736 1 LI QUI D CRYSTAL MATERI ALS CONTAI NI NG DI AM NO- DI HYDROXY ANTHRAQUI NONE
DYES The present invention is concerned with organic materials, in
pagticular w thipl eochroic dyes in solution with liquid crystal materi al s

e.g. for electro optic display applications. Liquid crystal p atp2aLe
wel | krrown organic materials which display phases, known as n:?q‘@"r%‘?(crystal

phases or nesophases, having a degree of nolecular ordering internediate
between that of the fully ordered crystalline solid state and the fully

di sordered isotropic liquid state. Electro-optical devices incorporating
liquid crystal materials are well known and wi dely used as digital dlsplays
I n.such applications as watches, calculators and digital voltneters.

These devices utilise the optical contrast when an electric field'is
applied across a thin insulating filmof suitable liquid crystal material.
The nol ecul es of the material (in a liquid crystal phase at the tenperature
of operatlon) are re-orientated by the field causing a change in an optical
property of the part of the filmwhere the field is applled e.g. a change
in .anbi ent Ilght scatterlng or transnlsS|V|ty 2 '

LIQUID CRYSTAL MATERIALS CONTAINING DIAMINO-~-DIHYDROXY
ANTHRAQUINONE DYES

The present -invention is concerned with organic
materials, in particular with pleochroic dyes in solution
with liquid crystél materials e.g. for electro-ortic
display applications. ' | .

Liquid crystal materials are well known organic
materials which display phases, known as liquid crystal
phases or meéophases. having a degree of molecular ordering
intermediate between that of the fully ordered crjstalline
solid state and the fully disordgred isotropic liquid
state.’ i} _

Electro-optical devices incorporating liquid crystal
materials are well known and widely used as digital

displays in such applications as watches, calculators and
digital voltmeters. These devices utilise the optical
contrast when an electric field is applied across a thin
insulating film of suitable liquid crystal mgierial. The
molecules of the material (in a liquid crystal phase at the
temperature of operation) are re-orientated by the field
causing a change in an optical propefty of the part of the
film where the field is applied, e.g. a chanpc in ambient

light scattering or transmissivity.



: ¢
Li quid crystal materials have the property that their nol ecul es can i npose
~their ordering upon the nol ecul es of other suitable dopant naterials
tincorporated within them This property is the basis of so-called g
' guest-host" devices e.g. display devices in which the host liquid crystal
aterial and its guest material have one nol ecul ar configuration in the
bsence of an applied electric field and anot her nol ecul ar configuration —
en an electric field is applied across the material. The guest mat el
is usually a pleochroic dye, which is a dye whose nol ecul ar absorption
properties vary with the orientation of the electric vector of |ight
i nci dent upon its nol ecul es. 3 The alignnent of a pleochroic dye in a
liquid crystal material is neasured by a paranmeter known as an order
parameter S. Determ nation of the order paraneter.S is well understood in
the art; see for 5 exanpl e the .paper "A new absorptive node reflective -
liquid crystal display device" by D.L. Wiite and G N. Taylor in the Journal
of Applied Physics, 1974, 45 pages 4718 to 4723. For perfect orientation

the order paraneter S 10 is unity. Thus, pleochroic dyes for
use in guest- hospiqdedicrgstahautétihny aava thedsropRataRRA®er in the liquid
crystal h%ﬁt,as i gh as possible. However, thqy nkSt | sQq have

eir mo es ¢ impose their ordering upon the molecules

of other suitable dopant materials incorpvorated within _
them. This property is the basis of so-called "guest-host"
devices e.g. display devices in which the host quu{d

erystal material and its guest material have one molecular
configuration in the absence of an applied electric field

and ancther molecular configuration when an electric field

is applied across the mafeéial. The guest material is
usually a pleochroic dye,.which‘is a dye whoase molecular
absorption properties vary with the orientation of the
electric vector of light incident upon its molecules.



*adequat e chem cal, photochem cal and el ectro- 15 chem cal stability, g
stabi | "ty when exposed to atnospheric contaminants, electric fields (asfin"t
.device operation) and to ultra-violet radiation. They should not be ionid_
“or have anhy ioniisable character (otherwise the liquid crystal material wil
lose its 20 insul ating nature and coAduct making the device usel ess).
They nust al so have sufficient solubility in the host materials; although
.—{ge concentration of gUkstalpgmusoiirof @ dleechvejs diel inos ligpidiesired ef fect

IS general Iy qui tec%@m QU 10 shAAN bF 4 PUrBRSteEAHowRTasdye)
nevert hel ess 25 ny pleochroic dyes are unsuitable because they are
essential |y insol uBRTEAT |RAGEPRFL Tt JPLSFIERATLONSOf |the (9¥d@ht ent . Appl i cati on

GB 2037803A (ref er paadmbBener £3 Wedb understded did¥héppith cCatekofon | i quid crystal
conpositions are proposed,which cpntain.as_a .quest.phase an ant hr.aqui none

30 dye having | FERIL Al b of ke R R e ROPG ARG URE
R ,R, and R are ttreystahwligplay devide/'ebe@.Larihidacindi 6.3 Hgwhowgen atomor a

hydroxyl, am no or;sRectsduain ol}l—{@pﬂgg&%g{rgg}mgf&ug' phgdfd Z are the sane

or are different and each is a hal'ogen atom an am n®G or hydroxyl 5

group or an al kyl, 4&&&x¥788- al kyl ani no groups containing froml to 16

carbon atons; and mang n ag_g c(_al:ach 0, 1 '
or perfe

o:c':.en‘l:a.'t;iono'Ii:he2 ‘order parameter S
10 is unity. = Thus, pleochroic dyes
for use in guest - host devices should have an
- order parameter in the liquid crystal host as
high as possible. However, they must also have
adequate chemical, photochemical ana electro-’

15 chemical stability, eg stability when exposed to
atmospheric contaminants, electric fields (as in

- device operation) and to ultra-violet radiation. They
should not be ionic or have any ionisable character
(otherwise the ligquid crystal material will lose its

20 insulating nature and conduct making the device useless).
They must also have sufficient solubility in the host
materials; although the concentration of guest pleochroic
dye required for the desired effect is genera;lly'quite. .
small (eg not more than a few per cent of dye) nevertheless

25 many pleochroic dyes are unsuitable because they are

essentially insoluble in liquid crystal materials.

In UK Patent Application GB 2037803A (referred to herein
as the 'said UK Application')liquid crystal compositions
are proposed which dontain as a gueét phase an anthraguinone
30 dye having the general formula:

—— -



o

The use of anthraqui none dyes in liquid crystal materials had al ready been

aught before the publication of the said UK Application, eg in the -

| owi ng 10 pat ent specifications: European Specification No 2104A and *

{ Specification No 1,482,542. It is suggested in the said UK Application

at the reason why dyes of Formula (A) are proposed for use in 15

—liquid crystal conpositions is that these dyes are commercially avail abl e.
However, although Formula (A) enbraces numerous dyes bel onging to nany b d

different classes only a few specific conpounds having Formula (A) are’in

fact commercially available. Fi Ve of these conpounds 20 - are listed in

Table | in the said UK Appl ffati on. t hough t hese pemm@acisgl |y

avai | abl e conpounds show adgguat ¢ phot'pstability and reasonabl e order

parameter in host, nateri ajzneNue 2

i nsufficient sol t@fl p-ho$ d or ctical 5 pur poses

gi vi ng sonmewhat #, Ccol OW% refo«®fit could be concl uded that
dyes of Formula (A) have |i1 ' usefulness in liquid crystal
materials. Surprisingly, weRRave 'now fgund that dyes of a particular class
of ant hraqui nones which falls partially 10 wi thin the scope of Fornmula
(A show nmarkedly inproved solubility conpared with the specific
comercially avail abl e dyes nmentioned in the said UK Application and are

in which B°,R%, and B* are the same or are different and
each is a hydrogen atom or a hydroxyl, amino or short-chain
Nemonoalkylamino groupj Y ard Z are the same or are
different and each is a halogen atom, an amino or hydroxyl
5 group or an allqyl; alkoxy or alkylamino groups containing
from 1 to 16 .car'bon atoms; and m and n are each 0, 1, or 2.

The use of anthraquinone dyes in liguid crystal
materials had already been taught before the publication of
the said K Applica:i:ion, eg in the following

10 patent _speci'fications:

Buropean Specification No 2104A and UK Specification
No 1,482,542. _ '

It is suggested in the said UK Application that the
reason why dyes of Formula (A) are proposed for use in
15 liquid crystal compositions is that these dyes are
commercially available. However, although Formula (4)
embraces numerous dyes belonging to many different classes
only a few spec_:ifié compounds having Formula (A4) are
in fact commercially available. Fiwve of these compounds
20 are listed in Table I in the said UK Application.



\consequently useful in liquid crystal materials for practical guest-host
applications. 15 "According to the present invention in a first
.aspect a material suitable for a guest-host-liquid crystal device conpris
“a solutionh of a liquid crystal material and a pleochroic dye wherein the
pl eochroic dye conprises at | east one sonpound having a fornula: 0 Fornul a
(1) HR 20 wherein one of X and Yis OH and the other is NHR wherein R

4\% Hor |ower al ky: l;AltB&géh. Ohes3 c&ﬂfi;@?.a]illsrdemnl deni |c|)6mﬂouinlc(ls [err] i
répresents optiopa substifuted a ,..ar ar al ki al koxy or -NR3R4
wher ei n each of s&%‘ér%eﬁhaﬁespf‘#ﬁgg%%éﬁ Iai”%l-lll%dr“f‘g%\}e%/ SE#%%/1 provi ded
that[err]i sal waypsraditaceint hogt aateriadreehexadfdadbd thatpiley denkrichdy R and R
are not both ar ; el s : rGdiffefenteferred
exanples of [err %Qgﬁ‘é[lenrs ?'f%%rel%;& ﬁ&? %‘{%rl H' {Eﬁlﬁ@ “%E%Ii%qng%lg pfg%/\e/;;lrcggl koxy. 5
Preferred %l kyl PugpRses| iviss semerhatywgak cqolpup efferiEe Wherefeye,
is[err]to[err]branshnd 64 kdshel @R Pl dyess WBSEdrdi £ AN fhdvepipyile, | Over

meanta_aroup. nATPAG b s SR BB s gp natertats, % (ANOYL QrOUP 1S
' Surprisingly, we have now found that dyes of a
particular class of anthraguinones which falls partially
10 within the scope of Formula (A) show markedly improved
solubility comﬁared with the specific commercially available
dyes mentioned in the said UK Application and are
consequehtly useful in ligquid crystal materials for
practical guest-host applications.

15 ' "According to the present invention in a first
aspect a material suitable for a guest-host liquid crystal
device comprises a solutioﬁ of a liquid crystal material
and a pleochroic dye wherein the pleochroic dye comprises
at least one compound having a formula: '

X  0 OH " Formula (I)
23O
Y b MR
20 wherein one of X and Y is OH and the other is NHR wherein

R is H or lower alkyl; each of R1 and R2 independently ,
represents optionally substituted alkyl, aryl,aralkyl, alkoxy or
-NR3R‘ wherein each of R3 and R4 is independently H or lower
alkyl provided thaF R2 is always adjacent to an OH group and

25 provided that R, and R, are not both aryl.

1 2

g



10 Wthin the general class of conpounds represented by,FornUIa

," particular nention may be nmade of conpounds of the formula: Formula
) wherein Q represents an alkyl radical containing from3 to 9 _carbon «

ons, one of Yand Zis OH and the other is [err]

[err] 3 15 [err] and

eof Q and Q is Hand the othgr is a -CH radical, the one that is ortho
to the OH group being the -CH2Q Tradical. Preferably at |east one of the

two -CH2Q radipcabsi kg iy bdeneOsaReChk dirferdr€l I IPrbanealerr] and [err] g
[err] [err] _ar Tal k 5 gr uBsEﬁpgﬁj-ra |y _at .| east one of the -[err] 20
radi cal s i §*FS0Bt .1lﬁég,2 © °(f10) *ePbraces the sub-cl asses

represented by Formula (I1.]Beregdl gndV}oves &XHoxpws:

Formul a (1v) wherein

each of[err]and[err]isi nhdependentl|yan .al kyl group of the form-[err] where

Q = al kyl as defined above. 8 Preferab

, al though not necessarily, one.

or b@th of RA and[err]i Jopferrefiophiwleradicalex fonthyr apd®y] and[ err]are both
al kyl eg Rara i, Qe o@rigf 91%%3/, dBbihdns@iilirl ; opbiGRILPI S

substituted with phenyl, lower alkoxy or lower alkanoyl.

By a 'lower' alkyl, alkoxy or alkanoyl group is meant a

group havihg four or less éarbon atoms. .

10 Within the general class of compounds represented by

Formula (I), particular mention may be made of compounds

of the formula:

z O OH |
Q3 CHZ.Q}
yA
< Y o NHy

Formula (II)

wherein Q1 represents an alkyl radical contzining from

3 to 9 carbon atoms, one of Y and Z is OH and the other is
15 NH2 and one of Q2 and Q3 is H and the other is a.--~CH2Q,‘l

radical, the one that is ortho to the OH group being the

-CHZQ: radical. Preferably at least one of the two

~CH,Q' radicals is of the form CHZCH<§’; vhere R_ and Ry

are alkyl groupsy preferably at least one of the -CHEQ’

20 radicals is isobutyl.

Thus, Formula (II) embraces_thé_su'b-_classes represented

by Formula (III) and (IV) as follows:



X
~

facilitates production of the conpounds as described bel ow. 5

Particularly useful exanples aof conpounds of Fornulae (I11) and (1V)

i©icl ude 4, 5-di am no- 2, 7- d|-|sobutyl 1, 8-di hydroxy- ant hraqui none (RA and

in Formula (Il11) = |sobutyl)

4, 8- di am'no- 2, 6-di -i sobutyl -1,.5-di hydr oxyant hraqui none (RA and RB in
Fonnula V) = isobutyl) and 4, 5-diam no-2,17- 10 di nonyl - 1, 8- di hydr oxyant h
agwi none (RA and RB in Formula (111) = n-C9H19). As noted above, conpounds
of Fornmula (1), particularly the three specific conmpounds nenti oned above,
show i nproved solubility in liquid crystal material (as exenplified bel ow).
15 This, together with the higher order paraneters and good stability
shown by these conpounds in the host material make the dyes of Forrmula (I)
nore attractive than the commercially available nmaterials of Formula (A
mentioned in UK Patent Application GB 2037803A for liquid crystal

guest - host 20 applications. The dyes of Fornula (I) are also nore
attractive than the dyes di scl osed in European Patent Specification No .
2104A and in UK Patent CIfI |on No 1,482,542 because of the higher
order paraneters they € Eh/ Thegydyes ofCﬂanuIa (I') also absorb at 25

1 onger wavel engpihs t ha he bl ugd dyes off the said European specification.
The liquid crysR;L 2T | i mhlch the dye of Formula (1)
is dissolved in ¢ fi ; NS ytical since a dye which
shows reasonabl e sq il i liqid dystal naterjal is likely
to show reasonabl e Y il i | i quigd crystal mat YAt SIERY also a
dye which gives an | ; %”i n one liquid crystal nmaterial
is likely -

Rp

Formula (IV)

OH | (») .h]HE-

wherein each of R ‘and RB J.s independently an alkyl group
of the form -CH2Q1 where Q = alk'yl as defined above.



give an inproved order paraneter in other liquid crystal material's, as
3t Jpopul ar liquid crystal materials have a . simlar rod-like nolecul ar
ape: however, the order parameter of any dye will vary to a*linited -
_ ent from host-to-host. Suitable host materials include nematic

materials, eg conposed mainly of 4-al ﬁyl or al koxy-1-(4'-cyanophenyl) 5

-4' - al kyl cycl ohexane conpounds, optionally doped with a chiral materi al t}?ﬁ
forma long pitch _chol esteri terial Wy n eyl ge applicati
as expl ai ned furt ﬁé‘?&f@?&\l %&g‘%ﬁﬁe%ﬁg?e%%%ﬁ%f g'?n%a?érilgﬁglo\t?dg@ a.

m xtures i ncompdriy iﬂgpfcylaﬂ*\dbmrﬁﬁg?ﬁélz r eheraR,yand R, are bothoglter with a
few per cent of a conmpound having a clearing point  (Iiquid crystal to

i sotropic |iq@Bd®y Pahdy m;pra%wblwe%l@egutalcmgpt rphenyl ) such as

the material BéoDrithbes pPoductidnofl fife et Akl dubcoyrsdopéiuy| cycl ohexane
15 conpounds prefperabl y together also with a few per cent of a high

cl earing poi nt compeotivhlariyhuasfvl exemphés pifecorpouyds of) Bormelaeo (PKIONd, eg
the materi al ' E X454k 65, N6 Qf; 0 ' ak_ ne
cyanobi phenyl %éld&z]ﬁ ecg.g?e gg‘gﬁcl apoopﬁégy%pgé_o%%tg?ﬂé? Jfrig%or@gl y toget her
20 al senphraquiname(fye And dat inFommHiag @)earl@ﬁﬁbuéﬂ-i)nt conpound, eg a
c_ya[mphen_yl pyrm,mt@laﬁm@wiﬁcﬂmwﬂ.1t,smi§9&at§aaﬂmhugﬁa§IN) 430@ d. -
m xt ures incorporatipng .esfers con | i.C (2,2, oct ane,
cycl ohexane af Ab%’ﬁzgémr ?1‘3%‘?".%)- = Ladbutyl) and Xf‘;l-%lémmo-gﬂ—

10  dinonyl-1,8-dihydroxyanthraquinone (R, and Ry in Formula (III)

As noted above, compounds of Formula (I), particularly the
three specific compounds mentioned above, show improved
solubility in liquid crystal material (as exemplified below).

15 This, together with the higher order parameters and good
stability shown by these compounds in the host material meke the
dyes of Formula (I) more attractive than the commercially
available materisls of Formila (A) mentioned in UK Patent
Application GB 2037803A for liquid crystal guest-host

20 applications. '

The dyes of Formula (I) are also more attractive thsa the
dyes disclosed in European Patent.Specification No 2104A and in
UK Patent Specification No 1,482,542 because of the higher order
parsmeters they show. The dyes of Formula (I) also é.bsorb at
25 longer vavelengths than the blue dyes of the said European
Specification.

The liquid crystal material (host material) in which the.
dye of Formula (I) is dissolved in the first aspect above is not
critical since a dye which shows reasonable sblubility in one

30 1liquid crystal mater'_ia.l is likely to show reascnable solubility
in other liquid crystal materials and also a dye which gives an
improved order pa.fameter in one liquid crystal material is likely
to give an improved order parameter in other ligquid crystal
materials, as most popular liquid crystal materials have a



25 e. any ot her I|qU|d crystal material incorporating one or norg-

conpounds sel ected fromthe follow ng knowmn famlies: 10 i :
err] [err]-iv.[err] xiii or any of these structures having benzene rings

cont ai ni ng substituents, eg fluorine, in their benzene rings, where

Is atrans, 1,4 substltuted cycl ohexane ring, is a 1,4 substituted bicyclo

(2.2.2) octane ring, X1 5 is al4 phe@ylene group , a trans
4 di substituted cycl ohexane ring or 4. 4" Dbi phenylyl group or

, 6 napht hyI gr euupu.lar rod-like mplemda.i( shep&j\, howevdr, the GReropar@@etorX - Y

a
wh Y is CN, t fi t hat
of erRe 10 ® Pr e&?pg?y H"u %dﬁ qU| g?@%%‘t%%g?ﬁ gg#%%n cgslr%ﬁsaZt :

| east 0.5%by wei ght %h%Medﬂcﬁ‘staﬂdt&&ﬁéa&ﬁE’id&ebﬁéd&%%‘ mﬁ@@ﬁtalg 7% and 5.0%
by wei ght of the dye or nDre Sol uti.ons of dye. and qyld crystal. material

may be made in a G8NYRIWPEHh vk iirp syl or (ALPHR ek -5y g¥le 15
liquid crystab natgr #ﬂkylm&bma%mb&&ilsbe@tﬁweddﬁeuwm a chiral

material to form a long pitch cholesteric material, depending on
the device application as explained further below. Examples of
host materials include:

a. mixtures incorporating cyanobiphenyls preferably

10 together with a few per cent of a compound having a clearing
point (liquid crystal to isotropic liquid transition) above
150°¢ (eg a cyano-p-terphenyl) such as the material E7 or
EL43,

b. mixtures incorporating _cya.noﬁhenyl cyclohexane_

15 compounds preferably together also with a few per cent of a
high clearing point compound such as a cyancbiphenyl
cyclohexane cbmpound', eg the material ZLI 1132;

¢. mixtures incorporating at least one cyanobiphenyl and
at least one cyanophenylpyrimidine, preferably together

20 also with a few per cent of a high clearing point compound,
eg a cyanophenylpyr:.m:.d:.nephenyl compound, eg the material
RO TN 430;

d. mixtures incorporating esters, eg containing
bicyclo (2,2,2) octane, cyclohexane and benzene rings;

25 e. any other liquid crystal material incorporating one or
more compounds selected from the following known families:



- about [err]wth stlrrlng for about 10 m nutes and then al l owi ng the
n1x ure to cool. Pleochroic dyes of Forrmula (l.) above may be m xed toget her
' ot her dyes (which may, or nay not also be 5 of Formuia (J)), eg té

end their spectral absorption properties (when dissolved in liquid

ystal material). For exanple, where a dye of Forrmula (1) is blue it may
be mixed with a yellow dye and a red #e. The relative proportions of the-
dyes m xed together are determ ned 10 by the desired spectral respongg

as determ ned by the extinction coefficients of the constituent dye

conmpounds. The(meeqm.,xbure Is then used with liquid crystal material as
above or in one of the ways described bel ow. 15 - Yell ow and red

dyes suitabl e for yes of Fokfgl a a t hose
described i nfour 86%@?%*53’ Pat ent Aﬁpllggfkgﬁbg§69%7§9~ and Applications
cl ai ni ng prlmltypllcatl M@ which may be
represent ed b W Formula (wyi20 R s,.a,rgyb_ or alkyl, Q
i s hal ogen, ydro { al kyl'am ngy4di aH; n| fr aI kyI or aryI
X is an integer F{Eﬁm§>«:}47and y I's an . 12 In
particul ar .ejt herR@E@\?f t he yel I)g‘yv"andkr Q 9 COO—-X~
o RBD-@E-Y, -
M R<{Bcaen-y, KK RD-coox
Vil R<oom x=Y, XX R-@-—cug—@":
ix  Ro~{o)y-¢go-x- : cH, 0o
— % xxi RGCHO R
x K—O' N"N_O'Yg @ Y| o_@_cg
xi Ro_@_f%ﬁ @_ xxi‘ R e
N= N—E-Y, 0 '
xii  R-B-cz <G, it RL5<0)-Y,
¢ XXV R_@.@_R
xiil  Ro-ghc=c~<B~Y,
- . oxxy R—@-coo—(E-R

xxvi  R-D-cmen, o) :‘soo
or any of these structures having benzene rings containing

substituents, eg fluorine, in their benzene_._r-:.ngs,
where —@- is a trans, 1,4 substituted cyclohexane ring,
_@-' is a 1,4 substituted bicyclo (2.2.2) octane ring, X,

5 is a 1,4 phenylene group_—-@"“ , & trans 1,4 di substituted
cyclohexane ring -@i‘ or a_k.b' biphenylyl group
or a 2,6 naphthyl group &2 : and Y is CN, or R', or OR' or
G0.0-X,-Y' where Y' is ON, or R' or OR'; the definition of R’
being the same as that of R.

10 Preferably, the dye/liquid crystal solution contains at
least 0.5% by weight of the dye and preferably between about 0.7%
and 5.0% by weight of the dye or more.

Solutions of dye and liquid crystal material may be
made in a conventional way simply by mixing the dye and the
15 liquid crystai material together and then heating the mixture



Elyes may inglude conpounds having a Fornula: Fornmula (VI) wherein RC @
and[err] aregroups sel ected from phenyl and 4-al kyl phenyl groups and and

are either both hydrogen (for 5 yel | ow dyes) or are selected from
_thlophenyl or 4-substituted thiophenyl groups, preferably 4-alkyl

thi ophenyl - ie thio- phenyl substituted in the para position relative to
the link with the anthraqui none nucl eus (ﬂ@r red dyes). According to the
psesent invention in aﬁgeco d aspect a 10 qui d crystal electro-optical
di’spl ay includes twd*%erBREY 02 C 3ty stizring Fﬂ@ aé’GBEt"PantaF gndathenone of
which is optically taaewpeg @hé mikkerd rodam1Qn the inner surfaces of the
substrates and a filmof dielectric material contained between the

el ectrodes and the substPleosbroivhdyes of tFremdle|(EQtatiove Madyebe alixdd is

mat eri al according t f [ defi ned above.
The liquid crzgtal /dﬁ}gegﬁ {I%‘Ii?ir}a %&g%&eé’ WEE& mQ r| ahggcnggr |sr?g{’?o t he
first aspect t he 9ihFemuani ey ¢& tasewtend ﬂw}rkmr@ ebsonpibent i cal

di splay as defined igrobbetid@ (whensméaﬂve'&sﬂﬁcilquz ﬁsmam:ﬁt' wll be
famliaar to those i|lled ell stalngt:Z t he knovvn devi ces

operating by the foll8SwHy® gffé’ e CEPRE®P In this
case a film of nematniged i wichda cneylkctvaldyemrﬂr aated?8ye. Thd rﬁ!bst:lvieve

i el ect 11 ¢ ani S0t r Oyl Al Ol 18] Ao Ll lLLAIE LML G255 01) 115
\ r es

nol ecules lie in the plane I ce subs € | nher (whi ch
are normal ly pdfall &y ttbediﬁéla%ﬁawsrﬂores@pnae Safieteymiped bincthet o,

extinction coefficients of the constituent dye compounds.
The dye mixture is then used with liquid crystal
material as above or in one of the ways described
below: '

15 Yellow and red dyes suitable for use with dyes of
Formula (I) when blue are those described in our copending
UK Fatent Applications 8024797, and Applications claiming
priority from that Application, which are compounds which
may be represented by the Formula:

4\1 /“\ '/\ (S R)x Formula (V)
-~

20 where R is aryl or alkyl, Q is halogen, hydroxy, amine,
alkylamine, dialyklamino, nitro, alkyl or aryl, x is an
integer of from 1 to 4 and y is an integer of from 0 to 4.



nd undergo roughly a -k /2 helical twist in orientation from one

trate to the other by virtue of the orientations at the surfaces caused
>Areatnment, eg unidirectional rubbing, of those surfaces prior 5 to
aséenmbly. This is the twi sted "honpgeneous texture". Application of an
electric field between the elqgtrodes on the respective substrate inner
surfaces to give the on state Causes rearrangenent of the liquid crystal
nol ecules to lie (with their:-long axes) effectively 10 per pendi cul am*
O ihe Substl dheeidigt eileaéza%@sbatg\ bRcnepmGh anl fod Xt urel. A change in
optical activity ar fel m occurs between the on and of f
st at es dfesvman aecloﬁetp@pm@:bﬁmnsré Bormgkafenrent and t he optical effect
observed can be enhanged by the use 15 of a Ilnear pol ari ser adj acent
to one of the substr & d pI&@hrmc dye dis oIv k,? the liquid crystal
material. The polarid risation a a( )e to the direction
of the liquid crys¥z "t he -adj acent substrate I nner surface
(or, nore strictl lel to the average axis of projection of
t he nol ecul es on t%Q % the guest-host effect the dye causes the
off state to appe a{k or strongly col our whereas the on state
appears clear or y cqyoure b. . THE FREEDERI CKSZ EFFECTI N
NEGATI VE NEMATI CS | ®P t hi S case a f| I m of nematic liquid crystal materi al
wherein Rc and RD are groups selected from phenyl and

4-alkylphenyl groups andX and X2 are either both hydrogen (for
5 yellow dyes) or are selected from thxophenyl or Y-substituted -

thiophenyl groups, preferably 4-alkyl thiophenyl - ie thio- |
phenyl substituted in the para position relative to the link -
with the anthraguinone nucleus - (for red dyes). ' '
According to the present invention in a second aspect a
10 liquid crystal electro-optical display includes two electric-
ally :.nsulating substrates at least one of which is opt:.cally
transparent, electrodes on the inner surfaces of the substrates —
and a film of dielectric material. contained between the e
electrodes and the suhstre.tes, wherein the dielectric material
15 is material according to the first aspect of the 1nvent10n as -
defined above. _
The liquid cr-ystal/dye ‘solution which is the material
according to the first aspect of the invention may be used
in any known electro-optical displa.y"ss defined in the
20 second aspect. Exéﬁfples, which will be familiar to those ' ' o
skilled in the liguid crystal art, are the known devices
operating by the following effects:’

a. THE TWISTED NEMATIC EFFECT

In this case & film of nematic liquid crystal material
25 of positive dielectric anisotropy has'é.n off state in which
(the long axes of) its molecules lie in the plane of the
device substrate inner surfaces (wh:.ch are normally

parallel to one another), or at a small angle thereto,



c

of negative .,dielectric anisotropy has an off state in which its nol ecul es <éj%)
lie perpendicular (ie in the homeotropic texture) to the substrate inner
gurfaces (which are parallel) 30 by virtue of surface treatnments to
these inner surfaces prior to assenbly. A single pol ariser is placed

adj acent to one substrate with its transn155|on axi s perpendicular to the
normal to the inner surfaces. Application 18f an electric field between the
ghectrodes on the reggecalve are [ ner surfagﬁgtto give t he

35
on state causes AR 2 df}a%ghlg Jr'?a'(:,’iu sk IR RO HEF Ul es to lie
parallel to the subimmtoeelamhstred:arfqa(tbs other iy vimuhorfogbneous texture).

| ncorporation of pl gmgfﬁngy& ithe tgq&.fiéé;ubgmgay@t %T(m;;g{l al ensures that

the off state 5 pears relatively clear or wea col oured wher eas

the on state appear di%lﬁl’fﬂct%?%nﬂ'ﬂ?l%d Gﬁr*@@seﬁﬁfé‘?efseefl%bser ved is
enhanced by tshe preseruseemflyth@melﬁwnerthétedTPEonBBEEHﬁRIGﬁZrdiFFECT I'N

PGSI TI VE NEMATI CS Iggé” |§o 1o§S§f %_nngfr%%ﬁ f'-"?i"’l ‘Ee-E e\éﬁt Cehrr??1 of 10

positive dielectric has ecules lie
roughly parall el andnlﬁhetrﬂsppp’ﬁwe exbstt nates ibrany awefaqcméao mefabees (whi ch

are parallel) by vi BﬁLB%a.Qé datiféy @sn;neﬁgédaaeeofsuﬁé QQT&dPEbﬁtaio assenbl y
(i e the honpgeneous tex si,ngl e pol ari ser pl aced adj acent
to one substrate w l"ﬁlﬁ 95 r’t&n@‘ﬁ %31" Lﬂﬁ% aﬁ% etfgctiveldubstrate i nner
sur f aces. 10 perpendicular to the substrate inner surfaces in the
"homeotrbpic texture™. A change in optical activity
(rotary power) of the film occurs between the on and off
states by virtue of the molecular re-arrangement and the
optical effect observed cen be enhanced by the use
15 of a linear polariser adjécent to one of the substrates
and pleochroic dye dissolved in the ligquid crystal
material. The polariser has its polarisation axis parallel
to the direction of the liguid orystal molecules at the
adjacent substrate inner surface (or, more strictly,
20 parallel to the average axis of projection of the
molecules on that surface). By the guest-host effect the
dye causes the off state to appear relatively dark or
strongly colour whereas fhe on state appears clear or
weakly coloured. '

25 b. THE FREEDERICKSZ EFFECT IN NEGATIVE NEMATICS

In this case a film of nematic liguid crystal material

.of negative dielectric anisotropy has an off state in which

its molecules lie perpendicular (ie in the homeotropic

texiure) %o the substrate inner surfaces (which are parallel)
30 by virtue of surface treatments to these lnner surfaces

prlor to. assemhly. A s1ngle polarlser is placed adjacent

to0 one substrate with its transm1351on axis perpendicular

to the normal to the inner surfaces. Application of an

electric field between the electrodes on the respective

35 substrate inner surfaces to give the on state causes



plication of an electric field between the electrodes on the respective

)

bstrate inner surfaces to give the on state causes re-arrangenent of the

quid 20 C

rystal

nol ecul es to |lie perpendicular to the substrate

v

nner surfaces, is the honmeotropic texture. Incorporation of pleochroic dye -
inthe liquid crystal material ensures Mhat the off state appears '
relatively dark or strongly col oured whereas the on state appears

col ourl ess or weaktarraggement ofokkrildguids crystehenalapsiesdtndantic ef f ect
above. The Effeahréltléﬁr%e@hé SuBSHIRNE EthnbY dubeadisctaNss e the pol ariser.

GE EFFECT  ( NEGATI VE CONTRAST - TY, In this case a
PEPRgeneRys téﬁﬁtt“é'Gs) al §6?°?8§R%ﬁ°9e°i§a?°é’3f?’r% d¥%i sot ropy and
| ong nol ecul ar héhitiel 18fhid cryspal mhietipdi @wdulrys Ihainthhasffantatefl state in

d. THE PHASE CHA
cholesteric liqu

which its yﬁlecu
Application of  a
respective subst

%S%alriseré %t%?dé%&ﬂé&?'ﬁf %§akm];ig? 53{%%5;% P‘%c SOpLE texture”.

rodes on the

ectri bet ween
patsbata Agpeaty fate o Singrely cakowrdst Jhe affackes

-

re-arrangement ObpidiRred i KiUbhhdnoN® !ty tH pResdnRs 40 thé Pobekieardi cul ar to the

substrate inner surfaces (ie the honeotropic texture as 5

for

positive nemati cs.i n THR FREEBERICKSZ EFFECT ¥ ROSITIVECHEMA®IOS | on of pl eochroic
dye in the liquid crystal material gives an off state which appears
relatively dark or -stnothjisycess 8wnegaticdigwidonrittal anatirisdd appears

col our | essygor m%&:}‘bi@@'ﬂ‘éﬁ.@_&%rﬁ.c anisotropy has an off state in which

15

20

the molecules lie roughly parallel and in the plane of

the substrate inner surfaces {which are parallel) by
virtue of treatment of those surfaces prior to assembly

(ie the homogeneous texture). A single polariser is
placed adjacent to one substrate with its transmission axis
parallel to the substrate inner surfaces.

Application of an electric field between the
electrodes on the respective'substrate ihnér'surfaces to
give the on state causes re-arrengement of the liquid
orystal molecules to lie perpendicular to the substrate
inner surfaces, ie the homeotropic texture. Incorporation
of pleochroic dye in the liquid cr&stal material ensures
that the off state appears'relatively.dark or étrongly

~ coloured whereas the on state appears colourless or weakly

25

30

coloured as in the twisted ngmatic effeét above. The
effect observed is enhanced by the presence of the polariser.

d. THE PHASE CHANGE EFFECT (NEGATIVE CONTRAST TYPE)

In tﬁis case a cholesteric liquid crystai material of
positive dielectric anisotropy and long'molecula: helical
pitch, typically 3 um, has an off state in which its
molecules lie in random helices, ie the
"focal conic texture". Application of an electric field



-

10 , . The long pitch cholesteric material nmay be fornmed froma
m xture of. a nematic nmaterial .and a chiral material. The chiral material
gay be 4-(+)-2-nethyl butyl-4'-cyanobi phenyl and it may formless than 10%
by wei ght of the mi xture of nematic andi’chiral materials. e. THE PHASE
CHANGE EFFECT (PCsI Tl VE CONTRAST TYPE) 15 In this case a

chol esteric |i qubetveeysthal ehexttevied onf thnegetpartide edudet rdte amigotropy and

I"qng nol ecul ar hgljisG, it ch o) st in which its. nmo ules lie
p%?pendi cul ar togltutﬁeéssuggt g{d\fel;q?'ﬁn%'r Qstst%}' é%telg?s F& = PRE W3R 6pi ¢

texture. Applicaliaidogryshakimedecnkes te|kie2@erpendicullpet teaideel ect r odes on

the respective Spdtradfe ihARsuPPLEAC ¢Se Q%Sﬁének@iaﬁice@é:?&lrgnaé’f the -
nol eculessto lie.in th_eig{I ane of the substrate i nner surfaces 1n a helical

arrangeneht ie theF PRFLHE PeRfddencbudbe Sregiericks efferhli on of pl eochroic
~dye in the |iqui @neurpsiatioRSof pleochrPitedyedlin OinéeSi@naOkfysikate which is
relatively col ou;hldeesr?af)r i\‘/yeak%IS,ly ﬁ?l ou_rted_ ang an on state which is :
TofglSS B 8UF AR HER FRR8EES iT5lebbeeddi $RFFUK

relatively dark or s
Appl i cation No 2088306uElyt hel careir aguian oore stiyas whi cl3@ppears Formula (1)

may be prepared ggjoqglé%hwe‘;gag%g%%%g%#onventional |y enpl oyed for the.

preparation of anthraqui none co hus, conmpounds of Fornula (I1) may
be prepajged from conmherndagopitchecKdlle8téfc matekfal may be formed from

a mixture of a nematic material and a chiral material. The
chiral material may be 4-(+)-2-methylbutyl-4'-cyanobiphenyl
and it may form less than 10% by weight of the mixture of

nematic and chiral materials.

e. THE PHASE CHANGE EFFECT (POSITIVE CONTRAST TYPE)

15 | In this case a cholesteric liquid crystal material
of negative dielectric anisotropy and long molecular
helical pitch has on off state in which its molecules
‘lie perpendicular to the substrate inner surfaces, ie in
the homeotropic texture. Application of an electric field

20 between electrodes on the respective substrate inner
surfaces causes re—orientation of the molecules to lie in
the plane of the substrate inner surfaces in a helical
a:_rrangemenf ie the twisted homogeneous texture.
Incorporation of pleochroic dye in the liquid crystal

25 meterial gi_veS an off state which is relatively colourless
or weakly coloured and an on state which is relatively'

dark or strongly coloured.

As described in copending UK Application No
20388091-\_ the anthraquinone dyes of
30 Formula (I) may be prepared using synthetic methods
conventionally employed for the preparation of
anthraguinone compounds. Thus, compounds of Formula (II)

may be prepared from compounds of the formula:

G



Formula (VII1) wherein one of Y and[err]isCOH and the other is H,
rrfand[err] having the neani ngs gi ven above, by nitration to the

rrespondi ng dinitro conpound foll owed by reduction of the nitro groups
The conpounds of Forrmula (VII) may
ensel ves be prepared by reacting an afg hraqui none conpound of the
Formula (M 11) with an aliphatic aldehyde (Q .

I ng standard nethods. 5

formula: O

CHO in the presence of aqueous al kaline sodiumdithionite. It has

found 10

process because this al dehyde
Formula (VII11). :
ant hr aqui none conpounds o

purity (as wll

Purification may be effe
recrystallisation from s

For the pw®do

be clear to thos
onal net hods such as

been

that iso- butyraidehy%e S aﬁtlcul arly sétnald) evior this
on ef f entty tq the structure of

ngfntlon t he
O 15 extrenely high
the liquid crystal art).

“nts and chr omat ogr aphy. 17 Exanpl es
of the preparation and properti{es of  anthraqui none conpounds of Fornula (1)

will now be given. Exanple 1. 1 , 8- [9hydroxyanthraqU|none (36 parts) is

added to 5

10

15

wat er (500 parts) W th stirring under nitrogen at

whereln one of Y' and Z' is OH and the other is E,

Q Q and Q3 having the meanings given above, 'by
nitration to the corresponding dinitro compound followed

by reduction of the nitro groups using standard methods.

The compounds of Formula (VII) may themselves be
prepared by rea.ctix;g an am_:hraquinone compound of
the formula:

_-Z). 0 - oH | Formula (VIII)

Y o

with an aliphatic aldehyde (Q'CHO) in the presence of
aquecus alkaline sodium dithionite. It has been found
that iso-butyraldehyde is particularly suitable for this
process because this aldehyde adds on eff:.c:.ently to the
structure of Formula (VIII).

For the purposes of the present invention, the
anthraquinone compounds of Formula (I) should be of
extremely high purity (as will be clear to those skilled
in the liquid crystal art). Purification may be effected
using conventional methods such as recrystallisation from
suitable solvents and chromatography.

room

k)



(65 parts) and the tenperature is raised to [err] |so-butyral dehyde (35.6
parts) is then. added and the tenperature is raised to 70-80C over 2 hours
and 10 * maintained for a further 18 hours. The reactive mxture is
cooled and the solid is filtered off, washed in turn wth water (250
parts), 3% hydrochloric acid (250 parts) anghkfinally water until acid-free
("Q00 parts) and dried in an air oven giving 51.5 parts of product. One 15

crystallisation from et hyixaagBisAbe hal piHpasdtlon &Rl bfopaetibs 8 Ves yel |l ow
needl es of 2, 7-di-isob | -1, 8- di hydroxy hr agui,none 138-[err]. 20%

. O eum (230 parts). is ggéﬁ?”ﬂ%“t?oﬁ?‘éﬁ%ﬂ’?& égnécﬂfngﬂ%r(?g ”ﬁ'&?‘?%lb‘?) %% )

- followed by boric aciggg e 1 (30 parts), the tenperature rising to about
700C. The O mixture 1s Stirred at 60-70 C for 30 mnutes to dissolve the .

solid and cool ed to[err] .1,%_51-197&1;&3&9%%&&@&’2%&%?{%% , %gone (60

parts) is then addedgportignw’ se afd_afte[. 1 hour, . parts of
a 25/ 75 nixturd of 2deter (500 narhs} with skirring uwndeg nifgogshakmoprat ed

sul phuric acid are adéeperathes Feildweadrbyrissditinehydrogidd (86l pakts)0an
col Tected washed w Cou dbiehfd 05R:0) bOhE ronpBfefiBs {5 roinnd,
giving 66.5 parts of ¥9r2Rifet .Isegbutyraldghyde £135:6 aerrts) fisothedi uided agidves
2, 7-di -isobutyl -1, 8- i yehperatute Selirdi deHOF tTHLEPG HRRE2 HRre gl err]. A
ts:’ g;{ gdofM t Ees@gic’\lj% %?%Higgg%gog%feg L?glrhtos s._I nmv?trggctgggomi%ges) 'S
is cooled and the solid is filtered off, washed in turn
with water (250 parts), 3% hydrochloric acid (250 parts)
and finally water until acid-free (500 parts) and dried
in an air oven giving 51.5 parts of product. One '
15 crystallisation from ethyl acetate (or glacial acetic acid)
gives yellow needles of 2, T~di-isobutyle-1,8- |
dihydroxyanthraquinone, mp 138-140°C.

20% Oleum (230 parts) is added to concentrated
sulphuric acid (180 parts) followed by boric acid
20 (30 parts), the temperature rising to about 70°C. The
mix'bl_u-e is Stirred at 60-70°C for 30 minutes to dissolve
the solid and cooled to 5000. 2, T=Di-=isobutyl=1,8.
dihydroxyanthraquinone (60 parts) is then added portionwise
and after 1 hour at 20-30°C, 100 parts of a 25/75 mixture of
25  concentrated nitric acid and concentrated sulphuric acid

tenperature followed by sodium hydroxide (36 parts) and sodi um dit hi oni t@

are added. The reaction mixture is stirred at room
temperature for 2 hours and then drowned into water. _
The solid is collected, washed with water until acid-free
and dried in an air oven giving 66.5 parts of product.
30 Crystallisation from dioxen gives 2,7-di-isobutyl-1,8~
dihydroxy-4,5-dinitroanthraquinone, mp 250-252°C,
A slurry of the above dinitro compound (40 parts)

in water (600 parts) is treated with sodium sulphide
crystals (80 parts) and the mixture is stirred at 90°%¢



rystals (80 parts) and.-the mxture is stirred at [err] 18 for 3-4
10urs. The reaction mxture is filtered and the collected solid is well
hed-with water and dried in an air oven giving 31 parts of 4, 5:di am nc -
) 7-di -i sobutyl - 1, 8-di hydr oxyant hr aqui none. Two crystallisations fromb5
i 4opropanol give black needl ess np 198-200 C. Two further crystallisations
fromtol uene give black needl es, np 200-201C of 98-99% purity by HPLC. (.

Exanpl e 2 The prﬁc gg ?ea;lcti&l fanHx&"é‘eﬂs tmfa-eaoana the |
1, 5- di hydr oxyant PRqtinone |s ace of e initially formed

Th
2, 6-di-isobutyl - kosle@ﬁﬁmléﬁylénf‘ﬂ:\‘]aﬁﬁﬂﬁf}n‘éﬂi%a eé'r?“]‘d 424% it rati on and
reducti on gi ves 4,;8- 50.3% ng $r dariss obut,gHdiamise, 2 Thliciecpdmthr aqui none,

np 286-288C. 15 The roced L& ohe! SrokO! | OWed usi ng
59 parts of nonal bé 3? %g &&st%ﬁge Sobuty '

| sobut yr al dehyde
Exanpl e 4520 isopropaBhk @md@sskdmsé#e%e@ﬂﬁé@& tely c#*lﬂ@!batent
Speci fication No G}‘}g‘% % ohspﬁ%%lhen&'giee 1R50 He6d1eaQ NG 200+801C
r

substantial |y of oxy d| am no- 2
(4" -hydr oxyphenyl()ﬂ 8 FBhftshr aqui none. This product is extracted
wi th toluene for 16 hours cool ed :

+

The procedu.re of E:mmple 1is followed using
10 ,5-d1hydroxyanthra.qu1none is place of the 1,8-isomer.
The initially formed 2 6-d1-1sobutyl— 25=
d1hydro:qanthraqu:.none (mp 188°C) after nitration and
reduction gives 4,8-diamino-2, 6—d1-1_sobuty1— 15
dihydroxyanthraquinone, mp 286-288°C.

15 Example

The procedure of Example 1 is followed using
59 parts of nonaldehyde in place of the 356 parts of
isobutyraldehyde.

Example 4 .

20 The process described in Example 1 of UK Patent
Specification No 115224k is repeated to give a product
consisting substantially of 1,5-dihydroxy-k,8-diamino-2
(4' -hydroxyphenyl)~6-hydroxymethylanthraquinone. This
product is extracted with toluene for 16 hours, cooled

25 and allowed to stand for 4 hours before filtra-tion and
drying at 80°cC.

Examples of dyes having Formila (I) above and their
properties are given below. In the properties the
following s;vmbols are used:

30 N max = wavelength of maximum a.bsorptibn
s = order parameter (measured at 20°¢)

and the following ligquid crystal host materials are
referred to:



" 25 and al lowed to stand for 4 hours before filtra tion and drying @
80C. Exanpl es of dyes having. Fornula (1) above and their properties are :
.given bel ow.

In the properties the followi ng synbols are used: 30
X max = wavel ength of maxi mum absorption S =

- = order paraneter
(measured at [err] and the following liquid crystal host materials are
referred to: 19 i Host A, which is the BDH material E7 which
4 ncludes the follow ng conpounds: i Host. B, which is the BDH materi al

43 whi ch includes the fall O\Hosgmommmhnﬁs théiBDI-Il—ha;&erGal Mfiwichs the E
Merck material ZLI 1132, . '$h [ l e | | Ng conpounds: iv Host
D, which is the materi al %’ 4% H}'rpen '?nggx\% ‘he follow ng conmpounds:
20 v Host E, which has. a

03| 0% by wei ght 50% by wei ght It may
be noted that a materi al S‘T “I VMQY

A=Cq Hie << N
w—Cg H,0- "O‘@—CN
s n~Cs Hy

ii Host B, which is the BIH material E43 which

includes the following compounds:
h-—C3 H
10 h~CoH, ‘O{’ C'N

iii Host C, which is the E Merck material ZLI 1132,
which includes the following compounds:

15 - Gy
=G Hy |
_ n_:C-‘ ng
"CoH <<

Host D, which is the material RO TN 430 which
includes the follow1ng compounds:

Ry @
RN
RW

iv



ani sotropy may be made sinply by adding a small quantity- eg

) by wei ght of a 'negative' dopant, eg the corpound to Host E which has a
I'l negative dielectric anisotropy. 10 1 DYE No 1 Structure: OH 15 *
Ms is 4,5-diam no-2, 7-di -i sobutyl -1, 8-di hydr oxyant hr aqui none prepared as

in Exanple | above. TABLE 1: PROPERT$&S OF DYE No 1 IN VAR QUS HOSTS HOST -

max (nm S A 596, 640 0.68 20 @
B 596, 64G1ost; E, which has @ ésngosition: 596, 640 >
0.73 D 0.70 E 595, 637

0.65 Dye No 1 é’hcﬁgd'l-mv@m@@eor@—&chwu n boptoyAyeizmt - after 500

hour exposure t Vi phet radi agd,on at 365 nm 21 2: DE No 2
Structure: Thi sﬂ’ LS& 'gum@‘n Hg —®vdi 69% yxysizhhr aqui none

prepared as in Exarrpl e 3 above. TABLE 2: PROPERTIES OF DYE No 2 I N VARI QUS
HOSTS HOST ¥ sy (oﬁ,ﬁoted that a materjal of negative dielgotrigs

0.69 5 anisotropy may be made simply by adding a small
quantity eg 10% by weight of 2 'negative! dopa;nt,
eg the compound’

C,He~(H)-co0—0) oc:-@—c
SN

to Host E which has a small negative dielectric amisotropy.

10 13 DYE No 1
Structure: |
)0 sz 4:\4 ,CH (CHQL

N O NHy

15 This is 4,5-diamino=2,T-di-isobutyl-1,8-dihydroxyanthraquinone .
prepared as in Example 1 above.

TABLE 1: PROPERTIES OF DYE No 1 IN VARTOUS HOSTS

HOST A max (nm) S
A | 596,640 0.68
20 B 596,640 0.73
c 596,640 0.73
D 596,640 ' 0.76
B 595,637 0.65

Dye No 1 showed no change in S or A max (in Host A)
25 after 500 hour exposure to ultra-violet radiation at 365 mm.



B 592, 636 0.74 C 594,636 @
0.75 3:° DYE No 3 Structure:.This is 4,8-dianino-2,6-di-isobutyl- 1,5

i hydr oxyant hraqui none prepared as in Exanple 2 above. TABLE 3: . ,
ROPERTI ES OF DYE NO3 | N VARI QUS HOSTS HOST max (nm s
A : 582, 627 0.69 B 582, 627 _ - 0.74 C

582, 627 0.75 4. DyeNo4Struc2t1ure This is

135~ di hydr oXy- 4, 8- di am no- 25 hydroxyphenyl ) - 6-hydroxynet hyl - ant hr oqui none
prepared as in Exanpl Zparaneter (S) in Host Bis 0.72. Solubility

in Host Bis 2% by wei ght at rr] Conparative solubility and order
parameter tests were made ¥ E%}@ ®Nos 1, 2 and 3 and on the five
comercially available dyes listed in UK Pat ent Application No 2,037, 803A
by determ ning the maxi mum sol ubi I@Hy afd or @H paraneter of each corrpound
i'n turn in Host Bdeflng\d@<ﬂ5 e atjerrl "{Ear}p% yen in Tables 4
and 5 as follows: Table Ansiter ed (all of
Formula (A) above): Dye No

This is 4,5=diamino=2, 7-d:.nony1-1 8-d1hydrox;va.nthraqu1none
prepared as in Example 3 above.

DABLE 2: PROPERTIES OF DYE No 2 IN VARIOUS HOSTS

HWST  max (mm) s
A 92,636 0.69
B 592,636 0.74
o c 594,63 - 0.T5
: __DYE No 3 |
Structure:

This is 4,8~diamino=2,6~di=isobutyl- :
1,5 dihydromgthraqu:’_.none prepared &8s in Example 2 above.



PA 2 H - NH H - - 0 OPA3 -OH -[err]-OH

0 PA 4 -H -H -[err] - -0 0 PAS [err]
sherr]-[err] - 0 0 PA 6 -COH - NH2 -OH - Br Br *
) 1 23 TABLE 5: SOLUBI LI TY ANDORDER PARAMETER OF DYES I N HOST B Dye NO
Fubi ity in Order Paraneter in t B Host B PA 2
.5 : 0.7 PA 3 0.15 . PA 4 Iy
.5 g ;ﬁﬁ {ﬁ 0.69 PA 6
0 TIES OF DYE IN VARIOUS HOSTS 0 .73 2
.5 Opdér 10 - pax (om 3 g 1.0
0.73 Table 5 illustrates an inproved f:or?bl nation of solubility and order

parameter for Dyes 1, 2aand 3 conpsgzgéopM th that o,ge dyes PA 2 to PAG6 in a
typi cal host material. The follo eﬁ%g %#rther pr operél es have been 15
|’

nmeasured for Dye No 1 a Bd are giv Tabl es 6 078 as follows: Table 6 4
Mol ar extinction coefficgient - 582,627 2 x 10 0.75
L: Dye No &
Structure

0‘0 &

L OH O NH}_

This is 1,5~-dihydroxy-&, 8- diamino-2(4Lthydroxyphenyl) -
6~ hydrox.ymethyl—anthroqmnone prepared as in Example 4.

Order parameter (S) in Host B is 0.72. Solubility in
Host B is > 2% by weight at 20°C.

Comparative solubility and order parameter tests were made
on Dye Nos 1, 2 and 3 and on the five commercially available
dyes listed in UK Patent Application No 2,037,803A by
determining the maximum solubility and order parameter of each
compound in turn in Host B defined sbove at 20°C. The results
are given in Tables 4 and 5 as follows:

Table 4: Prior art dye compoundé- considered
(all of Formula (A) above):

Dye No B® R’ Y I |z |m)ln

Sy

ppa2 | E |-, | E - |-
pa3 |08 | -NE, |~E |- |-
PA4 |-0H | -0H | -ME, |~ |-
PA S5 | -NH, | -NH, | ~NH, | - 1 -
pA6 | -0H | -MH,| -0H | Br| Br

o o O o (o]
o o o O




~( CHC13) Table 7 20 Fadi ng Llnder exposure to ultra viol et (u.v.) @

radi ation (tinme for absorbance to fall to 90%of its initial value) a. :
Under "bl ack" .I'i ght 2,000 hours (u.v., 200C) b. Under Xenon anrg
1ight ; 500 hours (u.v. + visible, [err] 25 These figures

Il lustrate the good stability of the dyes, 24 Table 8 Further properties

of Dye No | in various other host mater|2a?ls Host Materi al

Rroperties.of ‘5 cl earl in host
bFacket s) TABI(‘E A RAR 3 TEOE [err]
0. 81 2.0 BCO . '[%Q}Nd ..... Solub:.l:.ty.in._ . Or8ér Pa.rameter lChO
PDX [err] 0. 70Host B - ZLI 1588st @500)
0. 63 2.3 ZLI 1624  [egrd 0.5 0.60 4, 2.9 ROTN
403 Jerr] _ ' 0. 66 ' BCOis a thr ee conponent m xture
consi sting of 15 PA 3 < 0.1 (30% by wei ght)
(40% by wei ght) and ] .
5 PA 4 0.5 0.7
PA S 0.5 . 0.69
PA 6 1.0 ' 0.55
1 . 1.8 0‘73
2 35 0.7k

Table 5 illustrates am improved combination of solubility and
order parameter for Dyes 1, 2 and 3 compared with that for
dyes PA 2 to PA 6 in a typical host material.

The following further properties have been
15 measured for Dye No 1 and are given in Tables 6 to 8
as follows: '

Table 6
Molar extinction coefficient 2 x 10"
(cHC,)
Table T

r under exposure to ultra: v:.olet (u.v_) radiation

tlme for absorbance to fa.ll to 0% of its initial value)’

a. Under "black" light =~ 2,000 hours
(wev., 20 C) '

20

b. Under Xenon arc 11ght 500 hours
(u.v. + visible, 40°C)

25 These figures illustrate the good stability of the dyes.



% by -wei ght). E7 and E43 are commercially available fromBIH Chem.cals
) ted, Broom Road, Pool e, England. 20 < ZLI 1132, ZLI 1695, ZLI

g5 and ZLI 1624 are commercially available fromE Merck Co, Darnstadt,
‘'man Federal Republic. Ro TN 403 and RO TN 430 are commercial ly avail abl e
fromF Hof fman La Roche Co, Basle, Switzerland. 25 ' PDX is a

m xture of 1-(4'-cyanophenyl)-4- aI‘kyI2-42, 6- di oxan conpounds. Exanpl-es of .
liquid crystal devices enbodying tgé segond aspect of the present-inventiorf
wi |l now be described with refere t he acconpanyi ng draw ngs in which:
25 Figure 1 is an expl ode ' rf Fregeq.e 'clﬁgz,, effect display device
enbodyi ng the present i nves ' et | onal view of the device
shown in Figure 1; and a watch having a liquid

crystal display congpgdeheshias shown

U \V
in Fi gurBpdriddd & - As shown in Figure
1 aliqui d5crysta¢%@e Fr eederi ck@si tive nematic)
type includes a | I'Qubsthckeys) al cell 3 conpri si3glubidify ass slides 4, 5
containing a layer o Iquid crystal material 6 Ich Is basically a

positive nematic mayerial t'ogether with a pledthroic df®. El ectrodes 7, 8
eg of tin oxide are

&

ZLI 1695 (72°) 0.81 2.0
BCO ~ (92%) _ 0.80 -
10 PDX (87°%) 0.70 -
ZLI 1565 (85°¢C) - 0.63 2.3
ZLI 1624 (87°C) 0.60 2.9
RO TN 403 (82°0)  0.66 -

BCO is a thrée component mixture consisting of

;15 R—Cahv—@"@w (304 by weight )
n-—CS—H“-@"@—C'\i (40% by weight) and

n-—C7 H, ¢ | (30% by weight).

ET and B43 are commercially available from BIH Chemicals
Limited, Broom Road, Poole, England. .

20 ZLI 1132, ZLI 1695, ZLI 1565 and ZLI 1624 are

‘commercially available from E Merck Cd, Darmstadt,
German Federal Republic. _

RO TN 403 and RO TN 430 are commercislly available
£rom F Hoffman La Roche Co, Basle, Switzerland.

PDX is a mixture of 1-(4'-cyanophenyl)-Y-alkyl-2,6-
dioxan compounds.

25

Examples of liquid crystal devices embodying the second
aspect of the present-invention will now be described with
reference to the accompanying drawings in which:



arranged on the inner faces of the slides 4, 5. A brushed al um ni um
reflector 27 nmay be | ocated behind the slide 5. Prior to assenbling the
cell 3 the slides 4, 5 are coated on their inner faces with silicon
nonoxi de of magnesium fluoride. This coating is formed by evaporating a
stream of eg silicon nonoxide onto the slide at. an angle of about
[err]tothe surface as for exanple described in UK Patent Specification No
13454, 296. On assenbly the_slldeszgre arranged with the evaporation
direction on the two slides 4, 5 parallel to one another. Wth such

coatings appl ied |Gl £ayshab-{Iss WiSh of ol ideaoalas; surfaces lie in a
(0]

single direction (orthogonal to the _evapgration directipog‘) and parallel to

the adj acent sffeet %F?]e?@e‘.ie%‘?ae"}béw’lgp?% PPERRAEA I TEPEI M ol ecul es lie in

a 26 parall el ynmogeneous texiure,as indicated by arrow 13 (Figure 1).
The dye ol ecul eshﬁoﬁ?‘gﬁzl"-sh%ffc ﬁnﬁ%i‘f)‘ﬁgh&p%aﬂ’ tedﬁv% N ?'gnu'r d crystal

nol ecul es ar e ial Bigureuyhl wndn this texture giving a relatively strongly
col oured appearance. 5 A single polariser 1, placed in front
of, or behind, theFigure Bigshdmant vigy Qfr & wBtch Having aotiqWi@ cel| 3) with
its transm Ssi&ps@eﬁi amﬁﬂrﬁl b&lstieetielCadshemiment Fighurecti @ @f the |iquid
crystal material 6, will enhance the col our of the display. By this
arrangenment, the 1£s shown ifl Rigfupé Cl weTigaid odrysbel dbspldgnéf aher ef | ect ed

light i's confingdr.3uall Y% rRLA!(L6ki 110 ARatd e} PHcITRIEY Of
' liquid crystal cell 3 comprising two glass slides 4, 5

- containing a layer of liquid corystal material 6 which is
basically a positive nematic mayerial together with a
pleoéhroic dye. Electrodes 7, 8 eg of tin oxide are
arranged on the inner faces of the slides 4, 5. A brushed
aluminium reflector 27 may be located behind the slide 5.

Prior to assembiing the cell 3 the slides 4, 5 are
coated on their imner faces with silicon monoxide or
magnesium fluoride. This coating is formed by evaporating
a stream of eg silicon monoxide onto the slide at an
angle of about 30°_to the surface as for example described
in UK Patent Specification No 1,454,296. On assembly the
slides are arranged with the evaporation direction on
the two slides 4, 5 parallel to one another. With such
coatings applied ligquid crystal molecules at the coated
surfaces lie in a single direction (orthogonal to the
evaporation direction) and paraliel ﬁo the adjacent slide
surface. As a result the liqﬁid crystal molecules lie in a
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ween t he el

per pendi cul ar

this texture by the guest-host effect

dye nol ecule. When a suitable voltage, eg a few volts, is applied

ectrodes 7 and 8, ie to give the.on state, 1.5 t he

ecules of the liquid crystal material are switched to the homeotropic =
xture, ie to lie-parallel to the electric field along . an axis

to the slides 4, 5. Thg dye nol ecul es are also switched to
%nd have their | ong 20 axes
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on the cell 3

I'C effectively

reduci ng their ab4Btgareoh) -of Thaidyemolpsulies. imignestghost rekaticashizs a

relatively clear qiimaakliigaod QuyeFhlARPRANLEEE re 2180 roughly in |f the
el ectrodes 7 and g cover onlgjr art of_the gnsgr ’tsﬁljrrfa e of the slides 4 and
‘Pi?@. e

5 respectively th
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the liquid crystal materi

en

appear clear or wsh&laeltol dghawe im Rigurey] in firent \@ft theacebl Bdge appl i ed)

t he remni nder
the of f state.
facing parts,

of w?l %thégam%@aﬁ rasﬁfthﬂaemlaﬂat ‘E&'tﬁﬂra?ﬁgéﬂl&t[ errg! ni ngt in
s, by shaping the electrodes 7,.8 into discrete '
eg Gi?%"té’fm é’fd%bﬁlrjl %Fﬁ’f??‘? “@%ﬁf’?@g't gbl“é'l%de“&a%ﬂ tage source

(not shown) synbolthe afolbwt toffr themaysplay. By this arrangement, the
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20

25

30

electric vector of the incident or reflected light is
confined roughly parallel to the transition moment of
the dye molecule. '

When a suitable voltage, eg a few volts, is applied
between the electrodes 7 and 8, ie to give the on'state,
the molecules of the liquid crystal material are switched
o the homeotropic texture, ie to lie parellel to the
electric field along an axis perpendicular to the
slides 4, 5. The dye molecules are also switched to this
texture by the guest-host effect and have their long
axes essentially parallel (ie they are essentially
"end=on") to light incident on the cell 3 in a direction
perpendicular to the slides 4, 5, effectively reducing
their absorption of ambient light. This gives the cell 3
a relatively clear or weakly coloured appearance.

If the electrodes 7 and 8 cover only part of the
inner surface of the slides 4 and 5 respectively the
entire cell 3 will appear strongly coloured in the off
state (with no applied voltage) whereas in the on state’
only the region of the liguid crystal material 6 between
the electrodes 7, 8 will appear clear or weakly colourad
in the on state (with a voltage applied) the remainder
of the cell 3 appearing strongly coloured, ie remaining
in the off state. '



be di spl ayed. This may be achi eved by photoetching 5 (in a knovvn
way) the l'ayers, eg [err] used to formthe electrodes 7, 8 prior to -4
assenbl y. -For _exanple, in the watch display of Figure 3 the electrodes 7, 8
are shaped to provide four seven bar nuneric digits to display time; eg the
digits.are 10 di splaying 12.45 as shown in Figure 3. A pul sed

period dot P is also included, as in conygntional watch displays, to

i,ndi cate operation of the display. Exanples of suitable dyed |iquid crystal
wterial for the material TiusgbBw ehbFin@ythd\eldotrbyes Mo & iato RiecMie3 15
(structure given abovg) .in the host. materialk, .A _B r C sition

gi ven above). Dye NOSP%,Iné p(?rrg % r?ﬁybaé]st %gr r?’aﬁ%/léal §epbag%eg.gd9?x%x g?%glg wth

liquid crystal materitd ai voldege siohese knotvshgerds sytheds 41 dedterermas al

device, eg any one ofypd ResHe¥beES TRIL may be a&BRGEd BFUpRRQYEniggNStructed in
“a known rrannesl;i. An ex&rr}gl e of a d)je m-xture incor ora%i ng9a dye conpound
Ia (

havi ng For nu 1) abbife®tISWEEHEY ) vhen 1e¥eTar 8 8804w BF&d 49 P™otheuse in any
guest - host effect devéleeirregsany Sopriorote adeesbliybed above, such as that
illustrated 25 in Figures 1 to 3, is as follows: Dye Mxture 1 Dye
No 1 (structure given abobey) exanmdepdint thy wabtlyldisplayuef FgareNd the( yel | ow)

2.4 part by weight Dyg dNercacsl fd/sPiidlsfdped to (}arpvida four 4eWdl baPy Wweight 30
where Dye No 4 has the structure gas. disclosed in our copendi ng UK Pat ent
Appl i cation 8024797; numeric digits to display time; eg the digits are
10 displaying 12.45 as shown in Figure 3. A pulsed period
dot P is also included, as in conventional watch displays,

to indicate operation of the display.

Examples of suitable dyed liquid crystal material
for the material 6 above is Dye No 1, Dye No 2 or Dye No 3
15 (structure given above) in the host material, A, B, C or D

( composition given above).

Dye Nos 1, 2 or 3 may a.lterria.tively ‘bé used together
with liquid crystal material in any other kmown guest-host
ligquid crystal device, eg any one of the devices

20 described above, constructed in a known manner.

_ An example of a-dye mixture incorporating a dye
compound having Formula (I) above together with other
pleochioic dyes for use in any guest-host effect device,
eg any of those described above, such as that illustrated

25 in Figures 1 to 3, is as follows:
| Dye Mixture 1 '
Dye No 1 gstmcture given a.bdve) 1.0 part by weight
blue) '
Dye No 4 (yeilow) . ' 2.4 part by weight
Dye No 5 (red/purple) 1.4 part by weight
30 where Dye No 4:'ha.s thé structure (as disclosed in our

copending UK Patent Application 8024797;



and Dye No 5 (as disclosed in European Patent Specification No 2104A)
s the structure: 5 Dye M xture 1 .may be used for exanple in
st A or B defined above in which case the parts by weight figures for thes
di vi dual dye conpounds are percentage by weight figures for the’
ye/liquid crystal solution. A grapté of absorbance v wavel ength for this
solution 10 i ndi cates that thé dye m xture is-neutral grey in colour.~_
A further dye m xture which may be used in the liquid crystal nmaterial 6 O&#
t he device described with reference to- Figures 1 to 3 or in any other known
guest - host effect 15 device is as follgws: 29 Dye M xture 2 Dye No
1 0.8 part g NO 4 ' 2.0
part by weight Dye No 6 0 part by weight 5
where Dye Nos 1 and 4 ar 6 has a structure: (as
di scl osed in our copendi

and Dye No 5 (as disclosed in European Patent
Specification No 21044) has the structure:

5 ""@'Cu“q""'
- h‘C4HQONH | ° 

5 Dye Mixture 1 may be used for example in Host A or B
defined above in which caée the_ .pé.rts by weight figures
for the individual dye compounds are percentage by weight
figures for the dye/liquid crystal solution.

A graph of absorbance v wavelength for this solﬁ_tion
10 fndicates that the dye mixture is
neutral grey in c¢olour.

A further dye mixture which may be used in the liguid
crystal material 6 of the device described with reference
to Figures 1 to 3 or in any other known guest-host effect

15 device is as follows:



10 - .+ In an alternative device enbodying the second aspect of th
present-invéntion a chol esteric to nematic phase change effect is nade i
known way. The met hod of construction is the sane as that described abov
fith reference to Fi gures 1 to 3 except that no MgJF2 or SiO 15

coating need be applied to the inner surfgces of the el ectrode bearing
slides 4, 5, no polariser | is required armd the liquid crystal material 6
in.this case is essenélakgm a Ié)ng pitch cholesteric material (having a
Mt ecul ar hel i cal pit * rder of about 3 pm 20 eontaining a
-pleochroic dye. A suitabpe ggterial is one of phe wp RPSiet Fjﬂlg st A and B
defi ned above doped with chiral material (eg as expl al ned bel"ow) and '
containing the Dye M xtureyel ngrg 2 defined abovez2(@sawsedyiweighe specific
Freedericksz effect device described with 25 reference to Figures 1
to 3) (the thickness of thee Natérial 6 |ayer agdid paet nGyGwdighd2pm) . 4
30 In-the "off" state (with no voltage applied) the cell 3 again appears
strongly col odred i n whers RyvesWog dsand 4t see Recabwe  alsPye b chasiavi ce). The
liquid crystal materiglmBtifasthis state is in the focal conic texture 5
whi ch conpri ses an arrangenent of ‘random nol ecul ar helices. The dye

nol ecul es take up the sane arrangenent t@ guest - host effect. The strong
O

col ouration (vvhichbe < . S

(as disclosed in our copending UK Patent Application
No 8024797).

10 In an alternative device embodying the second aspect'.

of the present invention a cholesteric to nematic phase
change effect is made in a known way. The method of
construction is the same as that described above with
reference to Figures 1 to 3 except that no MgF, or Si0

15 coating need be applied to the inner surfaces of the
electrode bearing slides 4, 5, no polariser 1 is required
and the liquid crystal material 6 in this case is
essentially a long pitch cholesteric material (ham.ng a
molecular helical pitch of the order of about 3 um

20 containing a pleochroic dye. A suitable material is
one of the two hosts Host A and B defined above doped
with chiral material (eg as explained below) and
containing the Dye Mixture 1 or 2 defined above (as used
in the specific Freedericksz effect device described with

25 reference to Figures 1 to 3) (the thickness of the material
6 layer again being 6 to 12um).



v ' 4

ack or dark gray) is because anbient white l[ight incident on the materi al

la the slide 4 is partially 10 . absorbed by the dye nol ecul es which
per pendi cul ar or oblique to the |ight propagation direction. In the *

n" ‘state a voltage (typically 10-15 volts) is applied between the

el ectrodes 7, 8 sufficient to give the honeotropic texture, ie wth the
liquid crystal 15 nmol ecul es bet3®een the el ectrodes 7, 8 essentially~
re- orientated to lie perpendicular to the slides 4, 5.  The dye nol ecul es™
bet ween the el ectrodekn the 'SR state (Wit socvplitese wpalind)athserent by t he
guest - oSt ef f eCtae11 T aghoisffiedtel vekialy 2oeher Oagid cae TaREG S Cl a1 Of

weakly 20 c Iogre in this stgteg&gé w th the Freedericksz effect

devi ce) because t TRedsBt | Efegt &e nt i @ P IRRETE= 0 anbi ent 1 ght
propagating in a miteetdli 6nirpshpemdataliarin ¢hé [focakldonBe tesetyper pendi cul ar to
the slideg 4, 5 (Wiant jde..4 ' : | al L al dopant
mat eri al ;Bn this ﬁ(':ﬁéglé ‘P)gpt; éggc%nnpgﬂﬁ%e&%ntlgfsﬂaggf@gg%éﬁgk)&%glé%ﬁa'caI S

Lim ted which is Thei adplesulag ddde Fb%_tsaﬂe(ﬁrrmeﬁ‘e%%é’yp?%ortions of 5%
byt wei glht of t CEI ]é}ehﬂ-ﬂﬁ% @fte\ﬂﬁi g'g'hT Qftrbigs 2 Tcol“ot?ﬁffbéx (whiChAhdy el A
material suita o[ a quest - i quid crys vigce. conprising a
solution of a li gklha c°rry§?’ gﬁﬁ@:ﬁae%gﬁ%e & ’feé%c‘fﬁl%ieclc’tﬁ wher ei n t he

pl eochroi c dye comgidentson the material 6 via the slide 4 is partially

10 absorbed by the dye molecules which are perpendicular

or oblique to the light propagation direction.

In the "on" state a voltage (typically 10-15 wolts)
is applied between the electrodes 7, 8 sufficient to give
the homeotropic texture, ie with the liguid crystal

15 molecules between the electrodes 7, 8 essentially re-
orientated to lie perpendicular to the slides 4, 5. The
dye molecules between the electrodes 7, 8 are're-oriéntated
to this arrangemeni by the guest-host effect. ' The region

. between the electrodes 7, 8 appears clear or weakly

20 coloured in this state (as with the Fréedericksz effect
device) because the dye molecules are essentially "end-on"
to ambient light propagating in a direction perpendicular
to the cell 3, ie perpendicular to the slides 4, 5
(via the slide 4). '

25 A suitable chiral dopant material in this case is
the compound CB 15 supplied by BIH Chemicals Limited

which is (-CH, C“LCH(CHQCHI

This may be added to Host A or B in the proportions of
5% by weight of CB 15 to 95% by weight of Host A or B.



at | east one conpound haV|ng a fornul <::fi%:j
Formul a ‘(1) wherein one of X and Y is O—| and txuummlu““; wﬁ!ﬁherei n RN ;
H or l-ower alkyl; and each of [err]and[err]ind ents o
Optionally‘substituted al kyl, aryl, gﬂafkyl alkoxy or"-NR R wherein each o

.R3 and R is independently H or 10 Iomer al kyl provi ded
that[err]isal ways adjacent to an OH group and provided that R and R are
nQt, both aryl. [err]. 2 2 A material as claimed in claim1 and wherein
R™and R are independently selected fromthe foll owi ng groups: alkyl
contai ni ng between 1 and 10 carbon atons; 15 substituted al kyl-

contai ning between 1 and 10 carbon atons and substituted with a phenyl,

| ower al koxy or | ower al kanoyl group; benzyl; and | ower al koxy. - 23

A material as.claimed in claim2 arfdAdh@rein the conpound of Formula (I)
has a fornmula: Forrmula (111) wherein each of R and err]lsndependently a
group - CH2Q whére @ mpkeriglapyiheble J98 eomestmiafy bituiderrystahd 9 carbon

atons incl usi VQevflke coﬁu‘i%&ﬁéla'ﬂsoﬁﬁtﬁnabﬁ@ mfmcal w@mmm@r ein the

compound of Formuyla (1) has a_ forpul a: Forng
and a pleochroic d,ye wherein the eochro:Lc dye comprises

at least one compound having & formula:

5 . X 0 o Formula (I)

F R1
R |
Y

NHR

wherein one of X and Y is OH and the other is NHR wheréin_

R is H or lower alkyl; and each of R1 and RZ independeﬁtly
represents optionally substituted alkyl, aryl,aralkyl, alkoxy or
--NR3R4 wherein each ot R, and R, is independently H or

3 4
10 lower alkyl,provided that R, is always adjacent to an OH

group and provided that Rl and RZ are not both aryl.

2 A material as claimed in claim 1 and wherein R1
and 'R2 are independently selected from the following
groups: alkyl containing between 1 and 10 carbon atoms;

15 "~ substituted alkyl containing between 1 and 10 carbon atoms
and substituted with a phenyl, lower a_.lko::y'or lower

alkanoyl group; benzyl; and lower alkoxy.



) T

rein each of[err]Jand[err]is independently a group [err] where Qis an
| kYl group containing between 3 and 9 carbon at.ons inclusive. 5 A -
w rial as claimed in claim3 or claim4 and wherei n” ummm“grlﬁlw is .
\ndgpendently a group. -[err] [err]where Rx and Ry are JEE 6,

faterial as claimed in claim3 and“wherein at |east 6neof' the groups RA
and RB is isobutyl. 7. A material as claimed in claim4 and wherein at
| east one of the groups RA and [err] is isobutyl. 8. A material as Wy
claimed in claim3 and whefein the said conmpound is
4, 5-di am np-2,7-di.-i sohutyl -1, 8- di hydr gxyant hr aqui none, the groups RA and
RB both be H’&tﬁgbﬂufﬁlgj‘l‘%ﬁppsl?‘ 91."1’“A¥rﬁa e‘%/}feé'Pl%\st laimed in claim3 and
wher ei confpoend aif dFaxandau(I) has a formulas
4, 5-di am no- 2, 7-di nonyl - 1, 8- di hydr oxyant hr aqui none, the groups RA_and RB
bot h bei ng n- COH . A material as clainmed in claim4 and wherein
the said conpou 10- 2, 6- di - i Stsrmia (115)
di hydr oxyant [R_RA and [err] both being isobutyl groups.
11. A materi al 2i ®1 and wherein the said conmpound i s
hydr oxyphenyl ) - 6- .

A material as -clainmed in any one of the.

L

nor e

wherein each of RA and RB is independently a group
-CH2Q1 where Q1 is an alkyl group containing between g and
9 carbon atoms inclusive.

4 A material as claimed in claim 2 and wherein the
compound of Formula (I) has a formula:
NH, 9 ow -
> Formula (IV)

SO
Ry | |

MO o NH,

wherein each of RA and BB is independently a group
-CH2Q1 where Q1 is an alkyl group containing between 3
and 9 carbon atoms inclusive.

5 A material as claimed in claim 3 or claim 4 and wherein
- < . R .
each of RA azd RB is 1ndependeptly a group -CH20H<R;‘ vwhere

Rx and Ry are alkyl groups.



5 .

cyanobi phenyl liquid crystal conpounds. 13. A natELLQL_§§_EL§LHEQ_;E_QIaLm

12 and wherein the liquid crystal material is conposed mainly,

Jercentage by, wei ght, of cyanobi phenyl unds Hwnlsﬂm‘ﬂ cl ai

in any one of clainms 1 to 11 and mhererh the liquid !p

i ncl udes one or nore cyanophenyl cycl ohexane Iiquid crystaﬂ cl8npdunts

Aliquid crystal material as claimed in claim 14 and wherein the I|qU|d
ystal material is conposed mainly, as a percentage by weight, of

¢yanopheny; cycl ohexane |iquid crystal conmpounds. 16. A material as clained

nany one of chai Nk ghebfiahladdaUREY 4 abhE 4 biikilerINSLE 10BE Grbal TS

selected fromthe follow ng conmnerci al Iz)avallable l1quid crysta

mat eri al s: 1‘11H1151E‘?P5%43andz& 11513 upyt- 1695, ZLI 1565, ZLI 1624, RO
TN 403, and RO N 430. .17, _A mater as clalne one of the

recedi ng.cl o ne anh MEFALSE AISHIEh, 4 SRR tarst et & Jedet R c

mat eri al suit abd® thergraups Qﬁdamd: k sizs dédbatylor twi sted nematic effect
device. 18. A material as clainmed in any one of clains 1 to 16 and wherein
the liquid crystal Aumaderial ps dairadgipiolelm chebdsherdis tha epidl suitable

for a chol est eré&p;,&ﬂ\ggm JsCaRaae-£hagua sehfigelq) i quid crystal material
formed of a m xture of. a nematic material: and a chiral material.

19. A materi aI %?W‘%ﬁ%ﬁnqhﬁa@*%ﬁ‘?ﬂ§ﬁﬁ&rm Sisrftdh By both being
isobutyl groups.

9. A material as claimed in claim 3 and wherein the said
compound is 4,5-diamino~2,7-dinonyl-1,8-dihydroxyanthraquinone,
the groups Rn and RB_both being n-09H19 groups.

10. A material as claimed in claim 4 and wherein the said
compound is 4,8-diamino-2,6-di-isobutyl-1,5-
dihydroxyanthraquinone, the groups RA and RB_bbth being isobutyl
groups.

11. A material as claimed in claim 1 and wherein the said
- compound is 1,5-dihydroxy-l, 8-d1am1no-2-(4'hydroxyphenyl)-6-
hydroxymethylanthraquinone.

12. A material as claimed in any one of the preceding claims
and wherein the liquid crystal material includes one or more

cyanobiphenyl liquid crystal compounds.

43. A material as claimed in claim 12 and wherein the liquid
crystal material is composed malnly, as a percentage by welght,
of cyanobiphenyl compounds.

14. A material as claimed in any one of claims 1 to 11 and
wherein the liquid crystal material includes one or more

cyanophenylcyclohexane liquid crystal compounds.

15. A liquid crystal material as claimed in claim 1% and wherein
the liquid crystal material is composed mainly, as a percentage
by weight, of c¢yanopheny;cyclohexane liquid crystal compounds.

16. A material as claimed in any one of claims 1 to 11 and

wherein the liquid cr-stal material is selected from the
following commercially available liquid crystal materials:



?

iral material is 4-(+)-2-nethylbutyl-4'-cyanobir-phenyl—and forpms | ess than
p by wei ght of the mixture of nematic and chiral r@iﬁ lals.- 20. A

erial as clained in claim19 anm?‘#@rei nthe n W’J}mmnfhe _'t'

ected fromthe commercially avaifable nmaterials
ral material 4-(+)-2-nethylbutyl-4'-cyanobi phenyl forms abolt *5% by 5
wei ght of the mxture of nematic and chiral materials. 21. A material as.—
clainmed in any one of the preceding clains and wherein the pleochroic dyb/
conprises a mxture of dyes of different colour, at-least one conprising a
conmpound havi ng Formula (1) as defined in claiml1l. 22. A material- as
claimed in cl affa 243 a8 wHdReifhIt HPSs ALt dofpothll 1R84i ng Formula (1) is a
bl ue dye conmpopmdw 263, &dROEIN 8k0as clainmed in claim22 and-wherei n t he

bl ue dye conpound is Sel ected from -- 4,5-diam no-2, 7- d|-|sobutyl

& di hydr oxyant##.aquim@agial as claimed in any one of the preced:.ng

4, 8-di 2, b d h .
45 i ami o 5. S1als) SRoHlald B L IR R WBEMLASTR §
1, 5- di hydr oxy- aemgdp msitanial suttahielfoxypHengdericksz effect or

hydroxyrret hyl aptiyeadlUteR2Es effectddeAcgBt erial as clainmed-in claim20 and
wherein the dye compound having Formula (1) is mxed together with a yellow

dye and a red tBe. A%tehmhewlahma‘:s ial siynenk iof cladns PIoané wherein at
least one of the, yellow dve 8nda’ 8448 f188-Af 9L Whdhe piton -

cholesteric material suitable for a cholesteric~to-nematic -

phase change effect liquid crystal material formed of a
‘5 mixture of a nematic material and a chiral material. N

19. A material as claimed in claim 18and wherein the

chiral material is 4—(+)=2-methylbutyl-4'-cyanobiphenyl -

and forms less than 10% by weight of the mixture of
nematic and chiral materials.: '

20. A material as claimed in claim 19 and wherein the
nematic material is selected from the commercially
available materials E7 and E43 and the chiral material
4=(+)=2-methylbutyl=4'~cyanobiphenyl forms about S3by
5 weight of the mixture of nematic and chiral materials.

21. A material as claimed in any one of the preceding

claims and wherein the pleochroic dye comprises a mixture

of dyes of different colour, at least one comprising a -
compound having Formula (I) as defined in claim 1. -

22. A material as claimed in cla:.m 21 and whereiini the
gsaid compound having Formula (I) is a blue dye compound.

23. A material as claimed in claim 22 and-wherein the
blue dye compound is selected from: -

4,5-diamino=2, T-di-isobutyl-1,8~dihydroxyanthraquinone = —
4,8-diamino=2,6-di-isocbutyl=1,5-dihydroxyanthraquinone - .
5 4,5-diamino-2,7-dinonyl =1,8~dihydroxyanthraquinone , and e
1,5-dihydroxy-4, S-d:.ammo-z-(lk'-hydroxyphenyl)-G- T
hydroxymethylanthraquinone.
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Formula (V) O wherein Ris aryl or alkyl, Qis -halogen, hydroxy, am ng

al kyl am no,” di al kylam no, nitro, alkyl, or .aryl, X is an int eger of f

sto 4 inclusive, and y is an integer of,fbba-n’o to 4 1 nclusive:

‘material as claimed in claim25 and wherein at ﬂj"m” ,!g I ow dye

and the red dye conprises a conpound having a for m

y\marel n RC and RD are groups sel ected from phenyl and “4- &l kyl pneny groups
d X and X are either both hydrogen or are groups selected from :

i ophenyl and 4-al kyl t hi ophenyl groups. 27. A material as clainmed in
: cI aim 26 and wherejyn t W YEnaaC IR f Formul a
(M) as 12 defi ne? D%aé'lg’fg %‘gaﬁ%ﬁﬁ{ﬂ %?ém?‘zﬁ %‘rdogen EH the red dye
conprises a dye ccﬂwomomd heving Hoxmpd QSdléFﬁ%éGSﬁheé‘I@lthl 25, X and X

bei ng groups sel ecgedod rdggnQ{aeglyf.edaa;qh;i5 4 al kyl phenyl . 28. A liquid crystal
el ectro-optical device conprising two electrically insulating substrates at
| east one of whi cl&5ks Dpiaterialyad rchaimpdr bntclain @3tarmddeker@iintdte | nner

- least one of the yellow dye and red dye has a formulas

0
Formula (V)

N
/

\

- Y SR
QT )

Y

wherein R is aryl or alkyl, Q is ha.logen., hydroxy, amine,
5 alkylamino, dialkylamino, nitro, alkyl, or aryl,

x is an :Lnteger of from 1 to 4 inclusive, and y is an

integer of from 0 to 4 inclusive.

26. A material as claimed in claim 25 and wherein at
least one of the yellow dye and the red dye comprises a
compound having a formmula: '

@ P SR

Formula (VI)

wherein R and R are groups selected from phenyl and
li--alkylphenyl groups and X and X2 are either both hydrogen
or are groups selected from thiophenyl and

Y—alkylthiophenyl groups.



faces of the substrates and a fil m of dielectric;naterl I ned

en the el ectrodes and the subst&q character1 t t he
llectric material being material &s ¢l ai med in any o 16 ¢
or ny one of claims 21 to 27. 29. A device as cl ai med |ﬁ %gj
rein the device is a Freedericksz effect or tw sted nenatlc e fett

device. 30. A device as claimed in claim 28 and wherein the device is a e
chol esteric to nemati c phase change effect device, the dielectric materi al \we
being a Iong pitch cholesteric materi.al as clainmed in any one of clains 18
to 20. 27. A material as claimed in claim 26 and wherein the

yellow-dye comprises a dye compound of Formula (VI) as

defined in claim 25, X' and x° being hydrogen, and the

red dye comprises a dye compound of Formula (VI) as

defined in claim 25, X and X belng groups selected

from phenyl and 4-alkylpheny1.

28. A liquid crystal'electro-optical device comprising
two electrically insulating substrates at least one of
which is optically transpaient, electrodes on the inner
surfaces of the substrates and a film of dielectric
meterial contained between the electrodes and the
substrates, characterised in that the dielectric material
being material as claimed in ahy one of claims 1 to 16

or any one of claims 21 to 27.

29. A device as claimed in claim 27 and wherein the
device is a Freedericksz effect or twisted nematic

effect device.

30. A device as claimed in claim 28 and wherein the
device is a cholesferic to.nematic phase change effect -
device, the dielectric materiel being a long pitch
cholesteric material as claimed in any one of

claims 18 to 20.




