present invention is concerned with organic materials, in particular wi'th

pleochrghc dyes in solution with liquid crystal materials eg for

ePectro-optic display. applications. 5 Liquid crystal materials

are well known organic materials which display phases, known as liquid :
%
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crystal phases or nesophases, having a degree of nol ecul ar ordeg?gq%;é!
i N.€rnedi ate between that of the fully or derkd crystalline soli t

the fully disordered isotropic liquid state. 10 ' El ectro-optica
devices incorporating liquid crystal materials are well known and w dely
used as digital displays in such applications as watches, cal culators and
digital voltneters. These devices utilise the optical contrast when an
electric field is applied across a thin 15 insulating filmof_ suitable
liquid crystal material. The - nolecules of the material (in a liquid
crystal phase at the tenperature of operation) are re-orientated by the
field causing a change in an optical property of the part of the filmwhere
the field is applied, e.g. a change in anbient |ight scattering or

transm ssivity. Liquid crystal materials have the property that their

nmof ecul es can inpose their ordering upon the nol ecul es of other suitable
dopant materials incorporated within them This property is the basis. of
so-cal | ed "guest-host" devi ceXUED CRY§TAIN MATERTALS (GONTAINING| RIEOCHROINOSt

liquid ANTHRAQUINONE DYES

The present invention is concerned with organic
materials, in partiéular with pleochroic dyes in solution with
liquid crystal materials eg for electro-optic display .
applications, ' - |

_ 5 . Liquid grystal materials are well known organic
materials which display phases, known as liquid crystél.
phases or mesophases, having a degree of molecular ordering
inte:mediate between that of the fully ordered crystalline

lsolid state and the fully disordered iéotropic liquia state.

10 Electro~optical devices incbrpérating 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

15 insulating film of suitable liquid crystal material. The
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t.\crystal material and its guest material have one nol ecul ar configuration in

N Jthe absence of an applied electric field and another nolecul ar

onflguratlon when an electric field is applied across the material. Thes
‘guest material is usually a pleochroic dye, which-is a dye whose nDTecuIar
absorption properties vary with the orientation of the electric vector of
14 ght incident upon its nolecul es. The  presence of such a dye can be x ;
‘'used to.enhance the contrast between the off state (with no electric fiel®
applied) and the on state (with electric field applied) of a liquid
crystal . di splay because the orientation of 5 the dye nolecules is in
effect switchable by the effect of the applied electric field on the liquid
crystal nol ecul es and by the consequent re-orientation of the dye nol ecul es
by the guest-host effect. As discussed further below there are several

ki nds 10 of liquid crystal effects which can nake use "of the guest-host
effect in electro-optical displays These vary-according to the kind of
liquid crystal material used and tﬁ% configuration of its nolecules in the
off state (e.g. as determ ned by the surface treatnents of .the substrates
15 enpl oyed to contain the film of quuid crystal material). In order to
provi de cqopt,as t e a guest - host
liquid cp@ﬁte&l’ﬂcﬁ §P|'{a¥‘§° {h?tb&wﬁ%grgglﬁtguf‘ﬁ 8‘{‘?:%% gt Cqecul es adopt is

cl osely 2Meref@rpos% iopkration) tamermmgtede@rhwehhatﬁew of the host

causing a change in an optical property of the part of the

film where the field is appliéd, e.g. a change in ambient
light scattering or transmissivity. o

_ Liquid crystal materials have the property that
their molecules can impose their ordering upon the molecules
of other suitable dopant materials incorporated within
them. This property is the basis of so-called "gueét-.ott" '
devides e.g. display devices in which the host liquid’
erystal material and its guest material have one molecular
configuration in the absence of an applied electric field
and another molecular configuration when an electric field
'is applied across the material. The guest material is
usually a pleochroic dye,.which‘is a dye whose molecular
absorption properties vary with the 6ri§ntation of the

 electric vector of light incident upon its molecules.



nnfeculeg. However this is achieved only to a |imted degree because of
random thgrmal . f |l uct uati ons. The degree to which the orientation varies
frpn1tQétheal is measured by a quantity known as the order parameter S 25
whi'ch ils -gi ven by the foll ow ng equation: [err] where cos [err] is a tine
averaged termand [err] is the iinstantaneous angul ar orientation of the

nol7ecul es with respect to the tinme averaged orientation of the host
molxtul es. The determnation of the value of the order parameter S is
wel I understood in the art; see for exanple ghe paper "A new absorptive
node reflective liquid 5 crystal display device" by D.L.Wite and

G N. Taylor in the Journal of Applied Physics, 1974, 45 pages 4718 to 4723

For perfect orientation the order parameter -Sis unity (that.is o is zero).

Thus, pleochroic dyes for 10 use i n guest-host devices should have an
order paraneter in the liquid crystal host as high as possible (i.e. |ess
than one hut as near to one asThepredense of sucinea dretdenyberysed Hosenhance

adequat e C‘&ﬁm cal, photghgsdizakt adadwéﬂﬁg@u Qzirediata! (witRld kidetrSe @km

stability en exposed 15 t o at nos rc ontanlnan s, electric f |e
(as in device operatiorfPPihed} Gn‘ill”thFa‘?qnsG?H P’h’aﬁ &%F%T“Tﬁ@}ds%?&%i? not be
ionic or have any ioni slacliduds driydta) AibSlay Becaube thielsdlidntitiohdes '

rater 2l w1 1056 TtS Syl bl 12 " 5 kS0P ekadlBEL W LS JRMc

of the applied electric field on the liquid crystal
molecules and by the consequent re-orientation of the
dye moleculeé by the guest-hoet effect.
As discussed further below there are several kinds
10 of liquid crystal effects which can make use of the guest-host
effect in electro-opticel displays. These vary according
~to the kind of liquid crystal material used and the
configuratie; of its molecules in the off state (e.g. as
. determined by the surface treatments of the substratee
15  employed to contain the film of liquid crystal
material). _
N In order to provide maximum contrast between the
| on and off states of a guest-host liguid crystal display
it is 1mportant that the guest molecules adopt as closely
20 as possxble the time averaged orientation of the host
molecules. However this is achieved only to a limited
| degree because of random thermal.fluctuat1ons. The
degree to which the orientation varies from the ideal
is measured by a quantity known as the order parameter S
25  which is given by the following equation:

1 . -
§ = 2 (3 cos_20 - 1) : Equation (1)

vhere cos°0 is a time averaged termland © is the
instantaneous angular orientation of the molecules with
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.20 They must al so have sufficient solubility in the host materials;

- sl though the concentration of guest ploochroic dye required for the desired

' fect is generally quite small (e.g. not nore than a .few per :cent, of dye¥

neverthel ess many pl eochroic dyes are unsuitable because they are 25 .

- essentially insoluble in liquid crystal materials. Selection of a suitabl.e

- pl eochroi o dye usually involves a conprom se between thene vari ous S
properties. Al though a vast nunber of dyes are known only a very small
proportion of these have been proposed for use with liquid 30 crystal
materials owing to the need to acdhi eve a suitable conbination of the
properties nentioned above. 5 European Patent Specification No 2104A
describes a sefdsBactOftodteE B abPSMRed RAehtRion BeCErSMosabl e for use with
liquid crystal naterials. These d es, which are co rcial ]y avai'l abl e,
| argely show J¥38°%kEhi | iT0§ %*Gﬂ&%ﬁ ten 9f fthe valye gl fhepordeTo ypi|jity.
However their garatétepas Al e1ls undersgoniinl the apt;hcked @or typically 0.6 in

t he cyanobi.phenyl /i erphenyl hgst material. E7. . who! Q ition is given
bel ot - (At hodHEELS e ber JASped 3hEinrt ve moad KIREec IR Waiad 2 3 UF
0.7 in EB are qyystald displaycderice” Ryr Be¥hiti®) and GSN¥eTdxlorati on one of these
dyes is rel at iiyﬁew gﬁﬁ{.&gl sr'%gluﬁpﬂi&%' i@;ﬁgig]#%&sol uble in liquid

a 2 ot |

crystal materi é ccordi ng e present In ninafirst aspect a
“material suitdd® $ok?@Bguest-host 1iquid crystal device conprises a
solution of a liquid péypeptectbbrfiendatididtive order parameter S is

unity (that is O is zero). Thus, pleochroic dyes for

10 use in guest-host devices shouléﬁhafe an order parameter
in the liquid crystal host as high as possible (i.e. less
than one but as near to one'as'ﬁosSihle). - However they:
must alsc have adequate chemical, photochemical and
electrochemical stability, e.g. stability when exposed

15 to. atmosphericcontaminants, electric fields (as in
device operation) and to ultra-violet radiation. They
should not be ionic or have any ionisable character
(otherwise the liquid crystal material Qill lose its

~ insulating nature and conduct making the device useless).

20  They must also have sufficient solubility in the host
materials; although the concentration of énest pleochroic
dye required for the desired effect is generally quite
small (e.g. not more than a few per cent of dye) nevertheless
many pleochroic dyes are unsuitable because they are

25  essentially insoluble in liquid crystél'materials.

| ‘Selection of a suitable pleochroic dye usually involves a
compromise between these various properties.

Although a vast number of dyes are known only a very small
proportion of these have been proposed for use with liquid
30 crystal materials owing to the need to achieve a suitable
combination of the properties mentioned above.



15 pl eochroi c dye, wherein the pleochroic dye conprises at |east one
conpound having a fornula: [err] 20

Formul a (1) wherein: 25 R represents a group selected from al kyl
akd aryl ;. eath of A B and C independently represents a group sel ected
fromH -SR and [err] groups, wheréein [err] and [err] are independently
selected fromH, alkyl and aryl; provided that at |east one of Al B and C
i s\@ther than H and that if two of AL B.ansl Care H, then the third is
[err] - 6 Dyes of Forrmula (I) may be di ssol ved, according to the first
aspect of the invention, in a liquid crystal material having either a
positive or negative di elEeedpead PatienotSpepyfichatisms Noc2lloskndeseritest Bose
skilled in the liqui . i gqui r ferials y
have either a posit isgéf%%l%%g%%? f?/qeuiglwé? éggéﬁdgogﬁidgggrs\é‘gighegg%ﬁﬁ'lsgsw%
materi al s, and guestlifigid crestiad cmateskaksi-ni Thesehdves, Hhichpreesommerciadly a
posi'tive and negati \w@afli16¢ Varge BN 6RO 'g06Y s%asiﬁ%cﬁh}dae&ﬁalm 10

Pref erably, _[errs] S Le?r“{el1 vvhege a[lg&é] s H monocycljc aryl, especially
phenyl  or subst it ut F§2RERTE sogpb t dPysier thelr erder parguetess £t o 5
carbon atons. Prefegahésallr rathepioeyciypdcslly 0.624peeheal | y phenyl or
substituted phenyl. '

_cyanob_iphenyl/terphe_nyl host material E7, whose composition is
given béloﬁ. (Although two examples of dyes having an order
parameter of about 0.7 in E7 are quoted in the said European
10 Specification one of these dyes is relatively unstable and the
" other is fairly insoluble in 1liquid crystal materials.)
According to the present invention in a f:l.r_st aspect a
material suitable for a guest-host liquid crystai device
comprises a solution of a liquid crystal material and a
15 pieochtoic dye, ‘whereiu the pleochroic dye comprises at least
one compound having a formula: .

| A 0 SR
20 | o‘e | Formula (_I)
8 o0 C |
wherein:
25 R represents a group selected from alkyl and aryl; each

of A, B and C independently represents a group selected from
H, -SR and -NRIRé groups, wherein R, and R, are independently
selected from H, allgyl and aryl; : _
provided that at least one of A, B and C is other than H
. and that 1f two of A, B and C are H, then the third is NR,R,.



- 14
15 Where Ris alkyl it preferably contains up to 10 carbon: at ons
':ip a strafght or branched chain and nore preferably contains from3 to |0
L ~sarbon atons. As optional substituents there are preferred |ower al koxy, @H
and nonocyclic aryl. Wiere Ris substituted phenyl it is preferably 20
substituted by a lower alkyl, lower alkoxy, halo, NO2, OH or [err] group
" (where [err] is as defined above) ; which may be the sane as or differenti .
fromthe afore- mentioned group NRIR2. The substituents are preferably_#ﬁ
7 the nmeta or para position relative to the link with the anthraqui none

nucl eus. Prefer geDalo raphil [ #PRLY W/ G1601068, ARRRET:, MRay Of Lhe dyes

of Fornmula (1) have been to show particularly good .stability. and
reasonabl e Sdirabiaspegt 2f the Lryentignsdifap| Wi IFrFpERY 2Pt ARt ers in | quid

crystal nat afavihg e26hér @- fdditlive ¥ nedatOvy -ddeisdtznehinberispybased material,
Speci 11 cat i on No B1uhAe Lo Yo thSs bETLREE BR M rGoBE e of ayes
of Form# a (dzr viasr diquidf ctysgal mageriploupsy have einbiexCat pusiadee - SR groups
(1) vher oi n Gy PR PR stk adlBSkfopl dlnblen of ML et o
are hydr ogerBusptheat| deviloen soebainine then, thayipgg (reprectdval® a NRIR2 gr oups.
A nunber of gheessval abd @iegatienB1dlaveriteaniddtebpy lade Sdawreygaept i onal |y hi gh
solubility qilaw?ll as .high .order paraneter_in liquid crystal material (as
10 " Preferably, NR;R, is NHR! i_vh_e_re R! is H, monocyclic
aryl, especially phenyl or'substituted phenyl, or lower alkyl,
ie containing from 1 to 5 carbon atoms. o '
_ Preferably, R is mondcyclic afyl » especially phenyl or
substituted phenjl. | _ o '
15 ‘Where R is alkyl it préfera)bly contains up 'to 10 carbon
atoms in a strai‘g_ht’ or branched chain and more preferably -
- - contains from 3 to 10. carbon atoms. As 6ptiona1 substituents
there are preferred lower alkoxy, OH and momocyclic é.ryl. '
Where R is substituted phenyl it is prgfefably |
20 substituted by a lower alkyl, lower 'alkoiy, halo, NO,,
OH or NR;R, group (where NR;R, is as defined above)
= which may be the same as or different from the afore-
- mentioned group NR;R,. The sﬁbstituents are preferébly in



exenplified bel ow). 8 O her preferred dyes within the sub-class
represented by Fornula (1 ) are those in which A =B =C = -SR
=-SRand*B=C=[err] =-SRand A= C =[err] C=-SRand A=B = -[err];
A= B =C=[érr] A=B=SRand C=NRIR2; A= C=SR and B NR1IR2; and A
= [err] and B -- C = SR The liquid crystal material (host material) in
whi-ch the dye of Formula (I) is dissolved Zn the first aspect above is not
criid cal since a dye which shows reasonabl & solubility in one liquid
crystal material is likely to show reasonable solubility in other liquid

crystal materials and A5e g ducWUaibidll Yefarile (LAY QdnRivilen dhar ameter in
one liquid crystal erid °f FAPKe y %o girve an 1 nproved order paraneter -
in other liquid crysmhramigeieingelens .nPrefprned| palol FARACATIEFE (2 nateri al s
have a simlar rod-I|ieréAndChtiorb. Shape;. however the order paraneter of
any dye will vary to a limted extent fr host - -gost Suigt ab host
materials include: a. m Magyeef ﬁ&%i%@saﬁg?gmi?eh& fe PeFL foHR (%t"r %%i/w
i ncor porating cysnobpareeayllaslyrgebérsetiabylitygeiderasungble shiubipdty aenveldf a
conpound having a clearin in g%i id crystal to isalnoplie.liquid
transition) above [e% ]tef%d’ggi%?/% -°%Eé?grpﬁﬁ§ﬁﬁ%fss%c%§§§dt%«fsrrat erial E7,
mar ket ed by BDH Chematartalst dg 4rh-#kkydm doaelkoryod ‘e cyarabiphenyitnipassdd;
(conposition given qgt@%&l, making them more attractive than the dyes disclosed
' in Eurdpean ‘Patent Specification No 2104A,
10 Particular mention may be made of dyes of Formula (I)
wherein of the three groups A, B and C two are ~SR groups and
the third is H particularly where R is aryl: and of dyes of
Formula (I) wherein of the three groups A, B and C one of s
- =NRyR, and the other two are hydrogen or one is hydrogen and
15 the other two are -NR,;R, groups. A number of dyes of these
forms have been” found to show exceptionally high solubility as
well as high order parameter in liquid crystal material (as
exemplified below). T



»
m xtures having a positive dielectric anisotropy incorporating:-

b.

\\1- (4-cyanophenyl) 4-al kyl cycl ohexane conpounds preferably together al sc

. jwi'th a few per cent of a high clearing point. conpound such as-.a | ¥
1-(
C.

4" - cyanobi phenyl ) - 4- al kyl cycl ohexane conpound; eg the material ZLI 1132;
m xtures having a positive dielectric anisotropy incorporating at |east
- one cyanobi phenyl and at | east ond cyanophenyl pyri m di ne, preferahly A
t oget her al so Gkken preferrededyesemithyin dhei giv~class regrgsentied dynpound, eg a 5
cyanophengLpmna £l Papbehske CRMAYY, €9 the nptegiale ROTY30; d. :
m xtures | ncors%oratl ng esters eg contai ning bicycle (2,2, octane and .
benzene ringsSR; prd S scher %{W,%gih ve BRnerk By =fosi +tiRRLGr negative
diel ectri ¢ 2nisROARPAY =D8It= 1RR R ; A =tHe dRINLkRUYde of the dielectric
ani sotropy may be_enhanced by! t9)e aéidition of _h2opant |iquid crystal
material Mavithg 3R Aohgr fRedat & 9 o1 = y* AegPqi #8ddi el ectric
ani sotropwa asﬂﬁﬁgraﬂ Bak &€ =SSRJ abl e negati ve dopants are the dicyano
~compounds whi c re specified in claim2 of 15 UK Patent Application
No 2, 061, 256A; e. any other liquid crystal material incorporating one or
mor e conpounds sel ected fromthe follow ng known famlies. (where R =
alkyl): [err] [err] _ : S :

_ : : _ The. l.iquid crystal material
" (host material) in which the dye of Formula (I) is dissolved
~ in the first"asp_e.ct gbove is not critical since a dye which
| shows reascnable solubility in one liquid crystal material is
likely to ghow reasonsble solubility in other liquid crystal
materials and also a dye which gives an improved order parameter
in one liquid crystal material is likely to give an improved
--.. = . order parameter in other liquid crystal materials, as most
popular liquid cry_st'él materials have a similar rod-like
molecul_é.r shape; however the order parameter of any é.ye will
vary to a limited extent from host-to-host.

Suitable host materials include:

a. - mixtures having a positive dielectric anisotropy
incorporating cyanobiphenyls preferably together with a
few per cent of a compound having a clearing point (liquid
crystal to isotropic liquid transition) zbove 150°C (eg a
cyano—p~terphenyl) such as the material E7, marketed by
BDH Chemicals Ltd, of Broom Road, Poole, Dorset, England;
(composition given below.)

b. mixtures having .a. positive dielectric anisotropy
incorporating 1-(4'-cyanophenyl) 4-alkylcyclohexzne
compcunds preferably together also -with a few per cent of
2 high clearing point compound such as a | '

1-(4"—cyancbiphenyl )~4~alkylcyclohexane compound; eg
the material ZLI 1132; ' >



10 or derivatives of any of the these containing benzene rings wherein the@
benzi nef{rings cont'ain one or nore substituents, eg fluoro; where-([err] a

t'r_‘gns -(1,4 substituted cycl ohexane ring, .5 [err] ~is a l,4
subBstituted bicycle (2.2.2) octane ring, Xl in a 1,4 phenyl ene group[err]or
a 4,4 biphenylyl group [err]Jor a 2,6 naphthyl group . and y is CN, or
R ,or OR™ or CO [err] where Yis CN, or R or OR;-the definition of ‘R
bei\'ﬂj the sane as that of R 10 Preferably, the dye/liquid crystal
sol ution contains. at |least O 5% by weight Sf the dye and preferably between

about 0.75% and 5% by wej| ghtmi@furleBehaidag &f poBIAvé pPlistedlic nikotrARdo by

wei ght) Sol utions of dye_and liguid crystal materi.al . may be 1 in a
conventional way sinply*BYPERCRY t?ﬁte&éfiset.gﬁﬁ ciyﬁ'ﬁotﬁpafﬁ% é?ilrsr%gfeas t &S al
toget her and then heat i ogandpbemylyyoinddite apoeferpbly [toghthlersalisor wity &ofew
about 10 mi nutes and thegnaleh@Vifgd #18 & akrih f o i€ Q8o €L 01 ¢ dyes of
Formula (1) aboge may bg 1r‘n'xed tog_et{%r. 20 w ﬁ ot-ﬁerh%oyes'%;i ch may or

may. not al so beZof For WidingrhereE} coupripgdy £8 e gpberish -

properties (when dissol woririzo;liquid crystal material). For exanple where a
dye of Forrmula (1) is a yellow or red dye it may be mxed with a red or
yel | ow dye. respectivel ydand mixtinee ihcerpodatting abtemd,yeg 2ontaining diayelye of

ogethor w th a yel low SAtes) Soghs erOfpldet sty Yid BliBaIPBAVEIE] v
ni xed toget her weakly positive or negative dielectric anisotropy but
-10 the magnitude of the dielectric anisotropy may be enhanced -
by the addition of a dopant liquid crystal material
having a strongly posi_tivé or strongly negative dielectric
., _ anisotropy as appropriate; suitable negative dopants are
_ the dicyano compounds which are specified in claim 2 of
15 UK Patent Application No 2,061,2564;

 e. any other liquid crystal material incorporating one
or more compounds selected from the following known
families. (where R = alkyl):

i R-—('g\/—(_E}—Y1 - Y RO HE N,
it RS-, o RO~@<cH=NADY,
iii . RO~@-G Y, Xvi. R—@(-(:}) =Y ¢« m=1,2
iv Rov, B R-@@-'Zozix.-v.
v ’ CaLe ’ .
s
vii R-@-c.o;o-;-‘!. ®ix . ReAD-Coo XYy
il R{Dtoomx=Y, - ¥ RLci, 00,
xR N ki R 0-OR
R<@-N=N-Y, R 0{B0R -
xi RO—@—‘N= N‘—@\(' xxi.l" R L . R
M R-@-czc@y, 0 RLCHLOY,
X Ro~Gc £ e~ Xwo R, Y,

xXXY.

_. R—<) oo
XX Vi R-@—cu,_cu,_—@'}:oz%



a(e determ ned by the desired spectral response as determ ned by the

X enoti on coefficients of the constituent dye 30 conpounds. The dye
iNture is then used with liquid crystal material as above or as follows. &
dording to the present ‘invention in a second aspect a liquid crystal
gctro-optical display includes two electrically insulating substrates at
Jghst one of which is optically 35 transparent, electrodes on the inne¢,
surfaces of the substrates 11 and a filmof dielectric nmateri al 4
contai ned between the el ectrodes apd substrates, wherein the dielectric
material is material according to the first %gpect of the.invention as

“defined abows derivatives oficany| ¢fiithe Jhpee HOPHFIIRE RAEENE FATEH is the

material accdbfip the veR8idd rSigRSPERiinOne be robeesbisbitusryspe used in any
known el ectro-gptical display as defined in the second aspect. Exanples,"

which will b¥ fai1%ar-to those skilled in the liquid crystal art, are the
known. devi ces . OpQleakiditiRYe Q.g? g L1l 2! duBYENQY£64 | hexané riggle TW STED
NEMATI C EFFECT Fﬁ{&tﬁu g c"gs%tta 1] m’ofd“ng“n% g’il'?%?h(fxg?yst aF' material of -
posi tived di el ec %i%at*m%t%‘.’éﬁdﬁt f2-£h [tPRA TEPBe | ong axes of)
its nolecules |ig, iig & ghppivagléie EhsupirCorld usuba{ipm@lynner surfaces
(which are normall y—pakah!l el t ne_.anot her) . g t, a.spull angle thereto,
and undergo rou p%?r ﬁq??égm%étsﬁ _.i’o | -q?a%doga rofn one substrate
to the other by @y pueR of or R oozt Gﬂt-ag-ﬂ!qﬁt a_tmmg sig Ccaw Bawsed by -

OR1; -the definition of R being the same as that of R.

10 Préferably; the dye/liquid crystal solution contains at
least 0.5% by weight of the dye and preferably between about
0.7% and 5% by weight of the dye or more (possibly up to 10¥
by weight)s ’ ' |

Solutions of dye and liquid crystal material may be made

15 in a conventionil way simply by mixing the dye and the liquid
crystal material fogether and th.e_n.hea.ting the mixture at about
80°C with stirring for about 10 minutes and then allowing the
mixture to cool. ' '

Fleochroic dyes of Formula (I) above may be mixed together
20  with other dyes (which mey or mey not also be of Formula (I))
~ to extend their spectral absorption propertises (when dissolved
in liquid crystal material). For example where a dye of
Formila (I) is a yellow or red dye it may be mixed with a red
or yellow dye respectively and a blue dye. Alternatively, _
25 where a dye of Formula (I) is orange it'ma.y be mixed together
with a blue dye, optionally together with a yellow and/or red
dyes The relative proportions of the dyes mixed together
are detérmined by the desired spectral reéponse as determined
by the extenction coefficients of the constituent dye - -
30 compounds. The dye mixture is then used with liquid. crystal
material as above or as follows. | ' '
According' to the present invention in a second aspect a
liquid crystal electro~optical display includes two electrically
insulating substrates at least one of which is optically

35  transparent, electrodes on the immer surfaces of the substrates
y .



tr‘eat'nen},' eg unidirectional rubbing, of those surfaces prior 20 to @
asSenbl y\ This is the tw sted "honogeneous texture". Application of an -
electric field between the el ectrodes on the réspective substrate inner
sifrfacés 'to give the on state causes re-arrangenent of the liquid crystal

mol ecules to lie (with their |ong axes) effectively perpendicular to the
supstrate 25 inner surfaces in the "honeotropic texture". A change in

optw’cal activity (rotary power) of the filmoccurs between the on and of f
states by virtue of the nolecular re-arrangenent. and the optical effect
observed can be enhanced by the use of a linear polariger adjacent to one

of the substrates aﬁad:aofp{neeémi@iecvys ‘?r%é'bﬁ‘lvéﬂnﬁaﬁn?‘ig’elﬂ"#ﬁﬁ gh%rystal
material. The pol ar ig3&d4rta@és iah® BhEFdted] ivhBrénn Shdieldoghri¢ maténeiadi rection
of the liquid crystal | ecyl es at..the adjacent, substr ' Ur face

(or, nore strictly, ’ﬁafﬁﬁ Fﬁc?ﬂé"%&@r%e%m'klgs e)?}tsgéo&hgp%%fee% .q’%ngﬁf t he
nol ecul es on that sdefiaed)abddg.t he guest-host effect the dye causes the off

state to.appear relative . sQUr r tate
5 %él%%%ﬂﬁw %o H:L‘Bﬂ whiRR' £7%hé B tERal

appears cl ear. or?weakly E_ FREEDER|I CKSZ EFFE H\I
NEGATI VE NEMATI CS | soednding siocthe FLirsh asperdnaf it IRYIrELY, JRY be H%%;e al of
negati\ée d: el e?tri Cgﬁﬂ{éﬁﬁﬁ%@.\éc-ﬁl@oﬁﬁc@ifdﬁbw*nm iint sherabemd es |ie
perpendicular (is in e hopeotropic texture) to the substrate,i rs
surfaces (which are 3§B9%He) e@@%ﬂe"}h’sﬁ%\/ éeoﬁ%ﬂ’ﬁag%%%?gétsﬁen ?f‘%

t hese inner surfaces prior to assenbly. A single polariser is placed -

adj acent to one the liquid crystal art, are the known devices operat by the

10 following effects: - :

-a. THE TWISTED NEMATIC EFFECT

In this case a film of nematic liquid crystal material of
. positive dielectric anisotropy has &n off state in which (the
long axes of) its molecules lie in the plane of the device
15 - substrate immer surfaces (which are normally parallel to one
" another), or at a small angle thereto, and undergo roughly a _
.1;/2 helical twisf in orientation from one substrate to the other
by virtue of the orientations at the mirfaces caused by
treatment, eg wnidirectional rubbing, of those surfaces prior
20 to assembly., This is the twisted "homogeneous texture'.
Application of an electric field between the electrodes on the
respective substrate jnner surfaces to give the on state causes
re—arrangement of the liquid crystal molecules to lie (with
their iong axes) effec_'ti_v:ely perpendicular to the substrate
25 immer surfaces in the "homeotropic texture®. A change in _
 optical activity _(rota;'y'l;ower) of the film ocours between the
on and off states by virtue of the molecular re-arrangement.
and the optical effect observed can be enhanced by the use
of a linear pola.riser a.d.ja.cent to one of the substrates and ~
30 pleochroic dye dissolved in the liquid crystal material. The
polariser has its polarisation axis parallel to the direction
of the liquid crystal molecules at the adjacent substrate
inmer surface (or, more strictly, parallel to the average

J .
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(7 substrate with its transm ssion axis perpendicular to the normat to-the

A Tner surfaces. Application of an electric field between the el ectrodes on

/the respective substrate inner 15 surfaces to give the on state causes «
\re- arrangenent of the liquid crystal nmolecules to lie paraIIeI to the -

_substrate inner surfaces (ie in the honbgeneous texture): |ncorporation of
pl eochroic dye in the liquid crystal material. ensures that the off state\/
appears relatively clear or weakly col oured 20 whereas the on state ~
appears dark or strongly coloured. The effect observed I s enhanced by the
presence of the polariser. c. THE FREEDERI E CE ! VE
NEMATI CS | n t #%i8 g&serodeqidnnt 9% the qwflacws?% %1%/ af I\%om ive
dielectric anF@éﬁtf-ﬂ&% BafecaNtind fdystdahees rthukuﬂfhstéme o lappedes 25 lie

el

roughly paral t.he plane t& el rfaces (which’
are pagal | el )r?)];?‘txﬂ’%t g‘”c'}? °fr%t§°ﬁ§ﬁf °E’?§th§e§ égr acggesrpt??%r to assembly
(i e the. honogepg=ars m;rmze)veahlmﬁmetbol ariser is placed adjacent to one
--substratgvvlth its trar)smssmn axi s araIIeI tothegubstrate i nner '
surfaces? 30 be B bet ween the

el ectrodes on the. respectlve substrate |nne surface lve.the on state
causes re-ar r angederithis cageca| 3B of BePRELY W&cfﬁ“’é’i"% F??%laﬁer pendi cul ar
-to the substrgpendgaesie aﬂé]fe@eﬁﬁ: ahﬂsdtbepj‘lmom oﬂfcstat«tzwuhlmncor poration

-of pleochroic d%emgb@he ]ojf 13 I éuq_agrg/ §+ gJ,,rgﬂgures that the off
r R

‘State appears"?‘ rongl oure V\/nereas the on state
appears col ou&brsa-ebrtmﬁhkIsy.bsmadermeassqlﬁa?m (which: ape pa.ral -6l S)
10 by virtue of surface treatments to these inner surfa.ces prior
to a.ssemhly. A single polariser is placed a_d.;;acent to one
substrate with its transmission axis ‘perpendicular to the
normel to the immer surfaces. Application of an electric
field ‘between the electrodes on the respeot:.ve substrate inner
15 surfa.ces to g:.ve the on state causes re—arrangement of the
liquid crystal molecules to lie parallel to the substrate
immer surfaces (ie in the _hoﬁ:ogeneous texture). Incorporation
of pleochroic dye in the liquid crystal material ensures that
the off state appears relatively clear or weakly coloured
20 whereas the ‘on state appears dark or strongly coloured. The
effect observed ie enha.nced'by the presence of the polariser.

¢c. THE FREEDERICKSZ EFFECT IN POSTIVE NEMATICS
. In this case a nematic liquid orystal material of positive
dielectric anisctropy has an off state in which the molecules
25  lie roughly parallel and in the plane of the substrate immer
' surfaces (which are paréllel) by virtue of treatment of jbhoée
. surfaces prior to assembly (ie the homogeneous 'l:exture)..
A single polariser is placed adjacent to one substrate with its
transmission axis parallel to the su'bstra:be inner surfaces.

30  Application of an electric field between the electrodes on
the respéctiwie substrate in!iér surfaces to give the on state |
causes re—a.rrangement of" the lz.a;u:.d. crystal molecules to lie
perpend:.cular to the substrate inner surfa.ces, ie the
homeotropic textu_re. Incorpora.tion of pleochroic dye in the:



némati c effect above. The effect observed is enhanced by:the 5 pres
of thespol ariser’. d. THE PHASE CHANGE EFFECT ( NEGATI VE CONTRAST TYPE)
this case a chol esteric |i quid crystal material of positive dielectric
aM sot{ropy "and | ong nol ecul ar helical pitch, typically 3 pm has an off
state in which its nolecules 10-  -'lie in random helices, ie the "focal
copic texture". Application . of an electric field between the el ectrodes on
t h& espective substrate inner surfaces to give the on state causes
re-arrangement -of the liquid crystal nol qgul es tolie per pendi cular to the
substrate inner surfaces (ie the 15 honmeot r opi ¢ text for postive
nematics in the Fredd@Hidckemtal mateyial engugepotiati e o BI % % APBY: Sdye in
the liquid crystal weisyivaly W%r%z@h&lﬁbﬁlmﬂimraﬂ)&he&ﬂ etattei vel y
dark or strongly coloured Q h s or
weakl y col oured. 20%8° ‘gﬁﬂg@ &-ﬁl&g@ﬁ% g@ﬁ%ﬁ%@%ﬂ% TYPE)
this case a chol est aem&‘tlbl efifiedt Abpveal Thetaffeet - obaerrvegaxq gahanced 5t the
ani sotropy and gl ong apleack ! ¥ the!gogatisBbl Clv has an of f state in which its
nol ecules lie aer pendl cular to the substrate inner surfaces, ie in.the
homeot r opi ¢ t ext ur eq, 25 THE AMAKE CCHANGE) RFFECY (FEGATIVE CoRTRSH mween
el ectrodes on the respective substrate inner surfaces causes re-orientation
of the nolecules to I | e Tantiisecadeancchollesteris Ukishidtorystalemariblicods in a
hel i cal arrangenent _Lllgg &%géﬁqchﬁgggm UShd F&%%feculhpcl%?.ﬁéﬁlat i on of
0

pl eochroic dye in tﬁe IC]UI teri Ives an state which
is relatively col oupitels dypi 7y uol bas e off siateodnshich e eplecyles

relatively dark or strongly col oured.
10 lie in random helices, ie the "foca.l conige texture"

Application of an electric f:.eld. between the electrodes on the
respect:.vp substrate immer surfaces to give the on state
causes re-a.rra.ngemen‘l: of the liquid crystal molecules to lie
perpendicular to the substrate inner surfaces (ie the

15_ homeqtropic tex;;ure as for postive nematics in the Fréederickssz
effect).. lIncorpora.t-ion of pleochroic dye in the liquid crystal
material gives an off state which appears relatively dark or
strongly coloured and an on state which appears colourless or
weakly coloured. :

20 . THE PHASE CHANGE EFFECT (POSTTIVE CONTRAST TYFE)

In this case a cholesteric liquid crystal material of
negative dielectric anisotropy and long molecular helical pitch
has an off state in which its molecules lie perpendicular to
the substrate immer surfaces, ie m the homeotropic texture.

25  Application of an electric field between electrodes on the
respective substrate inner surfaces causes re-orientation of
the molecules to lie in the plané of the substrate inner'
surfaces in a helical arrangement ie the twisted homogeneous,
texture. Incorporation of pleochroic dye in the liquid crystal

30 material gives an off state which is relatively _colourless or
weakly coloured and an on state which is relatively dark or
strongly coloured.



14 f. THE FREEDERI CKSZ EFFECT IN SMECTICS In this case a snectic A
Lquid. crystal material of positive dielectric anisotropy having a
tdielectric relaxation frequency fo |l ess than about 10 kHz (ie-the materi ale
/has ‘a5  negative dielectric anisotropy above this frequency) has an off

-‘state in which its nolecules lie roughly parallel to the substrate inner

"surfaces with the nmolecules at the two inner.surfaces parallel as in the./
Freederi cksz .ef fect (c). Application of an electric field with a frequency
less than 10 fc to give the on sfgate causes re-orientation of the Iiquid
crystal nolecules to I|e per pendi cul ar to the substrate inner surfaces, is

in the horreotf[opmtmcxﬂlmmm'mmtmﬂqs eserved when the field is
renoved. C earing of the on state nay be achi eved by the application of a

hi gh frequency '15n tmiibegdsel & dueetib Al Biquitllcrystaleqabeript ¢D. A single

pol ariser is_us, th.the Freeder ef:f e en the

‘nol ecul ar al Pﬁfﬁéﬁ?aﬁfﬂﬁé‘fvﬁ%ﬁ SEY 4&( ne#ge%rég%gg?%% %!Y\Igff state is.
paral | el . | nerequenay iforlese plasoebeuwi 40 dfs (ie the materiad B2g &t al naterial

gi ves an offv\%&%&v@e gwﬁc?&lso &lpgtég@gytﬂgrﬁé&eﬁgﬁom ¥ncol oured and

ah on stsate 'S c ear or wea col oured. Use of thetrTgLerl al defi ned

in the firstoffmsate g viHeh; %ﬁﬁeﬂ‘f’ﬁﬁqlai)&\}é Touehby paratledq
el ectro-opti gabatdatd!ianser (sasféiﬁilwm e mbEecies it asqoem)lm"éhe mat eri al

may, in fact, 25 be used in an | a dyed liquid
crystal mat cFREfacen p Ealin ﬁlbec%%ﬁed“ﬁ%ﬁs %f g)(Ea)pt ical' appli- cation
i s a thernal Appliddtimsofl ati shéchyie rinhd ofith %yfwmener less than
10 fc to give the on state causes re-orientation of the liquid
orystal molécules to lie perpendicular to the substrate inner

suifaces, is in the homeotropic texture. The on state is |
preserved when the field is removed. Clearing of the on state
may be achieved by the application of a high frequency

15 electric field, ie with a frequency> fc. A single polariser
is used, as with the Freedericksz effect (¢) above, when the
molecular a_.].ignmerj.t at the two substrate inner surfaces in the
off state is parallel. Incorpoia.tion-of pleochroic dye in
the liquid crystal material gives an off gtate which is

26 relatively dark or strongly coloured and &n on state which is

: clear or weakly coloured.

'Use of the material defined in the first aspect of the
. invention above is not limited to electro~optical displays
(as defined in the second aspect). The material may, in fact,
25 be used in any kmown application of a dyed ligquid crystal
- material. An ex'a.mble' of such a 'non electro-optical’ appli-
cation is a the'i'ma.lly addressed display in which a symbol or
character is provided in a smectic or cholesteric material
by selective heating of the material eg by a laser (eg He/‘N’e)
30 bea.m, to produce a localised change in the molecular texture
of the material. The d,ye enhances the contrast between the
different regions of the display, ie between those which are
selectively heated and those which are not heated.



character is provided in a snectic or cholesteric material by sel ectiveo
heat i ng *of the materi al eg by a laser (eg He/Ne) 30 beam to produce a
| ocal i s€d change in the nolecular texture of the material.. The dye
emhances .t he ‘contrast between the different regiaons of the di splay, ie
bet ween those which are sel ecti-vely heated and those which are not heat ed.
15- Ant hraqui none dyes falling within the déope of Formula (1), and nethods
foe~their preparation, Edﬁxr &ﬁ%oﬂ@%?&h bed 114y WientR tRd s@bpe oFNEtTmulEt hOds
for the preparation of al hen hi oant hraqui nones have been descri bed
in United Ki ngdom 5(I), @ﬁt’-h@ﬁeé‘i’# ithety @ﬁemaﬂ%%ﬁ’e beep Qéﬁ"e"riéle
met hods invol ve rea¢hd lagidmaaﬂl hrmw,l Retide ofgro tiel phayaateqni af
substituents in the al pos Wi .t h th| he ol, in resence of
a base and a suitabM “925 °38 ﬁh?%hes Ig'eatvg She flcf eéiah hénggﬁ#)r%n ey
be prepared in &n ameogo‘ip@cmicatﬁmﬁerlméﬁ&t hé&n genpoalassesh Fﬁehcpiﬁesent
i nventi-on, the anth b Shidqul® Sodols %'10&”&? b1

L0 HUE E00P 8 Nk laul &ﬁgk ol HAQH! feplfeiv1e

extrenely high purlty as VI OUS e art

Purification may beSHistityengs & the &MWF?JW%FHB'E@ 5%‘??“55“ 1gsthe
recrystallation frome%uh&abﬂfeaaﬁbueéiwaaaﬂtmreomwa@muuﬂaMass 2-24 of

t he preparation and e _conpounds havi.n Forrrula w il be
gi ven bel ow. Exarrpl% gghiﬁo "‘F%W"FI St ﬁ%tpr\%aroefl g‘h Il ve routes
used in the sub8equesineExanpl es EXAMPLE 1: Prepar atlon of Oorrpound
No 1:

1 5>- bi s(phenyl t h'f@r the purposes of the present invention, the
anthraquinone compounds of Formula (I) should be of extremely
high purity as will be obvious to those skilled in the art.
Purification may be effected using conventional methods such

15 as recrystallation from suitable solvehts'aﬁd chromatography.
Examples 2-24 of the preparation and properties of dye
compounds having Formula (I) will be given below. Example 1
as follows is illustrative of the preparative rOutes used in
the subsequent Examples. _
20 EXAMPLE 1: Preparation of Compound No 1: 1,5-bis(phenylthio)
anthraquinone.
1,5-Dichloroanthraquinone (100 parts) is added at room
temperature with stirring to a mixture of dimethylformamide
(474 parts), thiophenol (135 parts) and potassium carbonate
25 (63 parts). The suspension is heated at 125°C for 3 hours,
cooled to room temperature and then cooled to 5°C for 1 hour.
' The precipitate 1s filtered off and washed with a 50/50
mixture of 95% ethanol and 8% sodium hydroxide solution (2 x
250 parts). The filter cake is then slurried with a further
30 ._ 500 parts of the ethanol/sodium hydroxide solution mixture.
After etirring at room temperature for 1 hour, the precipitate .
is filtered off and washed again with ethanol/sodium hydroxide
solution mixture (5 x 100 parts), followed by water (250 '
parts) containing glacial acetic acetic acid (25 parts) and
35 finally water (3 x 250 parts). The filter cake is dried at
70°C giving 140.4 parts of 1 S-bis(phenylthio) anthraquinone,
mp (melting point) 256°C.

Braas theswinthecte semowmmmen ¢ et
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ant hr aqui none. 1, 5-Di chl or oant hraqui none (100 parts) is added at room

N tenperature with stirring to a mxture of dinmethylformanm de (474 parts),

& +£hiophenol (135 parts) and potassium carbonate 25 (63 parts). The ¢
' suspension is heated at [err] for 3 hours, cooled to roomtenperature and
then cooled to [err] for 1 hour. The precipitate is filtered off and washed

"with a 50/50 m xture of 95% et hanol ’e%nd [err] sodium hydroxide sol ution {2
X 250 parts). The filter cake is th slurried with a further 30 500
parts of the ethanol/sodi um hydroxi de solution.m xture. After stirring at

roomtenperature for_1 hour . precipitate.is [fil d ,off, and washed
again with ethanoffs -%38#%3?‘8&?8?% sogi%eft %ﬁ tél%%ge s &wwparts),

fol l onwed by waviag ¢R&Eoplowing gemeral fiomgulg:aci al acetic acetic acid (25
parts) and 35 finally water (3 x 250 parts). The filter cake is dried
at [err] giving 140.4 parts of_ 1, 5-bi s(phenylthio) anthraqui none, np
(nmelting point) [err] Rgfl A@Exaﬁnl es 2-24 the conpounds |listed in Table
1 bel ow Bavi ng the : : fgzgula: 5 Formula (I1l) [err] 10
may each be made by : t descri bedtl;' -n-lE%anftIS 1 with the
appropriate quantity of te nmono-, di-, trF ( ra-chl oro
ant hr aqui none and t 2 ‘apPyophNyg Kkan (although it is pointed out

t hat ' '

Re © ®,

10 may each be made by similar method to that_described in

-Example 1 with the appropriate quantity df.the appropriate
mono-, di-, tri, or tetranhlbro anthraquinone'and the
appropriate mercaptan (although it is pointed out that
compounds nos 3 to 14, 19 and 20 are not dyes of Formula (I)

15 specified herein and their use iu liquid crystal materials
does not form part of the present invention).



conpounds nos 3 to 14, 19 and 20 are not dyes of Fornula-(1) 15

speci fi/e'd..here'i n and their use in liquid crystal materials does not form
part of the present invention). 17 [err] [err] lerr] 18
[err] { 19 Exanple 25 100 g of the sodiumsalt of 1-nitro-anthraqui none-5-
sul phonio aoid is boiled in 500-g water to give a partial solution and
cogled to roomtenperature. 150 g of concentrated sul phurio acid is added
dr opni se over 10 minutes and the 5 m xture heated to reflux tenperature.
330 g of a mi xed sodi um chl orat e/ sodi um chl ori de sol ution containing 30.8 ¢
sodi um chlorate and 33.6 g sodiumchlori & is added over a period of 6 .
hours and the m xture refluxed for a further 3 hours. At the end of this
period the mxture is giltered hot, washed with 10 800 g of hot wgPler
and dried at [err]SThdsprdugt i lmni td 05- okl omoars hr@quignore. ,-_669%3 g:
purity by HPLC 929% . _ - -
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- A solution of 39.1 g phenyl nmercaptan in 62 ml dinethyl- formam-de
/ ~4\0gQtaining 16 g-potassium carbonate is prepared by heating at [err] for-2
l}l urs and cooled to 40 C. Ethanol 15 (250 nl) and 36.2 g of .the "
1Fni tro-5!-ohl oroant hraqui none are added and stirred for 16 hours at [err]
and all owed to cool to roomtenperature over 48 hours. The product is
filtered washed with 46% aqueous ethanol ([err] litre) slurried in 40% «; -
aqueous ethanol (250 m) stirred for 30 mnutes, filtered and 20 washed
with 100 ml of 40% aqueous ethanol and finally with [err] litre of water.
It is then reslurried in 250 m waters st8rred for 30 m nutes,
filteredwashed w théSO«gﬂ wat er and 50 mM 20% aqueous et hanol and dried at
80 C. The product isHl-ghenylthio-5-ch] oroanthraquinone (43.9 g purity by
"HPLC 94. 2) 25 én(ém r EnoEnt & ofg di% hi Bphenyl - AQ and di ohl oro- AQ AQ -
ant hraqui none) A m xgur g of 1.75 g 1-phenylthio-5-chl oroanthraqui none. 0.4
g n-butyl am ne and 39%g pot assium carbonate in 16 m dinethyl fornmanm de is.
stirred at "12000 for 3 hours after which a 30 - tlc runout indicates 66%
reaction. A furthermO.% guh-hbuytyls- amine amd 0. 39 g potassium carbonate
are added and reattion at [err] continued for a further 8 hours. The
m.xture is cooled to-.roomtenperature, 20 ml ethanol added it is filtered
and then washed W =365 2N #aOF/ ehar®| . ®The product is reslurried in
20 30 M of the NaOH ethanol, stirred for 30 mnutes, filtered, washed with
26 nl NaCOH et banol , Afollowed by 50 Ml wader and 36 nl of 50% aqueous

. ethanol and dried at8[e&] ‘shis product & -7
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TABLE I: CQMPOUNDS OF FORMULA (IIT) (continued
3

Where Ph = phenyl, Bt = ethyl, Me = methyl, Bu = n-butyl.
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i S reorystal lised from200 m of ethanol, reduced to 20 ml 5 after
filtration, washed. with ethanol and drled at [err] The product is

1- pheny1th| 0- 5- n- but yl am noant hr aqui-none (.95 g: mp. 140- 142C). Exanple
A%r xtures of 3:12 g of tert-butyl phenyl mer capt an, 1.30 g potassium
carbonate and 10 i dimetbyl formam de are stirred at 10 [err] for 2
hours and cooled to roomtenperature. To this are added 3.14 g of

1- h'-‘butyl am no- 5- cbl or oant hr aqui none," prepared as descri bed bel ow, and the
reactionm xture refluxed for 5 hours. It is then cooled to room
tenperature, 20 m of ethanol is added and t product,

1-n-butylam o-5-tert-butyl phenylthio- 15 ant hr aqui none i sol at ed and

purified using the n%ﬂ_u@_scribed in the last stage of Exanple 25. The
yield of product is 4 ginthe formof a tar. This tar is dissolved in

t ol uene and passed througl0 g efltheasocdchhmrmlﬂsdth—ﬂﬁbueexﬁhmﬂho’M—and t he

main red fraction co“l ﬁﬁra@ﬁ gﬁ Q&)r tswgtp&ego*&; a i g?%qﬁlof _2 5 .

product is reorystalll om et dried to giv
of 91.5%purity by HmSI &%aﬁi"r?“l%@ {9°mTFQmPErﬁtqé‘thl1e§ﬁl & ofcegnsentanted

t hr aqui none used abOMﬂphﬁerﬂ@fﬂ'Qd meaaﬁto eaoﬂﬁ(Hurﬁ_nﬁ{eéLan thani tT10-5-

cbloroant I gone. o k-9 NI e,
m n-butanol are add@doaﬂtb/ﬁeﬁwoh@mdmtsomwubnfmtaiﬁngtm gGdeMums The

ecciion, LUt 1, EERP ot 01 bRl L1155 A S Bl

The conbi ned filtrat@dosre aﬂéo’f"@d%“[“ér’fejﬂﬁ% Ern@ fyrther 3 howrs obt [‘@Fr]

and the solid producénaias dsVhdriod ths NRixtué tlerfﬂ&)ébwhot, washed with

10 800 g of hot water and dried at 80°C. The product is
‘~ni tro-5=-chloroanthraquinone. (69.3 g: purity by HPLC 92%).

A solution of 39.1 g phenyl mercaptan in 62 ml dimethyl—
formamide containing 16 g potaésium carbonate is prepared by
heating at 100°C for- 2 hours and cooled o 40°C. Ethanol

15 (250 ml) and 36.2 g of the i1-nitro=S-chlorcanthraquinone are
added and stirred for 16 hours at 40°C and allowed to cool %o
room temperature over 48 hours. The product is filtered
washed with 46% aqueous ethanol (& litre) slurried in 40%

_ aqueous ethanol (250 ml) stirred for 30 minutes, filtered and

20 washed with 100 ml of 40% aqueous ethanol and finally with 3
litre of water. I"I:' is then reslurried in 250 ml water, stirred
for 30 minutes, filtered,washed with 250 ml water and 50 ml 20%
aqueous ethanol and dried at 80°C. The product is

. 4~-phenylthio=5-chlorcanthraquinone (43.9 g purity by HPLC 94.2%)

25 (+ minor amounts of d:.thiophenyl—AQ and d.:.chloro-é.q, AQ =

a.nthraquinone).

A mixture of 1.75 g ‘=phenylthio-5~chlorcanthraquinone,
' 0.4 g n~butylamine and 0.39 g potassium carbonate in 16 ml
dimethylformamide is stirred at 1 20% fo'r 3 hours after which a
30 tlc runout indicates 66% reaction. A further 0.4 g n-butyl-
~ amine and 0,39 g potassiu:ﬁ carbonate are added and reaction at
120°C continued for a further 8 hours. The mixture is cooled
%o Toom temperature, 20 ml ethanol added it is filtered and then
washed with 36 ml 2¥ NaOH/ethanol. The product is reslurried in




ki

2
t [err] the yield is 9 g and purity by HPLC is 82.8% Exanple 27 A-m xture
.97 g phenyl nercaptan, 1.81 g potassium carbonate and 10 m

-' .dl nethylfornam de are stirred at [err] for 21 2 hours and cooled to room_

“Menperature. To this are added 2.07 g

.1-ni tro-4, 5-di chl or o- 8-ani | i noant hr aqui none and heat.i ng at [err] continued

for 5 hours At the.end of the reaction period the mxture is cooled to \{
c

“roomtenperature, diluted with 20 m ethanol, 5 flltered and the produ

washed on the filter with 20 m, 50%.&queous ethanol . The first stage of
purification involves reslurrying in 50% aqueous ethanol, 30 m, stirring
for 30 m nut ego 1l bfredel ng sasmmswaloymmmbs,le'm’cez‘éa% aqueous

h |, 30 h
vield of 2 35wesheg it 2%4%1 o/ B Rt fead B S Bt Aol uei O i
100 i chl or 0B6rak op&amephs cyhnol snd idrded @ltuHO) Cusi Phgschroduot or m as
el uent and Coﬁ%%a&ﬂ &Qﬂé‘mle?{f‘%]ﬁﬁédlgnré&upw%os \w@hnt

decant ati on washin hano ing I.n 20 of 40/ 60
pet r ol eunPet hafte H"F‘&F%% washe dried a% 89cty offb%lm et her and

drying at [erplodiide 34 GLﬁb.@fylim-BMdﬁ;ﬂamh.noanthraqumane (.95 &
anilino-4,5,8-tri B@@]@&oanthraqw none, is 2.3 g wth mp. of 289-290 C
and a puri ty 5% The ' :

1-nitro-4,5- dw ani |.i noant hr aqui none used as starting nmaterial is

gl)rngr '?:’jl gﬁl z& l)rrSI Eﬁégﬁlﬁaqw %onetgﬁ'%bp#ﬁ sgf z;d'?ao ar k) and
7.83 g ani | i neoYessium cppbaneteiangde e ]mmmmméeu %?ﬁ txredyatool ing to
room t enpgr at ypec kbt B4k andRSH1HW +¥ Adlm temperature. To-this are
' added 3.14 g of ‘t-n-butylamino-S-chloroanthrequinone, prepared
as desoribed below, and the reactionsixture refluxed for 5
hours. It is then cooled to room tempéra.ture, 20 ml of ‘ethanol
is added and the prod.uc'b, t=n=butylamino=S=tert-butylphenylthio=
15 a.n'thraqumane isolated and purified using the method described
"in +the last sta.ge of Example 25. The yield of product is 4.3 g
in the form of a tar. This tar is dissolved in toluene and .
passed 'bhrou_gh & silica column using toluene as eluent and the
main red fraction collected. After evaporating the toluene the
20 product is recrystall:.sed from ethanol and dried to give a y:.eld.
of 2.5 g of 91.5% purity by HPLC and m.p. 168-9°C,

The t=n~butylamino=5-chlorcanthraquinone used above is
prepared by heating & mixture of 17 g tnitrom5=
chloroanthraquinone, 5.1 g urea, 106 ml ethanol and 18.7 g

25 n—bu‘tylamine under reflux for 48 hours. After this period
5¢1 g urea and 68 ml n—bu'banol_ are added and refluxing
continued for a further 16 hours. The reaction mixture is
soreened hot and the filtrates retained. The solid residue is
washed with butanol, filtered hot and the filtrate retained.
30  The combined filtrates are cooled to 0°C, filtered after 2 hours
st 0°C and the solid product washed with butanol. After drying
at 80°C 'l;he yield is 9 g and purrby by HPIC is 82.8%
o A mixture of 2.97 g phenylmercaptan, 1.81 g potass:.um
carbonate and 10 ml dimethylformamide are s-hmed at 120 °c for



50 m et hanol, reslurrying with 50 m ethanol and filtration, mxing soli
W th 50 2N HC filtration, washing acid-free with 25 . water (200 ni)
and drying.at [err] The cr ude product, yield 8.6 g, is purified by
récrygtallfsatiron fromchloroform 50 m, washing with a further 50 m of
chloroformand drying at [err] The'yield is 5.9 g, the purity, by HPLC,
90.5%and the mp. [err] 30 Exanpl e 28 The procedure of Exanple 27 is
repeat ed except that in place of the 2.97 g of phenyl nercaptan there is
used 4.49 g of 4-tert-butylnercaptan. After isolation and purification in
t he 22 sane manner the yield of 1-aniIign-4,5,8-tri(4-tert-buty|‘-
phenyl t hi o) ant hr aqui none is 2.65 g of 91.5% purity by HPLC and mp.[err]
Exanpl e 29 5 ri@upé %' &o gg.gd 8:0950& ngﬁrﬁﬁﬁte bui/ kRS aYe ddBEEINOANE

3.73 g potassiu ca onate an di et hyl formam de inp stirred t {,(grr]
for 1 hour and cobmigred '5D‘Eﬁrﬁhﬂ-@ﬁ7§r%&51}%°‘nf5"!%n?ﬁ°><?ﬁ‘? é‘eFFF'“&dﬂEd
1,4,5-trichl eant hééﬂ%ahﬁmeoﬁrsihéﬁ%ctImtwmhummdhim@a&&dmﬁﬁoattmefl ux.

Af t i t [ t t O di | ut h

b oduct 1 s 1 S0l aEAFEER T predcta, S0 tameermeiitt, Riieed ke R B %f-zel
g of 1,4,5-trig4' filtered andythepimiptt washedionhtheq filkemewith. 20 alr §

purl ty by EPLC 86 /° P&nm 3leje5f1rst sté%enkf(%ffﬁfatgbéﬂvolves

1- phenyl t hi 0-5-ch °oant raqui_none,
reslurrying in 50% aqueous ethanol, 30 ml, stirring for 30

minutes, filtration, washing successively with 10 ml 50% aqueous
ethnnol. 30 ml water, and 20 ml ethanol and drying at 80°%¢ to -
10 g:.ve a yield of 2.35 g. The second stage of purification involves

digsolution in 100 ml chloroform, passage through a silica column
using chloroform as eluent and collecting the blue band,
evaporation of the solvent, decantation washing with 30 mi
methanol, slurrying in 20 ml of 40/60 petroleum ether, filtration,
15 washing with 20 ml of petroleum ether and drying at 80°C. The
| yield of the product, 1 anilino-4,5,8-triphenylthiocanthraquinone,
is 2.3 g with #.p. of 289-290°C and a purity by HPLC of 97.5%.

The 1-nitro-4,S-dichloro-8-anilinoanthraquinone used as
starting material is prepared by stirring a mixture of 10 g of
20  1,4,5-trichloro-8-nitroanthraquinone, 75 ml "Cellosolve" (Trade
‘Mark) and 7.83 g aniline for 18 hours at 120°C. ' The product is
isolated by cooling to room temperature, filtration, washing with
50 ml ethanol, reslurrying with 50 ml ethanol and filtrationm,
mixing solid with 50 ml 2N HC1 filtration, washing acid-free with
25 water (200 ml) and drying at 80°C. The crude product, yield
8.6 g, is purified by recrjstallisation from chloroform, 50 ml,
washing with & further 50 ml of chloroform and drying at 80°C.
The yield is 5.9 g, the pur:.ty, by HPLC, 90 5% and the m.p. -
- 216=-217%C. '

30 Examgle 28

The procedure of Example 27 is repeated except that in place
of the 2.97 g of phenylmercaptan there is used 4.49 g of
_lb-tert-butylmercaptan. After isolation and purification in the



’ >
repared in Exanple 25, 2.5 g anhydrous sodium acetate,. 0.15 g cupric
tate, 0.05 g copper powdé€r and 25 g aniline are-refluxed at [err] for 16
HApurs and cooled to roomtenperature. The product is slurried in 200 M 2Ng
the liquor decanted and 20 a further 200 .m 2N HCL added. “The solid
fraterial is separated by filtration, reslurried into 200 i water and )
filtered. The solid matter in dissolved in 100 m chloroform filtered -_;
through a siclica plug and the filtrate evaporated to dryness. The dry <
material is then dissolved in 50%toluene/chloroform (100 nm) 25 passed
through a silica colum using tolueng as eluent and main red band is
col l ected and separated from sol vent by evaporation. The purification on a
silica col same impnnepche cxieldiofy Trartidime-4ab Fhraratt'stentebutelrd t he resul t ant

product i s il X3q,¥ L13 e6ed 2n6h Bu siitidl ¥y RPEE erature,
yield 2.3 consF&%ﬁtﬁ%@%&ﬁ%‘% %Eja io?i %o%—%‘%é'%l t,[r)n oant hr aqui none and
27.6% 1, 5- [BBe %ﬁeﬁﬁﬁ mi oant hr aqui none.. This - material is boiled in 100 mni

of 50:50 chl orof orm et'hanol until chl orof or m has evaporated, cooled to roem
tenper at ur Ea#pke 28 o4 washed with ethanol and dried at . 23 [err] The

yield of 1-nilino-5-phén Itgéoan raquj none, i.s 4 g W, th “lerr]
Exanpl e 31 A m&FbﬂB’BW%&‘ £ Sggf'%gf#'g’(?ﬁ?%_ "”gﬁ?tﬁ?' ?37?1304 ne is
stirred angotasdion ¢arbed}@ emtl 104l djmethydidmmoide isasiieded abver 5 ni nut es.
‘The reacti b LU 2 Sy RS, ' et gﬁ%- ' ':-?‘tﬁpé)m
terrperaturg’?o?l"?&?ed_gvﬂ%ﬁgoﬁ%‘&;i%oﬁﬁ’g?ﬁm__ 't\cl)fésgggcﬁ ‘or 16 hours.:
The preci piisatddeds3.12 g 1,4,5-trichloanthraquinone and reaction continued

for 18 hours at reflux. A_fter'cdoliﬁg to room tenpe:atu?e and

10 dilution with 20 ml ethanol the product is isolated and purified as
as described in Example 26 to give 2.1 g of 1,4,5-tri(4! ~tert-
butyl-phenylthio)-anthraquinone m.p. 228-229°¢C and purity by

HPLC 86.6%.
Example 30 | v
15 - A mixture of 3.5 g -1—phenylthio-s'-chloroanthrm';ﬁinone, as

prepared in Exanble. 25, 2.5 g anhydrous sodium acetate, 0.15 g
cupric acetate, 0.05 g copper powder and 25 g aniline are
refluxed at 190°C for 16 hours and cooled to room temperature.
The product is slurried in 200 ml 2N HCL the liquor decanted and -

20 a further 200 ml 2N HCL added. The solid material is separated
by filtration, reslurried into 200 ml water and filtered. The
solid matter is dissolved in 100 ml chloroform, filtered through
a silica plug and the filtrate evaporated to dryness. The dry

 material is then dissolved in 50% toluene/chloroform (100 ml)

25 passed through & silica column using toluene as eluent and main
red band is _éollectéd and separated from solvent by evaporation.
The purification on a silica column is repeated using toluene |
alone as solvent and the resultant product is mixed with -ethanol,
filtered and dried at room temperature, yield 2.3 g consisting of

30 71.4% 1-anilino-S-phenylthioanthraquinone and 27.6% 1,5-bis-

. phenylthioanthraguinone. This material is boiled in 100 ml of .
50:50 chloroform:ethanol until chloroform has evaporated, cooled
to room temperature, filtered, washed with ethanol and dried at



fihl;tered* washed with pyridine/water, water and reslurried and boiled with
a di'Iut?Fs'oI ution of HCL. After refiltration the 10 solid is washed with
I

26,
met han and extracted twice with methanol. The final yield after two -
r €or yst.a l‘i-.g/afi'ons-fromtoI.uene is 12:.5 g 4 g of this product is reduced
with 9.6 g 3odium sul phide, [err] and 1.25 g sul phur in water at [err] for
3 hours. -15 The product is filtered hot and washed with hot water. This
pr ct is separated into seven conponents on a sili-ca colum using

nmet hanol as eluent and bands 4 and 7 collected. HPLC and Mass Spectral

anal ysis show these to be essentially 23 :

1, 8-di hydr oxy- 2, 5- di - {hi ophenyl - 4- ani noant hraqui none- 20 ( Conpound 31) and
1, 8- di hydr oxy- 2- t hi ctthény|The FHeld;ofniranidire-Sqohenvhthiocssthreaninong)is

Exanpl es. of propertigg gfwitRrmeynshoNes®c, to 27 will now be given. In
relation to the properties the follow ng synbols are used: 25 -— [err]
max = wavel ength(s) of maxi mum absorption (nm sol = solubility (weight %
measured at [err] SExampkkeBiparaneter (neasured at [err] and the foll'ow ng
liquid erystal hosts are referred to: i  Host A which is the comercially
avail abl e material E7 30\ @ixtunegof 4008 i4,bvdindtedchrysizingr00ont gyyidineppl i ed
by BDH Chem cal s Lt dk. 3o Read gy o ' ngl s ?&:Eﬂés Q%bﬁ| ts of
a m xture of cyanob?shglril l's Eﬁ%?@;‘/gn’? pm(fglﬁldér?gré feﬂ’f Il L Ij—'lgs &

which is the comher @VAF |3 ByEiesan Tererastion nigtre is held st -30°C for
: B " 3 hours, warmed to room temperature, dilwted with 800 g water

and allowed to stand for 16 hours. The precipitate is
filtered, washed with pyridine/water, water and reslurried and
boiled with a dilute solution of HCl. After refiltration the
10  solid is washed with methanol and extracted twice with methanol.
The final yield after two recrystallisations from toluene
|8 12,5 g | -
4 g of this product is reduced with 9.6 g sodium
sulphide, 9H20 and 1.25 g sulphur in water at 90°C for 3 hourse.
15 The product is filtered hot and washed with hot water. This
- product is separated into seven comporien-bs on & silica columm
using methanol as eluent and bends 4 and T collectede HPLC and
Mass Spectral a.né.lysi show these to be essentia.liy
1,831 hydroxy=2,5=dimthiophenyl-jmaminoanthraquinone
20 (Compound 31) and 1,8-dihydroxy—a-thiophenyl—4,5~
' diaminoanthrequinome (Compound 12). | o
Examples of properfies. of Compound Nos. 1 to 27 will now be
given. In relation to the properties the following symbols are
aeed: R e, . hh
25 a max = wavelength(s) of maximum absorption (nm)
sol = solubility (weight % measured at 20°C) - = -
S = order parameter (measured at 20°C)
and the following liquid crystal hosts are referred to:
i  Host A vhich is the commercially available material E7
30 (having a positive: dielec'_i:ric anisotropy) supplied by BDH Cheﬁicéls
Ltd, Broom Road, Poole, Dorset, England : this consists of a
mixture of cyancbiphenyls and a cyano-p-terphenyl.



| s consi

{/conmmer ci al

sts of a mxture of cyanobiphenyls, a cyano-p- terpheny

‘£yanobi phenyl cycl ohexane -conpound. 5 iii Host C, which, is the

l'y availabl'e material ZLI. 1132 supplied by E I\/Erck Co.

4119, 6100 Darnstadt 1, Gernman Federal Republic; this consists of
'haV|ng a positive dlelectrlc ani sot ropy of

.1- (4" - cyanophenyl ) - 4- al kyl oyol ohexane (PCH) conpounds and a
cyanobi phenyl cycl ohexane conpound. 10 iv Host D, which is the

conmer ci al

|y available material Zikl 1565 supplied by E Merck Co;

Ianda

*

Poat f ach
a m xt ure
Nt

v

this has a
PCH

Conpounds. 1 04t e MR, {e Be RV IRLF B5a{ Bl oebaflal B4 0 o2l 211

1624 suppl (Wavibg Epmweweltmﬁctmsatm)tmlﬂcdam&m Ghemiicals r opy 15

and conpri
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B Sg@% ;/:Xnmiii X&t“ Eenﬁ%:upgﬂtc Wﬂmyﬂ a"@i&olfg.o ‘0’\/'“ 13 ;

g 1050y S ghoet G efishiAe e cmmerriety, esmbable mverisl s Man

affecting sippmad]my PrMapek tGors . PostOme 11, éﬂocma’mds NoGermano. 31 (whi ch
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No | is asdiellectwis amasotropy of 1-( cyanophi

are the pr
have been

10

¢(roH) compomd.s and ‘a cyancbiphenyloyclohexane compound.

iv Host D._ vhich is the commercially available material ZLI 1565
supplied by E Merck Co; this has a positive dielectric anisotropy

| and comprises mainly a mixture of PCH compounds'

15

25

h has a
wei ght

MYFW%MM“P‘& nmed into a rraterl al

anmount
At | y

25

v Host E, which is the commercially ava:.lable mter:.al ZLI 162k

supplied by E Merck. Co; this has a positive d:.electric anisotropy
and ccuprises mainly a mixture of PCH compounds,

vi Host F, which has a composition'

R‘CBH-,‘@_COO—@-OQI-H“% : 50% by weight
t\-'Cqu‘Hq‘-_”"'- 50% by oy wigat

This has a weak dielectric anisotropy but may be formed into
a material having a negative dielectric amisotropy by the addition
of a small amount,eg 10% by weight,of ‘negative’ dopant, eg

clus-«@-cooc—@-c,ﬁs'
without significantly affecting it- other properties.

Propert:us of Compounds Nos 1 to 31 (which are the

products of Example Nos 1 to 31 respectively as d:.sclosed above)
have been found as listed in Table II. :

An additional property of Compound No 1 is as follows:
- 8.in Host F = 0.82



Ad’ditional ‘properties of Conpound No 2 are as follows: S in Host A -0. 7@);
|nHostC-088|nHostD-075 Sin Host E -0 *
The phot-estab| lity of Compound Nos | to 27 has been neasured using (i)

ul% ra- vi ol et radiation (0.2 nw cm2 at [err] and (i) ultra violet plus
visible radiation froma Xenon Arc (1.5 kw at .[err] Al of the Conpounds
showed good 10 photostability at | east conparable with the

phb't-'t')stabi lity of the anthraquinone dyes disscl osed in the above nentioned
Eur opean Specification. For exanple, the time taken for the absorbance of
Conpound No 2 to fall to 90% of its original value was greater than 10000
hours for (i) and about B4dRiékal prépertied ®f Cduppumbipa? egtetas GODLdweunrs f or
(i) and 80 hours for (ii) for thegcomoupd 1-§45 n-nonoxyanilino)-

4- hydr oxyant hr aqui none di sclosed in the above Tentioned Eur opean
Specification. A suitable dark gré&lmBRetie=ndde from dyes including 20
Compounds of Fornula (1) is as fokl pysosEMe=Mture No | Conmpound No 1

(yellovv) 2.0 pagts by wei ght ConpgQupd r 1.0 parts by wei ght Dye
(que? - 0.8 parts by\/\g&#\b%%g'gq)a where Dye A, as .
dISC| osed in our copendi Tige BabesstabilitiyCof iCompdihd oI5 1 (£B220Rb786d . has

t hé fol I ow ng f()rnU|£EsuLgﬁ';Ling (1) ultra-violet radiation (0.2 mw cm~2 at
20°C) and (i) ultra violet plus visible radiation from a Xenon
A;c (1.5 kw at 40°C). All of the Compounds showed good
10  photostability at least comparable with the photostability of
the anthraquinone dyes disclosed in the above mentioned |
Eufbpean Specification. For example, the time taken for the
absorbance of Compound No 2 to fall to 90% of its original
value was greater than 10000 hours for (i) and about 5000
15 ' hours for (i1i) compared to 600 hours for (i) and 80 hours for
(i1) for the compound 1-(4'-n-nonoxyan111no)- B
4—hydroxyanthraquinone disclpsed in the above mentioned
European Specification.
A suitable dark grey mixture made from dyes including
20 Compounds of Formula (I) is as follows:
Dye Mixture No 1 '
Compound No 1 (yellow) 2.0 parts by weight
Compound No 2 (red) 1.0 parts by weight
Dye A (blue) 0.8 parts by weight
25 where Dye A, as disclosed in our copending Patent
Ayplication 8123185 (GB 2081736A), has the following formula:

(6“3)2-('“.(’"?-“0 R Yo c;H( CH )Z

.® it odrmbrt s o @




— : . 9

26-Table'Il: Properties of Dye Conpounds 1 -27 Conpound No Sin Host A -S
fkn Host B Sol in. Host B [.err] (nm O.80 " [ferr] 447 455
. 0.8 A 524 554 3. ~ .
7-0. 55 ' _ 595, 638 4 T 0.56
589, 620. 5 - 0.70 - : 542, 580 6 .-
Q.57 S ‘ 545, 582 7 ~ 0.58 '
544 582 8 0.61 | 542, 580 9
0. 61 ' o 542, 580 10 0.52
530, 580 11 | 0.61 % - | 520, 558 12
0.61" . o - 23 0.60 -
g a5 142eble II: Properties of DF)Bompdunad -2 E15 15
0.60 ound No 8 in Host A s:.nnostﬁos&ﬁmnostn Ve (nm) 0.78
600, 65087 524, 554 18
0.75 V1 524, 55400 T 447, 48573
447, 455 2@ o 0.8% 78 1 524, 5547 455 21
0.78 ' >4-0 500, 518-22
1.5 "3 565, 605. 0935, 0.78 995 8¢ g
500, 520 24 . 0.56 - 1.5 589, 6800 25
0.72 >4. 0 520 26 . . | 85 >4. 0
520 27 = ° 0.70 0.72 1.5 gﬁ% §12-
6 0.57 . | . 545, 582 '
T 0.58 | ’ | 544, 582
- 8 0.61 : | - - 542, 580
9 0.61 S 542, 580
- .10 052 | " - 530, 580
1 | 0.61 - o . 520, 558
12 0461 - B 605, 645
3 0,60~ . | g% 445, >
14 | 051 .. . _ _ . 515
17 Lo 0eT5 . 524, 554
18 S 0.5 524, 554
19 | .73 441, 455
20 - 0478 | 447, 455
21 - 0,78 >4.0 ~ 500, 518
22 | " 0.78 145 565, 605 .
23 - 0,78 1.0 500, 520
24 15 520
25 0.2 3440 520
26 0.68 >4.0 520
27 0.72 S 585, 612 -

¥in Host A



% n Host A 27 Table Il: Properties of Dye Conpound 1-27 (conti nued) '
Conpou No>. Sin Hsst A Sin Host B Sol in Host B X nmax (nn) 28 :

0.70. { - 585 615 29 _ 0.73

4.0 7 ¢ - 500, 525 30 L -+ 0.70 3.5 _

485 520 31 .. 0.73 Exanples of liquid crystal devices
enbodylng t he. second aspect of the present invention will now.be described

Wit h reference to the acconpanying drawings in which: Figure 1 is an

expl oded view of a Freedericksz effect display device enbodying the present
i nvention, * Figure 2 is a sectional view of the device shown in
Figure 1; and Figure 3 is a front vi ew of 24 wat ch having a liquid crysta

di splay constructed.as shown in Figures 1 and 2. As shown in Figure 1 a
liquid crystal dlsplay of the.Freedericksz effect (positive nematic) type
includes a liquid crystal cell 3 conprising two glass slides 4, 5
containing a layer of liquid crystal material 6 which is baSicaIIy a
positive nematic nayerial together with a pleochroic dye. Electrodes 7, 8
eg of tin oxide are arranged on the inner faces of the slides 4, 5 "A

br ushed aI um n| um r.ﬁfbigcﬁor %Emegeof mt@@&ﬁm ReRTt @zﬁn@zS

Compound No S in Host A S in Host B Sol in Host B Amex (am)

o8 : . o0 585, 615
29 o om > 4207 500, 525
30 . : 0.7T0 ~3e5 485, 520
31 . 0.T3

_'Ehamples of liquid crystal devices embodying the secord
aspect of the preééht invention will now be describéd with
reference .to the accompanying drawingé in which:

Figure 1 is an exploded view of a Fréedericksz effect display

« “device embodyipg.the present invention,

Figure 2 is a sectional view of the device shown in Figure 1;
and. ' '

- Figure 3 is a front view of a watch.having a liquid crystal
display constructed as shown in Flgures 1 and 2..

As shown in Figure 1 a liquid crystal display of the
Fréedericksz effect (positive nematic) type includes a liquid
crystal cell 3 comprising two glass slides 4, 5 contalning a layer
of liquid crystal material 6 which is basically a posxtive nematic
mayerial together with a pleochroic'dye. Eléctrodes 7. 8 eg of
tin oxide are arranged on the inner faces of the slides k. 5. A
brushed aluminium reflector 27 may be located behind the slide 5.

Al



¥8 Prior to assenbling the cell 3 the slides 4, 5 (already bearing the
ectrodes 7. 8) are coated on their inner faces with silicon nonoxi de or
agnesi um fluoride. This coating is formed by evaporating a stream of eg «
{si*l i ton nonoxi de onto the sljde at an angle of about 5 to the surface
as .for exanple described in UK Patent Specification No 1,454,296. On .
"assenbly the slides are arranged with the evaporation dlrectlon on the t,
slides 4, 5 parallel to one another. Wth such coatings applied liquid
crystal nolecules at the coated surfaces lie in a single direction 10"
(parallel to the evaporation dlrecﬁﬁon) and at an angl e of about
[err]typically about 300 to the adjacent slide surface. As a result the
liquid crystal nmolecules lie in a parallel honb- geneous texture as

i ndi cated by m&m?a&hm e thzf Tl¥Re ralliesylz«esslmgew-host
rel ati onshi mnthb |d cr al 15 ol ecules are also r hl'y |n this
texture gp?;rﬁﬂsa‘ Pi‘f‘?t&'ggsﬁ gt'r%idl"ﬁ Btet 1y theise dpnar. Laees f"ﬁ@'gcel I
(whi ch irr)Ssitliaeh mogm?/ orfmddiésihﬁle fabaanbsf lm&éwoﬁi:yng hgwghﬁat Lhe v: lSl gl e
spectru 9l akl a in e the ce
(shown i n® rc')'%Pg urg %m\x}' % ?gp‘;ﬁof‘a'ﬁ%'ﬁ?‘%m o ‘%O*r"s ngral FE 20 to the
al i gnrﬁ:ntanhanslq Qihabéutt B2 o &he cbtrtg«s& ab fm‘t exdampleGdesaribedcdhance the -
~ col our *iﬁtgﬁts%@é!%ﬁ%a&mnsnétﬁ% Iy , 3988 eB)éliiyss?iﬂénr angenent

t he electrlc vect I de'n refe cteﬂﬁllg 'S con ed roughly
paral | el #eranged (withsthe syararatign 69%9%5%0% &he "\'ﬂﬁeﬁh&emﬁt abl e vol t age,

eg i’i fgwbml 1e1(w ea& @nother] tiELhd sucH baeﬁmgbohﬂyhea\aqqh{w effect) Ih S
ol ccul esTHISRhAeGHIF BF earontttopiiaaess dleoin anaipels SHrachifoor  opi c
t ext ut@, {(paradlél a:opahalelvebommmmeheéeﬁbnb cankdi #t Ghnabaigl® 6N abdiat
per pendi Cﬁﬁ‘ar t?5° typically about 30 to the adjacent slide surface. As

a result the liquid crystal molecules lie in a parallel homo-

geneous texture as indicated by arrow 13 (Figure 1). The dye

molecules in guest-ﬁbst relationship with the liquid crystal.

15 'molgcules_aré'alsp roughly in this texture giving a relatively
strongly coloured appearance to the cell 3 (which is black or grey
.if~the dye absorbs unifofmly throughout the visible spectrum).

, A szngle polar1ser 1 placed in front of, or behind, the cell
3 (shown in front in Figure 1) with its transmission axis parallel

20 to the alignment direction of the liquid crystal material 6, will
enhance the colour of the display in this state, the Moff" state,

.By this arrangement the electric vector of the incident or

refelcted llght is confined roughly parallel to the transition
of the dye molecules.

When a suitable voltage, eg a few volts, (greater than the
5 threshold to give:the effect) is epplied betwgen the electrddes
7 and 8, ie to give the "on" state. the molecules of the liquzd
crystal material are swztched to the homeotropic texture, ie to
lie parallel to the electric field along an axis perpendicula: to
the slides 4, 5. The dye molecules are also switched to this



t he slides 4, 5. The dye nolecules are also switched to this 29 texture
by the est - host effect and have their Iong axes essen- tially parallel
(ie they are essentially "end-on") to light incident on the cell 3 in a
dlrecd'on perpendi cul ar to-the slides 4, 5. effectively reducing their
absorption of anbient light. 5. This gives the cell 3 a relatively clear
or - weakky col oured appearance. If the el ectrodes 7 and 8 cover only part of
t hésd nner surface of the slides 4 and 5 respectively the entire cell 3 wll -
appear strongly coloured (ie strongly reflgects) in the "off" 10 state
whereas in the "on" state only the region of the liquid crystal material 6
_bet ween t he el ect tadase hy $hwgules'amoearefd’leehrandrhmakhglrc@!tmﬁéﬂs ieﬁsﬂre

"on" state the repnj.Rgde 3a1]ae° I 1§ Qg0 '

remai ning in the m éatr%?léfqﬁgeil[*{?g eo rdg?gl ggr géouﬁf@%

t hr oughout the vi i#qjdent mn t}!ﬁ)é‘e@-l Cﬁ’rﬁ-{lhﬂs dé??%gnclﬁraﬁ'i‘détci‘w

o, el ol 42 R Qﬁg;ﬁtﬁzaﬁ'nsﬁ
shown) , symbol 4 or ‘Fiéiﬁ Yo e3a P pEeetch

phot oet ching (i n appeapaticeray) the |ayers, 20 eg Sn®2, used to formthe

el ectrodes 7, 8 prior to. assenbly. For example, in the watch display of
Figure 3 the el ect rodés the 8lentrodémfPcend 8 poveri owly pert ofvihe Baremuneric

digits to display ﬁggwesﬂa% USafd & geéﬁc%ymg {Xe 4atH% SHOWV3 (M1
perio ot

Figure 3. A pul se s al sg i'ncl uded, as i.n conven- "25" tional
wat ch di spl ays, tBPPesdi etnosebp&oarrRad bie sheongly refjects) in the Moff

10 state whereas in the "on" state only the region of the liquid

crystal material 6 between the electrodes 7, 8 will appear clear
_or weakly coloured in the "on" state the remainder of the cell 3
appesring strongly coloured, ie remaining in the Moff" state.
(If the pleochroic dye absorbs uniformly throughout the visible
15 spectrum the stromg colouration will appear black or grey.)

Thus, by shaping the eléctrodes 7, 8 into discrete facing.
parts, eg bars of a digit separately connectable to a voltage
source (not shown),symbols or letters may be dlsplayed. Thls
may be achieved by photoetching (in a known way) the layers,

20 eg Snoz. used to form the electrodes 7, 8 prlor to assembly.

For example. in the watch dlsplay of Figure 3 the electrodes
7. 8 are shaped to provide four seven bar numeric digits to
display time; eg the digits srs displaying 12.45 as shown in
Figure 3. A pulsed period dot P is also included, as in conven-
25 tional watch dzsplays. to 1ndicate operatlcn of the display.

Examples of suitshls dyed liquid crysttl material for use as
the material 6 above are Dye Mixture No 1 (about 1% by weight)
defined above dissolved in one of the two hosts Host A and -
Host B defined above (the thickness of the material 6 layer ‘being

30 .12 Bm). ' :



. - : ¥ .
anples of suitable dyed liquid crystal material for use as the material 6
r; ve are-Dye M xture No | (about 1% by wei ght) defined above dissolved in
t’(I»o' e of the two hosts Host A and - Host B defined above (the thicknessa
igf- the material 6 layer being 30 12 Am. 30 In an alternative. device
enmbedyi ng the second aspect of the present invention a cholesteric to —~
‘ngntic phase change-effect is mad in a known way The nethod of : Y,
construction is the sane as that described above with reference to Fi gures
1 to 3 except that 5 no [err] or SiOcoating is applied to t he inner
surfaces of the el ectrode beari slides 4, .5. no polariser | is required
and the liquid crystal mat eri al in this case is essentially a long pitch
chol esteric nat rla haV| a, mol ecul ar_.hel j.cal- pitch of t rder of
about 2 gm cont%’f "33&&‘*8&8‘ h ADE fHe. aB?%"‘fO‘ SHegt ‘?I}egﬂ(') i s one of
~the two hosnmstnstlnmlichli dbéleséebﬁbbve:euﬂid pbaiseh ghange—effuctisioon of 5% by
wei ght of 0 No | defined
above (aboﬁai/ﬁﬁydﬁé‘%‘gh 3: 'ﬁWﬁEﬂ\ ngis?dg#&gﬁg{%a?éﬁdax: %g r again
bei ng 12pm)that fesgEibeg ab °'§t !Fi-"é‘ qumnm t&oﬁ%&'a\oﬁm-’ea}"?ﬂe%ﬁ 3 again

é5 app)eélr ? rfﬁ't| oy 10 B?Eﬁdgl:n; app ﬁ.aae&tﬁﬁ&mazt-tdtiefféﬁedfrﬂhekfsz e}‘fect
evi ce) . Cr | IS ate IS, | e focal conic
texture whi t’ﬁﬂd"?@énﬁ eﬁbﬁf’ B‘B”f %Fé%‘tﬁ’aa ‘H’gi &s.  The

dye nol eculldguidlcrystalt het_erub Galinamgenm by dsbentj.au: ahdaig eitact. The
strong col Uilo it%m%%gqn“ P%?M‘.‘igfq%ﬂ@‘lkﬁéﬁﬁ% '§h because

anbi ent white I ncl ent o Vi a de 4 is partlally
absorbed order of about 2um conta:.ning a pleochroic dye. A eu:.table

10 material is one of the two hosts Host A and B defined above
modified by the inclusion of 5% by weight of CB15 as defined below
and containing the Dye Mixture No 1 defined above (about 1% by
weight) -(the ‘thiclmess of the mte_r_ial‘é layer again being 12um).

In the "off" gtate (with no voltage applied) the cell 3 again
15 appears strongly coloured in this case (as in the Freederickss
" effect device). The liquid crystal material 6 in this state is
in the focal conic texture which comprises an arrangement of
random molecular helices. The dye molecules take up the same
arrangement by the gﬁesﬁ-host effect. The strong colouration
20  (which may be black or dark grey) is because ambient white light
incident on the material 6 via the slide 4 is partially absorbed
by the dye molecules which are perpend:.cular or obligue to the
light propagation direction.

In the "on" state & voltage (typ:.celly 10-15 volts) is
25 applied between the electrodes 7, 8 sufficient to give the
homeotropic texture, ie with the ligquid crystal molecules between
the electrodes 7, 8 essentially re-orientated to lie perpendicular
to the slides 4, 5. The dye milecules between the elctrodes 7, 8 -
are re-orientated to this arrangement by the guest-host effect.

30 The region between the electrodes 7, 8 appears clear or weakly
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,
je perpendicular to the slides 4, 5 (via the slide 4). |

CB15 is ‘-(+)'-<733cnacn(cn3)cnzcn



by the dye- ol ecul es which are perpendlcular or oblique to the Iight
propagatlon "direction. In the "on" state a voltage (typically 10-15 vol
is 25 ,applied between the electrodes 7, 8 sufficient to give the
forreot f.opic texture, ie with the 1iquid crystal nolecul es between the
electrodes 7, 8 essentially re-orientated to | i e perpendicular to the
slides 4, 5. The dye mlecul es between th@ &l crodes 7. 8 are re-orientated

té~dhis'arrangenent by the guest-host effect. 30 The regi on between the

el ectrodes 7, 8 appears clear or weakly coloured in this state (as with the
Freederlcksz ef fect device) because the dye nol ecules are essentially '
"end-on" to anbient |ight propagating in a direction perpendicular to-the

cell 3, ie perpendicular to the slides 4, SL ﬂ%ﬂ%ﬁ the slide 4). CB15 is

[err] 31 CLAI M5 1. A materi al suitable for a guest-host liquid

crystal device conprisj S n l,d 4 d a

pl eochroi c dye, ‘i\/\/nerél nqgﬁﬁl ?eoc ?%lf??frdfg“egyﬁosges%?& Q’gﬁ o%av%grrpound
havi ng a fornul sonpedsing a !(ql)lt#MEPém 11@#@9!’!#@4@“&*9&)694 Fepieochaors om

al kyl and aryl: ¢ @ashe&&nﬂuheB PUinfol NAFPRAEN Y SCREEHCBES RnPbddidP

selected fromH and errf groups, wherein [err] and [err] are

i ndependent |y sb?@%ﬁeﬂfPﬂ&Hﬂq al kyl and aryl; provided that at |east one

of A, Band Cis other than H and"-

A o SR

Formula (I)

B O c

1 wherein: _ _

é R represents a group selected from alkyl and aryl; each of A,

: -~ —- B-and C independently represents a group selected from H, -SR and
-NR; R, groups, wherein R; and R, are independently selected from H,

: alkyl and aryl; .. |

5 : provided that at least one of A, B and C is other than H and

' that if two of A, B and C are H, then the third is NR;R,.

'; : 2.. A material as claimed in claim 1 in which the group R

' represents a monocyclic aryl group.

3. A material as claimed in claim 2 in which the group R

represents a phenyl group. .

4. A material as claimed in claim 2 in which the group R

represents a phenyl group substituted in the para or meta position

relative to the anthraquinone nucleus by a group selected from cl_

alkyl, C 1-§ alkoxy, halo, NOZ’ OH and NR1R2 where NR,R, is as defined

in claim 1. - -

5. A material as claimed in claim 1 in which the group NR1R2 is

NHR;, where R! is selected from H, monocyclic aryl and alkyl
containing from 1 to 5 carbon atoms.

‘RN A



fJhat if two of A) Band Care H, then the third is [err] 2. A materi al
\Q\ s claimed in claiml in which the group R represents a nonocyclic aryl
""g;-&,up. 3. A mterial as clainmed in claim2 in which the group R _ R
represents a phenyl group. 4. A material as clainmed in claim2 ini which
the group R represents a phenyl grougsubstitut ed in the para or neta
position relative to the anthraquino 2hucl eus by a group selected from \;
[err] alkyl, [err] alkoxy, halo, [err] OH and NRLR2 where NRIR2 is as
defined in claimil1. 5. A_mat erial_.as. i in.claiml in wiich the .
group NR P is % BAF§Tiftets c[lg?‘ﬁ% i3 %3?‘«50% gﬂ%ﬁ‘&‘rﬁﬁtﬁ%nﬁ%ﬁlqr@“ﬁyl and
al kyl cont&j Bi srgl Crom 1st¥R,R,cartlese Ryt end R, ar83ascdefingd dat etdial las cl ai ned

in claimb5_j.;n i f..the thr, A, B and C one is NR1IR2, where
ﬁM_' af n 510%%5. , . , .
[err] and “edr'r: é)?gelgsfw e |engél |n9c I'm1l, and the other two are both

hydrogen. 7  4\matewdalaps pdatped dpelagmcl dpnvhichrofusbe Figee 1470uPhr ce
groups A, B 8nghdCc, it at€ ~sRRpups Rmdatik therd Abrihdregéy,dROBAMg & being as
defi ned ilrhgai'&n 1??5‘ 1 A material as clained in claiml1 in which of the
three groufEiRed 3P Ivne is hydrogen and the other two are [err] .
groups, [esJs] amthaberiadi ag clsisef incclaim Lliai whikh & the/thraecgrompsas

clai med in, ckaj i ' r VAR ar, ggoups, R
bei ng as e }Bn%ﬁ(? i&h C e\g’?%nc‘%d&?%nt Qﬁ‘iq;r!r‘gt eri gl &&% g'likfrgkdz iggoc ai %fl in

‘whi ch the adér Bg hpdogpas defidednth €latme l.err] groups, [err] and [err] being
as definedgln Ci YaBlrtal as claimed in claim 1 in which the three groups A, B '

and C are SR gro_ui:s, R being as defined in claim 1.

10, A material as claimed in claim 1 in which the three groups 4, B
and C are NR;R, groups, R; and R, being as defined in claim 1,

1l. A material as claimed in claim 1 in which the three groups A, B
and C are respectively -SR, NR;R, and NR;R, groups; R, R; and R, _
being as defined in claim 1. _ _ |

12, A material as c'.llai'nie.d' in claix_n 1 in which the three groups, A,
B and C are 'resp.'ec'tively -Nlez, ~SR and -NR;R,; R, R; and R, being
" as defined in claim 1. . .

13. A material as claimed in claim 1 in which the three groups A, B’
and C are respectively -N'lez, -NR)R, and ~-SR; R, R; and R, being as
defined in claim 1. ' R _ -

14. A material ss claimed in claim ! in which the three groups A, B
and C are respectively -~SR, -SR and -NR1R2; R, R, and R, being as '
defined in claim 1. _ : _ :
15. A material as claimed in claim 1 in which the three groups A, B
and C are respectively -SR, .~NR;R, and ~SR; R, R, and R, $eing as
defined in claim 1. B | o :

16. A material as claimed in claim 1 in which the three groups A, B
and C are respectively QNI(lRZ, ~SR and -SR; R, R; and R, being as
defined in claim 1. '

* ¢ L uls* -



11. A material as claimed in claim1 in which the three groups A B a d éé
are respectively -SR [err] and [err] groups; [err] and being as defin

in cIai_Ql. 12. A material as clainmed in claim1l in which the three
groupg, “A, B and C are respectively -NRIR2, -SR and [err] .and [err] being
as defined in claiml1. 13. A-mterial as glained in claim1 in which the .
three groups A, B and C are respectively | |3r] -[err].and -SR; [err] being
as<defined in claiml1. 14. A material as claimed in claim1 in which the

t hree groups A, ang C arge . respectively - - SR and. [err in S
defined in clai %n?'l '%gfate Par%a ercﬁ'ﬁiimeéigﬁélcé‘t'?g%dl ?ﬁ %qg}‘m %onml%% I|‘cﬁ&t he -
three groups A F®&muha (@)ahas thefoswalasly [err] being as defined in claim 1.
16. A material as claimed in claim1 in which the three groups A, B and C

are respectively -[err] being—ae defineg in Cl‘m -33- 17. A
material as clainmed in claiﬁhi_ch he ¢ of Formufa (1) has the
formul a: 18. A material as ai pAd i l'aiAal in which the conpound of
Forrmula (1) has the forrmula: [er < &yial as claimed inclaim1l

i n which the conpound of Fornul a oy mul a: 20. A material as
clainmed in claiml in which the cogpe0

' {
- @t bt

18. . A material as claimed in claim 1 in which the compound of
Formula (I) has the formula:

19. A material as claimed in claim 1 in which the compound of
Formula (I) has the formula: ' ' '

20. A material as claimed in claim 1 in which the compound of
Formula (I) has the formula: '

O NHC HgTn

e eme atmantuton i bt
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ormula (1) has the formula: [err] -4 34 21. A material as elainedin
Phai.m 1 in which the conpound of Formula (1) has the formula: 22. A
arerial as claimedin claiml in which the conpound of Formula (lI) has the 4
groula: [err] 23. A material as clained in claim1 in which the conpound
of Formula (1) has the fornula: .[err]ga34. A material as clainmed in clalpa
1 in which the conpound of Formula (1Y has the fornula: 35 25. A -
material as claimed in claim1 in which the conpound of Formula (1) has the

formula: 2g; 4 mte@ma'asaaa%eaimedmm. ¢l 8 Whiled ehmospomeoforrpound of
Formul a (I%ehas the formula; [err] 27. A material as clainmed in cIa|n11

in which t “EBﬁpQUnHa%ﬁmﬁoﬁ plai 1) has the formula: 28. A material’
clalned in claiml in which the conpound of Formula (1) has the fornula

22. A material as claimedin claim 1 in which the compound of -
Formula (I) has the formula:

(e o5 o -
(X X2
(wz\Bc—.-s o c—{o)y¢(cHy),.

3. A material as claimed in claim 1l in which the compound of
-Formula (1) has the formula:

@H3)3C—@—S 0 s—.—c(wg)3

4. A material as claimed in claim 1 in which the compound of
Formula (I) has the formula:

e e - PP - cm e o



Ferr] 36 29. A material as clained in claim1l in which the conpou
Formula',(1) has the formula: [err] 30 A material as clainmed in clal
Ln which the conpound of Formula (1) has ‘the formula: [err] 31. A
teriaf, as claimed in claim1 in which the pleochroic dye conprises a
m xt ure of dyes at | east one of which is @ gonpound of Fornula (I) as
defyned in claim1. 32. A material as clqalnmed in claim31l in -which the
plgochroic dye includes a mxture of a blue dye and an orange dye, the

orange dye being.,a goxpedrddl ofs Epitidbaid tlafis 106{ kAfeh ithe dombsank o83. A
material as clai ned |2}cl aim31 _in which the m xture al so .includes a yellow -

- dye or a red dfé’rB‘r'lao h"éﬁdﬂﬁoﬁfy’r‘f“&és a neutral colored mxture. 34. A
material as claimed in claim31 in which the pleochroic dye conprises a
neutral colored mxture of a y pw dye, a red dye aad a bl ue dye at | east
one of which is a corrpou \é(l) o— 353 élHa_-} “as clai rred in
claiml |n\/\/n|chtheI|qU|dcr aI rralnly4nalkyl

al koxy-4' -cyanobi phenyl conpounds

26. A material as claimed in claim 1 in which the compound of
Formula (I) has the formula:

27. A material as claimed in claim 1 in which the compound -of
Formula (I) has the formula:

28. A material as claimed in claim 1 in which the compound of
Formula (I) has the formula: -

ot S bmmataad cesar e -
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. A material as claimed in claim1 in which the liquid crystal materi al
nprises mainly 1-(4'-cyanophenyl)-4-n-al kyl -cycl ohexane conpounds.. 37.
terial as claimed in claiml1l in which the liquid crystal material is’
stitable for a cholesteric to nematic phase change effect device and
‘conprises a nematic |iquid crystal maiggrial together with a chiral agent. —
38. A material as clainmed in claim34 in which the liquid crystal -
material is suitable for a cholesteric to nematic phase change effect

devi ce andzsorrpmm&rﬁamammaméd quti ellaimyktial witathethalcotpyadhef with a
chiral age? i Ag afaclalned in claim36 in which the liquid .
crystal o (Y ﬁ?f‘& s or>7a chol esteric to nematic phase change

ef fect device and conprises a nematic liquid cr
a chiral agent 40. A liquid crystal electrofo
electrically insulating substrates atQl ea§
transparent, el ectrodes on the i-
of dielectric material contai
i mprovenent conprises the diellg
material as clained in cIa|n11

stal material together with
i cgl, device including tw
pch is optically
t he Substrates and a film

5 % substrates, wherein the
é?rl 3 gl bieng a dyed liquid crystal

. Aui d crystal device as clained in

claim40 in mhlch t he |s '

C e j C phase change
effect device. ﬁ' -'Eéggpgﬂﬁ%bBin claim40 in

whi ch t he deflce |s a Freederlcksz ef fect device. 43. A liquid crystal
devi ce as @Pai nédmatertahiah etpimad % elrimnd Ipethich the roppgundeef nemmti c
effect devirggmula (I) has the formula:

-

w-C4H9’S 0 s—C Hq-rv

31. A material as claimed in claim 1 in which the pleochroic dye
comprises a mixture of dyes at least one of which is a compound of
Formula (1) as defined in claim 1. .
32. A material as claimed in claim 31 in which the pleochroic dye
includes a mixture qf a blue dye and an orange .dye, the orange dye
being a compound of Formula (I) as defined in claim l.
33. A material as claimed in claim 31 in which the mixture also
includes a yellow' dye or a red dye or both and comprises a neutral
colored mixture. '
3. A material as claimed in claim 31 in wh:lch the pleochroic dye
comprises a neutral. colored mixture of a yellow dye, a red dye and a
blue dye at least one of which is a compound of Formula (I). -
35. A material as claimed in claim 1 :l.n which the liquid crystal
material comprises mainly 4-n-alkyl-or alkoxy-4'-cyanobiphenyl

- compounds. ' ' :

|*5'cf“L J s *
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37

36. A material as claimed'in claim 1 in which the liquid crystal
material cbmprises mainly 1-(#'-cyanophenyl)—4-n—alky1-cyclohexane
compounds.

37. A material as claimed in claim 1 in which the liquid crystal
material is suitable for a cholesteric to nematic phase change effect
device and comprises a nematic liquid crystal material together with
a chiral agent.

38. . A material as claimed in claim 34 in which the liquid crystal
material is suitable for a cholesteric to nematic phase change effect
device and compfises a nematic liquid érystal material togeﬁher with
a chiral agent.

" 39.. A material as claimed in claim 36 in which the liquid crystal

material is suitable for a cholesteric to nematic phase change effect

device and comprises a nematic liquid crystal material together with
a chiral agent. '

- 40, A liquid crystal electro-optical device including two

electrically insulating substrates at least one of which is optically

‘transparent, electrodes on the inner surfaces of the substrates and a

-film of dielectric material contained between the substrates, wherein

the improvement comprises the dielectric material bieng a dyed liquid
crystal material as claimed in claim 1.

41, A liquid crystal device as claimed in claim 40 in which the
device is a cholesteric to nématic phaée change effect device.

42, A liquid crystal device as claimed in claim 40 in which the
defice is a Fréedericksz effect device.

43. A liquid crystal device as claimed in claim 40 in which the
device is a twisted nematic effect device.

* [+ L M S *



