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TRI'S- AZO DYES This invention relates to I'i quid crystal display c Sj tlons
cont ai nikng guest tris-azo dichroic dyes. Dyes having inproved- pﬁgd$ﬁ

are de%?}able for various applications, including the dyeing of textlles 5
the coldring of plastics and the coloring of liquid crystal displays. - (.
Anong t hose properties which are desirable for dyes, especially for dyes ~
used in liquid crystal displays, are photostability of the dye, suitable
extinction coefficient of the dye, solubility of the dye in liquid crystal
hosts, 10 orientability of the dye in liguid crystal hosts and |ight

absorption in the desired spectral region. In liquid crystal displays,
certain colors of dyes are eC|aII useful for nodifying the col or of
ot her dyes or as additi\nsrsc‘i EWCGK%$¥AHy60MBQ T3ONSns and the.
like. Thus, 15 it is partj, ant 1o rOV|de d es whi ch have

HHXIHUHI|Ight absorptio = . pdi fy
appropriately a color of a dye or as an additive® for black di chroi c dye
formul ati ons, especially those to be used in liquid crystal displays. To

obtain the desired 20 ghizght; @%ocrlg)tdé}rl}?ar M\F/@‘F%f%ﬁﬁ Wg{%ggﬁtﬂs Q!

obt ain HBX|nun1absorpt|on at a parti ten aP’rable
to nodify dF@mﬂﬂaﬂﬁﬂQﬁss@pmh@inihereuestnaxnsuﬁzabd@cprwam ayds ght

radi ation at a particular wavelength or at a nunber of wavel engths in the
case of mxtures of 25 dyes. This is preferably acconplished w thout
decreasing the solubility of the dye, especially the solubility of the

Dyes having improved properties are desirable for
various applications, including the dyeing of textiles,

5 the coloring of plastics and the coloring of liquid crystal
dlsplays Among those properties which are desirable for
dyes, especlally for dyes used in liquid crystal displays,
are photostabillty of the dye, suitable extinction coefficient
of the dye, solubility of the dye in liquid crystal hosts,

10 oriéntability of the dye in liquid crystal hosts and light

" absorption in the desired spectral region. . In liquid
crystal displays, certain colors of dyes are especially
useful for modifying the color of other dyes or as additives
for black dichroic dye formulations and the like. Thus, )

15it is partlcularly important to provide dyes which have L

N maximum light absorption at certain wavelengths in order

to modify appropriately a color of a dye or as an additive

for black dichroic dye formulations, especially those to

be used in liquid crystal displays. To obtain the desired
20 1ight absorption at a particular wavelength, or to obtain

. maximum absorption at a particular wavelength, it is often

desirable to modify dye molecules so that there is maximum

absorption of light radiation at a particular wavelength

or at a number of wavelengths in the case of mixtures of

dyes. This is preferably accomplished without decreasing

the solubility of the dye, especially the solubility of the

o/
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-2- dye.in a liquid crystal fornulation and wi thout signifi- cant .inpact
upon ot her desirable properties of.the dyes used in liquid crystal
di'splays. Since all known tris- azo dyes have some degree of instability .
en exposed to 5 . - light in the 350-700 mm wavel ength regio nd siRce
substantially none of these dyes have the peak of their absorpti band in
t hésB625- 700 nm range required for making outstanding blue and bl ack
displays, it is desirable to inprove t%e tris-azo dyes by nodifying the dye
nol ecul es 4y in a shiqhuid thyssadbifbirtmylaeitione alyd wisthept oybgniiea exposed

' l'i gh : h b ti b b 600 nm and
bref er abl o i E Nndi Je KBS 40 2B B L S BE RS s 1y o
tpebﬁyeki?&?4iinnkﬁqn&@teryfnahudisp&ay315 Sinﬁe all k?owﬂTmriﬁb{ication

S is n no
bl ack di chre L g il BNErBEIEE BRFRRAY ARSIl "B,
made- by niblight direrhe c33§2200f mmawaved engitl ¢egian o@nd psipoe - tionslto
bt a : . : g : ctral-
?aﬁlgleno? 5% Eﬁﬂa}f{&&%#nﬁggﬁlft #lﬁggéugﬂg gllr?t@i% al ye ipne?ak bq? %2% %o or.
Thus, i npPOPEFRTLIAR HandyEr thech2ird0formorangs inequired yfom making

formul at | entsathdig bhaweahderpgak aisphaks alisorp iﬁb:‘ﬁ?&ﬁ’lébgé{e 600 nm
and pref er.abl |r1é{e 625- 700 n range, are de5|r%§ﬁéo | nprove 2z t he
bl ack col VEhiH1G Tt 3eATRVEYRA PR BPAAEYAREMIAS SR immlesules s- azo

"dy8s to asbondat whel srdgbilidpeof the dye is improved when exposed
s to light and/or so that such dyes have an absorption band
above 600 nm and preferably in the 625-700 nm range without
compromising the ‘solubility of the dye in a liquid ctystal
formulation. .

15  The fabrication of black liquid crystal displays
poses a'particular probleﬁ in that no black dichroic dyes
are known, and black liquid crystal displays are made- by
mixing dichroic dyes of wvarious colors in proper propor-
tions to obtain a material which absorbs light radiation

20 in the spectral range of about 400-700 nm resulting sub-

stantially in a black color. Thus, improved tris-azo dyes
which are soluble in liquid crystal formulations and which
have the peak of their absorption band above 600 nm and
preferably in the 625-700 nm range, are desired to improve
25 the black color by shifting the.wavelength of maximum
absorption of tris-azo dyes to a longer wavelength. The
shift, known as a bathochromic shift, can result in a more
saturated color, and preferably produces dyes having the
‘peak of their absorption band at the 625 nm wavelength or
30 higher, and when intensity and greater contrast are re-
quired, it is desirable to achieve more soluble dyes having
more saturated color at the longer wavelength. In the case
of the black dichroic formulations for liquid erystal dis-
plays, it is desirable to provide more saturated blue
35 colors. Thus, for the black formulations, an increase in
the peak of the absorption band is important at the 600 nm



shift,- known as a Bathochronic shift, can result in a nore éatufafed col or,
and preferably produces dyes having the peak of their absorption band at

the 625 nm wavel ength or 30 hi gher, and when i ntensity and greater
contr are re- quired, it is desirable to achieve nore sol ubl e dyes
havi re  saturated color at the | onger wavelength. In the case of thex-

bl ack dichroic fornulations for liquid crystal dis- plays, it is deS|rab%1F
to provide nore saturated blue 35 ._3_ colors. . Thus, for the black
fornul ati end, o&ntbmcmgaﬁrrumtﬁmnqmak thetbeazles diept isurl tabite i dichpol &ant

t the 60 t abl
glchrglc §§ i%& %pnax Firum a sor %?gﬁﬁ: EBS%BEQﬁfEFaHﬁ%Hggﬂé éo?ub?e in
| i qui d cryglablleos.n riaxqsmdalcsxyamm@se naserdikldisantanad |t;hemedgaee which
have the Bgt t%@ﬁﬂgé??fa s Wwhich h&b@”tﬁ@”?ea&.%?ﬁ#ﬁ%%f abs ange,

and mhlch ave_ ot ropertires for use 1n ed in-
|Pquid cryienl bandpiay+h quﬁ%ﬁ 00Q Hamprapgear andysfiich have methemi ¢ dyes,

having a HEéh.E‘%‘l%bgﬁ-’ ¥ & féﬁhaséaﬂharbeﬁu%%%n@o%ﬁa o8 1{@9&&“ e
in liquid crystal mul ati ons and ,cannot be used to. coI such

di spl ays. C?Y§§a&z§%ﬁﬁéﬂ¥ﬁ1:(NEEYH%ﬁlﬁBetHFéQraE6t(QM§ﬁﬁ]Q$S bokle
groups angofadi dgeslyi haktitg 4l aliaPiaieiBE6rptdbn @rﬁa.t:.%hﬁ f’taé‘dﬂaiﬁoﬁr e

di sclosed jn th rior art wt | oUs ern1 al rou

substltutéboﬁﬁoﬁg g Axe 1nsgi?§i%v€nt 3 qo#? °W%r use

10 l'i qui dandyeeahot del aysed &ﬁwca&@mpkﬂchtdLSpaagsdyes havi ng vari ous ter-
Tris-azo dichroic dyes having three azo (-N=N-) o’

bondlng groups and having suitable order parameters, (S),
greater than 0.70 are disclosed in the prior art with
various terminal groups and other substituted groups to

15 improve the properties of the dyes for use in liquid crystal
displays. .For example, tris-azo dyes having various ter-
minal groups and other substituted groups are diSclosed in
U.S. Patent No. 4,122,027, U.S. Patent No. 4,128, 497 and-
U.S. Patent No. 4,145,114. '

20- In U.S. Patent No. 4,122, 027 high order para-

' meter dichroic dyes havzng three azo bonding groups are
.disclosed for use in liquid crystal displays.” The dichroic
dyes of U.S. Patent No. 4,122,027 are of the 4,4'-bis- ",
(substituted naphthylazo)azobenzene type, having various

25 aromatic amine terminal groups. The high order parameter
dichroic dyes in U.S. Patent 4,122,027 have the following
generic chemical formula:

(1)




nfnal groups and other substituted groups are disclosed in U S. Patent No.
4,122,027, U.S. Patent. No. 4,128,497 and U S . Patent No. 4,145,114, 20
In U S. Patent No. .-4,122,027, high order para- neter dichroic dyes haV|ng

t Aree azo bondi ng groups. are disclosed for use in liquid crystal Iays.
The=di chroi c dyes of U S. Patent No. 4,122,027 are of the 4,4'-b
(sdhs?1tuted naphthylazo)azobenzene-nype haV|ng various 25 aronatlc

Pat ot 122 OBFHE0E R AR R 0= 3 8T BB 2t Ay ToUERy | phe Ssuby

wherein R amjStltﬂ%ntelenttbefféﬁgeaﬁﬁﬂgﬂﬂhkﬁe) the sub- stituents in the

follow ng Table: [err] Max. Dye R AMax S (Appr ox.)
Color. 5 Ibye lerrg Hgre 0.74s (B%Prox.) - VioteloZ
[err] H 0. 75 595 — . Blue 3 [err] H
g. 72I 55 5?.6 | N(C@%)JQ ]4 H [72”]0..74 E95 5550. 74BI x{iolei&OG
ur pl e : err err 0. _ ue
H N - ONEGH 810 0.75 peep Bl RPIERR] 1. Blue |
7 H N 3 N-I-m-lczﬂ 72 H 6@} 72 - Dexgg Bl ue 15 Blise
order par arreter4s (S) IQEXI mum atteﬁuatlon walvel engt h 580 | Purple
5. NHy _ NH, 0.74 595 Blue
| o | | ' | -
_ 10 i - B=-N - N-H 0.72 610 Deep Blue
/ \
CH3 Czﬂs
7 H-N\\\‘ N-H 0.72 605 Deep Blue
<F::::E£: .-
15 The order parameters (S), maximum aftenuation wavelength
- f\max.), and color are shown for each of the respective
_ dyes of prior art formula (I) illustrated above. Al-
s though the foregoing dyes of U.S. Patent No. 4,122,027
" are suitable for coloring liquid crystal mixtures and have
20 adequate properties, e.g., solubility for use in liquid

" crystal displays, it is always desirable to improve those
properties and to provide azo gdyes having more intense
or saturated colors, especially at wavelengths over 600

. nm.



(Amax:), and color are shown for each of the respective dyes of prior art

‘fornmula () illustrated above. Al - though the foregoing-dyes of U S. Patent
No. 4,122,027 are suitable for coloring liquid crystal m xtures and have 20 _
adeq properties e.g., solubility for use in liquid crystal displays,

it is ways desirable to inprove those propertres and to provide azo dyes ..
havi ng nore intense or saturateq;colors especi al Iy at wavel engths over - -6

nm -5- Another. class of dichroic liquid crystal conpositions in which
are dissolved a ghotpedf dﬂdﬁs(HﬁkHldﬁﬂém@tFiq&H&héPy§tQYe§om§§§Et99¥E”%o
at ent

five azo bond gr.oup pe zo d I scl in U
4,128, 497175 hﬁgﬁ‘o&ﬁﬁt %6’9 'y F%Ja?érhler 1928999 7P:53MBEeHi ssol ved in
l'i quid crﬁsthroeonpwssbl@mcurhéwﬂngIﬁxnachzmysémdlﬂgsg+ay§sof suitabl e

colors, angeakhhaygh dths FBARUENY O Rebes gbthggéegﬁ

absorptron wavel engt h“over t e range roma
wher eby® aAdtprgh thensviesg of Bl fe- tﬂ%tcﬁ@@:oﬁlok?-ﬁm«y‘)becembbe cdisdoliedi s

al ways deshrabhalachWB%%!eédm%dgﬂﬂﬁéhéﬁt6“6$¥£'% 1 QY ES Hﬁﬁ%@éf bigEh gy
crystal co osr%ﬁﬁ? egp pecially tao provrde dyes havi ng
absor pt i ot bEHd Eh SPLeT Sat arsh gdrtheugh t?@brene 4h%¢@9yhptovrde

more sat ubgbad &9 le@tTune of W'éﬂsd@ﬁ@zé&Wé@éE%QhH%@&?r EheW t hout
sacrifice_of so bili e in the I id crystal and Eerably
|ncreaS|n§aPﬁ§ 59&b|g£ﬁf(%4&3 FR 3P 26 %??gﬁgy a
10 having a blue-black color may be fabrlcated it is always -
desirable to improve the colors 'of dichroic dyes used in o/
liquid crystal compositions, especially to provide dyes
having a maximum absorption band which lies at longer wave-
lengﬁhs, and thereby provide more saturated colors, es-
15 pecially more saturated blue. colors, without sacrifice of
~ solubility of the dye in the liquid crystal, and preferably
increasing the solubility of the dye in the liquid crystal
composition. ) | :
In U.S. Patent No. 4,145,114, a substantial number
20 of dye compounds are proposed for use in liquid crystal
~ materials. Aithough numerous pleochroic
dyes are proposed in U.S. Patent No. 4,145, 114, it is
always desirable to improve azo dyes and to improve liquid C:
crystal displays containing azo dyes.

25 A blue asymmetrlcal monoazo dichroic dye having
the following formula

N°’<7 \>'N'N'." \CH



cbrrpositg'on. 1n U S. Patent No. 4, 145,114, a substantial nunber 20 of dye
conpounds are proposed for use in Liquid-crystal materials. Al t,aQugh
nuner ous pleochroi ¢ dyes are proposed in U S. Patent No. 4, 145, 1]@ it s
al ways desirable to inprove azo dyes and to inprove |iquid crystal=dispfays
con&ai ni ng azo dyes. 25 A bl ue asymretrical nonoazo dichroic dye
hav’t-rtg the followng fornula: [ERR| -6- is disclosed in a paper entitled
"Pl eochroic Dyes Wth Hi gh- O der Par@meters for Li quid Crystal Displays”

ot page 514 ofy FECIRCNGP hF Uiy ey okybPe12a ¥o120uk ol 85k il WEgs)

Di chroic azo ks 1 azo vari
aromati c grou@:daard Raa:’ametchm fox med @ma‘pglabésaﬂ-grzsoséﬁ P#SeNéJd“

Absorptive M Vi

3. APPL.  Phys. ‘*%W@ﬁ&”f{ﬁ LAY, YR 1988, 20 Sﬁﬁgtmif‘é?%sed
as a terninal 7@y oPichraieaza Q)’%? MYEHS Rpnitgos! %6°1‘gi'aﬁd U. S.
Patent No. 54, Jc@%r?b}? th%ﬁbﬁ@%wescograﬁpgahna parmaha\eemen

Uhe azo dyes dial SHIRY AT6 (146 [oped oFnr Spb SRsREREAVR: Hgoa, BARIBET 15
The present i RvafddCystSD Bis sDévipeBvatepageek7lBgoifd JcAPRLal Phys.,
- composi tions f\?ol ime A.? lhllq.u' CrIXStgllnber 1974. Perimidine is also
used as a terminal group on azo dyes in U.S. Patent No.
, 10 3,960,751 and U.S. Patent No. 4,179,395. Although many
o types of aromatic amines have been used as terminal groups
upon azo dyes, it is always desirable to improve the azo
dyes and to improve liquid crystal displays containing
azo dyes.

! 15 The present invention e¥se attempts to provide
novel liquid crystai compositions for use in liquid crystal
displays.

The present 1nvent10n further attempts to use
tris-azo dyes having improved properties without sacrifiqing
.20 thé solubility of the dyes in'liquid'crystalsf \

o The present invention further attempts to provide
improved dichroic iiquid crystal displays made by mixing
dichroic dyes having more saturation at longer wavelengths
and improved solubility in the liquid crystal composition.

25 The present invention also attempts to provide
a liquid crystal display composition including a class of
tris-azo dyes, the absorption band of which lies at
longer wavelengths to yield more saturated blue colors.
This invention also attempts to provide improved
30 black dichroic liquid crystal displays made by mixing
dichroic dyes of various colors and to provide a method
of improviding the black color of dichroic dyes used in

black liquid displays.



di'spl ays. The present invention further attenpts to use tris-azo dyes
“having inproved properties without sacrificing 20 the solubility of the
dyes in liquid crystals. The present invention further attenpts to provide,.

i npr di.chroic liquid crystal displays nmade by m xing dichroic dyes
. havi nmore saturation at |onger wavel engths and inproved solubility in {he
liquid crystal conposition. 25 7 The present invention also attenpts

to provide a liquid crystal display conposition including a class of
tris-azo dyes, the absorption band of which Ilies at |onger wavel engths to
yi el d nore saturatAzcdtding t@rshe Thresemtyyeimvent absotherenpss to provi de

| nproved 3Q, blvadde i £l eid | Sk £1 VoL b1 S@$ag§i Qg thgg{'ggngahrO'C
dyes of various colors and to provide a nethod of Inproviding_the ack -
col or of dicWisHiad dafenisal 398 BuRkt | Y iis r 8P spyaydissolyed Apcshging to -
the presenthdstvaQiiquid e eri 1 preve defi @ dz@uUige CRYSE AL GhePakesalpr i sing
a host Liquid crystal material and guest tris-azo dye dissolved in the host
liquid fate iod"lm,')ﬁt%'e tris azo dye hgving the gengral 5 formula: [ERR]
wherein [err] is: (1) 5-nitro -2-tpidzolyl [ERRYy S

1§=N - Rg
) W
wherein Rl is:
(1) 5-nitro-2-thiazolyl
S
OZN\ E \I<
10 - (2) &4-cyanophenyl

or (3) 4-nitrophenyl

R2, R3, R4 and R5 are hydrogen, halogen, élkyl or alkoxy,
d R, is:
15 an 6 1s

(L 4—di ethylamino-2-me thylphenjl

Q)

\ H3



10 - (2) 4-cyanophenyl [ERR] or (3) 4-nitrophenyl [ERR] [err]
and ‘[err] are hydrogen, hal ogen, alkyl or alkoxy, 15 and [err] is: (1)

4-di et hyl am no- 2-nmet hyl phenyl [ERR] 8- (2) 4 -di et hylam no-2, 6

- di-met hyl phenyl [ERR] (3) 2 -pentyl-6-perimdyl 5 (4) -
4- exyl'am no- 1- napht hyl [ERR] (5) 4 -di et hyl am no- 1- napht hyI@ or

[ ERR}>~(6) . 4-diethylam no-1-naphthyl [ERR] -9- The foregoing term nal
groups are illustrated in the formof tBe organic radical. The termnal

. groups illustrated above are |linked to or joined at the azo groups of the
dye nolecule at the {2)yr] amddi.ethj'lamsnwbr(s dﬁmamhyhphnayg formul a.

Hy
| CHy/
(3) 2-pentyl-6-perimidyl

_ s o

5 (4) 4 -ethylamino-1l -naphthyl

(5) 4 -dimethylamino-l-naphthyl, or

(é) 4-diethylamino-l-naphthyl

10 | (CoH5), ¥ @



In accordance with the present invention [err] term nal groups and [err]

-termi-nal group upon the same tris-azo dye nolecule differ, [er
representing a nitro- thiazolyl group, a cyanophenyl group er

r]

a ni trophenyl

10 group,=nd [-err] representing one of the specified aromatic am nes. The
foregoin ymretrical tris-azo dyes, that is, dyes having two different . -
term nal groups, have three azo (-Nerr]N) linking groups, one of the azw=
| i nking groups 15 (the central azo group) joining two benzene rings which
are unsubstituted or. substituted w th_ hal ogen, al kyl and/or al koxy groups.
The other two azo groups join the unﬁhbstituted'or substituted benzene
rings to thke digregeingtcermminalgguopps are idlusdmated igr cthus £owm

desi gnat e%ﬁstl‘_{@_réﬂ'%aﬁf'é’ t&aitalln Eﬁs ¢eRefalalf gr;qﬂgg; aflﬂset

dyes. TheégfeC|f|c erm nal groups have been_spe ove.
groups, d

%%éé%gfﬁina

Q%R byl peed | tanar| dpEnedn athdhge s@oalgry® s O fnthe dve

auxochrongfoldei€le &lteatHeOR ?a%dw:i.&d;s@a\wgo%%néw%iﬁ' gekron repelling

groups. TQe t er,m nal groups bf the
producé a'BAMdéromi c shift when they are pre- sent upon the

having the three azdgrasperdanceciiol the pwlslenicutierredtd/on

|'ass of dyes described herein generally

dye nol ecul e
%wsubstituted
S

b 3Q 1] d_the tergipal di d ab Thi
bat hochr o TSR FEOWRE (1Y) Re) GEFMIBALaREOE, W98 e &Mor pti on band

of whi ch |twis-tzd cigernobeetbegdbffetor R¢xzepreseniving wvd gt hs
§pg[ggcg;g}f¥§Bf§EEEEE@P?Vs’ePEﬁéﬂﬁSn&Eeg§8h5to&“at%%tfﬁﬁﬁ%n gth region
- 10 group, and Ry representing one of the specified aromatic
amines. :
The foregoing asymmetrical tris-azo dyes, that
is, dyes having two different terminal groups, have three
azo (-N=N-) linking groups, one of the azo linking groups
15 (the central azo group) joining two benzene rings which
are unsubstituted or substituted with halogen,alkyl
and/or alkoxy groups. The other two azo groups
~ join the unsubstituted or substituted benzene
rings to two different terminal groups. The
20 terminal groups are designated as R1 and R6 in the
general formula of the tris-azo dyes. - _
The specific terminal groups have been specified :;

above. . .

The terminal groups, designated by R1 and R6
in the general dye formula, are auxochromes, i.e., electron-
withdrawing groups or electron repelling groups. The
terminal groups of the class of dyes described herein

generally produce a bathochromic shift when they are pre-

A0

»d
0

sent upon the dye molecule having the three azo groups
connecting the substituted and/or unsubstituted benzene
rings and the terminal groups as discussed above. This
bathochromic shift is particularly important for dyes, the
absorption band of which lies at longer wavelengths, for
example, those wavelengths approaching 600 nm and above,
because the shift in that wavelength region yields more

saturated blue colors.



35 saturated blue colors. 10 The liquid crystal conposition for use in a
liquid crystal display, conprises,.a host liquid crystal material; and a
guest dye dissolved in the host liquid material, the dye havin e general
formula and the termnal groups and 5 unsubstituted or substitgggg benzene
rings as specified in the general fornull® of the asymmetric dyes. Thé?
asywrietric tris-azo dyes (dyes having 3 azo groups) have two different
termnal groups attached to two of the azo |inking groups of the dye

nmol ecule. It is The dyqeridi smystalncomeasbhian Hk ees e thWAW e f er ent
terninal gr Qups cdfORiisha 70 doipiaiRss Ofa s dlve Jl e o i ddier ial;
particul ar cohfiguration of the unsubpstit tegﬁﬁg supstjtuted ben enq%rlngs
whi ch resul 2849 A Bh‘@sitnﬁri’(ﬁ/@d-stﬁq]é’-eézouﬂfg? & Het IS JRREEF FRtr d*RF yst al
COWDOS: ti onghyer lhﬁ%@.rr]\'k;n tael gqu'ee}aﬁ f@ltyl'ﬁﬂd atids hay teompinasl ngr eupsand i qui d
crystal material . These and variqus qther obj S, ture ant ages
of the i nvelPSER s&dﬁ'%@d‘g@sﬁ stﬂpcfgrlztt%oedf fbreo'gil %ﬁée ?%’Ff%wyén é%%?gtl‘ F%% th

descri pti onth&hgeaediallf Eoemuld adfs aheofasymmatet ¢ cdyesy | @syEseboier
guest asy nical, di i | S¢ Y NS 4860 Y1 Bs&gagti on
whi ch pr om%slst %ezol ro%e@l}ilge%ﬁﬁl(e}}:%lg?ﬁ%%ﬁ) | I

ving a relat|vely el ongated
and. ri gi d nblesouingl @rounsirattaghed tsitwe 25 ‘g?e a%?ﬁm%’c‘i”%%? 7¥?PSP3z0
dyes 250r gugstynasWiEetd Leduldl ChtoiiG tiHe -Sate dyiasm heweihberaction
' 10 between the two different terminal groups upon the azo
&J; linkages of tﬁe dye molecule and the particular
configuration of the unsubstituted or substituted benzene
rings which results in the improved tris-azo dyes and the
improéed liquid crystal composition for use in a liquid
15 crystal display comprising a host liquid crystal material.
These and various other objects, features and
advantages of Ehe_invention can be best understood from the
following detailed description.
Three different classes of asymmetrical tris-azo dyes
20 or guest asymmetrical dichroic tris-azo dyes can be
synthesized by a reaction which produces the improved_dye
molecules having a relatively elongated and rigid molecular
, structure. = '
QJ The first class of asymmetrical tris-azo dyes
250r guest asymmetrical, dichroic tris-azo dyes have the

.following general formula:

. .
0,N s | 5
30 I[ N)—N-N N=N N=N - Rg



foll owi ng general formula: [ERR] wher ein [err] and [err] are
“sel ected fromthe group consisting of -hydrogen, hal ogen; alkyl. and al koxy,
and [err] is selected fromthe group of radicals consisting of 4- .

di et hyl agi no- 2- met hyl phenyl ; 4-di etfwyl| am no- 2, 6-di met hyl - 5 phenyl;
2- pent@-_peri m dyl ; 4-ethyl am no-1-napht hyl ; 4- di net hyl am no-| - napht h
and 4- t Ayl am no- 1- naphthyl. [err] and [err] may be the sane or they n%%‘

di ffer andwhenrsist Rg any ® nhrndamsomm(kqﬂmrmwcatfmmoﬁhéydfogpn hal ogen,

| Kyl d alk 0 b I, .
o Ve i BRI oF baen, [8lidaen AMALEL [dnd o TRy 288 Ho2H
may be net Betpctadd firioam |ihe. g rowp r@f m@iealedconasstohgagﬁrrﬁet rical

tris-azo daeét%mre%roﬁ@ym 1§ﬁényﬂtwdwtﬁ iagmﬁEQ—ﬁ'}é@SdfﬁBtH 1=
synt hesi zed by a reacti on _whi c produces he follown eneral “tornmul a:

[ERR] whér 8hgnyli[ ¢rPEntyY LyfrResrim idy ki t%ee%araénpnégaaa&ém tled-above.
Furthe”TDFG.lmetanflra]Tllnoa-rld-r{aQﬂfﬂhyl. -dikd 4egidehy emsﬁaelenaphyh L.may be
different entit % scrl bdeqi above S |hII anot her t%r eferred L ss of
asymet ri cal 4 an e same or may 1
‘and cons:.st of any comblnatlon and permutation of hydrogen,
halogen, alkyl and alkoxy. For example, Ros» R3, Ry and Rg
10 may all be methyl, or R'z may be methyl, Ry may be methoxy, R, may
be methyl and Rg may be methoxy, and the like. ~
Another preferred class of asymmetrlcal tris-azo dyes
or guest asymmetrical, dichroic tris-azo dyes can be
synthesized by a reaction which produces the following
15 general formula:

R Rg

NsG@-N-—-N N=N O N=N - Rg
20 | |
_ R Ry

. wherein Ry» R3, R4, R5 and R6 are the same as those

.described above. Furthermore, Ry, R3, Ry and Rg.




ttis-azo dyes, or guest asymetrical, dichroic tris-azo 5 dyes can be
synt hesi zed by a react.i on which produces the foll owi ng general formula:
[ ERR] wherein [err] and [err] are the sane as descri bed above and

erein
ent i*ti es..

[err] and [err] may be the sane entity or may be different -
15 As used herein alkyl group is preferably ne S tbr

et N\~ al koxy is preferably nethoxy or ethoxy; and hal ogen is pref by
chlorine or bromne. The asymetrical tris-azo dyés can be synthe- 57Tzed by

sever al

wel | -known prior art procedures. A 20 typical reaction sequence in

the preparation of the asymretrical. tris-nzg dyes i s shown bel ow, however,

ot her

obvi ous to thaos

ski | in the ar

SeqUeNcisydbeO LR saieRrtii e df iiis HAMLIROdif: GHLLYELs a8 Wi | | be

I ques and reaction condltlons 25

for carryi ng 88€crhbed #PoVeration and coupling reactions can al so be
varied and optim zed assge ﬂrﬁﬁother'%&eﬂ@gﬁéaiﬁfééﬁyﬁﬁjé@#ﬁﬁi&ﬁi@gi(Step

1) Di t t pl I th (I
(|?) [Eé%]léa %22 ggbhyes. or guesg asydﬁetélcal d:LchroLl ¢ 1¥Aazo( )

5 dyes can be synthesized by a reaction’ which produces

the following general formula:

| 3 Rs
OzN.@_N-N N=Ned N=N - R
10 ’
_ R, 2:v4

wherein Rz, R3, RA' RS and R6 are the same as described
above and wherein R2’ R R4, and R5 may

3,
be the same entity or may be different entities.
15 As used herein alkyl group is preferably methyl

or ethyl; alkoxy is preferably methoxy or ethoxy; and
halogen is preferably chlorine or bromine. '
The asymmetrical tris-azo dyes can be §ynthe~
sized by several well-known prior art procedures. A
20 typical reaction sequence in the preparation of the
asymmetrical. tris-azo dyes is |
shown below, however, other sequences or other types of
reactions can also be employed as will be obvious to those
skilled in the art. Techniques and reaction conditions
25 for carrying out the diazotization and coupl ing. reactions
can also be varied and optzmlzed as desired.



(Step 1V) Coupling with [ERR] (VII) In the foregoing reaction sequence,
[err] and [err] are the sane as descri bed above for this:invention. - 14-
The starting material, represented generically by (1) in the reaction
sequenge.above, nmay be 2-am no-5- nitrothiazole, - |-am no-4-cyanobenzene -
or 1-agfhp-4- nitrobenzene. The following nunerals refer to the exenpl ary-5,
reacti equence illustrated above. Starting material (1) is diazoti zed
~in Step (1) by dissolving the st3+ting material (1) in dilute hydrochtoric
acid. The solution is cogy{EdpIARY REAFRION @@%E 0-5C, and a sol ution of
sodiumnitrite in water T ' | ed 10 hydrochl oric
acid solution to formthe diazoniumsalt (11). For_ the diazotization step

(step 1), 1.0 nol ®idzetizardsmbrite i s added per B’ starting materi al
(1). DuRing p (T),, dNe fu'éeR' sNgtirred @odNE£POELHL enperat ure, _
L (é&&RﬂgA-h brs2 —dﬂmfm

e.g., about 0-5C for our sy and exCess | acid is

destroyed(By the addition of a sui(3)e agent, e.g.,~3irea. The resulting
diazoniumsalt (Il) is then filtered and added 'sqeiivvith stirring to a
sol ution of the appr op-.R:fi ate coupling agent. in (*1*t2 outli ne3above.
In step (1), the ar tTc am ne or substitu‘t«id aromati c am ne 2Q i's
di ssol ved 1§ ~anelEyeldm 01 ﬂ&&atiéwc&sg'f Ry - N = 8O)—n,"
Step III
(II1) R _
2 ) . - N
o v
(Step 1IV)
Coupling with\y i
' /
5
NHy
Ry,
Diazotization \
/
(Step V)
N
(Step VI);
Coupling with\
/
R6H

(VII)

In the foregoing reaction sequence, Ry, R2, R3, R4, RS

and R6 are the same as described above for this invention.



solvent, and the diazoniumsalt (lIl) is added dropwise with stirring to the
solution of the coupling agent, and.the reaction m xture is stirred for
abeut 0.5 to about 2.0 hours at a |ow tenperature, e.g., about [err] to
about_[err]. 25 The product (l11) is isolated by diluting the mixture
w thiwater and neutralizing the mxture with potassium carbon- ate. o
precipitate formed thereby is collected. The precipitate, product ( ~
may be recrystallized frompyridine or any_pjher suitable solvent. However,

since 30 the pure ﬁgrn1gfﬁgnoduct_$#LJ I S_not rquired when Eio-
duct (111) is used as amRPnS&EPREdTH BT, s SRRTRESD0ETEi ABRSRAGFELY
recrystallizahy o(Idf ihhehpr veaction saEquesrmy dbgvepcarsgabg. 2Pamdnot5€¢1 1 1)

) ) B el G Bt
Rydr loch! ori cfmi;tpranagnag s@het ifod Lioyiag rameraks exafier et:t t;habeictemglacy
SOl Ukl On -0 n ns I (6} £ * '
hydr ochl ori c %%?#%u%%gggﬁgb l\ﬁlg—%rt %ﬁ?ﬂ%@&ﬁ Zgﬁ%ﬁr\g%ghﬁgﬁ gg Is?'l )C,I )
1.0 nol e of sh¥idhenrticed iB 5&edd (For byoidisgFokvingr SAQceCATFINE bei ng

di azotized. Ahd@ér$ALT (LNI1hNAIMEeUHS dHo dHIOXNO! £64 & eNPPRAE! Y68utgofl - at
about O-[err], for apout 2-4 hours, excCess nitrous_acid i destggﬁed by _t he

$ y
addition of a-docooledyi£aE| exagede, &% abated-3The FRA Rt FAGUEEIROREUM
salt (IV) is $be¢huhi hieitte Enl Wttt disnzaidedn dedpwisd) tosthBeBosded ed in

ste&bﬁbV)\Mtg&éggcﬁ£8£ggrg%&% %%iléfg% to form the diazonium salt (II).
For the diazotization step (stép I); 1.0 mole of sodium
nitrite is added per mole of starting material (I). During
step (I),'thé mixture is stirred at the cooled temperature,
e.g., about 0-5°C, for about 2-4 hours, and excess nitrous

15 acid is destroyed by the addition of a suitable agent, e.g.,

' urea. Ihe.resulting diazonium salt (II) is then filtered
‘and added dropwise with stirring to a solution of the approp-
riate coupling agent in step (II) outlined above. 1In step
(II), the aromatic amine or substituted aromatic amine

20 is dissolved in acetic acid or other suitable
solvent, and the diazonium salt (II) is added dropwise

with stirring to the solution of the coupling agent, an&

Z the reaction mixture is stirred for about 0.5 to about 2.0
hours at a low temperature, e.g., about 5°C to about 25°C.

25 The product (III) is-isolated by diluting the mixture with
water and neutfalizing the mixture with potassium carbon-
ate. The precipitate formed thereby.is collected. The
precipitate, product (III), may be recrystallized from

. pyridine or any other suitable solvent. However, since

30 the pure form of product (III) is not required, when pro-
duct (III) is used as an intermediate in the sequence
outlined ébove, recrystallization of the product is not
generally necessary. Product (III) is diazotized in step
(III) to form diazonium salt (IV). Diazotization step (III)

-



agent, an aromatic am ne or a substituted aromatic am ne. Coupling step

(I'V) is carried out by dissolv- 15 - ing.the aromati c am ne or .
substituted aromatic amine in acetic acid or other suitable solvent, and »
di az salt (1V) is added .dropwise with stirring for about 0.5-2.0 hours
at a. tenperature, e.g., about [err] to about [err]. The product (V) &i

I sol at®d by diluting the mxture with 20 wat er, neutralizing the g

m xture with potassium carbonate andjsecol |l ecting t he precipitate. The

preci pi tatﬁs pasgied odr ey %zewmmfgapcb&uctogltn)m bﬁ.lﬁ%fé ystall ijzed
to a urer m in i di_n of her _suitable sql vent. Since o uct
(V) |g used” ogﬁio%ﬁgr %é%c{xt eancft&f‘% QtuesEen lsg&ﬁ@ﬁ'&ldl for mxan

tallt bbutpleli®fi.t atde.scnortion didmandtiriee g t '
ggﬂnyz gl a&;;z niéggglldz )l:i y oag ao%/)%so lh aﬁgr IIFI ed mt?[ as cﬁe;ﬂcsrl ged :
in the other s#eps ove By SSO\H#% p 63@? ?ef £n 36 F@%ﬂﬁﬁQRﬁnorlc
aci d and cHeri thet ﬂaagommonf wtey) (stepxBif)e, 1.0 abdet of tsodihamt 5C.
hydros oo BerzEed, 8 Batled bdst L of orl BHARBEN RIS HEHE 111 te i s

hydro- chloric aci produ
used for eréa-:hzﬁméedf pASEes s(ni)rmrnandz@ mikxtureoatstbe Edpoled ter

SUITTING | PénplihinBedl elBe, ar HbowWosl & oEBE 3bYLE: 2249ho a&%g,ut 0 to

about- 5C for a out - excess nitrous acrd estroye t he
addi ti on o?x‘ée§ﬁ|‘flhEF8u§géﬁtld dsy. eiﬁwedrhb}’r‘ébm aﬁdgtap@z@fﬁ @ salt (V1)

I's Ignen fisdpesslendgandgd edrgopwhﬁz%é’\ﬂ t hrﬁé'fésﬁﬂtz.ng diazonium salt .
(IV) is then filtered. Filtered diazonium salt (IV) is d
then coupled in step (IV) with the appropriate coupling
agent, an aromatic amine or a substituted aromatic amine.
Coupling step (IV) 4is carried out by dissolv-

15 ~ ing the aromatic amine or substituted aromatic amine in
acetic acid or other suitable solvent, and diazonium salt
(IV) is added dropwise with stirring for about 0.5-2.0
hours at a low temperature, e.g., about 5°C to about 25°C.
The product (V) is isolated by diluting the mixture with
20 water, neutralizing the mixture with potassium carbonate
and' collecting the precipitate. The precipitate, product
(V) may be used directly, or it may be recrystallized to ,
a purer form by using pyridine or other suitable solvent. !/
Since product (Vj is used as an intermediate, it is not
25 - generally necessary to recrystallize the precipitate.
Product (V) is diazotized in step (V) to form a diazonium
salt (VI). The diazotization is carried out as described
in -the other steps above by dissolving product (V) in
-dilute hydrochloric acid and cooling the solution, for
30 example, to about 0° to about 5°C. A solution of sodium
nitrite in water is added dropwise.td the cooled hydro-
chloric acid solution of product (V). One mole of sodium
- nitrite is used for each mole of product (V) in diazo-
tization step (V). After stirring the mixture at the



5 to a solution of the appropriate coupling agent dissolved in acetic acid
or other suitable solvent in coupling step (VI). The coupling agent used in
step (VI) is 1- diethyl am no-3-net hyl benzene; 1

-di et hyl ani no- 3, 5-di met hyl - benzene; 2-pentyl perinidine;

1- ethyl am no- napht hal ene; 10 1-di et hyl am no- napht hal ene; or @
1- & et hyl ami no- napht hal ene. One of the foregoing coupling agents is <

di ssolved ‘in acetjic acid or othe t t t Vi
e ehec e pomied Samp s Fade dam L 0 aadst 5% PR oApRut )
reaction m gtyr dourslS es:tdersseduﬁuromﬂ)camda s Mémtroyed byl thetadgétionre,
e.g., about [err qut tr

present [ nve’r‘%t 2 o]r?"'(:"%l""lzi:‘)ti 3[ at e 3 %grel nT}(E%hreégnlth%ﬂg &!¥§ﬁ8ﬁmé{:%e
neutral i zi nga\latt H(ViEOt a:smharcm ant oaﬂde@tdr@p%ee pPEERpSEATELINGhe
asymmet ri caly Jt i %o‘iﬁ.&t %8'1 & so éx&ﬁ‘ﬁré 44t 8o i rg éﬁ!:' &13901{7@@

pyridine or other S vent 't o |nprove t i ¥
Nat ural ly, omh@c@g@mtaacld;@mm@r rﬁé{f‘tﬁ%b}r%e?%lvm u’v%m‘i%ua ing step

recrystal i zaggyon tﬂfétra ,%arh gsqmdtiﬁeglt@‘y "OVE) Sk§l hed in the art.

chosen by e o L i TR FHEHRGTS of - Gie Ef?)
and [err] myarhenly DperiyB éﬁﬂidﬁiéomﬁétmmn&b}kymasaﬁb; as.
met hyl ; hal og Ssuc chlor| brom ne; kf such as,
nethoxy 16 tﬁe4&Wﬁ§§? %b%Vé Phet {%ﬁéﬁy %%ﬁ‘?err groups are
SUbSt i tuted Hdlemao-prdh'fe aife tdmmﬁomggmteomalmatageansws) in step
(1157 and ot o e Shee ey oy s cpe oo g csptgasel smuent o0
they nmay be coiupldngitstep (VI), and the diazonium salt (VI) is ad
dropwise with stirring thereto. The reaction mixture is
15 stirred for about 0.5-2 hours at a low temperature, e.g.,
about 5°C to about 25°C. The asymmetrical tris-azo dye
of the present invention (VII) is isolated by diluting the
mixture with water, neutralizing with potassium carbonate
and collecting the precipitate. The asymmetrical tris-azo
20 dye product (VII) may be recrystal;ized from pyridine or
other suitable solvent to improve the purity of the dye.
Naturélly, other agents, solvents, neutralizers,
adjuvants and recrystallization techniques can be substituted
— by one skilled in the art. Furthermore, optimum reaction
25 conditions and tempe:atureé can also be chosen by one
skilled in the art without undue experimentation. Rj,
Rq, R, and R5 may.be any one or a combination of hydrogen;
alkyl such as methyl; halogen, such as, chlorine or bromine;
and alkoxy, such as, methoxy. In the process outlined
30 gbove, the R,, Ry, R, and Rg groups are substituted upon
the appropriate coupling agents (aromatic amines) in
‘step (II) and step (IV) respectively. 1In accordance with
the present invention, the coupling agents used in step (II)
. and step (IV) may be the same, or they may be different.
35 For example, the coupling agent in step (II) may be 2, 5-
dimethylaniline, and the coupling agent in step (IV) may be

"y



35 For exanple, the coupling agent in step (I1) may be 2, 5> ' ¢
di met hyl aniline, and the coupling agent. in step (1V) nay. be
2,5-dimethyl ani line, or the coupling agent in step (I1) may.be mtol uidine,

and t he pling agent in step (1V) may be 3-methoxyaniline. As explained i
above, é§§§coupllng agent used in step (VI) is different fromthe coupling . -
agent s ed in step (Il1) and -step (I1V) in the reaction sequence outl i netw

above. The asynmmetrical tris-azo dyes can be used in any conven- tional
imanner. For exanple, they can be used alone or in 10 conbi nation wi th other
dyes, nodifiers or radjuvants to dye textiles (natural or man-made fi bers)
or to color plastic materials, and the like. The asymetrical tris- azo
dyes can be used alone or in conbi na ébon with other” dyes, nodifiers or

adj uvan | o st a.ge S Piaf ele@d @modi ment s,

t he asynn@t%<é% %Wq§fﬁ%ék) ESg%rgﬁuse ﬂiﬁé P H cr ystgﬁ host naterlals
wel | - knomay bea rm-mluidmerprmé the eeueheg ﬁBénﬂil &ni ét@iPy&Téﬂ)

conposi ti grys §Ekﬁ¥d YBevet, N@has WHiR iingd
tris-azo %&%r?%&@%ﬁ%ﬁn %r ystal _host the are call ed uest
dyes, and agent atsediiinoster (W12 heshééf erentdfzepsthe ﬁ&ﬁ’é’%’-&’lg 48788 s,

t he gue | 199! #R! ehenrelaeciont sle erystal
?Wuﬁétnfﬁ&ﬂfé‘p 3IVY! R t quéint

mat er i H&Eﬁ stal host nmaterial may be used in 25 accordance
W th the In those enbodi - nents of the present
I nventi on wherein the asynnetrical ' '
The asymmetrical tris-azo dyes can be used in any conven- \;J

tional manner. For éxample; they can be used alone or in
10 combination with other dyes, modifiers or adjuvants to
dye textiles (natural or man-made fibers) or to color
plastic materials, and the like. _The‘asymmetrical tris-
azo dyes can be used alone or in combination with other
dyes, modifiers or adjuvants to color liquid crystal dis-
15 plays. In preferred embodiments, the asymmetrical tris-
azo dyes are used with liquid crystal host materials well-
known in the art to improve the color of the liquid
crystel composition for use in a liquid crystal display.
When the asymmetrzcal tris~azo dyes are
20 used with a liquid crystal host, they are called guest
~ dyes, and they are dissolved in the host liquid crystal
material, that is, the guest asymmetrical tris-azo dye is
soluble in the host liquid crystal material.
Any llquzd crystal host materlal may be used in
25 accordance with the present invention. 1In those embodl-
ments of the present invention wherein the asymmétrical
tris-azo dichroic dye material is used as a guest_dye;in
a host liquid crystal material, it is not critical which
of the many well-known liquid crystal materials or combin-
30 ations thereof may be used as long as the asymmetrical
tris-azo dye materials are soluble in the host
liquid cryStal material and as long as



tris-azo dichroic dye material is-used as-a guest dye-in a host J4=8
crystal material, it is not critical which of the many.wel | - knowd qui d
crystal materials or conbin- 30 ations thereof may be used as |long as the
asymetrical tris-azo dye materials at8 soluble in the host liquid crystal
mat i al and as long as 18 the asymmetrical tris-azo dye or dyes are

conpdti bl-e-with or_have nq adverse effegt upaon.the host |iquid,crystal
mterial. | ntRECReYPRE RAG e CERTSPAP AYRpBY| B¥8Rs A2 EnEORBEE TG th
crystal materoml hageanoeadvecski glifdctr ypbal tbe bhopasiltique dorc riysdaili ve

di el ectric an] , argh ' k Qyk st s r ative
dielectric ag?gg%?gg§'anaﬁn?i?ﬁ%ggé§hg%gg?§ogggﬁ§ggfg%mgﬁgﬁﬁﬁgﬁéi;éﬁﬁified
with other ope?ehllidatdi cevebaponatsriahyisoavepmasds Higgdidd cempdad afost
material cap pesiPivieecdr WhbhathfeagyYBNBLERGRl ahlilsDt2oRy]Y &S chollkd tdrdlW d '
crystal hosts_can, he selec&ed bg one.skilled in the grt d2$end|ng upon the
el ectro-opti clEgPLd c¥¥shal Pf| PO8AL INENRE BePRGIVE CLPdeSAtE Ll ude
bipEeny: :iquéﬂisoysbstaaachiaauEeé 2héreof foromnyDdE ltthé fbregoing

Bi pheny I quj al B 7 1| i f .t tal | ow genera
formula: R mga§E¥§& WIEN Qbﬁﬁgeng%g%&F§ §c§ﬁ§§uF§m8%Wn%%rerr] and
[err] . O her Amyacouovenfdpdadryégulid cmysgdd host material can be

10 used with the asymmetrical tris-azo dyes. The liquid

crystal hosts can be selected by one skilled in the art
(Mj ~ depending upon the electro-optic effect to be utilized.
Nematic liquid crystals include biphenyl liquid crystals
such as E-7 and E-8 from BDH, Ltd.
15 Biphenyl liquid crystal E-7 is a eutectic of the
following general formula:

wherein R is a mixture of CSHll' C7H15, C8H170 and

C5H11_<::>- . Other nematic liquid crystals inlcude
phenylcyclohexanes, cyclohexylcyclohexanes,
phenylpyrimidines and esters available from E-Merck
Associates and Hoffman-LaRoche Co.
It is not critical how much of the dye is present in
the host liquid crystal as long as the dye is soluble
therein. 1In preferred embodiments, 0.05% by weight to 1.0%
30 by weight, and more preferably, greater than about 0.5% by
weight, (based upon the weight of the liquid crystal host
material) of the dye or mixtures of dyes are present in the
host liquid crystal. One skilled in the art can adjust the
amount of asymmetrical tris-azo dye as desired and can

35 determine the amount required for maximum absorption at a



: phenyl cycl ohexanes, cycl ohexyl cycl ohexanes, 25 phenyl pyrim di nes and esters '
avai |l abl e from E-Merck Associ ates and Hof f man- LaRoche Ce. It is not

critical much of the dye is present in the host liquid crystal as long -,
as the s soluble therein. 1In eferred enbodi ments, 0.05% by wei ght

to 1.0% by wei ght, and nore preferably, greater than about 0. 5% by T
wei ght , (based upon the weight of the liquid crystal host naterial) of tﬁ!!'L

dye or m Xbﬁr&&&flﬁy%@éferw@ﬁentw@ ﬁﬁ'ﬁef‘oﬁmhhqé‘fdtﬁéy§ﬁ6hntme skil | ed
in the art "can adjust the anpunt of gsymmejrical tris-azo. dye as desired

and can 35(SQPEPHFﬁétHﬁ@)aﬁﬁuﬂﬁer§&Eﬁ%ﬁiWkﬁhnﬁ&?nﬂﬂ4%55b%b¥l85 shey 19
parti cul ar paawdlceigirh dyﬂwe,mapm thei host nhquaanumys(teqncenhéaam@nhtof dye

varies with_the Iu |.a d e.W |n t he I|qU|d
crystal . ﬁe 55%3nt { %gynng?ﬁf§gF Eﬁ %h?5| Y?iéna§ged 85 the
“host 5 | i5qa|1d1umdy§transuaalt ema‘aérlelthat thabuamouptt opt ke khei Liofitmati num
solubility it t i hr I
tint, or Sﬁgﬁ%‘?ﬁ““ﬁ%&%gi|qu 3F§r£ﬁ€g§°é£ éﬁ?%Q%ﬂMEtEgggl %qhe ggﬁo?QEf t he
host |iqui deanigesl tearcaliqn, wbin eq%FréHa e &BAt hPB&t d igyidherysitad of a
10 m xture rQqudkeA UPEdd ddeehWsdoldflUb £ @ﬁysaaétnmqahal crysta30-
material, or required to contribute to the color_of a’
10 mixture of dyes used in the host liquid crystal material.



CLAI MS 1. . Aliquid crystal display conposition for use in a liquid
crystal ‘display, conpgising a host. |iqui d—eﬁrs{—al—lﬁrt—eﬁ—al—and a guest

tris-azo di.chroic dye dissolved in said ho , said.dichroic
dye having 5 a terminal group [err] which |EIB i"im M! i azolyl'yra 4- °
cyanophenyl, or a 4-nitrophenyl group int : [ERR] sperein
[ ekede and [err] are the sane_gp-different 10and are hydrogen, I,

hal ogen or al koxy, and R6is 4-diethyl am no-2- et hyl phenyl, 4-

di et hyl am no-.2, 6- di rret hyl pherS4#AIME pentyl - 6- perl m dyl , '
4ethy|amnolnaphth ,. 4-di met hyl am no- 1- napht or 4d|ethlamnol-
napht hyl . 1521 W%%r?ﬁ%a%&M§Yoﬁ°ﬁl§°ﬂ%}%d ?h ‘6?%“ i,

wherein Rl ias 16105;1ru td@s%amlaf@ydy;eémmsmgw h@st liqéidi gnydtal
crystal conp03|t| S in cla nophenyl
termnal groufd%f rlaal W‘f %Lﬁ‘be%ff ytélfJaT 3% ?‘r'pméc])*s?}tul'%lncadsy%ldlss%ﬁ?%&ICI ai m
201, wherein Fi':h s il hast rlﬁlmrylmafeemmhl spbdipdiéhroic dyeéiavingrystal

conposition qs ¢l ained J %ra&yipggl ﬁ" PL e;ge?l g&p&ghgghlg@giﬂél magerr]

and [err] are & he 'dane. crystal conposition as

any one of theysmemduingl cl et s, 4m¢mphwn15%wuwe1ght:h25g%e£ab% by

wei ght (based ggagn, e wei ght of the liquid crystal) of the guest dichroic
dye is dissol ved In the host liquid Cﬁystal

" -NN@:@NNR6

wherein Rz, 3’ R4, and RS are the same or different
10 and are hydrogen, alkyl, halogen or alkoxy, and R6 is
4-diethylamino-2-methylphenyl, 4~ diethylamino-.2, 6~
dimethylphenyl, 2-pentyl -6-perimidyl, 4-ethylamino-1-naphthyl,
4-dimethylamino-l-naphthyl, or 4-diethylamino-1-
naphthyl.
15 2. A liquid crystal compoéition'as claimed in claim l;
wherein Rl is a S5-nitro-2-thiazolyl terminal group.
3. A liquid crystal composition as claimed in claim 1,
W, wherein Rl .is a 4-cyanophenyl terminal group.
4. A liquid crystal composition as claimed in claim
201, wherein R1 is a 4-nitrophenyl terminal group.
5. A liquid crystal composition as claimed in any one of
the preceding claims, wherein R R3, R, and R5 are the saze.
6.. A liquid crystal comp031t10n as claimed in any
one of the preceding claims, wherein 0. 05% by weight
25 to 1.0% by weight (based upon the weight of the liquid
crystal) of the gueést dichroic dye is dissolved in '

the host liquid crystal.



-21_-' 7. . Aliquid crystal corrpoéition as clainmed in any one of the
pr.eceding cl ai ms, wherein the host material TS a nematic tiqurd crystal of

positive or negative dielectric anisotropy, uid5

crystal o sitive or negative dielectric .aﬂm ‘iﬂﬁ'&ﬂg ﬂt ures thereof

or any of foregoing nodified with other conpounds. - 87~
C

Aliquid stal conposition as claiged in any one of the preceding clai
wherein the al kyl 10 is methyl: 9. A liquid crystal conposition as
claimed in any oneadfidined peﬂgsﬂahgcchposttmheam elulieed Kaxy is nethoxy.

10 oai A 1444 bl Yo AngOUROSLal gp 8506hal TRAlcHA RS cne? bR Of, the

preceding C fe of brom'n Aliquid
crystal commisaltla)h Bs a;l:aem’gllq: nlituidh ¢rysubdt afit pasitiae loar ei nbefore

described. negative dielectric anisotropy, a cholesteric liquid
° 5 crystal of positive or negative dielectric anisotropy
and mixtures thereof or any of the foregoing modified
with othér optically_active'compoundé.
8. A liquid crystal composition as claimed in
any one of the preceding claims, wherein the alkyl
10 is methyl. '

9. A liquid crystal composition as claimed in W/

any one of the preceding claims, wherein the alkoxy
is methoxy. '
10. A liquid crystal composition as claimed in
15§ ',any'one of the preceding claims wherein halogen is
. chlorine or bromine.
11. A liquid crystal composition as claimed in

claim 1, substantially as hereinbefore described.
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