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at a |l gma{emgﬁmggeat ure than their chiral nematic or cholesteric rresophase
The term ' i picBriingGb §BRGAd Sspedd BRRE InMNtiGES ABIRGASE prspStg RAIGAY Bry s MMdferidl shaWdigt | C
mes ophas andriodhroffiickbehtnioup fn 166 RIEIBIB @etich i¥riaflbteAap Grathat it Mclidae the step of preparing a
conposi t i mikie esTR2 Nessiwe q@mparnantd | theg pieise @fagiaineof OehighONiRIieSshols il dnjatien t dirfeeticOV er
a conposirhesophaseange i nt er nedi ate between the term nal conpositions
r epr\%’@nt edBpynetrseof dhecipveptiontihie nide pessithlecig ipeepare thermuchromiciliguid Elysial compasitienised
from t he using somioundscang matodale] whigfr damdy pormellyi shews a gfectic mesophase by using a mixture in
which an injected smectic phase occupies only the intermediate portion of the composition range.

The appearance of injected smectic phases in. nematic materials is normally undesirable since it
narrows the useful nematic range of the material for many liquid crystal applications such as twisted

45 nematic electro-optical display devices, the invention provides a novel application for materials which had
hitherto been of relatively lower value as liquid crystals.

With liquid crystal mixtures according to the present invention, it is possible to "tune" a mixture or
series of mixtures, ie to determine with some precision the influence of composition on the wavelength of
light selectively reflectod by the mixture. This has been difficult in the past.

50 According to a further aspect of the invention there is therefore provided a method of preparing a
thermochromic liquid crystal composition that includes the steps of:
(i) deciding a required working temperature range
(i) selecting components for the composition which show an injected smectic mesophase over at least
part of their temperature-composition phase diagram and a thermochromic cholesteric mesophase at
&5 higher temperatures
(iii)y preparing a thermochromic composition of such components such that the required working
temperature range of the composition is in the vicinity of the injected smectic - cholestenc transition
temperature of the composmon
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35 'nemafi c phase. According to a second aspect of the invention a nethod of
preparing a liquid crystal materi? s%{% ' t hermochrom ¢ behavi our in the
visible region is characterised i % V&“B%%cl udes the step of preparing a
m xture of at |east two conponents the phase diagram of which m xture shows
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any particular mlxture may b
methods well known in the art. The preclse temperature/colour dependence of any particular mixture may
be determined by measuring the wavelength or colour of the light reflected by the mixture under

35 consideration and by extropolation or interpolation.

Compositions according to the invention, showing an injected smectic phase may be prepared by
mixing one or more nematic components which are "polar”, that is have a high positive dielectric anisotropy
AE (generally greater than about +5) with one or more nematic components which are "non-polar”, that is

, have a low positive, or negative dielectric anisotropy AE, (generally between about +1 and -1).

-/ 40 The polar or non-polar components may themseleves exhibit smectic phases, generally termed in the
art "inherent" or "natural” smectic phases. On mixing polar and non-polar components these inherent
smectic phases are generally suppressed and regions of nematic phase appear in the phase diagram
before injected smectic phases apear as the composition of the mixture approaches the centre of the phase
diagram.

45 The polar and non-polar components may be either single compounds or may themselves be mixtures
of compounds. If they are single compounds they should exhibit chiral nematic phases with pitches of less
than 0.4 um. _

To ensure that the nematic phase shown by the mixture is chiral, the mixture must contain a component
which has a chiral centre, ie an assymetric carbon atom. Either the polar component or the non-polar

s0 component may possess the chiral centre.

Alternately the polar and non-polar components need not possess a chiral centre, but one or more
chiral additives are added to the mixture of polar and non-polar components. The addition of this chiral
additive induces the nematic phase of the mixture to be chiral nematic. The chiral additive may itself be
either polar or non-polar.

65 It is preferred to achieve a chiral nematic (cholesteric) phase by the introduction of a chiral compound
being a 4'-substituted cyanobi-phenyl with a chiral alkyl substituent in the 4-position into the mixture. A
particularly preferred substituent is (+)-2-methyl butyl. The preparation of this compound is described in
UK patent 1556994. Compounds of this structure are polar as defined abg_,ve and may thus advantageously
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AI'tﬁough" such a conposition.may contain nore than two conponents, for ease
of use of the nethod of this latt 0?&2&? 1of the invention it is

conveni ent to express the phase agra sBa bi nary system for exanple
showi ng no snectic phase at one or both of the conposition axes, but with

an int er ggastinad Mo, IR bRCd ¥ pRIRESHTIpEneRIs AP L mXRRAREAIG 18 thelifvbAIGARAL RnSs dAMbE ONS.
Ei ther oOsireomtth taf appdaronbsTniisetolis@Btic lphddb, & AHay QRbriativelyl vetPasCeOdhRg Stiditve h aX es
may~0e Minkkdutel @ Stherivise AdHRmI @elar@hd Adnp@laccompofemsnds. This nethod is

111 ust r at edoiné e-ohiat alkybd'icyano biphengls mby exhibitichisl or@atisihesss ahd barnpenroniid isohdvieand B
shows saneitherj ydbepsolsesax mibed pltaciiser Syapy biphepels éndef terphenylschup thpiatsarirethermochromic
conposi t inpxtures hyith enortpelay rcampqunds in|sgsterssh@vighnaxhibih injectd sreertic shasest is moyph&oP 4- wi t h
a chol esehirpliakyl o biphenyls miy)#lzerexhibihandphetent smecticpheseconposi tions [err] and
02 cont ai niStiiblerpstas epmpoundpwhinie ey be keed, in preasrcompangrie of spmpasiigngrecserdiogio the i on
of wavel BYRIE 359 g¥eraliy liquigdrrysial compoynds thaving o5¢ darming| ©vanengroup ar theandlespigetus er r |
and [ &% r the comnounds (A)seferted &9 sfoyq coppriserthosassalgsted fram Jakle Lpelowrh s py plotting the
envel ope of this transition, a series of conpositions containing the sane
conmponents but in different proportiofigblea¥ be prepared. The envel ope of
the S-Ch transition may be plotted by known neans, for exanple m croscopic
observation of a series of conposijQnssag they are heated on a hot stage.
20 By neans of the inventi onR?'bvi ded a thernmochromc liquid
crystal material conprising a mxture of two or nore conponents (as

descri bed above) which shows anRi g@%@@_ﬂ@gti c nesophase at a | ower
tenperature than its chiral nenaai S ase, the col our/tenperature
-dependance of which nmay be altered by varying the relative proportions of

one nmore of the conponents gss@g_a@_péw allel to the injected
smectic-chiral nematic phase bo@n¥agy /its phase diagram 25 The
choice of and relative proportions_of the particular conpounds descri bed
above for use in a thernochrom g tme.caccmg to the invention wll

depené® upon the desired working t erfture #gnge (i e colour/tenperature
dependence range) and sensitivity E“ t m xture. In all cases the m xture
shoul d have a chiral nematic toMé }@Qlch-l) transition tenperature
above the upper limt of the desirlred t erature range and a snectic to
chiral nematic (S -Ch) transition npgrat ure below the lower Iimt of 30
the d&ired t enper ature range. *ﬁ@es@nﬂtol our/tenperature dependence
range should lie in the vicinity of the S -Ch transition for strongest

col our/t enperat ure dependence gnd nsyt\Vvity. These paraneters for any
particular m xture nay best be dé@?ﬁ "Wy plotting the phase diagram for
the mgxture, using nmethods well known in the art. The precise

t enper at ur e/ col our dependence gf _ _ ul.gr m xture may be determ ned
by neasuring the wavel ength or%o@r%@e@i ght reflected by the m xture
under 35 consideration and by extropol ati on or interpolation. Conpositions
according to the invention, shogd a¢ho- fgd snectic phase may be
preparwed by m xi ng one or nore ne icc onents which are "polar", that
is have a high positive dielectric anisotropy AE (generally greater than
“about +5Wheygin Rachnfd i indepgpdeniiye iralikyl or Mclkpynandt eacifia dé inderendentin niglisyla Preferrech at

i s have ePmMPeWIdpefdhe 3bgee class argegati ve di el ectric anisotropy [err], (generally

between about +1 and -1).
cgt, {00 on
€;0H,1€0O)Y~O)on
C10H21040)—~O)ox
s C7H15"CN

It is particularly preferred to use as a polar component a mixture consisting of:

50
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40 The pol ar or non-pol ar conponents may thensel eves exhibit snectic
phases, generally ternmed in the arEP'biét&%Ptﬁﬁtl" or "natural" snectic phases.
On m xi ng pol ar and non-pol ar conponent's ese inherent snectic phases are
general ly suppressed and regi ons of nematic phase appear in the phase

di agram before injected snectic phases apear as the conposition of the

m xt.ure approaches the centre of the p esehagram 45 The pol ar and
non-pol ar conponents may be eithe?gﬁh unds or may thensel ves be

m xtures of conpounds. If they are single conpounds they should exhibit
chiral mematic phases with pitcheékgé h@§7*ﬁ§3§ 0.4 [err]. To ensure that
the nemati c phase shown by the m Xtaiee C P, the m xture nmust contain
a conponent which has a chiral centre, ie an assynetric carbon atom Either
t he pol ar conponent or the non-po&aqlSQéngquESRt may possess the chiral
centre. Alternately the polar and HboRlp onents need not possess a
chiral @entre, but one or nmore chiral additives are added to the m xture of
pol ar and non-pal ar, conpopents.  The addition of Lhis chiral additive tina

i nduces t mpo the rg X gﬁer d to above are n o) lqm?gryt c %@ S u&l rrrn}ngl
e iy Py B ey O b Sl el b el i L rald gl
achi eve,a chiral nematic (cholesteric) phas q¥ he i ntroduction of a
chiral compound being a 4'-substituted cyaﬁgg?—ﬁgenyl with a chiral alkyl
substituent in the 4-position into the mxture. A particularly preferred
substituent is (+)-2-nethyl butyk, Coft ation of this conpound is
described in UK patent 1556994. Co unds this structure are polar as
def i nedesabove and may thus advant ageously 3 EP 0 206680 Bl constitute
theNor one of the pol ar conponegt 2000- according to the

i nvention, and hence contribute dfree ly to e appearance of injected

snectic phase, or may alternatively fj used a chiral additive in a

m xture of otherw se non-chiral ﬁg# Cat jar conponents. Some
4-chira¥® al kyl [err]-cyano bi phenyls y exhfDit chiral nematic phases and
‘thernmochrom ¢ behaviour 5 either b kel ves or m xed with other cyano
"bi phenyl s and/ or terphenyls, butRkhQﬁ} ﬂ§}‘ﬁn thernmochrom ¢ m xtures with
non- pol ar conpounds in systens which exhibit injected snectic phases is
novel . Some 4- chiral alkyl [errk$c 0 _Dbi phepyhs_may al so exhibit an

i nherent’ smectic phase. Suitable a{éﬁ*@gﬁﬁan ich may be used in or as
conponents of conpositions according to the invention are generally liquid

crystal conpounds havi ng one tergig(E%g&gqﬂ-ggﬁggaon t he nol ecul e, Thus 10
r4se
w x

t he conmpounds (A) referred to abode se selected from Table 1

bel ow. 3 .
R- @-{i@-a
U w RA‘®'<§"> R

S o=
; QuE-
@0
O

Where each R is independently n-alkyl or n-alkoxy and each R, is independently n-alkyl. X may be
55 hydrogen or fluorine or chlorine. :
Another suitable class of non-polar compounds is the compounds described in co-pending UK patent
application 8401756 (published as 2134110A ), of general formula:

50



Table 1 [err] 35 wherejn each Ris independently n-al kyl or n-al koxy and
each [err] is independently n- algly g{red. conpounds of the above cl ass
are: 45 [err] It is particularly prePerre to use as a polar conponent a
m xture consisting of: 4 EP 0 206 680 Bl [err] Conpounds of the group

(B) referred to above are ngu;polar |iquj npounds havi ng two
ternginal alkyl or al kox®,g L@\zdﬁé; Ik@a@‘ok:.al koxy group and are
selgcted from those of Tabl bel ow. 15

Table 2 [err] Where each R is independently 5-al kyl or n-al koxy and each
[err]sis independently n-alkyl. X nmay be 55 hydrogen or fluorine or

chl ori nevherginot her suitabl e class of non-polar conpounds is the conpounds
described in co-pending UK patent application 8401756 (published as
2134110A), of general fornmula: 5 EP—6206680 Bl wherein 10 is either 15
or [e1ror] 25

is either

or

\./20 ;
Y

25 _
R; is hydrogen on alkyl having up to 12 carbon atoms, Rz is hydrogen, alkyl having up to 12 carbons
atoms, alkoxy having up to 12 carbon atoms

%0 _@.

'R3 )
35 .
caz-caz—®—n3

U and

A

wherein Rs is hydrogen or alkyl having up to 12 carbon atoms and wherein Rs is hydrogen, alkyl having up

to 12 carbon atoms or alkoxy having up to 12 carbon atoms; XY and Z each independently represents

hydrogen or fluorine in one or more of the lateral benzene ring positions provided that at least one of X,Y
so and Z is present representing fluorine; n= 0 or 1 provided that when n=0

"@‘Rz

55



[err] is hydrogen on alkyl having up to 12 carbon atons, [err] is hydrogen,
al kyl having up to 12 carbons atorrF oa%% Pgavi ng up to 12 carbon atons 30
[err], [err] and 40 45 wherein [er r %ﬁ gen or al kyl having up to 12
carbon atons and wherein R4 is hydrogen, alkyl having up to 12 carbon atons
or al koxy having up to 12 carbon atons; X, Y and Z each i ndependently
represents hydrogen or fluorine in one__@m)re of the lateral benzene ring
posi{i,ons provided that at |east one of \X¥ 50 and Z is present
representing fluorine; n =0 or 1 provided that when n = 0 [err] 55 is 6
EP 0 206 GMORBisakyland [err] is al kyl. Another suitable class of non-pol ar
conpounds | sAtditer bdtaie &lass efstoepelari@mpeunide i the bezogie retérs geddibedcio @mpending UK
Appl i cat i drate®BAPplcATondEB149Enefrgaerdl frmuld-a: [err] wherein X is an optionally
substituted aryl or alicyclic ring structure and R i s aI kyI , preferably X

bei ng optionally substitutedphe blph ycl o bi cycl ohexyl ,-
cycl ohe®yl phenyl or bicyclo ty@ﬁ- Mo %Ra'@' preferred non- poI ar
conpounds of the above cl asses are: 20 [err] F

30 Al'l the abov cI asses of a

chiral cen[i:}lﬁ %t?# fﬁq?ft cycgfp %%rgg cggﬁép peing
ubstr te rb

bei ng (+5) Jf}é o‘?)h&s added

to mxtires accord [ nve tron o | ncrease he 35 cI earing point,

but as nentioned above th| S rray have t he di sadvantage of raising the

melting point and / or _
¢y s~ y-coo{O)-00,8,

v; 20
€ 5‘@ -2004{0)0¢ gy,
2 CHy 5@—3*“2’3"12‘@‘@‘05“11
F
500040078 5

30

All the above classes of polar and non-polar compounds may contain a chiral centre in the alkyl
substituents, a preferred chiral subsituent being (+)-2-methyi butyl.
High clearing point additives may also be added to mixtures according to the invention to increase the
35 clearing point, but as mentioned above this may have the disadvantage of raising the melting point and / or
S-Ch transition temperature of the mixture.
A suitable high clearing point additive, which may have the disadvantages referred to above is the non-
polar compound

) o | |
cgal?coo-@-mzc:{(c%)_;ﬁggz.m% (+)

45 The use in mixtures according to the invention of oompounds of low birefringerence may also be
advantageous in improving the colour purity, ie speciral sharpness The width of the spread of relected
wavelengths is a function of the brrefrmgerence and the wavelength and hence the smaller the birefrin-
gerence the better the colour purity:-

Some particularly preferred mixtures according to the invention and whrch may be prepared using the

50 method described above, are those which contain the compounds: whose general formulae are listed below.
For the reasons outlined above, it is preferred to prepare these mixtures as pairs of binary oomponents A
and B, which each contain r more of the compounds as listed, and which components show an
injected smectic phase in therr ary phase diagram, ie when it a mixture.

in the general formulae be w oach R is independently selected from n-alkyl containing up to 12 carbon
55 atoms, especially 7 - 10 carbon. atqms; and Rc is optically active (chiral) 2-methylbutyl.




S-Ch transition tenperafure of the mixture. A suitable high clearing point
additive, which nay have the dlsadvantaﬁmi referred to above is the non-
pol ar conpound 40 [err] 45 The &R bres according to the invention
of conpounds of |ow birefringerence may al so be advantageous in inproving
the colour purity, ie spectral sharpness. The mndth f the spread of

rel ected mégﬁégﬁgths Is a funct+on of the blrefrlng ence and the

wavel ength and hence the smaller the birefrin- gerence the b ter the

col our purit So parﬁ_@@ -gfeferred my t_@ecﬁc_@ to the

I nventgon an mhic red using the 5 scr{bed above,
are those which corftain the conmpounds whose general fornulae pre |isted
bel ow. For the reagonsgp a@pve, it is 95 ngre are these
m xtures as pairs of binawy c onents A and B ach c tain one or

nore of the conpounfds as ], and which corrponts show I nj ected
snecti’e phaseLin their R)-r .» ™ di agram Re ncom WOR{ure. In the

—
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general formul ae bgl ow ea S independently s® ect ed - al kyl
containing up to 13 carbop ons, especially car bon atons, and Rc
is optically activg (che<& . @ﬂ’hyl but yl . 7Rc @‘680 Bl Mxture

A [err] The corrpouns I'Tsted a ove are all

ei ther®comergj al | se they ma rout es
avail abl e i niﬁne chHem ?&ﬂ@'ﬂ%& literat uﬁ @'&%ﬁ@@gl 0 and UKPA

2134110A. Ther nochiom ¢ I|qU| d crystal corrposrtlons according]to the

invention may be fqgrneg, @_ for ky by heating the
constifuent conpounds to n the correct We oportlon to forma

cle i sotropic liquid, raisi the tenperature of the m xture to abpve the
Ch-1 transitpon tenperat @ @xanpl e usuaglk @ o @dH LAt &i ni ng
the mxture at thig tenpel for about 5 m nut¥s w h®s r 35] and

then slowy cooling the tu e, t 0 anbi ent tenpesature. Thg om

conposstions accor dli ngRe @.@ s@ent inventibﬂ@@gcﬁg @ @ﬁ@ t he
known met hods of use of tRernoCThrom c liquid crystal materia g or exanpl e
by depositing a | ayer of the conposition onto a surface (preferably=a dark
surface), illumnating the |ayer of the conposition fromabove with white

i ght and |%98I€PA “f"!?r listeg tabeyp Fopiljeithprarommeyciay availagle or dhex may beDiapged 8Y t he
conpo Pt rcbrfi_s 5;?: Iq R glhemrcal and patent literature, eg UKP 1433130 and UK A 2134110A.

ochromic liquid crystal compositions according to the invention may be formed in a known way,
for example simply by heating the constituent compounds together in the correct weight proportion to form
a clear isotropic liquid, raising the temperature of the mixture to above the Ch-l transition temperature, for
example usually around 100° C, maintaining the mixture at this temperature for about 5 minutes with stirring
35 and then slowly cooling the mixture to ambient temperature.

Thermochromic compositions according to the present invention may be used in any of the known
methods of use of thermochromic liquid crystal materials for example by depositing a layer of the
composition onto a surface (preferably a dark surface), illuminating the layer of the composition from above

-'\J with white fight and looking for hot or cold spots within the temperature range of the composition by looking
40 at the patterns of reflected light.

According to a further aspect of the invention a temperature sensmg devrce is characterised in that it
uses as its temperature dependant element a liquid crystal composition as described above.

-~ According o a further aspect of the present invention a thercht'_:romic ink comprises an aqueous slurry

of microencapsulated droplets of a thermochromic composition a@s described above in polymer shells, or

45 alternately an aqueous slurry of particles of a polymer mairix containing dropleis of a composition as

described above located in cavities within the polymer matrix. In use, a layer of such an ink may be

deposited onto a surface (preferably a dark surface) and the surface may be illuminated from above with

white light, when hot or cold spots within the temperature range of the composition on the surface will
become apparent in the pattern of reflected light from the deposited layer.

50 Examples of thermochromic liquid crystal mixtures and the use of the method of the invention will now
be described by way of example only with reference to the following drawings in which:
Fig. 1 shows a theoretical phase diagram to illustrate the theorstical basis of the invention
as discussed above.
Fig. 2 shows a typical phase diagram of a binary system of components according to the
55 ' invention.

Figs.3,4and 58  show typical graphs of wavelength of seleclive reflection of light for compositions
according to the invention.
Fig. 6 shows a front view of a temperature sensing device.



40 at the patterns of reflected light. According to a further aspect of
the invention a tenperature sensi n%rq)eéq i.g Characterised in that it uses
as its tenperature dependant el ene C% crystal conposition as

descri bed above. According to a further aspect of the present invention a

t her nochr oniegg, 7Nk CONMPI kRS a di3sPBERA B 1hs ikt If VI Qe HefiécBBAARSIY! @t ed droplets

of a ther nochrrgdampieyBaRwthd BIwRAG astRsvRiidndad vsdwve in pol yner shell's, or 45
alteypately an aqueous slurry of particles of a polyner matrix containing

droplets of a conposition as described above |ocated in cavities within the

pol ymer smatri x. |Abbuseatdord ayer of such an ink may keasleRessded onto a
surface (preferably a dark surface) and the surface’nﬁv—o'e—ljri

above with white light, when hot or cold spo in the tenperature range
of the conposition on the surface ill % or in thep pggtern of
reflected light fromthe deposited}l ayer” anpl es of thernochromc
liquid &ystal mxtures and the usg of therre the invention will now
be described by way 6% exanple only wit®He{ X he f @9 et ng
drawings in which: Fig. 1 {shows a theoretl cal phase diagramto
illustrate the theoretical basis of the inve di scussed above Fi g.

2 ;s Shows a typical phase di agr%gm‘ 10'@@ stem 131 v nponent s
according to the 55 invention. Figs. 3, 4 and 5 show

typi cal graphs of vygh\igl ength of sgf ¢ E}K%ﬁﬁl _@q@‘ ,L'i ght for
26

conposi tions according to the inverk o shows a front view
of a tenperature sensing device. @‘“eﬂm‘lbgtﬂ(% 680 Bl Fig. 7 shows
a crosszsection on the line 11 - 11 of the device shovvn in Fig. B. In the

exaMes bel ow t he gﬁl ﬁ’é“} ng abbrAe&Egéidoggysaéi used

Abbr evi at i on méﬁﬁrﬁs?ﬁ%blfeﬁm]ﬂ
50 wt % 10 S2 E.MercK 6MBH, containing a mixfi@eW$£0 15
[err] compounds df- fohePaTP¢ermla s [err]

( 2- net hed butyl) 20

an2n+1_ @—@CN

30

Abbreviation. Composition

. D504 CSHn-@COO:@-OCqu
T Y-
HE705 ’ ¢t 540)-000-{O)-00 1,
“ 75 - Ay @”qzwz @'@'csﬂn
2 | c,H -@cazcuz @—@-m{ G (., O,
ME77 | G 5™ @‘"°°'@"°7“15

s5 ("ZLI1187"is a Trade Mark of Merck GMBH). All of the above compounds are available commercially either
from BDH Chemicals Lid (UK) or Merck GMBH, Darmstadt, West Germany.

Referring to Figure 2 this shows the phase diagram of a mixture gccording to the invention, exhibiting

an injected smectic phase. The diagram is expressed in terms o'f_-.'a binary phase diagram for two

50
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ZLl 1167 A liquid crystal material
containing a mxture of corrpourgsogﬁsm{ al
Conposition 35 DES504

[err] 40 ME705 [err] 175

[err] EehiioBents, both of which contain more thireone|comPouldE {A) consisting of 60 wt % S2 and 40 wt %
[err] SB1Fand|(B)Lodwlingsof 60 Wi RAME7R/and400ft AEBtk GVBH). All of the above
cowpounddn thees comwpnants| 2 ¥drARIB Geapdley, @H15alse bbing ahiBDIMheGiae MEZA fssnappdlart BK) or
Mer ck €hoBie| bermetedethal dhe, s westic RbasenRipppnt 'Ré?'eﬂqn?fh@ B Pok- '@UrP@'anNWes'sﬁ?em t he

avai l abl e from E. Merck GVBH,
fornmul a: 25 30 Abbreviati on.
[err] PCH7

phas® #i ?am%* phgsenck an inkerent eMACHS PI§S: 0 t he i nventi on, exhibiting an

i nj ect %’a“%é""d’f‘ Fr &H'iel %‘*@%b‘?“!é’?s%ﬂ”ﬁ ?P t“@F‘ﬁ% SBP"“& pB?sﬁaV‘? phase
di agra%?’? ts“ onent s o ntajn m)re
than of e% ? f‘% R;apeﬁ}ass% el @‘u %
Conébs em;:.lgr fIi c@m% ( % diag ? 8‘6.”%}-(% and
CB1 .a?e Oorie 16] cohsi hd

be no t of 9 % B. IPE&S&adth ssesawme gr h tﬁ'at 98' nﬁthB poI ar

xtur on’\p%sn ns hete'tin sl h nt b iCptbp t
m xt @ #d @ﬁBDE‘N rH B&#E bhdse 3w AEhbARRIIEStbpertidE arid tﬁa phase.

Over theg cBISﬁ?Mp@kMFeQieb@v@%s SELRMBs inbst Eﬂoﬂd&ﬁ&d%tﬁé‘ﬁmmyﬁ 5 SmURQAMRSiAR. | Nj ect ed
SMeGhi C [Hame Propbriés oPiheiEhiRiuee BReIaME to b MVénlich #16 lisiddEiR tratle PBASE In éaerbdse

Ref er r twaGoinposhtion) of e Siltdié & xbBie¥ded i Brmishel ranBxely phate diggrand @ tésesbe fabdve i mber

of comahigh A kiaisreprodeutsthe B aaiminyl comgosipdase di agram of Figure 2 as nanifested
in a graph of wavel ength of selective reflection versus 10 tenperature. The
graphs for the two conponents of thdagdhése di agram A and B are shown, as
are 2#he graphs for two internedi ate conpositions, one (C) consisting of 50

o)

% A and 50 ks 0 B aislerdaRVséd N [(D)  Composition Sm-Ch | Ch-l
A (wt %) B (wt %) A (wt %) B (wt %) (*C) (°C)
25 E 8260 DE5/04 60 ) 30 70 +3 +32
CB1540 | CB1540)
F PCH7 60 ME705 60 ) 30 70 -1 +253
CB1540 | CB1540)
50 ] ZL11167 60 ME705 60 ) 30 70 -2 +29.5
CB15 40 CB1540)
H S2 60 176 50 ) 25 75 +42 +72
CB15 40 142MB 50 ).

3 The thermochromic properties of the above mixtures, referred to for convenience as mixtures E-H are

shown in the graphs of wavelength of selectively reflected light versus temperature in Figures 4 and 5. In
Figure 4 the mixture C is included for comparision.

It will be noted that mixtiures C-G show their strongest thermochromism at lower temperatures, ie
between about 0-10°C, whereas mixture H shows its strongest thermochromlsm at the higher range of
about 40-50°C.

A thermochromic ink according to the invention was made by addmg gelatin and gum arabic to a
aqueous suspension of micro droplets of any of the above mixtures above 35°C at a suitable pH. The
temperature was allowed to fall and the pH was adjusted so that the gelatin and gum arabic reacted to form
a viscous polymer coacervate, which ‘wetted the suspended micro droplets of the mixture, forming a
transparent wall around them. Finally the suspension was cooled rapidly fo about 10°C and the wall
hardened by addition of an aldehyde. The resulting microencapsulated thermochromic mixture was then
filtored, providing a thermochromic ink.

The device illustrated in Figures 8 and 7 comprises a region 51 of any of the mixtures described above,
in its so called Grandjean plane fexture sandwiched between part of the inner surface area of two
transparent slides 52 and 53 is filled with a filler 54 made for example of Mylar (Trade Mark). A colour code
label 55 Is attached to the front of the slide 52 in an area distinct from that occupied by the region 51.

in use, as the temperature of the device changes, the colour of the light reflected from the region 51
changes. The label 55 provides a colour code which an observer may compare with the colour of the
reflocted light, relating colour to temperature. The device may be used as a household thermometer.

Several methods are know in the art for producing a sandwich structure as shown in Figures 6 and 7
with the mixture in its Grandjean plane texture. For example, one method is described in USA Patent
Specification No 3,440,882. A layer of the mixture 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 acetate glass or Mylar is used to complete
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consisting of 75 Wt %A and 25 Wt %B. It can clearly be seen fromthe
graph that the intermedi ate conposgpigOiag ghpdfd D Where an injected smectic
phase is present show thernochrom c properties and that the

col our/tenperature dependence becones nost pronounced in the vicinity of

t he Sm Ch the saRd@widh. Tie sahdwich is BRAPlabsdOdivebh OB mdtal Globiarof Bpprdximiatty he eaniglsurfgest O
t he i-nventarearas soeshbdtiss Thalblodks draltied hdatdaich @ausmperatueanaf#0-5a LR witilsichelhg preesod ttdgethero f

t he \Wi’xt urte exest @jopme e sbmit blh oh dirensandyficha The metalybiqokeaa tok segdwich s thoe Placédoie G
above, i n vavuolchamienendthe prpssere émthe chambenipretusedriorahbut 4@ mpoidd foi about.a Mindld. After 20
Ref 5 thigfipesit ip pdmittgglgroviding a thin unif@myligejd crystel deyer in the Sand@inh. Ch-1 A (Wm. %
B (w % A(w % B (w % [err] [err] E S2 60 DE5/ 04
60) - Raims 70 + 3 +32 25 CB15 40
CB15 40) FE

. .PCH7 60 . 705 602‘ . go_ . 70 . -1 L+
25.3 CB15 140A ll.qulctgxge}l Menil;s owl Ltlile_{ &c@rpmg:d)e a 70%c@estenc‘rpe hase oyer the-;/ ible
-2 10 29 BegeF_gfgmﬂr&mg a rg oﬁaﬁ or_more compon%lg;Er lac shows a"l'"/’ octic m %o ase
) W i i { h ( h h d i it i
5o e :::3:;;;:@553; ot o ol 0 SR

t he above m Xxtures, Of conveni ence-as m xt ur shown

in the graphs of wavel eng of_selectively reflected |ight versus

t enperajsure in Figures a-@-@—anﬁ gure 4 theRciNs i ncl uded for
conparision. It will be n d at mxtures C G shotv t\a€i r strongest

t hernochrom sm at | ower t eradures, ie between ut,.Q-[err], whereas

m xture H shows its stﬁg‘r@r@eﬂmchr om sm atRA@h@acnr ange of about
40-[err]. A thernochrom c 1 nk according to the in ti was made by addi ng

gel ati nzeand gum ar abi c_t agHeous suspensi on of Adcro | ets of any of
t he above ni xtures abo¥s § =GNsui tabl e pHBy e was al | owed
to fall and the pH was adjusted so that the gelatin and gum arabi c reacted

to form45 a viscous p er whi ch d spended mcro
droplets of the mxturgﬂ?@n@%ﬁ&-@%ﬂs}barent &vﬁ'@a?%@] m Finally
t he susffensi on was cool ed_gapidly to about [err] and the wall hardened by
addi tion of an al dehydeg 3 u¢ﬁi ng m croencapsul ated thernochrom c

m xture was then filtered-ypr® ding a thernochrom c ink. The device
illustrated in Figures 6 and 7 conprises a region 51 of any of the m xtures

cescr | bg_sbiige %n & meenm%,t o7 RS9 b8 B, LI RRD HHE B8t et
e

f

bet ween part two transpar
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| abel 55 is attached to.the front of the slide 52 in an area -
that occupied by the region 51. |n gSgooégeg B tenperature o}lmmnllml WIIII
changes, the colour of the light reflected fromthe regi on 51l*changes.s The +

| abel 55 provides a col our code whi.ch an observer may conpare with the

col our of thheardeich.crhbashdwichiid ther plhaati ibaigyeeoiwo ustdl blotie rob epprdximatsly il @anke sirfaes
may us este@iss the Hweis cThe|bibckshrre tionhdated to Stempemiurenat 4D-60C whilet Heing \wreissedttdgethar t
f or pr bducionserh aJgernalv abautsily ort the rsendavish.sThevinetal iloBkscand dlse Gindwich afe Wish fplackrkin a
m Xt ur e i nvacsn chamhefjapd thepregsite indhet aharaber Sgpdussdhiegbeut 1@ man higfohabgutj asminute. After
descri bed this iusAir Beadwitted Sj9wding 3 thistunignm Keyidscrysiah lag@ In thasandwieh- of the mi xture
is spread on part of a sheet of acetate glass or Mylar (Trade Mark). A
filler |ay&lims then added and a further sheet of acet ate gI ass or l\/yl ar is

used to conpl ete 80 Bl th sand

pl aced bet 308&1“0 m ter85? ut o %n san Eg;g tveérrltﬂg VIS
the sheéfs. fﬁﬂé:;bvf era?ugeltanl atncgi %hap gse har cteT‘ glﬂ ha lhlas%:t
bei ng presseqang ﬁ{d “P Qo Ke
metal bl ocks ‘and e sandovvl cha ace |n a vacuumc a er a d t he
pressure in the chanber i s,Led ed to about 10 mm Hg_ for_about a m nute.
After s,gthis time air ieblprovi ding a thl iquid crystal

| ayer in the sandw ch. CI a A liquid crystal neter showi ng

t her nochrom ¢ behavi our ho| esteri ¢ nesophase er he visible 10
region, conprising a m3 @ O? @ or nmore cond i@ th shows an

i nj ect ed snmecti c nesophase at | ower terrperature s chiral nematic
or chgl esteri c nesopha er| sed in that it ure of at |east
two of nore conpounds, Snatt M bej ng sel ec?m@ﬁ?ounds (A):
[err] 30 where each R S |ndependently n- al kyl n- al'koxy and each RA

i s i ndependently n-al ky t e bei ng, S, _@ t he
compounds (B): [err] F I‘“@é“‘g&% he sandﬁm’@ é&td 'ﬁ aced between

two net & bl ocks of approxiyately the sarre surface area as the sheets. The

bl ocks are then heated R{© Y€ ture of 40-[err] whilst being pressed
together to exert a force ut 51b on the sandvm ch.. The netal bl ocks
and the sandwi ch are then placed in a

30 where each R is independently n-alkyl or n-alkoxy and each R, is independently n-alkyl, and at least

one being selected from the compounds (B):

. @ DD
@B DO
°. R(O)-c-t{O)8 Rp- @‘C"O’®’“A
@O NC o5
r<{0)-(0)-# . ny-(Eyao,-(O)R
w0 r-(0)-(O)-* . RA'@“C*‘zC"‘z;@-“

L Don D@ 1 Dnrr o
' Y

11

55



o 3 N 4 .-\
vacuum chanber and the ‘pressure in the chamber is reduced to

for about a mnute. After th| 4 s adnmtted provi mﬂ'm H l
uniformliquid crystal | ayer in tﬁe san%\t/)vl ch. Cains 1. A L i m””m
materi al show ng thernochrom c behaviour in a cholesteric masophase over
the vi si bl nd each R isCiBdeBEnde MRIkySdrTEalidxyYieddhUR,Eis Gidegendently n-alkyl.eX sdwirogeant s,
whi ch showgugiifle bNénRfihe R, S6TRRKdgen BrESIGPTaAexyaliaviag LD Wet2 datop eoms,UReas hirkogei t S
chi ngl nenmghrbén fdmss Akdxe Biving iup to2apbreatems, char acterised in that it is a

m xture of at |east two or nore conpounds, at |east one being selected from
t he caenpounds (A): [err] 30 where each Ris |gdependently n-al kyl or
n- al koxy and each RA is independ Iy n al kyl at | east one being

sel ected fromthe conpounds (B): §< P!;{qi} P 0 206 680 Bl where each
R is independently n-alkyl or n-arko eac rr’] is independently

n-al kyl, X is hydrogen, fluorine or chlorlne [err] is hydrogen or alkyl or
al koxy? hav@ﬁ@ up to 12 carbon atons, R2 is hydroger carbon atons, al koxy
having up to 12 carbon atons, 5 12 [err and 15 R3 is al kyI of up to
12 carbon atons or H Y and Z each ind@.ﬁgntly represent hydrogen or
fluorine in one or nore of the lateralz zéne positions with at | east one
bei ng quorlne [err] is hydrogen , or alkyl or alkoxy of up to 12 carbon
at ons,” and TA7§£ Q)1 Br b 52 @j;%éﬂ%dnﬂ%hl Y a2 84ch lindbsb deniy toprésentitydfoyén dr Gludiihé1J
system at St miRSor b 1S berREAAeSIEbRs RkHEE Rast ohdbeing Audting, IR lichyB@yén Or Kyl
asymretri cgjy aﬁoﬁlﬁ?%ﬁ d ¥4 &fboor Gtoms, arldawhBRM WILiOEA optionally bubstititell arylyes biityclinsiber i al
accor di Ng tQstérh,ait Badt shBak Belcompsinds Frysefioin il MG tavieg ar asymmetricdlly sabstituted t he
cor‘rLLwd t Yaa®en Kol Ng general fornmul ae: 25 30 [err]

2. A liquid crystal material according to Claim 1 characterised by containing one or more of each of the
compound types having general formulae:

R1-<(§>—-C00-<@R2

25

30
85 where R is selected from n-alkyl and n-alkoxy containing up to 12 carbon atoms and R' and R? are
independently n-alkyl containing up to 12 carbon atoms and R represents optically active 2-msthyl-
butyl. |
\_ 3. A liquid crystal material according to Claim 1 characterised by oontammg one or more of each of the
40 compound types having general formulae:

" RCCN ,
R' -@—COO-@-OR '

where R, R' and R" are independently selected from n-alkyl containing up to 12 carbon atoms and R,
represents opiically active 2-methylbutyl.

50

55 4. A liquid crystal material according to claim 1 characterised by containing one or more of each of the
compound types having general formulae:
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R 35 " ‘where Ris sel ected. from n-al kyl and n-al koxy containing up to 12 -
carbon atons and [err] and R2 are | cheﬂ% ly n-al kyl cont aiJ N ﬁ Jl
carbon atons and [err] represents I(I)Eri)}t | caquaége{ct ive 2-nmnethyl - c" “Hj HSHH!II
liquid crystal material according to Claim1 characterised by containing

one or nore of each of the 40 compaung—y es havi ng general fornul ae:
[err}=where R, R and R' are indep#i ®cted from n-al kyl contai ni ng

up tQ12 carbon atons and [err] repr 56 ptically active 2-nethyl butyl.
55 4. Aliquid crystal material ‘g. ‘E’*ar m 1 characterised by

cont ai nisng one or nore of each of th %U@;\}SRES havi ng gener al

fornul ae: 12 EP 0 206 680 Bl [e}? ‘@e and R' are independently
selected fromn-al kyl containing up to 12 carbon atons and Rc 10

represents optically active 2 met h but 5. Aliquid crystal material -
accor di ng t o "BpaiRnf¥1and i Apcipdap an/ 'ﬁ?“FYb“E‘%@'“Sr”p 1%ecahon 8RR 205t Rt he
corrpounb"typé?’eﬁgﬂﬁ?i’ﬁcaﬂ\éﬂ%'?’%?m ae 15 [err] F 25 where R, R, R' and
[err] are in ent ect nt ai to 1 r

‘at ons an d (lelft)] Eisé'aateﬂa {S{ I Vec%gacx llayboopgrlmng 8!’1 % I'TIOI’G Ol. © ahcé})(}p% aI
mat eri al accor |ng odn A s 2t050haracter|sed |nthat t he
groups R [err], 30 [err] R, nd [err] contain 7 to 10 carbon
atons each. 7. Aliquid crystal _ -i-a@*{:ordi ng to claim®6 wherein the
conpounds in the mxture include thS which Ris [err] or [err], and

[err] and [err] are both [err].RaS @ rm;)chromc I nk characterlsed I n
that it contains m croencapsul at ed

z o-Ieh hd crystal conposition
as ¢laieed in any one of clali msRi". z ure indicating device,
charatterised in that it includes aliquid c rraterial as claimed in

/ .‘ -Re
n -

CHzCH 2

2 :
where R, R, R" and Ra are independently selected from n-alkyl containing up to 12 carbon atoms and
Rc represents optically active 2-methylbutyl.

6. A liquid crystal material according to any one of claims 2 to 5 characterised in that the groups R, R!,
30 R2, R', R” and R, contain 7 to 10 carbon atoms each.

7. A liquid crystal material according to ciaim 6 wherein the compounds in the mixture include those in
which R is CgHi7, CioHz21 or C1oH210, and R! and R2 are both C;Hs.

35 8. A thermochromic ink characterised in that it contains microencapsulated droplets of a liquid crystal
composition as claimed in any one of claims 1 o 7.

9. A temperature indicating device, characterised in that it includes a liquid crystal material as claimed in
\_/ any one of claims 1 to 7.

Revendications
1. Une matigre en cristaux liquides présentant un comporiement thermochromigue dans une mésophase
cholestérique dans la région visible, comprenant un mélange de deux ou plusieurs composés, qui
45 présente une mésophase smectique injectée & une température inférieure & sa mésophase chirale

nématique ou cholestérique, caractérisée en ce qu'slle est un mélange d'au moins deux ou plusieurs
composés, au moins un étant choisi parmi les composés (A) :
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any one of clains 1 to ¢. 40.Revendlcatlons 1. Une matibre en ri st aux

| i qui des pr~sentant un corrporterm%go prom’ que dans une “'“l
chol esterique dans |a ré6gion visible, conprenant un nel ange de

pl usi eurs conposes, qui 46 prdsente une nmdsophase smectique inject de A

une tenperature infdrieure A _sa ndsophase chirale ndmati que ou

chol est 6ri que, caract eRrd ceg qu' el l e est g r@ % Yl au noi ns deux ou

pl usi.eurs conposes, au S .Otant choi si parwa 88/ conposes (A): 50 55

13 6~~~~~~~~ E 0S 206 MO umy ~~~~ s~~~ 10 R CNMR<-g

R R{OG 15 dans | esquekRg @
n- al coxy et chaque RA esT i
choisi parm les co S
.oC O@R npé)

oSt ndepencw‘\(r:@.’ml coyl e ou un
~pendamrent un n- et au noins un dtant
-cn A
(kC@ Al 30 0 R-G-/ _

- RA C-'92Pf 2C@ 35 @- R -
RA- &CH2H 240 n-@-cnzcuz-.-& ““’" a n}CR
2 R34 &CH2 CH2- 4&COOW d | esquel s chaque R est inddpendamrent un

n-al coyl e ou un n-al cw@@u% est ind~pendam nent un n-alcoyle, X
est unghydrogene, un fl un chlore, Rl est un hydrogbne ou un al coyle
ou un 45 al coxy ayant jusqu'a 12 atones de carbone, R2 est un

hydrogene, dafs MdsG¥ Bhaged Rt edt UsdbbenDammernt B 8icoyle ou un n-alcoxy et chaque R. est
indépendamment un n-alcoyle, et au moins un étant choisi parmi les composés (B) :

7 @l HOm
@B DO
3-(Q)-c-(D)-4 By~ (0-o00-( )-8,
. n-@&-;ﬂ@-“ n-(D{O+
1<) w- (B,
- -0 O
o, 0L '@@"2 A0SOt

dans lesqusls chaque R est indépendamment un n-aicoyle ou un n-alcoxy, chaque R, est indépendam-
ment un n-alcoyle, X est un hydrogéne, un fluor ou un chlore, Ry est un hydrogéne ou un alcoyle ou un

45 alcoxy ayant jusqu'a 12 atomes de carbone, Rz est un hydrogéne, un alcoyle ayant jusqu'a 12 atomes
de carbone, un alcoxy ayant jusqu'a 12 atomes de carbone,

. ~(u)-ry, cuycn,(H)-Ry et 7@)—3,., Ry

25

est un alcoyle d'au plus 12 atomes de carbone ou H, Y et Z indépendammant représentent chacun un
hydrogéne ou un fluor dans une ou plusieurs des positions latérales du benzéne, au moins un étant un

55 fluor, Rs est un hydrogéne ou un alcoyle ou un alcoxy ayant jusqu'a 12 atomes de carbone et ol W est
un systdme cyclique aryle ou alicyclique facultativement substitué, au moins un des composés
présents dans le mélange ayant un atome de carbone substitué asymétriquement.



de carbone, un al coxy ayant-jusqu'a 12 atomes de carbone, &llmllllmlmnnlulm
qR3 et -R4, RR 60 EP 0206 680 B1
R3 z est un alcoyle d au plus 12 atonmes de carbone ou H Y et *Z

i nddpendament representent chacun un hydrogene ou un fluor dans une ou

pl usi eur s2.ddine pwddre iep regstautliGuiddsaslonl la teeandibation 1acaractiiséds enve au'alie cantienb Bn ou
fluor, R4 eslusiows Hechacipailaetypes dercompasésépondant aux faringlesgénérglemt j usqu' % 12

at ones de carbone et oo West un systbne cyclique aryle ou alicyclique
facul tativement substitu6, au noins un des conpos6s présents dans |e

mdl angé€ ayant un atone de carbone s ggyndtri quenent. 14 2. Une
mati bre en cristaux |iquides solon F lcation 1, caract~ris~e en ce
gu' elle contient un ou plusieurs de ancun de t*pes de conposes repondant
aux formul es generales: 5 RGN 10 RgelO ' R ob R est choisi parm un
n-al coy] e et un n-al coxy contenant jus at ones de carbone et R et R2
sont ind6pendament un n-al coyl e cont gRanp= Usqu' A 12 at ones de carbone et

R, represente un 2- n6thyl butyle o+ Cctif. 3. Une matibre en
cristaux liquides solon |a revendication 1, caracterisee en ce qu'elle
contient un ou 20 pl usi eurs de chacun des types de conposes repondant

aux forgrul el GedetrlsEsarmiRiariddond eRin(a-alédxy contenant jusqu'a 12 atomes de carbone et R et R2

R 00, R R soit ifdépentaniment 0l p-asidetontehant USqud 12 {6éE deLdarbbnelbtCR)\rbésama R 2ant

jusqu’ a 12 aiéhybstyldeptinasrianactiet fk represente un 2-net hyl butyl e opti quenent
actif. 35 4. Une matibre en cristaux |liquides solon |a revendication 1,

car act 6r i $~dnemnatire @' crstéuz ligddesi selon laumavendicatibn 3| caacérisde op lea cm'alledenstieny preou de
- CORpYses 1 dpiigkande ehagunidgs typéseds cgoprséaiSpondant, guxformules générales : >- t

nccu
w Qe

ol, R, R' et R" sont indépendamment choisis parmi un n-alcoyle contenant jusqu'd 12 atomes de
carbone et f; représente un 2-méthylbutyle optiquement actif.

25

35 4. Une matiére en cristaux liquides selon la revendication 1, caractérisée en ce qu'elle contient un ou
plusieurs de chacun des types de composés répondant aux formules générales :

“ (- (Do
n'-@-coo-@-on"
oll R, R' et R" sont indépendamment choisis parmi un n-alcoyle contenant jusqua 12 atomes de
carbone et Rc représente un 2-méthylbutyle optiquement actif.

s0 5. Une matidre en cristaux liquides selon la revendication 1, caractérisée en ce qu'slle contient un ou
plusieurs de chacun des types de composés répondant aux formules générales :

55
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45 oOR R et R' sont i.ndépendanment choisis parm un n-alc 'J ,
jusqu'a 12 atones de carbone et e un 2-nbt hyl but " mm]’"ﬂ}mﬂ " :
actif. 50 5. Une matiere en cri s%ﬁ?ﬁ?%ﬁ?ggs solon | a revendrcati on b, s *,
caract6risee en ce qu' elle contient un ou plusieurs de chacun des types de
conposes repondant aux formnul es gen6rales: 55 15 EP O 206 680 Bi

[1PM-JI 11111 111111111 1all m , ~~~~Rc- @- -ca 10 oO
R, R/ R' et RA sont ind6pendar sf’s parm un n-al coyl e cont enant
jusqu' a 12 atones de carbone eﬁe_@g@wte un 2-ndt hyl butyl e opti quenent
actif.s16 6. Une matibre en crist ur des selon 'une quel conque des '
revendi cations 2 & 5, caractdr*s_ e pes R R, R, R, K
et RA contiennent 7 A 10 atomes ar Bore ac 7. Une matibre on

cristaux liquides selon |la revendjgati on Ge=d laquel l e | es conposes du
nmdl ange 220  conprennent couxﬁ ity @' H7, CGoH21 QU CGo
H210 e’ R1 et R2 sont tous deux C/Hi 5. 8. Une cre thernochrom que,

caracterisde en co qu' elle contient des gouttel ettes m croencapsul des d' une

conposi ti on tpﬂ E.'.sgtaﬁlxso .i Sjn §mr§ gl’ﬂ)iskl uﬂlﬁ-eallcg Q%ﬂl\?engn? S ueév?éqgj)rﬁe%ueons
%t—ﬁiuﬁ@%&'ljfﬁgénga rature, E‘C‘E

1 a7 25 YpdibefRey ib ! car erise en co
qu' il gonprend une natibre en cristau I qui des sol on |'une quel conque des

revendi caf i QRSmatxfs o crish-ELia&SdRloh ¥ia&usitbngde deb révBrhicaiions 811, kiFBiisdePdn codas
in einer chgleass @huipssREN, RFERORNATE cEAibrinedl 91 1Biafoltied ad &iboReEREWN t her no-
chromes Verhalten zeigt, bestehend aus ei nem Gem sch aus zwei oder nehr
Konponentzenund matiéss &€ cristiuk Aquiieé @elnTRkibveadidation\E) SR RGBIID RE compudés GU Adkhgger en
Tenperat ur edniprehesnt esux dinislieabelis MesBiH 5 ChdHa1 oGk HE DL BSdt & satioendddesaphhase
zei g7 dadurch gekennzei chnot, daB es ein Gem sch aus m ndestens zwei oder
mehr Ver & nHomegrsre thenmochwerhiade. parantfisdeconscecu’alie \gentipit rrgs) gouttaledtes daicroencapsulées

Ver bi ndungefiufegemgestige apgristawaiguides sefor {'une Qualganque [des rgypndications 12 7.

CN RK CN
25 9. Un dispositif indicateur de température, caractérisé en ce qu'il comprend une matidre en cristaux

liquides selon I'une quelconque des revendications 1 & 7.
Patentanspriiche
30 1. FlUssigkristalimaterial, das in einer cholesterischen Mesophase liber den sichtbaren Bereich thermo-
chromes Verhalten zeigt, bestehend aus einem Gemisch aus zwei oder mehr Komponenten, das eine
injizierte smektischo Mesophase bei einer niedrigeren Temperatur als seiner chiralen nematischen oder
cholesterischem Mesophase zeigt, dadurch gekennzeichnet, daB es ein Gemisch aus mindestens zwei

oder mehr Verbindungen ist, wobei mindestens eine Verbindung aus den Verbindungen (A) ausgew&hlt
35 ist:

50 :
R —@- cuzcn?_—@—cn R
56 R @M— CN

16



e

v o k0 @i Lfllilll LT

-j {0 CN 16 WobEI jewells unabhanglg n- Al K
n- Al koxy und RA jeweils unabhangi g n-Al kyl ist, und wobei nlndestens elne

Ver bi ndUNg agbefl RMovfis HaBRHARE ANIGH Gid5 GARDNi tnd iR tiewelR {riBitishgig ReAlkyl ist, und wobei
R {R mirdéstent eine VerbindundRaubQeRvéibinduaddnB ddsgewshit ist:

RA & /COO {+R 5~mm~~~m R(D CHEN { +~- RA- -
CoO{+ R A 20 R CHN= N R
A{RO 25 R R

Rk @ | @l
ACCCHH ' R3 ¢ 2 CH

220 COOW 36 wobei R jeweils unabhangi g n- ANkyl oder n-Al koxy i st,
jeweils unabhingig n-Al kyl ist, X Wasserstoff, Fluor oder Chlor |st R
Wasser st%f f oder Alkyl oder Alkoxy mt bis zu 12 Kohl enstof fat onen |st

40 vasserst- f, n1t bis zu 12 Kohl ens ffatone Al koxy mt bIS
zu 12 Kohlens -v-m cH2CH2CHCH R !:-oder
46 SZ i st,

Al kyl nlt bis zu 12 Kohlenstoffatonen oder Hist, Yund Z jeweils
unabhanglg vasserstoff oder FIuor i n einer oder nehreren der seitlichen

Benzen- Posi t ig, rqg_f & m ndestens ggin gst, R4
Wasser st of f od ode -<koxy mt bis z 1 hlenst todbn I st, und

Wein gegebenen- aIIs sub ituiertes Aryl- oder.glizyklisches Rlngsysten1
i st, ungy, wobeq w-mer\mrmrMUm I sch ein
asyﬁﬁétlsch sub~ ohlenstoffatomzmﬁ

FICES|gkr|staIInater| nach Anspruch 1, dadurch gekennzelchnet daB es

ei ne odor nehr Verbi ndungen 56 von Jedenlder nachst ehenden -

Ver bi ndungst ype r engi nen Fornol n enthi | 7

poet ey Ciye Y onon{ )
S O )

35 Y

wobei R jewsils unabhéingig n-Alky! oder n-Alkoxy ist, Ra jeweils unabh&ngig n-Alkyl ist, X Wasserstoff,

CH CH coow

\_ Fluor oder Chlor ist, Ry Wasserstoff oder Alkyl oder Alkoxy mit bis zu 12 Kohlenstoffatomen ist, Rz
40 Wasserstoff, Alkyl mit bis zu 12 Kohlenstoffatomen, Alkoxy mit bis zu 12 Kohlenstoffatomen
—@—- Ry, CHZCH2—®- R, oder -@— R,
*® . b4

ist, Rs Alkyl mit bis zu 12 Kohlenstoffatomen oder H ist, Y und Z jewsils unabhéingig Wasserstoff oder
Fluor in einer oder mehrersn der seitlichen Benzen-Positionen darstellen und mindestens eines Fluor

50 ist, R« Wasserstoff oder Alkyl oder Alkoxy mit bis zu 12 Kohlenstoffatomen ist, und W ein gegebenen-
falls substituiertes Aryl- oder alizyklisches Ringsystem ist, und wobei mindestens eine der Verbindun-
gen in dem Gemisch ein asymmetisch substituiertes Kohlenstoffatom aufweist.

2. Flussigkristallmaterial nach Aﬁspruch 1, dadurch gekennzeichnet, da8 es eine oder mehr Verbindungen
85 von jedem der nachstehenden Verbindungstypen der allgemeinen Formeln enthélt:

17



EP 0 206 680 Bl . S I I 11111 DHID 111111 IN -

- I
CN 10 wobel R aus rITAI kyl und n- Aﬁ'koxy m tgﬁl S zu zvaIf Kohlmuu I"El'umm,”m

ausgewi hit ist und R und R2 unahhangig n-Alkyl mt bis zu zwol ¢

Kohl enstof fatonmen i st und R optisch aktives 2 Met hyl but hyl darstelit. 15 3
FI [ ssigkristallmaterial nach Angg @ @ ah gekennzei chnet, daBl es

ei ne~gder. nehr Ver bi ndungen von Jeu-v de chstehenden VErblndungstypen
der ~al i genmei nen Fornel n ent halt 20 ' CN R CK&KP> CN 25
R ' {D Cooo0 {ff ORI1" 30 gl 0o~ BooR @ R2 unabhangi g aus n- Al kyl
mt bis zu zwel f Kohl enstof f at omen*a¥isgew hi ind und R, optisch aktives
2- Met hyl butyl darstellt. 4. Fl Ussig mat eri al nach Anspruch 1,
dadurch gekennzei chnet, daB esRej ¢Mer bi ndungen von jedem der
nachst ehenden Ver bi ndungstypen Jer nen Forneln enthalt: 35 R {}

I
8N0040 " 5i A aVOPRkyi Bng Ran ge ot urd! B ‘Aé'f
atY§0 ﬁl( I iS Eg‘ ‘egst%mgh {n un I u%(l.il F{Z
hl ff
el et ﬁgﬁgﬁbdars?y emﬂyf H‘Qﬁ rst grl' I'srtrﬁjﬁ gtrdf a%?é f\g IVlret h@'ﬁ"“ly,l

Zwei - Met hyl 055| g
dadur gh gekennzei chnet, daS es eine oder mehr Verbindungen von Jedem der

nachst ehgn ms.z;ie@tbnnmaﬁagﬁwmau&em dédlubcl §EBhI2EIEhnGI0 RS Bin Bdidh ivlehr: Verbmddrigen

von jedem der nachstehenden Verbindungstypen der allgemeinen Formeln enthilt:

30 wobei R, R’ und R" unabhéingig aus n-Alkyl mit bis zu zwdIf Kohlenstoffatomen ausgewihlt sind dnd Re
optisch aktives 2-Methylbutyl darstelit.

25

4. FlUssigkristallmaterial nach Anspruch 1, dadurch gekennzeichnet, da8 es eine oder mehr Verbindungen
von jedem der nachstehenden Verbindungstypen der allgemeinen Formeln enthélt:

cece:

“ oD

wobei R, R' und R" unabhéingig aus n-Alkyl mit bis zu zw8If Kohlenstoffatomen ausgew#hlt sind und R,
50 optisch aktives Zwei-Methylbutyl darstelit.

35

5. Flussigkristallmaterial nach Anspruch 1, dadurch gekennzeichnst, da8 es eine oder mehr Verbindungen
von jedem der nachstehenden Verbindungstypen der allgemsinen Formeln enthilt:

85

18



EP O 206 68051 . . cll | M | ST R —m————

g'N ?0 FRA4 CH 2CH 2 RC-E%GEOG 689%1R Rc F 20 (ﬂ"ﬂum‘nm”’mm,"

R'" und RA unabhangi g aus n-alkyl mit bis zu zwelf Kohl enst dff &t orens
ausgemshit sind, und R optisch Zwei - Met hyI butyl darstelit. 6.

FIl Cssi.gkristall material nachR fon che 2 bis 5, dadurch

gekerpzei chnet, daB die Guppen™’ R &2, RT, R' und RAjeweils 7 bis 10
Kohl enst of f at omen ent hal ten. 25 Fl i gkristall material nach Anspruch 6,
wobei dige Verbi ndungen in d& pct el unf assen, in welchen R al s
CBH17, C, O H21 oder CioH21 O vortiegt—dnd in welchen RI und R2 bei de C7HL5
sind. 8. Thernochrone Tinte, dagonch gekennzgtshne daB sie

m krogekapsel te Trdpfchen ean§HgI€|H| @ @ RZUsammenset zung
nach einem der Ansprtche 1 bis enth~lt. 9. uranzei geei nri chtung,
dadur ch "§ekennzei chnet, daB sie ein Fl Gssigkristal lmaterial nach ei nem der
Ansprtche 1 bis 7 enth~It. 35 40 45 50 55 19

F

W, 20 wobei R, R', R" und R, unabhiingig aus n-alkyl mit bis zu zw8if Kohlenstoffatomen ausgewshlt sind,
, und R optisch aktives Zwei-Methylbutyl darstelit.

6. FlUssigkristallmaterial nach einem der Anspriiche 2 bis 5 dadurch gekennzelchnet daB die Gruppen R,
R, R?, R', R" und R, joweils 7 bis 10 Kohlenstoffatomen enthalten.
25
. 7. Flussigkristalimaterial nach Anspruch 6, wobei die Verbindungen in dem Gemisch solche umfassen, in
welchen R als CgHiz, C1oH21 oder CioHz10 vorliegt und in welchen R' und R? beide C7His sind.

8. Thermochrome Tinte, dadurch gekennzeichnet, daB sie mikrogekapselie Trépfchen einer Fllissigkristall-
30 zusammensetzung nach einem der Ansprtiche 1 bis 7 enthélt.

9. Temperaturanzeigeeinrichtung, dadurch gekennzeichnet, daB sie ein Fllissigkristallmaterial nach einem
der Ansprliche 1 bis 7 enthilt.

35

50

55
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