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WO 2004/ 076589 PCT/ US2004/ 001114 CHOLESTERIC LI QUI D
CRYSTAL ADDI TIVES Field of the Invention The invention

w@eonenasBy relates to cholesteric |iquid crystBCT/US2004/001114

conpositions for 5 formng cholesteric liquid crystal
films and optical bodies such as reflective
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Background of the Invention Optical devices, such as

pol ari zers and mrror el Ufgfu. in a varrety of
applications includin i | displays

( LCD' T inviehtipi gﬁngxﬁml’b‘;}ltewtesdé stpllaiesic flighid cﬁfsﬁaﬁﬂand?sﬁiGné fat 0
e. m sSl ve I S
RAEPE B R Bt tlns P tioh PRESTHES e ehredys s

Al @atticolaily tdlatésero gdditives fdraadlnsi@)in dhSlpdteitSiquisheystal bblﬁﬁé sitions,
is provided fromthe front of the display (e.qg.,
anbient light). These two di splay npdes can be

conbined to formtermmﬂio‘fdxedinthms that can be

b k| f dit
e BRI a5 b AR oot Seasc it p iy of
dpaliddtiohs ihEDSing Yiguid atykil dliqﬂa}a lQB@D b, nmqpﬂl caystal @isplag W1l broadly

EBVERY Fenn pask P e P TRR LS AT L 5 Ukt ipprovided from

whnadniy digplaynsingll hefshtlanelg wpe@bt) dsplaéewhas Holithamohada
eflectlvﬁhﬁggThe Iom;transP1SS|on or 'reflectance of

o e fEpng isplay{fote e gD pHheghiediplayrpedes fan be

doR{bitict o ﬂirﬁ"iraﬁéﬂt@ﬁve & Pt Ebe bAskIRGh? @@fnﬁléeunder dim light
polarlzers have been eveloped for use in these

@rdigrasr read upder bright satiart liskppl i cati ons. Refl ective
pol arOoﬁ%lﬁloﬁil%Slﬂﬁ nEDR lt}ichaﬂftléeeacBgorbin? EBIaﬂ?éfé i AR Gave less
olarization and transmt I osite or
fgm Hbe b el trapapisyion: {fqnyentioppaetestivekEglareia nfoaaﬁ:é@n ebrerbing
x| zbds ¥ind EypicABy hARYGS @%n ZF%%EMU{J rgyv PARSHP Ittﬁnstnﬁs%vcﬁ a

gher enta of t t coniverted to polarized
neﬂwncaﬁﬁth@&@rds@gwemdugﬁs élsmalg haghtnesg argiviag séquire bighipoyhit .
&%dl t@F‘eferred that 25 reflective polarizers transmt
ect light wthout absorbing relatively |arge
anourReflectofe polasizérs dve bedr @deﬁhﬂl fgr use e thessf displdys wewell as other

Jf)%il&rtlloﬁse rRé}%cs,tl\Qe rzeers %)rré?eren% ff rae %&rlféﬁtl %rx}mfg%ne Po anzatlon and

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
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 compositions and methods of making optical bodies for use

in such applications.
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pol ari zer must typically operate over that broad
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PCT/ US2004/ 001114 Summary of the Invention One

enbodi nent _of the invention provides a cholesteric s

| i qing embyém@m efdhpBEentionp grovidest ChOEf‘éFeala ulétcfirséaig?m%‘ﬁﬁ“’n
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non-liquid 5 crystalline additive of formula I M-WN
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Nand Y 10 2 WD 2004/ 076589 PCT/ US2004/ 001114
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O SO or 5 b and c are each independently zero or 1;
worooxo7é&asd V are each non-directionally and  PCT/US2004/001114

i ndependently a coval ent bond, -C(=0-0, -C(=0-S,

-C(=0-Se-, -C(=0-Te-, -(CH2)k- where k is 1 to 8,

-(CH=CH)-, -(C0O-, -CEN, -CH2-0, -C(=O0-, -0-,
-0 C(=0 -0, or a conbination thereof; Y, Z and U are
each |ndepende tly -H, -F, -Br, -1, -OH,

-Q(CH2)j CH3 s 0to 8, -CH3, -CF3, -OCF3,
/ carboxylic acid,
, and g a%E each
; 2, or 3;
/ koxy, an
% f"a %arboxyllc acid
er, or an am de. Another

thloether 0
|ndependently '
and Ris -H -/
aryl group, ¢r
group, a hal
enbodi nent of ™ oh provides cholesteric
liquid crystal [films fofnmed froma cholesteric liquid
crystal conposition of the invention. Optical bodies
that 3 WD 2004/ 076589 PCT/ US2004/ 001114 include a
refl ective polarizer including a cholesterlc liquid
crystal fornmed froma

S\>—- and
o O
e

O S

) 1

b and c are each independently zero or 1;

W, X, and V are each non-directionally and independently a covalent bond,
-C(=0)-0-, -C(=0)-S-, -C(=0)-Se-, -C(=0)-Te-, -(CH,)- where k is 1 to 8, -(CH=CH)-,
-(C=C)-, -CH=N-, -CH,-0O-, -C(=0)-, -O-, -0-C(=0)-0-, or a combination thereof;

Y, Z, and U are each independently -H, -Cl, -F, -Br, -I, -OH, -O(CH,);CH3 where j
is 0 to 8, -CHs, -CF3, -OCF3, -CN, -NO,, aryl, arylalkoxy, carboxylic acid, thioether, or an
amide;

e, f, and g are each independently zero, 1, 2, 3, or 4;

his1,2, or3;and

R is -H, -OH, -CN, C;-Cj alkyl, C;-Cs alkoxy, an aryl group, an arylalkoxy group,
a carboxylic acid group, a halogen, a thioether, or an amide.

Another embodiment of the invention provides cholesteric liquid crystal films

formed from a cholesteric liquid crystal composition of the invention. Optical bodies that
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chol esteric liquid crystal conposition of the
invention are al so provided. The above summary of the
WO pooefotdésen i s not intended to descri be each diBCT/0S®A4/001114
enbodi ment or every inplenentation of the invention.
The Figures and the detailed 5 description which
.follow particul arly ex lify these_ enbodi nents.
ingPide TSGR 1< ITAFSHF BTIOGES RORTH T TSI BREFORORy be
chB¥sric Wl c'é'}%@ii@ EsiRRfioh Bf 8 ifleAifsndid A8 Abviabe

fol |l ow ng tail ed description of various enbodi nents
of tHee 4W%WW Phthe dryaeléan ibrotitenet fredeseriteaphtisalergd

AbAWEE S e ' @ﬁﬁﬂ& the d
e| Il ust ratrl oﬁy@?ﬂ%ﬁ%&%ﬁ%ggﬁ{ﬁgnn‘%n%% Zrhlél qui d a(lr:lgyset aefaﬂed

defcspicnyvliiph follew arataprytcultbtexemplify ihasnenbedimanel Fi gure
2 is a schematic illustration of another enbodi nent of
a liquid crystal _displ ay in accordance with the
i nvention; Fi gur dxefilleserinfionot-the Brawipesst r atj on of yet

anot gy me@ﬂ@l@ﬂ 3B B nfdte ﬁu& hﬂdé'réi’odaﬁﬁ sélderation of b kadowin
accordance with the invention. Wile the invention is

defailsddspaintion ohyarigyserphadivpanésatithsriaventien i1 qoenrgetipn wih the

ag&mmymg%@g@infgg Switigr eof have been shown by way of
exanpl'e in the drawings and will be described in

det afigure|tis sﬁ@@mﬁ@élumén of esembrdimeneef a ligwis orysid display in
a&&}ggmé ‘gﬂh{hgn,ﬁg%b&]oaﬁd mt the invention to the

particul ar e I ments described herein. On the
cont Figpse, 2 is hecliepeniliusiratios oPgrothsr erphasiimertjof a liquid crystal

d&ﬂlkﬁﬂ &%ﬁx‘d?&%wﬁ%@ ¥abgphs. and alternatives falling

iri't and scope of the invention.
Det aFiges 3Des e¢hep1at1®1ﬂusifatmh ef Rt eficthar echbedibnenti afeiiquid crystal

Genper al | a_ch steric liquid crystal conposition in
dggfé&lb%;ﬁgfga]\l/ﬁet“ﬁ%ttﬁe NV§0%nt i on i ncl udes at | east one
chol @&iile Itlie(ln‘i'einqm i ameyaﬂaﬂcaﬂo varbemalificaticnsaind hBasitive f@ms,

ST 1P Bl B o s oy i L el e vSmeS dr i s

deseeib&ih \demnil, It&ﬂ&ldrwuﬁeﬁt@dmmmpmmﬁe inlsdtion 1$mot fodimit the

tiat ot t , T
1@2{5@@‘4 tp I,’fo%é}%rgl%ugﬁ ?r?x %ﬂlﬁ T iescrémﬁr : ?nd g‘%}e‘gg gontrary, the intention is
tPEAeE AIChmB@Figations, 3hildI&Rs, Snd Afehatives falling within the spirit and scope

of the invention.

Detailed Description of the Preferred Embodiment

Generally, a cholesteric liquid crystal composition in accordance with the
invention includes at least one cholesteric liquid crystal material and at least one non-
liquid crystalline additive. A cholesteric liquid crystal composition can also contain at
least one solvent, and may contain compounds that function as initiators, terminators,
curing agents, crosslinkers, antiozonants, antioxidants, plasticizers, stabilizers, and
ultraviolet, infrared, or visible light-absorbing dyes and pigments. Cholesteric liquid

crystal compositions of the invention can be used to form cholesteric liquid crystal layers.
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ultraviolet, infrared, or visible |ight-absorbing dyes
and pignents. Cholesteric liquid crystal conpositions

wotonlozesenvent i on can be used to form chol est ePCT/US2004/001114

liquid crystal layers. 4 WD 2004/ 076589
PCT/ US2004/ 001114 The chol esteric liquid cryst al

mat erphal o GengE &l u¥c% n?a? aF%Hn]er%a% :]-Ra?%ﬂh?ﬁal molecules or

moi eties, or a
moigticsaor ebemttua ofm}nml aqdelclylr@ m®leonles aldi ayo be nenorhérs, polymers or

t
SBER Tk Endibattotiofiat i pRHE el chESTHRE chilFngte
edvad esﬂtequompbumﬂs |(ﬂc10&1‘yig tliadlespoik )hf[ﬂﬂ&)ystaﬁ)pﬁymﬁrsmheoﬁnore

BBER b s Ee i o B B RE 1T bRt oot

mmpmmy) rhat:mﬁemﬁdme feabf. Cluddsesic elqme chyiseU b(ﬂnlﬁfuylﬁd @lnerauy

ener.al { eas o] nol ecul ar
GRPRO R R e v DL e by 2008 g0 et TN PrbLS lane of
§mBhaRF aft at 1E¥NIR nidlgcuR ﬁimﬁﬂhaﬂ_ leﬂegogeﬂe ifnes eaexmmitsta liquid
that is meso(genlc in nature exhibits a liq

EySilphpsehnghlgsteriedigpridsrstal EOWIP%‘E}%M% ?@%f@éqrreéé%bﬂmknemauc

BEBd &y sl dogfpelifdd ChOle @il Bdry2a ¥Bhp Sund® cdnl 84 § cholesteric
crystal conmpounds. Cholesteric liquid crystal

L@ etuﬁa@lewnﬁ*dvqh the mplsrwartand pptica] digagtog (ea: Mg Wit yspigs @ the
&1930’6‘9& thv%ﬁge me!ﬂ%dﬂecﬁ[ar E Iof e lﬂhfd%?}ts%ﬁ rc(tétesqn 2 Hel&1

unit vector Iin the direction Of average ocal
frshiecelag thaldingensien(the beliceleis) penengicutay &q e direstert es i n

a hel T}féngtch bagak Jies"{)érfa qutngis%('le [(;5?%?15 ﬁj?h esttel?u@? Qﬁld 'd{f:ré]tjtlﬁn

axi s) r pendi cu ar to't
pehmndwblr tacthé digestat) hetyistakds e dirécorton meehgn anotty through

Fork o s e R PERDA bk ot TRE P oferkiofsfric tinid

S&G&tal 1dur Sarduyeicame dlt8re@ 81 @fidhg Yr dblwise cOMbinHA (0., Hpr e.
The pitch of ,a cholesteric liquid ;%stal | ayer c

£3p9 yeaanzyweéma‘rapevseraOWI%%a’f #ngtdane SRS FOMRINE (618 ‘h? steric

ﬁ@n& crystBVcon%ﬁﬂd)WI@lrahétﬂ&ﬂ t?;ﬁ}all fheiﬁaﬁé Hdrlfid &I‘ygtmf&ﬂpeﬁlﬁi, In such
at | east one chiral conpound hol esteric

R Fafen the Bifghcdenpnds eﬁﬁea?ﬂat}tht% i apkHEY OFWl&El& jof {he chiral
BEARhE i thé Uﬁﬁes@errﬂé%ﬁﬁld cHREPIHYDsitibh. @‘hkcﬂtchs n@ﬁﬁ? selected to

the pitch depends on the relative ratios, by nolarity
by omiie gmer ofthe whaeelenigily ofilightead) mve@ﬁd The helisel twiiss PBthe dirgctor

¥e's 'gs'clge Il?her?o%m}ﬁéﬁdgﬁ g}e i c@%&e t‘éf\;\%)\ﬁ';w}g%ﬂ?lrhn% fg}'ves rise to
the g’hlvelelﬁgth selentizs teflediiva ofi Ghitc &#br example, tiE pttttecamble eeleaed 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
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 precursors 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.
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results in a spatially periodic variation in the
dielectric tensor, which in turn gives rise to the

wornwelonisgr h sel ective reflection of |ight. ForPEREAPO€001114

the pitch can be selected such 25 that the selective
reflection occurs in the visible, ultraviolet, or
infrared wavel engths of [ight or conbinations
Hayevaopthercheleatstieliquid fiysteli camppunsis and preehsenusiels disalgsed therein

cQﬁ ng(%eslﬁflﬁed m%hﬁgglﬁgrrs%hagie%kﬁﬁdlp liquid crystal

ol ymers, are era nown and any chol esteric
i quﬁanmlibsaaholemmdmd cgystal perapawnd oF peoee it wldcted sat least in

pgft wakdd dn th@%%rhg%n_g?ﬁc%ﬁo 6t olﬂﬁga‘ij B#)cgr tﬁ%qu %{tﬁa‘?ﬁ? OQIe Jsgdsm

|nvent|on es o sulta eric
Fxepplead! dhorapiotisiibs than chngre @011&1@@@@1 dreehdies of ¢linmsltenm hquld

oo e Hlseufy o tur B MO\ o AN s gt

PRCESSUBRQOAAGY | dolet, IoHoamorpmqn iotlvevavekogth séghor «f thtexgst] d
Bl SR PR (S0 Bk GpREh by vt
rianecald, yvailabitifodfekd eolestetid ﬁqﬂldjcryitw&bﬁipoﬁﬁmﬁdﬁldorpdir )

recursor. i eas s n the
“S Y T M R A O o R S

ulireBAtE b curdig PR sedsradiveit- relﬁoxﬁl( PAPi@S af chemical proF]ertles (e.g.,
racterjstics _that can be conS|dered in the choice

f&%f%éﬁbﬁ%}@#%weegthp Uyt regispReatcrA RS, B0 PR ClaPE s

té eu[gi,% Qmeﬁggfgg{ﬁcgﬁdnted to: refractive indices,
processability, clarity, color, IOM/absorptlon

| n f friolgatieniq igwid erystalgiompowtds fhai ae éhqlester@dw@tqrxﬁtql pelymers
cﬂ#@fm&pdm%ﬁﬁgﬁn&lgcu%s or Q‘nﬁ‘)&ﬁ%to&‘ thtdl ?ﬁ’c% Qhﬁ?ﬁﬁﬂ@dulas

ease of manuf acture, avail
(@h@ld@g mnpmeISD that mcl@ﬂ%m%g@mmum dMegngerio grwps arogerkrlly a

xﬁmpﬁ[esortd%cflﬁé’ %bl%mgg 84 p%?ttlo%rdf G Adl&ﬂieqhﬁ rayeséoﬂpogﬁlty Jﬁ{qtnd
eol ogy, nethod and requirenme
cslalee Hxameles vhingsogknis poaps iacludes hlararemait hpntagb m pmes:ubstltuted
er Lbilit e strength, solvent
o ipumnn b b b B BT b i e R oo
dpeiomadly abm&ee)to a gﬁﬂgimeﬁmekmﬁe Hissrighiacpiden NTheSpadee sdredontain
%i U g al. npounqs that are cholesteric |iquid
et et Diins TTESERE b BT SYTGoP g B ARG AR Ta
aliR/leae H1eSe (thed, thio¥thel, thikkbte; Bhd AhideRtichshlifi@l nol ecul es
Suitable cholesteric liquid crystal polymers include, but are not limited to,
polymers having a chiral or achiral polyester, polycarbonate, polyamide, polyacrylate,
polymethacrylate, polysiloxane, or polyesterimide backbone that include mesogenic
groups optionally separated by rigid or flexible comonomers. Examples of other suitable
cholesteric liquid crystal polymers have a polymer backbone (for example, a polyacrylate,
polymethacrylate, polysiloxane, polyolefin, or polymalonate backbone) with chiral and
achiral mesogenic side-chain groups. The side-chain groups can be optionally separated
from the backbone by a spacer, such as an alkylene or alkylene oxide spacer, to provide
flexibility.



(i ncluding nononers) that include a nesogenic group.
Mesogeni ¢ groups are generally a rigid rodlike or

wale@alordsed nol ecul e or portion of a nol ecul e t heCT/ERM04/001114
conmponents of liquid crystals. Exanples of mesogenic
groups include, but are not limted to,

par a-substi.t yt ed clic groups,, . such as. .. .

par a-% 8&?3??‘1"5%6&t Bé%% 8ryen nagg’.ltah*ﬁ g@ge%d’@éﬂi Eysipl grepersor
iaecoRlanantitoma lidviniaidatdes Qordpiialiy soriaag kbone t hrough

a spacer. The spacer can contain functional groups

havi ng, for/gexa e\ beSFene pyrbdin , pyrﬁnidine,
, [

al kyne, estéf, alkybén al%ade, et hef h thi oet her,
t hi oester, and am de fu ctionalitjes. Sui tabl e
chol esteric iquid crystal polyngfs include, but are
not linited tb, polynmer$ having a%chiral or @ghira
pol yest er ,. car bonate, polyam de, polyacrylate, 25
ponﬁé?Wfé?@ﬁ%%%i pol ysi | oxane, or polyesterimn de

back e N j1afand (EArd dechTRE&DERIBhGy: 9 OUPS optional |y
separated by rigid or flexible conmononers. Exanples of
other suitable <cholesteric liquid crystal polyners
have a pol yner backbone (for exanple, a polyacryl ate,
pol ymet hacryl ate, pol ysi|oxane, poqlyolefin, or

pol ymal onat e backbone) th chirall and achira
nesogeni ¢ sid hain g . Thesi Qai N groups can
be opti onal gpar at from
spacer, such@s  an,alk ar
to provide flexibility.}]6 WO 2004

PCT/ US2004/ 001114 In onk enbodi ment of the invention,
a suitable cholesteric Iiquid crystal precursor in

formula |1 where a
is 1, 2, or
i ndependeny/




OO0OO0OO0O, 15 NONNO20 NONNoNN, and Y 25 7 WO
2004/ 076589 PCT/ US2004/ 001114 O NONOS No ~-- and
W@2@04/08385 NFN NS SO N NN or ; W X andPGI/asm04/001114
each non-directionally and independently a coval ent
bond, -C(=0-0, -C(=0-S-, -C(=0-Se-, -C(=0-Te-,
-(CH2) k- where k is 1to 8, -(CHCH-, 10 -(CCO-,

-CH=N, -CH2-O0, -C(=O0-, -0-, -OC(=0-0, or a
conbi nation thereof; Y, Z, and U are each _
i ndependently -H, -d, -F, -Br, -1, -OH -Q(CH2)jCH3
where j is 0t -CF3, -0OCF3, -CN, -NO2,
aryl, aryl al \C acid, thioether, or an

am de; ’ "
, , N .
© s>—

N
\>— and (0]
S

e o
e

) S

, , Or

W, X, and V are each non-directionally and independently a covalent bond,
-C(=0)-0-, -C(=0)-S-, -C(=0)-Se-, -C(=0)-Te-, -(CH,)- where k is 1 to 8, -(CH=CH)-,

10 ~(C=C)-, -CH=N-, -CH,-0-, -C(=0)-, -O-, -O-C(=0)-O-, or a combination thereof:

Y, Z, and U are each independently -H, -Cl, -F, -Br, -I, -OH, -O(CH,);CH; where j
is 0 to 8, -CHj, -CF3, -OCF3, -CN, -NO,, aryl, arylalkoxy, carboxylic acid, thioether, or an
amide;

e, f, and g are each independently zero, 1, 2, 3, or 4; and

15 his 1,2, or 3; and
P is an acrylate, methacrylate, acrylamide, isocyanate, epoxy, or silane.

In some embodiments, P is an acrylate or methacrylate.

8



e, f, and g are each independently zero, 1, 2, 3, or
4, and 15 his 1, 2, or 3; and P is an acrylate,
woretoharesyd at e, acryl am de, isocyanate, epoxy, BPCT/US2004/001114

silane. |In sonme enbodinents, P is an acrylate or
met hacryl ate. 8 WD 2004/ 076589 PCT/ US2004/ 001114 An
exanpl e of a compound of formula Il that may be

ut i | Az exhngde of mmpemde]ﬂforrrmilaqlm flat may be uiilizod ecaehobasterin

ll(ﬂuﬁ& gw;tgﬁt gcrursg)c B 3cleﬁgges u%/ Tcitu% r%?(nl})c%%‘{p%) 5&} %f thd ltﬁgentlon
incdew) butihastyimitad 0 oj’adneb@hml bemzmayé ahy. ac@hrbé esteric

l'iquid.cr sitions of nvention

conp Tt e o R ve Py 2l i 3t tast one
5 n&PHitid ¥§sthllin€ addii (B€ltint dddRive at isinst Mliquidcdybtat)bfiformula I

crystal) of formula | (Iw?:!/h I~ Ye Zf Ug (1) where

M N, and re Inyn ependent | y: O\pO %\ld\lNO

NoN NoN N zho\g WO o4¢: 6589"h

PCT/U82004/0 1114 0 ro‘

Ye Z Ug

@

where M, N, and Q are each independently:

Y

@Q@N,zo

LA

Lo L
Q9T
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and > 5 SN NNN SSSONNN OSor; 10 b
and ¢ are each independently zero or 1; W X, and V

wWa@e@40a589 non-di rectional ly and i ndependent|y BCT/US2004/001114

coval ent bond, -C(=0-0-, -C(=0-S-, -C(=0 - Se-,
-C(=0 -Te-, -(CH2)k- where k is 1 to 8, -(CH=CH)-,
-(C0Q-, -CHEN, -CHR-0, -¢(=0-, -0-, -0-C(=0-0-,
or a conbination thereof; Y, Z and U are each

i ndependent |y - -Br, -1, -OH -Q(CH2)JCH3
where | 15 is Q , -CF3, -0OCF3, -CN, -NO2,
aryl, arylal xy\yc acid, thioether, or an
anide; e, f, )} i ndepe den%}y zero, 1, 2,

3, or 4 his and ’}:OHH - CN,

C1-C8 al kyl, Cl: , an’ar

aryl al koxy group 20 boxyki group, a

hal ogen, a t t\ ,her, am de. 10 WO 2004/ 076589
PCT/ US2004/ 001

As herein, a conmpound that is
non-liquid crystalline i$ one that when nelted forns
an isotropic phase instead of a nematic or chol esteric
liquid crystalline phase. Exanples of conmpounds of
formula | that may be utilized as a non-1liquid
crystalline additive in cholesteric Iiqguid crystal
conposi tions entlon inclu 5 are not
limted to, 4'- xy«\ &Jphe bonitrile,

4' -cyano-1, 1' -

O S

o Y
© 5

b and c are each independently zero or 1;

W, X, and V are each non-directionally and independently a covalent bond,
-C(=0)-0-, -C(=0)-S-, -C(=0)-Se-, -C(=0)-Te-, -(CHp)- where k is 1 to 8, (CH=CH)-,
-(C=C)-, -CH=N-, -CH,-O-, -C(=0)-, -O-, -0-C(=0)-O-, or a combination thereof;

Y, Z, and U are each independently -H, -Cl, -F, -Br, -I, -OH, -O(CH,);CHj where j
is 0 to 8, -CHj, -CF3, -OCF3, -CN, -NO,, aryl, arylalkoxy, carboxylic acid, thioether, or an
amide;

e, f, and g are each independently zero, 1, 2, 3, or 4;

his 1, 2,o0r3; and

R is -H, -OH, -CN, C;-C; alkyl, C;-Cg alkoxy, an aryl group, an arylalkoxy group,

a carboxylic acid group, a halogen, a thioether, or an amide.

10



met hoxybenzoate, 4'-cyano-1,1'-biphenyl -4-yl

4- et hoxybenzoate, 4'-cyan-1,1' -biphenyl- 4-yl
wd2ropssybenzoat e, PCT/US2004/001114

4' -cyano-1, 1" - bi phenyl - 4-y14- but oxybenzoat e,

4' -cyano-1,1' - bi phenyl -4-yl 4-ethyl eneoxi de,

4' -cyano-1, 1' - bi phenyl -4-yl 4-nethyl est erbenzoate, and

4' - oy used-herein, afgompeund| that isrondighidtrystadbineie nacothb tevhet nelted

f%lg é% gﬁ%ﬁgﬁf @;}asg gﬁs})ehg %g ?lqelrrx%art% L éh%ﬁ’%fmgﬁih%@c%%mh% pHase.

i ndelpentgdsstaf yompouids bfornitie] thitohgsieartilieed dsGuiod-1ifuiast al

BB 3R PP bl eruute G ins € ey nerde b
S 004/ 076580 T U00A 00 I A e O] N e A1
‘ ~ a ~ ~ S
%ﬁ@%ﬁ%é@%&?ﬁ%@bﬁ@ﬂ Jretbgry B%%Z%'rca@%%phenyl-
48 @-projbR Pesndent, Y ciasio-QNebiphenyRA-§1 Abutodbebkoatd) d'-Qahdl1,1'-

either the cholesteric |iqu crystal precursor of

d
rbem eyl ﬁret}eiilefieﬁ?éldwﬁcyam-gd:’-hlipbwlswl fmeghylastariengeate pnd 4'-

ch&loM  Bighehla-POLRbphISBEBEHE SOr and additive) is: NN
In_sonme enbodinent’s, N and Q are selected to be

10 di f f @reibsatef parfietarly witaemoictersotisrandenenduntiigs candr ore of
r‘ . .
hg,rl‘g, foilkj 18%%%6&12? th ?&{hgr %9 %I£thg glt‘“tlﬁlﬁ E{L}'Ié?} Pr)e/:&ﬁsor of E‘ﬂrrgula II or

eral ubset o sulta
thepioatliqesl drystallilseendditive pEfodewlt [ (or dsthdheprecursmwred additive) is:

.

A, A

Z

Z
Z
Z

—~
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wa@eagadsBe ne additive of fornula

Ar(o@}_ecyu setoépgﬂp la )qu-r-t@le moj

W X, and Vin either the cholesteric liquid crystal
precursor of formula Il or the non- 10 liquid

(or both t heCT/US2004/001114
precursor and additive) is a covalent bond,

-C(=0-0, -C(=0-S-, -(CH2)k- where k is 1 to 8,
-(CHE=CH) -, -(C0Q-, -CHEN, - C(=0-, -0-,

-0-C(=0)-0-, or a conbination thereof. Another subset

of particul arly uitable noieties for

I ndependent |y nor e of andl V in either
the chol esterija y@ldal @.o of formula
Il or the non-Ii difive of 15

¥ ystal I i ne a¥
formula I (or both the precursor and additive) is a
coval ent bond, éﬁtﬁmk wher e k islto

Bye- 1@1epe tly as one or more of

MON’%H@# in%hérnﬁer &flesterid Bluid @@Et@ﬁfreeﬁ% 6f fo%ula II or the non-

particularly suitable noietiés for use as V in_either
Yiquis azyriallnst aérirtwe of fogmild I éerpethahe preaasor 3ud additivepishul a
Il or the non-liquid crystalline additive, of fornula I
(or both the precursor and additive) is coval ent
bond, -C(=0-0-, -0-, or a_eogpination ereof. A
subset of particularly sui nmoi eti g fon use

i ndependently as one or o Y, Z NN in either
the cholesteric|liquid cryst3

noi eties for use independently as one or nore of Y, Z

BNEmemBodifbhtf e add@ afeleBiSd B Heiffdr6itinthidtoy: SIr?dome
precur sor _of fornula Il or the non-liquid crgstal i ne

gnbodimantsy M, oF apdRritd 2l phepdench de porpenbodangiits Bris pigfgrably zero.
aglc_i:stA Bdet bﬁ%afhlcug?lla/l sufidt bk EEoM0e ﬁrﬁie%eﬂd%nﬂ)pastoﬂe 8r mBfe of

In so ments, Y can: al so - al y
VW XoraerihV émdithei five nhalestaisdiauid omistad prgpureor of foryykh Ijof e non-

n%qu ?r?&glﬁﬁé el.c%l 9 foré’gllaqr(?ﬁothé?@ %b&?&g%&é ?idcgﬁ{f )%24 %vglﬁnt
bagad[ i(](ﬁ@)-ar I- §Z(—-(B}S RCHb)prwiizky/k isR t 8, HOH=CHg-, E(@Eﬁ@)-ad:I{‘N- -
ﬁg—tqqacpy I'(ﬁt L l XQg,uclgltaﬁsgl 1ngt?cl>net érggf fA%ro‘rhrgr ?urb(seet o% pch&laﬂy
suitable moieties for use independently as one or more of W, X, and V in either the
cholesteric liquid crystal precursor of formula IT or the non-liquid crystalline additive of
formula I (or both the precursor and additive) is a covalent bond, -C(=0)-O-, -(CHy)x-
where k is 1 to 8, -(C=C)-, -CH=N-, -C(=0)-, -O-C(=0)-O-, or a combination thereof.
Yet another subset of particularly suitable moieties for use as V in either the cholesteric
liquid crystal precursor of formula II or the non-liquid crystalline additive of formula I (or
both the precursor and additive) is a covalent bond, -C(=0)-O-, -O-, or a combination
thereof.

A subset of particularly suitable moieties for use independently as one or more of

Y, Z, and U in either the cholesteric liquid crystal precursor of formula II or the non-liquid
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One enbodi nent of the invention includes a cholesteric
liquid crystal conposition that includes at |east one
webh@kmesdseri c |iquid crystal precursor of fornmuP@r/Ub2004/001114

(MW)b( N X-) QVh PYe zf Iig (Il) where M N, P,
QU V, W X Y, Z a e f, g and h are as defined
above, and at least one 15 non-liquid crystalline
oryatailing edditéve of Sormulad (pr ffath WP!?(CNSW-%@&%'GW) isye-TZf-CligF, -B

1, Ot SR . sl P bl P 2 ﬁ“’fﬁ%ssubset

mmqwléaﬂe/amahlmblotm fbmsmmdasenldela}ycas lohe of morareé¥h&yand U in

S b8 948 B AT e

ad(bilwndf iortnulal Ir(mylsftth ﬂn@td@etsomﬁ(addmm‘)hs atOH[ e@s(fHQCHJ,were jis

r S [ oth formul as |
Oto doirl aﬁ?jﬁ B ogl H?EQCE‘&%%B%FCE@@?@' formula I.
I n dnfomany bmbodambntsl,l dﬁEbt mo&tof kesid Q,s nid,epéﬁdeﬁﬂy #§ro,Z, or\Y,.
nd .h.are fornul as |
ot TSty B Boidi 8 16 & i S Telioe - Coifon St halSeen
qﬁm&ﬂﬁmgstfmﬁﬁﬂmguRﬂ§n¢ﬂﬂﬁsmmaasQe ut|I|zed as
25 of formul a

chol esteri iquidc recursor

11 e, YISP‘&%W@P t%ll Fﬁécré{ g f‘ﬁea’é%‘ﬂ?’fe’ sk staney |

i N ang GhboiheseoePRYERA S cludeds bitliGterid wltquﬁrceysmtzomposmon
limted to, cy anoblgﬁgnyl benzoate eth acrylate as a

ﬂ@haﬂéé%sat leastpge dslostra ligvidspstaberesugssy o fp/rmelﬂh

liquid crystal precursor of fornula Il, and

4' - hydr oxy- & {%Eggm—lk{xwﬁ?mg

cyano-1, 1' -bj phenyl -4 yL 4- met hox benz ate

4' -cyano-1, 1f - bi phenyl hoxybenzoat e,

4' -cyano- 1,Y,1 '-bipheng{ - 4 yI 4lhgopoxybenz§f}

4' -cyano-1, 1' - bi phenyl -4- yl 4-butoxybenzoat and

w‘here(l\y P, Q U, vbipghg le Iz; ey g‘hﬁ%ﬁ&é’ AseiBaNARE, &nd 8t least one
5 crystalline additives of formula I. It

ﬂﬂﬁlecwétaﬂlﬁaéﬁl Y [ bse of skill in the art

haV|ng read,this sp c?flcatlon\
(M—W—A-N—X—Fa—Vi—R

Y, Z; Ug

@
where M, N, Q,R, U, V, W, X, Y, Z, b, c, e, £, g, and h are as defined above and where at
'least Q is the same in both formulas I and II.
In another embodiment, Q, U, V, g, and h are the same in both formula I and II and
b and ¢ are 0 for at least formula I. In yet another embodiment at least Q, U, V, X, N, Z, f,
g, and h are the same in both formulas I and IT and b is 0 and c is 1 for at least formula I.
In a further embodiment, at least Q, U, V, X, N, Z, W, M, Y, e, f, g, and h are the same in
both formulas I and Il and b and ¢ are 1 for at least formula II.
Examples of compounds that can be utilized as cholesteric liquid crystal precursors
of formula IT and non-liquid crystalline additives of formula I in one of these embodiments

include, but are not limited to, cyanobiphenyl benzoate ethyl acrylate as a cholesteric
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that cholesteric liquid crystal conpositions of the
i nvention can include nore than one non-liquid

wa@eygadskd ne additive of formula I, and can al BOT/US2004/001114
i nclude nore than one cholesteric I|iquid crystal
precursor of formula Il. 10 In one enbodi nent of the

i nvention, cholesteric liquid crystal conpositions
hgéﬁéi%ﬁaﬂ prepurs@ of feosmulkidband 4-hydrossd, loblpbmyléfcarhw@nle, 4

c9aR-1,1 it Ly t4%{aﬁ1§5§rlb@r%bt%'4'%§an8f 11 of S a

At of t ot a I ds content the “co 03| tion.
ethﬁ’xgmjx?%@r 4deqypet Aepiphenylhpl 4propessbendoate] 4 guing- 61 ypgthahyl-4-
1 t,0 R

o SBRY b 0 PP b R A Bl e RO Siquid
cusialjhe additivisel fowalalsol i ds content of the 15

F?gﬁ?‘ Eé‘?‘% E? +d%rs@()od%§’tﬂlt[b%5 of Pmt lilavtf%g},ec t %esgemﬁcagon
thrat pb)lafs(mmclhqqldl ctlystal y«snlajsitnoneofahbhntremmﬁ carf intlndebse tharbyne

oI i, d nt ent .of

n\gﬁ L(l)léiInysta hne aﬁalgg%f u&aa]ls ﬁ%cﬁ?aél a SPH ch}dtgtql%e th619 one cholesteric
quexdg:hystalpfecmb@dﬁtﬁmﬂulaqw d crystalline additive to the

1 3 T o e g EPRREchsof

gemalmmvé G Mo V15 B8Ysl of Be adblbrt h&h@-h?ﬁd tcflygtamna Hﬂdgtlve_lqrc])f
to 1:5. e

precursor is in the range o
iSia ﬂ%yn WRBhheS Fheﬂ?taltﬁoad%ﬁoy@flfacrf@%@%w Viagmefher embodiment,
tlﬁélﬂﬁlélst@n& 1iqui€ BIOLBRdoRpbS&itidd KHdifdm fHoUSioAb 2@%"8?‘%%& b1 85 non-
the invention is tho%gw} to aid in the alignnment of

of

lignid cepstallingradditizes qfifermudn Iyyresight opthe tatakeslids enntantof thee

ct)ﬁﬁbgﬁtlidno M Qffurthel bt GG MRS AloldsRYiE fig ulggfé@fﬂis&m osmon has
non-liquid 25 crystalline additives of 2

ageut\1 8% of onprpnereman-diqwid sryaelline mdditivestod fqmalaelévwevmght of the

ons of t he i nvention, they are

té)t?lgsglr%&isr%?‘%?{r@&hé&@%ih%npat| bl e" One indication of
conpat §opiel anibpdingentshihe ra‘chebsawelgmasﬁ thome-idquid egsteltingadditive to

tlltléhﬁ% ({jc té(l é&lklrssmﬁlg % thb Igggf Fod') fé).rfﬁ‘sx ?l I cﬁ{ner\{w Ghe ratio,

bbevelgmw nhﬁenbnbyluldmstuilnnegtdatlw a)rthenh@ﬂd crpstmlfpra:uﬁhbr Bdn the
f|| ? E g chol esteric liquid crystal 30 conposition

THECR 1J18 % aitive as conpared to a simlar conposition

Wi t hatié addigonsTmoh-liguitl drystatling baditived @f fddulail t€chdlddteric liquid

ARGt SRS R L TR 80, LSO e
113 03d-cry el bebc G otS tadid gl tRefordStidnl of @ liquid crystal layer. Because non-liquid

crystalline additives of formula I may serve to impart this characteristic to cholesteric

liquid crystal compositions of the invention, they are often referred to as "compatible".
One indication of compatibility is that the at least one cholesteric liquid crystal layer is
more uniformly aligned when the additive is used. For example, compatibility can be
observed by measuring a transmission of a dried film of the cholesteric liquid crystal
composition with the additive as compared to a similar composition without the non-liquid
crystalline additive. In another embodiment, the measured transmission is higher than that

of a composition without the non-liquid crystalline additive.
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14 WO 2004/ 076589 PCT/ US2004/ 001114 The spectrum of
the coated filmis then neasured by using a Lanbda 900

wap@gresghot onet er (Perkin El nmer, Santa C ara, PCAYSX04/601114

a d an-Thomas polarizer and a 1/4 wave filmin the
optical path. The 1/4 wave axis is maintained at 45 to
the polarizer axis. First the uncoated pol yester film

i s plBc@gctsym ef the seatad fimia then Bleagueed by using 4 Tagrhdafed h 5
sﬁé%@o#ﬁﬁ?gé& (Pex%ix?ﬁ]ﬁe@%gn& ré @) rvmﬁ%lah th?ﬁﬁ?ﬁcq nzy;_%ﬁl a

then placed I nt ter th
Mea\v@fe;ﬁl@tl@ tf@rmtwad@athg Thh b4 yVaxte was/@ qmtemedmelssqgel@moéanzer

akﬁ Fﬁ&%ﬂﬁféo&é@%&}é SRORM s L?)%a%gcg%g@g giléthlﬁﬁl J\Evgfég@atg ?19% path

Onmm I's used Since
a@«ﬂ uge @s ¢ blnbhrd bp enstmmcnt id sewedpabe dahplcie d‘temmed:mnhe light

pQﬁl%gt@f‘tﬁe E]@rzv?a %ia‘fyan%%?%ﬁegetg? 1/]4- V&%g(% ate.T¥H spteeﬁtéay 1§ 6e08{d|@% %om

scattering oc P%n" 6
49Pran gp%l@nma Tihs rdr@e af/@()agxetd 5@0ner s uked3imveitiis ov@ey thi blugpdrtion

h
oD e RIS b AU IR PR e e BBy e it obfes g
Tfypmaﬂi;amowsmh‘eﬁhgrdcmrk 1nqha biu@ﬁqtﬁdhﬂd)f tﬁ@iﬁw&lm I'THe spdctrh e
tion,can.be an ndlgatl

t he
AR 150 i g P s SisP o B ol 1 m ¢ hat
may Whd éxtibidyoftke ﬂbtef@ﬂeﬂ@li’qlﬁd aftal ﬁlﬁlhﬁahEgstsfoﬁmt:d:frbﬁlqui d
ta t 0 e IL.nventl on | NCTI1 ONn_ can
g ST a1 o BoieH L fhe o A e ah SIS Pl the
pYdpeRliet BEHE GhaésteRTighiatcRlsRd ﬁﬂlothgﬁﬁﬁyeﬁﬁmﬁﬁﬁ) e &%Iﬁéﬁ%ni a
é;]e transm ssion neasurenent. I n one enbodi ment

eitertctliayie Gystad cempesiiopet the invetiony Extingtiqnean pp mwsured ina
a@AheFR il @rahsRIQ) oﬁ%ﬁ@&iﬂ?thle hglh’ﬁijzr PJtM@& 0 dééﬁéé@ g§§1ﬁ6nqged in

of the invention is |ess an that of steric
the; tepppraisgipy Greagurempaniy Iﬂl@ﬂﬁ@aqurﬂmntdh@ tsineiereefiachplesfericliquid

cBstiBh ﬁﬂ fonﬁQ&rﬁ ' tdhgfést&‘lctl 09121204 dﬂl f(éhe inyentignis less

crystalline ad itive.
thantthat ef ¢ ehplsterin énqmgrceataéﬁlm fmnechfnmma cma%teriqﬂlcmmyml

& st 5% a
R TR e
emmchmdlsfmt g‘fcablr &amagboo’ulS‘Va rﬁnanbthﬁcdmbbdmiﬁs tthersxtiigidn is at least

ARG W SRR B R o Te 200 v, e

t he Chobesipd dfta l’nethdztl fir caryitgatut P @GMEISEN tedt Iiheﬂloﬂlii'ldllﬂiéb the
fgiﬁ)wmg proce%ﬂre )&%e adgl {1% which is to be determined compatible or not, is mixed
with the cholesteric liquid crystal precursor in a suitable solvent. An exemplary
composition for this mixture includes 17% cholesteric liquid crystal precursor, 3%
additive, and 80% solvent. The solution, containing the compound and the cholesteric
liquid crystal precursor, is coated on a clear plastic film with an alignment surface. For
example, a polyethylene terephthalate oriented (PET) film which offers a natural liquid
crystal alignment surface, and is commercially available from 3M (SCOTCHPAK™ type
718386, St. Paul, MN) or DuPont (Wilmington, DE). The coating is dried, then annealed
at a temperature such that the cholesteric liquid crystal precursor is in its nematic phase

and below the nematic to isotropic transition temperature of the liquid crystal polymer
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25 conposition for this mxture includes 17%
cholesteric liquid crystal precursor, 3% additive,

ware4@80E8s0l vent . The sol ution, containing thePCDURO4ON1114

and the cholesteric |liquid crystal precursor, is
coated on a cl ear plastic filmw th an alignnment
surface., For exanple pol yet hyl ene terephthal ate

fespied Hersdy  Plsryolytionrsheild bmcc@feﬂen an amovat torgive 3 didagi thiickness of

t surface, and is commercially
oot ¥ mﬁ%ﬂfe%gﬁqg’gm ( SCOTCHPAKTM t ype 30 718386, St.

Paul Chcrm)emrhqmdmm:al @Wlbmtfﬂ)gii mraccddignce Witk ﬂmmtremgn c& also
laP s LR P R S Hihec € buons R 6 B Hidteshitk b Ut

pEhes@s oamﬂerlmehmmdnmfml&mhb]eﬂerﬁd)hqlﬁd)&ryslﬂl conipb@fici danQBt as a
erature of th I'quj cryst al I r. 15 WO
ST e Bror Vsaba UL 1o P RGBT TP ReBAg S seppat are
g&ﬁlra]]tlzllsmhist@hﬁ)lw éiuiilﬁat@d)&bﬁdhd dhoRBtedd Ililq-ﬂ lcl ciiyStaloviositied di8the
t hi ckne

about 4 onetegféé Chol esteric
PIERIE. PSRRI GBI By GREA P LA SoRROP RO Rsvaporte
thelEBiitiod Pea@tfﬁ{g BpciBon df1R doURNEA(e $Q rdhBiMg a dohvaSiBEBquid crystal
i nstances, ope.or nore of the chol esteric |iquid

MEORGBETP Ty i wrestal Rofymsth ety selvprn kraven igfthesaef skill in the art

a6 BAh Ll oI sElubilidd it cefysiedts o‘P HEROBHIiRR c‘ﬁﬁ Be ﬁééh ecific
solvent. The one or nore solvents, or other conhpounds

e{(qallgtlesr%q{%c{e, b azesnod ligdted g)ﬂtetralp}@rofgr@p,@yghohgxanone cyclopropanone,
R BERN KRt ¥ndl b @cﬁ@faﬁg EERhAtdEs 68 t%,%ﬁ fsd ﬁé]lglh"zed in

crystal conposition during proceSS|ng hey can
cenpasitient elfhpinvention. exanpl e, drying the conposition to

evapepat nctlmaldsc%sm@s it B a'c&gd;ﬁilcg%ﬁl mQJntt&gs%lso

solvent (e.g., reacting a solvatin |qw
inebide relymenzation mitatbrs gt imctiopgd anumpgmmm)zaum yr crosslinking of

o8 of sk
R 5 oWt Sl R S i Sl O cBbonyB i
pelamaiwltlus antiatep écivde compotaipthetscah pedertde fredatiicals & Mbddate and
proy Cgattee (rj é%g% ct)nr ()alrrr%c?s%ﬁ{klijrt&a %ﬁec a(g{;ag H’géagarg rc]:z?n be chosen based on a
nmnaer@f ﬁmmksa ireludayﬁm ﬁ@;ﬂinﬁfé& t(Q fstaslﬁtw@mlaﬁ-m‘a nP@feSébI}D the free
osi tion i.nvention.

%ﬁ%i lélgia&r dees| ﬂoag? Tal 3Ry 3 & ip .ﬂzﬁfélo}eﬁtela% Eﬂﬂfl@ siystal
lag By dbb@pliciv@idiiedRisean al so i nclude pol ymerization
initiators that function to initiate polynerization or
cr osEEs Fﬂg;cﬁbmgptors are typically either thermal free radical initiators or
photoinitiators. Thermal free radical initiators, 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,
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
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nmononeri c or other |ower nolecul ar wei ght conpounds of
the conposition. Suitable polynerization initiators

WO pekdEsTonpounds that can generate free radi Bel/85S1004/001114

initiate and propagate polynerization or

crosslinking. Free radical initiators can be chosen
based on a 20 nunber of factors,. i.ncl udi but not
SPTRS O drrackition {esBap) cgn bt usd Fhotqipigatopsoan e ghsgn baspgon the
ab§d@frion APhidhlard Wivelcab@lor d@@S not generate any

addi tional color in the cholesteric liquid crystal

| ayeChplystemisli «rrasﬁalcwm@?w&%ns@coqdﬁ@@ Withdhe givention may also
a'dﬂl'tlt)h&?l:y‘%ﬁtaﬁrc@mb&ﬁidg @lat BinSfidnNRis &@i[1§ﬁ$enfsr RIS Alring
initiafors or hotoinitiators. Therrmal free radica
agmt@.cmsﬁr@ersm"l@wn@ém@pﬁ@}@dme@la figiiEEatiabiigsen VSl

n?ro'iilﬁﬁf QAR 'tﬁl&l%ﬂers LASHIIE, coél@é'cm%)ﬁgg{ﬁé Qhi ST HoH &S improve the

persul'f at es, azonitril’e conpounds. Photoinitiators

igimadyef &@tcpvfa«tténdhmn pirdeles dfira denositien pafg ithersubsirags and dyes and
t AR i table

pgﬁﬁ%désf%?%l%sg{bo S |nc %dlg ui(llgfir?sgﬁéng limted to, onium

sal t Anyhextiidrknpvatothese diskidlnio et fbi fornghge cholestériztligpi]
ctys 1%0 s%‘ﬁ%f %alln}enﬁ&oﬁpd néhto e@ttelq uid rysta layer can be utilized.
r¥1 Gt Gaeco B quid grvs oni

nposabl e organosi 1 anes,
Eamhelmorqa Ilmplphenmtm |ad® shangasad emnqgl mé%libdp héftylhnﬂgemolnssmc

Stitute
5P P, PR e P LR o
@6165%18&2 %li%@&yﬁﬂ%c?}/pggﬁd)rgzﬁ E)he ]l_?dfzmu dihe arietigods disgisted Befow
S rces
e SEPIIGS G Mo R GO e e i o ghglegtepig fiauid

Qesta SRhn B@Sﬁﬁn&:ﬂvﬁﬁ"@e irves@hPiddare &t nfeastith Gititthe invention in
wavel ength of light. Cholesteric liquid crystal

BYNFY¥si ti ons in accordance with the invention may al so

addi toRNAdhE TS Bhd s SRIRRHO Hguili BALtaf luﬁtiﬁc@lm%ﬁpplymg a
dlSpGrSl ng ag ents, termnators, curin

delssistie huwd gryst@JrﬂomeahgmoSa sugfpei o 2 |S\é%§%ﬁf§ e cholesteric liquid
Haithi E@s@tfo?l car B@Qﬁﬂh’e& £ the s&ffa%@fﬁsd' ﬂuanePWefy’s %ﬁudlﬁ% &t not

as t hi ckeners and f ers coal esci ng ent's
finoitest tp @wtln@ anﬁwm@ tmléernatmlb/rﬁh@ gurfape ofithe eubstrate gan be oriented

,g%g 905{3&1 %ﬁ%hééﬁofe@?grsﬁggg gxtyglglnl Ot NG bstRS LdnAe:

plI gnent's ul traviol et,
mrm‘ntedmemg, for examgpleb i wiriggbthnigaesy rupbing sdthiarrayen arotiteh oloth, or

lgrotroplc ahgnmentt (%GS %{en{ NS, 6f 5 r:.5;]511")9 P%O&Ql?gln%%é‘i‘f srulbgtreltésoal[‘é cgescribed
in U.S. Patent Nos. 4,974,941, 5,032,009, 5,389,698, 5,602,661, 5,838,407, and 5,958,293.
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
liquid crystal composition; annealing or curing (e.g., polymerizing) the cholesteric liquid

crystal composition using, for example, heat, radiation (e.g., actinic radiation), light (e.g.,
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10 crystal conposition of the invention into a

cholesteric liquid crystal |ayer can be utilized.
WO-0lodseDr e, i nprovenments in and changes to erRCBUSI0G4/001114

nmet hods of forming cholesteric liquid crystal |ayers

can also be utilized to formchol esteric liquid

crystal layers from cholesteric liquid crystal
ulitsinoles visidpor ifraraddichhayplscgan beamn op poBRIBatianQE thesser

sﬂﬁaPEkmﬂ@Eﬁr exanpl es of methods and techni ques that
e utilized to formcholesteric liquid 15 crystal
| ay eOse pranwiscefiadaenses ofiformingeliqud enstpldayer fslndas %epﬁ@tmg the

HREric 1 gd' skt L ds e BhiaR ik ficd ABMraYA AL HRIOROe

teritc I'rqurd cryst l'ayer 1 ncludes
chppitgricrigual cresed berspasition it hegiril dbeveyht dhssdonpbel Eprats of

15 c%tﬁ{p%%ﬁon t%ftheahw&gigtﬁ Ttﬁe ?&He%ﬁﬁ H1 eeA «.l:o dq)elow the

gonposi bl on” can sur ace in a
gfa@mﬁf’sﬁmﬁ tengpesature ad thel mrgpostmn rerodingi0 the liuideatystd phase.

e LB @R Y FfBing AR Aahf e inb e SHRARAR 0
cﬂblﬁiﬂeﬁdlﬁluﬁi t@jrmg bahpm?sltidnqml ad;u‘muyﬁet ald dligyieg the'Bhgomenc liquid
n be nted u o) d
cPOBRY s R endenon oA By Dt GRAER Ry e Sh ™0
cbdt@bditds 6f ﬁlla lixgienot cat be &ed:’@t &Iytme%lihd kopwh fo ﬁBéb)of skill in the
Phot oal i gnnment substrates_are des

DN B S 5 L e oS

1560 2irB6% carPbBREniA T1.S AREBNEES, 529305 ; 3569Af70 erana GABH,B0S.
the cholesteric |I§UId crystal m203|t|on

conv &helesfergliquidcry ﬂ@p@posdp% tcg} %qd m@nléyeé |ﬂ}a}t/ substantially

b 1@59&%% onB 9&1&%%{4 [&/d. nBrt b Be eﬁma%btlsoquhza@ ght %and
anneallng t he dri ed COHDOSItIOﬂ alternati vel ese
sphsanéisieansaifs Bght heving fhewer palpridafiom (eetouighfor lfr% élrculaﬂy

Jo%'%@& @@h&g eg@ %Eﬁd&l&thlolfﬂ?lggm ASEIUSHR. W&xﬁra@t@ﬁz&%ﬁn

a variety of ni ques i ncl udi ng
@scames @e mfhctm‘n g trhssmissiannefilighislirseied eimormalringdincn ki th@ director

I I l.
IR PRI AR A BT ERASY Ly SO 4ot

annea
ty;h@dlbslie &tllpucdl]ymoladized:b}y&e alholestemip (higilidicmstalh siategal dndithe Bragg

SRR S B8 6508 S SRl e i
ditystdl mateplaBtare geinsdally eharaterized wili eedpdct ‘@hio)mallynncﬂﬂm tiglonas
cPo%g E%low ho%ve%grnRI nl?{)clz Qegogmzed hk?a% ﬁxe%spgnsg]of %%set rrelgtgrrfalgcl:'la% e
determined for non-normally incident light using known techniques.

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
layer thickness determine the center wavelength of the cholesteric liquid crystal polarizers

and multilayer reflective polarizers, respectively. The rotating director of the cholesteric
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One exanple of a process of formng a liquid crystal
| ayer includes depositing the cholesteric liquid

W@ rgosas8conposi ti on on an oriented substrat e. PE&F/US2004/001114

deposition, the 5 cholesteric liquid crystal

conposition is heated above the glass transition

tenperature of the conposition to the liquid crystal
e

lignidcaystaf palatign forais opiigs! fegeat HBis %laéqréaﬂxsé%w TRHEPIc aysiss

Ha¥iB P HelshPB oh GAPRYE HE BN niuliBafe? PR Vel folhrz&8RI NS i Nn
the liquid crystal phase. Another process for formn

a | i dip genteryetvelengtaylerand it spepse] bropeith imgof the light eflcoted by
i GloRRAE hi mh' flafla fog ¥3bdtls of AIRREH Y, BPng Qhoﬁ?s%ﬁ%%{gﬁﬂtc?ym

|gn ric crys
’ﬂﬁpmﬂg\mhekngmph§mmpmnmhm&ﬂéwove t he sol vent.

Chol esteric liquid crystal g |t|ons of the

i nvention can be dried % Hod known to t hose of

witekd h, and ni ﬂ@ theAEfradtiRE IndfbNEF thd @R e st atiqi@ stykialor Bt
flow. Exa of nmet hods, and/ or appar at uses t hat

noggized R%ralg'ﬁ)mm%wr%m ofthe figyid gryistal (-)and dylight polpyized
;i'élp'éﬁ&c‘%%% R cﬁl%étoZ Qigthe 4 @rygtgld(ngo%]bor e ADh&IWilth, AN, is

I'qui d crystal conpositrons can into a layer
appeingaidskliyant i al 'y 15 reflects |ight haV|ng one

pol ari zation (e.qQ., t o ularly pol ari zed
light) and subsggntzjixé{fy ‘t)/l(%%g?i‘?tgrfe d‘ﬁ)( havi ng the
ot he rChthtaﬁd': Hadid enystalpolarizers icgiibe i@ﬂnécﬂfytlalﬁinﬁﬁlwé @f dtl)brw1se

BRb B L S g B & PR CU AL DA i of ot A

1ﬁﬁf/idﬁ§ltshl§§?ratér with aiffefan Hitchbs @f @lg, 1 Iwygﬁthadmg anteRsht éﬁmﬁﬂaftﬁﬁé for
i nci dence to the director t he chol esteric |iqui

SpyBleatitimgpioptionby weightef fffﬂr&% andgepatie Hud crystalpomppunds or

AODRSs) Wrhdse 2400 IaIY/&‘s 6RIHYiedP® &ffﬁée @fqufa%wsfal Hﬁ{eﬁﬁl' %ﬁ%ekaxhe
t he cholesterlc crystal material

lpyers. elhei déﬁﬁusgfémf maéertaylpﬂt%ﬁm the wod@eéwpwkv rﬁa*t@tmn nhg pltc of
ROTP Sa H% b@ﬂ)@éeﬁ %eq{rléh@ld{lél %ﬂblges o?{l}%

mat er I al re gene characteri respec

mesheds|off Yorming dhelesteti¢ lgtmld crysial pobsmigerh ateclgscriheduay tor example, U.s.
i - s t e, of

Moot PRI LRGRNU A or {0lod 033 S RACET RSB E4: nci den

| i ghtTha shﬁgstmwu1d®ysm ngkbod% c?ﬁhl‘ee wdfed Ixreaswmet}cof optical

t
it A PO Rptite R, b R R o iy G b Dot anc
ﬁ@yﬂafcav@mslﬂhyse Fot gxpample) Flghayleﬂlﬁstmtes devhienasic tmssf-m:mmhwew
tical dy, .. .Sy , fI
Bhe et G el Sstemano STt 4 S e S5t A baclath
408e4 chdlé%tdﬁﬁ @iqhid raﬁystat relﬂeétive qablaﬁﬁer Bo%,ak HZs@fibedeBvd? biddh

of, a f?Iesterlc %Id crystal olarizer is
optional reflector 406. The dlsp ay system optionally includes a wave plate as part of the

cholesteric liquid crystal reflective polarizer or as a separate component to convert the

gers Other

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.

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
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simlar to the optical layer thickness of nmultilayer
reflective polarizers. Pitch and optical 30 |ayer

w0 bioskms8s det ermine the center wavel ength of PEEUS2004/001114

chol esteric liquid crystal polarizers and nultilayer
refl ective polarizers, respectively. The rotating
director of the cholesteric 18 WO 2004/076589 )

2 ligmid prystal fispjay d-C)ypad aplasiesyr hat transmfits pply light of one
pRRbibARh stafPeat units simlar to the use of multiple
Iayers havi ng the sanme optical |ayer thickness in
mul t ThabasklightfDé 8t snppkins Iﬂmliélév@d torview dhardigplay system 400

%@%{a %0, hgkﬁ%&r 41%% igiétréﬂﬂ{édl% de{l(?ou%‘l}%the‘?f the

e e cho i qui
ua@lgliehﬁr@qoreinms om lodwecbl Al¢top lpthe éighttgmedec‘lﬁaldelscted ircFigure 1 has a

gehe%’i e&[n?% C?? Icros? g;-gﬁgn %gcng gﬁts X\leﬁ% ?g%ﬁﬂidemm aﬁ;asultable

appr ere na a
shm s heexaefpiaatlteﬂnght gundsi 43 & samlfe Wdrdgeshaﬂeé,si’nmelrdl a ppaidb-wedge
% ,f ﬁt]]lca l lgegéjnmoarg IQ(%HS{CQO ltlarlg]ies)%heagﬁhg%fgorgul%e 1{] be C a%le o%gecg{vmg
lip@t fhan diedi.ghaﬁout@ 411 6 endlémigtiigoliat ightt e al repili ’(ﬂle d:lglylsm 8lcan

15)031136 m;rlgreeg er%téé S | ?)}Q%ﬁ%f?eggﬁ 6@5 ex&aﬁtéo%oma ?1{191%1%' a{}i%to%%r

cl(ah@b&&tsab aanévecthah@bsﬁwﬁﬁcaionpol ari zers can be forned by
am n er rea

chol A0t ERE R %3&8&10193%5 ol thaég’eﬁldaq %S%gteoales 3%??1‘10

liqagl st dbticUBSdyT & Rscritled Moot f TRY RAkctRE belbAger 468 § prov1ded to
| ayers _having different conpositions, fqr_ 15 exanp

SBP%*#’“@P%%FM?SH{“] light ehpngeplgnzatign statsiexiting fiedighbarids 48 Tond'

subsieaF et @lgh ORI ER 1p(aifanzaﬁi'aﬁ @Hi;ére%}ung-{lli@%t Wile 418.
| ayers are heated to diffuse liquid crystal eri al

bet wigyre his 2 schereatis ilhwsiietioni of passanoleflentive hm&ﬂ crysialdigtiay
stobeThl*é@eﬂe@M%ﬁquw a'dhsglag%gi&ﬁlde& &ﬁga}%&ﬂmgual 4 he

'ayers varyi ng ove et ween t i ndi vi
olesthrisliofid edvgalrafectizg polaizinghigror S eh alkorive bankirigri§o, and

a%@%c?%ts\% ofanlz rqjl(l)de%é M%@{gg@gll (?srpkéf%r()ﬁ Og{l(lﬁ'lgﬂ tfdpse wave
flgs as B9y 07['91& %E‘p‘teﬂ@hq@d ¢1y87l reﬁwdv@ﬁﬂ&fz%r 303140r a?.’la eeparate
G%Hl%gr?%lg ver{ mgg Py gﬁp"tlon hgfﬂ o tlhe B?pglld %lsys%?élevpc% t§' 3% d
appropriately polanzed light.

Liquid crystal display 500 functions first by the absorptive polarizer 502 polarizing
light 510. The polarized light then travels through the display medium 508 where one of
the light’s circular polarization components reflects from the cholesteric liquid crystal
reflective polarizing mirror 504 and passes back through the display medium 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
crystal optical body can depend on factors such as, for example, cost, size, thickness,

materials, and wavelength range of interest.

20



10

15

20

25

30

di spl ays and ot her applications, including
transm ssive (e.g., backlit), reflective, and

wo c@nsfdsect i ve di spl ays. For exanpl e, Figure 1PCT/US2004/001114

illustrates a schematic cross-sectional view of one
illustrative backlit display systen1400 i ncluding a

di spl 402, ackl i ht 25 a chaol esteri
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¥ b@l‘ﬁﬁﬁedﬁ%ﬁr thd £@G%1 & d1d}8ed G(Qh{rasleﬁjflrohgh g]d}sgﬁg\gfeﬁﬁm daze

back e exanpl e of a
pferAy fo aismrtmmrmsz@b4n®gaﬁae§43ackmtlgmh¢@ispil@ ngediting 6@ &land

B9 B 1, A T P LAIER M

one ariza
4ightuatselsamplylpessed tlneodgh grtetchubetehd larizenstdhmatthapo pyovide

gﬁzotp%ane y g;hotlarlze& Lclénq i)ltge fi'l%r ﬁgﬁt Q (}ppgg{; Lahgﬂé)e%aﬁg I1s4ba6k
sfletteiysecgelad, had Mdvelﬁbisb@ltghugﬁl&le Ichg]bdter@potteizérlD4 to

j.ct ed = 1, [ .ect ular . .. .
PR Betho Tt T S0 PRSP By v
@pstalibplagwl0e incildapeéne cholest@iclilicerydtdl @plita Bodyg b @h8cribkd
SoRe. RS Bt A AP TTIBH opatal Aot v o APl ctors
iBad @or(‘e&ﬁﬂpl% o8 sikd Q}ﬁél&ﬁbsfégmaﬁehegb tand %%léﬂ'gﬁh llah%hﬁf interest.
source 416 and en1tt|£§ that 1i ht a resul

| i ghtThe pBolggpriole Gy Pt kodpn be tlsffiéw@ea yriety of other
&%ﬁoﬁ&ﬁé al &1 HaPEn1ARR)or pRNide ¥ ek %p%gmw 1RMIRI @JMhl display.

ot her conponents to achleve the desired functionhs.
Sueh cpmppreaisiapd fipad inglhde forgggnple, taighopasiebancemhéenifiithat

ﬂe&?&aﬁgﬁ E%?eg 1Acﬁﬂl§&g é@gﬁerﬁ%}gla ‘Bﬁ%e% ah§ ﬁlFll;]é &‘ditﬁszef ystal

Op | cCa SCr ectl ve
mtlauquz/drspa%phase eflentive polatizers, metalhzed back reflectors, prismatic back

reflectors, diffusely reflecting back reflectors, multilayer dielectric back reflectors, and

holographic back reflectors.

Working Examples
All chemicals for the following examples were obtained from Aldrich, Inc. of

Milwaukee, WI unless indicated otherwise.

Example 1: Synthesis of Various Non-liquid Crystalline Additives
4'-cyano-1,1"-biphenyl-4-yl 4-methoxybenzoate was prepared by first combining
40 g (0.26 moles) of 4-methoxybenzoic acid, 53.2 g (0.525 moles) triethylamine, and 400
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substantially transmt |ight of one polarization state
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604 or as a separate conponent to convert m xed
polarization light fromthe liquid crystal device to
wa@pooappisepri ately polarized light. In the reflPCL/US®04/001114
node, bright anbient [ight 610 is polarized by the
absorptive pol arizer 602, travels through the display
medi um 608, reflects off the partial mrror 603, and
passes back through the display medi um 608 and
absorptive polarizer 602. In | ow anbient-1ight
situations, the backlight 606 is activated
is selectively passed through the choL;; '
pol ari zer 604, matched to prov@de ¢
pol ari zed light to the display)
handedness i s back- : : '
sel ectively passed t the chof'estertc pol ari zer
604 to effectively iincreage backlight brightness. The

| ectioe polagizer reflective liquid 15
dFSpréiLaa. i nchades one chol esteric |iquid
opti cal body, as described above. The

i c choice of cholesteric quuid crystal optica
bodxgcan depend _gn factors as, for ex

cost8.5dy Zecya@lﬁubéwéwaglé)enﬁ%&t%ﬁh& %crylawdldévw@%tqqom k§e’56
I t | | 0
(B§§F é‘%ag%) NCZ*B?.%Q%?%%&!}@Q&H% %F]X)%Er@ioh@;%bﬁé 0.93 wt%
carhomﬂ teftnabrmmﬂblamdé)rﬂ% Vezob2 demldgom,tIhE)r wpneapafdm&elsmﬂdleated at
iquid crystal display. 20 Such conponents and

abqqtﬁﬁsclfﬁﬁﬁl?ﬂﬂ‘é 14#18Frsexarrpl e, brightness enhancenent

fi I S i ] V.

bl et e L YR, VBl AR R B UARIEL et o the inital
solptiais eT]naeidMasw&r@ addediiz en amomet 15% bf the vtm?glk of the initial solids.

refl ector ri smatj c _bag reflectors sel )
F&SP@@@.SHEI%E% We’FeetP}XQGPBPtC leqt, Atea tPmperatie @f %@*@i Themied
solﬁﬁ&Lse\%I‘é tRen &)‘ﬁ%d J?HB Q85 aRkos tltﬁ@E FE'TQﬁ (;S‘?:chﬁ Pak®  3M). The
l'es AIl chemcals tor the [ owi ng
codtxdfipvh &ss \bﬁk@i ahbautried® Crionabaudd 2 nhnutbm cThedpectrum of each coated

Sy vt ed CRRe CARB eB e gt (RgTan B, Sant

Clﬁg dCA?]VJ?tﬁ a GlanCMRRRs botkriz& AN 5oft 2ro order achromatic 1/4 wave
-et hoxybenzoat e was prepar ed b)P first conbining 40
ﬁhg i the2fptivel edl). Bhe golaid may Henzwicoteddd gives3Be igmud 525

nol es) triet
transmlsglon extmcp XI ) and nhe spegtra waso recorded. The minimum in the spectra was

averaged over 120 nm of bandwidth and is given in Table 2 below.

Table 2
Additive Extinction (% Pass
Transmission) | Transmission

control (no additive) 17.1 99.3
4'-hydroxy-1,1'-biphenyl-4-carbonitrile 11.0 99.1
4'-cyano-1,1'-biphenyl-4-yl 4-methoxybenzoate 9.5 99.3
4'-cyano-1,1'-biphenyl-4-yl 4-ethoxybenzoate 10.1 99.0
4'-cyano-1,1'-biphenyl-4-yl 4-propoxybenzoate 8.1 99.1
4'-cyano-1,1'-biphenyl-4-yl 4-butoxybenzoate 9.6 99.2
4'-cyano-1,1'-biphenyl-4-yl 4-heptyloxybenzoate 29.1 98.2
4'-cyano-1,1'-biphenyl-4-yl benzoate 10.6 99.2
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21 WD 2004/ 076589 PCT/ US2004/001114 m of
1, 2-di net hoxyet hane in a round bottoned flask fitted
wowdao/ozeseechani cal stirrer and a thernoneter, PCRUS200&001114
at nrosphere of nitrogen. The solution was cooled to -30
C, at which point 30.1 g (0.263 noles) of nethane
sul fonyl cholride was added. Stirring was continued,
andAk bsn besaea T A swhHRE Al 8f e ddaitivedalvbRrutidiBedivere
1 hour. Next, 51.32 5 (0.263 npl es) of o
compatifjelyv b {ie liquid cws%ﬂm%ymmﬁ@wébbﬁdmaw BangssRopoi>90%) the

Py SR . . _ q
chol AN ot Ohk o IFE 3R VRDKls A8 SERRIRHEE hey al
protibatd dhelepteriatigni onystdl 1sters withg ldwer extiaction3 veaus the chmposition

n xture S then cooled to.room tenperatyre an .
withotapy giie spptiofi ettt g‘&lcPHlPBf*lBgE &ilt%&"-éxm-ﬁé@@abenyl-ﬁl-yl
44ﬂ$ﬁﬂé§%&ﬁ@&@d by filtration, and was washed with

water "and air dried. The crude material was then 10

r ecThsakdveispenifi¢atiom examphisraatl datapuevidef complete description of the

t et rahydr.of ur to _obt.ain e.desi.red.material . her
map Gl Y star Qo tuf ohB8 EPHESL ARG RS sbedints of the
inveitidregahaeinhgictvighoud dé@m%ﬁ‘&ﬁ REOsfiriegidbcbhd &F thBenvention, the
. Chemcal indicated in Table 1 below Table 1 Exenplary
invapignn sesidesndhs elgims hereinafter appended.

4' -cyano-1, 1" - bi phenyl - 4-y14- et hoxybenzoat e

4- et hoxybenzoic acid 4'-cyano-1,1'-biphenyl -4-yl

4- propoxybenzoat e 4-propoxybenzoic acid

4' -cyano-1, 1' - bi phenyl -4-yl 4-butoxybenzoate

4- but oxybenzoic acid 4'-cyano-1,1'-biphenyl-4-yl

4- heptyl oxybenzoat e 4- hept oxybenzoic acid 15 Exanple

2: Effect of Various Additives

4- (2- Acryl oyl oxy- et hoxy) - benzoi c aci d

4' -cyano- bi phenyl -4-yl ester (also known as

cyanobi phenyl benzoate ethyl acrylate) can be prepared

as described in European Patent Application

Publ i cati on No. 834754 and is a cholesteric liquid

crystal nononer having the structure: 22

24



WD 2004/ 076589 PCT/ US2004/001114 O~ \ 0 "", e 0 18.5
wt % cyano bi phenyl benzoate ethyl acrylate, 1.18 W%
w@adouoresBor LC 756 (BASF, Charlotte, NC), 59.PCTMIS2004/001114
tetrahydrofuran, 19.6 wt % cycl ohexanone, 0.93 wt %
carbon tetrabrom de, and 0.59% Vazo 52 (W /I m ngton,
mere conbi ned and heated at 5 about 60 C for
¥Y ARE hours. After 14 hours, the various non-liquid
crystal | i necrardietit NQi3d WeER! REPEEsPcdntiRisingi ti al
solution. The addltféegﬁmereﬂgdded in an anount 15% of
t he \#iegftongehalesteric finwid grysebpieerssor ale resul ti ng
sol utgs As oWE hiéh- H&ﬁi@@yé&ﬁ‘l‘hh& addit®Rlof f@hmf 1t enperat ure of
60 C. The m xed "soldtions were then coated on to 100
m cron thick PET fil KScotc P%k The 10
coated fil mwas bgkeﬂ)bt about C f6h1 tht 12
m nutes. The |spectrum of | each coatled filmwas then
measur ed by qslng a Lanmbda 900 spegctrophot onet er
(Perkin Elmer,® Santa Cdra, CA) wi%h a d an- fiponas
pol ari zer and Qf wport zero order achromatic 1/4 wave
fi 1 myhere MeN offt Q@ ate each MAPPALIEY ari zer was t hen
oriented to give the m ninumtransm ssion (extinction)
and the spectra was recordgd. The mpinumin the
spectra was 15 pveraged over 120 m of bandw dth and
is given in Tab Extinction
(% Pass Trans (no

henyl -4-carbonityile 11.0 99.1 4'-cyano 1,1 -Di
| ' - bi phenyl -4-yl' 4- met hoxybe9.5 99. 3

4' -cyan-1, 1' - bi phenyl - 4-yl 4- et hoxybenzoate 10.1 99.0
4' -cyan-1,1' - bi phenyl -4- 14- ro oxybenzoate 8.1 99.1

Q0.

joos
bbb




10

15

4' -cyano-1,1' - bi phenyl - 4-yl 4-but oxybenzoate 9.6 99.2
4' -cyano-1,1"'-bi henyl-4- |4-he tyl oxybenzoate 29.1

w@3002/076¢589 cyano-1, 1' - bi henyl -4-yl benzoate 10rPGI/9S2084/001114

23 WD 2004/ 076589 PCT/ US2004/ 001114 As can be seen
fromTable 1, while all of the additives that were
utilized were conpatible with the liquid crysta
polymer (they all had pass transm ssion of >90% the
cholesteric liduid crystdl filnms forned thereby had
varying resul iacgtion. They all produced
chol esteric | d crysy | ayers with a | ower
extinction, sl N SO _Q W {hout any

4'-cyano-1,1' -}t

R yFoxy enzdate. The
above specifi '

dat a | ovi de a

the conpositio xéntion. Since many

enbodi nents of |t he be made w t hout
departing fromthe spirit and scope of the invention,
the 10 invention resides in the clains hereinafter
appended. 24 WO 2004/ 076589 PCT/ US2004/ 001114 WE
CLAIM 1. A cholesteric |iqgu~d ystal conposition
co FSRN0gN, at | east ope—€ psteric liquid crystal
a énd east/(ongVmed-1iquid crystalline
gformula | :
Zf Ug (1) where M N, and Q are each independently: O

OO,
N—N N
\ /\
= = L
N N—N
) [\ I\
/ ) /c)\ |

@) S

b 3

b and ¢ are each independently zero or 1;

W, X, and V are each non-directionally and independently a covalent bond,

"-C(=0)-0-, -C(=0)-S-, -C(=0)-Se-, -C(=0)-Te-, -(CHy)x- where k is 1 to 8, -(CH=CH)-,

-(C=C)~, -CH=N-, -CH;-0-, -C(=0)-, -O-, -O-C(=0)-0-, or a combination thereof;

Y, Z, and U are each independently -H, -Cl, -F, -Br, -1, -OH, -O(CH;);CH; where j
is 0 to 8, -CHj, -CF3, -OCFj3, -CN, -NO,, aryl, arylalkoxy, carboxylic acid, thioether, or an
amide;

e, f, and g are each independently zero, 1, 2, 3, or 4;

his1,2,or3;and

R is -H, -OH, -CN, C;-C;g alkyl, C;-Cs alkoxy, an aryl group, an arylalkoxy group,

a carboxylic acid group, a halogen, a thioether, or an amide.

26



OOOO, NONNO NONNONN, and Y 25 WO

2004/ 076589 PCT/ US2004/001114 O NONe a ~~a O ON
warepa3® NFN N\ / \ S SO 0SO0 or ; 5 b pmus2as/en1ld

each i ndependently zero or 1; W X, and V are each

non-di rectionally and i ndependently a coval ent bond,

o o) -. -C(=0).-Te-. - -
V\/r?ér ) ’ghelc%[(qpogu(?n ?c@&ag)og cl%ﬁn Cag%eh? heéﬁal’ﬁi_teéc%&ci(
cryfetd? c&ﬁlposmGﬁ h4d x trarsPission Gatls -n@) gr@ater thdn that@@ 2 chaletexic liquid
thereof; Y, Z, and U are each independently -H -d,
crystal cqupposition witppt thegddi¥.JcH3 where | 10 is O to 8,
-CH3, -CF3, -OCF3, -CN, -N&2, aryl, arylalkoxy,
car bexyl i Ehef:kﬁ)lnfﬂaosﬁlhﬂl arbilalg, to Olhind D, wigdifl@ chelestdric il @ystal
r
5 tﬁl‘ eforef‘n%% om 1% choqgs%er}}cll}éufdecrryostal %ompzosm%n ha.sr an4e[§t1nct10n that is less
than that of a film formed from the cholesteric liquid crystal composition without the

additive.

4, The composition according to claim 1, wherein the film formed from the
cholesteric liquid crystal composition has an extinction that is at least 5% less than the

10 cholesteric liquid crystal composition without the additive.

5. The composition according to claim 1, wherein the at least one cholesteric

liquid crystal precursor comprises a compound of formula II

(l\lfI WX @—V—P
Y, z U
f g (II)
where ais 1, 2, or 3;
15 where M, N, and Q are each independently:

27



his 1, 2, or 3; and Ris -H, -OH -CN, Cl1-C8 al kyl,

Cl -C8 al koxy, an aryl group, an aryl al koxy group, 15
w@2@anhbsgyl i c acid group, a hal ogen, a thioet heeT/USZ004601114

am de. 26 WD 2004/076589 PCT/US2004/001114 2. The

conposition according to claim1, wherein the

cholesteric liquid crystal conposition has a

transm ssion that is not greater than that of the

chol esteric liquid crystall conposit]jon wthout the

addi tive. 3. The j

onposi t | according te<claimil,
wherein a chol ic li cryst .‘q! m f or med
clig rystal Pasit i on has an

fromthe chol ,
extinction that a | mformed
fromthe chol estleric Iiquid crystal conpdsition

W thout the additive. 4. The conposition according to
claiml, wherein the filmfornmed frojnthe <cholesteric
liquid crystal (tion has an ex#{ncgion that is
at |l east 5% | ¢g I% e 10 chol gsts ' qui d
crystal conpogNLi- ¥ hout the ad / The
conposi ti on Accordi ing e el he at | east
one cholesteric liquid crystal preclrsor conprises a
conpound of fornmula Il (MWNX+c Q Vh P I Ye zZf Ug
(') where a i or 3; 15 where M J, and Q are
each i ndepend WO 76589 N

PCT/ US2004/ 00 , b II\ICD ,

28
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ON NO NoN NON N, and 28 WD 2004/ 076589
PCT/ US2004/ 001114 (r) NoONS N ~>- and O )OS NN

WOR0048765865 0 S O or ; 5 W X, and V are each PCT/US2004/001114

non-di rectionally and i ndependently a coval ent bond,
-=0-0, -d=0-5, -qA=0-Se-, -(=0-Te-, -(CH2)k-
where k is 1 to 8, -(CH=CH-, -(CO-, -CHN,
-CH2-O, -C(=0 -, -0-, -OC(=0-0, or a conbination
thereof; Y, Z |and U are|each independently -H -d,
-F, -Br, -1, - CH3 where j is O to 8§,
-CH3, -CF3, ], - , aryl, aryl al koxy,
carboxylic acgy thio N or an_~l0 agide; e, f, and
g are each indpendqntly zero, 1, . Qr 4;, and h
is 1, 2, or 3, .Aand P is an acryl g /et hacryl at e,
acryl am de, i® anat e xy of S aneS 15 6. The
conmposition @ Idi ng aimb5, wherein at least Q
is the sane iny both fo al, and I'l. 29

o O
0 I

0O S

) , OF

W, X, and V are each non-directionally and independently a covalent bond,
-C(=0)-0-, -C(=0)-S-, -C(=0)-Se-, -C(=0)-Te-, -(CHa)- where k is 1 to 8, -(CH=CH)-,
-(C=C)-, -CH=N-, -CH;-0-, -C(=0)-, -0-, -O-C(=0)-0-, or a combination thereof;

Y, Z, and U are each independently -H, -Cl, -F, -Br, -1, -OH, -O(CH2);CHj; where j
is 0 to 8, -CHs, -CF3, -OCF3, -CN, -NO,, aryl, arylalkoxy, carboxylic acid, thioether, or an
amide;

e, f, and g are each independently zero, 1, 2, 3, or 4; and

his1,2,or3; and

P is an acrylate, methacrylate, acrylamide, isocyanate, epoxy or silane.

6. The composition according to claim 5, wherein at least Q is the same in
both formula I, and II.
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WD 2004/ 076589 PCT/ US2004/ 001114 7. The conposition
according to claim5, wherein Q U V, g, and h are

WO b@4p29589 i n both fornmula I, and Il; and b andPCT/afm™04/001114
both O in formula I. 8. The conposition according to
claimb5, mherein at least Q U V, X N Z f, 5g,

and R are ’[thh & omp 0 1onrllf>g)0r<§mg & oiBEE sag;h Ct?,tl:f,o\ﬁ g, ancﬂ1 are the

O and' c is or mu

swweon Hoth g?ommlacl andilznd haad e are bath 0 fmafsﬁn@ LU V, X, N,

Z, W M Y, e f, g, and h are the sanme in both

formula | and Il and b and ¢ are 1 in formula |I. 10

10. Bhe Cdﬂlipﬁsmpdmﬁlibnaeﬁmhdg f(bgzletlm 5 wbrgintut 10ktad, 0,1V, &, 7, £,

cho ic li t sor is.c anoblphenyl
Gand B ateahe o g Pl Fing Tl et AR amaaS | & oemblg i

1, 1" - bi phenyl - 4- yI 4- nethoxybenzoate

4' -cyano-1, 1" - bi phenyl - 4- 4- ethox benzoat e

cyano: 1, 1" rpHe Ponﬁc‘iﬂrdlﬂg rdays Ry Bass Bt %?aStQ U V,X,N.Z,
W, MW BOE &, ahd-hlirdihe Bithe #h-bith Brmuat SPSRZOAES ar®1 uﬁformula I
conblnatlon thereof. 15 11. The conposition accordi ng

to claimb5, wherein the anbunt of the additive of

formgba I Tihe c@tﬁﬂé&ﬁtlo}l aE&rﬁég/?ob:leW%' %&reﬁfthiaﬁ)lés%h@ iquid

solids content of the conposition.
EBTR BEGCHTsBIS ambmhﬁgl banzedtegthyl Beryldtrend the addgivanodiyano-

Pi ﬂl]%}ﬁnﬁd@%rlu Memst Hceﬁfo%l . ckaﬂosl Ia%% }?i §191 th QB%(nzoate 4'-

wei ght he total sollds tonteén he’ conpos|
QBne3,1' hlhhena'bﬁﬁbéwpmpowbametedai egartoel , Hibdphengd;4-yier ei n

%R&agggﬁ (%HSFQ?&F£&¥ of formula | is about 15%

ids content of the
conp05|t|on 14 The cholesterlc liquid crystal

conpqQsiti rding to..cl i .1 further

sol Vgﬁt e cqr %osqﬁ)gl%(écotr%?g 0 ﬁgnaa'-r 8L@F5y§]{1eazrmg{}%1t ofS the gdda tive
afdonnodi tis aboud ¢ e B i ibg wieizhtdiahdnodal bdlidk bédtent Bthe composition.
conprising at |east one conpound that functions as an

I ni t I1 ror mg c«grgpr)orylt{ tagcrordlﬁq %%L%mgnwﬁ%r§p&%%?mo%t of the additive

crosslinkér, "an" anti ozona
oflfaustuilch i ebout 40 st 20% by ®eight of the tgfat solidbsaitddit BHthE ¥@mpdition.
a pigment. 16. A cholesterlc liquid crystal | ayer

for rqu fr H Qorﬁgoos% o7 ador ing 1!0%9&'1191 SC\EVXGI‘GIH the amount of the additive

of formula I is about 15% by weight of the total solids content of the composition.

14.  The cholesteric liquid crystal composition according to claim 1 further

comprising a solvent.

15.  The cholesteric liquid crystal composition according to claim 1 further
comprising at least one compound that functions as an initiator, a terminator, a curing
agent, a crosslinker, an antiozonant, an antioxidant, a plasticizer, a stabilizer, a light

absorbing dye, or a pigment.

16. A cholesteric liquid crystal layer formed from a cholesteric liquid crystal

composition in accordance with claim 1.
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conposition in accordance with claim1. 30 WO

2004/ 076589 PCT/ US2004/ 001114 17. An optical body
w@ormpnresBng a cholesteric liquid crystal | ayerP€TUS2004/001114

accordance wth claim16. 18. An optical display

conprising: a display nedium and 5 a reflective

pol ayj zer, conprij.si.ng a cholesteric J.iquid crystal

Comber ¢t oREaRA Py e bt oG § accordanes
withspimy6conpri sing: a display nedium and 10 a

refl ective polarizer conprising a cholesteric liquid

I i 1. ol | ai m 16. . Th
opt Bl dRuBag! SR RERRESPE ) o m 16, wherein at

| eass digplepnktiemsas®e in both formula I, and I1. 15 21.
T RSB Bt AL L Sl PR OB Borine

td dlaimand b and c are both 0 in formula |I. 22 The

opti cal display according to claim19, wherein at
least Q U, V, X, N, 20 Z f, g, and h are the sane
in bosh fonBpcAl dispieoldprisiaggd b is O and ¢ is 1 in
formula |. 23. The optical display according to claim
19, adePlaymedimianst Q U V, X, N, Z W M Y, e, f,

g, ap %ﬂéc@e%qoﬂi‘ﬁeﬁ%ﬁi@ri&iﬂ% befdestesic Mdlia chystiBorhposdel abrording
tanlgin::mar elin formulal. 25 31
0C .

20. The optical display according to claim 19, wherein at least Q is the same in
both formula I, and II.

21. The optical display according to claim 19, wherein Q, U, V, g, and h are the

same in both formula I, and II; and b and ¢ are both 0 in formula L.

22 The optical display according to claim 19, wherein at least Q, U, V, X, N,

Z, f, g, and h are the same in both formula I and II; and b is 0 and ¢ is 1 in formula I.
23. The optical display according to claim 19, wherein atleast Q, U, V, X, N,

Z, W, M, Y, e, £ g and h are the same in both formulaIand Handbandcare 1 in

formula I.
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