@B 2 027 708 B SPECI FI CATI ON Substltuted blcyclo octane liquid-crystal
“conpounds ‘and devi ces contai ning them The present invention relates to
substituted bicyclo-octane liquid crystal conpounds and materials and

devi ces containing them 5 In the field of displays there is a
requi remalnt for el ectro optic devices haV| ng a. | ow power 5 @NsUsPLtHeE g i
Devicgs i-Reorporating gui-d—¢ al—ne have - been-shown—iLg ) -

t hi's/requi renent because they have an el ect ri caI ly swi tchabl e nol ecul ar
arrangenent SREUFIGAVIONY ‘| arge el ectri cal. resi stance, and at.-the present tinme
a consi der alfubstituted hlcv@qi-octnneque@tcwssalBemng"ynemdqvwesm'ueweg!s for these
reasons. 10 g, IJ&SMV% &F@ﬂafs Jka%mulea%r s&mﬁ.e&.d E%ﬁ%bnﬁpo%ndsséh%a%w@

been known fgg4 10 crystal materials are organic

¢

mat er i al sswhi Chln@h@’ﬂemdfd@pliylswrds 6}I‘eyiﬁl'fea'ienﬂ’ﬁﬂﬂ&trbmpmeOrbestHaﬁngra)lowcqueS are 5 |

arranged oveondumptidreteviqeaincaporatingdjedd epstaimataridie hag bserrabewmatlﬂh@lsmmuwm%m S
may be si nglbecasemthenirie amgleaticgliv aniishable malaeulatATgagersELIE @iV largs slasticd)r asent -
i nventi on t H%?'%a”ic%} ab‘ﬁ Hihersepent Ymef ropsiderspla agouptabintiestis REiD9 TgWP fsushy euices for

fol | ow ng ‘&%e areslthr b Friquid crystal Z:r erial some ve been kno r1 or many years. Liquid 10

13 [ err] ateridtd organlc materials whi A8l rystal ftths ch@ethidleculed ard
bi. CyCl 0 (2 ?arrgﬂgeﬁﬁfléiﬂﬁltéd dpBtial Minges irBgalor éihﬁ'myt @nfhegfawﬁpls Ay be single compounds or
26 or 4, 4'mikiuphettphmpoundsip or a 2, 6- napht hyl group 25 Y is a cyano group

ok R or OR  whésaardiig toithe Presens fverition tharetissowidea ligd Rystal compound havingthe 25 A

corrpound‘?orf°'5’t‘9’t'ﬁ96‘ﬂﬂﬂ?f§5a’ﬁ@9"i”f?g mol ecul ar structure (1) will be referred to '®

as a conpound (or conpounds) as defi ned. The al kyl -group R preferably
contains | ess than ei ghteen carbon one to ten carbon atonsy and
may be normal or branched. If R P35 &%Y'”nBV 5bh?%§n a chiral centre
I n which case the 30 conpound i s optically active.

30 I f the covhecumidamaikyl groter m nal cyano group the di el ectric ani sotropy of
the material will be p05|t|ve otherwi se th ielectric anisotropy is likely
to be-negative. By a 'liquid crystal conpo " is neant a conpound in. one

of the followi ng two known categories: (i) Corrpounds V\:hl ch normal |y exhibit

a li.quid cr ¥sS§ t?hl:yc o%@g) octane ring, Xisa 1 4—-phenylene group

20 R O 2

or a 4,4'-biphenyl group

s
or a2,6-r1aphthyl group '

25 Yisacyano group or R’ or OR’ where R’ has a defmrtron the same as R. : 25 '

. A compound (or compounds) havmg molecular structure (1) will be referred to as a compound (or
. compounds) as defined. :
’ The alkyl group R preferably contams Iess than elghteen carbon atoms, eg one to ten carbon
o atoms, and may be normal or branched If R is branched it may contain a chiral centre in which case the
30 compound is optically active. 30
If the compound has a terminal cyano group the dielectric amsotropy of the material will be
positive otherwise the dielectric: amsotropy is likely to be negative.
By a ‘liquid crystal compound’ is meant a compound in one of the following two known categories:
(i) Compounds which normally exfiibit a liquid crystal phase;
35 {ii) Compounds which do not normally exhibit a liquid crystal phase but which nevertheless ' 35
usefully affect some aspect.of liquid crystal behaviour when dissolved-in other liquid crystal compounds.
-Compounds in category (ii) show a ‘monotropic’ or a ‘virtual’ liquid crystal to isotropic liquid
transition at a temperature below the melting point of their solid phase. The monotropic or virtual
transition may be detected respectively by rapid cooling of the liquid phase or by dissolving the
40 compound in a material exhibiting a liquid crystal phase, observing the change in the transition tothe 40
isotropic liquid phase of the material by- the addition and calculating the virtual transition temperature a
by extrapolation.
Compounds in category (ii) might. tor example be usefully dissolved in other Ilquld crystal
compounds to extend or vary the liquid crystal temperature ranges of the compounds or to vary the

45 molecular helical pitch (in the case of cholesteric liquid crystals). 45

Material which exhibits a liquid crystal phase and either consists of or contains a compound as
defined above will be referred to herein as a material ‘as defined'".



35 (i.i) Conpounds which do not norimally exhibit a liquid crystal
ase but which nevertheless 35 usefully affect sone aspect of |iquid
ystal behavi our when di ssol ved in ot her quuid crystal conpounds
npounds in category (ii) show a 'nonotropic' or a "virtual' liquid
ystal to |sotrop| c I IC]UI d transiti on at a tenperatugg 2b859v¥0t8h§ rre5t| ng

pe pha C : : :
det ect ed respectl veI y by rapl d cooI i ng of the I i qui d phase or by di ssol vnn.g
t he 40 Toalipiderystal ﬁhase axba‘bnmdlbaltheeuhertai dsidefined rﬂawtpemejna:ticyssteadncquhase observi ng

he ehale f th
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d| ssol vedfdramyabhbﬁudds ﬁﬁhednéi:lraﬁsﬁré‘darﬁﬁﬁpﬂﬂﬂﬂ&rﬁ\éﬂlaxbmmd-cmnpdmﬂy the liquid

"~ crystal tenperature ranges of the conpounds or to vary the 45 nol ecul ar
helircal pitch (in the case of c gic ligquid crystals). -
45 Material which exhibits a |iquid/crystal phase and either consists of or
COﬂte’yU?Shﬁolﬁm'ﬁwuitds as defi ned above wil | be referred to herein as a
materi al. ' as defined'

@B 2 027 .708 B 2Te| u c stal eexhlblted by the material as
defined may be nemati @ﬁo‘l’g ~—For- a nemati c phase the
conpound as defi ned slfu-l—d—have—a—nem:a-l—a-l—k-w—q oup Rwhilst for a

chol esteric phase thelc fined shoul d have a branched al kyl
group R containing a ch??@'@g %5 9

5 Preferably conpounds as defi ned are prepar ed fromthe internediate

brono- conpound [err] gg dneed @1@%’& [err] 10 A
conmpound as defined may b&'m xed onRe remet her conpounds as
s, eg-to extend its

defined to enhance
e followi ng are exanpl es of

liquid crystal tenper up@p@gdq--ﬁmw :-E
such mixtures: [err] [err] =alky contai |n(_§L than 10 carbon atons 15
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A compound as defined may be mixed with one or more other compounds as defined to enhance 19
its liquid crystal properties, eg to extend its liquid crystal temperature range.
For example the followmg are examples of such mixtures:

MRy -@-mo -_@cu plugo L") -@-m.o @m.
Ry '@&0 CN pli:e %-®-_mp .CN

m@*&@m e -{rmo-Oyonms
| ﬂs@m

10

Ry, Ry, Ry = alkyl contairilhg less than 10 carbon atoms

leew1se compounds as defined may be mixed with one or more of the compounds it the B
followmg ‘categories: '



Li kew se, corrpounds as def| ned may be m xed with one or nore of the
conpounds ‘i n the fol |l owi ng categories: 3

GB 2 027 708 B 3 [err] O According to anot her -aspect of the
present invention a liquid crystal electro-optic device conprising two

~adj acenty diel ectric substrates at |east one of which is optGeal b37 708 B 3.
tranS})a. etit—=a Id.ycl of —Hrqurd-crystat—Tatertat berween the substr at es and
el estrodes on the inner surfaces of the substrates to allow an electric
field to be applied across MéO)@)eNial, is characteriséd in that the
liquid crystal material 10 conprises at |@gas{Qp@<)pound of structure
(1) as defined above. ' ' ' ~ 10 The electro-optic
device may for exanple be a display device used, for instance, in an -.
instrunent such as a tine wat<€BD)ydO)™ ock. The deV| ce.nay: for exarrpl e be of -

the known 'twi sted nematic' or 4 - ™) aocN

@B 2 027 708 B 4 (cholesteric-to-nematic) 'phase Change' types Exarrpl es
(Examples 2 to 4) of nmethods of preparing conpounds as defined will be
‘descr.i'bed bel ow. Exanple 1 ‘&’snr-é)@cdescri bes the preparation of an
appropriate intermedi ate. EXAMPLE 1 5 - The intermedi ate conpound

1- brono- 4-al kyl substituted bicyclof 2. 2‘@] _m_@\ﬂ@c_h is used in 5 the
preparations described bel ow may be prepar®e y h 8 |OWI ng route: [err]
'Rvas defined above STEP Al: The production of 3-acetyl -

, 5-di cyano- 3-substi tuted peggar_@_ég? §TEP B1: The pr oduct| on of

3 acetyl - 3-substituted pent and dar boxylic acid.’ 10 STEP Cl: The
production of 4-acetyl-4-substituted cycl ohexane. STEP D1: The production
of 1 -hydroxy-4-substituted bicycl o[ 2. avi?] Sxofe: -STEP El: The

production of 1 -hydroxy-4-substituted bicyclo[2.2.2]octane.
| 00 10 D)0 o
N+ ) “_..N N.@_Y1 -
i) n@c=c@-m
. R L o (xm n..gﬂ,,,_@.y,

. _ (xiv) RO '@'N =N ‘@'Y'

P (XV) RO '@"C c'@‘CN
| (xvn 80 -@-cu -N-@Y1
win A -Q>-HOHson m=tz
where R is defined as above, '
isa cyclohexane ring, X is as deflned above, and Y, is CN R, OR1 or COO—X——Y1 where Y1 is CN R‘ or
5 .OR!; the definition of R' is the same as that of R : ... b
- 'According to another aspect of the present invention a liquid crystal electro-optic devnce
comprising two adjacent dielectric substrates at least one of which is optically transparent, a layer of
‘liquid crystal material between the substrates and electrodes on the innér surfaces of the substrates to
allow an electric field to be applied across the material, is characterised in that the liquid crystal matenal
10 comprises at least.one compound of structure (I} as defined above. 10

) The electro-optic device may for example be a display device used, for instance, in.an mstrument
such as a time watch or clock. The device may for example be of the known ‘twisted nematic’ oy’



STEP Fl: The production of 1 -brono-4-substituted-bicyclo[2.2. 2] octane. 15
Al'l six of these steps may be carried out.by nethods essentially anal ogous
'to those for R = methyl 15 and ethyl described by H D. Holtz and L. M
Stock in the Preparation of 1 -Carboxy-4-Substituted Bicyclo [2.2.2]
Cctanes, J. Am Chem Soc, 86 5183 (1964) EXAMPLE 2@'51@ gﬁp@b@@tgon af
es‘Aer'deriva{;vce of—t—ctarboxy—4—atkyr—stubsttuted—breycto 27221 oct ane
by the 20 follow ng route: gl
20 [efchqlewraéo-dem?t dhﬁbe‘?PQQSWIEFSAZ - car boxy- 4- sub(? ut.ed- bi.cycl o

( arm e |
L2 2 ot et BPar R gyt oG e arfm%'ﬁ*%?@ A Eigts{ﬁln Gooct Lbai

for 2pxanpie methyl and ethyl in the-paper nentioned above by H D. Holtz
ang L. Mrheinfekediale co%ﬁou@ﬂmomsoﬁalkyl subbtittied bioybR.2.210640e wiSdHiPusdin The s

pr odutheipeeparafiond desstissdibblatveshy be pleparydthyahé RlGviddroatet anoyl chl oride. A
solution of 1 -carboxy-4-substituted bicyclo [2.2.2] octane (0.0018 nol e)

in dry toluene ( 10 cnB) i's heatgghpnd@r rﬁichzux with thionyl chloride (1
cnB) for one hour undert-&riPdfdus—condi t)ans and 30 then allowed to coal.
The mxture i's evaporated to drynegs “tfder Wﬁ?’ﬁlum and then nore dry tol uene~
30 (10 cnB) is added and the re tant. sol.ution is again evaporated to
dryness under vacuum The acid chloride residue is used in the next step C2
wi thout further purificafi S ¥ emear: Eé?@ AE S ues of 1 ¥
- car boxy-4-substi tut eqd bohc%ﬁgl:@wluz T2 206t BHe - A\ prepared by a
suitabl e nodification 6f the reacti on desgribed for the preparation of 1
,4-bicyclo [2.2.2] octylene di- 4 35 oxybi cyclo [2.2.2]

oct ane- 1-car boxylate*by M J. and R Gol dberg in a 'paper on

. The 35 Rol e of p-Phenyl ene‘r@ Fiquid crystals,’ J. Am
Chem Soc, 92, 1582 (1970) wusin he acid chI oride prepared In step B2.

5 @B 2
027 76851!?f'“9d?5’°‘ﬁ1ree exanpl es of products of Step C2 are: r  Crystal (O

to ne transition
f 3-acetyl gi a]no-3-subst|tuted pentane.
t agpek P‘EIeThe ggéd%gnl\geﬁﬁ bdtfi- iiﬂwst tﬂedl Séhkanei scdibdrishityiid aibl) _ 10
- STEP C1:The production of 4-acetyl-4-substituted cyclohexane. : : .
STEP D1: The production of 1-hydroxy-4-substituted bicyclo[2.2.2]octan-3-one.
STEP E1: The production of 1-hydroxy-4-substituted bicyclo[2.2.2]octane.
STEP F1: The production of 1-bromo-4-substituted-bicyclo[2.2.2]octane.
15 All six of these steps may be carried out by methods essentially analogous to those for R = methyl 15
and ethyl described by H. D. Holtz and L. M. Stock in the Preparation of 1-Carboxy-4-Substituted BICYC|O
-[2.2.2] Octanes, J. Am. Chem. Soc, 86,5183 (1964).

EXAMPLE 2 '
The production of ester derivatives of 1 -carboxy-4 alkyl substituted brcyclo [2 2.2] octane by the _
20 following route: . _ 20
RO TEL n-L)-ton == STEP 8¢ a-@-ma,
: / STEPC?.
Lo
R as defined above

STEP A2: 1-carboxy-4-substrtuted—b|cyclo [2.2.2] octane may be prepared from 1-bromo-4- -
substituted bicyclo [2.2.2] octane prepared in Example 1, by a modification of the reaction described for
25 R =methyl and ethyl in the paper mentioned above by H. D. Holtz and L. M. Stock, J. Am. Chem. Soc, 25
86,5183 (1964).
) STEP B2: The production of 4—subst|tuted 1-bicyclo [2.2.2] octanoyl chloride.
A solution of 1-carboxy-4-substituted bicyclo [2.2.2] octane (0.0018 mole) in dry toluene {10
cm?) is heated under reflux with thronyl chloride {1 cm? for one hour under anhydrous conditions and
30 then allowed to cool. The mixture is evaporated to dryness under vacuum and then more dry toluene . 30
(10 cm?) is added and the resultant solution:is again evaporated to dryness under vacuum The acrd
chloride residue is used in the next step C2 without further purification.
STEP C2: Ester derivatives of 1-carboxy-4-substituted bicyclo [2.2.2] octane- may be prepared by a
suitable modification of the reaction described for the preparation of 1,4-bicyclo [2.2.2] octylene di-4-
35 methoxybicyclo [2.2.2] octane-1-carboxylate by M. J. S. Dewar and R.:S. Goldberg in a paper on ‘The 35 -
Role of p-Phenylene Groups in Nematic qumd crystals, J. Am. Chem. Soc 92 16582 (1 970) using the .
acid chlonde prepared in step B2. .



5

transitiorfterrp\erature: [err] 5 Gystal (C to nematic (N (2)

Terr] ° transition tenperature = [err] [err].
Nematic to, isotropic liquid transition tenperature = 271.1C 10 (3)

[err] 5 C-N transition terrperature = 106031§ 027 :I;@gl\h| 5

transi ti op—tefperature—=—262-8C<{i—+s—4—cyanophenyt—4—n-pentytrbrecycto
[2.2:2] octane-1-carboxylate. (2) is 4-cyano-4'-bi phenyl yl

-4- n- pent yl bi cyclTerep xathpRp otyrtduns ofiSteg @2 rexyl at e. ( 3): o ,
2- cyano- 6- napht hyl - 4-n-pentyl bi cycl o [2.2.21 octane- 1 -carboxylate 15
Furt her exanpl es:

- ' . . 1{C) t nem tic (N)
15[err] C—I = [err] N-I_ xjrtu tranltl'c%;a-t—- {utd =1890°c
[err] N-1 = [edt] . C'N ="7%n 201 bel NG e F E:;a;achqmd(l) -
20. The prgpar ation of conpounds having the s I‘uctwre|t|{>|efem})elaﬁlraj=e1l08l&'tc 5

above, by the following route: [err] 25 R as defined above
25: STEP A3: The productlon of 1- (4' - br onp- 4(- bFyypted IP?P mﬁﬂ"é'ﬂ’osﬁ%&: .
iot {6 [©2.2.21

bi cycl o [2.2.2] dct ane. @c? ro.-4 s‘{ﬂﬁ
oetane (0.0039 nole) in dr ro@@@'&( 15{cnl tr n Itl%ﬁatwé"fd'ﬂﬁeoy\nﬁﬁ@/er a

period of thirty m nut es to a well stirred solution of crushed anhydrous

GB 2 027.'%08 B 6 al umniu oride (0 0026 oD/NE}ansitich ¥mberewm: POGBHRE 10
(®.0116 nole) if8dry ni tr’b‘tf@ﬂlz@o i nNaH megkitoh t8OBGwA028°C -
anhydrous conditions. The mixture is pt at this tenperature for five

hours. 1t i S(mbﬁléyérﬁf enPl4ld-pdnidbidibio (D) deeiPa Feaibutyliate.eg over N ght It is.
then added t(@)iad<yaol4’-aipbenylyl &h-pantylbicyclo [2.2.2] octane-1-carboxylate.
(3) is 2-cyano-6-naphthyl-4-n-pentylbicyclo [2.2.2] octane-1-carboxylate. -
15 Further examples: : . 15

"’ -Gk -@-coo@_m
C—=99°C N—I (virtual transition) = 96°C. :
i) -c;m;@.coo <O
N—=102°C  C—N=77°C.See also below.

20 EXAMPLE3 - ' - - | 20
~ The preparation of compounds having the structure

A (O)<O)-t0.0 =%~y

as defined above, by the following route: .

. Y

@—» asr
S /g,ﬁpg, .

25 R as defined above o n ' o ' . - 25°

STEP A3: The productlon of 1-(4'—bromo—4"—b‘phenylvl)—4—subst|tuted blcvclo [2 2. 2] ‘octane.
A solution of 1-bromo-4-substituted bicyclo [2.2.2] octane {(0.0039 mole) in dry nitrobenzens (16
cm?3) is added dropwise over a period of thirty minutes to a well stlrred solution of crushed anhydrous



hydrochloric acid/ice/water mixture and stirred for about twenty mnutes.
he organic layer is separated 5 off and steamdistilled to renove‘the
ol vent and 4- bronpbbenzene. The residue is dissolved in tol uene 5 and
he solution so fornmed is dried over nagnesrunrsulphate It is then,

step has C—N: [err] and N-I = [err] STEP B3: The productlon of >-f
'1 4a'u'65?a'mhwﬂdobﬁ0 3ndA-bratehipteny! QIO HiGoyaé)dn dr@ niffolithzene (26 1en?) 10 A

Kol '% atf° ﬂdebr us'mm' rﬁght X ureus#ensgnhtsmwrmre rwy ozrszt 2]
oct a@a

hOUI‘é?ndllﬁKkb[utl&ﬂ ﬂ’nféu% dii@ﬂ‘ e"h\@éh%sm @Ipﬁgté( ttgtﬂeﬂ te ?n and t hen
addedtyriess endsolatiiune Mhedolidiebivial i crgstallisad frorh kthhnd! Erhdlbludfé er%ﬁ_g»)anwnhwat er (5
crrB prmlttchofélm@mmas&t—elﬂ—ﬁ 200¢ hddN-+£=281.4°¢.0. 5 cnB). This is stirred for

nt y f‘E’F‘P g,ﬂl"% 0914'nip @FV'Y'H-& @t S’GV&['eirzréaé ocihd.s mi xture is

W ?’é e R i

ﬁnﬁ& and

ev apiutibiesF a'hﬂrdﬁb’uy RES@I) Gt"ﬁ!’e (086§ lmvat ch® ) ndeﬁtrsﬂw # }og

chr dﬂﬁtm@k Tpdly stireed i teérity Mibutpe! ht 50°Clanditheh veiedis BOGHMIE THE Pﬁtxtlfr@ls aS eI uent.

' I 15 i %‘trﬂqt?ﬂeﬁeve}a‘ timegs with ptheragd thep mezcomemu»rgamrmm driéd oex mapresiuol sudb a ¥
Pp ie sqlution is filtered and evaporated to dryness under vacuum. The product is purified by [err]

olumn chromatography usin hl
_ s["eﬁ's from 2. metho ggg ﬁ%pﬂ’f&gc grqfosm/exape mixtuse pagient risfisallyf o kind wel |

kno xﬁ ldlét i Cl d ‘preparations. STEP D3: This Step is simlar
to Step BZ descrlbed above: STEP E3: Thi's Stepis simlar to Step C2

descri bed above. EXAMPLE 4 25 e_prepar atlon of “conpounds havi ng the
sfQucture N -Csh '.'“ erN$ 188.7%@f i ned abgve, by

the following route: [err] STEP A4: The prodUct|o —of =296t i t ut ed- 1

- pheny | BirERed:anik Btep i2d hyafolyaid f 480K Vsl KRSWH in@Ehn@did ofgiiniCackibregal@id. ON Whi ch i's
anal 0go&ZER B3:Thia Stegidssimilds exiStxyBSdesGibet eles@ar a, PhD Thesi's, Hull University
Li br ar y STEP ER) Thig 8tpp is\ajveilar R Stenfeddep¢ribedhaboye.oduct. of this step has MP. =
[err )5£§]';EP B4: The production of 4'-(4- substituted 1 -bi cyclo [2.2. 2]

Oﬁrobenzeﬁé& gpgfc)oépag[dghé\,g@&ﬁ)gsﬂ%&g fyl chlori de (0.0077 nole) in %ry

ropwse to a well stirred solution o
4- substltuted 1 -phenylbicyclo [272 2] octane™(0.007 nole) and crushed
anhydr ous 35 alun1n|unrchlome(é%é@@?Q&Qmwv1e) in dry n|trobenzene (7 cnB)
at [err]. This solution is left ing, eg - 35 : L

as defined above, by the followmg route: . '

-@-ar—-—-nsm‘ -'fc,,s S

y STEP b
OO 2 O S:JW o
| | - L-HO)00 %y | | |

STEP A4: The production of 4-substituted-1-phenylbicyclo [2.2.2] octane may be carried outbya
30 reaction which is analogous to that described by S. Sotheeswara, PhD Thesis, Hull University Library 30
1967. When R = pentyl the product of this step has M.P. = 37°C. :
STEP B4: The production of 4'-(4-substituted 1-bicyclo [2.2.2] octyllacetophenone.
. A solution of acetyl chloride (0.0077 mole) in dry nitrobenzene (3 cm?) is added dropwise to a well
stirred solution of 4-substituted 1-phenylibicyclo [2.2.2] octane (0.007 mole) and crushed anhydrous
35 aluminium chioride {0.0082 mole) in dry nitrobenzene (7 cm?3) at 0°C. This solution is left stirring, eg 35
overnight, at room temperature. It is then added to a small amount of a hydrochloric acid/ice/water
mixture and stirred for 30 minutes. The organic layer is separated off and steam distilled. The solid
residue is taken up in chloroform and the resultant solution dried over magnesium sulphate. It is then
*filtered and evaporated to dryness under-vacuum to give a solid. This is crystallised from a
40 methanol/ethanol mixture. When R = pentyl the product of this step has M.P. = 81°C. _ 40
_ STEP C4: The production of 4'{4-substituted 1-b|cyclo [2.2.2] octyl) benzoic acid.
A solutron of sodium hypobromlte. prepared by dlssolvmg bromme (0.0168 mole) in a solution of




overnight, at roomtenperature. It is then added to a small amount of a ,
hydrochl oric acid/ice/water mixture and stirred for 30 nminutes. The organic

| ayer is separated off and steamdistilled. The solid residue is taken up @
in chloroformand the resultant solution dried over magnesi um sul phate. It

Is then#iltered and evaporated to dryness under vacuumto @B \ec027 x08i B. 7

Thi s~i s Trystartised froma 40 et nan0|/e[ hanot mxture V\nen R = pentyl
the‘~product of t

o { m S7EP ":
codi um ﬁy;rﬁa 9 é’”ﬁ,‘r’g?ai;"%%% aﬁ el e ?t" 'e&m..@ am" ?g%éqe @’)c m %Ss o

sol uti on 0bf sodiurh hypobromite is destroyed by adding a solutlon of sodium metabisulphite in water. More water
7 GB20R 7 8Q@8ded &nd brdmaforrh yidtii e iroke tHe(edtBarOmixtukes Pn covlivg trersokifidn is ad®ifiesitwither r | ,5

i s added t eongentrated hwrptrhl@ld agdangttheopreciitatéd paductdiliered off andavpshedhyyiteydtes. 12. 2. 21
octyl) acet oph'%'ﬁe'f?éuc'f t@hfeﬂ f'iO'QP ﬂBAOVthWI W0, o V("leﬂ PRaiylithe Pf°°H‘i’f‘8L‘}§jﬁout

t he addltlé'ﬁpj]% 9\/: S Rlehib is. .

S| enzoylc de.
i niai ved at YHILT ?Iﬁfggé B e e
adding a S@ldy n%,g ,g.i h.W&{ond&Vh c'ﬁws)/‘@h%hﬁurluﬁd@ Ed
and br onof @ﬁﬁ?dd)hﬁdnhiltu ahambmmamblmmtxrew&apdarte&fa@wneg,anahen moteldny On
i s aci di f.i edluenk (10 cnB) is adiedThé abdntsplitiacih hguin evapgated tamd/nteatsemgmemupmtﬁlegdd
product fi lcklenidedesisfuf isaet! intholsted Emthomﬁrpumtlm oduct was crystallised-
fXom a et hano m Xt ure. V\hen pentyl the product--of this step has

; afr SE’ ol tep|
.Cb. ST {4 m& ?% i Fidi ﬁ lﬁﬁﬁtom Bhcrfhd 7455 WPSaibHYEH 1

- (4- substi t Wigek flisak bﬁ;}éﬂ (Nl ReispRiyc acid prepared in Step C4
( 0. 0017 10 mgﬂrez) isiafrofltview i b wateh hévfhﬁb a)tﬂﬁ;)edl nemlaeatqeﬂ chyatbdisplagfcbnsirusted 45
t hi onyl 2@hisieawrdeFigdre[leand] ) for one hour under anhydrous conditions and thezo
al'l owed to s%ogmuremeaﬁe%pw éewsftévewVataeefthewatcp HeFdgure bt draus t?ri‘it@"ﬂﬁ'%‘i' :
toluene (1 %B

aI dls %y fﬂ%e Wi tegnematlc ;‘S"e'nrn‘ & Oglgnsglq to
sryness sragp R A e R TS
wi t hout 26 uich gﬁm@h'ra 'of: |dQ:Wsta which is ba atla- &rl %éy&oﬁﬂaﬂ‘a'sﬂfallt 0 o5
Step C2 desgpripbriicsl (eg @Y 6%.a cholesteric cdmpdint IEGEdtrﬁHe@VMSég'idftldeﬂdlme Srrdagetitnniae ibie
i nvent i on \acks ofioslifles 4cke Sehindrbelcdl\3 isvinanellysee srcsetzing polardisgr 11 artangeagifvdthdtsce t o
t he accorrpmlyrlaa omhxmﬁ dzogfal. M?rtehed ﬂﬂwae reflegtar 24ris b@mdcs'epeamalweew Gefegence

twistedy er‘?ﬂ'ﬁ‘F &%aix %gd?@’ t] ng. 3
. 1l t 5 t er icon monoxide or
o Sty e A R Ry e e 80 R e
1; and sllde at an angle of about 5° to the surface as for example described in UK Patent Speclf' ication Number
20 Figure 3,453,286 dsscibi thy/siias 44 arkdngedliitith@yvapaation@iredtibe omtht 64 slides4, gt e
2 but dr awe0P e dne asstharWiitlsuch a coating liquid crystal molecules at the coated surface lie ina single’
35 direction (parallel to the evaporation direction) and at an angle of about 25° to 35° typically about 30° 35
to the slide surface. As a result the liquid crystal molecules progressively twist from one slide 4 to the
other slide 5. Thus the plane of plane polarised light is rotated through 90° on passing ‘through the cell
3 providing the direction 13 of the molecules at the surface of the slide 4, 5 is parallel (or perpendicular)
. to the polarisers axis 2, 12 respectively. Thus when zero voltage is applied to the cell light passes
s 40 through the analyser 1, cell 3 and analyser 11, and is then reflected back to an observer 15. 40
; When a suitable voltage is applied between the electrodes 7, 8 the molecules between the
- .electrodes are caused to align parallel to the applied field and light transmitted by the polariser is
.o transmitted without rotation to the analyser 11. Since the polariser and analyser 11 are crossed no light
is transmitted to the reflector-and no light is reflected back to the observer at those parts of the cell 3
45 between electrodes 7, 8 which therefore appear dark on a lighter background. Thus by shaping each 45
- electrode 7, 8 into say seven discrete parts separately connectable to a voitage source the number O to
9 may be displayed.
In'the watch display of Figures 2, 3 the electrodes 7.8 are arranged to provide four seven bar
numeric characters plus a period dot which may be arranged to pulse once per second. g
- 60 The voltage required to align the molecules parallel to the applied field, is the ‘ON’ state, is 50
dependent on layer 6 thickness, materials used, temperature and surface treatment of the slides 4, 5. A
typical thickness of layeris 12 um. The material used must be stable over the temperatures of use ie
ambient temperatur_es which can be assumed constant for comparison purposes. A surface treatment ie
evaporation of silicon monoxide at 5° giving large tilt eg 30° of molecules reduces the voltage .
55  necessary to turn the cell ‘ON’ at the expense of a degraded contrast or speed. 55
In typical watch displays using twisted nematic liquid crystal dlsplays a 1.5 volt battery is used to
drive the oscillator and logic circuits of the watch and an up converter is used to raise the voltage to 3.0
-+ volts for operating the display. -
An example of material embodymg the invention suitable for use as the liquid crystal 6 is:

© 60 | . o neow @mo.@;nl . 10%by weight. | . 60




/Acale. As shown.in Figure 1 a liquid crystal displ ay of the "tw sted

nemat i ¢’ type includes a polariser 1 arranged with its pol arisation‘axis 2
\(ért cal. Aliquid crystal "cell 3 conprises two glass slides 4, 5 25
\¢op¥aining a |layer of liquid crystal -6 which is basically a nematic :
maserial but may contain a small 25 proportlon (eg 1g¥ 59 7a75§1%l esterlc

of the sI i des 4, 5. Behi nd t he ceII 3 is an analyser or second polariser 18"
arranged with its polarisation ww&l zont Alkrovih) BESDY Glight UM ni.um
reflector 27 is behind the anal yser ef erence nuneral 14 |nd| cates the
axi 8 12 projected-onto the sl i?' Y < Prior to assenbling the cell
the slides 4, 5 are coated on 9@‘“?%‘@‘@&%5 (kpewn) 376ty ¥8ightronoxi de or 30
- magnesi um fluoride. This coating i S formed by evaporating a stream of eg

si I'i con LiguiaewybERoMPEMAS B riktud@eribodiRg 3 IHvBntdh nfal B1bs bd (Bbd th khéwr e sur face
as frimseshamgeletiect deines lnahichian bistickitagthie ntérRi it hermaly ORI neadib4, 296. On
ads eﬁﬁqe I togives| '?'tﬁéslmt'btchpmyedmmetm wthith may bpswitchedon adematictstadebyon t lge t wo

i dbea °"8fa<§'t field PQP" ?'t° Wsen!reqhahwvwml#t 14 thetwisted r yst al

nen]a ;D% mm?f B%rgv k ﬁeﬁ”ﬁj a;&? aral lel to. .
Hlﬁﬁ}Qﬁ- iHe'oBﬂ:a is raPeikyfgto Ioiﬂ%t c i?

t1y)p| metkiia). TADMbiferidl @fal be dyd8 with aty@owh blﬂﬁblsylte dhfdio d {?as't qujgd .

cr y séamponmsis@odinisirgsreohodyigithechyention 634 pdriicdlpsifalié intﬂ:sé chéhgt B&ices Rer sl ide §

5. Tveysofithair low birefringénce) ane pol ari sed light is rotated through 90 on passing
throughE’E“I’R?"’E@TW"@'ERWPEHSWQ‘WW@QGP‘?'E@PF'W'&@feh‘o"\tshe nol ecul es at -t he
surface of the slide 4, 5 is parallel (or perpendicular) to the polarisers
axis 2, 12 respectively. Thus when zero voltage is applied to the cell

| i ght passes 40 thr t nalyser anal yser 11, and is
then refl ected ba c%@gun scgr'ver 15. Ws@tﬂ?e@a@ﬁ«tabl e vol tage 18

appl i ed between the .el ectrodes 7, 8 the nol ecul es between the el ectrodes -
gge caused-to aligy %tmethe appli fie and light ‘transmtted by
the polariser is tramsmtt thout r HENMAIENe analyser 11. Sithce the
pol ari ser and anal yser 11 are crossed no light is transmtted to the

refl ector and. no iS | ted ba Lg?t erver at those parts of
the cell 3 45 be%@e% ‘@'@‘é‘ 7, 8% te appear dark on a

| i ght er background. Thus by shaping each- 45 electrode 7, 8 into say seven
di screte parts se t@ym (@.@tableﬁ ethe nunmber 0 to 9
may ‘be di spl ayed pﬁst wat lg:l splay o Q??‘Iﬁlure the el ectrodes 7,8
are arranged to 'provide four seven bar nuneric charact ers plus a peri od :
dot which may be a—ﬁﬂa@@ @@ se once_cg%rw The vol t age
required to align the nolecu parallel |edf|eld is the 'ON
state, is 50 dependent_on |a _ gierials used, tenperature
and surface treat neEms-00-WHOO)IHEs 4, NKHsA Ay of:i ckness of layer is 1
2,um The materi al used must be stable over the t Bfper at ures of use ie

?Gbi ent terrperaturne@gzy\@m@tc@e assurmed constant for conparison purposeé. s
surface treatnent ie? n_cm.@mo; 20 ;

n-cmi-@‘mm R _®_co.ﬁ @cu: '_ - . S
o DO e O
" =;H3.Cﬂgé“(?“5)cﬂz ) n_%m@o _@.Oﬂ 45“11, . .
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evaporation ‘of silicon nonoxide at 50 giving large tilt eg 30 of nol ecul es
reduces the voltage 55 necessary to turn the cell 'ON at the expense of %e
a degraded contrast or speed. 55 In typical watch displays

using gw sted nematic |iquid crystal di spI ays a 1.5 voIt l@tge@y; I7§8Lb$ed §o
dui veTthe-oscirtator _and fogrc crreurtsof—the—watch—and—an—tp—cofivertetr—+s
used to raise the voltage to 3.0 volts for operating the display. An

exanpl e of naterlnagmsW@@d nvent I_%W for use as the liquid

crystal 6 is: %-n

GB 2 027 708 B [g 5 E é{;nown) 89% by wei _ght err]

(known) 1% by we?§#e 'corrp(-fmad@@lé@? enbodyi ng the
ct

“invention may al so be used in known phase change effe eVices in which an
optically active material is- Wﬁ@«é&va nematic 5 material to
give a |l ong hellcal PItCh chol es tertal which may be switched to a

nemati c state by on of an electric field applied in a way
simlar to that Ei’é‘é‘% i n reliil erzorec t hectN=stegbcnermati c devi ce.
An exanpl e of a phase change=effect device is described in UK Patent No
1,433,330. The chohg Q¢ 'xtures o€ DAL t hec-Nweagdiopn may conpri sé
elther the nematic matéri aF<QM™R is n-al kyl) or the optlcally material (if

Ris a chiral alk Qr—poth to, form | on h,cholesteric 10.

rrat erial. The rra?@"? %‘r‘é%d Wi t“?'i—é ftsgn% g R{—aﬁﬁ. Cpl eochroi c dye
i ve enhanced cont Conpounds, a XtuLesg, e y| ng the '

| nvgnt lon are pé?r?"‘i“% mﬁbl e i ﬂ\qpl!'nagg f:%]ang% @ev?%es I n view of

their low birefringence. Exanples of further conpounds enbodying the

i nventi opLaime as follows: [err] 20 25

2 9 1. A liquid crystal compound having a molecular structure
B 2 027 708 B 9 [err]

10 I
_ ncao-a_t-v ' : 0

where R is an alkyl group;

&

is a bicyclo {2.2.2) octane rin_g; Xis a 1,4-phenylene group

o

15 a4,4'-biphenyl group . 15

©-0-
RSO

Y is a cyano group, an alkyl group or an alkoxy group; andnis O, 1 or 2.
20 2. A liquid crystal compound as claimed in claim 1 and whereinnis 0, YisCN and Ris an n-alkyl 20
group having from one to ten carbon atoms.
3. A liquid crystal compound as claimed in claim 1 and whereinnis 0, Y is CN and R is an alkyl
group having not more than ten carbon atoms and containing a chiral centre.
4. A liquid crystal compound as claimed in claim 1 and whereinnis 1, Y is CN and R is an n-alkyl
25 group having from one to ten carbon atoms. 25
5. A liguid crystal compound as claimed in claim 1 and whereinnis 1, Y is CN and R is an alkyl
group having not more than ten carbon atoms and containing a chiral centre.
6. A liquid crystal compound as claimed in claim 1 and whereinnis 2, Y is CN and R is an n-alkyl
group having from one to ten carbon atoms.
30 7. A liquid crystal compound as claimed in claim 1 and whereinnis 2,Y is CN and R is an alkyl 30
group having not more than ten carbon atoms and containing a chiral centre. |
8. A liquid crystal compound as claimed in claim 1 and whersin the compound is

CH3 ‘®'C0 0 -@cn

or a 2,6-naphthyl group



S CLAIMS 1. A liquid crystal conpound havirg—afetecutar—structure 10

10 where R’is an alkyl group; is a bicyc ring; Xis a

1, 4- phenyl ene group 15 a 4, 4' -bi phenyl éﬂmﬁmi!llmumn m

15 or a 2,6-naphthyl group Y is a cyano gh ) ] =group or an al koxy
group; an®¥l n.is 0, 1 or 2. 20 2. Aliquid crystal conpaRi2dozs 7208ag medg
i'n gllaim 1 and wherein nis 0, Yis CNand R1s an n- al’kyl 20 group having

fromone to ten carbon atons. 3. Aliquid. crystal conpound as clained in

claiml1l and wherei nnrw.b g\ and R h-Sw b @ up havi ng not nore
than ten carbon atons an nta a chiral m-Gshgui d crystal
conpound as clajned in C_I@fll’elnnl CN and Ris an

n-al kyl 25 group h5%#*h ne t’en ciY %«

25 5. Aliquid crystal conpound as clalrredln claim1 and Wherein nis 1, Y
is CNand Ris an alkyl group heamW@@P ten carbon atoms and

containing a.chiral centre. 6. A liqui d crystal conpound as clained in

claim1l and wherein ﬁ_ CN-and Ris an n-alkyl group having from
one to ten carbon ab oFﬁs (Sm~m7 A | iNGoli=2Q2°¢st alC—cri®8fCt as cl ai med
inclaiml1l and wherein n is Y is CNand Ris an al kyl 30 group havi ng

not nore fhan ten cathe\j® d cont dNmilR°6hi r §—Ne98P@, 8. A liquid ®
cqystal conpound as cl ai Jred i ' m 1 and wherein the conpound is [err]

9 % — 2aEo GB 2
027 708 B 9 [errﬂ—c‘?'@l I i qwd cry?st%saf: corrpouncf ﬁaw ng a
nol ecul ar structure 6159 _@_m"m {N—I = 270°C C—N = 134°C;

10

CLAI_MS
1. A liquid crystal compound having a molecular structure

10
| B RS (.)CQH_Y . - 10

where R is an alkyl group;
is a bicyclo (2.2.2) octane ring; X is a 1,4—phen9lene group
15 a4,4'-biphenyl group 16

©©-
. .;.

Y is a cyano group, an alkyl group or an alkoxy group; andnisO, 1or2. '
20 2. A liquid crystal compound as claimed.in claim 1 and whereinnis 0, YisCN and R.is an n—alkyl 20
~  group having from one to ten carbon atoms. :
3. Aliquid crystal compound as claimed in claim 1 and whereln nisO, Y is CN and Risan aIkyI
group having not more than ten carbon atoms and containing a chiral centre.
4. A liquid crystal compound as claimed in claim 1.and wherein nis 1, Y is CN and R is an n-alkyl
25 group having from one to ten carbon atoms. 25
5. A liquid crystal compound as claimed in claim 1 and whereinniis 1,Y isCN and R is an alkyl
. group having not more than ten carbon atoms and containing a.chiral centre.
6. A liquid crystal.compound as claimed in claim 1 and wherem nis2,YisCNand R is an n-alkyl
- group having from one to ten carbon atoms.
30 7. A liguid crystal compound as claimed in claim 1 and whereinnis 2, Y is CN and R is an alkyl 30
group having not more than ten carbon atoms and containing a chiral centre. : ;
8. A liquid crystal compound as claimed in claim 1 and wherein the compound is

DO

Vi

e . or a 2,6-naphthyl group



erem is a bicyclo (2.2.2) oct ane ring; X.is al
phen”l’fm 4, 4" - bi phenyl group ‘
m ’H,ﬂup Y is a cyano group, an al kyl group or an al koxy

'.group, and h ils @ 3 oF 2. 2. Aliquid crystal conpound as cl ai ned
_Mmoclaim1 and wherein nis 0 Yis CNand Ri's an NGR\(% PR7 Z®8gB oup 1havi ng
f Tomone To ten carbon atons. 3. A ||qU| d crystal corrpound as claimed in-;

claim1l_a erein roup havi ng not e. -
Chan & R Rip{ER ol cistnedinga aa"aansrrhrfgra‘&e%mp indff 2P i docryst al
corrpoundasclalrredlnclalmla_@_\r\ra innis 1 Yis CNand Ris an

n-al kyl 25 group havi ng f r om@h 8t car bon at ons.

25 5. A ound a |nca|m13ridvvhereinnisl,Y

SOEREAT VTR B W?W@’?‘g&w&m%@mﬁarngwmfs'"mﬂ%w B bon at oms and

t ai hi | t . A t al d | ai di
Cpoan and wherein n | 5 e lEAIOR S an noalkyl group having from
ose to Har)\'ﬁlal'glemﬁtgfégmlmdggclgrmed in cYau&\laLd g”ﬁgn%{e%gn\gzjr%@?snpound as cl g med

inclaiml an Innis 'S an 30 group having )
not - nore than ten carbon at orge, a*r@r_]@m@m ng a chiral centre. 8 Aliquid ¢
crystal conpound as clained in'c 1 d wherein the conpound is [err] -
10 12. A liquid crystal laimed in cl GB 2
027 708 B s cws%cgmp%n??scal' “'c‘F‘ﬁS't“‘a %dovgr'i)eoeunngeggsmp urélcl”rsrrsd inclaiml and ¥

wherein the conmpound is [err] %_”@d crystal conmpound as clainmed in
claim1l and wherein the conpoun { er 11. Aliquid crystal

. conpound _as claimed in claim1l and wherein the conmpound i s 5 [err] 12.
A | i qui d3Apyiderystabspmpanny agslaimediimgigim; i ang whergin theoRPRNgi®i n t he compound |'s
13. Aliquid crystal conmpound as c_@rre |n clar m 1 and wherein the
aempound is 10 [ e 09O . 10

10
14. A Ilqurd crystal compound as claimed in clalm 1 and wherein the compound is

e Lm0 Gy
15, A liquid crystal compound as claimed in clalm_1 and wherein the compound is
s LD Do
15 - 16. A liquid crystal compound as claimed in claim 1 and wherein the 'cbrnpbund is | 15
e 0000
ﬁ. Aliquid crvstal-compound as claimod in clarm 1. and whorein the compound is
n=cgi £30-000 {OHO)-c
18. Aliquid crystal compound as claimed in claim 1 and vrrherein the.compound is _
20 o n-cusy ..®-cooCN' . | 20
| 1 9 A Ilqurd crystal compound as clalmed in clafm 1 and wherem the compound is
. : 0 -CgHy .@.f,@o n
20.A |I(:|UIC| crystal compound os clalmed in clarm 1 and wherein the compound is
n-CgHaa -®-coo cN

25 21. Aliquid crystal compound as._clalmed ln-claum 1 and wherein the comp'ound is 25

-C1P48 '-@-CO""_‘ .

[



14. A liquid crystal conpound as cl ai-red—n—craim I and wherein the

conpound i's [err] 15. A liquid crystal rred in claiml and
wherein the conpound is [err] 15 N‘t ﬂl)mmmmm conmpound as
clainmed in claim1 and wherein the co . s 18 Jerr] 17. Aliquid
crystal gpnpound as clained in claimi1 and wherein the con@Buh@®27¥s7q8eBr] 11
18. A liguid crystalr conmpound as clarnmed 1n clarm 1l and wherein the
con‘pound|32 . , . -

20 19. A |i qui%f- figugd %‘YSt?JB?fB%‘ﬁ'Hﬁasa%a"E?ddF%@]-ﬁ"dv\"léelrer'ﬁ‘lf PO oin the

conmpound is [err] -20. Aliquid crystal mpound as cl ai rred in claiml1l and
‘wherein the conpound is [err] 25 s o @,j «d crystal conpound
asclaimed in claim1 and wherein the conpound _ 25 [err] 11~

&B 2 027 708 B SfthdSombddhd®Rd in claim1
and wherein th%3 é‘\c;' b °'r1’(ﬁtg?°°mA§Jnh%\E Igm&?}dﬁ%k?t;t%gm%npgund gs claimed in

claim1l and wherein the conmpound is [err] 5 24. Aliquid crystal
conpound as claimed in claim1l and whgy e@-&ob%npound is 25. Aliquid
crystal conpound as clained in claim 1l and wher Nt he conmpound i-s [err]
26. A liquid crystal conpound as claimed.in claim1l and wherein the

corrpound 8 s 1024; Aliquid crystal compound as claimed in claim 1 and wie®diti fhe compound is -
10 27.~A liquid crystal conpound as clainmed in claim1 and wherein the

cdmpound is [err] 28. Aliquid crystal conp & Ia| med |n claim1 and
wherein the conpound is [err] -C&W{ﬁ*‘”
25. A liquid crystal compound as claimed in claim 1 and wherein the compound is

n-Civip -@-W m'

26. A liquid crystal compound as claimed in claim 1 and wherein the compound is
10 _ - n4csuﬂ®‘°°°cn 10
27. A liquid crystal compound as claimed in claim 1 and wherein the compound is

n-CeHtd ‘®—c°° ~—cn

28. A liquid crystal compound as claimed in claim 1 and wherein the compound is

- _ .- _ | . n-C7H{;5-®—C°°CN

15 29. A liquid crystal compound as claimed in claim 1 and wherein the compound is - 15

CH,CH,CH(CH,)CH,

[

.®.uo 0 .@cn

| 30. A liquid crystal material comprising a mixture of'cqmpounds at least one of which is a

compound as claimed in claim 1. - ) ) )
20 p31 A liquid crystal material as clalmed in claim 30 and wherein the mixture includes at leasttwo 20

compounds as claimed in claim 1. _ i - )
' I:’32 A liquid crystal material as claimed in claim 30 and wherein the mixture includes also at least

one compound of the form

N@(@)@w

~ 25 'whers R} is an alkyl or alkoxy group,n’ =0or 1. ' ' . 25
33 A liquid crystal electro-optic device comprising two adjacent dielectric substrates at least one

of which is optically transparent, a layer of liquid crystal material between the substrates and electrodes



D0

29—A+tquid—crystal conpourid as clainmed in claim1l and wherein the
\anpoun err] 30. Aliquid crystal materi al conprisrhg a
xtureﬂmmuhwlﬁwl east one of which is a conpound as clained in .
liquid crystal material as claimed in claim30 and
Whaegein the mixture includes at least two 20 conpouf@s2 H27cVe8 Bed % claim
1.732.. ATiquid crystal naterial as claimed in clai m30 and wherein the,~
M Xt g helinheH duetGiits Al th@suBbrddIS BlloH MR efeRiD ALl Halaphiide adré¥shedRateriier e [err]
an akkathctedisedih kaxte Gauilidystalmaterif) comprises at least one compound as claimed in claim 1.
25 33. A4l Adenriad as rigigted in ofdire 88 pud wiréin thd deviceds © d rematic ¢ftect davifeacent
di el ect r3|5bA Erf!}?taﬁ ined iy clain 34 andywlerein thadpvige is achelsstedatornpmetiontepmar ent , a
I a§ef’ a9pe pifegidedicr yst al material between the substrates and el ect r odés

12
GB 2 0277t Meigmrs Suoren grie .Q"m‘&ﬁ%&ﬁﬁ@ﬁt%ﬁ'mﬁ ST SubeT res to
t

all'ow an electric field to be applied across e mat er i al, characterised in
~that the liquid crystal nmaterial conprises at |east one corrpound as clainmed
inclaiml1l. 34. A device as clainmed in claim 33 and wherein the device is a

twi sted nematic effect device. 35. A device as clained in claim34 and &
wherei n the device- |s a cholesteric-to-nematic phase 5. change effect b
devi ce. B ot
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