
EP 0 206 680 B1 Description The present invention relates to optically
active liquid crystal materials and in particular to thermoch- romic liquid
crystal materials and devices using them. 5     Thermochromic liquid
crystal materials selectively reflect incident white light to show bright
iridescent colours and react to changes in temperature by a change in the
colour of light they reflect. Such materials are useful in temperature
measurement applications including for example thermometry, surface
thermog- raphy and non-destructive testing. Thermochromism is shown by
liquid crystal materials which have a chiral nematic or cholesteric 10
mesophase, with a helical arrangement of molecules. When the chiral nematic
is in the planar texture and the helical pitch is of the order of the
wavelength of light, Bragg-like selective reflection occurs. As the
temperature changes, the helical pitch changes and the colour of the
reflected light also changes. Generally such materials show a smectic
mesophase and experience a first-order transition to a chiral nematic
mesophase at higher temperatures, the strongest thermochromic effect
occurring in the chiral nematic 15 region in the vicinity of the phase
transition. A number of thermochromic liquid crystal materials are known
and some are described in UK Patents 1556994, 1592161, 1596012, 1596013,
1596014 and 1603076. Known thermochromic liquid crystal materials suffer
from the disadvantage that only a limited number of materials show a
smectic phase below their chiral nematic phase and the presence of a
smectic phase 20 may in some cases be offset by the presence of undesirable
properties such as a low clearing point (ie the disappearance of liquid
crystal properties as the material undergoes a phase transition to an
isotropic). The usual practice of raising the clearing point by means of an
additive may be offset by a corresponding detrimental increase in the
melting point and/or the S-Ch transition point of the mixture. The
inventors have invented a novel series of thermochromic liquid crystal
materials which overcome 25 some of the problems encountered in known
materials. Further objects and advantages of the invention will become
apparent from the following description. According to a first aspect of the
invention a liquid crystal material showing thermochromic behaviour over
the visible region comprises a mixture of two or more components, at least
one selected from the group (A) and at least one selected from the group
(B) as defined below. These mixtures show an injected 30  smectic mesophase
at a lower temperature than their chiral nematic or cholesteric mesophase.
The term 'injected smectic' phase or mesophase used herein means a smectic
mesophase in a mixture of components which appears in the
composition/temperature phase diagram of the components of the mixture over
a composition range intermediate between the terminal compositions
represented by the axes of the phase diagram and which is often separated
from the axes of the phase diagram by regions of 



35 nematic phase. According to a second aspect of the invention a method of
preparing a liquid crystal material showing thermochromic behaviour in the
visible region is characterised in that it includes the step of preparing a
mixture of at least two components the phase diagram of which mixture shows
an injected smectic mesophase. By means of the invention it is made
possible to prepare thermochromic liquid crystal compositions using
compounds and materials which do not normally show a smectic 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 reflected
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 (ii) 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 55    higher temperatures (iii)
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 - cholesteric transition temperature of the
composition. 2    EP 0 206 680 B1 Using this latter aspect of the
invention, thermochromic liquid crystal mixtures may be prepared whose
working temperature ranges may be determined from the phase diagram of the
components, and may for example be as low as around -5 * C or as high as
around + 50 * C. A series of thermochromic liquid crystal compositions may
thereby be prepared, containing the same components but in different
proportions and 5  with varying, eg serial working temperature ranges. 



Although such a composition may contain more than two components, for ease
of use of the method of this latter aspect of the invention it is
convenient to express the phase diagram as a binary system, for example
showing no smectic phase at one or both of the composition axes, but with
an intermediate injected smectic phase appearing at intermediate positions.
Either or both of the compositions represented io  by the composition axes
may be mixtures of compounds or single compounds. This method is
illustrated theoretically in fig. 1. A binary system of components A and B
shows an injected smectic phase S over part of its temperature -
composition phase diagram ( B also showing an inherent smectic phase), with
a cholesteric phase Ch at higher temperatures. Two compositions [err] and
02 containing the same components show their respective sharpest variation
of wavelength of selectivo 15  reflection over the temperature ranges [err]
and [err] , ie in the vicinity of the S-Ch transition. Thus by plotting the
envelope of this transition, a series of compositions containing the same
components but in different proportions may be prepared. The envelope of
the S-Ch transition may be plotted by known means, for example microscopic
observation of a series of compositions as they are heated on a hot stage.
20     By means of the invention there is provided a thermochromic liquid
crystal material comprising a mixture of two or more components (as
described above) which shows an injected smectic mesophase at a lower
temperature than its chiral nematic mesophase, the colour/temperature
dependance of which may be altered by varying the relative proportions of
one or more of the components essentially parallel to the injected
smectic-chiral nematic phase boundary of its phase diagram. 25     The
choice of and relative proportions of the particular compounds described
above for use in a thermochromic mixture according to the invention will
depend upon the desired working temperature range (ie colour/temperature
dependence range) and sensitivity of the mixture. In all cases the mixture
should have a chiral nematic to isotropic (Ch-I) transition temperature
above the upper limit of the desired temperature range and a smectic to
chiral nematic (S -Ch) transition temperature below the lower limit of 30
the desired temperature range. The desired colour/temperature dependence
range should lie in the vicinity of the S -Ch transition for strongest
colour/temperature dependence and sensitivity. These parameters for any
particular mixture may best be determined by plotting the phase diagram for
the mixture, using methods well known in the art. The precise
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 [err], (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 [err]. 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 50  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. 55    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 above and may thus advantageously 3    EP 0 206680 B1 constitute
the, or one of the polar components of a mixture according to the
invention, and hence contribute directly to the appearance of injected
smectic phase, or may alternatively be used as a chiral additive in a
mixture of otherwise non-chiral polar and non-polar components. Some
4-chiral alkyl [err]-cyano biphenyls may exhibit chiral nematic phases and
thermochromic behaviour 5  either by themselves or mixed with other cyano
biphenyls and/or terphenyls, but their use in thermochromic mixtures with
non-polar compounds in systems which exhibit injected smectic phases is
novel. Some 4- chiral alkyl [err]-cyano biphenyls may also exhibit an
inherent smectic phase. Suitable polar compounds which may be used in or as
components of compositions according to the invention are generally liquid
crystal compounds having one terminal cyano-group on the molecule, Thus 10
the compounds (A) referred to above comprise those selected from Table 1
below: 



Table 1 [err] 35 wherein each R is independently n-alkyl or n-alkoxy and
each [err] is independently n-alkyl. Preferred compounds of the above class
are: 45 [err] It is particularly preferred to use as a polar component a
mixture consisting of: 4    EP 0 206 680 B1 [err] Compounds of the group
(B) referred to above are non-polar liquid crystal compounds having two
terminal alkyl or alkoxy groups, or one alkyl and one alkoxy group and are
selected from those of Table 2 below: 15
Table 2 [err] Where each R is independently n-alkyl or n-alkoxy and each
[err] 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: 5    EP 0206680 B1 wherein 10 is either 15
or [err] 25 



[err] is hydrogen on alkyl having up to 12 carbon atoms, [err] is hydrogen,
alkyl having up to 12 carbons atoms, alkoxy having up to 12 carbon atoms 30
[err], [err] and 40 45 wherein [err] is hydrogen or alkyl having up to 12
carbon atoms and wherein R4 is hydrogen, alkyl having up to 12 carbon atoms
or alkoxy having up to 12 carbon atoms; X,Y 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 50 and Z is present
representing fluorine; n = 0 or 1 provided that when n = 0 [err] 55 is 6
EP 0 206 680 B1 5 and [err] is alkyl. Another suitable class of non-polar
compounds is the benzoate esters described in co-pending UK Patent
Application 8314077 of general formula: [err] wherein X is an optionally
substituted aryl or alicyclic ring structure and R is alkyl, preferably X
being optionally substituted phenyl, biphenyl, cyclohexyl, bicyclohexyl,
cyclohexyl phenyl or bicyclooctyl. 15     Particularly preferred non-polar
compounds of the above classes are: 20 [err]                             F
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-methyl 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 40 [err] 45  The use in mixtures according to the invention
of compounds of low birefringerence may also be advantageous in improving
the colour purity, ie spectral sharpness. The width of the spread of
relected wavelengths is a function of the birefringerence and the
wavelength and hence the smaller the birefrin- gerence the better the
colour purity. Some particularly preferred mixtures according to the
invention and which 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 components A and B, which each contain one or
more of the compounds as listed, and which components show an injected
smectic phase in their binary phase diagram, ie when in a mixture. In the
general formulae below each R is independently selected from n-alkyl
containing up to 12 carbon 55 atoms, especially 7 - 10 carbon atoms, and Rc
is optically active (chiral) 2-methylbutyl. 7    EP 0 206 680 B1 Mixture
A                             B [err] The compounds listed above are all
either commercially available or else they may be prepared by 30  routes
available in the chemical and patent literature, eg UKP 1433130 and UKPA
2134110A. Thermochromic 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 with white
light 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 sensind device is characterised in that it uses
as its temperature dependant element a liquid crystal composition as
described above. According to a further aspect of the present invention a
thermochromic ink comprises an aqueous slurry of microencapsulated droplets
of a thermochromic composition as described above in polymer shells, or 45
alternately an aqueous slurry of particles of a polymer matrix containing
droplets 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. so     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 theoretical 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, 4 and 5   show
typical graphs of wavelength of selective reflection of light for
compositions according to the invention. Fig. 6          shows a front view
of a temperature sensing device. 8    EP 0 206 680 B1 Fig. 7          shows
a cross section on the line 11 - 11 of the device shown in Fig. B. In the
examples below the following abbreviations are used: 5
Abbreviation                                    Composition. [err]
50 wt% 10 S2                          [err]               39 wt% 15
[err]                                    11 wt% CB15                 [err]
(2-methylbutyl) 20 



ZLI 1167           A liquid crystal material available from E.Merck GMBH,
containing a mixture of compounds of general formula: 25 30 Abbreviation.
Composition 35          DE504                                   [err] PCH7
[err] 40 ME705                            [err] I75
[err] I42MB                     [err] 50 ME77
[err] 55 ("ZLI1167"is a Trade Mark of Merck GMBH). All of the above
compounds are available commercially either from BDH Chemicals Ltd (UK) or
Merck GMBH, Darmstadt, West Germany. Referring to Figure 2 this shows the
phase diagram of a mixture according to the invention, exhibiting an
injected smectic phase. The diagram is expressed in terms of a binary phase
diagram for two 9    EP 0 206680 B1 components, both of which contain more
than one compound, (A) consisting of 60 wt % S2 and 40 wt % CB15 and (B)
consisting of 60 wt % ME77 and 40 wt % CB1 5. In these components S2 and
CB15 are polar, CB15 also being chiral whereas ME77 is non-polar. It should
be noted that the s mectic phase present in component B, a polar-non polar
mixture is also an 5  injected smectic phase not an inherent smectic phase.
Over the temperature range shown in Figure 2 the mixture shows an injected
smectic phase, the S2/CB15 component showing no smectic phase itself.
Referring to Figure 3 this shows the thermochromic properties of a number
of compositions illustrated by the phase diagram of Figure 2 as manifested
in a graph of wavelength of selective reflection versus 10 temperature. The
graphs for the two components of the phase diagram A and B are shown, as
are the graphs for two intermediate compositions, one (C) consisting of 50
wt % A and 50 wt % B and the other (D) 



consisting of 75 wt % A and 25 wt % B. It can clearly be seen from the
graph that the intermediate compositions C and D where an injected smectic
phase is present show thermochromic properties and that the
colour/temperature dependence becomes most pronounced in the vicinity of
the Sm-Ch transition. 15    Some properties of other mixtures according to
the invention are listed in Table 4 below. In each case the composition of
the mixture is expressed in terms of a binary phase diagram as described
above, in which A and a represent the two terminal compositions. Table 4 20
Ref        Materials Used          Composition      Sm-Ch    Ch-I A (wt %)
B (wt %)    A (wt %)   B (wt %)    [err]     [err] E        S2 60   DE5/04
60)      30        70         + 3     +32 25                    CB15 40
CB15 40) F      PCH7 60   ME705 60)       30        70         -1     +
25.3 CB15 40    CB15 40) G    ZLI1 167 60   ME705 60      30        70
-2     + 29.5 CB15 40    CB15 40) H        S2 60       175 50)     25
75        +42      +72 CB15 40   142MB 50 ) 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 mixtures C-G show their strongest
thermochromism at lower temperatures, ie between about 0-[err], whereas
mixture H shows its strongest thermochromism at the higher range of about
40-[err]. A thermochromic ink according to the invention was made by adding
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 45 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 to about [err] and the wall hardened by
addition of an aldehyde. The resulting microencapsulated thermochromic
mixture was then filtered, providing a thermochromic ink. The device
illustrated in Figures 6 and 7 comprises a region 51 of any of the mixtures
described above, in its so called Grandjean plane texture 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 reflected 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 10    EP 0 206 680 B1 the sandwich. The sandwich is then
placed between two metal blocks of approximately the same surface area as
the sheets. The blocks are then heated to a temperature of 40-[err] whilst
being pressed together to exert a force of about 51b on the sandwich. The
metal blocks and the sandwich are then placed in a vacuum chamber and the
pressure in the chamber is reduced to about 10 mm Hg for about a minute.
After s  this time air is admitted providing a thin uniform liquid crystal
layer in the sandwich. Claims 1. A liquid crystal material showing
thermochromic behaviour in a cholesteric mesophase over the visible 10
region, comprising a mixture of two or more components, which shows an
injected smectic mesophase at a lower temperature than its chiral nematic
or cholesteric mesophase, characterised in that it is a mixture of at least
two or more compounds, at least one being selected from the compounds (A):
[err] 30      where each R is independently n-alkyl or n-alkoxy and each RA
is independently n-alkyl, and at least one being selected from the
compounds (B): [err] F    the sandwich. The sandwich is then placed between
two metal blocks of approximately the same surface area as the sheets. The
blocks are then heated to a temperature of 40-[err] whilst being pressed
together to exert a force of about 51b on the sandwich. The metal blocks
and the sandwich are then placed in a 



vacuum chamber and the pressure in the chamber is reduced to about 10 mm Hg
for about a minute. After 5  this time air is admitted providing a thin
uniform liquid crystal layer in the sandwich. Claims 1. A liquid crystal
material showing thermochromic behaviour in a cholesteric mesophase over
the visible 10     region, comprising a mixture of two or more components,
which shows an injected smectic mesophase at a lower temperature than its
chiral nematic or cholesteric mesophase, characterised in that it is a
mixture of at least two or more compounds, at least one being selected from
the compounds (A): [err] 30     where each R is independently n-alkyl or
n-alkoxy and each RA is independently n-alkyl, and at least one being
selected from the compounds (B): [err] Fm 55    EP 0 206 680 B1 where each
R is independently n-alkyl or n-alkoxy, each [err] is independently
n-alkyl, X is hydrogen, fluorine or chlorine, [err] is hydrogen or alkyl or
alkoxy having up to 12 carbon atoms, R2 is hydroger carbon atoms, alkoxy
having up to 12 carbon atoms, 5 12 [err] 10     and 15 R3 is alkyl of up to
12 carbon atoms or H. Y and Z each independently represent hydrogen or
fluorine in one or more of the lateral benzene positions with at least one
being fluorine, [err] is hydrogen , or alkyl or alkoxy of up to 12 carbon
atoms, and wherein W is an optionally substituted aryl or alicyclic ring
system, at least one of the compounds present in the mixture having an
asymmetrically substituted 20     carbon atom. 2. A liquid crystal material
according to Claim 1 characterised by containing one or more of each of the
compound types having general formulae: 25 30              [err] 



R 35     where R is selected from n-alkyl and n-alkoxy containing up to 12
carbon atoms and [err] and R2 are independently n-alkyl containing up to 12
carbon atoms and [err] represents optically active 2-methyl- butyl. 3.  A
liquid crystal material according to Claim 1 characterised by containing
one or more of each of the 40     compound types having general formulae:
[err] where R, R' and R" are independently selected from n-alkyl containing
up to 12 carbon atoms and [err] represents optically active 2-methylbutyl.
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: 12    EP 0 206 680 B1 [err] where R, R' and R" are independently
selected from n-alkyl containing up to 12 carbon atoms and Rc 10
represents optically active 2-methylbutyl. 5. A liquid crystal material
according to claim 1 characterised by containing one or more of each of the
compound types having general formulae: 15 [err] F 25 where R, R', R" and
[err] 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, [err], 30     [err], R', R" and [err] contain 7 to 10 carbon
atoms each. 7. A liquid crystal material according to claim 6 wherein the
compounds in the mixture include those In which R is   [err] or [err], and
[err] and [err] are both [err]. 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 to 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. 40 Revendlcatlons 1. Une matibre en cristaux
liquides pr~sentant un comportement thermochromique dans une mdsophase
cholesterique dans la r6gion visible, comprenant un melange de deux ou
plusieurs composes, qui 46     prdsente une mdsophase smectique injectde A
une temperature infdrieure A sa mdsophase chirale ndmatique ou
cholest6rique, caracterisde en ce qu'elle est un mdlange d'au moins deux ou
plusieurs composes, au moins un Otant choisi parmi les composes (A): 50 55
13    6~~~~~~~~E 0s 206 M 5    ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 10 R:CNM2<-g
R R{OC 15 dans lesquels chaque R est independamment un n-alcoyle ou un
n-alcoxy et chaque RA est ind~pendamment un n-alcoyle, et au moins un dtant
choisi parmi les composds (B): y               Z1~~~- I(>-;D-R
oC      O @ R           ;)D-RR   -                         0@ 25 R-g-M-O-nQ
-1                         RA,, (kC@)G4l 30 0 R-g-/_-'_R
.RA C- 2Pf2C@ 35                    _@ -R
RA-&CH2H 240                                                         a n}CR
2   R34&CH2CH2-4&COOW dans lesquels chaque R est inddpendamment un
n-alcoyle ou un n-alcoxy, chaque RA est ind~pendam- ment un n-alcoyle, X
est un hydrogene, un fluor ou un chlore, R1 est un hydrogbne ou un alcoyle
ou un 45      alcoxy ayant jusqu'a 12 atomes de carbone, R2 est un
hydrogene, un alcoyle ayant jusqu'A 12 atomes 



de carbone, un alcoxy ayant jusqu'a 12 atomes de carbone, -&iR, , CH CH
qR3 et -R4, RR 60                                          2  2 -&       Ze
R3 z est un alcoyle d'au plus 12 atomes de carbone ou H. Y et Z
inddpendamment representent chacun un hydrogene ou un fluor dans une ou
plusieurs des positions lat6rales du benzbne, au moins un etant un 55
fluor, R4 est un hydrogene ou un alcoyle ou un alcoxy ayant jusqu'% 12
atomes de carbone et oo W est un systbme cyclique aryle ou alicyclique
facultativement substitu6, au moins un des compos6s pr6sents dans le
mdlange ayant un atome de carbone substitu4 asymdtriquement. 14    2. Une
matibre en cristaux liquides solon la revendication 1, caract~ris~e en ce
qu'elle contient un ou plusieurs de chacun des types de composes repondant
aux formules generales: 5 R@N 10 R.ePI.CN t5     ob R est choisi parmi un
n-alcoyle et un n-alcoxy contenant jusqu'a 12 atomes de carbone et R' et R2
sont ind6pendamment un n-alcoyle contenant jusqu'A 12 atomes de carbone et
R, represente un 2- m6thylbutyle optiquement actif. 3. Une matibre en
cristaux liquides solon la revendication 1, caracterisee en ce qu'elle
contient un ou 20     plusieurs de chacun des types de composes repondant
aux formules generales: RC-CN 25 RcC 30
R oO, R, R' et R" sont inddpendamment choisis parmi un n-alcoyle contenant
jusqu'a 12 atomes de carbone et fk represente un 2-methylbutyle optiquement
actif. 35 4. Une matibre en cristaux liquides solon la revendication 1,
caract6ris~e en ce qu'elle contient un ou plusleurs de chacun des types de
composes rdpondant aux formules generales: 40 R'-             >- t 



45 oO R, R' et R" sont ind6pendamment choisis parmi un n-alcoyle contenant
jusqu'a 12 atomes de carbone et Rc represente un 2-m6thylbutyle optiquement
actif. 5o 5. Une matiere en cristaux liquides solon la revendication 1,
caract6risee en ce qu'elle contient un ou plusieurs de chacun des types de
composes repondant aux formules gen6rales: 55 15    EP O 206 680 Bi
II!MIJIl 11111 IIII1111I 1a11 5                        ~~~~Rc-@~- -ca 10 oO
R, R', R" et RA sont ind6pendamment choisis parmi un n-alcoyle contenant
jusqu'a 12 atomes de carbone et Rc represente un 2-mdthylbutyle optiquement
actif. 16 6. Une matibre en cristaux liquides selon 'une quelconque des
revendications 2 & 5, caractdris6e on ce que les groupes R. R', R2, R', R"
et RA contiennent 7 A 10 atomes de carbone chacun. 7. Une matibre on
cristaux liquides selon la revendlication 6, dans laquelle les composes du
mdlange 220   comprennent coux dans lesquels R est Ca Hi7, Cio H21 OU Cio
H210 et R1 et R2 sont tous deux C7Hi5. 8. Une encre thermochromique,
caracterisde en co qu'elle contient des gouttelettes microencapsuldes d'une
composition on cristaux liquides selon l'une quelconque des revendications
1 a 7. 2S  9. Un dispositif indicateur de temperature, caracterise en co
qu'il comprend une matibre en cristaux liquides solon l'une quelconque des
revendications 1 & 7. PatentansprlUche so  1. FlOssigkristallmaterial, das
in einer cholesterischen Mesophase Ober den sichtbaren Bereich thermo-
chromes Verhalten zeigt, bestehend aus einem Gemisch aus zwei oder mehr
Komponenten, das eine injizierte smektische Mosophase bei einer niedrigeren
Temperatur als seiner chiralen nematischen oder cholesterischem Mesophase
zeigt, dadurch gekennzeichnot, daB es ein Gemisch aus mindestens zwei oder
mehr Verbindungen ist, wobei mindestens eine Verbindung aus den
Verbindungen (A) ausgewAhit 35     ist: R KN RFIC 40 45
CN                       RK                       CN 



RA-.4CN                                        A-0  CO {3  CN 50
R -0F-CHCH2CHDCN                               R {>CO o- CN 55           R
-j{0                  CN 16    wobei R jeweils unabhangig n-Alkyl oder
n-Alkoxy und RA jeweils unabhangig n-Alkyl ist, und wobei mindestens eine
Verbindung aus den Verbindungen B ausgewihit ist: R {B<"}  R
R  {R        coo  {         R 10 R A-C}(N}~ R
RA 4} COO {+R 5~~~~~~~ R-(D- CH=N {+~-                                RA--
COO{+ R A 20    R             CHN= N         R                   R
A {R 0 25   R                       R                         RA -{G
2 CH32.i>-CH2C 2 R 30R{
ACCCHH    CR R        1 CH 2CH 2                 <   R2  R3 q3- CH2 CH
2 20 COOW 36 wobei R jeweils unabhangig n-AMkyl oder n-Alkoxy ist, RA
jeweils unabhingig n-Alkyl ist, X Wasserstoff, Fluor oder Chlor ist, RI
Wasserstoff oder Alkyl oder Alkoxy mit bis zu 12 Kohlenstoffatomen ist, R2
40      Wasserstoff, Alkyl mit bis zu 12 Kohlenstoffatomen, Alkoxy mit bis
zu 12 Kohlenstoffatomen { -R3.  cH2CH2CHCH                   R3 oder  0  R
46                                                           3Z ist, R3
Alkyl mit bis zu 12 Kohlenstoffatomen oder H ist, Y und Z jeweils
unabhangig Wasserstoff oder Fluor in einer oder mehreren der seitlichen
Benzen-Positionen darstellen und mindestens eines Fluor so     ist, R4
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.
FlOssigkristallmaterial nach Anspruch 1, dadurch gekennzeichnet, daB es
eine odor mehr Verbindungen 56     von jedem der nachstehenden
Verbindungstypen der allgemeinen Formoln enthilt: 17  



EP 0 206 680 B1                        'I I!1   11111 DHllD 111111 IN -
-                 R                    CN R18   -COO-0   R2 Rc
CN 10 wobel R aus n-Alkyl und n-Alkoxy mit bis zu zw6lf Kohlenstoffatomen
ausgewihit ist und R' und R2 unabhangig n-Alkyl mit bis zu zwolf
Kohlenstoffatomen ist und R, optisch aktives 2-Methylbuthyl darstelit. 15 3
Fl[ssigkristallmaterial nach Anspruch 1, dadurch gekennzeichnet, daBl es
eine oder mehr Verbindungen von jedem der nachstehenden Verbindungstypen
der aligemeinen Formeln enthalt: 20 R                   CN R CK&KP> CN 25
RI ' {D   COO 0 {ff OR I" 30     wobei R, R' und R" unabhangig aus n-Alkyl
mit bis zu zw6lf Kohlenstoffatomen ausgewihit sind und R, optisch aktives
2-Methylbutyl darstellt. 4. FlUssigkristallmaterial nach Anspruch 1,
dadurch gekennzeichnet, daB es eine oder mehr Verbindungen von jedem der
nachstehenden Verbindungstypen der allgemeinen Formeln enthalt: 35 R    {}
CN 40 R.                      C 45                        ~~~~~~~~R I'0 {
COO       OR I I wobei R, R' und R" unabhangig aus n-Alkyl mit bis zu zw6lf
Kohlenstoffatomen ausgewihit sind und R, 50     optisch aktives
Zwei-Methylbutyl darstellt. 5  FlOssigkristallmaterial nach Anspruch 1,
dadurch gekennzeichnet, daS es eine oder mehr Verbindungen von jedem der
nachstehenden Verbindungstypen der aligemeinen Formeln enthilt: 55 18  



EP O 206 68051                     1 I cIII  L   M   !   *I l R
CN 6                            RC-& -c   CN R            CH 2 CH 2
R' 10 F R A4    CH 2CH 2                         Rc F 20     wobei R, RI,
R"' und RA unabhangig aus n-alkyl mit bis zu zw6lf Kohlenstoffatomen
ausgewshit sind, und R, optisch aktives Zwei-Methylbutyl darstelit. 6.
FlOssigkristallmaterial nach einem der Ansprtche 2 bis 5, dadurch
gekennzeichnet, daB die Gruppen R, R', R2, RT, R" und RA jeweils 7 bis 10
Kohlenstoffatomen enthalten. 25 7. Fltssigkristallmaterial nach Anspruch 6,
wobei die Verbindungen in dem Gemisch solche umfassen, in welchen R als
CBH17, C, O H21 oder CioH21 0 vorliegt und in welchen RI und R2 beide C7H15
sind. 8. Thermochrome Tinte, dadurch gekennzeichnet, daB sie
mikrogekapselte Trdpfchen einer Fllssigkristall- 30     zusammensetzung
nach einem der Ansprtche 1 bis 7 enth~lt. 9. Temperaturanzeigeeinrichtung,
dadurch gekennzeichnet, daB sie ein FlOssigkristallmaterial nach einem der
Ansprtche 1 bis 7 enth~lt. 35 40 45 50 55 19    


