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> q
crystalline tenper#@Pure ranges and al so i.nproved chenical and phot ochem cal

stability and4Xr et2bei ng used widely in liquid -crystal devices. 15
According to G3e 2328%e®K invention in a first aspect a range of |iquid
crystal 15 c@tpodldds which are specific nenbers of the above family are
characteﬂ?%é’ﬂ’%ﬁ@%@?ﬂﬁ%ﬂ%%@%’f where [err] i's zero or an

i nteger having a \GERARD MERONNRLLS i nc| usive. These compounds 20 will
herei nafter be. rz%zo_ At Ya; ' ounds of the range defined' 20

These conpounds %ﬁm 8. This means that

t he conpounds exhi bi _‘Ir_” - K h one or nore liquid
crystal  conpounds a chol esteri ¢ I fquird ¢ lf%tal phase in which the nol ecul es

are arranged i@pa \ArelsbckmwambIsfmlrsfmmwﬁcenﬂortdaﬁtdotnnﬁewvl ecul-es wil |
rotate the pécamethef'nvaﬁnon, for whiclh Bpraythati aopateaf mgeagdnteddo e Gind the

25 Accor di n%f‘thed bhwhigh ésseﬁ?tbelmif@'meﬂdﬂ bt particdasbyaleskribediaend by thequi d cryst al

wing t al t |
et '8 g ol m{dﬁn% o lstgavwgfut B8 RALA aa;%%érmﬁ.ghéngmognp%ng Lol mater ! Al

cont ai n| ng tV\oUKrPateanpec:ﬁcquurlGSS 130ldescribesiacfemilypyf compowndastpivingbe a wel |
known phas}*ﬂ‘!‘}g&ﬁ&é‘ prgeeftigseor endgycies, the \fmilyhbeingechgracierised)| by @echanged
bet ween .a sd Called 'focal conic' cholesteric state 30
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- where CN is a cyano group and X is a terminal group e.g. an alky group. Members of
this family show improved nematic liquid crystalline temperature ranges and also
improved chemical and photochentical stability- and are being used widely in liquid
- . - crystal devices.” -
15 According to the present invention in a first aspect a range of liquid crystal 15
: compounds which are specific members of the above family are characterised by .
the structural formula S

| cuscnzm(cus)(mz),,cw |

i wherep is zero or an mteger havmg a value from 1 tos mclusnve These compounds
20 will hereinafter be referred to as ‘compounds of the range defined’, 20
These compounds are cholesterogenic and optically active. This mears that
the compounds exhibit either on their own ormixed.with one or more liquid crystal
compounds a cholesteric liquid crystal phase in which the molecules are arranged
in a well known helical formation and that the molecules will rotate the plane of E
25 polarisation of polarised light. . - 25
According to-the present invention in a second aspect a liquid crystal electro- .
optic display device incorporates in its liquid crystal material a compound of the
range defined above either alone or in a mixture (solution) containing two or more
com%ounds The device may for example be a well known phase change’ devicein . _

30 which the material is changed between a so called ‘focal conic’ cholesteric state 30 !
which scatters light and a transparent nematic state by an applied electric field. The :
material may incorporate one or more pleochroic. dyes.

According to the present invention in a third aspect a llquld crystal material

SR




whi ch scatters light and a transparent nematic state by an applied electric
field. The nmaterial nmay incorporate one or nore pleochroic dyes. According

to the_present invention in a third aspect a liquid crystal materi al 2
1, 556, 994 2 suitable for

I ncorporatiing in the device in the second aspect defined above consists of
a m xture/on a conpound of the range defined above with at |east one .
nenot ogen EL ponpound having a formula 5 where gis O or I and Ris an

n-al kyl o —akl koxygr oup o 1'556994 '
present inventte o-E——a— 7B

| i quid phase consi stngblngrmcmpntaungem@lie dzvnce)inphnmcbndﬁspbtteleﬁ:&ﬂgﬂovdeénstsed abq'gi
with at |east one &b ‘f?g‘ ung p ase fiefingd)labove ewigh]. at] {past one wher

i is zero.or an inf'ee"éecr’geﬂlé\f WB° Y‘ﬁ%a ‘F' ‘to 5 inclusive and j i's 0 or

1. Thi's 10 m xture may exhihit ther i s means .that. the hellcal

pitch length of- .its. ol ecul ar formtpﬁ_@'mﬁ@g Qo . gi.ve a strong-

tenperature. dspendgmreBr ag%rrefl ciion afu?,g‘% ?éﬁr“ cuI ar wavel ength.in the
nti in

visible spectPal reQl Kbordink wi@’f eagmrmsmi Hpgd with
a col our which var chﬂeswrnthiqﬁlmphdseameistabwm re 38 compolidtcof A @figealefi neﬁhe

mat eri al may thus. b@vagféaamaﬁmpaerepqunémmaptwturd formufaor t he
detection of. breast :cancer. According-to-th S ventioh in a fifth
aspect a tenperature sensitive CM%GH(Cm)sﬁﬁﬂ w@%-@ﬁ udes one or nore

speci nens of. ther f fourth
2opect above ©Sucniis il ot ShGed A lBRER s B bBTR OGP 1R £ 7o
the effect of tenpas mbbbmardbrmdnen isesutcal to give altrodg telperamicatepaident mﬁggThe '

device may for exa fﬁl‘@w@ dor %Pafmfélam}' f‘g :mlﬂfr @lﬁsmﬂe‘}l/:ﬁte eﬂa%tb?fl dSon of
(his Spoct 1 oot on AR AEARSYAS et it vl e 8

optically active nmaétestion fb&ustr}gno%r positive optical
rotation angle : Accordmg to the present invention in a fifth aspect a temperature sensitive

(-): which refers a‘iaﬂlﬂgp % 'us ?ﬁ%n%’&%“ﬁ?’“""?a‘?{. thefmactnemis: hqvq
optical rotatjon aG lEyres r@rﬁro fiempé Bmﬂ- 86’°th%€hc §
rotatory power (Sp&hé ¢v€eerrmetyabtm IabeanthermIone 1y actlve materl a V\/nen

forming a 10% w v sol In the r{ol]opyug(}iescrlptlon of this specificatien the delipwing symbols are
30 Exanpl es of the“ﬁf’epar ation of the. corrpounds of- t-he range - defined above

and of- an optical |y aghi Veniéieredde Ry hn G&WMvéwaieﬁhﬂ vl ﬁ&lﬁvmuwth them

S Accord| ng to the _

wi |l now be dsscri bed, Exratmbmarfkle 35 - preparation of

(+) 4-(3"-met hyl pent yy- 4;;1:@“ ang!pe Opﬁne?gncalby“flvremwsmldwmga neggtiveoRptisal] er r]
% o) whig h 1s an- absolute of Bt rotator_y power (specific rotatlglla

3 St ep Al : The produc IO nof mﬁ«h bualy\bhelarfemlﬁhaa 10% vatv Sblhtion

solution of c¥mercially dnkaoﬂoable (-)-2-nmethyl butanol (0.34 nol) in dry 30"

o T i R

bel ow be descnbe
o Exaiple 1,
b LR The preparatxon of (+)~4-(3"-methy]pentyl)-4'-cyanoblphenyl by the followmg 35

route . i
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5 [err] by cooling the mxture in an ice bath. The white emul sion
which forns is 5 stirred at roomtenperature for 2 hours. After this tine
the crude bromide is distilled fromthefewL—sJ—en—under reduced pressure
(300 mm Hg) until the m xture turns orange and 'seeths'. The crude
distillate is taken up in petrol eum et her (b.p. [err]; 100 M) anpd (s 10

washed with: . )"i

10 (a) 5% sodi um hydroxi de solution (3 x 50 m); (b) water (3 M) ; (c)
10% sul phuric acid (2 x 50 m); (d) concentrated sul phurlc aC|d (100 m
15 3. (e) water (2 x 100 m556994

then evapor LT of Comribatl 30 GbudilednbRoB4 @6y i on boiling at
[err] colnhemte@duaag Thide le);iyyid € om:):ol) haeld mddreps ghasphpesr] 3.9 Step Bl:

The produd 0‘3 Trl?et‘ : Walntalﬁego?;‘md r anhydrous
react i on E {CF fg?r Eﬂ(ns tﬁh etocr)rd omldesqp et l but y
br omi de (§ 15 the rbydus re(sosmﬂmg%ﬁrth MixeRavent i onal

nmet hods. tiimg oramgshrh seeadb r eagent | s poured i nto. crushed solid carbon

15 The 50§t ?nrhl s Jrled agver, anhver ous sodi um sul phate and the solvent is
T g e

di omde (450 rwdﬁd’ételhterlstakm urwep%ﬁosrmre@er@Pt@(69°%t199ml)ﬁ@flant|| a paste

for 6d$un§ﬁ}dilbyfldee§31u%ﬁ B »Qdamgueous hydrochloric aci W(240 m).
The corrbl ne ewaer (3l x’sIS{Efnl) —and ether extracts of the aqueous |ayer are
extracted vm(c)hl%%lmdca xilde 25 solution (3 x 60 m). The sodium

hydr, g)XI de e )r%g%““&?‘ &ﬁ?‘ﬂicﬁ@dl% "% concentrated hydrochl ori chszlm d and
t he shaken i b} v M%rms)sod.mh%unsﬁalfteinmé fofvehtSs e Waslred with

wat er (2 evapiddated Jff. 'Eiblrﬁlﬂué)iselﬁstlﬂeﬁl”updltlalfmcﬁ axlmgsaumrat:ﬂleetadj the solvent is
evapor at €@6- MW“fﬂwglr@smyoﬁ@tmssMnf Bé‘él under .slight vacuum (450 nm Hg) 30

and the fgacgi. tii?&iuh &th{y_ En%th JRpted [err] 30 Step O :
- Thezoroduc%moﬂ'ﬁ ouéwsa%tf ﬁ @ n@fdi fe@gent HROMAC)D- fromstep Bl is
conver t edméetbylbutg baumdle (@HB mol)deod;scdiy stelmAdn re aredby dmvamclul ding to a
st andar d o Thepfr soccE ??htjh’ﬁ dio foride, the
resi dual d&ﬁ‘fh@%f ‘xy%gedis £,§' ,)W?ﬁe i “,1:1‘5 E f burification. 35

St eps D1: éﬁheuﬁr S)dtéﬁﬁsloﬂfhea u dioxide orobpgphenyl
To a niokition B Xeraets mewﬂlﬁrd \!ith c(oocemrm in dry

d| chl or o-1 Hea ga gh t e R4 tr ebr onobi phenyl
(0. 086 %ﬁ‘ E’t mt&é‘f‘k@% @a;'@"m'azs }ﬂ%m% %ﬂ’%ﬁW di chl or onet hane

< (80 éﬁkletherfrxdmn ebonlmg atl B6tC stcbnercteﬂgal‘.,ﬂrﬂ hours. After this3ine, the

ure I%FFE%E éak fl‘f ylg?{ltiﬁoxclon aJ ning, ice (100 g), water (30
and tj‘gtf % nlogfit stirring for
hour acwﬂm@waaw eﬂhod AfGRE Rafodd cesm %?%m ome\zvat er (2 x 40
dr i eiie oasidpal anidyolifopids issweti mrstesdbbwmoat amt!iert pifisgionent evaporated of f.

rudeg pr CREN LY. _el d t ; ; ing point_([err])
fr Oﬁget hgs'%%i’l'ﬁoqufIr 1§tg{'gdog£%@0ftgﬂ-s al N éﬁ%@ Elggegﬁi él“:)l) 1%1 %H%gimom- 55

(+)-4-(3 me’t‘ﬁdlﬁ)( I)is Qiﬂy-lbromoblphen 1 @08 ﬁxol)lahthl um aI um ni um

hydri de (@) taﬂom @tmhd (ﬂ ¢1 md@bh’aﬂl a0 o( )éfh%ma (a) anhydrous
‘al umg,ni un?o ‘g‘%ﬁ ??‘3 @ﬁg%ﬁg&g@ 0 m do and 50
(b) T+) - 4m l:))rgémcia in-dry

chl or of or@x 49Qni, a mfp anaydreuscsbdlanstaptmtd dthetsbbem»apurated nt ly boils. The

reaction Z:‘%ex‘trweepfpﬁ“‘% H%H“"Félflts“gls?dr t sRpstantomelien -peigt G0 mehour s. The excess
of lithiu luni ni um hydride <i s then destroyed by cautiously addi ng wat er

© to ubhe nMistépUEE . Thbproduction of (MHS(3rAmethy })entylM'tHﬂﬁﬂo yhefiyd i Nnto a solyti on of
ice ( 200 a%) Tovmmgm a(u@mnqrm Yydridd (0.063 mol) in sodium dried ether (100 ml) are

(a) anhydrous alummlum trlchlorlde (0 135 mol) in sodlum drled ether (100 ml)

50 “(b) (+) 4-(3"-methylpentanoyl)-4’-bromob1phenyl (0 0185 mol) in- dry chloroform o "50
(200 ml) at such a rate that the mixture gently boils. - - .
The reaction mixture in then left stirring and-boiling for 18 hours. The excess
. of lithium aluminium hydrlde is then destroyed by cautlously addmg water to the
- mixture. '
55 . .The mixture is ‘then poured into a solutlon of ice: (200 g), water (60 ml) and 55
* ¢oncentrated hydrochloric acid (100 ml) and left stirring for 0.5 hours; :
The organic layer is separated. off, washed with water (3 x 100 ml), dried over
:anhydrous sodium sulphate and the etheristhen evaporated off. The solid product
s recrystalhsed from ethanol to constant meltmg pomt (101—-102°C)

m xt
m)
0.5
m),
The




concentrated hydrochloric acid (100 m) and left stirring for 0.5 hours.
The organic |layer is separated off, washed with water (3 x 100 m ), dried
over anh¥dLQus_sndLuanuLphaLe_and—the—ether is then evaporated off. The
solid product is recrystallised fromethanol to constant nelting point
(101-[err]), 4 ' 1, 556,994

)~
4 Step Fl:f Thg production of (+)4- -3"-nethyl pentyl)4' -cyanobl phenyl’. A’
m xt ur e of - 4- (-3"-net hy pentyl)-4-Dbronobi phenyl (0.03 nol), which is
t he produc

om step El cuprous cyanide (0.03.nol) and
N- met hyl pyrrol i.done (38 R w&iﬁﬁw andstirred for 2 houish

The cool ed reaction ISte)ptFlE Thé Profuction op QUMM infekiyipRnty P4 dyasubiphényler ric
chloride (12 g) concent AanistirhefdrpéhiB'omethylperntyl)- 'i’ro?ombltﬂl nya(ﬂﬁml)ewh l.t'IﬁO —~

m), and stirred at produc stsp bavprowméa Fyl 83ken
) inather ! ha okt 9‘5%““{@";9 P émttmt’#"a%tg;z%ﬁh LR
m) and water (3 x dﬂdwatdrglsednm\aad sméayairsowsmmmmsu phate, an

sol vent is then evapora'tl' rghific mpgprial is then takggou A lth o
purified by colum c@fﬁ@&?ﬁ ﬂd‘ﬂﬁsﬁém,g“ ‘@:r ﬁ;b?iggc%%r %H%EN'I‘SUU ng
wi th chl orof ormg The pumrhé¢ ﬂﬁ& Qﬁhdﬁétldﬁlru cdlu |c ky dkingBifigelrt "ano
oi |l bath terrperaturecolhm eand tutn&mﬂt dﬂmrstoant’ﬁlerwaﬁeﬁsddlfcmsthweil ifletatdx! are
given in Table 1 bel &% i gﬁl crature of 18¢Hfe SﬁF‘éﬁa‘i‘s&Q“Fsdﬂeaé‘fred for the

(+) - 4- (4" - met hy| hexyPjo% 3595%%1" e5‘§7"the fol lowing . 15 route. Step

A2: The production of (+) - 4- et hyl hexan0| CEaiptk 2.( +) - 2- Met hyl butyl brom de,
prepared as in Btep Al  The Beparplion of (+}s(ACowthyinexll-4-rragotipienyl byntherfpllavdaeanoi as

acid by interaction W4 diethyl nal.onate followed by 25 ° . hydrol'ysis of
the ester according to-a |itgraj cﬁ(c @odrepﬂlihe@png@gq@ fc@@%s%,,pure by 25
g.l.c.) has an [err] 9.40 and. bo [err at..2 ep B2: The-

production of (+)-4-methyl hexanoyl chI oride. Thg &EAY from Sstep A2 is
converted into the acid chloride by I nteracg{b% \%{?g)thl anyl chlori-de
according to a standard nethod.  After renov SRR S of 30
thionyl chloride, the residual acid chloride:i siuml n step C2 Wi t hout

further 30 purlflcatlon Step ‘C2:" The productidn of . '
(+)-4-(4"-nmet hyl hexanoyl)-4' - bromb[%wﬁ(c@b@u@m |de from step B2

in interacted with 4-bronobi phenyl "by the netho odESCI‘I bed in step-Dl: of
Exampl e 1. The prodict . s crystal I | sed. to const 'f ' rreltl ng point
([err]) from ethanol. —cH nc 35 The
product gives azdmnot ropic smectl ﬁ% +.sot. rop| c liquid 20
bel ow the nelting point to [err]. St ep- Ep15?—1e productlon of - -

(+)-4-(4"- met hyl hexyl ).- 4- br onobi.phenyi - his conpound-i s* ‘prepared by a

reducti on met hod anal ogou@-ﬁ*b‘-“ﬂ(%@uﬁt‘z% HPO)-on Exarrpl e 1. The solid

product is crystalli sed t onst 9 PO nt. &L r..]) - 40- firom et hanol-.
Step E2: The pr oduct i IFP Q? H}QE&%&; tep gd?@?én%i@ﬂﬂcon&&%@ s
prepared and: purifi eieltoboc)-h m%m cxarba 1ﬁteﬁbtﬁin itht di@hy imaliinateof 6100

Sonme constants maasurlsdrdlﬁsrs of the ess ¢r@demdm fo lqtreten: mqﬂhdﬂa'ﬂt@wdus'e(PWure by 5 25
1, 556, 994 : . ‘glc) as an 13> 94° and bmled at 34§C at 25 mm Hg. =~ |

Step B2: The productton of (+)-4- ethylhexanoyl chlonde s ‘
. - .- The acid from step A2 is converted into the acid chloride by, mteractnon W1th
th:onyl chloride according toa standard- method. After removal of the excess. of
30 thionyl chloride, the resndual acid chlorlde is used in step C2 wnthout further 30
C punficatlon . L e '

- Step .C2: The productlon of (+)-4-(4"-methylhexanoyl)-4'-bromob1phenyl
The acid chloride from step B2 in interacted with 4-bromob1phenyl by ‘the _
' - method described in step D1 of Example 1. The product is crystalhsed to constant
- 35 meltmg point (56°C) from ethanol. - 35
o . The product givesa’ monotroplc smectlc phase on coolmg the 1sotrop1c hqutd .
below the meltmg pomt to 28°C _ _

'__,'Step D2 The productton of (+)-4-(4"-methylhexyl)-4-bromoblphenyl :
: This compound is prepared by a reduction method analogous to; Step El of =
- 40 . fl‘ixamp‘lf1 1. 'fhe sohd product is: crystalllsed to constant meltmg pomt (86—89°C) 40
rom ethano : . _ :

.Step E2: The, produetlon of (+)-4 (4"-methylhe l)4'-cyanob1phenyl ST
This is. prepared and purified by the a' methoq analogous'to step Fi of Example
_ 1. Some constants measured for the product are given in Table 1 below.



Exanpl e 3. The. preparation of (+)-4-(2"-methyl butyl)-4'-cyanobi phenyl, by
the following route: 5

5 Step A3: The production of biphenyl - 4-maghesium-brom de by the

"“entrai nment’ nethod. 10 7 (+)-2-Methyl butyl bromide (0.07nol),
prepared as in Step Al of Exanple 1, in 10 dry tetrahydrofuran (
i s added to magnesiumturnings (0.2 g atonm) in dry tetrahydrofura
and the mixture is stirred for 0.5 hours. The reaction is initiatd
crystal of iodine and the rate of reaction is control l'ed by adding the
~al kyls bromi.de in drops. 15 . 1,556.994Br onobi phenyl (0.13 nol) i.# dry
tetrahydrofuran (20 m) 1s thenﬁgdd d,in 15 drops so as to maintain a
steady refl UXth@gné}fmm?oﬁ@ MM Wéhylw%yﬁ.qskbﬁa ?:rw the fMGWEEt € the

I's stirred and eated under reflux for 4 hours and t hen

reacti on niosfeur

~ left to stand overnight. 20 St ep ‘B3;__The productlon of
(+)-4-(2 -nmethylbuty @ Q gsol ution of the Qi gnar d
reagent, produced i StE&p Al is cool ed ice bath and, with vigorous

stirring,. a solution of ferric-chloride (Olowbi‘ml) in dry tetrahydrofuran

(1.5 m) is added.in drops followed._by sol ution of (+)-2- nethylbutyl
brom&e (0.2 nol) in dry tet r-ahydr@r@'&%ﬂ%’}"ﬁ“ﬁh@ mxture is 25
stirred for 12 hours, .then stirred an hesﬁ’{v under reflux for 12 hours.
After 25 cooling, the mixture is poureol i™ O a beaker containing ice (200

g), water (400 m)- and concent; C r) cid (40 m), and stirred
- for 0.5 hours. The aqueous" mx(f' uéc%cu °§%m% ther (4 x 200 m ) and
t he conbi ned extracts .are washed with tearer08 x 100 m ) before drying over

anhydrous sodium 30 - ~ .sul phate. The -sdl vent i s evaporated off and.the
crude oily product is purifie gngel colum, eluting this
with petrol eum et her, b.p. 40(1)69%&{%%&“%9?2 roduct Is then distilled at

- reﬁ}”‘ﬁw? o gl ity %ﬁ@guc“&ﬁ&uﬂeahﬂvdr%i&gmu%d.t.ons a

“sol uggon of - [pPIMRtybaty %ﬁhide(dbﬁd),ﬁﬂ%bﬁé&is%ﬁbﬁﬂlofExanﬁ?le Mg is. gglded to
(+) - 4- (2' -drptdt hmnof tah (20 pheis ydd GoMgmh)n tu md@degiatp mtdep B3, 35
* di ssol ved tF'J‘{“héI % § kept at [err]

t hr oughoutad;t;ﬁté ﬂ;\’;ée&‘ﬁf g‘%ft"?dI‘Pé’ glﬂ'elr t@ﬁTga%m@xc(i""%lg& be' &g %té reaction

~ vessgh. Aften- HrSmbbiplieayla0.43 Bﬁl)hﬁ)ufy&eﬁ'mmfoﬂfrimo mi)disltieh @dded(i2 x 43411 ) of the

W

* chl of of or ndrs %tasoﬂ ﬂ@fmm arsteady uenadg]w the| @ddition is 18 hours
after the & @“&% "‘t‘frﬁés "F@dﬂb‘!ﬁ' ux fors bouesand um neta- 40
bi sul phi te so utlon The aqueous sol uti on-i's 'shaken with ether (3

x 80201 ). srkpeBmdmalpmhicﬁontcrfa(e)-e(zamethy\lhableehmxtyh wat er (3 x 50 m Y dried

over anhydr gude sd t“éf tmr inan The crude
solidisr e},} ﬁ%ﬂ’rj 43‘?. §%id f% rbm nt.

Step D3: Thdh Llﬁ&n’ni@él(@iu( ) Tﬂem'b}t qbl phenyl
- 45 Thés |sshrrr—é Bdhaarsd tipn rsutlfrre dnd eaaemchode Rk doroRohrsirs. @Mbt ep F23 of

Exampl e 1. :g concent%; réyrlclistrochfonc ntpg %4(;#‘ B an strrre foﬁ%ﬁn‘wtﬁ( 1 bel ow. 6

1,56, 994 The -aquéous mixture is' shaken with ether (4 x 2 giggls of . the range
defi ned atmrectm wbsheqbwapaatedcbylmmll elfdre dryingoekriankydi ouosbdtn‘m t he net hods.

descBe bed :iu nF lsmﬁp rateghoffiand the grudg n&vw% ﬂlgvﬁllm ing 30
(+)-4-(3 gt m ok SHenyrP P
i ' Step C3: The productxon ‘of (+)-4- 2"-methylbutyl)-4'-bromobxphenyl -
. ' Under anhydrous conditions, a solution of bromine (0.5 ml) in dry chloroform
35 (5 ml) is added to (+)-4-(2'-methylbut; l);l) bipheny! (0.04 mol), produced in step B3, 35
.. dissolved in dry chloroform (10 ml). The reaction mixture is kept at 0°C throughout L
the reaction time and light is excluded from the reaction vessel. :
' After 18 hours and 36 hours two further addltlons (2 x4 ml) of the chloroform
. : solution of bromine (10% v/v) are added.” - .
40 18 hours after the second addition, the mixture is poured intoa sodlum meta- . 40
bisulphite solution (150 ml). The agueous solution is shaken with ether (3 x 80 ml).
The combined extracts are washed with water (3 X 50 ml), dried over anhydrous

sodium sulphate and the solvent evaporated off. The crude sohd is recrystalhsed' '
_from ethanol to a constant. melting point. .

45 - Step D3: The production of }+)—4-(2"-methylbut -4'-cyanob1phenyl 45
. : This is prepared and purified by a method analogous to step F1 of Example 1.
Some constants for the product are given in Table 1 below.



5 foll owi ng route:

5 10 Step A4: The production of

() - 4- (3*—rnethylpentanoyl)4"-breme-p-terphenyl. 10 (+)-3-Methyl pent anoyl
chloride prepared as in step O of Exanple 1 is interacted wi'th.

commerci ally avail abl e 4-brono-p-terphenyl as in step D1 of. Exanple 1, but
using nore s@lvent. The crude product is crystallised to constant nelting
poi nt frony et hoxy- 15 ethanol: mp. [err], giving a cholesteric
phase unti err] 15 Step B4: The productl on of

(+)-4- (3"'-rret61y|penty|) 4" - brono- p-t er phieisg;hos The ket one from step A3 i

reduced in a manner Logcous to S i o af'le crude
product is crystal Igng(grﬁ HoN ‘émﬁLaﬁ’g?ﬁ é,%g@%?pﬁfg{,?ﬂ? ??‘?ﬂﬁ’y%?%l uend&¢
Step C4; The production o | pent yl) - cyano- p t er phenyl .
(+)-4-(3"" -met hyl pent I~4" brorm p- terphé?n pl¢ 4. anat ed in a manner

anal ogous to St ep Ft]()llom %ﬁ?ﬂé“ 1°of ort- (Ué’l“ﬁtﬁ‘ylﬁﬁ)‘}‘@ Icl’/”éﬁf'te“ll’ﬁ"f’éy'sBY ithe
product is 25 178 & y colunm chromat ogr aphy usi ng a silica gel 5
colum and el uting W|th 25 chl’ oroforr@@g@_&d solid is sublinmed at
0.05 mmHg at an oil bath tenperature [ ] onme constants neasured for
the products-are given in Table:l bél ow “TABLE} ¥€%3¢ ‘Physical constants

for the conpounds from Exanples 3, .1, -2 and 4 ahprevjated as 30 2MACB,
3M6CB, 4MBCB and 3MBCT respectl vé'DjﬁHsCHzCF@B}MFz% (@XOp¢pemd G SA or |-

SA- Ch Ch | P [err] (kcal Ny 2XCB [err] :
([err]). ([err]) 1.5 ' 125 o 133N5¢:55Pb4[err] ([err])
(-14) 2.6 -~ [err] [err]) (-10)
2.6 err] 6.0 3WeCT “*“%%a“r‘(}“zs)c“zcﬂq@-@@r&r] 3.5
[err] . 0.9 7 #smm T, 556,994

7 The key to the headlngsm Table-l'is as fol | ows; [err] or | is the

crystal to smectic or isotrop m erature;- S -Ch- is
the smectic to chol esterl c | |%&%ﬁa§§‘l§ﬁ& \ﬁ’ (} ne;?errperature ferr] is
t he chol esterllg sot ropi I| I,I o 10
i s the nol ecular 3&3 %ﬁ)% ’°§ﬂ g’% f?@}"@ﬁfg‘ﬁ“y s 5

O,

sol ution with 90% 4mlfbrﬂ@éi! mﬁly,mun mys 4b terphenylsast festegoDat 6ir y
power as defined ab ﬁ%ﬂlﬂbut usingj lsomhelmatent heat of rreltl ng. - The brackets

around sone of, the Ja r‘%ﬁ) tajh =dg§ %ﬁ%xn} f00m2-methoxy-
transitions V\/m ch a%tégnot% ?{rgﬁg f%f%tssaerl\%le 59 aseg'g but ‘whi'ch may E)s

10 observed by rapi Step®dt Tirgproductitie of e(}m(wpmthyipqnylm"-Hiainb@-térpmwvs t hat
al t hough none of t hE dram step A3dx pidiéadsin @ ménskranalozows tpistgnikl ghase

at a tenperatype of ) fole Qﬁ‘gg ound
are potent| al. #9 useidmenen mx?torag‘gsiémc{)ﬁmﬁsgﬁer ‘f&& Jlﬁ%%&rft %%errggﬁ%s 1550

as materials which exhi b|t a chol esterl C i)mase at suc" terrperatures '

15 The nematic anal 8§R&d: The proguch mm g ) ;{nae ERhemle f or use

in mxtures as deschidisdusis! y 191 gp f,ﬁ;ref y @gﬁg {1sbed in

Exarrpl es 1-4 usi gqftea momnﬁrm aﬁha rusihg asilied eltdohgmrmlﬂemutm with _
Q‘S _ Ehlorofo?g The unﬁed solid is_ sublimed " at 0%5 mm Hg &t an oil bath 25

temperature of 180°C. Some constants measured for the pro ucts are glven in
Tabe 1 below o . . -

_ _ TABLF, 1 :
- 30 Physical constants for the compounds from Examples 3,1,2.and 4 abbrewated as 0.
' 2M4CB 3M5CB, 4M6CB ang 3M5CT Tespectively. .. y :
o _ - TABLE 1
L TR Y R IR R 20.'-. : AH i
Compound | C-Sp o1 |S5A-Ch | Ch I o o P '[?’]D':-;- (kcal mol Y
MCB | o - | sy (—33°C) s | oaas - 1 3
| msce | ooc |cmeor| 1o | 26 B RETR R RS
av6CB | 28°C - | (-20°C) (flo)- 2.6'_"_-. | t-=‘_1q-._o?r f-'"__.__6.0_-
MSCT | 144°C - '(129°C’) coote 135 ol 09




The follow ng are exanpl es of m xtures which exhibit chol esteric phases at
or 20 near room tenperature; the four conpounds whose constants are
listed in Table 1 20 are again refer

t he abbreviation 4M5CT refers to the followi ng conpound: M xture |

M xture2 2M4ACB ' . ' 2MACB 3MbCT AMBCT M xture
3 e M xture. 4 3VMb6CB 3Mb6CB 3MBCT BJ
AMGCT M xture 5 M xture 6 4MbCB : _ 4M6CB
4I\/BCT M xture 7 . M xture, 8 2MACB . 2MACB M

5 7 ~Mxture 6 Mxture 10 .1556,994 .. M xture.9 3MbCB - .7
4M6CB' Mxture . re1 1 3MoCB M xture 8 25

M xtures~ to |TheHey t%)?ﬁi'ﬁf“f'"?é’l‘&%'?/el'i/as li"r"fs pi tch chol esteric phases and
25 teher mochrom @US?&Idﬁf'léﬂ'?ﬂal@cbdﬂ')éeuc6F|'b6trﬁh$ﬁdiudtﬁ’t\&h&ﬁteﬂﬁerﬁﬁl& mxtures can
al so ‘be adj uste‘ﬁgﬁ mahasmhctwmmhcziéstetriqaqtnémstaleranmmrcpmahDgues ment i oned
above. i dsa‘tll“ z: e h "c"t“ﬁg"“ll:n B‘Plgﬁ ik @t erials, e.g.
st eryl esters currentsi ﬁ“a e a%e °|f €S an P4 "h&nce S
potential’ly supi® or 3ﬂhe rotatdi:@pb oveat er i aI s in such devices. Also,
| ong pitch chol&teri Gsm?kten?@stt’fmymbe provi ded by adding the conpounds of

o e ey MR B B Mo Rdon emga-m;e viGYRAGAL pheny!
and/ or cygyot erphaisls tm WifictBay 8®&M 10
t enper at ur e. Agmeryedtﬁyeraplésuélmgmftlreaiompxalhqmd chem cal nor e stabl e than

the 35 - currenffla eth§’é‘u"s

nonanoat e, andl ‘mm%%&ﬁ;&? resf"jﬁtmﬁé&qqmﬁgggﬁer@ﬂ%m -

el ectro-opic C&\Huﬁﬁﬁls whxch xhlblt a cholesteric phase at such temperatures. = - %56 opA’
8 An exanpl e of a'[ilalntmﬁiceanpha@e ot:tm bemr)ctqspmomsis astfbdﬁ ] (f\ususe in. Mxture

12 10% by wei gt lxwes%(é W B ehmpthogs 4;8@6@95? wei-ght . of
namatt ¢ o SRR iy TR Ler ool U mlldl T 7B g

wei ght 20 near room temperature; the four cdmplo@ids whose constants are listed in Table’%0 by i ght
[err] are again referrgito l\?arghebb['emap?ns and the abbreviation dAM6QT oefesy wei ght
[err] : - to the followiggcqmupaynd: oy 10 - Th|s m xture i's preferably’

OHB<BPeN 0l | owi ng known

dyed, e.g. with a few perges Ay BY(cHVRI
¢ fzgh%e above. mxtures may -be provided in

pl eochroic dye conpound [erT] Any o]

a known general way by addin C : :
' 9 ' y y Mu?turel T Mnxturez

e 2M4CB 2M4CB
' ' - .~ 3M5CT o 4M6CT . -
. Mixture 3- . Mixtured .
3MSCB IMSCB -
3MSCT S 4M6CT
Mi’xtureS . S 'Mixt.ure"6 -
- 4M6CB - - - . .4M6CB-
3M5CT - - 4M6CT
‘ Mi:;ture 7 Mixture 8
- 2MACB -~ - .2MACB
-Mixture 5 S Mlxtureﬁ
Mlxture 10 E A 'Mlxture.9
3M5CB . ... 4M6CB : g
s Mixture5 .. . - Mixture3d. - . - -
Mixture1l . .
3IMSCB " ¢ 7
, Mixture8
25 Mlxtures 1 to ll all exhibit relatxvely short pltch cholestenc phases and 25

thermochromism as defined above. The.pitch. lengths of the mixtures can also be
adjusted by the addition ‘of the nematic racemic analogues mentioned above.

They are chemically more stable than the cholesteric materials, e.g. steryl
. esters, currently used in thermochromic devices and are hence potentially superior

30 to the current materials in such devices. 30
Also, lon gltch cholesteric mixtures. may be provided by adding the
compounds of the range defined above, or any of Mixtures I to 11, to a
cyanobiphenyl and/or cyanoterphenyl compound or mixture which is nematic at

room temperature. Again, the resultant material is chemically more stable than the .
35 currently used cholesterol derivatives, e.g. cholesteryl nonanoate, and -hence 35
potentlally superior in known ‘phase change’ electro-optic devices. '



the appropriate conponents together in a small beaker, raising the
tenperature 15 above that at which the transition to the clear

| SOtbpi-C—|igui-d-state occurs—I15—maintailni ng the contents of the beaker
above this transition tenperature, whilst stirring, for about 20 m nutes,
and then slowy cooling the beaker. Exanples of devices enbodying the

i nveng™an will now be described by way of exanple with reference t'o. the

dravvi accorrpanyi ng the Provisional 20 Speci fication, in which:

20 Fi'Q I is a front view of a tenﬁe%ature sensmg devrce Fi gure 21is a .
i

Cross- Ser-8|nn on-theline ll.ll : e 3
is a front view, Apaeﬁahmeldnacsmtmu phaieomhgeqﬁmﬁrd:iaek estlb@g:i C-t O- nem&tlc “phase.

change di spl ay devi "Figure 4 is a cross- sectlon on th&tine’

I V-1V, of-the ’é ?«gﬁﬁﬁﬁﬁw{‘oﬂ ﬂdfd‘%ﬁ ﬁefﬁled al?o@d tg%eﬁ{egu'ﬁtﬁﬁg/lbg fe of ' €gion 5}

of a chol eSteI‘ﬂeﬁhahé e M WhER Tto 9
defi ned above, in its so-called Grandj e bf' ane texture i s sandvm ched
i3

bet ween pért - o'f-%“he-@n@-csurface area# Yeieht, ansparent slides 51, %2.

The remmi'nder of 'the space between the_. Itdes 51,- 52 is filled with a -
filler 54, e.gn-cgho 3D~O-W/I ar (Trade %P&)"e‘glﬁ col our “code | abel 55 is
affixed to the front. _-t_he slide 51 in,_ 30-an area distjnct- fromthat of
the liquid cry*st%‘h" EYHEr B3, The devi &/Pyswﬁ'g}étd as.follows. The region 53
i s tHernochronic, i.e._col oured wi-th a.colour’ dependent on-tenperature. .

Thus, as the tetgeoa@EreNanges the cblVeoby weightt he- r egiron 53 changes. The
IabeI 55 provides’ avcolour code by which-an- 35 . ‘' observer’ mho sees a :
col our may not 8-%te &l ng t enpEPabyveiehtr om t he code: - 35 The.code

may be a jyabl e reft i ..'-:'9‘?4 f U R | rt rehating
col our ‘f? f OfollGndT} @;,ﬂed%{a dybég@%e entw ne;t%g'hb& %I@OPH@ a %
speci men bei ng non-destructivel @ ed ; .rrpl es, of speC|f|c m xtures for
t he regi-on 53 and correspondln 2o codes: for the .label. 54 are

as follows. ' Anyofthe above mixtures may be rov1ded in'a knoé@ ghfierd] waehylldibd % by wei ght

of (+)-4- 3111thm*}P qnonents giher. asgn heaﬂ iu9g the (empPratgBos by Jiet ght
e it T |

(4‘) 4- (3" met h sntxon mperature, whllst

1, 556, stlmng, for about 20 minutes, and then slowly ¢ E@ltlﬁﬂlﬁe akerde for M xture 13
Col ou r . Examples of dﬂ; gmb_@dymg thedpyehtiqqewill now be described by way of
Yel | ow example with refe : rawings accompanymg the Provisional 9 Tutguoi se
20 Specil augfx in whlch é& .
$€a front view: of a temperature sensing’ devik:é* | sotr opi.c |iqui

17 5 (clear ) M XtIEiglne 18 a’k#@és tioveotht lind II—II of the device ‘shown in Figure 1;

(+)-4-(2"- ls%: wem mﬁ'é)hw circpig fory of & cholesteric-torarmaliy wei ght of
(+) - 4- (4" zme ; aé’ ﬁ?ﬁnp&ﬁwﬁmﬁbew ]o}m@adl Skl Pl Ot 98
(+)-4-(4 met hyllh +e iﬂnd'm@ﬂ&tﬂ-(feémﬁm% rys} ixtort, @t oricofle f
M xture 14 Col Mixtures 1 to 9 defined:above, i¥ei Qgsqgilgd( é}rg piing exture is
-12 Yel | ow sandwiched between part-of the i r ace area of two transparent slides 51, 52.
) The remainder of the space betw slides 51, 52 is filled with a filler 54, e.g. of
30 Mylar (Trade Mark). A colour code label SSis afflxed to the front of the shde 51in 30

an area distinct from that-of the liquid crystal region 53..
The device is used as follows. The region 53 is thermochromic, i.e. coloured
with a colour dependent on temperature. Thus, ‘as the temperature changes the
_ colour of the region 53 changes. The label 55 provides a colour code by whichan .. .
35"  observer who sees a colour may note the corr gondmg temperature from the code. 35
The code may be a table relating colour and temperature directly or a chart o
relating colour and, for example, a condition- dependent on temperature, of a
specimen being non-destruct:vely tested.
. Examples of specific mixtures for the: reglon 53 and correspondmg colour :
40 codes for the label. 54 are as follows e 40

Mixture 13 o | . “
14/o by welght of (+)-4—(3"'-methylpentyl)-4"-cyane-p-terphenyl ([a]”—ll J1°) :

286/,, by welght (+)-4-(3"-methylpentyl)-4‘-cyanobnphenyl ([al’°—16 ey



G een -10. 0 Turquoi se - 8.5 Blue
-6.0 Isotropic liquid + 4 (clear) Several nethods are known in
the art for providing a sandwi ch structwe-as-210 - shown in Figures | and
.2 with the cholesteric material in its Gandjean plane texture. For
exanpl e, one nethod is described in USA Patent Specification No. 3,440,
A layer of -the-cholesteric material is spread on part of a sheet of acgky
glass or Mylar (Trade Mark). A filler | ayer is then added and a furthe
sheet of 15 acetate glass or,Myl,ar is used to conplete the sandw ch;
The sandwigch is then is placed bet webss619%® metal bl ocks of appr oxi mgtely
t he sane Surfac arg,a V\% (F ;%ets The blocks are then heated to a-

t enper atur e of ‘Fe?gr P ei ng. pressed toget her . to exert a force of
aboyt -5 | b on 't he FandwTIT—The e at b OTRS and The. samdwilch are then
pl.aced in a vacuun| chanbercaad t-he prespure Tenpbla@r2® - - dhanber is
reduced to about- 1B-rm—Hg—-or—abott—a—fr-At-e- Aftcr-"%.n‘ s-Hine air i's 20
adnj tted: providirgla thin gniformliquif cryst al Jayer in'tlhe sandw ch.  As
noted above the:cohpounds of the range Hdefi 'ned_.algove may bgq used in
mxtures to.form phase chaxngﬁsweffect maferials. @ne exanpl § of .the use of
such mxtures is ap follows: 25 Figures 3 and 4 shqw the
construction of a phase chﬁ‘ﬁ@é devi ce ipcorporat®ng 25 a rixture such as
M xture 10 above. |The. devwﬂﬁ u%%qprl ses p cell coptaining a dyed | ayer | of
t he |IC]UI d crystal} mi xture sandw ched bptween two parall eI rect angul ar

10 . Ble - 1,55p,994 14 _

10 gl ass slidps 3 and 5 havi n the”r respéctive Ionger'edges
perpendi cul ar to ophe anot KEPURIS ) d apart. by &7ri ng-shapdd. spacer 6 (cut
away for clarity ip Figure: defining fhe |lateral extrenifjies of the |ayer

1. The srides-ﬁgﬁnd bot h have on thelr respective. |nner surfaces

el ectrodes 7 a t & Gt " it ﬁ Sy patch 7a on
an area ofs.the sbz‘;/ﬁi 23,5'%‘8 (+P&jgyani@‘l 4h@¥ Bbln eﬁ %‘%:llzos tdnlD 7b 55

| eadi ng fromt he: mz%bhwi:ghta»fc{+)a4-(;o%metbﬂhe7(ylm-csaommmyl R@gdPp 7b and in
the formof a | The elgctrode 9 is in the formof a patch 9a on an
area of the sllcg}o;' Evﬁrfoﬂa '(')‘esﬁ(r:lot face the slide 3, a strlp | eadi ng from

the patch 9a and pg¢rtTom 9T attached ToJthe StTi P 9b drruwvrlch +s in the

formof the letter JA. The @9{05,1 on 7c 10} - qrgg]pgrh@,emectl onj 9¢c are arranged
to be identical and-tao_face one another 10 A voltage bource 11 and a
7a and the

her direct or
ent at i on.. of
ally in the
wll typically
ied voltage is

switch 13 in serieg with it are connect¢d between the. patch
patch 9a. The sour¢e 11 prBU"i des a vol tage, whi ch?may be ei
alternating with ajl ow fregyg suffi ¢i ent. to _§fgse re-or
liquid crystal and{dye nol ecu es inthe{layer | to lie gene
pl ane of the 15 - SlidesGemnd 5. A v Itage of—m].l)) 20 vol t
be required. 15 Wien the switch 13 is open the ap
zero and.the liquig crystal “'ﬁ?f’dsedye mol écul es aFe’-arranged fin an array of
random helices (the¢ 'focal ggenic' state) ow ng Losﬁhe chol gsteric nature of
the liquid crystal [material. The la thus appears strongly col oured

wi th the colour of |the dyelsotéopgch‘pui/pl e{for thetshecific dye 20

rrentl oned above, sfnce whi f"éafl ght inci ¢glent on the |ayer | 'has a col 6ur

' conponent 0 abgsor bed d man of f uI es 0ar Tl c | arly those
whi ch are 0t)er pgﬂ,qf( E’I"ﬁg s ‘};j‘é hffﬂi héﬁ%ﬁ%ﬂ of theli
ght . V\henthe $eMtuiré: |s osedt eelectrlc pro ce ythe
vol t age sour ce For example, one method .is described -in USA Patent Specification. No.
,882. A layer of the cholesteric material is spread on part of a sheet of acetate
» glass or Mylar (Trade Mark). A filler layer is then added and a further sheet of _
15 acetate glass or Mylar is used to:complete the sandwich. The sandwich is then 15
~ placed between two metal blocks of approximately the same surface area as the :
sheets. The blocks are then heated to-a temperature of 40—50°C whilst being
pressed together to exert a force of about:5 Ib-on the sandwich. The metal blocks
- and.the sandwich are then placed in a vacuum chamber and the pressure in the
20 chamber is reduced to about 10-mm Hg for about a minute. After this time air is 20
admitted providing a thin uniform- liquid ‘¢rystal layer in the sandwich.
As noted above the compounds of the range defined above may be used in
mixtures to form phase-change effect materla]s One example of the use of such
. _ mixtures is as follows; :
25 Figures 3 and 4 show the construcuon of a phase change device mcorporatmg 25
-a mixture such as Mixture 10 above. The device comprises a cell containing a dyed
layer ! of the liquid crystal mixture sandwiched between two parallel rectangular




11 causes the cholesteric to nematic phase change effect to occur. The
liquid 25 crystal nolecules in the region between the portions 7c¢ and
9c—are+e-orientated to 25 lie perpendicular to the slides 3 and 5, i.e.
parallel to the electric field, and the dye nolecules in this region are
re-orientated with the liquid crystal nol ecul es. The |l ayer | then appears
cl ear or only weakly col oured between the portions 7c and 9c si‘nce the dye
nol eck *s_do not significantly absorb | i ght propagating along the 30

di'r ecf of the electric field, i.e. along the long axis of the dye

nol ecyfes.jogThe 30 renai nder of the egjdggappears strongly coI oured.. nt,f t he
electrrcTre 'S reane

Yy ! S al I urn
to their origi 4454 aﬁﬂtctta& mﬁttrss%e gg;:g‘s;; ra:r?iin iy b
fi? exPn¢ n ir : '

di spl ayed or ngdin la
Preferably, thesgelive 1aﬁaounm:e§ uekeﬁ;da T @id ® Theeleétrudle. 7§hinvm fosmcdﬂaas a white .

diffuse 385 reﬁétéct?a)pn aeagea affthe elide g whic d?ﬁsr b ace ar’8 or @ asti.c
screen spr ayedSHIRIaR, i, PRy DI PO f,% fz‘? e If the
device is thengjg 165‘3'5%@ oesantQ‘H@dtﬁb HON o s l fgfr :'n c’hb@atfd?ih @’ﬁt or S
provi des a norg amcliddrtmlbaolp@bcaudldhnt:mlsum efcamtoetheAetteée The portion 7€ her *

| etters, IerTbOi“Bi PWEI‘F?EPQ.P %’;@A 131 r ellggsto(fp.cet(mgmn g% be dl spl Wyed
W

r—n

40 in a sinlag, "°t ce” R use as or
in liquid crysgl ot aam&rm

| freguénid . cau 5re-onentatlon of

[err] where hq;nckeys:oalcand dye meit- fin tha\hy l @ lméglemallyrlmmelpl'ctne ofthencl| usi ve.
2. (+)-439[er rfhd % e 1sy biogea%g“t;‘: liquid crystal 15
(+)-4-([err]- fcﬁv Ieé-\rrfaigeﬁhﬁ-g ehces (the Focal conic’

(+) - 4= ([ er r] - mahta)/dwispay the-chetestdricai mﬁlc sﬁﬁnaterlal The lay&ltﬁ’usl i qui d
crystal nmateri enpeqmis gUGﬂ!QP@tiﬁﬂt fhe Gf purple for | st al

conpoundsc| ai REREPES SHVE AR &Lﬂgg °‘;ddmc%fﬂﬁ” ‘E{Eg Iea%t one

nemat ogeni c . coepmlqde ‘ﬁb BEbphgal ofth i's an n- or an-
n- al koxy. group anWh the. S\(ﬁtuhrl3kcld§51 the electric fidc pnhdilqeqhy tle&ol;agealurqeat erial as

cl ai med i n cl airlgrgt (aea ies m gﬁqr reglorltvgetween %%QGE%L ions 7c an 9c are re-on %t he
ic

formul a: [ err f erp ular to the slides 3 and 5, i.e. paralle] to't electnc field 994
10 gl ass sI i defo fi Rhi) 2gioA Gird Feavrientad athithe Bqlid ey gmm, pendi cul ar’
t o one. anot her lagerd th@laorp ¢ar pyondy wé -cgha ébetﬁt*ﬂgwm I@Gcaftﬂ/%ty for

e

clarity |§ Fi ggll?ec t?; AL ‘ﬁ?f‘tﬁ%ﬂsﬁ‘ er 149 The
slides 3 B At e (I da1) abgdsis strérgh ra.tltea t 1he BRREtri aaeqesovehaetrodes 7
and 9. The el edyera:ddlqmdlcsystahnbheulé Intetykn o @eir origing) ditlidal ateangememh ar ea of

the slide 3 whichT dé‘@ erctat:é npebs displeyed or gokdipniayed gy opentng adddi ng' fr'om

the patch,7a afig® dhasailich @isrhdae f ok of a
letter AQ’SThe Eﬂﬂegbf o cglfgl %t’né@'glg paeg%t&f&gtq%k as&u A e of 1 ho
slide 5 which dbwlumbmﬁtabeatcdthhgﬂdltmll@eS af the devire lisctheti qbgerfaddramt e pat ch 9a

and portion 9cirantof gheestide Hthe pellegtor pravides 2 mage whiform backesonnd fodhe lgitsh, ot ¢ he
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A(+)-4- (3'-methylﬁentyl)-4'-cyanobtphenyl _
4 (+)-4-(4'-methyl exyl)-4'-cyanobiphenyl. s
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where p is zero or an integer having a value from 1 to 5 inclusive.
2. (+)4-(2'-methylbutyl)-4'-cyanobiphenyl.
3. (+)-4-(3‘-methylgentyl)-4‘-cyanoblphenyl
4, (+)-4-(4'-methyl exyl)-4‘-cly‘anob|phenyl
50 - 5. A liquid crystal material which consists of one or more of the liquid crystal 50

compounds claimed in any one Erecedmg claim in admixture with at least one
nematogenic compound having the formula:—

OO O

where R is an n-alkyl or an_n-alkoxy group and q is 0 or 1.
55 6. A liquid crystal material as clalmed in claim 5 and wherein the nematogenic 55
compound has the formula:— '

T3 CHy- CH(ca) . (vl XOHHO<O)-v
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clains 9 50 to 2+) %I me"rhﬁﬂfu ?%‘b g?ﬁ[é%’nﬂ lL.a cyanobi phenyl "and/ or
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