfere with the
specified function of the composition. Substituents include alkoxy, hydroxy, mercapto,
amino, alkyl substituted amino, or halo, for example. Such a cycloalkyl ring may be
optionally fused to one or more of another heterocyclic ring(s), heteroaryl ring(s), aryl
ring(s), cycloalkeny! ring(s), or cycloallkyl rings. Examples of “cycloalkyl” as used herein

25 include, but are not limited to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl, or cyclooctyl, and the like.

As used herein, the term “cycloalkenyl” refers to an alicyclic monovalent
hydrocarbon radical having at least one carbon carbon double bond in the ring system.
Cycloalkenyl groups generally include those with three to twelve carbon atoms.

30 Cycloalkenyl groups may be unsubstituted or substituted with those substituents that do
not interfere with the specified function of the composition. Substituents include alkoxy,

hydroxy, mercapto, amino, alky! substituted amino, or halo, for example. Such a



30 Cycl oal kenyl groups may be unsubstituted or substituted with those
substituents that do not interfere with the specified function of the
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substituted amno, or halo, for exanple. Such a 5 WO 20
PCTI US2004/ 021610 cycl oal kenyl ring may be optionally fused to one or nore
of another heterocyclic ring(s), heteroaryl ring(s), aryl ring(s),
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20 do not interfere with the specified function of the composition. Substituents include
alkoxy, hydroxy, mercapto, amino, alkyl substituted amino, or halo, for example. Such a
cycloalkenylene ring may be optionally fused to one or more of another heterocyclic
ring(s), heteroaryl ring(s), aryl ring(s), cycloalkeny! ring(s), or cycloalky! rings. Examples
of “cycloalkenylene” as used herein include, but are not limited to, 4,5-cyclopentene-1,3-
25 diyl, 4,5-cyclohexene-1,2-diyl, and the like.

As used herein, the term “heterocyclic” or the term “heterocyclyl” refers to a
monovalent three to twelve-membered non-aromatic ring containing one or more
heteroatomic substitutions independently selected from S, O, or N and having zero to five
degrees of unsaturation. Heterocyclyl groups may be unsubstituted or substituted with

30 those substituents that do not interfere with the specified function of the composition.
Substituents include alkoxy, hydroxy, mercapto, amino, alkyl substituted amino, or halo,

for example. Such a heterocyclic ring may be optionally fused to one or more of another



het eroat om ¢ substitutions independently selected fromS, 0, or N and having
zero to five degrees of unsaturation, Heterocyclyl groups may be
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radi cal s hav nsed rings,
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with those 20 substituents that do not interfere with the specified function
of the conmposttion. Substituent include al koxy, hydroxy, nercapto, ani no,

al kyl substi t ut egk 38a R@einQhe féﬁhOa?'l”flﬁérs@é(ﬁﬂﬁﬂvﬁlentmﬁéiu@ﬁd@foyﬁatiﬁi ng may be
optionally fused to one or nore anot her =~ heteroc S), heteroaryl
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Substituents inclnde alkoxy, hydroxy, mercapto, amino, alkyl substituted amino, or halo,
for example. Such an aryl ring may be optionally fused to one or more of another
heterocyclic ring(s), heteroaryl ring(s), aryl ring(s), cycloalkeny! ring(s), or cycloalkyl
rings. Examples of “aryl” as used herein include, but are not limited to, phenyl, 2~
25 naphthyl, 1-naphthyl, biphenyl, 2-hydroxyphenyl, 2-aminophenyl, 2-methoxyphenyl and
the like.
As used herein, the term “arylene” refers to divalent unsaturated aromatic
carbocyclic radicals having a single ring, such as phenylene, or multiple condensed rings,
such as naphthylene or anthrylene. Arylene groups may be unsubstituted or substituted
30 with those substituents that do not interfere with the specified function of the composition.

Substituents include alkoxy, hydroxy, mercapto, amino, alky! substituted amino, or halo,

for example. Such an “arylene” ring may be optionally fused to one or more of another



the like. As used herein, the term"arylene" refers to dival ent unsaturated
aromatic carbocyclic radicals having a single ring, such as phenyl ene, or
nul tipl eyso gg gy rings, such as naphthyl ene or anthrydefeeefixé8ne groups
may be unsubstituted or substituted 30 with those substituents that do not
interfere wwth the specified function of the conposition. Substituents
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"heterearyl " T eh‘é‘hs"edth@reﬁ: Eﬂéﬁaﬁf'ﬂh%i%}oaﬁy'l“’x%ferstﬁa a%%ﬁ%@&lént@‘%m%rs%nﬁr omatic ring
radi cal containing one or nore heterdatons | ndependently selected fromsS,

0, or N. Hevessbgredyerongatio tips radiop! ¢smtaimra dnstor motedigtenpateanypwdipendeatly wi t h t hose
substi tuenteg Lk dQ A0k N MGk os@ggg?gisp&%%@ggg@eeagﬁ guggtg@eg@umﬂf the

conposi tion irtouents am no, al kyl
substi t ut edh@esutetituents that do, noilﬁxtd‘rﬁre weidatp ke cifisd Gincéod dfehetongoyition.r i ng may be

O el 1 T I SR L S e o
of "haper O%Néxamyléegud}ﬁ EI&'EI!@rclaLF}Q’F Hﬁjﬁﬂa)bébt opBb IR Fsell 'tcl‘TEbIIeEb(i'1 mio€s offaHJStMér,

t hi ophenyl, pyrraolyl, imdazolyl, azolyl, triazolyl, tetrazol {

t hi azol yl, bs a?zmlwnng@? élés@@fmlymg(s}amb%&a;w Oakﬁmﬂ@ma@bmwe %alat hi azol yi
pyridinyl, %éﬂ £ “HRY AP Yled hirirPHEhAB, S not AHERL B,
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[ ndependentlfomosy1 ec tom ene maybe

unsubgti t utgemading Wasdolitiyll Beumdlifyl2bentéfoss beubdtisphuen)iaddiiiainddo not
interfere with tﬂe}aftge fied function of the conposition. Substituents
i ncl ude al K& & 9(@‘ ‘mer capt o, am no, alkyl substituted am no, or halo,

for exanple. SuoR yad IRRREHRAEM ARRjockIAE” FERs RS @Rl@RLLe sbwsed to one or
nore of another heterocyclic ring(s), heteroaryl ring(s), aryl ring(s),
cycl oal kenyiherpherrg(asgmatigping radical contaming one or more heteroatoms independently

selected from S, O, or N. Heteroarylene groups may be unsubstituted or substituted with

20 those substituents that do not interfere with the specified function of the composition.
Substituents include alkoxy, hydroxy, mercapto, amino, alkyl substituted amine, or halo,
for example. Such a “heteroarylene” ring may be optionaily fused to one or more of
another heterocyclic ring(s), heteroaryl ring(s), aryl ring(s), cycloalkenyl ring(s), or
cycloalkyl rings. Examples of “heteroarylene” used herein include, but are not limited to,

25 furan-2,5-diyl, thiophene-2,4-diyl, 1,3,4-oxadiazole-2,5-diyl, 1,3,4-thiadiazole-2,5-diyl,
1,3-thiazole-2,4-diyl, 1,3-thiazole-2,5-diyl, pyridine-2,4-diyl, pyridine-2,3-diyl, pyridine
2,5-diyl, pyrimidine-2,4-diyl, quinoline-2,3-diyl, and the like.

As usedherein, the term “halogen” or “halo” shall include iodine, bromine,
chlorine and fluorine.

30 As used herein, the terms “mercapto” and “suifhydryl” refer to the substituent —
SH.

As used herein, the term “hydroxy” refers to the substituent —OH.



cycl oal kyl rings. Exanples of "heteroaryl ene” used herein include, but are
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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).
20 As used in this specification and the appended claims, the singular forms “a”, “an”,

and “the” include plural referents unless the content clearly dictates otherwise. Thus, for

example, reference to a composition containing “a compound™ includes a mixture of two

or more compounds. As used in this specification and the appended claims, the term “or”

is generally employed in its sense including “and/or” unless the content clearly dictates

25 otherwise.

Cholesteric liquid crystal material generally includes chiral molecules or moieties,
or a mixture of chiral and achiral molecules and can include monomers, polymers,
oligomers, non-monomeric molecules, or any combination thereof. Examples of non-
monomeric molecules can be found in U.S. Serial No. 10/373,213. Examples of chiral and

30 achiral molecule mixtures can be found in U.S. Serial No. 10/373,126. Cholesteric liquid

crystal material can include one or more cholesteric liquid crystal compounds (including

cholestertc liquid crystal polymers), one or more cholesteric liquid crystal precursors
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20 n the dielectric tensor, which in fum gives rise to the wavelength selective reflection of
light. For example, the pitch can be selected such that the selective reflection occurs in the
visible, ultraviolet, or infrared wavelengths of light or combinations thereof.

Cholesteric liquid crystal compounds and precursors, including cholesteric liquid
crystal polymers, are generally known and any cholesteric liquid crystal compound or

25 precursor known to those of skill in the art can be used in compositions of the invention.
Examples of suitable cholesteric liquid crystal compounds and preeursors are described in
U.S. Patent Nos. 4,293,435, 5,332,522, 5,886,242, 5,847,068, 5,780,629, and 5,744,057.

An example of an achiral molecular unit is a compound of formula C2:

10
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compatibility with other components (e.g., a nematic liquid crystal compound), ease of
manufacture, availability of the cholesteric liquid crystal compound, precursor, or

15 moenomers to form a cholesteric liquid crystal polymer, rheology, method and
requirements of curing, ease of solvent removal, physical and chemical properties (e.g.,
flexibility, tensile strength, solvent resistance, scratch resistance, and phase transition
temperature), and ease of purification.

Cholesteric liquid crystal compounds that are cholesteric liquid crystal polymers

20 are typically formed using chiral molecules or a mixture of chiral and achiral molecules
(including monomers) that include a mesogenic group. Mesogenic groups are generally
rigid rodlike or disclike molecules or portions of a molecule that are components of liquid
crystals. Examples of mesogenic groups include, but are not limited to, para-substituted
cyclic groups, such as para-substituted benzene rings. These mesogenic groups are

25 opticnally bonded to a polymer backbone through a spacer. The spacer can contain
functional groups having, for example, benzene, pyridine, pyrimidine, alkyne, ester,

alkylene, alkane, ether, thioether, thioester, and amide functionalities.
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20 are typically formed using chiral nolecules or a mxture of chiral and -
achiral nolecules (including nononers) that include a nmesogenic group.
Mesogeni U e generally rigid rodlike or discl
portlonsqvggabﬁ%ngule that are conponents of liquid cryspg4s 61‘Jl%xarrples of
mesogeni ¢ groups include, but are not limted to, para-substituted cyclic
groups, such as para-substituted benzene rings. These nesogeni c groups are
25 optionally b@nﬁhﬁchﬂmﬁnmohyﬂenmhaﬁﬂhﬁﬂeukhﬂadghmanspmnﬂmhnThe spacer can

ST i di nePOSTRS ARV InEs LU of Sl BB Ao RN s REVBIEL hi oest er

and ami de WFﬁ ﬂhﬁh?ﬁlhﬂet;bcfbﬁﬂmﬂalae \ABpaQ&Edrﬁﬁ@&%kMkﬁdS&eﬁéé 2dpifc Suitable
chol esteric [iquid crystal yners_include, but %ﬁ@%ﬁ imted to,

pol yners h&WHRGPRECRH; gparels %ﬁﬁlﬁl a1 fexdhls eonpoppmets Botfater sHgPani de,
pol yacq yl atglestepR hiyiRCRAGI Yiah&s hmlaﬁlﬂn%%ﬁbo&r(fo%ﬁﬁﬁﬁé QblfadiglsRackbone

that include nmesogenic ™ groups optional’ly separated by &Id or flexible
conpnoner s PolEsugthptrelsteopol ysilpeane.elolefineor Holymglonste éﬁ@k@mllfi) Fuihghegahgsd al pol yners

have a pol gﬁgp yl at e,
pol ysi | ox aﬁ%ﬁfal B?S%g%}gﬂﬁ%e(&%{n % rrgrf%sﬁ%i @ﬁkyaﬁ%n% b Opnhﬁhwgmg%d achiral
mesogeni ¢ ﬁwdﬁh@hakhngm@apgmmThmhasd@dbﬂawnngmghpsomémqbeﬂnpphwnalIy

separated _fr n1the backbone by a spacer, such as an al kyl ene or al kyl ene
oxi de spacé@ %BIpFOVIde flexibility. 10 Small nol ecul es may be added to

l'iquidpcrystal g@hlyfelsuley mdychel 66 1B i@t e slalfcdymérier b ifietrporstedy fital pol yner
as a copol ymer. These smal| nol ecul es _can |nﬁrove the agptical clarity of

chol est er i dhedipsidemestal RivRPTATAeaPRIYDE! | IFse SBA E‘OHﬁFIF%?aDdWP%ﬁﬂﬁtOPH?ﬁlf ormty

and thus rghihegthmes@lcfsiaisnmi. saﬂﬂaﬁe&ﬁ%&d&@éd Rhel SR8t AnittiQUad contrast
ratio of the ’"selective reflection. These inprovenments are produced with

pol ymer i zaBue refleative effirignsy.e Ehip eambinriion laads torimpioney] eatrastratiolof fhigi d cryst al
conposi tion, orrmula 111, or
Formia | vigadst il TOMRGHANSRlys ORI ban pORRUAR ava®) T

chol esferi c:nqm«:ebmctd@d & the clpddstere tiguid erfystalemtnipysnmnt#cﬁmntﬂby mﬂnﬁoondswlf a 1,
formula I'l,. or fo

| vent jon, el ol oh RISy ey P PGy SRR SRR s

accor dance cmpdlhnérhed itk eldldseiic preehigsle sr plyriers beflnes byabmﬂpdundahfcfommyast al

compound or. chol esteric |i rystal precursors and b) a conpound of
formila 1, b (PEpHfleorfarmgs Pilsiaioad By

In one embodiment of the invention, a suitable cholesteric liquid crystal
20 composition in accordance with the invention includes a) a cholesteric liquid crystal
compound or cholesteric liquid crystal precursors and b) a compound of formula I,

formula II or formula IIi:

R—R,—Ry;{RoRe)7Rs ™R

@
25 R_R7_‘R2“('R3R4);R5_RS (H)
R9H R4R3)I;R2—R10”R) 2 -

wherenis1,2,3,or4andmis 1, 2, or 3. R is an acrylate, methacrylate, acrylamide,

isocyanate, epoxy, or silane. R; is (Cs-Cy) alkylene, (C5-Cs) alkenylene, or (Cs-Cy)
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RR-R2 f RBR4tR5-R6 25 RRRc R2 |R3R4 R5-Rs (I1) R9-efRAR3)-Rti RIOR m)
2 (111) where nis 1, 2, 3, or 4andinis 1, 2, or 3. Ris an acryl ate,

met hacryl @amde, isocyanate, epoxy, or silane. s co)
al kyl ene, aﬁ@f b kenyl ene, or (C3-C8) 12 WD 2005/ 05 sz

PCT/U82004/021610 al kylyne. R2 is a bond, -0-, -C(OO, -OC, -0C(OO,
-C(ON, -CH=N, -N=CH, or -NC(O-. R3 is a cycloalkyl ene,
cycl oal kenyhlkpsmne. Hetien bendc H-QHeAEO)@r HEDC—, -QIC[eD+ 04 @éne-CHN-,s a bond,

{500, L O o N S e ol e R s 1 o

a bond, Cyc bﬂ@éuléb‘ﬂyl%ﬁ@ RLY & b, k@p&é) Qlk?lené]@@’ ggqueyﬁef&e(cza@gymp@ne or
het roaryl ene. R6 1s hydr en. an hal o ?@N (& - Cs) al kyl ,
nitro, ami n&¥boryhHoxyt( rcaﬁa& (- Qgﬁﬁ)ﬂ o FSHCF3, “or

SCF3. Ry IS—NC(@L @%)ls a@dnﬁi&y@ﬁ@]zk feﬁ?)%é&dﬂé‘eﬂilleﬁé“ﬁetrdé?clﬁl% a@héﬁxl&ne Rs is

hydr ogen, hal o oxYy, f/ nitro, am no, carboxy,
mer capt o, (@?tf Qnﬁi Bals@ﬁrog@@a@o }@FEB(CIEQ#B kowy, (SeEg aligh ni, pring,

cycl oal kyl e y t I ene; troaryl ene.
RIOis a ?:frb%[é/ &k@@;ﬁg% f? %r“’ag?? &?(gﬁ er@p’o?r%z% & SaqF E“e)yne I n one
enbodi ment enwlém 6} alkbx;tylemexcg(Cz)caﬁkmeeRRx & hadmogérahade, (Rh Cis)@“(t@& G osal kyI ene,
R2is -0-, henyl en i S ) S a

phenyl ene a%f Eé‘% O 031%8%%ma9‘§0@ (%P]t@oglkgog&%[%@dﬁg Eg?’ ﬁ’{ﬁ@‘o % nis
for 2,1R i siacdywloakelendXéydlalietylbnd Riteratcili@BLarylelR? of etroBrylen&3R |35 phenyl ene,
R4|s-C(0) is a bond or nylene and Rs is F, CF3,

met hoxy, ?%U@ﬁﬁkh’%ﬁ (ghgg)gﬁ‘t%ﬂ?%ﬂ‘t af-s %a 11, mis | or 2, ROis a
phenyl ene R4 Ism&é@)n&dmeﬁrofﬁ%ﬁmmﬂ%rasm da%gmylmn@(cgl@) ilRyléne; 0-, RIO

is a (C3-C6) alkylene, and Ris_ an 20 acryl at e. sone suitabl e
conpounds ofRfs5iGuRa 19 phepdeneyRais -0} P’br%ﬂ)g iRqis g @*df’flﬂb@ﬁ’ ad -~CH O /

\co/ VCN Rg is T or cyano.
15 In one embodiment of Formula II, nis lor 2, R is acrylate, R, is (Cy-Cy) alkylene,
R is —O—, R3 is phenylene, R4 is ~C(O)O—, or ~O(0)C—, R; is a bond or phenylene and
Ry is F, CF4, methoxy, or butoxy.
In one embodiment of Formula III, m is 1 or 2, Ry is a phenylene, Ry is —~C(0)0O—,
or —O(0)C~, Ra is a phenylene, R, 15 a O, Ryg is a (C3-Cg) alkylene, and R is an
20 acrylate.

Examples of some suitable compounds of formula [, formula I1, or formula III are:

Hzc:FCH—Q—o——(CHZ}go LOGCN
Hzc_—_CH‘*ﬁ—O"‘(CH;}G—O E'——OO‘(J—LQF
oot { Sl N LT

N Hzc:CH—ﬂ—Hcato®&@o~LQF
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HOC=CH CO~CHO/ \ GO/ \ 0-~/ \ FIRLIR e HCCHCOCHO/ \ GO/ \
0O-~/ CN HzZC=CHCO-~CHO/ G F 25 13 WO 2005/023964 PCT/ US2004/ 021610
Hz C=CH- OOB/ \' G *4 CH ~{I CH3 H, C=CH T 640\21& /[ \ O~
P Tl R S O Pa {I-l ~ H C=CHC -O-~CF#O [ L L
O CH3 HZzC=CH-C- O - tCH/ \ C—OI~11 CH IR HzC=CHCH~j) / \Ifll CGOOL/
-'f CHZr G- CH=CHi , or H, C=CH-CO *H, ~O/ \-0/ \ CNIn anot her enbodi nent

of the invention, uitabl e cho eserlc Lqui dgcr filmin accordance
with the mventhgmagﬁ ug@so @ o-R@byner and a
conmpound of formula IV: Rl O'\R2 R4' 11 10 ( wherenlsl 2, 3,

or 4. Ris an acrylate, nethacrylate, acrylam de, isocyanate, epoxy or
silane. RROis (C- Cs) al kyl ene, (CI - Cs)™al kenyl ene, or (Cl-Cs) al kylyne. R2
i AN, --CHEN-, -N=CH, or

is a bond, -0-, - O)O @)

-NC(O-. R3 lsr—crtyt:t f’w ' e?‘éfF'ﬂEEI—F*VF‘@ne aryl ene,
or hetroarylene. R4 is a 15DHond, (CI=CTs) al kylene, (C2-C3) al kenyl ene,
(C2-Cs) al kylyne, ca bonyI 0- -C( ) O, O(O)C -0C(O0-, -C(ON-,

-CH=N-, -N=CH, or - _% ond, cl oalﬂky cycl oal kenyl ene,
het rocycl yl ene H%‘?‘I‘%“‘@ C&}‘O yfene. PS“hyY
(A -Cs) al koxy, (C-GCs) alkyl, ro am no, car boxy,

en’ “®yano, hal o,
C4) t hi oal kyl, COCH3, CF3, CIZFS, or 3. 14

mer capt o, »(Cl -
HZC:CH—E—O—(CHZ);OO‘C—*O—Q‘ G

CH;
HzCZCH—@——{CHQ*p‘Q@—-OGO—*ﬁ—Q—0—-(c3;);ﬂ~——cr1=cn;

5 , Or

HQC—'CH'"E‘"—()*—(CHZ =0 E—*—OCN

In another embodiment of the invention, a suitable cholesteric liquid crystal film in

accordance with the invention includes a cholesteric liquid crystal polymer and a
compound of formula I'V:

o R—R, 0"R2‘6R3R4tR5_RI i

avj
where nis 1, 2, 3, or 4. R is an acrylate, methacrylate, acrylamide, isocyanate, epoxy, or
silane. Ry is (C,-Cs) alkylene, (C;-Cs) alkenylene, or (C;-Cs) alkylyne. R isa bond,
—0—, ~C(0)O~, —O(0)C—, “OC(0)O—, ~C{O)N~, -CH=N—-, -N=CH—, or -NC(O)—. R3
is a cycloalkylene, cycloalkenylene, heterocyclylene, arylene, or hetroarylene. Ryisa

15 bond, (C;-Cjs) alkylene, (C;-Cy) alkenylene, (C;~Cs) alkylyne, carbonyl, —O—, ~C(0)O-,
~0{0)C—, —OC(O)0—, —C(O)N—, —CH=N—, “N=CH~, or -NC(O)—. Rsisa bond,
cycloalkylene, cycloalkenylene, hetrocyclylene, arylene, or hetroarylene. Ry is hydrogen,
cyano, halo, (C;-Cg) alkoxy, (C,-Cs) alkyl, mitro, amino, carboxy, mercapto, (C,-
Caythioalleyl, COCHj;, CF4, OCF3, or SCFs.
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WO 20051023964 PCT/ 0S2004/ 021610 1In one enbodi ment of Formula IV, nis lor
2, Ris acrylate, Riois (C2-C8) allcylene, R2 is -0-, R3 is phenylene, R4
is -C(O reofQC, RS is a bond or phenylene and R .S F ano,
CF3, net 33’&@0%’?’9%"8% oxy. One exanple of a suitable corrpcl?gﬂjéu%ﬁ(“{%}ﬁél a Nis:
HCCHL OG~-CHO O/ \ / \ CN 5 The cholesteric liquid crystal polyner
typically includes a chiral nolecular unit and an achiral nolecular unit as
descri bed above.nbaec@bbdi@abntFeawlalv, Uiy Tor 2Rl istdsla@ ) sal-apl ecul ar uni t

can be different than the conpouynd of. formula I, a Hor, formula Il1.
The achi r al 2Y¥3ER% éf’r“QTn%t“ nﬂ‘é“,e’ ’F"gﬂgr(hﬂ’ gf"oolgogéﬁrr’;éﬂﬁﬁbﬁ?d Formula C2 10
descri bed abryGlend hdI1¢isHTBRM R methodyN6r Yuldient i on, chol esteric liquid
crystal comp)os?ti ons genera\l@_l&%Pl have from about 1 to 35% 5 to 20 % or 10

e

to 15% of one orOmpPENPSHAIAE orpwidph fampla IVdsnul a 11, formula 111 or
formula IV by wei ght Sﬁe the total solids_content of the conposition. In
t

anot her enbodi nent, chol esteri quiﬁd cry ion has 15 from
about 10 to ZO(Vd{ﬁn—‘——:omeCmOﬁ‘(mgg Cof-0fc anll, fornula
11, ors fornmula IV by weight of the=total sol )
conposition. In sone enbodi nents, the ratio, by weight, of the conpounds of
formula I, for nihechplestefiohqnid erystalipolyoer fypicpllit mclpiestaghirplandeayleassniéri ¢ | i qui d
crystal conpound i-nclh udj chol esteri iAui d. or | or

chot eat er 1 o Ay Huicht PP i ERL TR e B bl BRI O
sone enbodi aetitabmolkehidarnaitican bdiffiventghdn, thodontpoendaifpmuidl fefulafibom a |,
formula I'l, for alll,.or fornula. lV to.the cholesteric |l.i.qui rystal
compound  { fERiHTng e ELpaBRi P bRy SRt argnar o st FERERLS oy i ¢

i qui digrystaderipddaduiesor is in the range of 1:10 to 1:5. The addition of
‘conpounds of formula I, fornmula Il, fornmula 111, or fornmula IV to 25

chol esteric |i quitePngepbpdiment hisdnientions chstesteris linyid spefabrpmuosiiftught to ai d

inthe alig ;g%@atuy_hatfe 08 a6AR N &S5 8L 10 b W b1 CYISTRLT JRE BEMBRRbMpSnds OMPOUNdS
during the formafion of an aligned |liquid crystal |ayer. Because conpounds

of formul a lof foroplnk farmylia It ermulk HI py formds IV byoweaghtofithe tpialsodidy gaatenboli npar t
this characteri st G.:t.0 L& L Oall : : ] t he
nvent i on. TRy EeAP 18 BT EbbAmph Wl BBl Ry SORE R 885 B n°30 o
conpat ilhi | i tiyeni abotihiditto a6%lof ast oromee chvaoesdsant femiuladufodmela Y tadnuladiieer i s nore
uniformy

formula IV by weight of the total solids content of the composition.

In some embodiments, the ratio, by weight, of the compounds of formula I,
formula II, formula III, or formula TV to the cholesteric liquid crystal compound
(including cholesteric liquid crystal polymer) or cholesteric liquid crystal precursor is in

20 the range of 1:99 to 1:3. In some embodiments, the ratio, by weight, of the compounds of

formula I, formula IT, formula II1, or formula IV to the cholesteric liquid crystal compound
] (including cholesteric liquid crystal polymer} or cholesteric liquid crystal precursor is in
| the range of 1:10 to 1:5.
The addition of compounds of formula I, formula II, formula III, or formula IV to

23 cholesteric liquid crystal compositions of the invention is thought to aid in the alignment
of the cholesteric liquid crystal precursors or compounds during the formation of an
aligned lquid crystal layer. Because compounds of formula I, formula II, formula III, or
formula TV may serve to impart this characteristic to cholesteric liquid crystal
compositions of the invention, they are often referred to as "compatible”. One indication

30 of compatibility is that at least one cholesteric liquid crystal layer is more uwniformly
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15 WD 2005/ 023964 PCT/ US2004/ 021610 al i gned when the conmpound of formula 1,
formula I'l, formula Ill, or formula IV are added to cholesteric liquid

crystal QoRgRQN r precursors or when the conpounds of~f &b formila
11, or for rru(ﬁ'é}a%ljlgfpare incorporated into the liquid crys(t:a §po+ ynmer as a

copolynmer. For exanple, conpatibility can be observed by neasuring the
transm ssion of a dried film5 of the cholesteric liquid crystal conposition
wi th the colipedndenthefcompaiing of forfok i fbandld 1T, fofrowlalill,ar fdrimulagV droadied a |1V as

conpared t i m.lar .conposition wthout the conmpound of . fornula.l,
Formil a 11° fghirtris b Cge SoppRtiids of RiEctnpre bt otivEitmd 1ot o PHE Treasur ed
transm ssi donlEl, o fiesiagdretavepengd fto thatiged ofystal pdyperat k copolymanavel engt h
for a filmmade using the_inventive cholesteric liquid .10 crys

conposi ti ont°f %"aﬂ"ipéhﬁg’?ﬁaﬁglﬂtytﬁaﬂ’e {‘3}F’S‘3‘é\""1EI I%/ repsSrnR e PW@‘SSL‘?%O%Q%’@& gi’i‘bl esteric
l'iqui dscrysiale cﬁ&e@&ﬁlﬁqh{m\xyy&aﬁ B oskiBR wiR MRQWRHoRid Sra5miAl, formbRIUl @ 11,
formula I'l'l, or formula IV. The spectrum of the coated filmcan be

nmeasured, fiemuiadiapn ormylp Y agcompsisd &0 ogmilasioapesiiphpitbe thecoppeaKioh Bl ner,

Santa Cl ar 1 o) izer and a 15 1/4 wave filmin the
ool ol pafrﬁ@%%mﬁ@a%mmﬁh, SESmRd B,

ve axis I's maintained at 45 to the polarizer axis.
First the pol ar izsothanembddienent, e héadurad trensplissios over golesiesaiwavalength | i ght path
and the i nstrumel

nt i.s zeroed. S | e.is. then placed in the |.ight path
after the TriEehaa moripBeSfimehr SRR Sink MR EC bbb B i &
recorded f ropystaBbinpugitibn isGithef thin that cf@\in fornted uving i thd eimel cgblestapreluidim
| nconpati bl e coatings. can _produce haze ich scatte |ight 20 and reduces
t he % pass WEE%?W%O ’i“B’hWPJtE&ﬁ\me Wﬁpoﬂéé’ﬁﬁ‘? “géﬂ Ol‘ﬂiiﬂéli‘;gﬁgglgg I ¥nsni ssi on
(%pass) offetnfi@a whol esteric liquid crystal filmthat is forned froma

cholesteric liquid crystal conposition of the invention can_be an indication
of some of the PPofReriyraal e coald fimepwbe weaserep; igueampiey ¥ithe Lambda $0at  nay

ul timatel y Berophhdhdadpédamifec akeshel L&) iRt iishalpof@oRoaE 41 on of the
invention, such as 25 transparency of the cholesteric liquid crystal film
The %lpass ¥4 eawrfilmshthe optieal patpohlis!/4 weve dxés i mpiitaigdd &t A3rig thegolaprerof t he
filmfor the.p rd . on e fi one

embodi ment T]fs‘%sh ghgk)‘fbegpgt’y‘} P g Hen TROUA RaRERE IR 40 fighs paty i 9‘& al film
formed fronngefesd iesdresd. The saguplelischepglabd mahplight patb nftafthd 'é wanwgatei on 1 s

SRR WA TN TR AT UL
i quid cryshalisiBRMRRSpb R, Whiddgitiblt Beutie eI Ra pRHneS haze which scatters light
20 and reduces the % pass transmission below, for example 65%.

The % pass transmission (%7Tas) of the cholesteric liquid crysta] film that is
formed from a cholesteric liquid crystal composition of the invention can be an indication
of some of the properties of the cholesteric liquid crystal film that may ultimately be
obtained from a cholesteric liquid crystal composition of the invention, such as

25 transparency of the cholesteric liquid crystal film. The % pass transmission corresponds
to the level of transmission of the film for the polarization that should be passed by the
film. In one embodiment, the % pass transmission of a cholesteric liquid crystal film
formed from a cholesteric liquid crystal composition of the invention is greater over a
particular wavelength range or at a particular wavelength than that of a cholesteric liquid

30 crystal film formed from a cholesteric liquid crystal composition without the compound of
formula I, formula II, formula I, or formula IV, In another embodiment, the % pass

transmission is at least about 65%, 75%, 85% or 90%. Greater values of % pass

16



formula I, formula Il, formula 111, or forrmula IV. In another enbodinent,

the % pass transmssion is at |east about 65% 75% 85%or 90% G eater

- val ues Ofw%’zﬁ S530k8 VO 2005/ 023964 PCTI US2004/ 021610 t?aqﬁ@(ﬁﬁh?&@re
general ly preterred. In another enbodi nent, the % pass transmssion is

1-50% 5-40% 10-30% or at |east 30%greater than a simlar conposition or

filmw thout the conpound of forrmula I, fornmula Il, formula IIl, or formula

V. As an exasplssipn tie@encmallygréfemadd. Vabhuehan smtlodimentt the *0ffaas ssrsoidiob és

det er m ned J el t the 5 mninqum % transm.ssion (described
bol ow - Thel 1 TR VS Br QPO PR P o O s ol

chol es]t eri Cthé téhpotind Gif’ foatdh L forlntld Mafbmiuda Hgbﬂﬁﬁnﬁlﬁg\m as@heiﬁ?:il@ﬂiec I :chihd
crystal conposition of the [n tion an be _an_indication one of the
properti es BerFd V&W&Pé@é&%&%% paq&?labfc‘?wlg}edmtﬂ“ﬁf%‘f’avefweﬁaﬁf Cmatel y be

obt ai ned fr@idusBOLashekios (ddseitedbalbyst al conposition of the invention, 10
such as alignnent quality of the cholesteric Ii cHui d crystal film The

wavel ength at t H&e THRIFUR T RiPiaRTIrssiRpton (/o Exp) fdl dalessiis bbnds to the
wavel engt h at .hie:, MRX iR ed R §El¥o'1é§%9f: liﬁ@mEF{Zkt%{?gng?g]ﬁih&%ftﬂ@ingéﬁiDQe measur ed

in a nmanner sim ar to transm ssion but polari zer rotated 90
degr ees fr omntbhen pdwiatioroef some df the praperties eflondholsstonc hend cryealdiim thgscr i bed

above. In one odinent., .t ext inetion.of.a cholesteric diqguid, 15 crystal
Fo m 7 or mecfy SRERLTE o Boftd el Bia o SRS Eb ot bk hy enc L on

i s of 10 owesuck ad dignimbanyualitpof e choleshol dighiéicrstal fipui Theoravsteadth &l then f or ned
froma cholesterig, | i%ui.d. cré(stal_ cogposi iori W t hlout t he conpound of
formula |, PBYREPLC FuSTESSIomOF sXtnplion copresnopds e wayelepgth at15¢ Ma¥ Wi odi ment
the extinct jefBctiofoftRd fill. ERMtRELidntaR beheakured%h a Haffer sihdie toQfand@¥iod butanot her
‘embodi mrent, the extinction value is at least 1% 2% 3% 4% or 20 5% ess

than the exvithérpsiirigarerated PO decasenimomythe pasition usgdyin the) tragdms®d tion or film

wi thout — t NG LARRRINEs@bed MY B dne ehBbdHbR hi extimRboHb S ahbiestmmquw mula |V.
The maxi mum contrast ration (CR) of the cholestric liquid crystal filmthat

is folred ¢woshfdmdbmleddtony 4 eholasigtit Hawd yiystal conpnptiei efiteninpmtivhs dfnvent i on
crystal 111 ReREetien oot 80FlRork 16 BBRAL e Rritta hOR AHBRESIAIE 1 QUi o
crystal conpgsiltcompogifiort wighounthe ndriprapd stiohmds [, ditrivtelll, formuas I, yr of t he
et er mi ned PR gY ofhiroEREesBRa e SRR IR 61 e B BO A Lnts [ohe. maxi mum
contrast rai%r(SR) Whnothes BRbAHMmET: the bithblich @hysé alledkd 19 PoneRdyf srom a
chol esteric |iquid crystal, o . _
20 5% less than the extinction value of a similar liquid crystal composition or film without
the compound of formula I, formula II, formulia III, or formula I'V.
The maximum contrast ration (CR) of the cholestric liquid crystal film that is
formed from a cholesteric liqnid crystal composition of the invention can be an indication
of some of the properties of the cholesteric liquid crystal film that may ultimately be
25 obtained from a cholesteric liquid crystal composition of the invention, such as optical
quality of the cholesteric liquid crystal film. Maximum contrast ratio (CR) can be
determined by dividing the %Tass by % Tin. In one embodiment, the maximum contrast
ratio (CR) of a cholesteric liquid crystal film formed from a cholesteric liquid crystal
composition of the invention is greater than that of a cholesteric liquid crystal film formed
30 from a cholesteric liquid crystal composition without the compound of formula I, formula

11, formula III, or formula IV. In another embodiment, the maximum contrast ratio (CR) is

at least about 6, 10, 12, 15, or 16. In another embodiment, the maximum contrast ratio
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conposition of the invention is greater than that of a cholesteric liquid -’
crystal filmformed 30 froma cholesteric liquid crystal conposition wthout

the conmpgy ngg(gquozjgggnul al, formula 11, formula |11, OrPg‘ﬁﬁ%JO ?il}’/{oout 6

anot her e ment: the maxi num contrast ratio (CR) is

10, 12, 15, or 16. In another enbodi nent, the maximum contrast ratio 17 WD
2005/ 023964 PCTI US2004/ 021610 (CR) is at |least 5% 10% 25% 50% 100% 150%
200% or 30QuRytsenaleast 564)a006f 1606, SO% LONIN1C0%L 2G04 orriﬁ)ﬂ?/@gren‘terah&iﬂﬁ lar liquid

crystal conposition or fi I t hoyt the ound of formula IT,
fo)r/?rul a lll a%iﬂﬂ%&?m?ﬁfgaﬁlv alvmﬁlfnﬁﬂglﬂw&cmé‘wg%og? u‘ﬁ‘Pn or ?Iﬁbwﬁ%?%m cont r ast

ratio (CR) do&p&lﬂd%fm%la Ilﬁnhﬁlazp%umn?& f&x@mwﬁ%lgm@@hﬁrenibh@imemhe 5
maxi mum contrast ratio of a simlar UId cryst al ?Cﬁ?l S|t|on or film

wi t hout thete@@ﬁ%mnmswaa%ﬁamdsﬁwmr/wpéﬂ 7o bt mip BOTa greateg thandheyy a1 v,
One exgnpl emaflmﬁ’mvssﬁr&@fﬂmwsfacs%ﬁamfa&d%}sm%n%meﬁa 0 ot 2! hod incl udes

the follow ng procedure. onpound formula I, formula IT, fornula
11, or forq‘?mpaund\ﬂff‘i)@uhIx@dmvhﬂhfmladﬂmréwfiW I i quid cryst al polymer in

L% chol est ori o TrgttipiEEIRAALL of e IRGRLY poflol e Behoh bt T Ve
formul a ||, folteowiny bacéduks. The chopomld af fo\;t,nularﬁ,cfoﬁlm}ﬁ% Bohwie i, oerrmde@b’l ution,
containingth f f.o formula,ll r formula IV
Gnd the cromEs SRR el e oo i wiebis SRR oA eremslie o et f
filmwioth ajmpbsigRi®@nthis Mittra@eluddsak veohamkes h@lcpaiys«atﬁawn@nez Terggpht hal at e
(PET) oriented filmwhich offers_a 15 natural gﬁld cry al i gnnment

surface i s ©gwAwECATargpulaAprams B foraz Hor f@@@? PSS & B yidventghiss, St .

Paul , MN) ofnidR Q:Bﬁtaﬁlw,gltﬂé AR iad R rmulde firRakhiT) Sormu® 10! bidnAls napReal ed at
a terrperature such that the cholesteric [iquid crystal precursor is inits

nemat i ¢ phatbechofuterie pvid coatal rolymyas; is agatsd enserlesg plapticdHmarifianaligemeitve a dried
thi ckness of, rf?é%o%r Sl %ggﬁ}r&flﬁene%ragrﬁl‘éag&% %‘) Bﬁ&té@ﬁ'ﬁﬁ Wiich 3&&@0' esteric

l'iquid crystal conposi n accor e Invention can al so
includé a switwaliiguidonyséad piegninest @rfeess cmmeeronallmradaldé frolmeM hol esteric |iquid

Compost t oroc G ot TEGsEIRANERES Ko p GIRERE D, Thebanf oy "™

conpounds  tRatied andebhadasa &n@eﬂau@emuclaﬂﬁt thgems&lnbyiqsxubglsanpmairéoy isel i m nat ed
fromthe cholesteric I|q diér st.al osition durin p o essing. They
can be el i mitdEEegatsPhaserhg nds tra}c alefdn TS |gb‘f?"’t ®@vaporate the

sol vent or mecdsh agabaumaxckmtai of Ek@eﬁpﬂn&:ﬁﬁ@ngﬁﬁ g., reacting a solvating
i d C rystal Cholesteric liquid crystal compositions in accordance with the invention can also
include a solvent. In some instances, one or more of the cholesteric liquid crystal
precursors or other components of the cholesteric liquid crystal composition can act as a
solvent. The one or more solvents, or other compounds that function as a solvent are
generally substantially eliminated from the cholesteric liquid crystal composition during
25 processing. They can be eliminated by, for example, drying the conposition to evaporate
the solvent ot reacting a portion of the solvent (e.g., reacting a solvating liquid crystal
precursor to form a liquid crystal polymer). Any solvents known to those of skill in the art
as being able to solubilize the components of the composition can be used, specific
examples include, but are not limited to, tetrahydrofuran, cyclohexanone, cyclopropanone,
30 methyl ethyl ketone and 1,3-dioxolane. Combinations of solvents can also be utilized in

compositions of the invention.

Cholesteric liquid crystal compositions in accordance with the invention can also
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precursor to forma liquid crystal polyner). Any solvents known to those of
skill in the art as being able to solubilize the conponents of the
- conposi ti used, specific exanples include, nlted to,
tetrahydro a§§&f9§§clohexanone cycl opropanone, 30 nethP?ﬁhsﬁﬁﬂﬁﬁﬁione and
1, 3-di oxol ane. Conbi nati ons of solvents can al so be utlllzed in
conpositions of the invention. Cholesteric liquid crystal conpositions in
accor dance iudliida Ii)t}ﬁxeﬁlaa/cﬁyﬂtnﬁlﬁﬂoﬁa]im &lnston thEniliik RAOGABABSOEr IPSERAIRROG4/ 021610
i ncl ude poﬁ%?erlzatlo |n|t|a t hat function |n|tlateﬁF ol.ynmeri zation

or crossli MRHGBE * “r’ié%%nb E"Bi’vﬁ@ t oBRadEST &)‘8 GraPosiEny frpounds  of

t he conposigolyaitrizalonti@Rhters iR Tombaais M8t dabigbrepdi©frSe dafichlb deinkiarkRaands t hat
can generate free radicals to initiate and _ propagate polymerization or

crossl i nki rgePagsieRolyRERmZagPn priresshinling Frepyadieal aHpAlen cilsedion based oBdnber of
factors, ingludi ¥, iRGldihd BBt h6dirkitd 18, ABIY dnd h@ﬁ'—%fé“ ali’rtefel‘dbf)ﬁthel’?fe@f erably,

the free radical initiator does not generate any additional "color in the
chol est er i gadi¢ajinitgatondpss ngt geneaateanytﬁ)dd@be@p@ipmrﬁh@homthm ligwécrygainpounds of
formula I, g1l or formula IV can be added to a

chol esteri ég’fé;gﬂ!‘% 11c[)lrni)/%{ng po yrrer in a sufficient anmount such that the
corrpounds of 10 Gonmnuﬂdaoifoﬂho]naﬂ;fpanuli 11, foonutu lThod foimda IV oambd aldédMoean be

cured or kKed, f ol i N ormation of .the cholesteric liquid
ryetal | aydreupmeigh i PobRR gty Bt rfh el B pPet i hhyer | o't orm
a crogsg- | i nsgehieh) ebrastagl, ifermul Ol ¢ f6fmyisd Bt cahibk BureConpodsnigkedfollbomguha |,
formula I'l, formula Ill or fornmula IV can be added to _a chalesteric liquid

crystal  pdPypasien phihg chqlesterisilighid casisdaveron abenmeat ofitheecholssisEa Red of £ or mul a

1, formul a ddsen 196 Brrt 2 clokd- hﬂ&dfc%l&@t@rﬁ thdQ;?ﬂta'Pﬁ]n‘? UEGHp Rhas1388mlld nked
w th an additional | ayer disposed on the <cholesteric liquid crystal |ayer

fol | owi ng thémhuleHafiropladil Otrﬁ@nehdb/@gnbwdsied tocpAbglegteris iguid civstgler or

al i gnnent o [ f teric
liquid cr ﬁ%%r%k?ff{]%f%@%ngs I'n otgatg eyC%}“ ﬂd%f E‘Seig I’tfgﬁgﬂr%ggd@%ﬁ%nal | ayer
di sposiéd t hi#reedormulker ®ecan &dcwad 01 cnoﬁsﬂmkm\mtlamdﬂyqonajézl}leydlepdsbtbmn thbermal free
radi cal ini t ors,. or otojnitiat Ther initiators,
whi ch gener B EIEERO B SE B MRt imteg o s st Esis Toprate 1 or
exanpl e, pekgx bfiﬂtgnmlaetrofu{efoabeaempmquamydteunayla@tcp@fm@un@i&;tencﬁia@IdOI nitiators
can be acti vated el ectromagnetic radi atiqn or Pal’tl cle irradiation.

Exanpl es of A t‘%lc@sﬂ%?%?rrﬁh?mh?ﬁ]&f@ﬂqewﬂ anpdditignpd layprdispgsed thegaed t o, oni um

salt photoi ni tipateQhGieal HGARRTRIR LG RRQRIAAIHA RS infiBldORi ¢ metal salt
phot oi niti at ors,

20 photommators Thermal free radical tnitiators, which generate free radicals upon thermal
decomposition, include, for example, peroxides, persulfates, or azonitrile compounds.
Photoinitiators can be activated by electromagnetic radiation or particle irradiation.
Examples of suitable photoinitiators include, but are not limited to, onium salt
photoinitiators, organometallic photoinitiators, cationic metal salt photoinitiators,

25 photodecomposable organosilanes, latent sulphonic acids, phosphine oxides, cyclohexyl
phenyl ketones, amine substituted acetophenones, and benzophenones. Generally,
ultraviolet (UV) irradiation is used to activate the photoinitiator, although other light
sources or irradiation (e-beam) can be used. Photoinitiators can be chosen based on the
absorption of particular wavelength of light.

30 Cholesteric liquid crystal compositions in accordance with the invention may also
additionally contain compounds that function as dispersing agents, terminators, curing

agents, crosslinkers, antiozonants, antioxidants, plasticizers, stabilizers, viscosity

19



25 phot odeconposabl e organosi | anes, | atent sul phoni c acids, phosphine .
oxi des, cycl ohexyl phenyl ketones, am ne substituted acetophenones, and
benzophe erally, ul travi ol et (W) irradiatio activate
t he phot &?‘2?@’3?@?? al t hough other light sources or |Pfr)%cf|1]§@|ﬁ'g%ﬁ{z)lg beam
can be used. Photoinitiators can be chosen based on the absorption of
particul ar wavel ength of light. 30 Cholesteric liquid crystal conpositions

i n accor daneddifitird, Buchaethiokwesnd indrfillemycoalesdng et thvhdhdofion tntairavecienpounds

that functi.on as dispersi agent s nat or s rin
crossl i nker&magy P %‘?p E‘gcw Rage] e&ﬁﬁ?r?epﬁtﬁ’gtof‘@ tﬁ‘éf"?g“%t? %Bii hfl’efé‘i’%
Vi scosity %ﬁ@s@%&&ggﬁﬂmm W20 6P¥diBik Gightrodi fi ers, such as th| ckeners

and fillers, coaIeSC|ng gents whi ch function to i nprove the intimcy of
the contact bet %@éf?eﬁla M‘éﬁ’fe@tﬁﬁsﬁéﬁkdblﬁdbq acff@ﬁf%‘ﬁ’c“@ mhalegigrcliqud e and dyes
and pkgmen fig§:8d b liAat - Any

nmet hodhkno %ag t ose o tggfnlkl%;&tl{o%\{%tﬁégggrleslw?’fc hamorrnylsﬁglag Iidaghjglslﬂtl Eezrgl c liquid 5

crystal cprﬁuﬁb@@@nlmﬁomh@nﬁs mvewitcharges toteaistinghehedstad torming uledtens yst al | ayer
can be uti llI Z sta'lzfejlﬁ%‘s ngsro%e utlf? ?Frrrl%r%ﬁ-lglte ‘?nclql}@lcfzpr%?g?gye s%o Xisting

net hods of ers°can ‘a e utilized
to form chmﬂzelssta{d Iquldi capestadl c@ﬁptstt@hs Malyeemerftmmnﬂmhahmtmcmed beqmd crystal

conpositions_of th t e net hods bel o exanpl es
of et hods %ﬁaev@@ﬁﬁpgwg Sﬁa@t a8 thigf may f'eﬁ (fiﬂgff’ ?Sé%*filﬂwé liquid 10
crystab | ay@ystl laferd GCRESHINCE with ikt hi@tid) UEDNAE ﬁa,m@ﬂdtoafnﬁt HeinveR@Mtint o | imt
the invention in any way. One nethod of form ng a cholesteric |IC|UId

crystal |ay®¥ %hcl udes applying a cholesteric liquid crystal conposition to
a surface of a eHbalchdh 6 b GRALENLRIS A At AyeGhasialapppRRaSi tion can be

applied to the surface in a nunb s, 1 ncldding, 15 limted to
coati ng andhglosteryd iryid cAystad corapdsitihyo a sunfaceolraf sybwratst %Gh@mcrlmé can be

oriented 0 i I i qui.d: | | ayer.
The- subst r sl tloRShucRAEedl i bt SEhERITEE v, BB OTRE
rubbi n§ w tlmigednayatin®indaphagingc Atitdatively, theyatfaco pt meah‘cisgmeemm be ddieBted Pat ent

No. 6, 395, 354 Phot oal nt. substrates are des in US. Patent Nos.
4,974,941, B @?CB’@Q"&%‘{%@%%" e%eft‘fd‘ﬁ“’ééiym lagorg| 6?‘%55{%0 8,293. 20
After coatidgntel bﬁngc ‘?&'es% Cgéld@awlhgtébm@feysﬁmngc\ﬁm ?/61& S othé cﬁﬁf“é?r ted into
a liquid crystal lay ner al hi s process includes drying the

conposi ti odyml%hﬁ@a¢ﬁt Ag-St Pagent Nor @@%&ﬁ%o‘%ﬁoﬂabﬁm@t fEhstates e Fl"g‘ﬁCﬂ‘teHese
processes CgRy ©@alih NRAEWR4155 13 SRNEORSEI, 566661, 5,838,407, and 5,958,293,

20 After coating, the cholesteric liquid crystal composition is converted into a liquid
crystal layer. Generally, this process includes drying the composition and annealing the
dried composition, alternatively, these processes can occur somewhat simultaneously. The
formation of a cholesteric liquid crystal layer can be accomplished by a variety of
techniques including evaporation of solvent that is present; crosslinking the cholesteric

25 liquid crystal composition; annealing or curing (e.g., polymenizing) the cholesteric liquid
crystal composition using, for example, heat, radiation (e.g., actinic radiation), light (e.g.,
ultraviolet, visible, or infrared light), an electron beam, or a combination of these or
similar techniques.

One example of a process of forming a hquid crystal layer includes depositing the

30 cholesteric liquid crystal composition on an oriented substrate. After deposition, the
cholesteric liguid crystal composition is heated above the glass transition temperature of

the composition and onto the liquid crystal phase. The composition is then cooled below
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formation of a cholesteric liquid crystal |ayer can be acconplished by a
variety of techniques including evaporation of solvent that is present;

crossli nszotogﬁ?g&ol esteric 25 liquid crystal conposi ti%mﬁﬂ&ﬁﬁulﬁg or
» PO
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Chol esteric 1T qui conposi ti'ons” o g8 1'nvent’ron can be dried by
any met hod keolB7Bd2fhose of skill in the art including those that restrict

air flow Exanplegs,o t hods appar.at use hat .restrict, airflow can be
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No. 10{®73, ehitets Gitalhesihe bhpdiiriuiich (6. Sftdr rigaesiatly polarifdlighgador med into a
| ayer that substantially 10 reflects_|ight. having one pol arization (e.g.,
left or rigRiosEPymprisiiahbeedhs yhHwplasrion Substaiior Bficytidinsmi ts [ ght
Eh?IVI ng the %IQﬁiedl@i%h@Bb@r%tﬁaﬁﬁufa?beﬁidwid'iﬁ SohPkavehbihs ! TRYLREKi-ARhar i zed
light) over a particular bandw dth of |ight wavel engths. This

char act er i zdescobes trfersledtive ot wanempseiph etlighd Airestedtat aeremd meidense &7 the dggvtordi r ect ed
at normal ingj i . ri i.aui. g crystal

mutori ol LPoRE SRS R IR Al E il Dk i £ROUAS fplibr et VS 2

el li ptital | yyppallpbe diptidaily phlerizd by é@stoboliegerid lgmidhrystal stagdriahaidehd Blagand t he

wevelengt h. FSERBgRF el i Ba el gy aPdh RS i
char act er i zegsii fhitefifSs Pe GindrllyBAAREAAd i irebpedt td Adblly @dSiderd Gigk, &el ow,

however, it wll be recognized that the response of these materials can be
det er mi ned f38%e YL hew e 1 wilkhe rerogrized dha rssnegsaal Siese MaHMF Aid¢. 20 The

g[lﬁlerest eri ¢ gbicfiheh foF Yot Rrmh iy REid6A TighSishg Ko RBfi@les] N cONbI nation with

20 The cholesteric liquid crystal layer can be used alone or in combination with other
cholesteric liquid crystal layers or other types of layers or devices to form an optical body,
such as, for example, a reflective polarizer. Cholesteric liquid crystal polarizers are used
in one type of reflective polarizer. The pitch of a cholesteric liquid crystal polarizer is
similar to the optical layer thickness of multilayer reflective polarizers. Pitch and optical

25 layer thickness determine the center wavelength of the cholesteric liquid crystal polarizers
and multilayer reflective polarizers, respectively. The rotating director of the cholesteric
liquid crystal polarizer forms optical repeat units similar to the use of multiple layers
having the same optical layer thickness in multilayer reflective polarizers.

The center wavelength, Aq, and the spectral bandwidth, AA, of the light reflected by

30 the cholesteric liquid crystal layer depend on the pitch, p, of the cholesteric liquid crystal.

The center wavelength, Ay, is approximated by:

ho=0.5(n, + ne)p
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cholesteric liquid crystal layers or other types of |ayers or devices to
forman optical body, such as, for exanple, a reflective polarizer.
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formed by |&Herpriratng by weighhel chiraland pepaticdiguidicRstah FOrBRAIIT B ABEMERD| est er i ¢

liqui dgcrystiake T!u%ﬁ?%e?s ar€RGRAYh FRASEH RN A M SdRlen tBURRLS afe, Wi th

different pitches g., layers having different conpositions, for exanple,
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chol esteri E’Hhﬁ&oﬁsg?%ﬁ?ﬁ 0%@?@1’%?%@%%?@’8%@@?% in, for exanple, U.S.
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The cholesteric liquid crystal optical bodies can be used in a variety of

optical di dnlayy sndpihersppiiationspinrluding Barsmissiye (4 brgidit.apfissies e (e. g, ,

backlit), refleclily ispldRdrol crx%fﬁgfel Bighd: Y QU ttfRd AYPem MR cr&XA0RbEl vidwour e 1
illustrates a schematic cross-sectional view of one illustrative backlit

di spl ay sysefene dpstritive beaklindispiayivsipnap0 instidinmasiisplayandsaok #42g hbacklight
404, a cholesteric liquid crystal reflective polarizer 408, as described above, and an

20 opﬁonél reflector 406. The display system optionally includes a quarter wave plate as part
of the cholesteric liquid crystal reflective polarizer or as a separate component to convert
the circularly polarized light from the liquid crystal reflective polarizer to linearly
polarized light. A viewer is located on the side of the display device 402 that is opposite
from the backlight 404,

25 The display medium 402 displays information or images to the viewer by
transmitting light that is emitted from the backlight 404. One example of a display
medium 402 is a liquid crystal display (LCD) that transmits only light of one polarization
state.

The backlight 404 that supplies the light used to view the display system 400

30 includes, for example, a light source 416 and a light guide 418, although other

backlighting systems can be used. Although the light guide 418 depicted in Figure 1 has a

generally rectangular cross-section, backlights can use light guides with any suitable
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404, a cholesteric liquid crystal reflective polarizer 408, as descri bed
above, and an 20 optional reflector 406. The display systemoptionally
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wio ban: 1 nentuentharnctt Rl bl s fllereat feria) i st ing e el EVMb815. ont r not on
nechanijgns and otfgfe 5is 6 aPHREAMIBstGoReMimR heldf R HaReNRidcHRG! ignsy The
reflective polarizer 408 is, an g}gt] cal filmthat includes at | east one

chol est eri ¢ 399 Haip eefleptirediqridspistat dipplioy ingudeg a display 89dMBOPS. 2 The refl ecti ve
pol ari zer 4 L r dd&g. i AV i i e

bol ari zat i o%ﬁ%[tE S}fr{e&_ lfqu t i_ngIl (tPe ﬁé%&ﬁ?ﬁé‘t@gﬂéﬁf@ﬁ? EOé%%‘%F tg%l{t?l?gaﬂayanrdef | ect

| i ght of a dhkbsmsive ppletizer P9t TherdiqeidaristabdisplingPt dpgohalkyhncheies dwavel 8. 10

Fi 5 i ' o : . _ vi Caui d
cryst al i opru e BB i chb e Bhla0 B R HBER D SR Tl es
di spl ays medicamp&R8t tozonehtahiest @ildrzatidndightfran yist agidroefstad déticego pol ari zi ng

m nor 504, an absorptive cking 506, and an absorptive polarizer 502. The
liquid crystaBPmB'ilasfﬂﬁag}a ffg%@&ti onally includes a wave plate as part of the

chol esteric Iiqum;uﬂmaaldispa?B@@fuwt@npﬂ}sw #8hbRBAIvObolaszed SOLRAMBAR 15
conponent to convert mxed polarization light fromthe liquid crystal device
to an appr dight HielThe pelprger Jight thengrvels through the display medium 508 where one of

the light’s circular polarization components reflects from the cholesteric liquid crystal

20 reflective polarizing mirror 504 and passes back through the display medivm 508 and
absorptive polarizer 502. The other circular polarization component passes through the
cholesteric liquid crystal reflective polarizer 504 and is absorbed by the backing 506. The
reflective polarizer 504 of this reflective liquid crystal display 500 includes one cholesteric
liquid crystal optical body, as described above. The specific choice of cholesteric liquid

25 crystal optical body can depend on factors such as, for example, cost, size, thickness,
materials, and wavelength range of interest.

Figure 3 is a schematic illustration of one type of transflective liquid crystal
display 600. This transflective liquid crystal display 600 includes a phase retarding
display medium 608, a partial mirror 603, a cholesteric liquid crystal reflective polarizing

30 muirror 604, a backlight 606, and an absorptive polarizer 602. The display system
optionally includes a wave plate as part of the cholesteric liquid crystal reflective polarizer

604 or as a separate component to convert mixed polarization light from the Hquid crystal
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Liquid crystal display 500 functions first by the absorptive polarizer 502"
polarizing |I|ight 510. The polarized |ight then travels through the di spl ay

medi um 5 ne of the light's circular polarizatj

refl ect sqg(r) Oﬁsggéhol esteric liquid crystal 20 refl ect*@@uégqg:gﬁﬂg ng m nor
504 and passes back through the display nmedi um 508 and absorptive polarizer
502. The other circul ar polarization conponent passes through the

chol est er i Cdeviceltt £ appyphiatly pehtidtighe Iﬂﬂie&éﬂe&ﬁfc helE, Bieht hﬁbﬁbﬁ@hb@ld) by the
backi ng 506. The reflective polarizer 504 {}‘II S reflectl ve |iquid crystal

di spl ay 500% Pﬂ@meé}étl@ﬁésoarmp@glagﬁréolﬁaaﬂ%t%vr e sl 6y, as

descri bed abgues ofﬁth@p&ﬁﬁ%lﬁbpa@h&d%sﬁé bé‘cﬂ%r@@h&ﬁd (ﬁsﬂléﬁﬂb(ﬂuﬁ%w st al
optical body can depend on factors such as, for exg}r{g ]@t6OCOSt si ze,
8§

t hi ckness, abaeiveipglasizer£fd Indvélamb@phhglﬁﬁl@@tlms thap Figpstieatal j s a
schemati c di spl a
500 Th ¢ (i HBYIELARE pRAA b B pABREL pEEIH Bl il SR | SP1 &Y
retardi ng abpsphayly peldiizat b8 tie Papldyi (ihghimf’uhc)pp}ﬁ@@ haadcﬂmoﬂ;sesb@ki c liquid

crystal ref] ive Iarl 6 bac t 60 and an
absorptive %ﬁ"? éﬁdi’rf eéit)ff‘d *ﬁ%‘vﬁg’ﬁfsﬁ lg%g[ﬁél?ﬁ Ch8§fte%c 57T gﬂql HBdes a wave

pl ate as paarffec@sfemxhﬁe@he&c&ﬁglﬁrbnghﬁmsauméée:ﬂey‘ﬁwtea;iolméd cﬂ"@l}hk b&ﬁ’leﬂ?ﬁe&hﬁhﬁﬁr | 604 gr
as a separ ate orrponent to_convert mx ol ar all.on i t romthe IQUI
cryst al 230%(%@‘3:/ b sggudasesy ehostsas glaeémstatw fegwe%a Resspsidopri at el y

pol ariged | jg - THbRpdoliR L6kt @Pcthb}é@teﬁpﬁ'cgnd 8548 RN B & NMan labal of #tord S

pol ari zed by the absorptive polarizer 602, travels through the display

medi um 608, suck g fos exasnpds, FOSﬁ,W@eﬂé}C@w mtarielsy andogvelapaih passekinseegk t hr ough

t he di spl ay msdl ani ent - 1i ght
situations, the ac%q‘%éeﬁl?%%lﬁlaﬁgﬁgcﬂtt?é@aq%g%%b%%(%ledlq?ghtJ‘%hselt}’s)el ectively passed
t hrough t heconipohastand fibnpibitenhaee off¥dvidereihaipeabetizs pra)lwqtd@cryapiphaptmyl ately
polarlzedl t to the displa i ght of t e handedness i s back-
ot ected, TensenaenEa QBB bl A PSR B B et or ¢

pol arier 6férdadon HiteRtlu¥igg YudrREHeaSHatbealIfilghimidilhghbness. The reflective
pol arizer of this reflective liquid, crystal display 600 includes one

chol est eri configipugd léﬁeﬁ%etpa?seé‘fﬂﬁicﬁ‘% POEES, metalliesd bpelsfectersdptwatic bask speci fi ¢
choice of chal&st kel kdidhbhoHayR teBlbotoR! hiflay R AhechRbate REREoRNMnact or s

such as, for exanple, cost, size, thickness, materials, and wavel ength range
of int er est hologrplichuei wBeasors.c | i quid crystal optical body can be used with a
vari ety of .other conponents and filnms that enhance or provide other
properties to a liquid crystal display. Such conmponents and filns include,
for exdAnple, brightness enhancenent fil ns,
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15 retardation plates including quarter-wave plates and filnms, nultilayer or
conti nuous/ di sperse phase reflective polarizers, nmetallized back reflectors,

prismatic back reflectors, diffusely reflecting back reihgrbRlimigidl til ayer
dielectriﬁgﬁégwn?%%lectors, and hol ographi ¢ back refle?@oﬁ%. 20 24 WO

2005/ 023964 PCT/ US2004/ 021610 EXAMPLES All chem cals for the foll ow ng
exanpl es can be obtained fromAldrich, Inc. of MIwaukee, W unl ess
i ndi cated ot herwi se. Exanple 1. SyntH¥eVIBLBS Vari ous Conpounds 5 A reaction

schene for form ng yar.i.Qu Q unds di s¢l Qs rei,n. can, e, .deseri bed as:

oo R o R ARG UTRRAES R SROH SRR bR A R 18ERET P T,
2a R=F 2¢ R™MiGARee, WIQnkkek iRdickibBothdrde2e R=CF3 0 ox OL "Jn 0 &K-02.~-&R 3
3a R=F n=3 3b R=F n= d R= ) nz} 3¢ R=OC4AH9 n=1 3e R=CF3 n=1 Preparation
of 4-[(4-t|@BFBBEHi&%P%H?@PEE@H?WS-TT%”WQ&ryloyloxy)hexyl]oxy}benzoate

5 A reaction scheme for forming various compounds disclosed herein can be

described as:
O
‘ HO

|

l 1¢ R=0C,H,

1d R=0CH,
O
O

1e R=CF,
2 2a R=F

2c R=0OC,H,

o] 0 2d R=0CH,
VLO MO‘©_40H 2¢ R=CF,
O 0 O
3

3a R=F n=3
3b R=F n=1 3d R=0CH, n=1
3¢ R=0CH, n=1 3¢ R=CF, n=1

Preparation of 4-[{4-fluorobenzoyl)oxyiphenyl 4-{[6-(acryloyloxy)hexylloxy}benzoate

10 (3a):
A reaction flask was charged with 36.8g (0.257 moles) of 4-fluorobenzoic acid,
53.21g (0.526 moles) of triethylamine and 284g of ethylene glygol dimethyl ether. The

solution was cooled to ~30°C, and 30.12g (0.263 moles) of methane sulfonyl chloride was
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10 (3a): A reaction flask was charged with 36.8g (0.257 nol es) of
4-fl uorobenzoic acid, 53.21 g (0.526 noles) of triethylam ne and 284g of

et hyl eneyqd yaol g‘gﬂmet hyl ether. The solution was cool g¢-fend@eisiand 30. 12g
(0. 263 noles S et hane sul fonyl chloride was 25 WD 2005/023964

PCT/ US2004/ 021610 added. After maintaining stirring at -30C for one
addi tional hour, 52.60g (0.263 noles) of 4-(benzyl oxy)phenol and 3.2g
(0.026 nol @S‘ﬁedofAfttr(rﬁinm!ihglﬁamgM)—Wﬂ fdi ens adaitena dderd 52.69% €. 268 gudles) ng

m xt ure was 4 m ul; then ree

hours. Fi naqf 35 entzﬁgxﬁgh 8&3‘1\?\’2 ( Eiq)lggl]%%) Ofg dlmeﬁl amma?%’ﬁ}dggegﬂ%géddl[egt ed with
| liter of Thewatkihg mhttRreGias t@n marmabio ¢ednt &ﬁipeldtub@/ aﬁdl thieti &t 3000 fankkepvashed wit h
water. Internmediate la was purifjed by recrystalllzatlon frglml 5 liters of

acet oni t ri Iheurs §ingip the mixEs W@s oglef &p o5 tepppaugsand diyedwith Ldisr9bd in 440

of THEsand Jydr eaenadeth wi cbh@ctéarb%ﬁﬁ@&i%n afd w&shgéi %%Qiatéof{ﬁt&ﬂle&@t@'wm on
carbon at roomtenperature and 60psi (about {@ drogen pressure

over ni ght . W@u@ﬁqddiyys‘tfywhzaﬁleﬁﬁ(?@d fbl}iells iof aqeEmite tomdﬁl"l@ﬁg githident vvas 10

stripped on ar I

charged with 11%%#?8@% Olvtea) %443%[05%%5(%% ﬁe@%? ngt%/{’ ?eﬁy ben20| C
acid, 7. 67g)f(1(grﬂ76ﬁm/ep@11adﬂmtdmoatbbyhammeewuhhhrelaﬁhymﬁm (abauy| erka) gl ycol
dirrethl et.h The solutio s copled to nd 4.3 0. 038 nol es) of
et hans <ol B SR s st o SRR B mEoP R aEs 506 1 or
15 onqoaddlgtﬂ,@e@bnglmqea@dﬁdna)ﬁ&gpﬁﬁze% nol es) of internmedi ate 2a and
0.46g (0.004 noles). of (di methyl am n q())%r{gl’ldl ne. The resulting m xture was

then warned to ﬁ&@%ﬁtlo?gﬁ%‘e‘f’aétcﬂi‘rée By 088 motesi ¥ri-{lfir ee hours. Final | Y,
the m xtur e(aé’i‘?l%yl%%hé@l]&@y“&&%ﬂ?c aEﬁ”?@fgﬁb%‘?ﬁn@l@S o@"trﬁeltﬂﬁﬂnﬁﬁ‘é L 139@8? of water.

The crude product Was collected ration"and washed with water. The
product 3a M}&éenplglwﬂlcmdetbyl eﬂ@crlj@tsalultlmzms @oledtond0°Loamcdetdgi?. 035 | e
Preparati on 4f|u

o ey TSt R SHaTE A" SR maimiminin i PR Bane

procedyr e a@eaadlﬁaeﬁemurtahaéd 4.802¢0. ds@@rroyéswﬂlﬁeeﬁ@ﬁdww&lﬂemsg@ml d was used
i nstead of 4-{ 956 25 (acrél oyl oxy) hex }benzoic acid. Preparation

of 4- [ (4- but BYBehTEImpbxamsiearydng. !(e %@Wﬁwéﬂlﬁ%wpﬁ’éﬁ%wm (3c): 3c
was prepar &gy, 0y 118, RHE B5CAY ifectBurP TRES e ik P RNPRIFO! ¢ acid

was
temperature and diluted with 300ml of water. The crude product was collected by

filtration and washed with water. The product 3a was purified by recrystallization from

20 acetonitrile

Preparation of 4-[(4-fluorobenzoyl)oxy]phenyl 4-[2~(acryloyloxy)ethoxy]benzoate (3b):
3b was prepared by the same procedure as 3a except that 4-[2-
(acryloyloxy)ethoxy}benzoic acid was used mstead of 4- {[6-

25 {acryloyloxy)hexylloxy}benzoic acid.

Preparation of 4-[{(4-butoxybenzoyl)oxy]phenyl 4-[2-(acryloyloxy)ethoxy]benzoate (3c):
3c was prepared by the same procedure as 3b except that 4-butoxybenzoic acid was
used instead of 4-fluorobenzoic acid.
30
Preparation of 4-[(4-methoxybenzoyloxy]phenyl 4-[2-(acryloyloxy)ethoxy]benzoate (3d):
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used instead of 4-fluorobenzoic acid. 30 Preparation of
4-[ (4- met hoxybenzoyl ) oxy] phenyl 4-[2-(acryl oyl oxy) et hoxy] benzoat e (3d): 26

WO ZOOS/OG%ﬁgﬁJﬁEEA‘82004/021610 3d was prepared by thﬁﬁﬁﬁaﬁ?gﬂﬁﬁ ure as

3b except t hoxybenzoic acid was used instead uor obenzoi c
acid. Preparation of 5 4-[(4-trifluoronethyl benzoyl) oxy] phenyl

4-[ 2- (acryl oyl oxy) et hoxy] benzoate (3e): 3e was prepared by the sane
procedure as 3b M@prenaiedtbyzthetsamﬁIpmc@maasmblebeapz@liaw-maﬂlbﬁyhmmm i nst ead

of 4-fl uorobenzoic¢ Ra. t.i of 4-[(4-cyanobenzoyl)oxy] phenyl 4- {
[ 6- (acryloylgimfﬁgﬁgﬁi%Q§ en?%ﬁ %ﬂdlo (7): A mxture of

tert-butyldinmethylsilyl chloride (80g, 0.531 noles), 4- (benzyl oxy)phenol
(106.28g, 0,531 noles), imdizole (90.33g, 1.327 noles) in 508 m of
N, N—dlnethyPF@Wﬂﬁﬁi e was stirred at roomtenperature for 2 days. Then the

m xtures wag. gqgh@&owemplba&oywyhﬂ;bﬁmaqd (ﬁrﬂ&\}mﬁ@lﬁ@@]maﬁe (38f water. The

resul ting SO|Id was 15 collected via ltration, shed with water, and then
recystal I'i zed fr¥mvasenieddy theéé’é‘?@?ﬂct?q"iﬁf@%?ﬁ%ﬂﬁ @éﬁﬁ -rithgromettyiieneniat e 4 was

in the for ma&ﬁw%?ﬁ&@uﬁle@@&f&m{@r%@én%mcMﬁ&ft 35g of 4 was hydrogenated in
tetrahydrofuran in the presence of 10% pal | adi um on carbon at 60 psi (about

Pa) hydrogen pressure at roomtenperature to yield internediate 5. A

t fl d,
et on It SRR AR SE b RIS D0 GRLETL SR ARSRRRE! © !

di met hyo ethar The solutlon was cooled to -30C, and 7.04g (0.061 nol es) of
th | f |, chl t-30C f
one. addi t1onal” gt b enegy Sy et 8 oot 006 mol es) of
4- (di met hyl W@Wemlmmmgm andﬁdes)ﬁhﬁdlm§gylot3eggl 32TinKdlel) én SESmidfen war med

to roon1tengg%ature and then to 50C for three hours. Finally, 25 the
m xture was NbOOFBEHhYBrRaBide PekEredplreTdrRPaR T E dave-h Beygh Wlwe water. The

resul ting slak doohaiSwigPin 1@&‘5&1@211@’513\%1% E&&HM@@H@S’@WM@S hed rdififlp Waldelas and then
recrystallized fromacetonitril o vyie a white solid. %he white solid

(1 og, 05028wollastsy vigddtratipmnwashed wrﬂeevaireorand_thsn h:omtdhzed NN i mdetthy | f or mami de

Wt h tetr ab 'f%éfc{r voI h;ég%stl hﬂggdtggleiglzfe 4%5 111 ?xg A uog? rgesélear 08Js a?SV%kp y vacuum

stripping o erralsto
35g of 4 was hydrogenated in tetrahydrofuran in the presence of 10% palladium on carbon

at 60 psi (about ___ Pa) hydrogen pressure at room temperature to yield intermediate 5.
A reaction flask was charged with 9.03g (0.06] moles) of 4-cyanobenzoic acid,

20 12.43g (0.123 moles) of triethylamine and 105.68¢g of ethylene glygol dimethyl ether. The
solution was cooled to ~30°C, and 7.04g (0.061 moles) of methane sulfonyl chloride was
added. After maintaining stirring at —30°C for one additional hour, 15g (0.061 moles) of 5
and 0.75g (0.006 moles) of 4-(dimethylamino)pyndine were added. The resulting
mixture was then warmed to room temperature, and then to 50°C for three hours. Finally,

25 the mixture was cooled to room temperature and diluted with 298 ml of water. The
resulting solid was collected by filtration and washed with water, and then recrystallized
from acetonitrile, to yield a white solid. The white solid (10g, 0.028moles) was then
stirred for 1.5 hours in N,N-dimethylformamide with tetrabutylammonium fluoride (7.76g,
0.029 moles), followed by vacuum stripping of all volatile materials to yield crude 6,

30 which was then purified by column chromatography (stlica gel, eluting with 10%

methanol in chloroform).
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30 which was then purified by colum chromatography (silica gel, eluting
with 10% nethanol in chloroforn). 27 WD 2005/ 023964 PCT/ US2004/ 021610 0 \
[ OH+ TBDMCl ~ ] O\ / OSi- 41 HO\ / O5;- 5 ;) Hp1N20m02thd BAF CN
HO / OB WHEYI\ / 0H0 0 011 OO0 CN 7 Areaction flask was char ged
with 11.08g (0.038 noles) of 4-{[6 (acryl oyl oxy)hexyl]oxy}benzoic acid,
7.67g (0.076noles) of triethylamine and 1 1 Qg of 5 ethylene glycol dinethyl
et her. The sol uti os cooled to -30C, and 4.34g (0.038 nvoles) of nethane

sul fonyl chl oride adoed. er maintaining stirring at -30C for one
addi ti onal hour, 9.98g (00 Hf IBAMSEinedi ate 6 and 0.46g (0.004
nol es) of 4- (dinmethylam no)p di ne re added. The resulting m xture was

then warned to room tenperature, an(rj’rtehen to 50C for three hours. Finally,

erature and diluted with 300mL of

the m xture was cooled to rogmy\O te
wat er. The crude product wa ected /By \ filtration and washed with water.
The product, 7, was purified Ty rectPy ¥ ion from ethanol.

Si—

4 l /k

HO

2)TBAF

0
g
O
6
0 0
\/“\ NN T OO—<
© OH
0 0 0
\/‘L /\/\/\/0-©—< }‘Qim
o Sye
. .

A reaction flask was charged with 11.08g (0.038 moles) of 4-{[6-
(acryloyloxy)hexyl]oxy} benzoic acid, 7.67g (0.076moles) of triethylamine and 110g of
5 ethylene glycol dimethyl ether. The solution was cooled to -30°C, and 4.34¢g (0.038
moles) of methane sulfonyl chloride was added. After mamtaining stirring at —30°C for
one additional hour, 9.09g (0.038 moles) of intermediate 6 and 0.46g (0.004 moles) of 4-
(dimethylamino)pyridine were added. The resulting mixture was then warmed to room
temperature, and then to 50°C for three hours. Finally, the mixture was cooled to room
10 temperature and diluted with 300ml of water. The crude product was collected by
filtration and washed with water. The product, 7, was purified by recrystallization from

ethanol,
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28 WO 2005/ 023964 PCT/ US2004/ 021610 Exanple 2: Effect of Various Conpounds
4- (2- Acryl oyl oxy- et hoxy) - benzoi c acid 4'-cyano-bi phenyl -4-yl ester (also
known asyevano..biphenyl benzoate ethyl acrylate or C2) pegfysB@ReRi@red as
descri bed 'I'nEuropean 5 Patent Application Publication No. 834754, and is a
nematic liquid crystal nononer having the structure: Il o 0 Additive 12
wt % cyan bi phenyl benzoate ethyl acrylate, 1 wt% Paliocolor LC756 (BASF, 10
Charlotte, NC, 0.2 wt% Paliocolor LC242 (BASF, Charlotte, NC), 45 wt %

D oxol ane, 3/ % , Y,carbon tetrabrom de, and 0. 3% Vazo 52
(DuPont , V\%X?nmhgtzgﬁ?ﬁ%g&ge%ﬁggc%%@gand heated at about 60 C for about
14 hours under #(2-Aogdoylagy-ditoxm-tenpat yeig #'-yahaibiphbanyl-Aft ester [dsdiowws, t he
conmpounds of fornmula I, formula |11, for alll or formula IM 15 (in the
Sount s 1 narearan PeRervABrE g L fuEn el S S teer e PeBad n Eiore
additives Wwetst AgtiedionPublicadt®MBL 834554 $hdik a hheatiwelighé coftal hendnttr t i al

solids, typically with additional solvent. The resulting solutions were
mi xed unti| DEYB&he SEYCYEY apperature of 60 C. The mixed sol utions were then
coated on to 100 micron thick PET film (SCOTCHPARTM 3M Pauty MN). The

coated fil mwas baked at about 120 C for about 12 m nutes
of each coated filmwas then neasured by using a Lanbda
spectrophotoneter (Perkin Elnmer, Santa Cara, CA) with g
pol ari zer and Newport zero order achromabic 1/4 T

0 spectrum

homas

t he opti cal
ted to give the
%dmn). At the

e, the” % transm ssion of 25 pass of
Eating the pol arizer 90. The maxi mum
ontrast ratio (CR) is provided by
es observed are given in Table 1

the spectra was neasured (9, ,,)

29 WO 2005/ 023964 PCOBIUS2004/ 0216
di vi di ng t heZap by%ﬁ
bel ow. Table 1

0]

Additive
12 wt% cyano biphenyl benzoate ethyl acrylate, 1 wt% Paliocolor 1.C756 {(BASF,
10 Charlotte, NC), 0.2 wt% Paliocolor L.LC242 (BASF, Charlotte, NC), 45 wt% Dioxolane, 37
wi% cyclohexanone, 2 wt% carbon tetrabromide, and 0.3% Vazo 52 (DuPont,
Wilmington, DE) were combined and heated at about 6(0° C for about 14 hours under
nitrogen to form a polymer solution.
After 14 hours, the compounds of formula I, formula II, formula III or formula IV
15 (in the amounts indicated in Table 1) were added to the polymer solution. The additives
were added in an amount 15.5% of the weight of the initial solids, typically with additional
solvent. The resulting solutions were mixed until clear, at a temperature of 60° C, The
mixed solutions were then coated on to 100 micron thick PET film (SCOTCHPARTM, 3M,
St. Panl, MN). The coated film was baked at about 120° C for about 12 minutes. The
20 spectrum of each coated film was then measured by using a Lambda 900
spectrophotometer (Perkin Elmer, Santa Clara, CA) with a Glan-Thomas polarizer and
Newport zero order achromatic 1/4 wave film in the optical path. The polarizer and
quarter wave plate were oriented to give the minimum % transmission {extinction) of the
spectra (% T ). At the wavelength that produced the %Ty,;, value, the % transmission of

25 pass of the spectra was measured (%o Tp) by rotating the polarizer 90°. The maximum
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Additive %9m n % pass CR Control (no added small nolecule) 12 66.8 5.5.
{1l Q9.590 9.4 Nyc=CHCO-~CN/ \ C / \ /] \ CNIQ-1Q 11 88 7.9
HZCCH-C—Q-O% 983 /" \ CN{IC IR 13 83 6.4 (I1] I{Ii(;-r/@szaoﬁﬁl(;;@

HZC=CH C O .7 90 13 HCCHGC-O~CH ~~~ 0o- Hd /_\ aft / \ o
cx}cw 9.8 90 9. 1 13 87 6.8 HCCN~C{dI{E -\ ~[-\ ~~/ \

4- ~CH-~-CI T=Q, , can be seen from Taple 1, while all of the additives

t hat were u‘i@FﬁE’&o\ﬁ@)em PEidsd Py BIviding the %4 Tes DY %8 rind TOP YRR OBFPSAAFE (¢ hey

al | had pasgydigspt $stier. of >65% the cholesteric liquid crystal films
formed thereby had varying results for extinction. Pass transm ssions in
excess of 80% pI’OVI de excel | ent transw‘éhcy of the f| I m They all produced
chol esteri crtiquird—Trystat—+ wtih—a sirmitar o o gt R
extinction, [versus 10 the cofpoSition without any a 3| P"i“v %“ﬁr\trol .
Extinction val ues belonrdl (udbdded andithalséuds) i ndi cat e ela:el I éﬁls gil $.gniment

qua||ty I n adrlLflnn Y| nt%ﬂjd_élrfl o ninnL ml_ao_t I’iC

liquid crystal fllﬁns with ancpd ant r ast ﬁl s(\)/oerdegzthe

control . Fi quFEZYTTU¢%ra ex‘a‘@‘I | iight transm §si on| spectr a.
Lines 120 and 15 130 are the transm ssion spectraifor_the refllected
pol ari zati on and pagss pol ari zati Ef an Q WO 2095/0123&6488 7.9

PCT/ US2004/ (021610 . lop bo# qe10) of formula 1, formula II,
formula 111, %?lg%rrru%_@%ﬁ_/ @ Og)tao %L?e t he trlansm gsi on| spectra
for the refllected pol arization and the pass pol arilzation for an opti cal
body that incl ude’&t he s mﬁbl ec de as CZ (2 !Posyneré6d/ C2 Add
and C2 Pol ynes \ CN
3.8 88 10

HzC‘——"CH‘ﬁ‘_O—{CHQ)EO @——o—@—o——@m

ﬂ ﬁ ﬁ 6.7 90 13
ch———cx{—cﬁo——{cuz}-z-o—ch—u——@—o—wQ—-F

mczm—E_ﬂcm);D—QL"@*"—@—Q - 9.8 90 9.1

)=

g “h 0 13 87 0.8
um——cu-—c—(m}p@ a—@—o—c—@—o—(ﬂ;;}—c—cu—mh
5 As can be seen from Table 1, while all of the additives that were utilized were

compatible with the liquid crystal polymer (they all had pass transmission of >65%) the
cholesteric liquid crystal films formed thereby had varying results for extinction. Pass
transmissions in excess of 80% provide excellent transparency of the film. They all
produced cholesteric liquid crystal layers with a similar or better (lower) extinction, versus
10 the composition without any additive {control). Extinction values below 10 %
transmission indicate excellent alignment quality. In addition, all of the additives tested
produced cholesteric liquid crystal films with enhanced maximum contrast ratios verses
the control.
Figure 4 illustrates examples of sample light transmission spectra. Lines 120 and

15 130 are the transmission spectra for the reflected polarization and pass polarization of an
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as an additive to cholesteric liquid crystal polymer as described above.
Figure 4 graphically shows that with the addition of the small nol ecul e,
both the gp /@g9ﬁ4transparency is inmproved (% pass) angcthg:@nesisi@l
extinction ?06 is reduced leading to an inproved maxi num contrast ratio
(CR). The contrast is graphically shown by the 10 Iength of the double arrow

| ines show ng the pass % transm od). at vvav | e . Copol yner
12 wt % cyan © ?Cﬁh%%&l‘“ﬁ’@ﬂ%%?&%’%’fi@ﬁjl O%Fdl& Iaff %{ L g &756 ( BASF,
15 Charl ot t nehi)o arfd: 120%%18@&3%6@109@;,&9@8&2 tf(e%ﬂ:ted%ﬁhkﬁfohﬁnd NEhass45 Wt %
D oxol ane, 37 wt % cycl ohexanone, wt % car bon tetrabrom de, and 0.3% Vazo 52

(DuPont,  \PPRTIFASOB FOT 2pEpticehbpdy dh?’ééiﬁh@%tfﬂﬁ sopihplgcnic densredhap §24492 or for mul a
L1l were corpg[yg.ggwfcﬂqu ﬁﬂr@ppg}gnl&fw/ﬁggqg[pgssj formula Il, or formula Il
(in the anoun indicated in Ta were added in an anount 15.5% of the
wei ght of the initial solifds, typi I yﬁvm t 3 ti onal solvent. The
resulting sol utions W@FGH"H‘I‘RE(G* gd-cfor about 14 hours
under nftrogen at a tenperature of C The ol utiéas Were t hen

The coated Pt il AhGREE KoflEbpbul ey d) el Move MMl 100 Coootrum

of each coatgmbhfchihmhmms tHahrenth thewdditioredt thaysmuedli mcgecaﬂd,hmbanae 9Eral

spect r ophot gnet er ( Per ki n a Car n-.Thomas

o ar | por BT TOUPY e SENHOMEE T L AT FfEeR RETIERL | o
path. The pohanpraesd addmeyabhedst WAY CCIl Thecondha lpgrhﬁﬁ&aelgi sh@ighMBe t he m ni num
% transm ssion (extinction) of the spectra (% At the wavel ength

that pr®ducdenstvd thagnypleggptydines fhewineithenasi® @P%S%‘?ﬂ ﬁo/a@sat BEYfthe spectra was
‘measured (%pasisiety rotating the polarizer 90. The maxi mum contrast ratio
(CR) is provided %y di viding the %pass by 30 %9m n. The val ues observed are
given in Table 2 bel ow. 31 WD 2005/023964 PCT/ US2004/ 021610 Table 2
Co- poI yner @p@ (%p ss CR control (no added small nolecule) 12 66.8 5.5
| Rl IR 5.5788"™1 HZC=CH CO-(CHO/ CG /-\ CNR IR [1S1 5.5 88 16

12 wt% cyano biphenyl benzoate ethyl acrylate, I wt% Paliocolor LC756 (BASF,

15 Charlotte, NC), 0.2 wt% Paliocolor LC242 (BASF, Charlotte, NC). 45 wt% Dioxolane, 37
wt% cyclohexanone, 2 wt% carbon tetrabromide, and 0.3% Vazo 52 (DuPont,

Wilmington, DE) and compound of formula I, formula II, or formula 1l were combined.
The compound of formula [, formula II, or formula III (in the amounts indicated in
Table 2) were added in an amount 15.5% of the weight of the initial solids, typically with

20 additional solvent. The resulting solutions were mixed untii clear, and heated for about 14
hours under nitrogen at a temperature of 60° C. The mixed solutions were then coated on
to 100 micron thick PET film (Scotch Par™ , 3M, St. Paul, MN). The coated film was
baked at about 120° C for about 12 minutes. The spectrum of each coated film was then
measured by using a Lambda 900 spectrophotometer {Perkin Elmer, Santa Clara, CA)

25 with a Glan-Thomas polarizer and Newport zero order actiromatic 1/4 wave film in the
optical path. The polarizer and quarter wave plate were oriented fo give the minimum %
transmission (extinction) of the spectra (%Tmin). At the wavelength that produced the
%Tmin value, the % transmission of pass of the spectra was measured (%Tpass) by rotating
the polarizer 90°. The maximum contrast ratio (CR) is provided by dividing the %T s by

30 %Tmin. The values observed are given in Table 2 below.
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HCCHL OG-(CH I \ G I A\ OGCI \ F(J I{J~{lj 13 85 6.5

H CCHCo-'"~CHOI-\ G /-\ OC/-\ CNpl Ipl 5.7 88 15 H2C=CH_ L HU*2 | ~O
I ~~ | FW§,21,0§ ¢34 RA 7.9 881 | H CCThLO I 40 / \ pPCE@SRo00S610/ \ CF,
('] 10 90 8.8 H C=CX=C-1CH-S1 -C -OUL O~CH j GCF CH As can be seen
from Table 2, while all of the co-polynerized snall nolecules that were
utilized provided pass transm ssi Onsﬁlﬂgﬁlf to or in excess of 85% which
provi des 5 excellent transparency to ilm They all produced chol esteric
liquid crystal layers with ca slymekar or better (IO0w&r,), exT,ACt ICK,| versus
control . Ex sm-ssi-op—tndi-gate exkecel lent
alignment qpality. |fPuighineigiped SE’IaFHE’ﬂectﬂﬁb co- pol yier'd  t e&¥d| produced

chol estericjTiquid,crystal fiinms W, th ennanceu max| mymy CpNiggast ™ ygati os
verses the control || 10, The p RNt ﬁl nve shoul d not be consi derled
limted to EH’éCp‘ﬁ’rF"G_I(CE exs C<’§{bove, but| rat hey shoul d be
understood to cover all aspec of the ihvention ag faiyly sef outf in the

attached cl Fums ari o I T4 catians, %qw Ient psocessas, psjgwel | as
NUMer ous st uettr

@ g3 may be appljcablle will be
readily 15 apparent to th of sk in thesart tq) whi ch the preseént

i nvention i tedupon_re rem#m Lle Tstant spegi T L%SI o34 CLAIMS
%rcl—ﬁqeﬁz

1. A chol est ; r| $ing: |a) a cholesteric
liquid crysta corrpound ch o r| c I |d cr\stal precursor; |and b) a
le = DA
Ul

Corrpound of }FUI‘TIU a \l) Ot } - R2—-+R3R4A- RS-

T Bt R
bt b 5w b sV
. 88
H;c=cu-§'—0—{cu,}._,—o c—o@rﬁ@o*cm 6.1 14
7.9 88 11
H,c—:cn—il—n—{cm):—o LO‘@*O—L@-CH

CHs 10 90 8.8
chzcﬂ—ﬁ—(m}-p ﬁ:—o—@—cn_ﬁ&-@fo—(mﬁli—cn:cm

As can be seen from Table 2, while all of the co-polymerized small molecules that

1_
7

were utilized provided pass transmissions equal to or in excess of 85% which provides

5 excellent transparency to the film. They all produced cholesteric liquid crystal layers with
a similar or better (fower) extinction, versus control. Extinction values below 10 %
transmission indicate excellent alignment quality. In addition, all of the co-polymers
tested produced cholesteric liquid crystal films with enhanced maximum contrast ratios

verses the control.

10
The present invention should not be considered limited to the particular examples
described above, but rather should be understood to cover all aspects of the invention as
fairly set out in the aftached claims. Various modifications, equivalent processes, as well
as numerous structures to which the present invention may be applicable will be readily
15 apparent to those of skill in the art to which the present invention is directed upon review

of the instant specification.
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(I'') RR/-R2-(R3Ra R5-Rs wherein, nis 1 or 2; Ris an acrylate; R is a
(C3-C6) alkylene; R is -0-; R3 is phenylene; R4 is -C(0)0- or --0(0)C, R
is a bond or phenylene; R6 is cyano or F; R7 is a (Cl-C2) al kyl ene; and R
is F, CF3, nmethoxy or butoxy; and (C2) \ CN. JIOI \ ~Y'O OO 33 2. The
conposition according to claiml1, whereinnis 1 or 2, Ris acrylate, R is
(C3 C6) alkylene, R is -0-, R3 is phenylene, R4 is -C(0)0-, or -QOC, R5
is a bond or phenylene and R6 is F, or cyano. 3. The conposition accordi ng
to claiml wherein nis 1 or 2, Ris acrylate, R7 is (Cl-C2) al kylene, R2
is -0-, is phenylene, R4 is -C(OO, or -QOC, R is a bond or

phenyl ene m F, CF3, nethoxy, or butoxy. 4. The conposition according
to claim1l the conmpound of forrmula (1) or formula (I1) is:

HZC=CH 1 G- O (CHy)6 O/ \ C -0/ \ ON, H2C=CH C-O(CH2)6-0 ICO/ \ OC/\ E

1. A cholesteric liquid crystal composition comprising:

a) a cholesteric liquid crystal compound or a cholesteric
liquid crystal precursor; and

b) a compound of formula (I) or formula (II):

4y
R—R|—R;=tR3R4 7 Rs—Rs

1n
R—R7—R;—€R3R437Rs—Rg

wherein,

nis 1 or 2;

R is an acrylate;

R, is a (C;—Cy) alkylene;

R, 18 —O—;

R, is phenylene;

R, is —C(O)O— or —O(0)C;
R, is a bond or phenylene;

R, is cyano or F;

R, is a (C,—C,) alkylene; and

R; is F, CF;, methoxy or butoxy; and

{C2)

O
jon
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H2C=CH C0- (CH2)s O/ C/ \
H C=CH CO (CHr)2-0/ COOCI O (CHrh~CH, ,

\-OCH,, HzC=CHC - -0/ \ d-0/-\ OCA CFA or 00O
HLIC=CH C O (CH ) 6-0 / [\ / \ CN. 34 5. The conposition according to
claim1l1, wherein the chol esterl c liquid crystal conposition with the
corrpound of formula (1) or formula (Il) has a mninmum % transm ssion val ue
at a mnimum % transm ssi on wavel ength that is less than a m ninmum %
transm ssion value of a cholesteric liquid crystal conposition wthout the
conpound of X dFtrutampbsition atoordihg tO!dixma, Wheremrrpissilti on according to
claimb5, bR th est egri -\ gui g cr I nposition with the
conmpound \(I)&}ej’?%rl?rﬁpi’l?fé;% issf g?i‘r_&:ﬁg ?Ci#yfe 1%% ss’ 'Pansm ssi on val ue at
the mini mm%nyhmmﬁgsseﬁ@@)@eﬂgﬂh-{(h@ﬁs—,d{gwaabondhan that of a

chol esteri I S n wthout the conpound of formula (1)
or formul a&(l%’*é}wlgng? Igé”%ggﬁ]? éc}tr? Ccordl ng to claiml1, wherein the

fchol elstezl C 3.kt Eof; ﬁén%@ﬁﬁﬁﬁhglt@rblmmn t\f)ﬁeféh‘mpt wng of Iorrr?lha (H1 ?r
ormul a copt.r ue S greater an a

of a chol e%‘)?e’rﬁés Bx tenti{%,gstgfl P(it)nﬁ‘]gglqu oﬁ 2t hiout Ré conpound of formula
(1) or foris phwenglepel R, i8.—A{ed-calr ¢iQED Ay dﬁplﬂ&bngd a di spl ay medi um

and a refl 7RI Si I ic liquid crystal
CONMpoSi t | ocﬁcgﬂé lgﬁéﬁ,gh{dﬁ 1§q7ﬁr]@]!3‘3’ Betixys BRI RRbRY!

he composition according to claim 1, wherein the
compound of formula (I) or formula (I1) is:

I
H2C=CH—C—0—(CH2)6—O@—

Q

HZC-—CH—!Z!:-—O—-(CHz)ﬂ—OQC—OOO—Q—Q— E,

CN, HyC=CH GO (dizh-O/\ C0 C
hn HZC=CH GO (CH h-O G0 O-C /

o=

-0

o]

O
i I
HO=CH—C— 0—(CH;)s—0 c—0
i
ch_c,{_c_o_m_o@c o@o Ly

HC=—CH—C—0—(CH;, —0

i I i
H;C‘-=CH—C—-O—-(CH;);—O—@—C—O—@—O—C—@——O—CH3

0 o)
H;C==CH—C—0—(CH;);—0 c—o o0—C CFs,

or

i i
a;c-——ca—-c—o-—(cni}s—o@—c——oCN.



9. A nethod of formng a cholesteric liquid crystal film conprising: a)
conbining a cholesteric liquid crystal polynmer with a conpound of formula
(rv): (1V) RRo-R-fR3BR4 RS-Rij wherein, nis 1, 2, 3, or 4, Ris an
acrylate, nethacrylate, acrylam de, isocyanate, epoxy, or silane; 35 R10 is
(C1-C8) al kyl ene, (Cl-C8) al kenylene, or (Cl-C3) alkylyne; R2 is a bond,
-0-, -C(0)0-, -QOC, -CC (0)0-, --C(ON, -CHEN, -N=CH, or -NC(O-; R3
is a cycl oal kyl ene, cycl oal kenyl ene, heterocy- clylene, arylene, or

hetroaryl ene; R4 is a bond, (Cl-C3) al kylene, (CZ C3) al kenylene, (C2-C3$)

?Lﬁé{_&’”eor cH bphY! com! omh&( Cb)&ord € ClaimOF( MMikerein th@) nNyI eneCHEZIE ocy-

clyl ené %I%}g}lcol? %%kf’ ﬁ&%ﬁ&@g &ﬁﬁéﬁﬁ& yano, hal o, (Cl-C3)

al koxy, rawyla (B) Ry formuda &11) dasne midanER, % nﬁﬁpwon( Cl-C4)thio- al kyl ,

CO|CHS, CFaf.B]wmh mnﬁ@ﬁﬁa % Jratisspssiongwalvelerigthehhe s tessi q;ﬂ dI crystal )
olymer a OfﬁPlgi‘x‘ﬁ‘HnP‘ c) aligning the

Eho%/est er :iga] a ui {rﬁh?ﬁ‘ﬁh%léh:%ah?@o(r)ﬁ]a%g%?%s& eth(gne i qui dgcrygt al

chol et o o yiobiLy tBopi e sommeid S FQRRNE 0305 i ses 5

formula (I

6. The composition according to claim S, wherein the
cholesteric liquid crystal composition with the compound of
formula (I) or formula (II) has a % pass transmission value
at the minimum % transmission wavelength that is greater
than that of a cholesteric liquid crystal composition without
the compound of formula (I} or formula (IT).

7. The composition according to claim 1, wherein the
cholesteric liquid crystal composition with the compound of
formula (I) or formula (II) has a maximum contrast ratio
value that is greater than that of a cholesteric liquid crystal
composition without the compound of formula (I) or for-
mula (IT).

8. An optical display comprising:

a display medium and a reflective polarizer comprising a

cholesteric liquid crystal

composition according to claim 1.

9. A method of forming a cholesteric liquid crystal film
comprising;

a) combining a cholesteric liquid crystal polymer with a

compound of formula (IV):

av)
R—R =Rt R3R4IRs—Ryy

wherein,

nis 1, 2, 3, or 4;

R is an acrylate, methacrylate, acrylamide, isocyanate,
epoxy, or silane;
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to 20 wt % conpound of fornmula (1V). 10. The method according to claim9,
wherein the com bining a cholesteric liquid crystal polyner with a conpound
of formula (IV) conprises conmbining a cholesteric liquid crystal polyner
with a conpound of formula (1V), wherein nis 1 or 2, Ris acrylate, Rl is
(C2-C6) alkylene, RR is -0-, R3 is phenylene, R4 is -C(0)0-, or - O C,

R is a bond or phenylene and R6 is F, cyano, CF3, nethoxy, or butoxy. 11.
The net hod according to claim9, wherein the com bining a cholesteric
liquid crystal polymer with a conmpound of fornula (1V) conprises conbining

a cholestericgiquid r al I reewt tR \a of..formula (1V),
wherein the c%ge.?& Céf %{%@e%ﬁ%(@]s@%% %@ﬁgﬁ%’ -0 (CHZ)z-0 12. The
met hod accor di ng-t10 Ay 0Sherein the al i gning the cholesteric liquid
crystal pol ymdt, ioamond,chdDest er{O)O-aqyi-d-QREQ¥tat, ++0€ havi ng a ni ni mum %

transm ssi on vaI((ge)Oa.ta A@(@Pm % OFrsNissioN=#gVldl engih that is |less than
a mni rrum%traqu'%j hon. val ue of a cholesteric liquid crystal film

wi t hout the c ound“6f fprpula (1V). .13, The nethod according to claim 12,
wherein the dkighi @y 9&@0@%1951%23@19@%%?@% fereymer forms a
chol esteric |i quldlesyeystrplenie; lom Hedvoarylenedo pass transmi ssion val ue at the

m ni mum % trargmigs) ?’BnW?‘(@lfiﬂ%P MalkYRine, {tC g@gtﬁkeh Rihel hat of a
cholesteric ligq )555 _ C%I&ﬂﬁe_@ﬂ)ﬁmogj_fornula(lv_). 14.
The met hod accor %ﬂt ya} 9, 'n the alig the chol esteric
liquid crystal po’r@ ) orms a cHEXR < quu'T@(@ stal filmhaving a
maxi mum cont r ast—@HFeN-va| ueNt=alH s, gr eaMdE(@Ran that of a chol esteric
liquid crystalR, is a bond, cycloalkylene, cycloalkenylene, hetrocy-
clylene, arylene, or hetroarylene; and
R,, 1s hydrogen, cyano, halo, (C,—C;) alkoxy, (C,—C,)
alkyl, nitro, amino, carboxy, mercapto, (C,-C,)thio-
alkyl, COCHj;, CF';, OCFj;, or SCF;;
b) disposing the cholesteric liquid crystal polymer and
compound of formula (IV) on a substrate; and
¢) aligning the cholesteric liquid crystal polymer to form
a cholesteric liquid crystal film;
wherein the cholesteric liquid crystal mixture comprises 5
to 20 wt % compound of formula (IV).
10. The method according to claim 9, wherein the com-
bining a cholesteric liquid crystal polymer with a compound
of formula (IV) comprises combining a cholesteric liquid
crystal polymer with a compound of formula (IV), wherein
nis 1 or 2, R is acrylate, R, is (C,—C,) alkylene, R, is
—O-—, R, is phenylene, R, is —C(O)O-—, or —O(O)C—,
R; 1s a bond or phenylene and R is F, cyano, CF;, methoxy,
or butoxy.
11. The method according to claim 9, wherein the com-
bining a cholesteric liquid crystal polymer with a compound
of formula (IV) comprises combining a cholesteric liquid
crystal polymer with a compound of formula (IV), wherein
the compound of formula (IV) is:
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filmw thout the conpound of formula (1V). 15. The nethod according to claim
9, further conprising curing the conmpound of fornmula (IV) within the
cholesteric liquid crystal film 37

o]

O
[ I
Hy0=CH—C—0— (CH;);—0 c—0 CN.

12. The method according to claim 9, wherein the aligning
the cholesteric liquid crystal polymer forms a cholesteric
liquid crystal film having a minimum % transmission value
at a minimum % transmission wavelength that is less than a
minimum % transmission value of a cholesteric liquid
crystal film without the compound of formula (1V).

13. The method according to claim 12, wherein the
aligning the cholesteric liquid crystal polymer forms a
cholesteric liquid crystal film having a % pass transmission
value at the minimum % transmission wavelength that is
greater than that of a cholesteric liquid crystal film without
the compound of formula (IV).

14. The method according to claim 9, wherein the aligning
the cholesteric liquid crystal polymer forms a cholesteric
liquid crystal film having a maximum contrast ratio

value that is greater than that of a cholesteric liquid crystal
film without the compound of formula (IV).

15. The method according to claim 9, further comprising
curing the compound of formula (IV) within the cholesteric
liquid crystal film.
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