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HOFFMANN-LA   ROCHE  &  CO., AKTIENGESELLSCHAFT, a Swiss Company of 124-184
Grenzacherstrasse, Basle, Switzerland, do hereby declare the invention, for
which we pray that a patent may be granted to us, and the method by which
it is to be performed, to be 5      particularly described in and by the
following statement:-                     5 The present invention relates
to liquid crystal mixtures. More particularly, the invention is concerned
with liquid crystal mixtures having positive anisotropy of the dielectric
constants, said mixtures containing a nematogenic material having a
clearing point above [err], one or more compounds of the general formula 10
R                                           (1)          10 wherein [err]
and R2 represent hydrogen or straight-chain alkyl, provided that at least
one of [err] and R2 represents other than hydrogen and that the number of
carbon atoms present in [err] and R2 together is at most 9, and, if
desired, one or more additional doping agents. 15          The term "liquid
crystal mixture" used in this Specification relates to mixtures  15 which
exhibit a nematic mesophase. Similarly, the term "nematogens" relates to
materials which have a nematic mesophase. In an electric field, liquid
'crystals having positive anisotropy of the dielectric constants ([err]
signifying the dielectric constant along the molecular axis and 20
[err] signifying the dielectric constant perpendicular thereto) orientate
themselves  20 with the direction of their largest dielectric constant
(i.e. with their longitudinal axes) parallel to the field direction. This
effect is used, inter alia, in the interaction between embedded molecules
and the liquid crystalline molecules (guest-host interaction) described by
J. H. Heilmeier and L. A. Zanoni [Applied Physics 25      Letters 13, 91
(1968)]. A further interesting application of the dielectric field  25
orientation exists in the rotation cell discovered by M. Schadt and W.
Helfrich [Applied Physics Letters 18, (1971.)] and in'the Kerr cell
described in Molecular Crystals and Liquid Crystals 17, 355 (1972). The
aforementioned rotation cell is essentially a condenser having transparent
30      electrodes, the dielectric of which is formed from a nematic medium
with [err].  30 The longitudinal molecular axes of the liquid crystals are
arranged in twisted form between the condenser plates in the fleldless
state, the twisting structure being determined by the given wall
orientation of the molecules. Upon the application of an electric potential
to the condenser plates, the molecules adjust themselves with 35     their
longitudinal axes in the field direction (i.e. perpendicular to the surface
of the  35 plates), by which -means linear polarised light is no longer
rotated in the dielectric (the liquid crystal is uniaxially perpendicular
to the surface of the plates). This effect is reversible and can be used to
electrically control optical transmissivity. 



In a rotation cell of this type it is, inter alia, desirable to use
compounds or    1,597,990,                        2 mixtures which have a
low threshold and operating potential, this being important, for example,
when a rotation cell display is used in clocks. A great disadvantage of
liquid crystal mixtures used today for many applications is that they
exhibit too high an operation potential in rotation cell 5       displays.
This property renders impossible, for example, the direct control of wrist-
5 watch displays by a single cell battery. A further consequence of high
operation potentials are the associated high residual currents which flow
in the display and which result in a high power dissipation and therewith a
shorter battery life. High residual currents are also disadvantageous to
the life span of displays, since they 10      accelerate electrochemical
reactions which can appear on the display electrodes.  10 A further
disadvantageous property of displays based on a field effect such as, for
example, the rotation cell described earlier is the relatively long
electro-optical response time which is essentially due to the fact that the
liquid crystal mixtures used today have high viscosities. Since the
viscosity of a liquid rises exponentially 15      with lowering
temperature, this can cause, for example, the response times of   15
wristwatch displays in the case of. low temperatures to increase so that a
second indicator is rendered impossible. The high viscosities of today's
liquid crystal mixtures also limit the applicability to indicators of
rapidly altering information (e.g. in the case of matrix displays for
picture information or in the case of rapid 20      electro-optical
closures).                                                      20 In
accordance with the present invention. it has now been found that the
aforementioned disadvantages of liquid crystal mixtures can be
substantially reduced when the nematogenic mixture, which is to be used in
the displays, is doped with one or more compounds of the general formula 25
(1)         25 wherein [err] and [err] represent hydrogen or straight-chain
alkyl, provided that at least one of [err] and R2 represents other than
hydrogen and that the number of carbon atoms present in [err] and [err]
together is at most 9, and, if desired, with one or more additional doping
agents. 30          The additional doping agent can be a compound of the
general formula       .30 wherein R3 and R4 represent straigt-chain alkyl
containing a total of at most 14 carbon atoms or R3 represents
straight-chain alkyl and R4 represents straight-chain alkoxy containing a
total of at most 8 carbon atoms, 35     and/or a compound of the general
formula                                         35 wherein [err] and [err]
represent straight-chain alkyl containing a total of at most 6 carbon
atoms, and/or a compound of the general formula 40
40 wherein [err] and [err] have the same significance as [err] and [err]
hereinbefore, and/or an organic solvent or solvent mixture having a
specific resistance of at least 107 ohm cm.    3
1,597,990                                 3 The number of carbon atoms
present in [err] and R taken together in the compounds of formula I is
preferably 2-6. Preferred alkyl groups are methyl, ethyl, propyl, butyl,
pentyl and. hexyl. 



The compounds of formula I belong to a known class of compounds and can 5
be prepared according to methods known per se. Examples of compounds of
formula I are: I- n - Hexyl - 4 - cyclohexyl - benzene, I- n - butyl - 4 -
cyclohexyl - benzene, 1 - methyl - 4 - (4 - n - butyl - cyclohexyl) -
benzene (cis and trans), 10       I - ethyl - 4 - (4 - n - butyl -
cyclohexyl) - benzene (cis and trans)   10 I- n - propyl - 4 - (4 - n -
propyl. - cyclohexyl) - benzene - (cis and trans), - ethyl - 4 - (4 - n -
propyl - cyclohexyl) - benzene (cis and trans), and (4 - n - butyl -
cyclohexyl) - benzene (cis and trans). At least one compound of formula I
is present in the liquid crystal mixtures 15     provided by the present
invention. The number of compounds of formula I present  15 in the liquid
crystal mixtures provided by the present invention can amount, for example,
to 2, 3 or 4. The amount of compound or compounds of formula I present in
the liquid crystal mixtures provided by the present invention can vary
within relatively wide 20     limits; for example, between about I wt.% and
about 20 wt.%, preferably between  20 about 5 wt.% and about 15 wt.%. When
the liquid crystal mixtures provided by the present invention contain an
additional doping agent of formula II, III or IV or mixtures thereof, said
agent is conveniently present in an amount up to about 40%, preferably in
an amount of 25     about 7% to about 30% and especially in an amount of
about 10% to about 25%.  25 When the present liquid crystal mixtures
contain as additives an organic solvent or solvent mixture and one or more
compounds of formulae II, III or IV, these additives are conveniently
present in an amount up to about 45%, preferably in an amount of about 10%
to about 35% and especially in an amount of about 10% to 30     25%.
30 The compounds of formula II hereinbefore are known. As mentioned
earlier, when [err] and [err] both represent straight-chain alkyl, the
total number of carbon atoms is at most 14. Preferred alkyl groups are
those containing 2 to 5 carbon atoms, those compounds in which R3
represents alkyl containing 2 or 3 carbon atoms and 35     R4 represents
alkyl containing 4 or 5 carbon atoms being especially preferred.  35 When
[err] represents straight-chain alkyl and R4 represents straight-chain
alkoxy, the total number of carbon atoms is at most 8. Preferred compounds
in this case are those in which R3 and R4 each contain 1 to 3 carbon atoms.
The compounds of formula III hereinbefore are also known and the total 40
number of carbon atoms in [err] and [err] is at most 6. Those compounds in
which [err]`  40 and [err] represent alkyl groups each containing I to 4
carbon atoms are preferred, and in an especially preferred compound [err]
represents methyl and [err] represents n- butyl. As already mentioned, in
the compounds of formula IV the total number of 45     carbon atoms in
[err] and [err] is at most 6. Preferred alkyl groups in this case are those
45 containing [err] to 4 carbon atoms, the compound in which [err]
represents ethyl and [err] represents n-butyl being especially preferred.
The compounds of formula IV can be prepared, for example, from p-
alkylbenzarnidine hydrobromide by 50        (a) reaction under basic
conditions with the enol ether aldehyde of the formula  50 CHO [err] which
is accessible from  a 2-alkylmalonic acid tetraacetal by partial acid
hydrolysis, or (b) reacting with a 2-alkylmalonic ester to give a 2 - (4' -
alkylphenyl) - 5 - 55     alkyl - 4,6 - dihydroxypyrimidine which is
converted by treatment with      55 



phosphorus oxychloride into the corresponding 2 - (4' - alkylphenyl) - 5 -
alkyl - 4,6- dichloropyrimidine which is then reduced with palladium/carbon
and hydrogen.    4                                   1,597,990
4 The solvent or solvent mixture which may be present as the additional
doping agent must; for reasons of convenience, possess a high specific
resistance, namely of at least [err] ohm cm, preferably of at least 109 ohm
cm; Furthermore, the dipole moment along the molecular axis should amount
to less than 3.5 debye. In order to 5      keep the evaporation of the
solvent low at high temperatures and/or low pressures,  5 the boiling
points of the solvents or solvent mixtures as well as the heats of
evaporation thereof should, moreover, be as high as possible; there are
preferably used solvents and solvent mixtures whose boiling temperatures.
lie above 1000C at atmospheric pressure. Further, the viscosities of-the
solvents or solvent mixtures 10      used should be lower than those of the
nematic mixtures used when, simultaneously      10 with the lowering of the
threshold and operation potential, a viscosity-lowering of the liquid
crystal mixtures is also to be achieved. It will be appreciated that the
solvent or solvent mixture used must be soluble in the nematogenic mixture
to be doped. Examples of solvents which fulful the foregoing criteria are
alkanes, which 15      are straight-chain or have a -[err]- group and
contain a total of 8-16      15. carbon atoms (e.g. decane, octane and
2-methylnonane), alkenes, which are straight-chain or have a -[err]- group
and contain a total of 8-16 carbon atoms (e.g. trans dec - 5 - ene and
trans oct - 4 - ene), alkynes which are straight-chain or have a -[err]-
group and contain a total of 8-16 carbon 20      atoms (e.g. dec - 5 -
yne), alkyl halides, the alkyl moiety of which is straight-chain  20 or has
a -[err]- group and contains a total of .6-16 carbon atoms (e.g. 1-
bromohexane, I-bromododecane and 1,6-dichlorohexane), dialkyl ethers, the
alkyl moieties of which are straight-chain or have a -[err]- group and each
contain a total of 4-8 carbon atoms (e.g. dibutyl ether, dihexyl ether,
dioctyl ether. 25      and propyl heptyl ether), alkyl aldehydes, the.
alkyl moiety of which is straight-  25 chain or has a -[err]- group and
contains a total of 6-16 carbon atoms (e.g. capric aldehyde and caproic
aldehyde), dialkyl carbonates, the alkyl moieties of which are
straight-chain or have a -[err]- group and each contain a total of 2-7
carbon - atoms  (e.g. diethyl  carbonate  and  dibutyl  carbonate), 30
alkanecarboxylic acid alkyl esters, the alkyl moieties of which are
straight-chain or  30 have a -[err]-group and together contain 6-16 carbon
atoms (e.g. propyl butyrate, pentyl butyrate and octyl caproate), dialkyl
ketones, the alkyl moieties of which are straight-chain or have a -[err]-
group and each contain a total of 2-7 carbon atoms (e.g. diethyl ketone,
dihexyl ketone and methyl octyl. ketone), 35     monosubstituted  or
disubstituted, 'preferably  paradisubstituted,. benzene  35 derivatives
such as p-xylene, I-phenylheptane, methyl p-octylbenzoate, p-
hexylbenzaldehyde and the like. Preferred solvents are alkanes, alkyl
halides, dialkyl ethers, dialkyl carbonates. and alkanecarboxylic acid
alkyl esters'as defined earlier as well as I -phenylheptane 40      and
p-xylene, with dialkyl ethers and alkanecarboxylic acid alkyl esters being
40 especially preferred. Dibutyl ether, dihexyl ether, dioctyl ether,
propyl butyrate and pentyl butyrate are the most preferred solvents. The
liquid crystal mixtures provided by the present invention conveniently
contain about 0.5% to about 15%, preferably about 0.5% to about 10%, of
solvent 45      or solvent mixture. A content of solvent or solvent mixture
of about '3% to about'    45 8% is especially'preferred. 



The nematogenic material used consists of at least two components, whereby
not all compounds used as the components need themselves exhibit a nematic
meso phase. In other words, the nematogenic mixture can also contain
non-nematogenic 50     substances provided that the resulting mixture is
nematogenic. Similarly, not all of  50 the compounds used as the components
need have a positive anisotropy of the dielectric constants. Thus,
compounds having a negative anisotropy of the dielectric constants can also
be admixed and, indeed, even the mixture to be doped with solvent can
exhibit a negative anisotropy of the dielectric constants; only the 55
liquid crystal mixture provided by the present invention must have a
positive  55 anisotropy of the dielectric constants. It is known that the
addition of solvents lowers the clearing point of nematogenic mixtures, on
account of which such liquid crystal mixtures are then only of particular
interest when the nematogenic mixtures used have high clearing 60
points before the doping. The preparation of nematogenic mixtures having
high  60 clearing points, preferably above 60C,is well known and is
accordingly not illustrated more precisely in' the Specification. The
nematogenic mixtures used in the present invention preferably contain
compounds of the general formula    5
1,597,990                                5 [err] wherein [err] represents
straight-chain alkyl containing 2 to 8 carbon atoms,. straight-chain alkoxy
containing 4 to 7 carbon atoms, straight-chain alkanoyloxy containing  2 to
' 8 carbon  atoms or straight-chain 5             alkylcarbonate containing
2 to 11 carbon atoms,                       5 and/or compounds of the
general formula [err] wherein [err] represents straight-chain alkyl
containing 4 to 7 carbon atoms or straight-chain alkylcarbonate containing
2 to 11 carbon atoms, 10     and/or compounds of the general formula
10 [err] wherein [err] represents straight-chain alkyl containing 4 to 8
carbon atoms, 'straight-chain alkoxy containing 5 to 8 carbon atoms,
straight-chain alkanoyloxy  containing 2 to  8 carbon atoms or
straight-chain 15            alkylcarbonate containing 3 to 11 carbon
atoms,                      15 and/or compounds of the general formula
wherein [err] represents straight-chain alkyl containing 4 to 8 carbon
atoms, straight-chain. alkoxy containing 4 to 8 carbon atoms,
straight-chain 20             alkanoyloxy  containing . 4 to 9 carbon atoms
or straight-chain      20 alkylcarbonate containing 4 to 11 carbon atoms,
and/or trans-cinnamic acid esters of the general formula wherein R13
represents straight-chain alkyl containing 1 to 8 carbon atoms, 25
and/or compounds of the general formula
25 wherein one of [err] and [err] represents cyano and the other represents
straight- chain alkyl containing 3 to 9: carbon atoms, straight-chain
alkoxy containing 2 to 9 carbon atoms or straight-chain alkanoyloxy
containing 2 30            to 9 carbon atoms,
30 and/or compounds of the general formula    



1,597,990                                  6 wherein one of [err] and [err]
represents hydrogen, straight-chain alkyl containing I to 7 carbon atoms,
straight-chain alkoxy containing I to 7 carbon atoms or straight-chain
alkanoyloxy. containing 2 to 7 carbon atoms and the other represents cyano
and one of X, Y and Z represents a 5              nitrogen atom and the two
others represent a CH group,                  5 and/or compounds of the
general formula wherein [err] and [err] represent straight-chain alkyl
containing I to 10 carbon atoms, straight-chain alkoxy containing 1 to 10
carbon atoms, straight- 10              chain alkanoyloxy containing 2 to
11 carbon. atoms or straight-chain   10 alkylcarbonate containing 2 to 11
carbon atoms and R20 represents chlorine, bromine or methyl, and/or
compounds of the general formula 15        wherein [err] represents
straight-chain alkyl containing 3 to 8 carbon atoms.  15 Examples of such
compounds are: 2 - (4 - Cyanophenyl) - 5 - (4 - ethyiphenyl) - pyrimidine,
2 - (4 - cyanophenyl) - 5 - (4 - n - propylphenyl) - pyrimidine, 2 - (4 -
cyanophenyl) - 5 - (4 - n - butylphenyl) - pyrimidine, 20          2 - (4 -
cyanophenyl) - 5 -.(4 - n - pentylphenyl) - pyrimidine,           20 2- (4
- cyanophenyl) - 5 - (4 -n - hexylphenyl) - pyrimidine, 2 - (4 -
cyanophenyl) - 5 - (4 - n - heptylphenyl) - pyrimidine, 2 - (4 -
methylphenyl) - 5 - (4 - cyanophenyl) - pyrimidine, 2 - (4 - ethylphenyl) -
5 - (4 - cyanophenyl) - pyrimidine, 25          2 - (4 - n - propylphenyl)
- 5 - (4 - cyanophenyl). - pyrimidine,          25 2 - (4 - n -
butylphenyl) - 5 - (4 - cyanophenyl) - pyrimidine, 2 - (4 -. n -
pentylphenyl) - 5 - (4 -. cyanophenyl) - pyrimidine, 2 - (4 - n -
hexylphenyl) - 5 - (4 - cyanophenyl) - pyrimidine, 2 - (4 - n -
heptylphenyl) - 5 - (4 - cyanophenyl) - pyrimidine, 30          p - n -
butylbenzoic acid p' - cyanophenyl ester,                         30 p - n-
pentylbenzoic acid p' - cyanophenyl ester, p - n - hexylbenzoic acid p' -
cyanophenyl ester, p- n - heptylbenzoic acid p' - cyanophenyl ester,. p - n
- octylbenzoic acid p' - cyanophenyl ester, 35          p - n -
pentyloxybenzoic acid p' - cyanophenyl ester,                      35 p - n
-exyloxybenzoic acid p' - cyahophenyl ester, p - n- heptyloxybenzoic acid
p' - cyanophenyl ester, p - n - octyloxybenzoic acid p' - cyanophenyl
ester, 5 - n- ropyl - 2 - (4 - cyanophenyl)- pyrimidine, 40       5 - n -
butyl -2 - (4 - cyanop enyl)- pyrimidine,    40 5 - n - pentyl - 2 - (4 -
cyanophenyl) - pyrimidine, 5- n- hexyl- 2 - (4 - cyanophenyl) - pyrimidine,
5 - n - heptyl - 2 - (4 - cyanophenyl) - pyrimidine, 5 -n - octyl  2 - (4 -
cyanophenyl) - pyrimidine, ;45         5 - n - nonyl - 2 - (4 -
cyanophenyl) - pyrimidine,                       45 4' - n - pentyl - 4 -
cyanobiphenyl, 4 - n - pentyloxy - 4 - cyanobiphenyl, 4 - cyano - 4 - n -
pentyl - p - terphenyl, p - [(p -. ethylbenzyliden)amino]benzonitrile, 50
p - [(p - n - propylbenzyliden)amino]benzonitrile,
50 p - [(p - n - butylbenzyliden)amino]benzonitrile, p - [(p - n -
pentylbenzyliden)aminolbenzonitrile, p - [(p - n -
hexylbenzyliden)amino]benzonitrile,  



7                  -                1597,990   -
7 p - [(p - isohexylbenzyliden)aminolbenzonitrile p - [(p - n -
heptylbenzyliden)amino]benzonitrile, and p - [(p - n -
octylbenzyliden)aminolbenzonitrile, The following Examples illustrate
liquid crystal mixtures provided by the 5     present invention. These
liquid crystal mixtures are based in each case on one of  5 the following
basic mixtures BM  1, BM 2 or BM 3 (in the basic mixtures all percentages
are mol.%): Basic mixture BM l: 47.3% 4' - n - pentyl - 4 - cyanobiphenyl,
10         26.7% 4' - n - pentyloxy - 4 - cyanobiphenyl,
10 6.9% 5- n - pentyl - 2 - (4 - cyanophenyl) - pyrimidine, 11.4% 2 - (4 -
cyariophenyl) - 5 - (4 - n - butylphenyl) - pyrimidine, and 7.7% 4 - cyano
- 4" - n - pentyl - p - terphenyl. Basic mixture BM 2: 15         42.4% 4'
- n - pentyl -4 - cyanobiphenyl,,                             15 24.1% 4' -
n - pentyloxy - 4 - cyanobiphenyl, 5.8/ 5 - n - pentyl - 2 - (4 -
cyanophenyl) - pyrimidine, 10.68/ 5 - n - heptyl - 2 - (4 - cyanophenyl) -
pyrimidine, 10.2% 2 -'(4 - cyanophenyl)- 5 - (4 - n - butylphenyl) -
pyrimidine, and 20         6.9% 4 - cyano -4" - n -pentyl -p -terphenyl.
20 Basic mixture BM 3: 10.4% p - n - butylbenzoic acid p' - cyanophenyl
ester, 11.2% p - n - pentylbenzoic acid p' - cyanophen'yl ester, 14.5% p -
n - hexylbenzoic acid p - n - cyanophenyl ester, 25         15.6% p - n -
heptylbenzoic acid p' - n - cyanophenyl ester, 25 11.1% 5 - n - pentyl - 2
- (4 - cyanophenyl) - pyrimidine, 21.4% 5 - n - heptyl - 2 - (4 -
cyanophenyl) - pyrimidine and 15.8% 2 - (4 - cyanophenyl) - 5 - (4 - n:
butylphenyl) - pyrimidine. Example I 30         15 wt.% of I - methyl -4
-(4 - n - butyl - cyclohexyl) - benzene are admixed  30 with basic mixture
BM 3. Clearing point [err]. Example 2 15 wt.% of I - n - butyl - 4 -
cyclohexyl - benzene are admixed with basic mixture BM 3. Clearing point
63C. 35                                   Example 3
35 5wt.% of I -methyl - 4 - (4 - n - butylcyclohexyl)-- benzene are admixed
with basic mixture BM 3. Clearing point [err]. Example 4 8 wt.% of 1 -
methyl - 4 - (4 - n - butyl - cyclohexyl) - benzene are admixed 40     with
basic mixture BM 1. Clearing point 63C.                             40
Example 5 5 wt.% of I - n - butyl - 4 - cyclohexyl- - benzene are admixed
with basic mixture BM 3. Clearing point [err]. Example 6 45         5 wt.%
of I - n - butyl - 4 - cyclohexyl - benzene are admixed with basic  45
mixture BM 1. Clearing point 73C. Example 7 5 wt.% of I - n - butyl - 4 -
cyclohexylbenzene and 8 wt.% of 4 -methyl - 4' - n - pentyl - biphenyl are
admixed with basic mixture BM 3. Clearing point [err]. 50
Example 8                                    50 



5 wt.% of I - n - hexyl - 4 - cyclohexyl - benzene are admixed with basic
mixture BM 1. Clearing point 74C.    8
1,597,990                               8 Example.9 5 wt.% of 1- n - hexyl
-4 - cyclohexyl - benzene and 7 wt.% of 4 - methyl 4' - n - pentyl
biphenyl are admixed with basic mixture BM 3. Clearing point [err]. 5
Example 10 5 wt.% of I - n - hexyl - 4 - cyclohexylbenzene are admixed with
basic mixture BM 2. Clearing point [err]. Example II 8 wt.% of I - n -
hexyl - 4 - cyclohexyl - benzene are admixed with basic 10     mixture BM
1. Clearing point 65.                                       10 Example12 5
wt.% of cis -'I - methyl - 4 - (4 - n - propyl - cyclohexyl) - benzene are
admixed with basic mixture BM 3. Clearing point [err]. Example 13 15
5 wt.% of trans - I - methyl - 4 - (4 - n - propyl - cyclohexyl) - benzene
are    '15 admixed with basic mixture BM 3. Clearing point [err]. Example
14 5 wt.% of cis - I - n - propyl - 4-(4 -n- propyl - cyclohexyl) - benzene
are admixed with basic mixture BM 3. Clearing point 67C. 20
Example 15           20 5 wt.% of trans- - I n- -propyl -4 - (4 - n -
propyl - cyclohexyl) - benzene are admixed with basic mixture BM 3.
Clearing point 75C. Example 16 3 wt.% of 1 - n - hexyl -4  cyclohexyl -
benzene and 4% of dihexyl ether are 25     admixed with basic mixture BM 3.
Clearing point [err]                  25 Example 17 6wt.% of 4 - methyl - 4
- n pentyl. - biphenyl and 8 wt.% of 1 - n - hexyl 4 - cyclohexyl - benzene
are admixed with basic mixture BM 3. Clearing point 57-59C. 30
Example 18                                   30 4 wt.% of 4 - methyl - 4'
-n - pentyl - biphenyl and 9 wt.% of I - n - hexyl - 4 - cyclohexyl -
benzene are admixed with basic mixture BM 3. Clearing point 54-58C. The
percentages for the mixed compounds given in the foregoing Example I- 35
18 relate in each case to the total weight of the finished liquid crystal
mixture.  35 When used in a rotation cell, the liquid crystal mixtures
obtained according to the foregoing-Examples 1-18 are characterised by
lower threshold and operation potential lower reclaim times, high ohmicity
and no or insignificant variation of the total composition (on the basic of
the high boiling point of the additive of 40     formula I).
40 The preparation of compounds of formula I which are especially suitable
for use in the liquid crystalmixtures provided by the present invention is
described in Examples A-H hereinafter: Example A 45         A mixture of
53.5 g of I - (p - cyclohexylphenyl) - I - hexanone, 160 ml of  45 ethanol,
198 ml ofdiethyleneglycol and 19.7 ml of hydrazine hydrate is left to stand
at room temperature overnight, treated while stirring with 25.5 g of
potassium 



hydroxide, heated to 200-[err] while simultaneously distilling-off the
volatile constituents over a period of 2 hours and left at 200--210C for
1.5 hours. After 50   cooling, the mixture is diluted with 300 ml of water
and exhaustively extracted with  50 ether. The organic layer is washed
neutral with water, dried over sodium sulphate and freed from solvent in
'vacuo. For purification, the'resulting 49.6 g of crude I - n - hexyl - 4 -
cyclohexyl - benzene are distilled in a rotary bulb-tube at 0.003 mm/100C,
there being obtained 42.2 g of colourless oil having a purity of greater 55
than 99% according to gas chromatography.       -
55    9                                      1,597,990
9 The I - (p - cyclohexylphenyl) - I - hexanone used as the starting
material can be prepared as follows: A mixture of 40.1 g of
cyclohexylbenzene, 40.4 g of caproyl chloride and 310 ml of methylene
chloride is treated portionwise while stirring over a period of 10 5
minutes with 40.0 g of anhydrous aluminium chloride, stirred at room
temperature  5 for 2 hours, boiled under reflux for 2 hours and, after
cooling, poured into a mixture of 125 ml of concentrated hydrochloric acid
and 500 ml of ice/water. The mixture is exhaustively extracted with
methylene chloride, the organic phase is washed with 3 - N sodium hydroxide
and, after drying over sodium sulphate, the 10     solvent is removed
in'vacuo. For purification, the resulting 65.0 g of crude I - (p -  10
cyclohexylphenyl) - I - hexanone are distilled in a rotary bulb-tube at 0.1
mm/[err], there being obtained 53.7 g of colourless crystals of melting
point 40.00-[err]. Example B 15         A solution of 35.5 g of I -(p -
cyclohexylphenyl) - I - butanone in. 350 ml of  15 rectified alcohol is
hydrogenated at 50-[err] with 4.0 g of palladium/carbon catalyst (10%
palladium) until 2 mol of hydrogen are taken up and the hydrogenation has
come to a standstill. After cooling, the catalyst is separated by
filtration and the solvent is removed in vacuo. The resulting 33.6 g of
crude I - n - 20     butyl - 4 - cyclohexyl . - benzene are dissolved in
200 ml of n-hexane and filtered  20 through a column of 300 g of silica gel
in n-hexane. Elution with hexane yields 31.8 g of colourless oil which, for
further purification, is distilled in a rotary bulb-tube at 0.01 mm/[err];
there being obtained 30.3 g of product having a purity of greater than 99%
according to gas chromatography. 25         The 1 - (p - cyclohexylphenyl)
- I - butanone used as the starting material  25 can be prepared as
described in Example A by reacting cyclohexylbenzene with butyryl chloride
and aluminium chloride in methylene chloride, there being obtained
colourless crystals of melting point [err]. Example C 30         2.340 g of
trans - I - methyl - 4 - (1 - hydroxy - 4 - n - butylcyclohexyl) -  30
benzene in 40 ml of rectified alcohol are hydrogenated at room temperature
with 0.3 g of palladium/carbon catalyst (5% palladium) until the
hydrogenation comes to a standstill after the uptake of I mol of hydrogen.
The catalyst is removed by filtration and the solvent is removed in vacuo.
The crude cis  1 - methyl -4 -(4 - 35     n - butyl - cyclohexyl) - benzene
is dissolved in n-hexane and filtered through a  35 column of 90 g of
silica' gel in n-hexane. Elution with hexane yields 2.132 g of colourless
oil which, for further purification, is distilled in a rotary bulb-tube at
0.05 mm/[err], there being obtained 2.006 g of product having a purity of
greater than 97% according to gas chromatography. 40         3.517 g of cis
- I - methyl - 4 - (I - hydroxy - 4 - n - butyl - cyclohexyl) -  40 benzene
in 60 ml of rectified alcohol are hydrogenated as described in the 



preceding paragraph with 0.5 g of palladium/carbon catalyst. Similar
working-up and purification yield, after distillation at 0.05 mm/[err],
2.808 g of trans - I - methyl - 4 - (4 - n - butyl - cyclohexyl). - benzene
having a purity of greater 45     than 97% according to gas chromatography
'       '           '          45 The trans- and cis - I - methyl - 4 (1 -
hydroxy - '4 - n - butyl- cyclohexyl) - benzenes used as the starting
materials are prepared in the ratio 23:35 by a Grignard reaction of p -
methyl - phenylmagnesium bromide (obtained from 0.802 g of magnesium
shavings and 5.640 g of 4-bromotoluene in ether) with 4.620 g 50     of 4 -
n - butyl - cyclohexanone in ether according to the procedure described in
50 J. Amer. Chem. Soc. 85, 3228 '(1963) and are separated by chromatography
on silica gel as described therein. Example D In a manner analogous to that
described in Example C, 1.496 g of trans - I - 55     ethyl - 4 -(I -
hydroxy - 4 - n - butyl - cyclohexyl) - benzene in 30 ml of rectified  55
alcohol are hydrogenated at room temperature with 0.25 g of
palladium/carbon catayst, the mixture is worked-up and the crude cis - I -
ethyl - 4 - (4 - n - butyl cyclohexyl) - benzene is purified. After
distillation at 0.05 mm/[err], there are obtained 1.21 g of colourless oil
having a purity 'of greater than 97% according 60     to gas
chromatography.                                                        60
In a manner analogous to that described in Example C, 3.293 g of cis - I -
ethyl - 4 - (I - hydroxy - 4 - n - butyl - cyclohexyl) benzene in 60 ml of
rectified alcohol are hydrogenated at room temperature with 0.45 g of
palladium/carbon    10                                 -   1,597,990
10 catalyst, the mixture is worked-up and the crude trans - I - ethyl - 4 -
(4 - n - butyl - cyclohexyl) - benzene is purified. After distillation at
0.05 mm/[err]- [err], there are obtained 2.856 g of colourless oil having a
purity of greater than 97% according to gas chromatography. 5          The
trans- and cis - I - ethyl - 4 - (I - hydroxy -4 - n - butyl -cyclohexyl) -
5 benzenes used as the starting materials are prepared in the ratio 3:4 by
a Grignard reaction -of p- ethyl - phenylmagnesium  bromide (obtained from
0.802 g of magnesium shavings and 6.718 g of p - ethyl - bromobenzene in
ether) with 4.620 g of 4 - n - butyl - cyclohexanone in ether according to
the details given in Example C. 10
Example E                                        10 1.344 g of trans - I -
ethyl - 4 - (I - hydroxy - 4 - n - butyl - cyclohexyl) benzene in 30 ml of
rectified alcohol are hydrogenated at room temperature with 6.0 g of
ethanol-moist Raney-nickel at room temperature until the hydrogenation
comes to a standstill after the uptake of I mol of hydrogen. The'
working-up is 15      carried out as described in Example C and there are
obtained, after distillation at  15 0.05 mm/[err], 1.087 g of colourless
oily trans - 'I - ethyl - 4 - (4 - n - butyl - cyclohexyl) - benzene having
a purity of greater than 97% according to gas chromatography. 1.563 g of
cis - I - ethyl - 4 - (I - hydroxy - 4 - n - butyl - cyclohexyl) - 20.
benzene in 40 ml of rectified alcohol are hydrogenated in the manner
described in  20 the preceding paragraph with 7.5 g of ethanol-moist
Raney-nickel, worked-up and the crude cis - I - ethyl - 4 - (4 - n -buty -
cyclohexyl) - benzene is purified as described in Example C. After
distillation at 0.05 mm/140-150C, there are. obtained 1.286 g of colourless
oil having a purity of greater than 97% according to 25      gas
chromatography.                       25 Example F In a manner analogous to
that described in Example C, 2.810 g of trans - I - 



n - propyl - 4 - (1 - hydroxy - 4 - n - propyl - cyclohexyl) - benzene in
50 ml of rectified alcohol are hydrogenated at room  temperature with 0.60
g of 30      palladium/carbon catalyst, the mixture is worked-up and the
crude cis - I - n -  30 propyl -4' - (4 - n - propyl - cyclohexyl) -
benzene is purified. After distillation at 0.035 mm/1 15-[err], there are
obtained 2.263 g of colourless oil having a purity of greater than 97%
according to gas chromatography. In a manner analogous to that described in
Example C, 2.913 g of cis - I - n - 35      propyl - 4 - (1 - hydroxy - 4 -
n -propyl - cyclohexyl) - benzene in 50 ml of  35 rectified alcohol are
hydrogenated at room  temperature with 0.62 g of palladium/carbon catalyst,
the mixture is worked-up' and the crude trans - I - n - propyl -4 - (4 - n
- propyl - cyclohexyl) - benzene is purified. After distillation at 0.035'
mm/120-130C, there are obtained 2.135 g of colourless oil having a purity
40      of greater than 97% according to gas chromatography.
40 The trans- and cis - I - n - propyl - 4 - (1 -hydroxy  4 - n - propyl -
cyclohexyl) - benzenes used as the starting materials are prepared in the
ratio 28:29 by a Grignard reaction of' p - n - propyl - phenylmagnesium
bromide (obtained from 0.802 g of magnesium shavings and 7.227 g of p  n -
propyl - bromobenzene 45     in ether), with 4.206 g of 4 - n - propyl -
cyclohexane in ether according to the  45 details given in Example C.
Example G In a manner analogous to that described in Example C, 2.292 g of
trans - 1 - ethyl - 4 - (I - hydroxy -'4 - n - propyl -cyclohexyl) -
benzene in 45 ml of 50     rectified alcohol are -hydrogenated at room,
temperature with 0.52 g of           50 palladium/carbon catalyst, the
product is worked-up and the crude cis - I - ethyl - 4 - (4 - n - propyl -
cyclohexyl) - beniene is purified. After distillation at 0.08 mm/[err],
there are obtained 1.849 g of colourless oil having a purity of greater
than 97% according to gas chromatography. 55          In a manner analogous
to that described in Example C, 3.252 g of cis - I. -  55 ethyl - 4 - (1 -
hydroxy- 4 - n - propyl - cyclohexyl) - benzene in 60. ml of rectified
alcohol are hydrogenated at room  temperature with 0.73 g of
palladium/carbon catalyst, the mixture is worked-up and .the crude trans -
I - ethyl - 4 - (4 - n - propyl - cyclohexyl) - benzene is purified. After
distillation at 60      0.02 mm/120C, there are obtained 1.633 g of
colourless oil having a purity of   60 greater than 97% according to gas
chromatography. The trans- and cis- l - ethyl- 4- (I - hydroxy- 4- n-
propyl-    1,597,990                                  11 cyclohexyl) -
benzenes used as the starting materials are prepared in the ratio 11:16 by
a Grignard reaction of p - ethyl - phenylmagnesium bromide (obtained from
0.802 g of magnesium shavings and 6.718 g of p - ethyl - bromobenzene in
ether) with 4.206 g of 4 - n - propyl - cyclohexanone in ether according to
the details 5     given in Example C.
5 Example H In a manner analogous to that described in Example C, 3.069 g
of trans -(1 - hydroxy - 4 - n - butyl - cyclohexyl) - benzene in 60 ml of
rectified alcohol are hydrogenated at room temperature with 0.73 g of
palladium/carbon catalyst, the 10     mixture is worked-up and the crude
cis - (4 - n - butyl - cyclohexyl) - benzene is  10 purified. After
distillation at 0.02 mm/[err], there are obtained 2.351 g of colourless oil
having a purity of greater than 97%  according to gas chromatography. In a
manner analogous to that described in Example C, 3.203 g of cis - (I - 



15     hydroxy - 4 - n - butyl - cyclohexyl) - benzene in 60 ml of
rectified alcohol are  15 hydrogenated at room temperature with 0.75 g of
palladium/carbon catalyst, the mixture is worked-up and the crude trans -
(4 - n - butyl - cyclohexyl) - benzene is purified. After distillation at
0.02 mm/[err], there are obtained 1.608 g of colourless oil having a purity
of 97% according to gas chromatography. 20         The trans- and cis - (I
- hydroxy - 4 - n - butyl - cyclohexyl) - benzenes used  20 as the starting
materials are prepared in the ratio 15:16 by a Grignard reaction of
phenylmagnesium bromide (obtained from 0.802 g of magnesium shavings and
5.699 g of bromobenzene in ether) with 4.628 g of 4 - n - butyl -
cyclohexanone in ether according to the details given in Example C. 25
WHAT WE CLAIM IS:-                                                     25
1. A liquid crystal mixture having positive anisotropy of the dielectric
constants, said mixture containing a nematogenic material having a clearing
point about [err], one or more compounds of the general formula 30
wherein [err] and [err] represent hydrogen or straight-chain alkyl,
provided that at  30 least one of [err] and [err] represents other than
hydrogen and that the number of carbon atoms present in [err] and [err]
together is at most 9, and, if desired, one or more additional doping
agents. 2. A liquid crystal mixture according to claim 1, wherein the
additional doping 35     agent is a compound of the general formula
35 wherein [err] and [err] represent straight-chain alkyl containing a
total of at most 14 carbon atoms or [err] represents straight-chain alkyl
and [err] represents straight-chain alkoxv containing a total of at most 8
carbon atoms, 40     and/or a compound of the general formula
40 wherein [err] and R. represent straight-chain alkyl containing a total
of at most 6 carbon atoms, and/or a compound of the general formula 45
(IV)          45    11                                 1,597,990
11 cyclohexyl) - benzenes used as the starting materials are prepared in
the ratio 11: 16 by a Grignard reaction of p - ethyl - phenylmagnesium
bromide (obtained from 0.802 g of magnesium shavings and 6.718 g of p -
ethyl - bromobenzene in ether) with 4.206 g of 4 - n - propyl -
cyclohexanone in ether according to the details 5     given in Example C.
5 Example H In a manner analogous to that described in Example C, 3.069 g
of trans - (I - hydroxy - 4 - n - butyl -'cyclohexyl) - benzene in 60 ml of
rectified alcohol are hydrogenated at room temperature with 0.73 g of
palladium/carbon catalyst, the 10     mixture is worked-up and the crude
cis - (4 - n - butyl - cyclohexyl) - benzene is  10 purified. After
distillation at 0.02 mm/[err], there are obtained 2.351 g of colourless oil
having a purity of greater than 97%  according to gas chromatography. In a
manner analogous to that described in Example C, 3.203 g of cis - (I - 15
hydroxy - 4 - n - butyl - cyclohexyl) - benzene in 60 ml of rectified
alcohol are  15 hydrogenated at room temperature with 0.75 g of
palladium/carbon catalyst, the mixture is worked-up and the crude trans -
(4 - n - butyl - cyclohexyl) - benzene is purified. After distillation at
0.02 mm/[err], there are obtained 1.608 g of colourless, oil having a
purity of 97% according to gas chromatography. 20         The trans- and
cis - (I - hydroxy - 4 - n - butyl - cyclohexyl) - benzenes used  20 as the
starting materials are prepared in the ratio 15:16 by a Grignard reaction
of 



phenylmagnesium bromide (obtained from 0.802 g of magnesium shavings and
5.699 g of bromobenzene in ether) with 4.628 g of 4 - n - butyl -
cyclohexanone in ether according to the details given in Example C. 25
WHAT WE CLAIM IS:-                                                       25
1. A liquid crystal mixture having positive anisotropy of the dielectric
constants, said mixture containing a nematogenic material having a clearing
point about 60C, one or more compounds of the general formula 30'
wherein [err]  represent hydrogen or straight-chain alkyl, provided that at
30 least one of [err] and R2 represents other than hydrogen and that the
number of carbon atoms present in [err] and [err] together is at most 9,
and, if desired, one or more additional doping agents. 2. A liquid crystal
mixture according to claim 1, wherein the additional doping 35     agent is
a compound of the general formula                                  35
wherein R3 and [err] represent straight-chain alkyl containing a total of
at most 14 carbon atoms or [err] represents straight-chain alkyl and [err]
represents straight-chain alkoxy containing a total of at most 8 carbon
atoms, 40     and/or a compound of the general formula
40 wherein [err] and [err] represent straight-chain alkyl containing a
total of at most 6 carbon atoms, and/or a compound of the general formula
12                                   1,597,990
12 wherein [err] and [err]have the significance accorded to [err] and [err]
earlier in this claim, and/or an organic solvent or solvent mixture having
a specific resistance of at least [err] ohm cm. 5          3. A liquid
crystal mixture according to claim I or claim 2, wherein the  5 compound of
formula I is present in an amount of about I wt.% to about 20 wt.%. 4. A
liquid crystal mixture according to claim 3, wherein the compound of
formula I is present in an amount of about 5 wt.% to about 15 wt%. 5. A
liquid crystal mixture according to any one of claims I to 4 inclusive 10
wherein the number of carbon atoms present in [err] and [err] taken
together in the  10 compound of formula I is 2-6. 6. A liquid crystal
mixture according to any one of claims 1 to 5 inclusive, wherein the'
compound of formula I is I - n - hexyl -4 - cyclohexyl - benzene, I - n -
butyl - 4 - cyclohexyl - benzene, I - methyl - 4 - (4 - n - butyl - 15
cyclohexyl) - benzene, I - ethyl - 4 - (4 - n - butyl cyclohexyl) -
benzene, I -  15 n - propyl -4 -'(4 - n - propyl - cyclohexyl) - benzene, I
- ethyl - 4 - (4 - n - propyl - cyclohexyl) - benzene or (4 - n - butyl -
cyclohexyl) - benzene. 7. .A liquid crystal mixture according to any one of
claims 1 to 6 inclusive, wherein the nematogenic material is one or more
compounds of- the general 20     formula
20 wherein [err] represents straight-chain alkyl containing 2 to 8 carbon
atoms, straight-chain alkoxy containing 4 to 7 carbon atoms, straight-chain
alkanoyloxy  containing  2 to 8 carbon  atoms or straight-chain 25
alkylcarbonate containing [err] tocarbon atoms,                    25
and/or one or more compounds of the general formula wherein [err]
represents straight-chain alkyl containing 4 to 7 carbon atoms or
straight-chain alkylcarbonate containing 2 to  11 carbon. atoms, 30
and/or one or more compounds of the general formula         .
30 wherein [err] represents straight-chain alkyl containing 4 to 8 carbon
atoms, 



straight-chain alkoxy containing 5 to 8. carbon atoms, straight-chain
alkanoyloxy  containing  2 to 8 carbon  atoms or straight-chain 35
alkylcarbonate containing 3 to II. carbon atoms,                    35
and/or one or more compounds of the general formula wherein [err]
represents straight-chain alkyl containing 4 to 8 carbon atoms,
straight-chain alkoxy containing 4 to 8.carbon atoms; straight-chain 40
alkanoyloxy  containing  4 to 9 carbon  atoms. of straight-chain    40
alkylcarbonate containing 4 to 11 carbon atoms, and/or one or more
trans-cinnamic acid esters of the general formula    1,597,990
13 wherein [err] represents straight-chain alkyl containing I to 8 carbon
atoms, and/or one or more compounds of the general formula wherein one of
[err] and [err] represents cyano and the other represents straight- 5
chain alkyl containing 3 to 9 carbon atoms, straight-chain alkoxy     5
containing 2 to 9 carbon atoms or straight-chain alkanoyloxy containing 2
to 9 carbon atoms, and/or one or more compounds of the general formula 10
wherein one of R,, and [err] represents hydrogen, straight-chain alkyl
10 containing I to 7 carbon atoms, straight-chain alkoxy containing l to 7
carbon atoms or straight-chain alkanoyloxy containing 2 to 7 carbon atoms
and the other represents cyano and one of X, Y and Z represents a nitrogen
atom and the two others represent a CH group, 15     and/or one or more
compounds of the general formula                         15 wherein [err],
and [err], represent straight-chain alkyl containing I to 10 carbon atoms,
straight-chain alkoxy containing I to 10 carbon atoms, straight- chain
alkanoyloxy containing 2 to 11 carbon atoms or straight-chain 20
alkylcarbonate containing 2 to 11 carbon atoms and R20 represents   20
chlorine, bromine or methyl, and/or one or more compounds of the general
formula wherein [err] represents straight-chain alkyl containing 3 to 8
carbon atoms. 25         8. A liquid crystal mixture according to any one
of claims I to 7 inclusive  25 which contains p - n - butylbenzoic acid p'
- cyanophenyl ester, p - n - pentylbenzoic acid p' - cyanophenyl ester, p -
n - hexylbenzoic acid p'- cyanophenyl ester, p - n - heptylbenzoic acid p'
- cyanophenyl ester, 5 - n - pentyl - 2 - (4 - cyanophenyl) - pyrimidine, 5
- n - heptyl - 2 - (4 - 30     cyanophenyl) - pyrimidine, 2 - (4 -
cyanophenyl) - 5 - (4 - n - butylphenyl) -  30 pyrimidine, I - n - hexyl -
4 - cyclohexyl - benzene and 4 - methyl - 4' - n - pentyl - biphenyl. 9. A
liquid crystal mixture according to claim 8 which contains 8.7 wt.% p - n
-butylbenzoic acid p' - cyanophenyl ester, 9.84 wt.% p - n - pentylbenzoic
acid 35     p'  cyanophenyl ester, 13.35 wt.% p - n - hexylbenzoic acid p'
- cyanophenyl  35 ester, 15.02 wt.% p - n - heptylbenzoic acid p' -
cyanophenyl ester, 8.35 wt.% 5 - n - pentyl - 2 - (4 - cyanophenyl) -
pyrimidine, 17.91 wt.% 5 - n - heptyl - 2 - (4  cyanophenyl) - pyrimidine,
14.83 wt.% 2 - (4 - cyanophenyl) - 5 - (4 - n - butylphenyl) - pyrimidine,
5 wt.% I - n - hexyl - 4 - cyclofexyl - benzene and 7 40     wt.% 4 -
methyl - 4' - n - pentyl - biphenyl.                               40 10. A
liquid crystal mixture according to any one of claims I to 7 inclusive    



1,597,990                             14 which contains 4' - n - pentyl - 4
- cyanobiphenyl, 4' - n - pentyloxy  4 - cyanobiphenyl, 5- n- pentyl- 2' -
(4 - cyanophenyl) - pyrimidine, 5- n heptyl - 2 - (4 - cyanophenyl) -
pyrimidine, 2 - (4 - cyanophenyl) - 5 - (4 - n butylphenyl) - pyrimidine, 4
- cyano - 4" - n - pentyl - p - terphenyl and I - n - 5      hexyl - 4 -
cyclohexyl - benzene.'                                             5 11. A
liquid crystal mixture according to claim 10 which contains 37.44 wt.% 4' -
n   pentyl - 4 - cyanobiphenyl, 22.65 wt.%  4' - n - pentyloxy - 4 -
cyanobiphenyl, 5.16' wt.% 5 - n - pentyl - 2 - (4 - cyanophenyl) -
pyrimidine, 10.49wt.% 5 - n - heptyl - 2 - (4 -cyanophenyl) - pyrimidine,
11.31 wt.% 2 -(4 - 10      cyanophenyl) -'5 - (4 - n - butylphenyl) -
pyrimidine, 7.95 wt.% 4 - cyano - 4 -  10 n - pentyl - p - terphenyl and 5
wt.% I - n - hexyl - 4 - cyclohexyl - benzene. 12. A liquid crystal mixture
according to claim 8 which contains 8.50 wt.% p - n - butylbenzoic acid p'
- cyanophenyl ester, 9.62 wt.% p - n - pentylbenzoic acid p' - cyanophenyl
ester, 13.05 wt.% p - n - hexylbenzoic acid p' - cyanophenyl 15      ester,
14.68 wt.% p - n - heptylbenzoic acid p' - cyanophenyl ester, 8.16 wt.% 5 -
15 n - pentyl - 2 - (4 - cyanophenyl) - pyrimidine, 17;50 wt.% 5 - n -
heptyl - 2 - (4 - cyanophenyl) - pyrimidine, 14.49 wt.% 2 - (4 -
cyanophenyl) - 5 - (4 - n - butylphenyl) - pyrimidine, 8 wt  I - n - hexyl
- 4 - cyclohexyl - benzene and 6 wt.% 4 - methyl - 4' - n - pentyl -
biphenyl. 20          13. A liquid crystal mixture according to claim 8
which contains 8.6 wt.% p -  20 n - butylbenzoic acid p' - cyanophenyl
ester, 9.73 wt.% p - n '- pentylbenzoic acid p'- cyanophenyl ester, 13.20
wt.% p --n - hexylbenzoic acid p' - cyanophenyl ester,' 14.85 wt.% p - n -
heptylbenzoic acid p' - cyanophenyl ester, 8.26 wt.% 5 - n - pentyl - 2 -
(4 - cyanophenyl) - pyrimidine, 17.70 wt.% 5 - n - heptyl - 2 - 25     (4 -
cyanophenyl) - pyrimidine, 14.66 wt.% 2  (4 - cyanophenyl) - 5 - (4 - n -
25 butylphenyl) - pyrimidine, 9 wt% I - n - hexyl - 4 - cyclohexyl -
benzene and 4 wt.% 4 - methyl - 4' - n - pentyl - biphenyl. 14. A process
for the manufacture of a liquid crystal mixture as claimed in any one of
claims I to 13 inclusive, which process comprises mixing the nematogenic 30
material with a compound of formula I and, if desired, with one or more
additional  30 doping agents. 15. An electro-optical apparatus containing a
liquid crystal mixture as set forth in any one of claims I to 13 inclusive.
16. A rotation cell containing a liquid crystal mixture as set forth in any
one of 35      claims I to 13 inclusive.
35 For the Applicants, CARPMAELS & RANSFORD, Chartered Patent Agents, 43,
Bloomsbury Square, London, WCIA 2RA. Printed for Her Majesty's Stationery
Office, by the Courier Press, Leamington Spa, 1981 Published by The Patent
Office. 25 Southampton Buildings, London, WC2A IAY, from which copies may
be obtained.    


