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such as polyimide. Interposed between the liquid crystal material and the substrates are

electrodes electrically connected to an outside signal device that, when electrically active,

alter the state of the liquid crystal material. Such liquid crystat cells find application not

only in displays, but also in other optical devices, including optical communication devices
20  and other optical processing equipment.

In a liquid crystal cell, the molecules of liquid crystal matenial are aligned, or
oriented, in a preferred direction along each of the substrates within the cell. Normally,
this alignment is accomplished through the use of an alignment structure layer. Alignment
layers generally are glass substrates or polymeric films, typically polyimides, that are

25  mechanically rubbed in a single direction to impart an orientating effect on the liquid
crystals with which they contact. The optical activity of the liquid crystal cell is in part a

function of the relative orientation of the liquid crystals at the surface of each of the

substrates and the ordered change in direction of the crystals between the s_ubstrates.

Such conventional alignment layers suffer myriad drawbacks. For example, the

30  high temperatures necessary to process of many useful polymeric substrates prevent the

incorporation of temperature-sensitive additives such as color dyes into the alignment

structures. Also, the conventional rubbing, washing and drying steps used in manufacture
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The alignment structures can also be made with one or more additional layers, such as, for
example, cholesteric retarders, non-optical polymers, ete.
15 In another aspect the invention provides optical devices. The optical devices
include at least one liquid crystal material disposed between two substrates, wherein at.
least one of the substrates have disposed thereon an oriented film of a lyotropic liquid
crystalline material. In other aspects, the invention provides methods of making such
alignment strctures and optical devices.
20 |
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 i$ a scanning electron microscopic (SEM) image of the ordered surface of
an alignment structure according to the invention.
- FIG. 2 is a schematic view of a liquid crystal c.:ell according to one aspect of the
25 1invention.
FIG.31isa séhernatic view of an alignment structure that incorporates an ordered
layer of lyotropic liquid crystal material according to the invention.
FIG. 4 1s a schematic cross-sectional view of a two-polarizer liquid crystal display
according to one aspect of the invention.
30 FIG. 5 1s a schematic cross-sectional view of a color liquid crystal display

according to one aspect of the invention.
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material mteghaatnicfa? (r:igf%rrggtic?r{,gte tinggubss rziye%toﬁ{oewﬂﬁﬁri’h@ﬂﬁkérﬁﬂis applied, the process of
forming the alignment structures of the invention has a reduced tendency to create stresses -
{5  that might distort the optical properties of the substrate. For certain applications, the
alignment or orientation configurations of the invention allow for the use of more flexible
substrates without regard to the degrading of optical propertes.
Any lyotropic liquid crystal matenial that forms an ordered structure when applied
to a suitable substrate can be employed in the invention. Useful Iyotropic materials thus
20 include those that form 2 variety of ordered structures upon application, including
crystalline structures, lyotropic films, and other molecular orderings. Typically, the most
useful Iyo&opic liquid crystal materials will be 1':hos'e- pematic liquid crystal materials that
contain at least one triazine group, including those of the type disclosed in U.S. Pat. No.-
5,948,487, Preferably, the lyotropic liquid crystal materials are colorless, One class of
25  particularly useful Iyotropic materials are those known as "chromonics." See, e.g.,
Attwood, T.K., and Lydon, .E., 1984, Molec. Crystals liq. Crystals, 108, 349.
Chromonics are large, multi-ring molecules typically characterized by the presence of a
hydrophobic core surrounded by various hydrophilic groups. The hydrophobic core can
contain aromatic and/or non-aromatic rings. When in solution (typically above about 5

30  percent by weight of solution), these chromonic molecules tend to aggregate into a nematic
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Useful chromonic materials are also available in zwitterionic form, among them
those of the formulae:
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15 (4, 6-di (4-carboxyphenylam no)-1, 3,5-triazin-2-yl]- pyridiumsulfate)
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f or mul aeWQ waBtY® above, R is a hydrophilic group, including those
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R3, each of which may be the same or different, is selected from any electron
donating group, electron withdrawing group or electron neutral group. Preferably, R is
15  hydrogen or a substituted or unsubstituted alkyl group, most preferably hydrogen.
R* is generally selected from substituted and unsubstituted positively charged
heteroaromatic rings linked to the triazine backbone through a nitrogen atom within the
ring of the R* group. R* can be, but is not limited to, heteroaromatic rings derived from
pyridine, pyridazine, pyrimidine, pyrazine, imidazole, oxazole, thiazole, oxadiazole,
20  thiadiazole, pyrazolc; triazole, triazine, quinoline, and isogquinoline. Preferably, R'isa
pyridine ring. When present, a substituent for the heteroaromatic ring R* may be selected
to determiﬁe the properties of the chromonic material, for example, a desired color for the
aligned lyotropic liquid crystal material. Such substituents for R* may be selected from,
but are not limited to, any of the following substituted and unsubstituted groups: alkyl,
25 cart;oxyl, amino, alkoxy, thio, cyano, amide and ester. Preferably, when present, the rR*
substituent is a substituted amino or pyrrolidino group, more preferably an alkyl
substituted amino group, most preferably a dimethylamio group. Most preferably, the
substituent is located at the 4 position on a pynidine ring. '
In some cases, the performance of the lyotropic liquid crystal materials can be

30  enhanced with the incorporation of one or more additive compounds. One useful additive

is dimethylaﬁino pyridine ("DMAP"), which when added to the lyotropic liquid crystal
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pl ane _of the substrate ontq which they are applied. Typically, coating
met h§é s t5hgss qorfg%gqatgqgéléﬁtenal during the coating process will be preferred since shear stress

mmparted during coating can serve to form large and uniform domains of the ordered

pyridine ring. Wien present, a substituent for the heteroaromatic ri ngFImR 2005

lyotropic liquid crystal molecules. Coating techniques that impart such shear stresses
include wire-wound rod coating and conventional extrusion dye coating.
Drying of the coated liquid crystélline layer can be performed using any means
20  suitable for drying aqueous coatings. Useful drying methods will not damage the coating
or significantly disrupt any molecular ordering of the coated layer imparted by shear stress
or other ordering effects applied during coating or application.
Substrates onto Whic-h the lyotropic materials can be applied include any solid
material that will accept the coating of the liquid crystal material and that possesses
25  whatever optical characteristics may be desired for its intended application. For example,
transparency, translucency or reflectivity may be indicated for a given application.
Suitable substrate materials include, for example, glass, rigid polymeric materials, flexible
polymeric films, multilayer films and optical stacks. In addition to the layer of liquid
crystal material, the substrates can also include any other layers customarily found in
30  display devices or other components useful in displays. Such additional layers include, for

example, polarizers, retarders, color filters, black matrices and electronically-addressable
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15  electrodes or TFTs. Alternatively, the lyotropic materials can be coated onto substrates -
that are later equipped with electrodes and/or active devices.

Coating solutions of the lyotropic materials can be made by preparing a simple
agueous solution of water and a pH-adjusting compound such as NH4,OH. The coating -
solution can then be prepared by dissolving the lyotropic material in aqueous solution

20  along with other additives such as surfactants and one or more polarizing and/or filtering
dyes. Suitable water-soluble polymeric binders can also be added in small amounts to the
solutions in amounts ranging from less than about 1 percent by weight to 5 percent or
more. Polymers found useful for this purpose include dextran-type polymers and their -
sulfates and sulfonated polystyrenes. Generally, the liquid crystal materials can be added

25 in amounts sufficient to form a solution of the lyotropic material with a concentration in
the range from about 8§ to about 20 percent by weight of solution, though concentrations in
the range from about 10 to about 16 percent are more often preferred. Solutions of the
lyotropic material outside this concentration range can also be used provided a desired
leve] of functionality is preserved. For example, 2 solution of the Iyotropic material should

30  provide sufficient levels of ordered material on the final substrate and should therefore be



be coated or otherw se ordered onto substrates that have patterned
. LMER 2003

el ectrode 10 transparent conductive oxide stripes S
W s e,

tin oxide ( and/or that have a matrix of thin film

("TFTs") or other electrically active devices. Such enbodinents would

I nclude coating or ordering of the |yotropic materials directly on top of
such el ectrgdes or TFTs, on top.of one or npre imedi ate |ayers such as one

or nore priganty sepesatiedde proyidgaiequals cpating thickpass aadissyabaliw, bigpes smg t he
f hayi ) ti.vely, the |yot [
i er al o CARHhRE ss b €0 GBI Blrmdll® Gl BT i pped w ih

materi al s can ‘er equi pped with

el ectrodes andi®somae tases itgiy ©€ particaRtllydgsitbldHol iABSpefatd Hfe byRbFORIIS
materi al s can_be made by preparing a sinple aqueous solution of water and

a pH adj udyssriirestyrpiothe aligoment steiae fo Misyidsqul drining swl/ot ¢alor Slantivhen be
pr epargd I ssabving the lyotropic. npterial, in ueoys sol ution 20 al ong
N h ot helonaRs VA et b B s ts hep o i H co<parale PORRGeTB AR of
filteringeoldyfifter IRbrk i’rp&?oﬁ/@*ﬁl?ﬂi‘sﬁfé&.légﬁﬁmg%%nﬁﬁ &aﬂﬁg%rn% o??ﬁbr@bf%cﬁ%i dded
in small anmpbunts to0 the solutiohs”in anmounts ranging f.romless an Cabout
1 per cent dias camibg tidcotporsted éntoehd orderedmmtex oPﬂieylp‘Buréﬁ)iE enbekidl 36 hrdvidedn t hi s

u

purpose include dextran-type polynmers and their sulfates and sul fonated
pol yst yr efRgredsoirpotarizer.; ‘Hae Incoipomied dyss san hasdestad to pravidse wdigbdoRs in

ts SHffChROE - at ] .the lyotropic,.material wth
concent r abiogy Tior thd SUAS Bbted 8Bty L Bigg MO EOBBRE PR Aot ghe o
sol utigon, cdlaueions ARE SRl IdRYiiR B6-peidin hﬁ.%@ﬂp?ﬁ%@&%ﬁaﬂﬂmﬁ@exabom 16

percent are nore often preferred. Solutions of e |yotropic materi al
out si de t#?/42&88%entration range can al so be used provided a desired |evel

f f [ [ ' . For. le, | ut.i f. the. |l [
materi ol shoul dhatsRibTaE Spvingt SRRy EioR Rtetinths ek ismoh ©ho
final subshicaires antle sRRulign t PR Brgr Q\%xr}%, QRA3E ﬁ%coﬁsma%% SiItnPII’]eg

PCT/ US01/ 46878 sufficiently concentrated to provi adequat e coa
t hi cknesshi@nd cdsiehbéll 20§ acdovding &t orsoemizwixnenttofdhe thvastidro Dlee hqudlickystdlvel y

desi il coatcP ety b Shuras 20 mal b Supueist Roton gt Ao surioce
al i gnent SLEH chlkG 1@ aR bRYEEEIRA! SFdidi BRAE AystA nieddl! Holbdne top
and bottom alignment layers is a layer of aligned liquid crystal material 204. The aligned
liquid crystal material could include any conventional nematic or smectic liquid crystal
material, including twisted nematic liquid crystals, super twisted nematic liquid crystals,
20  ferroelectric liquid crystals, énti-ferroe]ectzic liquid crystals, cholesteric materials, etc.
The aligned liquid crystal material can also constitute or include any of the chromenic
materials or other lyotropic liquid crystal materials described above.
The top and bottom substrates are positioned such that the surface containing the
ordered layer of lyotropic material of each of the substrates is in contact with the liquid
25  crystal material 204 and are positioned to orient the liquid crystal material 204 in a desired
manner. Either or both of the top and bottom substrates 202 and 206 can optionally
include additional optically active layers. For example, in one embodiment, one or more
pleochroic dyes are incorporated into lyotropic liquid crystal material of the alignment
layer in such a manner that, upon application to the alignment substrate, the pleochroic dye
30  1s onented with the lyotropic liquid crystal and the resulting alignment substrate may also

be used as a dichroic polarizer.



5 functions. Such incorporation can elinnate the need for additional’3MAR2M5
" separate polatizers or color filter layers in an overall display
construction. For exanple, one or nore pleochroic dyes o¢an/imii4eeo8r por at ed
into t havepue®d nmatrix of the |yotropic material to provide an ordered

col or polarizer. The incorporated dyes can be selected to provide a variety
of wuseful filtration and polarizing optical effects in a display

construction. Many such 10 constructions are provided i ~RSARINY thé S.
Pat ent Appl i Ginire3 shews ahe pessifde coyPAYE %g?’é‘ ﬂ*ﬁﬂﬂwggggsrrcg‘g%%f %g giﬁawi ngs

il lustrate various embodi ts of th ' ghas Ghver B3 fichtabe
i nvent i anvenfipgyu P& spbstFae 5@@ q‘é,coétﬁg\%?a?%?%gﬁlsﬁcr uct | oyﬁ of a sinple

liquid crystal cell | N6cttddeoner e0didinnarderedflayen of IMal@R on. The
l'i qui d dﬂg’g%natl‘nﬁ)éd%e@%fg@qlen&% tdes a ?%p substrate 202.and, a bottom

subst r atlgql&p@rlystgﬂma{eﬁlapm Taree smbbdiveent g lyalEepie gL 91 8F der ed
yot

| ayer of opic liquid crystal nmaterial. Betwe o anskibat t om
Al | G Terinoleatencasors dpebagienn B R gRE T GHET Yy SP Sl TRCr I S04, The

aligned liquid crystal materigl bghétdRd ARNTgAMeantzyanal nematic or
snectic aﬂdcﬂﬂe@tf’é‘fi’?g&?e dyﬁa%searP%F'?g#’r%?oudi ng twi sted nematic_|iquid

crystals, supﬁ{g}l{evxi g{o%ﬁieﬁﬁr&?ésis%eéﬂdﬂal dewrof stpmsgbledwofralper SR Yigui d
crystals, antT-Ferr

electric liquid crystals, chole ric ri tc.
The al i gggglal devitel ot Ly .aTherkEBr 400 inglidess ©F p@gq;gzte; ?@f’eﬂ OoP ﬁ?ﬁ@lrg%lé&gﬁs of
the chronobnic materials.pr other o} ' Ih G strE 466 ad bot@nesutairate
descr i bedorapensator $Hb atWl‘gﬁ‘aﬁﬂgﬁu()tb‘h&sﬁl}%@t%sgaf{e? q;amr:'geh“ posi ti oned such that the

surf ace t aj nj.ng 4t bsedfthérgbétvepn. c Bamethe diquist crygalredf t he
substt at gg&iﬁé ?hq‘gigﬁ?gsé%l%é\#ﬁﬁgﬁgaﬁqzi d 25 crystal mat erhg% %Qéagrbqleare
posi ti oned, f koM Pgﬁﬁzéﬁmzlahthcbpdny&ltraﬂlecﬁﬁﬁ kypher BHRICHCR * Hbsit 64 Tranner .
Ei ther or both of the top and bottom substr d tgptional ly
i ncl ude adthettopamd betm é&bﬂﬁyteé&f’?'@ﬁls|38>?é‘§e§?ﬁf‘§rr ‘%@g‘?ﬁ%‘: %gﬁll gcﬁcgs 5 r%%di ment ,
one or nore . pleochroic L RGO TP naice drifhrthe lihyidt argspalandtedalid®Ber y st al
mat eri al “WGQQRQISEP?e&n%%nrﬁ%g?%%% t}l{rllkqgs)uc ‘a nmanner_ t hat .@gf\%aﬁal jcation to
the ali grtrﬁggéﬂ&ﬁbébf ahgsfletioe layeedbhean e prgwdedtq allasy gt F e

c

| yot r opi iquid crystal and the. resul.t.,i al i ; Latpwipy al so  be
used1gs arghialiispiay 499 usineAsbientdigft Ry %énaﬁ%ﬂﬁgﬂt sk v

Optionally, a back light (also not shown) can be placed behind the display to allow for
back lighting with or without the optional reflective or transflective layer 414.
Figure 5 provides a cross-section view of a possible configuration of a color liquid

crystal display device that incorporates one or more of the alignment structures of the

20  invention. The color liquid crystal display device 500 includes a top polarizer 502 and a
bottom polarizer 516. Between the top and bottom polarizers is a liquid crystal cell that
includes a fop alignment layer comprising a top substrate material 504 on which is
disposed an ordered layer or coating of a Iyotropic liquid crystal material 506. A bottom
substrate is made of another ordered layer or coating of Iyotropic liquid crystal material

25 510, a color filter array 512 and a bottom substrate material 514. Disposed between the
two substrates and in contact with the two adjacent ordered layers or coatings of lyotropic
material is liquid crystal material 508. Commontly, full color displays employ a regular
pattern of primary color filters for color filter array 612. For example, the color filters can

be a regular array of three colors, typically red, green and blue, or Cyan, magenta and

30  yellow. The color filters can be colored polanzers.



WO 02/ 38698 PCT/ USO1/ 46878 Fi gure 3 shows one possible construction °f3ﬁ1ﬂR 2005
al i gnment 4 pisdby € according to the invention. On substra:]éa 300 there.i's
coated a transparent el ectrode |ayer 304 such as indi um t i - GRPHEHe878

Adj acent to the electrode |layer 304 is an ordered | ayer of |lyotropic liquid
crystal material 306. In one enbodinent the Iyotropic material includes one
or 5 nore pl eoggr?i Wyes and can _thus function sinultaneously, depending

on the sel ecti of® Idipviggicsampleinptierdinaidipdhe wadeastpuling pf the, prescobl or

filter an -al I I L Flgure 4. provides cr -sectional view of
a possi bl glv?%&{p%lﬂgg?l Eznetr0 EF%/CS]O&F %uéccgafslfrﬂﬁmgéﬁ%ﬁogfl t@%@‘?fg@?ﬂeﬁ? ofiepVis$he LCD
400 i ncl uﬂﬂscaﬁedl;@]ﬂ)pméﬁ{dgﬁﬁeﬂ@c%saﬁ{bméiigﬁﬂm retarder or conpensator 404,
a liquid crystal cell that includes a top substrate 406, a bottom substrate
10 410 and a liquid crystal material 408 di sposed therebetween. Bel ow the
i qui d5 crystal cell is a bottom pol ii zer, 412 and an optional reflective

| ayer or transflector 414. AF | east MRYES t he top and bottom substrates
cont ai ns Eﬂaﬁpﬂuﬁj’ ed |ayer of lyotropic liquid crystal material disposed
along the surtace that is in contact with the liquid crystal material 408.
The refl ecti veAmhrdmams ihaeiadin mmoﬂibzroﬁamb{amgmoo&mﬁ@lm@nﬁhé:ﬁiﬁogiaqmi ng
of the liguid 15 crystal. display 400 using anbient light or light froma
front | i-g@ﬂmstam@uwaw@ﬁ&w s -wsﬁ-m-g:yl}@nna@)benz@m, Waslpsepanet insthown)

can be pl Fﬁn ' |l ow for back Iighting with or
wi t hout tﬁglggﬁ) O%\:g'%r%gf rgfcl:lg%g}éoéoﬁ?M? ive |ayer 414. Figure 5

provides a cross-section view of a possible configuration of a color |iquid
crystal display device that incorporates one or nore of the alignnment
structures of the 20 invention. The color liquid crystal display device 500

i ncl udes adhop pol agizer 502 and & N@_t,pm pol ari zer 516. Between the top
and bott omlpo arizg&sis a | qgidc tah cell that fingludes a top
alignmantola nprli si a Pbp subsesate nmeweri al on whieh is

c
di sposed an ordegednT ayer~or coat NgRAT aly [ C .ilq,yid gl material
506. A bottom substrate is nmade of another or d liayer oat i ng of

M

| yotropic liquid crystal material *2B3%8Y% a col of I§1teryarray 512 and a
bottom substrate material 514. D sposed between the two substrates and in
contact with the two adjacent ordered |ayers or coatings of |yotropic

2+ o gu Tk So6 ko hle FRKES fohhna Rom RAMY & clcHnbrnRl el 2/
stirrer, and condenser was added 50 grams of 4,4-[(6-chloro-1,3,5-triazine,2,4-

15  diyl)diimino]bis-benzoic acid, 15.83 grams of 4-dimethylaminopyridine, and 270 mLs of
dimethylsulfoxide. The mixture was heated to 90 °C for a total of three hours. The
mixture was cooled to room temperature and the resulting solid was collected by filtration,
washed with dimethylsulfoxide and acetone and air dried to give 41.10 grams of 1-{4,6-
bis{4-carboxyphenyl)amino]-1,3,5-triazin-2-y1} -4~(dimethylamino)pyridinium chloride.

20 Fourteen grams of this solid was added to a one liter three necked round bottom flask with
an overhead stirrer and to this was added 307 mLs of distilled water and 5.53 grams of 28
wt % aqueous ammonium hydroxide solution. The mixture was stirred until the solid
dissolved. The solution was passed down a 600 mm by 58 mm column containing 300 g
of Mitsubishi SAT-10 ion exchange resin (the resin was prewashed with a 0.5 wt %

25  aqueous ammonium hydroxide solution). The eluent was stripped in vacuum at 15 mm Hg
and 80 °C to give 12.66 g of 4-({4-[(4-carboxylphenyl}amino]-6-[4-
(dimethylamino)pyridinium-1-y1}-1,3,5-triazin-2-yl} amino)benzoate.

~10-




pattern of primary color filters for color filter array 612. For exanBI@RZMS
the color filters can be a regular array of three colors, typically é‘
green and bl ue, or cyan, nagenta and 30 yellow. The col or 5f¥h§‘g¥ﬁ8ﬁan be
col or ed WoIzB$Zers. WO 02138698 3 MAR 2005 PCT/USOl/468f§ e follow ng
exanple is offered to aid in the understanding of the present invention
and is not to be construed as limting the scope thereof. Unless otherw se
indicated, all parts and percentages are by weight. 5 : Exanples Exanple 1
A chronqmaenlnatzeri al in zwitterionic form

4- ({4-[(4-carboxyl phenyl ).2m po] - 6-[ 4-

(di met hyl am ris) paieous ol 1195?*%??%’,“&?‘1‘?%%‘%-(9991?%%? AdVsprpared | as
prepared in the faqll.ow [ G i veidie of ediiton.ng thisdeydraf. 10
OVBO 2 T@glas’c.onﬁ%rﬁraé{%}gnﬁggge g%amgo%oﬁrﬁée{ﬁﬁ%e né.egked round bpttomfﬁk
with a ttﬂﬁﬁmﬁﬁh&rmiﬂmr\hmamam one sidadf cahdditwe glasa sLidasISHEFOSIEPHhs of
4,4-[(6-chloro-1, 3,5-triazine, 2,4 15 di ylﬁ)l)diin‘inolbiﬁ-éaenzeo{ n%;l: e 15. 83
grans ofknfectiomtet h¥hatwnglegs slitien @eraprgvonsly rpategithg FaTSRSELLYYEXI4E The

m xture was heated to 9 fof, a f 3 So addBednur € was
cool ed tléb’fFfdlghﬁ@“é‘ﬁﬁB’r%‘i‘g? @Ogr%)'t ég%@eaﬁ?r%'é{r?ge%ﬁf&a%a%% I ectgéd by

filtration | | G5k RYh sHoN i ef caetl stidetemed with thd ¢hramsi$ t o
gi ve 41. ‘%ﬁﬁ 18}%’%%&3%%}63&%%

bi s[ 4- carag@rxymesnués) weierndhertd 3ogetheriimsuoh-pmpnyer Avat s eRakPE SHEFHASE RE ni um

chloride 20 Fourteen grans _of this solid,wa L Lee
o ched  GunmonsUEGH FEH SR Ehors oy Al AR BHERE V8 cBIOBEebl SmERAtE

307 ms af distill %i%{’?o er, andi BoSan s kA TeObetdBen e Hdequadtis ailmeas um
nyar B oSteft S Sttt {4 B eperin GLAL red until the solid dissolved. The
sol ut i onyyasrPABEEHitH pematic aGidnmydial i58emahZddl 5t axuiabls FPEHJMSNS iljf
The filled cell was viewed under microscope between two crossed polarizers. The
filled cell transmitted substantially all light between the polarizers, indicating the

achieverent of a uniformly-aligned 90° twist of the nematic liquid crystal material within

15 thecell

Various modifications and alterations of this invention will be apparent to those
ckilled in the art without departing from the scope and spirit of this invention, and it

should be understood that this invention is not limited to the illustrative embodiments set

20 forth h_ercin.



of M tsubishi SAT-10 ion exchange resin (the resin was prewashed vvithsah %'Z%US
w % 25 a%g&%(( nmoni um hydr oxi de solution). The eluent was_stripped im
vacuum at mn and 80 C to give 12.66 g of PCT/US01/46878

4- ({4-[ (4-carboxyl phenyl)am no] - 6-[4- (di nethyl am no)pyridi nium1l-yl] -
1,3,5 -triazin-2-yl } am no)benzo ate. -10 3 MAR 2005 WD 02/ 38698

PCT/ USO1/ 46878 Exanpl e 2 An aqueous sol ution of a chrononic conpound
(Compound A) was prepared having a ceh&dMS ati on of between 8 and 10
percent by weight of solution. Athin |ayer of the chrononic solution was
coated onto oné si dé aimpstivnofomprsing assnpbinddmvii thg fermailapl € 5 knife
coater. The two glass slides were previously coated with a transparent
conductive layer of indiumtin oxide (700 A). The slides were air dried,
and gl ass beads 5g in diameter were sprqyed fromsolution on the side of
each slide coated with the chrononfc |d&eér. The slides were adhered
together in such a manner that tenghe & ons of the chrononic

| ayers were at 90 to one anot heg S 0t he two cells together
formed a 10 sinple cell constrlctibn.t ANnal | ppBning was | eft between the
slides, and the cell was vacuumfilled with Rematic |i quid crystal

mat eri al ZLI 1565, available from Merck Phc. The filled cell was viewed
under nicroscope between twa crossed polgari zegs. The filled cell
transmtted substantially all kight hetves gol ari zers, indicating the
achi evenent of a uniformy-alignd 0 vvid,Et he nematic liquid crystal
material within 15 the cell. WafiNgUsyTTadrfirSatt@ns and alterations of this
invention will be apparent to thos@’ "Skill&d &n the art without departing
fromthe scope and spirit of this invention, and it should be understood
that his invention is not linited to the illustrative enbodiments set 20
forth hergin.. WO 02/38698 CLAI M5

R! and R? are hydrophilic groups;
each R’, which may be the same or may be different, is an electron donating group,
electron withdrawing group or an electron neutral group; and
10 R* comprises a substituted or unsubstituted, positively charged heteroaromatic ring

linked to the triazine backbone through a nitrogen atom in the R* ring.

2. The composition of claim 1 wherein:

R' is a hydrophilic group selected from the group consisting of carboxylate,
15  sulfonate, sulfinate, and phosphate groups;
Rlisa hydrophilic group selected from the group consisting of carboxylic acid,
sulfonic acid, sulfinic acid, phosphoric acid, and sulfonamide; and
R* is selected from the group consisting of (a) unsubstituted, positively charged
heteroaromatic rings linked to the triazine backbone through a nitrogen atom in the R*
20  ring, and (b) substituted, positively charged heteroaromatic rings linked to the triazine
backbone through a nitrogen atom in the R* ring, wherein the substituents for R* are
selected from the group consisting of eilkyl, carboxyl, ammno, alkoxy, thio, cyano, anude

and ester groups.

-12-



3 MAR 2005 PCT/US01/46878 1. A conposition conprising a conpound havi ng
the formula: or 5 wherein: R and R2 are hydrophilic groups; each R37 MAR 7005
whi ch may be the same or may be different, is an el ectron donating group,

el ectron withdrawi ng group or an el ectron neutral group; and 10 R4
conprises a subst3 tut Dk td o0 | . har ge teroaromatic
ring linked to the tf??iéz)cfone bggl?bdoftr%g] ?ﬁlr “Sﬂgﬁl“a‘l’%?‘lt‘ﬁ&Qgé%“gﬁ"g'r#]&ﬂﬂt group
ring. 2. Theonsistingsoftrimgs defived from phridire; ptridaziﬂe, DyEinBdEOSRRIThL | ifnid LD

sel ected fromthe group consisting of carboxylate, 15 sulfonate, ’

sul fi nate, Qﬁ@%%égiﬁﬁ%lﬁé’@ﬂtﬁ%bi thigtliazole pysaaelepiniatale, tgazing quedctizieednd r om

t he group c%a'g&tohgg of carboxylic acid, sulfonic acid, sulfinic acid,
phosphoric acird, 'and sul fonam de; and R4 is selected fromthe group

consi stigﬁg of (a) unsubstituted, positively charged beteroaromatic rings

| i nked t©0 the triazine backbone through a nitrogen atomin the R4 20 ring,
and (b) substituted, positively charged heteroaromatic rings |inked to the
triazi ne backboné- t hr dbglkompnsitiongEclaat drwhenein Re iRE00" R, is WBOH 4hd REis .
substituents for R4 are selected fromthe group consisting of alkyl,

car boxyl, am no, al koxy, thio, cyano, am de and ester groups. 3 MAR 2005
3. The conposition of claiml| wherein wherein R4 is selected fromthe group

consisting of rifgs degé ¥eHnbdiGsn BF LG i i yrimgine, ..
pyrazine, irnidazol e, oxazgf’e], t ?az@? 2’, I(l)%(}gicrﬁlltgg%}tge},%mf(ﬂ%m oiS@ pyndine
pyrazol é, t@@igaizole, triazine, quinoline,-and isoquinoline. 5 4. The
conposition of claiml wherein R is COO', R is COOH and R3 is H.

10
6. - The composition of claim 2 wherein the substituents for R are amino or
pyrrolidino groups.
7. The composition of claim 6 wherein the amino group is 4-dimethylamino or

15  4-pyrrolidino.

8. The composition of claim 1 further comprising at least one chiral

compound, an alcohol and a surfactant.

20 9. A composition comprising a zwitterionic compound having the formula:



5. The conposition of claim1, wherein the heterocyclic ring R4 is
a.pyridine ring. 10 6. The conposition of claim2 wherein the substit JeRs005
for R4 are amino or pyrrolidino groups. 7. The conposition of claim®6
wherein the amno group is 4-dinmethylamno or 15 4-pyrrolidino 8. The
conposition of claiml further conprising at |east one chiral conpound, an
al cohol and a surfactant. 20 9. A conposition conprising a zwitterionic
conpound havi nghefem:f ornul a: or -13 3 MAR 2005 wherein: R is COO or S03
R2 is COOH or SQ3H: . 5 each R3, which may be the same or different, is Hor
CH3; and R4 is aBosiG@YeInS@har ged, substituted pyridine ring |inked to

the triazine backhon rodgh.,a nitrogen atomin the pyridine ring,
wherein the subshbtlﬂg:ﬁldﬁf’f)gg%jt are selected fromthe group consisting of
al kyl, cqrboxyl, «8H @o %Y b j [%{.qp ) _ester groups. 10
10. The conposi tiﬁgn-or’wg?éa{}l(m %ﬁeyr%ﬂ\ep héﬁgrﬁ%gglgﬁfgﬁgs r R4 are
sel ected form t RS iga pesitivety shated) guibdtitaed pori¢ine oA 'lih[ééd(éitﬁer&l'{-{?
The conposition of claim 10 wherein the ar_npno gr(_)u% is a dinet yﬁg%crlfg%nﬁ
or 4-pyrrol i dithugh d@yrogen atom in the pyridine ring, wherein the substituents for R*-are
selected from the group consisting of alkyl, carboxyl, amind, alkoxy, thio, cyano,
amide and ester groups.

10

10.  The composition-or claim ¢ wherein the substitutents for R* are selected

form the group consisting of amino and pyrrolidino groups.

11.  The composition of claim 10 wherein the amino group is a dimethylamino

15 or4-pyrrolidino group.

-14-



