
- 1 -                0158252 Description The invention relates to liquid
crystal phases (LC phases) with low optical anisotropy and wide nematic
phases. The properties of nematic or nematic-cholesteric 5 Liquid crystal
materials are being increasingly utiLised for Liquid crystal display
elements (LC display elements) to significantly modify their optical
properties, such as light absorption, light scattering, birefringence,
refrac- tance or colour under the influence of electrical fields. 10  The
function of such display elements here is based, for ex- ample, on the
phenomena of dynamic scattering, the defor- mation of aligned phases, the
guest-host effect, the Schadt-Helfrich effect in the twisted cell or the
cholesteric-nematic phase transfer. 15           Liquid crystal phases
which must fulfil a large number of requirements are required for
industrial appli- cation of these effects in electronic components. Chemi-
cal stability towards moisture, air and physical influences, such as heat,
infrared, visible and ultraviolet radiation 20 and constant and alternating
electrical fields, are par- ticuLarly important here. Furthermore, a liquid
crystal mesophase in a suitable temperature range and the lowest possible
viscosity at room temperature are required of industrially usable liquid
crystal dielectrics. Finally, 25  they should not exhibit intrinsic
absorption in the range of visible light, that is to say they must be
colourless. In none of the previously known series of com- pounds with
Liquid crystal mesophases is there an indivi- dual compound which meets all
these requirements. Mix- 30  tures of two to twenty, preferably three to
fifteen, com- pounds are therefore as a rule prepared in order to obtain
substances which can be used as liquid crystaL phases. At least one
compound of Low melting point and clear point is usually included in this
mixture. A mixture is 35  usually obtained here with a melting point below
that of the component of lower meLting point, whilst the clear 



point is between the clear points of the components. How- ever, optimum
phases cannot easily be prepared in this    -2- manner-, since the
components of high melting point and cLear points frequently aLso impart a
high viscosity to the mixtures. The switching times in the electroopticaL
display eLements produced with these mixtures are thereby 5   increased in
an undesirable manner. The invention is based on the object of prepar- ing
Liquid crystal phases which have a nematic phase in the required
temperature range and allow adequately short switching times in liquid
crystal cells at room temperature. 10           A large number of Liquid
crystal phases based on a Large number of compounds are already
commercially available. However, there is still a great need for liquid
crystal phases with high clear points, lower melt- ing points, low
viscosity (and hence short switching 15  times) and low optical anisotropy.
Liquid crystal phases with a wide mesophase range, Low viscosity, low
optical anisotropy, steep characteristic transmission line and relatively
highly negative dielectric anisotropy are par- ticularly required for
so-called guest-host displays with 20  positive contrast (the information
appears in dark form on a light background) (T. J. Scheffer, PhiL. Trans.
R. Soc. Lond. A 309 (1983) 189; and F. Gharadjedazki and R. Voumasd, J.
Appl. Phys. 53 (1982) 7306). Moreover, the Liquid crystal phases must have
a high stability to UV 25 and take up the dichroic dyestuffs to a
sufficient degree. Such negative LC phases were not hitherto available. For
wide-range mixtures, for example for external applications, the product of
the layer thickness and optical anisotropy must have quite specific values,
for example about 1.0 or 30  about 0.5, since otherwise the
angle-dependency of the contrast becomes too great and interference colours
arise, impairing the optical phenomenon. A coating thick- 



ness of about 6 - 7 micrometers and a liquid crystal phase with a positive
dielectric anisotropy and an optical aniso- 35 tropy are about + 0.07 to
about + 0.08 are today generally employed for such TN cells in order to
achieve a particu- larly good angle-dependency of the contrast. It is
parti- cularly difficult to achieve sufficiently high clear points whilst
at the same time avoiding the occurrence of    smectic phases and viscosity
values which are too high at low temperatures. Such positive LC phases have
not hitherto been available. It has now been found that liquid crystal
phases 5   with particularly advantageous combinations of material
properties, in particular wide mesophase ranges and low optical anisotropy,
are obtained if they contain at least one component from Group A consisting
of the compounds of the formulae I to IV 10           [err] wherein [err]
and [err] are each R,                        R 0 R     or               R
and R is alkyl with 1 to 12 C atoms, and wherein also one 15  or two
non-adjacent CH 2 groups can be replaced by -0-, -CO-, -0-CO- or -CO-0,
[err] wherein R  and R  are each R or                  R and R has the
abovementioned meaning, and/or at Least one 20 component selected from
Group B consisting of the com- pounds of the formulae V and VI    4 [err]
wherein R has the abovementioned meaning, Q is or [err]  , and [err] is
[err] , a single bond, [err] 



-CO-O- or -O-CO-, and at Least one component selected 5   from Group C
consisting of the compounds of the formuLae VII to X [err] wherein [err]
and [err] have the abovementioned meaning and [err] can assume the meaning
of [err] or [err], wherein R 10  is as defined above, and [err] is alkyl
with 1 to 12 C atoms, and wherein also one or two non-adjacent CH2 groups
can be repLaced by -0- or -CO-, and, if appropriate, one or more components
selected from Group D consisting of the compounds of the formulae XI to
XIII 15 [err]    -5- [err] wherein [err] and [err] in each case
independently of one another are alkyl with 1 to 12 C atoms, and wherein
also one or two non-adjacent [err] groups can be replaced by 5   -0-, -CO-,
-0-CO- or -CO-O, and if appropriate, one or more components selected from
Group E consisting of the compounds of the formulae XIV and XV [err]
wherein [err] and [err] is(sic) each R or [err] is R, 10
[err]  or, if n equals 2, also CN, n is 2 or, if R  equals  [err] , also 1
and A is a 1,4- phenylene group which is optionally fluorinated in the 2-
or 3-position, with the proviso that, if compounds of the formula V and/or
VI wherein Q is 1,4-phenylene are 15 present, the liquid crystal phase
contains at least one component of the formula IX wherein [err] is n-alkyl
and R4 is n-alkyl, n-alkoxy or n-alkanoyloxy with in each case 1 - 12 C
atoms, and at least one component from Group E. The invention thus relates
to the Liquid crystal 20 phases described above, which can also contain, if
approp- riate, two or more pleochroic dyestuffs, and to the use 



of these phases in liquid crystal display elements. The invention
furthermore relates to liquid -crys- tal display elements containing such
phases. 25           ALthough dispLay eLements which are free from
interference colours and which contain dielectrics with positive dielectric
anisotropy and low optical aniso- tropy, preferably in the range from 0.05
to 0.10, are already known from German Offenlegungsschrift 3,022,818, 30
the LC phases described therein do not allow an operating temperature range
which permits external applications.    -6- Surpri-singly, it has now been
found that a sufficiently wide operating temperature range, in particular
also for external applications, is possible with the positive LC phases
according to the invention, the occurrence of 5 smectic phases and/or very
high viscosity values at low temperatures being at the same time largely
eliminated. The negative liquid crystal guest-host systems according to the
invention are particularly distinguished by a low optical anisotropy,
excellent stability and high 10  degrees of order of the dyestuffs.  By
providing the liquid crystal guest-host systems according to the inven-
tion, the applicability of such systems is also consider- ably increased
from various technological viewpoints. The liquid crystal guest-host
systems according to the 15  invention and electrooptical display elements
containing them can be provided for the most diverse applications,
depending on the selection of the components of the host material and of
the pleochroic dyestuffs. The negative LC guest-host systems according to
20  the invention furthermore contain at least two, preferably 2 to 5, and
in particular 3 or 4, pleochroic dyestuffs. In principle, all the
pleochroic dyestuffs suitable for guest-host mixtures can be used as the
dyestuffs. The most important of these dyestuffs belong to the classes 



25  of anthraquinone, naphthoquinone, azo, indigo, and/or perylene
dyestuffs. A rich variety of these dyestuffs are described in the
literature. The expert can seek out the most suit- able dyestuffs for the
particular intended application 30  without difficulty.  Thus, for example,
anthraquinone dye- stuffs are described in European Patent 34,832, European
Patent 44,893, European Patent 48,583, European Patent 54,217, European
Patent 56,492, European Patent 59,036, British Patent 2,065,158, British
Patent 2,065,695, British 35  Patent 2,081,736, British Patent 2,082,196,
British Patent 2,094,822, British Patent 2,094,825, Japanese Preliminary
Published Application 55-123,673, Japanese Preliminary Published
Application 56-112,967, Japanese Preliminary    -7- Publis-hed Application
57-165,456, Japanese Preliminary Published Application 59-020,355, German
Patent 3,017,877, German Patent 3,040,102, German Patent 3,048,552, German
Patent 3,100,533, German Patent 3,115,147, German Patent 5 3,115,762,
German Patent 3,150,803, German Patent 3,201,120 and German Patent
3,309,045, naphthoquinone dyestuffs are described in German Patents
3,126,108 and 3,202,761, azo dyestuffs are described in European Patent
43,904, German Patent 3,123,519, German Patent 3,238,702 (blue tetraazo 10
dyestuffs), German Patent 3,245,751, German Patent 3,309, 048, PCT WO
82/2054, British Patent 2,079,770, Japanese Preliminary Published
Application 56-57,850, Japanese Preliminary Published Application
56-104,984, Japanese Preliminary Published Application 55-052,375, Japanese
15  Preliminary Published Application 59-096-171, Japanese Preliminary
Published Application 59-093,776, U.S. Patent 4,308,161, U.S. Patent
4,308,162, U.S. Patent 4,340,973, T. Uchida, C. Shishido, H. Seki and M.
Wada:  Mol. Cryst. Liq. Cryst. 39, 39-52 (1977) and H. Seki, C. Shishido,
S. Yasui 20 and T. Uchida: Jpn. J. Appl. Phys. 21, 191-192 (1982) and 



perylenes are described in European Patent 60,895, European Patent 68,427
and PCT WO 82/1191. Some groups of these classes of dyestuffs are des-
cribed in still more detail below: 25  a)      anthraquinone dyestuffs with
S-alkyl, S-cyclo- aLkyl and/or S-aryl groups, for example of the formula
II' [err] 30 wherein Q is [err], OH, alkyl, aryl, [err] or halogen, n is 0,
1, 2, 3 or 4, X is in each case H, SR, [err] or Q, R is in each case alkyl,
aryl or cycloalkyl and Z1 and 35 Z is(sic) in each case H, alkyl, aryl or
cycloalkyl dyestuffs are known, for example, from European Patent
0,059,036), and b)      anthraquinone dyestuffs with substituted phenyl
and/or cyclohexyl groups, for example of the formula III'    -8- [err]
wherein W, X, Y and Z are hydrogen, NH2, OH, NHCH3 or [err] and one or two
of the radicals [err] and R  are a group of the part formulae 5
-Ph-R, -Ph-OR, -Cy-R, -Ph-Cy-R or -Cy-Cy-R and the others are hydrogen,
wherein R is an alkyl group with 1 - 12 carbon atoms (such dyestuffs are
known, for example, from German Patent 3,040,102), and c)
naphthoquinone dyestuffs, for example of the 10 formuLa IV' [err] wherein X
and Y are identical or different and are hydrogen, chlorine or bromine,
[err] and [err] are hydrogen, alkyl or alkoxyalkyl with up to 8 C atoms or
a cyclic 15  group Z, Z is -Ph-R, -Ph-Ph-R, -Cy-R, -Cy-Cy-R, -Ph-Cy-R or
-Cy-Ph-R and R is alkyl, alkoxy, alkoxyalkyl, alkoxy- alkoxy or alkanoyloxy
with up to 8 C atoms (such dyestuffs are known, for example, from German
Patent 3,126,108), 



and 20  d)       azo dyestuffs, for example of the formula V' [err] wherein
[err] is alkyl or alkylsulfonyl, [err] is dialkylamino, monoalkylamino or a
5-membered or 6-membered cycloalkyl- amino group and n is 1, 2 or 3, it
being possible for a 25  second benzene ring to be fused onto the benzene
ring to form naphthalene structures (such dyestuffs are known, for example,
from U.S. Patent 4,340,973), and/or e)      azo dyestuffs, for example of
the formula VI' [err]    -9- wherein [err] is alkyl, [err] is aLkyL,
alkylcarbonyl, aryl- carbonyl or alkoxycarbonyl and n is 1, 2, 3 or 4, it
being possible for a second benzene ring to be fused onto the benzene rings
to form naphthalene structures (such dye- 5   stuffs are known, for
example, from Japanese Preliminary Published Application 56-104,984)
used(sic). The guest-host systems according to the invention can be adapted
to suit the most diverse fields of appli- cation by appropriate choice of
the dyestuff components 10 and of the relative dyestuff concentrations. The
guest-host systems according to the invention as a rule contain 0.1 to 15,
preferably 0.5 to 10 and in particular 1 to 7, % by weight of pleochroic
dyestuffs. The pleochroic dyestuffs of the guest-host system 15 according
to the invention are preferably chosen so that they cover a suitable
portion of the visible spectrum and that the absorption in this range is
more or less constant. The guest-host systems according to the invention
are prepared in a manner which is customary per se. As 20 a rule, the
desired amounts of the various pLeochroic dye- stuffs are dissolved in the
host material, advantageously at elevated temperature. However, it is also
possible to mix solutions of 



the pleochroic dyestuff and the host material in a suit- 25 able organic
solvent, for example acetone, chloroform or methanol, and, after thorough
mixing, to remove the sol- vent again, for example by distillation under
reduced pressure. In this procedure, it must of course be ensured that no
impurities or undesirable doping substances are 30 included through the
solvent. The individual compounds of the formulae 1 - XV of the liquid
crystal phases according to the invention are either known, or their
methods of preparation can be easily deduced from the prior art by the
relevant expert 35 since they are based on standard processes described in
the literature. Corresponding compounds are described, for ex- ample, in
German OffenLegungsschrift 3,231,707, German OffenLegungsschrift
3,32.1,373, German Offenlegungsschrift    - 10 - 2,702,-598, German
Offenlegungsschrift 2,948,836, U.S. Patent 4,323,473, U.S. Patent
4,325,830, U.S. Patent 4,322,354, German Offenlegungsschrift 3,320,024,
German Offenlegungsschrift 3,332,691, German OffenLegungsschrift 5
3,328,638, German Offenlegungsschrift 3,100,142, German Offenlegungsschrift
2,429,093, German Offenlegungsschri ft 2,944,905, German
Offenlegungsschrift 3,227,916, German Offenlegungsschrift 3,206,269, German
Offenlegungsschrift 3,933,611, German Offenlegungsschrift 2,800,553, German
10  Offenlegungsschrift 2,636,684, German Offenlegungsschrift 2,927,277,
German Offenlegungsschrift 3,117,152 and German Offenlegungsschrift
3,042,391. Surprisingly, it has been found that the compounds VII to X can
particularly advantageously be used as com- 15  ponents of positive and
negative phases according to the invention which have wide nematic ranges
and little or no interfering smectic phase ranges. The negative LC phases
according to the invention 



preferably contain 20 to 90%, in particular 55 to 85%, of 20 compounds from
Group A. They preferably contain at least two, in particular two to ten,
and particularly prefer- ably three to six, different compounds from Group
A and no compounds from Group B. The negative LC phases according to the
invention 25 with at least one, preferably two to four, compound(s) of the
formula XIV are furthermore preferred. The positive LC phases according to
the invention preferably contain 15 to 60%, in particular 22 to 45%, of
compounds from group B. They preferably contain only 30 those compounds
from Group B wherein Q is in each case 1,4-phenylene or 1,4-cyclohexylene.
However, LC phases containing several compounds from group B where Q is in
some cases 1,4-phenylene and in some cases 1,4-cyclo- hexylene are also of
interest. 35           Preferred components selected from Group B are those
of the formulae Va to Vd, VIa and VIb:    [err] Of these, those of part
formulae Va, Vb, Vd and VIa are particularly preferred. Compounds of the
formula V wherein [err] is [err] or a single bond and Q is
trans-1,4-cyclohexylene are also pre- 5 ferred. The positive LC phases
according to the invention preferably contain at least two, in particular
at Least three, compounds from Group B. Positive LC phases accord- ing to
the invention with at least one, preferably two 10  to six and in
particular four to six, compounds) of the formula XIV and/or at least one,
preferably two to four, compound(s) of the formula XV are furthermore
preferred. Of the positive or negative liquid crystal phases according to
the invention, those which contain at least 15 three components selected
from group A or B and at least one component selected from Group C are
particularly 



preferred.  Those phases according to the invention which contain at least
three components from group A or B and at least one component from Group D
are furthermore pre- 20 ferred. The phases according to the invention
containing compounds from Group C, in particular those of the    - 12 -
formula lXb, are distinguished by particularly short switching times,
especially at Low temperatures. Preferred LC phases do not contain
compounds of the formula VI and VII at the same time. 5           Preferred
compounds from Group C are those of the formula ...(sic) VII and IX.
Compounds of the formula IX wherein [err] is straight-chain alkyl with 1 to
12 C atoms and wherein a [err] group can also be replaced by -0-, -CO-,
-O-CO- or -CO-O-, and R is straight-chain alkyl with 1 10  to 12 C atoms,
in particular n-propyl or n-pentyl, or [err] , wherein R equals n-aLkyl
with 1 - 12 C atoms, in particular with 2 to 7 C atoms, are particuLarLy
preferred. In this case, R3 is particularly preferably n-alkyl,
n-alkoxyalkyl, n-alkoxy or n-alkanoyLoxy with in each case 15  2 to 7 C
atoms.  Especially preferred meanings of R here are, in particular,
methoxy, ethoxy, n-butoxy, n- hexoxy, n-hexanoyloxy, n-butyryloxy and
formyloxy. Preferred LC phases according to the invention contain at least
two, in particular at least three, com- 20 ponents seLected from the group
of the formulae IXa to IXl: [err] n-Alkyl                 n-Alkanoyloxy
IXd    - 13 - [err] Of the compounds of the formulae IXa to IXl, those 



of the formulae IXa, IXb, IXd, IXg, IXh and IXj are par- ticuLarLy
preferred. 5           LC mixtures containing in each case at least one
component of the formulae IXa, IXb and IXd at the same time are
particularly preferred. LC mixtures containing in each case at least one
component of the formulae IXb and IXd and LC mix- 10 tures which contain
only components of the formula IXb are furthermore preferred. LC mixtures
which, besides at least one component selected from the formulae IXa to
IXf, contain at least one other component selected from the formulae IXg to
IXl, in particular IXg, IXh, IXi and/ 15  or IXj, are also preferred. LC
mixtures according to the invention containing at least one, preferably at
least two, compounds of the formula X wherein R  and R  in each case
independently of one another are preferably n-alkyl with 2 to 7 C atoms, 20
are furthermore preferred. In the compounds of the formulae V and VI, R is
- 14 - preferably n-alkyl or n-alkoxyaLkyL with in each case 2 to 9 C
atoms. z1 in formula V is preferably trans-1,4- cyclohexylene or a single
bond, in particular a single bond. 5            Those liquid crystal phases
according to the invention in which the total amounts by weight of the com-
ponent(s) of the formula XV and the component(s) of the formulae V and/or
VI wherein Q is in each case 1,4-pheny- lene is < 50%, in particular < 40%,
and/or is in the 10   range from 5 to 50%, in particular in the range from
13 to 35X, exhibit particularly advantageous properties. Of the compounds
of components I, II, III and IV from Group A, those in which R 1 and R2 are
at the same time R, R being alkyl with 1 - 12 C atoms, and wherein also 15
one or two non-adjacent [err] groups can be replaced by 



-0-, -CO-, -0-CO or -CO-O-, are preferred. Those com- pounds of components
I to IV in which R  and R  are both optionally, but not at the same time, R
or   [err] are furthermore preferred. 20            Of the preferred
compounds VII and VIII from Group C, those in which R3 is R and R7 is R8
(with the meanings given) or both optionally but   t at the same time are R
or, respectively, R  or            R are also to be mentioned.  Of the
using groups R , those in which 8 25   [err]  is alkyl with 1 to 12 C atoms
are furthermore preferred. Of the compounds of component IX, those in which
R  always has the meaning defined for [err] and [err] is optionally R, OR,
-O-COR, -COOR or [err] are preferred. 30            Preferred phases
according to the invention con- tain 12 to 70%, in particular 18 to 55%, of
compounds from Group C. Of the compounds of component X, those in which R3
and R at the same time have them ning of R or 35   [err] has the meaning of
[err] and [err] is [err] are prefer- ably to be mentioned. Of the compounds
of components XI, XII and XIII from Group D, all those in which [err] and
[err] at the same time have the meaning given for R, in parti- cular
n-alkyl with 2 to 7 C atoms, are preferred.  From    - 15 - the optional
Group E, those compounds of the formula XIV in which R  and R  either at
the same time are R or both optionally, but not at the same time, can
assume the meaning of R or  [err] and the symbols R in each case 5
independently of one another are an n-alkyl group with 2 to 7 C atoms are
preferred. Of the numerous compounds of the formula XV, which always
contain phenyl, those of the formulae XVa to XVL are particularly
preferred: 



10 [err] 20 25 35    - 16 - [err] 10           In these formulae the
symbols R, which can in each case be identical or different, are preferably
n-alkyl or n-aLkoxy with in each case 2 to 7 C atoms. Compounds of the
formulae XVb, XVd (especially those wherein the two symbols R are in each
case n-aLkyl or one R is n-alkyL 15 and the other is n-alkoxy), XVg, XVi
and XVL are particu- larly preferred. In aLL the compounds from Groups A to
E, R is pre- ferabLy alkyl, -0-alkyl, -0-CO-alkyl, -COO-aLkyL or oxa-
aLkyL, wherein alkyl contains 1 - 12 C atoms, preferably 20 2 - 10 and in
particular 3 - 9 C atoms. R in the compounds VII and VIII from Group C is
alkyl, -0-aLkyL or oxaaLkyl, wherein aLkyL contains I - 12 C atoms,
preferably 2 - 10 and in particular 3 - 9 C atoms. 25           Compounds
wherein the symbols R are alkyl, -0-alkyl and -0-CO-aLkyl are particularly
preferably used for the liquid crystal phases according to the invention.
Those compounds which contain two radicals R in which one radical R is
aLkyL and the other is aLkyL, aLkoxy 30 or alkanoyLoxy are furthermore
particularly preferred. If the alkyl groups contain 3 or more carbon atoms,
these can be arranged in a straight or branched chain. However, no
components which contain more than one bran- ched alkyl group are used in
the phases according to the 35  invention.  Such branched aLkyL groups
contain no more than one chain branching in the context of the present
invention; this branching is preferably a methyl or ethyl 



group in the 1- or 2- position of the carbon skeleton, so that particularly
possible branched alkyL groups are:    - 17 - 2-methylpropyl,
2-methylbutyl, 1-methylpentyl, 2-methyl- pentyl and 1-methylhexyl. The
liquid crystal dielectrics according to the invention as a rule contain
only one com- ponent with a branched alkyl radical, in order to induce 5
optical activity, if desired. No more than 10% by weight, preferably 0.5 to
3% by weight, of a component with a branched alkyl radical is usually added
for this purpose. Those compounds of the formulae (I) to (XV) in which the
alkyl radicals are straight-chain, that is to say 10 are methyl, ethyl,
n-propyl, n-butyl, n-pentyL, n-hexyL, n-heptyl, n-octyL, n-nonyl, n-decyL,
n-undecyL and n-dodecyl, are otherwise preferably used as components of the
phase according to the invention. The phases according to the invention are
pre- 15 pared in a manner which is customary per se. As a rule, the desired
amount of the components used in smaller quantity is dissolved in the
components which make up the main constituent, advantageously at elevated
tempera- ture. If a temperature above the clear point of the 20 main
constituent is chosen here, it is particuLarLy easy to observe completion
of the dissolving operation. However, it is also possible to mix solutions
of the components in a suitable organic solvent, for example acetone,
chloroform or methanol and, after thorough mix- 25  ing, to remove the
solvent again, for example by distiLLa- tion under reduced pressure. In
this procedure, it must of course be ensured that no impurities or
undesirable doping substances are included through the solvent. The liquid
crystal phases according to the inven- 30 tion can be modified by suitable
additives so that they can be used in aLL the types of liquid crystal
display elements which have hitherto been disclosed. 



Such additives are known to the expert and are des- cribed in detail in the
Literature. For example, it is 35 possible to add conductive salts,
preferably ethyl- dimethyL-dodecyl-ammonium 4-hexyloxybenzoate, tetrabutyL-
ammonium tetraphenyLboranate or complex salts of crown ethers (cf., for
example, B. I. Haller et al., MoL. Cryst.Liq.Cryst. volume 24, pages
249-258 (1973) to    - 18 - improve the conductivity, or substances for
modifying the dielectric anisotropy, the viscosity and/or the orienta- tion
of the nematic phases. Substances of this type are described, for example,
in German Offenlegungsschriften 5  2,209,127, 2,240,864, 2,321,632,
2,338,281, 2,450,088, 2,637,430, 2,853,728 and 2,902,177. The following
examples are intended to illustrate the invention without limiting it. In
the examples, the melting point and clear point of a liquid crystal sub- 10
stance are given in degrees Celsius. The percentage figures relate to
percentages by weight. Example 1 A liquid crystal phase consisting of 34.0%
of r-1-cyano-cis-4-(trans-4-butylcyclohexyl)-1- 15
heptylcyclohexane, 29.0% of r-1-cyano-cis-4-(trans-4-pentylcyclo- hexyl
)-1-pentylcyclohexane, 10.8% of
trans,trans-4-propyl-4'-methoxycycLohexylcyclo- hexane, 20   9.7% of
trans,trans-4-propyl-4'-ethoxycyclohexylcyclo- hexane, 3.9% of
trans-4-propylcycLohexyl trans,trans-4-butyL-
cyclohexylcyclohexane-4'-carboxylate, 3.9% of trans-4-pentyLcyclohexyl
trans,trans-4-butyl- 25            cycLohexylcyclohexane-4'-carboxylate,
4.8% of trans-4-propylcyclohexyL trans,trans-4-propyL-
cyclohexylcyclohexane-4'-carboxylate and 



3.9% of trans-4-pentylcyclohexyL trans,trans-4-propyl-
cyclohexylcyclohexane-4'-carboxylate 30  has a melting point of [err], a
clear point of 700 and an optical anisotropy of +0.03. Example 2 A liquid
crystal phase consisting of 34.0% of
r-1-cyano-cis-4-(trans-4-butylcyclohexyl)-1- 35
heptylcyclohexane, 29.0% of r-1-cyano-cis-4-(trans-4-pentylcyclohexyl)-1-
pentylcyclohexane, 10.8% of trans,trans-4-propyl-4'-methoxycyclohexylcyclo-
hexane,    - 19 - 9.7% of trans,trans-4-propyl-4'-ethoxycyclohexylcyclo-
hexane, 3.9% of trans-4-propylcyclohexyl trans,trans-4-butyl-
cyclohexylcyclohexane-4'-carboxylate, 5   3.9% of trans-4-pentylcyclohexyl
trans,trans-4-butylcyclo- hexylcyclohexane-4'-carboxylate, 4.8% of
trans-4-propylcyclohexyl trans,trans-4-propyl-
cyclohexylcycLohexane-4'-carboxylate, and 3.9% of
r-1-cyano-cis-4-(trans-4-pentyLcyclohexyl)-1- 10
(trans-4-propylcyclohexyL)-cyclohexane has a clear point of 720 and an
optical anisotropy of +0.03. Example 3 A liquid crystal phase consisting of
15  34.0% of r-1-cyano-cis-4-(trans-4-butylcyclohexyl)-1-
heptylcyclohexane, 29.0% of r-1-cyano-cis-4-(trans-4-pentylcyclohexyl)-1-
pentylcyclohexane, 10.8% of trans,trans-4-propyl-4'-methoxycyclohexylcyclo-
20            hexane, 9.7% of
trans,trans-4-propyl-4'-ethoxycyclohexylcyclo- hexane, 



4.8% of r-1-cyano-cis-4-(trans-4-propylcyclohexyl)-1-
(trans-4-propylcyclohexyl)-cyclohexane, 25  3.9% of
r-1-cyano-cis-4-(trans-4-pentylcyclohexyl)-1-
trans-4-propylcycLohexyl)-cyclohexane, 3.9% of
r-1-cyano-cis-4-(trans-4-propylcyclohexyl)-1-
(trans-4-butylcyclohexyl)-cycLohexane and 3.9% of
r-1-cyano-cis-4-(trans-4-pentylcyclohexyl)-1- 30
(trans-4-butylcyclohexyl)-cyclohexane has a clear point of [err]  and an
optical anisotropy of +0.03. Example 4 A Liquid crystal phase consisting of
35  34% of   r-1-cyano-cis-4-(trans-4-butylcyclohexyl)-1-
heptylcyclohexane, 29% of   r-1-cyano-cis-4-(trans-4-pentylcyclohexyl)-1-
pentylcyclohexane, 7% of   trans,trans-4'-methoxycyclohexyl-4-propylcycLo-
- 20 - hexane, 5% of   trans,trans-4 -ethoxycycLohexyL-4-propyLcycLo-
hexane, 5% of   trans,trans-4'-propoxycycLohexyl-4-propyLcycLo- 5
hexane and 20% of   1-(trans-4-propyLcycLohexyL)-2-(trans-4-propyl-
cycLohexyl)-ethane, has a melting point of -5.2, a clear point of [err] and
an optical anisotropy of +0.025. 10 Example 5 A Liquid crystaL phase
consisting of 19% of   trans,trans-4-ethyLcyclohexyLcyclohexane-4'-
carbonitriLe, 19% of   trans,trans-4-butylcycLohexyLcycLohexane-4'- 15
carbonitriLe, 7% of   trans,trans-4-propyLcyclohexylcycLohexane-4'- carbon
i tr i Le, 



12% of   trans,trans-4'-propoxycycLohexyL-4-propyLcycLo- hexane, 20  18% of
trans,trans-4'-methoxycycLohexyL-4-propyLcyclo- hexane, 20% of
trans,trans-4'-propyLcycLohexyL-4-butyryLoxy- cyclohexane and 5% of
trans,trans-4'-propylcycLohexyl-4-vaLeryloxy- 25            cyclohexane has
a meLting point of -11.4, a cLear point of 57.5 and an optical anisotropy
of +0.045. Example 6 A Liquid crystal phase consisting of 30  19% of
trans,trans-4-ethyLcycLohexyLcycLohexane-4'- carbonitriLe, 19% of
trans,trans-4-butyLcycLohexyLcyclohexane-4'- carbonitriLe, 15% of
trans,trans-4'-propoxycycLohexyL-4-propyLcyclo- 35            hexane, 5% of
trans,trans-4'-methoxycyclohexyl-4-propyLcyclo- hexane, 17% of
trans,trans-4'-propyLcyclohexyl-4-butyryloxy- cycLohexane,    - 21 - 20% of
trans-4-propyLcyclohexyt trans-4-pentylcyclo- hexanecarboxylate and 5% of
4-(trans-4-propylcyclohexyl )-4'-(trans-4-propyL- cyclohexyl)-biphenyl 5
has a melting point of -14.3, a clear point of [err] and an optical
anisotropy of +0.055. Example 7 A liquid crystal phase consisting of 13% of
trans,trans-4-ethylcyclohexyLcyclohexane-4'-carbo- 10           nitrile,
13% of  trans,trans-4-butylcyclohexyLcyclohexane-4'-carbo- nitrile, 



5% of  trans,trans-4-pentylcyclohexylcyclohexane-4'-carbo- nitri Le, 15
15% of  4-propylcycLohexyl trans-4-pentylcyclohexane- carboxylate, 13% of
4-(trans-4-pentyLcycLohexyl)-4'-(trans-4-propyl- cyclohexyl )-biphenyl, 25%
of  trans,trans-4'-propoxycyclohexyl-4-propylcyclo- 20           hexane, 7%
of  trans,trans-4'-methoxycyclohexyl-4-propylcyclo- hexane and 9% of
trans,trans-4'-propylcyclohexyl-4-butyryloxy- cyclohexane 25  has a melting
point of [err], a clear point of 810 and an optical anisotropy of +0.065.
Example 8 A liquid crystal phase consisting of 6% of
2-p-cyanophenyl-5-propyl-1,3-dioxane, 30   6% of
2-p-cyanophenyl-5-butyL-1,3-dioxane, 15% of
p-trans-4-propylcycLohexyl-benzonitrile, 9% of trans-4-propylcyclohexyl
trans-4-propylcyclo- hexanecarboxylate, 10% of trans-4-propylcycLohexyl
trans-4-pentyLcyclohexane- 35           carboxylate, 9% of
trans,trans-4'-propylcycLohexyl-4-butyryloxycyclo- hexane, 9% of
trans,trans-4'-propylcyclohexyl-4-hexanoyloxy- cyclohexane,    - 22 - 6% of
trans-4-propylcycLohexyl trans,trans-4-propyl-
cyclohexyl-cyclohexane-4'-carboxylate, 6% of  trans-4-pentyLcycLohexyL
trans,trans-4-propylcyclo- hexyL-cyclohexane-4'-carboxylate, 5   6% of
trans-4-propyLcycLohexyl trans,trans-4-butyLcyclo-
hexyL-cyclohexane-4'-carboxylate, 5% of  trans-4-pentyLcyclohexyl
trans,trans-4-butylcycLo- 



hexyl-cyclohexane-4'-carboxyLate, 5% of
4-(trans-4-propylcycLohexyl)-2'-fluoro-4'-(trans- 10
4-propyLcyclohexyl)-biphenyl, 4% of
4-(trans-4-pentylcyclohexyL)-2'-fluoro-4'-(trans-
4-propylcycLohexyl)-biphenyl and 4% of
4-(trans-4-pentylcyclohexyl)-2'-fluoro-4'-(trans-
4-pentylcyclohexyl)-biphenyL 15 has a melting point of -16.5 and a clear
point of [err]. ExampLe 9 A Liquid crystal phase consisting of 6% of
2-p-cyanophenyl-5-propyl-1,3-dioxane, 6% of
2-p-cyanophenyL-5-butyL-1,3-dioxane, 20  10% of
p-trans-4-propylcyclohexyl-benzonitrile 91% of trans-4-propyLcyclohexyl
trans-4-propylcyclohexane- carboxylate, 10% of  trans-4-propylcyclohexyl
trans-4-pentylcyclohexane- carboxylate, 25  12% of
trans,trans-4'-propylcycLohexyl-4-butyryloxy- cycLohexane, 11% of
trans,trans-4'-propylcyclohexyl-4-hexanoyloxycyclo- hexane, 6% of
trans-4-propylcyclohexyl trans,trans-4-propyl- 30
cyclohexyl-cyclohexane-4'-carboxyLate, 6% of  trans-4-pentylcycLohexyl
trans,trans-4-propyl- cyclohexyl-cycLohexane-4'-carboxylate, 6% of
trans-4-propyLcyclohexyl trans,trans-4-butylcycLo-
hexyl-cycLohexane-4'-carboxylate, 35   5% of  trans-4-pentylcyclohexyl
trans,trans-4-butyLcyclo- hexyl-cyclohexane-4'-carboxylate, 5% of
4-(trans-4-propylcyclohexyl)-2'-fluoro-4'-(trans-
4-propylcyclohexyL)-biphenyl, 4% of
4-(trans-4-pentylcycLohexyL)-2'-fluoro-4'-(trans-    - 23 -
4-propylcyclohexyl)-biphenyl and 4% of
4-(trans-4-pentylcyclohexyl)-2'-fluoro-4'-(trans- 



4-pentylcyclohexyL)-biphenyl has a melting point of -15.9 and a clear point
of [err]. 5  Example 10 A Liquid crystal phase consisting of 6% of
2-p-cyanophenyL-5-propyl-1,3-dioxane, 6% of
2-p-cyanophenyl-5-butyl-1,3-dioxane, 15% of
p-trans-4-propylcyclohexyL-benzonitrile, 10  19% of
trans,trans-4'-propylcyclohexyl-4-butyryloxy- cyclohexane, 18% of
trans,trans-4'-propylcyclohexyl-4-hexanoyLoxy- cyclohexane, 6% of
trans-4-propylcyclohexyl trans,trans-4-propyl- 15
cyclohexyl-cyclohexane-4'-carboxylate, 6% of  trans-4-pentylcyclohexyl
trans,trans-4-propylcyclo- hexyL-cyclohexane-4'-carboxylate, 6% of
trans-4-propyLcycLohexyL trans,trans-4-butylcyclo-
hexyl-cyclohexane-4'-carboxylate, 20   5% of  trans-4-pentylcyclohexyl
trans,trans-4-butyl- cyclohexyl-cyclohexane-4'-carboxylate, 5% of
4-(trans-4-propylcyclohexyl)-2'-fluoro-4'-(trans-
4-propylcyclohexyl)-biphenyl, 4% of
4-(trans-4-pentylcyclohexyl)-2'-fluoro-4'-(trans- 25
4-propylcyclohexyl)-biphenyL and 4% of
4-(trans-4-pentylcyclohexyL)-2'-fluoro-4'-(trans-
4-pentylcyclohexyl)-biphenyl has a melting point of -7.6 and a clear point
of [err] ExampLe 11 30           A liquid crystal phase consisting of 6% of
2-p-cyanophenyL-5-propyl-1,3-dioxane, 6% of
2-p-cyanophenyl-5-butyl-1,3-dioxane, 15% of
p-trans-4-propylcyclohexyl-benzonitrile, 15% of
trans,trans-4'-methoxycyclohexyl-4-propylcycLohexane, 35   9% of
trans,trans-4'-propylcyclohexyL-4-butyryloxycycLo- hexane, 9% of
trans,trans-4 -propylcyclohexyl-4-hexanoyloxy- cycLohexane, 6% of
trans-4-propylcyclohexyl trans,trans-4-propyLcyclo-  



- 24 - hexyl-cycLohexane-4'-carboxylate, 6% of  trans-4-pentylcycLohexyl
trans,trans-4-propyL- cycLohexylcyclohexane-4'-carboxylate, 6% of
trans-4-propyLcycLohexyL trans,trans-4-butyL- 5
cyclohexyl-cyclohexane-4'-carboxylate, 5% of  trans-4-pentylcyclohexyl
trans,trans-4-butylcyclo- hexyl-cyclohexane-4'-carboxylate, 5% of
4-(trans-4-propylcycLohexyl)-2'-fluoro-4'-(trans-
4-propylcyclohexyl)-biphenyl, 10   5% of
4-(trans-4-pentyLcycLohexyL)-2'-fLuoro-4'-(trans-
4-propylcyclohexyL)-biphenyl, 5% of
4-(trans-4-pentyLcyclohexyL)-2'-fLuoro-4'-(trans-
4-pentylcycLohexyL)-biphenyL and 2% of
4-(trans-4-pentyLcycLohexyl)-4'-(trans-4-propyL- 15
cyclohexyl)-biphenyl has a meLting point of -17.4 and a clear point of
[err]. ExampLe 12 A Liquid crystal phase consisting of 6% of
2-p-cyanophenyL-5-propyl-1,3-dioxane, 20   6% of
2-p-cyanophenyL-5-butyl-1,3-dioxane, 10% of
p-trans-4-propyLcyclohexyL-benzonitrile, 17% of
trans,trans-4'-methoxycyclohexyl-4-propylcyclo- hexane, 11% of
trans,trans-4'-propylcyclohexyL-4-butyryloxy- 25           cyclohexane, 10%
of  trans,trans-4'-propyLcycLohexyL-4-hexanoyloxy- cyclohexane, 6% of
trans-4-propylcyclohexyl trans,trans-4-propyl-
cyclohexylcyclohexane-4'-carboxylate, 30   6% of  trans-4-pentylcyclohexyl
trans,trans-4-propyL- cycLohexylcyclohexane-4'-carboxyLate, 6% of
trans-4-propylcycLohexyl trans,trans-4-butyL-
cycLohexyl-cyclohexane-4'-carboxylate, 5% of  trans-4-pentylcyclohexyL
trans,trans-4-butyl- 35           cyclohexyl-cycLohexane-4'-carboxylate, 



5% of  4-(trans-4-propylcycLohexyl)-2'-fluoro-4'-(trans-
4-propylcyclohexyl)-biphenyL, 5% of
4-(trans-4-pentyLcyclohexyL)-2'-fLuoro-4'-(trans-
4-propylcyclohexyl)-biphenyl,    - 25 - 5  of
4-(trans-4-pentylcycLohexyl)-2'-fluoro-4'-(trans-
4-pentylcycLohexyL)-biphenyL and 2% of
4-(trans-4-pentylcycLohexyl)-4'-(trans-4-propyl- cyclohexyt)-biphenyl 5
has a melting point of -17.2 and a clear point of [err]. ExampLe 13 A
Liquid crystal phase consisting of 34% of
r-1-cyano-cis-4-(trans-4-butyLcyclohexyl)-1-heptyl- cyclohexane, 10  29% of
r-1-cyano-cis-4-(trans-4-pentylcycLohexyl)-1- pentylcyclohexane, 11% of
trans,trans-4'-methoxycyclohexyL-4-propyLcycLohexane, 10% of
trans,trans-4'-ethoxycyclohexyL-4-propylcyclohexane, 4% of
1-(trans-4'-pentylcyclohexyl-4-cycLohexyl)-2- 15
cyano-2-(trans-4-pentylcyclohexyl)-ethane, 4% of
1-(trans-4'-pentylcycLohexyL)-4-cyclohexyL)-2-
cyano-2-(trans-4-propylcyclohexyl)-ethane(sic), 4% of
trans-4-propylcyclohexyl trans,trans-4-propyl-
cycLohexyl-cycLohexane-4'-carboxylate and 20   4% of
trans-4-pentylcycLohexyL trans,trans-4-propyl-
cycLohexyl-cyclohexane-4'-carboxylate has a melting point of -8, a clear
point of [err] and an optical anisotropy of + 0.028. Example 14 25
A liquid crystaL phase consisting of 10% of
trans-1-p-methoxyphenyl-4-propylcyclohexane, 10% of
trans-1-p-ethoxyphenyL-4-propylcycLohexane, 33% of
trans,trans-4'-methoxycyclohexyl-4-propylcyclo- hexane, 30  11% of
r-1-cyano-cis-4-(trans-4-butylcyclohexyl)-1-heptyl- 



cyclohexane, 10% of  r-1-cyano-cis-4-(trans-4-pentylcyclohexyl)-l-
pentylcyclohexane, 5% of  4,4'-bis-(trans-4-propylcyclohexyL)-2-fLuoro- 35
biphenyl, 51 of  4,4'-bis-(trans-4-pentylcyclohexyL)-2-fluoro- biphenyl, 5%
of  4-(trans-4-pentylcyclohexyl)-4'-(trans-4-propyl-
cyclohexyl)-2-fluoro-biphenyl,    -26- 5% of
4,4'-bis-(trans-4-propylcyclohexyl)-biphenyl  and 6% of
4-(trans-4-pentylcyclohexyl)-4'-(trans-4-propyl- cyclohexyl)-biphenyl has a
meLting point of -19, a clear point of [err], an 5 optical anisotropy of
0.074 and a dielectric anisotropy of -1.5. Example 15 A liquid crystal
phase consisting of the following compounds is prepared: 10   6% of
trans,trans-4-ethylcyclohexylcycLohexane-4'- carbonitriLe, 6% of
2-p-cyanophenyL-5-butyl-1,3-dioxane, 3% of
p-trans-4-propylcyclohexyl-benzonitrile, 17% of
trans,trans-4'-methoxycyclohexyl-4-propylcyclo- 15          hexane, 11% of
trans,trans-4-methoxycyclohexyl-4-pentylcyclo- hexane, 10% of
trans,trans-4-ethoxycyclohexyl-4-pentylcyclo- hexane, 20  10% of
trans,trans-4-butoxycyclohexyL-4-propyLcyclo- hexane, 8% of
4-(trans-4-propylcyclohexyl)-2'-fLuoro-4'-(trans-
4-propylcyclohexyl)-biphenyl, 7% of
4-(trans-4-pentylcyclohexyl)-4'-(trans-4-propyl- 25
cyclohexyl)-biphenyl, 



6% of trans-4-pentylcycLohexyl trans,trans-4-propyl-
cyclohexylcyclohexane-4'-carboxylate, 6% of  trans-4-propylcyclohexyl
trans,trans-4-butyl- cycLohexylcyclohexane-4'-carboxylate, 30   5% of
trans-4-propylcyclohexyL trans,trans-4-butyLcyclo-
hexylcyclohexane-4'-carboxylate and 5% of  trans-4-pentylcyclohexyl
trans,trans-4-butylcyclo- hexylcyclohexane-4'-carboxyLate. Example 16 35
A liquid crystal phase consisting of 10% of
p-trans-4-propylcyclohexylbenzonitrile, 6% of
2-p-cyanophenyl-5-propyl-1,3-dioxane, 6% of
2-p-cyanophenyl-5-butyL-1,3-dioxane, 32% of
trans,trans-4'-methoxycyclohexyl-4-propylcyclo-    - 27 - - hexane, 7% of
trans,trans-4 -ethoxycyclohexyl-4-propylcycLo- hexane, 6% of
trans-4-propyLcyclohexyl trans,trans-4-propytcyclo- 5
hexylcyclohexane-4'-carboxylate, 6% of  trans-4-pentylcyclohexyl
trans,trans-4-propylcyclo- hexylcyclohexane-4'-carboxylate, 6% of
trans-4-propylcyclohexyl trans,trans-4-butylcyclo-
hexylcycLohexane-4'-carboxyLate, 10   6% of  trans-4-pentylcyclohexyl
trans,trans-4-butyl- cycLohexylcyclohexane-4'-carboxylate, 5% of
4,4'-bis-(trans-4-propylcycLohexyl)-2-fluorobi- phenyl, 4% of
4,4'-bis-(trans-4-pentylcycLohexyl)-2-fluorobi- 15          phenyl and 6%
of  4-(trans-4-pentylcyclohexyl)-4'-(trans-4-propyL-
cyclohexyL)-2-fluoro-biphenyl has a melting point of -13, a clear point of
[err], an optical anisotropy of 0.077 and a viscosity of 19 (800; 20
3,050) x 10 3 Pa . s at 20 (-30;-40 ). 



ExampLe 17 A Liquid crystal phase consisting of 10% of
p-trans-4-propylcyclohexylbenzonitriLe, 6% of
2-p-cyanophenyl-5-propyl-1,3-dioxane, 25   6% of
2-p-cyanophenyl-5-butyl-1,3-dioxane, 11% of
trans,trans-4'-methoxycyclohexyl-4-propylcyclo- hexane, 10% of
trams,trans-4'-ethoxycyclohexyl-4-propyLcyclo- hexane (sic), 30  11% of
trans,trans-4'-methoxycyclohexyl-4-butylcyclo- hexane (sic), 11% of
trans-1-p-ethoxyphenyl-4-propyLcyclohexane, 4% of  trans-4-propylcycLohexyl
trans,trans-4-propyl- cycLohexylcycLohexane-4'-carboxylate, 35   4% of
trans-4-pentylcyclohexyl trans,trans-4-propyl-
cycLohexylcyclohexane-4'-carboxylate, 4% of  trans-4-propylcyclohexyL
trans,trans-4-butylcyclo- hexylcycLohexane-4'-carboxylate, 4% of
trans-4-pentylcyclohexyl trans,trans-4-butylcycLo-    - 28 -
hexyLcyclohexane-4'-carboxylate, 4% of
4,4'-bis-(trans-4-propylcyclohexyl)-2-fluorobiphenyl, 4% of
4,4'-bis-(trans-4-pentylcyclohexyL)-2-fluorobiphenyl, 4% of
4-(trans-4-pentylcyclohexyl)-4'-(trans-4-propyL- 5
cyclohexyL)-2-fluoro-biphenyl, 3% of
4,4'-bis-(trans-4-propyLcyclohexyL)-biphenyl and 4% of
4-(trans-4-pentylcyclohexyl)-4'-(trans-4-propyl- cyclohexyl)-biphenyl has a
melting point of -6, a cLear point of 900, an 10  optical anisotropy of
0.084 and a viscosity of 18 (780; 2,900) x [err] Pa.s at [err] (-30; -40).
Example 18 A Liquid crystaL phase consisting of 10% of
p-trans-4-propyLcyclohexyLbenzonitrile, 15   6% of
2-p-cyanophenyl-5-propyL-1,3-dioxane, 



6% of  2-p-cyanophenyl-5-butyl-1,3-dioxane, 32% of
trans,trans-4'-methoxycycLohexyl-4-propylcycLo- hexane, 7% of
trans-1-p-ethoxyphenyl-4-propyLcyclohexane, 20   6% of
trans-4-propylcyclohexyL trans,trans-4-propyL-
cyclohexylcycLohexane-4'-carboxylate, 5% of  trans-4-pentylcyclohexyl
trans,trans-4-propyLcyclo- hexyLcycLohexane-4'-carboxylate, 6% of
trans-4-propyLcycLohexyl trans,trans-4-butylcyclo- 25
hexyLcyclohexane-4'-carboxylate, 6% of  trans-4-pentylcyclohexyl
trans,trans-4-butylcyclo- hexylcycLohexane-4'-carboxylate, 5% of
4,4'-bis-(trans-4-propyLcyclohexyL)-2-fLuorobi- phenyl, 30   6% of
4-(trans-4-pentylcyclohexyl)-4'-(trans-4-propyl-
cyclohexyL)-2-fLuorobiphenyl and 5% of
4-(trans-4-pentyLcycLohexyl)-4'-(trans-4-propyl- cyclohexyl)-biphenyl has a
melting point of -20, a clear point of [err], an 35 optical anisotropy of
0.082 and a viscosity of 19.6 (283; 842) x 10 3 Pa.s at 200 (-200; [err]).
Example 19 A Liquid crystal phase consisting of 10% of
p-trans-4-propylcyclohexylbenzonitrile,    -29 - 6% of
2-p-cyanophenyL-5-propyL-1,3-dioxane, 6% of
2-p-cyanophenyl-5-butyl-1,3-dioxane, 32% of
trans,trans-4'-methoxycyclohexyl-4-propylcyclo- hexane, 5   7% of
trans-1-p-ethoxyphenyl-4-propylcyclohexane, 6% of  trans-4-propylcycLohexyl
transtrans-4-propyl- cycLohexylcyclohexane-4'-carboxylate, 6% of
trans-4-pentylcycLohexyl trans,trans-4-propyL-
cycLohexyLcycLohexane-4'-carboxyLate, 10   6% of  trans-4-propylcyclohexyl
trans,trans-4-butyLcyclo- 



hexyLcyclohexane-4'-carboxylate, 6% of  trans-4-pentylcyclohexyl
trans,trans-4-butyLcyclo- hexylcyclohexane-4'-carboxylate, 5% of
4,4'-bis-(trans-4-propyLcyclohexyl)-2-fluorobi- 15          phenyl, 6% of
4-(trans-4-pentylcyclohexyl)-4'-(trans-4-propyL-
cyclohexyl)-2-fluorobiphenyl and 4% of
4-(trans-4-pentylcyclohexyl)-4'-(trans-4-propyl- cyclohexyl)-biphenyl 20
has a meLting point of -20, a clear point of [err], an optical anisotropy
of 0.082 and a viscosity of 20 x 10 3 Pa.s at [err]. Example 20 A Liquid
crystal phase consisting of 25  10% of
p-trans-4-propylcyclohexyLbenzonitrile, 6% of
2-p-cyanophenyl-5-propyl-1,3-dioxane, 6% of
2-p-cyanophenyl-5-butyl-1,3-dioxane, 20% of  trans,trans-4
-methoxycyclohexyl-4-propylcycLo- hexane, 30   6% of
trans,trans-4'-ethoxycyclohexyl-4-propylcyclo- hexane, 7% of
trans,trans-4'-methoxycyclohexyl-4-butylcyclo- hexane, 5% of
trans-1-p-ethoxyphenyL-4-propylcyclohexane, 35   6% of
trans-4-propylcyclohexyl trans,trans-4-propyL-
cyclohexyLcyclohexane-4'-carboxylate, 6% of  trans-4-pentylcyclohexyL
trans,trans-4-propyLcyclo- hexylcycLohexane-4'-carboxylate, 6% of
trans-4-propylcyclohexyl trans,trans-4-butyL-    - 30 -
cyclohexylcyclohexane-4'-carboxylate, 6% of  trans-4-pentyLcyclohexyl
trans,trans-4-butyL- cyclohexylcyclohexane-4'-carboxylate, 5% of
4,4'-bis-(trans-4-propylcyclohexyl)-2-fluorobi- 5           phenyl, 



6% of  4,4'-bis-(trans-4-pentylcycLohexyl)-2-fluorobi- phenyl and 5% of
4-(trans-4-pentylcyclohexyl)-4'-(trans-4-propyL-
cyclohexyl)-2-fluoro-biphenyl 10  has a melting point of [err], a clear
point of [err], an optical anisotropy of 0.079 and a viscosity of 22 (970;
4,000) x 10 3 Pa.s at 20 0C (-30; -40). Example 21 A Liquid crystal phase
consisting of 15  10% of  p-trans-4-propylcyclohexylbenzonitrile, 6% of
2-p-cyanophenyL-5-propyl-1,3-dioxane, 6% of
2-p-cyanophenyl-5-butyl-1,3-dioxane, 7% of
transtrans-4'-methoxycyclohexyl-4-propylcyclo- hexane, 20   7% of
trans,trans-4'-ethoxycyclohexyl-4-propylcyclo- hexane, 7% of
trans,trans-4'-methoxycyclohexyl-4-butylcyclo- hexane, 17% of
trans-1-p-ethoxyphenyl-4-propylcyclohexane, 25   6% of
trans-4-propylcyclohexyl trans,trans-4-propyl-
cyclohexylcyclohexane-4'-carboxylate, 6% of  trans-4-pentylcyclohexyl
trans,trans-4-propyl- cyclohexylcycLohexane-4'-carboxylate, 6% of
trans-4-propylcyclohexyl trans,trans-4-butyL- 30
cyclohexylcyclohexane-4'-carboxylate, 6% of  trans-4-pentylcyclohexyl
trans,trans-4-butyl- cyclohexylcyclohexane-4'-carboxylate, 5% of
4,4'-bis-(trans-4-propylcyclohexyL)-2-fluoro- biphenyl, 35   6% of
4,4'-bis-(trans-4-pentylcyclohexyl)-2-fluoro- biphenyL and 5% of
4-(trans-4-pentylcyclohexyl)-4'-(trans-4-propyl-
cyclohexyl)-2-fluoro-biphenyl has a melting point of -13, a clear point of
95, an    - 31- 



optical anisotropy of 0.084 and a viscosity of 21 (900; 3,800) x [err] Pa.s
at [err]. Example 22 1.0% of azo dyestuff ([err] max = 460 nm, formula 5
VI', [err] = 2-nonyLmercapto-1,3,4-thiadiazol-5-yl, [err] =
p-(4-butylcyclohexyL)-benzyl, n = 1, Ph2 = 1,4-naphthy- lene and Ph3 =
2,5-tolylene) and 1.3% of azo dyestuff ([err] max = 615 nm, formula V',
R1-Ph1 = 3-octyLmercapto-1,2,4-thiadiazol-5-yL, R2 = p-(4-butyl- 10
cyclohexyl)-benzyLamino, n = 1, Ph2 = 2,5-xylylene and Ph3 =
1,4-naphthyLene) were dissolved in a Liquid crystal phase consisting of 21%
of  r-1-cyano-cis-4-(trans-4-butylcyclohexyl)-1-heptyl- cyclohexane, 15
22% of  r-1-cyano-cis-4-(trans-4-pentylcyclohexyl)-1- pentylcyclohexane,
12% of  trans,trans-4-propyl-4'-methoxycyclohexylcyclo- hexane, 9% of
trans,trans-4-propyl-4'-ethoxycyclohexylcyclo- 20           hexane, 4% of
trans-4-propylcyclohexyl trans,trans-4-propyl-
cyclohexyLchlorohexane-4'-carboxylate, 4% of  trans-4-pentylcyclohexyl
trans,trans-4-propyl- cyclohexylcyclohexane-4'-carboxylate, 25   4% of
trans-4-propylcyclohexyl trans,trans-4-butyl-
cyclohexylcyclohexane-4'-carboxylate, 4% of  trans-4-pentylcyclohexyl
transtrans-4-butyl- cyclohecylcyclohexane-4'-carboxylate(sic) and 20% of
r-1-cyano-cis-4-(trans-4-pentylcyclohexyl)-1- 30
(trans-4-pentylcyclohexyl)-cyclohexane (c.p. 100C). In an electrooptical
display element at a layer thickness of 1 [err], this guest-host system
exhibits a colour interval A E up to the point of achromatism of 35  0.3 in
artificial Light (CIU-A) and a colour interval A E of 1.0 in daylight
(CIU-D 65). Example 23 0.12% of azo dyestuff ([err] max = 430 nm, formula
V', R1 = 



R2 = p-(4-propylcyclohexyl)-benzyloxy and n= 2), 0.88%    - 32 - of azo
dyestuff ([err] max = 460 ...(sic), formula VI', R1 =
2-nonylmercapto-1,3,4-thiadiazol-5-yl, [err] = p-(4-butyl-
cyclohexyL)-benzyl, n = 1, Ph2 = 1,4-naphthylene and [err] = 2,5-tolylene)
and 5  1.30% of azo dyestuff ([err]  max = 615 nm, formula V',  [err] =
3-octylmercapto-1,2,4-thiadiazol-5-yl, R    p-(4-
butyLcyclohexyl)-benzyLamino, n =1, Ph2 = 2,5-xylylene and Ph3 =
1,4-naphthylene) were dissolved in a liquid crystal phase consisting of 10
34% of  r-1-cyano-cis-4-(trans-4-butylcyclohexyl)-1- heptylcyclohexane, 30%
of  r-1-cyano-cis-4-(trans-4-pentylcyclohexyL)-1- pentylcyclohexane, 11% of
trans,trans-4-propyl-4'-methoxycyclohexylcyclo- 15           hexane, 9% of
trans,trans-4-propyl-4'-ethoxycyclohexylcyclo- hexane, 4% of
trans-4-propylcyclohexyl trans,trans-4-butyL-
cyclohexylcyclohexane-4'-carboxylate, 20   4% of  trans-4-pentylcyclohexyl
trans,trans-4-butyl- cyclohexylcyclohexane-4'-carboxylate, 4% of
trans-4-propylcyclohexyl trans,trans-4-propyl-
cyclohexylcyclohexane-4'-carboxylate and 4% of  trans-4-pentylcyclohexyl
trans,trans-4-propyl- 25           cyclohexylcycLohexane-4'-carboxylate
(c.p. [err]). In an electrooptical display element at a Layer thickness of
5 [err] (10 [err]), this guest-host system exhibits a colour interval A E
up to the point of achromatism 30 of 0.62 (0.81) in artificial light
(CIU-A) and a colour interval A E of 0.22 (0.43) in daylight (CIU-D 65).
ExampLe 24 0.45% of azo dyestuff ([err] max = 393 nm, formula VI', R1 



[err] = [err] and n = 1), 35 1.55% of azo dyestuff ([err] max = 460 nm,
formula VI', R1 = 2-nonylmercapto-1,3,4-thiadiazol-5-yl, R2 = p-(4-butyl-
cyclohexyl)-benzyL, n = 1, Ph2 = 1,4-naphthyLene, and Ph3 = 2,5-tolylene)
and 2.22% of azo dyestuff ([err] max = 615 nm, formula V', R1-Ph    - 33 -
= 3-octyLmercapto-1,2,4-thiadiazol-5-yl, [err] = p-(4-
butylcyclohexyl)-benzylamino, n = 1, Ph2 = 2,5-xylyLene and Ph3 =
1,4-naphthylene) were dissolved in the liquid crystal phase from Example 22
5  (c.p. [err]). In an electrooptical display element at a layer thickness
of 4 [err] (10 [err]), this guest-host system exhibits a colour interval A
E up to the point of achromatism of 0.99 (0.81) in artificial light (CIU-A)
and a colour 10  interval A E of 2.27 (0.38) in daylight (CIU -D 65).
Example 25 0.39% of azo dyestuff G 232 ([err] max = 443 nm, formula V',
[err] = [err] = [err], n = 2 and [err] = 1,4-naphthy- lene), 15  0.50% of
azo dyestuff G 241 ([err] max = 558 nm, formula VI, = [err] = [err], n = 2
and [err] = 1,4-naphthylene) and 1.30% of a mixture of naphthoquinone
dyestuffs of the formula IV' (obtainable by reacting 4,8-diamino-1,5-naph-
20  thoquinone with equimolar amounts of 4-n-butoxyaniline,
4-n-pentoxyaniline and 4-n-hexyloxyaniline and 4-n-heptyl- oxyaniline,
[err] max = 685 ...(sic)) are dissolved in the liquid crystal phase from
Example 22 (c.p. [err]). 25           In an electrooptical display element
at a layer thickness of 1 [err] (2 [err]), this guest-host system exhibits
a colour interval A E up to the point of achromatism of 0.40 (0.79) in
artificial light (CIU-A) and a colour 



interval A E of 0.54 (0.96) in daylight (CIU-D 65). 30  ExampLe 26 0.29% of
azo dyestuff G 232 ([err] max = 443 nm, formula V', R= R= [err],   = 2 and
[err] = 1,4-naphthy- lene), 0.09% of azo dyestuff G 239 ([err] max = 512
nm, formula V', 35   1   [err] = [err], n = 1 and Ph2 1,4-naphthylene),
0.33% of azo dyestuff G 241 ([err] max = 558 nm, formula V', R1= C4H9, R2 =
N(C2H5)2, n = 2 and Ph3 = 1,4-naphthylene) and    - 34 - 1.32% of a mixture
of naphthoquinone dyestuffs of the formula IV' (obtainable by reacting
4,8-diamino-1,4- naphthoquinone with equimolar amounts of
4-n-butoxyaniline, 4-n-pentoxyaniline, 4-n-hexyloxyaniline and
4-n-heptyloxy- 5 aniline, [err] max = 685 nm) are dissolved in the liquid
crystal phase from Example 23 (c.p. [err]). In an electrooptical display
element at a layer thickness of 2 [err] (7 [err]), this guest-host system
exhibits 10  a colour interval A E up to the point of achromatism of 0.13
(0.32) in artificial light (CIU-A) and a colour interval A E of 0.27 (0.57)
in dayLight (CIU-D 65). Example 27 0.20% of azo dyestuff ([err] max = 430
nm, formula V', [err] = 15 R2 = p-(4-propyLcyclohexyL)-benzyloxy and n =
2), 0.50% of azo dyestuff ([err]  max = 460 ...(sic), formula VI', R1 =
2-nonylmercapto-1,3,4-thiadiazol-5-yl, R2 = p-(4-butyl- cyclohexyl)-benzyl,
n = 1, Ph2 = 1,4-naphthylene and Ph  = 2,5-tolylene), 3 20  0.36X of azo
dyestuff ([err] max = 548 ...(sic), formula V', R1
2-nonylmercapto-1,3,4-thiadiazol-5-yl, R2 = butyl-methyl- amino, n = 1, and
Ph2 = 1,4-naphthylene), 



0.70% of anthraquinone dyestuff ([err]  max = 638 nm, formula III', R2  R3
R4=  Z =    = H, W = X =NH2, and 25  R1=
2-[p-(4-butylcyclohexyl)-benzylmercapto-1,3, 4- oxadiazol-5-yl) (sic) and
1.10% of a mixture of naphthoquinone dyestuffs of the for- mula IV'
(obtainable by reacting 4,8-diamino-1,5-naphtho- quinone with equimolar
amounts of 4-n-butoxyaniline, 4-n- 30  pentoxyaniline, 4-n-hexyloxyaniline
and 4-n-heptyloxy- aniline, X max = 685 nm) are dissolved in the liquid
crystal phase from ExampLe 23 (c.p. [err]). In an electrooptical display
element at a Layer 35  thickness of 2 [err] (9 [err]), this guest-host
system exhibits a colour interval A E up to the point of achromatism of
0.18 (0.57) in artificial light (CIU-A) and a colour interval of 0.19
(0.01) in daylight (CIU-D 65). Example 28    - 35 - 0.85% of azo dyestuff
(X max = 460 nm, formula VI', [err] =
2-nonylmercapto-1,3,4-thiadiazol-5-yl, R2 = p-(4-butyl- cyclohexyl)-benzyl,
n = 1, Ph2 = 1,4-naphthylene and [err] = 2,5-tolylene), 5  0.90% of azo
dyestuff (X max = 615 nm, formula V', R 1-1  =
3-octylmercapto-1,2,4-thiadiazoL-5-yl, [err] = p-(4-
butyLcyclohexyl)-benzyl-amino, n = 1, [err] = 2,5-xylylene and Ph3 =
1,4-naphthylene), 0.20% of azo dyestuff (X max = 430 nm, formula V', R1 =
10  R2 = p-(4-propylcyclohexyl)-benzyLoxy and n = 2), 0.28% of azo dyestuff
([err] max = 548 nm, formula V', [err] =
2-nonylmercapto-1,3,4-thiadiazol-5-yl, [err] = butyl-methyl- amino, n = I
and Ph2 = 1,4-naphthyLene) and 1.10% of a mixture of naphthoquinone
dyestuffs of the 15 formula IV' (obtainable by reacting 4,8-diamino-1,5-
naphthoquinone with equimolar amounts of 4-n-butoxyaniline,
4-n-pentoxyaniline, 4-n-hexyLoxyaniLine and 4-n-heptyLoxy- 



aniline, X max = 685 nm) are dissolved in the liquid crystal phase from
Example 20 22 (c.p. [err]). In an electrooptical display element at a layer
thickness of 2 [err] (10 [err]), this guest-host system exhibits a colour
interval A E up to the point of achromatism of 0.64 (0.33) in artificial
light (CIU-A) and a colour 25 intervaL A E of 0.35 (0.29) in daylight
(CIU-D 65). The guest-host systems described in Examples 22 to 28 are very
stable and are outstandingly suitable for positive representation and
exhibit steep characteristic transmission Lines. The corresponding
electrooptical 30  display elements which can be used can have a simple
cell technology, that is to say no polariser and no pretilt are necessary.
Unless otherwise indicated, Ph in the azo dye- stuffs of the formulae V'
and VI' in Examples 22 to 28 is 35  in each case 1,4-phenylene. Example 29
A liquid crystal phase consisting of 8% of
2-(trans-4-cyanocycLohexyL)-5-propyL-1,3-dioxane, 10% of
2-(trans-4-cyanocyclohexyl)-5-butyl-1,3-dioxane,    - 36 - 8%
of-2-(trans-4-cyanocyclohexyL)-5-pentyL-1,3-dioxane, 10% of
p-trans-4-propylcycLohexyL-benzonitrile, 8% of
trans,trans-4'-methoxycycLohexyl-4-propylcyclo- hexane, 5    5% of
trans,trans-4'-ethoxycyctohexyl-4-propylcyclo- hexane, 13% of
trans,trans-4'-methoxycyclohexyl-4-butylcyclo- hexane, 11% of
trans,trans-4'-methoxycycLohexyl-4-pentylcyclo- 10           hexane, 6% of
trans,trans-4'-ethoxycyclohexyL-4-pentyLcyclo- hexane, 



7% of 4-(trans-4-pentylcyclohexyl)-4'-(trans-4-propyl-
cyclohexyl)-2-fluorobiphenyL, 15    7% of
4,4'-bis-(trans-4-propylcyclohexyl)-2-fLuorobi- phenyl and 7% of
4,4'-bis-(trans-4-pentylcyclohexyl)-2-fLuorobi- phenyL has a melting point
of -14, a clear point of [err], a 20   viscosity of 23 x 10 3 Pa.s at 200,
an optical aniso- tropy of 0.08 and threshold voltage of 1.8 volts. This
phase is distinguished by a positive dielectric anisotropy and a Low
optical anisotropy. Example 30 25            A liquid crystal phase
consisting of 20% of  r-1-cyano-cis-4-(trans-4-butylcyclohexyl)-1-
heptylcyclohexane, 20% of  r-1-cyano-cis-4-(trans-4-pentylcyclohexyl)-1-
pentylcyclohexane, 30   12% of
transtrans-4'-methoxycyclohexyl-4-butylcyclo- hexane, 10% of
trans,trans-4'-methoxycyclohexyl-4-pentylcyclo- hexane, 8% of
trans,trans-4'-ethoxycyclohexyl-4-pentylcyclo- 35            hexane, 11% of
1-(trans-4-propylcyclohexyl)-2-(trans,trans-4'-
propylbicyclohexyl-4-yl)-ethane, 11% of
1-(trans-4-pentylcyclohexyl)-2-(trans,trans-4'-
pentylbicyclohex-4-yl)-ethane and    8% of
4,4'-bis-(trans-4-propyLcyclohexyl)-2-fluorobi- phenyl has a melting point
of [err], a clear point of 850, a viscosity of 32 x 10 3 Pa.s at 20 , an
opticaL aniso- 5   tropy of 0.045 and a dielectric anisotropy of -3.2.
This phase is distinguished by a negative dielectric aniso- tropy and a
very low optical anisotropy. Example 31 



10           A liquid crystaL phase consisting of 6% of
2-p-cyanophenyL-5-propyl-1,3-dioxane, 6% of
2-p-cyanophenyl-5-butyl-1,3-dioxane, 10% of
p-trans-4-propylcyclohexyl-benzonitrile, 6% of
trans,trans-4'-ethoxycyclohexyL-4-propyLcyclo- 15           hexane, 18% of
trans,trans-4'-methoxycycLohexyl-4-pentylcyclo- hexane, 12% of
trans,trans-4'-ethoxycyclohexyl-4-pentylcyclo- hexane, 20  12% of
transtrans-4'-butyryloxycyclohexyl-4-propyl- cyclohexane, 3% of
trans-4-propylcycLohexyl transtrans-4-propyl-
cyclohexyLcyclohexane-4'-carboxylate, 3% of  trans-4-pentylcyclohexyl
trans,trans-4-propyl- 25           cyclohexylcyclohexane-4'-carboxylate, 3%
of  trans-4-propyLcycLohexyl transtrans-4-butyL-
cyclohexylcyclohexane-4'-carboxylate, 3% of  trans-4-pentylcyclohexyl
trans,trans-4-butylcyclo- hexylcyclohexane-4'-carboxylate, 30   3% of
1-(trans-4-propylcyclohexyl-2-(transtrans-4 -
propylbicyclohex-4-yl)-ethane, 4% of
1-(trans-4-pentylcyclohexyl-2-(trans,trans-4 -
pentylbicyclohex-4-yl)-ethane, 3% of
4,4'-bis-(trans-4-propylcyclohexyl)-2-fluorobi- 35           phenyt, 4% of
4,4'-bis-(trans-4-pentylcyclohexyl)-2-fluorobi- phenyl and 4% of
4-(trans-4-pentylcyclohexyl)-4'-(trans-4-propyl-
cyclohexyl)-2-fluorobiphenyl    - 38 - has a melting point of -17, a clear
point of [err], no smectic/nematic phase transition up to -40, a viscosity
of 19 x 10 3 (780 x 10 3) Pa.s at 200 [err], an optical anisotropy of 0.084
and a threshold voltage of 



5 2.7 volts. This phase is distinguished by a positive dielectric
anisotropy, a high clear point and a wide nematic range. Example 32 A
Liquid crystal phase consisting of 10  11% of
p-trans-4-propylcyclohexyl-benzonitrile, 10% of
p-trans-4-butylcyclohexyl-benzonitrile, 18% of
2-(trans-4-pentylcyclohexyl)-5-ethyl-1,3-dioxane, 15% of
2-(trans-4-ethoxycyclohexyL)-5-propyl-1,3-dioxane, 5% of
p-(trans,trans-4-propylcyclohexylcyclohex-4'-yl)- 15
benzonitrile, 4% of  4-cyano-4'-(trans-4-pentylcyclohexyL)-biphenyL, 25% of
trans-4-propylcyclohexyL trans-4-propylcycLohexane- carboxylate, 6% of
trans-4-propylcycLohexyl trans,trans-4-propyL- 20
cyclohexylcycLohexane-4'-carboxylate and 6% of
4,4'-bis-(trans-4-propyLcyclohexyL)-2-fluorobiphenyl has a melting point of
[err], a clear point of [err], a viscosity of 17 x 10 3 Pa.s at 200, an
optical aniso- tropy of 0.09 and a threshold voltage of 2.7 volts. This 25
phase is distinguished by a positive dielectric aniso- tropy, a Low optical
anisotropy, a particularly low vis- cosity and a good steepness of the
characteristic electro- optical lines. Example 33 30           A liquid
crystal phase consisting of 8% of  2-p-cyanophenyl-5-propyl-1,3-dioxane, 7%
of  2-p-cyanophenyL-5-butyL-1,3-dioxane, 7% of
2-p-cyanophenyL-5-pentyl-1,3-dioxane, 6% of
trans,trans-4'-ethoxycyclohexyl-4-propyLcyclo- 35           hexane, 9% of
trans,trans-4 -methoxycycLohexyL-4-butyLcycLo- hexane, 14% of
trans,trans-4'-methoxycyclohexyL-4-pentyLcyclo- hexane,    



- 39 - 10% of  trans,trans-4'-ethoxycyclohexyl-4-pentylcyclo- hexane, 12%
of  trans,trans-4'-butyryLoxycyclohexyl-4-propylcyclo- hexane, 5   3% of
trans,trans,trans-4-propylcycLohexylcyclohexyl-
cyclohexane-4''-carbonitrile, 3% of
trans,trans,trans-4-butyLcyclohexyLcyclohexyl-
cyclohexane-4''-carbonitrile, 3% of
trans,trans,trans-4-pentylcyclohexylcyclohexyl- 10
cyclohexane-4''-carbonitrile, 3% of
p-(trans,trans-4-propylcyclohexyLcyclohex-4'-yL)- benzonitrile, 3% of
4,4'-bis-(trans-4-propylcyclohexyl)-2-fluorobi- phenyl, 15   4% of
4,4'-bis-(trans-4-pentylcyclohexyl)-2-fluoro- biphenyl, 4% of
4-(trans-4-pentylcyclohexyt)-4'-(trans-4-propyl-
cyclohexyl)-2-fluorobiphenyl and 4% of
4,4'-bis-(trans-4-propylcyclohexyl)-biphenyL 20  has a meLting point of
-16, a cLear point of 930, a viscosity of 24 x 10   (850 x [err]) Pa.s at
20 (-30), an optical anisotropy of 0.082 and a threshold voltage of 2.5
volts. This phase is distinguished by a Low viscosity, a Low opticaL
anisotropy and a wide nematic 25  range. Example 34 A Liquid crystal phase
consisting of 16% of p-trans-4-propylcyclohexyLbenzonitrile, 9% of
p-trans-4-butylcyclohexylbenzonitrile, 30   12% of
trans,trans-4'-propoxycyclohexyl-4-propylcyclo- hexane, 12% of
trans,trans-4'-methoxycyclohexyl-4-pentylcyclo- hexane, 12% of
trans,trans-4'-ethoxycyclohexyl-4-pentylcyclo- 35           hexane, 9% of
trans,trans-4'-propylcyclohexyL-4-butyryloxy- cyclohexane, 



12% of 1-(trans-4-propylcyclohexyl)-2-[trans-4-(trans-
4-pentylcyclohexyl)-cyclohexyl]-ethane,    -40- 3% of
4,4'-bis-(trans-4-pentylcyclohexyL)-2-fluorobi- phenyL, 3% of
4,4'-bis-(trans-4-pentylcyclohexyl)-2-fluorobi- phenyL, 5    5% of
4-(trans-4-pentylcycLohexyl)-4'-(trans-4-propyl-
cyclohexyl)-2-fluorobiphenyl, 3% of
4,4'-bis-(trans-4-propylcyclohexyl)-biphenyl and 4% of
4-(trans-4-pentylcyclohexyl)-4'-(trans-4-propyl- cyclohexyl)-biphenyl 10
has a clear point of 950, a viscosity of 20 x 10 3 Pa.s at 200, an optical
anisotropy of 0.084 and a threshold voltage of 2.5 volts. ExampLe 35 A
liquid crystal phase consisting of 15   12% of
trans,trans-4'-propoxycycLohexyl-4-propytcyclo- hexane, 12% of
trans,trans-4'-methoxycycLohexyl-4-propyLcyclo- hexane, 12% of
trans,trans-4'-ethoxycyclohexyl-4-pentylcyclo- 20           hexane, 9% of
trans,trans-4'-propylcyclohexyl-4-butyryloxy- cyclohexane, 3% of
trans-4-propylcycLohexyl trans,trans-4-propyl-
cyclohexylcyclohexane-4'-carboxylate, 25    3% of trans-4-pentylcyclohexyl
trans,trans-4-propyl- cyclohexylcycLohexane-4'-carboxylate, 3% of
trans-4-propylcyclohexyl trans,trans-4-butyL-
cyclohexylcycLohexane-4'-carboxylate, 3% of trans-pentylcyclohexyl
trans,trans-4-butyL- 30           cyclohexyne-4'-carboxylate (sic), 3% of
4,4'-bis-(trans-4-propylcyclohexyL)-2-fluoro- biphenyt, 



3% of 4,4'-bis-(trans-4-pentylcyclohexyl)-2-fluoro- biphenyl, 35    3% of
4,4'-bis-(trans-4-propyLcyclohexyl)-biphenyl, 4% of
4-(trans-4-pentylcyclohexyl)-4'-(trans-4-propyl- cyclohexyl)-biphenyl, 5%
of 4-(trans-4-pentylcyclohexyl)-4'-(trans-4-propyl-
cycLohexyl)-2-fluorobiphenyl,    -41- 16% of
p-trans-4-propyLcyclohexylbenzonitriLe and 9% of
p-trans-4-butylcyclohexylbenzonitriLe has a melting point of -160, a clear
point of 950, no smectic/nematic phase transition down to -400, a 5
viscosity of 20 (300; 3100) x [err] Pa.s at 200 (-200; [err]), a dielectric
anisotropy of + 4.6, an optical anisotropy of 0.0868 and a threshold
voltage of 2.5 volts. Example 36 A liquid crystal phase consisting of 10
12% of trans,trans-4'-propoxycyclohexyl-4-propylcyclo- hexane, 16% of
trans,trans-4 -methoxycyclohexyl-4-pentylcyclo- hexane, 10% of
trans,trans-4'-ethoxycyclohexyl-4-pentylcyclo- 15           hexane, 10% of
trans,trans-4'-propylcyclohexyl-4-butyryloxy- cyclohexane, 3% of
trans-4-propylcyclohexyl trans,trans-4-
propylcyclohexylcyclohexane-4'-carboxylate 20    3% of
trans-4-pentylcyclohexyL trans,trans-4-propyl-
cyclohexylcyclohexane-4'-carboxylate, 3% of trans-4-propylcyclohexyl
trans,trans-4-butyl- cyclohexylcyclohexane-4'-carboxylate, 3% of
trans-4-pentylcyclohexyl trans,trans-4-butyl- 25
cyclohexyLcyclohexyne-4'- carboxylate (sic), 3% of
4,4'-bis-(trans-4-propylcyclohexyl)-2-fluoro- biphenyl, 



3% of 4,4'-bis-(trans-4-pentylcycLohexyl)-2-fLuoro- biphenyL, 30    3% of
4,4'-bis-(trans-4-propylcyclohexyl)-biphenyl, 5% of
4-(trans-4-pentylcyclohexyL)-4'-(trans-4-propyl- cyclohexyl)-biphenyl, 4%
of 4-(trans-4-pentylcyclohexyl)-4'-(trans-4-propyl-
cyclohexyl)-2-fluorobiphenyl, 15% of p-trans-4-propylcyclohexylbenzonitrile
and 7% of trans-1-p-ethoxyphenyl-4-propylcyclohexane 35   has a melting
point of [err], a clear point of 950, no smectic/nematic phase transition
down to [err], a viscosity of 19 (235; 2270) x 10 3 Pa.s at 200 ([err];
- 42 - -400),-a dielectric anisotropy of +2.8, an optical anisotropy of
0.0830 and a threshold voltage of 3.1 volts. Example 37 A liquid crystal
phase consisting of 5   20% of r-1-cyano-cis-4-(trans-4-butylcycLohexyl)-1-
heptylcyclohexane, 21% of r-1-cyano-cis-4-(trans-4-pentylcyclohexyl)-1-
pentylcyclohexane, 11% of trans,trans-4'-methoxycyclohexyL-4-propylcyclo-
10           hexane, 10% of trans,trans-4'-ethoxycyclohexyl-4-propylcyclo-
hexane, 4% of trans-4-propylcyclohexyl trans,trans-4-propyL-
cyclohexylcyclohexane-4'-carboxylate, 15    4% of trans-4-pentylcyclohexyl
trans,trans-4-propyl- cyclohexylcyclohexane-4'-carboxylate, 4% of
trans-4-propylcyclohexyl trans,trans-4-butyl-
cyclohexylcyclohexane-4'-carboxylate, 4% of trans-4-pentylcyclohexyl
trans,trans-4-butyl- 20           cycLohecylcyclohexane-4'-carboxylate
(sic) and 22% of r-1-cyano-1-propyl-cis-4-[trans-4-(trans-4-
pentylcyclohexyl)-cyclohexyl]-cyclohexane. 



Example 38 A liquid crystal phase consisting of 25   20% of
r-1-cyano-cis-4-(trans-4-butylcyclohexyl)-l- heptylcyclohexane, 21%- of
r-1-cyano-cis-4-(trans-4-pentyLcycLohexyl)-1- pentylcyclohexane, 11% of
trans,trans-4'-methoxycyclohexyl-4-propyl- 30           cyclohexane, 10% of
trans,trans-4'-ethoxycyclohexyl-4-propyl- cycLohexane, 4% of
trans-4-propylcyclohexyl trans,trans-4-propyl-
cyclohexylcyclohexane-4'-carboxylate 35    4% of trans-4-pentylcycLohexyl
trans,trans-4-propyl- cyclohexylcyclohexane-4'-carboxylate 4% of
trans-4-propylcyclohexyl trans,trans-4-butyl-
cyclohexylcyclohexane-4'-carboxylate, 4% of trans-4-pentylcyclohexyl
trans,trans-4-butyl-    - 43 - - cyclohecyLcyclohexane-4'-carboxyLate (sic)
and 22% of r-1-cyano-1-(5-propyL-1,3-dioxan-2-yl)-cis-4-
(trans-4-pentyLcycLohexyl)-cycLohexane is prepared. 5 Example 39 A liquid
crystal phase consisting of 20% of
r-1-cyano-cis-4-(trans-4-butylcyclohexyl)-1- heptylcyclohexane, 21% of
r-1-cyano-cis-4-(trans-4-pentylcyclohexyL)-1- 10
pentyLcyclohexane, 11% of trans,trans-4'-methoxycyclohexyL-4-propyl-
cyclohexane, 10% of trans,trans-4'-ethoxycyclohexyl-4-propyl- cyclohexane,
15    4% of trans-4-propylcyclohexyl trans,trans-4-propyl-
cyclohexyLcycLohexane-4'-carboxylate, 4% of trans-4-pentyLcyclohexyl
trans,trans-4-propyl- 



cyclohexylcyclohexane-4'-carboxyLate, 4% of trans-4-propylcycLohexyl
trans,trans-4-butyl- 20           cyclohexylcyclohexane-4'-carboxylate, 4%
of trans-4-pentylcycLohexyl trans,trans-4-butyL-
cyclohecylcyclohexane-4'-carboxylate (sic) and 22% of
r-1-cyano-cis-4-(trans-4-pentylcycLohexyL)-1-
(trans-4-pentylcycLohexyl)-cyclohexane 25 has a melting point of -30, a
clear point of 1000 and an optical anisotropy of 0.0437. The phase is an
excellent host for pleochroic dye- stuffs, in particular for azo dyestuffs.
The guest-host mixtures are outstandingly suitable for GH displays with 30
positive contrast. The LC phases described in Examples 5 to 12, 15 to 21,
29 and 31 to 36 are particularly suitable as wide- range mixtures, whilst
the LC phases described in Examples 1 to 4, 13, 14 and 30 are particularly
suitable 35 for guest-host displays with positive contrast.    - 44 -
0158252 Patent claims: 1.       Liquid crystal phase, characterised in that
it contains at Least one component selected from Group A consisting of the
compounds of the formulae I to IV [err]                                   I
CN [err] wherein [err] and [err] are each R,  [err] [err] and R is alkyl
with 1 to 12 C atoms, and wherein aLso one or two non-adjacent [err] groups
can be replaced by -0-, -CO-, -O-CO- or -CO-O, [err] wherein [err] and
[err] are each R or   [err] and R has the abovementioned meaning, and/or at
Least one component selected from Group B consisting of the com- 



pounds of the formulae V and VI [err]    - 45 - wherei-n R has the
abovementioned meaning, Q is or and Zis            , a single bond, [err],
-CO-O or -O-CO-, and at least one component selected from Group C
consisting of the compounds of the formulae VII to X [err] wherein R  and R
have the abovementioned meaning and R7 can assume the meaning of [err] or
R8, wherein R is as defined above, and R8 is alkyL with 1 to 12 C atoms,
and wherein also one or two non-adjacent [err] groups can be replaced by
-0- or -CO-, and, if appropriate, one or more components selected from
Group D consisting of the compounds of the formulae XI to XIII [err]    -
46 - wherein [err] and [err] in each case independently of one another are
alkyl with 1 to 12 C atoms, and wherein also one or two non-adjacent [err]
groups can be replaced by -0-, -CO-, -O-CO- or -CO-O-, and, if appropriate,
one or more components selected from Group E consisting of the com- pounds
of the formulae XIV and XV [err] wherein R3 and R4 are each R or [err] is
R, [err]    or, if n equals 2, also CN, n is 2 or, if R3 equals
, also 1 and A is a 1,4- phenylene group which is optionally fluorinated in
the 2- or 3-position, with the proviso that, if compounds of the formula V
and/or VI wherein Q is 1,4-phenylene are 



present, the liquid crystal phase contains at least one component of the
formula IX wherein [err] is n-alkyl and [err] is n-alkyl, n-alkoxy or
n-alkanoyloxy with in each case 1 - 12 C atoms, and at least one component
from Group E. 2.      Liquid crystal phase according to Claim 1, charac-
terised in that it contains at least two components selec- ted from Group
A. 3.      Liquid crystal phase according to Claim 1, charac- terised in
that it contains at least two components selec- ted from Group B. 4.
Liquid crystal phase according to Claim 1, charac- terised in that it
contains at least two components selec- ted from Group A or B and at least
one component selected from Group D. 5.      Liquid crystal phase according
to one of Claims 1, 2, 3 or 4, characterised in that the weight content of
the components of the formula XV from Group E is less than 30%. 6.
Liquid crystal phase with negative dielectric    - 47 - anisotropy
containing at Least two pleochroic dyestuffs, characterised in that the
host materiaL is a Liquid crys- tal phase according to CLaim 1. 7.
Liquid crystal phase according to Claim 6, charac- terised in that the host
material contains at least two components from Group A and one component
from Group D. 8.       Liquid crystal phase according to one of Claims 6
and 7, characterised in that at least one dyestuff belongs to the class of
azo dyestuffs. 9.       Liquid crystal phase according to one of CLaims 6
to 8, characterised in that at Least one dyestuff is an azo dyestuff with a
wavelength of maximum absorption of greater than 580 nm. 10.      Liquid
crystal phase according to one of Claims 6 to 9, characterised in that an
electroopticaL display 



element containing the liquid crystal phase has a colour interval, measured
by CIU (1964), up to the point of achromatism of Less than 5 units. 11.
Use of the liquid crystal phase according to one of CLaims 1 to 10, in
Liquid crystaL dispLay eLements. 12.      Liquid crystal dispLay eLement,
characterised in that it contains a liquid crystal phase according to one
of Claims 1 to 10. 13.     Electrooptical display element, characterised in
that it contains, as the dielectric, a liquid crystal phase according to
one of Claims 1 to 10.    - 48  -                                0158252
Claims     As printed. 1. Liquid crystal phase, characterised in that it
contains at least one component selected from Group A consisting of the
compounds of the formulae I to IV [err] wherein [err] and [err] are each R.
and R is alkyl with 1 to 12 C atoms, and wherein also one or two
non-adjacent CH2 groups can be replaced by -0-, -CO-, -O--CO- or -CO--O-,
[err] wherein [err] and [err] are each R or and R has the abovementioned
meaning, and/or at least one component selected from Group B consisting of
the compounds of the formulae V and VI [err]    - 49 - wherein R has the
abovementioned meaning, Q is and [err] is a single bond, [err], -CO-O-  or
O--O--, and at least one component selected from Group C consisting of the
compounds of the formulae VII to X 0 [err] 



wherein R3 and R4 have the abovementioned meaning and [err] can assume the
meaning of [err] or R8, wherein R is as defined above, and [err] is alkyl
with 1 to 12 C atoms, and wherein also one or two non-adjacent CH2 groups
can be replaced by -O- or -CO-, and, if appropriate, one or more components
selected from Group D consisting of the compounds of the formulae Xl to
XIII [err] wherein [err] and [err] in each case independently of one
another are alkyl with 1 to 12 C atoms. and wherein also one or two
non-adjacent [err] groups can be replaced by -O-. -CO-. -O-CO- or -CO-O-
and, if appropriate, one or more components selected from Group E
consisting of the compounds of the formulae XIV and XV    - 50 - [err]
wherein [err] and [err] are each R or R9 is R. or. if n equals 2. also CN,
n is 2 or. if [err] equals also 1 and A is a 1,4-phenylene group which is
optionally fluorinated in the 2- or 3-position, with the proviso that, if
compounds of the formula V and/or VI wherein Q is 1 4-phenylene are
present, the liquid crystal phase contains at least one component of the
formula IX wherein R3 is n-alkyl and R4 is n- alkyl, n-alkoxy or
n-alkanoyloxy with in each case 1-12 C atoms, and at least one component
from Group E. 2. Liquid crystal phase according to Claim  1, characterised
in that it contains at least two components selected from Group A. 3.
Liquid crystal phase according to Claim  1, characterised in that it
contains at least two components selected from Group B. 4. Liquid crystal
phase according to Claim  1, characterised in that it contains at least two
components selected from Group A or B and at least one component selected
from Group D. 5. Liquid crystal phase according to one of Claims 1, 2, 3 or
4, characterised in that the weight content of the components of the
formula XV from Group E is less than 30 %. 6. Liquid crystal phase with
negative dielectric anisotropy containing at least two pleochroic
dyestuffs, characterised in that the host material is a liquid crystal
phase according to Claim 1. 7. Liquid crystal phase according to Claim 6,
characterised in that the host material contains at least two components
from Group A and one component from Group D. 



8. Liquid crystal phase according to one of Claims 6 and 7, characterised
in that at least one dyestuff belongs to the class of azo dyestuffs. 9.
Liquid crystal phase according to one of Claims 6 to 8. characterised in
that at least one dyestuff is an azo dyestuff with a wavelength of maximum
absorption of greater than 580 nm. 10. Liquid crystal phase according to
one of Claims 6 to 9, characterised in that an electrooptical display
element containing the liquid crystal phase has a colour interval, measured
by CIU (1964), up to the point of achromatism of less than 5 units. 11. Use
of the liquid crystal phase according to one of Claims 1 to 10, in liquid
crystal display elements. 12. Liquid crystal display element, characterised
in that it contains a liquid crystal phase according to one of Claims 1 to
10. 13. Electrooptical display element, characterised in that It contains,
as the dielectric, a liquid crystal phase according to one of Claims 1 to
10. Revendications 1. Phase a cristaux liquides caracterisee en ce qu'elle
contient au moins un composant choisi dans le groupe A consistant en les
composes de formules I a IV    - 51 - R                C      -
(II) CN R1...QL          CHzfCHl23
(III) dans lesquelles R' et R2 reprnSentent chacun R. O_ R {t- R ou  0 C)
40~~~~-K )-. et R repr6sente un groupe alkyile en C 1-C 12 dans lequel un
ou deux groupes CH2 non voisins peuvent encore etre remplaces par -0-,
-CO-, -0--GO-- ou -CO-0, R3 { -CH-CH{ R
(IV) CN dans laquelle R3 et R4 representent chacun R ou :Q.R et R a les
significations indiqu6es ci-dessus, etlou au moins un composant choisi dans
le groupe B consistant en les compos6s de formules V et VI R H _zl_3Q-CN
(V) dans lesquelles R a les significations indiqu6es ci-dessus, 0
represente -G-  ou et Z' repr6sente 



une liaison simple. -CH2CH2--, -CO-O0 ou -0--CO-, et au moins un composant
choisi dans le groupe C consistant en les composes de formules VII i X R5-C
R7.                               (VII) R;-Of  -R
(Vill)    - 52 - R 3        .          RtX) R    4 -       H    CHz
{}                               (X) dans lesquelles R3 et R4 ont les
significations indiquees ci-dessus et R7 peut representer R ou R8, R ayant
les significations indiquees ci-dessus et R8 representant un groupe alkyle
en C 1-C 12 dans lequel un ou deux groupes CH2 non voisins peuvent
egalement etre remplaces par -o- Cu  CO-. et le cas echeant, un ou
plusieurs composants choisis dans le group. D consistant en les composes de
formules XI i XIII R              C C2C H2 -CKZ         R6
(Xl) R  S       R ~ ~6       .(Xll) R5- C)>C-CH2CI-12                -R6
(XIII) dans lesquelles R5 et R6 repr6sentent chacun, ind6pendamment I'un de
l'autre, un groupe alkyle en C 1-C 12 dans lequel un ou deux groupes CH2
non voisins peuvent 6galement etre remplaces par - -CO-.-, ---Co- ou
-CO---, et le cas echeant, un ou plusieurs composants choisis dans le
groupe E consistant en les compos6s de formules XIV et XV R3     {       c
O O -          R                         (XIV) 3R9 R                OO-k
- 4(XIV) R3      e       R9                                         (XV)
dans lesquelles R3 et R4 representent.chacun R ou _OR R9 represente R, R
--R ou bien encore, lorsque n = 2, un groupe CN, n est 6gal a 2. ou bien
encore, lorsque R3 repr6sente a 1 , A represente un group. 1,.4-phenylene
eventuellement fluore en poaition 2 Cu 3.   



- 53 - sous reserve que la phase a cristaux liquides. dans le cas de la
presence de composes de formules V etfou VI dans lesquelles 0 represente un
groupe 1,4-phdnylane, contient au moins un composant de formule IX dans
laquelle R3 represente un groupe n-alkyle et R4 un groupe n-alkyle.
n-alcoxy ou n-alcanoyloxy contenant chacun 1 a 12 atomes de carbone, et au
moins un composant du groupe E. 2. Phase a cristaux liquides selon la
revendication 1. caracterisee en ce qu'elle contient au moins deux
composants choisis dans le groupe A. 3. Phase a cristaux liquides selon la
revendlication 1. caract6risee en ce qu'elle comnient au moins deux
composants choisis dans le groupe B. 4. Phase a cristaux liquides selon la
revendication 1, caracterisee en ce qu'elle contient au moins deux
composants choisis dans le groupe A ou le groupe B et au moins un composant
choisi dans le groups D. 5. Phase a cristaux liquides selon l'une des
revendications 1. 2. 3 ou 4, caract6risee en ce que la proportion relative
en poids des composants de formule XV du groupe E est inf6rieure & 30 %/ 6.
Phase i cristaux liquides & anisotropie di6lectrique negative contenant au
moins deux cco rants pleochroiques, caracterisee en ce que la matiere Host
est une phase a eristaux liquides s on la revendication 1. 7. Phase a
cristaux liquides selon la revendication 6, caracterisee en ce que la
matiere Host cotient au moins deux composants du groups A et un composant
du groupe D. 8. Phase i cristaux liquides selon l'une des revendications 6
et 7, caracterisee en ce qu'un colorant au moins appartient h la classe des
colorants azoiques. 9. Phase a cristaux liquides sclon l'une des
revendcications 6 a 8, caracterisee en ce qu'un colorant au moins est un
colorant azoique pr6sentant une longueur d'ondes d'absorption maximale
sup6rieure a 580 nm. 10. Phase i cristaux liquides selon I'une des
revendications 6 a 9. caracterisee en ce qu'un 6l6ment. d'affichage
6lectro-optique contenant la phase a cristaux liquides pr6sente un
intervalle de couleur jusqu'au point d'achromasie, mesure selon CIE (1964)
inf6rieur a 5 unites. 11. Utilisation de la phase A cristaux liquides salon
l'une des revendications 1 A 10, dans des 6lements d'affichage A cristaux
liquides. 12. Element d'affichage & cristaux liquides caract6ris6 en ce
qu'lI contient une phase i cristaux liquides selon l'une des revendications
1 a 10. 13. El6ment d'affichage electro-optique caract6rise en ce qu'il
contient en tant que di6lectrique une phase i cristaux liquides sclon l'une
des revendications 1 i 10.    




