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et ect i ony2)Qhveniok\GEORGE'WBEIAM CRAY Gnd DAMIENY (appl ications to detect
unwant ed particl esGERARD MEDONNELROUT s, eg atnmospheric pol lutants).
. Copendi ng United Ki ngdom Pat ent Application No 36211/ 75 (UK Patent Spe- 15
cr fication No 1, 568) QPHANEY ACTIEE LIQIID CRYSTALMATBREES by. ni xi ng
-al kyl - 4- cyano- mmm@Y&TMDEWWAmtherphenyl s. In

accordance Wi t he p it ¥ OB}i ggtnr ¥e rnochromc

L R Lo
l'i qui d Crysaéim & bl ?%aﬁf?ﬁié £3 SJatcht Viay O Bl o 1REeudEhe@  OT MUl a:
[err] - me arﬁsurwﬁd( t}is 20be perfo enbﬂiel’pa{thﬂirlyldtscﬁbbdaﬁm tie¢ al kyl group
cont ai ni ng fellewimgpstwementy- 12 carbon atons 20 and Y is selected from

hydr ogen, [err ‘Wﬁ@?”é“’l’&‘m‘g" %w&PWP“B?%FBBI%'ﬁtcﬁ’F‘ﬁ‘ patprigly o t har® 12
carbon at on§” Q%ﬁ%ﬁmlmﬁﬁﬁm 1o Y% 147.)

~cl ai ns. COWp&HM&esQ& plohRe ﬁﬁxturels withfe@terited . i Fanges. If thé
25 The groupﬂﬂﬂ!ﬂgﬁymbes mtab ly aptiveltheydyelhdaisi § Ieh(cmmuevélﬂwgﬁ: iral  al kyl).
Pref er'fbl y 5 tK e ﬂl m%%ﬁd?ﬁi&g%l%‘?_ﬁ% e opl'?cal

rotation thermography, temperature detection) or with the presence of an impurity- (applxeauons
to detect unwanted particles, liquids or vapours, eg atmospheric pollutants). _
Copending United Kingdom Patent Application No 36211/75 (UK Patent Spe- .
15 cification No 1,556,994) describes such mixtures formed by mixing 4’-alkyl-4-cyano- 15
biphenyls with 4 alkyl-4-cyano-p—terphenyls. ' :
In accordance with the present invention an optically active thermoehromxc hqmd
crystal m:xture mcludes at least one compound having a formula:

R —@-COOY S tformula (D)
20 wherein R* is an asymmetric alkyl group eonwnmg not moxe than 12 carbon atoms 20
andYnsselectedfmmhydrogen, S . _

where R is an alkyl group contammg not ‘more than 12 earbon atoms
 Copending Application 33858/76 (Senal No 1592 147) claims. compounds of the '
: 25 formula n whereY s | o 25

“The group R may be n-alkyl or branched alkyl (mcludmg chu'al alkyl)
- Preferably the compound is. optically active. and. hds a positive opuca! rotatxon
angle (4 ) (see.below), but it could alternatively be racemic.-
30 Preferably, the alkyl group R* in the compound of formula (I) is 30
CH;CH,CH(CHS)(CH,),, where n is an integer in the inclusive range 1 to 3.
The compounds of formula (I) may be used to form thermochromic liquid crystal
mixtures with one or more compounds in one or more of the categories charactensed'



angle ( + ) (see below), but it could alternatively be racemc. 30
Preferably, the alkyl group R* in the conmpound of formula (1) is

30 [err] where n is an integer in the inclusive. range 1 to 3. The
conmpounds of formula (1) nmay be used to formthernochromc liquid crystal
m xtures with one or nmore conpounds in one or nore of the cat egori es

char dct sed 1,596,014 by the following formulae (1) to (V) in which

t he groh?s [ertr] con- tain up to 12 carbon atoms: [err] [err] where [err] -
is an,al¥yl and bis 0 or 1, or [err] is an alkoxyand b is 0; 5 L
(b) : err] \Qhere E is an ester Irnkagel,sgsoup OCO or. Co.0, where [err] 2s \J/ ;

al kyl -or- a.TUAy T C ), Rl emt] are not
bot h cyano); [ertr,ﬂnth fottoms ‘;’;i‘:f’tﬁ (v%ere ?A 'ﬂjgm‘f‘%f"‘ﬂ’“ )ek;al{l() {t;gﬁarllial kyl, U
al koxy or cyano group and f and g are 0 or 1 but 10 10 . - f+g=1; -

10 [err] formula:((¢) . where [er ' aI koxy,[err] is an al kyI

al koxy or cyano group,  E is anRg r NCOO. - 0form@OCII) and. K
represents - hydrogen or a lateral yl »r hal ogen substituent; 15-.

Such t her nochr oi ¢, m xture ol cations for opti cal | y

|
15 active liqui d%"r"i&’t‘%ﬁ“’ﬁ‘ﬁ‘t"éﬁﬁ s°lrjf’°ﬁ%“%1?3'i ‘°1‘”a“§gfg tation depending on the

specific pr per - ti of the m xt - genthe al pitch of i-t's nol-ec8lar
ar r angement gAs is We@)PI under - sR . = § ‘I‘@H%Zrystal fopule; (TH)Y

t her nochroni ¢ effect is dependent Upon tThe pitch of the helical structure
adopted by the | iwfiesé B ican inksge goup @COlyeCﬁg) ahercnewslgueralbmmo‘ '

wavel engt h of vi siddR.ds dliybalkornergyaae ¢yt Bepd§- ¢ dependent.. As is
also well 20 underféood on_admd xt uke of aj liquid crystal .-
material with a chi ﬁ" @ i eRgt ends to increase
and accordi ngl y ‘the. pitch’ o=Cchi M Tateri ymmxnge

adj usted by adm xture w th non-chi raI ‘materi aI S in appropriate proportions,

whi ch may be det Quha%meﬁk &mylm;lnﬁinﬂkydakbiymrcyaﬂogfoepatdlfyandlgamwmuws areloZS
eutectics. 10 . f4g=1;" _

25: According to thg )r nventi on s -anot__h'----- 2= Irqur d crystal

el ectro-optic device ‘or therRg " _ B;as a liquid crystal
material a mxture as defined’ uv pr eftér abl y ‘omie al so cdrmlan{Vig one or
nore conpounds having the for mul-ae (II) tKo (V) above. 30 "~ - Conpounds

havi ng the f or Mulyagre R l)atkgil afkcdly, RIOHEAIG!, lkdh GW\eyard ioub ¥ is an B RS 30
group —COO— or —00C— and K Tepresents hydrogen or a lateral methyl or _
halogen substituent; : .
15. ~Such' ‘thermochromic mixtures may be used in known. apphcatlons for opucally . 15
- active liquid crystal materials, the actual apphcanon dependmg on the specific proper-
ties of the mixture, eg the- hehcal pitch of its molecular Aarrangement. As is well under-
stood in ‘the liquid crystal art the thermochromic effect is dependent upon. the pitch of
the helical structure adopted by the liquid crystal material being of the ordet of the _
20 wavelength of visible light and also being temperature dependenit. As s also well' = 20
: undefstood, on admixture of a non-chiral liquid"crystal material with a chiral liquid '
crystal matenal the pitch tends to increase and accordingly the pitch of chiral liquid
ctystal material may be adjusted by admixture with non-chiral materials in appropriate
propomons, which inay be determmed by trial and error. Preferably the mixtures are -
25 eutectics. 25:
' According to the invention in another aspect a hqmd crystal eiectro-optic device or S
thermochromn: device includes as a liquid crystal material a mixture as definéd above, :
preferably ofie also containing one or more oompounds having the formulae (I) to (V) o=
above . .
30 : Compounds havmg the formulae (II ) and (V) above are known' and their methods 30
of preparation are also kiiown. Certain of the compounds having formulae (III) and .
(IV) and their preparations are respectively described in Apphcatxon No 34063/76
(Serial No 1596 012) (from ‘which the present Application is d:vxded) and- Apphca- ‘ _
: tiont No 80105 /94 (Setial No 1 596 013) divided therefrom. .. - : o
35 Examples of the preparation and properties of compounds havmg formula (I) w1ll .35
now be given. Those compounds which are esters may be produced by conventional .
estérification procedures; eg as in Example 6 below.. Examples of obtaining the appro-
priate acids and plienols for vse ini the esterification are given in ‘Examples 1 to 5. o
: The optically active compounds produced as products in the following description - '
40 have a positive -optical rotation engle denoted by the symbol (+ ). Analogous com~ 40
: pounds with negative opncil rotation angles (— ) or racemic- compound§ (=) may be
prepared by analogous routes. usmg the - appropnate negatwe Jor racem1c reactants in’

the aration routes.
piep EXAMPLE 1.

45 .. The. preparatmn of (-.|-)-trans-4-a1kylcyclohexane-l-carboxyhc acxds by the fol- 45
- lowing route: . .-

ﬁ
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g



of preparation are also known. Certain of the conpounds having fornul ae
(111) and (1'V) and their preparations are respectively described in

Application No 34063/76 (Serial No 1 596 _012) (fromwhich the present

Application is divided) and®” Appitca- ‘dorr o 80105/ 94 (Serial No 1 596-013)

di vided therefrom 35 T Exarrpl esiof, the preparation. and prop ljles

of conpounds having formula (1) wll_ .35 now be given. Those conpo é '

which -are. esters nay be. produced by conventlonal esterification '

- procedures, eg.as in Exanple 6 below Eanplies of ‘obt ai ni ng the appro-
priatg aci ds and phenol s for usesdepithe esterification are gived in
Exanptes—t—to—S——TImeopLITarTy acll Ve conpouds produced as. products in the
f&l_fl owi ng descripti omcoohav% FhA, pOoRs ¢ «@' ical rotation angle denoted

"~ by the synbol (+). Anal oyoliszco m 40 pgofids wi-f-h:inegati ve -opti.cal

rotation gpglAs The chmuoa%@%m)ﬁmm&wd&mﬁeti-cmyyubea&repar ed by anal ogous

routes usi ng%ﬁ&f&lﬁ@h@ﬁi’tltlﬂiﬁepardﬁ@ﬂﬂﬁﬁd&ytﬁfpr&’p&ﬂﬁhﬁlot(m-emsahtS In the
prepar at i (3rmethpibas)cyElohademi--catboxylis acid as follows: The pre Er at.i n of -(+

)-tr &ns- 41da|&)gr)¥tg&ie§)%lsso v&?ﬁ?ﬁ%ﬁlﬁaﬁl ro e%::g%m ce of45 | g ng route:

"1, 596, 0:|-4Ran Nickel_catalyst (10 g) in an autoclave 1 litre). at 195° uredfep Al-: The
; product | ommz.{m(,fhy mgeﬁmselﬁ- aI ky cycl ohexane-1-car boxyl | c acr ds. Ways of

carrying outOllhodJnst_ d’frh Pﬁla@ijt{?%ahr#ﬁe f (1 ) trans 4-
- (2r t hyP ‘{ﬁ

“ sol ution %EE%E “ﬁ%,tﬁfﬁ%& %Eﬁr's snhel ?;: fe ,ehn sodi um hydrox-
5 ide (6. A@er ek ithtSwith tiitted, Fhe \Bbiallisate 1:6@: mSth dmgenat ed-in the

présence gcfmbmqh wxseﬂ%E*md@aob{W@ta /.L@otgs}mmrhym 1}91 %Iltr? at [err]

and 13 pr e%8idh & Yirdf-edpiouyl) Fl"h cat al yst
is filter éﬁﬁ ’p’gg ¥ RE Pr a hé’r’was?f B TR aqueous

| ayer is acli méétmdlsaea@oiaﬁe oﬂﬁﬁcthph&a&agktaﬁedjﬁonaﬁoemwu‘nmm@ into ether,
washed  1@ointiof the wepthest is 53PCdri ed ([err]). The ether is distilled off and t he

acidﬁ)are t aken up |n rrethanol 2) the solution is treate
successi vel ypubdiof o il €ach treatmeit with

- thiourea, the crystall |sate 'S tered fromthe met hanol . The conbi ned

(1:r5ystal I mege&@_@%qﬁ%{@ _ Mas%}@z@_&p solution (800 m)

)-trans-4-(2'-methyl butyl)cyclohexane 1- car boxylilc acid precipitated is
‘extracted into ether; the extract is washed with vﬂ? 2and dried ([err].

The ether is evaporat ed off and the acid recr Lsed fromacetone. The
mel ting point of the product is [err] 20- NC @ @ OH
EXAMPLE 2. 0 Prepar ation’ of

4' - cyano- zm;ym ombpﬂamemﬁlofmrm ﬁ)@hkfb%&ﬂl rout e:
One example of a-way of carrying out this Step is by a standard method usmg .
25 sodmm hydroxide to hydrolyse commercially availabie 4’-bromo-4-benzene-sulphonyl- .25
: " oxybiphenyl in a mixture of water and diozan as solvent. The colourless crystals o
gl;gnou&ed by crystalhsauon of the product from ethanol havmg a_melting point of

: Step B2: The producnon of 4' cyano-4—hydroxyb1phcnyl _ o :
30 : Oneexampleofawayofc mgoutthxsstep:sasfollows o 30
. . A miixture of 4-bromo-4-hydroxybiphenyl (6 g), N-methyl—Z—pyrrohdone (23 ml)

and copper (i) cyanidé (2.5 g) is heated under reflux and vigorously stirred for 2 hr. -

The mixture is protected from atmospheric moisture using CaCl, guard tubes. -After

cooling, the mixture is poured into a' warm (60°C) solution of iron (III) chloride in
35 water (200 ml) and concentrated ‘hydrochloric acid (8 ml) and stirred (20 min). The 35 -
cooled mixture is shaken twice with ether (2 x 100 ml) and the combined organic

extracts are water washed. Rotary ‘evaporation of the solvent gives a pale brown solid

which is crystalllsed from a mlxture of water and ethanol This yxelds pale tan needles .

of. meltmg pomt 198°C. ' , : _ _

0 | . BXAMPLE3. B '
The preparanon of 4—alky1phenols —_ where the alkyl group may or may not be : -
chiral,

These are pnepared by. standard methods such as those described by Van der -
- Veen, de Jeu, Grobben and Boven (Mol. Cryst. Lig. Cryst., 1972, 17, 291) for the
45 - preparation of 4-alkylanilines, followed by diazotisation of the amines and hydrolysis of T 45 ..
the diazomum sulphates. :



[err] Step B2 [err] Step A2: The production of 4'-Dbrono4-hydroxybi phenyl.
One exanple of a way of carrying out this Step is by a standard net hod
usi ng 25 sodi um hydroxi de to hydrolyse conmercially avail able

- brmo=#=tenzene-sul phonyl - 25 oxybi phenyl in a m xtue of water and
di oxan as solvent. The colourless crystals obtained by crystallisation of
t he pro@t from et hanol having a nelting point of [err] Step B2: the

pr oduct of “ 4-cyano- 4- hydr oxybi phenyl . 30 ~ One exanple of a'way
of carr g out this step is as follows: ' 30 A mixture of .

- br omo--4+hydr oxybi.phenyl (6 g),. N-metipske@ pyrrolidone (23 ) and clppexs
(I) cyani de 2—5—9rts neat ed unoer rqgﬁmﬁpd vi gorously sti rred for 2 he

The m xture is prot eﬁ&q‘i SESHeRuR JC wheid shie Lkl clwinnmay] e 1Y eAFd tubes“‘}
After cooling, ure is poured [

nto. a, [ iron.
(rrr) chIorrdern 35Thesearew’al? I ng&é‘g%%ﬁ!}ﬁﬁlwlc asid
(8 mM) and s?i rre ﬂr’PP: S‘ nan ‘%‘a&iﬁ? rpgees,usy,stsakensuswm with.
ether (2 x 100 rrt co,o ur;;g u;rcgtaﬂﬁehrﬁiﬁmgap ceystatligetiqn. washed.
Rot ary evaporation o e soI vent gi ves a Elal e brown. solid which is

crystallised froma mxture of water Thrs y| eI ds pale tan.

needl es of nelting pdrCYFP"l{h@P’r‘]”EPB‘mm"uyavaﬂa - EXAI\{I;;LE
3. . gXAMPL8 ¢The pre aratlon of ' _
4-al kyl phenot$ - wher ernk I},gpahﬁ@ylofgsmmomp@y&dwvm@ﬂﬂ'é% ge“"@?ﬁ“r“&?"e B e are

prepared by standaembwingtrtioels ‘such -as those described by Van der Veen, de

Jeu, Grobben and Boven. (Mol Crys ek Cryst~---- 2,17, 291) for the 45
preparation of 4-alkylanilines, ’R d $08Y- di a-z-i?—éatlon of the am nes and

hydrol ysis of: '45-the dI azonr um sTf phat es. . 4.

1, 596, 014 4. EXAIVPLE 4 Prepar atlon of -
4- al koxyphend s - Wnere the aI kyl --chai. n may .or--may not be These are
prepared by the mon- al kyl at'i on of*p u5| Ngtep!Bs met hod of Neu- 5 -
bert, Carlino, D Sidocky and FistRe Cryst'a'l"s"and Ordered Fluids';:

Vol 2 5 (Edited by J F Johnson and R S Porter) Pl enum Press, N Y., 1973
p. .303). The colourl ess products are purlfled by col um chromat ography and
crystallisation. EXAMPLE 5. -4-cyanophenol. i.s a commerci aI I y aval 1 abI e’
material. *10 i EXAI\/PLE 6.

10 The preparation of est er corrpo'ﬁ"@ﬁvr ng for rruI a (I.) defi ned above by
the foll ow ng route:
J where R* and Y are as defined above.
15
Step A6: The production ofthe optically active acid chloride.
15 pThe carboxghc acid (0.002 mole) prepared in Step Al of Example 1,is heatedf _
with thionyl chloride (20 ml) under anhydrous conditions for 1.5 hr. The ezé;less :i’e
thionyl chioride is removed by distillation' under reduced pressure. The ac1d oril
resldue is used in the next step | thhout further punﬁcauon i

E The roduction oftheester 2 20
2 _.?tepﬁfe carboxghc acid chloride (0.002 mole), prepated in Step A6 is dlssolved in
dry ‘ AnalaR’ (Trade Mark) pyridine (10 ml) and cooled in an ice bath The appzl'o-
pna te phenol (0.002 mole) (see Ezamples 2 to. 5. above) is added to.the stirred. sf - -
' on and the mixture is left, with stirfing,- for 18 hr to rise to room temperature. tth is 25
25 then heated at 100°C for 1 ‘hr. The pyndme is removed. by rotary evaporation and ;1 - .
R resldue column chromatographed on sili a__-gel, eluting with chloroform The combm

constants measured for some. -Examples of the esters havmg fonnula (I) are. ‘
: ngenTll;e ‘the Tables 1 and "2 below, in’ which the following symbols have the st;tlead 30
30- meaning: C=crystal; Sx=Smectic A;. Ch=cholesteric; - I=isotropic - i 30
. ~»i=transition temperature; AHi= enthalpy "of fusion in K cal mol-1 and the temp_ers- . :
tures are in-°C; for monotropic transitions, the temperatures are in patenthesls.d;--ﬂ, SRR
- It should be noted that the chiral S and Ch phases of any: single compoun waﬂyI: | |
' have the same sense (right or left-handed) of pitch. However, compounds having 35,
35 yalue of n odd in the grouping CH,CH,CH(CH,)(CH,).— with an absolute con- 35
. figuration which is S, have right-handed helical pitch senses. whereas those. w1th ‘even
values of n have left-handed helxcal pttch senses for the Sg and Ch phases Ly



.
N

| >Mmeani ng: OFcry%i err] =Snmec

Step A6 [err] where R* and Y are as defined above 15 Step A6: The
production of the optically active acid chloride. 15 The
carboxylic acid (0.002 nole) prepared in Step Al _of Exanple 1, is heated
with thionyl chloride (20 m) under, .anhydrous. conditions for 1.5 hr. The
excess of thionyl chloride is reaned by -di still-ation under reduced —. ]
“pressure. The acid chloride -residue is used in the next Step\Mth)[Z
further. purification. 20 St ep B6:--The. production of the ester
20 The carboxylic acid chloride’ _002 nDIe) prepared in Step A6, TS
i ssofved in drv_' AnalaR (TradaS3eM&)-nvridine (10 ) and codied in an

'.ice bath. The appro- priate phenpApL®.1002 ol e) (see Exanples 2 to 5 above)

N dded to the stirred.solu- tionp—and the M xtre is left, with stirring,
f%(a18_hr to ri @-ﬁﬂzcﬂgﬁﬂﬁcﬂg G 'COQ ":CN then heated-at [err]
for 1 hr. The pyridine-is renoved Dby.rotary evaporation and the . 25
resi due col pmm chronatpgraphedhon silica gel,} eluting th chloroform The
conbi ned frhcti®nsSpf pste$y aréh clyst &l ked |f rom ABxane] The constants
measured fof soneCExanples ot thelesterg havijngktarwsrta {1) are given in
the Tables J.and. 2 belhw in which the folloding synhalsfhave the stated 30

ic A Ch=dholesteric;{ I-isotropic
i quid; rr] = traﬁ?itlo Féiﬁaiure; &ﬁﬁ3enthhlpy of fusion in
~cal nol and THE TENpera- tures AT eT T for—monotTopl ¢ transitions, the
‘tenperatures are in parenthesis. It should be noted that 'the chiral [err]

and Ch phases of any single cConpQy fp-a ways have the sane sense (right or

| ef t - handed) of pltch However , co -ounds havi ng the 35 val ue of n odd

in the grouping .- 5 figuration which is

S, have right- hak] J]3E’e$¢ua Hﬂ?‘?‘é nggg eaos(,:xt ﬁﬁ%‘g ‘Wi th even val ues of

n have |eft nande ﬁé]lcal ﬁ“tcﬁ sens<s Tor theflerr] and]Ch phases. 5

1,596, 014 . L C~1 | Ch -1 SBERBLE 1 (+)-[err] C

[err] [err]| 77,6 e f%BC Yo 193.4 m 4. 63 TABLE

2 (+Herr] G L.t . - [ert] 6 500 I SN | :

(29.5) 0.46 10 49. 1 41. 8). (45.4)

0. 46 Exanples & i xt.dP¥s efbodying the |ﬁWé%t|cn aP86as follows. Mxture |
1 10 49.1 @) | @sa. 0.46 .

Examples of mixtures embodying the invention are as follows.

5 42.5%, by weight (+)-cns_cn2cu(cns)cné—@-coo-@-_0‘3_5“13. 3
: zs-.o%'byweight' '(+).cusc“Hzcu(cns)cnz—@-coo'-@4—001o“zl
2059 bywerght - cnscuzcu (CHS)CHzﬂco.‘.‘CsHB

. " Se—Ch; 20°C b1 574°C.. |
 Selective Reflection . Tempenmre (°C)
10 o . Infra-red , 20 - 10
| S Red 28 .
Yellow ST 34
Green _ 36 _
'15 o Turquoise ' SR > | ' S
L - Bne - 47 S T
.~ Tsotropic liquid A c |
Mixture I1 |

37.5%, by weight (+) -CHoCH, cu(cua)-cnz-@'— COO -."“Cs”ts
62.5% by weight (+) cu3cn2cn(cua)cuz—"<300‘"°e“ia



5 42. 5% by wei ght (+)-[err] 28.0% by wei ght (+)[err] 29.5%

by weight (+)-[err] [err]; 20C Ch-1 57AC Sel ective Reflection
Tenperature (C 10 Infra-red
20 10 Red 28 Yel | ow
34 Green >\ 36 Turqu0| se ' _ 45 15 .
Bl ue : k\{< _ 47 - " 157 sotropic
liquid ' 57.4 M xture II 37. 5%by Welght . (#) -Jerr] 62.5%-
by weight (%) .[err] 6 ; 1,596, 014
6 [err] 6 [err] Sel. ectlve ‘Ref | ect i 0s596,014 _Tenperature j[err]) RQL o,
27.0 Yel |l ow S.,--Ch '27° C ChlY, &b - Green _
31.0 L 5 Turquoi se . ~© 37.0 Blugs
39 0 Isot ropl c " Selective. Reflegign) M Xt ur"émpmmffd"c) L 14% by

wei ght [erT] 1Zf/ by wei ght o
[err] 63%by V\élght(+) [err]. G%V\elght (+) - [ergds[err] - Jerr]
15 , _ Sel ectGrea Ref | ection 31.0 Tenperat ure ([err]p
15 Red - .. Tumupie vel | ow - e 45
G een | L l%gvgyrqum se. o - 97 20
Bl ue : ' S 20Isotrop|c'

107.8 Exanpl es. ofm,b@e me of m-xtures as . here| nbef ore defi ned egin :
el ectro-opti c phase—change devi ces (when m xed Wi th nematic terials) and
in thernochrion c devucg&:ym@a ' . n-CgHy COOH 10

. 17%bywe1ght . . o c.’]-lts—@-COOH-
- 63% bywejght (+) cu3cu2cu(cn3)cu2coo@-ce“ns'"
6% bywe:ght (4)-CHgCiycH (cns)cu.z,-“cm@-c s

SL—Ch 22 C; Ch—-I 107.8°C. .
15 ; - _Selective Reflection lTemperature (°C) 15
Red - : 27
Yellow 45
Green 54
o Turquoise 97
o - _Isomopic . 107.8 :

.Examples of the use of mixtures as hereinbefore defined, eg in electro-optic phase
change devices . (when mixed with nematic’ materials) and in thermochromxc devices, are
described in copending United Kingdom Patent Apphcanon No 36211/75. (UK Patent o
25 Spec;ﬁcauon No 1,556, 994) : 25

'WHAT.I CLAIM IS:— - -
1. An optically active thermochromic hqu:d crystal mixture: mcludmg at least one
compound having formula (T) as. defined hereinbefore. .
2. A mixture as claimed i in claun 1 and wherem the compound havmg formula (D
30 is of theform - 30

Re @—coov

where Ry is CH,;CH,;CH(CH,,)(CH,),,l where n is an integer i m the inclusive range 1 to
3 and Y is as defined as for formula (I) hereinbefore.
- 3. A mixture as claimed in claim 1 or 2 and wherem the compound having formula
35 (I) is itself optically active. - - 35
C 4. A mixture as claimed in claxm 3 and wherein the compound havmg formula -
(T) bas a positive optical rotation angle.
I 5. A mixture as clalmed in cl'ann 1 and wherem the compound havmg formula- S
(I) is. '

E '-(4);éﬁ3c_n26H(cu5)‘¢n:2-<'."' {H)~c00<O)- cN e



SpeC|f|cat|on No 1, 556, 994).

2% WHAT N CCAIMIS:- |. An optically active thernochromc |iquid crystal

I xture includi ng at Ieast one conpound h#si0ky fornula (1) as defined

herei nbefore. 2. A m s4Lew 2785 cl al T, 85°0. aim1l and wherei n the compound
having formula (1) 30 is-of the form

30 [err] where [err] is [err]Selsie Reflectior an i nt eGewPeA™ A€)i ncl usi ve range
1to 3 and Y is as defined as Togeformula (1) hereinbghore. 3. A mxture as
claimed in claim1 or 2 and whertdlswt he conpound haV|29.% formula 35 5)
is itself optBcally acti ve. Green . 35 4. A mxture
as claimed in claim3 and V\hereiﬁ“ﬂ‘ﬁé"conpound havi ngi;‘gornul a (1) has a
positive optical rotation angl e.hm m xture as claigged in claim1 and

% c pendi ng United Ki ngdom Pat ent Appl I cation No 36211/ 75. (UK

wherein the conpound having formula (1) is 40 (+)-[err] 6
1,596, 014 Mixture 111 6 [err] [err]
Sel ective Reflection——— Tenperature ([err]) Red _
27.0 Yellow 10 14%, by weight 29.5 5. ﬂ’C5H"-®'COQH' een 10
31.0 5 Turquoi se - 37.0 Blue
39.0 Isotropic 17% : 86.0 Mxftwe I1I1 Yo by
wei ght 7o by weight [err] 17% by ﬂe?'g’hs_@_cozbﬁ
[err] 63% by wei ght [err] 6% by weight (+)] rr] [err] 15
- - Sel ecti ve 6 tyaeighopyy_cy H @@H’ coo-@—c Hiam
15 Red mzs 3{%? eRdeg 6"38 & een
54 Tur quoi se . Bl ue
105 6% by weight §¢)- CBgﬁHEﬁKCHS)CHMCOO—@-ﬁgW,S‘&_
8§,—Ch, 22°C; Ch~I, 107.8°C.
15 - Selective Reflection - Temperature (°C) 15

Red ' 27

Yellow 45

Green ' 54

Turquoise 97

20 Blue 105 20
__Isotropic 107.8

Exampl&c of the use of mixtures as hereinbefore defined, eg in electro-opuc phase
change devices (when mixed with nematic materials) and in thermochromic devices, are
described in copending United Kingdom Patent Application No 36211/75. (UK Patent

25 Specification No 1,556,994). 25

WHAT I CLAIM IS:—
1. An optically active thermochromic liquid crystal mixture including at least one
compound having formula (I) as defined hereinbefore.
2. A mixture as claimed in claim 1 and wherein the compound having formula (I)
30 is of the form 30

e _'"édbf -

where R, is CH;CH,CH(CH,)(CH,). where n is an integer in the inclusive range 1 to

3 and Y is as defined as for formula (I) hereinbefore.
3. A mixture as claimed in claim 1 or 2 and wherein the compound having formula

33 (1) is itself optically active. 35

4. A mixture as claimed in claim 3 and wherein the compound having formula

(I) has a positive optical rotation angle.
5. A mixture as claimed in claim 1 and wherein the compound having formula

(I) is

40 (#)~CHaCHoCH (CH3) CH24®—COO CN | ©
| ) ) O

()



Exanpl es of the use of m xtures as hereinbefore defined, eg in

el ectro-optic phase change devices (when m xed with nematic materials) and
in thernochrom c devices, are described in copending United Ki ngdom Pat ent
Application No 36211/75. (UK Patent 25 Speci fication No 1,556,994).
25 WHAT | CLAIMIS:- 1. "An optically active thernochromc Irqurd  al
m xture inctuding at |'east one conpound- having formula (1) as defz ﬂ

. hereinhefore. 2.-. A mxture as clainmed in claim1l and wherein the pund
'havrngforrrula(l) 30 is of the form -

3\0_([er7r] V\/nere [err] i's [err] whB96,0l i s. an i nteger _in the |ncl si ve range
I~t'o ~S=am=—v—} gglgee )codftusd Qdefula 3- A M xture as
cl, ar med i ng; Ilar m 1 or anél mhc%?‘{eilr?g‘% %r%(l)(n%ocﬂ[ﬁd ha%ﬁ% formula 35 - ()
i s~itsel f optrcally active.

35-4. A mixture as N _rr@a.r@ he conmpound havi_ ng
formula (1) has a pg?tr&ezoﬁﬂ% at i o\g@l' 5. A mxture as clained
inclaim Iw&ndkvr/hererlkr} the conmpound having formula (I) is 40 '

18 an n-a

([errs fhe k. R, is h '

40 1. 596, Og'[ﬁg re a clanmedmclameaﬁ%wlinlerem e alky iﬁh%rkm exy 1Wnere|n t he
corrpound havi N figuidrerysal (ledtroraptid or) thér@bdhfomivhédeviee fneindifg sssitscliquid- al ky| group 5
7. A nmixt uWMFWﬁ%Mm%Y%GfMG% al kyl group [err].

_-hexyl. 8. A mxture as claineg ”RG#&JSW and wherein the al kyl group R IS
’\decyl . 9. Aliquid cr yst al ,eppga,rtwge,@r t her mochrom c devi ce i ncl uding

as its Irqur d crystal naterrmgentafmmhxmpplmm.s clainmed in any one of the

- preceding R REE " T E atent  Agent fQgent for the

hopl 1 cant. CHRERL R e b S e b 82" ] oy
Press,. Leam ngton Spa, 1981VM°PEH§13¥§PBe!F°BM‘11e Patent O fice, 25 Southanpton
Bui | d| ngs, London, WC2A | AY, from which copies may be obtained.
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