. npterials, in particular with pleochroic dyes.in solution with l'iquid

- crystal materials.e.g. for electro- 1049 @38pl ay applications. 5

- Liquid crystaJ materials are well known organic materials which display

phases, W"ﬁ? liquid crystal phases or nesophases, having a degree of

mol ecdl ar® 0T HQS prbGdnt RiGkoE A &E&nﬂ@tmed} dnktAhateriald, R pdridulay with itdoRftoic dyes in

crystall i reutd with Iglidicasaltatbdats ég.ll‘dryledrmndasm dplizhtiongi ¢ | i quid state.
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sui t ablre Iopﬁpal ebncrasjsdha:h anira!beﬂc fdld is Bppliedmkesid edn obuldting filmm bt suitable (lquild a'ystal
liquid cryeat eeqytesphtéeme Kfa@un'ed ewsteiweasatar tha yempegatyre of opefation) arecs
the field %qné‘&r%v e frld ﬁqe'"sﬁ Frctical p gtkﬁ Partf the-film wherethefigld § 1s
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tr ansmys Sinvdideiiles & dér Suibly %ﬁhlnt #Bbdld iAtoPpdiadewiiiethRiOTIAY drijpert) 3d thé bidisl of so-
mol ecul es caited “gugstisst”t deeices ey. dispieyidevice® m wihieh thé hostiiiwic alysts! rodterisl bt its guest
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0 049+035 Description The present invention is concerned Wi th organic @
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mat eri al dEeeskecq'ﬂat'e'meﬁ?ct pwitchahgpy the BEZ w? 6%1 ° figlg) P'&H' g'i'fu'écwe
whose Ié%‘ﬁm R R s e T e T
electric \% st aybl FRdL §ib|tﬁ‘§kmd @qdﬂf@@%ﬂﬁn&e% usddch
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crystal hQﬁHkﬁﬂﬁHﬁﬁh tvafidd 1l ke Tiedl i Adaddbedib @ qUaHEtyKRbATAs! es
by the gueﬁdorbﬁs:hraelfefeESbvhlcREgwen by theSolidwing egatich: f ur t her bel ow- there are .
several kinds of liquid crystal effects whi,ch can make use of _the

guest -ffost effect in el ectro-opticals Tt S§PEYs! These vary accE‘?”df“HU‘”co t he

Kind of | igidledboChYSlitle BV Gl GH 44585 tﬂ@ﬂstgrnﬁ'lesmt\bxgé”oﬂaﬂtﬁﬂnQi thb ndlebRsSAMI €5
i n the of frespbdtdthd indlaveRFed tRieAthtBndEMe RYst nBRcuTdd) Tha B&territbAIETeS/alb of th€order
subst r at epaanpteo$ tdvdiqnd@stbad in theluet; taelfon ezémple thaipdper (4 seva kbsowties made)refldctive
order 4% ﬁ'ﬂw Fdeta'rﬂéﬁ?lanﬂm“@o RY Pels Whise ange@ - Tpdor dmthg derred! pf Arplec@hygips. 3874, 45

guest - hostPPEdMe S2et ol 30, e dirsRle 4 TIRQY Jo A trnddBbochide dbk8S  use
ool o e Pt il W SRS J%é‘?.«i‘ﬂ.éad ARl Tl fbochidft fuia e i e
host nol echdn@ne bila¥\Rseto dnbl bSpdsSblACHYIWRVE Ghed Mult alsd havel adeqube dhahtichl, pBotbeemitsic

| of r ant¥omanthelesimkhefrlicatstability, en‘gtathveNMe‘fgi&dtt@athbhnqdqetammraet»te&!rlcdlnidvbzp lﬂes

from t he idg¥es oretation “b ol ghesldrnote (f'l‘i?e%'?ad gﬂ‘?l?tce practe
whi Ch s &‘Q?ﬁ'ﬁ%i vi’éiirﬁﬁf g EE.E’%(‘G&E e e sltratar e woacontiation of guos

S = ]pleochroac dye required for the de ﬁé §4HQ8¢.9bf mork thafl aFdwiFer cent of
-aver agsd tdyé)Meaetthele®r hinyi pieottieic ldvestammrem&omsbeemwihav are feksendatty irolulgé irt lineid
nol ecul es opistahmaterigieect to the tine averaged orientation of the host

nol ecul es. Tﬁge"&%‘t OF @i Htph, Rlegehraie dve, 4pyally Hivolvesea SPRRTOMRS, DARReR these; \arigs) |

under st 00 PR Ney ar i oS8 drQYes SRATBMP o PreRARER proBorREN LRSS halle béh pRERed
ref | ecdsi vaoiide wltfhﬁﬂﬂltﬂ:rnﬁfa)’&rﬁﬁha{llﬁmﬁﬁﬂ ﬁlha?jﬁ{‘lf:'éachl% g'&%l?able cYbih&tioa BEth&proPbrties
Tayl or i n rhdngonkdwboval of Applied Physics; 1974, 45 pages 4718 to 4723. For

perfect or eﬁwrawqaoﬁatfmpeﬂﬂeem 8y Zé?@tde?c"EFs a§erm§|°t % “{CQ’PF 5§”"iaé’|eo)T :

t
Thus, pI edﬂg}f Im&ofggg earsQ> %ﬂ} % hﬂé\ﬁx I@%ﬁee ‘ﬁzra%avd
Par aMBer g dicalif s i tHAS dobiblen ?hoaﬁqa helE7, aﬁoms.% tfon (slgiven bdl
one but aswberRdimgiéd d?igesavip PO3IB Io?ﬂee arariiabesf @bout lo2yin lmsis qub®o IMmueauactetwedne
chem cal , @h@tqg@@memlthese dyes is relatwely unstable and the other is fairly insoluble in liquid crystal
: aterials).

" ?{::cordmg to the present invention in a first aspect a material suitable for a guest-host liquid crystal
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45 :and el ectrochem cal stability, e.qg. stabl I ity when exposed to - &
at- m)s'pherl c contam nants, eletric fi el(gls% devi ce operation) and to {
ul tra-vwiolet radiation. The shoul d not Dbe |on| c-or. have any ionisable
character ( ot’?Yé?F\ﬁP@%"sPﬁesth‘ al matedidljapd a plepghrdiylye whersin thasplpqehiojsgive
nature and c&HRRIEES ?‘r‘i’@ef B9 4LUMU8S) . They nust al so have

suffldnt sol ubi |'i ty in the host materials; although the concentration of
guest plegchroic dye required for At he 0desBRed effect is gener al | y quite

small (e:.g. not nore than a few pdr cennt dgf 50 dye) neverthel ess many

pl eochroi ¢ dyes are unsuitabl e e thenlar e ntially ingglull @yin

I'i quid crystal materials. Select \“"H"W’ abl e dfeochrm c dye usually
involves g conproni se between thesk vatious properties. Al thougha vast
nunber of dyes are known only a vé?y Hhal | proportion of these have been
proposed 55 = for use with liquid crystal materials owing to the need to,

hi wheIBine conbi nat | f th t t d E |
Pat éﬁtvesﬁgifgﬁgff?'s%gﬁa P ool ot B Sl TR S TR onafi R e SRS

- pl'eochroi C dyes, Sepirésaitt £glo0s selt2Rd Yibrh Malb] GHILNCS S N, 1 4W8 LR, ALl Whers N8R ofly, @8d.
whi ch are coRyiedeperdehtyy rapresehtalalgequplseleqel fronsACWkygPOdnGtaadi | ity properties - -
and reasonabl e ygepredentsiap jntegplofpamy@to 4 hei r or der paranet ers are eneral I%

§ t ertvﬁo

. h | h of nt yﬁeptr nte
22 "anos o oA ?L“’ﬁ""’s“ TRy R AL,

an order- par armiyesof@ QN andbthér thin Efseaéravmwe &6t A, BaﬁJ@isS&hrﬂitEN&tW@ﬁBH and for"
Speci ficati owhicne =dJ arid s phalyes d-spbstichat pheall ynau rbetdakﬂledmdorthhgetmbuﬁrst aspect of ..
fairly insol thelinventign)in quwdd evsal materiplhawing githey a pmwwmeagfwﬁ 6leteﬁec

25 Itei I} ki 0 s he lig apt t ther a
i nvent i on™A npo%n?vF fg{ ?Etp s‘lsc am tro el 5& aﬁﬁlgsyﬁﬂl rlal Vq :ﬁ»eg ﬁ@%is d:on:g?;mgtqem,
crystal 65 2havmg 5'd§ &rléarﬁ rd \H?@d& rltﬁd

material and a aaéf&aﬂ INGI.R; i %av i3 H, MBndtl&i0 6N, Bdpeci bﬁfbher@n&rsussﬁﬁneatphbrﬂla%t
one conpou ndopbtaml!mgutmnhtyd iyl aonta@mng frdi)n 1 to Wiarbleo pmmb.(fr(fér)ed DPtional substituents where R’

[err] whetei ﬁsuﬁt'wtig Yol 'QWﬁf 1’5@ @MC"F?UIT\ o nal |y substi | tut ed
~alkyl and opti ?3% 1%3 msét hto‘? h§m%nd

group -sel ect E\Gre JrQEFb dhtai 19 cE on ﬁ |As oﬁﬁ itue ﬁ‘é’ré ?e'?ér d lower
“Wher ei neac hatidxy Rjtedrnid mdiad/clﬂ?arytndependently represents a group selected

fromH, abkxkyl am@a mommhyarvl sms%rablv pacnvl erisgbptitutddrpbenyd t 0 4; each of A,

B and C i nde 3‘5 grakly subgtf ‘FF bVaE’RzefaFM o oxy,
b oo el diale He el o Ll
the groups Am mmtm @Jﬁém&ﬁwre&v ﬁsnmbaﬁteenkéatr ghi rbe.fu al

mat eri al was a nengat uhveyeﬂloeF@mmaluchaa bmtfﬁmayo sﬂfaymrtmmamdaiuIsabn(cdy)anaredsonabte
other than t #Rb\@d'tvf Q;rWBW% teiasonpkly bigh grderpagamiteG in YauBRerygtal matedaloadAen-alkvirpraliaxeficl

for whichy ¥ s? ppbianykbased Ratoriyl Biking taagh@prer stV SPRSI IR ¥reistieredinumppans atent

., accor di ng to rti uléﬁrﬁeﬁﬁﬂ‘?ﬁ, bgfmade of dyes of Formula {l) wherein y = O and wherein of the three
45 groups'A, B and C two are —SR groups and the third is H particularly where R is aryl; and dyes of Formula -
{) wherein y = O and of the three groups A, B and C one is —NR,R; and the other two are hydrogen or
one is hydrogen and 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 m |quId crystal material (as
exemplified below). '
50 Other preferred dyes within the class represented by Formula (i) are those in whlch y O and
" A=B=C=—8SR;, A=—SR-and B=C=NR,R;; B=-—SR and A= C——NR1R2, C=—8R and
- A=B=—NRR; A=B=C=—NRR;; A=C=8=H; A= B =SR and C = NR,R,;; A=C=—8R and
" B=NRRy; and A = NR;R,andB=C =SR.
. Dyes of Farmula (I) wherein y = O, B = SR, A = H and C = H are also preferred, subject to the provcso
s5 that they are used only with liquid crystal materials having a negative dielectric anisotropy.

Subject to the same proviso, the liquid crystal material (host material) in which the dye of Formula (1) is
dissolved in the first aspect above is not critical since a dye which shows reasonable solubility in one liquid
crystal material is likely to show reasonable solubility in other liquid-crystal materiais and also a dye which
gives an |mproved order parameter in one liquid crystal material is likely to give an improved order

60 parameter in other liquid crystal materials, as most popular liquid crystal materiais have a similar rod-like
molecular shape; however the order parameter of any dye will vary to a limited extent from host-to-host.

. Suitable host materials include:

a. mixtures having a positive dielectric anisotropy mcorporatmg cyanobiphenyis preferably together

- with a few per cent of a compound having a clearing point (liquid crystal to isotropic liquid transition)
65 above 150°C (eg a cyano-p-terphenyl) such as the material E7, marketed by BDH Chemicals Ltd., of Broom
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the link with the anthyaq

the invention, in a liquid crystal mat eri al having either a positive or {
negative dielectric anisotropy. 25 is well known to those skilled i

‘the liquid crystal.art. that liquid cpy terials may have either a
@ﬁééyﬁéx

positiveé or negative dielectric anis anples of materials, and

guest - host Rdﬁ/Pm Dewett Eriglandigcdnipesitiorhgivanrbglowkspect i vel y a positive and

negatH’g , I*éct"'t"[“é’%n‘i‘%’t?ﬂr@ Oﬂi"'@ d@?@ﬁ"t’béﬁs"é’emb "CW%T‘@E Bt( j-cyanophenyl}  4-
rTR ef

BORRR = it Kol

from1l to Ene:avahe;sheaﬂmﬁuduﬁteeﬁri tdgpthero;n wihu b Féw tpHeaénS oV\Aaemga &ring| podrd
i.s subst i t geregbuad, Iegalameonmmrlmimn nyl@Gpmaynd, mrtm: abmatR@T 80: Pr ef er abI y,

R is nonocycl$: p inca @E‘,ﬁ' Fﬁ" taipipg bigyalq 1334 ot
o b e B O SRS R tg;é ST
branched c alstpon@n egarvecm ;eraa thop§ @B aab iatd; QlRabdlel fegdtive GRAp

opti onal sudrspdubdscstich drd\sedfialie cipimed efrUKERhtdnOMEdlicatibi Bix\2,06 (RS6ANd m)nocycl | c
aryl. 35 &/hey henliquid gryatab mptetial incanpgrating one or mprefcempdyngs ssiectag from the following

substi t yt e§"PHRrHies hers 8 kv . Rierr], Rlerr] or R[err] i s substituted

-phenyl |t s preferably Sub tltuted'by a |lower al | ower Koxy,” halo,
NC2, OH or NRR2 Lgr gim\\ err]Rlerr] ji$ as ed, Aboy -RTM’IICh may
be’ the sanme as or from the af orenenti one roup NR 1err]

The subgtituents aré preferably in the reta or para position relative to
. Ieus Preferred-aal o substitpents are

cht-oro and br.o 0’.) (By—e nyes odv - FRo R @ ‘B Yﬁo'und to
show particul arly g 5 ) d reasonable so\ID lity as\wel| as
reasonably hi gh order pararret ers in liquid crystal; materi eg - -

4-n-al K§I - or - al koxy- o) phenyl based mater | Ope 1,2
attractive than g8 Q esed in Europ¥anR® e cpmi dn No.
2104A. Particul ar be made of - dyes of I whereiny =0

and wherein of the three 45 groups A, B and C two are -SR groups ‘and the
V\Ih \

= 0 and of thevthoee O é‘#}%—%mheagt Re?‘/

tvvo are hydrogen or 2 Ry e and t he othet ! -NR[err]R[err]
groups. A nunber of dyes of these forns have been found to show
excepti®#nal |y high se as well as high orde ra

crystal materival Ra$ d, bel ow). 5@V RO or reg gyet Vththl n
t he cl ass represente d Ia(I) arethoseln hy =0and A= =C
=-SR;, A =-SR and B = C NR[err]R[err] B=-SR andA—C—-NR[err]R[err]
C =- SR 4mand A=B=- NR] § R £ B=C=- NR[ err] = A=B=SR and
C=NR] err ] R er ri] ; RA=4 Rt BB o1 Y R[ eI"P‘] %ﬁgﬁ&ﬁhnd B=C-=

. SR Dyes of For mul a B= SR A: nd C=H are also .

- preferred, subject to the provi so-: 55 that they are_used onl, ith liquid
crystal 4sTaterials h ati-ve-dielectric,a r Qpy, to the
same provi so, Yit h& E?y%‘t%&'l' et eri al - %‘E‘tos'tq g’ﬁf ithe dye
of " Formula (1) is d| | ved in-the first aspect above i s not crltlcal si nce
a dye which shows reg onable solubility in one i crysta terial is’
likely gp show,reaspnall e sqlubiyity in other Ri %Daﬂ@aﬁals and
al so a dye whi'Ch g\ an |rrprovéd order paranete one |i crystal
material is |ikely to give an inproved order 60 paraneter in other l'iquid

crystal materials, agzmgst popular Iiquid _crystal rials SI m | ar
kod-I i kg, ol equl a:(o 0 pp— KeGe¥eY 4.t he or. der*xparF‘a CHa® vary
0.a limted extent - host-to-host. Suitable ho terial ncI ude a.
ni xt ures havi ng a p05| t| ve di el ectric- ani sotropy ¥ ncorporat| ng.
yanobi phenyls pref et with a few pe C rrpound havi ng
cl ear| g poixnt tsry*sr‘@TYsotrom"E‘ IFI‘Q'C |oi'1) 65 above
150[err (eg a cyan -t er phen such as the Pal

mar keted by BDH

em cal s Ltd. of Broom _
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3 .0 049 035 Road, Poole, Dorset, Engl-and; (conposition given below) b.
m xt ures havi ng-a positive diel ectrl C zi!r:]i sot roEg I ncor porating

1- (4 \cyanophenyl) 4- al kyl cycl ohexane % preferably together also
with a‘few per, cent of aJhigh clearjing point corrpoun ch as a

1- (4"-cyanob| phenyl ) 4= clohg onmpoyrd; g @-' ot S iHal y=d i
1132; -5 C. %xt ur;@fﬁg d; Qb di el ect ri | sot ro;’-Z J'
|ncor\ptfr ata ng at | east one cyanobi phenyl and at Ieast one

cyanophenyl pyri m dine,

pystgrably t her al so wih of| 2
G= g.-@mmpheﬁw pYRr I@ﬁ
€.9g. the material ROIN 3024, i xtu i ncorporating“e ers .0

hi gh cl earing pokiit gO

cont ai ni NGy biofYdr Qivésot anyof %%@@coﬁﬁﬂ- ing®BrBRFinGs Wektein b s&eersemsmhiam o8¥iEméte
weakl y posi tisvitiéntd)egaddry:e di el ectric ani sotropy but the magnitde of the

dielectric 10 anisotropy nmay be enhanced by the addition .of a dopant
l'iquid cryst?ﬂherﬁaterl al havi'ng a strongly.pgsitive or strongly negative
- dielectriggani sotropy as appropriate; su @ e_negative dopants are the
 .di cyano conpounds which are specified in\clg m2 of UK Patent Application
No. 2,061, 256A; e. any other liquid crystal materi al i ncor porating one or
Ore Compoundc® &8P ek WhstedAVEIPREXINSIPBi ng known fanilies (where R. al kyl):
[err] 20 20 0 049 035 [err] to or derivatives of any of the these
cont ai ni ng" benzene rings. wherein the benzrl ngs contain one or nore
substituents, eg fluoro; where is a trans4 substituted cycl chexane

ring, 20|sa1 subst tut e ng, Xerr].is al,4
pheneyl grouB*'Z@%'Bs"“ﬁ? lﬂc”ﬁ"’gﬁ% éﬂeen "‘E‘Jrouﬁ é%ﬂ%r&'g 2,6 napht hyl group
40 and Y[éfr] iIs CN, or Rerr], or OQ[err or CO. OX[err] -Y[err] where

Y[err] is CN, or Rerr] or CR'; t he defi on of R[err] belngthe sanme as
that of R Preferably, the dyelliquid cr sol ution contains at |east
. 5% by wei ght of the dye and preferably bet ween about 0.75% and 5% by

WEI ght of % her #§& Hphenp 8°Possibly up to 10% by weight). Sol utions of dye
and liquid crystal mat eri al may be made_in a conventlonal way sinply by

m Xxi ng the
or a 2,6 naphthyl group = . _ '

and Y' is CN, or R', or OR" or CO. 0—X,—Y" where Y' is CN, or R or OR'; the definition of R' being the
same as that of R.
Preferably, the dyerliquid crystal solutlon contains at least 0. 5% by weight of the dye and preferably
45 - betwesen about 0.75% and 5% by weight of the dye or more (possnbly up to 10% by weight).

: Solutions of dye and liquid crystal material may be made in a conventional way simply by mixing the
dye and the liquid crystal material together and then heating the mixture at about 80°C with stirring for
about 10 minutes and then allowing the mixture to cool.

Pleochroic dyes of Formula (l) above may be mixed together wnth other dyes (whlch may or may not

so also be of Formula (l)) to extend their spectral absorption properties (when dissolved in liquid crystal
material). For example, where a dye of Formuia {(l) is a yellow or red dye it may be mixed with a red or
yellow dye respectively and a blue dye. Alternatively, where a dye of Formula (l} is orange it may be mixed
together with a blue dye, optionatly together with a yellow and/or red dye. The relative proportlons of the
dyes mixed together are determined by the desired spectral response as determined by the extenction

s5 coefficients of the constltuent dye compounds. The dye mlxture is then used with Ilqmd crystal material as
above or as follows. -

According to the present mventlon in a second aspect a liquid crystal electro-optlcal display mcludes
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 electrodes and substrates,

so wherein the dielectric material in material according to the first aspect of the invention as defined above.

The liquid crystal dye solution which is the material according to the first aspect of the invention may
be use in any known electro-optical display as defined in the second aspect. Examples, which wiil be

. familiar to those skilled in the liquid crystal art, are the known devices operating by the following effects:

25
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dye and the liquid crystal material together and then heating the m xture :
at about 80[err]Cwith_stirring for about 10 mi nutes and then allow ng t
m xture to cool. Pl eochroi c dyes of Bo0481@35!) above may be mi xed toget ke

wi th other dy 'rW” may not 50 also be of Fornmula (1)) to extend
thei r Spec” th 5@1 "'F ‘% c?y%m(m%lwp%&me‘fféﬂecﬁﬂ ahikditdbyihdslak St dlate in

mat eri al )" whied e x%s o Fn@le&.rl )@ idihe ipAhdToH tRe ddvice issbstaty @InbiOsirrfades (vitdchtye
it mEY be Rarmel pardils ta ofighotier) yae lat Dsmalapgie depte land/e’rdyrgamdlgalvbl ikheliga twist in

Al ternafi vedleptatlom érpre Jmecy eftr@re tpdhmmher %i%?es ot othg, gﬂrt %MM Bﬁomggﬁdobv
t oget her Wf’fq‘f" ot of an 15%( 3? fmﬁ. gﬁﬁ& g‘v t%’?i infdr st esdye
The rel ati L fSof th lecﬂfe?t fd QUith RaiF 10aY akédp

desired s p Seival y prs@a.rum&ema& ﬁEdThrﬁe ges'ﬁ e THohREEdpicCaBxtTs’. Acb@igh inciptiea S
of 't he Wonsdtivityuieorary chywertofrnporimdsccurirhem theiontand off istates Hpg ryirtye of] th mcriemia % d

crystal naerangerhent andihe ot e% etuae ?fﬁﬁm g;é? olariser h[as i

in a seconﬂ"“’a&f E?:f“bé“ﬁt?s F(?' g f‘ gﬁe jgf‘lr#‘fj NE
el ectri cal Sf? nsgn%‘ﬁﬂgﬁﬁﬂyw §Itef ‘;gvﬁﬁg awia of ’ :;:r Efio® m &&ule§or0tﬁﬁtlsﬁﬁécb)}’8y the _
transpar®engue RESHeQARSdYE RadsBethe BIN Sthite SdliHpadt edlatvély tire osstiongly atlew whedasthe ph m -

of di el ect staw apmsasrcleat oro@akinéaimedbet ween the el ectrodes and subsfrates, 60~
wherein the d| electric tmrﬁterr al according to the first aspect

a
of the i nvent égd 8:(1'\1‘ a&;ﬁg} mltfrglw.rfq\ ii}yegalélectﬁyaﬁrs&p&pymh% o%ia@?n' S.
the matesi @Jhrcla ghet r i8 mtﬁSR&ﬁJotr ic fektGre] tB ¥R RUbsh e AN s@acBsSi@hich - . ..
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whi ch ('t he diBOstdNgg calbured. Tite sflatt@bsaned id anbariced bythe plesance affthe fotarisksvi ce

substrate |nner surfaces vvhr ch are norrrally parall el to one another), or

at a Sm% l T lfrfﬁgprmE %@n 63:'% t:iaellr:ﬁr ra]‘ns& ?slan owlstsa'ie rlnulhéh
ori entat o ﬂﬁ‘@e ﬂgﬁ&iﬁ@‘f ?ﬁ" s béfr'afe i rfat QwRiEH &5 paraileD By
at the sur ﬂ@@éftﬁ&wé f )Ssetshﬂéi:'bﬂﬁm'to a@@nrunm @l theBdrhaaBRdous teiabien g single pbiadecis
surfaces phpiacdd ddjacens weamd kybstratl ivith itstranamission sdsgerdlibicerthg en@crats "tnekwdp@s

Appl i cat i on ofpeligetied der rlraqsrwrfrekélbeltwrs@ttM?W? °'é1hé€,°@P%' SubS %Zfé%b 4
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l'i qui d Cry\%’lré%l'es t%‘euo].wfeﬁa Giphédrs Wt:{' j?@'of sttdagiy cOBESY W e@sﬁhb\lﬁ sYate appears
per pendi cuk@burless drMRa)ddiuFealal in thdNistdillHefamasifett AbdvaLThE affsvEaiseiopd is edrextedibe” .

A change i rtheqjpdserza lof (he polariser. vi ty (rot ary povver) of the filmoccurs between:
the on #Ad off states b V] rt tg ar re- arrangenent and the
ﬁ@‘pr

Opt ical eff ecﬁ., IQPE?F ole%s Iegtfnc QnILdtﬁs\?Encpng\fEbﬁ&far
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Wrﬂbl&:u Y Be M rafRmVietlcds/.e
. liquid crygérid teﬁaieerApahcatr&"hﬁ aﬁQIeaﬂi'lb fi€ld bbtaveen the elpa ioaesr @athe caspasivessupsiragd ihedr -
to the dfr eur?acesrto give the@n Isnaqualdsetre gerdemnelobthe I"elsd ertfsti!' ﬁ@*ea!i seteéht’e"eﬂﬁ§t"?" Pe

et _surf fecibns e e ey Eﬁg’ﬁ*’r r"rr:m;y g%'"%‘r : atngg:,:;:rf;',;:::;:t
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pr oj ecti on’ zt.v;,rrﬁ T
t he dye causes e of ate to appear relatively ar or strongly col our -- -
wher eas #he 06 Thé Priage ChppgaEfiectiPesitive Oontragtdibe) col oured. b. The Fr eederr cksz

Effect in* Neglattms/easwe mwrst,es'c liquig m%al catpgalpf ﬂ?qa:%erﬁ'e'% g)t:qpv '%‘ jtga :
mat er i al 'O firéoggf:]ro ic texture pp c;{‘l‘ @sd&;epg ZT\ ro%is t\ h% 2@: &ﬁaﬂet S
ol ecul es. lrr{n‘ér o6 k&L -Blien |or$oftlllar}n Iebﬁrfgmtﬁé)ﬂhrfe dJf 6 sildsBate | rﬁeltshﬁaces ina
SUbSt ratss |h3lﬂ:€l’arﬁH§&r&ﬁ€r€e (h\éfmvi@ﬂad homogeneous texture. Incorporation of pleochroic dye in the liquid

crystal material gives an off state which is relatively. colouriess or weakly coloured-and anon state which i ls_
= ralatively dark or strongly coloured. _ : R

the “focal

.f. The Fréedericksz Effect in Smectrcs
60 In’ this case a smectic A liquid crystal material of positive dielectric anisotropy having a dielectric
relaxation frequency fc less than about 10 kHz (i.e. the material has a negative dielectric anisoptropy above
this frequency) has an off state in which its molecules tie roughly parallel to the substrate inner surfaces
" with the molecules at the two inner surfaces parallel as in the Fréedericksz effect (c). Application of an
electric field with a frequency less than fc to give the on state causes re-orientation of the liquid crystal
65 molecules to lie perpendicular to the substrate inner surfaces, is in the homeotropic texture. The on state is
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are parallel) by virtue of surface treatnents to these inner surfaces prlo
to assenmbly. A si ngl e pol ari ser is placed adjacent to one substrate with -
its thansm ssion. axis perpend| cuI ar toQ MQnoasaI to the inner surfaces

Appl i cation of. s%n el ectrl d be vveen e el ectrobdeeashlon ﬁ at' ﬁ'g
obetate | gl sl f‘wa SR e
l'i quid Cr\ySt a(f; hJ ol S‘strﬁ 'Uﬂ‘%iate is parallel.
surfacgs (i . ancdrﬁbrétibﬁ!o éaageiaelwﬁ tﬁdﬁi@ldrcﬁl)stal rhétersl @iossahlo&mam‘wrp&re@eﬁmnoemdaiye
inthe Ii qfu dstm stqidurmadnéran ah stete which és ddaner vdaldy cfiduresk at e a pear s
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case a nerfét i ¢ thei noptéridi 4. ysb aikerlied. ele/Na) bearh, 1 prdtice d docalised ehaibge it tha moteodi#ragyure of
has an of f stthe eammvwemwmmcmmra%@ew@ thedj #rP'y fﬁsm"anlﬂeq d'%ﬂhd"ﬂwemeﬂ those
pl ane of the o r?asaqlqgtl\fe Fte n w:%lm ﬁew jmetggds%/r thel ara?on have
treatment of ISJQ E r?%u .85 us, 5 re Ara umones have
texture). 1A Spdafuésc c’HUﬁ@H Kirfgdévh sagﬁs IALNG, 9108568, ﬁéril,aduehWe Badd ihdolve -~ - -
t ransni ssi on @udtisg paraathtaglingre dohaomdbmw Hdplaceablecubsituehade she Al posiibmion with a =+
an el ectric fthiopkpnplde Weensqnmeofelbe@tan@)awa%reeqﬂen We@mtﬂefwe@t}b@ﬂ*m‘@mﬁ?ﬁﬂw

surfaces to gPRAT E’" MR T bl ﬁéngf ds e drndh h)dh dbect -
Crystal  mobecde e o L Aoy g el g dinch drrornle W buabeof
i.e. the horret%wamrﬁa tn6tdslsBeh dsRécBysfatisalioh a&memuapieea 9dnd cdye.auograbme IC]UI
crystal nmteri alExawsesrobthe pteparatianhaed priopertigsaf dyezppeaunds haging Forms|ayl) wilmewde given:

strongly col oured ‘whereas the on state appe ars coI ourless or weakly

I d t ffect ob d
coonced B | Rebdgh R AR £ Ll P Pt e 1 s o

(Negati ve Cona.ﬁaamlfoTryaﬁhe (ava ;iahs)stmeﬂ&aomasbaisma Péthsiulm oftbombtE(6Y Sdral. THEBLgDehsidn
of positive disdlesed pt t25“&nfps©thp yeoalad td (m tﬁmbﬂvudeeand h'ednl ©aled g §°§H°r 1 hour. The

typically Sg, [%’P‘?‘F e i) rsﬁwfb isat Wi"ht:e fﬁ'xwﬁl éﬁba d t E%Hyde
helices, i %ﬂ)’(lde% Aﬂfeéki Et ?8[’*1 ﬁgur c?p%k ||t1|] and
between the elgibd onrseamaqryuma sﬁdnaﬁ.&mra IMEe% 166D partd, fa:md By water
give the on S&M;&n@)&u&aﬁmg glacrslaagem“ﬁf(zstphm) hmdxmau#mqﬁahsmhsdmbﬁmer{cﬂm is -
lie perpendi céfedrt 105C giling H49artsiefd. S-higtrhenyithiof m@squmon@ mp (melting peiest 25675+ L
texture ad®for ASEFITRIES e ceTPRYRde 'I'?é""l‘—"?Eaélferl?e%'?"'éﬁf'l?é?'?w"'ﬁr?@ﬂﬁ’ﬁé‘?'%'iaon
of pleochroic dye inthe liquid crystal material. gives an off state which.
appears relatively dark or .strongly cdlsour® hd an on state which appears
col ourl ess or weakly-col oured. 50% S éloChange Effect (Positive
Contrast Type) In-this case a choles ‘crystal mat Eomala Of1)
negative dielectric ani sotropy an'gl . . elical pitch has an off
state in which its molecules |ie perpe %he substrate inner
surfaces, i.e. in-the honeotropic textlf‘re App“i cation of an electric field-
bet ween eVéctrodes ‘on- the respectlve substrate- |nner surfaces causes
re-orientatio a?ﬁ“?’?ﬂ? g ?{ f‘%‘“i’trﬁ’e’i"ﬂ%ﬁ PBf‘ wth@‘e§aw§erraé&@avtnhefﬂhe
-, tri, or tetra-chlo vg@ng

ro anthr

m -,
surfaces in a ?K%ﬁ{h“ BoUndLiRHs e s ndj) "gﬁﬁﬁgﬁ e LRI 2 in
-incorporati Ol'tum:f crﬁﬂtdﬁ&ﬁﬁﬁﬁlk Goed Yot ’oﬂnf: thé]bl’b nﬁlhye‘ilﬁ Sdrhpdundsd! aYERcl@dkd for
of f st at e sahi edmpastivehuaasesainiy).col our | ess or weakly coI our ed and an on state ¢

which is relatively dark or 'strongly coloured. f. The Freedericksz Effect

I n Snmectics 60 In this, case a smectic Aliquid crystal material of:
p03|t|ve di el ect.r'i ¢ ani_sof ropy havnng a dlelectrlc rel axation frequency fc -
| ess -t hansabout 10 kHz (i.e. the material has a negative dielectric . -

ani soptropy-above-this frequency) has an off state in which its nol ecul es
lie roughly paraltlel-to the substrate inner surfaces with the nol ecul es at
the two inner surfaces parallel as in the Freedericksz effect (c).
Applicatiga of- an electric field with a frequency less than fc to give the
on state causes re-orientation of the l'iquid crystal 65 nolecules to lie
per pendi.cul ar ‘to the substrate inner surfaces is in the honeotropic
texture. The on state is -
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state 'may be achieved by- the application of a high frequency electric
field, ‘i.e. with afrequency> fc. A 6 49088l ariser is used, as with the
Freederr cksz. effect (c) above, when the nol ecular alignnment at the two
substrate_inner surfaces in the off state is parallel. Incorporation of
pl eochr\grc .dye in the liquid crystal material gives an off state whrch IS
relatively dark o strongly col oured and an on state which ise ncEeag '
weakly col oured.» fﬁ he gaterial defined ip t:he {irst asigeck o

i nvention abovei ﬂbt imted to el ectro-optical®displ ays (§ Eeffne |n
the second aspect The material may, in fact, be used in any kr]o
application of a dyed liquid crystal material. An exanple of such a 'non
el ectro-optical' ppplication_is_a ther mal | y _addressefl display in which a

symbol or chara®tr ?srprc?vr FedTi nFa SmettiT of cholPsteri® mat&id By
sel ective heating| 10 of the materi al e g. by a Iaser ée g. He/ Ne) beam

to produce a | ocali g t he ubar.textug terl aI The
on rastq{; %we%n Fhe j’Ff erent ?i‘egr onsr ofithe |sp ay, _

-dye”enhances th&
~i.’e. between thosg which are sel ectrvely heat ed and those which are not
heat ed. Anthraquipone dyes falling within the scope of Fornul a §) 5 and
met hods for their| preparation, have been_described in the prigr @r z ",‘:hus
et hods forthe @ epdsath oF off afphZ- pRen¥l tRi cantBr duizo s"|ha J been
~flescribed in Uni'ted Kingdom Patent Specification No. 1105568. er|a|
such. met hods i hvo] ve reacting an anthraqui none conmpound- have regl a eabI e
ubstituents in the al pha positioning with a thiophenol in the presence of
base and a suitpbl e reaction nedium Beta-phenylthioanthr aq,r_ar @)ngs may be
repared in an | oy muneer x Far ﬁ:hezpur:poxes:of the @Eednii Svention,
he ant hr aqui none| céhpdinds & FPorflul 8 (?) Shodl #be of 2 e'ttferrﬁ y hi gh
urity as wg!| bejobvious to those skill'ed in the art. Purlfl at||o may be
_,bffect ed usithg copventional nethods such as recrystallisation fromsuitable
- -pol.vent s an%chro tography Exanpl es of the preparation and properties of
- dye- conpaun hav) ng FQf‘rruIa (1) will now be given: Exanple 1725
- Prépar at |‘_‘bn.".'bf (%9 cund_,Na: ¥ £ 5=bi s(pkenyl thi oFarthraque nanex T =
1, 5- Di chlﬁ)ro.ant hr pqui n(Yhe (100 parts) is added at roomterrperature W th
-strrrr ng to'§a m xf ure of di met hyl f or mam de (474 parts), thiophenol (135
parts) and @tassj um carbonate (63 pa_r;ts) The suspension is heated at
A25[err]C fd 3 hpurs, cooled tg rgonsteﬁperature and then cooled to "
5[ err].C for ©L houy. The precr:prgat |8 fgltered of f and washed with a 50/50
m xture of 95% ethanol and 8%;sedrgm%y o>§de 30 solution (2 x 250 _
parts). The filtefr cakg-rg-t nasl urr 3 2 further, 500 parts of the
et hanol / sodi um gy|dr exi @ sn. ;mituﬁe SAEerg st rigg ng: ate rgome
terrperature for 1 hour?® Z gee |p$t e@s £ilterkd of f and washed again
Wi th et hanol /sodijum hydroxi olqtrgnm%fure (5 x 100 parts), followed
_ by wat er (250 parfts) contai ni”ngfgl%cr:ﬂl Qcetic acetic aci-d (25 parts) and
finally water (3 |x 250 parts) figtef-cake is dried at 70[err] C giving
1140. 4 parts of 1,i{5-bi s(phenylthrlo) ant hr aqui none, np (msltr ng point) 256C.
35 As Exarrpl es 2-24 the conpounds listed in Tabl e 1l-bel ow having t he
foll owi-ng general{ fornmul a: [err] 45 many each be made by 'simJ aE}‘ rréth&.d to

6 07049 035 preserved when the field is removed. Cearing of the on @)
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appro.pri ate nmono-, di-, tri, or tetra-chloro anthraqui none and the
"~ appropriate nercaptan (although it is p i@ésd @gt t hat conmpounds nos 3 to
p fp

7

- 14, and 20 are not, dyes of Formula (I) herein and their use in
liquid-‘crystal. materials does not formpart -of the present invention; these
conmpounds are included for 50  conparative purposes only). 55 60 65 7 0

- 049 035, [&rr] 0 049 035 [err] ‘0 049 035 Exanple 25 100 g of the
sodi Unr’salt of 1-nitro- ant hr aqui none- 5- sul phonic acid is boiled in 500 g
water to give a partial solution and cooled to roon1tenperature 150 g of

concenfrated sul phuric acid is added dropwi se over

m xture heated to reflux tenperature. &3
chl orat e/ sodium 5 chloride sol ution c&n
33.6 g sodiumchloride is added over a
refluxed for a further 3 hours. At the
filtered hot, washed with 800 g of - hot_
product is 1-nitro?5-ch|oroanthraquinGh
~solution of 39.1 g phenyl nercaptan in
16 g potassium 10 carbonate is preparg
hours and cooled to 40[err]C. Ethanol“i
1-nitro-5-chl oroant hraqui none are added
40[err]C and al lowed to cool to roomte
is filtered wahed with 46% aqueous et ha
aqueous ethanol (250 m) stirred for
100 M of 40% aqueous et hanol and fi nal
then reslurried in 250 mM water, stirre
15 with 250 ml water and 50 .mM 20% aqug{
The product is 1-phenylthio-5-chlgro- a
94.2% (+ mnor anounts of dltthﬁhenyL
anthraqui none). A nixture of 1. &3g 1-phedn

g n-butylamne and 0.39 g potas$§ lgm cartd’ﬁ
Vi ch a tic runou

'stirred at 120[err]C for 3 hours &fter \

reaction. A further 0.4 g n-buty &nine
added and reaction at 120[err] Cy 2
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gg of g @xgd
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and stirred for

ai ni ngZSO 8 09 s

52 m di net hyl fo

Tper at-ur e (a/er. 4

10 m-nutes and the

sodi um

bdi um chl orat e and
s and the m xture
pod the m xture i s
at 80[err] C. The
Ly by HPLC 92% . A
F nam de cont ai ni ng
100[ efr]C for 2

g of ithe

16 hours at

B houfs. The product

1oI ge ﬁre slurried in 40%
%’ red and washed with
yW| [elvlrr]lll re of water. It is
|l for 30 m'nutesj filtered, washed
pous et hangl and|dried at 80[err]C.
1§1raqw nog (343 9 g purity by HPLC
X | & o AQ AQ = S
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phenyl, Et = ethyl, Me = methyl, Bu = n-butyl. ¢
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continued for a further 8 hours. The mxture is cooled to roomtenperatur
20 m -ethanol added it is filtered and then washed with 36 nl 2N _
NaCH et hanol . The product is reslurri m of the NaCH et hanol,
stirred for 30.minutes, filtered, was vvit 26:m NaOH et hanol ; fol | oved
by 50 nl water and 36 nl of 50% aqueousxaetpteazsol and dried at 50[err]C. This
product ,i s r et g thelspdien shir ofm-rzﬂﬁanﬁraqyrinoee $reuirtionic 2éld lsrhedhﬂee@mmwg@ tprigive a
af ter Itrpa‘F'F' H'“"%a%‘ﬁ 'wt I‘P ‘ESP‘“%? bf°er°F 'éu'c rats % Eacidrn added égg%

lori
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butyl am go- 5r %h”P'd?‘B‘aﬂft :Fﬁ' ﬁé‘zgr 3 %E %’g@g@" aﬂs RgFFés'“"‘
areg ml 6.2 g of the
reaction, m‘l W JTI }I 1?6‘1')1% rs GP Eﬂcool tg room
t enper at ur @ampd nra pdoau d With 4854 43Udus etﬂ;arﬁbt (D litkey Siavikdia 48%
tert-butyl ;amyoyd dtireinoic 2RO Eftrediion 20 musmbafnlmﬂeceand jashret medomuqngn% Memtetttadol
descri bed iapd finglly W'étsit"tfsva‘gﬂsafo‘f s E)GamlUE'GQB‘ 25?!1@ % ptigred for 39 minytes. fitered, WSSE%

e oo R e e e

aS|I|caC(A|Z-1 e as e

col l'ected.. AfAenxta*éa;ponatgl1%eﬁ¢m.omhumanhbﬂnmpdugh wsllaﬁﬁerahatwdslgl ;saeaslsmmom
‘et hanol- “andartionatedn teomigiimethiogmaplidk idtirgd &.120°0 for Qﬂo@ﬁqemhutwa tig yuniefAliiticared Gsﬂbp
168- 9[ erf] e:eactMeA Iurﬂreb‘m Paﬁﬁvhsura anth 037 o apte edaﬁdveacr'%n x 12°°C

. fara fp co
-prepar ed b ﬁfﬂdﬂh %éﬁ}:ﬁ 355:-.1 Za;%lfthaﬂgq oy ﬁéﬂ“@"‘iﬁﬁ& %ﬁ%

Ur ea, 106" ingid AL fof 4 lora RHSAAG 4TI 28 i @n/e{h 3 Uil o480 HPwkeer a0
After thi ssae« bOsd%baqhiedis a0l ABEl A AT 60°0. ThiE! gRERit 18 FelrySlsud fRACI2006H1lob StharI,
conti nued fresiuced t6 @9 mhafter fliativouwashedTWith etiemalt and dried at BOPEEThie Prasiget dshmignyithto-Semd
the filtratuylemicantiaguinorh %% M 1#Esi4tle i s washed with butanol, filtered
hot and the filtrate retained. The conp jq,& Ji Itrates are cooled to
Oferr]C filtgnRGuabi el @omgusaynghe@[ RbrbdptandIsh § HiRassiGinl clrbBhRdsHal 10WASINGRhyl |
W t h butsan@rmadide ede sttfediat ROTtforQ0) er&a:]cﬁobabctoyd:@’- @mpératbregToahisl aj dddeld 2. 10y ot 1-C
is 82.8% zl:gtylammo5chloroanthraqumone prepared as descnbed below and tiecaacid rem@tpreﬂteﬂqxxd for &

of 2.97 g H‘é’ﬁ ro '“E?PP ra ﬂ chit-n-butylamino-5-
IR L e v
t enper atssir enrod ashb§coﬁfrrﬁ1u% %L ehﬁn n'drt‘tlu théin fb, d ioﬁ 18£t64. After evaporating the

ani | irnoant Immaqeltm«pmauarsdedmealmagrometﬁaﬂel[aed dfed tegivd 4 yialaf 2f5@rof 81.9% puirBy byPLChe

end of theart@me* 18nSeriod the mixture is cooI ed to roomtenperature

dl luted w t zgqgtﬁ-b% mcf:eh{ ’rﬂtnﬁoﬁ% a%no ﬁe'atretylaml e under r ttlux 1I'Zo?1r1s-
f ilter %t IAft hi e%’ﬁnﬁﬁ&ﬂ nol eHE SlH’g f r1990urs

i NVol ves r ahé tebdtigh ﬂﬁ)«dr@ns5&%rﬁﬂ HEQHS tHRIAARS Iretaindd e solﬁi He§|ﬂdengw5§h5d with butanol,
m nut es, f ifiltéreciidt omi thevéilshatie mga:_seﬂcd@@mbebcyfnmteiar&&o!ﬂd SO fikgee bl 2atohanod’c
30 M wat esnd thgplid progyct weshegwith %[deold‘?‘fw wgina@w@@[twfe]@s?s)a@iwewav PPLEigB2o-
2.35 ¢g. ,Jhe second stage of purifi catl M\ I ves dissolution in 100 m

chl or of 6r m pﬂameoftm%tmnwmadptaﬁaq sﬁg’f S4EHs1 S bAMBorialdl Rl 96 AT ATy iRkHE ke S8

yrs

col [ .ect i ng stirked abi20% fdram awa:paécaﬁ: rdih todrpérit@reSTRltNMiearh addde 2.6n§ Bhitro-4a, 581008
with 30 nl ambr!daam@humqmleum! 0g A1126°S: coRued foph hek@ds. AQ thecand of tha meagtidnegeriod the

filtrat .59 4."28 ‘E: ?ggg urgﬁfra'af i emnaa baths F” Eff?d‘*dd’f‘?/ rogict t’gf’qﬁ t':e
The yi el'd Rﬁ“ 0 | }& tralsss\gs ;}e}n@ﬁé aéc;h geth
2. hed&8ond sifge of purifi catlon

3 gwt anpwat 99%0 G&S g
1-nitro-4, 5’wdllv€sf'dls§dﬂmfoﬂ-ua1m0 it meﬂ'ﬂfoh!ﬁ aapsa@mneugusenicmlustnaashg thiorofainess ehlent hd

pr epar ed b%olggtiqgmerbg.uegaqﬂ, magqrethgfof tj}@)sq{;gp decantation washing with 30 mi methanol, slurrying in
1,4,5-tffc Tolsam e it h 20 ml of RRUGIeYR etherrang %C ang
7.83 g ani IPEQ;b %FLC? E %“H““@L ﬂ?phi'yﬁ '°a;m]r@umﬁe & 28;(; e ¢1n| S °?§é)%?§ég’ Bd a
cool i Ng t O T OTHE 1-@MPES-aichi6r,8-ahilihdahthtdqGiRone 8 ad) GaMing khalRalt pRbABMGY stirring a
reslurryin wnehfmm A§itiivhived-8-gimeknfhirdquinatd, FHwyi ‘iCiebaselve”SThdedMark)tahd 583 grinilidbl -

HCl fil tf at ?fdﬁ*m ‘Eﬂ“F‘r‘%@' Mﬂ%’i‘” %@mm yu nfqt Elp sehieg with 50 mi
80[err]C f,ég:f; T an '°" ES’E %‘b Iz CI::' ‘ﬁg{,‘l's"ag
tion from Ql 9619 cﬁ’lbm‘orrg l;w Ha\M Bfo

dryi ng at 8®[gethb]pﬁ}|ty'ﬂveiPy¢ ebd%laad&e%;gzm-lmmurl ty, by HPL 90 SA) and the
mp. 21@5217[err]C.
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65 10- 0 049 035 Exanpl e 28 The procedure of Exanple 27 is repeated - QD/'
except that in pl ace of the 2.97 'g.of phenylnmercaptan there is used 4.49

of 4-tert-butyl mercaptan. After i sol atQ @4 @8FPurification in the same
manner:the yield of 1-

ani lino-4,5, 8- itd f&ealrEbiexiliydAle ltetdm(é mﬁl’ 5 b 7! g% f ghefyimBreatitantitere i
purity by H%ﬁa&ébm:nen- % Eééérrlgoﬁt}: p?;‘gcaagn Atm%r&aﬁ rtgé @6id 9f of
4- terMutqunﬁemyBaﬂm aapbmheayltﬁi&)agthmuuam isne. 65:gardbcm&%e panitel YOHPIC and m.p.
di met hyl f &r ¥86-28°G s stirred at 120[err]C for 1 hour and cooled to room.

tenperature. To the mxture is added 10g } 1,4,5-trichl oant hraqui none

and reaction canhxiEds '8@6 g Dr AQai- Euvﬂﬁhehﬁﬁ an%apta%f ts% gCpudskild aPodn@@MBnd 10 mi
t enper at ur e dfiéthyliotnimidyTs Mirled atA@o°Otor @ hbwiand cdola@ tor66rfl thiripeiaturd. S@tha ridura Rddded
puri fied '8s Ih@gcr4,Heichioanthireqainphecan@edctiorycontinuzd Forgl 8d'fours at reﬂux After cooling to room

1,4,5-tri (4 temwatueamﬂ"ugweﬁ an 'ﬁ'emee?ﬁ
purity by HPPEVEE! 9,14 Zb?ﬂé‘ @%" %hm)'aﬂ ‘B?t“ﬂ?ee'"Bf af P '%b‘n@(m
- phenyl t hi o- 5- chl or oant hraqU| none, as PERRMIEsh I N Exanpl e 25, 2.5 ¢

anhydr ousssodi KmmiRGRlonB.e g 1Qhddyitho-6dibiosntRraqliming,; as(arda&egumprpﬁa 2pczmyaahh¢mdas_ -
25-g ani 'l i nesodinm ap&sétb.tﬁbdéd cagrich terO @cmmer tquqomds"Saﬁdl"@w# aﬁu attﬁQ‘PﬁfO"G

t enper ature. “°‘|"Hé %WEE eI dze'ossm"g%r' wogﬁ ?fi o
li |on reslurrl 2 erand I
and a furth Ite @sol Tﬁ%n%é {e}eﬁal %%e filtrate "~ -
filtratiea, &Ep%ﬁ rlefsl ®h rWalﬁ @endHi gol ddl ih %b‘% olu hISQ dnd (mtrﬁlﬁ‘ﬁaskeil' LS
di ssol'ved i nhiblgh d&l.c@é&lmmfsmgmluehe bd ebre@Chnt ainirgr baad B ichliectad pidisepazatal ftovesolvent ...
filtrate 20 bveewqymﬂa-u dile purifigati @99 sﬂ‘meolm'y !srrmeeﬁe# aing toluepoplony afsselvvrédnﬁl ghe. o
50% t ol uene/; g’l _aBnTC’H\" rn_;b anQ one and aésr- he l\i/al laoearnt I: uY‘tﬁ ré ns;:tlrr:ag' ?sf =
tol uene as gy ée%amr‘?af 4058 Cnib kit othah r%Pfcﬁf i R R e
by evapor at |t€¥ﬂper , Ptbrddf iwasHeld OkithO Bth#ho$ lahd Gifled Gt B@U. THe V|aﬂaﬂtﬁdnlid845~rﬂ:genylthlo-
t ol uene al omtmumdwemngamd M.h@1¢-eeCt ant product is m xed with ethanol,

filtered and dried at roomtenperature E%I el d 2 3 g consisting of 71.4%

1-ani I'i ngz 5- ph anu'xtt heI c}% ‘{?g}}\“roc?\ z‘%”go ml %Q;I ine is gfirred and cooled. to -3 d 14
1, 5- bi s- pheny, ﬂ}ha% tes %ﬁ@f it ﬁelzg fﬁﬁﬁﬁ\du\% W&(ﬁn ﬁm
50: 50 chli or abmpdntere @ wmmwgwam mdefnmmto fas femaperratreabrea;mie mteedrmmd
t enper at ur e, wifhi dvtndamae\ehtenméredd faplurnedaniddnited withd dillrte endlitiqe of 5. dfter] refiitrafiqe thg iselidd
of 1-ani | nds ya Iue m}b mﬂhauol and piagied Mesgevithamathanoly Thg gl Yielp aftey te seppialisafiens

Exanpl e o ) . -
is stirr ed %qrsgﬁw.l Jcpss gmﬁ&ﬁﬁi ‘54{?\%}“ é‘i{ hbt@%ﬁ@%o%héqggﬁﬁﬁﬁé&@éié

m nut-es.. Theofmperehis@A arsilsd tol@nn Ssidgarhéhambl as3elt anH Gahdars dad Taullested VRLO®OD Mass -
room t errper cpesteal anfilysigt shaw\thesh (@ B8 egsepveiily r1.Ssdinydepxy éﬁredhloah@vlm"ﬂ@ﬂth@eumone

el v od g; s wprde %’gﬁ R a0 e SR P s i e
she

. . ol
solid is wa d,ﬁm(ul,vgm gfof AadmBmtabstdtRd (dii ce wi th met hanol . The fi nal
o yield after tweol=eluptitydweigtath messaredat 200¢om t-ol uene is 12.5 g. 4 g of this

product & red8ceefdeippigmatepime aSMéI!IW%I h| de, 9H20 and 1. 25 g sul phur in

efol ngdiq al ar S
water at 90[ERIRCRAN, ”Qﬁé”?i L’&, 5 @i atedhl & fuat, b Ess.tﬁ;@%.evx@é. PSfhedtidbl)
hot water. T':.Jabﬁleﬁ) bp%ﬁ Chemicals I O PesiY, HordeR 'ER @bhsidtsSdf lal dikture of
col um usi ng:yamRbipRégls adda eJaH@B-ter,ﬁia |bands 4 and 7-col.lected. HPLC and Mass -
Spectr al senal y$# i iMHost,) ehich hasechmné;ealwsgghblp mateytal £43 (having a positive dielectric anisotropy)
2 di polied by BD this i ml fmblphenyls a cyano-p—terphenyl and a
"-1"8: di-hydr Oqa%bghgglclgclohegan géﬂ\po%n Hoaha f ?
: iii Host C, which is the commercially available material ZLI 1132 supplied by E. Merck Co., Postfach
4119, 6100 Darmstadt 1, German Federal Republic; this consists of a mixture having a positive dielectric
55 anisotropy- of 1-{4’- cyanophenyl)-4 n- alkylcyclohexane (PCH) compounds and a cyanobiphenyl-
cvclohexane compound
iv Host D, which is the commerc:ally available material ZLI 1565 supplied by E. Merck Co.; this has a
posmve dielectric anisotropy and comprises mainly a mixture of PCH compounds; ’
v Host E, which is the commercially available material ZLI 1624 supplied by E. Merck Co.; thls has a
80 positive dielectric anisotropy and comprises mainiy a mixture of PCH compounds;
vi Host F, which has a composition: .

&5
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40 (Conpound 31) and 1, 8-di hydroxy- 2-t hi ophenyl - 4, 5- di ani noant hr aqui none
(jCo'rrpound 12) . Exanpl es_of properties of .Conpound Nos. 1 to 27 will now bg

iven. In relation.to the propertiesg I% g 935°W ng synbols are used: X max
wavel engt hs) .of maxi num absorption (n sol = solubility (weight %

asured at 20[err] C é = orde rameter (nmeasured at 20[err]C)
gﬁd the follow ng 1i gl ier FBSt @domed t 8% by Weight A which is
t he co ercially avail abl e rial E7 ving a positive dielectric
ani sotropy) supplied by BDH m cal s \, Broom Road, Pool e, Dorset,
Engl and: this consi strsCypfyyr -+1£@0 0BE fhemy| s 5@ndy aveignt
¢yano- p-terphenyl. 50 i st B, is the coomercially available

material E43 mhaiishvedk Biefkthié dfsotlbs 1RE nay be BH &3k
"them calm latndotroptw;v TheamRsrIS stiall af?mmgtetg QW by wg}%&%‘; 2@5%&5&1%‘“%*%

cyano p-terphenyl and a cyanobl phenyl cycl ohexane conmpound. i1i Host C
which is the comercial | y avali I able material ZLI 1132 supplied by E. Merck

- Co., Postfach 4119, 6100 Dar .' 1, 85? § R%DHbl ic, this
¢onsi st ggof a m xture haoj 1
" 1- (4" -cyanophenyl ) -4-n-al yI c ohexan CH) cofp

ﬁsotropy of _
ounds and a“- - :

cyanobi phenyl - cycl ohexane corrpound CN HOsSGN D, -whi ch is the commercially

avai |l abl e rra eri al ZLI 1 65 sup |ed b E Merck Co.; this has a positive

| ectr “ﬁ ok el
detectae o ‘%9&9{%@ ,,q:‘n@ athh Mo tdg;tysﬁx%q.fggzﬁtgggpeg opnts

' E Mt ck - Co. ; AR E’I:ldalohﬂ%ro'ﬁel@ﬂof GoMPbUnd\ND. dlsekﬁmaws c ani sotropy and: corrprl ses
mai nly-a m xture of PCH conpounds; vi Host F, which has a conposition: 65
(D 049 03p [err] SiAHestifas®® weak dielectric anisotropy but may be for med
|l nto a nateri glgdiayl o) E'Q%H ¥, dcﬂlegg,gtagm ok} anisotropy by the addition
c,)f a smal | am)uriltt ep.%i’e Tg/o b of r?egatl ve' - dopant, e.g. 15
ﬁerr] wi t hout msgnwbnm&nbb:y af fecting its other properties. 20 Properties
of Conpounds No$ IQHWCEHO which are the-products of Exanple Nos 1 to 31
tespecti®ely as Sdr'ge gs bove) have been found as listed in Table 11." An
addi t:ional - propésr y ound No. 1is as follows: Sin Host E =.0.82 25
Additi-onal preHaehblosnilf ofGOMBEuNiodDto 22 hakibBerfieabtbd QMY () Strk-Rolb0sdiattr 0. Lmw3
Sin Host Em=2 & B°C3Q@nd (i) ultra viSlet plubloBibleDadiatidn FroBr & IXehioSArc H1.5kv@ .at7 80°C). All of the
. Compounds showed good photostability at least comparable with the photostability of the anthraquinone
dyes disclosed in the above mentioned European 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 hours for (ii) compared to 600 hours for (i} and 80 hours for (i) for the compound 1-{4'-n-
i _nonoxyanilino)-4-hydroxyanthraquinone disclosed in the above mentioned European Specification.
40 A suitable dark grey mixture made from dyes including Compounds of Fgrmula'(‘l)- is as follo'Wg:

.

Dye Mixture No. 1
' Compound No. 1 {yellow) 2.0 parts by weight
~ Compound No. 2 {red) 1.0 parts by weight
45 Dye A (blue) 0.8 parts by weight -

(CHigCHH,
. %0

56

60

65
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a O\
The phot ostability of Corrpound Nos 1 to 27 has been neasured using (I) @
ultrasviolet radiation (0.2 nw cn[err]oamgobﬁgr] C and (i) ultra viol et

pl us - V\SI bl e radiation froma Xenon ArcC wat 40[err]C). Al of the 35
Corrpoun‘ds showed good photostabil ity at IraBigtt conparable with the

phot ostabil ity of the anthraqui nRrerertiby o5DweiCopiPaunds t+-#7 t he. above nenti oned
Eur opean SpeC|f|cat| n. For . exa he e ke nce of
Corpodrd No 2 to fal FPPRPUEDYL ot gp'llgdsf)%l ai. %a osE?uer’év‘\’/aig q%ﬁt@?&qﬁ A 10000
hours for (i) and about 5000 hours for (||) conpared to 600 hours for ()

and 80 hours for (ii) fort the conpound 1-(408m- - 1 447, 445
nonoxyani | i no) - 4- hydr oxyant hr aqui none di scl gsed in the abovesﬁgeggl# oned
Eur opean Specificati on. A suitable ddPk grey ni Xture rom dyes

includi ng Compounds of Foymula (l)}gs as follows: Dye M xt urses,Ness 1
Compound No. 1 (yellow) 2.0 parts by weight Conmpound No. 2 (red) 1.0 parts
by wei ght 45 Dye A (bltue) 0.8088rts by wei ght HO 0 58%H6R®rr] 55 60
65 12 0 049 035 TABLE II Proper%es of Dye Conmpounds 1- 2754§:orégé)und No.
SinHst A . Sin Host®B Sol® nHost Arrax(nrr) 1

0. 80 ' -1 447, 445 Qg7 : _ . ad} 582 ° _
1 524, 554 3 0.55 ' ' ' 595, 638
4 0.56 . . 7 o0s8 589, 620 B4, 82 (.70
542, 580 6 . 0.57, - . ... | DAL 58D 7
o.s8 . ~s& 0 os 544, 582 8. %.%155@
542, 580 9 - . 0.6y 0,61 542, 5860 10
0.52 ' 530 580 11 ' 0.61
520, 558 12 0. 81 0.52 S -805,%8%45 13
0.60 o* 445 14 0.51
515 15 0.60 M o8t 520 T8 *®
0.71 0.78 12 061 600, 650 17 605, '645
0.75 " 524, 554
. 13 0.60 ' E 9* 445
S S X R | 515
15 0.60 ' . 520 -
16 0.71 078 . 600, 650
7o | - 0.75 524, 554
18 075 524, 554
19 0.73 447, 455
20 . 078 - ' 447, 455
2 o >4.0 500, 518
22 o - o’ . 18 565, 605
23 . 078 1.0 500, 520
24 - . a o 15 520
B . o;z >40 520
26 - os8 ' >4.0 520
7 02 15 585, 612
28 ' 0.70 685, 615
29 . 073. . >40 500, 525
30 ' o 0.70 . 35 485, 520
31N o ' 0.73
*in Host A ' '
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18 . . 0.75 - 524, 554 19 - <«
0.73 . - 447, 455 20, - 0.78 53
447, 455 21 - - ‘0749 038 4.0 500, 518 22

0. 78 Jes of li S%Scry ?log) 23 bodying th d aspect of th t /8
quid crystal devices embodying the second aspect of the present imvention
1.0 ., ; descaigm:?wn ying P present imve wilh powbe

, f ref he accompanying drawings in which: )
0.72 ~’ re 1isan :@ng iew of a Fréedericksz effect display device Qm@cﬁlymg the present m%erQlcn,
520 27 thure 2 is a sectional view 6F te’device shown in Figure 9; and 985, 012 28

0.70 5 ' Figure 3 is a frofiSfew o & vaB having a liquid crystal dlsplay constructed @s Eh'éwn in Figures 1

236031 5wd2535hzo§m?noﬁgure1ahqmdcgstelgn (ja %BangéeAer k effect oﬁwgn )Ey&%rﬁﬂ 485
i quid cryfSE V‘i@?ﬂi&%’“&‘ﬁbﬁ&ﬂ.iﬁm éﬂ%&c”ﬁ" a évﬁn OZTELfare

vent i onraM driangd\bin B ikHRFfRtds BEEe Xikibd Y, 5. tﬂma@auﬁam.u is%@emwuagtedbmagﬁ
h which: Figiee® 1 is an exploded view of a Freedericksz effect display

bvi ce enbod | R thessm@@eme celh§ ehetsiides 4. ﬁé@? bearipg thy e q‘!)hé? af@l"%ﬂﬂ?"o‘?“ theie
t

R h u eor mag :u cfafn ream
pui ce showtl t%ﬁfa "éil\gms.m.,%ff o hesﬁme xgi’p:ffi"dSé@? cgmu

hown in Fi guiﬁvo]sluﬁshlsfwdaﬂbl ﬁi’dﬁ&ﬁrﬁithedl\t‘ﬁims&;h ceitmbi’kﬁ:pir_d'dﬁﬁd&Eﬂvﬁkl&iold&ﬁlﬁﬁithe coated . . -
DOSi ti ve newdsdeslie iny eglerdcécmd:ebalalldl toqm ej/aw aﬁre@eh)lansatm glpsf utaﬁbto 3B .

ass sli des‘VQlca"Ba%h B ithiba dl ef‘ chﬁ@P'e'F?'eﬂ pargligh .
asi cal |y, tﬁﬁﬂ"&f L e aﬁ }‘%&Eﬁeﬂgf stm?gg"'““”si‘éﬁ o
ectrodes Tappéh rﬁﬂe the IcBh Q)NV 91 Qtﬁ‘ac e{f@r\g@ y@ﬁb § uhifdi@h ﬁ)le_'.Z' o
| des 4, 5.spéetlamiished al um ni um refl ect or 27 may-be. | ocate beh| nd the o

ide 5. Prior Atmg&smmrﬂn agefhén fresit|of, Dr tbaking [thedeed Mishtﬁvr(lalftoeaujyﬂm'eeﬂ)l with its

he el ecty missiqp)ax t’éﬁf"w rh@ireptian ohbe lig s
' magne5| urﬁ(fﬁ) JBPeH Iﬁ' + ﬁgﬂE ;ﬂfﬁf’iﬂ%@ %%%Eﬂ@? ‘éet"f"ﬁ%f "}f '%cf‘f'eg%%' cted

. silicon nW%ﬁ( tﬂtaﬁl@ leth al t6\@ vats, @ﬂaaﬁ:ﬂ af t th&hﬁ!ui topivetthd BiecH ltH’épaEﬁ
5 for eXx anetvede the kieltedesd Taridié, lldSto gRrattierton SR ithel raci¢cuion ofithe hr{b;dmsw@@terlmare
5senbl y hewstneewhweawmgwemttmhetme"@maf @E’[c(ﬁﬁldéﬁoﬁwzﬁﬁe

i des 4,5 gk "s‘°$?§f ‘ﬁg“é‘ SSPLL §'c1; d""é:;‘ﬁ
Lfystal m)l es sn%’a :‘f@shﬁ aff are ersen s m!; hei H‘ BoPtis aeﬂ liGIRCithisQives the“eeelISa
‘paral | el tQemmweréammmmldiwdaﬁﬁda&me nd at .an ang e of about 25[err] to
Bb[ err] typi calfihe elzendbs Bid@rcover ondy partef md }naexenltfacs bf thieslidesrdfand & resmﬂ‘@'wt%wlﬂte
e |iqui¥ ce %walapmre@aslw'wreﬂ {161 stg0n9 Flg)in WG?:‘;’.@N awge' eam n; gtate only

Jalhed)

ndi cat ed by} h F?' '3\“(‘ gjﬁj‘ e"a‘fé’g M i Elﬁw:?"o:r:d i
3 [ sia
fiel ati onshi Rn ocw ME% keirlﬁl# Iy tht ﬁ:‘écta;hema &Q.grcau,g} cywq,,ma,; BiS

flexture giviohgk ar grghratively strongly coI our -ed appearance to the cell 3
fhi ch i sobl ackhuwr by sieapinigf the [stectebdes 208 dntd Sliscraief fasind partshe.gub#e of at digit ﬁPsM?FVe
bect r u m . connectable 10 a voltage source {not shown), symbols or Istters may be displayed. This may be achieved by
photoetching (in a known way) the layers, e.g. Sn0O,, used to form the electrodes 7, 8 prior to assembly.
For example, in the watch display of Figure 3 the electrodes 7, 8 are shaped to provide four seven bar
numeric digits to display time; e.g. the digits are displaying 12.45 as shown in Figure 3. A pulsed period dot
45 P is also included, as in conventional watch displays, to indicate operation of the display.
Examples of suitable dyed liquid crystal material for use as the material 8 above are Dye Mixture No. 1
{about 1% by weight) defined above dissoived in one of the two hosts Host A and Host B defined above (the
thickness of the material 6 layer being 12 um).
In an alternative device embodymg the second aspect of the present invention a cholesteric to nematic
50 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 SiO coating is 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 (havmg a molecular helical pitch of the order of about 2 um
containing a pleochroic dye. A suitable material is one of the two hosts Host A and B defined above.
. 65 modified by the inclusion of 5% by weight of CB16 as defined below and contammg the. Dye Mixture No.1
defined above (about 1% by weight) {the thickness of the material 6 layer again being 12 um).
in the “off” state (with no voltage applied} the celi 3 again appears strongly coloured in this case (as in
the Fréedericksz 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 takes up the same
60 arrangement by the guest-host effect. The strong colouration {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 perpendicular or oblique to the light propagatlon direction.
in the “on’’ state a voltage {typically 10—15 volts) is applied between the electrodes 7, 8 sufficient to
give the homeotropic texture, i.e. with the liquid crystal molecules between the electrodes 7, 8 essentiaily
65 re-orientated to lie perpendicular to the slides 4, 5. The dye molecules between the electrodes 7, 8 are re-

ugz-:gz:@;gim_m_mcr@ —~0 == )
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A single polariser 1 placed in front of, or behind, the cell 3 (shown in @

front in Figure 1) with its transm ssi onoagug ??5al lel to the alignnent

directi-on of the liquid crystal materi al enhance t he coI our 25 of

“the display i notiéntatecstp ghigarranigginenppy the guest- @st ”%’;ﬁt godes 7, 8 appears

el ectric vect oflegpr 'W"ﬂ&‘f’ Hf"'ﬁa‘?g‘?‘ggf‘;‘ E{{ jrg‘”gﬁ ffﬁﬁ@hfm'ef,“'es are
nd-0 bient, | ct cell 3, i.e.

paral | el™to th? sﬁg%ﬁ‘%gfﬂ,%s@ astd ena sul ta e volt

e.g. a few Vol reater than t e threshol d to give the effect) S

appl i ed between the electrodes 7 and 8. i.e. to gi s state, the

nmol ecul es of the liquid crgsisals (VR{CRM, CRLCHICIR,) SH), @hreot ropi ¢

texture, i.e. to lie parallel to the electrlc freld axi s

perpendi cul 3§ ERintsNe 30 slides 4, 5. The dye nolecules are al so sw tched

to this texture by t he guest-host effect and have their | ong axes

essential |y par al1l. @l mdtériabsuittti€for arghest-nost Nidid bhydtal'dide EingrisésOa sdigidh of BGieie Blystal

on the cell mqteaaldiml @ Pleoghoip dyepeiedeit tHeanleotipoic luge sdmmtises at,ledst oresl doepbiundchaying a

reducing the fr °a'B§6rpt|on of anmbient light. This gives the cell 3 a

relatively clear or weakly col oured appearar& e. If the electrodes 7 and 8

cover only part of the inner surfacé of & he Ildes 4 and 5 respectively the

entire 35 cell .3 wi | appear strong '.e. strongly reflects) in

the "off" state whereas in the " re- K on of theFdringai(al}

crystal matéfial 6 between the el ety i || appear clear or weakly

coloured tn the "on" state the renui ¢ he cell 3 appearing strongly

coloured, i.e. remaining in the "off state (I'f the pIeochroic dye absorbs

uni f or m y t he Owtﬁgtyr)egemzef@vglmsdpelel%ﬁsﬁ?on%)grf%g]ﬁaiggubsst[it%%gglk r.? opt@éésllgg Q(% ed monocychc

appear bl ackor,

di screte facing p@r,[,&eseﬁsggmbgg&e&t, tramtia@i @HS-Q{D@,I,'QMEWI &Qrmsn.hablheretraaar of R, and

vol t age sour cerf meipe W inepreseyitstaqiraupGkiedtad fram 8, sty adataryli myl ayed. This may

be achi eved by prwteoeseotslan@t(lenfr%mmmmnwa the | a ers ﬁ g Ciﬁ
'is

’ d endgn e
used to formdet ’%‘ epe ‘33 rf@ny
'nSBtetr

owded that
e othertwo

wat ch di spl ay °.Ft §h§§’€g§n7@d. oRlctns F oV

seven bar numeri cy, @.a c?qyma hﬁaa”heee..gmet;hﬁpdlrgjrésSntaa etradgrs pi t&yncng;r chained
12. 45 as shown aikyt ghdug tisvinglip té\tqmmedtopempﬁmtaldrospbst@ted:bvrasowrstkom@rltqd@elnoca@c aryl
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texture, i.e. with the I|qU|d crystal nol ecul es between the electrodes 7, 8
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55 re-orientated to lie perpendicular to the slides 4, 5. The dye )@

mol ecyl es between the el ectrodes 7, 8 apep49-03s8 0 049 035 orientated t&—

oot o e Sreso s YRR i e TS O DSRS0 s e
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ﬂ on”, 10 arﬁ;p culak Qithe MEENAE (id thasildBad direction perpendicular to the

cell 377i.es perpendicular to the slides 4, 5 (via the slide 4). 5 CB15 is

ggr_r-], 10 daims 1. A lrrat erial suitable for a guesy—hpsttquid crystal

vice conprises a sol uti cai®is a)+GHCHICHICHSCH) —AY ; @ pl '

dye wherein the pleochroic dye corrpHrli ?C(;s a?gl egst c Sapound Ea\?io‘r:]grgl ’
fornula: 154 Qiafihs Wherein: 25 R represents a group selected from .
?gglrggal Ity substL;\ut eg.@il kél faand optionally substituted nonocyclic aryl; Q
ents a group watkrat swieble fayrm guasdtdpst Ghlsid ciwiplatevite campiyds,a slugibn liquid cryst

-NR[err], R er gza,tenamrdei Rleoshyelq dy¢ wigreip the uamm?g? qvm%%mw;ﬁw q%gpé‘?éégaa?ui a; .
group sel ecte ™8 H, al kyl and aryl; and y represents an integer fromoO
to 4; and 30 each of .A  B.and:C indepepdeni]y represents a group sel ected
fromH, -SR and -NRLR2; provided that erg R is phenyl or 4-substituted
phenyl, y = 0 and of - the groups A e is SR and the other two are
H the_Iqu|zg crystal material ha reted@qj c ani sot rRspguia 21) A
material ascl ai med inclaim1l.an $ e group R represents a -
o strai ght or branched chained alkyl groug haging up to 10 carbon atons

'gpt kona!{ly. S;Jt@éli’ebgt ed gy a If).vver al koxy, OH or nonocyclic¢-aryl 35  group.

. materi a ‘ai med_in:clai and. =Y i
vonocyel | ¢ Hry| Brestisgs o Ay Spioli Rl sl Sufl sl il LRSI hoforyce
group R repr esenhgrepresth@i)group selegedTftim (eala DHY—NOD slingtard ericeeiNR R, wherelpaach ahR, and
meta position R,eﬂdaﬁdnue\tivaptdsmtmcrhmasz@md)ﬁemrm&hé'sd #yl dgr oup sel ect ed
from | ower al kyl y rdpeegents ari iRtesey from ) tg 4: 3qdp

i ned i indapens osnied qrou Slbcted otk HYNSR CrB Rk k.2 oS
defined in ¥ aqapnr /:., B@ dc:ndy"?enﬁgj%: [epents agro SGEC ed ron&HQM ~and —NR, 2&%1' ided that
to 4 and wher e%l?il( sgﬁé‘;‘é’;&ﬁpﬁ : Ba leég:;a%délﬁ J%glﬂs . e |s§;a¢| eBthedtwo

TP Yyut

. _ €dpyC ‘aryl or optionally
substituted al Kyb. £@astb 24 dmédiOcRib 1taad bherain boyrap Grepresants a Reaight ohranghed ghained
material as clakyngoup Haviog ap Wn10 carbah ayimesraptienally subgityetbygtlowef@lkpxyy BH opfPenaseting™y!

B and C twossaree®R groups and the third is hydroge peia ' '

- R 8hid ihodeild L -

o avm . 7% e BELE Sl A e R e
ree groups Aykhgdh egargeﬁmétﬁp jon i OBERe stadulondriudiets dy\w@raupselected from lower

-NR[ er r ] Rl er r ] aiig, Rwab alkdrly.Halo] NOJIOH BhENR,R, Weira YR As iscie efinedindpielai m 1. 8. A

mater i al ass«cl ai SeAmateriabssalaime imare okl cles | 14:3? V%Erai"mthf graup Wi Be Ryt GupRoon e

B and C t o arevgyamioge Semmian e oe L R e R

i ; 6; A matgrial imed in claim 1-an rein
being as defi ngergu&s‘hng héﬁtmdﬁ hydrogen, R being as defined in claim 1.

7. A material as claimed in claim 1 and wherein y = O and of the three groups A, B and C one is
45 hydrogen and the other two are —NR, R, groups, R, and R, being as defined in claim 1.
8. A material as claimed in claim 5 and wherein y = O and of the three groups A, B and C two are
hydrogen and the third.is NR,R;, R, and R, being-as defined in claim 5. .
9. A material as claimed in claim 4 and wherein y = O and the three groups A, B and C are SR groups, R
being as defined in claim 4. . .
50 10. A material.as claimed in claim 1 and wherein y = O and the three groups A, B and C are H.
11. A material as claimed in claim 5 and whetein y = O and the three groups A, B and C are NR;, R,
groups, R, and R; being-as defined in claim 5. A :
12. A material as claimed in claim 5 and wherein'y = O and the three groups A, B and C are respectively
. —SR, NR,R, and NR,R, groups, R being as defined in claim 1 and R, and R, being as defined in claim 5.
88 13. A material as claimed in claim 5 and wherein:y = O and the three groups A, B and C are respectively
" "~NR;R,, —SR and —NR;R,, R being as defined in claim 1 and R, and R, being as defined in claim 5. .
14. A material as claimed in claim 5 and wherein y = O and the three groups A, B and C are respectively
'—NR,R., —NR,R, and —SR, R being as defined in claim 1 and R, and R, being as defined in claim 5. '
" . 15. A material as claimed in claim 5 and wherein y = O and the three groups A, B and C are respectively -
so —SR, —SR and —NR;R;, R being as defined in claim 1 and R, and R, being as defined in claim 5.
16. A material as claimed in claim 5 and wherein y = O and the three groups A, B and C are respectively
—SR, —NR,R, and —SR, R being as defined in claim 1 and R, and R, being as defined in claim 5.
17. A material as claimed in claim 5 and wherein y = O and the three groups A, B and C are respectively

..~ . =—NRR, —SR and —SR, R being as defined in claim 1 and R, and R, being as defined in claim 5.
_ 85 18. A material as claimed in claim 1 and wherein the compound of formula {1} has a formula:
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9. Amaterial as clained in claim4 and wherein y = 0 and the three grg )
A. B and C are SR groups, R being as defined in claim4. so 10. A /
Imat erisal as clainmed in claim1 and v@?&rb?s: 0 and the three groups A~ B
and C are H 11. A material as clained in claim5 and wherein y = 0 and the '
. three groups A, B and C-are NR| Rlerr] gro Rlerr] and R2 being as
defined, in claim5. 12. A materi ’ 5i im5 and whereiny =0
and th& three groups A, B and C . R, NRlerr]Rerr] and
NR[err] M err] groups, R being as def m1l and Rerr] and R err]
being as defined in claimb5. 55 ‘ as claimed in claim5
and whereiny = 0 and the three S re respectively '
~NRerr]Rerr], -SR and -NR[ err] rr], R being defined in claim1 and
iRlerr] amd Rlerr] being as defined in claim5. 147 A material as . clained in
lcl ai m 5 and. yKQr RickiaY ascidinéi ¥l clelhe1 bl vitereiHi B BsmpdundBorFofindla ANtas & espaiel i vel y -
“NR[err]Rlerr], -NRerr]R err] and -SR, R being as defined in claim1 and
Rlerr] and Rlerr] being as defined in claim5._@A material as clained in -

. claim5;and wherein y = 0 and the three g¥oups and C are respectively
so -SR, -SR and -NRR2, R being as defingfl injcl N1 and Rerr] and R err]
being as defined in claim5. 16. A gpt as\tl ainmed in claim5 and
wherein y = 0 and the three groups &Qj 0 .e respectively -SR, -NRR2
-and- - SR, R being as defined in clahm [ anffl R §rr nd Rlerr] being as
defined in claim5. 17. A mater s Cl g medgi im5 and whereiny =0
and the three groups A B and C respecti vel err]Rerr] -SR and
#SR, R being as defined in claim1 and Rlerr] and Rlerr] being as defined
in clai 5. 50 amoterPas AR B Lol 1 8% VoI clradihbiPolm ) B SiDial NE
conmpound of forrmula (I) has a formula: 15 0 049 035 orientated to this
arrangenent by the guest-host effect. The reg;@t ween the el ectrodes 7,

8 appears clear or weakly coloured in thos sts s with the Freedericksz
ef fect device) because the dye nol ecul esfjar e Jes ially "end-on" to

.. ambi ent ¥ i ght propagating in a dirg 9 andi cular to t.he cell 3, i.e.
-perpendicular to the slides 4, 5 ( Q 4). 5 CBl5.is" - R
f+)-CH err]CH err]CH(CH err].)CH err] O Clains 1. A nateri al

sui tabl.e for -a guest-host quuirdc4q:{¥§,t.,alodevi'ce conprises a solution of a
liquid @& ystal material and a pl eblhroi ¢ dye wherein the._pleochroic dye
conprises at |east one conmpound having a fornula: 15 [err] wherein: 25

R represent s 24 Aynatefpl aetaieedia clain 359 Wheraia thecoanpund;of ferayiady R3a a famyle:
optionally substituted nmonocyclic aryl; QL represents a-group selected from
hal o, O -N2, alkyl, aryl and -NRlerr] R er®], MWHes®m each of Rlerr] and
R2 i ndependently represents a group selectedjfroh H, alkyl and aryl; and y

represents an integer fromO to 4; and é g 'A, B and C i ndependently
I represents a group selected fromH, - SRQaAd NBleerI-R.err]; provided that
45 ' : ' IR ' e
_ ' (CH3)3C_@_S 0 '

86"

P

&0

65




Me_rf;§~R i's phenyl or 4-substituted phenyll, y = 0 and of the groups A B @?
C‘or?;_ja\is SR and the other two are Htﬁ[@qqﬁ:’%crystal material has a -
negat nve dielectric anisotropy. 2. A as claimed in claiml and -

wher:ei 0 the gr Q4R fedrBPisShiffddSn Baitd 1 sHdWHeref thOEMpe BRFbf FHMUNES had &ikm@s:oup |

havizng up to 10 carbon atons optionally substituted by a | ower al koxy, OH

or nonocyclic aryl 35 group. 3. qpaterial as claiwed in claim1 and
V\he_r_‘_ﬁ'e'f"‘n“thg, group R represgl t)sca cyclig aryhy ..4. A material as
claimed in-claim3 and wheresR oyp R, represe a phenyl group
optionally sub- stituted in -the para g pbtaaesition relative to the

ant hr aqui none nucl eus by a group sel
hal o, NO2, OH and NR[err] Rl err] where
1. 40 ¥ A mterial as claine

wer al kyl, | ower al koxy,
r] is as defined in claim

_ _ ny e of ne_1 to 4 and wherein
_in the group NRlerr] R]err{CHaRC SH, RAono r‘§7‘I°He)|3 optionally
- substituted al kyl-containing from o 5 carbon a , and R is H 6. A

material as clained in claim d erein.y, = ( f ps A,
S and Gt ar GG, R o A R ol eyl @ rplrilie kP Erephiits, 7
claiml1l. 7. Amterial as claimed in claim1l and rei ny =0 and of the

three groups A, B and C one is 45 hydrogem ans @ rmmg)gxo are
-NRlerr]R[err] groups, Rerr] and R err] kging]as
material 2% clained in claim5 and SN
B and C two are hydrogen and.the thi &
being as defined in claim5. 9.
wherein y = 0 and the thregq Q. : ' r roups, R being as
defined iresclaim4. so ( i)gé A ert al rk:slas-%l d Fﬁ;"g?aai m 1 and
wherein y = 0 and the three groupS A, B and C are H 11. A naterial as
claimed in claig 5 anf Wakibdinkiam 1 affwhdién heiceap@nd bpRomiyia B teed f@makee
NR[err], R err] groups, Rfierr] and. Rerr] being as defined in claimb5. 12.
A materialsosas clainmed in claim5 and wherein y = d the three groups A
B and C are respectively -SR, NRR2 and NRPerr [N) roups, R being as '
~defined.in claiml1l and R err] and R2 bei ngf as Jdefi inclaim5. 13. A
material -as clained in claim5 and r’\‘{ﬁ‘ nd the three groups A’ B
andC are rggspectively -NRerr] Rl err] AR err]Rlerr], R being as
defined in claim1 and R err] an erf| Being as defined in claim5. 14. A
material as.claimed in claimb5 greigy = 0 and the three groups A B
and € are respectively -NR[err] . -NR[err]R err] and-SR, R being as
defined in,claim1l and Rlerr] and R2 being as defined in claimb5. 15. o
materi al as C| ais’ehaterialcs alaimed irastaimWeed whereip the agmpeidioh Errintipdbhagadeipian B
and C are respectively 60 -SR, -SR and -NR[ err, err], R being as defined
inclaiml and R err] and R err] being _as %ef' inclaimb5. 16. A

~materi al claimed in claim5 and whergi and the three~groups A B |
and C are Tespectively -SR, -NRR2 bei nycag defined in claim1 .
~and R err] and R2 being as define 17. o4 material as clained in
claimb5 and wherein y = 0 and t he'Q# %%nd C are respectively
-NR1R2 -SR and -SR, R being as defined and Rlerr] and- R2 being

ined 1h claiml. 8. A
and of the three groups A

Rlerr], . Rerr] and R err]

ed inclaim4 and

.as defined®in claimb5. 66 18. A nat®ria ai med i n-tlaim1-and
‘wherein the conpound of formula (1) has a fornula: 15 0 049 035 5 .
[err] 10 27. A material as claimed in claim 1 and wherein the compound of Formula (I)'h;s a formula:
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15 19.- A material as clainmed in claim1 and wherein the conpound of For
(L) has a formula: [err] 21. A material as clainmed in claim1, and wher §i
t he conpound of Formula (1) has a fq p49a:03%rr] 45 [ €
50 +22. A material as clainmed inclaim1l and wherein the conpound of

Formul a. (1) Peaa ntatdriar asiclammedie tlsitn Bdnd wherejrethe Forgigpund of Foprayla (1) hgs a fgmula: 0 049

035 23, A material as clained in c¢Jaim1l and ein the conpound of
Formul*a’(1) has a formula: 5 r1dyy, 10 [err] 15
24. A ngterial as clai rredcfﬂ 4 ' ang - he Gonpound of Fornul a
(1) has a fornmula: 20 er - [err] 25. A

material as clainmed in claim-1 o@m @ conmpound .of Forrmula (1) has
a fornmula: -30 [err]. 35 . S 7o 26. A material as clained in
‘claim1 and wherein the compou f Fordula (I S formul a: 45 [err]
50 27. R material as clai rgeg - iSm 1 Gand _ compound of Formul a
(I') has a fornula: 55 r] 60 _
[err] 65 17 0 049 035 28. A materjal as.claj [ ' erein
'tihe co;rspouné&d’fmﬁfefriﬁ‘rﬁ? dlaimed injslgim 1 apqpharein the égﬁl'dfg':&)rg'? ?‘} s M6kl

20 o | | - |
. C Hg
o S 49
o _©-s _@—
25 '

30. A material as claimed in claim 1 and wherein the compound of Formula (1) has a formula:

o | | 0 N, o
- . @‘@
2 o ' _ o s @ |
| 31, A material as claimed in claim 1 and wherein the cbmpouné of Formula (1) has a formulé:
| ‘NH, O S —@
45 | | '
0] B NH2 ‘ . |

) | ©8©

32. A material as claimed in claim 1 and wherein the compoupa of Formuia {I) has a formula:
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. 3A-material as clainmed in claim1 and wherein the conpound of Fornmul a
(L)7%has a fornula: 15 [err] 20 e % [err] 30. A-
materiral as claimed in claim1 and vvher I'n P% conpound of Formula (1) has
a formil a: 30 a3, A material as cla@idd]in @5im 1 and wherein the doeTpblnd3f Formuteet bas afiornauta:
clafined’ in.claiml and wherein the conpound of Formula () has a formula:

40[err] ™45 : [err] 50 4 s-CH-n [err] 32. A
mat er | a‘l’,as claimed in. cI aim1 and vvhere| .h dofpound of Fornula (1) has
a ffornul a: 55 [err] 60 5- [err] 18 0

049:035 33. A material as clained i
Fgroula (1) has a formula: 5 [ BR [ERR] 34. A material "as.
cljai mred |y any one of clainms 1 to 33 and ergid vt lae pl eochroic dye
conprises a mixture of dyes of dif4derent col our 4# | east one of which is a
conmpound of Forrmula (I) as defined in cIa|m1 15 35. Amaterlal as

cllai med in. Cmmmerah@qmmdenwmr% ‘Bﬁ%a \’5"‘1 ‘ﬁij ai
AN

wherein the conpound of

bllue dye and™ "°§F%¥ﬁ gfd "“l"f?@’??rfgjﬁ
wherein

]

a‘ﬁ def i néd I . fr:g:im }Bdl &ﬁwpgl rduﬁ%
th
neutral col dutheaid gbmprisesey neulrel Iehded)m 9 tlhﬁe;e avedv @unmp@fndlﬁbfwwa . Io) T
~37. A material 34 rnatq!ahw'q"necb &13 ﬂj}é’ coldured - -
conprise®a 'Wé‘y;":%a Y;ﬁ}}ﬁgd nvo ?3.3&51 ;}n&@vte&q{h qulgzg\g“ ound mmaén o
bl ue dye, wWhgg !éva%os.p%e | GO Formul a -

material as cl es mtdnau aa ByimRa @ ay oraloaanmas 1.tot30 aiAnvimerh mhmumcrvstahaatbmaqwndmses

crystal rr;at enan%}\ nrmeltyl!ﬁ? qloiry;mel@g fnpounds.a| koxy- 4' - anoblrpheny cabl

al er S suitabie

Sﬁg?grzdtg h 639 st g{{lﬁaépmaag sf_e c n(geg vagg qgg@gmgﬁses?a%nﬁé{! quid cr%arlgmatenal
It

1-(4"- cyanop fridr a8 cikired ﬁ%ﬁtr@fﬁﬁ&%er@iﬂ mamumel Srvsta 51atenal is stflablefoadnBlestéric
as clained iwm narngnccuhsseahangleaffm dévick @nd doraptides deareatio liquib crysta) ma@brertysemdr with a

materi al s¢s bindlagdmt.e for a chol esteric to nerratl %ghase Chaﬂ%@
ik

device and conf# Aguterial as giaimed in clajmp 33 apd wherein the g s Chlesteric
?‘lg ?"95|Ef d Tl: |da£r?£ere naméjih wnh(?

chital agentg. 2 heertn NAL L 9N p"s

crystal materi a3, Alhﬁmﬂ b’rly.&téitalta&rdc Shhicaldéite frﬁﬁﬁhﬁé tvib dld&tr”ﬂﬂlﬁ‘&fshlﬁtn@h&ﬁh&aﬁhan@a one of
ef f ect dewi oehiawisl optizaily trapermrent, RiecrEddpcor the iriner Barfysst o lthengib®ralealand o fjim biedielqqtrich
a k- material contained between the substrates, wherein the |mprovement comprises the dielectric material
being a dyed liquid crystal material as claimed in claim 1. .
44, A liquid crystal device as claimed in claim 43 and wherem the device is a cholesteric to nematic
phase change effect device.
40 45. A liquid crystal device as claimed in claim 43 and wherem the device is a Fréedericksz effect device.
46. A liquid crystal device as claimed in clalm 43 and wherein the dewce is a twisted namatlc effect
device.

45 Revendications

1. Une matiére convenant pour un dispositif, contenant des cnstaux Ilqmdes, basée sur I'effet ref;u-
receveur (inséré-hote), comprend une solution d’une matiére A propriétés de cristaux liquides et d'un
colorant pléochroique, le colorant pleochrmque comprenam au moins un composé repondant 3 laformule:

so0 .
A 0 SR
[ M P : (Q'-)"'.L' | Formule (1)
55 ' _ K\'//l\“/‘\\%‘ . vy
: B O C-

dans Iaquelle
60 R représente un groupe choisi parmi un groupe alkyle aventuellement substituéd et un groupe aryle
monocyclique éventuellement substitué;
Q, représente un groupe choisi parmi un halogéne. OH, —NO,, un groupe alkyle, aryle et —NR,R;. ou
chacun des symboles R, et R, représente, mdépendamment. un groupe choisi parmi H, un groupe alkyle et
aryle;

. ; e y représente un nombre entier valant de 0 2 4; et /
L

e mxture a S@Ahﬁf‘e’nhldeaalﬁ:eé’ﬁkiams y@wﬂd’relﬂthbeﬁidﬂyﬁsﬂhclthﬁs fyedionl dmrpredslesora i




30 chiral agent. 42. A material as clainmed in claim39 and wherein the
~ligquid crystal material.is suitable for a cholesteric to nematic phase
change effect device and conpri ses 1&9 I|qU| d crystal material ey
together with a.chiral agent. 43. ATiquid crystal. electro-optical device
i ncl udi ng. tthmmeilaewrbpbaA.I%/etlcﬂmnésamte.mg!émbmmmtw gadupé ewisi paomiH, ofSR3E—NRR.Cc h
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i défini & la revendication 5.
: 16. Matiére selon la revendication 5, dans laquelle y est nul et les trois groupes A, B et C représentent
respectivement —SR, —NR,R; et -—SR R étant comme défini & ia revendication 1 et R, et R, étant comme
~ défini 2 la revendication 5.
45 - 17, Matiére selon la revendication 5, dans laguelle y est nul et les trois groupes A, B et C représentent -
. respectlvement ~~NR,Rz, —SR et —SR, R étant comme défini & la revendication 1 et R, et R, étant comme
défini & |a revendication 5. ;
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4. Matiere selon |la revendlcatlon 3, dans laquelle le groups R
repr §Ente un group. phenyl e, eventuellqmujg:udsnltue en position pars ou
net g’ par rapport aux noyaux ant hr aqui nones, un gro choi si parm un
Bie alkyl e i AP-Mdtigrgeion jagevendication.idansrladug 'eg@msé @fmmﬂaﬁmnfmﬂe ‘odi
NR1Re est. conme defini a la revendication 1. 5. ' bre selon |'une
quel%ongue des revendications 1 3 4,;dans I@queg ns | e groups NR R2,
RI 5 represente H, un groupe aryle nonocycl groupe ail kyl e
ven;yellenent substitud et . contenant e carbone, et R2
represente H 6. Matiere selon | a revd ‘dans laquelle y est nu
parnl les trois gr oupes A, B et C~ged k~tes groupes -SR et le
trojiisi eme rgpresente de | ' hydroge tan AN ini 3 1a
reviéndi cation 1. 7. Matiere selonzﬁégﬁé§end?cat§o dans | aquelle y est
iet, parmi les trois groupes A et C .l...un 20*¢ epresente un atone
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representent de |’ hydrogene et l e troisieme’ nﬁprE§’ RIR2, Rl et R2
etant comme defini A la reven- ~di.cation 5. 2f htiere selon |a
revendi cation 4, dans l-aquelle y est nu
et C repregentent des groupes SRR eta
‘10 Matiere selon |{a revendication 1,

ni A la revendication
.-elley est nul et

Ieﬁtr0|sgroupesA B etC representen% 3 ptlere selon |l a revendi cation
tdans Ia?uelle y est nut et les troi4s9groupes A B.et Crepresentent |es

grdupes NRER2 ekl 1 %@9&&%%!9 2 FQ 1
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defini Al&revendication 5. 13. Matiere s :

laquelle y est nut et |les trois groupes A,
respectivement -NR R2, -SR at' -NRIR2, Re
revendlcatlon 1l et R et R et@Qg ni a la revendication 5.
14. Natieres selon | a revendi catlc?rf“ @ faquelle y ést nut et les trois
groupes A, B et C representent respect' nment - R1R2, - NRLR2 et - SR, R et ant

3 esent ent
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comme defini a l endj tion-1 ni
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65 20 ° 0 049 035 19. Matiere selon la revendication 1, dans laquelle le- 5
CONPos6 . deforrrule(l) a pour fornule: *~~~~~ S.s . . 20. Matiere selo Zg
| a revendication 1,.dans |aquelle |eg g4gopgsde forml a 11) a pour fornule

20 2-CAHO-NH 0 2s 21. Matiere selon |a revendlctlg 1 dans lL.aqu eIIeIea_L-
conpose de f oRMalfipiidrg sefonda [ﬁﬁ%ﬁd"’f"éﬁ“ﬂul’@s@q“e"e la\jaraeRs-dt iomule fl"%‘f’ém ®on 1a
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formule % 1) a pour forrrule(CHBBC _ 0 3360(01—!3)3Cs 0
NH 65- o~ (CHCV - C(CH3) 65 .2
* @ | rs Isa. fal ' A 0 049 035
24. Matiere selon | a revendication elle | e conpose de formule
(1) a pour fornule 5 -0

S.. - 8 C(CH3)3 * (CH3)3& S~~—0~~~s.a-@)-

OC 0~ C{CH3)3 r5 - 25. Matiere on Iarevendlcatlon 1,
dans laquelle | e conpos6 de for mul e 1) a pour formula 2V

ONH4 2515 - 25. Matiere selon la revendication 1, dans laguelle le composé de f&mdR.{1)’ Wdr@d’rﬁluﬁe' on |a .
revendi cation 1, dans |adquelle |e conpas6 de fornule (1)8a pour formula 30 °
35 3CH 40

27. Matiere sel on la revendication |, dafs IHdIe corrpo's_e'de formul a
(1) a pgyr. fornule O S-C4H9-n : - _ T

25 o ) -s )

26. Matidre selon la revendication 1, dans laguelle le composé de formule (1) a pour formule
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40 27. Matiére selon la revendication 1, dans laguelle le con’ipbsé de forr_nule () a pour formule

O 8=C,Hg-n
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50 28. Matiére selon la revendication 1, dans laquelle le composé de formule (i) a pour formule
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n- G4H9- S 0 sO 28. Matiere selon la revendication 1, dans
ajle | e conpose de_formule (1) a Ry

~~7_~~_~ CH 65c>~~~~l6~'1§ @H?“ o o

SQ‘ Matner@selon la révendication 1, dans@idBel@3e Symposé de formule {1) a pour formule
0 049 035 29. Matiere selon la revendication 1, dans laquelle le
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480- - (AHG =~~~ s o § = &4Hgn 30. Nhtlere
g¢ton | a revendi cation 1, Uﬁﬁ& I4§;§IS I e fornule (1) a pour
Enule. 0 "NH. 20~~~~~~~~~~~~~~~ . B selon la revendication 1,
‘is | aguel l e | e conpose de formule
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B 4 n-C Mg -
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4 S—C H -
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35. Matiere selon la revendication 34, dans laquelle |e col orant

pl eochr oi que conprend un.nelange 5 d'un colorant bleu et d' un col or ant
orange,~ |l e colorant orange etant un qprggeqs3s fornule (U comme d6fini a
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il “322:35 e R e

elon | are ﬁﬂ '
prSﬂﬁ%bQ@EnsﬁQHﬁqdﬁés {aﬁé hih Iqé\u:e a passage phase

es -

ristaux |igatle
hol est eri que 42 Mutitraiselopuie r@endiatigT 33Ndhnsi RGuelatel resmereA qmsmpnés chisesx Uguides cotvizox
l{i qui des__nenest uqd'epq;mﬁsuefquewnssa P"@Fﬁ MIesté&me émmam ese¢meﬂdaun_e matiare 3

evendi c?e'Itl‘U?Pg s"‘EI £ nemytia etes, cri | | des
aux es c m ren ntd ubs e | ISO ants
onvi ent  poygey Ui o 'm%ne% .qAnsit 4 spgl tbae%% e §.§+aefqutsa£ aﬁté?"s ot
emat i que aineGRINRILEU ndhﬂ&téi’@i&:éled’tﬁhu cefenub leipd led lsGliztrals dahd RhwHI e | foRkFnent
emat i ques @nsise ercpa'quela gt didibatriquk est 4k m&eeepotereb.l afprapliétés dearigpixliquidesacomme
rist auxo| urq'cﬁnd'seeébowp?wam1 deux substrate electr leguerrent i.sol ants dont
‘un au noi ‘Qfset 9%:(“& s oles réﬁg'g)ﬁr’%ﬁf‘d'”ﬁfé%“%f’%ﬂ Bl ddispgrit] estunsdiseesiifd
iInternes des BBl Iqt'nbﬁurs‘veﬁdmen BbiRTRudl ielighlid S GiBLee
ntrs |es Sdﬂaﬁitrée’al'éﬁhkszdans | equel e perfectionnenent consiste en ce quo |
tiere i el edé Dispositif@stistauxdiquivdsiselpeiageieodication 48, pars ol d tedispdsitifast |t dispesitif é
I}i qui des, cﬁ?ﬁh‘?"ﬁ@q“er‘%’ﬁ%‘ﬁdl que A la revendication 1. 44. Dispositif a
dristaux | |,q¥g ?cgj,on la revendication 43, dans lequel |e dispositif est
un di sposi ti et de passage de phase chol esterique a nenmatique. 45.
E)I sposi tef a er Mateaaleud Goest-Hess-Flossighristdilanzeigeverihtoaden cauf 418r, Bd:asnsmttrek-:pamg piges
gl spositif %ﬁlgﬂﬁtatﬂh%}géﬁ Mhd einesf pleqchitisehe r fagietess, daslurch - gekagnzeiphngly odt der A
ristaux |iRReFYelsdefypretmindistenypieaYsindure de'cfz?ﬁge' byt | e dispositif est
gn di spositif-A effet ndmatique torsade. Patentanspruche 40 1.
I{/Iat erialgftr Guest-Host-Fl ussi gkriast ald anzai gevorrichtungen auf der Basis
i ner Losung eines Flussigkristalljmatgyialls und eines pleochroitisches
%ar bstoffs, dadurch gekennzei g@;ﬂﬁf"ﬁ pl eo 50| tirsche Far bst ¢fyf
m ndest ens ei ne Ver bi ndung der ,J‘ank'lgm ast, Ay .0 SR II
y~50 I nggler bedeuten: R gegebenenthl I'gf subkti t ui ertes A kyl oder

: gegebenenf al I s substituiertes rmno%ycI(Psch‘és Aryl, s5° G | Hal ogen OH,
, Al kyl,” Aryl oder NRLR2, wobei Rl und R2 js unabhangi g H Al kyl oder
\r y| si nd, in der'bedeuten: - '
i N . R gegebenenfalls substituiertes Alkyl oder gegebenenfalls substituiertes monocyclisches Aryl,
55 Q, Halogen OH, NO,, Alkyl, Aryl oder NR,R;, wobei R, und R, j je ‘'unabhiéngig M, Alkyl oder Aryl sind,
y O bis 4 und

A, B und C je unabhidngig H, SR oder NR|Rz, mit der MaBgabe, dal3 wenn R Phenyl oder 4-
substltuuertes Phenyl ist,
y =0 und eine der Gruppen A, B und C SR bedeutet und die beiden anderen H sind, das
6o  Flassigkristalimaterial eine negative dielektrische Anisotropie hat.
2. Material nach Anspruch 1, dadurch gekennzeichnet, daR in Formel (I} R eine geradkettige oder
verzweigte Alkylgruppe mit bis zu 10 Kohlenstoffatom ist, die gegebenenfalls mit einer niederen Alkoxy-,
" Hydroxyl- oder monocyclischen Arylgruppe substituiert ist.
3. Material nach Anspruch 1, dadurch gekennzeIchnet dafs in Formel () R eine monocyclische
65 Arylgruppe ist.
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ta_ppen A Bu ,a ken eloH dEQmMoenelmvﬂaanmddhCEUppenA B . 7

d i ni-er t35Si D.d:c NR, &2 SR bR sn bua& wwﬂ wheTB pnaprich3 und Bound @ wigdik %Fﬁ Fﬁ‘gtf“ s'qgrB |

tFornmel (1) yxa:memdaoumes@qnppmmh askepnreicmetspal NRYF!?'"B"E\H/ de
fei R wie Formglevfyeisth 1 und R und R2 wie in Anspruch 5 definiert si nd

3» Material nach Anspruch 5, dadurch gekennzeic t, daB in Formel (1) vy
¥ und dje Gruppen A, B 25 und W, R2 sind, wobei R w e

Anspruch 1 und Rl und R2 wie i ' ‘ rt sind. 14. Material
"m Anspruch 5, dadurch gekennze @ et Byt ornmel (1) y =0 und die

Jppen , 8

19, Material nach Anspruch 1, dadurch gekennzelchnet da die Verblndung der Formel (I) die folgende
- 50 Formel aufweist:
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ST

d uicﬁfgekeﬁnzenkl‘bkedasah qurmehlmws{punﬂcﬂﬂeﬁruppenA B
adurch gek%az:mﬁ aG in Formel = 0 und_zwej .der_ G u
Qurd RS Espn:




und € NRR2, NR R2 bzw. SR sind, wobei Rwie in Anspruch 1 und Rl und R2 wi s

in*Anspruch 5 definiert_sind. 30 15. Material nach Anspruch 5, dadurc

gskennzeichnet, daB.in Fornel (l) y 0 @%yrubgh e G uppen A, B und C SR, SR
uc

bzw. NR1R2 sind, wobei |
defini ert .si 2dMatefi@ nadbneprichll, daderoh gekermraichhetdal digYarbindungdeeFampelilik ditolgendea B

Rwe in Anspri

1T und Rl und R2 wie in Anspruch 5

i n For ng)..Forrel gufweig: und die Gruppen A, B und C SR, NRLR2 bzw. SR sind,

wobei

17. Mategfi al

O und die Guppen A, B 35 und C NRj
Anspruch 1 und R .
nach Anspruch 1, . dadurch gekennzei
f ol gendggFor'mel aufweist: 40 45 19.

Rwe in Anspruch 1 und R und R2 wie in pruch 5 definiert sind. .
nach Anspruch 5,-dadurch g&ken et, daBin Fornel (I) y =

gekennzei chnet, daB die
auf wei st :

~auf wei st;

0 'S5 60 65

mel! aufwe

und R2 wie in A

\ sind, wobei Rwie in
i niert sind. 18. Material =
QBAdi e Verbi ndung der Fornel (1)
{r i nach Anspruch 1, dadurch
Ver bi ngl.@q%s ,. | (1) -die fol gende 50 Fornel
0 049 4 20. Material nach Anspruch 1, dadurch

- gekennzei C-lgn%%.’Mage?'igl et Andsruch 1 G40 Sz Qb TE adelcle \Qib‘i’nd‘i@& &‘? g&ﬁéﬁﬁ@%mpﬁ_l 0

21. Materi & mhaLH l/itnspruch ‘I, dadurch gekennzei chnet, daBl di e Verbi ndung.

- der Fornel (1) die folgende is Formel aufwei

Material nach Anspruch 1, dadurch geken
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50
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5t Qe HQ_NHC4H9- n 20 _
3 () 3cy ¢ S 025 22
L cMaei—~daB di e-Ver bi ndung der

- For.mal éf) die folgende Fornmal aufviei st i
SO 23. Material nach Al ~dadur ch gekennzei chnet,
daB di e Verbi ndung der Formalc'H(H: d ol yende Fornel aufweist: ' 45
O NH) ', ~~50 -1 (CH3)3C 373 S _ "~ C(CH3)3 :
55 60 % - ' .
: _ | 22. Méterial nach Ansﬁruch 1, dadurch gekennzeichnet, daB die Verbindung der Formel (1) die folgende
- Formel aufweist: ' o :
o - (1O
40 | . . . e N
23. Material nach Anspruch 1, dadurch gekennzeichnet, daf die Verbindung der Farmel (1} die folgende
Formel aufweist: ' ' : .
45
80
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_ 0 049 035 24. Material nach Anspruch 1,
jekennzei chnet, .daB di e Verbi nd ornel (1) die fol gende
For auf wei st: 5 S %4§eq%§ '
-~ C( CH~%4Mate®)I3ach(ﬁ(ﬁbbrueh)13q@Jrch gekannzelchnet, daf die Verbindung der Forr@@@l[}hbjolga&e
‘al nacHFormdgefweRt: 1, dadurch gekennzei chnet, daB die Verbindung der

; @,} di e fol gende 16 Fornel auf wei st: O < 20 :s 26. Material

g Ansprush 1, dadurch gekennzei chnet, %aBiﬁ@_—meﬂw}g der Fornmel (1)
£ ol gende Fornel aufweist: 30 K ~~fo N~~~ li 35

27. Material nach Anspruc gekennzei chnet, daB die
kﬂ ﬁ!\y fweist: O s- CAHg-n 45

gl ndung der Fornmel (I) d| e fol ge
: . 0 28. Material nach
Ansfr uch 1 dadurch gek éthysl < CQe)r Fornmel (1) die

f ol gende Forrrel auf wei st: CH3 'CH 3 60 CH3
0 } U a

Andpr uch 1,,5% g\ﬁ:&%&éﬁﬁ%ﬁ'ﬁ%ﬂe‘{adurg'a?fkﬂ]"ze'%e?tb|a§§'ﬁ 5'%'"8""9%'?{?157‘9' P‘f ‘98"""
f olfgende - Forrre FWET S ¢ |~ e e e e n- C4H9

0 S ' CAHn n C4H9 . S4 O n CAHg- O
15§ 30. I\/ater_l al nach Anspruch 1, dadurch gek @ et, daB die

Vergbi .ndung 2(ojer Fornel (1) die fol gende wei 3

26. Material nach Anspruch 1, dadurch gekennzelchnet, dafd die Verbmdung der Formel (I) die folgende
Formel aufweist: } .

. o _ . 0 S
. oo
s : - CH,

o

40 © '27. Material nach Anspruch 1, dadurch gekennzeschnet dag die Verbmdung der Formel (1) die folgende
Formel aufweist: .

e e o

O $=C 4H9‘ﬂ

) QIO
L 28 Material nach Anspruch 1 dadurch gekennzemhnet, daf die Verbmdung der Formel (I) die folgende
Formel aufwelst .
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O -tNH2 20 II- 25 |
O. S 31. Material nach Anspruch gekennzelchnet dal 3 die :

Ver bi ndung der Fornmel (1) die fol ge% %% aufweist: 35 2 nl  NH2 27
40.1 32. -Mat eoindteriabrabh ApmehT Badbrch@aidonzeichngt Had e \éEritinuey der Forgpetid) die folgende

~|Ver bi ndungFatee! stweissl. (1) die folgende f Fornel aufweist: 45 G8 G H3 50

4B~~~~ia~AH .0 S - CH3- CH3
CH3 55"  33. Material qggp.A uch 1, dadyr ek@n@{@IChnet dasS die

Ver bi ndung der Fornmel (1) - For el S CH-n so~
~ ~~~~| 49 60 65 . - - n-CH-S
S— C4H. -n 65 1111111 1111111 11 1111111

0 '049 035 34. Materl al nach ei nem de ‘ ] ¥ 1 bi s 33, dadurch
gskennzei chnet, daB der pi eochro chk F o gq_m sch von :
Farbstoffen mt verschi ed&fefe nf a, stens einer eine-
Ver bi ndung der Fornel (1) gema ruch 1 |st. Mat eri al nach Anspruch

34, dad h j olgende
agyrc %Géﬁﬁéﬁagg%%smﬂﬁﬁaﬂ% g!;ﬁ&gm Qi, Eés%?i\férd:@fu ,;aaisrnsi«ndkf Igend

Gem sch si figRel BI'Fnés oran St of wobei  der orange
Far bst of f ei ne Verbi ndung der Fornel (1) genaB Anspruch 1 ist. 36. Materi al
{nach Anspruch 35, dadurch gekennzei chnet, d das Gem sch auch einen -
gel ben- gnd/oder einen roten Farbstoff enfhai t2und sin neutral gefarbtes
Geni'scH unfant, wobei der gel be Far \e_Yer bi ndl ung der fornel (1)
ist. r n 37. Material nac , dadurch .gekennzei chnet,
daB der pl eochroi ti sche Far bst of f gefirbtes Gem sch ei nes

gel ben, roten und bl auen Farbstoffs unf at ofe der gel be Farbstoff eine |
Ver - b| ?Adung der Formel (1) ist. 38. I\/at%rl af @ ei nem der Anspruche 1
bis 37, dadurch gekennzei chnet, dam das Fl Gssi gkr¥stall- material

haupt si chl i chy Andisrial da¥ AnsBilEN 1, aaiukcﬂwkeﬂnze.emaam wme/duwaé?vaqmg@ia f&i@g‘naﬁt

Formel aufweist:
. | O IO

. 32. Material nach Anspruch 1, dadurch gekennzeichnet, daB die Verblndung der Formel (1) die folgende
Formel aufweist:

55 33. Matenal nach Anspruch 1, dadurch gekennzelchnet. daB dle Verbmdung der Formel (I) die folgende
Formel aufwelst :
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terial .ach einem der Anspruche 1 bi s 37, dadurch gekennzeichnet, d

Ossigkristall- material haupts
cyanophenyl ) 4-n-al kyl - cycl ohexgﬁkt#%%ngen unfast. 40. Material \_

[P cnem derasAMs@nal Ghe dindir 8er Ahspriibhel 1 rbisB3g addarch pekeoimeichnet, dlander pidpchtaitische |
5| gkr i sFarbiteff simGemiseh: VdnLFrarbemﬁ@ r’oibwrstmhﬂmg Fabgprienefalitgvevon grindggifps einer eine

nwec; Syprb\pgwgeqehgquel EE%% ‘gtlgl\ anz .chﬂ&r dg? IEEII l§&ch?orl|sgma§a$bstoff ein

Uht u;ndGs i@fﬁm ToBbi dEMST Atbatht eiffd VErtihdung
al en ZOdSNOf GentaR! npru h.ist] terl a nach ‘Anspruch 38, dadurch

gkkennzei chnet 36. Materidb hath AdspsuchrB&) saiuck gelebrabitimat, daf dad GénGechaiisheeingn gelbantyng)
efignet, di e eined ratherfarisetf enthdit bnsksin neytralgefiehtes GeaTissd UBFARH WORH Sl gelpedirpatet o

n_rratlscbsrn" ﬁ%‘ o, s, nne SbrHobrbitd mtfswfék tral
| A g 'E«ﬁg, o, TR "":aa:
_durch gekg Bdtnel ( Si c | ussi gkristall materi al fOr e| ne 2s

[prrichtung ei @:IMa;endl r@ctaeifend den mmmwemh Q‘bldaww gskenapeichneg| ¢ag: das Fiipsighriatal-

AR pemﬁtqnglcmemslab};mg é'"b’@‘?l'u;af i ﬂ,e dﬁ ﬁ%%‘g’:}:;mﬁstdas Flissigkristall

£ Ossi gkrl sta ?ﬂ-r@: ipl fydc Per%t %m: @L e ssi -

7 ektroopti %aﬁéa 8“%586 ﬂé}n : lgq\b%r:‘ﬁ'd% Jirbmﬁhkéﬁnieﬂl\ﬂﬁl daBlsiek HasiFRedigkristall- o

' sol i er ende maniastar ﬁh@ﬂornbﬁﬁﬁhg dmdﬂ @¢hh EhBeravanies! Giptdirec bhdleswrisigchere it einer -
ist, auf d € meinByselth| Phadecheruhe runSutmsr[qrmlshgsoﬁi@felg Uh@ﬂ@ﬁe@l SYeempee Miyfieee F*ﬁ@fﬁ“

Qoo QW

I%; | m si nét d*l"é?’ekfb?'t schen I\/at a S zvm chen den Substraten . Aadiieha far eine

‘ a s

{ekennzcil Ch_Vo htu g%‘%ﬁ%g rﬁtﬁ. W&fﬁ&é rmﬁblﬂn aF ﬁér fatischen Phase ... .
-USST gKT I Sty ULI{TEIEgE ma@i BARRHstf at rldl Sﬁsam n mit einem chiralen Mittel enthait. -

'g ussi gkri st aI hzamehgeummsﬁrbémgdaamh gékaseictolet, 45K sichatds Fladsighristatimatedd! dlreine

dam si e #8f voeirhPhaggrenaieaud uewmmw@sltven P'nP'schié?ﬁe’E'G enéwq‘ raematschendhassy

bruht. 45. bersyn P pepatis hﬁﬁ%@ﬁ
FhemieChogi e r:é‘é? f% ?E%{E’ﬁ cor T, vr

i Ossi gkri s Gdeh GhAIENGA m dd A@lektAisch Slibstedterg eddarnh gekeoiwaiot-,
B si e \VBMnée 6al ddsldietoreisant INBt‘ahelrengeﬁﬁrbtei Flusdlﬁkrgstamnag'laljg@naﬁ Anspruch 1 ist.
op~—~—~~~~~~~~~~ 44, Flassigkrist@ignzeigevorrichtung nach Anspruch 43, dadurch gekennzelchnet daB sie auf dem’
3 Phasenwechsel vom cholesterinischen zum nematischen Zustand beruht. :

48, Flassigkristallanzeigevorrichtung nach Anspruch 43, dadurch gekennzeichnet, daB sie auf dem

Fréedericksz-Effekt beruht. N
38 - 46. Flussigkristallanzeigevorrichtung nach Anspruch 43, dadurch gekennzeichnet, dal® sie vom

verdrilit-nematischen Typ ist.
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