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(57) Abstract

Liquid crystal compositions containing at least one compound of formula: R-Dio-Ph-CN wherein R is alkyl of 2 to
5 carbon atoms, Dio is trr ns-1,3-dioxane-2,5-diyl and Ph is 1,4-phenylene, and at least one compound of each of the fol-
lowing groups A to D: A) R1-Cy-Ph-R2, B) R3-Cy-Ph-Ph-R4, C) R5-Cy-Ph-CN, D) R6-Cy-COO-Ph-O-R7 and, in addition
in a total amount of 10 to 26% by weight at least five compounds of formula E R8-Pyr-Ph-O-R? or at least one compound
of each of the following groups F to K: F) R10-Ph-COO-Ph-R!!, G) R12-Cy-COO-Ph-Ph-CN, H) R!3-Ph-Ph-COO-Ph-Ph-
CN, J) RI14-Ph-COO-Ph-COO-Ph-R!5, K) R16-Ph-Ph-COO-PhF-R!7 result in surprisingly steep electrooptical characteris-
tics and surprisingly low viewing-angle dependence of the contrast at simultaneously acceptable threshold voltages for
commercially available drivers and multiplex ratios up to 1:100 when used in matrix displays.
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Liquid Crystal Composition

The invention relates to liquid crystal compositians
suitable for use in electro—optical matrix displays
of the twvisted nematic cell type, and to an electro-
optical matrix display using the liquid crystal

composition mentioned above.

There is still a great demand for liquid crystal
compositions (LC compositions) suitable for matrix
displays having an electrooptical characteristic
(contrast/voltage curve) as steep as possible and
simultaneously a low threshold voltage. In such

matrix displays, each "display point" of an electrode
grid can be selectively triggered by applying a
voltage to a first electrode layer, consisting of

a multiplicity of horizontral rous of conductors,

and to another electrode layer, consisting of a
multiplicity of vertical rows of conductors (multiplex
drive). The higher the multiplex ratio and the lover
the maximum voltage of the available drivers, the
lover the threshold voltage of the LC composition

has to be. A disadvantage of these matrix display
elements is the partial activation of display points
in the immediate vicinity of a triggered display
point, which partial activation is called "crosstalk"
and reduces the contrast of the display in an un-
desirable manner. The steeper the electro-optical
characteristic of the LC composition used in a dis-
play element of this type, the less such crosstalk
is then observed. As a rule, the steepness of the
electro-optical characteristic of a LC composition
is given as the ratio of the control voltages V
wvhich must be applied to a given display element
in order to obtain 10% of the maximum contrast <V10)

and 50% of the maximum contrast'(vso).
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The steepness of the electro-optical characteristic is

the greater, the smaller the ratio

+ - Yso-Vi0 - 100 /747

Y10
Till today the steepness of the electro<optical charac-
teristic can only be determined by experiment, because all
theoretical predictions ended up to nowv in rather

vrong results.

Besides of 2 decrease of the contrast with increasing
multiplex ratio, there is also a strongly increasing
vieving-angle dependence of the contrast. This de-

pendence is defined as

v

o o -10,0,25=Y10,40,25 - 100 /%7
1 (v +V ‘
2 10,0,25 "10,40,25)
vherein V is the applied control voltage at x %

XyYs2Z
contrast, viewing angle y and temperature z °C.

The smaller B, the better is the optical performance

of the matrix display.

It has now been found that LC compositions according

to the invention result in surprisingly steep electro-
optical characteristics and surprisingly low viewing-
angle dependence of the contrast at simultaneously
acceptable threshold voltages for commercially available
drivers and multiplex ratios up to 1 : 100 when used in

matrix displays.

'S



WO 86/02375

10

15

20

25

; PCT/EPS$5/00529

The invention thus relates to a liquid crystal
composition, characterized in that it contains
at least one compound of the formula I

R-Dio-Ph-CN I

vherein R is alkyl of 2 to S5 carbon atoms,

Dio is trans-l,3-dioxane-2,5-diyl and Ph is
l,4-phenylene, and at least ane compound of each
of the following groups A to Q:

RY-Cy-Ph-R2

wvherein Rl and R2 are each alkyl of 3 to 5 carbon
atoms, Cy is trans-l,a-cyclohexylene and Ph is
l,4-phenylene,

R>-Cy-Ph-Ph-R% B

vherein R3 and R4 are each alkyl of 2 to S5 carbon
atoms and Cy and Ph have the meanings indicated

above,

R’ZCy-Ph-CN c

vherein Rb is alkyl of 2 to 5 carbon atoms and
Cy and Ph have the meanings indicated above,

RO-Cy-C00-Ph-0-R’ D

vherein R6 and R7 are each alkyl of up to 5 carbon
atoms and Cy and Ph have the meanings indicated
above, and, in addition in a total amount of 10 to
26% by weight at least five compounds of the

formula E
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R®_pyr-Ph-0-R? 3

vherein R8 and R9 are each alkyl of 5 to 11 carbon
atoms, Pyr is pyrimidine-2,5-diyl and Ph has the
meaning indicated above,

or at least one compound of each of the following

groups F to K:

10 11

R™"-Ph-C00-Ph-R

wherein Rl0 and Rll are each alkyl of 1 to 7 carbon

atoms, Ph has the meaning indicated above,

R'2.Cy-CO0-Ph-Ph-CN G

wherein R12 is alkyl of 1 to 3 carbon atoms, and Cy

and Ph have the meaning indicated above.
R} _Ph-Ph-CO0-Ph-Ph-CN H
vherein Rl3 is alkyl of 6 to 8 carbon atoms

and Ph has the meaning indicated above.

15

14 ph_c00-Ph-CO0-Ph-R 3

R

14 and Rls are each alkyl of 1 to 5

vherein R
carbon atoms and Ph has the meaning indicated

above,

IS
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RY6_ph-Ph-cog-phF-R!7 K
vherein R16 and Rl7 are each alkyl of 5 to 7

carbon atoms, PhF is fluorinated l,4-phenylene

and Ph has the meaning indicated above,

5 and to an electro-optical display device, characterized
that it contains a liquid crystal composition accor-
ding to Claim 1. '

The LC compositions according to the invention pre-
ferably contain at least tuwo cbmpounds of the formula I

10 preferably in a total amount of 10 to 25, preferably
11,5 to 20 % by weight.

The LC compositions according to the first aspect of
the invention preferébly contain only one compound of
the formula A preferably in an amount of 5 to 15% by

15 weight, preferablf at least two compounds of the
formula B preferably in an total amount of 15 to 25%
by weight and preferably only ane compound of the
formula C preferably in an amount of 5 to 10 % by
weigﬁt. These LC compositions according to the invention

20 preferably contain at least three compounds of the
formula D preferably in a total amount of 10 to 26 %
by weight.

R6 preferably is straight chain alkyl of 3 to 5 carbon
atoms. R7 preferably is methyl,

25 These LC compositions according to the invention
preferably contain five compounds of the formula £

preferably in a total amount of 20 to 25 % by weight.

R8 preferably is n-hexyl.
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The LC compositions according to the secand aspect of
the invention preferébly contain at least

six compounds of the formula F.preferably in a total
amount of 50 to 65 % by veight and preferably only one
compound of the formula G preferably in an amount of

5 to 15 % by veight, R'Z is preferably ethyl.

These LC compositions according to the invention
preferably contain only one compound of the formula H
preferably in an amount of 1 to 5 % by weight. R13

is preferably n-heptyl.

These LC compositions according to the invention
preferably contain only one compourid of the formula J]

preferably in an amount of 3 to 7 % by weight.

14 15

R and R are preferably n-propyl.

These LC compositions according to the invention
furthermore preferably contain only one compound of
the formula K preferably in an amount of 7 to 11 %
by weight. '

16

R™® is preferably n-heptyl and R17 is preferably

n-pentyl and PhF is preferably 2-fiuoro-1,4-phenylene.

The preparation of the LC compositions according to the
invention is carried out in a manner which is con-
ventional per se. The single components are knouwn

from the prior art. As a rule, the desired quantity of

the components used in a smaller quantity is dissalved
in the component(s) representing the main constituent,
advantageously at an elevated temperature. If the
temperature selected here is above the clearing point
of the main constituent, the completeness of the

solution process can be observed with particular ease.

Adn

Bal
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It is also possible, however, to mix solutions of the
components in a suitable organic solvent, for example
acetone, chloroform or methanol, and, after thorough
mixing, to remove the solvent again, for example by

5 distillation under reduced pressure. 0Of course, it is
necessary in this procedure to take care that no
impurities or undesired doping substances are in-
troduced by the solvent.

The examples which follow are intended to explain the

10 invention without restricting it. Parts or percentage
figures denote parts by veight or per cent by veight
respectively.

Example A

A LC composition consisting of

15 7 % Z-p-cyanophenyl-S—propyl—l,3-dioxane,
7 % Z-p-cyanophenyl-S-butyl-l,3-dioxane,
6 % Z-p-cyanophenyl—5-pentyl-l,3-dioxane,
8 % p-trans-4-pf0pylcyclohexyl-benzonitrile,
12 % a-ethyl-a'-(trans-a-propylcyclohexyl)-biphenyl,
20 11 % 4-ethyl-4'-(trans—a-pentylcyclohexyl)-biphenyl,
3 % 2-p-pentoxyphenyl—S-hexylpyrimidine,
3% 2-p-hexoxyphenyl-S-hexylpyrimidine,
4 % 2-p-heptoxyphenyl—S-hexylpyrimidine,
6 % 2-nonoxyphenyl-S-hexylpyrimidine,
25 6 % 2-p—undecoxyphenyl—S-hexylpyrimidine,
7 % trans-a-propylcyclohexancarboxylic acid-(p-
methoxyphenylester),
5 % trans-a-butylcyclohexancarboxylic acid-(p-
methoxyphenylester),
30 4 % trans-a-pentylcyclohexancarboxylic acid-(p=-

methoxyphenylester) and
11 % trans-l-p-propylphenyl-A-pentylcyclohexane

has a clear point of 61°C and a viscosity of 31 mPa-.s at
35 2009C.
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-Example B

A LC composition consisting of

8.2 % 4-(5-ethyl-1,3-dioxane-2-yl)benzonitril
3.3 % 4-(5-butyl-l,3-dioxane-2-yl)benzonitril
13.7 % 4-pentylphenyl 4-methylbenzoate
13.8 % 4-pentylphenyl 4-propylbenzoate
7.0 % 4-pentylphenyl 4-pentylbenzoate
4.0 % 4-propylphenyl a-heptylbenzoate
10.0 % a?pentylphenyl 4-heptylbenzoate
12.5 % 4-heptylphenyl 4-heptylbenzoate
11.0 % 4&-cyano-4-biphenylyl 4-ethyl-l-cyclohexyl-
carboxylate
2.5 % akcyano-a;biphenylyl 4'-heptyl-4-biphenyl-
carboxylate N
5.0 % a-propylﬁhenyl 4-(4-propylbenzoyloxy)-
benzoate
9.0 % Z—Fluoro-a-hentylphenyl 4'-heptyl-4-biphenyl-

carboxylate

has a clear point o% 62°C and a viscosity of 53m PaS at
20°C.

The properties of the LC compositions described above
(Examples A and B) in a twisted nematic cell are compared
in Table 1 with those of a commercially available LC
composition ZLI-2448-000 (E. Merck, Darmstadt, Germany).

(37
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.

From the results given in Table I it is clearly noted
that the LC compositions according to the invention
(Examples A and B) have much steeper electro-optical
characteristics (.

In addition there is a clear improvement of the
vieving-angle dependence of the contrast (8). The
achieved values ofa“ and B8 combined with the lovw
threshold voltage V90 allov to realize a dot-matrix
tvisted nematic liquid crystal display device
addressed by multiplex ratios of 1 : 100, using

commercially available driver circuits.

These devices shov excellent display performances

and practically acceptable operating life-time.
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Table I

Item Conven- |Example A Example B
tional |of this of this
example linvention invention

Y10,0,25 /Volt7 2,19 1,83 1,90

(threshold voltage)

y- Ys0,0,25™10,0,25 . 100 /% 7] 15,9 12,8 13,0

Y10,0,25 :

(steepness of the electro-optical

characteristic)

s -10,0,257"10,40,25 . 100 /%4 23,1 18,5 18,0

1
210,0,25*V10,40,25)
(viewing-angle dependence)
k33/kll (25°C) 1,12 0,82 0.92

Ratio of bend/splay elastic
constants, which mainly
determines the steepness of the
electro-optical characteristic.
The smaller the ratio k /kll’
the steeper the electro=dptical
characteristic.

L4
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Patent Claims:

1. Liquid ecrystal composition, characterized in that it
contains at least one compound of the formula I

R-Dia-Ph-CN I

vherein R is alkyl of 2 ta 5 carbon atoms,
Dio is trans-l,B-dioxane-Z,S-diyl and Ph is
l,4-phenylene, and at least one compound of each

of the following groups A to D:

RY-Cy-Ph-R2 A

vherein Rl and R2 are each alkyl of 3 to 5 carbon
atoms, Cy is trans-l,a-cyclohexylene and Ph is
l,4-phenylene,

R -Cy-Ph-Ph-R% B

vherein R3 and Ra are each alkyl of 2 to 5 carbon

atoms and Cy and Ph have the meanings indicated
above,
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R”-Cy-Ph-CN C

vherein R5 is alkyl of 2 to 5 carbon atoms and;_
Cy and Ph have the meanings indicated above,

7

R®-Cy-C00-Ph-0-R D

vherein R6

and R7 are each alkyl of up to 5 carbon
atoms and Cy and Ph have the meanings indicated
above, and, in addition in a total amount of 10 to
26% by wveight at least five compounds of the

formula E

R8-Pyr-Ph-0-R"" E

8 and R9 are each alkyl of 5 to 11 carban

vherein R
atoms, Pyr is pyrimidine-2,5-diyl and Ph has the
meaning indicated above,

or at least one compound of each of the following

groups F to K:

10 11 F

R*“-Ph-:00-Ph-R

10

vherein R and Rll are each alkyl of 1 to 7 carbon

atoms, Ph has the meaning indicated above,

12

R*“-Cy-C00-Ph-Ph-CN G

wherein Rlz is alkyl of 1 to 3 carbon atoms, and Cy

and Ph have the meaning indicated above.

L4
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RY?-Ph=Ph-CO0-Ph-Ph-CN H

vherein R13 is alkyl of 6 to 8 carbon atoms

and Ph has the meaning indicated above.

14

R —Ph-COO-Ph-COO-Ph-Rls J

14 15

and R are each alkyl of 1 to 5

carbon atoms and Ph has the meaning indicated

vherein R

above,

16

R -Ph--Ph-COO-PhF—R17 K

16 and R17 are each alkyl of 5 to 7

carbon atoms, PhF is fluorinated l,4-phenylene

wvherein R

and Ph has the meaning indicated above.

2. Electro-optical display device, characterized that

it contains a liquid crystal composition according
to Claim 1.
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