- 17- ' EP 0452460 Bl Description The invention relates to an

- electrooptical liquid crystal system- = which contains a dielectrically
" positive liquid 5 - crystal mixture and a further 2

transparent medi um between 2 el ectrodes™ whiTh are opt|0n§ I9 ﬁéﬁgpeﬁlto
substrate sheets, where the liquid crys- tal mxture is enbedded in the
optically trarnﬁwﬂ;it;rmdi umin the formof conpartnents which are separ-
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-the liquid crystal re I n e system can
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parent mediumis pridihe 9pfiqaddip transpanent gedigmmparticles. A
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crystal mixture essentially agrees with the refrac-
tive index of the matrix n, and/or in which the
quotient of the mass of the liquid crystal mixture
and of the mass of the optically transparent medium

20 is 1.5 or more, and

- which, independently of the polarization of the
incident light, has a reduced transmission in one of
the two switch states compared to the other state,
and liquid crystal mixtures used in this system.

25 Depending on the mass content of the 1liquid
crystal mixture in the system, this can be embedded in
the optically transparent medium in liquid crystal micro-
droplets which are separated to a greater or lesser
extent from one another or else form a more or less

30 coherent, continuous phase in which the optically trans-
parent medium is present, for exampIe  in the form of
particles. A continuous phase is also obtained, for
example, if the optically transparent medium forms a
sponge-like, 3-dimensional network whose pores, in which

35 the liquid crystal is located, merge into each other to
a greater or lesser extent. The expression liquid crystal
microdroplets here indicates small liquid crystal com-
partments separated from one another which, however, in
no way have to have a spherical shape, but can be



m crodropl ets here indicates small liquid crystal com partnents separated
from one anot her which, however, in no way have to have a spherical shape,
but can be -2- irreqgularly shaped and/or deformed. If the optically
transparent nedi umcontains liquid cryst & i crodr oplets, it is described
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example by 'drying. An appropriate process is described in

US 4,435,047. In contrast, the liquid crystal mixture is

first homogeneously mixed with monomers or oligomers of the

matrix-forming material in the preparation of PDLC films

20 described, for example, in US 4,688,900, Mol. Cryst. Liqg.

Cryst. Nonlin. Optic, 157, (1988), 427-441, WO 89/06264

and EP 0,272,585. The mixture is then polymerized and the

phase separation is induced (so-called PIPS technology;

polymerization-induced phase separation). In addition,

25 differentiation must further be made between TIPS

(temperature-induced phase separation) and SIPS (solvent-

induced phase separation) (Mol. Cryst. Lig. Cryst. Inc.

Nonlin. Opt. 157 (1988) 427).

_ The PN system (PN = Polymer Network) described in

30 EP 0,313,053 and EP 0,359,146 has a sponge-like network

" structure of the optically transparent medium. The

content of the liquid crystal mixture in the material of

the light-modulating layer is in general greater than 60%

in systems of this type and is, in particular, between 70

35 and 90%. In order to prepare the PN systems, a mixture of

the liquid crystal, monomers or oligomers of the material
forming the 3-dimensional network and a polymerization _

initiator, in particular a photoinitiator, is customarily

brought between ‘2 substrate plates provided with



structure of the optically transparent nedium The content of the liquid
~crystal mixture in the material of the light-nodulating layer is in general
greater than 60%in systens of this type and is, in particular, between 70
35" and 90% In order to prepare the PN systenms, a mixture of the liquid
crystal, nmononers or oligoners of the material formng the 3-dinensional
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15 light scattering effect is observed in these electro-
optical liquid crystal systems.

If no voltage is applied to the electrodes,
between which the matrix or the network is customarily
arranged like a sandwich, light incident on the statis-

20 tically aligned liquid crystal molecules is strongly
scattered and the system is non-transparent. On applying
a voltage, the liquid crystal molecules are aligned
parallel to the field and perpendicular to the B vector
of the transmitted light.

25 In the case of mcrodroplets matrix systems,
perpendicularly incident -light sees an optically
isotropic medium when voltage is applied owing to the
adjustment of n, and n, and the system appears
transparent. An adjustment is necessary in order to avoid

30 a scattering of the light at the matrix/liquid crystal
droplets phase boundary. EP 0,272,585 describes another
embodiment in which the refractive index n,, which the
liquid crystal exhibits at completely statistical
orientation, is adjusted to the refractive index of the

35 matrix n,. In this case, the system is transparent in the
field-free state, and it is converted into the opaque
state by applying a voltagé.

In the case of network systems « an adjustment of
the refractive indices is not absolutely necessary, as




225 7 In the case of mcrodroplets matrix systens, perpendicularly
“i'ncident light sees an optically isotropic nediumwhen voltage is applied
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15 systems of this type, the refractive indices of liquid

crystal and optically anisotropic matrix can be adapted-
to each other so that the transparent state is obtained
either with the voltage applied or switched off.

: Electrooptical liquid crystal systems according

20 to the preamble of Claim 1 have been especially proposed

for large-surface-area indicating systems, for architec-
tural applications (windows, room dividers, sunroofs
etc.) and for motor vehicles (windows, sunroofs etc.),
these systems also being suitable for temperature requla-
25° tion by virtue of controlled screening of the solar
radiation. They can be switched on by apply:.ng a direct
or alternating voltage. '
As these systems are, in particular, also in-
tended for "outdoor" applications, liqiu'.d crystal mix-
30 tures are required which are characterized by a high
clear point, high Ae', a broad nematic range, a favourable
tempei:atu_re dependence of the electrooptical paramters
‘[sic] and a high stability to UV and temperature.
Examples of other applications are:

35 - GH-indicating systems, the spectrum extending from
simple segment displays to displays, to which it is
possible to apply any desired electrode pattern
using conventional printing techniques.
Applications: motor vehicle, 1large displays,



El ectrooptical liquid crystal.systens accordi ng 20 to the preanbl e of
Claim 1l have been especially proposed for |arge-surface-area indicating
systens, for architec- tural applications (w ndows, roomdividers, sunroofs
etc.) and for nmotor vehicles (w ndows, sdmgaofs etc.), these systens al so
being suitable for tenperature regula- 25 tion by virtue of controlled -
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val ues of viscosit ab y to and erature are

required. In nink é‘lw etWenent cUS 993?6'#! meQYQﬂ)W"DGch xFQBEGsﬁ/er%f
cystomarily enpADMgr- Wi allkoRjeyahoBiphenyls and -terphenyls. Thus, for

example, US 4,688,900, RP 0,205,261 and EP 0,272,585

15  describe the use of liquid crystal mixture ES8 (prepared
by BDH, Poole, Great Britain). This 1liquid crystal -
mixture is distinguished by a high value for the optical
_anisotropy An of 0.247 and a relatively high value for
the flow viscosity 1 (20°C) of 54 mm?/s, but at the same

20 time has a relatively low clear point of only 72°C. If
' polynuclear polyphenyl compounds are added to the mixture

to increase the clear point, a higher value for the flow
viscosity 1 and an unchanged high or higher value for the
optical anisotropy An results. High An values admittedly

25 provide on the one hand for a strong light scattering in
the opaque state, but on the other hand they can cause a
clouding of the system in the switched-on state ("haze",

in particular "off-axis haze") and thus an impairment of

the electrooptical properties. Indeed, in systems which

30 are controlled by a relatively low frequency alternating
voltage, a high flow viscosity 5 is desired in order to
obtain a flicker-free display; however, on the other hand

in matrix displays having a high information content
liquid crystal mixtures having a relatively low viscosity

35 are required for the realization of rapid switching

times. :

The liquid crystal mixture E7 (prepared by BDH,

Poole, Great Britain) used in US 4,671,618, which also
consists of alkyl- and alkoxycyanobiphenyls and



al kyl - or al koxycyanobi phenyl s-and -terphenyls. Thus, for exanple, US
4,688,900, EP 0,205,261 and EP 0, 272,585 15 describe the use of liquid
crystal m xture E8 (prepared by BDH, Poole, Geat Britain). This liquid
crystal mxture is distinguished by a higg value for the optical anisotropy
An of 0.247 and a relatively high val ue for the flow viscosity [err]
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but at th he cl t T b
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t hus sonel®at shrésholdheoltagés oAndShighhto very high values for the
optical anisotropy An. At the same time, however, these
liquid crystale are characterized by a relatively high
viscosity 1, a relatively low clear point T, and a
working temperature range which is insufficient for many

20 applications. Moreover, cyanophenylpyridine compounds
have, inter alia, a lower stability to UV and temperature
than cyano-oligophenyl compounds.

The PN systems described in EP 0,359,146 are
based on 1liquid crystal mixtures which have a high

25 birefringence An of between 0.18 and 0.3 and a high
dielectric anisotropy Ae of between 15 and 30.

The liquid crystals used hitherto only inade-
quately fulfil the requirements for a broad nematic
range, a high clear point, a very high thermal and UV

30 stability, an absence of smectic phases down to low
temperatures, an optical anisotropy An and flow viscosity
n which are optimizable with respect to the respective
application and a high Ae.

In addition, the previous liquid crystals fre-

35 quently have too low a miscibility with the monomers
and/or oligomers of the polymer used for the formation of
the matrix or of the network, which considerably impairs
the preparation of PN systems and, in the case of micro-
droplets matrix systems considerably restricts, in



[erf] = 15.6. In order to obtain threshold voltages which are as small as

possi ble, still higher values for [err] are advantageous. 10 I n

EP 0, 313,053, liquid crystal m xtures for network systems are proposed

whi ch are based on 2-(4-cyanophenyl)pyridgngs. Liquid crystal mxtures of

this type indeed have relatively high values for the dielectric anisotropy
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15 extent.

The invention was thus based on the aim of making
available electrooptical 1liquid crystal systems and
liquid crystals which do not have the disadvantages
mentioned of conventional systems or only have them to a

20 relatively small extent. Other aims of the present
invention are immedidtely evident to the person skilled
in the art from the following detailed description.

It has been found that the aims on which the
invention is based can be achieved if liquid crystal

25 mixtures are used for the systems, which mixtures contain

one or more compounds of the formula I
Y

R1-Q! -
in which X
Q' is - -zl-(-@ -22-) -
30 - . - and -® - are independently of one

another trans-1,4-cyclohexylene, 1,4-phenylene,
2-fluoro-1,4-phenylene, 3-fluoro~1,4~-phenylene
and one of A! and, if 'present, A%, is also
pyridine-2,5-diyl, pyrimidine~2,5-diyl,



- parti cuI ar, the use of PI PS technol ogy. Moreover, the liquid crystals are
frequently characterized by too high a sol ubili ty in the matrix- or
Znetwork-form ng polymer. A further disadvantage of the previous liquid

crystals is 5

frequently that the |iquid grystal exhi bits unfavourable
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and i e i ndependently of one
X en;ﬂ énengz fl uoro-1, 4- phenyl ene,

3-fluoro-1, 4- phelnyl ene andiﬁ)rﬁepol‘ Ql{e?»r] and, if present, A[err] Is al so
pyridine-2,5-di Weith the providss Lhatdi vl .
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(1) the mass content of compounds of the formula I in
the 1liquid crystal mixture is at least 50%,
and/ox

(ii) the liquid crystal mixture contains no compound
of the fornmila I where W is F or NCS, and/or
(iii) the liquid crystal mixture has no compound con-
taining a nitrogen-containing heterocycle.
The invention thus relates to an electrooptical
liquid crystal system
- which contains a dielectrically positive liquid
crystal mixture and a further optically transparent
medium between 2 electrodes which are optionally
' applied to substrate sheets, where the liquid crys-
tal mixture is embedded in the optically transparent
medium in the form of compartments which are separ-
ated to a greater or lesser extent ‘from one another
or forms a more or less coherent, continuous phase
. in the optically transparent medium,
- whose liquid crystal molecules in the switched-off
state have an irregular orientation, |
- in which one of the refractive indices of the liquid
crystal mixture essentially agrees with the refrac-
tive index of the optically isotropic transparent n,
medium or in which the refractive indices of the
liquid crystal mixture essentially agree with the
refractive indices of the optically anisotropic



1, 3-di oxane-2, |

5-diyl; tetrahydropyran-2,5-diyl or naphthal ene-2, 6-di

~Z[err] and Z[err] are independently of one another a single bond,

~-CHerr]CHerr]-

-C0O, -0CO, -C=C, -CHerr]O or any 5

desi red conbi nati ons of these bridge gr oupg,~Y and X are independent
one another Hor F, and one of X and Yis also-d, W is -d,

-CFlerr], -OCF[err], txh 52&&‘1: gedidlSand/errin which theaguptienti ng

Catoms i n whi

| so. be repl aceglhb;;n%b9 ”H@fcﬁhe mfomﬁf%% %d%gu ﬁte

pr\cﬂl sos that (i)

the liquid crystal rrgé% re is at |east 50% and/or (ii) the liquid
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%%Ce .t.[!%rsls E%E-S”Lug Smary mode of construction is in this
case broadly interpreted and includes all adaptations and
modifications.

| ess
ose

35

Thus, for example, in the case of PDLC or NCAP

films, the matrix formed by the transparent medium in

which the liquid crystal mixture is microdispersed or -

microencapsulated is arranged between conducting elec-
trodes like a sandwich.

The electrodes are applied, inter alia, to
substrate sheets of, for example, glass, plastic or the
like; if desired, however, the matrix can also be
provided directly with electrodes so that the use of
substrates can be avoided. - .7

In the case of network systems, the liquid
crystal is located in the pores of the sponge-like,
3-dimensional network or the optically transparent medium

is located in the form of small, for example spherical, -

particles in the liquid crystal. The network is
customarily arranged between substrates provided with
electrodes in order to prevent escape of the liquid
crystal.

Both network systems and microdroplets matrix
systems can be operated reflectively or transmissively so
that at least one electrode snd, if present, the
associated substrate are transpare_nt. Both- systems
customarily contain no polarizers, as a result of which



~mediumor in which the refractive indices of the liquid crystal mxture

‘tessentially agree with the refractive indices of the optically anisotropic

transparent medi um and/or in which the quotient of the mass of the liquid
crystal mxture and of the mass of the apygcally transparent nediumis 1.5

‘or nore, 5 - whi ch, independently of the polarization of the-incident
light, has a refiatigctlyikEghet 1ightctoanbiitsbion Sréscits! Anestkerpar ed
to the other stateé and - H%ie I|1 ui d cr st al contal ns ogi gr m)re
compounds 10 WOré, ;po; prip an) r C

eléctroopti cal conmpideralhls dedumﬂ.eﬁcad.csmpmgﬁoatimm :buethe groduc~

The term cust ortatgn itk cEATH ARFFe GO Wil Ghpvai Rt pdqhta’ PO
i nt er pret ed andrystak aystiemes snchaiaison £oxn exapple, cBNi onsST¥heellser
exanple, in the case Ofl%fch th?a: CAGrT 1¢He . 3-amiRbibhalOr ABEwSYK ! Nire

transparent ne | |d crystal mxture I s m crodi spersed or
20 microéncap 30 o PAFRARH &"E'Wee‘ﬂ;/ ARRIIGRIS | hermopipsticae 5

?andw ch. | The aﬂfemdx&is mastﬁ.ﬂbl eldn?(l rénfswmas.g oDpepeadinge abﬁewe of ,

or exanpl e, st [ | e tr| X
can al so be 25 ‘a'ﬁfﬁ»%% c#& Rti tﬁuﬁ ﬁr’}(ﬂ% sﬂ%ﬁe o@
~substratesl®an ih:dhieieceldstxdﬁ@maé.gxdf. network systens, the liquid -
crystal is located in theg e oA 9ER ol Fk
or the optically trans£r eﬂ?igﬁ BL'SL &P Q F %lgsg%ﬁegﬁimgf rl"ggnd\allol

for exanpl e spressidar bq)adqtm M tim,e |4q1u;q;x of & mechpndicad; ahress
"’ at temperatures which are greater than the glass tempera-

ture of the matrix. This can be used, for example, in
15 microdroplets matrix systems in order to freeze a speci-
fically deformed shape of the droplets by cooling the-
matrix to temperatures below the glass temperature.
Furthermore, for example, the matrix can be mechanically
stretched at temperatures above the glass temperature or
20 orientated by the action of electrical or magnetic
fields, this orientation, which is maintained at tempera-
tures below the glass temperature, causing optically
anisotropic properties of the matrix.
' While flexible and/or elastic systems are prefer-
25 ably based on thermoplastics and/or elastomers, thermoset
polymers are preferably used for the producti&h of rigid
systems. These can be deformed mechanically,' for example,
during hardening, the shape and arrangement of the
microdroplets, for example, being fixed in the hardened
30 matrix. _ _ |
In the literature, there are various details
about materials particularly suitable for the production
of the matrix or of the network. Thus, for example, in
US 4,435,047 or in Liquid Crystals, 3, (1988) 1543,
35 water-soluble polymers are proposed, such as, for
example, polyvinyl alcohol PVA or latex-like emulsions.
In US 4,671,618, US 4,673,255, US 4,688,900, WO 85/04262
and in Mol. Cryst. Lig. Cryst. Inc. Nonlin. Opt. 157
(1988) 427, on t.he. other hand synthetic resins such as,



customarily arranged between substrates provided with el ectrodes in order

s to prevent escape of the liquid crystal. 35 ~Both network systens
“and. microdroplets matri x systenms can be operated reflectively or
transm ssively so that at |east one ealqgqtcode and, if present, the

associ ated substrate are transparent. Both systens customarily contain
no polarizers, ago@ efakplep’ epbik§hresindland Wwﬁﬂu&dﬂ(}hﬁiﬁhghfor

transm ssion results. Further- nor no_orient ation I
ich is a consiekAmBles (aTe nﬂ‘%ﬂ?@a‘ £iERi %‘?o@gﬁgﬁiﬁn of
t heSe systens cmﬁd vmtbermuentlman 21Mﬁ5hmﬂesymxuc¢ras

based Tn par t'?%ﬁ‘?%*“‘Cﬁ%%ﬂ%f?rﬁf%%“?ﬁe?m?%%ﬁﬁ‘“‘%ﬁ%ﬁmset > as?f cs

and el astoneSs. @nbeWOi ag/gﬁzsﬁemeﬁeedcwpamsﬂzsﬁ [sded
obtai ned can bf’uﬂ@tioﬁikaérfla éSébﬁtﬂniwﬂulﬁmﬁam eﬂe.eea

t hernopl asti c pol ymer- can easi e de or ne, |on of. chanl cal

stress at tenper'é%%?esom%ﬁl%‘é- P‘HM “F@nﬂgﬂ'gagiﬁrelﬂf

thet matrix. Tgl Sﬁﬂ::c.b@lhlf?choi %t@imyetems dfe foind, ib&pbﬂhﬂplfgf,rinlx t

systens in order z e ets

by cooling the kigg 6@%%&&!9 #ghé%{]gﬁgﬁ a?ﬂ?@s 26%.

_ Furthermoremfgr exarml erotheheaproducbhomeofrenem::laltysm; chcpumber  --
tenperatures aboyg t e t e on
of electrical orxﬁagfna%q%qﬁgp %ﬁ%&g%ﬁ*ean"gf?l g%hb&%%gh%éﬂm}a%t a??\é

tenpera- tures bexampleée gidiss tander Amiasrylatesng arei c meniiomedy: r im c

pg/pertles of thgpnglsyxs, o¥¥ile flexible and/or eI astic systens are prefer-

ably based on t her m)gl agéil.tison n /ot‘)’revglrc’:ls‘t:t sl atnf;%rar”g%% materials

15 such as, for example, inorganic oxide glass monoliths
(Us 4,814,211), other inorganic materials (see, for -
example, Japanese Laid-Open Specification 303325/1988)
or, alternatively, other materials can also be used for
matrix and network systems.

20 The materials mentioned are intended to
illustrate the invention only by way of example, but
should in no case limit it. In principle, all transparent
materials can be used which permit the production of the
matrix or network structures described according to the

25 - preamble of Claim 1. |

Preferred embodiment [sic] of the electrooptical
liquid crystei systems according to the invention are
NCAP films, PDLC films and microdroplets matrix systems
produced by modified processes. Processes for the produc-

30 tion of these films are described, for example, in
US 4,688,900, Us 4,673,255, US 4,671,618, WO 85/04262,
Us 4,435,047, EP 0,272,595, Mol. Cryst. Liq. Cryst. Inc.
Nonlin. Opt. 157 (1988) 427, Liquid Crystals, 3 (1988)
1543, EP 0,165,063, EP 0,345,029, EP 0,357,234 and

35 EP 0, 205 261. -

A further preferred embodiment of the electro-
optical systems according to the invention are the
network systems whose production is described in
EP 0,313,053. Included in the network systems here are



“polynmers are preferably used for the production of rigid systens. These can
.be deforned nechanically, for exanple, during hardening, the shape and
-arrangenent of the microdroplets, for exanple, being fixedin the hardened
30 matrix. In the literature, there amel@aki ous details about materials
particularly suitable for the production of the matrix or of the network.
Thus, for exanpaksoi arangehentes Awrwhichi dihied Eranspasent, meditds)is 1543,

35 wat er - sol ubl S e Prero sugh p I
ol A or THPRSAPRC BT, EhENCR6n BF) BlaivhindtoTEqy %@ﬁ%
88 900, V\D wmmxlndpmti@les d.ystheLﬂ.é,guﬁdys:u:ystn&, wcch as Chs. 157
(1988) 427, % fim M Qr &8 ris4§|2<:|§5§s for exarrple
epoxy resins and polyuref hanes I'C for exarfpl e, aret |y cured are
menti oned a3 suitabl e nEQWE¥eRg:in; additipnaiso 1o sﬂ%‘{%é‘ rkg iof or
network nateri ai:Ee bmuﬁidmohﬁﬁurﬁi&hddeEnC@mmdthi toanspir &Pt 06264

proposes copol y zed ic] of | ti ct | onal | at cont ai ni.ng
mul ti funeti onal *‘ hLF ﬁJs m&uﬁt%#&h Ebﬁ? B % g‘?%:ﬂ
suitable, in astruul:ure bnr that one sidlecrandirthd am:ntodmpb@smhwtru EP

0, 165, 063, EP O ?n %gﬁ o&%@% 205, 261. 10 For the

producti on of n 2o dlnen3|onal crossli nkabl e

nmononers sl@h as, for ellanﬂ@}ti@h other embodimentsof sthe imvestion |n-
55 0f g}Begg?rpl la | ﬁg*%am C @W*‘ggﬁg{on | thsi?ggt %ﬁ& 1 1gt herCh
.inorganic materials (scthef Bhe selegtroapicie é!‘Y‘F tems dn
303325/ 1988) orzsaéﬁetmirﬂbjyehﬁ&wrtmrtﬂn ch @d-mha:lmcli.éﬂi aatrix
and net wor k' SyS{EiBanéla voltage v, WnidR' £’ & *10v°s ' SOSELELS Thil Snded
15 for example, layer thicknesses of 0.8 and 1.6 mm are
- reported in US 4,435,047, while values for the layer.-
thickness between 10 'pm and 300 pm are given in
US 4,688,900 and between 5 pm and 30 pm in EP 0,313,053.
The electrooptical systems according to the invention
20 only have layer thicknesses d which are distinctly
greater than a few mm in exceptional cases; layer thick-
nesses d < 2 mm are preferred. '
The threshold voltage is also influenced by the
'size of the microdroplets or the mesh width of the
25 network. Generally, relatively small microdroplets cause
‘a relatively high threshold voltage V,,, but relatively
short switch times t,, or t . (US 4,673,255). Experimental
methods for influencing the average droplet size are
_ described, for example, in US 4,673,255 and in J.L. West,
30 Mol. Cryst. Ligq. Cryst. Inc. Nonlin. Opt., 157 (1988)
427. In US 4,673,255, average drop diameters between
0.1 pm and 8 um are given, while, for example, a matrix
which is based on a glass monolith has pores having a
diameter between 15 and 2,000 A. For the mesh width of
35 the network of the PN systems, a preferred range between
0.5 and 2 um is given in EP 0,313,053.
An _ essential difference between the
electrooptical liquid crystal systems according to the
inveni;ion and tlgése customary hitherto exists, however,




illustrate the invention only by way of exanple, but should in no case
Jimt it. In principle, all transparent materials can be used which permt
t he. production of the matrix or network structures described according to
the 25 preanble of aim1. Preferred enkoggnent [sic] of the

el ectrooptical liquid crystal systens according to the invention are NCAP
films, PDLC fil nim atise rligwill eatystal aiixtarey seeds produced by nodified
_processes. Processes for, e i 0 f these fil ar
described, for exanpl e, ?lw %Rg&g'gB 5‘&61:{]; E-"%‘g!% 7985 & ‘ﬁ?@ﬂl g?B the
85/04262, US 4, mmomlednm.n a&51eabt oxe \compdund ofr the. formlalan i n.

Pl rol 1208 420, b ke iy of GRS BTz 151 Bl 3015, pold

enbodi nent 05 th%' ng idieleghmically, positivecor dibelectyimal Iy mentrakr
the network syslciifipdilig o Ahie 'wubi-fofailIne! 1950x5Nahll 4§13, 053. | ncl uded” -

in the network systens here are - --al sogarrangenents in which the
transparent nmediumis dispersed in the for of individual, for

exanpl e spherical, particles in theJdiquid stal, such as is described,

for exanple, in.GB 1, 442, 360. 53‘-@-2‘ , 1n addition also those
enbodi nents of the invention are i ed | i ch the transparent um
has a structure which |ies between the networRestructure on the one S|de

and the mcrodroplets matrix configuration on the otheyyside. 10

In addition, other enbodi nents of the.inve

here are al so i ncluded. The thi 1‘.

plicitly nentioned
customarily chosen to be small in \

gt i cal systens d is

Vlerr] which is as |ow as possible. Thus, X
10 In the compounds of the formula [sic] I2-I4, X

and Y independently of one another are H, F or Cl, but in
particular H or F. Preferably, the compounds of the
formulae I3 and I4 contain not more than 2 and, in
particular, not more than 1 heterocycle. In the compounds

15 of the formulae I3 and I4, one of the bridges 2! and %2 is
preferably a single bond.

In the compounds of the formula I and the sub-
formulae of the compounds I2-I4, R' and R?, if present,
are independently of one ‘another alkyl having 1-12

_20 C atoms, in which one or 2 non-adjacent CH, groups can
also be replaced by -0- or -CH=CH-,

If R! and/or, if present, R? is an alkyl radical
and/or an alkoxy radical, this can be straight-chain or
branched. Preferably it is straight-chin, has 1; 2, 3,

25 4, 5, 6 or 7 C atoms and is therefore preferably methyl,
ethyl, propyl, butyl, pentyl, hexyl, heptyl, methoxy,
ethoxy, propoxy, butoxy, pentoxy, hexoxy or heptoxy, or
further methyl ([sic], octyl, nonyl, decyl, undecyl,
dodecyl, octoxy, nonoxy, decoxy, ﬁndec_oxy or dodecoxy.

30 Oxaalkyl is preferably étraight-chain 2-oxapropyl



.15  for exanple,

| ayer thicknesses of 0.8 and 1.6 mmare reported in US

4,435,047, while values for the | ayer thickness between 10 [err]m and 300
“[err]mare given in US 4,688,900 and between 5 [err]mand 30 [err]min EP
0, 313,053. The el ectrooptical systens aceondi kg to the invention 20 only

have | ayer thicknesses d which are distinctly greater than a few nmin
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I,45a- 7Leaf]n319-8-eny1, c-?.- 5 cogr-pou[u 50 f tg] ¢

7-, ‘8= or. dec-s-enyl.

In the compounds of the formula I, the radicals -
R' and/or, if present, R’ can be straight-chain or
branched; however, they are preferably straight-chain.
Compounds of the formula I having branched alkyl or
alkoxy radicals can occasionally be of importance owing
to a better solubility in the customary liquid crystal-
line base materials, but in particular as chiral dopants
if they are optically active. Electrooptical systems
according to the preamble of Claim 1, whose 1liguid
crystal contains one or more chiral componentl,' are
described in DE 3,911,255.1. !

Branched groups of this type as a_ rule contain
not more than one chain branching. Preferred branched
radicals are isopropyl, 2-butyl (= -l-methylpropyl) ¢

'isobutyl (= 2-methylpropyl), 2-methylbutyl, isopentyl

(= 3-methylbutyl), 2-methylpentyl, ~ 3-methylpentyl,
2-ethylhexyl, 2-propylpentyl, 2-octyl, isopropoxy,
2-methylpropoxy,  2-methylbutoxy, 3-methylbutoxy,
2-methylpentoxy, 3-methylpentoxy, 2-ethylhexoxy,
2-methylhexoxy, 2-octyloxy, 2-oxa-3-methylbuty1,
3-oxa-4-methylpentyl, 4-methylhexyl, 2-nonyl,
6-methyloctoxy, 2-methyl-3-oxapentyl and 2-methy1-3-oxa-
hexyl. : :
The compounds of the formula I are prepared by

8 ti_err]3_( US 44, 673_255%_ Ex.perlé?nt al

157 (14936) asd/or ) LEpredulit, 298, s s GLEFDIELAESH ©1



and Y independently of one another are HH F or C, but in particular-H or

- F. Preferably, the conpounds of the fornmulae 13 and |14 contain not nore

than 2 and, in particular, not nore than 1 heterocycle. In the conpounds 15
of the fornulae 13 and 14, one of the bLigiges Z[err] and Z[err] is
preferably a single bond In t he conpounds of -the formula | and the sub- .

fornul ae of th&éwaaw - | RE%”]BI%KI ster&e 'Jed&frw iﬂrethe

|ndependently one anoth 12 20 tonB [ i ch one
of 2 non-adj ac &%pgxﬂ% g'g #{3‘ Vc\,&—&!ﬂ—#

rr] and/or, 'duhuxmyu Mbhensder ekg;hiseﬂcnachm&omahdiw

radical, this tr n or I
strai ght chai n %@)4 Sﬂéfgcﬁﬂ?gt g‘ﬁ S ore
pr ef er abl y Sret I’Kﬂl- dithy | p. pB6Pyet Bedyl, éanmrtimlyr m\gzymemim

et hoxy, pr Opoxxeodaatﬂ%s %&Eﬁxiire*’ﬁfw did Beltakle £6rithé KadBidhd
[sic], _octyl, naonyl; yl',_ . undecyl, g‘gdecyl , oct oxiyononoxy decoxy,

undecoxy or domneﬂ) In this cenperkion; suse FaR.H in
2- oxapr opyl variants wowﬁebbylwhmir are s6OOMEACIGHed here in
3-oxabutyl (= 2-net ni?%/ﬁéhy 2- - or 4-oxapentyl, 2-, 3-, 4- or

5- oxahexyl , 2- oLk or 6- oxaheptyl 2-, 3-, 4- 5-, 6- or
7-'oxaocty|10 2- 3-, Particularly , pré:‘.eruedS is8- nxasle grours- ,0fl-,

5-, 6-, 7-, IW%.“A fsug-?ogm Qd&gr i f prl‘esent Rlerr] are an

al kyl rad| caI [err] group 1S replaced b CH=CH, this can be

strai ght-chain or branch I bI | hai n and has 2 to
10,C atoms. It is theref @'£ Z‘TS’S- 'aﬁroplg- or
prop-2-enyl, but- 1- - or bur¥3- enyl,Ppent-1-, N\ 3- or pent-4-enyl,
hex-1-, 2-, 3-, 4- or hex 5-enyl, hept-1-, 2-, 3-, .X‘ 5- or hept-6- enyI

oct-1-, 2-, 3- iul-whfeh 6- or oct-7-enyl, non-l-, 2-, 3-,

(B

15 Q independently of one another -are 1,4~
cyclohexylene, 1,4-phenylene, 2-fluoro-l1,4-phen-
ylene or 3-fluoro-1,4~phenylene and

X! is Hor F

and the following combinations Nos. 1-5 apply to n, 2°
20 and 2%

No. n 2? (sic] 23 [sic]

1 0 single bond. - -

2 0 ~-CH,CH,~ -
25 3 1 -CH,CH,- . single bond -

4 1 single bond -CH,CH,~

5 1 - single bond single bond

For the sake of s.i.mplic:.ty, in the following Cyc

is trans-1,4-cyclohexylene, Phe is 1,4-phenylene, Phe.2F

30 is 2-fluoro-l,4-phenylene, Phe.3F is 3~fluoro-1,4-pheny-
lene, Phe.F2 is 2,3-difluoro-1,4-phenylene, Phe.3F5F is
3,5-difluoro-1 +4-phenylene, Phe.F is 2- or 3-difluoro-
1l,4-phenylene, Pyr is pyrimidine-z 5-diy1, Pyd is
pyridine-2,5-diyl, Dio is 1,3-dioxane—2,5-diy1 and Thp is

35 tetrahydropuran-2,5-diyl [sic). The acronyms Pyr, Pyd,
Dio and Thp in each case include ‘the two possible



4-, 5-, 6-, 7- or non-8-enyl, dec-1-, -2-, 3-, 4-, 5-, 6-, 15 7-, 8- or
;i'=;dec 9-enyl. In the conpounds of the formula I, the radicals R err] and/or,
if present, Rlerr] can be straight-chain or branched; however, they are
preferably straight-chain. Conpounds of #hgefernula | having branched al kyl
or 20 al koxy radi cals can occasionally be of inportance owng to a better
sol ubi | : ty in Hpoc:lw:lml Vi somipit e} wheshdmibu;nlelfbehe sai-enyahsrhbuzcw |
partrcu ar as chira apeoptjcally a ect .0 a
yist ens accor di ?b3#eag$‘ga%}%eg Fﬁg bi s@vﬁﬂd&&% %m 1‘9'
h‘t’al ns one or meapptoptictmrﬂmnimateﬂ d,de-shaﬂyd.énengbﬁuppgll 255 1.
Branched gr oups of thrs enta, anygne
br anchi ng. Preferred brancﬁ éﬁﬁg%‘ﬁc*aqs 8are |soprop rﬁm}lgb %[Q iﬁgfﬁ&e
1- net hyl prop¥! ) ,2-s0ing| compopnds; ofewhichr haose O£ mysbérwmlae

i sopentyl (- 3-npadwyi butyad-6 .x.?gﬁmﬁmtyl 3-met hyl pentyl
2- et hyl hexyl , 2- propyl pentyl, octyl | Sopr opoxy, 2-nethy|propoxy,
2- met hyl but oxy, Ri+RidmPheuBFxCN 2- net hyl pent oxy, 3- net hyl pa2rtbxy,

2- et hyl hexoxy, 35 - et byl h y 2- oct yl oxy, 2- oxa- 3- ?Jéuy butyl,
3- oxa- 4- et hyl pent yﬂg Phe ?—"’ﬁe%ﬁh@yl, 2-nonyl , 6-methyl oct 2

2- et hyl - 3- oxapentyl and 2-net hyl - 3- oxa- hexyl . The conpounds 3 3
fornula | are prepaltttCveyCH, hea3F-@hown per. se, such as ar &38&3cri bed --

:Vlre]tthhg Ilger atolr”e ( or exapﬁzebg%ﬁtsaggagj wor ks’ sgh ast H‘i)kﬁeﬂ eyl ;|
oden der gani 3i% T gani c em str

Geor g- Thi ene- Ver | aga,_%g_% {;1 Vol . I X, p. 867 et seq.), iya2pegrticular
uQder reaction condi'tions i'Ch are known and suitable for the reactions

menti oned. In this RomOyesPhen3FSBe«Mtan al so be made of variant JaRnGwn per
se which are not nentioned here in
-In the compounds of the sub-formulae Ia2-1 -

Ia2-6, R has the meaning given for the compounds of the-
formnlae [sic] I. R! is preferably alkyl, alkenyl or -
10 alkoxy having 1-10, but in particular having 1-8 C atoms.
n-Alkoxyalkyl compounds and, in particular, n-methoxy-
alkyl, n-alkoxyethyl and n~-alkoxymethyl compounds are
additionally preferred. Liquid crystal media which
contain compounds of the formulae Ia2-2, Ia2-4 and Ia2-6
15 have particularly advantageous values for the dielectric
‘anisotropy. In the compounds of the sub-formulae Ia2-1
and Ia2-2, Phe may also in each case independently of one
another be laterally fluorinated. g
The compounds of the sub-formula Ia include
20 3-ring compounds, of which those of the sub-formulae
Ja3~-1l - Ia3-16 [sic] are preferred:

R}=Cyc-Phe~CH,CH,~Phe . 3F-CN Ia3-1
- R1-Cyc-Phe~CH,CH,~Phe . 3F5F-CN la3-2
R'-Cyc-Cyc-CH,CH,-Phe .3F-CN : Ia3-3

R!~Cyc-Cyc-CH,CH,~Phe . 3F5F-CN Ia3-4



~nore detail. 10 Particularly preferred is a small group of
. conpounds of the sub-formula la [err] in which [err] and 15 -
- [err] independently of one another - are 1, 4- cycl ohexyl ene,

-1, 4- phenyl ene, 2-fluoro-1, 4-phen- ylene or3$-41 uoro-1, 4- phenyl ene and

“Xerr] is Hor F and the follow ng conbinations Nos. 1-5 apply to n,.
Z[err] 20 and Z[err]:_ No. n Zlerr] [sic] Z[err]
[sic] 1 0 si ngl e bond -2
-gr—}err]CI—l[err]- - 25 3 1 -CH[err&CH[err]-
siYigl e bond 4 R} -Cyc-CHiCH;FBhércPie . 3F-CN -CH err] CH &®8Y5 5
1 singl e bond '

. _ singl e bond For the sake of si I‘jgt_:éty, in -
the following Cyc i RirCussLQAcPhedthecdFeReMNphe i s 1, 4- phenyl ¢A27O Phe. 2F

30 is 2-fluoro-1, 4:phenylen he.3F lase_RAgf | UOr 0- 1, 4- pheny- | .7 Phe. F2
Is 2,3-difluoro-1, 44%th§}(§@2|5§€°§523?5 , 5-di fl uoro-1, 4- phegg e%e,

Phe.F is 2- or 3-difgdledQ-est.cdr D SFSF is pyrimdine-3a3=giVyl,
Pyd is pyridine-2, -d?’?%‘é{zi E’?ﬁuﬁgﬁ& oxaﬁg?Z,S-di yl and Thp ?s 35

t et rahydropur an- 2, 5-gli-phef-Phé+Phel.3F-gNr onyns Pyr, Pyd, Dio and Iap-9n each

case include the two possible -16- positional isoners; the n?gsgﬁ? of
the acronyms Phe. 2CR'-Phe-Ble-Phe,3FSFT and Phe.d is evident 3BPot¥t hat

of the appropriate f%’%@ﬂé@%ﬂe.ﬁmnyl ene groups. The conpoupgds-pf the -~

sub-formula Ia include ring conpounds, of which those of the

sub-fornmul ae | a2-1 -R¥£9c6Phe<Phe SFSFr-CH .. Ia3-12

v R!-Cyc-Cyc-Phe . 3F-CN | Ia3-13
R1-Cyc-Cyc-Phe, 3FS5F-CN : 1a3-14
R}-Phe~-CH,CH,~Phe~Phe .3F-CN I1a3-15
R1-Phe~-CH,CH,~Phe . 3FS5F-CNN Ia3-16 -
Ri~Phe-Phe~CH,CH,-Phe . 3F-CN - Ila3-17

Ri-Phe-Phe-CH,CH,~Phe . 3FSF-CN _ I1a3-18

In the compounds of the sub-formulae Ia3-1 -
Ia3~-18, R! has the meaning given for the compounds of the
formula I, but preferably R' is n-alkyl, n-alkenyl or
n-alkoxy having 1-10 C atoms, and in addition also
5 n-alkoxymethyl or n-alkoxymethyl having 1-18 C atoms.
Very particularly preferred compounds of the
formulae Ia3-1 - Ia3-18 are those in which R! is methyl,
ethyl, propyl} ‘butyl, pentyl, hexyl, heptyl, octyl,
methoxy, ethoxy, propoxy, butoxy, pentoxy, .hexoxy,
10 methoxymethyl, ethoxymethyl, propoxymethyl, butoxymethyl,



Rl err] - Phe- Phe. 3F-CN - l a2- 1

. Rl err]-Phe-Phe. 3F5F- CN . ' | a2-2

. Rlerr]-Cyc-CH err]CH err] - Phe. 3F-CN | a2- 3
Rlerr]-Cyc-CH err]CH err]-Phe. 3F5F-CN  « 18 = | a2-4
R err]-Cyc-Phe. 3F-CN | a2-5

Rl err] - Cyc- Phe. péittotimethy 1, mthoxyethyl, ethoxyethyl ) npt&pozyeﬁbyhpls of
t he sub-fornulﬂ.%JFaZ 1 légi err% als t he neani ng given for the
c ounds of t [%o?eq q‘l} is preferably al kyl, alkenyl or’
al koxy having 1- 101nbthe|¢oqpmmdmlafr thavrfngmlaeaaﬂolns- Ia3-18,
n Al koxyal kyI | | Y, !ﬁ&g et hyl
and n-al koxy @%%%%nr%sy airhe (ft(yl ﬁ*os%; re gé?eﬁ%{léﬁle fs?%%lll
nmedi a whic conbau }aterably Elugrinatedy i doudar mponaflveri
have particularly advar@mew&hags Jprtgaef@tﬁhgat i aRd5 OO .Ln the
.conmpounds of the, sub-for and n gﬂgg:! i
i ndependently o¥i® %ﬁ%é%&m F? T%uoiﬁ%ﬁﬁ%h@g'g f the
SUE ;or rru: ala %f‘| mg(g ?hr]ggstonpmf dskncginwandh hhesepnéférebly
su ornmul ae 1a3-1 1 el gLiedired in 209,178
Rl err] - Cyc- Phe-RETRPF %H aﬁ] w es @ PE 3¢ '
Rl err] - Cycl®he- -IPI[&T}@{%EH DEn3,9R97418, JP 63-216,858, BB-3,401,320,

] 3 -
R[C§Lr]cycq,g:|—|[%frf ;Hﬁﬁger]gﬁh@ 852Ch11, Ep O, 205,998 i, 13[ 6‘15&

‘Rl err] - Cyc- CH| kiFulnE min DE 3,929,418. | a3-5
g[jr r]-Cyc-CHer r] CH err.iqme chpstal Shikbhres which contain a&:xﬁpounds
e

)90 Ol ot Bl Sy, partioutar, of W) formilae
Rl err] - Phel%he- I&@-BF—C&!&-S and Ia3-1 - Ia3-18 atqmt:.cularly suit-
1] e The e SOE b 1n tectzoopeiont. sysidlh Shogritas 8o Yhe.
3F5F- CN invent:.on and arp;diptinguished by advantageous va lues
for the birefringence An and the flow viscosity 1, a high
stability, low miscibility with the polymer used for the
20 matix [eic] and, in particular, by a broad mesogenic
range, a relatively high clear point and advantageous
values for the dielectric anisotropy, the threshold
voltage and the temperature dependence of the electro-
‘optical parameters.
25 . The liquid crystals used in the electrooptical
-liquid crystal systems according to the invention prefer-
ably contain 1-40%, in particular 5-30%, of compounds of
the sub-formula Ia and, in particular, of the sub-
_ formulae Ia2-1 - Ia2-6 and Ia3-1 - Ia3~18. The liquid
30 crystals preferably contain 1-5, but in 'particular 1-3,
compounds of the sub-formmla Ia and in particular of the
sub-formulae Ia2-1 - Ia2-6 and Ia3-1] - Ia3~18.
Liquid crystal mixtures are - particularly
preferred which, in addition to compounds of the sub-
35 formula Ia, are based on compounds of the formulae II-IV.
T-Wi-Phe-CN | o B ¢
R-Wi-Cyc-CN 111
T-V-Phe-CN . v



R err]-Cyc-Cyc- Phe. 3F-CN o la3-13

‘Rl err]-Cyc-Cyc-Pbe. 3F5F- CN | a3- 14

"R err]-Phe-CH err] CH err]-Phe-Phe. 3F-CN ' | a3- 15
Rierr]-Phe-CH err]CH err] -Phe. 3F5F-CN . 19 - | a3- 16

"R err]-Phe-Phe-CH err]CH err]-Phe. 3F-CN | a3-17

Rl err]-Phe-Phe- ¢4 ghibgH err] - Phe. 3F5F CN la3-18 In the
conpounds of the sub-fornul ae,la3-1 - 1 errl has the anl ng .qi ven
for the conpoun®s of thd¥r SAGH gape BF@&?PE% k[@PF] apg an

n-at’kenyl or n-al koxy halkygld gréﬁpaxavbng 1«18l C ratnik,t uanwhisﬂt bne or
n- al koxymet hyl or n-al k 1 O Ry

preferred conpounds of ?ﬁéﬁ%ﬂnhfﬁ@%ﬂg éﬁ %@%%8 e se |n %E"
Rlerr] is mBthyl, ethyl bypFOpyl ~COt apd/or ;x@R9CH, hexyl, heptyl, octyl,

~ nmet hoxy, et hoxw propQyy hebxg- Xy OIDW hexoxy, 10 met hoxyrret hyI A
et hoxynet hyl , pr Qpoxymet, hyF § pent oxypnet hyl , met hoxyet hyl

et hoxyet hyt, pr &poxyet hi+&, 8 §EBg)8t H;P or'ﬁ%‘foﬂfle? ~ In the conpounds of
the fornulae lag 1 - Ia;{glg?rﬂzagne&muasdm or pycimidiye-2yEtiylent |y of

one anot her 5 be | at eral,l na i nof l uori nated. The
conpounds of thg‘ f or mul d"y aﬁaﬂ‘ﬁ’lt(gg"! {}?‘pfﬁ?ﬁ% ?a e fornulae la2-1 -

| a2-6 and [143- 1Phe|.e(l')18.sarelihphényl&ugesthﬁluokmMMkelp#ef oxabl y-
prepared by the nethods ed kD 178, - 10 JP 62-103, 057, DE
3,929, 418, JP 63-216, 85 ?&B&Q 81“358&%53%&119 756, DE 3,632,411, EP

0, 205,998 and, iIm bhe compoundsh\of hthe fermulseo Xi-iMy hﬁu#&r&i}wm

M xfures whi Ch KETRP UsalR a sbhsef ¥oHe-2 d ADfluodrinetéd Ciha3-

2bie for Use .lﬁanfarr #o-m%% ou, B¥. B A RAFLIGT o i %Wni’“gie
di stingui shad by-o@d=ant ageous vaI ues for the birefringence An and the flow
viscosity [err], a highm,g compounds of the formulae II-IV are either.-
' known and/or are prepared by methods known per se, as are
described in the literature (e.g. in the standard works
such as Houben-Weyl, Methoden der Organischen Chemie
20 [Methods of Organic Chemistry}], Georg-Thieme-Verlag,
Stuttgart Vol. IX, p. 867 £f.), namely under reaction
conditions which are known and suitable for the reactions
mentioned. Use can also be made in this case of variants
which are known per se but not mentioned in greater
25 detail here.

The content of the -component mixture consisting
of one or more compounds selected from the group of
compounds of the sub-formulae [sic] Ia and in particular
of the sub-formulae Ia2-1 - Ia2-6 and Ia3~1 - Ia3-16

30 [sic]), and one or more compounds selected from the group
of compounds of the formulae II-IV in the liguid crystal
mixtures used in the electrooptical 1liquid crystal
systems according to the invention is preferably 15%100%,
but in particular 25%-100%. The component mixtures, in

35 addition to one or more compounds of the suh-fomula Ia
and in particular of the sub-formulae Ia2-1 - Ia2-6 and
Ia3-1 - Ia3-16 [sic], particularly preferably contain one
or more compounds which ‘are selected from the following
smaller group of compounds II1-II25 [sic], III1-III3 and



stability, low mscibility with the polynmer used for the 20 mati x [sic]
and, in particular; by a broad nmesogenic range, a relatively high clear
poi nt and advant ageous val ues - for the dielectric anisotropy, the
threshol d voltage and the tenperature depg nce of the electro- optical
paraneters. 25 The liquid crystal's used in the electrooptica
l'iquid crystal sygfiengggccording to the invention prefer- ably contain
1-40% in particular 5-30% of conpounds of the sub-fornula Ia and, in
pakticul ar, of the sub- fornulae la2-1 - 1a2-6 and la3-1 - a3-18. The
l'iquid 30 crystals preferably contain 1-5, but in particular 1-3,
conpounds of the sub-fornula la and in particular of the sub-fornulae |a2-1
- la2-6 and 1a3-1 - 1a3-18. Liquid crystal mxtures are ticularly
preferred which, | R-GyerPhen®™o corpounds of the sub- 35 forﬂﬂia la, are

based on corrpounds%&heobgpmud@ [1-1V. T-Werr]-Phe-CH IIZ

Il R-Werr]-Cyc-CN 11 T-V-Phe-

|V - 19 - i n whiR=CyB-C00~-Phe /3R case i ndependent!|y of onEI%nother is

an al kyl group havi _3 Which one or two non-adiggent

CH err] groups canhS&!E M% @ by -G, -CO a%d or - CH=CH,

Werr] is Phea@?}.ellpaé&d:Nor Cyc-Y[err], Y[err] is a singlE%®ond, -COO

or -CCO V ridine-1, 5-diyl or pyrlnldlne 2, 5-diyl is R_-

R- Phe. (F) - Y[ err] ona' ueyGOQr%hﬂﬂbnd 10 Phe.(F) is 1,4- phend%ne -

2-fluoro-1, 4- phenylgel 4@B1 4- phenyl ene. In t he conpppnds of the

formul ae II-IV t he rnlnal group he-CN can al so be nono- or

dif) uorinated i n 3R~Phe-CO0-Phe.3FSF-CN 118
R*Cyc-PhefPhe-CN . 119
R~Cyc-C00-Phe~Phe~CN 1110
R-Cyc-Phe~C00~-Phe~CN I111
R~Cyc~0C00-Phe-Phe . 3F-CN 1112
R-Cyc-CO0-Phe-Phe.3F5F-CN I3
R-Cyc-Phe~C00-Phe . 3F-CN 1114
B—Cyc-Phe-COO‘Phe.SFSF-CN o IIIS_
R-Phe-Phe-Phe-CN . 1116
R-Phe-Phe.3F-Phe-CN B 1117
R-Phe-Phe.2F-Phe~CN - 1118
R-Phe~C00~-Phe-Phe-CN ' 1119
R-Phe-C00-Phe-Phe . 3F-CN " 1120
R-Phe-C00-Phe-Phe . 3F5F-CN . 1121
R-Phe-Phe-COO~Phe-CN : 1122
R-Phe-Phe-C00-Phe .3F-CN 1123

R-Phe-Phe-C00-Phe . 3F5F-CN : 1124



“and/or 5-position by F, in particular if Y[err] is -COO or 15 -0OCO. The
:"conpounds of the forrmulae II-1V are either known and/or are prepared by
met hods known per se, as are described in the literature (e.g. in the
- standard works such as Houben-Weyl, Met hodep &Ler O gani schen Chem e 20
[ Met hods of Organic Chemistry], Georg-Thienme-Verlag, Stuttgart Vol. |X,
p. 867 ff.), nanely under reaction conditions which are known and suitable
for the reactions nmentioned. Use can also be nade in this case of variants
' ich are known per se but not mentioned in greater 25 detail here. The
content of the conp@@ye-Cya+CN e consisting of one or nore conddddds
selected fromthe group of conpounds of the sub-formnul ae [sic] nd in
particul ar of the sl Wﬂﬁ?‘a@‘rﬁ-l - la2-6 and la3-1 - la3-1 [ sic],
and one or nore con‘mq,@gsoggl@' o€t fromthe group of conpounds ¥FI3 he
formulae 11-XV in the I'iquid crystal m xtures used in the el ectrooptical
liquid crystal systens according to the invention is preferably 15%400%
but in particul ar Zi)'/'ﬁgggﬁ conmponent m xtures, in 35 addiygtg on to one
or nore conpounds o B-Yormula la and in particul ar of the
sub-formul ae |a2-1 R-py2~PheFfON|a3-1 - 1a3-16 [sic], particul arl¥2

preferably contain gne orrgrg_rﬁ c_%ounds whi ch are selected frcirq he

followi ng smaller gl&)’gﬂdﬁ s I11-1125 [sic], Il111-1113ad - 20~

- 1V1-1V8 : R-Cy- PhgrP\r-Phe=-Phe- V4l -

R Oyc. GO0 Phe. Gl N-Fyr-Phe-Phe-CN 112 R Qyc- COO Phe- 3F- CN

R- Cyc- COO- Phe. 3F5F- @Phe-Pyd-Phe-CN || 4 R Phe- Phe-

I{& R-Phe- COO- Phe- C_pyo~pur—Phe-CN _ 116 IV6
R-Cyc-Pyr-Phe-C | | v7
R-Cyc-Pyd-Phe-CN ' Vs

Component mixtures are very particularly
preferred which, in addition to at least one compound
'selected_ from the compounds of the sub-formulae [sic] Ia
and in particular of the sub-formulae la2-1 - Ia2-6 and

5 Ia3-1 -Ia3-16 ([sic], contain one or more compounds
selected from the compounds of the sub-formulae II1-II24,
and at least one compound selected from the compounds of
the sub-formulae IV1-IV8.

Liquid crystal mixtures which are based on the

10 following component mixtures T(Ia) 1-4, which contain at
le_ast one compound each from the compound classes of the
formulae shown in each case, are preférred. The preferred
mass content of these compo{mds in the compone?tt mixtures
is additionally given in the table. The component mix-

15 tures contain 2-38, preferably 2-35 and in particular
2-25 con_lpounds;_ the sum of the mass contents of these



*R Phe- CO- Phe. 3E-CN | 1 7 R Phe- COO Phe. 3F5F- CN

%118 R-Cyc- Phe- Phe- CN _ 119
R- Gyc- COO- Phe- Phe- CN | 1110

R- Cyc- Phe- COO- Phe- CN - 22 - [111 R Cyc- COO Phe- Phe. 3F- CN
| '12 R Cyc- COO Phe- Phe. 3F5F- CN 1113

R- Oyc- Phe- COO Promppupis in the component mixtureldis 100%. The mass

- k 1 he- P Ph
:?I \%C R?pﬁeCShOeP%F %EBE Cﬁ% the component mixture is é’f‘%ilﬁ%ﬁg cﬂgth

2F- Phe- CN accordinq to the inventirm Herrhstye@rPhO$handN100%, in
1119 R Phe COO BaetEbalasr Hetwe 15
R Phe- GO0 Pe- Phie, 3ECE- Ol en 15% and 1008 qud VAP particplaziy
1122 R-Phe-Phe- $oapd 100%. 1123
R Phe- Phe-.C0O- Phe, 3E5F- ON | 124 -21- R-Cyc-Cyc-CN
1111 R Cyc- COO- Formula Hasq |qontent, dnothery c- CN
1113 R Pyd- Phe- ON Rixthdie §¥)
| V2 R- Pyd- Phe- Phe-CN I'V3 R- Pyr - Phe- Phe-"CN
| V4 R- Phe- Pyd- Phe- CN | V5 R-Phe- Pyr - Phe- CN
| V6 R-Cyc-Pyr-PhB-(ka) 1 §5=75/7 R- Cyc-Pyd- Phe-CN
1 V8 Conponent mixtures are veryy gartlcularly q%;rred which, in addition -
to at | east one conpound selected fromthe coﬂ% nds of the sub formul ae”
[sic] la and in particular of the sub-fornulae la2-1 - la2-6 and
) T (Ia) 2 Ia 5-55
\_/ .
IX 5=-65
III _ 5-29
T (Ia) 3 Ia - 5-75
Iv 5-63
10 T (Ia) 4 Ia 5~55
11 5-49
Iv 5-50, in particular
5-31

Systems according to the invention are also
particularly preferred whose liquid crystal mlxture is
based on the compound classes

R-Cyc-Phe~-CN ' | 111

R-Phe-Phe-CN : 115
R-Cyc-Phe-Phe~CN . 119
R-Phe-Phe~-Phe-CN 1116

characterized in tyaﬁ, to increase the dielectric
15 anisotropy, the liquid crystal mixture contains 5-60% of
one or more compounds of the following formulae
R-Phe . 2F-Phe-CN - 1125
R-Phe.3F-Phe-CN 1125a



5 la3-1 -1a3-16 [sic], contain one or nore compounds selected fromthe
- conpounds of the sub-forrmulae I11-1124, and at |east .one conpound sel ect ed
" fromthe conpounds of the sub-forrmulae IV1-1V8. Liquid crystal m xtures
whi ch are based on the 10 foll ow ng compgBeat m xtures T(la) 1-4, which
contain at | east one conpound each fromthe conpound cl asses of -the
formul ae shown in each case, are preferred. The preferred nass content of
these conpounds i rRi-PhesPHROBBFON i Xtures is additional ly gi vda2-1 the

bl.e. The conponent _m Xx- contain 2-38, preferably and in
pgr’ficul ar 2-25 ccﬁhf&!?ﬁﬁghefms#% the mass contents of thes - 22 -
conmpounds in the cnum% pHe<CN S 100% The nass content dTIlBhe
conmponent m xture In uid crystal according to the inveni i's
bet ween 10% and 1(&03“71’14&3%? bet ween 15% and 100% and

particularly 5 % 5 J%)% M xt ur e Formul gy26  Mass
content in the co oﬁ%&%'?ﬁ?@e[ T (la) 1 | a 5-75 11

6-65 T (la) 2 R-Cye¢-Phe.3F~Phe~CN 5- 55 | | 5- 65 (4127
5-29 T (la) 3 | a 751V 5- 63 T (la) 4
la ~ 5.5&"Fhe.F-Phe .F-Phe-QN g | 5- 50, i]#\izpaarticul ar

5-31 Systenms according to the invention are also particularly preferred :
whose liquid cryeheste he meaninghofcR' and R-iscgivendakovesanrd R is, in -~

particular, an alkyl group having 2-7 C atoms. Mixtures
of this type are preferred and are a subject of this
U - invention.
5 In the following, the component of this liquid
crystal mixture based on the compounds IIl, II5, II9 and
II16 may be designated as component (i) thereof, while.
the component based on the compounds II25, Ia2-1, Ia3-9,
II1l7, II18, II26, II27, IXI28 and II25a may be designated
10 component (ii). These liquid crystal mixtures may consist
exclusively of the components (i) and (ii), but it is
also possible that the liquid crystal mixture contains
other components (iii) and (iv), the component (iii)
containing other nematic or nematogenic substances which
15 are selected such that the birefringence An and/or the
ordinary refractive index n, and/or other refractive
indices and/or the viscosity and/or the “dielectric
anisotropy and/or other parameters of the liquid crystal
are specifically optimized with respect to the respective
20 applicatidn; a list of nematic or nematogenic substances
which can preferably also be used for the component (iii)
is given further below. The component (iv) contains, for .
" example, chiral dopants for inducing a cholesteric phase
and/or pleochroitic dyes and/or other additives for
25 modifying other properties of the liquid crystal mixture
such as, for example, the conductivity; in th:l.s connec-
tion the compounds of the component (iv) can be both
mesogenic and non-mesogenic.
The mass content of the component (i) .in the
30 liquid.crystal is preferably 10-80%, in particular 15-70%



R- Cyc- Phe-CN : _ |11 R-Phe-Phe-CN

|15 R Cyc- Phe- Phe-CN . . |19 R-Phe- Phe- Phe-CN
1116 characterized in that, to increase the dielectric 15 ani sotropy, the
liquid crystal m xture contai ns 5- 60% of- @ -Or nore corrpounds of the

foll owi ng formul ae R-Phe. 2F- Phe-CN 125
R-Phe. 3F- Phe- CNand wvery particularly 15-65%. ! I¥5athe -lidfuid crystal

Rl [err] - Phe-PHe

R[ err] - Phe- Phe- pig;gg_emis intended to have 8 ag-igﬁR- Bﬁgggﬁggﬁpﬁﬁe- CN
| 3“R- Phe- Phe. 38nPhe0CRA, the component (i) preferahly’ centainghé-akkphe- CN

15 e B e

particul ar, 5an 8pd P’-'grOLﬁJ' engthexrphanylar es [#ichi s P?ﬁé°§re
?rfrerred a?ﬁ aae(erauhrcchlnt Lfbﬁiﬂﬁﬁgiﬂﬂdﬂlk cyclohexy 1;34?he ano-

ol | owi ng, e on ui d, cr ased.o
conmpounds I 1, ﬁ?gﬁ ’an 5ehﬁ§ 'ﬁgt&% gﬁﬁﬁﬁﬁ E

t hereof, while il.ﬁquidrrpcnqmtdiasem.nhurée d:mpohavle | la25, bizﬁft;ngeﬂeé

(1)) These |1 it B3chyARar Br2ge, bhé BolBindfs (CL) Fpekibrdthy, CopaTaR

conponent s10i) dmﬂtFNl?“lelle'l s @F so trens-#ralkoxycyniohexyl ibengoral

m xture contai najpihtes Oﬂi%ﬂ%ﬁ:ﬂdﬂ AnPRAditien 'E@Q:xfé)r&oﬂ\%&b b€l the
cont ai ni ng ot heh.ggrrﬁtlc or ne to | ¢ substances, which gre sel ected

such that the b HgSﬁEB"KH 8n ¢ Renponenk )ﬁr)efl"z?& F'\?é‘tl ‘nferr]
aqQd/ or other refracti ve:[nnd:haeslmltﬂ:ly hfluosinatéd bdghenylie off cthetric

formulae II25, II25a and Ia2-1l, which are preferred, R!
15 is preferably methyl, ethyl, propyl, butyl, pentyl,
hexyl, heptyl, methoxy, ethoxy, propoxy, butoxy, pentoxy, -
hexoxy and heptoxy.
Furthermore, the component (ii) preferably
contains 3-ring, laterally monofluorinated compounds of
20 the formmlae Ia3-9, II17, II18, II26 and II27. In these
compounds, R! is preferably alkyl, alkoxy or alkoxyalkyl
having 1-7 C atoms, in particular having 2-7 C atoms and
very particularly having 2-5 C atoms.
' If it is intended to obtain liquid crystal
25  mixtures having a high clear point, the component (i)
‘preferably contains 3-ring compounds of the formulae II9
and II16 and/or the compoment (ii) preferably contains
3-ring compounds of the formulae Ia3-9, II17, IIl18, II26,
_ II27 and II28. Liquid crystal mixtures are particularly
30 preferred which contain at least one compound of the
formulae II9 and II16 and at least one compound of the
formulae Ia3-9, II1l7, II18 and I126-28, as these mixtures
in general have a relatively high or high value for Ae
and at the same time a high clear point.
35 The liquid crystal mixtures containing a com-
ponent (i) and (ii) preferably have a clear point
T, > 75°C, in .particular T, > 80°C and very particularly
T. > 85°C.
The late;r.'_ally fluorinated compounds of the
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mixtures.

The liquid crystal mixtures containing a com--

ponent (i) and (ii) and, if desired, also other com-
ponents (iii) and (iv) and the electrooptical systems

containing these have advantageous properties. The

mixtures in particular have a high or relatively high
birefringence and at the same time a high or relatively
high dielectric anisotropy and/or a high clear point. The
compounds of the formulae II1, II5, II9, IIl6, II25,
I125a, Ia2-1, Ia3-9, IIl8, II17, II26, II27 and II28 are
sufficiently stable to thermal and radiation energy for
most applications and they are very stable to chemicals.
The liguid crystal mixtures containing these compounds
are highly nematic, in particular even at low
temperatures, and have advantageous values for n. The
electrooptical systems operated using these mixtures have

favourable values for the electrooptical parameters and

their temperature dependence, a high contrast and a low
anqular dependence of the contrast and also a good
preparation capability.

Electrooptical liquid crystal systems according
to the invention are further preferred whose liquid
crystal mixtures contain one or more compounds selected

from the smaller group of compounds of the sub-formulae
{sic] Ib

erjzed)| th%ph?T— exVioxy,



compounds, Rl is preferably al kyl, alkoxy or al koxyal kyl having 1-7 C
.atons, in particular having 2-7 C atorms and very particularly having 2-5 C
“atoms. If it is intended to obtain liquid crystal 25 m xtures having a

hi gh clear point, the conponent (i) prefarggly contains 3-ring conpounds of
the fornulae 119 and 1116 and/or the conmponent (ii) preferably contains
3-ring conpounds of the fornulae la3;,9, 1117, 1118, 1126, 1127 and I128.
Liquid crystal m xtures are particularly 30 preferred which contain at
Ie@?t one conpound of thegfg Iﬁé? and 1116 and at |east one conmpound
of The fornul ae 1a3-9, I R , f I126-28, as these m xt¥Ibes in general
have a relatively high or high value for [err] and at the sane tinme a high
clear point. 35 The |iqui #crystal mxtures containing a com
ponent (i) and (ii) preferably have a clear point T[err] > 75C, in
particular T[errin whderr] C and very particularly T[err] > 85[err]C The

| ateral ly fluoripated conpo of,_¥Yh 2985 gp fOrmuyasN L25 5a,
la2-1, 1a3:9, |/Qsis |17 an -‘lc&st%srzmr‘ﬁy ha??, g
solubility in the conmponent (1) and 1 n nodified mxtures. The solubility of
the laterally fluorinated tearphenyls of the fornmulae 5 la3-9, 1118, 1117
and 1126-1128 iﬁﬂy§dﬂﬁdﬁ%3 8 mix- tures is in general substantially
better than that of—the non-fluorinated terphenyl of the formula Il16. )

- Liquid crystgl m 5 ‘Mq'ch contain one or nore laterally fluorinated -
conpounds. of the f lae 1125, 10 I125a, la2-1, 1a3-9, 1118, 1117 and
[126-1128 and i n.pé ular of the formulae la2-1, 1a3-9, 1118, 1117, 'I125,
I{25a and |126-27 characteriﬁed by a better UV and tenperature
stability than the m xtuyres E7 E8 known fromthe prior art or,

alternatively, conparabl™® ~ @w'-

in which ¥ is N or CH, and the other, if--
present, is trans-1,4-cyclohexylene or

. 1,4-phenylene, N
10 Xx? and ¥Y? independently of one another are H or F
p is O0Oor 1, and
2* and 2° independently of one another are a single

bond or CH,CH,
and R' has the meaning given in Claim [lacuna].
15 Particularly preferred liquid crystal mixtures
- are those which contain one or more compounds of the sub-
- formulae [sic] Ib, in which at least one of X or ¥? is F
F -

g IbF

The compounds of the sub-formula IbF include
20 2-ring, laterally - monofluorinated or laterally
.difluorinated compounds of the formulae IbF2-1 - IbF2-8

. Ri-Pyd~Phe.3F-CN _ IbF2-1
R1-Pyd-Phe.3F5F-CN . . . IbF2-2
R!-Pyr-Phe.3F-CN - | " IbF2-3
R1-Pyr-Phe. 3F5F-CN ~ IbF2-4

R1-Pyd-CH,CH,-Phe . 3F-CN . 1bF2-5



15 mxtures. The liquid crystal mxtures containing a com ponent (i) and
i (i) and, if desired, also other com ponents (iii) and (iv) and the

' el ectrooptical systenms containing these have advantageous properties. The

- 20 m xtures in particular have a high-r27eatively high birefringence
and at the sanme tinme a high or relatively high dielectric anisotropy and/or
a high clear point. The conpounds of the formulae 111, 15, 119, 1116,
1125, 1125a, la2-1_.1a3-9, 1118, 1117, 1126, 1127 and 1128 are 25

SL%Li ciently stabl B'tRvd 1 .GH,~Bhei 3FSEr@ i on energy for nost AbPRF6ati ons
an

cont ai i ng these’ cBrSeheRa P G N nommt 16, in’ particulbFidven at
cl ect roopt 1 cal - sys e e e xt U s have favBBF2EPe val ues
for the electrooptical paranmeters and their tenperature dependence, a high
contrast, an = | on AU aL ASRSAERGEIP of BiecPobthe TR S BbPICY, o1
according to thR!i decrpreferalsly ualkyl pxcfalkaxy whavingi dwild,criyst alin
s oo SReRLa BRCAIE COAGME BT LR SR TA048 O
[err] one of tho-alkexyslkyl apdrrijin pasticular|cprplkaxymeshyy[eppf is N
or CH and Bhe gLRkoxyethysChiquid drystalk ¢hi¥h!&difeadftRnfounds of

the formulae IbF2-2, IbF2-4, IbF2-6 and/or IbF2-8 con-
B taining a  3,5-difluoro-4-cyanophenyl group have

particularly advantageous values for the dielectric

anisotropy. Very particularly preferred compounds are

10 those of the formulae IbF2-1 - IbF2-8 in which R® is.:

methyl, ethyl, n-propyl, n-butyl, n-pentyl, n-hexyl,

n-heptyl, n-octyl, n-nonyl, n-decyl, n-methoxy, n-ethoxy,

n-propoxy, n-butoxy, n-pentoxy, n-hexoxy, n-heptoxy,

n-octoxy, n-nonoxy, n-decoxy or n-undecoxy. _

15 The compounds of the formula IbF include addi-
tionally preferred 3-ring compounds of the formulae
IbF3~-1 - 1IbF3-36, which are laterally mono- or

difluorinated.
R1-Pyd-Phe-Phe . 3F~CN .  .IbF3-1
R!-Pyr-Phe-Phe .3F-CN IbF3-2
R1-Pyd-Phe-Phe.3FS5F-CN - 1bF3-3
R!-Pyr-Phe-Phe.3F5F-CN IbF3-4
R1-Phe-Pyd-Phe . 3F~CN o IbF3-5
R1-Phe-Pyd-Phe . 3F5F-CN - . IbF3-6
R1-Phe~Pyr—Phe .3F-CN IbF3-7

R1-Phe-Pyr-Phe.3F5F-CN _ IbF3-8



‘1, 4- phenyl ene, 10 X[ err] and Y[err] i ndependently of one another are

“Hor Fpis 0O or 1, and Zferr] and Zferr] I ndependent |y of
-one another are a single bond or CHerr]CHerr] and R err] has the meaning
given in ClaimJ[lacuna]. 15 Pactpgublarly preferred liquid crystal

m-xtures are those which contain one or nore conpounds of the sub- fornul ae
[sic] I'b, in which at | east one of -X[err] or Y[err] is F F [err] The
conpounds of the WMFBF‘N ude 20  2-ring, | at er FpFR-9

‘mgnof | uori nat ed or | aterall y di fl uori nated conpounds of the fornul ae

| bF2-1 - | bF2-8 R[m-rC}saq’}’adP SBFSRrON IbF3r$02- 1

R err] - Pyd- Phe. 3F | bF2-2 Rl err] - Phe. 3F- CN
| bF2-3 R{err] - PyrglghgngFCR'e 3F-tN |b|:2-lg¥.5 it

Rl err] - Pyd- CH| er r |R3HOye-PyR-Phe BFSR-CN | bF21BF3-12 27 -
Rlerr]-Pyd-CH err] er,r 5F CN | bF2-
R[err]-Pyr-CH[err]%## tﬂw?ﬁ-@l IbFZIgI'-a'l3

Rl err]-Pyr="CH err]ﬂ;ﬂb&gp Pt@ﬁsfmﬁf - | bF2 n
conpounds of the for T—?‘fsg c?—lz[err] is pref erabFﬁFg ﬁyl or

al koxy having 1-1@ x.pgg. .pggmg.l.yﬁg ng 1-8 C atons, andypp3agegition
al so n-al koxyal kyl and in part9cllar n-al koxymet hyl and 5 : glpaoxyet hyl .
Li qui d crystal s wRieRygePh Wf—cnhe formul ae | bF2- leBbfe 4, 7

| bF2-6 and/or |1bF2-8 con- tal n| ng a__ 3, 5-difluoro-4-cyanophenyl gr oup
have particul arl yR&dPhatwmmﬂ’omt he dielectric ani sSbF3pyT Very

particularly preferred conpounds are 10 those of the formulae | bF2-1 -
I OE2-8 in which R([i’é gﬁﬂzﬂ‘z ropyl n- but yl , ﬁbﬁﬂl%,

nFenyl Rx.Phe-Pyr—Cﬂza{z-Phe 3F-cu : IbF3-19
Ri-Phe=Pyr-CH,CH,-Phe . 3F5F-CN IbF3-20
R!-Cyc-Pyd-CH,CH,~Phe . 3F-CN - IbF3-21
Ri-Cyc-Pyd-CH,CH,-Phe . 3F5F-CN . IbF3-22
R!-Cyc-Pyr—CH,CH,~Phe . 3F-CN | | IbF3-23
R-Cyc-Pyr-CH,CH,-Phe . 3F5F-CN IbF3-24
R1-Pyd~CH,CH,-Phe-Phe . 3F-CN IbF3-25
Ri-Pyd-CH,CH,-Phe-Phe . 3F5F-CN IbF3-26

" R'-Pyr-CH,CH,~Phe-Phe.3F-CN | IbF3-27
Ri-Pyr~CH,CH,~Phe-Phe . 3F5F-CN _IbF3-28
Ri-Phe~-CH,CH,-Pyd-Phe . 3F-CN " IbF3-29
Ri-Phe-CH,CH,~Pyd-Phe . 3F5F-CN  IF3-30
Ri-Phe~CH,CH,~Pyr-Phe . 3F-CN IbF3-31
Ri-Phe~CH,CH,~Pyr-Phe .3FSF~CN | IbF3-32
R!-Cyc-CH,CH,~Pyd-Phe .3F-CN 1bF3-33
R'-Cyc-CH,CH,~Pyd-Phe . 3FSF-CN ~ IbF3-34
R!-Cyc~CH,CH,~Pyr-Phe . 3F | ILF3-35

R-Cyc-CH,CH,-Pyr-Phe.3F5F = . " IbF3-36



n-heptyl, n-octyl, n-nonyl, n-decyl, n-nethoxy, n-ethoxy, n-propoxy,

n- but oxy, n-pentoxy, n- hexoxy n- heptoxy n- oct oxy, n-nonoxy, n-decoxy or
n- undecoxy. 15 The conpounds of the fornula |bF include addi-
tionally preferred 3-ring conpounds of &hg9fernulae IbF3-1 - |bF3-36,
which are laterally nono- or difluorinated. R err]-Pyd-Phe-Phe. 3F-CN
| bF3-1 R[ err] - Pyr- Phe- Blre. €he Chompounds of the sub-formﬂli&-!b?3-1 -

g;” Eyy(rj Eﬂg Iﬂ@fﬁ %ng is preferably n-alkyl ?gé-alkoxy having
Phe- Pyd- Phe.1320CIC atoms, and in addition tﬂ;cs rtabkoxymeathyd . IR5F- ON

| bF3-6 R1- Phe- - |
R1- Phe- Pyr - Phe%ww having 1-8 C atoms, The Bgﬁngnds of the

RL- Oyc- Pyd-5he ftoxmglae IbP3-1 - IbF3-36, which FEF@##&’-‘{% Rarehdah-sr o

:?FFB ]10(5[ eer;] ﬁ Cr?%tlﬁaﬁ fhidh values for the d:ieg.lzegtlx'g.d inisbtropy
err c- Pyr -,Phe
Rl orr ] Pyd- Phe ASK cLP] GHi% (Gae8y thegifluorinated’ conpoynds, of the

"R err]-Pyd- Pheﬂﬂﬂhﬂﬂdéﬂ{!h!}-ﬂ%maIB!E‘&HV IbF3~9, IbF3-12,bFILPF3-30,

-Ph F bE3~15,
oD e s S s hhcgs, whtch contan, bkl

Rlerr]- Phe]r(l?ydhu-ll[&ir re}len[aatr] Phe 3F-CN g | bF3- 17

Rl err]-Phe-Pyd-CH err]CH err] - Phe 3F5F-CN LF : | bF3- 18
Rlerr]-Phe-Pyr-CH err]CH err] - e §N | bF3-19
Rlerr]-Phe-Pyr-CH err]CH err] - A\3P5 ~CN | bF3- 20
%,err]-QIC-Pyd-CH[err]Cl-l[err] Phe | bF3-21

err]-Cyc-Pyd-CH err]CH err] - Phe. 3F5F . I bF3-22

Rlerr]-Cyc-Pyr-CH err]CH err] - Phe. 3F-CN | bF3- 23

Rl err]-Cyc- Pyr a3 ediqtilmiqhqd]ebsmarﬁcuhﬂy high| yriues for
Rl err]-Pyd- CH ey ] CH err] - Phe- Phe. 3F- CN I bF3- 25 .

d CH CH - Phe- Phe. 3F5F- CN | bF3- 26
Rlerr]- Py [er r1CH ey ]e co?npou%ds of the formula IbF are prefzerably

prepared by the methods described in DE-3,209,178,
15 DE 4,002,609, DE 4,001,022, DE 4,012,014, DE 4,012,023
and 3,315,295,

Liquid crystal mixtures which [lacuna] one or
more compounds of the formula IbF and in particular of
the formulae IbF2-1 - IbF2-8 and IbF3-1 - IbF3-36, and

20 electrooptical systems filled with these liquid crystal
mixtures are distinguished by advantageous values for the
birefringence An . and the flow viscosity 14, a high
stability, low miscibility with the polymer used for the
matrix, by a broad mesogenic range, a relatively high

25 clear point and in particular by advantageous values for
the dielectric anisotropy, the threshold voltage and tem-
perature dependence of the electrooptical parameters.

The liquid crystal mixtures preferably contain
1-40% and, in particular, 5-30% of compounds of the

30 formula IbF and in particular of the formulae IbF2-1 -
- IbF2~-8 and IbF3-1 - IbF3-36. In this case, the liquid
erystal mixtures preferablf contain 1-5 and in particular

1-3 compounds of the formmla IbF and in particular of the
formulae IbF2-1 - IbF2-8 and IbF3-1 - IbF3-36.

35 ‘Liquid crystal mixtures are particularly



" these liquid cr

Rlerr]- | bE3- 27

Pyr-CH err] CH err] - Phe- Phe. 3F- CN
'Rlerr]-Pyr-CH err]CH err] - Phe- Phe. 3F5F- CN | bF3- 28
Rlerr]-Phe-CH err]CH err] - Pyd- Phe. 3F-CN: | bF3- 29
- Rlerr]-Phe-CH err] CH err]-Pyd- Phe. 3F5F-CN 30 = | bF3- 30
Rlerr]-Phe-CH err]CHerr]- Pyr Phe 3FCN | bF3-31 .
g[[e”% - g/he* a% e prle®dread] ] b ontaindl [sic] one or mrbb%unds,
err c- err er e.

0] Ore. OHf cmeparEad ]fr%dtiﬁ GEguBrof compounds of the) feymila IbF
R[%/ -Cyc-CH eamh(]{mrp&rﬁﬁmuﬂhe 8Ff the formulae IbF2-1 +b!BF258 and
R[err] Cyc-CH e er_r - 29
- In the conpouw the s.ub gb%&fgeﬁdllbtﬁgnfllyl %ESJ‘%’GSt err ?‘“‘"'
preferably B al isplested £xemphasgreup 10f Campounds IIi+IL2 TloFId3s 0

n- al koxynet hyl Qndn-BrkRos! Nile rﬁuwgc&n@e& abfrraheTP_-

f | | bF3-1 | 36, h f d, h GKBQE’nl t © >
formulae - i C re erre ae or, rel ati

hi gh val ues for cﬂ?@gﬁ%é'l"@ct‘%] o‘b‘}a[‘ém"“? g 8a§8mPﬁ b2 4

di fluorinat ed casydouispatt

bEs-30. I bE3- 3 By 1dmldnr6ﬂl6the foridae Im-& - | IbP298 land3- I12
| bF | bF R 4 F aip t S ra

el ement [err] %?]’J(} &tl ng‘ﬁggﬂ #) 3“6 %ﬁ'ﬂ'&g?t P? I‘f*]%n %Uﬁggg uerr]
The conpoulds ofpoundsf ofnthe farimekae 1I3~II2B|, yITILpEILI dl;dtm-rm .

d bed DE ﬂlggilg]: OQec 4, DE
4683”2I 023 Qﬂd 3t§f§q§'§é§'&L }g gggr sta ?nxt ué{qsﬂ\/éz% acuna g'% g'r% nor e
compounds of thPmIb&YI pheti dn parkiquax 0?5(%1'&@ ?bFEﬂ!!"
|QF2-8 and | bF3 nanldolia:&%re%nd' &Q;r leleal( B ade Vexye

chd@rdyt h
iﬁ%ﬁ? mﬁqﬁ,ﬁ;@’: Sé&ﬁgl Shgprio% Zfiva%]ageous val | ues for

t he blrefrlngen

15 selected ‘from the compounds of the formula IbF and in
particular of the formumlae IbF2-1 - IbF2-8 and IbF3-1 -.-
IbF3-36, contain at least one compound selected from the
class of compounds shown in each case:

‘T(IbF)1l: IbF

20 R-Phe-Phe. (F)-X where X = CN, F or Cl
T(IbF)2: IbF :

R~Cyc-~Phe-~COO~-Phe.(F)-X where X =CN, F or Cl
T(IbF)3: IbF ' | |
' R-Phe-C00-Phe. (F)~X where X = CN, F or Cl

25 T{IbF)4: IbF

: R-Cyc-(cn,cn,).,-phe. (F)- X where X = CN, F or Cl

and u =0or 1
T(IbF)5: IbP
_ ~ R=Cyc~-Cyc-(CH,CH, ) ,~Phe. (F)~X
30 vhere X = CN; F or Cl
- and u = 0 or 1
T(IbF)6: IbF
R-Cyc-(CH,CH,) ,~Phe~Phe.P-X

) ~ where X = CN, F or Cl

35 and u = 0 or 1
T(IbF)7: IbF N

R-Phe-Phe-Phe. (F)-X where X = CN, F or Cl1
T(IbF)8: R-Phe-Phe-COO-Phe.(F)-X where X = CN, F or Cl

Liquid crystal mixtures which are based on the



.stability, lowmnmiscibility with the polynmer used for the matrix, by a broad
"“ mesogenic range, a relatively high 25 clear point and in particular by
~advant ageous val ues for the dielectric anisotropy, the threshold voltage
and tem perature dependence of the el ectgqoptical paranmeters. The liquid
crystal mxtures preferably contain 1-40% and, in particular, 5-30% of

. conpounds of t f‘ﬁ:ﬁbwui% awg@nbwe aﬂﬂtuﬁebarunﬂj 9-15 whilehf 6onthdn abF2- 1

- I bF2-8 and | kfF3 ]tl . f tﬁsg%aseght he Ilﬂ'agéloci¥s%ea+o‘r#m uerIeEF

referably cont
and in parti culﬁarmilaéleménti:mgd inFRath dade- &'anprbiﬁﬁﬁre& mnFa:m 35

Liquid crystal t P&
.- contains [sic] t%l??'eéo;%ﬁé %Péfer oundd'ﬂgsg‘?éﬁ%en(}f fo,q.'lﬁég &Eé)&ﬂ*d corrpounds
_of the forrl a $he wqwﬁammr@rs ds additionallx giann-l he (gompp=ind
Lhe group of com e e o et of
t he conponent W‘%"Sj&ﬁéé; ‘H[Aq'e&'sl! e Jnm Jrafs (GRAteRLS) 4
I bg ag(cji_ in palr 'ltmtttlvésofcdﬂpodmhﬂﬂxﬁthbbEwongthﬁ;ﬂtﬁﬂ? ibFlmtl%. '.l'lel?ang
and additiona o r a
1111-1113 and |‘%ﬁg‘$v%%ﬁ%ﬁ ‘Ff e %@m%*#? Bigku g A% inré 91%%1&
i nvention 16 presfystal yacéetdi)ﬂg/q toutthen jnwentthomrigsbetween (I(ﬂ%r qdbent --

‘mixtures T(I bF)foo%T(iRFbﬁréiéuigiygB {iuw&l &nPrqfo%r"éi': eﬁﬂ{m% L= he

addition to at Teas! one“compoun ect ed romthe co

formula | bF ano“-iwlpaﬂr&ﬁ'ere%n 35% and r%|9| | bF2-1 - | DbF2- 8 and 1bF3-1 -
-{ bF3-36, contain at |east one conpound selected fromthe class of conpounds
shown in each case: T(IbF)1l: IbF 20 J R- Phe- Phe. (F) - X
where X = CN, For d




T(I1bF)2: 1bF R-Cyc-Phe-COO Phe. (F)-X where X = CN, For d T(IbF)3: IbF

" R-Phe-COO Phe. (F)-X "where X - CN, For d 25 T(IbF)4: |bF
"R-Cyc-(CH err]CH err])[err]-Phe.(F)- X where X =CN, For d and u- 0 or 1
" T(IbF)5: I bF R-Cyc-Cyc- (CH[err]CH[err])Pe_Bg]--Phe. (F) -X 30

. where X = CN;, F or CI and u 0 or 1 T(1DbF)®6: IbF R-q/c-

.(CH[err]CH[err]) - Phe- Phe re X = g
and u=0 or u;re| bF R- Ph§° t®he. (F) Mk” contmq inythecy F of

- T( bF)8 R— Phe Phe- COO- Phe. (F) - X where X =cothpohefit fixtagei [i%g;rystal
m ures which are based on the -31- follow ng conponent m xtures T(IBf)

9-13 which contain at | east one conpound each fromthe conpound cl asses of
the formul ae nment® ofEbF) ® each cEBB are preferSeﬁS In the table, the
preferred mass content of these gpnpounds in 5 s-gphe ogggegg{, Qixtures is
addi tionally given. The conpo- nent mixtures cagnt al nl'g pre erably 2-35
and in particular 2-25 conpounds; the sum of t @86Rass contents of these
conmpounds ih the conponent mxture is 100% The mass content of the

et woen 10% and To0BPRh i cuBF hetusen 199rdfa THOPRERACYMAS par .

ticularly between 25% and 100% 5-48
v 5-63
_ T (IbF) 11 IbF 5-55
~ | 1T - 5-65, in particular
5-52 |
III 5-29
5 T (IbF) 12 IbP 5-55, in particular
' 6-45 '
IX 5-65, in particular
' 5-49
IV . - 5=50
T (IbF) 13 IbF 5-50
1I ' - 5-75, in particular
5-65 -
III 8-37, in particular
5-25 '

IV 5-42

Liguid crystal mixtures are additionally pre-
ferred which contain one or more compounds of the formula
Ib, in vhich the terminal group - O -CN [sic] is not

10 fluorinated:
Rh&F-<:::>-cu TbN

These compounds of the sub-formula IbN include
2-ring compounds of the formulae IV1-IV2 and IbNZ-l -
IbN2-2



- 32 - Mxture Formul a ~ Mass content in the conponent mxture

[ T (IbF) 9 | bF 5-75 |1 5-80, in particular
6-65 T (IbF) 10 | bF 5-75, in particular 5-48 |V

" 5-63 T (IbF) 11 | bF 5-55. 133 - 5-65, in particular

" 5-52 111 5-29 5 T (IbF) 12 | bF. 5-55, in :

~particular 6-45 | |R1~Pyd=-Phe~CN5-65, in particular 5-49 |V Iv1 5-50 T
(I'bF) 13 | bF . -50 11 5-75, in parti ar 5-65
1 5- 373'71?1!!"&’#5‘@ ar 5-25 | V- 5-42 Li quf#crystal
m&{ures are addi tg ariﬁ*d.n.‘gﬁg LeRd which contain one or norgygaapounds
of the formula Ib, hetermnal group - O-CN [sic] is not 10

fl uori nat ed: [err]nﬂm&m?mmmf the sub-forrmula I bN inclIeN2<2ring
compounds of the fornulae ['VI-1V2 and I bN2-1 - | bN2-2 - 33 -
- __. R in the compounds of the formnlae IV1-IV2 and
IbN2-1 - IbN2-2 is preferably alkyl or alkoxy having
- 1-10, but in particular having 1-8, C atoms. Additionally
‘preferred are n-alkoxyalkyl compounds and in particular
5 n-alkoxymethyl and n-alkoxyethyl compounds.
Very particularly preferred compounds of the
formulae IV1-IV2 and IbN2-1 - IbN2-2 are those in which
W . R! is methyl, ethyl, propyl, butyl, pentyl, hexyl,
| heptyl, octyl, nonyl, decyl, methoxy, ethoxy, propoxy,
10 butoxy, pentoxy, hexoxy, hetoxy (sic] or octoxy. The
compounds of the formulae IV1-IV2 and IbN2 and in par- -
ticular the compounds of the formulae IV2 and IbN2-2 have
high or relatively high values for the dielectric aniso-
tropy Ae. Which of the compounds IV1l, IV2 and IbN2-1 -~ -
15 IbN2~2 the liqiiid crystal media according to the inven-
' tion preferably contain is largely determined by the
intended application of the electrooptical systems
according to the invention. Thus, for example, the
compounds of the formulae IVl and IV2 have a relatively
20 high clear point and in particular a relatively high
optical anisotropy, while the compounds of the formulae
IbN2-1 and IbN2-2 are distinguished, for example, by a
comparatively low flow viscosity. :
Liguid crystal mixtures which contain compounds
25 of the formulae IVl and/or IV2 are particularly preferred
for matrix systems, but in contrast are sometimes less
suitable for network systems inter alia; on the other
hand, the compounds IbN2~1 - IbN2-2 are generally par-
ticularly preferred as components of mixtures for matrix
30 and network [lacuna]. - N
The compounds of the formula IbN additionally
include 3-ring compounds of the formulae 1IV3-IV8 and
IbN3-1 - IbN3-18:



: R[érr]-Pyd-Phe-CN = - ' V1 Rl err]-Pyr-Phe-CN
-i1V2 Rerr]-Pyd-CH err]CH err]-Phe-CN | bN2- 1
"Rlerr]-Pyr-CH err]CH err] - Phe-CN IbN2-2 Rlerr] in
the conpounds of the fornulae IV1-1V2 and §§2a1 - | bN2-2 is preferably

al kyl or al koxy having 1-10, but in particular having 1-8, C atons.-
Additionally preferred ar -al kgxyal kyl conpounds and in partigcular 5

n- al koxymnet hyl andﬁ'—'&?‘i&%‘ onpounds. Very particularly tﬁgferred
conpounds of the f g HelbhleM@yand 1 bN2-1 - 1bN2-2 are thospvgn whi ch
RMefr] is nmethyl, “ethyl, propyl, butyl, pentyl, hexyl, hept octyl,
nonyl, decyl, met h& y%@mslfl): of8poxy, 10  butoxy, pentoxy, Inéli?(

het oxy [sic] or oc?q M%?ggpe#nds of the fornulae IV1-1V2 Ii)NZ and
in par- -ticular th he fornmulae 1V2 and | bN2-2 have hrgh or
relatively high valRiePhé<Pyd-PhedCH| ectric aniso- tropy [err]. J¥§ch of the
conpounds 1V1, V2 | bN2-2 the |['iquid crystal di a
according to the i ﬁ\?%be't%?i’#e&r ably contain is largely det E¥&i ned by
the intended appli gatoge- ectrooptical systens accordipggto the

I nventi on. Thus, for exarrpl e, e conpounds of the formulae |Vl and |V2

have a relatively m-cwrwmampm nt and in particular a relWlively high
optical anisotropy, while the conpounds of the fornulae IbN2-1 and |1bN2-2 -

are distinguished, H‘cPvdbeg'l'Gizqirmmrﬁlpar atively low fl ow vi $bN3+3y.
Li quid crystal mxt I ch tain conpounds 25 of the forrrul ae V1
and/or 1V2 are partﬁ EV&'\A? FFF'@%B e matrix syst ens, but N3kt r ast

re sonetines Iessaﬁ e_I I systems inter alia; t her

hand, the conpounds’ | re gener ally par- ticular Fgﬁ% %f erred

22&8%326212 St g]:a ;noer?gwgﬁgfl{l onal |y ?Egl Eggvgr II’(I Ll}aggggzjunds of the

formul ae |V3-1V8 aii-PhéiPyd-CH,0R3-Phe-CN IbN3-7
R1-Phe~Pyr-CH,CH,~Phe-CN IbN3-8
R1~Cyc~Pyd-CH,CH,~Phe-CN " IbN3-9
Ri-Cye-Pyr-CH,CH,~Phe-CON | IBN3-10
R?~Pyd-CH,CH,~Phe-Phe-CN IbN3-11
R1~Pyr-CH,CH,-Phe-Phe-CN IbN3-12
R1-Pyd-CH,CH,~Cyc-Phe-CN ' IbN3-13
R'-Pyr-CH,CH,-Cyc-Phe-CN | IbN3-14
Ri-Phe-CH,CH,~Pyd-Phe-N “ IbN3-15
R!-Phe~-CH,CH,~Pyr-Phe-CN _ IbN3-16
R!-Cyc-CH,CH,~Pyd~Phe-CN . IbN3-17

R1-Cyc~CH,CH,~Pyr-Phe-CN IbN3-18

In the compounds of the formulae IV3-IV8 and

IbN3-1 - IbN3-18, R' is preferably methyl, ethyl, propyl,

butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl,

methoxy, ethoxy, propoxy, butoxy, pentoxy, hexoxy,

5 heptoxy, octoxy, norioxy, &ecoxy, methoxymetixyl  ethoxy-

methyl, propoxymethyl, butoxymethyl, methoxyethyl,
ethoxyethyl or propoxyethyl. .

The compounds of thé formula IbN are preferably



-34- R

Pr opoxy

err] - Pyd- Phe- Phe- CN ' | V3

"Rl err]-Pyr-Phe-Phe-CN | V4 R- Pyd- Cyc- Phe-CN

| bN3-1 Rl err]-Pyr-Cyc-Phe-CN ' : | bN3- 2 .

R[ err] - Phe- Pyd- Phe- CN - 35 - | V5 R err]-Phe-Pyr-Phe-CN
V6 R err]-Cyc-Pyd- PheCN V8 R err]

- Cyc- Pyr - (Fj)heh re r the methods deétcribed in DE 3,600,052,
e e L SRS, B, 00, 80 1,063,101, shos a1s,
E[[\S:r% Pyd- Cyc- 4] ar,rﬂmasr% Eﬂgs%tN\n,na 934, EP O, 09740835 and
- Phe- Pyd- Gﬁ[err%—lﬁé?#?@ﬁé 1 bNB- 7
Rl err]-Phe-Byr-CH err] (Ilﬂ.qmlqi cxysta]l mixtures which contain igne or more
R err]-Cyc-Pyd- 651:@5'[ E&ﬂ;c‘f’&? ﬂ\‘m the compounds of the :f%ﬁaﬂae IbN
e I ety o4 b e ielar of she fommelas ToN Fpva-2,
Rlerr]-Pyr-CH el[bii@-l[le” IbﬁBGIQhCnﬂ\IVI-IVB are distinguishetizby’advan-
E[[g H Eyy? a{ g%ﬁ?gkg v} ]g&a Pﬁ rcﬁhe optical anisotropy AP‘BI\BN:fl high
S[[er r% - Eﬂelg% estabifléty] - Pou- ﬁhnc%tlity with the polymer +nbl!§— t%?r the

err e-tne 2 by d'b Fo8d Hlesogenic range, a rel high
T G e o el ik forn
R ot AL LS g M ANl spat o,
nonyl , decyl, ﬁEP W gﬁk} Pﬂgﬂ{“ﬁﬁﬁ g‘%e?&? Z
hept oxy, 0(150xym1mumap mcpryfermeﬂoxyrret hyl, ethoxy- nethyl,

rothyl . DULO Ry o fIP BEYHERY ns AU ChBYbrALng” W NLRRNY -

The conpounds of the fornul d

invention preferably contain f’-w% and in particular
5-30% of compounds of the formula IbN and ‘IV and in
particular of the formulae IbN2-1 - IbN2-2, IbN3~-1 -

20 IbN3~-18 and IV1-IV8. In this case, the liquid crystal
mixtures preferably contain 1-5 and in particular 1-3
compounds of the formula IbN and IV and in particular of
the formulae IbN2-1 - IbN2-2, IbN3-1 - 1bN3-18 and
IVi-IV8.

25 The compounds of the formulae IV3-IV4, which are
preferred, have high or relatively high values for the
dielectric anisotropy Ae; in this case, the compodnd of
the formulae IV6, IV7, IbN3-8, IbN3-16 and IbN3-18, which
contain the structural element

N
 OROL
. N
30 are distinguished by particularly high values for Ae.
Particularly preferred cdmpounds are those of the
formulae IV3, IV4, IV5, IV6, IbN3-3, IbN3-4, IbN3-7,
IbN3-8, IbN3-11, IbN3-12, IbN3-15 and IbN3-16 which are
distinguished by a high optical anisotropy at the same

35 time as relatively high dielectric anisotropy. Liquid
crystal mixtures which contain these preferred compounds



- 35 - prepared, by the nethods described in DE 3, 600,052, DE 3,315,295, SU
1,063,100, SU 1,063,101, SU 1,069, 413, SU 1, 171, 456, GB 2,118, 934, EP
0, 097, 033 and DE 3,411,571. 5 Liquid crystal m xtures which
contain one or nore conpounds sel ect ed .f.r?)gn.t he conpounds of the fornul ae
IbN and 1V and in particular of the for ae IbN2-1 - IbN2-2, 1bN3-1 -

| bN3- 18 and IVarbvéﬁgicﬁna&wggtshaﬁba.advan- tageous val ues for t he
optical anisotropy Annﬁg-ﬂi“i% tig'x'ﬁb% ?lg/psm Ll t the

pol yner used for the GFYS §cMhich, fontain, hi gh
chear poi nt angf kherrforsmlae IW33dIvet,advsys IVS and/bor INFIeameelm-i c

‘ani sotropy and n adv. ageo np e¢fhbe et | cal
par anet ers. tes g(tﬂ?:géaéf% g?gf!':rgg%&r%%ua?d %’?ys al mxtures
accordi ng t0 th:and}vdm;uid pryBtalnixtures of ithim type are) genexraldy 5- 30%

TN 1 - 1 bio: PERIRELY gultall ﬁ"a“‘ﬁ"#’&’h LEREIom: ace, Lo

“liquid crystal mi xt ur eddguidererygtabmixtures ARe | H‘Egiﬂl larly pre-
conpounds  of tfﬁéﬂ@%chbébﬁﬂdxh\bﬁ@$r fhoRer bapoands; sénaedmdnﬁm
| bN2-1 - | bN2- | bN3- bN3 18 and | \{1-LV8..25 unds

of the fornul aé'—}ﬁ/:#’r"vﬂ’ | CRmRPENGE . OF, the fpKmnla g#’%raPel ati very hi gh
val ues forig he ﬁ;ﬂaﬂm rdfcthél Soﬂmbg!e [EbN2-1 |-nIbN2323a'§hN3-the- &hﬁiﬁ]ﬂds of~

.the formul ae 1V6 b Q-fﬁl%'ﬁﬁfﬂ
structural el erﬁﬂﬂ #&? %3 a'éé Ql'i%%gl gﬂN}%éys part [ c vaI ues
for [err]. Partdekdched [fincimer the cgmvnndefarm%f apd | /3,

Va. 1vB: V6, ififird SN - dont - B 1606 aampamtlmm 15

consisting of at least one compound of ‘the formulae IbN
15 and IV and in particular of the formulae IbN2-1 - IbN2-2,
IbN3-1 - IbN3~-18 and IV1-IV8 and additionally of at least -
one compound of the formulae II1-II28 and III1-III3 in
the liquid crystal mixture used according to ‘the inven-
tion is preferably 15%-100%, but in particular 25%-100%.
20 The following component mixtures T(IbN), which
contain at least one compound each from the substance
classes shown, are particularly suitable for matrix
applications, but frequently less suitable for network
‘'systems; R has the abovementioned meaning:
25 T(IbN)1l: IVS ”
R-Phe-(C00),~Phe. (F)-X where X = F, CN and

l1=0o0r1l
T(IbN)2: IV7
R-Phe-Phe. (F)-X where X = F, CN
30 T(IbN)3: IV6
. R-Phe-Phe. (F)~-X where X = F, CN
T(IbN)4: IV3 | | :
. R-Phe-Phe, (F)~-X vwhere X = F, CN
T(IbN)S: IV4 _ |
35 R-Phe-Phe-Y-Phe.(F)-X  where X = F, CN
and ¥.= COO,

-CH,CH,~ or a single
- bond



di stingui shed by a high optical anisotropy at the sanme 35 tinme as
relatively high dielectric anisotropy. Liquid crystal m xtures which
contain these preferred conpounds - 36- are particularly preferred.
Liquid crystal m xtures which contain cagyrds of the fornulae 1V3, |V4,
V5, V6 and/or |V7 are sone- tine, |less suitable for network systens. On
the other 5 hensbN) 5Tqumcrystal m xtures of this type are generally '
part|cularly suitable o a on quid ¢ taI are
p ticularly pre- ferredﬁﬁ}#éﬁ"{g 16'% °oirl)r6#‘e co sei% from
group of conpounds of the fornmula IbN and in par--@—t :leulaycofothe
forrrulae IIbN2-1 - IbN2-2, IbN3-1 - 1bN3-18 and |V1-1V8g d? dijignglly
one or nore conpounds sel ected fromthe group of conpoun(?s I'T1-1128 and
1111-1113. Fhe nass content of the conponent m xture c®Fsilsting of at |east
one conpound of pi#gn)9:neyge | bN 15 and IV and in particular of the o
formul ae I bN2-1 - Ib22 [ bN3- 1 E IV1IV8 and additionally of
at | east one conpound of&'ﬁ%"?@iﬁﬁﬂa T a‘F\d [111-1113 in the liquid
crystal m xture used accordi ng to the |nven- ti onwhene & e ¥ CN15% 100%
but in particulﬂ ﬁﬁ{ %Om The foll ow ng conponent m xtures T
(I'bN), which co {5 g st one conpound each fromthe substance cl asses
shown, arelfarticul arly Ru(Cybd)sPhe-000-Phe.{F)FKcat i omherieutX f= eﬁueﬁﬂl y

| ess suitable for network systens; R has the abovenenti q 2Egnigpoy 25 -
T(1bN) 1: " 1V5 R—Phe-(COO[err] Phe. (F)-X where X = F, andl— or 1
T(1bN)[err]: |IV7 R Phe-Patthermore, the follgwing )component smixtyresy) 3:
16, ‘which contain at least one compound each, selected from

the compound classes of the formulae IbN and IV shown in
15 each case, are frequently less preferred for network

- systems:
T(IbN)9: IV2
IbN3-1
T(IbN)10: IV2
20 Iv7?
T(IbN)1l: IV2
IVe
T(IbN)12: IV2
IV3 or IV 4
25 The component mixtures T(IbN)9 - 'J.'(IbN)lZ are

preferred for matrix applications.

Liquid crystal mixtures which contain one or more
of the following component mixtures T (IbN) 13-18, which
for their part in each case contain at least one compound

30 each from the substances classes mentioned, are occa-
sionally less suitable for network applications; however .
they generally can be preferably employed for matrix
applications:

T(IbN) 13: Ivl
35 II1
T (IbN) 14: vl
"~ IV2 and/or IVS
T (IbN) 16: v 1 '
Iv4



.R—Phe-Phe.(F)-X ' where X = F, CN T(1bN) 4: 1V3 R-Phe-Phe. (F)-X

where X = F, CN T(IbN)5: Iv4 35 R- Phe- Phe-Y-Phe. (F)- X where X
= F, CNand Y = COO, -CHerr]CHerr]- or a single bond - 37 - T(I1bN)6:
V2 [err] -Phe. (F)-X where X = F, QNgg.Lyc or Phe and 1 =0 or 1
T(IbN)7: 1V2 R Cyc-CH err]CH err]-Phe-Phe. (F) -X where X = F, CN T(IbN)8:
vl 10 o (Pol§yaskerr] gvhg- COO Phe. (F) -X  where X = F, CN and 1

=0 or 1 Furtherr%)re t he fol lt[ggn g z?nponent m xtures, which contain at
| east one conpound each, sel ec RRA/PF he conpound cl asses of the formnul ae
| bN"and 1V shown in 15 each x336, are frequently less preferred for

network systens N) IV2 N3-1 T(I'bN)10: 1V2 20 | V7
T(1bN)11: V2 I?G-[#’BBN?'ZZ |v§ V3 or IV 4 25 The conponent

m xtures T(BbN)9 - T(IbN)12 ar &V3
T (IbN) 18: Iv2
: II5

On the other hand liquid crystal mixtures of this
type can frequently be modified by the addition of

10 further compounds such that they are also suitable for
network applications.

Thus, e.g. liquid crystal mixtures containing, in

o/ addition to one or more of the above component mixtures
T (IbN) 1-18, one or more compounds- selected from the

15 group of-congounds of the formulae Ia, IbF, Ic, Id and Ie
and in particular of the preferred sub-formulae are-
suitable inter alia for network applicatiomns.

Liquid crystal mixtures are also particularly
suitable for network applications, which in addition to

20 one of the above component ‘mixtures contain one or more
compounds of the formula If and in particular of the
preferred sub-formulae, the mass content of the compounds
of the formula If in the liquid crystal mixture preferab-
ly being not less than 5%, in particular greater than

25 7. 5% and very particularly greater than 10%.

Liquid crystal mixtures used according to the
invention which contain one or more of the component
mixtures T (IbN) 1-18 are particularly preferred, inter
alia, for matrix applications. .

30 For network applications, liquid crystal mixtures
which contain at least one compound selected from the
group of compounds IV1, IV2 'Iv3, IV4, IV5 and IV6, and
additionally at least one. compound selected from the
group of compounds II5, II16, II7, II9, IIll, IIl4, IIl6,

35 II22 and 1123 are in general additionally lesg__preferred;
however, mixtures of this typé are particularly suitable
for matrix applications. On the other hand, 1liquid
crystal mixtures used according to the invention, which
contain a componépt_mixture of this type and additionally



. preferred for

- one or

their part

matri x applications. Liquid crystal m xtures which contain

more of the followi ng component mixtures T (IbN) 13-18, which for

i n each case contain at |east one conpound 30 each fromthe

. subst ances cl asses mentioned, are occa-.-sig@ally |ess suitable for network
however they generally can be preferably enployed for matrix

appl i cations;
appl i cations:
| V2 and/ or
and/or 1116 T (P8

V5 T

Téhe Nbrlilore cdﬁ%ﬂﬁfds selected from thélgtouphN)f ldom-

I V1

551 oF oy imidie 0, 55, " 0" g, o, 7 s B, .,

Orthe other h apérticular cofsthe preferred osub+formylae care f preferced, be

nodi fi ed by the;, t I '
sui table for ne%&ggt &f Icé%ggﬁg£E h%éﬁlﬁ&ﬁﬁﬂ#@ﬁuﬁgﬁgrag?gta%?%%s?éﬁoa >°

containing,5in . hﬂquidoqrygteheméxtnﬁeé UhiF

(1bN) 1-18,

nc&#ﬁo%t‘“‘?ﬁ&t%?’é‘s’ T
ONepShndB' &f GEHDOEEFEIB?& f:rfoanahsnl fE60Lar ob£ cel@ounds

of the fornulae la_ ‘FbF e“}cl?ﬁ! d Ie |n partic%%&tggﬁggfﬁéﬁ{lﬁred

sub- f or rul-ae arBreferzed
crystal

which in addltlfn

or

nore

m Xt ur e6f ke Acxmyla L Li.hathy ]s:l.qﬂida loxystalnmixbukespprefersbons,
53189 grol€e? tidls S04 HaRIBGTAr"hEbAEES EARALOeONC
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15

20
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35

and very particularly greater than 12.5%.

For network systems and also for matrix systems,
liquid crystal mixtures are particularly preferred which
contain at least one compound of the formulae IbN2-1,
IbN-2 and IbN3-3 - IbN3-18. '

Furthermore, liquid crystal mixtures which, in

addition to one or more compounds of the formula IbN and.-

in particular of the formulae IbN2-1 - IbN2-2, IbN3-1l -

IbN3-18 and IV1-IV8, contains [sic] at least one compound

selected from the following compound classes
I12, 114, II3,‘IIB, Irio, II15, 1117, 1118, II19, II25,
1126, 1127, II28, IIIl, III2, III3, IIl2, IIl3, 1120,
II21, 1124, IV7 and IVSB
are very particularly suitable for use in the electro-
optical systems according to the preamble of Claim 1.
Liquid crystal mixtures which are based on the
following component mixtures T(IbN) 19-23- which contain
at least one compound each from the compound classes of
the formulae mentioned in each case are preferred. In the
table, the preferred mass content of these compounds in
the component mixtures is additionally given. The compo-
nent. mixtures contain 2-38, preferably 2-35 and in
particular 2-25 compounds; the sum of the mass contents
of these compounds in the component mixture is 100%. The
mass content of the component mixture in the liquid
cfystal according to the invention is between 10% and
100%, in particular between 15% and 100% and very par-
ticularly between 25% and 100%. |



conpounds of the formula If and in particular of the preferred

- sub-fornul ae, the mass content of the conpounds of the formula If in the

* liquid crystal mxture preferab- |y being not Iess than 5% in particular
greater than 25 - 7.5% and very particulaglgy-greater than 10% Liquid
crystal m xtures used according to the invention which contain one.-or nore
of the conponent mxtures T (IbN) 1-18 are particul arl referred, inter
alia, for matri MRT€ations. ggrmull.a F&%Fmténgpgpi %&PI ons,
liquid crystal mxtures which contain at |east neatpatixture ¢&jed from

t e’ group of conpounds IV1, V2 IV3, 1V4, 1V5 and IV6, and additionally at
| east one conpound sel ected fromthe group of conpounds II5, 116, 17, 119,
1111, 1114, 1116 GON) P2 and IbE3 are in geSei?8 additionally |ess
.prefierred; however, mxtures of £khis type are {i '?&H' habl e for
matri x applications. On the ot hg? hand, quuidgécrg’ygtua m )%tég?%g used
according to the invention, which contain a cd¥rd®ent nixture of this type
and additi-onal ly -39- one or nore conpounds selected fromthe group of
com pounds of the forn;% e la, Lﬁ Id, le an%l F and in particular of the
preferred sub- f oF n{FRR) pref@ ed, inter al “23f or net wor k appl i cations.
This also applies to 5 | i qui dxgrystal m xtusegsyhiiahpartienlaene or nore
com pounds of the formulae [sic] If and in pg.‘r_tg' cular of the preferred _ -
sub-formul ae, the nmass content of the conpounds & the formula If in the
liquid crystal mixture preferabIILy being gred=&9 than 5% in particular
greater than 10% 10 and very particularly greater than 12.5% For network

systens and also for matrix systens, liquid crystal m xtures are
particularly prePetFoM) v@lch codblin at | east %‘ﬂé conpound of the formul ae
IbN2-1, IbN-2 and 1bN3-3 - | bN31¥8. 5-63
5 T (IbN) 22 IbN 5-50
11 5-75, in particular
10-65 '
III 5-37
Iv 5-42
T (IbN) 23 IbN 5-50
T 5-72, in particular
: 5-65
Iv 5-46

—

_ Blectrooptical liquid crystal systems according

to the invention are additionally particularly suitable,
whose liquid crystal mixture contains at least one

10 compound of the formula Ic '
. (X)),

Rt -CN Iec

in which

Q* is (-®-),;z.7  or 'z
one of the rings - or f@' is '-CT)‘- . in which



o150 Furtherfmre,- l'iquid cryst.al' m xtures which, in addition to one
- or nore conpounds of the fornula IbN and in particular of the fornmul ae
“1bN2-1 - 1bN2-2, IbN3-1 - IbN3-18 and I1V1-1V8, contains [sic] at |east one

conpound sel ected fromthe foll ow ng conpogpd.cl asses 20 (12, 114, 113,
118, 1110, 1115, 1117, 1118, 1119, 1125, 1I'l26, 1127, 1128, 1111, 1112,
113, 1112, 1113, 1120, 1121ml i, -Cl~ agg |-G ,ar andertheabthe, aris

suitable for use in the electro- optical, systens,accor t o, the eanbl e
of daim1l. 25 Li qui (P‘?ﬂi}é’ttal is; iFﬁPEEJ‘ T dia&ﬂ‘ﬁ&s%‘b e

f OH owi ng conponent m xtures T--phedylehe;3 WA-£luero+l d-plienybsate Oncor
conpound each fromthe conpoun _? asses ,of, t Ple fﬂrgrml ae nentioned in each
case are preferred. In the tabl%, l[ul?é:"ﬁrlé]‘ep g 88 content of these
conpounds i 15 30 27 ahd &8nponentimiependentily efdonecandtheniaxe a Bingkempo-
nent m xtures contain 2-38, ph aklepg-2- 3 dab.n rdg cul ar 2-25
compounds; the sumef-the mass tE%ﬁ'ents of’ tﬁgggggrrﬁggﬁ%% i'n the conponent
m xture i s 100%X'TA8 mass cont &O%HLCL he conponent m xture in the liquid 35

crystal accordi ng dnt tie | iidupdndentlyodf one ag¥theg a2e%0 of pprticul ar

bet ween 15% and 100°/<Fand very par- ticularly between 25% and 100% - 40
- Mxture Forymul a Mass content in the conponent m xture [%
T (IbN) 19 Iblﬂ(’i’{)13 is 2-4fIdord-1,4-phenylenes- B iIrfludrad A- -
11-75 T (I 20 N 55 11 5-75, in ’
particul ar %252 |11 phenylene and ;)\ 5 | bN 5-75

U Cl
_ -@- is correspondingly 2-chloro-l,4-phenylene or
- 3=-chloro-1,4-phenylene
and the meaning of R! is given in Claim 1.
The compounds of the formula Ic include 2-ring
15 tetrahydropyran derivatives and dioxane derivatives of
the formmlae IcT2 and IcD2, in which 27 and X® have the
abovementioned meaning and Phe.(X) is Phe, Phe.F or
Phe.Cl:

Ri-Thp-Z?-Phe. (X) -CN IcT2
" Ri-Dio-Z7-Phe. (X) -CN IcD2

R! in the compounds of the formula IcT2 and IcD2

20 is preferably methyl or alkoxy having 1-10, but in
particular having 1-8, C atoms. Additionally preferred
are n-alkoxyalkyl compounds and in particular n-alkoxy-
methyl and n-alkoxyethyl compounds. In addition R is
preferably also alkenyl having 1-7 C atoms. Very par-

25 ticularly preferred compounds are those of the formula .
IcT2 and IcD2, in which R is methyl, ethyl, propyl,
butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl,
methoxy, ethoxy, propoxy, butoxy, pentoxy,  hexoxy,
heptoxy or octoxy. .

30 " In the compounds of the formula Ic'1‘2' and IcD2, 2
is -CH,CH,~, ;-COO-, -0CO~- or a single bond, but in
particular -~CH,-CH,~, =~COO~ or a single bond and very
particularly -COO- or a single bond. The phenyl ring can



LY 563 5- T (IbN) 22 IbN 5-50 |1

+ 5-75, in particular 10-65 |11 5-37 |V 5-42 T (I bN)
23 | bN 5-50 |1 5-72, in particular 5-65 |V
5-46 El ectrooptical liquid crystal systemg2ascording to the invention are

additionally particularly suitable, whose liquid crystal m xture contains

at |east one lbe monmgmubutitutdd: (fmr-mn)a By: Pew F ior ¢l O Arfubsts-

[err] one of t gs err i n
whi ch - 41- l%‘{e# |%ni%—#éir i"°dor - OF, tﬁé’dotﬁ:é“p 4"% e%"hls
tyans- 1, 4- cycl @m@l @an F atompinrthe 2= or 3~pbadtion, drphcll/ latom iror
3-fluoro-1, 4- rl | ndependently of one
anot her are a5|ngl J’iﬂc%é Eﬂ-%ag:ggi-CI—I[err]CI—I[err] Xerr] is
For d r &dq |nde &nllpwing, smaliexh arosp. of eompoundss of the

2-fluoro-1,4- Dfﬁ:’ﬁhﬁﬂﬁa ﬁ-rzﬁtfl-uqazrls4 si%] and IcD2-1Pbeggboug 33
clerr] S corr dlngly - Cl Ioro 1 - phenyl ene or

3-chloro-1, 4- g of Rlerr] is givenin Caim1l. The
conpounds of the fornmula Ic |nclude 2-ring

R-Thp-Phe-CN _ _ IcT2-1
R-Thp-Phe . 3F-CN 3  IcT2-2
R~Thp-Phe.3C1-CN - IcT2-3
R=-Thp-C00-Phe. (F) -CN IcT2-4
~ ' R-Thp-CH,CH,~Phe. (F)-CON . IcT2-5
R-Dio-Phe-CN - IcD2-1
R-Dio-Phe.3F-CN | IcD2-2
R-Dio-Phe.3C1-CN IcD2-3
'R-Dio-COO-Phe.3F-CN - I1eD2-4
R-Dio-C00-Phe . 3C1-CN - IcD2-5
R-Dio~CH,CH,~Phe. (F) -CN | 1cD2-6

Liquid crystal mixtures which contain one or more
compounds selected from the group of preferred compounds
10 ‘of the formulae IcT2-1 - IcT2~5 and IcD2-1 - IcD2-6 are
particularly preferred. Very particularly preferred
-liquid ecrystal mixtures are those which contain a com-
pound selected from the group of compounds IcT2-1,
IcT2-2, IcT2-4, IcT2-5, 1IcD2-1, IcD2-2, IcD2-4 and
‘15  IcD2-6.

| The compounds of the formula Ic additionally
include 3-ring tetrahydropyran and dioxane derivatives of

 the formulae IcT3-1 - IcT3~8 and IcD3-1 - IcD3-8:

Ri-Phe. (F) ~Thp-Z7’-Phe. (X) -CN ' 1cT3-1
" R'-Cyc-Thp~Z’-Phe. (X)-CN IcT3-2
R:-Thp-Phe. (F) =Z7~Phe. (X)-CN - -+~ 1eT3-3

Ri=Thp-Cyc-Z’-Phe. (X) -CN IcT3-4



15 tetrahydropyran derivatives and di oxane derivatives of -the fornul ae
J1cT2 and 1cD2, «in which Z[err] and X[err] have the abovenenti oned neani ng
~and. Phe, (X) in Phe, Phe.F or Phe.d: R err]-Thp-Z[err]-Phe. (X)-CN

lcT2 Rlerr]-Dio-Zerr]-Phe. (X) -CN - 43 = IcD2 Rlerr] in the

conpounds of the fogmu.a 1612, Iﬁ;&% —rarS preferably rrethyiF _gal koxy
havi ng 1-10, but in%%&?-’c@ﬁaza‘m I-%g,’-glatoms. Addi ti onal | ﬁgﬁerred
are n-al koxyal kyl cReEOpe+Zs-ThHe-Phe X)) =CNUl ar n- al koxy- net hyl RiF¥8~6-

n-al koxyet hyl conmpounds. I n addition Rigs preferably also al kenyl _having

1-77C atons. Very pBi=ThpsZ®-Phe.(E)Rhes(X) 3N ed corpounds are t Tof the
formula I1cT2 and Ic | ' | yl, ethyl, propyl, butpdna_grentyl,
Eﬂm&m&&fégy 1T3-8°

hexyl, heptyl, octyl, ) , methoxy, ethoxy, propoxy,
but oxy, pentoxy, RisEbe. (FiePioxZ’-PheocdXbx€N¥ 30 I n tleD3=dnpounds

of the fornmula IcT2 | &2 od oS - rlCH err]- -COO, - oL, a -
singl e bond, but. inng%ﬁfgﬂ-%'e(ﬁ]- [err]-, -COO or a si 3e bond.
and very particul ar R¥-Did=PheQ{FP-Zi1-Phkc (XP*CN The phenyl ring qap3-3 be
nonosubstituted (r = (_Baib Xerr] = F or C or unsubsti- tuted.
Unsubsti t ut ed c,orrpom'n' %k!cﬁgﬁ‘;}c% d#Nch contain’an F atom il¢D3néd 2- or
3-position or a C ﬂi_(pﬂd'.qﬁhzg;‘bmgi %

.aaf preferred. 5 1cD3-5 he
foll owing smaller group of Conpounds of t)ne or.mul ae 1cT2-1 - Ic ’?g [sic] -
and 1cD2-1 - |cD2- 6R}CyeerZ8+Bio-Phe. () eCWrred. R-Thp-Phe-CN  IcD3-6 ’

| cT2-1 R-Thp-Phe. SRREN. o4 - - | cT2-2 R ThpzPhe. 3Cl - CN
| cT2-3 R Thp- C0D. phBIDisy Z&sPhe. (F)-Phe. (X)-CX | cT2- 4 ri°_° 1
IFkgpiCH[ err] CHl er r Ri-+D30-Z8+CydPhe . (X) -CN | cT2-5 Rikep3-8he- CN

C -

In the preferred compounds of the formulae IcT3~-1
- IcT3-8 and IcD3-1 - IcD3-8, R! is preferably methyl,
ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, .-
nonyl, decyl, methoxy, ethoxy, propoxy, butoxy, pentoxy,
5 hexoxy, heptoxy, octoxy, nonoxy, decoxy, methoxymethyl,
ethoxymethyl, propoxymethyl, butoxymethyl, methoxymethyl,
ethoxymethyl, pi:opoxymethyl, butoxymethyl {sic]}, methoxy-
ethyl, ethoxyethyl, propoxyethyl, pent-2-enyl, pent-3-
enyl, pent-4-enyl, hex-2-enyl, hex-~3-enyl, hex-4-enyl or
10 hex-5-enyl. In the compounds of the formulae IcT3-1 -
IcT3-8 and IcD3-1 ~ IcD3-8, 2 is -COO-, -0CO-, -CH,CH,~ or
a single bond, but preferably -CO0-, -CH,CH,~ or a single
bond and very particularly a single bond. -
_ Compounds of the formulae IcT3-1 - IcT3-8 and
15 IcD3-1 - IcD3-8, in which Phe.(F) is a 2- or 3-fluoro-
1,4-phenylene group, in general have a relatively low
viscosity n in comparison to the laterally unsubstituted
compounds. _ _
The following smaller group of 3-ring compounds
20 is very particularly preferred: '

Ri-Phe-Thp-Phe-CN | IcT3-1a
R!-Phe~Thp-Phe. 3F-CN .. IeT3-1b
Ri-Phe-Dio-Phe-CN . | IcD3-1a

Ri-Phe-Dio-Phe.3F-CN _ o - If:D3"1h



R-D|o Phe. 3F- CN |cD2-2 R-Di 0o-Phe. 3d -CN

‘1 cD2- 3 R- Di 0- COO- Phe. 3F- CN S | cD2- 4
R- Di o- COO- Phe. 3C1 - CN | cD2-5
RDo-CHrer]CHerr]-Phe. (F) -CN - 44 - | cD2-6 Liquid crystal

n xtures which contain one or nore conpounds sel ected fromthe group of
preferred conpounds 10 of the fornmulae 1¢cT2-1 - 1¢cT2-5 and IcD2-1 -

| cD2-6 are particularly referre Very particularly preferreg J‘p%d
crystal mxtures d%*‘ec\mo'ﬁv contain a com pound sel ecte om t he

grodp of conpoundsy,l Eﬁcﬁ | cT2-4, 1cT2-5, IcD2-1, |cOeD3~2acD2-4
and 15 | cD2- 6. :Qﬂ? e§érrpour?3I the for rrul alc additi onal |y 4 ?.g%ge
3-ring tetrahydr ofRi=ThpePhiexPhec&Ne derivatives of the formil ade 1 -

lcT3-8 d IcD3-1 Ph F) -Thp-Z Ph e
IgTS 1g[nerr]C ﬁ’ﬁb"gsggﬂﬁbn'éﬂ]( iy () p-2lerr]-Fhe. I(ICK'I‘??? 2

Rerr]-Thp- Phe. (Fﬁl—nZBOPn&—m:m-m N cT3-3 Tcb3-3b
Rl err]-Thp-Cyc-Z[ err]-Phe. (X | cT3-4 -43- R-Phe.

(R[ F) - Z][ eg/] ;Pp Phe. (X) '.l‘tﬁ\ltetra opyrans anddibxanes of the formulae
err c-Z[err

Rl err]-Thp-Z[er rI]FT}n'Q' I(‘%n:’('@f 1&}%'3 o\feD3-3, Ic!l.'3-£, I i‘f§375 ¢+ IcT3-6
Rl err] - Thp- Z[ er iandCy @cB3e6,( Xjin- Okhich 2 is =-CO0- lorT3~-CHCR,,| - Are. (F)

.-Dio-Z[err] - Phe. aéd@tiogﬂllyl VﬁﬁzPﬁrﬁﬁﬁgﬁth%&%ﬁg& Dio-Zerr]- Phe.

(X) - CN err]-Phe. (X
IcD3 3 R er 8 - Di 0- Oyc- Z[Ther jccupounds) of\the formulae IcT2, IcbRj- Ic T3

r]-Phe. (F) and Scbb Qheepfﬁvoﬂﬁblg\hlues for the fl&vF Q;isrbos:.ty .
er r]-Cyc-Zfer

X
Rlerr]-Dio-Z[er ,t%hqgﬁgtigpjl gotfggy An and, in partiq.lygg:,? igh values
Rl err] - D o-Z[ er rfoxrCy thighediéXectfit anisotropy Ae. Compiiuids n dinethe

preferred co_npo%%ﬁ e hfc‘f'f,r nféﬁf, | &‘I.%s and IcD3, which contain the -
10 structural element

have very particularly high values for Ae.

The compounds of the formula IcT or IcD are
preferably prepared by the methods described in
15" DE 3,447,359, DE 3,306,960, GB 89 28 583.7 ' and

. DE 3,146,249, 7
Liquid crystal mixtures which contain at least
one compound of the formulae IcT2, IcD2, IcT3, IcD3 and
very particularly of the preferred formulae IcT2-1 =
20 IcT2-5, IcD2-1 - IcD2~6, IcT3-la-b, IcD3-la-b, IcT3-2a,
IcD3~2a, IcT3-3a and IcD3-3a-b are distinqguished by
advantageous values for the birefringence An and the flow
viscosity 7, a high stablility, low miscibility with the
polymer used for the matrix, a broad mesogenic range, a
25 relatively high clear point and in particular by
advantageous values for the dielectric anisoti';:py and the
temperature dependence of the electrooptical parameters.
- The liquid crystal mixtures used in the electro-
optical liquid cr:y_s"hal' systems according to the invention



i~ 1¢T3-8 and |cD3-1 - IcD3-8_, R[err]. Is preferably nethyl, ethyl, propyl,
tbutyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, methoxy, ethoxy,

- prapoxy, butoxy, pentoxy, 5 hexoxy, heptoxy, octoxy, nonoxy, -decoxy,

met hoxynet hyl , et hoxymet hyl, propoxynet hyl ggbyt oxynet hyl, nethoxynet hyl,

et hoxynmet hyl , propoxynet hyl, butoxynethyl [sic], nmethoxy- ethyl,

et hoxyet hyl , prw& a@ﬂeaﬁaewlo%peﬂh ﬁarem&hlafestsﬁ%emdf com-
hex- 2- enyl, hex- Q# 4- or 10 he % Jn the compounds of
theforrrulaelc'i??@ I fip Iﬂ%%’ d; & 1&'“5

- O err] C:*[ e[) r] -ties p:afaghedbcwb-l ﬂathuaw-er:lebl E):h:.mase,ﬂ"i:gér]ﬁ&ﬁd]

or a single bon ry ticular e bo nds, o
fornul ae 1cT3- 1%:%{]&1’3\"?8 Ees g%ffrabﬂgm "'E?nqﬁ ‘F‘heb %) irfba 2-
or 3-fluoro-51, @q:miquh:e]grhupmpougdaeoﬁlthmxﬂamﬂabalc!ehgdlm and
viscosity [err] l%n # y ed conpounds. The
follow ng snall er &roup o* rrng co g@eé suﬂ.!ggﬂly%art icularly
preferred: "Rl err] - Phe- THRaTticudarly preferred liquid crystalcmgixtures

Rl err]-Phe-Thp- By%e ©hoéd! which contain one or morbC-E%mBBunds selected
Rl err]-Phe-Di o- EP Cli la
R- Phe- Di o- Phe. 3FEX9@ the group of compounds of |the; fﬂ!m“he AeT2, IcD2,

Rl err] - Cyc-Ithp- Aie®Lldnd IcD3 and in particular of thdpréferred formulae

E[[gm %g Bhg ﬂﬁ%} - Io¥2-5, IcD2-1 - 1cD2-6, feA3-Ia-b, IcD3-la-b,
Rl err] - Di o- Phe- Hle¥3ela, IcD3~2a, IcT3~-3a and IcD3-BaEb, and additionally

rr]-Di o- Phe- R
ﬂé’?r ahydr opyr ans&gengg%r oxanes stf or rruefae I W}?&é@?i‘,p o:F3qgm
| cD3-3, |cT3-5, haunsss IT m,aianr;m%andnmhm Zhe masgogontent

-CH err] CH¥ ] of atReadtmpcsit Yﬂﬁﬁﬂraa@dn‘i‘ils%&h& Re£f at’ efleast one
The Conpounds of theJn(H 6% %he “frimlse tcts, “1op2, ToT3, IoD3 and in-
particular of the preferred sub-~-formulae shown and
additionally of at least one compound of the formulae
II1-1128, III1-III3 and IV1-IV8 in the liquid crystal °
20 mixture used according to the invention is preferably

15%-100%, but in particular 25%-100%.

- The following component mixtures which contain at
least one compound from the following group A and at
least one 'compound from the following group B are parti-

25  cularly preferred:

g

Group A Group B

IcD2-1, 1cD2-2, IcD2-4, 111, 114, 115, 116, 119
IcD2-6, 1cD3-1a, IcDB-lb 1111, 1116, 1117, 1122, 1123,
I1cD3-2a, IcD3-3a 1126, 1127, 1128, IIl1, III2,
IcD3-3b ivi, Iv2, IV3, IV4, IVS, 1V6,

V7. Ive, 1I3, 117

Liquid crystal mixtures which are based on the
following component mixtures T(Ic) 1-5 which contain at
30 least one compound each from the compound classes of the



wand | cD3 have favourable values for the flow viscosity.[err], the optical
<fani sotropy An and, in particular, high values for the dielectric
anisotropy [err]. Conpounds of the formilae 1¢cT2, IcD2, 1cT3 and |cD3,

whi ch contain the 10 structural elenment ggr&L] have very particularly high
values for [err]. The conpounds of the fornmula IcT or IcD are preferably

prepared by themﬁ!hboﬁﬁnﬁ%d bigfl eadh lzaseDard 4ffrefdrred. I the

3, 306, 960, 3. |d cr stal xt,ur es
e e ain oRaPles. tBéC nkatesiRd BRsk; SOREAY oF EHed 518 o3
and” ver y parti cther egmpbneht mixtwresds additionalXy- g:.vem.o The cﬁﬁpﬁp-

:ggg %a-bI ;Pg gl &G ng lﬁfge&(? by a(fjian?a-gje }t\?/ég ueﬁB%or t# %I re?r ?ﬁgence An

and the fl oW V|§GG§lF¥ Peﬂﬁ]coupnugﬁsstsbeupumyofl§hanmgspbppnt9nﬁptn t he

pol ymer used fOgnpige Mdﬁn&% bipaghateopponent 2 Bd%ktute’is 16081 'i'ﬁby
high clear point and particular by advantageous,val ues E'- 3
F-SBE» i ca

di el ectric ani s&PPGpW%‘H‘EP’!‘he#enW aComPpopeptmiwting iR e
paragﬂfers tThec riy8tiad @Mﬁar§ﬁ$§>¢¢"€§eUiaﬁenﬁlbhe;slQﬁ?nnngpplosa?nBIQUId
crystal systens or nyention er contain
1-40% in parti &@fﬁ g’ &%’%ﬁ" %m J5% 1and ‘ic‘fxﬁxd PAED and
in particull@r otichdaplyf betwdenuR5%ocand | B@0%in thi s case the liquid -

crystal m xtures preferably contain 1-5, but in 5 particular 1-3,
conpounds of theMixtunéae |cT Feotmudd and i rnqssthnﬁem: afn tl:ﬂm preferred

sub-fornul ae. Particularly preferred |iqui dW those
which contain one or nore conpounds sel ecte om t%e group of corrpounds of

the fornmul ae IcTg, (§6P21 b (o 5-75, in particular
' ‘5=55
II 6-85, in particular
6-85
T (Ic) 2 (o] 5-75, in particular
- 5=58
v 5-80, in particular
5-13
T (Ic) 3 1c 5-50
II. 5-72, in particular
- 10-65
Iv 5,65, in particualr
5-46
15 TP (Ic) 4 1Ic 5-55
| II 5-52
III 5-29
T (Ic) 5 IC ~ 5-50
' II 5-75, in particular
' 10-75
III 5-37
v .- 5=42

Electrooptical liquid crystal systems are addi-
tionally preferred whose liquid crystal contains one or
more compounds of the formula Id



10 1cT3 and IcD3 and in particul ar of th'e preferred formul ae IcT2-'1 -
lcT2-5, 1cD2-1 - IcD2-6, 1cT3-1a-b, 1cD3-1a-b, 1cT3-2a, 1cD3-2a, 1cT3-3a
and 1cD3-3a-b, and additionally one or nore conpounds sel ected fromthe

- group of com pounds I11-1128, 1111-1113 and=IV1-1VB. The nass content 15

~of the conponent m xture con5| sting of at | east one conpound of the
formulae 1cT2, 1cD2, 1cT3, |gB3 and |n i cul gr—xf the prE®derred
sub-fornmul ae shown and nd-d( GZBP (me @ pound of the
foronulae 111-1128, III1III3IVI-I t he Uld crystal 20 m xture

uséd accordi ng fm whikeh nvention is pref erabl y 15% 100% but in particul ar
25% 100% The fol lauw ng co [Aq};j e CPNk3sPaPbhéRpEénene
conmpound fromt f oW dr og}h r,&;; srrggg?so%e coﬁ%oundf?r omt he
fol |l ow ng group partl- 25 cuIarIy preferred: Goup A -

G oup B IcD2-1, IcD2 ene|, 4. |35€1udio-1)H-phdiyXene,

| cD3-1a, |cD3-1b_ II16 |12 II23 Ic 2

1126, 112751128 @ °=l'~'t'[39]‘3'@h°“1' ene fahes \}ﬁ[p ‘%%l‘f V3,
V4, 1V5, 1V6, |V7, V8,h¢;t}a,eﬂd 7 Liquid crystal mxtures which are based

on the foll owi conponent x.tg[}ﬁ %ggs_&ba_ LEEOQOHEaJ-eB@BG'?‘O Ieast

one conpound edth fromt es of ! - 46 - | a
mentioned in ed®M case a= q.)rsafng]re(honldq rﬁ@Ot"abre'cﬂifeﬂzpweﬁéﬁr ed rrass
content of thesg conpoungs ¢ pgd R corrponent m xtures is additionally given.
The conpon- ent m xtures contain 3§ refergbly 2-35 and in par- 5
ticular 2-1% comdishe meaning of R’ fa %ggncg‘l’ﬁéﬁts of these conpounds in

the conponent mixture |ipagiifalaitly NPEeferréd nsystend carenthomet whosarre in
the 1 aui d crysj ay GogLdLigh  ohfS1hE SHb' O 'nbrd® Hpfoukd Whected
| from the smaller group of compounds of the formulae
I1dE2-1 and IdE3-1 - IdE3-8

R1-Cyc~CH,CH,~Phe~-CN | 1dE2-1
R1-Cyc-CH,CH,~Phe~Phe-CN . 1dE3-1
R1-Phe-CH,CH,~Cyc-Phe-CN = IdE3-2
R1-Cyc-CH,CH,~Cyc-Phe-CN | 1dE3-3
R?-Cyc-Phe-CH,CH,~Phe~CN | 1dE3-4
R1-Phe~Cyc~CH,CH,~Phe-CN 1dE3-5
R1-Cyc-Cyc-CH,CH,~Phe-CN  1dE3-6
R1-Phe-Phe~CH,CH,-Phe-CN 7 1dE3-7
Ri-Phe~CH,CH,~Phe-Phe-CN B . 1dE3-8

15 where the meaning of R? ia given above.
In the two-ring compounds of the formula IdE2-1,
Rl [sic] is preferably n-alkl [sic] or n-alkoxy having
1-10 C atoms, but in particular having 1-8 C atoms.
Additionally preferred are n-alkoxyalkyl compounds and in
20 particular n-alkoxymethyl and n-alkoxyethyl compounds.
In the 3-ring compounds of the formulae IdE3-1 -
' IdEB-B; R? :.s preferably n-alkyl or n—alkoxy having
i1-10 C ats, and in addition also n-alkoxymethyl or
n-alkoxyethyl, where n-alkoxy contains 1-6 C atoms.
25 Very particularly preferably, R! i._s methyl,



-100% in particular between 15% and 100% and very par- 10 ticularly

: bet ween 25% and 100% M xture For mul a Mass content in the
‘conponent mixture [4 T (lc) 1 I C 5-75, in particular 5-55
1 6-85, in particular 6-85 T (&Ci82= IC 5-75, in
particular 5-55 1V 5-80, in particular 5-13 T (dc) 3 . 1C
5-50 I . ethyl;, propel)i dbityl,/ Opéntyl, hexyl, Heptyl, noctyl,

iy Uo7 0 hopydyc ek, "methexy, ethoxy, prophel, Butoxy, pentoky;]
particul ar 10- 75heixoxy, heptosys7 ackoxy, methoxymethylct Wmﬂl’lﬂlqyi d
one or mre conphi R R thyly TutoRh Ay i astymtys (451 TethlRye ne
1, 4- phenyl en® or methyd {sicdyeropropex¥eth¥l. 1 4 phenyl ene,
2-fluoro-1, 4-phenyl ene, The compdubHs of3thelfomhldepPIdER! and IdE3 are
trans-1, 4? cyclo- preferably prepared by the methods described in
DE 2,636,684, DE 2,922,236, EP 0,102,047, EP 0,129,177,
DE 3,040,362, DE 3,317,597 and US 4,035,056.
10 Liquid crystal mixtures which contain at least
one compound selected from the compounds of the formulae -
_ IdB2-1 and IdE3-1 - IdE3-8 are distinguished by advan-
o tageous values for the dielectric anisotropy Ae, a high
‘stability, low miscibility with the polymer used for the
15 matrix and in particular by a broad mesogenic range, a
relatively high clear point and favourable values for the.
birefringence.

The liquid crystal mixtures used in the electro-
optical liquid crystal systems according to the invention

20 preferably contain 1-40%, in particular 5-30%, of com-
pounds of the formula Id and in particular of the pre-
ferred sub-formmlae; in this connection, the 1liquid
crystal mixtures' preferably contain 1-5, but in par-

" ticular 1-3, compounds of the formulae Id and in par-

25 ticular of the preferred sub-formulae.

Particularly preferred 'liqui.d crystal mixtures
are those which contain one or more compounds selected
from the group of compounds of the formulae IdE2-1 and
_ IdE3~1 - IdE3-8 and additionally one or more compounds
30 selected from the group of compounds II1-II28, IXII1-III3
and IV1-IV8. The mass content of the component mixtures
‘consisting of at least one compound of the formulae
IdE2-1 and IdE3~1 - IdE3-8 and additionally of at least

_ one compound of the formulae II1-I1I28, III1l~-III3 and

- 35  IV1-IV8 in the liquid crystal mixtures according to the
invention is preferably 'iS%'-lOO%, but ixi;.parti.cular
25%-100%.

The following component mixtures T(IdR), -which
contain at leasff' ~one compound each from the substance



is a single bond, COO -0CO- or -CI-l[err]CI—l[err]
-COO or -CH[err]CH[err] and s is 0
or 1 10 and the neaning of R err] is given above. Parti cul arly preferred
systens are those whose |iquid crystal canig® as one or nore conpounds
selected fromthe smaller group of conpounds of ‘the fornulae |dE2-1 and

| dE3-1 - | dE3- 8 daseés Gliovaiioy BLEH[ eiié, Ri¥e girticularly suitable :Eor
|dE2-1 Rerr]- eci\"\;r part:.cularlyl &lgg.tz.blle for

Riery |- Phe. O o EHEE, PRBLYEELRRR and

hexylene Z[err]
Z[err] is a single bond,

C atons, but

in.particular

havi% 1-

R[ er r] - Cyc- CH erné®trpxk rappldcationsn | dE3- 3

Rl err] - Cyc- Phe- [err] | dE3- 4

Rl err] - Phe- gf&errig[err] g{&% | dE3- 5
R[err]-(yc-%c CHerr]CH err]- | dE3- 6.

R err] - Phe- Phe- dg)Zdierr]- | dE3-7
Rl err]-Phe-CH err| CH err] - Phe--Rhe- CN | dE3-8 15 where
the nmeaning of Rlerr] is given ve. In the two-ring conpounds of the
formula |dE2-1, WRIAE)3] is prefdBl y n-al kl [sic] or n-al koxy having 1-10

8 C atons. Additionally preferred are

n- al koxyal k co ounds and in particul ar n-al koxynet hyl and
n- al koxyeth{Q I n thdm-ilng conpounds of the fornulae IdE3-1 -
| dE3-8, Rerr] is preferably N4y &Fkn al koxy having 1-10 C atoms, and
in addition al so n- al koxymet hyI or n al koxyet hyl , where n-al koxy contai ns
1-6 C atons. 257T 5: Very cuIarIy preferably Rerr] is
nethyl , - 48 - ethyl, propylgrisoutyl, pentyl, hexyl, heptyl, octyl,
oy GOy TR £l O, PR, DU, pentoxy, hexaxy, hept oky
met hoxynmet B8 [sic], ethoxy- II1l6 or 17 o
T(IdB)7: IdE2-1
Ivl '
T(IdE)8: IdE2-1
Iv2
20 T(IdE)9: IdB2-1
Iv3
T{IdE)10: IdE2-1
: Iv4
T(IdE)11: IdE2-1
25 Ivs
T(IdE)12: 1dE2-1 -
IV6
The following component mixtures which contain
. one or more compounds selected from the substance classes
30 shown in each case are very particularly suitable for
matrix systems:
T(IdE)13: IdE2-1
Iv?
T(IdE)14: 1de2-1
35 IVvs
T(IdE)15: IdB2-1
112
T(IdE)16: IdB2-1

116



5 met hyl [sic] or propoxyethyl. The conpounds of the fornulae |IdE2 and
IdE3 are preferably prepared by the nethods described in DE

2,636, 684, DE 2,922,236, EP 0,102,047, EP 0,129,177, DE 3,040,362, DE
3,317,597 and US 4, 035, 056. 10 ~LBguiad crystal mnixtures which
contain at |east one conpound sel ected fromthe conpounds of .the fornul ae
|dE2-1 and |dE3-1 - |dE & tmunihedrbﬂ aﬁaa Pref@ieelS betlh Sforf O

the dielectric anisotro _r.r ahl abl o mSC|b|I|ty wih the
pal ymer used formﬂfﬁé{’i;gp LwPT ApRhiT

range, a relati \m.ltd.dnghwdi:.ehr ponttiundrlf aleuﬁtbldna'abéﬁ@oixﬁa teg the

i quid orystal 3}2{‘%“@ FU0 g bR F R siripoiag, deieiel A

1-40% in pdtticiher rom, of mmdmstu. t L F-TTHy a ILV-A%28 nand

:particular of theysBred ergigs Wm £ N %Q&Iqxl pvi d
crystal m xtures feraﬁ. gontain but H#Hpuar- ti1cular :;'I corrpounds
of the forful ae %‘ﬁ{%?c? léé i inter akiandy tbee#éatsgn obHong ae.

Particul arly pr e more bbﬂpbdndeﬁ&!écﬂédtﬁcﬁthbe E'Bﬁ eoi"‘l‘.' 'Jf one

or nore compoun ect g ds of

JdE2-1 and |d53q‘i’ e“41 3&' ThEY, 3 %irﬂdh

"sel ected fridn t ﬂaxgruﬂlrhhn‘ pnuﬂecmsdsshbi-fbtﬂﬁlaéﬂ 1-1 | | 3 and |V1- |V8 The -
- mass content of the co en g .0 ea nmpound
of the fornmulae IdE2-1 an ggywhﬁdégﬁsgﬁ%ng Qwalodﬁliq’gaﬁ one
compound of t he THHXAR)I1% wh;!.cm ceptain jat ledstndnéScompbund/Seach tdf: thequi d

stal mi xt ur e Forailad t f S%ehi0’ t in
g%)rbt i cular 25% 1Q0% The%ﬁpﬁﬁg‘?ﬁn&%ﬁtiﬁ %rééﬁ( *‘8&) égw&l c@h ntain

at |east one cof}YSfd &R naddy qqellﬂ,bmcgartzcularly preferred; in
15 this connection, for any component mixture the sum of the

mass contents in the component mixture is 100%, while the-

mass content of the component mixture in the liquid

crystal mixture employed in the system according to the "

invention is between 10% and 100%, in particular between
20 10% and 90% and very particularly between 15% and 85%:

Mixture Formula _ Mass content of the
) component mixture [$%]

T(IdB)17 IdE3 5-35
25 . II1-II28 6-60

T(IdE)18 IdE3 | 5-35

IV1-IVe 5-45

30 T(IdE)19 IdBE2 and/or IdE3 4-32

I11-I128 5-58

IV1-IV8 5-37

Electrooptical 1liquid crystal systems are

35 additionally preferred whose liquid crystal contains one

or more 4-ring compounds selected from the group of
carbonitriles of the formulae Ie4-1 -~ Ied-4



©2 49 - classes shown in each case, are particularly suitable for matrix
“ applictions and very particularly suitable for network applications:

“T(1 dE) 1: © 1dE2-1 5 113 T(1dE) 2: |dE2-1 114
T(1dE) 3: IdE2-1 115 10 T(IdE)4: . g1 LdE2-1 116 or 117 T(IdE)5:
| dE2-1 1115 T(IdE)6: | dE2-1 15 - 1116 or 17 T(1dE)7: .

|dE2-1 |V1 T(IdE)S8: dN2- X2 20  THTOg) 9: | dE2-1 |V3

T(1 dE) 10: | de2- 1 Rin ) 'Cﬂzaih"ﬂl Ied4 b

T(I dE) 12: | dE2-1 | V6 e fofrtOw ng conmporfent m xtures which contain

ong”or nore conpounds sel ee+gd fromb ce classes 30 shown in

each case are very parm-e ' @ Lpdgx systens: T(I1d ,

| dE2-1 | V7 T(IdE) 14: o NdF2-1 :?5’; o | V8 Eiész
-- Ri- mzmz‘ CHzCHz -CN Ie4-3

Ri- -Glzﬂiz- -CN led~4

in which

in each case independently of one another is -
- - ‘1,4-phenylene, 2-fluoro-~-1 4-phenylene,
\_/ _ 3-fluoro-1,4-phenylene or trans-1,4-cyclohexyl~
5 ene, '

-- in each case independently of one another is

e B (F)¢
oxr .
O T O
t is 0 or 1 and

'F ig 2-fluoro-1,4-phenylene or 3-fluoro-1,4-pheny-
10 _@. . lene
and the meaning of R! is given in Claim 1.
The compounds of the formulae Ied-la - Ied-lg,
Ie4-2a - Ied~2k, Ie4-3a - Ted4-3-f [sic] and Ied-4a -
Ied-41 shown in the following are particularlyf i:referred:

Ri-Phe-Phe-Phe~CH,CH,~Phe-CN . led-la
R1-Phe-Phe-Phe . 2F~CH,CH,~Phe-CN - Ied-1b
R1-Phe-Phe-Phe . 3F-CH,CH,~Phe-CN Ted-1c
Ri-Phe-Phe-Phe-CH,CH,~Phe .F-Cll | Ted-1d
R1-Phe-Phe-Cyc~CH,CH,~Phe-CN Ied-le
R1-Cyc-Phe-Phe. (F) -CH,CH,~Phe.. (F) ~CN Ted-1£
R!-Cyc-Cyc-Phe. (F) -CH,CH,~Phe-CN .. lea-1g
Ri-Phe~CH,CH,~Phe-Phe. (F) -Phe.. (F) -CN Ied-2a
R!-Phe-CH,CH,~Cyc-Phe-Phe-CN . lea-2b

R1-Cyc-CH,CH,~Phe-Phe .2F-Phe-CN - ' Jed-2¢



“T(1 dE) 15: | dE2-1 112 T(1dE) 16: |dE2-1 116 - 50 - Liquid

.--;_-'crystal m xtures are preferred both for matrix applications and in

"particular for network appli- cations which contain at |east one conpound
of the fornmula IdE2-1 and one or nore cowpggnds selected fromb5 t he
group of conpounds 11, 113115 1171128 and IV1-1V6. The properties

of these m xtures cmwmmel-%‘rw inter alia, by led~2didition

amialsie §°”p§é“9»?s§5#z§ﬁa?ﬂ'4 PRhRs TR 0100 Tar dledvie

preferred sub-formnu g‘q C nt m xtures T(IdE)
(IdE) 19, which contain®at on ggg each of the for éezsfhovm I n
each case in the mags.@ﬁ.\@.% heLPhe-cif € additionally ver
particularly preferred CH, :t'hi s connection, for any conponen ® xture

the sum of the MSSRW%P“M&W xture is -100% Jda-28 the-
mass content of the corrponent m xture in the liquid crystal m xture
enpl oyed in the sysRiTReeCBCRmPvcoPhac3FrRhertNon is bet ween 1Qdx2d 100%

in particular betvve nd % and ver particularly between 15%
and 85% M xture ﬁ-&rq:gﬂ;&é-%yc-ghe Néﬂs content of tHedc@kponent
mxture [% T(|dE) 1Ri=Phe~CH,CH3-Phe-Phe. m-cn,mz-me-m 35'25 led4-3a
111-1128 60TIdE18 ] dE3

5-35 |V1-1V8 B"Phe'fﬁzfﬂ e. (Y %ﬁ*ﬂ'Phe'CN | dE2 andief~3E3
4-32 111-1128 Ri-Cyc-CH ﬁé-ﬁ:e-%e-ﬁ%%lfl’he - 5-3f, ed-3c
e ~ R'-Cyc-CH,CH,~Phe~Phe .2F~CH,CH,~Phe-CN Ie4-3d
Ri-Cyc-CH,CH,-Phe-Phe . 3F-CH,CH,~Phe-CN Ie4-3e
Ri-Cyc—-CH,CH,~Cyc-Phe . (F) -CH,CH,-Phe-CN Ted-3f
R!-Phe-Phe-CH,CH,~Phe-Phe-CN Ted-4a
Ri-Phe-Phe~CH,CH,~Phe . 2F-Phe-CN . Ie4~4b
Ri-Phe-Phe~CH,CH,~Phe . 3F-Phe-CN " Jed-4c
R!~Phe-Phe-CH,CH,~Cyc-Phe-CN Te4-4d
R!-Cyc-Phe-CH,CH,~Phe. (F) ~Phe-CN Ied-4e
R'-Cyc-Phe-CH,CH,~Cyc-Phe-CN Ied-4f
~ Ri-Phe-Cyc-CH,CH,~Phe-Phe-CN Ied~-4g
~ R1-Phe-Cyc-CH,CH,~Cyc-Phe-CN  Ie4-4h
R1-Cyc~Phe-CH,CH,~Phe-Cyc-CN | _ ) Ted-4i
R!-Cyc-Phe~CH,CH,~Phe . 2F-Cyc-CN ' Ied4-4k
R!~Cyc~Phe~CH,CH,-Phe . 3F-Cyc-CN . led-41

R in the compounds of the formulae Ied-la -
Ted-1g, Ied-2a - Ied-2k, Iedé-3a - Ied4-3f and Jed-4a -
Ie4-41 is preferably alkyl or alkoxy having 1-10, but in
particular having 1-8, C atoms. n-Alkoxyalkyl compounds
5  and in particular n-alkoxymethyl and n-alkoxyethyl

compounds are add:.t:.onally preferred.
. The compounds of the formulae Ied- 1 - Ie4-4 are
preferably prepared by the methods described [lacuna}

DE 3,401,320 and DE 2,617,593,

10 Liquid cgygtal mixtures which contain one or more



El ectrooptical liquid crystal" systens- are 35 additionally preferred
whose |liquid crystal contains one or nore 4-ring conpounds selected from

the_group of carbonitriles of the fornulae le4-1 - le4-4 -51 - Jerr]
[err] [err] [err] in which in each case ihggendently of one another is
[err] 1, 4- phenyl ene, 2-fluoro-1, 4- phenylene 3-fluoro-1, 4-phenylene
or tran-1, 4- cyceahpuuhdsSselected fronﬁﬁﬁxe [ §E6dp ofn RAPOUNAIC of the

i ndependent |y of t

2-{1 yoro-1, 4- phefgf@ﬁggg P%‘ *uor ﬂ#eﬂf Pagticu calsk of gﬂ%ng"gh'ﬂl?ﬁe
mean| ng of R errJe4slai vedehl@,alreﬂ.-ZaTh-e Tedp2k)ndIed+3ahe meﬁeaim4 la
- le4-1g, led-2azaqlp4- 2kIe4¢413"ire erre JdSR (ﬂiqqﬁ% '&Ayé]@al l4111:_Lessho\/\/n .

inthe followng are particularly
- Phe- Phe- Phe® CH 8¥¢ |Ra8¥teiqul meferred vhich contain one or more com-

Rl err] - Phe- Phe- ads Cleliddiied eff:bmprﬁiéj\'gro up of! %m’dbunds of the
Rl err] - Phe- Phe- Phe. 3FECH )gr—( r Phe- i

Rl err] - Phe- Phe- %"BI‘—?[’ fﬁ:& ,Jﬁe{q?e 94-4 and in part @g{l&@ of the
Rl err] - Phe- Phe- @mﬂ{urlﬂﬁmri- mu-w, Ied4-2a - Ied4-2k 0@ Fed-4a -
Rerr]- Q/c Phe- %@ -CH err]CH err]-Phe. (F) -CN | e4- 1f

R err]- { -CH err]CH err]-Phe-CN | e4-1g
Rerr]- Phe [err] CH er rTheeompounds-)of File fodmulaN Ied-1 |-cLéh-4 have

o] e S e tetdse SngiaBiceletyery hioh vatsap 156 S £l
VLscos ity 9.
U To reduce the flow viscosity, a 1,4-phenylene
' group of the compounds of the formulae Ie4-1 - Ie4-4 can
15 also be monosubstituted laterally by X = F or Cl1 and in
' particular by F; the substituted compounds particﬁlarly-'
preferably have one of the following structural features

S1-S3:
. .
0> .

401':%-@- | S3

The liquid crystals according to the invention

20 preferably contain 2-40%, but in particular 5-30%, of .

compounds selected from the  group of 4-ring

carbonistriles [sic] of the formulae Ied4-la - Ied-lg,

Ie4-2a - Il4-2k (sic], Ie4-3a - Ie4-3f and Ied-4a -~

Ie4-41; in this case, the 1liquid crystal mixtures

25 preferably contain 1-5, but in particular 1-3, compounds
of the formula Ie4 and of the preferred sub-formulae.



. - 52 - Rlerr]-Cyc-CH err]CH err] - Phe- Phe. 3F- Phe- CN | e4- 2d

i Rlerr]-Cyc-CH err]CH err] - Phe- Phe-Phe. (F) -CN _ l-ed-2e
- Rlerr]-Cyc-CH err] CH err] - Phe- Cyc- Phe- CN | e4- 2f
"Rlerr]-Cyc-CH err]CH err]-Cyc-Phe-Ph-C\. 54 - | e4- 29
R err]-Cyc-CH err]CH err] - Cyc-Phe. 2F- Phe- CN : | e4- 2h.

Rlerr]-Cyc-CH err] CH erhe @elddtion-dihethé\ conpounds of thbe‘hﬁ'mulae

et pho. Gy ReME 15, Ebiekcaic S pasdieniiad o8, the ppeggifea iub-

Ne4- 3a R] err] - Bornlaer r:].i]—lbarr]i.edycod%lewitl?) re@peetr [t& the] speciBic

12 1 et el P v

le4-3d Rlek [for] exemplies- dighly
| e4-3 JdadeSal; SediaP

_ I24 31? E[[gH %e% Phe- EJH err I{Yeﬁé’] ﬂ}:‘:;\l:?ﬁit?%ﬂ m@;u:“:ﬁ
Rl err] - Phe- Phel’éﬂ_i’e toapYh ' al
Rlerr] - Phe- Phet@i[tﬁf,f ]ﬁi[ @Jf 3n Bartidular one or morecdaterally

e e oG eBboaeil S fpecformeine 1ot Ih Fp-20,
Rl err] - Cy@@Phe-Tad-Ger jafid/exr ]Ietydal?hwhm highly clearing meddathaving = -~
E[[g H Eﬂg gg %ﬂ% y @%ﬁ;@og}ry and relatively igﬁeﬁﬁcal
.Rlerr]-Cyc-Phe WOW[ ep:pfmgbl:yc -coptain one or more laterally

Rlerr]-Cyc- Pheyfdddi ’?f‘cl?tdﬁﬁ CNbf  the formulael €4edtigq,
R CN le4-41 R'n the

co?r{agtno?slcorhtergjr ” &eqr‘l«r';f flanﬂ pEsled=4izke 05 . |e4-2k, led-3a - |ed- 3f
and le4-4as le4-41 Ismtttiesua.hﬂ al fer"red imveﬁgs&alommm -
Particul ar . &% oi%h%ﬁﬁﬁféﬁac%@#‘) itk %ﬁp%wﬁeﬁaﬁsa%%w%ﬂm y
preferred. The fzompothes gn‘mlﬁweofocmpaundﬂdf the4 formudaer cIe4adl v
prepared by thegjRlyodf, dgactidtfar! 8¢Uide Forimiihl P& DEreqlly,>93-
Ie4-2a - Ted-2k, Ied~3a - Ied~3f and Ted-4a - Ied4-4l and
20 very particulai:ly of the formulae Ied-la - Ied-lg, Ied-2a
- Ted4~-2k and led-4a -~ Ied4-4l, and additionally one or
more compounds selected from the group of compounds
II1-II28, III1-III3 and IV1-IV8. The mass content of the
‘component mixture consisting of at least one compound of
25 the formulae Ie4-1 - Ie4-4 and in particular of the pre-
- ferred sub-formulae and additionally of at “least one
compound of the formmlae YI1-II28, III1-III3 and IVi-IV8
in the liquid crystal mixtures used according to the
. invention .is preferably 15%-100%, but in particular
30 25%-100%. :
The following component mixtures T(Ie4) which, in
addition to at least one compound selected from the group
of compounds of the formulae Ied-1 - Ied-4 and in par-
ticular of the preferred sub~-formulae of these compounds,
35 contain one or more compounds selected from the compounds
of the formulae II1-II6, II8, II9, IIll, IXl4, IIl6,
II23, II22 and IV1-IV8 are very particularly preferred.
Liquid crystal mixtures vhich are based on the
following component mixtures T(Ie4) 1-3 which contain at



.10 ° Liquid crystal m xtures which contain one or nore -53 -
"_'f;corrpounds selected fromthe group of conpounds of the fornulae le4-1 -
“le4-4 and in particular of the fornulae le4-1la - le4-1g, led-2a - |ed-2k,
l'ed4-3a - le4-3f and le4d-4a - les-41 are W afgeed. Liquid crystal mxtures
5 are particularly preferred whi ch cont ain one or nore com pounds sel ected

];)gl(r){ni E:Bfaa?rgrptﬁ e?or ]| ae |e4- 1a :tg% %gﬂb%gg éﬂﬂsb&é Af "
Ped-41. 10 rmuias “mentiongd é-P %&maareufe arzeds T <theyn
cl\gér pOIh nt fsI andtabla; l théyphﬁsgrrﬁd ualssi otontent Iw?msam%ﬁd? ii;r:o
reduce the flow yjscosit -phenyl.ene t he,conpounds _of {he
Formul ae 1 ea- 1 TR qSompdnerts wixiuiny 1 Bei®iBrRiay Ripea Fhe g%meTt o
d and in pabBti cnént hy:.:ﬁ;utésa containut 2d3aprrmxeihrqtﬂt}t i @+38rl and in o
preferably have Jo) [

l'iquid crystals éccoP l|"jr'1%;?:“?t‘12) %#ue%ﬁ% prZ‘% %ﬁt%{,n é'])ﬁg%

but in particul apfstizese componnds i %ment nimxret 8 10@% o Phe of

4-ring carboni sthhsss donitentof of h&He" StinponéRe- ilﬁ.xtuh:%“ i, thed- fﬂqlu
1 14-2k [sic], Ie43a-|e43f nd|e4§ | ed4-471; E Igp case, hellqwd
crystal mixt ur esCo¥stal, acepx 9%&?{ 115v°‘b§?c°’?n Ba en 0%

conpounds ofpthelbosjpuin pastiedlar bbtwaenf 258c@andul1-00% Atidievery pa£4
The sel ection oftigglcoir’pogeggegg fg]f J%ﬁe

\_ Mixture Formula Mass content of the
component mixture [$]

T (Ied) 1 Ied 5-75, in particular

15 ' | | 5-45
II 6-65
T (Ied) 2 Ted 5-75, in particular
5-35
Iv 5-63
20 T (Ied) 3 Ied 5-55, in particular
5-25
11 : 5-53
v 5-50

Eiectroopti.cal liquid crystal systems are addi-
25  tionally preferred whose liquid crystal contains one or

more compounds of the formula If
T (F),

(D@ ()

in which B
at least one of the rings - and, if present,

30 is . 1,4-phenylene, 2-fluoro-1,4-phenylene,
3=fluoro~-1,4-phenylene, trans-1l,4-cyclohexyl-
ene, pyridine-2,5-diyl, pyrimidine-2,5-diyl or



led-1 - le4-4 and in particular of the preferred sub- fornulae is carried
out with respect to the specific enbodi nents of the el ectrooptical system
according to the 5 i nvention desired in each case. If, for exanple,
highly viscous and highly clearing |iquidsgg wstal nmedia having high optical
ani sotropy are required, the nediumcon- tains, for exanple, in particular
one or nore |aterally unsypsidiekfite<D/ Bl s,gﬁ thé dtder) gg bfgsgﬁt
| e4-2a, 10 | e4-3a and/ o Ie 4a, e hi earing I n
cgg%)ar atively | ow viscosi ﬁ‘o‘ﬂ"@ m. ﬁ%ﬁ?iﬂ&m aﬁ;io?ﬁ%ﬁ{“g
erably contain one orzmumi-m-tb,rﬂﬁhenmbstB-t-ﬂlﬁdrc-enwbpﬁenpi-the
fornulae | e4-1g, led-2h-k,_led-3f and/or led-4i-1. 15

Particularly preferred |i Y crystal mxtures are those which contain one
or more conpourkfs andegled” frdi:ntmhgmqs dhdepepdenﬂiyooftdmefmathe:e

le4-1 - 1e4-3, in particular he 4 4,#’“
le4-2k, led4-3a - 1e4-3f and le 4a - ?{%?ﬁ,ﬂf d 2 very ;ﬂ% of
the formulae |e4-1la - |e4d-1g, TACA0T pecsomb ofy 2 P€4m}'°

additionally one or nore conpGhske ajﬁgeeﬁeﬁmt,he gr oup of conpounds
[1-1128, 1111-1113 and |V]1- |V8 e nmass content of the conponent m xture

consi sting of A tRast on d of 25 the fornmulae le4-1 - le4-4 and
in particul@r od ige pre-0 ftﬂr rh,d sub-fornul ae .and additionally of at |east~
one conpound of Fhe fornmulae 111-1128, I111-1113 and I1V1-1V8 in the liquid
crystal m xturesJused according to the invention is preferably 15% 100%
but in particuoil 2 2ntlpro-ihd-phenyleng @xmpirEinorexl fApheny—e4)
\@ch in addition to at j&@est one conpound sel ected fromthe group of
mpounds of the fornul ae Ie4'1 - le4-4 and in par- ticular of the.
preferred sub-foggul ae of these conpounds, 35 contain one or nore

conpounds sel ect gd fism-:t3S-atifiuoris-1g4-phenilens andl | 1-116, 118, 119,
11, 1114, 11 LI 23, 1122 and IV1-1V8 are very particularly preferred.
Liquid crystal tures which are based on the

. iB "Cl ¢ -F,-CF,, -OCF" -OCHF3 or ucs

15 and R! has the meaning given in Claim 1.

In the following, Phe.(F,2) is a laterally
unsubstituted 1,4-phenylene group, a 1,4-phenylene group
laterally monofluorinated in the 2- or 3-position or a
l,4-phenylene group difluorinated in the 3- and

20 S5-position. : -

Preferred compounds of the formula If are those
in which T is -NCS:

(F),

@@

The compounds of the formula IfI include 2-ring
compounds of the formulae If12-1 - IfI2-4, which are
25 preferred:

Ri-Phe-Z!1-Phe-NCS | If12-1
Ri-Cyc-Z11-Phe-NCS - I£12-2
Ri-Pyr-Z11-Phe-NCS . -~ 1£12-3
Ri-Pyd-Z11-Phe-NCS | 1£12-4

" R! is preferably alkyl or alkoxy having 1-10, but
in particular ha\:(j.ng 1-8, C atoms, where the straight-



. fol'l owing conponent m xtures T(le4) 1-3 which contain at - 55- |l east one
siconmpound each fromthe conmpound cl asses of the fornmulae nentioned in each
-case are preferred. In the table, the preferred nmass content of these
conpounds in the conponent mixtures is addigy-anally given. The conpo- 5

" nent mixtures contain 2-38, preferably 2-35 and in particular 2-25

“conpounds; t1 Bgcysamm‘: tddicEbs £y ipreferded;haddicisnallfspreféerited oapenent
mxture IS 0

The nmass tent of .&he conponent. . m xilure i he Ii%d
crystal accor di N~ 2EXPREaEYL (FrmRORR ‘be?'\’ée 1Bertigniar niatsexype
pa\r'fi cul ar bet wepsid p%nd dnddTRexyathyd compounkdscul arl y bet ween 25% and
100% M xture For gl ' : he ¢ t
m xt(:Jre [ T (led) 1 £ ﬁe4compounils Ofl\@ﬁé %@r&tﬁ %Eggr ?i cﬁ%ﬁﬁ !
5-45 |1 - 5 2% is pretesably|aspingle band, -CH,.CH,~, COO or 0GB, in

~particular 5-35 tiquid cqstal mixtir®es 2Ghich (t8fAtadn one! €4r more
5-55, in particular 5-2 '

I 5,53 | . 5-50
Bl ect rooptical |FoHPERRdS 0L the Sormulae If12~3 oF ¥£F?6ﬁaﬂ‘y"ﬁ%‘?e?rfbﬂ
whoalﬁ I ihqui dI cryat aﬁ.ngmfat ehdmh @Y CO00 nand inrrwtdgumaft lae dimgiid cbdhd] err]
in which at |eas e rigs rr n kf_p e 30, s
3 " pheny! he%e Pt ici R IV adymriAdncns vaifes, for "EES idletectric
trans-1, 4- c¥@l ohanisotxopy &g i di ne-2, 5-diyl, pyri m di ne-2, 5-diyl or )
The compounds of the formula IfI2-1 and IfI2-2
are particularly preferred. The following smaller group

U of 2-ring compounds of the formulae IfI2-la-b and
IfI2-2a-b is very particularly preferred:
R-Phe-Phe. (F) -NCS . : I£12-1a
R-Phe-Phe. (F) -NCS 1£12-1b --
R-Cyc-Phe. (F) -NCS | - - 1£f12-2a
R-Cyc~CH,CH,~Phe. (F) -NCS "~ IfI2-2b
15 Liquid crystal mixtures which, in addition to one’

or more 1atéra11y non-fluorinated compounds of the
formulae IfI2-2a, contain at least one or more compounds
selected from the group of compounds of the formulae II5,
IVl and IV2 are in particular suitable for matrix

20 systems, but less suitable for network systems.
The compounds of the formula IfI additionally
include 3-ring compounds of the formulae IfI3-1 - IfI3-20

Ri-Phe~Phe-Z12~Phe. (F) -NCS 1£13-1
R1-Phe-Cyc~Z12-Phe. (F) -NCS | IfI3-2
Ri-Phe-Pyr-Zi2-Phe. (F) -NCS 1£13-3
R1-Phe-Pyd-Z12-Phe. (F)-NCS | 1£13-4

© Ri-Cyc-Phe-Z12-Phe. (F)-NCS . . IfI3-5
Ri1-Cyc-Cyc-Z12-Phe. (F) -NCS T IfI3-6
Ri-Cyc-Pyr-Zi2-Phe. (F) -NCS | 1£13-7

. R1=Cyc-Pyd-Z12-Phe. (F) -NCS 1£13-8 -
Ri-Pyr-Phe-Z12-Fhe. (F) -NCS’ T 1£13-9
Ri-Pyd-Phe-Z12-Phe. (F) -NCS L 1£13-10
Ri-Phe-Z!1-Phe-Phe. (F) -NCS | I£I13-11

Ri-Phe-Z!!-Cyc-Phe. (F)-NCS =~ I1£13-12



-56- 1, 3-di oxane-2,5-diyl and the other, if present, is

‘trans-1, 4-cycl ohexyl ene, 1, 4- phenyl ene, 2-fluoro-1, 4- phenylene or
‘3-fluoro-1, 4-phenyl - ene, 5 Z[err] and Z[err] i n each case

i ndependent |y of -one another are a single.bggd. -Clerr]C, -CHerr]CHerr]-

0. T or 210 o B Bndene th RS O LN e e,
3-fluoro-1, 4- phenynu-mma-zu-@ydq?h'é (FJ+NCS8 0- 1, 4- phenyl ene and THIS=1l4 S
TS ng' given | ' CRATGREZH PharEheo FUWY, Phe. (F, 2) | o | aldids
unsubstituted 1, 4- eGycoiid-Gyethhe e(Fl'HQ)henyl ene group | at erEil3r16
AT uor i mated in BEveZ Ryl S 2, 0 BT PG oY of the
fornula I'f are thofd-CycvZitePydtRhe . [(F)SNESNCS: [err] The corrpodrm-dﬂ t he. ]
formula 111 4 nol VoG Zogt e PR Rgfls o7l e 11121 - filggy whic
1f12-1 Rlerr]-Cyc- &b =Z1<Ph{-Phe . (F) -NCS | f 11£13-20
e R ] e \2n the comounds of the i 1Y .-
preferably al kyl HI%%XF‘h&lmﬁrﬁhlybwaﬂ-kyhaOtlMBKO*la\hm(j-ﬂb‘ a-10
atoms, where the c5aidmd)! and in addition also n-alkoxymethyl or n-alkoxy-
_ ethyl having 1-8 C atoms. Particularly preferred com-
U 5 pounds are those of the formulae Ibf3-1 -~ Ib£f3-20 in
which R' is methyl, ethyl, propyl, butyl, pentyl, hexyl,
heptyl, -octyl, nonyl, decyl, methoxy, ethoxy, propoxy,
butoxy, pentoxy, hexoxy, heptoxy, octoxy, methoxymethyl,
ethoxymethyl, propoxymethyl, butoxymethyl, methoxyethyl,
10 ethoxyethyl or propoxyethyl.
The compounds of the formulae IfI3-1, IfI3-5,
IfI3-11 and IfI3-15 are particularly preferred. The
compounds of the formula IfI3, in which Z!! and Z*? in-
dependently of one another are a single bond or COO and
15 in particular a single bond, and those of the formula
I£fI13-13 have particularly advantageous values for Ae, in
particular if the terminal 1,4-phenylene group 13 fluori-
nated in the 3-position.
The following smaller group of 3-ring compounds
20 of the formulae IfI3-la, IfI3- lb, I£f13-5a, IfI3-5b,
IfI3~1la and IfI3-15a is very particularly preferred:

"R~Phe-Phe-Phe.. (F) -NCS 1fI3-1a
R-Phe-Phe-CH,CH,~Phe. (F) -NCS | I£I3-1b -
R-Cyc-Phe-Phe. (F) -NCS ' 1£f13-5a
R-Cyc-Phe-CH,CH,~Phe . (F)-NCS ' IfI3-5b
R-Cyc-Cyc-Phe. (F) -NCS - If13-6a
R-Cyc-Cyc-CH,CH,~Phe . (F) -NCS" -“I£13-6b
R-Phe-CH,CH,~Phe~Phe.. (F) -NCS IfI3-11a
R-Cyc-CH,CH,-Phe~Phe. (F) -NCS 1£13-15a

The compounds of the formula IfI are _preferably



- 57- chain radicals are preferred; additionally preferred are
n- al koxyal kyl conmpounds and in particul ar n-al koxynethl [sic] and
n-.al koxyet hyl conpounds. In the conpounds of the forrmulae Ifl2-1 - [fl2-4,
‘5 Z[err] is preferably a single bond,--g3err]CH err]-, COO or OCO
Liquid crystal mxtures which contain one or nore conmpounds of the.
fornulae 1f12-g zeFalrb - byl Nthéi cliethods a2 desietibddndror EPOD,369,327,

92 el

d‘::ref cctric 1o TasisiBOgeal kP, Briskceedy sr A B Badiinera0, S
I¥12-2 are parm’cal.ﬁﬂlzy‘lylﬁef DB e3), 545345 | BRi 09227004, FPolp 252,580 ng

conpounds of the %kmg I la-b and Ifl2-2a-b is very particularly
preferred: R—PE dP ? 9 f’Eé [fl2-1a R—I;k}-:e[ Phe.

(F) -NCS 5 e selectionmt Ahe, campoundg of (the fiqrmu
| f12-2a R-Cyc- @dherih%ﬁticﬂ& @® theS preferred sub-formulae | 382D 15

Li qui d, crystal m xtur.es I ch,,in additjo ne or_.npr | ateral I

non-f | uor i'nat e F2*EdRFouPH “H‘fth tﬁ@‘?ﬁ?ﬁur‘%ﬂe Fg ’c‘ﬂﬁ[ "I"géﬁ one
or more conpouetiboddimentcoff the ehecgrocptbéaLWQGﬁo:ﬂin o dwonthee :I5
IVl and 1V2 rti. Iar r e t |ess
sui table for ng‘ﬁ%ﬁgi Ste ’ﬁ?}u %ﬁﬁ &”?WS rﬁﬁyd;‘%/ﬁ %gll‘%onal |y
i ncl ude 3-40i ng MMhdghoorthmﬂmbighl optical fviscesity [sic] is -

E[[g; H Eﬂg Eyhg,‘%rihbﬁhe %he i.n particular con'l':ﬁ,!gg 211:hose com-
"~ R err] - Phe- Pyr Pouads) qf,cth OWGG If12-1, If£I2-3,{f333l, I£I3-3,
Rlerr] - Pyr PRRads) ?

hrerr] Phe- Pyd 1413=9],- 2Ex3-1),- "€23-13 and/or 1£13-19! ih3which 2z is a

R g;H gg ahﬁé%fgﬁH }1;% éq_%rqggghrly preferred copppgnas are those

Rl err]-CyasPyr 44 er whithe. €he - é¥minal 1,4-phenyléie 3- 'group or,

_R[ err]-Cyc- Pyda%.[teé%tlmeél (Panci%8r 1,4-phenylene grdup’ & the com--
pound is laterally fluorinated in the 2- or 3-position
and in particular in the 3-position. The person skilled
in the art can make a selection from the pool of com-

20 pounds of the formula IfI for other embodiments without

inventive assistance.

Liquid crystal mixtures which contain one or more
compounds of the formula IfI and in particular of the
preferred sub-formulae are distinguished by advantageous

- 25 values for the birefringence An and the dielectric
anisotropy Ae, a high stability, a low miscibility with
the polymer used for the matrix and in particular a broad
mesogenic range, a relatively high clear point and
advantageous values for the flow viscosity g.

30 The liquid crystal mixtures preferably contain
1-40% and in particular 5-30% of compounds of the formula
IfI and in particular of the preferred sub-formulae. In '
this connection, the liquid crystal mixtures preferably
contain 1-5 and in particular 1-3 compounds of the

35 formula IfI and in partignlar' of the preferred sub-
formulae.

I.iquid' crystal mixtures are particularly
preferred which contain one or more compounds selected
from the group of compounds of the formula IfI, in



- R[err]-Pyr-Phe-Z[err]-Phe. (F) -NCS

1f13-9

:« Rlerr]-Pyd-Phe-Z[err]-Phe. (F) -NCS I f13-10

" Rlerr]-Phe-Z[err]-Phe-Phe. (F)-NCS [f13-11
R err]-Phe-Zerr]-Cyc-Phe. (F) -NCS - 60 = [f13-12 - 58 -

Rl err]-Phe-Zerr]-Pyr-Phe. (F) -NCS [ f1-3-13
Rl err] - Phe- Z[ erpartyculie. of FtheNEEtmulae I£I2-1 - I£I2-34 lénd I:EIB-I -

R[g;H gg %%g[#xgﬁo Phe %Ip}:y Igegticularly of tlie lﬁrqxgl_ni e IfI2-1la,

RT‘érr] Oyc- Z[erItIPylehde@Fﬂal\,lCSflz-Zh, 1£I3-la, [TAT3~1b, IfI3-5a,
Z

Q[[Z;H (Igyy(r: Z%Z;ﬁh% ffI%gial\@ IfI13-15a, and a?ﬁ%ﬁlx&ﬁly one or

Rl err]-Pyd- Z[erm?whmuqdq splected from the groum. e | eompeunds

conpounds  of tilf-xi@a Mﬁﬁ-iﬁs?ahdwﬂ-lﬂe%%hg nhsspésﬁeéaelafntﬁékyl

or n-al koxy having 1- and jn .addition also n-al rrethl .
n- al koxy- ~et hylc?ﬁﬂ?ﬂﬁn 'Bf{t‘&'i%rﬁ?n%%ﬁrﬁ iFEFEr?Eﬁ c °gounds
arﬁ Ithose oflthﬁhéorﬁﬁfmtabbfﬁﬂz ahal;] &?B | andhijan ﬂfﬁi&uﬁ&ﬁﬁﬂﬁ?e
et pr opy ut nty ep non ecyl , ngethoxy,
et hgxy propoxypr %?’6&2%5 ﬁ%x@% %pt %eé%ct Xy et %
et hoxymet hy0, d@bﬂxj{mhw oﬁuub(ylandtjlonqecbmpmnﬂyb;f Hhe formal=e hyI -
- or propoxyet hyl np I 3 [4fsl and
1f13-15 are par:Fl%-Efti? mﬂi??@é %ﬁgﬁé%uﬁ?un S o?‘ tr}é“ﬁ’i% +{é‘}%ﬁb§
~which Z[err] m@paﬁ]uaﬁd acpording| yOOfthmetmnian ke ar%fengﬂelnond
Qf/COO and 15 15@-130(“1 Bl iR ﬂmﬁlwwari@o%hose of the fornula
I

3-13 have particul ar a,gcianta oys val ues f er % fticular if
GrvREal  Grmponerdy mikbhges BRIGhon Shne

the termnal 1, 4-phenyl
fol | owi ng 1Smal | addifkiom - do 3-at ndeanmtpoonds laterallyhenon-eflndrinated- 1a,

11310, 1113 Saompdld- 301ebbbd- Frbathé ' bEobg? of dainoRih’ G .
p formulae IfI2-2a, IfI3-5a and IfI3-6a, contain one or
more compounds selected from the group of compounds II5,
IVl and IV2, are generally particularly suitable for
20 matrix systems, but frequently less suitable for network
systems. The properties of component mixtures of this
type, however, are frequently distinctly improved by the
addition of at least one, preferably not less than
"3, compounds, selected from the group of compounds of the
25 formulae Ia, Ib, Ic, Id, Ie, IfF, IfCl and IfCl.F and in
-particular of the preferred sub-formulae, such “that these
mixtures are then also preferred for network
applications.
_ Liquid crystal mixtures which contain at least
30 one compound selected from the group including compounds
of the formulae IfI2-1b and IfI3-6b and laterally fluor-
inated compounds of the formulae IfI2-la and IfI3~6a, and
additionally a compound selected from the group of
compounds of the formmlae II1, II3, II2, II5, II9, IIll,
35 IIl4, 1IIl6, II22, 1II23 and IV1-IV8 are particularly
suitable for matrix systems and very particularly suit-
able for network systems.
Furthermore, the following component mixtures
which contain a.\j':‘ least one compound each from the



R- Phe- Phe- Phe. (F) -NCS ' ~ 1f13-1a

:R-Phe-Phe-CH err]CH err]-Phe. (F) -NCS o - 1f13-1b
'R-Cyc- Phe-Phe. (F) - NCS - 1l 3-5a
R-Cyc-Phe-CH err]CH err]-Phe. (F) -NCS ..61 = | f13-5b
R- Cyc- Cyc- Phe. (F) - NCS | fI3-6a

R- Cyc- Cyc- CH er r |deuipiuzld dlasses) shdie® are particularly’ bdi
R—Phe-CI—I[err]CH[err%l;Phe-P Sime 2 NG particularly hiitlble both for
R Qyg-CH err] CH &y i%e‘ﬂl*@“( I%“dl\l r network systemsi;| 3 155 The
conpounds of the T(@F0) 1z [TEI2x1a preferably - 59 - prepared by the
‘met hods described in EP Q_189 JP £1-189263 . EP 0,126, 883, EP

0, 215, 800, DE 327, 115, 10, %éﬁ% 3@,"?165 é?éﬁ?&&s,‘g 0,227,004, EP
0,272,580 an® DE. 3, 929, 765.” 5 The sel ecuhere oX* =he ONyE0@1Js of

the formula Ifl and in particular of the preferred sub-forrrubé%’ J:f éﬁrried“ '
3

out with respect to the particular specific enmbodi nent of the .
el ectrooptical system according to the invention.anrd 2zf@ndx¥nmindepend-yuid

crystal medium 10 having high or relatively hi obnebyi (¢ ‘Bnicoﬂrfd(:l#ii c]
Is required, the mediumin particular contains those com pounds of the
formulae I1f12-1, If12-3, 1f13-1, 1f13-3, 1f13-9, 3%¥#3 19 %7|3-13 and/or

1f13-19 in WMl chT{TfT)2ssiIkFRelBond; particularly preferred conpounds are --
those 15 in which thegp_heklRral 1, o «€ne group or, T
R-CRE §P§hcn,é PHe DALY

~alternatively, another - pfien e ‘gfoup o he com pound is laterally
fluorinated in the 2- or 3-position and in parti othewe iXf ®he CN,p®i 1Qlgn.
TRe person skilled in the art can make a selection fromthe ppgt gf gpm 20
pounds of the fornula 1fl for other embodi ments w thout inventi Ve 3
assi stance. Liquid crystal nmixtures which contai phe &t G konpounds of
the fornul albf| RYTLL)3palEX2«lar of the preferred sub-formul ae are. _

di stingui shed by advant agﬁgﬁr-(rhe),-l?he.(!')-x‘ where z = 0 or 1
' and X' = CN, ForCl
T(IfI)4: IfI2-la : o
R-Pyd-(Phe),~Phe. (F)-X* where z = 0 or 1
20 and X* = CN, F or Cl1
T(IfI)5: IfI2-1b
R-Phe-(C00),~ (Phe. (F) ),~Phe. (F)-X*
‘where X' = CN, P, C1

OCF, or CF,
25 _ and z and y independ-
ently of one another
are 0 or 1 o
T(I£fI)6: I£fI2-1b
R-Cyc-(CH,CH,),~Phe. (F)~X*
30 i where X = CN, F, Cl,
' OCF; or CF, .

and z = 0 or 1
T(IfI)7: 1If12-1b
R-Pyr-(Phe),~Phe. (F)~X* where z = 0 or 1

35 and X* = CN, F or Cl

P(I£I)8: IfI2-1b
R-Pyd-(Phe),~Phe.(F)-X' where z = 0 or 1
' : and X' = CN, For Cl
T(IfI)9: IfI2-2a o



25 values for the birefringence An and the dielectric anisotropy [err],
“a high stability, a lowmscibility with the polyner used for the matrix
and in particular a broad nesogenic range, a relatively high clear point
and advant ageous val ues for the flow viscggiLty [err]. 30 The
liquid crystal m xtures preferably contain 1-40% and in.particul ar 5-30% of

conmpounds of the fornml R-Phe-30b0) - PPhé ] (;pjdp’r.pgg.r(by-gl eferred
c

sub-formulae. In this connection, the |iqui ,rhs‘t al g)xtures pr ef er abl y
ontain 1-5 and in particular 1-3 conpounds of era-X’ = (¢ F+1¢Land in
particular of the preferred sub- fornulae. Liquid crystal oc#xlotr €F, are

particularly preferred which contain one or norgnéoggo#ﬂgzhsig_lé@cetg%q‘é_rom

the group of conpounds of .the formula Ifl, in t he
formulae I8 2-1 - 1f12-4 and 1f13-1 - 1fl3-20 aentlyrhaarieulamdthext the
fornmulae I1f12-1a, 1f12-1b, 1f12-2a, [fl2-2b, Ifi@sl@.off13-1Db, IfI3-5a,

[ f13-5b, [fl3- | f1.3-153, and additionally one or 5 nore conpounds
sel ected from ﬁgfgﬂ@ﬁ J%Iéﬁgﬁounds [11-1128, 1111-1113 and 1V1-1V8. The
mass content of the conpRreye-(CRCH,,<Phe| @)+kf of at |east one conpound
of the fornulae Ifl12 and IfI3 and in particular l?f tt}? Qref r? 1
sub- f or nul ae of t hese conpounds and 10 YReRRi4 onalcﬁil » K14 east
one conpod®d of the fornulae I11-1128, 1111-1113 and |V1-| \@CR,norh@FLi qui d
crystal mxtures used according to the inventiognd me&e&at&y 15% 100%

but. in particular 25%100% _Liquid crystal conponent m xtures which, in 15
addition to AdIEIIAds IEX2-2R;(cra | y non-fluorinated conpound sel ected

{rom the group of 'conpouadpgef-(phe)IWU(gq.lxﬁl 2-2a, 1fl13-5a and Ifl 3-6a,
contain one or nore conpounds sel ected fromthewl(‘geré)eupzo.f ocoor;polunds 115,
15 ' ' and X' = CN, F or Cl1
T(I£fI)12: IfI2-2a
R-Pyd-(Phe),-Phe. (F)~-X*
where z = 0 or 1
: and X = CN, F or Cl
20 T(IfI)13: IfI2-5a
R-Phe-(C00),-(Phe. (F) ) ,~Phe. (F)-X*
where X! = CN, F, Cl
OCF, or CF,
_ and z and y independ-
25° ' "ently of one another
| _ are 0 or 1
T(IfI)14: IfI2-5a
R-Cyc~-(CH,CH,) ,~Phe. (F)-X* :
. ' where X' = CN, F, C1,
30 OCF,; or CF,
and z = 0 or 1
T(IfI)15: IfI2-5a '
R-Pyr-(Phe),~Phe. (F)-X*
. - vhere z = 0 or 1
35 _ . and X*=CN, ForCl
T(IfI)16: IfI2-Sa
R-Pyd=(Phe),-Phe. (F)-X*
vhere z = 0 or 1
and X* = CN, F or Cl



LVI and IV2, are generally particularly suitable for 20 matri x systens,
“but frequently less suitable for network systens. The properties of
conmponent m xtures of this type, however, are frequently distinctly
i'mproved by the addition of at |east ones g8 eferably not |ess than 3,
conpounds, . selected fromthe group of conmpounds of the 25 formulae la, 1b,
lc, Id, le, IfF, 1fC anddit{bnallydpreferréd coompomids hof pthécfoenula
sub- f ormul ae, suygh thaﬁ}t hesg %u% ar_ﬁr t hen al so preferred
for , network aggl pES: FBRES 1R ??/’sti‘gl rXtures which contain at |east
30 one conpound sel ected fromthe group includi ¥gvwonpounds of the
formulae Ifl2-1b and |fl 3-6k—)nd | at era-\y fl uor-,tnated conpounds of the '
formul ae 1fl2-1a and IfRB-__ xlF-y] @ il sel eEfBd fromthe
group of compounds of the NawAulae 11 D=¥13, 112, , 119, 1111, 35

1114, 1116, .|ig2whié&RB3 and 1V1-1V8 are particularly suitable for matrix
systens. and ver articulayly sujt- le f net wor st ens.,,FuUrt her nor e,
the foll owi ng cﬁngﬁn%nfﬁmaiﬁty}? ﬂ/\h'l‘@g'!:o' an 9 Té% 'oﬂiﬁ&nﬁﬁﬂngﬁgach
fromthe Sconmeandngl mentionédvabove imrClain & |psiw)i. able both for
matri x systens and for [ ' f ’ I as R - (6C rr
_(Phe. (F))[err]-Phe. ﬁﬁ&&?gﬁpﬁ&&ﬂgﬁfxﬁhﬁﬁ&#ﬁ&ﬁc%eﬁl@
CF[err] and z amompoundsp@fil-thet Ifpromlesc LiR2tler-adfF3~4, which Jref|)?2’

g!2£[§;gcéﬁ%Fé?%?&Le”]) [err]-Phe. (F)-Xerr] where Xerr] = CN, F,

Ri~- ~Z“-Phe. (F.2)-F 1fF2-1

- .Z“-Phe. (F.2)-CF, - 1fF2-2
Ri- zu-Phe. (F.2)-OCF, 1£F2-3
Ri- zu-Phe. (F,2)-OCHF, 1fF2-4

In the compounds of the formulae IfF2~]1 - IfF2-4,

10 R! is preferably alkyl or alkoxy having 1-10, but in

particular having 1-8, C atoms, where the straight-chain

radicals are preferred. Additionally preferred are

n-alkoxyalkyl compounds and in particular n-alkoxymethyl

and n-alkoxyethyl compounds. Z11 ({sic] is pfeferably

15 -CH,CH,~, -COO- or a single bond, in particular a single
bond or -CH,CH,- and very particularly a single bond.

U

"- is preferably Cyc, Phe.(F), Pyr or Pyd.
The compounds of the formula IfF additionally
include the following small groups [sic] of 3-ring

20 cogtpounds of the formulae IfF3-~1 - IfF3-8, which are
preferred:

nt--< AN)-Z12-Phe. (F.2)-F ' 1£F3-1



ccand z = 0 or 1 15 T(1f1)3: 1fl2-1a R Pyr-(Phe)[err]-Phe. (F)-X err] where

i3z = 0O or 1 and Xerr]= CN, For d T(Ifl)4: 1fl2-1a

" 'R-Pyd-(Phe)[err]-Phe.(F)-X[err] where z = 0 or 1 20
and X[err]= CN, For d T(If1)5: Ifl2-1b &PheF(CCOJO)%g:{]- ]( Phe. CHlerr] 25
(F Ph F) -X re]l = _C err] or CF[e
;né)[ze;:]]d y ?ndt(apZan [" ﬁ% Fhéf'-%)r‘éf@ or 1 T(If1)6: IfF3R1b

R-Cyc- (CH[err]CH[err]) r]- (F) -Xerr] 30

woere Xferr] = rr] or CF[err] and zo=0(ir3é T(IfI)7:
1fT2-1b R Phe L The 2L I or -
and X[err]E)er§\| F)(ﬂ)*r* . .thlghﬁ\é\%%yg h’he)[err] Phe. %Iq?ﬁerr]
where z = 0 or 1 and XLerr = CN For CI T(lf\l/vh : I;(I[Z 2? EZIEIZ-F g
R- Phe- (COO) [err] e err ere err
OCF[erﬁ] Z)L CF[err?r} " -OC}F fF3-4

0 1 T(IfI)lO .

ently of one another are 1fl2-2a .

nl- .-Z"-.-Phe. (F,2)-F 1£fF3-5
Ri- -zu--Phe. (F.2) -CF, 1fF3-6
9 m--zu- fPhe. (F.2) -OCF, 1£fF3-7

m--zu--phc. (F,2) -OCHF, 1£F3-8
In the compounds of the formulae IfF3-1 - IfF3-8, -
R! is preferably n-alkyl or n-alkoxy having 1-10 C atoms,
and in addition also n-alkoxymethyl or n-alkoxyethyl
having 1-8 C atoms.

5 Very particularly preferred compounds are those
of the formulae IfF3-1 - IfF3-8, in which R! is methyl,
ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl,
nonyl, decyl, methoxy, ethoxy, propoxy, butoxy, pentoxy,
hexoxy, heptoxy, octoxy, methoxymethyl, ‘ethoxymethyl,

10 propoxymethyl, butoxymethyl, methoxyethyl, ethoxyethyl or
propoxyethyl. 2! and 2% in the compounds of the formulae
IfF3-1 -~ IfF3-8 are preferably independently of one
another -CH,CH,~, -C00-, a single bond or a combination of
2 or more of these bridge members and in particular

1S -CH,CH,~ or a single bond.

| The compounds of the formula IfF are preferably
pre'p&reQ by the processes described in DE 3,102,017,
JP 57-140,747, DE 3,233,641, DE 2,937,911, EP 0,097,033,
DE 3,509,260, DE 3,732,284, DE 3,928,783, EP 0,194,153,

20 JP 58-126,839, JP 58-210, 045, WO 85/04874, DE 3,315,295,
EP 0,193,191, JP 63-280 063, DE 3,825,428, DE 3,929,525,
DE 4,024,760, DE 4,009,907, DE 4,007,040, DE 4,012,051,
DE 3,939,116, PCT/EP 90/00186, WO 90/08757, DE 3,929,764,
DE 4,004,650, DE 4,013,854 and DE 3,913,554. .



R— Cyc-

(F)

(CHerr]CH err])[err]-Phe. -X[err] where Xerr] = CON F, d,
. OCF[err] or CF3 and z = 0 or 1 T(Ifl)11l: 1f12-2a R-Pyr-(Phe)[err]-Phe.
(F)-X[err] where z =0 or 1 15 and
Xerr] =CN F or d T(IfI)12 | f12-2a R-Iggd<(Phe)[err]-Phe. (F)-Xerr]
where z = 0 or 1 and Xerr] CN, For d 20 T(1f1)13: Ifl2-5a
CRJ-CEFe- ( ]CO@ [ g: {] (Phe ﬂf&&i&rd‘ﬂyﬂﬂ miktuXks’ whieh ichtdin ohe-orGhbreé.

err] or n |

ently of one®© af’g1 ghé'f%‘-?f‘iﬁ) ﬁzﬁll 5. %fF2-4 and IfF3-1 -

RCyC- (CH err] c:rtmqsp)mer]a Phe. (F52)- 4 cPhé.3Mcor Phe.3F5F, QM4ve adt

OCF CF
e g

Xerr]-
where z

10

15

- 20

Ph.(F,2) = Phe.3F or Phe.3F5F and

. or . ¢ if present,
= G = oy
N

are particularly preferred.

_ . 2-Ring compounds of the formulae IfF2-1 - IfF2-4
in which Phe.(F) is Phe, Phe.3F or Phe.3F5F are par-
ticularly preferred. 2-Ring compounds of the formulae
IfF2-1 - 1IfF2-4 in which Phe.(F) is
distinguished by a good miscibility with other liquid
crystals and are likewise particularly preferred. Liquid
crystal mixtures which contain these preferred compounds
are preferred. -

Liquid crystal mixtures which contain one or more
of the following particularly preferred 2-ring compounds
are additionally particularly preferred:

R1-Cyc-Phe-F 1fF2~-1a
Ri-Cyc-Phe.2F-F 1fF2-1b
Ri-Cyc-Phe.3F-F " 1fF2-1c
Ri-Cyc-Phe . 3F5F-F 1fF2-1d
R!~Cyc-CH,CH,~Phe-F 1fF2-le
R!-Cyc-CH,CH,~Phe . 2F-F 1fF2-1f
Ri-Cyc~CH,CH,~Phe . 3F-F IfF2-1g
R1-Cyc-CH,CH,-Phe . 3F5F-F 1fF2-1h

" R3-Pyr-Phe-F 1£fF2-14
Ri~Pyr-Phe.2F-F 1fF2-1k
Ri~Pyr-Phe.3F-F ~ 1fF2-11
Ri-Pyr-Phe.3FSF-F 1fF2-1m
R1-Pyd-Phe-F 1fF2-in

1fF2-lo

Ri-Pyd-Phe .2F-F

Phe.2F are-- .

10

a

30

_&6&;& Iagggﬁ ¥oi( e ellddtrin? ﬁl%ﬁtﬂ%ﬂ?)iger&gphe

O\? F are preferred 6 Mixturem whinhi containcthpseheompounds| ef |
0 or éh% Wgﬂ.ﬁi& T£#3-17 O £P2-4 and SPeracyid irevalgyin’ wheehed

conpounds of the



14 are those in which Tl[err] is -U-F [err] in which Uis a single bond,
-e:-CF[err] -OCF[err]- or -OCHF- and Rerr] has the 5 neaning nentioned
.above in Caiml [sic]. The conpounds of the fornmula IfF include 2-ring
conmpounds of the fornulae IfF2-1 - IfF2-4,gghich are preferred: [err] [err]
[err] [err] In the conpounds of the formulae IfF2-1 - IfF2-4, 10 Rerr] is
preferably al kyl or al koxy having 1-10, but in particular having 1-8, C
atons, where the straight-chain radicals are preferred. Additionally

preferred are n-ﬁ)& X QH%J[ caipounds and in particul ar n-g:_*( et hyl  and

n- al koxyet hyl co 'OM %n?m)[si c] is preferably 15 @#]n%-l[ err]-

-COO or a s: ng: R16Ppd- pm%pﬂ-‘td-pctjl ar] a singl ef bongI orq—/CH[ elfm{‘prg,- and

very particul ar on err is preferably Cyc r or

Pyd. The corrpouné's%é ?ﬂ! for mula IfF additionally include tﬂ&éoﬁ‘l’ oW ng

smal | groups [swﬂ.mg.ﬁt,él?.g ]corrpounds of the fornul ae g
err

| f F3-8, which are-referr -F[ -64- [err] [err] [err] g‘rllj’[err]
[err] [errf R-Dio~Phe.3F

R-Dio~Phe.3F5F-F 1fF2-]1u
R1-Cyc-Phe-CF, - 1£fF2-2a
_ Ri1-Cyc~Phe.2F-CF, 1£F2-2b
Y Ri-Cyc-Phe . 3FCF, 1£F2-2¢
Ri~Cyc-Phe . 3FSP~CF, 1£F2-2d
Ri-Cyc—CH,CH,~Phe~CF, 1£F2-2¢
R!-Cyc~CH,CH,~Phe . 2F~CF, 1fF2-2f
R!-Cyc-CH,CH,-Phe . 3F-CF, 1£fF2-2g
Ri~Cyc-CH,CH,~Phe . 3FS5F-CF; I1fF2-2h
R1-Pyr-Phe~CF, 1£F2-2i
_ Ri-Pyr—Phe-2F-CF, ' IfF2-2k
Ri-Pyr-Phe.3F-CF, I1fF2-21
. Ri-Pyr-Phe.3F5F-CF, HF2-2m



_l:n the compounds of the fornulae IfF3-1 - 1fF3-8, Rerr] is preferably
“@-al kyl or n-al koxy having 1-10 C atons, and in addition also '

‘n-al koxynet hyl or n-al koxyet hyl "having 1-8 C atons. 5 Very
particularly preferred conpounds are those g +he fornmulae IfF3-1 - |fF3-8,
in which Rerr] is nmethyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl,
octyl, nonyl, decyl, nethoxy, ethoxy, propoxy, butoxy, pentoxy, hexoxy,
hept oxy, octoxy, ne _ et hoxymet hyl, 10 pr opoxynet hfll ,
buL?]yrret hyl , nmet hoxyet hyl, et h?)xyet hyl or propoxyethyl. Z[err]18f@r2H err]
in The conpounds of Ri+Ryd-PheulReCF] F3-1 - IfF3-8 are preferably,

i ndependent |y of ong another -CHerr]CHerr]-, -COO, a single Har2e a
conbi nation of 2 or fr‘tﬁ\@'@bgt.ags@g)ri dge nenbers and in parti C?ﬁhf%;’r

-CH err]CHerr]- ’Orﬂﬁ- i g,klg ond. The conpounds of the fornuld: e
preferably prepared yps\i‘ﬂ' ¢ ¥&% described in DE 3,102, 017,12%?_
57-140, 747, DE 3, 23@%@.@&# 937,911, EP 0,097,033, DE 3,509, : 2BE .
3,732,284, DE 3,928, § , 394,153, 20 JP 58-126, 839, JP IFF2L0.045,
WO 85/ 04874, DE 3, 315, 295, EP 0,193, 191,- JP 63-280, 063, DE 3, 825, 428, DE
3,929,525, DE 4,024,760, DE 4,009,907, DE 4,007,040, DE 4,012,051, DE
3,939, 116, PCT/EP 90/00186, WD 90/08757, DE 3,929, 764, DE 4,004, 650, DE

4,013, 854 and DE 3, 913, 554. -65- Liquid crystal mxtures which contain
one or nore conpounfsDeb-Phe, lae I1fF2-1 - IfF2-4 and IfFB'Ié‘F?—-?LFB'B
where Phe. (F, 2) = Phe.3F or Phe. 3F5F, have ad- vantageous val ués fol the

;:Iikf)lsectri C anijsot][oﬂynﬁ?'rl’l}efii’d'cl& 2arle plrltca];:(ZarLfed.dl\/ll ;('lt:gris \Aﬂlggzgggt ain
ose conpounds of the faqrmu -1 - -4 an -81n
which Ph.(F,2) = Phérﬁp%ﬁ and [err] or [err] I1fF2-2y if
present, are lerr] .

Ri-Cyc-Phe-0CF, | 1£F2-3a

Ri-Cyc-Phe . 2F-OCF. 3 _ 1£F2-3b
Ri-Cyc-Phe .3F-OCF, ' ' . 1fF2-3¢
Ri-Cyc-Phe . 3FSP-OCF, 1¢F2-34
R1-Cyc-CH,CH,-Phe~OCF, 1£F2-3e
R?~Cyc~CH,CH,~Phe . 2F-OCF, | 1£F2-3f
Ri-Cyc-CH,CH,~Phe . 3F-OCF, IfF2-3g
R!~Cyc~CH,CH,-Phe . 3FSF-0CF, 1fF2-3h
Ri-Pyr-Phe-OCF, ~ T 1fF2-34

R!-Pyr-Phe-2F-(CF, | 1£F2-3k



.10 are particularly preferred. 2-Ring conpounds of the fornulae IfF2-1 -

z1fF2-4 in which Phe.(F) is Phe, Phe.3F or Phe.3F5F are par- ticularly
"preferred. 2-Ri ng conpounds of the fornulae 15 IfF2-1 - [fF2-4 in
which Phe.(F) is Phe.2F are distingu gged by a good miscibility with
other liquid crystals and are |ikew se particularly preferred. Liquid
crystal m xtures which_contain these preferred conpounds are preferred. 20

Li quid crystal mkt.l.p‘.,ﬁspygi_gp.@t ain one or nore of the fol lyQuni
pir_/ft,.i cularly preferréed 2-ring con’pounds are additionally par t%ng}l y
pre

erred: R err] ROPyr=Phel3F5F- lefeled-. %2
R[err]-cyc-ELe. 2]F-F 0CFs | f F2- 1b reFz-3a
Rl err] - Cyc- Phe. 3FR¥Pyd-PherOCF, | fF2-1c  IfF2-3n
‘R err]-Cyc-Phe. 3F5F-F | f F2- 1d .
R err]-Cyc-CH er rigwmmﬂs | f FI£F2-30
Rierr]-Cyc-CH errgdH er ] - Phe. 2L F | f F2- 1f
R err]-Cyc-CH er ré‘%ygr H‘gpﬂgﬁ4F | f FA£Fd-3p
err]-Cyc-CH err - P F | f F2-
g[[e”} : gfyr - CH er "o phe DiPsrioe, et TfkB-3q
R err]-Pyr-Phe. 2 - | f F2- 1k -
R err] - Pyr - Phe. 3?—‘?“ Phe-0CF, IfF2-11 ~ 1EF2-3r -
- R err] - Pyr-Phe. 3HBfDfo~Phe .2F-0CF, | f F2- 1m R[ er nfrPygs Phe-F

| fF2-1n R err]-Pyd-Phe. 2F-F

I fF2-10

R err] - Pyd- Phe. 3fBTDio-Phe.3F-0CF, - IfF2-1p  IfF2-3t
rr]-Pyd-Phe. 3R5F: F ' | f F2- 19 R-Di o- Phe-F
ﬁ%z- 1r R Dio- Phe'.?z'?—f‘tpheow‘ms | f F2- 14£F2-3u

R- Di 0- Phe. 3F-F

| f F2-1t R- Di o- Phe. 3F5F-F

| f F2- 1u R1-Cyc-Phe-0CHF, 1fF2-4a
R!-Cyc-Phe . 2F~OCHF, 1£fF2-4b
Ri-Cyc-Phe . 3F~OCHF, 1fF2-4c
Ri-Cyc-Phe. 3F5F-OCHF, I£F2-4d
R1-Cyc-CH,CH,~Phe~OCHF, I£fF2-4e
Ri-Cyc-CH,CH,~Phe . 2F-OCHF, 1£F2-4f
R1-Cyc~CH,CH,~Phe , 3F-OCHF, 1fF2-4g
R}-Cyc-CH,CH,~Phe . 3FSF-OCHF, 1£F2-4h
R1-Pyr-Phe~0CHF, 1£F2-4i
Ri-Pyr-Phe. 2F~OCHF, 1£F2-4k
Ri-Pyr-Phe . 3F-O0CHF, 1fF2-41



- R err]-Cyc-Ph-CF[err] ' _ | f F2- 2a

"R err]-Cyc-Phe. 2F-CF[ err] If F2-2b

Rl err]-Cyc-Phe. 3F-CF[ err] | f F2-2c

R err]-Cyc-Phe. 3F5F-CF[err] - 69 = | f F2-2d

Rlerr]-Cyc-CH err]CH err]-Phe-CF[err] : . . 1 fTF2-2e .

Rlerr]-Cyc-CH err]CH err]-Phe. 2F-CF[err] I fF[err]-2f

Rlerr]-Cyc-CH err]CH .err]-Phe. 3F-CF[ err] | f F2- 29

Rlerr]-Cyc-CH err]CH err]-Phe. 3F5F-CF[ err] - 1 fF2-2h
rr]-Pyr-Phe-CF[err] | f F2- 2i

R err]-Pyr-Phe-2F-CF[err] o I fTF2-2k

R err]-Pyr-Phe. 3F Bhe . 3FSF-O0CHF, ' | f F2- 21 1£F2-4m

R[ err]--Pyr-Phe. 3F5F- r | f F2-2 - 67 -

Rl err] - Pyd- Phe- G??é?géw'mz | f Etﬂ?n"n

Rl err] - Pyd- Phe. 2FngEhex Ll - | f F2-

R err] - Pyd- Phe. 3FBCF{’§{#‘"2FW2 |t F2. ftF2-do

Rl err] - Pyd- Phe. 3Fpk= ~OCHF | f F2- -

R- Di o- Phe-CF[err] R ﬁ&'EFHJ.BF 2 | f F2-2r kv P

R- Di o- Phe. 2F- CF| eRﬂ-]'Pyd-Phe.BFSF-OCle 1 fF2-2s 1fF2-4q

R- Di o- Phe. 3F-CF[ err] . | f F2- 2t

R- Di 0- Phe. 3F5F- CFReDip-Phe~0OCHF, | f F2-2u IfF2-4r

Rl err]-Cyc- Phe- [err] ' : _ | f F2- 32

Rl err]-Cyc-Phe. 2F P‘é?kf-”‘mz | f FRERg-4s
rr]-Cyc-Phe. 3FRQCE] € | f F2-

S{/gr r]-Cyc- Phe. 3F§F- . ;r?FWS . | f F2-§&‘2-4t

Rlerr]-Cyc-CH err Lpta rr] _ ' - 3e

R[err]-@c-m[errﬂFgrﬂlg e. 2F- [err] : Iﬂ?#%ﬁg%f

Rlerr]-Cyc-CH err]CH err]-Phe. 3F-OCF[ err] | f F2- 39

Rlerr]-Cyc-CH err] CH err]-Phe. 3F5F- OCF[ er r] | f F2- 3h

Rl err]-Pyr-Phe-OCF[ err] I fF2-3i

R1- Pyr - Phe- 2F- OCF[ err ] | f F2- 3K--

The following small group of 3-ring compounds is -
additionally preferred:

Ri-Phe-Phe-Z'>-Phe. (F,2)-F 1fF3-la
R1-Phe-Phe-Z!2-Phe. (F,2) -CF, 1fF3-2a
R1-Phe~Phe-Z!2-Phe. (F.2) -OCF, | _1fF3-3a
R!-Phe-Phe~Z!2-Phe. (F.,2) ~OCHF, ' I£F3-4a
Ri-Cyc-Phe-Z12-Phe. (F,2)-F I1£fF3-1b
Ri-Cyc-Phe-Z12-Phe. (F.2)~CF; .= | 1£F3-2b
Ri-Cyc-Phe~Z12-Phe. (F,2)-OCF; | I1£F3-3b

Ri-Cyc-Phe-Z12-Phe. (F,2) -OCHF, IfF3-4b



- 68 - Rerr]-Pyr-Phe.3F-OCF[err]
iRl err]-Pyr-Phe. 3F5F- OCF[ err]
"Rl err] -Pyd-Phe-OCF[ err]

R err]-Pyd- Phe. 2F- OCF[ err] - 70 -

Rierr]-Pyd- Phe. 3F- OCF er ]
R[ err] - Pyd- Phe. 3F5F- OCF[ err]
R-Di 0- Phe- OCF[ err]
Kgo Phe. 2F- OCF[ Rt+Cyc-Cyc-Z12-Phe. (F,2)-F
R-D o- Phe. 3F- OCF[.err
R Di o- Phe. 3F5F- OCAf e‘]?Y‘TCV"'z’z'Phe .2

err]-Cyc- Phe- rr
E[[err} gc Phe. M&H—mz—m (F.2)-0CF,
err c- Phe. 3F -
E[[err} gc Phe. EM—ZR Phe. (F,2)-0GHF,
Rlerr]-Cyc-CH err] CH err] - Phe- OCHF[ err]

err]-Cyc-CH err]lCH err he 2F- G:H err
E[[err} gc CH%err*‘tFéﬂ ﬁ’}

"R err]-Cyc- CH[er ﬂiéfa_r MF gﬁ: r]
Rl err]-Pyr-Phe- ]ﬂhee { -[di
Rlerr]-Pyr-Phe. 2FR§E—@HJ-Z“—P& (F 2) ~0CF,
R err]-Pyr-Phe. 3F- err
R err] - Pyr - Phe. 3FBF-WZF~Phe.(F 2)-001?2
g[rerr] Pyd- Phe- OCHF[ err ] .
err]-Pyd- Phe. 2F- OCHF[ err]
Rl err]-Pyd- Phe. 3 u. o
R err] - Pyd- Phe. 3F5F- err Phe. (F.2)-F
R- Di 0- Phe- OCHF[ er R}=Pyr-Phe-Z12-Phe. (F .2)~CFy
R- D o- Phe. 2F- OCHF, err]
R-Di o- Phe. 3F- OCF[ BiTHyr~Phe-Z!2-Phe. (F, 2) -OCF,

| f F2- 31
| f F2-3m

| f F2- 3n

| f F2- 30

| fF2-3p

| f F2- 3q
F2- 3r
F2-3[ err1£F3-1c
| f F2- 3t
| fF2-3u 1fF3-2¢

| f
| f

| f F2- 4n
f F2- 40

I
| fF2-4 -
o 4q&n’31e

| f F2- 4r I1fF3-2e
| f F2- 4s

| f F2-4t I1fF3-3e
| f F2- 4u. T{]&afol I owi ng

R- Di o- Phe. 3F5F- :
smal | group of :ﬁl %‘Jc'gﬁ'ﬁb' d?hes(gda'fm&ly preferred:

R1-Phe-Pyd-Z'2-Phe. (F,2) -F
Ri-Phe-Pyd-Z12-Phe. (F,2)-CF,
Ri-Phe-Pyd~Z12-Phe. (F,2) -OCF,
Ri-Phc-Pyd-Z12-Phe. (F,2) -OCHF,

Ri-Phe-Pyr-Z12-Phe. (F,2)-F
Ri-Phe~Pyr-Zi12-Phe. (F,2)~CF,

Ri-Phe-Pyr-Z12-Phe. (F,2) -0CF,
Ri-Phe-Pyr-Z12-Phe. (F, 2) -OCHF,

R1-Cyc-Dio-Z12-Phe. (F,2) -F
Ri-Cyc-Dio-Z12-Phe. (F,2) -CF,
R!-Cyc-Dio~Z32-Fhe. (F,2) -OCF,
R!~Cyc-Dio~Z}2-Phe. (F,2) -OCHF,

IfF3-1f
I1fF3-2f

1£F3-3f
1£F3-4f
1£F3-1g
I1fF3-2g
1£F3-3g
1fF3-4g

1£fF3-1h
1£F3-2h
“1fF3-3h
1fF3~-4h



~R[err]-Phe-Phe-Z[err]-Phe. -
‘'Rl err] - Phe- Phe-Z[ err] - Phe.
Rl err] - Phe- Phe- Z[ err] - Phe.
Rl err] - Phe-Phe-Z[ err] - Phe.
R err]-Cyc-Phe-Z[ err] - Phe.
Rierr]-Cyc-Phe-Z[err]-Phe.
Rl err]-Cyc-Phe-Z[ err] -Phe.
Rl.err] - Cyc-Phe-Z[ err] - Phe.

R[%T/r] Cyc-Cyc-Z[ err] - Phe.

Z Ph ' 2).CF
Nl oo Qe o R %Em%'*zweﬂf

Rlerr]-CyC Cyc- Z[ epidpiie
R err] - Pyd- Phe- Z[err] P

R[ er r] - Pyd- Phe- Z[ eRt4PHEZ11<Phe*Phet (B[ 2] -OCF,

Rl err] - Pyd:= Phe-Z[ err] - Phe.

Rl err] - Pyd- Phe- Z[ eR}{PhemZ1?
Rl err]-Pyr-Phe-Zerr]- Phe.
R err]-Pyr-Phe-Z[ err]-Phe.

"Rl err]-Pyr-Phe-Z[ eptd
Rlerr]-Pyr-Phe-Zerr] -

Rl err] - Phe- Pyd- Z| eR*'}C\Rtrﬂ“'(BhQPheF(F 2)
Ph d-z Phe 2
$ ]r ] PheePyPé Z [e(raﬁ‘]% Z‘{%’bs )?beek%eéh‘u"s
Ph d-Z <P
R err]- Pho- Pyr - 7] R ORZH (Phes phe- (L5 ldcar,
Rl err]-Phe-Pyr-Z[err]-Phe. :
Rl err]-Phe-Pyr-Z[ err] - Phe.

Rl err]-Phe-Pyr-Z[err]-Phe.
Rlerr]-Cyc-Dio-Z[ err] - Phe.
Rlerr]-Cyc-Dio-Z[err]-Phg
Rlerr]-Cyc-Dio-Zerr]- Phe

| Rlerr]-Cyc-Dio-Z @Prv]

(F,2) -F I fF3-1a
(F.2) -CF[err] . | f F3- 2a
(F.2) -OCF[err] | f F3- 3a
(F.2)-CCHF[errd 71 - | f F3-4a
(F,2)-F | f F3-1b
(F,2)-CF[err} | f F3-2b
(F,2)-OCF[err] | f F3-3b
(F.2) G:HF[err] - 70 -
(F, 2) | f F3-1c
| f
1635,
u(F Z)PBEO@H L IfF3-Id:n -
| EEF3~Ja
F,2) -OCF[err | f F3-3d
| f
(F 2)-F * | f F3- 1le
(F.2) -CF[err] | f F3-2e
| f FEFDe-
u-((E »h%tfczeﬁr IfF3-4eSb
| f F3- 1{1£F3-6b
| fF
|t Fa LEF3=Th
| o
IfF3-1gf&%%
(F,2) -CF[err] | f F3- 29
(F.2)-OCF[err] | f F3- 39
-(F,2)-CCHF[ err] | f F3- 49
(F,2)-F | f F3- 1h

i(fl—!;e%ge aﬁéﬂ s, Phe.(F,2) is ihf Eég%ticular

F.9f Rhe3IF5F. Compounds of |tfh93 fprmulae

I£F3-1a-1h, 2a-2h, 3a-3h and 3a-3h [sic] and 4a-4h in
which 2?? is =-COO- and Phe.(F,2) is Phe.2F are addi-
5 tionally preferred. Compounds of the formulae IfF3-la-1h,

2a-2h, 3a-3h and 4a-4h in which 2'? is -CH,CH,~

or a single

bond and Phe.(F,2) is Phe, Phe.2F, Phe.3F or Phe.3F5F and
in particular Phe, Phe.3F and Phe.3F5F are additionally
preferred. In the compounds of the formulae IfF-5a, 6a,
10 7a, 8a, 5b, 6b, 7b and 8b 2 is preferably ~CH,CH,~ or
-C00~ and in particular -CH,CH,-. Liquid crystal mixtures
which contain one or more of these preferred compounds
have particularly favourable properties.
Liquid crystal mixtures which contain at least .
15 one of the following particularly preferred 3-ring
compounds are additionally particularly preferred:

R1-Phe-Phe-Phe-F
R!-Phe-Phe-Phe.2F-F
R1-Phe-Phe-Phe . 3F-F
Ri-Phe-Phe-Phe . 3F5F-F

I1fF3-1al
" 1fF3-1a2
I1fF3-1a3
1£fF3-1a4



71 R[err] Phe Z[ err]-Phe-Phe. (F.2)-F | f F3- 5a

R[ err]-Phe-Z[ err]-Phe-Phe. (F, 2)-CFlerr] .- . . | f F3- 6a
‘Rl err]-Phe-Z[err]-Phe-Phe. (F,2)-OCF[err] =~ | f F3- 7a
Rl err]-Phe-Z[err]-Phe-Phe. (F,2)-OCHF[ er«]72 = | f F3- 8a
Rl err]-Cyc-Z[err]-Phe-Phe. (F.2)-F | f F3-5b
Rl err]-Cyc-Zerr]-Phe-Phe. (F,2)-CF[err] | f F3- 6b
Rlerr]-Cyc-2Z[err]-Phe-Phe. (F.2)-OCF[err] IfF3 7b
Rl.err]-Cyc-Z[err]-Phe-Phe. (F,2)-OCHF[err] n t hese
compounds, Phe. (FRZ‘)'Phc-Phe s/l ar Phe, Phe.3F or Phe. 3F5 Sﬁbunds of
theforrrulaeIfF31 §§ h and 3a-3h [sic] and 4a{b.j_g |ch
Z[err] is -COO alRy~ !%‘I , 2F are addi- 5 tionall Perred.
.Conmpounds of the [ 1h 2a-2h, 3a-3h and 4a-4h jsr3diay
Z[err] is -m[err%?mﬁa sﬁlgle bond and Phe. (F,2) is Phe Phe 2F,
~Phe. 3F or Phe. 3F5 Lgeg Phe, Phe. 3F and Phe. 3F5HEF3>-1a8

addi tionaliy preferre n the corrpou‘nds of the fornmulae IfF-5a, 6a, 10
7a, 8a, 5b, 6b, 7b and 8b Z[err] is preferably -CH err]CH err]- or L ocoo

and in particular -CHefr]CHerr Liquid crystal m xtures nt ai n
one or nore of th&3 M&Q‘ﬂ%’& EJorrpounds have particularly f%z}&
properties. Liqui ﬁ%lﬂ!“ ?? whi ch contain at |east 15IfF3¥1$2 of . =
-the follow ng pa preferred 3-ring conpounds are additionally
particularly pref diire#c-l'l[le-rmie BFeF Phe- Phe- F I1fF3-1b3

I1fF3-1al Rerr]-P he-Bhe. 2F- ¥ | fF ,
ﬁ_gr r]- Phe- Phe- phdi7EVe-Phe-Fhe SFSF-F fF3-1a3 | EFS-1b4
err] - Phe- Pbe- PhquE?E.ﬁ,e.ph‘-q:" | f F3- 1a4 1fF3-1b5S

Rl-err] - Phe-Phe-CF[err _ | f F3- 1a5

Rl err] - Phe- Phe- Phﬁi-ﬁcgﬁie f‘l];eBF-ﬂ', | f F3- 13¢F3-1b6
Ri1~-Cyc-Phe-Phe-0CF, | | fF3-1!.:1
Ri1-Cyc-Phe-Phe . 3F-0CF; . 1£fF3-1b8
Ri-Cyc-Cyc-Phe-F I1fF3-1cl
Ri-Cyc-Cyc-Phe.2F-F = 1fF3-1c2
R1-Cyc-Cyc-Phe.3F-F ' I£fF3-1c3
R1~Cyc-Cyc-Phe .3FSF-F 1fF3-1lc4d
Ri-Cyc~Cyc-Phe-CF, o : ©  I1fF3-1c5
R!-Cyc-Cyc~Phe.3F-CF, _ ' Tfﬁ-lcﬁ
Ri-Cyc-Cyc-Phe~0CF, ) 1fF3-1c?

R1-Cyc-Cyc-Phe .3-0CF, 1fF3-1cB



-R[ errj- Pﬁe- Phe- Phe- OCF[ err]
..Rl err]-Phe-Phe-Phe. 3F- CCF[ err]

Rl err] - Cyc- Phe- Phe-F

Rl err] - Cyc- Phe- Phe. 2F-F

Rl err] - Cyc- Phe- Phe. 3F-F

R[ err] - Cyc- Phe- Phe. 3F5F-F

R err] - Cyc- Phe- Phe- CF[err]
ngpr]-Cyc-Phe-Phe.BF{qﬁﬁghe}yheﬁp

r]- Cyc- Phe- Phe- e .

E[[ er r} gc Phe- Phe.ég@&pﬂ’he.ﬂ-?
Rl err]-Cyc- Cyc- Phe-gRi«-Pyd-Phe- .
Rierr] 'Q/C-Q/C-Phe.g’lr- Phe-Phe.3F-F
Rl err] - Cyc- Cyc- Phe. R-Pyd-Phe~Phe.3FSF-F
Rl err]-Cyc- Cyc-Phe. 3F5F-F -

Rl err]-Cyc-Cyc-Phe-CFlerr]

Rierr]-Cyc- Cyc- Phe. 3F- CF[err]

Rl err] - Cyc- Cyc- Phe- OCF[ err]

Rl err] - Cyc- COyc- Phe g3=pLdl

Rl err] - Pyd- Phe- Pheﬁ‘; % ﬂJJPhe-CFS

err] - Pyd- Phe- Phe «Pha

E[[ er r} - Eyyd- Phe- Phe.RSF- Phe~Phe.3F-CF,

Rl err] - Pyd- Phe- PheRSByd-Phe-Phe-0CF,
err]-Pyd-Phe-CFerr

gPéfr]-Pyd-Phe-PheﬂkﬂgﬁFFbgr?he,3pqng
R[ err] - Pyd- Phe- Phe- OCF[ err]
‘R[ err] - Pyd- Phe- Phe. 3F- OCF[ err]

R err] - Pyr - Phe- PheRf~Pyr-Phe~Phe~
R err]-Pyr-Phe-Phe, 2Fp-v|§ P;xe Fhe-F
Rl err] - Pyr - Phe- PheR'siPye-Phe~Phe.2F-F

Rl err]-Pyr-Phe-Ph E-
Rl err] - Pyr- Phe- Ph?}%&?g;ﬁw'ﬂu.ﬁ‘-}‘
- Pyr - Phe- Phe. 3F- CR'¢Pyk~Phe~Phe . 3FSF-F

Ri-Pyr-Phe-Phe-CF,
Ri-Pyr-Phe-Phe . 3F-CF,
R!-Pyr-Phe-Phe-0CF,
Ri-Pyr-Phe-Phe . 3F-0CF,

| f F3- 1a7
. IfF3-1a8
| f F3-1 bl
| f F3- 1b2
| f F3- 1b3
| f F3- 1b4
| f F3- 1b5
| f F3- 1b -
IfF3-1b7q£F3 1d1
| f F3- 1bd £F3-1d2
f F3-1c1 '
F3-1c2 1fF3-163
F3-1c3  IfF3-1d4
f F3-1c4 :
| f F3- 1¢c5
| f F3-1c6
| f F3-1c7

I
| f
| f

I

| f F3-1c8 - 73 -

| f F3-1d1 1£fF3-1d5
| f F3-1d2
1 fF3-1d3 1£fF3-1d6

| f F3- 1d4
| f F3- 1dX £F3-1d7

| f F3- 1d6
| F3. 147 1EF3-148

| f F3-1d8

3-1le2 I1fF3-lel
3-led - I1fF3~1e2

| f F3- 1e51EFB31e3e6 R

I1fF3-1e4

1£F3-1e5

1fF3-le6
~ 1£fF3~le7

IfF3-1e8

Liquid crystal mixtures which contain one or more
compounds of the formulae isic] IfF and in particular of
the preferred sub-formulae are distinguished by a broad
mesogenic range, a r‘:elati.vely' high clear  point,

5 advantageous values for the birefringence ~and flow



R err]-Pyr-Phe-Phe-CF[err] | f F3-1e7

‘Rl err] - Pyr-Phe-Phe. 3F-OCF[ err] ' | f F3- 1e8 Liquid crystal
~m xtures which contain one or nore conpounds of the formulae [sic] IfF and
in particular of the preferred sub-formsapg ate distingui shed by a broad
mesogenic range, a relatively high clear point, 5 advantageous

val ues for thaidnaaém,ng.emusehbxlltyvm.th -thel powﬁoiﬁdﬂ :Hdi:Wthe

mscibility wt I X .and ticular
‘advant ageous va: ues for Nli d:b}ﬁ%jtrl ywwaaﬁané ﬁF&H ﬁvfgﬁd
tenperature stagielegtric anisotropye andjuad kiighst BW rénd u

contain 1-40% ag %é,tlcul ar 5-30% of conpounds of the fornmula IfF and
in particular of e pr fe.rred sub-formulae. In this case, the liquid

~crystal i xBures pr ef er They amid caystalonixtyces i pueﬁerabkycmdwuls of
the formula | f F1os aaa in i&&!lﬁ‘ snfsotshsfpé t&ﬁ!
56& ose contain one

o Tor 6. compounadFs AR AR ‘ﬂqdr&% T o, P B ~EAEmRdARyl 48 |1 F,
in particul ar ofhhﬁ.becasemu ]lifﬁﬁ.dlcrybtiz Hixtured liﬂ:e]ferabﬂy cbht&if and
o tor 6 compounds os AL S paft FEL 1.5 okl of "(né: fotulia, ke
I111-1128, 10 1- ppd3isnparvicules. ththmsef)ut@tsuh-ﬂdmﬂmq}onent m xt ure
bartioul af of the formi areipasiEtyC preferred] LM ety ftel ntRtnces
preferred sub- P¥Pmhhose; whighiqonkain y°1!# X MtGMOEMOaﬁ&ectedhe
{ornul ae 111-11 Ziroml |tHe | gkdupn b Véohﬂ&m&st e |tl§&” Q E'fniii&é' ﬁf‘t UihS
used according kgﬁ{;@_c Ill.nven [ § grgg%f ? 0% £ 1 -
particul ar 25% Brasi 8 % PIH‘}P ch AFE2pdsen oﬁ Fﬁﬁ

15 IfF3-8 -.and very particularly of the preferred
sub-formulae, and addi.tidnally one or more compounds-
selected from the group of compounds of the formulae
II1-II28, III1-III3 and IV1-IV8. The mass content of the

. component mixture consisting of at last one compound of

20 the formula IfF and in particular of the formulae IfF2
and IfF3 and very particularly of the preferred sub-
formulae and additionally of at least one compound of the
formulae II1-1I28, IIXI1-IIXI3 and IV1-IV8 in the liquid
crystal mixtures used according to the invention is

25 preferably 15%-100% and in particular 25%-100%.

' Liquid crystal mixtures which are based on the
following component mixtures, which each cpntai.h at least
one compound from the substance classes shown in each
case, are particularly suitable for matrix applications,

30 while they are frequently less suitable for network
systems, in particular if the mass content of the com~
pounds of the formula IfF and in particular of the
preferred sub-formulae or of the other terminally fluor-
inated compounds in the liquid crystal mixturé is not

35 more than 10% and in particular not more than 5%.

T{IfF)1: R-Cyc-(COO),,-Phe-c-c-Phe.(F)-P where ¢ = 0 or 1
Iv2 '
T(IfF)2: R-Cyc-(CO0),~Phe~CxC-Phe. (F)-F
I11 _ where ¢ = 0 or 1



f.ol | owi ng conponent m xtures, which each contain at |east one conpound from
‘the substance cl asses shown in each case, are particularly suitable for
matrix applications, 30 while they are frequently less suitable for
network systens, in particular if the nassgomtent of the com pounds of
the formula IfF and in particular of the preferred sub-formulae or of the.

other term nall yp{IfP)3;s | DEFRE1L OoPOLFEB-1gl the liquid crystal mxture is
not 35 nore than 10% a rtiqul ar_n more than 2% T(I1fF)1: :
R-Cyc-(COO) [err] - Phe- &e?ﬂ]‘@%‘ﬁ@"’ é}etéhﬁere c wheze, X 10|¥T/2°1T( F)2:

R- c-(COO)[err]TPh:EI[}erR-]-Q@FEyc-(ﬂ)eRB)I-Jx’ where x’ = pherec® = 0 or 1
- 75 - T(IfF)3: 1fF2-1i op L §_ _ch Phe. (‘% o\égere X[err] =
err r"

For CN-T(Ifl)3: R Cyc j(. wher e
-Pyr-(Phe)[ePr] !p(,gf%gn;ﬁz-l anﬁf -_-lqi@rﬂﬂ'3-1'd(1|fl)4 | f F2- ll,

| fF3-1el or IfF3-1d1l IVl o1 &P the ot her hand, liquid crystal

m xt ures cont ai ni ng "conpgnent_ m xt res this type are preferred i nter
alia even for network apphi cehe ot dmasg- guid grystal fmixtures
conpounds of thecéntaihin fdi::@ishdnt ﬁdﬁd:hﬁéhaéf Glihid“t yPecape' Sfeferred,
sub-formnul ae or %L %ﬁe 3& er _ter aII r| na g 1€£ oungi tar ned in

t hese conponent % r& Se&e@dt t 1 i) \d e 10%

and very pal@i cutemtentiotofl ethet rmmﬁ:ﬂmdsLZo&%tBot I drmu b (UEFX and f D
breforred whi on Pabelouldl de ¥ng plasdrteld Bin2Eabiial BF 8 0Bt hner,
addi tional |y oncteymigally ofinarinatadc comppuods: heoptaimedi itmnpthess | a,
prge/f lerjr eldesu:of Cleompdnent mixtuks ib OgréatefdthanPd¢; Cihd ptidiflar
greater than 10% and very particularly not less than
15 12,5%. Both for matrix and for network applicationms,
liquid crystal mixtures of this type are also preferred-
which contain one of the abovementioned component
mixtures and additionally one or more compounds selected
from the group of compounds Ia, Ic, Id, Ie, IfCl, IfCl.F,
20 Ig, Th or Ii and in particular of the preferred sub-
formulae; in these mixtures the mass content of the
termi.l_:ally fluorinated compounds can also be 5% or less.
Both- for matrix and for network applications, liquid
crystal mixtures are also preferred which contain at
25 least one compound of the formula IfF, in which U = -CF,,
~ =OCF, or -OCHF and additionally at least one compound
selected from the group of compounds of the
formulae II1-I1128, III1-III3 and IV1-IVS.
Furthermore, the following component mixtures
30 which contain at least one compound each from the sub-
stance classes shown are suitable both for matrix systems
and for network systems:

T ( IfF) 5: RI-Cyc" (CH,CE, ) d-?he . (F, 2 ) -X‘

II5 or 1116 . where X* = F, CF,, OCF,
35 o and d = 0.1
T(IfF)6: R'-Cyc-(CH,CH,),~Phe.(F,2)-X*
IVi, IV2, IV3, IV4, - where X = F,-CF,, OCF,

IV5, IV6, 1IV7 or IVS and d = 0.1



~fornulae; in these mixtures the mass content of the ternminally fluorinated

: conmpounds can al so be 5% or less. Both for matri x and for network

applications, liquid crystal m xtures are al so preferred which contain at

25 | east one conpound of the formula I$Fpgisé which U= -CF[err],

~OCF[err] or -CCEF and additional I y at Ieast one conpound selected - from

the group of mqrﬂqmdsgloé IIp],aIL-&B [111-1113 and

IV1 | V8. Furt hernore, thelefI%' gggpogiih mxt v#:f]ﬁ] C ain
| east one compound eac I te cI‘S §’é§ ho arsurtabl e

bo\t‘ﬁ for matrix systens amIZf,ou:met,Mlmzspst ED23 TédhdFRd5= 0.1

Rerr]- Cyc(CH[ I rr 1 F Lyl 5 or 1116

wher e X[err ?‘ﬂéi‘[ﬁ ]RHE@% ‘8 ?'?5 iﬁ)e)i[ierzr) Xt

and d = 0. 15T(IfF)6 R[errIFJ-C?é? & [err]CH[err])[th?l'@ﬁig TE2CEp PCF; | VI,

I V2, IV3 | V4, where X[err] = F, CFlerr], OCHigd'd «MUp,1!V6, V7 or

| V8 and d =

- - T - CH e
-Phe. (F,2)- X[er'l‘r(]ﬁﬁ)iﬂ ‘PY’F'(létheﬂﬁ)g"g[ er&}qef\écvé ‘;]”lgj[ %ﬁ[:er s, !
OCF[err] 112, 1120, 1122 qr6l b23xTa6d d - 0.1 T(IfF)8:

1210 (o i IR b, e 2 T .

Rl err]-PyriBhe. (F)- X err] IV1, IV2, m35em§erIY&F CF[err], OCF[err] 116 or
1116 T(IfF)10: Rerr]- PyrI e& : wher e X[err]=F, CFlerr],
OCF[err] 10 LY IV? V4, V5, 1V6, | or |\V8 gﬁl’fF)ll:
Rl err]-Pyr- Phe. BEFER) A5 R‘ler‘Phev&ﬁ'é“X[err] = vhexe- X8+ |F, EF5; OGE, | |3
184, 1114, 1119, 112, 112¢zx3l,! 224Qr1ﬂj$ iD19, TﬁjF) 12:

R err]-Pyd-Phe. (F)- Z[err]m:20 1122 °rrfﬁ<£err = F, CF[err], OCF[err]

15 T(IfF)12: R'-Pyd-Phe.(F)-X* where X* = F, CF,, OCF,
IIl or II9 .
T(IfF)13: R!-Pyd-Phe.(F)-X* where X* = F, CF,, OCF,
~ IIS or IIlé6 -
. T(IfF)14: R'-Pyd-Phe.(F)-X* where X = F, CF,, OCF,
20 Ivl, Iv2, IV3, IvV4, IVS
or IV6
T(IfF)15: R*~Pyd-Phe.(F)-X* where X* = F, CF,, OCF,

113, II4, IIl4, II19, II2,
1120, II22 or II23

25 T(IfF)16: R-Dio-Phe.(F)-X* where X = ¥, CF,, OCF,
' III1, III2 or III3
T(IfF)17: R*-Dio-Phe. (F)=-X* where X* = ¥, CF,, OCF,
IIS or II16 '
T(IfF)18: R'-Dio-Phe. (F)-X* where X* = F, CF,, OCF,
30 IvVl, Iv2, IV3, IV4, IV7
. or IV8 .
T(IfF)19: R*-Dio~Phe.(F)-X* " where X* = F, CF,, OCF,
IIl or II9 '
‘T(I£F)20: R!-Cyc~Cyc-(CH,CH,).,~Phe. (F,2)~X*
35 II5 or IIl6 . where X* = ¥, CF,, OCF,
and d = 0.1
T(IfF)21: R'-Cyc-Cyc-(CH,CH,),~Phe.(F,2)~-X*
Ivl, 1Iv2, 1Iv3, IV4 where X* = P, CF,, OCF,

. IV5, IV6é, IV7? or IVS ‘and d = 0.1



-.Il'l or 119 T(IfF)13: R[érr]-Pyd-Phe-..(F)-'X[err] where X[err] = F,
CFlerr], OCF[err] 115 or 1116 T(IfF)14: R err]-Pyd-Phe.(F)-Xerr]

where Xerr] = F, CHerr], OCF[err] 20 IvVl, 1V2, 1V3, V4, 1V5
or 1V6 T(IfF)15: Rerr]-Pyd-Phe. (F)-Xearmp o where X err] = F,
CFlerr], OCF[err] 113, 113, 1114, 1119, 112, 1120, II220rII2325

: he (F)-X[e =F CHerr],
e b i s A L
ere X[err] =F, CFlerr], G}j:n;rn“ SIr14,) 186190 | f Flbieére X6 =
\I%lérr]-Dio-Pheo{:Eﬁ)n-X[err] where Xerr] = F, CFerr], Od:[err] 30

V1, 1V2, 1V3, , V7 or IV8 T(1fF)19: Rl err]-D o-Phe. (F)- X[err]
where X[err] = F, CFlerr].. ocnz;r;no,l IE22 | MIZF) ﬁingd = 0.1 .
cﬁelrlr]wwcswcﬂ%?ﬁ\km%e err;(%tg:[%‘rr] and d = 0.1 T
T(IfF)21: R err]-Cyc=Cyc-(CH 1]QI-|[H9])[err]Me ,2)FX[CFy, QCF,, V2,
V3, V4 ™~ where Xlerr] = F, CFlerr], OCF[err] |\£5d Qva. ol Y7 or 1V8
dd=0.1 T
g[nerr] Cyc- Q/CT(#%EH ( {'%P@FPP‘PN@(’# 2) %eéﬁ]x | T 3Fr GEse 9‘?1"_'1_:4, 1119,
wher e X[err]—F CFlerr], OCRIESrdgx IZX16 1120, 1122 or II230cxn'gl[ } 01”59
T(1fF)23:4 r or
wﬁer e) X[ err] eri‘p%ﬁf G?{-gg%rkr arﬁ(rﬁ-aing 01 ﬁ%ﬁ E) g%f:ﬁ(' eéé" ot LA
Rl err]-Pyd-Phe-Phe. (F)-X err|IIWar EB9 err] = F, CF[ePCBF, OCF[err], 115 or
11s T (1£F)26: {Jpyd-Phe-Phe. (F)~X* where X* = F, CF,, OCF,,
~ IVl, IV2, IV3 or IV4
OCHF, _ _
15 T(IfF)27: R'-Pyr-Phe-Phe.(F)-X* where X* = F, CF,, OCF,,
II5 or II16 OCHF, -
T(IfF)28: R!~-Pyr-Phe-Phe.(F)~X* where X’ = F, CF,, OCF,,
II1 or II9 _ OCHF,
T(IfF)29: R!-Pyr-Phe-Phe.(F)-X* where X’ = F, CF,;,0CF,,
20 Ivl, IV2, IV3, IV4, IVS
OCHF,
or IVé

Liquid crystal mixtures which are based on the
following component mixtures T(IfF) 30-35 which contain
25 at least one compound each from the compound classes of
the formulae mentioned in each case are preferred. In the
-table, the preferred mass content of these éompouhds in
the component mixtures is additionally given. The compo-
nent mixtures contain 2-38, preferably 2-35 and in
30 particular 2-25 compounds; the sum of the mass contents -
of these compounds in the component mixture is 100%. The
mass content of the component mixture in the liquid
crystal according to the invention is between 10% and
1008, in particular between 15% and 100% and- very par-
35 ticularly between 25% and 100%.



100 T(IfF)25: R err]-Pyd-Phe-Phe.(F)-Xerr] where Xerr] =F, CFerr],
OCF[err], Il or 119 OCHF[ err] T(IfF)26:

Rl err]-Pyd-Phe-Phe. (F)-X[err] where Xerr] = F, CFlerr], OCF[err], |V1,
V2, 1V3 or V4 OCHF[err] 15 T(IfF)2C g err]-Pyr-Phe-Phe. (F)- X err]
where X err] = F, CF[err], OCF[err], II5 or 1116 OCHF[ er r.]
T(IfF)28: R[er(r)dl; r-Phe-Phe.(I;)-X[err] where Xerr] = F,, CF[herr],
OCF[err], |11 JMixture ormudpa - o 1| Mess gopfent in the
Rlerr]-Pyr-Phe-Phe. (F)-X[err] where X err] -edmpdtent mixtudecy) 20

Wy V2, IV3, 1V4, 1V5 OCHF[err] or 1V6 Liquid crystal m.xtures which are
based on the foll ow ng conponent m xtures T(IfF) 30-35 which contain 25

at | east one cdipOLf®) e3@h froXfFhe conpound SctHgsdn garticularul ae
nmentioned in each case are preferred. In thedaye, the preferred mass
content of these conpounds in the conponent m xtures is additionally given.
The conpo- nent mixtures contad® 2-38, preferBfis, impagtdcular

particular 2-25 conpounds; the sum of the mass.ggontents of these conpounds
in the conponent mxture is 100% The mass content of the conponent m xture
in the liquid crystal according to the invention is between 10% and 100%
in particul ar bpt(ef®) 132 and I¥E% and very B85535 ticularly between 25%

and 100% - 78 - Mxture . Formula o_ Mass content in the
conponent mxture [ T (IfF) §61 - IfF 2-29 5-75, in particular
5-55 11 5-85, in particular 6-65 T (IfF) 31 | fF :
5-55 T (IfF) 32 1fF 5-75, in particular -
-/ 5-60
| v 5-63
5 T (IfF) 33 IfF 5-55
1I 5~65, in particular
5-52
III 5-29
T (IfF) 34 IfF 5-50
II 5-72, in particular
' 5=52
Iv 5-56, in particular
5-46 '
¢ (IfF) 35 IfF
II 5-50
5-75, in particular
III 5-47
5-37, in particular
v 5-15
5=-50, in particular
5-42 -

Those compounds of the formula If, in which T? is
Cl and v is 0 are additionally preferred

R1- zu— [-'-Z“-],--CI 1£Cl



A1 2-29 T (IfF) 32 | fF 5-75, in particular 5-60
1V 5-63 T (IfF) 33 | f

I

I F 5-55 11

5-65, in particular 5-52 111 5-29 T (IfF) 34 I fF

5-50 11 5-72, in particul ar «5992«lV 5-56, in
‘particular 5-46 T (IfF) 35 [fF 11 5-50 5-75, in particular

11 wheire 5I:_l8€,mem.hﬁg tof R!ais| yiven above. 5-15 5-50, in

.g..ﬁzitilclmsag gIgzagQPf?on gﬁé?‘g{’?%dgfe%wlﬁ)ﬁ% I%écg:ﬁ{. %a%ﬁenglof

Rré rr] is gi verfoltwingmmmdro&- ind H=1ingneampausids af khe t$ab-

Tf' G2'8 and | ﬁéﬁ%‘f‘?aﬁ%ﬁ‘% ORI el 100 The1gukg 11 21 -
I : o

C2-1 Rerr]-Pyr-pPhe-d I fd 2-2
R er]-Cyc- Phe-d | fCl2-3
.R err]-Phe-C C Phe-d . ' ' IfCl 2-4

R[ err] - Phe- COO Phe- Cl Ifd 2-5
R-Phe-Phe~Cl . 1£C12-1
R1-Pyr-Phe-Cl - - 1£C12-2
R!~Cyc-Phe-Cl I£C12-3
R1-Phe~C~C-Phe-C1 | I£C12-4

| Ri-Phe-C00-Phe-C1 I£C12-5

~ Ri~Phe-00C-Phe-Cl 1£C12-6
Ri1-Pyd-Phe~Cl ~ 1fCl2-7
R1-Cyc-C00-Phe-C1 " IfCl2-8
Ri-Phe-Phe-Phe-Cl | I£C13-1
R1-Cyc-Phe-Phe-Cl . . 1£C13-2
Ri-Cyc-Cyc-Phe-Cl 1£C13-3
R1-Phe-Cyc-Phe~Cl | I£C13-4
R1-Phe-CH,CH,~Phe~Phe~Cl 1£C13-5
R1-Phe-C00-Phe-Phe-Cl 1£C13-6
R1~Phe-Phe~CH,CH,~Phe~Cl 1£C13-7
Ri-Phe-Phe-000-Phe~Cl 1£C13-8
R!-Phe-Phe-00C-Phe-Cl " 1£C13-9
R¥-Cyc-CH,CH,~Phe~Phe~Cl 1£C13-10
R1-Cyc-C00-Phe-Phe-Cl I£C13-11
Ri-Cyc-Phe-CH,CH,-Cl 1£C13-12



.R[ err] - Phe- OOC- Phe-Cl
R err]-Pyd- Phe-C
Rlerr]-Cyc- COO Phe-C
‘R[ err] - Phe- Phe- Phe- C
Rl err] - Cyc- Phe- Phe-C
R err]-Cyc-Cyc-Phe-d
R err] - Phe-Cyc-Phe-d ~
Rlerr]-Phe-CH err] CH err] - Phe- Phe-C
REr r ] - Phe- COO- Phe- Phe- 0

R err]-Phe-Phe-CH err] err] - pPhe.

Rl err] - Phe- Phe- %ﬁé@'&&lﬁe’cg

Rl err]-Phe-Phe- CH,-Phe-C=C-Phe-Cl
Rlerr]-Cyc-CH err]CH err -I3he- Phe-Cl
Rlerr]-Cyc- COOFHIGO?hePSé-COO-Phe-Cl

Rl err]-Cyc- PheCHerr CH[err -

- Rlerr]-Cyc-Phelt -Phe-Cl

Rl err] - Oyc- CH{er L@g@eagarhpag«&m e

R err] - Cyc- Phe-
R err] - Cyc- Phe- GPcPReeCHE-C00-Phe-Cl

Rlerr]-Cyc-CH err] CH err] - Phe- COO- Phe- C
-R[err]-Phe-Q/c-m Cyc-Phe-Cl

Rl err] - Phe- COO e -
e e oo Qpﬁﬂﬁo&-cyc-phe cl
s o RISy Oy eCH,CHp BheaCl
R err]-Cyc-Cyc- CQO Phe-C

Rlerr]-Cyc- Q/C-@C%écﬂ:'m’mefl

Rl err]-Cyc- CH ergs %ghe CI

‘Rlerr]-Cyc-CH err|]
Rl err]-Cyc- COO G}‘c@heﬂi}aiz-wc-wo-l’he-m

;E%Z?H-%é-%%’r"c@%%ﬁgﬁwme—m
LERRE et
' R1-Cyc-00C-Cyc-Phe-Cl
R!~Phe-C00~Phe~C00~Phe~Cl
R1-Phe-000-Phe~00C~Phe~C1
R1-Phe-00C~Phe~C00-Phe-C1
R!~Phe-00C-Phe~00C-Phe-Cl
R1-Cyc~CO0-Phe~C00~-Phe-Cl
R1-Cyc~C00-Phe~00C-Phe~C1
R1-Cyc-00C-Phe-00C-Phe-C1
R1-Cyc-00C-Phe-000-Phe-Cl
R1-Cyc-C00-Cyc-000-Phe-Cl
R1-Cyc-00C-Cyc-C00-Phe-C1
R1-Cyc-C00-Cyc~00C-Phe-C1
R1-Cyc-00C-Cyc-00C-Phe-Cl

IfCIS-lg

@OO (o] AWNPFRPO~NO

Ifd 3-5

'ffdh3-13

1£C13-14
| fCd 3-10

-11 IfC13-15

fC 3-12

| fCl 315_9}13'16
lfcys3134

I f C13- 1@.‘.‘013-18

3-17

1 f O 3- 1§fc 3-19
1A 3-191¥e13-20

| fCd 3-20

1£CABr2121

|1 f QO 3-22
| f O 3- 231£C13-22

e

| £ O 3- 26£C13-24
1fQ 3-2

1 fQ 3- 23“13'25
183 3ec13-26

1£C13-27
1£C13-28
1£C13-29
1£C13-30
1£C13-31
1£C13-32

1£C13-33
IfC13-34

IfC13-35
I1£C13-36
1£fC13-37
I1£C13-38
I£C13-39

80



. Rl err] - Phe- OOC- Phe- OOC- Phe- O 1 fC 3-31
: Rlerr]-Cyc- COO Phe- COO Phe-C I fCl 3-32
- Rl err] - Cyc- COO Phe- OOC- Phe- C _ | fd 3-33
Rl err] - Cyc- OOC- Phe- OOC- Phe- C - 81 - I fC 3-34
R err] - Cyc- OOC- Phe- COO Phe- C | fd 3-35
R err]-Cyc- COO Cyc- COO Phe-C - | fCl 3-36
R[err] Cyc- OOC- Cyc- COO- Phe-d I fd 3-37
R[.err] - Cyc- COO Cyc- OOC- Phe- C | fd 3-38
R[&Fr] - Oyc- QOG- Oyc- OOC- Phe- C | fd 3-39
R-Pyr-Phe Phe- O p_pyr-Phe-Phe~ | f A 3-40 R-Pyd- ohes Cl
1fd 3-41 R Phe- py P PKE-Rie-Phe-Cl |fc13-§1)€&ﬁahﬁj
R- Phe- Pyd- Phe- C R=-Pyd-Phe-Phe~Cl | £C 3-43 R-Cyc-HCH3¥g) C
| fd 3-44 R-Cyc- Pyg- Phe- I fd 3-
R-Pyr-CH err] CH eﬁ‘?ﬂwﬁ&%@l 1l 3- 46Pﬂ:¥3'42
d-CH err]-CH err] héLPydlPhe-C1 1fC3-47 In ¢ ounds
of the fornul ae IFC?ngr;‘c’i If(%IB Rlerr] is preferably alkyl, af?l yl or

al koxy having 1- 1G-cye-Pyp-Pré-gicul ar having 1-8, C atons, \A/rﬂcls*m
straight- chain radical s are preferred. Additionally preferred are

n- al koxyal kyl conmfoéyesPydaPherClarti cul ar n-al koxynet hyl and K%ﬁ(égyet hyl -
conpounds. Very p _!yeﬁ.u - conpounds are those of Jagy mul ae
fd2-1 - 1fd 2- 8%:31 %1 5?4 in which Rerr] |sIrret ylﬁethyl
- propyl, butyl, pew-mza{zhwghd%mtyl , octyl, nonyl, .decyif£CyBufJoxy,
e(?pxy, propoxy, butoxy, pentoxy, hexoxy, heptoxy, octoxy,
hoxynet hyl , et hoxynethly [sic], propoxymnethyl, butoxy- nethyl,

met hoxyet hyl , et hoxyethyl or propoxyethyl. The conpounds of the fornula
IfCl and the prefer- 15-red sub-fornmulae I1fC2-1 - IfC2-8 and IfC 3-1 -

| fC 3-47 are for the largest part known and, for exanple, described in
JP 60/ 260679 A2, JP 59/ 81375 A2,

In the compounds of the formulae IfCl2 and I£Cl3, R?
is preferably alkyl, alkenyl or alkoxy having 1-10, but
in particular having 1-8, C atoms, where the straight-
chain radicals are preferred. Additionally preferred are

5 n-alkoxyalkyl compounds and in particular n-alkoxymethyl
and n-alkoxyethyl compounds.

Very particularly preferred compounds are those
of the formulae IfCl2-1 - IfC12-8 and IfCl3-1 - IfC13-47,
in which R! is methyl, ethyl, propyl, butyl, pentyl,

10 hexyl, heptyl, octyl, nonyl, decyl, methoxy, ethoxy,
propoxy, butoxy, pentoxy, hexoxy, heptoxy, octoxy,
‘methoxymethyl, ethoxymethly [sic], propoxymethyl, butoxy-
methyl, methoxyethyl, ethoxyethyl or propoxyethyl.

The compounds of the formula IfCl and the prefer-

15 red sub-formulae IfCl2-1 - I£C12-8 and IfCl3-1 - IfC1l3-47
 are for the largest part known and, for example,
described in JP 60/260679 a2, JP 59/81375 A2,

EP 0,123,907, JP 58/79938 32, DE 3,136,624, J. Malthete

et al., Mol. Cryst. Lig. Cryst. 23, 233 (1973), J.

20 Malthete et al., J.Phys. Collog. 37, €3 1 (1976),
J.P. van Meter et al., Mol. Cryst. Ligqg. Cryst. 22, 271



EP 0, 123,907, JP 58/79938 A2, DE 3, 136, 624, J. Malthete et al., Ml. Cryst.

Lig. Cryst. 23, 233 (1973), J. 20 Mal thete et al., J.Phys. Colloqg.
37, G 1 (1976), J.P. van Meter et al., Ml. Cryst. Lig. Cryst. 22, 271
< 82 - (1973), ME. Neubert, et al., Ml.ggryst. Lig. Cryst. 135, 283
(1986), JP 56/ 120641 A2, EP 152,014, DE 3,139,130, HJ. Miuller et al.

Mol . Cryst. %stj. 3 nggbefégsgg: 31JP 122! ,tAznf,qJPLq?,J‘_fas?z?
A2, 5 DE31913 [ibﬁ’ Graya Z\i Good Li q.
cryst. 37, 157138976) 57/@%%8@9 A2, IP 564130641 , B 15 igﬁk&n Li g.
CH>r§f§tS hlgO H2|45E( 39&3)9,, 180,3H233, mneﬂitzaﬂléu&ii ¢fy§d gV csgigty, and
cna
ngrovvskl et a?éz' (??P@%E %WMJ & %4)%170/}#3%&71%641 A2,
JP 57/ 31645 A2DE)B, aaa4la®8 pﬁicJP aannseaﬁquand. IEWB Tohdiy, MolGB
2,070,593, JP 14 | 108, "
157 (1984), é@%fs%m@ % ?576‘&19’?5’ b ﬁg%kétmbbﬁwe? y&
Lig. Cryst. 22Tamse=19t3)lloH Mgl-mg'ehem%{ Gryst.) 108,31345 cctl@ﬂﬁ)azl 47
(1979), H-J. bauy Qher sqtl,alsnzh B3 &mé 28, M96%e11Y %nd H

Deut scher et al em 3 1, _A47 58/ 47 :
Li quid crystal sFﬁ“ff‘ur@?%(lm Chim ﬂ ﬁﬁme B%Srrp &s salé%clgﬁ ffrom

t he groupief cmpmkitrafﬂnplmnf Crystd iDiquarCrystarlof?,tidal

Qs 2?%?2%.(2@5@@. 38503720688 4y I STk 9&? SRoeh/uissd b2,

bi refringence AR /29640 ehat ri c DB 30845303 ,hi gh GR adi P70, 593,
COm S vel S sAMRCASl, 8, aMHl o WL b ogor nnble
reI atively hi gft*¥B&ar ”Eéént lﬁhvéapgaéousmé%zgl?%l t‘%e' f ng%'} (64

15 J.P. van Meter, Mol. Cryst. Liq. Cryst. 22, 285 (1973), :
H.-J. Deutscher et al., J. Prakt. Chem. 321, 47 (1979), -
H.-J. Deutscher et al., J. Prakt. Chem. 321, 969 (1979),
H.~J. Deutscher et al., J. Prakt. Chem. 321, 47 (1979),
JP 58/47 45 A2.

20 Liquid crystal mixtures which contain one or more
compounds selected from the group of compounds of the
formulae IfCl and in particular of the preferred com- -
pounds of the formulae IfCl2-1 - IfCl2-8 and IfCl3-1 -
IfC13-47 are distinguished by advantageous values for the

.25 birefringence An and the dielectric anisotropy, a high
stability, comparatively simple preparation capabzlity,
low miscibility with the polymer used for the matrix and
in particular by a broad mesogenic range, a relatively
" high clear point, advantageous values for the flow

30 viscosity and the temperature dependence of the electro-
optical parameters.

The 1liquid crystal mixtures according to the
invention preferably contain 1-40% and in particular
5-30% of compounds of the formula IfCl and in particular

35 of the preferred sub-formulae; in this case, the liquid
crystal mixtures pteferably contain 1-5 and in particular
1-3 compounds of the formula IfCl and in particular of
the preferred sub-formulae.

Particularly preferred liquid crystal mixtures



. 30 viscosity and the tenperature dependence of the el ectro- optical
i parameters. The liquid crystal mixtures according to the invention
~preferably contain 1-40% and in particul ar 5-30% of conpounds of the
formula IfA and in particular 35 of preferred sub-fornmulae; in this
. case, the liquid crystal mxtures preferably contain 1-5 and in particul ar

1- g ]g:orrpoimds ai:e: Itexd‘sfar rmha:ﬂ f&nﬁﬁd lIéhé)géi-'ﬁuit:élrca&g%{iﬁdﬂfﬁk%ﬁgd

Su or mul ae arti ar e rre | | ST a ures

t hose whi ch coﬁf %g'ﬁe Q#’"ﬁb %temﬂ:ge s%fe e fermulaeclgiclpISCL
conpounds of taadf o.nnplaa:t:.baﬂ.a}:' bfCthandormupaet T€0l2+10+ thel{zcsrruhae
Ifd2-1- 1fd aqf t |l east one
com 5 ound%sellec? g%r}]%t #g grqélfjapd% nﬁ%fﬁﬁ't %]aiﬁ% € ofP2enfiPle
111-1128, 5| | 1PPRRd &naepvgdl \fgomrrtéaerrmummiamomsiound; cofipthenfori-xt ur e
consi sting of ﬁhlhéait1012289"EQ!QdIQi3tQﬁdf?Vf” V8. '?ﬂésﬁﬂgs'E?giéhtcu'ar

of the preferre -fornul ae and additi onal one conpound
p

of the formul a8% 149 | SSEPPRLRL| Mixtire I‘G?n?%t?-Mt of | atuileant sone
m xt ures used aompodndgolfotﬁ:l@ florumilaie0 THC1 iR el a{rﬂ-ﬁﬁﬂﬁg%ﬂr‘éhé”

- particular 25% Iar [re stal 15
Ir?1 xtures -are %%ggé&ﬁ%/ “B‘Qﬁ?ﬁ‘r‘ﬁ ?é‘asgég%gl‘%%n‘gy f?an?&% f BR®owi ng
group C. ah@ atcmagundmfmdnmulmmmm,ommg -gIE8pahd BVD«IVE -
Goup DIfd 2- I I I 1,6 Cl 2= 3.
a7 O dn e T1kqmid prystal, glintidcps | jged | popkifng) b the
115, 1116, | |§1,'¢vep1:ggn |j-22 P##f;@tzly I flg%&m()% and in |P33ti¢u251 1126,
27, 1128, |f§$$-ﬂﬁogLfC|3 41, ey, rrr2, 1vi, 1v2, 1V3, 1V4,

Very particularly preferred 1liquid crystal
15 mixtures -are those which contain at least one compound
from the following group C and at least one compound from -

the following group D:

Group C Group D

1fC12-1, 1£fCl2-2, | 111, 112, 113, 114, IIS, II6,

1£C12-3, 1fCl2-7, 117, 118, 119, IIl0, IIl1,

1£fC12-8, I£Cl13-1, 1115, 1116, II17, II21, 1122,

1£C13-2, I1fC13-3, 1123, 1125, 1126, 1127, 1128,

1£C13-40, I1£Cl13-41, 1111, 1112, IVl, IV2, IV3, IV4,
' 1£C13-43, I£C13-43, IV5, IV6, IV7, IV8

1£C13-44, IfCl13-45,
1£C13-46, - 1£C13-47

20 Liquid crystal mixtures which are based on the
following component mixtures T(IC1) 1-3 which contain at
least one compound each from the compound classes of the
formulae mentioned in each case are preferred. In the

. table, the preferred mass content of these compounds in

25 the component mixtures is additionally given. The compo-
nent mixtures contain 2-38, preferably 2-35 and in
particular 2-25 compounds; the sum of the mass contents
of these compounds in the component mixture is 100%. The



S 1A 3-43, 1fd 3-43, V5, 1V6, 1V7, V8B Ifd 3-44, 1fd 3-45,

- 1fd3-46, 1fd3-47 20 Liquid crystal m xtures which are based on
~the followi ng component m xtures T(I1Cl) 1-3 which contain at |east one
conpound each fromthe conmpound cl asses.ofgqthe formul ae nentioned in each
case are preferred. In the table, the pre erred mass content of these

conpounds in 23pagd h&qﬁ%@ﬂﬁneé‘f Ehe! %@6&1‘;’9‘3‘&5&&%};' YJ.tg' the .'H@uf&’”po-
nent m xtures cont%Oq 2- 38, referab

35 and, i n par ul ar
cqmpounds: "t he SAFTAL #ES 15 0P s FRTSESOR ohRobREYRR B BABonent
ure is 100%00%e in pafticulassbetwéent 15¢ ahd d0O0ROamd very Upsr+n the

'pi;ﬁ'?l Suf’rJSLZi EERELATE Hetbalh 239 B 0081 OPR 1) bt veen 255 and
100% 5 A0 Mienre  FOUbbAmla  MoSRaBlbShkehd LCHRETPOTCM

mxture[

particular 5-65 T (1) 2 - | C coppdoenty mixture [%}5 75, in
particular 5-70 T (1) 3 I C 5-45, in particular 5-40 I1
5-55 1V 5-53 Those conpounds of the formula If in which [err]

10 is Phe. 3F- AT dX®e BF5F- C1IClerr] where Pm&5neaning of Rlerr] is given
above and X[err] is F or H areradditionally gnq’sgrﬁ_gdpart_mular

5-65
| T (IC1) 2 1cl 5-50
~ - IV 5-75, in particular
5-70
T (I1C1) 3 ICl 5-45, in particular
5-40
II 5-55
Iv 5-53

_ (F),
Those compounds of the formnla If in which -@-‘I‘l

10 is Pl_:e.3F-c1 or Phe.3F5F-Cl,

F
nt—zu-t--zxzrl.Q-Q . IfCL.F
b o

where the meaning of R! is given above and X’ is F or H,
are additionally preferred.

The compounds of the formula IfCl.F :anlude 2-
and 3-ring compounds of the formulae

F

R~ A15>-le-@—C1 | | 1£C1.F2

‘7



The conmpounds of the fornmula IfTA.F include 2- and 3-ring conmpounds of the
~formulae [err] - 8 - [err] In the 2-ring conpounds of the fornul ae
Ifd.F2, [err] is preferably Phe, Phe.F, Cyc, Pyr, Pyd or Dio and in
particular Phe, Cyc, Pyd or Dio. Z[err] « g5a=si ngle bond, -COO, -0OCO or
“CHerr]CHerr]- and in particular a single 5 bond, -CHerr]CH err]- or
-COO-. The follow ng small group of 2-ring conpounds of the fornulae

1fd.F2-1 - Ifd.F2-19 is particularly prefefFred. R Phe-Phe.3F-C

| fCl .F2-1 R-Phe. 3F- Phe Ifd.F2-2
R—t?c Phe. 3F-C '—Z"-( Al4)-Z12- -C1C . F2-3 R- PygeclPhpa3F-C
| fd.F2-4 R-Pyd-Phe. 3F Ifd.F2-5
R- Di o- Phe. 3F-C xtfd.F2-6

R-Phe-CH err]CH err] - Phe 3F-d [fd.F2-7

R- Phe- COO- Phe. 3F-C -

R Cyc- CH err] CH err] - Phe 3ngeC|2 ring compounds of Thed %‘o%#nulae IfCl.F2,
R—Q/c COO- Phe. SFer Ifd.F2-10

R- Cyc- OCO- Phe. 3F'-\‘(5 / is referably Phe, Phe.F{Cecyb?- 1’%{:‘3 @WF&? BfsF- C

|fO . F2-12 R-Cyc- Bhg/ 3F5
R Pyr - Phe. 3F5F-3d in particular Phe, Cyc, Pyd, pg Digsi F'k ’F%/oapﬂéng.l—SF a

| f A . F2-15 R- Dilbomtbe.-SC0G0-,C-0CO~ or -CH,CH,- and in particulé&r. &2sifigle

;P AL R oo, 1T
R Qyc-CH err] CH err] - PHEhe sl lgwing small group of 2-ringl cempoynds of
—/ the formulae IfCl.F2-1 - IfCl.F2-19 is particularly
preferred.
R-Phe-Phe.3F-C] I£C1.F2-1
R-Phe.3F-Phe.3F-C1 1£C1.F2-2
R-Cyc-Phe.3F-Cl _ 1£fCl1.F2-3
R-Pyr-Phe.3F-Cl 1£C1.F2-4
R-Pyd-Phe.3F-Cl 1£C1.F2-5
R-Dio-Phe.3F-C1 . 1£C1.F2-6
R-Phe-CH,CH,-Phe.3F-C1 1£C1.F2-7
R-Phe-C00-Phe.3F-C1 = 1£C1.F2-8
R-Cyc~CH,CH,-Phe . 3F-Cl | 1£C1.F2-9
R-Cyc-C00-Phe . 3F-Cl 1£C1.F2-10
R-Cyc~0CO-Phe . 3F-Cl ' - IfCl.F2-11
R-Phe~Phe. 3F5F-C1 = IfC1.F2-12
R-Cyc-Phe.3F5F-Cl I1£C1.F2-13
R-Pyr-Phe.3F5F-Cl I1fCl1.F2-14
R-Pyd-Phe . 3F5F~C1 | I£fCl1.F2-15
R-Dio-Phe.3F5F-Cl ' 1£C1.F2-16
R-Phe~-CH,CH,~Phe . 3F5F-C1 : 1£C1.F2-17
R-Phe-C00-Phe . 3FSF-C1 . - -1£C1.F2-18

R-Cyc-CH,CH,-Phe . 3FSF-C1 1£C1.F2-19



- 86 - In the 3-ring conpounds of the fornulae IfC.F3, Z[err] and Z[err]
“independently of one another are a single bond, -COO, -0OCO, or

-CH err]CH err]-; one of the bridge groups Z[err] and Z[err] is preferably
a single bond. 5 [err] and Legg]- are preferably independently
of one anot her Phe, Phe.F, Cyc, Pyr, Pyd or Dio; if one of [err] and [err]
is a heterocyclic COWDOﬂﬁdthéhf-ﬁKfcdn%ﬂ!ﬁdd% et hkakbimilie ghelFrsr Cye

oW ng gr oup 3-rin

and in parti cul Ph
conpounds of t hg{ ? FBSn%O%aén‘F‘FEE t11¥ of; er!epenefahe# sa%lat P&RH&PI yond,

‘preferred: R er&d,‘e@he -Fbeo+; e ~88,6l,-; one of the bn.dge groubEQ”FSnd
Rl err] - Phe- Phe- Phe . 3F-C 1 fd.

Rl err] - Oyc- Phe- fosg! PA8 ferably a single bond. |’ . 5
Rl err]-Cyc-Byc- Phe 3F ' and Ard)- are prefét&blfBindependently
Rl err] - Phe- Pyr - (Ca:?ﬁg Ifd.F3-5

R- Phe- Pyd- Phe. 3 [ fCl.F3-6
"R err] - Di o-Cyc- #aethexPhe, Phe.F, Cyc, Pyr, Pyd on io;rif;one OfO_
A3

Rl err]-Di o- Phe- Phe. 3F- IfCd .F3-8

: E[[g H FP>yy(rj EE: ;ﬂ 3,:_ is a heterocyclic comé:f?%xdigtﬁﬁ other ring
Rerr]- Q/C Pyr - BbepBEf&ably Phe, Phe.F or Cyc and fifl pa#tidular Phe or
R err]- lgyd ghg 3F-d [fd.F3-12

Rl err]-Phe he. 3F-C I fd.F3-13

Rl err]-Pyd- Phe F- Phe. 3PThé following small group off G~rifigl¢ompounds of

R[ gr” ggh Clq;l[ce%er r% err | ﬁrgﬁ ?é g - I:ECl..F3-38 is fﬁéiﬁéiiﬁly

Rl err]-Dio- Cyc-Prpfexryesterr] - Phe. 3F-d If _F3-17

Rl er r] - Di 0- Phe- CtHReiPhecPhe. FtPROSECIC - - f‘IL;‘S E%S'l

(oA Rt deenes

Rl err] - Phe- COO- Phpi{gfa-Phe~Phe F-Phe.3F-Cl IfQ.F3-21 I1£C1.F3-3
R1-Cyc-Cyc-Phe . 3F-C1 "1£C1.F3-4
Ri-Phe-Pyr-Phe.3F-Cl - | 1fC1.F3-5
Ri-Phe-Pyd-Phe . 3F-Cl 1£C1.F3-6
R'-Dio-Cyc-Phe .3F-C1 ' " IfC1.F3-7
R1-Dio-Phe-Phe .3F-Cl 1£C1.F3-8
R1-Pyr-Phe-Phe .3F~Cl | 1£C1.F3-9
Ri-Pyd-Phe~Phe.3F-Cl | | 1£C1.F3-10
R!-Cyc-Pyr-Phe.3F-Cl “I£C1.F3-11
R1-Cyc-Pyd-Phe.3F-Cl 1£C1.F3-12
R1-Phe .F-Pyd-Phe .3F-C1  IfC1.F3-13
R1-Pyd-Phe .F-Phe .3F-C1 1£C1.F3-14
R1-Cyc~CH,CH,~Phe-Phe . 3P-Cl . 1£C1.F3-15
R1-Cyc-Cyc-CH,CH,~Phe . 3F-C) - 1£C1.F3-16
R1-Dio~Cyc-CH,CH,~Phe . 3F-C1 1£C1.F3-17
R1-Dio-Phe~CH,CH,~Phe , 3F~Cl | I1£C1.F3-18
Ri-Phe~-Phe . F~CH,CH,~Phe . 3F~Cl -~ 1£C1.F3-19
R1-Phe-C00-Phe . F-Phe . 3F-Cl 1£C1.F3-20
R1-Phe-CO0-Phe-C00-Phe . 3F-C1 1£C1.F3-21

Ri-Cyc-C00-Phe-Phe .3F-C1 1£Cl1.F3-22



"Rl err]-Cyc- COO Phe- Phe. 3F-d

_ I fC . F3-22 - 87 -
© R err]-Cyc- Phe- COO Phe. 3F-Cl I fd . F3-23
-Rlerr]-Cyc- COO Cyc- Phe. 3F-Cl | fd . F3-24
Rl err]-Cyc-Cyc- COO Phe3. F-d - 87 - I fd . F3-25
R[ err] - Phe- Phe- Phe. 3F5F-Cl I fC.F3-26 o
Rl err]-Cyc- Phe- Pﬁaéié@ﬁ-coo-phe.ar-m 1fd . F3-271£C1.F3-23
. Rlerr]-Cyc-Cyc-Phe. 3FSF-C IfCI.F3-281fc1 F3-24
Rlerr] - Pyr - Phe- PRé-Cyre10Q9-Cyc-Phe . 3F-Cl 1fCl . F3-29 y
R[ €rr] - Pyd- Phe- Phg. -CO0- - IfC.F3-30 I1£fC1.F3-25
Rl err] - Phe- Pyr - Pﬁe‘é‘%ll?‘g Phe3.F-Cl 1fd . F3-31
" R err] - Phe- Pyd- PR¢-Phé&tRHEEPhe . 3FSF-C1 | f O . F3- 321£C1.F3-26
R err]-Di o- Phe- Phe. 3F5FE-C _ _ Ifd..F3-3 =
"R[err]-Cyc-CH er & T%Q%-'W%F- a | f C}£|C_§§34 27
R err]-Cyc-Cyc- Chhe .C@k@:ph]e-_gpsy.@fSF- d | f CECEF3228
R err] - Phe- Phe-%%. 5F-C | fd . F3-36
R err] - Cyc- COO PiRd~Pye-RBii&siPhel. 3F5F-C1 |fC . F3-37 1£C1.F3-29
Rlerr]-Cyc-Cyc- -bhe IFSEs Cl - I fC
© conpounds of thgg;oml e I%';Esgn%li n particul ar

. F3-38 kpcilws-30
f the prerterred

sub- f or mul ae | f CIR1FPhd-Pyt<FHe.BESESCENd |fC . F3-1 - 1fC . F3- 26C1AF3T3Y is -
preferably al kyl,_ .al koxy, ko Kk and al kenyl having 1-1 9% ONB.
Rlerr] is parti c@‘é?h?’%%%%ﬁéi hyl, ethyl, propyl, bu?§§,l'5€)%n$éyl ,
hexyl, heptyl; fﬁ%}b—?hwnd.a?éfcai, met hoxy, ethoxy, prop3fgl.BB+33y,

e

epnt oxy, hexoxy, pt oxy, oct oxy, nonoxy, decoxy, met hoxyet hyl ,
et hoxyet hyl or prRipCyyeChyCH,~Blle~Phe.3FSF-Clrhe conpounds of tﬂ@ciloﬁiﬁgﬁ

DE 3,920 525, Li qUFGvErgee e RhesaFBRrGh cont ai n one or mtCIcERRERnds

sel ected fromthe group of conpounds of the 15 formula 1fA.F and in

particular - of 1t je pf oIl 2bolbhb: Ssrichl O F2-19 [sicl andpiélps3sl -
R1-Cyc-C00-Phe-Phe .3F5F-Cl . 1£C1.F3-37
R!-Cyc-Cyc~C00-Phe . 3FSF-Cl ' I1£Cl1.F3-38

o

In the compounds of the formulae IfCl.F and in
particular of the preferred sub-formulae IfCl.F2-1 -
I1£C1.F2-19 and IfCl.F3-1 - IfC1.F3-28, R! is preferably
alkyl, alkoxy, alkoxyalkyl and alkenyl having 1-10 C

5 atoms. R' is particularly preferably methy'i, ethyl,
propyl, butyl, pentyl, hexyl, heptyl, octyl; nonyl,
decyl, methoxy, ethoxy, propoxy, butoxy, pentoxy, hexoxy,

~heptoxy, octoxy, nonoxy, decoxy, methoxyethyl,
ethoxyethyl or propoxyethyl.

10 s The compounds of the formula IfCl.F2 and IfCl.F3
are preferably prepared by the processes described in
DE 3,929,525. '

Liquid crystal mixtures which contain one or more
compounds selected from the group of compounds of the

15 formmula IfCl.F and in particular of the formulae
IfC1.F2-1 If Cl.F2-19 [sic] and IfCl.F3-1 - IfCl.F3-38
are characterized by advantageous values for the bire-
fringence, the clear point and the viscosity and in



~are characterized by advantageous values for the bire- fringence, the clear
~point and the viscosity and in - 88 - particular by advantageous val ues
for [err], a high UV and tenperature stability and a high specific
resistance. These mixtures are preferred. gghg |iquid crystal mxtures
préferably contain 5 1-40% and in particul ar 5-30% of conpounds of the

formul ? age tE I idu dm:'.‘t l&d&a&ia ékﬁxé”éﬂfﬁié@ffﬁmti OrM !W(;I &Rd S
connecti on, e liquid cr ures preferaply contgin 1-5,and in
Porticul ot 1 3 CARPREALIES ?ﬁﬂ# Badh precific | EopbFtaRcehe
preferred 10 Mémiﬂmsmwmrﬁd lled in the art can al way's

parti cul ar From the swolioy LB SEYBRG et aRe Rrbaanly, coffiis”,

| fCl . F2-19 &nd 1449% Rénd. in part.tcumFS-m% voft Im@qundsnofvbhq@mmlne in

such a way thaty¢dg, dﬂ' W&&%d:.& c@{.@rn}‘?ﬁ f#f@f’ﬂ-fé‘&" sYSf Sl ide £

withit is optlmze |ncrta|n [espect othepartlcular
application. |fIRhethigui Fonneatdiony xithe | !- iguidndexystalay anixtpres

exanpl e, a hi gfpﬁ&:erﬁl \&hﬁﬁmllhsgﬂn&lirefﬂdﬁﬂ@inﬁr 1hs eempounddiofed in
the art wll gb i ﬁ@%;l E_os%%o ounrahof the fornulae 1£C . F. and
in particul ar ﬁ%ﬂ Stb-2 | B@ }8ha0 & REFLFEEPY i ng
systens, slEh aanb-ffnmxhﬂ e, the conmpounds of the fornulae I1fC.F2-1 25

[ fd . F2-2 i | fd f

1. F2- 14[SI H‘CI F2- 1?& #%jg‘ﬁ‘g?i'?‘“'r{%”ﬁ‘{% 'H'ﬂ é? lﬁﬁi’y‘* %1{%&

1fd .F3-5, |cFlf¥amghe flémmsdggroup|¢tjcmqmds of| the formula IfCl.P

N_% Eg %g | ‘;]gnf:étxi artiddidr "._E'-i:??@ hlef ahﬁgh.e33g up ?f |é &é, 080
' e (iixe %ormulae Ifcf. %—-1 - fcf. 3—18 : an :gg'-l -

15 IfCl.F3-38 without inventive assistance in such a way
that the liquid crystal and the electrooptical system-
filled with it is optimized within certain limits with
respect to the particular application. If the ligquid
crystal mixture is intended to have, for example, a high

20 or even very high birefringence, the person skilled in
the art will preferably select those compounds of the
formulae IfCl.F and in particular of the preferred sub-
formulae which have no saturated ring systems, such as,
for example, the compounds of the formulae IfCl.F2-1

. 25 I£Cl.P2-2 [sic), IfCl.2-4, IfCl.PFP2-5, IfCl.F2~7, I£fCl.F2-
8, IfCl.F2-12, IfCl.F2-14, 1IfCl.F2-15, IECl._FZ-l?,
IfCl.F2-18, IfCl.F3-1, IfCl.F3-2, IfCl.F3~5, IcFl.F3-6,
I£Cl.F3-9, I1fCl.F3-10, IfCl.F3-13, I1fCl1.F3-14,
IfCl1.F3-19, IfCl.F3-20, IfCl1.F3-21, I£fCl.F3-26,

30 IfCl.F3-29, 1IfCl.F3-30, IfCl.F3-31, 1IfCl.F3-32 and
IfCl.F3-36. '

Additionally, for example, for mixtures which are
intended to have a relatively high or high Ae, compounds
can advantageously be used which have a pyridine or

35 pyrimidine ring and/or a Phe.3F5F-Cl group.

Particularly preferred liquid crystal mixtures
are those which contain one or more compounds selected
from the group of compounds of the formula IfCl.F and in
particular of the preferred compounds of the formulae



~Additionally, for exanple, for m xtures which are intended to have a
:relatively high or high [err], conmpounds can advantageously be used which
have a pyridine or 35 pyrim dine ring and/ or a Phe. 3F5F-C group.
Particularly preferred liquid crystal nj_xéyr_gs are those which contain one
or nore conpounds selected fromthe group of conpounds of the fornula

|10 Fand in norc) @y ofrpie.pacierapd sechopnds of rfq 7y-34,3%nd
Ifd.F2-1 - Ifd F2-19 and 1T .F3-1 - 1T .F3-38, and addit{iqgnally one or
rm%g, conpounds 24diddaonally, /PR QF JBOTS COMPRYNASs §9keqted Irpmi the3 5ng
| VIF

' V8. The nejfouid d£ réonpourits COINP<IEIT, 'IRIIHI IO Hid LIVIG-IV8 Al THe
| east one conpound_ of _the H%rmjla IfCl.FE gnd |nn§ar l,cul ar, of the
preferred sub- I%%n%ﬁfbr:aﬁﬁi 8n§PP?°BPn tmli'§ BEeo e dﬂﬁd °(;f d%e
fornmul ae |151- | |1&ast | Idne | [¢ompohnd/1-df/8 the t Hioxmula d IfCistPal andt ukre used
according to t | L i r 0 { ol : |G| ar
259 10096 The A B s of,End et el bulf-ElanRN' b duluie RAIAI LY
| east one Conpafnd#acgeﬂﬁbmqlﬁb soppounde of adhes formplaer IAnE¥dld arl y
preferred and spitphirrdqing fv1-Tver in 8Rel L 1&"6?6@5 deé Wdeds: 15

¥

1 Ghine

14155 11 bt 5o Sves 0, S Bep ey 1005 S0
V1 T(IfCd10) 4. partiddlar-258-d00%r |fC.F2-12 1V2 T(I1fd.F)5: Ifd.F2-3
and/of 110 7213 111 % ¢14hL0k0E) SomponddCuifiRiked it 2hch £} ; Fhaddh 'S

' contain at least one compound each from the substance
—/ classes shown, are particularly preferred and suitable

both for matrix applications and network systems: '
15 T(IfCl.F)l: ' IfCl.F2-1 and/or IfCl.F2-12

111
P(IfCl.F)2: IfCl.F2-1 and/or IfCl.F2-12
115
T(I£Cl.F)3: IfCl.F2-1 and/or IfCl.F2-12
20 " vl
T(IfCl.F)4: IfCl.F2-1 and/or IfCl.F2-12
IV2
T(I£fCl.F)5: IfC1.F2-3 and/or IfCl.F2-13
- 111
25 T(IfCl.F)6: I£Cl.F2-3 and/or IfCl.F2-13
: 115 i
T{(IfCl.F)7: I£C1.F2-3 and/or IfCl.F2-13
11Xl
T(IfC1.F)8:  IfCl.F2-3 and/or IfCl.F2-13
30 | IVl
T(IfC1l.F)9: IfCl1.F2~3 and/or IfCl.F2-13
' Iv2
T(I£C1.F)10: TIfCl.F2~4 |
y : IIl
35 T(IfCl.F)1l: IfCl.F2-4
115
T(IfCl.F)12s  IfCl.F2-~4
' IV4

T(IfCl.F)13: IfCl.F2-4
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a.

.F)7: Ifd.F2-3 and/or 1fC . F2- 13III1 T(Ifd . F)8: Ifd.F2-3
Ifd.F2-13 30 IVl T(Ifd.F)9:
2-3 and/or 1fd.F2-13 1V2 T(I1fd.F)10: IfCd.F2-4 111 35
F)11: IfC.F2-4 115 T(I1fd. F)12 £ .F2-4 1v4 T(1fd.F)13:
2-4 - 90 - 1V5 T(Ifd.F)14: CI°F25II1T(IfCI F) 15:
2-5 5 g T(I1fd.F)16: Ifd.F2-51V4
F) 17 V5 10 fdl.F)18: I fCl .F3-3 and/ or
327||1'1I(% EH WE} %and/or 1fA.F3-27 115 T(1fd . F)20:
3-3 and/or 1fd . F3- 27 15 | V1
1S s SRR e 8 1108 TS
II
T(IfC1.F)16:  I1fC1l.F2-5
Iv4
T(IfCl.F)17: IfCl.F2-5
: IV5
10 T(IfCl.F)18: 1IfCl.F3-3 and/or IfCl.F3-27
. Il
T(IfCl.F)19: 1£Cl.F3-3 and/or IfCl.F3-27
' _ 115
T(I£fCl.¥)20: IfCl.F3-3 and/or IfCl.F¥F3-27
15 : vl
T(IfC1l.F)21: 1IfCl.F3-3 and/or IfCl.F3-27
IVS
T(IfCl.F)22: 1I£Cl.F3-3 and/or IfCl.F3-27
| II4
20 T(IfCl.F)23: IfCl.F3-4 and/or IfCl.F3-28
| B & !
T(IfCl.F)24: TI£fCl.F3-4 and/or IfCl.F3-28
II4 or II5
T(IfCl.F)25: IfCl.F3-4 and/or IfCl.F3-28
25 . I16
T(I£C1l.F)26s IfCl.F3-4 and/or IfCl.F3-28 -
ITIIl
T(IfCl1l.F)27: IfCl1.F3-4 and/or IfCl.F3-28
' Ivl
30 T(IfCl.F)28: IfCl.F3-4 and/or IfCl.F3-28
vz
Liquid crystal mixtures which, in addition to a
dielectrically positive component A consisting of dielec~
triqally positive compounds having Ae > 2, contains [sic])
35 a dielectrically neutral component B consisting of com-

pounds having -2 < Ae < +2, and optionally a dielectric-
ally negative component C consisting of compounds having
Ae < -2 are additionally preferred. _

If the mass content of the dielectrically posi-



11 T(1fd . F) 24: 1fOA.F3-4 and/or IfC.F3-28 114 or 115 T(1fd.F)25:

| fd.F3-4 and/or 1fd.F3-28 25 116

T(Ifd . F)26: |1 fd.F3-4 and/or Ifd.F3-28 1111 T(Ifd.F)27: | fd.F3-4
‘and/or I1fCl.F3-28 IV1 30 T(Ifd.F)28. ¢11&C .F3-4 and/or 1fd.F3-28 |V2
‘Liquid crystal m xtures which, in addition to a dielectrically positive

corrponent A Coﬁibstéaﬂpeﬁndbeiﬁothé ri llVgsCaEBQQBQEeHa ng, [e”]f

com pounas nabhag SF [the ) dlelectrics iizﬂgﬁ FAL,, PBRaRRdS Byt 3?2%3&: cr
Ctlgy _negalt : ve thapo@ttﬁecd&aﬂebtnﬁeailyowﬁxéwmﬂﬁs] f:errésare

addi ti ona t | y Si

- 91 - tlveycgégég%égi¥ni’¥he I| crysfd;#d E’Ilg:tq' tlg é S L th ‘of the

diel ectrichll yIﬁeuheame&sthqelby poamuiuacomponmt dheiecbasedbl §n

negatlve COWO#?QE%&Q%&ES' Qgpdl Fi tﬁlgsl S i:ﬁgr] ﬁﬂ;ﬁﬂi‘d bgggeag_l cul ar

ais > 50% Lelectrica positive corrponent
particul ar, onPEefesably ¢entaing g #é,a?-acsrwphlym%mmatnsna

g! el ect Li call yggauli-r tb sappeesst thIB {!bﬂﬂ&tiensafpaﬂﬁérk hBafrﬁﬁgaai?Blaf

i mers havi ng di pol e none rel a in i on

quott ent 10" BphepEs, BeErelafed: fn Ankigakallar Haghign. A6 qatH8SE, o
conponent 30i s pfefthablpasih |[contlent] cof] dieldctricdlly positdvearandul ar-
15 [err] _[ err] nedtral components is preferably

35 2 % 2 0.5
15 and in particular

a
ISzbzl

If, on the other hand, the liquid crystal is
20 based predominantly on liquid crystal compounds which
contain F, Cl, CF3 [sic], OCF3 [sic], OCHF2 [sic] or NCS
as a polar terminal group, the content of dielectrically
neutral compounds may be small or even 0; preferably b is
< 45%, in particular b is < 35% and very particularly b

25 is < 25%.

The content of dielectrically negative compounds
is in general small, as low switch voltages are cus-
tomarily desired. Preferably, c¢ is < 10% and in .par-
ticular c is < 5%; litjuid crystal mixtures having ¢ < 3%

30 are in general particularly preferred.

Preferred liquid crystals are those which
contain one or more dielectrically neutral compounds of
the formula Ig :

R*~Q*~CO0~Q*-R? | Ig
35 in which .

the radicals

Q' and Q° in each case independently of one another

=@ O <D< OO

40 ~and one of Q' and @° is also -O-coo—@-



I-f, on the other hand, the liquid crystal is 20 based predom nantly ‘on

i quid crystal conpounds which contain F, d, CF3 [sic], OCF3 [sic], OCHF2
[sic] or NCS as a polar termnal group, the content of dielectrically
neutral conpounds may be small or even Q gyreferably b is [err] 45% in
particular b is [err] 35%and very particularly b 25 is [err] 25% The .
content of dielectrically neg nd 4@)_@@; as | ow
switch voltages are cus- t_omarai@.g %refe ly, [erP] 10% and
in par- ticular c is [err] 5% quwd crystal m Xt ures haV| ng ¢ s 3% 30
are’in general Rhrand R2riy gqacl evaswl independeatlyi gfi onerandther dhavée hose

whi ch contain one or nore diel I aI C nds of the fornul a
lg Rlerr]-Qerr]-COO-(Jerr]- R[ﬁféﬁe%iﬂ@'a‘ve inam%(i
lg 35 -in which the retamacgmz?@ndq efidthpeformula Ig) inalndms2-ring

i ndependentd y . GdompSumdd! ¥ £h8 formula Ig2-1 &ﬁ&r]ldﬁ'zr]wﬁgch are
and one . of Qer#%ffr? err] Is also [err] - [err] or [err]

and R[err] and * each case independently of one anot her have the
meani ng given in C an‘whe-me-mapn&nds of the formula Ig includegg2+ing 5

conpounds of the for I 1 dnd 92-2 which are preferred: -
Rl err] - Phe- COO Phe- Fﬁ?& &bt ha R 1g2-1 Ig2-2

Rl err] - Cyc- COO Phe- R er¥s the compounds of the formulae Ig22l2and Ig2~2,
oEpeniert I BT ACetaAIEG” o b LfEEbet 8 ibrorany
but in partlcul%}thvPﬁg koxy having 1- 1 bu in part:.cular hav ng
o 1-8, C atoms, additionally also n-alkoxyalkyl and in
particular n-alkoxymethyl and n-alkoxyethyl. One of the
two 2,4-phenylene groups of the compounds of the formula
15 Ig2-1 and the 1,4-phenylene group of the compound of the -
- formula Ig2~2 can be substituted in the 2- or 3-position
by Cl or F, but in particular by F and/or in the 3-posi-
tion.

Particﬁlarly preferred compounds are those of the
20 formulae

Ri~Phe-COO-Phe-alkyl or alkoxy Ig2-la
R'-Phe-COO~Phe.3F-alkyl or alkoxy Ig2-1b
R'-Phe-COO~Phe.2F-alkyl or alkoxy Ig2~-1c
R'~Phe~CO0-Phe.3F-alkoxymethyl Ig2-1d
25 R-Cyc-CO0O0-Phe-alkyl or alkoxy Ig2-2a
R!-Cyc-COO-Phe.2F-alkyl or alkoxy Ig2-2b
R!=-Cyc~-C0O0-Phe.3F-alkyl or alkoxy - Ig2-2c

The compounds of the formula Ig additionally
include 3-ring compounds in which one of the radicals Q!
30 or Q* is 1,4-phenylene or trans-1,4-cyclohexylene and the

other is -@-‘ .O_@.‘ _@.O._' O.
Dol OO

Preferred compounds are those of the formulae



-1-8, C atons, additionally also n-al koxyal kyl and in particul ar
* n-al koxynet hyl and n-al koxyethyl. One of the two 2, 4-phenyl ene groups of

t he conpounds of the fornula 15 I g2-1 and the 1, 4-phenyl ene group of the
conpound of the forrmula 1g2-2 can be subgfjtuted in the 2- or 3-position by
€ or F, but in particular by F and/or in the 3-posi- tion. Particularly

preferred -CONMPOUNGS _Bf.E ferdy 1 2 fornulae Rlerr]-Phey §§D‘Phe al kyl
or al koxy (ﬁi ?é%#?‘e"{r)‘r - ngg&o Phe. 3F-al kyl or al ko
RF‘Z/ 1b Rerr]- Phem%EhQ-FGOO%e ¢F) aR%oxy | g2- 1c 193-2

err] - Phe- COO Phe,,3 | g2-1d 25
R[e_rr]-c,yc-c:oophg"‘Ekr %P‘Phe (F)-R? | 45 24 Ig3-3
Rlerr] - Cyc- COO- Phqui2Eyal éud) e-U0FPle . (F)-R2 | 92-2D Ig3-4
Rl err] - Cyc- COO Phe. 3F-al kyl or al koxy | g2- 2¢ The corrpounds of the
fornul a Ig addr ti (fh‘aPhy'CQQ'rEhha (:E'—)rcﬁg-ﬁhnrﬂl}unds in which onelgB-%he
radi cal s %@L§ pl@ pygene or trans-1, 4-cycl gggxgl ene and
t he ot her |s or Prefe compoun qs are t hose of the formul ae - 93
R[ er r ] - Phe- COO- PheR-PhePB00+ yrCyc-R2 1g3-1 Ig3-7
R[ err] - Phe- Phe- 2he. P l g3-2 -

Rl err] - Oyc- Phe. ( F)R'CE¥CH ég ﬁ%% R | ig3.3 19378

Rl err] - Cyc- COO PhepicCpe POeo(-mie RF9~Phe-R? : 1g3-4 1g3-9

Rl err] - Phe- COOPhe ( Phe- lg3-5 -

R err] - Cyc- Cyc- coBt % %"J’fc'm | g3- 6 1g3-10

‘Rl err] - Phe- COO Cyc- Cyc R[err] | g3-7

?”% Q/c OCO Phe- qé)cm[Pﬁwé cmnfxunds of the sub~fofdmiae Ig3-1 (F)

err e LT er ri e.
Mhhe. G0 yc- RERTAD, B 'and i 'are profersbly dndembidsmiy

sub-for rrul ae | ghother n-alkyl or n-alkoxy having 1-10 C atoms, and J.n
addition also n-alkoxymethyl or n-alkoxyethyl having-
5 1-8 C atoms. The compounds of the formula Ig3-1 - Ig3-10
can be laterally monosubstituted on one of the 1,4~
phenylene groups by X = F or Cl, where substitution by F
and/or {lacuna] in the 3-position is preferred.
Laterally un- or monosubstituted compounds of the
10 formulae Ig3~1, Ig3-2, Ig3-3, Ig3-5, Ig3-6, Ig3-8, Ig3-9
and Ig3-10 are very particularly preferred, in which R!
and R, [sic] independently of one another are methyl,
ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl,
methoxy, ethoxy, propoxy, butoxy, pentoxy, hexoxy,
15 methoxymethyl, ethoxymethyl, propoxymethyl, butoxymethyl,
pentoxymethyl, methoxyethyl, ethoxyethyl, propoxyethyl,
butoxyethyl or pentoxyethyl.
The compounds of the formula Ig additionally
include 4-ring compounds in which the radicals Q' and @?
20 in each case independently of one another are

@<0). O<0)-. <.
0004 0)-. <0)-c000)- °F « M)
Preferred compounds are those of the formulae
Igi-1 - Ig4-10 -
R!=-Phe-Phe-C00-Phe. (F) -Phe-R? _ Ig4-1
Ri-Phe. (F) ~Phe-C00-Cyc-Phe-Rz - . Ig4-2



1.g3-10, Rlerr] and R err] are preferably independently of one another
n-al kyl or n-al koxy having 1-10 C atons, and in addition al so

n- al koxymet hyl or n-al koxyethyl having 5 1-8 C atons. The conpounds of
the formula 1g3-1 - 1g3-10 can be | ateral lgg wonosubstituted on one of the
1,4- phenylene groups by X = F or O, where substitution by F and/or
[Iacuna] in the 3-position is preferred Lateral |y un- or nonosubstituted
compounds of the 10R-Fify-PlieacF] 400-Phes00C-PHerk:3, 103-5, |93 144-803-8,

g§(9 and 19g3-10 are very articularly preferred, in which R err]| and
r] [sic] mdepeﬁh‘é’ﬁﬁ' f-‘Bh‘e%T 'W‘ar%z methyl, ethyl, pA&¥™® butyl,

pentyl, hexyl, .qizhoxy pr opoxy,
pent oxy, hexoxy, 15 rretpﬁ y oxynet h r opoxymnet hyI
but oxynet hyl , pent o%nmcn?he- thyWO‘Eﬂheoﬂéétﬁg pr opox I'rﬁl :

- but oxyet hyl or pent h: of the formul a | g aqdi,tibonal ly "~
i ncl ude 4-ring co % P#vﬁ%n#cal s QL and @ 20 ‘i%4 Zch case

i ndependent |y of orml ~Oye-Phe. ﬂr)evqw-phe-me&-dﬂr ed conpounds areJg4ege of the

formul ae 1g4-1 - 41 10 err -Phe Phe Phe (F) -Phe- R[err%

| g4- 1 R[err]-Phe( ~Cves | g4- 294=9. 94 -
R err]-Phe-Phe. (F) ﬁg}m - lg4-3 R Lighe- Phe
(F) -COO Cyc-Cyc- R[Belrr Ig4“? er}l]z Cyc- Phe- COOgﬁr4 l?

:I:ée A ?521] 6 Rerr]- WchPhgé-C%O%u%y%g‘?ﬁ 3¢ e fSE)leQ%EEex -(-F)

R-Cyc- Phe. (F) Iqmth@r;gc qﬁqqably independentgg- gof one another

%H:gg-gocophe- Pheﬁ ergh err butyl' pentyl'l 33“*1 ! e‘r‘?it%lna
Rlerr] in the cmpshndeoByL théaFEi h°§841 ethoxy, propoxy, butoxy,

5 pentoxy, hexoxy, heptoxy, octoxy, methoxymethyl, ethoxy-
methyl, propoxymethyl, butoxymethyl, methoxyethyl, -
ethoxyethyli or propoxyethyl. Particularly preferred are
the terminally symmetrically substituted compounds of the
formula ([sic] Ig4-1, Ig4-3, Igé-4 and Ig4-8. The com-

10 pounds of the formula [sic) Ig4~1l - Ig4-10 can be lat-
erally monosubstituted by F or Cl on one of the 1,4-phen-
ylene groups, substitution by P in the 2- or 3-position
being preferred. The compounds of the formula Ig4-9 are
additionally preferred. :

. 15 The compounds of the formula Ig are preferably
prepared by transesterification of appropriately sub-’
stituted phenols or phenoxides with appropriatély sub-
stituted c_arboxylic acids or reactive carboxylic acid
derivatives, such as is described, for example, in

20 DE 2,167,252, DE 2,800,553, DE 2,536,046, DE 2,123,175
and DE 2,139,628.

Liquid crystal mixtures which contain one or more
compounds selected from the group of compounds of the
formula Ig and in particular of the preferred sub-for-

25 mulae Ig2-1, Ig2-2, Ig2-la-ld, Ig2-2a-2c, Ig3-1 - Ig3-10
 and Igé-1 - Ig4-10 are distinguished by advantageous
values for the dielectric anisotropy Ae, a high
stability, easy preparation capability, low miscibility
with the polymer used for the matrix and in particular by



.Lg4-10 are preferably independently of one another nethyl, ethyl,
:propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, methoxy, ethoxy,
. propoxy, butoxy, 5 pent oxy, hexoxy, heptoxy, octoxy, nethoxynethyl,

et hoxy- methyl, propoxymethyl, butoxynptdyl. methoxyethyl, ethoxyethyl
or propoxyethyl. Particularly preferred are the termnally symetrically

bsti d f 8.
L S oy I | et Bl a5

or mul SiC can
rmnosubstltuteda adya "Gagﬁ?"(?né’agf‘i J¥4t%ehzr$§m93n%pgn low
titution byviscostiky.2- or 3-position being preferred. The conpounds of

th f la 1g4-9 t Il f ds of
the Tormia lg are prer s, SHBHS GEEREHT Bixtices, pretareBliy FomEais’s ©
appropri at eby siir403t andt £0 prchidulay 5+30% oif desmpoundea gl dhe foxmplaub-
tituted b h
5 desor i bed. . F9, @it £1f PArtEafiy of Y Krafetehd Jublyermiiag, TN o
2,536, 046, 'DE 2this, EP@“@#GIBE:Zt hesdignid crystalcmixtures preferahlych
contain one or gRLeaiAPOLSdRrRE! 2a! PaFtiERlde A-BUPcOmpSRARLUIGIE ¢hel he

922, | gb- 1a| GoTRBIE TEC syl 8@&%&5’53”% the_ ‘Grpfeiref o stb-
di sti ngui shed bfoadmgagageous values for the. dielectric anlsotropy
Wth the pol yrer used fSLIPRE wePFYRCARG (RPARLul AFe,  Baltighlar QVroad
mesogeni ¢ rangepr&factedlwmiphuqpntaxnnatxﬂenshndnedceupegsdusedsbacd for
DS oy SEER e B By 4 Bl Sttt e 15
fornmul a particular of the preferred sub-formulae Ig2-1 -

| 15 Ig2-la-1d, Ig2-2a-2c, Ig3-1 - Ig3-10 and Igé-1 - 1g4 10,
and additionally one or more compounds selected from the -
group of compounds II1-II28, III1-III3 and IV1-IV8. The
mass content of the component mixture consisting of at
least one compound of the formulae Ig and in particular

20 of the preferred sub-formulae and additionally of at
least one compound of the formulae II1-II28, IIXIl-IXI3
and IV1-IV8 in the liquid crystal mixture used according
to the inventiori is preferably 15%-100%, but in
particular 25%-100%.

25 Liguid crystal mixtures which are based on
component mixtures which consist of at least one
laterally_unsﬁbstituted compound of the formula Ig2-1 and
of one or more compounds of the formula IVl are much
preferred for matrix systems, but on the other hand less

30 preferred for network systems. However, liquid crystal
mixtures which additionally to the compounds of these
formulae contain at least one compound selected from the
group of compounds of the formulae Ia, Ic, Id, Ie, IfF,
IfCl, IfCl.F, Ih or Ii and in particular of the preferred

35 sub-formulae, are preferred inter alia even for network
systems. '

The following smaller group of component mixtures
T(Ig) which contain at least one compound each from the
substance classes shown in each case is also particularly



I-g and in particular of the preferred sub-fornulae. In this connection, the
iliquid crystal mxtures preferably contain 1-5 and in particular 1-3
 conpounds of the fornmula Ig and in particular of the preferred sub- 10
fornulae. Liquid crystal mxtures ar@g -particularly preferred which
contain at |east one conpound selected fromthe group of conpounds of the
formula 1g and prefétieds! ar of the preferred sub formulae 1g2-1 - 19g2-2,

15 | g2- 1a-1d, a 03- 0 and A-1 - 10, and
itionally on‘gkgg)fmre corrpo{lgzi'sl%'el eﬁ’ Q&rgﬁ’p of conpounds

add
T 28, 1111-1113 and |V1-1 VeIl Trmsr;amar.omnt Iv2,t twacamddmntt_vm xture
of the pretorr cHCAEEE or nul ac T o 1952l RPR/EE T3 (e conpound of |
the formul a® 111-1128, I111-1 IIBlan'bIISNJIJI&B LTI ,h3IT2GuIN 16r I¥2al INBxt ure

used according to the |nventé St preferably 15% 100% but in
particul ar 25% 100% 25 M/Tf crystal mxtures.. which_ are

ul
“based on conpoREFF) 3 xtures M%Tlcg?ﬁ Ja3m6+ I93-9and/ercIgdry0

unsubstituted conpound of the fpor,ufen) gf_’:jL el PTITBe Pr6orel can@pepds of
the fornmula IVl are nuch prefﬁﬁ for’ matrix systens, but on the other

hand | ess 30 preferred for rk systenms. However, |iquid crystal
m xtures wh@ch additi orilaimdocrjmtabmnbxhdsesfwhheheater balsed comtthe at

Ieast one corrpgfrgﬁ gﬁmés h‘E”PE'P‘HP‘ Qﬁ e la,
I c, I %ﬂﬁﬁ Rﬁé | andqir.hf%npﬁjr c&?‘é’?é%f éf{ﬁ“+¢2r red
35 sub forwl%@nsbr@grm@w ieacly faromtbeenommndtmassqs@ rche The
fQlJowing smal | g6rpiPad MbntSBREACAN raaewr@&eT (AP E&b%xi@&t aigh 8&9& east
one conpound eac&{romthe substance cl asses shown_in each case |s
particul arly e, the preferred mass content of these compounds in
15 the component mixtures is additionally given. The compo-
nent mixtures contain 2-38, preferably 2-35 and in -
particular 2-25 compounds; the sum of the mass contents
of these compounds in the component mixture is 100%. The
mass content of the component mixture in the 1liquid
20 crystal according to the invention is between 10% and
100%, in particular between 15% and 100% and very par-

ticularly between 25% and 100%.

Mixture : Formula Mass content in the
component mixture [%]

T (Ig) 4 Ig . 5-75
II ' 6-65
25 T (Ig) 5 . Ig ' 5~75 -
v 5-75, in particular
5-63
T (Ig) 6 Ig 5-55, in particular
: 5-50
II " 5=72, in particular
5-53
Iv ~ 5-50, in particular

5-44



96 - preferred: T(I1g)1: | g2-1a, 1g2-1b and/or Ig2-1c 111, 115

16, IV1, 1V2, 1V3 and/or 1V4 T(Ig)2: | g2-2a, 19g2-2b and/or 1g2-2c 5
11, 115, 116, 1111, 1112, Ivl, 1V2, 1V3 and/or 1V4 T(IlQ)S3: 1 g3-1,
g3-3, 19g3-6, 19g3-9 and/or 19g3-10 111, 11 7-IJ_3, [14, 115, 116, V1l and/or
V2 10 Liquid crystal m xtures I ch are based on the foll ow ng

component i xt ur es T( g13fubdWeirybtal ullfbukes SARLI"Er6OURRYEIoRALNy T O
f e err

t he conpound cl asses of the fo JE tioned,in each case are pre ed.
In the table, tn‘segﬁgre#r éHenﬁE'QSEoWP ﬁB gentainconenpE METe; Fompoundg.
component m xt ubgsthe godmhlanghl y gi ven. The conpo- nent m xtures contain
2-38, preferably 2-35 and i_rh,p_arhi_&u_l_ r 2-25 conpounds; the sumof t E nmass
contents of these conpoungs Nt e col%ponent m xture is 100% The ma
content of Bhe #wnwbacht mixture in the liquid 20 ~ crystal according to

and vory par 1 EoTerrs gt GE thel VY padiBELE | bR R WGTRRE B Bins "

Mass content i nSLVWERcARpEhBIR hixture [ T (1g) 4 | g

5-75 11 . one of ®he%two Yadi€dl® R' and RU is also F, €Y, OCPY,
5-75, in partlc%% 5-6%‘10 6 g 5-55, 1N par i cul ar
5-50 11 2 % ¥ rticular 5-53 |V 5-50, in

particul ar18- 44the radicals Q° and Q' in each case independently of one

another are _@-.
\/ | @-@-, -@Ié-or -@g. , O is a]_.so O@-—,
"O'cz“i’@' or - and Q' is also -@-O .

The compounds of the formula Ih include 2-ring
15 compounds, those of the formulae I2h-1 - I2h-3 being

preferred:
Ri-Phe-Ca«C~-Phe-R? Ih2-1
Rl-Pyr~C=C~Phe-R2 ' Ih2-2
Ri~-Pyd-C«C-Phe-R2 Ih2-3

In the compounds of the formulae Ih2-1 - Ih2-3,
which have 2 non-polar radicals, R! and R’ independently
of one another are preferably alkyl or alkoxy having

20 1-10, but in particular having 1-8, C atoms, additionally
also n-alkoxyalkyl and in particular n-alkoxymethyl and
-alkoxyethyl. One of the 1,4-phenylene éroup contained
in the compounds of the formulae Ih2-1 ~Ih2-3 can be
replaced by Cl or F in the 2- or 3-position, but in

25 particular by F. ' |

The following compounds are particularly

preferred: .
R}~Phe-CsC-Phe-alkyl ) .. Ih2-la
R'-Phe-CsC-Phe.2F-alkyl or alkoxy Ih2-1b
30 R!-Phe-C=C-Phe.3F-alkyl or alkoxy Ih2-1c
' R*-Pyr-C=C-Phe.3F-alkyl or alkoxy Ih2-2a

R!'-Pyd-C=C-Phe. 3F~alkyl or alkoxy ' Ih2-3a



- 97 - Liquid crystal mxtures which are additionally preferred are those
~which contain one or nore conpounds of the formula Ih
Rlerr]-Qerr]-CJerr]CGQerr]-Rerr] lh 5 in
which at |east one of the two radicals R ] and Rl err] has the neaning
.given in Caim1, one of the two radicals eérr] and Rlerr] is also F, d,
OCHerr], OCHF{err] or é&% ﬁ&a.aaf' éﬂe f&ﬂﬁuiff fﬁiﬁlq 2-13a?H gep] N
each case |ndependentl anot h er ar err err IS a so err]

[@he]of the raﬁace}erlr qz, RY| 48 !rhetémse CFanul a
PR ncl ude 2- ri&fd13n m @; # hegecal dree saumﬁuﬁw ﬁreféﬁf\e&. being
err

E{g]; (ra]rrle)sr CR:[[:;¥+ 1y NRabe® r&latzvely high vyalpes for £hd?"
R err]-Pyd-5[ eroﬂ:ﬁ.ﬂsh Bhdr dielectric anisotropy and arel t- XHen same

conmpounds of t I v | s,
R[(ranr)r] and R[errrkg %endﬁ%ljze‘# Qﬁe an%&glyeigﬁe%‘%g PEadkﬁé
"al koxy having 2vis cosity netOne prtheutwe hadrphenylene growps can be
additionally al £€p ﬂa&&olﬁ;ﬂ/' of"®F | inPehbi QU aér”SabBQii‘.ESthbxﬁf‘dln

- al koxyethyl.” One” of t hen ne, S cont ai,néd in the conmpounds of
t he fornul ae |hEa{t:|.q=“£a§ L‘Ha’c‘gcﬁﬁj) agitiony (he 2. or

3-posi tionjobut in 25 'rnerfbubain Yeompdisds . 6£J|tl@d\/| PErmeDé® OThRSarear € -

particularly pr ef erted he- err| C Phe- al kyl

llh2-1a Rlerr]- ‘é\‘?‘fg' or al koxy | h2-1b 30

I?ijrr] - Phe-. d err] C lﬁ'l%éfc&‘:-‘iiﬁe ar‘, al koxy I hzl-hlzc-ld
Ri1-Phe.3F~Cu=C-Phe-R2 : Ih2-le
Ri~Phe . 2F-CxC-Phe-R2 : . Ih2-1f
R!~Phe~C«C-Phe.2F-R2 Ih2-1g
R!-Phe~C=C-Phe.3F-R2 1h2-1h
Ri-Phe~C=C-Pyr-R2 " Ih2-2b
R’*Phe-C-C-P_yd-Rz Ih2-3b
R!-Pyr-C=C-Phe~-R2 . Ih2-2¢
Rl-Pyd~CaC-Phe-R? ' Ih2-3c

where R! is F, C1, OCF,, OCHF, or CF, and R? is alkyl or
alkoxy having 1-7 C atoms.
The compounds of the formula I additionally
15 include 3-ring compounds of which those of the sub-
formulae Ih3-1 - Ih3-10 are preferred:

Ri-Phe-CaC~Phe-Phe-R2 . ~ Ih3-1
Ri-Phe. (F) -C~C-Phe-Cyc-R2 | Ih3-2
R1~Pyr-CaC~Phe-Phe-R? | Ih3-3
" 'R1~Pyd~CaC~Phe-Phe~R? . Ih3-4
R1-Pyr-CaC-Phe-Cyc-RZ2 - Ih3-5
Ri~Pyd~-C=C-Phe-Cyc-R2 | Ih3-6
Ri-Cyc~CH,CH,~Phe~C=C-Phe-R2  Ih3~7
Ri~Cyc~CH,CH,~Phe-C~C-Pyd-R2 Ih3-8
R1~Cyc-CH,CH,-Phe~C~C~Pyr-R? Ih3-9

R!~-Cyc~CO0~Phe-C~C-Phe. (F) -R? Ih3-10



Rlerr]-Pyr-Clerr] C Phe. 3F-al kyl or al koxy _ | h2- 2a

‘R err]-Pyd-([err] C Phe. 3F-al kyl or al koxy | h2- 3a - 98 -
"Conpounds of the fornmulae 1h2-1 -1h2-3 in which one of the radicals R err]
or Rerr] is F, d, OCF[err], OCHF[err] gr9§:Fj_err] and in particular F or
Cl are additionally preferred. These conpounds have rel atively high val ues
for the 5  opti cal and:@ ekfe! r comBBLAQE" OB¥ marfu@lﬁfﬁfﬁm THIE

characterized by Y ,lowvallies for the v sc S|t_ eér One of t he
IS'P b‘ﬁ’q cBn BBYr R adBd FLMRIU PN’- §e - nan-polar

1, 4- phenyl ene
3\%@ tion, but radipals caker ﬂneﬂémﬂ&or:.nae éﬁd&nﬂml ‘ofonond O another

Thefollovmng com s Qof the,for ae_lLh e.p tlcular ref &rr.ed
Rl err]-Phe- C C Phé (i%[yg.r n-a koxynﬁav:.ng f fﬁ ¢ Paom Aldirp c{ dition

R err] - Phe. 3F- Cladmo] ﬂ-laﬂ.d:oit[ynetl:pyl or n-alkoxyethyl hav.mg I8 - atoms.

7| e o PRy formiee 31 - 1031V ffon pave o
' &

Rl err] - Phe: ([ er Podam F, Cl, OCHF,, OCF, or CF,, where the other

Rl err] - Phe- J er mda@iRay &' Lh particular alkyl or alkoxy hﬁ%:.ﬁ% 1-8 C
Rlerr]-Phe-Clerr]CPyd-R err
Rlerr]-Pyr-der e _a:%l[eeaz%eferred. The compounds of the figpmuia Ih3-1

Rl err] - Pyd10C- Phe- Ilﬂasﬂrd can be laterally mt:nosuhst::n.tu‘lté!iZ xherre g Q!lr] I's

F, d, OCF[err] Fl erg | err [ al or aI kQx vi ng
117°C atom. | TheR oMl dnk Mimdnd 'Honhe ol map, dasd Hopnit’
3-ring corrpoundé.mthmMecIﬂee Whet fiolloieing anondsubdtituted Idn’mgk'ﬁxmisa

) Rkﬁ{]g”ed R[e”dﬁ C*\ghéi Cgalr@[lﬂ?& PersbigLid, Ih3-2a-2b, ,Th3-5a ard'3" 1

Rlerr]- I(;,Iy? chﬂ]:]l@ Micularly preferred: | h3-3
SERRIE UL v i o - T
Rlerr]- Pyd C[ er r] C- RiePKR~CaB-Phe}Phe . 3C1-R2 I h3-6 1h3-1b
~ R-Phe~C=C-Phe . 3F-Phe-R? . TIh3-1c
R!~Phe~CaC-Phe . 3C1-Phe-R2 Ih3-1d
R!-Phe~C=C-Phe . 3F-Cyc-R? Ih3-2a
R1-Phe~CaC-Phe . 3C1-Cyc-R? Th3-2b
Ri-Pyr~CeC-Phe-Phe . F-R2 Ih3-5a
Ri-Pyd-CaC~Phe-Phe .F-R2? Ih3-6a
_ R1-Pyd-CaC-Phe .F~Phe-R? o '- Ih3-6b

15 where in the compounds of the formulae Ih3-la-1d, Ih3-5a
and Ih3-6a-6b in particular R? and in the compounds of
the formulae Ih3-2a-2b in particular R! is a polar group.

The compounds of the formula Ih additionally
include 4-ring compounds of which those of the sub-

20 formulae Ih4~1 - Ih4-5 are preferred:

Ri=Phe-Phe-CaC-Phe. (F) -Phe. (F) -R? | Tha-1
R:-Phe-Phe. (F) ~CoC-Phe-Cyc-R? Ihd-2
Ri~Cyc-Phe~CaC-Phe. (F) -Cyc-R? Ihd-3
R1-Cyc=CH,CH,~Phe~C~C-Phe . (F) ~Cyc-R?  Ind-4
Ri-Cyc~CH,CH,~Phe-CaC-Phe.. (F) -Cyc-R? Ih4-5

In the compounds of the formulae Ih4-1 ~ Ih4-5,



R[e'rr]-Q/c-CI-l[err]CH[err]-Phe-C[err]"C:';Phe'-R[err] | h3-7

Rlerr]-Cyc-CH err]CH err]-Phe-Cerr] CPyd-R err] | h3-8
Rlerr]-Cyc-CH err]CH err]-Phe-Clerr]CGPyr-Rerr] | h3-9
Rl err]-Cyc-COO Phe-C[err] C-Phe. (F) -R=l00 = | h3-10 - 99 -

In the conpounds of the sub-formulae 1h3-1 - Ih3-10, Rlerr] and Rlerr] in
conmpounds havi ngn& &P EHY|HRio adicalls R camd GieiabpyeF84aBERIBOLAY¥ @hdONE

ther n-al kyl - al k having 1:10 G , da t 5 |
"o Koxyner hy e Sibe, L8 ppretiranty: idebmiamitia, oBl e opnophef °°
f orfrul ae | h3- 1 methnil 10 etihiyd} hprepyl pobuwtylsdi pentyl, Chex9l;F beptyl,

al koxy havi ng 196 ¥ ey HFRPL s, Belivly: efflodl 'k ghof sttt “pi¥on .

lh3-1 10 5 | penboxyn bchexoxyal | hephoxyubst octoxy, by methexymethybn one |

of the 1,4-phenéqéﬁ5\‘tgi§¥ﬁ%e oF resent in the nolecule. The

fol | ow ng nonosu conpounds t e'forr:rulaelh3-la-ld, | h3- 2a- 2b,
| h3-5a and | h3- 6a-6b arEheaPYERRLEiFylLY cpubptituted compounds of the

| E[[ er r% - EE[ ea'] ﬂ%ﬁ%’lfe E}gﬁdpl!g ??\E- RBh4~3]' having two non-pola.% i‘ﬁ@i&ils
err]-Phe-d err] C Phe;,Phe. -Rlerr -

Rl err]-Phe-Q er‘#t— -0 J’RPE{E%F ed. The compounds of Hig %emulae

R[ err] - Phel@- C- Fve~BG -THde-Rcan be laterally monosubstititedldy F or Cl

Lerr) e G eral R LC) hbhaylone groupe, substiehEagiin che
Rl err] - Pyr - er3tmsibiomdbheing preferred. | h3-5a

err]-Pyd-( err] G Phe- . & '
g{‘ér% _Ede_g[e”ic_ Pho @%hgg%ﬁﬁﬁ&s of the formula Ih ared NFréferably

the compounds JPEEPRFed RN aFhe 3 methods | dessxibad Ihéhgﬁég%}f%epﬁg gu: gr
Rlerr] andi$n tée ZphsH465, @B 12489785 ,a0E B3723,306, \TPaBl+260 03K err] .
4ring compounde® o1 T Epes s G4-46% 86X, Us63 B0 rar 28 B 20255 185 ..
preferred: and EP 0,276,067. '
' Liquid crystal mixtures which contain one or more
compounds selected from the group of compounds Ih and in
20 particular of the preferred compounds Ih2-1 -~ IH2-3
[sic]}, Ih2-la~-lh, Ih2-2a-2c, Th2-3a-3c, Ih3-1 - Th3-10,
Ih3-1la-1d, Ih3-2a-2b, Ih3-5a, Ih3~-6a-6b and Ih4~1 - Ih4~5
are distinguished by a broad mesogenic range, a relative-
ly high clear point, a high stability, a low miscibility '
. 25 with the polymer used for the matrix and in particular by
advantageous values for the dielectric anisotropy and
viscosity and by a high birefringence. o
The liquid crystal mixtures preferably contain
1-40% and in particular 5-30% of compounds of the formula
30 Ih and in particular of the preferred sub-formulae. In
this case, the liquid crystal mixtures preferably contain
1-5 and in partictilar 1~-3 compounds of the formula Ih and
in particular of the preferred sub-formulae.
Liquid crystal mixtures are particularly
35 preférred which contain at least one compound selected
from the group of compounds of the formula Ih and in
particular of the preferred sub-formulae, and addition-
ally one or more compounds selected from the group of
compounds II1-II28, III1-ITII3 and 1IV1-IV8. The mass




Rl err] - Phe- Phe-C-C-Phe. (F) -Phe. (F) -Rerr] | h4-1 R[ err] - Phe- Phe.

(F) -derr]CGPhe-Cyc-R err] | h4-2 R err]-Cyc-Phe-C C Phe. (F)

-Cyc-Rerr] ~ 1h4-3 Rerr]-Cyc-CH err]CH err]-Phe-( err] C Phe.
(F) -Cyc-Rerr] | h4-4 Rlerr]-Cyc- CH[S i]QH[err]-Phe-C[err]C-Phe. (F)
-Cyc-Rerr] | h4-5 I n the conpoun g of the fornulae 1h4-1 - |h4-5,
© 100 - one of bhgceht oalitdl ot xEuger thSxQEiﬁ&rahl xtp%arstand
the other is preferably |ndepende tl one anot_h Rropyl
‘butyl, pentyl, RB®ycompeupd, of orne 8| Thyand -‘-nnEFH'G*?“lBFhefy

pr opoxy, butoxy riferiraat Q&br-forhﬁlié}’andhiaﬂﬂtﬂonapry0&! atrmbhexy oRehy!
Che ormul e | nEORBRREA R, Sha SPRRIRE FHEctAAe, BII-ried” aRdBRITERE0. 1
preferred. Bhe d.nrrrthmdiiqﬁiﬂhectptml am.xeurel hyseid - act:éraingn te the
saberrtuti oo ok %h&!ﬁ;ﬁd pygﬁeg brabl nl erred% ‘?ﬁltli rr%oun ?rgrﬁ,gggs,

substitution in €l ng
formula I h are épeﬁerably pr epar ed by the nmet hods described in DE

2,226,376, 15 CB 2. 158i4dba es. Which06ardP Bazed0. 831, DE
3,710,069, JP 02-062 86 , /00 and EP 0, 876 06;

Li quid crystal FPEPARER vﬁ%ﬁ“ﬁ%t‘%’rﬁ’%ﬁ@"&uhﬁ rom
‘the group @0 cotheufidemibaali2+D afnd additiondldy th tl.basn:r eher centpoangounds

Ih3-Tas1d 1o S5 bhe' PREALE Tyl Gl v '%f”%e%%razii BPECAPARYY cnea
by a broad mes ogmf.srradge:oxa matxixveppljcationsg} chutpare  fxegugntly
stability, a |oYedkSahbthbiy Eér n S&% hﬁgﬁ?aqile onsC#hkObanla nag and

inTparticular by a yantageous val ue ectric anisotrQ
viscosity and b¥oalhAysdprr¥skalgikich are based on component mixtures

15 which contain at least one compound of the formula Ih3-10
and/or 1Ih3-2 and at least one compound of the-
formula IVl. However, it has been found that the prop-
erties of mixtures of this type can be improved by the
addition of at least one compound which are ([sic]

20 selected from the group of compounds Ia, Ic, Id,'Ie, 1fF,
IfCl, IfCl.F, Ig and II1-II28 and in particular of the
preferred sub-formulae, such that these mixtures can also
be employed for network applications.

Liquid crystal mixtures which are based on the

25 following component mixtures T(Ih) [sic] which contain at
- least one compound each from the compound classes of the
formulae shown in each case are preferred both :Ed_r matrix
systems and for network systems. In the table, the
preferred mass content of these compounds in the com-

30 ponent mixtures is additionally given.




Thé liquid crystal nixtures preferably contain 1-40%and in particul ar

" 5-30% of conpounds of the formula 30 Ih and in particular of the
~preferred sub-fornulae. In this case, the liquid crystal m xtures
preferably contain 1-5 and in particul a Lonpounds of the fornula Ih

and in particular of the preferred sub-fornulae. Liquid crystal mxtures

- are particul aimwdee Pref erggigmital Ch CORfagisN ed Ptkﬁ@sinoﬂﬁ econpound

selected fromthe group of conpounds of the formu and 1n particul ar of
the preferred sub-formul ae, and addition- Sempopsat oPlﬁﬁPeecbﬁgounds
sef'ected fromthe group of conmpounds 111-1128, 1111-1113 and I1V1-1V8. The
mass - 101 £nt of th ponponent ngxggre consisting of at |east one
conmpound of the ornula Ih an |n parti cul f the preferred sub-fornul ae
and additionally of at |east d¥ conpound 6F68he fornulae I11-1128,
[111-1113 and 1V1-1V8 5 inthe liquid crystal mxture used according to
the invention is erably 1596100@6 but in particular 25% 100% Liquid
crystal mﬁuré"s(ﬁ?ﬂezch are baddd on conpon®n?Sni xt ures which contain at

| east one conpound of 10 thegyornmula | h2glggnd additionally at |east one
conpound of the formula IV1 and/or 1V2 are generally particularly preferred
for matrix applications, but are frequently |ess suitable for network
applications. THdhae appliedho |iquid cby553 invparticikrabas<soon

conponent mixtures 15  whichgqgontain at Igazs Eﬁhég$€+§@ﬂ%£|§& fornule

| h3-10 and/or 1h3-2 and at | east one conpoln However,
it has been found that the prd¥ erties of5n5Qiuinspctti¢uhaty$e4&an be
roved by the addition of at | east one conpound which are [sic] 20

sél ect ed fron1the grou C ounds | I c le, IfF, Ifd, Ifd.F, Ig
and 111-1™98 and in pa?"t‘! EPﬁBU%nG r@aai ler group of component mixtures

which in-each case contain at least one compound from the
compound classes shown in each case, is preferred for-
matrix applications and particularly preferred for
network systems: '
15 T(Ih)4: ~Th2-la, Ih2-1b and/or Ih2-lc
IIl, 112, 113, 115, 116, II8, II9 IVl
and/ox IV2
T(Ih)5: Ih2-2a, 2b and/or 2c ,
II1, 1r2, 113, II5, II6, II8, II9, IV,
20 Iv2, IV3 and/or IV4
T(Ih)6: Ih2-3a, 3b and/or. 3c
111, II2, II3, II5, I16, II8, II9, IV1,
IV2, IV3 and/or IV4
T(Ih)7: Th3-2
25 1r1, 112, i1i3, I1is, 1I6, IIs8, 119, IIl0,
' IIll, II13, II14, II15, IT16, II21, II22
- and/or 1I23
T(Ih)8: Th3-3

I11, 112, II3, 115, I6 [sic], I18, II9,
30 _ II10 and/or II11
T(Ih)9: Ih3-4

I11, 112, II3, 115, IIG, IIG, I19, II10
. and/or IIll
Liquid ecrystal mixtures are additionally
35 preferred which contain one or more compounds of the



.preferred sub-fornul ae, such that these mixtures can al so be enpl oyed for
network applications. Liquid crystal m xtures which are based on the 25
faoll owi ng conponent mixtures T(Ih) [sic] which contain at |east one
“conpound each fromthe conpound cl asses p§3ztde fornul ae shown in each case
“are preferred both for matrix systens and for network systens. In the
tabl e, the prefefrmgllan®gs content of these conpounds in the com 30

ponent m xtures is additionally 2102 - M xture Fat nul a
|\¢.§,S content in the corrponentJz 'ét%ﬁ&q’@’ﬁl h) 1 I h 2} 5-75
| 6if5whbichT( | h) 2 5-75 1V 5-63
par | cul ar_5. o5 (4pd B in each gise W&%P%ﬁ% bycofohy another haye % !f
fol | owi ng Bmal Fhe g?énbntS%mol%rﬁ]-Mth@}‘ ich in each case contain at
| east one corrpeuadraaszaube € ERP Y inl @a&hscabeindép aﬁaana eofl éne

Q g

preferred for appl i.cations  and tlclarl err twork

systems: 15 }[1 r dre t’-’ansrﬂz“IﬁYciﬂ x¥Lensy e &k § 113,

115, 116, 118, bipBehYlyhpddpt'-I-dﬁIE(liéﬁ}&phenyl, 4 ll‘iepﬂenylbyehdhexyzc 11,
I

:T'? b > 115 okl b et Bpricpemyipy, herd Vfue! V520007 1V

S/l, | V2, 10V3 &ndfphenyletrﬂ radicals presemb- im the molecule can also
be substituted by fluorine or chlorine.
The compounds of the formula Ii include 2-ring
W | compounds of the formulae Ii2-1 and Ii2-2, which are
preferred: -

Ri-Phe-CH,CH,-Phe-R? 1i2-1
R1-Cyc-CH,CH,~-Phe-R? 1i2-2
15 R! and R? in the compounds of the formulae Ii2
independently of one another are preferably alkyl or
-alkoxy having 1-10, but in particular having 1-8, C
atoms. n-Alkoxyalkyl compounds and in particular
n-alkoxymethyl and n-alkoxyethyl compounds are addition-
20 ally preferred. One of the two 1,4~phenylene groups can
be substituted by Cl or F in the 2~ or 3-position, but in

part:.cular by F and/or in the 3-position.
Particularly preferred compounds are those of the

formala

25  Alkyl- or alkoxy-Phe-CH,CH,-Phe-R* ' Ii2-la
Alkyl- or alkoxy-Phe.3F-CH,CH,-Phe-R® 1i2-1b
Alkoxymethyl-Phe.2F-CH,CH,~Phe-R? Ii2-1lc
Alkyl- or alkoxy-Cyc-CH,CH,~Phe-R? 1i2-2a

The compounds of the formula I additionally
30 include 3-ring compounds of the sub-formulae Ii3, of
which those of the sub-formulae Ii3~1 - Ii3-5 are
preferred: . .
Ri-Phe~CH,CH,-Phe-Phe-R? : Ii3-1
R1-Cyc-CH,CH,~Phe~-Phe-R2 1i3-2



25 fra, 1z, 113, s, 11e, 118, 119, 1110, 1111, 1113,
1114, 1115, 1116, 1121, 1122 and/or 1123 T(Ih)S8: h3-3 111, 112,
113, I'l5 16 [sic], 118, 119, 30 1110 and/or 1111 T(Ih)O9:
1h3-4 111, 112, 113, 115, 116, 118, % I|_10and/or||11Liquid
crystal m Xt ures are addltlonally g preferred which contain one or
nore conpounds of the - 103 - fornmula Ii :
Rlerr]-Qerr]-CHerr]CHerr]-Qerr]- Rlerr]

ich Rlerr] and R qi~Phi pendent|ly of one anoth £ nilve 5
the meaning given in daiml1 nd the radicals Qerr] and Qerrf? each

case i ndependently dT‘-Bhe-ay@E Clig*phet-nans 1, 4-cycl ohexyl ene, 133-4
1, 4- phenyl ene, 4,4' - b|phen -cyclohexylphenyl
4, 4' - phenyl cycl ohex r%&lz - bi cycl ohexyl yl, wherpiz+g of the

10 1, 4- phenyl ene radjcal n the mol ecul e can al so be substituted
by fluorine or chlo M&rﬂ@'f the formula li includki®=&ing
conmpounds of the formulae 1i2-1 and 1i2-2, which are preferred:

Rlerr]-Phe-CH err]CH err]-Phe-Rerr] li2-1

Rlerr] and Rerr] in tHE HoRsmBouas: of Fhenformalas :ﬁfagaem'aéa%sl,if
anot her are pr & cand YRl &ye pretékah!yhd.' ehdéfit1fUlof NoRé’ anothdr
a0 8 G B AR hoo BPSU5c 3l A2 i
preferred. OneaéFOt neaikoxymetpnbnqrmy:mm having 1-8 C atoms.
— 5 The compounds of the formula [sic] Ii3-1 - Ii3-6 can be
laterally monosubstituted by X = F or C1 on one of the
1,4-phenylene groups. Thé laterally unsubstituted com-
pounds of the formulae Ii3-1] - Ii3-6 and the laterally -
monosubstituted compounds of the formulae Ii3~-1a-1b, Ii3-
10 2a, 1Ii3-3a, TIi3-6a and Ii3-5a, in which Phe.X is a
1,4-phenylene group laterally monosubstituted by F or Cl
in the 2- or 3?-position, are particularly preferred:

Ri-Phe-CH,CH,~Phe-Phe . 3X-R? 1i3-1a
Ri~Phe-CH,CH,~Phe . X~Phe-R? 1i3-1b
R!~Cyc-CH,CH,~Phe~Phe .2X-R? 1i3-2a
R!-Phe-CH,CH,~Phe . X-Cyc-R? - 1i3-3a
Ri-Cyc-CH,CH,~Phe.2F-Cyc-R? ‘1i3-5a
R1-Cyc—Cyc~-CH,CH,-Phe . F-R2 © 1i3-6a

The laterally monosubstituted compounds of the

formulae Ii3~1 -~ Ii3-6 are as a rule distinguished by a

15 lower flow viscosity than the corresponding unsubstituted
compounds.

' The compounds of the formula Ii additionally

include 4-ring compounds in which Q° and Q° in each case

independently of one another are _"_ _@_O_
20 O O



-be substituted by d -or Fin the 2- or 3-position, but in particular by F
and/or in the 3-position. Particularly preferred conpounds are those of the
formul a 25 Al kyl - or al koxy-Phe-CH err]CH err]-Phe-R err]

‘i 2-1a Al kyl - or al koxy-Phe. 3F-CH[ err] GH¥0% ]« Phe- R err] li2-1b
Al koxynet hyl - Phe. 2F-CH err]CH err] - Phe-R err] li2-1c Al kyl -

o e T ORISR 1, comotnds SRS
r i3, af -PUh= li3-1 =9 5
S0 Lo o Ly Rl apen o pylger i 20 1130 ey e
eCH

|1i03-1 g[[err%-%c-gl[_l[%é%-gﬁ: A équ/(@'aRPaérm-nz 1i4-33-2 i3 3

- err] - Phe- err err|-Phe- -Rlerr i 3-

R[ er r ] .- Phe- Cyc- CHRrPherfeerqH e'-%%-r&]l “evcde 1§ 3-4 1i4-4
err]-Cyc-CH err errl.- Phgs - Rl ern Lid-5

E[[err% - gc- Q/[C- CI—|][‘§Irj x E?T&)Pg@i‘%g ~Cyc-R? lllléLg In the

conpounds - of the fg Ea%i@%éﬂéiél}é‘(@)-ﬂlﬂﬂﬂ and Rlerr] argjg~gferably
nother rf-afkyl or

i ndependently of one r n-al koxy having 1-10 C atons and in
compounds of the for mALad B 41 she SoRpeubde ot he fosmmiag Tia-1-
nonosubst i t ut eDidy6 Xare lprefedably dndepéndéntlyoflone anotherompgthylpe -
| teral 1y monoStRELr s e Bt o b} o, AR« | Bebtvhy Cpfsfly,
. 2a, 1i3-3a, nogyba decyl; Inéthoxyy wihoxyhprrpoxya butopfenpenhexysoup
S 1 cul arly prepesy éﬁfw&ﬂ& e ioxethy Teicl). fLhory-
|i3-1a Rl err]-PREDYHf er (B -éﬁ@:'x- PI“'LL hyl, met °’F‘)§ethl'1tl i3-1b
Rl err] - Cyc- CH ethokybthyl - Poe- Pheopdxyethyl. The compounds of 3-€he
formulae Ii4~1 - Ii4-6 can be laterally monosubstituted -
by F or Cl on one of the 1l,4-phenylene groups, substi-
10 tution in the 3~-position being preferred. These monosub-
stituted four-ring compounds are distinguished by a high
clear point and a comparatively low flow viscosity y.
The compounds of the formula Ii are preferably
prepared by the methods described in EP-0,084,194,
15 Jp 61-087,777, GB 2,201,415 and DE 3,237,367.
' Liguid crystal mixtures which contain one or more
compounds selected from the group of compounds of the
formula Ii and in particular of the preferreéi formulae
Ii2-1, 1I1i2-2, 1I1i2-la-lec, Ii2-2a, Ii3-1 =~ Ii3-5,
20 Ii3-la-lb, 1Ii3-2a, Ii3-6a, Ii3-3a, Ii3-5a and Ii4-1 -~
Ii4-5 are distinguished by a high stability, low mis-
cibility with the polymer used for the matrix and in
particular by a broad mesogenic range, a relatively high
clear point and advantageoﬁs values for the optical
25. anisotrbpy An and the flow viscosity 3.
The liquid crystal mixtures preferably contain
1-40% and in particular 5-30% of compounds of the formula
Ii and in particular of the preferred sub-formulae. In
this case, the liquid crystal mixtures preferably contain
30 1-5 and in particnlar 1-3 compounds of the formula Ii and
in particular of the preferred sub-formulae.



Rlerr]-Phe-CH err] CH err] - Phe. X-Cyc-R[ err] : i 3-3a

Rlerr]-Cyc-CH err]CH err]-Phe. 2F-Cyc-R[ err] i 3-5a

Rlerr]-Cyc-Cyc-CH err]CH err]-Phe. F-Rl err] i 3-6a The

[ateral |l y nmonosubstituted conpounds of_t formulae 1i3-1 - 1i3-6 are as a

rul e distinguished by a 15 I ower flow Viscosity than the correspondi ng

unsubsti t ut ed corrpouncjg,,_ 1 e2UBeHNdSniBitddes fg{:gulp;:ltl y

i nclude 4-ring_c undsq'?_n vvhlegﬁ %Ierr] and Jerr]in éléﬁﬁ' ?Onﬁké

i ndependent | y %? Hadlm@t least ngrfompoungrselefggql]from_ 105

I-Q[\Rre]rr]PhPhgh% ] [Gﬁ et cﬁhﬁis (6F thee ﬂz&ﬁﬂ]a Ii and :.n |p£r-1
err]-Phe- rr

R err] - Phe- Q/gt’ﬁ-\{ Pfﬁge%f—%d Fﬁ%b'(g je??ﬂ and aqk?;f:isonally

E[[ er r% - Eyhei %091@4[ ear] ﬁrdgm r ][ocﬂp]nawﬂ} @elg[@:eadi from the Jlgﬁeuﬂp of
err]-Cyc-
R[err]-(,yc-(,ygcéﬁ %& ‘lfr]r_i]%% %ﬂ?‘" &e ﬂ{ 1128, 111l #ﬁ;G err]

and Rlerr] ink¥k mﬁsﬂhec'f’%tﬂ%f— aé’ﬁ | e - componente MPivkurep| y
i ndependent | y éﬁnﬁ’@tﬁ@@]‘?ht”&bh&i ofé Wén ouHPROF thelEb¥hulaPEDtand

h I hept yl t d et ,
pg)ri%/oxy gp yh’e‘kglc? Aﬂﬁﬂiﬁ%y °fo§%yprﬁ%?% !"Eyéxfg'ﬁif'gogﬂ‘i’o@é %%t hyl ,
propoxynethmlyl ‘tiomalyxyoet Akl leasteiohex ndetdfox;tﬂ hllsdrmﬂrae Irl-

r opoxyet e i an

Faggra?ll y )r/mnosi%hse'tl gf:EPfFagé Elw #’g g“o?ﬁ‘t «gﬁ'ﬂ%i‘ ée‘?mq:% "é’l’ ups,
substi- 10 twarem qumeaecpnéing otchethg pinsrention iHe@r

SLituted four -4l (oW BRESiRT Sa féﬁm.u'ﬁed- bho s N fhlede SEdm Mfﬁtand a

conparatively low flow viscosity [err The corrpounds of . the fornula Ii are
preferably prdpeFiires,are prefanras for petwerk apd maprixosystems.is  jp

61-087, 776 GB 2, 201, 4fife a0d quiid3. crystdl/ . mik€iirésC atdartdifigit ¢bestNdi ch
contain one O'inVéntion contain one or more compounds which are
selected from the group of compounds of the formula I and
in particular of the formulae Ia-Ii; in this connection,
liquid crystal mixtures which, in addition to one or more
20 compounds of the formula I and in particular of the
formulae Ia-Ii, additionally contain one or more com-
pounds selected from the group of compounds of the
formulae II-IV are in general preferred. _
Liquid crystal mixtures are additionally
25 preferred which contain at least one compound each from
two different compound classes; selected from the group
of 'compound classes of the formulae Ia-Ii.
The following smaller group of component mixtures
P(Ii) which in each case contain at least one compound
30 from the compound classes shown in each case is very
particularly preferred:
T(Ii)l: Ti2-1
Ir1, 112, 113, 115, 119, 1II16, 1117,
II18,1IV1, IV2, IV3, IV4, IV5 or IV6
35 T(Ii)2: Ti2-2 :
Irl, 113, II4, II5, 119, IV, IV2, IV3,
IV4, IV7 or 1IVS
T(Ii)3: Ii3-2
Ir1, 112, ris, 116, 1r7, 1is, 119, 1IIl,



conpounds sel ected fromthe group of conpounds of the fornula Ii and in
particular of the preferred formulae Ii2-1, 1i2-2, 1Ili2-1a-1c, |i2-2a,
113-1 - 1i3-5, 20 li3-1a-1b, 1i3-2a, li3-6a, 1i3-3a, li3-5a and 1i4-1 -
li4-5 are distinguished by a high stabiljgpgy=- ow ms- cibility with the
pol ymer used for the matrix and in particular by a broad nesogenic range, a

relatively high clear point ggd,agvaptees ues for the optical 25
’ P Ob#

ani sotropy An ?gg &he fl ow v&sag ity [err]. The liquid crystal m xtures

pkeferably co'r'i' A - 40% and*t garticul ar 5-30% of conpounds of the

formula I'i and in particul arIBl,tDESprEVE; rEVR sWw3 gyrutvge. I n this case,

the liquid cr*g?ib i Xt ures Q{Lﬁigr ably contain 30 1-5 and in particul ar
1- 3 conpounds Eé formul a nd in particular of the preferred
sub-f or nubae. - 106 - Liq®Zd, ciIgStal IX8 xt DL2S, alTI263r tIT20 Ar LL28Y,e-
ferred which contain at |easggpge Opps! om the group of
conpounds of the.faornmula Ii an fnfggf- tlbﬁfc%f%‘ﬁa preferred

T4%4) 8aqi ¢ 3 i
sub-f or mul ae, L2%)8&di ti onal F'} sla @Relidrlé npre conpounds selected from

the group of conpounds of gie,fersyl axiel, 111138, 1#id, |1i8s2angzhgl-1Va.
The mass content of the corrpﬂgfflt gt uiﬁgéonm ting of at |east oné
conpound of the formula |Ii a hﬁti « Bfl 9% ferred sub-fornul ae
and addi 1010 T(TidAal |y of aXidedst one conpound of the fornmulae I11- 1128,
[1121-1113 and V1-1V8 in thegkiquifecCr aleJg X tur se cording to
the invention is preferably :_[Ltg/é 1%%5/6 %134' i#yﬁalll#adu‘liill%%&oﬁ 100%"*These
conponent mixtures are prefefVeéd I¥3 otI®WA k and matri x systens. 15

e liquid crpgeahgwi xtures i\?g.ogdi ng to the invention contain one or nore

conpounds which are selected_fromthe &roup of conpounds of the fornula I
and in particular of the for&ttaeIfds| LI5/n XLGrs X8 onIII1, IVl

15 or IV2

Liquid crystal mixtures which are based on the

following component mixtures T(Ii) 9-13 which contain at

least one compound each from the compound classes of the

formulae mentioned in each case are preferred. In the

20 table, the preferred mass content of these compounds in

the component mixtures is additionally given. The compo-

nent mixtures contain 2-38, preferably 2-35 and in

particular 2-25 compounds; the sum of the mass contents

of these compounds in the component mixture is 100%. The

25 mass content of the component mixture in the liquid

crystal according to the invention is between 10% and

' 100%, in particular between 15% and 100% and very par-
ticularly between 25% and 100%.



-liquid crystal mxtures which, in addition to one or nore 20 conpounds of

the formula | and in particular of the formulae la-1i, additionally contain
one or nore com pounds selected from tjgg gv oup of conpounds of the
‘fornmulae Il-1V are in general preferred. Liquid crystal m Xt ures are

additionally 25 preferred which contain at |east one conpound each from
two different Mi&EWend cl asscBormalact ed fr ¥@senheoptent &r EBBpound cl asses
of the fornulae la-1i. The follow ng snal | ecofiporent§ mékEREBEPR )M Xt Ur €S
T(1j) which in each case contain at | east one conpound 30 fromthe
conpound cl asses shown in each case is very particularly preferred: T(li)1:

T12-1 111, |12 gjiﬁ glI5 1g8 1116, I11B8~-75,18nl partivdlakV3, 1V4, V5
or V6 35 T(1i)2: Ti2-2 111, 113, Ilg5 15, 119, 1Vl 1V2, |V3
V4, 1V7 or 1V8 T(1i)3: 1i3-2 111, 1P222115, 116, 117, 118, 119,
111, - 107 - TVi, V2, |VBIor IV4 T(li)4=85, in particslarl, (15, |V,
V2, IV3 or IV4 T(li)5: 1i3-6 5 -65 11, 115 119,
1125, 1126, 1127, 1128, 1111, V1, 1V2, IV? or 1V4 T(1i)6: i 3-1a
or 1i3-16 111, 15, 1116, 1117, 1118, 1125, 1126, 1127, 116, 1128, 1Vl or

V2 10 T(1i)¥: (14 11453111, 115 ||@G7g.74nl ; 1117, 1V,
V2, 1V3 ) 10 i ®-75,7 inl pRrtibblar

5-55
Iv 5-85, in particular
5-63
U
P (Ii) 11 i 5-55
II 5-52
III 5-29
5 T (Ii) 12 Ii 5-55, in particular
5-50
1I 5-72, in particular
' 5-53
Iv 5-50, in particular
5-46
T (Ii) 13 Ti 5-50
& S 5-75, in particular
5-47
111 5-37, in particular
1-15 .

IV 5-42

The component mixtures T(I) shown in the follow-
ing contain at least one compound each from the compound
classes shown in each case, liquid crystal mixtures which

10 contain one or more of these component mixtures are very
particularly preferred:



T(I'i)8: lid4-6 111, 112, 115 116, 17, 118, 1111, IVl 15
or 1V2 Liquid crystal m xtures which are based on the foll ow ng conponent
m xtures T(li) 9-13 which contain at | east one conpound each-fromthe
tonpound cl asses of the fornul ae nentionggyiln each case are preferred. In
the 20 table, the preferred mass content of these conmpounds in the
conponent mxtures is additionally given. The conpo- nent m xtures contain
2-38, preferably 2-35 and in particular 2-25 conpounds; the sum of the nmass
contents of these conmpounds in the conponent mixture is 100% The 25 mass
comtent of the conpoRh€&IXl:i xtul®d in the liquid crystal according to the
i nvention is between 10% and 1%% i'n particular between 15% and 100% and

0

very par- ticularly between 25% and 100% - 108 - Mxture
For mul a Mass TeIyznt i nTghe conponent m xture [99 T (li) 9 I
5-75, in particular 5-55 I1 6-85, in-particular 6-65 T (l1i) 10
li . 5-75, in particEFar 5-55 1V 5-85, in particular
SR TN priha e S mE L
5-72, in particular 5-53 1d
T(I)4: Ia
Ie
' T(I)5: 1a
o/ 1f
T(I)6: Ia
Ig'
T(I)7: Ia
Ih
T(I)8: Ia
Ii
T(I)S: 1b
Ic
T(I)10: Ib
Id
T(I)11: Ib
Ie
T(I)12: Ib
If
T(I)13: Ib
. 1g
T(I)14: Ib

Ih



VA 5-50, in particular 5-46 T (i) 13 i 5- 50
X

5-75, in particular 5-47 111 5-37, in particular
1-15 1V 5-42 The conponent m xtures T(l) shown in the foll ow
ing contain at |east one conpound each.fypgnd he conpound cl asses shown in
each case, liquid crystal m xtures which 10 contain one or nore of these
conponent m xtures are very particularly preferred: - 109 - T(1)1:
la Ib T(1)2: dla lc T(1)3; la Id T(l) 4: la le T(1)5:
la_Lf T(1)6: I'B(5)dS¢(1) 71Ib la Ih T(l)8: la i T(I) 9
Ib Tc T(I) 10: b Id Ii
T(I) 16: If
Ig.
T(I)I?; If
Ih
T(I)18: 1f
Ii
T(I)19: 1d
Ie
T(I)20: e
Ig
T(I)21: I1d
~Ih
T(I)22: Id
Ii
T(I)23: 1f
. . Ie
T(I)24: If
' 1d
.T(I)ZS: If
Ie

. The person skilled in the art can straightaway
make a selection from this limited group of preferred
component mixtures T(I)1-T(I)22 in such a way that the
liquid crystal mixture is optimized with respect to the
particular application. Thus, for example, T(I)l has a
particularly high dielectric anisotropy, while the
~ component mixture [sic) T(I)16-T(I)18 have a particularly
high stability and the component mixtures T(I)4, T(I)1l1
and T(I)19 are characterized by relatively high clear



T(r)11: b le T(1) 12: Ib If T(1) 13: IbIg-T(I)14: b

I h - 110 - T(I) 15: Ib Ii T(I) 16: If Ig T(l) 17: If Ih T(l) 18:
If 1i T(I)219: Id 1e T(I)20: le Ig T(I)21: Id Ih T(l)22: Id i
T(1)23: If T(I)24: If Id T(1)25: _ 1/ € The person skilled in the art

can strai ghtaway make a selection fromthi's limted group of preferred
conponent M Xpiete(| e T (dditiet b UGE BdfRbH1iA! cbifohbfit! hisiinidl
presents no dJ.:Efz.cultJ.es to the person skilled in the art
and requires no inventive assistance.
Liquid crystal mixtures which contain at least
5 one compound each from 2 different compound classes
‘selected from the group of compound classes Ia-Ii, and
additionally at least one compound selected from the
group of compounds of the formulae II1-II28, IIT1-III3
and IV1-IV8 are additionally particularly preferred. In
10 this connection, liquid crystal mixtures containing one
of the preferred component mixtures T(I)1-T(I)22 and a
compound selected from the compounds of the formulae IIl,
Ny 112, 113, 114, 115, 116, 117, II8, II9, II10, II112, II13,
II16, IIl7, 1118, II19, II20, II21, II25, II26, II27,
15 1128, IIIl, III2, IVl, IV2, IV3, IV4, IV5 and IV6 are
' very particularly preferred.
Ligquid crystal mixtures are additionally

o/

particularly preferred which, in addition to one or more
compounds selected from the compound classes Ia, Ib, Ic,
20 Id, Ie, If, Ig and Ii, and at least one compound selected
from the group of compounds of the formulae II-IV,
additionally contain a further compound which are [sic]
selected from the group of compounds of the formula Ih*

L1

el e )’g Q The
-2 ).-G —csc-{ o y-v2
(2 '
25 in which
R3 [sic] is an alkyl group having 1-10 C atoms, in which
a CH, group can also be replaced by =-0- or

-CH=CH~-,
g3 is a single bond, -COO- or -CH,CH,-,
30 X’ and o _
X® independently of one another are CH or N,
L' and |
12 independently of one another are H or F and
o is F, Cl, CF,, OCF, or OCHF,.
35 ' The compounds of the formula Ih* include a

section of the compounds of the formula Ih which have a



5 particular application. Thus, for exanple, T(l1)1 has a particularly high
dielectric anisotropy, while the conponent m xture [sic] T(l)16-T(1)18 have
a particularly high stability and the conponent m xtures T(l1)4, T(1)11 and
T(1)19 are characterized by relatively pyghoclear . - 111 - points. The
sel ection of suitable conponent m xtures presents no difficulties to the

per S?nl ski | Ite polart f’ﬁh&.t&a?nﬂ' FQ{J}}: r €8, ,NCOCH)Y Coit | Gen2§,3| Shan‘iﬁfrddv‘ﬂzt* d

G g erent comfaher BEet TR R T N A
la=1i, and addhbud.dabby explliedtliyomenthonednd sel ected fromthe group of
conmpounds of the formul ag_ [ 33 and | V1-1V8 itionally
particularly preferred. §1 h&% él&%‘?’#ﬂﬁ# c# ion, liquid cr a?dfn xtures
cont ai ni n§ one of the p%&d&lﬁ@tﬂm@ﬁl"ﬂ’xtur es T(I1)1- 'Ii(h’) 2-2nd a
conpound sel ected from Wﬁﬁequﬁwﬁ ormul ae 111, :hl*? 2433, 114,
15, 116, 117, 118, 119 O, 1112, 1113, 1116, 1117, 11 1119, 1120,
1121, 1125, 1126, 1127, kiscycT?t'e‘C'Fq‘r&he-ﬁﬁ-"}"ﬁ V1, V2, |1'JB* 3I=4, 1v5 and
V6 are very particul ar W-oy@-f-pya-cchc&pw @,2Wstal MER*IIrPe2 are

Gompounds. sol boted T omR ReYEC IR PFCacehe: (2T ° BRF $3 00
| g and 1il0 and at | east RinCycetQOtRPyd-<CeC<Rhel (F,E-Me groIip*oS—tonpounds
E)fsi E?esglo;‘r:r?ggef IrlornI E/he ggioupfm?elg)cl) ﬂg}t’%s I?sft%&t P&S‘t err Ft;]zare I n
which Rerr] [psidition e awweagrt)mqwmmnpdl@fct&eorﬁpmulmmgﬂa -
%er r] group o 1Bl Sthd Bt AUAACGHY cdrpdiind OF ©ie formulae II-IV,
contain at least one compound of the formula Ih* as a 3xd
15 obligatory component, preferably contain one of the
preferred compounds just mentioned and/or one of the
preferred 'compound of the formulae Ih2-1 - Ih2-2,
Ih2-la -lh, Ih2-2a - 2¢, Ih2-3a - 3c, Ih3-1 - Ih3-10,
"Ih3-la - 1d, Ih3-2a - 2b, Ih3-5a, Th3~6a - 6b and Ih4-1 -
20 1lh4-5.

These mixtures are distinguished by a high
stability and high birefringence and are particularly
suitable for matrix applications and very particularly
suitable for network systems.

25 In this case, the mass content of the compounds
which are selected from the group of compounds of the
formulae Ih and Ih* is preferably more than 5%, in
particular not less than 7.5% and particularly than 10%
and very particularly more than 20%. The 3rd obligatory

30 component of these 1liquid crystal mixtures very
particularly preferably contains compounds of the formula

L1
alkyl- or alkow—(C»-@-CaC-@-YS
0,1

in which the meaning of L! and Y° is inen above.
Mixtures are also particularly preferred which
35 are based on component mixtures which contain at least
one compound of the formula II, at least one compound of
the formulae IV1-IV8 and at least one compound of the



Zlerr] is a single bond, -COO- or -CHerr]CHerr]-, 30 Xerr] and

X[err] I ndependently of one another are CH or N, L[err] and L[err]

i ndependent|ly of one another are H or F and Y[err] is F, d, CF[err],
‘OCF[err] or OCHF[err]. 35 Fdaigorpounds - of the fornmula | h*

I nclude a section of the conmpounds of the fornula Ih which have a . - 112

- pol ar radi cBorimlal Ih€R[ adn |thikFcase] theOFEdllowing csmallerosab-f urt her

B el e e SRR e cpelehf “plRbheUL" o BRI AR B | pbbriRA | oned

Rerr] - Pyd- C[uh:.t]:lt— ebotaiss- wtelepst one compound (each from each of

- 3f5FRY
Q[[Z;H gg Pyr grg?éspﬁ EEEY érrf this caseltﬁe ﬁigs content of
R er r] - Oy8- pythe|compeunds i{mng §pppect1ve groyps in the component

Rlerr]- Q’C Crhekthib] €67 rgférﬁ) riﬁiﬂf@mlﬁ @erYE:%h'h] rahges3gdvéfi:
Rerr]- C%%d Cerr C-Ph (F, 2) - YL%r I h -4 The preferred
liquid cryst Rt ures whi dh |n addi t to at Ief one conpound of the
fornmulae la-1g _and li_and at | east _one onpound of the formulae I1-1V,
cont.ai n "at Ieﬁgé og § Egﬂpound of the fofmula I'h* asfa 3rd 15 obligatory
conponent, prerera Py contgin one of the preferredjconpounds j ust
ment i oned®andinr theecom-t he preferred cpnpounds of fthe forrmulae Ih2-1 -
| h2-2, 1h2-lagshbnt! ﬂix@ﬁre 16-gbh2-3a } 5’i.c65Ih3-1 1gr0l0, 1h3-1la - 1d,
| h3-2a - 2b, Ph3 ba, 1h3-6a|- 6b and I1h@g-1 - 20 4-5. These m xtures are
di sti ngui shedl 9 a high stalility and hj gh birefri ng erably o
Ravticularly suitable for nmgtrix applicptions and veryg-5u,t ijgul arly
suitable for network systeng. 25 In this (aseﬂ:thci nmass content
of the conpounds pa

15 : : 23-50

Compounds IIl, II2, Ivli, 1IV2, Ih2-1, Ih2-2,

20 I17, II8, Ih3-4, Ih3-7,
119' IIlG, Ih3"8, Ih*z-l’

II17, IIi8 L Th*2-2,Th*2-3

The sum of the mass contents of the compounds
from the groups E, F and G in the component mixture is
25 100%, and the mass content of the component mixtures in
the liquid crystal mixtures which can be used according

to the invention is preferably 25%-100%. _
Liquid crystal mixtures are further particularly
preferred which, in addition to one or more compounds

30 selected from the compound classes Ia, Ib, Ic, Id, Te,
Ig, Th and Ii, and at least one compound selected from

the group of compounds of the formulae II-IV,
additionally contains {sic] a further compound which is
selected from the group of compounds of the formula If*

35 - (@_2,9 i @éz_ é_ 3 I+



which are selected fromthe group of conmpounds of the fornulae Ih and I h*
"is preferably nore than 5% in particular not |less than 7.5% and
~particularly than 10% and very particularly nore than 20% The 3rd
-obl i gatory 30 conponent of these Lliplgde crystal mxtures very
particularly preferably contains conmpounds of the fornula al kyl- or al koxy-
[err] in whichpt piiemani ng of L[err] and Y[err] is given above. M xtures
are also particularly preferred which 35 are based on conponent m xtures
ich contain at | t one conpound of the formula Il, at |east one
cg'rri)

ound of the ae isVittafs<bhii-adyd mxﬂnﬂxéoﬁrom-@‘h&#}dene- 113

mixtures i s pArd ane it ¥ BT A i Ronkor rk ra (L CoRe GRBnA

each from eac hhdvd.hembeompﬁudasandf Gthen formulasdft*herepsesentit ent of 5

“th
_ tprgf g?ggf)g’n sH?e mas per cerﬁ ran |ven"f"J‘;%']‘Egrrggﬂgm:egl )ﬁ.gée ﬁt&
Gmwﬁm the formu he EEF, ibiﬁﬂemndnm-é’-la-'l@omass

' 5 65 1@otten¥ of the compounds of the formmla If+ inPla®f Alcidty
18-50, in partjcular 15 .23- 50

" Conpounds ﬂ°PPQ"|°Z‘t liquid, prystal (mixtures of | this Yype ig ;3

| V4, I8h2 3, pridferbbly notl léss thhHSS%Lgﬁx patthitlax habre tﬁﬁn 10%
L7, 1 ]

C1he2-1, MOz, S yeryY parjl:iéufarihhmari FWI%HQdSEWo?et% 1"rﬁat cont ents

~of the corrpouﬂ'.dgu:l.d crystal mixtures of this type have advantageous
L properties and are characterized in particular by a high
stability and favourable values of the electrooptical
parameters. Liquid crystal mixtures which, in addition to
15 at least one compound of the formulae Ia~Ie and Ig-Ii and
in addition to a compound of the formulae II-IV, contain
at least one of the following preferred compounds are
very particularly preferred:

R®-Phe-Phe. (F)-F
R3-Phe-Phe. (F)-C1
R3-Pyp~Phe-F
R3-Pyp-Phe.3F~F
R3-Pyp-Phe-C1
R3-Pyp-Phe. 3F-C1
R3-Pyr-Phe-F
R3-Pyr-Phe. 3F-F
R3-Pyr-Phe-C}
®3-pyr-Phe-.3F-L]

COmpbnent mixtures are particularly preferred in
20 which |

- the 1lst obligatory component contains at least one
compound of the formulae Ia-Ie having a mass content

in the component mixture between 10% and 90%,
- the 2nd obligatory component contains one or more
25 compounds which are selected from the group of
compounds IIl1, II2, 113, II14, II5, II6, II7, 118,



fromthe groups E, F and Gin the conponent mxture is 25 100% and the

- mass content of the conponent m xtures in the liquid crystal m xtures which
~can be used according to the invention is preferably 25% 100% Li quid
crystal mixtures are further particula.rlmsp[_efe'rred which, in addition to
one or nore conpounds 30 selected fromthe conmpound classes la, |Ib, Ic,

l'd, le, Ig, Ih andzkp, fpflgatryepst ou el d group of
conpounds of the fgéngl ae I1-TV 'a(}(ﬁi?ﬁoggﬁi gg%?él%ég%]é{ﬁ; ;[l%‘ri:tlﬁer
conpound whi ch is S&téet Y Ko o2 heI¥BeudVdir E¥hoahds 18t hthe omasisa | f *
35 » o content] of Zhi&léompbﬁen/&ijihhi:ﬁér homb%ne?tR[mixt]ureZ[ ]
trans-1, 4- cycl ohex - pbenylk epe. an e neaning o errj, err],
Xerr], Xerr], L[iesrgfifl,8 ggsﬁﬁe?[grﬁﬁi% \&rﬁiabove. The conpounds of the
fornul a 19* represthe 3rd ochkigdatony ebmponéntubentaims Wie lor motel oft ed
from the conmpounds Jﬁk?‘v 1 ' ont ent
of the conpounds o?ﬂtahe oér%%i%dE&é&%&g%‘ggpﬁgmﬁﬁ”ﬁﬁaégfrystaI
m xtures of this t9Re PE BPEE JNRES O ¢ dfol kowimg wompoundst i cul ar nore
than 10% 10 and very particularly nore than 20% and can be up to 55%
Liquid crystal mxtures of thiF&-gxgrBherRhe.Ekdr&nt ageous properties and are
characterized in particular bysagyhi-ghe-<prab(¢)-cY and favourabl e val ues of
the el ectrooptical paranmeters. Liquid crystal m xtures which, in addition
to 15 at least one conpoundROTPRETBYF-Fhee{BsFla-1e and 1g-1i and in
addition to a conpound of theRFepHE+PaE-FHe; (Rj-cqontai n at | east one of the

followi ng preferred conmpounds gre ver argicularly preferred:
. Rlerr]-Phe-Phe. (F)-F Rl err].-Phe- e'.SY%/'[f?'_e(ﬁ&hF%; r]-Pyp- Phe-F
R3-Phe-Pyd-Phe. (F)-F
R3-Phe-Pyr-Phe-(F)-C1

R3-Phe-Pyr-Phe. (F)~OCF3

having a mass content in the component mixture of
5%-65%, in particular 10%-65% and very particularly

10 12.5%-65%.

The sum of the mass contents in the component
mixture is 100%, and the mass content of the component
mixture in the liquid crystal mixture is preferably 25%-
100%.

15 Liquid crystal mixtures are furthermore
particularly preferred which, in addition to one or more
compounds selected from the group of compounds of the
formula [sic]) Ia-Ie and Ig-Ii and one or more compounds
selected from the group of compounds of the formula

20 [sic] II-IV, additionally contain at least one compound
of the formula If*+

O e

in which is trans-1,4-cyclohexylene, 1,4-phenyl-
ene or 3-fluoro-1,4-phenylene and the meaning of %!, L3,
25 Y R’ and e is given above. The compounds of the formula -
If** represent a preferred smaller sub-group which is
selected from the compounds of the formulae IfF, IfCl and



Rlerr]-Pyp-Phe.3F-F Rlerr]-Pyp-Phe-Cd R err]-Pyp-Phe.3F-C R err]-Pyr-Phe-F
Rl err]-Pyr-Phe. 3F-F R err]-Pyr-Phe-C R err]-Pyr-Phe-.3F O Conponent
m xtures are particularly preferred in 20 which - the 1st obligatory
conponent contains at |east one conpoundypg Lhe fornulae la-le having a
mass content in the conponent m xture between 10% and 90% - t he 2nd
obl i gatory conpg@gg, contains one or nore 25 conpounds which are
sel ected fromthe grou 'Ofi$03 oun@i 111, 112, ] 4, 117,

I

116
1.8, - 115 - 119, M#%eswwshqm ‘%“ihz%w'ill?‘_i a2,
INT 12, |V3,cduhﬁouﬁd/7@dth¥8 £ G 18RS ST&<TE Caindof TG+ 5, Covntadn an t he

_conponent m Xt ure gel g en 5 a de8 t he 3rd obllgatory
e e
o] e ed W e R D A bt e (71
Rl err] - Phe- ngpHeempexatuxe - fa@ge and advantageous

Rl err] - Phe- Pyrtﬂ?&aﬁ&id%iea t]s h'm«e Nfads rreeﬁtcmt@ﬂtcm&@@dsoaaoenet

mxture of 5% p¥mid PREMCULA" 4R35818Q01NC YrPR] CUhikYdD 1s
10 preferably more than 5%, in particular more than 10% and

very particularly more than 15%. The following smaller

group of compounds of the formula If** is very

R particularly preferred:
R3-Lyc-C00-Phe.(F)-Y3 1fs22-1
R3-Phe-C00-Phe. (F)-Y3 1f232-2

RI-Cyc~Cyc-C00-Phe. (F)-Y3 Ifs$3-1
R3-Cyc-Phe-C00~-Phe. (F)-Y? Ifs23-2

The following liquid crystal mixtures which

15 contain at least one compound each in the mass ranges

mentioned from the groups H, I and K characterized in

more detail in the following are additionally very
particularly preferred:



The sum of the mass contents in the conponent mixture is 100%
content of the conponent mxture in the |iquid crystal

preferably 25% 100% 15

Li qui

d crystal

and the nass
m xture is

m Xt ur es are

furthernore particularly preferred whighjjyn.addition to one or nore
conpounds sel ect ed fron1the group of conpounds of tAK

and 1g-1i and
the formula 20
the fornmula | fXxx

nor e
|c]
[err]

LN

onpoungls sel

['1-1]V, additionallly contain

Lch

[arr]

cted from tH

A

qg

S35

, ¥phenyl - engagE Sofitent
Llerr], 25 **nggiggeR[erﬂ

formula If nt a
from the cbnpoconiponénthe f

-1 zeahemylede arnY-8soME

and e is gV
referred sna%!er sub- gr oy

rmul ae | fF,

en above. TH

| fd and

e formula [sic] la-le
e groug of conpounds of
t | east one compound of
ani nGte50¥ err],

e conpounds of the

p which is selected
116 - Ifd.F. Liquid

crystal m xtur @ﬁkgh infaddition to conpound off the formul ae la-le and
lg-1i, contain conpound the formul -1V and {addi tionally a com 5
pound of the forpula lf** e characteriked by nrefdrred nroperties and in
particular a hgaﬂ ahpgis' ity Eli,?vt’m?m e g ki ng t gy e TE@RGE23Nd
advant ageous t regho vol tpge content of 9 *g*J_glrs **tr#(}%e
formula If** in these |liquif EF?stﬁF mxgures is 10 ég) fa t han
5% in pagpi cul ar nore than| 18¥8andI6ery} particul arlly nore than 15% The
followi ng smaller group of gp0ff€ pf the forjrula 1f** is very
particularly preferred: R efr ? Phe. (F)-Y[er|r]. 1f**2-1
Rl err]-Phe-COO Phe. (F)-Y[er} ]IIQbfiIQGZ R[ err]-Cyc-Qyc- COO Phe. (F)-Y[err]
Ifs53-1 IIl7, II18, - -
II25, II26,
15 1127, 1128,
' IIIl1
The sum of the mass contents in the component
mixtures is 100% in this case, and the mass contents of
the component mixtures in the liquid crystal mixtures
20 used according to the invention is preferably 10%-85%.
The ligquid crystals according to the invention
may contain, in addition to the compounds of the formula
I according to the invention and in particular of the
preferred sub-formulae and very particularly of the
25 preferred liquid crystal mixtures, further components
which are preferably selected from nematic or nematogenic
(monotropic or isotropic) substances, in particular
substances from the classes consisting of the
azoxybenzenes, benzylideneanilines, biphenyls,

30 terphenyls, phenyl or cyclohexyl benzoates, cyclohexane-
carboxylic acid phenyl or cyclohexyl esters, phenyl or
cyclohexyl esters of cyclohexylbenzoic acid, phenyl or
cyclohexyl esters of cyclohexylcyclohexanecarboxylic
acid, cyclohexylphenyl esters of benzoic acid, cyclo-

35 hexanecarboxylic acid, or of cyclohexylcyclohexane-

ca_rboxylic acid, phenylcyclohexanes, cyclohexylbiphenyls,
phenylcyc16hexylcyclohexanes, _ cyclohexylcyclohexanes,
cyclohexylcyclohexenes, cyclohexylcyclohexylcyclohexenes,



Rl efr] - Cyc- Phe- COO- Phe. (F) - Y[ err] | f**3-2 The following liquid crystal
m xt ures which 15 contain at |east one conpound each in the mass ranges

nmentioned fromthe groups H | and K characterized in nore detail in the
foll owi ng are add| tionally very particul pjgy=-preferred: - 117 - Goup
H K Mass cont ent 20% 80% 10% 80%

5%’1?0% of th erlLuﬁﬁeSQSPOW S-hig- g ipheh§ls,
[frrpo1, | frroted” TRigreygheheying
: : gq I 62 :3 | 7, phenylro, °¥I 1w¢xh®ewmrm1ﬁ}nqq o4siej, phenyl- or
, ||

100% i n this chem‘”S*‘”??hm"ﬁ?“"m&, e compoene et shpeLh the
llloq/w8g /cr¥;t a: pheny re?rZS’ch g@ Pﬁ&hgﬁnFﬁenﬁngeafpg‘ﬁyTrlg EP@Pgrabl y

% 85% e ied, Iﬁﬁhﬂ‘i eitylpttmrde, | 1vphenyl-2epycbohexyl-i
addition to th(E:ﬂf::.:(j EL%S_ Ql Qrgul g oty enf Sl e:tlwlnI gnd
In particular SF 8% ; 8 2&% guh égégﬁg&g%?gh :gﬁ'{@ﬂ? € of the 25
preferred |i qucyclohexyl-ﬁrhipheayléth&m: dcpponyﬂ,ra-mc&nhaxylphener ably
selected T7om 9idRhhfied, "GPELBAETLE megaﬁataaor stithendh?) BEhzyances.

in particul ar ance$ consi sti ng,
azoxybenzenes, phenydnethexenctoians,and substy ﬁg‘h?ql§1nnam1c ac:.ds. The

10 1l,4-phenylene groups in these compounds can also be
fluorinated.
In these compounds, the two terminal groups are
p— preferably in each case independently of one another
alkyl, alkenyl, alkoxy, alkenyloxy or alkanoyloxy having
15 ﬁp to 8 carbon atoms. In most of these compounds, R’ and
R" are different from one another, one of these radicals
usually being aikyl or alkenyl.
However , it is also possible that one and/or both
‘terminal groups are a polar radical -CN, -NCS, -F, -Cl or
20 (0);CX,H,.,, where i is 0 or 1, k is 1, 2 or 3 and X is F
or Cl. If only one of the terminal groups is one of the
polar radicals mentioned, the other is preferably alkyl
or alkenyl.
Many substances of this type or, alternatively,
25 mixtures thereof are commercially available. All these
substances are obtainable by methods known from the
literature or in analogy thereto.
The liquid crystals used in the electrooptical
liquid crystal systems according to the invention prefer-
30 ably contain 1%-100%, in particular 10%-100% and very
particularly 20%-100% of compounds of the formula I. In
this case, liquid crystal mixtures are preferred which
contain 1-20 and in particular 1-15 compounds of the
formula I. If the liquid crystal compounds of the formula
35 I are selected from only one sub-group of the formulae
Ia-Ii, the liquid crystal mixture preferably contains 1-5
and in particular 1-3 compounds of this sub-formula of
formula I. '
The liquid crystal mixtures are preferably based



-30 t erphenyl s, phenyl or cycl ohexyl benzoates, cycl ohexane- carboxylic
aci d phenyl or cycl ohexyl esters, phenyl or cyclohexyl esters of

cycl ohexyl benzoi ¢ acid, phenyl or cycl ohexyl esters of

cycl ohexyl cycl ohexanecar boxyl i c acid,_gégbohexylphenyl esters of benzoic
acid, cyclo- 35 hexanecar boxylic aci or cycl ohexyl cycl ohexane-

carboxylic acyﬁ é&ﬁiﬁ?ﬂ&@'ﬁﬁf&ﬂnﬁ§e %Mﬁkﬁ@%éywﬁﬁﬂniﬂgsgroup of the

phenyl cycl ohe exanes

cyclohexanes cycl ohe
C)L%I ohexyl cyclféﬂmii@s IcydToncddA caado %l}el BAsgeeantent _of1¢he
1

bi | i
5= 0y ol OlRoNHA Bl ected framsf;s&f'gycl A e .

cycxl ohexyl pyrimdin s| c] henyl
cgclohexyld|o§aﬂé§““§ﬁgiy+9 thg géﬂBﬁéxﬁFY!tﬁldﬂﬁﬁFﬁﬁés131EEﬁﬁﬂﬂﬂbQﬂéthanes
5 [sic]ls 153-di00wg ahexpacthentar mqelmml -ahd yekpepart icidlaray,

gygrnggsryg éip4qg%en é%gggaﬁiphegypégis H%ﬁﬁﬂ ?F?Priﬁﬁﬂhﬁﬂethe

optional ly haliayemtics prefetably ¢entain MI bnthlanyamﬂqﬂ@:aﬁd-%
substituted ci '@ef'ryaf%diﬁl: 462’%% e n
conpounds canagFgo b Iuoﬁé§¥§§§9 Fﬁkfhese co#ggungﬁgue%eu fEGﬁE?#Fha

groups are pr FouR,of compounds.of thectermelae I ofllond dnothVeans Wy
al kenyl , 1@l koxy, al keuhomeqaczttcﬁananlmwrbgyl Bﬁ the mmt:.a ergaiadl

RS TN RIS PN TN £ NPT L My °”%4o£7ever it
is also pOSSIb|e t hat Fome smad/lexr buﬂhesenm mhb ghudpstane anpmhtmo@gdlca
N -NGS, - G&rfo lu&ﬂg[eﬁ ééiSIJ]F%%h%L eﬁmer{ié | Sbedvelt, K IS

1, 2 or 3 and X IS one of rmnal groups 1 s one of

t he pol ar rad® G&W&cﬁéﬂFﬂﬂn@EEfﬁﬁ€e§tN@A“P§ ﬁFGféﬁaBl§:aWFFN Parci 1F@ny|
Many subgsancqardfy i > Bype or, alternatively,

It has been found that liquid crystal mixtures
which are based on medium polarity'compounds with
_ 3 < Ae < 20 (*1)
and in particular
20 3 < Ae < 15 (*2)
have particularly advantageous properties and in
particular a high temperature and UV stability and a high
specific resistance. Mixtures of this type are
particularly suitable for systems having a high infor-
25 mation content, which are controlled using an active or
passive matrix and furthermore in particular also for
systems which have to tolerate relatively high operating
temperatures (for example systems for outdoor applica-
tions). The mass content of medium polarity compounds in
30 the liquid crystal mixture is preferably not less than
50%, in particular at least 60% and very particularly at
- least 65%.
It has in particular been shown that compounds of
the formula I where W = -F, -Cl, -CF,, -OCF,, -OCHF, or
35 NCS and in particular W = -F, -Cl, ~CF,, -OCF, or -OCHF,
frequently have a dielectric constant in the preferred
ranges (*1) or (*2), while liquid crystal compounds where
W = -CN frequently have an overhigh dielectric constant
and are less suitablg for mixtures of this type; the mass



25  mixtures thereof are commerciall y avail able. Al these substances are
obt ai nabl e by net hods known fromthe literature or in anal ogy thereto. The

liquid crystals used in the electrooptlcal liquid crystal systens according
to the invention prefer- 30 ably cont 1% 100% in particular 10% 100%
and very particularly 20% 100% of corrpoun s of the formula |I. In this case,

liquid crysta r dﬁﬁ?ﬂiﬁxfd%" 'iﬁﬂ cihi c ritd cul ar
1-15 conpoundsog‘té?ﬁeg?%ognul al. If e Ih:‘a(?uel crﬂﬁ‘ conpour%@‘tqgtl%
forpula 35  BFQMR skt eChEd kigid, nF’y"Yﬁﬁbls nxeg dased onr mediam a- ||
the liquid crpetlahn:yxtdmdifrﬂiaerfbl préeefib]%% 1a§sa"!§1dn“ ¥ LhRd! g 1-3

conpounds of thi .su for la of fornu rystal_.mxtures are
preferably ba?@ﬁ" aJ":'lé‘ oL, Eoﬁ%&%&@%lgh?‘&ﬂb aﬁdéﬂﬁlﬁ’l?@ group
of the fobnul with, Al » 20I anedndfabbsi refor Gtinple @fort fi:% h I g
selected fro [t he UI
cryst al m xt lTrt Ee‘gﬁg ﬂ%?'é? v8i%+§§ %‘3&98 “’ﬁ%&?#ﬁﬁgﬁﬁ 1"%)‘5/e (36"/0 gﬂ'& ery
particul arly ©8% tewminal grouwpchas ytﬁmlmamimr givencfoxi Rty whilieh&he

i nvention prebthek tetfihalNgrods: Lbuéi#Qn ticular 2-38 and very
particularly 2- 35 conpounds, “sel ectedfr. e group of compounds of the

formulae I, I, "IIl, I'Vand V. 10 / The di el ectric anisotropy of

the liquid cry‘stal m xture used i s p tive [err] > 0 and preferably [err]
> 3. For smaller values of the diely ani sotropy [err], very high
threshold voltages are observed. Paiticularly preferred values are [err]
> 5 very particu- 15 larly [err] > 8Y It has been found that |iquid
grystal m xt ug,glgfym ch are based on nedium polarity conpounds with 3 [err]

Alerr] [(iar]
ls -F, -Cl, -CF3' -OCF3 or ‘OCHF, and

Y is H or F. :

Compounds where W = -Cl are as a rule charac-
terized by a higher birefringence An in comparison to
corresponding compounds where W = -F and are therefore

15 often preferred if a high birefringence is desired, for
example for increasing the scattering in the opaque
state. _

The present invention makes available to the
person skilled in-the art a limited pool of particularly

20 preferred compounds of the formula I and in particular of
the formulae Ia-Ii and particularly preferred liquid
crystal component mixtures. Liquid crystal mixtures which
contain one or more compounds of the formula I and in
particular of the formulae Ia-Ii and very particularly at

25 least one of the component mixtures mentioned have
advantageous properties and correepond to the require-
ments described at the beginning, which are set for use
in an electrooptical system according to the preamble of

. Claim 1, to a particularly high extent and very much

30 better than the liquid crystal mixtures hitherto used in -
these systems. In this case, on the basis of the detailed
description the person skilled in the art can at any time
make a selection from the described pool of preferred
lz.qu:.d crystal compounds and lJ.un.d crystal component

35 mxtures without inventive assistance in such a way that



and in particular 20 3 [err] [err] [err] 15 (*2) have
particularly advantageous properties and in particular a high
tenperature and UV stability and a high specific resistance.- Mxtures of
this type are particularly suitable f_orlzslys_tems having a high inf or- 25
mati on content, which are controlled using an active or passive matrix and

furthermore |nepd bicdedingende! £ éﬁef/o%"%wﬁafai@f eIV Sndex
relatively high oper?tl_ng enperatures (fqQr exanple Systens for out.(foor _
appl i,ca- tionsPe ¥RA/AHsOtBER: FREracti¥e; dndierar and/esntbenydscesidy the
liquid c ryst al afidfor’ ¢hes diledfedtdliley mrsdtg'oapyt Aad/e2%then clleal Pdimt at
Shoan that _cornBBN(aE BRdirionsl Breneters of the Liguld difatal ana/er"
-OCF[ err], 5 CChiRecr thresh8dd w6Staged | angtox i ciurbhed = ellectrdopticalerr],
-OCF[err] or - Lhof € t e L el | 3 | -
prefEarre!:l rang%%ielg ng?ﬁgmﬁ@g&}‘laﬁ?gﬂ%r%%%# tho ouﬁ%s%éwﬁg&%%: -CN
frequent |y havdeageo\and/om the| morkingcdiempenatuxe arangesand/orathe for

mxtures of thigylhklaitiNCofBthe liqufd crydthltid N theMaskGiRerd G} have
a term nal carb(iglgtrlle rougﬁl n the sfal m xtures based on

litquid er
medi um pol ar i t PLEGPBEFS) £ors PRlYmerAgLy I%%@f?’%ah“ the swred, matnix- orar not
more than190% thle Bugbdynetwerk asit foy Eurkheirt pafakéters OF dhe Ndemidary,

Lsed T whi ch GRYSCAL e Epd sTRKEm: v th FHeRrol Voh Fhp  RAFEAFUAY ¢t he
ot her ternm nal appligatdop are bptimizédwhere 10 W is -F, -d,
-Elerr], -OCHerr] or yeQCHEECekdmBid, % highScikAf foint is necessary,
the person skilled in the art will preferably make a
15 selection among the compounds of the formula I and in
particular the sub-formulae Ia-Ii and the preferred
component mixtures such that the mass content of '2-ring
compounds in the liquid crystal mixture is not too high.
In addition, the person skilled in the art can also add,
20 for example, 4-ring compounds of the formula [sic] Ied~1
- Ted4-4 or, alternatively, other highly clearing
substances such as, for example,
R?~-Phe-Phe-Cyc-R?
R*-Cyc-Phe-Phe-Cyc-R’
25 to the liquid crystal.

In these compounds, R? and R® are in each case
independently of one another preferably alkyl, methoxy,
alkoxycarbonyl or alkanoyloxy having 1-15 C atoms.

Additives of this type are known to the person

30 skilled in the art and he can choose from the substance
classes enumerated above without problem. In this connec-
tion, the person skilled in the art will preferably
choose the concentration of additives of this type in
such a way that in particular An and/or n, and/or another

35 refractive index and/or Ae to be adjusted in the par-
ticular embodiment of the electrooptical system accoi:'ding
to the invention and/or Ae and/or further physical"
parameters important for the particular application are

~only influenced to an acceptable and/or small and/or in




Conmpounds where W= -C are as a rule charac- terized by a higher

bi refri ngence An in conparison to correspondi ng conpounds where W= -F and
are. therefore 15 often preferred if a high birefringence is desired, for
exanple for increasing the scattering i-niRRe-0paque state. The present

I nventi on nmakes available to the person skilled in the art a limted pool

of particul arl paz¢iculaef aegidgiblposgtent! the formula | and in particular
of the fornmulae la-1i d q C conmpanent
mé/ures Li quid crystgﬁdﬁ%ur%% cﬁgé(é%&éﬁﬁ 4# g’#‘g #%é%'g#‘fb%ndss of
the“formul a | echtolied,i fotacxuﬁplélexa‘imqrahaelternatimgl waktagey ttheul arl y
at 25 | east h (o] L X r@g} qﬁggﬁ" vy eous
properties and?lc%e%r %gs%og'&&gw ﬂgg%g%l# nen Jeeis[!crl ec#e% q}c&n %begl nni ng,
which are Set faryuseasn otheswine oopni cmw a@for IpWg te® medivwmeanbl e
of daiml, to g dpidicddsd o/ i hkeérdiy fiﬂl%grfe%?’orn ek’ tdan

the liquid crystal m Xt ur és phitherto used se siste n this case,
on the basis ofPcFeass Fhe-viaceeity: ithe Person skilled +’é0"'lP‘h e CAY can

at_any time Wahadahiilﬁ?t vo8chbus mi?ﬁdi@ivd'ﬂéﬁdcaﬁﬁbuﬁﬁs PEe e ad gui@ii d

vanti v nool Sryetad, pisifides ¥hote, SORBSUSES Afe pielrrdl: Heiiiteod o/ 1 1

i nventive assi §F§
and/ or thdgordiftony thér arioupe ohdeamp{mndi: afd/the oformulaf rlacande iimdi ces

d/ h / |

boi Nt and/or - ghtisHAAt He, ffe ERt4d TETHES BIC LARY Ban 41s8 Y

t hreshol d vol t&'gétenanﬂtom thet movwﬁmm& i gubspanaqetcalcmsms-t hdmsyst em
aQd/or their t‘iﬂi%r@lﬂra‘i: deieN ord aiize Widel'chai® ‘fﬂlﬁn&ﬁ'st eaRCadlsld B aNnge

an /[ or the sol Ubj] |ty of the | crys,tal |n the nbnoners or, ol gqrrers
for polymeri zi ﬁg‘d%‘\’d/ iipanea r’gﬁ Y, as 18 escribed 1
15 E 3,919,942. If, on the other hand, the electrooptical

system is used, for example, as a matrix display having
a high information content, low viscosity liquid crystal
mixtures are suitable in particular for achieving small
switch times.

20 The person skilled in the art will in this case
preferably make a selection from the group of compounds
of the formula I and in particular of the formulae Ia-Ii
in such a way that the content of 3- and 4-ring compounds
is not too high; if the use of a high content of 3- and

25 4-ring compounds is necessary for achieving a high clear
point, the person skilled in the art will in general
prefer laterally fluorinated or chlorinated compounds of
the formulae Ia-Ii. However, it is also possible for the
person skilled in the art to choose from the substance

30 classes enumerated above those with low viscosity, such
as, for example
R?~Cyc-Phe.3F~Phe~R?
and to add them to the liquid crystal mixture according
to the invention. R* and R® in this compound mentioned by

35 way of example preferably have the abovementioned mean-
ings.

The person skilled in the art will select the
substances used for modifying the viscosity and their
concentration such that other crucial parameters of the



10 °~ the cured network and/or further paraneters of the liquid crystal and
the systemw th respect to the particular application are optim zed. If,
for exanple, a high clear point is necessary, the person skilled in the art
will preferably make a 15 sel ecti on awop®stsée conmpounds of the fornula |
and in particular the sub-fornmulae la-1i and the preferred conponent

m xtures such thiquidergstal aixtoreosudhrasg Wé,n&th&n&i%&

t al t t
oo v, Spchibiathitentietdh. il BRI T
- Me4-4 or, al tenknt m&llyensadertmu gnl yaagephable mc@@addcm OF or

I . ,F{ﬂ{ly& Ph Ph 25
exanpl e, R[err] a+lfg i Risetddt Rl err] - Cyc- Phe- Phe- Cyc- R[err] to

the liquid cryst onpounds, Rl err] and R[err] are in each case
i ndependent®y of one anbf héﬁngﬁﬂerbB‘ hly nematogende, substanres BRSR o

al kanoyl oxy havagg fo@Sexamples. Additives of this type are known to the
person 30 skilled in the art and he can choose fromthe substance cl asses

enuner at ed above without problem Img 5‘4 t he person skilled
inthe art will preferably chodd&¥ } of additives of this
type in such a way that in particular [err]n and/or n[err] and/or another
35 refractive index and/or [err] to be adjusted in the par- ticular

enbodi ment of t¢ancbecadded:i the persem skibled nin tthe hert ntakinagniakea/ or

[err] and/or f“ié@fﬁn@“!ﬁi&@' obREF A dndtBXY [ 8RE 1N %tiamh&ulene

application ar fluepced t tabl e and/ or I n
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iQvention 1 coaséd! £6¢. tﬁ@rm&isﬁﬂié|£suﬁbﬂgt6nhé| £66 "gréaELy Ohltéred! By
additions of this type. _ _

In the case of liquid crystal mixtures which
contain compounds of the formulae II-IV, for example, in
order to modify the birefringence the person skilled in

15 the art can vary the relative content of these compounds
in the mixture; for mixtures having very high An, com-
pounds of the formulae II1, II16, IV3 or IV4 for example,
can in particular be used, while, for example, compounds
of the formulae III1-IIXI3 are preferred for 1liquid

20 crystal mixtures having relatively low values of An. The
person skilled in the art can of course also make a
preferred selection from the compounds of the formula I
with respect to the desired value of An without problem.
Thus, for example, compounds of the formmla Ig are in

25 general particularly preferred for mixtures having a
relatively high or high 4n, while compounds having 2 or
more saturated ring systems are in general particularly
suitable [lacuna] liquid crystal mixtures according to
the invention having relatively low or low values of An.

30 o In order to achieve low threshold voltages,
liquid crystal mixtures having a very high dielectric
anisotropy Ae are in general required. The person skilled
in the art can make a selection from the group of com-
pounds of the formula I, in particular of the formulae

35 3Ia-=Ii, and furthermore from the group of compounds of the
formulae II-IV and from the group of preferred component




use of a highly viscous liquid crystal m xture is neces- 5 sary, as
otherwi se, in particular at ow to nediumfrequencies, a flickering display
results. - In order to increase the viscosity, the person skilled in the art
can add highly viscous liquid crystal cogpgunds to the liquid crystal

m xture. These conpounds are preferably selected 10 fromthe group of

conpounds  of txhﬂtf@fﬂiﬂih lgutill & wapathatua agwa‘extm value e bntkinehut

they can al so ken_from,the abavemant e} bstance cl

particul ar, ’5r for &0 OFdes, 1, 5 %dnsé}%opﬁs% algffgeﬁl ntPease
t he”vi scosi ty,the iartiesceni dd | fol5the Dli-i&uiﬂg crystal mixtmire,ot ier hand,
the el ect rOOptéaEﬁhpﬂStE”bbﬁ?Uﬁﬁd &%n&mg%eu' 2816, "Phébd ébﬁﬂbauabav' ng

a high information cont ent ’5. stal m xtures

OW Vi SGOSI t lg% 3 €
suitable i paA¥ecurRbrenely . #txongl 3% trifadiyesposgtive; the 0

person skill edptropyhehomblogie {alkyl 9= @::aaﬁ e, £olr! pxamplep acvalaeon
fromthe group

formulae la-1i° frPéS:ac %Ofﬂ?gtg%f'hg%#igg {‘ﬁlrﬁ'd‘% %E‘ lrle%iegg % nds is

not too high; ¢éncentnation @mugﬁdcbmmtc:&f ‘Ghiand'-m sa.- Y c'ghpounds

;t n\(lamc?aiss?ay fﬂ'?éf Irée g?aﬁa?%?tgufrbe?.% a d or chI ont;d;'%%ég%é%ggs
of the foH’ruI aE 9$ m opptical | s¥sEemion R || ed

in thhle art to pbﬁﬁieuitﬁm hbews.cltlsttakae c’iﬂre ﬂ]iaﬂssm ﬁﬁdf@rah hgdandpue thgse
W t ow Vi scosity, _suc S xa [r e, 3F- Phe an
to add them t o®PRe 9% q'a? Fﬁ'—?'&ﬁ% %ﬁ?@%@orﬁ%{% Pﬁ *1P eﬁ&% &
err] and R[] eerystaltare andypdmfduencedobecamacteptabde endénanptlell
preferably havgn{iggraggégirﬁﬁigngg%g?@n- i ngs. .The person skilled in the
or

art will selec e su ces use modi féhng the viscosity and their -
concent ral®on such t haThet persenuakd e artian modify and,

within certain limits, optmize the properties of liquid
crystal mixtures according to the invention with respect
to the particular application by making a selection from
-the group of compounds of the formula I and in particular

20 of the formulae Ia-~Ii, and furthermore optionally from
the group of compounds of the formulae II-IV and the
group of preferred component mixtures such that the
ligquid crystal mixture is optimized with respect to the
particular application.

25 However, it is crucial that liquid crystals
containing compounds of the formula I and in particular
of the formulae Ia-Ii and in particular those liquid
crystal mixtures which contain one or more compounds of
the formulae II-IV are particularly suitable for use in

30 electrooptical liquid crystal systems according to the
invention. Very particularly suitable liguid crystal
mixtures are those which contain one or more of the
preferred component mixtures.

The liquid crystal mixtures according to the

35 invention, which contain one or more compounds of the
formula I and in particular of the formulae Ia~Ii, also
represent particularly suitable “stable structure
mixtures” for application in electrooptical systems,
which can in general be optimized by the methods and/or



- 123 - liquid crystal mxture such as, for “exanple, [err] and, when using
vi scosity-reducing agents, in particular T[err], is only influenced to an
acceptabl e and/or small and/or insignificant extent. 5 | f
desired, highly nematogenic substances_sygk @as, for exanple [err] can be
added, the person skilled in the art taking into account that other

paramet ers ancaddi PBrés ‘aﬂﬁrﬂﬂi‘a ﬁﬂiﬂbi-ééﬁac@fté Qﬁg&iiﬂb%&éﬁf*éﬁeﬂ:ét ure

in the pol yner use the matrix I's ered by

aqditions of tHiheytot #tm%élzﬁ of &aﬁdméxyosral aki & ereemqm tme
contai n conpounsderjoims £66 mii:aetid: thhﬁﬂgeehﬁﬂIJ't‘he tididyy d© eRdify

t he biref the,art can va the relative
coﬁt eln'[ eo;l ?ﬁg‘é}é’&%ﬁogﬁd ‘]{L_n %*1 ?(?Qu a’r oPYREQDE, aﬁf\ﬁ%g\/e‘? Tii gh
An, com . goundsidgrabky fdamaging Idhiangel.16, 1V3 or |V4 for exanple, can in

ticular be used, X o] of e 1-1113
g?; Iprgferred for Ilm@%ézéiqﬁ%rak/a&%&nﬁfxtﬁ?gg g\sll rﬁgér}gﬁ j?{im#'g I%I\J'Néval ues

of An. The perBIPRELqn Are P chlarly, spitahle; fonf asecin elegtrerred
sel ection fr ompﬁtctbnppsuehs ohctbeding ntoa the\ predmishe Coft @ltah.ﬂn desired

I f AN wi . conp soft rrrulalg
\z;?eu?nOZS " \é\neéner al, parti c&%r ]?;:.ﬁé#?ir?c% g?u?'ggghz%ﬂcﬁd‘ t%t i vel y
hi gh or HiGh Ahe Mquédcsmasn“ aecording dgro meelauentaondandngost;&m ens
are in gener alelR¥tircoptiidal systeRlse abbacdial tbavhd fﬁ¥§ﬂ?ioﬂ‘ Xt ur es

M order 2%22?&2“?%?2}2&% 34%%%3%‘3&#‘”“ B AFOrHLR tar dheravi ng
a_very high diigivention sansber modifded] bgrﬁurbh@Mdﬂ.ttmuhedsucTh% per son
skilled in themfy e ¢ cars BE U] I AT O KB sy stems

15 according to the preamble of Claim 1.

Additives of this type are known to the person
skilled in the art and are described in detail in the
literature. Thus, for example, pleochroitic dyes can be
added for the preparation of coloured electrooptical

20 systems or substances can be added to change the
dielectric anisotropy, the optical anisotropy, the
viscosity and/or the temperature dependence of electro-
opticil parameters of the liquid crystals. Substances of
this type are described, for example, in H. Kelker and

25 R. Hatz, Handbook of Liquid Crystals, Verlag Chemie,
Weinheim, 1980 and in DE-0S 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.

Electooptical liquid crystal systems in which

30 pleochroitic dyes are added to the liquid crystal in a
per cent by weight range of 0-25%, in particular 0-20%
and very particularly 0-15% are preferred.

_ In addition, chiral mesogenic or, alternatively,
non-mesongenic compounds can be added to the liquid

35 crystal mixtures according to the invention to increase
the scattering in the opaque state and/or to influence
the slope of the electrooptical curve, as is described,
for example, in DE 4,007,039. Liquid crystals according
to the invention which contain 0-15% and in particular



pounds of the fornmula I, in particular of the fornulae 35 la-1i, and
furthernore fromthe group of conpounds of the fornmulae II-1V and fromthe
group of preferred conponent - 124 - mxtures in such a way that a
preferred value is obtained for [err]. Lnyggder to increase [err], the
person skilled in the art can add to the liquid crystal mxture, for

exanpl e, a conpgwpgiy Obf tHRiFLL NAdditives BYS preFarddals S are extrenely
st rongl di el ectricall sitive: . .th opyl, honol qgue (al kyl =

qe{%]g Hf/err]) has, for %%e&trg%%ﬁoﬁﬁﬁ#]cﬁgﬁgﬂ@ Zﬁﬁcgﬁﬁrl ed

[ E tI e a_rfjI Wi | |iﬁ?| teot thee irarilo) mlt‘fm bé égﬁltbhéﬂsoﬁf Hy‘nilipphph_ gloat hat
the liquid crysta xture.i.s opti,na ui te o the par- ticul ar
enbodi ?rent of yt‘ﬁrb’%? c?Fo@d’(tieEﬁ%% é)’lﬁﬁ:aqen HeVeF rardn hﬁgﬁfﬂlaﬁﬁﬂg care
that [err]nsandvoltajeris pwrsiferabine urec‘rmlﬁ.chuhhheanlr effective anﬁ?sesd;)f
the liquid crys . Ln t S nd/ or
negl i é?g: e ex?e%#lqéevgﬂggé Q#E%E‘g‘ger s‘g%ag%?'ffg% ?%@r\géfé%a%&?mﬁﬁf y
and, W thin ceralternating voltage sfrequency hetwesn ol0|Hzuard c1(skBz.

mi xtures accor @@1&1&@6 | BN 2V ahd €IVOChol st NandAr Eréifhéhcies
application by

Ing a,.sel ecfi fromthe grquyp Qf conmpounds Of_ the
formula | and iPePEeERCA ar’nﬁ) f)“p‘?)fé’f h&rﬁopﬂ\ﬁ%ﬁ&“ﬂaﬁx Eﬁﬁfd%rer%?e
optional | y10 r onamplkitude phHtheoapterdatihgtvel tagenisavery- partbculéelyr oup
of preferred c Qﬂ&‘ﬂ%h ] liquid crystal mxture iIs
optimzed wt hoéq;spec %ﬁﬁ%ﬁ%’?#&ﬁfﬁ%% cation. 25 However,
it is crucial that |iqlflecljanids cryetaln migtanesn whichi cane beornsed |
and i n particul aéc®fdife o "thée inventidhl dre Ppreparkd’ id10RE hafies
crystal m xtures ich contain ongPor nor,e of , t he forrr(tt%ae [1-1V

c ound
are particul ar |SPEUPPAEY PEE 88 cAPna3Fuley (ﬁﬂ%’@& aMqRY < yEhey
syst ens ackhr dicomponenks used in the smaller amount is dissolved in the

components making up the main component, expediently at
elevated temperature. It is also possible to mix
solutions of the components in an organic solvent, for
example in acetone, chloroform or methanol, and to remove
20 the solvent again after thorough mixing, for example by
distillation. '
The following examples are intended to illustrate
the invention without limiting it.
The symbols have the following meaning:
25 K: crystalline solid state,
S: smectic phase (the index characterizes the phase
- type),
N: nematic phase,
I: isotrope phase.
30 The number between 2 symbols gives the transition
temperature in degrees Celsius.
The percentage data given are percentages by
weight.

Example 1 .
35 a) An electrooptical liquid crystal system, containing

a liquid crystal mixture which consists of the
following compounds ' ' '



i nvent i on.

Very particularly suitable liquid crystal mxtures are tho

whi ch contain one or nore of the preferred conponent m xtures. The |
crystal m xtures according to the 35 i nvention, which contain one o
conmpounds of the formula I and in part#cmzar-of the fornulae la-1i, a
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particularly suitable "stable structure mxtures" for
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Claim 1l. Considerable connercpﬁb jnahgqscrlbed to 10
liquid crystals accordipg t he | V, 4on an to,the electrooptlcal
systens accordi ng to‘i hg |nve TPER" Yﬁﬁ% QHﬂhﬁﬂﬁ m xt ures accor
to the invention canGbO%nDdlf4edthanét4+§mnpy&hydhoh§xyhjphsdbiatna;s#hat
they can be used in all elect ding to the
preamble of Caimil. Additi Veg%ﬁé#ﬁ@icfﬁéﬁ@ g%r?o %Ctgt he person s
in the arl0and are d8s6%i bed 4n(trans+dtpentplaoyalohexyk)-4frreyancbi-

pl eochroitic dyes cag Qﬂ% fdded for the preparatlon of col our
el ectrooptical 20

the dielectric aniséPrody, thb‘b&ﬂ(QRHGQ¥YLFDFPNBQPhﬁﬁ¥10r36&§rf}“aﬁ9r
t erat ure dependence of el egbtg & dhiangt ers of the liquid
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b)

1.
1.1

1.2

syst ens

The electrooptical liquid crystal system is prepared
by various processes 1.1-1.3 and 2.

Microdroplets matrix systems

The liquid crystal mixture from a) is stirred at
room temperature with the adhesive NOA 65 (Norland
Products) which can be cured by UV irradiation in
the ratio 1.6:1 until a clear solution is obtained,
which is put, together with spacers (20 pm), between
2 transparent glass substrates provided with
electrode layers. The glass substrates are pressed
together whereby a uniform £ilm having a thickness
of 20 pm is obtained which is cured by UV
irradiation for 1 minute.

The liquid crystal mixture from a) is stirred at
room temperature with Epikote 828 and Capcure 3-800
(Miller Stephenson Company) in the ratio 1:1:1 until
a clear solution is obtained; the stirring time is
kept as brief as possible, as the solution is
already cured after about 1/2 h at room temperature.
The solution is put, together with spacers (20 pm),

ubst ances_ can ded _to_ chang

se
qui d

r nore
| so-

cific .

The

e of
t he

di ng

kill ed

ed
e
or the

between 2 transparent glass substrates provided with

electrode layers, which are pressed together whereby

a uniform film having a thickness of 20 pm is ob-



-25 R Hatz, Handbook of Liquid Crystals, Verlag Chem e, Winheim 1980
and in DE-CS 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. Blectooptical liquid crystal systens in
‘whi ch 30 pl eochroitic dyes are added-tYpg he liquid crystal in a per cent
by wei ght range of 0-25% in particular 0-20% and very particularly 0-15%
are preferred. |n addinedun, Thehifillmsresnyde heated |t rtatperdtures up

non- MESONgENt ¢ COMGYYly ) PR gede! RokBS oLkl Cndonr id Shibodlal U o5

according to the inve on toO increase e Sca rrng | pague state
and/or to influence the slope of the el ectrooptical curve, as is described,

for exanple, if, PE g, P0p038neli Xl vEyBLa1AGRDEEHF W tﬁowea? NVgRd i on
whi ch contain 0-15%.and i p part 061 &r =126 - 0-10% of .chiral addjtives
are preferred. The Shikx oﬂ?i c4t 000 rpwy at, ropmg kemparature (for 2 the
i nvention x£an be swimitsss anittly ¥Hy vof R0k caquesdusd 'PYA tsoshwitiory. VIhé age.

However, an alternati i Y i
effective alter- ngiiélir%ig‘?ﬁ té%‘]'eﬁ%%eﬁ i%ugé;%a:{%enfo%s%hd@&mfg%% an
al ternating vol t agelli redelin ylayenectogether arith sspacera\n(R0 tumles et ween

2 and 220 Vol s andh ' EAENAIAR JiRle/pRvaieand LR 0nke Poc A4 Ty | ¥

preferred. The 10 the al ternati %vo tage 1.s ver
particul arly prefer®hs arcanganent s drjed/ ati 596 019 kR tBFLOK & es

Custonmry er e, AMETALIY & e e e e e e s used
customary per se. a ru e desited anount o e u

in the s%/alol er am?&e‘??‘ﬁf%siFVQH'i i’PﬁEgXor‘PpoW%%?'ﬁﬂ S’f?q;lg'l?@ i n
c-&o?'po_nent , expedi enthiclaiess coft 20 tpmpisatobtained.i SThé seysten btitmd o ni x
solutions of the CONRONSNLE {d Ak eH g5 'e6e " £hther 24 h. '

2. Network system

15 The liquid crystal mixture from a) is stirred with
trimethylolpropane triacrylate as a polymerizable
compound and 2-hydroxy-2-methyl-1-phenylpropan-l-one
(Darocure 1173, commercial product of E. Merck,
Darmstadt) as a photoinitiator in the ratio

20 80 : 19.8 : 0.2 and put between two glass plates
provided with electrode layers with addition of
spacers having a thickness of 20 pym. In order to
cure the polymer, the system obtained was passed
through the field of radiation of a halogen lamp

25 (70 W/cm) at a defined rate (3 m/min).
The electrooptical systems prepared according to
processes b) 1.1-1.3 and 2 are distinguished by a
wide working temperature range, favourable values
for the electrooptical parameters and their temper-

30 ature dependence and in particular by a low
threshold voltage.

Example 2
a) An electrooptical liquid crystal system, containing
a liquid crystal mixture which consists of the
35 following compounds '



.exanpl e in acetone, chloroformor nethanol, and to renove 20 the sol vent
again after thorough m xing, for exanple by distillation. The foll ow ng

exanples are intended to illustrate the invention without limting it. The
synbol s have the foll owi ng neaning: 25. jkg - crystalline solid state, S
snectic phase (the index characterizes the phase type), N nemati ¢ phase,

| : | sotrope phase. 930g p'.t,_-ai[beu_qg 16PE 16y et Bl vées t he

transition tenperat u?e EQ degrees CeLi.l_ Sk he f@ice aqge dait_a ven are

percentages by weight. Bxanpi B"Y*38% a#“ Y;B\W% ?’f%’t% ?‘1” d crystal

system containing a2L.58ui d cpytrahsmixpentyléyciohexylibanzariitztidd ol | owi ng

conpounds - 127 -=214e4% 5 s idaril e 11. 2%
718g £rhhals Zlgeﬂgfwo FEYSRSRABE I i1 1d

p-trans-4-butyl cycl ohéx;l benzgﬁl t
p-trans- 4- Bentyl cycl 8n8%y| bendohtrangd-pentylcyclohexyl)-4 ‘- (trans-4-

p-trans-4-heptyl cycl ohexyl benpggspyléy€l6hexyl ) biplerfyh
4- (trans-4-pentyl cyc ohﬁxyl ) 24 a {:ti1§ s-4- 2L l,cveloohexyl ) bi phenyl 4. 8%
4- pentyl - 4" - cyanot er phenyl 6. 30/9 nty -{]t r%%-%-%%ﬂgcl ohexyl ) phenyl
trans- 4-butyl cycl ohdxyRcar body( hiransté-propylcycshexyl)phenyl trans-
4- (trans-4-pent yl cycl ohexyl ) - §-pg¥grepklonbepitadioxdiate

BTy e P P 1712, Rhopa ™

ol cot r oopiBoal 11 quid cRyet 4 AsyEreRpre-prE
phenyl
3.5% . 1-(4-(4-pentylphenyl)phenyl)-2-(4-cyano~
W phenyl)ethane :
3.5% 1-(4~-(4-pentylphenyl )phenyl)-2~-(3~£fluoro-
15 4-cyanophenyl)ethane
3.5% 1-(4—(4-propylpheny1)phehyl)-2-(3-f1uoro—
4-cyanophenyl )ethane
2.5% 4-propyl-4’~cyanobiphenyl
7.5% 4~ethyl-4’-cyanobiphenyl
20 17 & 4-pentyl-4‘~-cyanobiphenyl

and has the following physical paramters [sic]:

clear point. _ T, = 93°C

viscosity n = 38 mm* S (20°C)

optical anisotropy _ An = 0.20 (20°C, 589 nm)
25 dielectric anisotropy Ae = 15,2 (20°C, 1 kHz)

b) The electrooptical liquid crystal system is pre-
pared by the processes described in Example 1, 1l.1-
1.3 and 2.

Example 3
30 a) An electrooptical liquid crystal system, containing
'a liquid crystal mixture which consists of the
following compounds:

11% 4-ethyl-4’-cyanobiphenyl
5% 4-propyl-4’-cyancbiphenyl



15 by various processes 1.1-1.3 and 2. 1. Mcrodroplets matrix
systens 1.1 The liquid crystal mxture froma) is stirred at room
temperature with the adhesi ve NOA 65 (Norland Products) which can be cured
by W irradiation in 20 t he ratLol 6.1 until a clear solution is
obt ai ned, which is put, together with spacers (20 [err]nm), between 2

SUbstrates are presaoy FonepEEL ot R e T mhaving' a ¢ hi ckness
25 of 20 [egsgn‘a ggn tyirdi ﬁ%ﬁanQMElPP“Y cured by UV irradiation
for 1 mnute. 1.2 17IBe Ihddtdx?&{&t—diyaﬂbﬁi ényyoma) is stirred at room

tenperature with Ep t d & u Mller Stephengon Conpany)
|ntherat|ollla§??§é§t§f 39’5% ‘?gﬁf“%‘?u | G ane é’ t he
stirring tPne is kepPtad-pentylad’ phs=diflnore-4 heymiatienphenylal r eady
cured after about 1agahpak tREESEIHE Maq,% g3 PUt, together
with spacers (20 [err]m, between 2 tre%%@ent glfass substrates provided
with 35 : el ectrode | ayers, which are pressed together whereby a

]‘3”: form fi Ibm ant ngdﬁelbbﬁkﬂ@S&nﬁoﬂfbﬂtrrllgndes -o]tzo.o (20988 1 & ef' TPG
il ms can be heate o] err o _accel erate
the curing process. °§e§£§gp§n§$ #ﬂ%PXi quid c tal gnhgtsur&ed"r%n{a}che

stirred at 2,000 rpmat roomtenperature for 58% nm) mnutes with 15 g
of 20% aqueous PVA sol ution The sol ution obt ai ned i s degassed for 24 h and
applied| a thinl ethrvmt er 20[err]n) to a gl ass
substrate rovl'l’ijed ?t#]aﬁF E‘&?@iﬁ %ﬂg&%i‘-sl Brepaxed ot
88lerr]C for 1 h, peyotheo pl:fhcesses degdyibarl aincExamplleads, substiage
provided with an el gggrpde layer, whereby a uniformfilmhaving a

Example 4
a) An electrooptical liquid crystal system, containing
15 a liquid crystal mixture which consists of the

following compounds:

28% 2-(4-cyanophenyl)-5-ethylpyridine
28% 2~-(4-cyanophenyl)-5-propylpyridine
29% 2-(4-cyanophenyl)-5-pentylpyridine
20 15% 4-pentyl-3*,5"-difluoro-4*-cyanoterphenyl

b)  The electrooptical liquid crystal system is prepared
by the processes described in Example 1, b).

Example 5
a) An electrooptical liguid crystal system, containing
25 @ liquid crystal mixture which consists of the

following compounds:

19% 2-(4-cyanophenyl)-5-ethylpyridine
19% 2-(4-cyanophenyl)-5-butylpyridine
198 2-(4-cyanophenyl)-5-pentylpyridine
30 19% 4-pentyl-2-fluoro-4‘-cyanobiphenyl
12% 1-(4-(4-pentylphenyl)phenyl)~2-(3-fluoro-4-
cyanophenyl)ethane



thi.ckness of 20 [err]mis obtained. The systemthus obtained is dried at
85C for a further 24 h. 2. Net wor k system 15 The liquid crystal
m xture froma) is stirred with trinethylol propane triacrylate as a

pol ynmeri zabl e conpound and 2- hydr oxy- 2-s1eg3yyl= 1- phenyl pr opan--1- one
(Darocure 1173, conmmercial product of E. Merck, Darnstadt) as a

photoinitiator in tHey atﬁ-(pe?&yl—d.’-cw&ﬁoteiﬁh&n ¥10.2 and put between two
gl ass plates provided with electrode layers with addition of spacers having
a thjckness of 20 [err]m In order to cure the polyner, the system obtai ned

was passed thrdjgh tithe Blectirobptidaitliguid c&'yli&JaG.glﬁ staﬁpz.ﬁ repare% (70
Wcm at a defined i 3 T ectnoepti.ca prepare
according to process? q:brﬁg f@f@f%egnggfggf&ﬂl ég h b?/gb wi de wor ki ng

tenperature range, favourable values for the el ectrooptlcal paranmeters and

their tenper- ﬁm&‘f’—ﬁ ature dependence and in particul ar by a low
t hreshol d vol taaae. anpl e 2 a) An el ectroopti cal uid crystal system

cont ai ni ng3a | dui d A% gdestrepptical higuid pEystal cﬁYﬁ 3%ontaining
fol | owi ng conpounds a liqd24 -c¥ystlél mixture which consists of the

p-trans-4-propyl cycl QQXFI benzonltrl I e 7 %
p-trans-4-butyl cycl 12 5%
p-trans-4-pentyl cycl ohexyl benzom tri I e 7.5% o
p-trans-4-heptyl cyclyglexyl_han B
4-(trans- 4 pentyl cyc e?yl (i %9&%‘5? Eﬁyi) E eth 3064%"(!3xyﬁl?b| phenyl 8 %
4-pentyl -4"-cyanot e ﬁﬁen?l‘()!‘c!’@n@hﬂn?“a spropy byidinexyl ) phenyl
txans- 4-heotyl cycl oesy! @aiesyanbphenyl)-5~pentylpyrimidine

20% 4-pentyl-3",5"-difluoro-4"-cyanoterphenyl

20% 4-pentyl-4’-cyanobiphenyl’

b) The electrooptical liquid crystal system is prepared
by the processes described in Example 1, b).

15 Example 7 _
a) An electrooptical system, containing a liguid

crystal mixture which consists of the following com-

pounds:
20 % 1-(trans-4~-(trans-4-propylcyclohexyl)cy-
20 clohexyl)-2-(3-fluoro-4-cyanophenyl)eth-
. ane
14.4% p~-trans-4-propylcyclohexylbenzonitrile
11.2% p-trans-4-butylcyclohexylbenzonitrile
20 % p-trans-4-pentycyclohexylbenzonitrile
25 [B8ic]
12 % p-trans-4-heptylcyclohexylbenzonitrile
5.6% 4-(trans-4-pentylcyclohexyl)=~4’~(trans-4-
propylcyclohexyl)biphenyl
4.8% 4-pentyl-4"-cyanoterphenyl
30 6.4% 4-(trans-4-propylcyclohexyl)phenyl trans-
. 4-butylcyclohexylcarboxylate
5.6%  4- (trans-4-penty1cyclohexy1)-4'-cyanob1-

phenyl



10 11 % 4- (trans-4-pentyl cycl ohexyl)-4'-cyanobi - phenyl 3.5%
1- (4- (4-pentyl phenyl ) phenyl)-2-(4-cyano- phenyl)ethane 3.5%

1- (4- (4-pentyl phenyl ) phenyl )-2-(3-fluoro- 15

4- cyanophenyl ) et hane 3.5% 1- (4- (4-propy! phenyl) phenyl) -2-(3-f |uoro-
4- cyanophenyl )ethane 2.5% . 4-propyl-4'-cyanobi phenyl 7.5%

4-et hyl - 4' - cydspbi fhiseydledtrooptical/systems prepated by theappbtessey! and
has the follow ng p | r Shel: r | ni. .

Trerr] = 93C vi seolitgetibed ¥f Biiupie®15)  afe iifstiiidiiened by o, yide

(2\0‘( err]C) optical werking demperature range) nf[a:rqliml(ew[lftmpctoﬁ'when) 25
dielectric anisotr ] = .

el ectroopti cal |iq3?%e%$r%$%ﬁi§§£t ﬁ?%@mﬁféﬁpigﬁgdcggé%%e %%@éggg%@ﬁe
descri bed $n Exarrpl@enen&eqce 1agdanin 2pagbicular byn al dom othresholdi qui d
crystal system congglfagd,a liquid crystal m xture which consists of the
foll ow ng conpounds: 11% 4-et hyl -4' -cyanobi phenyl 5%

4- propyl -4' - cyanobi phenyl - 130 - 10% 4- heptyl -4' -cyanobi phenyl 37%
4-pentyl -4' - cyBxmpb@cgyl 12% 4-oct oxy-4' -cyanobi phenyl 15% 4-pentyl -3",

2. pceilnI 'y?“’fof’ tinh %gf%‘g‘gf@&ﬂa%’iﬁ &?&hl%aﬁ?"ﬁéﬁﬁiﬁg P51 1 owi ng physi cal

parameters: dielectric anisotropy [err] = 20.0 (20[err]C, 1 kHz)
optical anisotropy g3g 4-peﬁ¥b1-4Liéygﬂégkﬁﬁéﬁyﬂﬂ’ 589 nm

10 17% 4-propoxy-4’-cyanobiphenyl
W 13% 4-pentoxy-4’-cyanobiphenyl

17% 4-octoxy=-4’-cyanobiphenyl
10% 4-pentyl-4"-cyanoterphenyl
has the following physical data:

15 birefringence An = 0.246 (20°C, 589 nm)
' threshold voltage © V[90.0.20] = 1.44 V

The threshold voltage was measured in a TN cell
(twist angle ¥ = x/4) which has a cell clearance of
d =7 pm and is located between crossed polarizers.

20 b) A liquid crystal mixture consisting of

30% 4-pentyl-4’-cyanobiphenyl
15% 4-ethyl-4’-cyancbiphenyl
20% 4-(propylphenyl)-3-fluoro-4’-cyanobiphenyl
108 4-propyl-2-fluoro-4’~-cyanobiphenyl
25 15% 4-pentyl-2-fluoro-4’-cyanobiphenyl
10% 4-pehty1-4'-fluoro-4"-cyanoterphenyl
has the following physical characteristics:

birefringence An = 0.246 _
threshold voltage V[90.0.20] = 1.26 V
30 The threshold voltage was measured in a TN cell

(twist angle ¥ = xn/4) which has a cell clearance of



10 b) The el ectrooptical liquid crystal systemis prepared by the
processes described in Exanple 1, 1.1-1.3 and 2. Exanple 4 a) An

el ectrooptical liquid crystal system containing 15 aliquid crystal
m xture which. consists of the foll ow ng gggpounds: 28% - :
2- (4-cyanophenyl ) -5-et hyl pyri di ne 28% 2- (4-cyanophenyl ) - 5- propyl pyri di ne
29% 2- (4- cyanophenyd )= 5z nmtaﬂd:)ylrd diceatdd betweenléfossed polarizers.
4-pentyl -3",5"-di fluoro-4"-cyanot er phenyl b) The el ectrooptical |iquid
crystal system S prepared by the processes descri bed in Exanple 1, b). a)

An~€l ectrooptical |Thei dagvpstagesyst eprapantdes ngofs the mixtunes d
crystal mxture Wmﬁéb&ﬁl‘ﬁi €0 q{bd dedntOWnPant28R0EPESc 18880 from a

2-(4- henyl )-5-eth di % 4- hegyl th di
o cromenn ) L G i oF i 60t - 0

4-pentyl - 2- fI uoro 4' - cyanobi phenyl 12%

12% 4. peni3 i%%%?%f%%%#%? Lﬂﬁe Jhig 3%"9‘2%4 Ea% o

systemis prepared ¢cosses ¢e i etj)u-xﬂmqpl e 65
a)  An el ectroopt 'ff&m'?ﬂé&hél?&ly &P'aﬁd% m"l‘ﬁé’”&y"éiﬁxﬁ‘gpfeﬁéféadwﬁﬂﬂa'
0

m xture which consists ovm ng nds:
2- (4- cyanophenyl ) - 5the nbd Zg%tture rom Example 8b) has more

2- (4-cyanophenyl ) - &Mﬁ&iﬁéﬁéﬂ ropetties thar’Othe system prepared
2- (4 oyanppheny!)- BN QUL ILLDS et BE[ Wt 18 4 | b4Sk odar

- cyanot erphenyl |
\ distinguished by a lower threshold voltage.
Example 9

a) A liquid crystal mixture consisting of

20% 4-(trans-4-pentylcyclohexyl)benzonitrile
15 15% 4-pentyl-4’/-cyanobiphenyl
15% 4-ethyl-4’-cyanoterphenyl
5% 4-pentyl-4"-cyanoterphenyl
15% 4-~(4-propylphenyl)-3-fluoro-4’-cyanobiphenyl
108 4-propyl-2-fluoro-4‘-cyanobiphenyl |
20 15% 4-pentyl-2-fluoro-4’-cyancbiphenyl
5% 4-(trans-4-pentylcyclohexyl)-4’-cyanobiphenyl

has the following physical characteristics:

birefringence An = 0,218 (20°C, 589 nm)

ordinary refractive index n, = 1.522 (20°C, 589 nm)
25 dielectric anisotropy Ae = 16.71 (20°C, 1 kHz) -

threshold voltage V[90.0.20] = 1.33 V

The threshold voltage was measured in a TN cell
(twist angle ¥ = n/4) which has a cell clearance of
d = 7 pgm and is located between crossed polarizers.

30 b) The electrooptical systems prepared by the processes |
described in Example 1b) are distinguished by a wide



-20% 4- pentyl -4' - cyanobi phenyl ' b) The el ectrooptical liquid crystal
systemis prepared by the processes described in Exanple 1, b). 15 Exanple
7 a) An electrooptical system containing a liquid crystal m xture
whi ch consists of the follow ng com pRo .20 % '
1-(trans-4-(trans-4-propyl cycl ohexyl)cy-

C|0heXy|)‘2'(3'f|UQkﬁﬂﬂlﬁy%g%?gﬁ??&%ﬁéf%ﬂé%%ifk%dﬁ%hble values for the

p-trans-4-propyl cycl ohex

" pitpans- 4- butyl cycledieStrosptAGHl: r prrapgters and their temperature
p-Trans-4- pent ycycldependenee oamd  iine particular by a low| Xldeshboldt
p-trans-4-heptyl cyg (ﬂ% | benzonitrile 5.6% .

4-(trans-4-penty|cyé1o Yyl )-4'-(trans-4- propyl cycl ohexyl)bi phenyl 4.8%

4- pentyl -4"-cyanot er phenyl 30 6. 4%

4-(trans- 4 pr @ qleexyl ) phenyl trans- 4-butyl cycl ohexyl carboxyl ate 5. 6%
4- (trans-4-pentyl cyc e )-4' -cyangbi- phenyl .- 132 - Db) The a
eIectroopticaP’sys%é&gqﬁﬂéLgfxatﬂé FgﬁtﬂFgcﬁgééésﬁ%Q%r?ﬁed in Exanpl e 1b)

~are distinguished by a wide working tenperature range, favourable val ues

and in particular Bf a¥ow ¢ ArotAStq orancblBBEEE 01T 2 qara
- crystal nixture con$i st ng off-P¥opP¥lpéneyanabiphenybi phenyl 10 17%
. 4-propoxy-4' - cyanobiolggny! 1a%§4n39qux¥y4h°§y§ﬂgQ}phenyI
10 8.8% 4-propxy-4-cyanobiphenyl [sic]
U 8.0% 4-pentyl~-4"-cyanoterphenyl
20.0% 4-(4-propylphenyl)-3-fluoro-4’~-cyanobi-
phenyl '
5.6% 4~ (4-cyanophenyl)phenyl 4-(4~-heptyl-
15 phenyl)phenylcarboxylates
12 % 4-(trans-4-pentylcyclohexyl)-4‘~-cyanocbi-
phenyl

has the following physical characteristics:

birefringence  An = 0.286 (20°C, 589 nm)
20 ~ ordinary refractive index n, = 1.530 (20°C, 589 nm)

dielectric anisotropy Ae = 13.5 (20°C, 1 kHz)

threshold voltage v[90.0.20] = 1.66 V

extinction co~-

efficient Yy = 1.629 for A = 350 nm

25 y = 0.130 for A = 360 nm
- y = 0.006 for A = 370 nm
clear point N 113 I

The extinction coefficient is determined according

to
A

1.6



- 17% 4- oct oxy- 4' - cyanobi phenyl 10% 4- pentyl - 4" - cyanot er phenyl has the

foll ow ng physical data: 15 bi refri ngence An - 0. 246
(20[err]C, 589 nn) threshold voltage V[90.0.20] - 1.44 V The
"threshol d voltage was neasured-in a TN, {twist angle [err] [err]
[err]/4) which has a cell clearance of 7 umand is | ocated between
crossed poI ari zers. w%?r I t r ey, LSLI 30%
4- pentyl -4' - cyanobi nyl )1"§% hﬁb’?f'%fi%@a‘?ogi@pﬁg\é f.h%ﬁ&%ﬁ& &8 -E’ﬂe
(pr opy! phenyl) 3- JEYSFe Fyrseed, by tha light in cm and

ropyl -2-fl uoro- 4‘:., ﬂaanblﬁbeayéf %he llquldlé%ysﬁal!eﬂhy pef | 160 GnY

-cyanobl phenyl 10% t 4" -fl uor o-4"-cyanot er phenyl has the follow ng
physi cal character ok |{§e{] %‘r‘?’b‘f ri ngence An - 0.246 threshold

vol t age V[90.0.20] - 1.26 V 30 The threshol d vol tage was

Cloarance B - b (é‘#es*'ﬂhﬁ'veﬁiﬁéfl g it o Sl el o

pol ari zers. The adExamplkeo#a)oroperties of the mixtures according to the
present invention are clear froma conparison of the results of Exanples

8 db). 5 t t I t by th -
Cobses deber i DRkl | THE AICETORPTICAT AVHESTY HApR et O, N, R OReARE® ong
b). The system pr eposzribed J.uhthmpmedlh)r MQthtingnéshadnbjExam&a 8b)
h d | h
as more advant age%& ﬁ%%ﬁnhﬁ%aﬁ:ﬂ?g 2l %%’Stl g glﬁgs for thé!"'t

the mxture from8 I cU

t hr eshol ol t age. %mﬁy@p;mal RagFpgeters: yan | hh&inretmﬁum of

Y, dependence and in particular by a low threshold
voltage.
Example 11
a) A liquid crystal mixture consisting of
15 14.0% 4-ethyl-4-cyanobiphenyl
5.0% 4~-propyl-4~cyanobiphenyl
33.0% 4-pentyl-4-cyancbiphenyl
12.0% 4~-propxy-4~-cyanobiphenyl [sic]
10.0% 4-pentyl-4"-cyanotexrphenyl
20 23.0% 4-(4-propylphenyl)-3-fluoro-4’~cyanobi-
phenyl
3.0% 4~(4~-cyanophenyl)phenyl 4-(4-heptyl-

phenyl )phenylcarboxylates

has the following physical characteristics:

25 birefringence An = 0.287 (20°C, 589 nm)
ordinary refractive index n, = 1.533 (20°C, 589 nm)
dielectric anisotropy Ae = 14.1 (20°C, 1 kHz)
threshold voltage V[90.0.20] = 1.60 V

.clear point N 96 I

30 The threshold voltage was measured as indicated in
' Example 9a).



20% 4-(trans-4-pentyl cycl ohexyl)benzonitrile 15 15%

4- pentyl -4' - cyanobi phenyl 15% 4-ethyl -4'-cyanot er phenyl 5%

4- pent yl --4" - cyanot er phenyl 15% '

4- (4- propyl phenyl ) - 3-fl uoro-4'-cyanobi phgpgl =10%

4- propyl - 2-fl uoro-4'-cyanobi phenyl 20 15%

4- pentyl - 2- f | Uupy 0- 4The elludtirduptical’systems prepared by the processes

tans- - penty! ovugheiid fh BB BT by Wt il AL R0 a2 B0

ordinary refracti vewonkimg rt{mpe}rwmesnnge@[éwc}ualsm valjuess for the
dielectric anisotro ) gﬂ@g

vol t age €y8055 $EE11&§15 \ﬁ%e t resho teg.'ilé t was n%gghggd in a
TN cel |l (t%ist angléePenﬂ?n?er andd em]mrtmuénrhd:y aacdiaw cthregheddof d -
7 [err]lmand is Iocagggaggt ween crossed polarizers. 30 b) The

el ectrooptical systens prfepared by the processes described in Exanple 1b)
are distinguished by a w de - 134 - working tenperature range,

favour abl e valdm_gé_ge el ectrooptical paraneters and their tenperature

dependence an Lcul r b owthreshol d ~vQl.tage.. 5 Exanple 10 a) A
liquid crystal® g % %ﬁ‘hﬁ‘%f“’ﬁt uxg ¢ a&’?ﬁﬂg Af cyanobi phenyl 4 %
4- pr opyl -4-cyanob| phenyl 29 6% 4- pentyl - 4- cyanobl phenyl 10 8. 8%

4- pr opxy- 4- cyanobi pgsnyg [ si c é’ n% -4 W "y-ﬁyanot er phenyl 20. 0%

4-(4-propzlphenyl)- uor o-4

4- (4- cyandBhenyl ) phtdyPs 4. (ﬁ'm%?'ﬁ cyanob:.pheny
pRenyl ) phenyl car boxys apes 4-pentoxy-4‘~-cyanobiphenyl
6.0% 4-pentyl-4’‘-cyanoterphenyl
23.0% 4-(4-propylphenyl)-3-fluoro-4’-cyanobi-
phenyl
15 3.0% 4-(4-cyanophenyl)phenyl 4~-(4-heptyl-
phenyl)phenylcarboxylates
7.0% 4~-octoxy-4 ‘'-cyanobiphenyl

has the following physical characteristics:

birefringence An = 0,280 (20°C, 589 nm)
20 ordinary refractive index n, = 1.527 (20°C)

dielectric anisotropy Ae = 13.0 (20°C, 1 kBz)

threshold voltage V[90.0.20] = 1.71 V

clear point N 97 I

The threshold voltage was measured as indicated in
25 Example 9a).

b) The electrooptical systems prepared by the processes
described in Example 1b) are distinguished by a wide
working temperature range, favourable values for the
electrooptical parameters and their temperature

30 dependence and in particular by a low threshold
voltage.



12 % 4- (trans-4-pentyl cycl ohexyl)-4'-cyanobi - phenyl has the foll ow ng

physi cal characteristics: birefringence [err]n = 0.286 (20C,
589 -nn) 20 ordinary refractive index n[err] = 1.530 (20C, 589 nm

di el ectric anisotropy [err] = 13.5 €2087 4 kHz) threshold voltage
V[90.0.20] = 1.66 V extinction co- efficient [err] = 1.629 for
[err] = 350 an&__ [err] 0 130 for [err] -

360 nm[err] = 2y006pfPighfaré ﬁiff The extinction
cogfficient is det erm ne‘aﬁacco ng to [err cm;%gljo ere Ais the
absorption, 1 is the thickness of the liquid crystal |ayer crossed by the

light in cmand (Jer32.0% the 4’?5,, Bf1ide-d gﬂmﬁ jal in g per 100 m of
(o] volta e\&?

solution. 5 T. resh e vvas neasur. e s indicated in
Exanmpl e 9a). b) gfé{)gctroo{)t?’é%ﬂm@gs‘t ety t he processes
descri bed %, Exarrpl el3bP%are dﬂspem\gmp-lfvd- dyarobiiphenyd’ k| ng tenperature

range, favourable valgeggfor t opt | paraneters and
their tenperature de gngence and 1 n 1f)ad Lﬁvﬁ%% hreshol d vol t age.
Exanple 11 a) Al |£Z|+%cr ystﬁ'l'(ﬁrprGIpylM)H‘g-ﬂudﬁ:%'-cyalidbi)%

4- et hyl - 4- cyanobi phenyl 5. 0% ﬁly Propyl - 4- cyanobi phenyl 33. 0%
4- pentyl - 4- cyanobi phenyl 12. 00/p - pr opxy- 4- cyanoblfhenyl [ sic]
_ 3.0% (4-cyanophenyl)pheny (4-heptyl-
10 phenyl)phenylcarboxylates
5.0% 4-octoxy-4‘~cyanobiphenyl
\_/ _ 5.0% 4-(trans-4-pentylcyclohexyl)-4’~cyanobi-
: phenyl

has the following physical characteristics:

i5 birefringence An = 0.284 (20°C, 589 nm)
ordinary refractive index n, = 1.526 (20°C, 589 nm)
clear point N 108 I

b) The electrooptical systems prepared by the processes
described in Example 1lb) are distinguished by a wide

20 working temperature range, favourable values for the
electrooptical parameters and their temperature
dependence and in particular by a low threshold

voltage.
Example 14

25 a) A liguid crystal mixture consisting of
33.0% 4-pentyl-4‘-cyancbiphenyl
12.0% 4-propoxy-4‘-cyanobiphenyl
14.0% 4-pentoxy-4’-cyanobiphenyl
10.0% 4-pentyl-4‘’-cyanoterphenyl

30 23.0% 4-(4-propylphenyl)-3-fluoro-4’~cyanocbi-

' phenyl

3.0% 4-(4-cyanophenyl)phenyl 4-(4~-heptyl-
phenyl)phenylcarboxylates ~



10. 0% 4-pentyl -4 -cyanot er phenyl 20 23. 0%

4- (4- propyl phenyl )-3-fl uoro-4'-cyanobi- phenyl 3.0%

4- (4- cyanophenyl ) phenyl 4- (4-heptyl - phenyl)phenyl carboxyl ates has the
foll ow ng physical characteristics: 25 - 338 -birefringence An
= 0.287 (20C, 589 nm ordinary refractive index n[err] = 1.533 (20[err]C,
589 nm dielectric arb <% ropy 4-octioxy-i4 ‘=ciranbbiphbkayl] C 1 kHz) threshold
vol t age V[90.0.20] = 1.60 V clear point N 96 | 30 The

t hreshol d vol tage was measur ed as indicated in Exanple 9a). - 136 - b)
The el ectrooptical JyaR dhe Haldawimg physicelochsracteristibsd in Exanpl e
1b) are distinguished by a wi de worki ng terrgerﬁturet range, tfavograbl e

val ues for the el ectrooptical paraneters and their erature . :
dependence and in pé?‘t %I.H ed{j)’ea | ow t hr eshoPB ’Vcﬂt’&%(zﬂk’gwrﬁ@ lmmh) A
liquid crystal mixt wmim:q Yefrpotiivdb index n, 4= PEIB24 (Eom/,arsdrg piagnyl 10

12. 0% propoxy % . 0% 4- pent oxy-4' - cyanobi phenyl
6. 0% 445pentyl -cya er"gxﬁﬁf‘ . 0%

4- (4- propyl phenyl) - 3 fl uoro-4'-cyanobi - pheni/l 15 3. 0% 2

4- (4-cyanopheny)) herbd eleftiboptabyl W I)g;lagmi %

4- (()ct oiy 4 -cyan%bl p. ene f ol Is ng cal cﬁgr ac%ﬁze&fel e

bi refri ngence rxﬁe@fg. Exampleolh )2(17@( dietingyighpdoby a wide

ordinary refractive vorkingtempbratiré2fangdCfavourable values for the
electrooptical parameters and their temperature

W 10 dependence and in particular by a low threshold
voltage.
Example 15

a) A liquid crystal mixture consisting of

30% 4-hexyl-4’-cyanobiphenyl
15 10.0% 4-pentoxy-4’~-cyanobiphenyl
7.0% 4-oétoxy-4 ’=-cyanobiphenyl
5.0% 4-pentyl-4 "-cyanoterphenyl
15.0% 4-(4-propylphenyl)-3-fluoro-4 '-cyanob:.-
phenyl
20 5.0% 4-(trans-4-pentylcyclohexyl)benzonitrile
8.0% 1 -propoxy-trans-4- (trans-4~propylcyclo-
. hexyl)cyclohexane
20.0% 4-(trans-4-pentylcyclohexyl)~-4’~cyanobi~-
phenyl
25 has the following physical characteristics:
birefringence An = 0.2293 (20°C, 589 nm)
ordinary refractive index n, = 1.5151 (20°C, 589
nm)

clear point N 102 I

30 b) The electrooptical systems prepared by the processes
described in Example 1b) are distinguished by a wide



di el ectric anisotropy [err] = 13.0 (20C, 1 kHz) threshold voltage
V[90.0.20] = 1.71 V clear point N97 | The threshold voltage was neasured
as.indicated in 25 Exanpl e 9a). b) The el ectrooptical systens
prepared by the processes described ing ggpLe 1b) are distinguished by a
wi de working tenperature range, favourable values for the el ectrooptical

paranmeters and theigotRiRg tnfetat® d i i ar by
a low threshold VO|%%\ o - rExﬁ‘nBFS’ls a ?:%(ql&il%sg?&gt g#é

e. - 137
m.xture consisting g%??@&tic‘]ﬂf- Rarapeters:, angdy; thedy| tempsrature
4-Pr opoxy- 4' - cyanobdependénce and in3pA¥ticuldrpdy oxy-léow cyhpesheieny!
8. 0% 4- pentyl %o -g%émot er phenyl 22.0%
4- (4- propyl phenyl )-4-:H'u r0-4' -cyanobi - phenyl 3.0%
4- (4- cyanophenyl ) phenyl 4- (4-heptyl - 10 _

phenyl ) phegiyl cwy#_%@s 5. 0% 4- oct oxy-4' - cyanobi phenyl 5.0%
4- (trans-4-pen CyC exyl)-4'-cyanobi- phenyl has the _follow ng physical
characteristicdl 13 ](.):.qu:ﬂ (il & ]nd'@ﬁ‘(?é“'% consisting pf, 1 = 0. 284
(20[err]C, 589 nn) ordinary refractive index n[err] [err] 1.526 (20[err]C,
589 nm clear pointaN g8 | - al L ' ystens prepared by the
processes descri beﬁfn arrplqga fbrf ar(? di tﬁ%%gl#sﬁ%éxiby a wde 20

wor ki ng t enper at ur el4 e, f ArRFRIXY~A|~syanobipheayd| ect r oopti cal
parameters and thei13jeper at4+gertngrdoreyanobiphehglt i cul ar by a | ow

threshol dlo 6.0% 4-pentyl-4"-cyanoterphenyl
U ~ 23.0% 4-(4-propylphenyl)-3-fluoro-4’-cyanobi-
: phenyl
3.0% 4-(4-cyanophenyl)phenyl 4-(4-heptyl-
phenyl)phenylcarboxylates
15 5.0% 4~-octoxy~-4‘-cyancbiphenyl
6.0% 4-(trans-4-pentylcyclohexyl)-4‘~cyanocbi-
phenyl

has the following physical characteristics:
birefringence | An = 0.283 (20°C, 589 nm)

20 ordinary refractive index n, = 1.564 (20°C, 589 nm)
dielectric anisotropy Ae = 12.8 (20°C, 1 kHz)
threshold voltage v[(90.0.20] = 1.73 V
clear point N 108 I

The threshold voltage is measured by the process
25 indicated in Example 9a). '

b) The electrooptical systems prepared by the procésses
described in Example 1b) are distinguished by a wide
working temperature range, favourable values for the
electrooptical parameters and their temperature

30 dependence and in particular by a low threshold
voltage.

Example 17
a) A liquid crystal mixture consisting of



-vol tage. Exanple 14 25 a) A liquid crystal m xture consisting of 33.0%
4- pentyl -4' -cyanobi phenyl 12. 0% 4- propoxy-4' -cyanobi phenyl 14.0%

4- pent oxy-4' - cyanobi phenyl 10. 0% 4-pentyl -4'' -cyanot er phenyl 30

'23. 0% 4- (4-propyl phenyl )-3-fl uor o-4'tgyanobi - phenyl 3.0%

4- (4- cyanophenyl ) phenyl 4- (4-heptyl - phenyl ) phenyl car boxyl at es - 138 -
5.0% 4 oct Oxy. 4 meanobi ikt oiysdbeyesbbihagyshysi ca
characteristics: bi r_’e.r{{kngence Y Ag % aig (20[err]C, 589 nm
ordinary refractive x n[ &TOetoxy-4Sscyanp F‘-P}‘&“Y 89 nm 5 cl ear

pornt N 105 | b) 3ol ect oduexyd~4 ‘Seyansbiphepgled by the processes

described in Exanp are fingui shed te ature
range, favourable \)]%'3}@5 for 4td'h(§: ctr &%gﬁcgﬂgﬁgﬂmﬁ%ngﬁﬁlﬁﬁ

t enper at urfe 10 20. 0fependdrddrans-drpeatyiloycdohexyd ) - ~cyagsiini o
vol tage. Exanple 15 a) A li M crystal m xture consisting of 30%

4- hexyl - 4' - cyanobi phenyl oxy-4' -cyanoblphenyl
7.0% 4- oct oxy- Zﬂli-éilﬁ‘anom M&MPE"W/@-PhenXlbésrﬁ-nﬂm"@yMyI

15. 0% 4- (4-propyl phenyl ) phenyldor o- 4' - cyanobi - phenyl 20 5. 0%
4-(trans-4-pentyl cy exyl) enzoni tril.e 8 0%
1- propoxy-trans-4- (tcgr gﬁg %&ﬁ“@;’f} P%Eﬁpﬁﬁg;(ane
10 has the following physical characteristics:
L : birefringence An = 0.2373 (20°C, 589 nm)
ordinary refractive index n, = 1.5183 (20°C, 589
" rm)
dielectric anisotropy Ae = 14.0
15 clear point N 105 I

b) The electrooptical systems prepared by the processes
described in Example 1lb) are distinguished by a wide
working temperature range, favourable values for the
electrooptical parameters and their temperature

20 dependence and in particular by a low threshold
voltage.
Example 18

a) A liquid crystal mixture consisting of

20.0% 4-(trans-4-pentylcyclohexyl)benzonitrile
25 15.0% 4-(trans-4-propylcyclohexyl)benzonitrile
10.0% 4-(trans-4-butylcyclohexyl)benzonitrile
10.0% 4-pentyl-4’-cyanobiphenyl
10.0% 4-ethyl-4’-cyanobiphenyl
7.0% 4-propyl-4-cyanobiphenyl
30 10.0% 4-(trans-4-pentylcyclohexyl)-4/-cyanobi-
phenyl '
10.0% 4-(4-propylcyclohexyl)-3-fluoro-4’~-cyano-
biphenyl

8.0% 4-pentyl-4"-cyanoterphenyl



20. 0% 4- (trans-4-pentyl cycl ohexyl)-4'-cyanobi - phenyl 25 has t he
foll ow ng physical characteristics: birefringence [err]n =
0.2293 (20C, 589 nm) ordinary refractive index n[err] = 1.5151 (20[err]C,
589 nnm) clear point N 102 | 30 - b) +ha4al ectrooptical systens prepared
by the processes described in Exanple 1b) are distinguished by a w de -
139 - working tenpehasuther foli2owingophpsiecal atharsadteridicied ctroopti cal
paranmeters and their tenperature dependence and in particular by a | ow
threshol d voltage. 5 Exanple 16 a) A liquid crystal m xture consisting of
32. 0% 4- pentyl - birefzdogeptenyl 12. 0%  An=p0eR042-(20%3.a589 mmynyl
13. 0% 4- pent oXy & 0 O¢ . 090 °

4 pent yl - -cyanoter%ﬁéﬁxﬁ gbggﬁaﬂ.v; index n, £ 0705132 (20°c, 589
4-(4-pr opyI phenyl ) -3-fl uoro-4' -cyanobi - pheny®®B. 0%

4- (4- cyanoghenyl ) ph 4 henyl geohe r at Skﬂz":')

5. 0% 4Boct oxy-4a?§5gﬁgﬁﬁghg§§gbikbgp deherd @ PZD‘%, F

4- (trans- 4- pent yi cyElepExpeint Nc8inkpi - phenyl has the foll owi ng physical
characteristics: birefri ngence [err]n = 0.283 (20[err] C, 569

nm 20 rd| n ct Ve, | err err 589 nm
diel ectric ani ét ro%\é e 9?pt111 85 (’%"&l’f@“‘f"&i&lf‘i 8% t age
V[90.0.20] = 1.73 Vdebemi.hpdl in Eskdlm.é l“ﬂjeatbrdihbidguﬁhe@eby | wddeur ed
by the process working temperature range, favourable values for the

10 electrooptical parameters and their temperature
—/ dependence and in particular by a low threshold
' voltage.
Example 19
a) A liquid crystal mixture consisting of
15 30.0% 4-pentyl-4‘-cyanobiphenyl
15.0%  4-ethyl-4’~cyancbiphenyl
20.0% 4-{4~-propylphenyl)-3-fluoro-4’-cyanobi-
phenyl
10.0% 4-propyl-2-fluoro-4‘/-cyanobiphenyl
20 ~ 15.0% 4-pentyl-2-fluoro-4’~cyancbiphenyl
10.0% 4-pentyl-3"-fluoro-4"-cyanoterphenyl

has the following physical characteristics:

birefringence An = 0,246 (20°C, 589 nm)
threshold voltage v[90.0.20]) = 1.26 V
25 clear point N 62 I

The threshold voltage is measured by the process
indicated in Example 9a). |

b) The electrooptical systems prepared by the processes
described in Example 1lb) are disfinguished by a wide

30 - working température range, favourable values for the
electrooptical parameters and their temperature



25 i ndicated in Exanple 9a). b) The el ectrooptical systens
prepared by the processes described in Exanple 1b) are distinguished by a
wi de working tenperature range, favourable values for the el ectrooptical
paranmeters and their ‘tenperature 30 = 142dependence and in particular by
a low threshold voltage. Exanple 17 a) A liquid crystal m xture

consi sting of - ddpendéfic@%and inppartigularcygnolai dloanythr¥eshold
4- oct oxy-4' - cyanobip?ggxée?)l. 0% 4- hexyl - 4' - cyanobi phenyl 12. 0%
4-(trans-4-pentyl cycl ohexyl)benzonitrile 5 20. 0%
4-(trans-4-pentyl cycl ohexyl)-4'-cyanobi - phenyl 15.0%

4- (4- propyl ph afpgoro-4' -cyanobi - phenyl 5.0%

4- pentyl - 4" - cyanot er pheny| .10 has the foll owi ng physi cal
characteri stic@) biReltaidd REystal mixture consigting 473 (20c, 589 nm
ordinary refractive index n[ferr] = 1.5183 (20C, 589 nm dielectric

ani sot r opy [err],z 44 -0 15, _ Clegar poi.nt ‘N 1Q5 | b) The
el ect rooptsl-’cal syst%?n'é&Brepar%:ci-:'%?;tﬂﬁe‘1 prmw i bed in Exanpl e 1b)
are di stingui shed by5a0%i de whréthnyl+bipyarobiphemyde, favourabl e val ues

for the el ectroopticggl aparanejers. h 64 & e 20, ,_ :
dependence and in pgﬁf(l)gul ar Eg ?g\%py%?é‘sﬁwaélagp\%l lz%cggé(an%x%nﬁgla) A
h
liquid crystal m xture consi sp be 20. 0%

4- (trans-4-pentyl cyghohgxy! ) bgogespd 142 SF1uoro-4 - ~cyanobiphenyl

10 10.0% 4-pentyl-2-fluoro-4‘-cyanobiphenyl
o/ 10.0% 4-pentyl-3",5%-difluoro-4"-cyanoterphenyl
6.0% 4-nonyl-3"-fluoro~4"-cyanoterphenyl
6.0% l-{trans-4-(trans-4-propylcyclohexyl)cy-
clohexyl]~2~[4-(4-cyanophenyl )phenyl ]Jeth~
15 ~ ane

has the following physical characteristics:

birefringence An = 0.258 (20°C, 589 nm)

threshold voltage v[90.0.20) = 1.33 V

dielectric anisotropy de = 19.7 (20°C, 1 kHz)
20 clear point N 82 I

The threshold voltage is measured by the process
indicated in Example 9a).

b) The electrooptical systems prepared by the prbcesses
described in Example 1b) are distingquished by a wide
25 working temperature range, favourable values for the
electrooptical parameters and their temperature
dependence and in particular by a low threshold

voltage.

Example 21
30 a) An electrooptical liquid crystal system, containing

a liquid crystal mixture which consists of the
following compounds



25 15. 0% 4- (trans-4-propyl cycl ohexyl ) benzonitrile 10.0%

4- (trans-4-butyl cycl ohexyl)benzonitrile 10.0% 4- pentyl -4' - cyanobi phenyl

10.0%  4-ethyl-4'-cyanobi phenyl 7.0% 4- pr opyl - 4- cyanobi phenyl 30

10. 0% 4- (trans-4-pentyl cycl ohexyl ) =4jggyanobi - phenyl 10.0%

4- (4- propyl cycl ohexyl )-3-fluoro-4'-cyano- bi phenyl 8.0%

4hpent yl -4"- pyanot elQhEQY' p-tedhs-4 Hop d!ldl@gdﬂ%fgﬂ&h%&:hlgg -

characteristics: ngence er n
ordinary refracti veifhétx n[ &F‘"T%‘ﬁﬂ’%%{%’@ﬁww

dl\Erectrl C ani sotropg% [erp}tmﬂ*ﬁ-ﬁ@fﬂ;ﬂrzﬂdoh’nmpmmt N 81 |

b) The el ectrooptysgl syst?cst din

Exanpl e 12 are dis |ﬁ UI she ?/ a wde #kfér}& rg’?&rz%%rigr?lgg

f avour abl e3val ues foP-6%e 10 4 tr“%%?@PGU&FYE&Ph%?-Mﬁfélﬁraaﬁ'd‘*rhe| r

tenperature dependence and i rpmlﬁy&méwynumetdyleshol d vol tage.

Exanpl e 19 a) Ali crys ) 30. 0%
4- pentyl -4' - cyanobi pﬂégg {)%eﬂﬁ et h .{]}ﬁ %P phenyl 20. 0%
4- (4- propyl phenyl ) - 36$4§oro 44'6?@%4' prepylcyrdohexyl )phenyl trans-

4- propyl - 2-fl uoro-4' -cyanobi phegys y clohexyljciz‘i:éxylate
4-pentyl -2-fl uoro-4' -cganobl

4-pentyl -89_f | uor o- 49+8%anot 2? %FM‘T&&QWWqMW%ﬁ"&XaRObL*

characteristics: birefri ngencpheny]. {err]n = 0.246 (20[err]C, 589
nmy 20 & 2- ('3-f1uoro-4-cyanopheny1) -5=-pentyl-
U pyrimidine

has the following physical parameters:

15 viscosity ' n = 34 mm* s (20°C)
optical anisotropy An = 0.15 (20°C, 589 nm)
dielectric anisotropy A4e = 17.8 (20°C, 1 kHz)

b) The electrooptical systems prepared by the processes
described in Example lb) are distinguished by a wide
20 - working temperature range, favourable values for the
electrooptical parameters and their temperature
dependence and in particular by a low threshold
voltage.

- Example 22

25 a) An electrooptical liquid crystal system, containing
a liquid crystal mixture which consists of the
following compounds

14.4% p~trans-4-propylcyclohexylbenzonitrile
11.2% p~trans-4-~-butylcyclohexylbenzonitrile
30 20% p-trans-4-pentylcyclohexylbenzonitrile
12% p-trans-4-heptylcyclohexylbenzonitrile
5.6% 4-(trans-4-pentylcyclohexyl)-4‘’~-(trans-4-

propylcyclohexyl)biphenyl
4.8% 4-pentyl-4"~-cyanoterphenyl



-threshol d vol t age V[90.0.20] =1.26 V 25 clear point N 62 I

The threshold voltage is neasured by the process indicated in Exanple 9a).

b). The electrooptical systens prepared by the processes described in

"Exanpl e 1b) are distinguished by a wide ) - wor ki ng tenperature

range, favourable values for the el ectrooptlcal paranmeters and their

_ tenperature - 143, -4’!19pen@]ﬂ:&aﬁﬂﬂ&'—@rﬁ@&lbﬁj&héﬁeﬁ%l?ph@ﬂ{y LhEasel d
vol tage. a) A liquid cryst ure nsi st 25. 0%

- pentyl - 4' - cyanobi phenyl 840'% °a€§gﬁ¥5?5ﬁenyl 18. 0%

={4- propyl phenyl )-IS.fG%Joro 4-(mm-pphtylbyémoﬁ%:yl)-4'-cyanobi-

4- propyl - 2-fl uoro-4'-cyanobi 1 10 10. 0% ,

4-pentyl - 2-fl uoro-4' - cyanobi phenyl™ 10. 0% 4- pentyl - 5" -dif

| uor o- 4" - &yanot er ptdhyi% 6. 092~ (4 wnmyheaylm-ﬁupuopylmmmphenyl 6. 0%

~1-[trans-4- (trans 4- propyl cycl ohexyl ) cy- clohexyl] 2-[ 4- (4- cyanophenyl)

- phenyl ] et h-

as t oW n | cal
characteri st | cs bighe hag hhe followlng phys ﬁa gﬁggéﬁfe”] C, 589 nm

“threshol d vol tage V[90.0.20] = 1.33 V d| el ectrl Cc ani sotropy

[err] = 19.7 (20C cl ear ppal 82 | The threshol d

vol tage i s neasure process indicat 9a) . The

el ectrooptical systVfie ﬂ?ﬁép‘ red by the pchgsgés"‘Bia&rl ‘F)n Exanpl e 1b)

are distinguished yptdcdldanisotropy Wor Knne oelpe(20eCs 5890mm) f avour abI e
- values fqf the el e%{ie‘i%%téri@ ' %@%%SS,S 809" 1815 (266! 2 k)

~ b) The electrooptical systems prepared by the processes
described in Example 1lb) are distinguished by a wide
working temperature range, favourable values for the
electrooptical parameters and their temperature
15 dependence and in particular by a low threshold
| voltage. |

BEx e 23 _
a) An electrooptical liquid crystal system, containing
a liquid crystal mixture which consists of the

20 following compounds
14.5% p~trans-4-propylcyclohexylbenzonitrile
11.2% p-trans-4-butylcyclohexylbenzonitrile
20% p-trans-4-pentylcyclohexylbenzonitrile
12% p-trans-4-heptylcyclohexylbenzonitrile
25 5.6% - -4=(trans-4-pentylcyclohexyl)~-4’~(trans-4-~
propylcyclohexyl)biphenyl
6.4% 4~ (trans-4-propylcyclohexyl)phenyl trans-
4-butylcyclohexylcarboxylate
5.6% 4-(trans-4-pentylcyclohexyl)-4’-cyanobi-
30 phenyl
4.8% 4-pentyl-4"-cyanoterphenyl

20 % 2-(4-cyanophenyl)-5-pentylpyrimidine

and has the following physical parameters:



dependence and in particular by a low threshold voltage. Exanple 21 30 a)
An el ectrooptical liquid crystal system containing a liquid crystal

m xt ure which consists of the follow ng conpounds - 143 - -14. 4%
p-trans-4-propyl cycl ohexyl benzonitrile.l1}48% '

p-trans-4-butyl cycl ohexyl benzonitrile 20%

p-trans-4-pentyl cyckopgaxypaeagonitrile 12% = gzoc
p-trans-4-heptyl cycl ghexyl, enzonltrlle 5

4- (s ans- 4 pentyl cy¥RBRORFEY-4' - (trans-4- Broph c‘?!:l Gheﬁflo) Sphenyl 4.8%
4-pentyl - 4"-cyanot ebphiaall anﬂ%tropf (tr age-=4-0s TPY( 2070 01589 Inmyheny|
trans- 4- butylcycloa 8? r box

4- (trans-4-pentyl cy@ft Fi.c4¥n&§ghsgpy p4$nylf)§‘(6)" 630°C, 1 kHz)
2- (3-fluoro-4-cyanophenyl)-5-pentyl- pyrimdine has the foll ow ng physical

508 ot Eal Bl <oEPRATAGEL gt ont aystocn BEAPRTES S Bl

ani sotropy [err] =depcgibedGin Exemple))lb) ane distinguinhed by pswide
lorgloar2 gd by the prgﬁé&kiﬁg bRl Y& riRhen ; |£a¢8ﬂr&52e|d&ﬂdéfh]‘fot‘i”'eﬁeby a
wi de wor Ki ange,, favour a ues for

el ect roopti cal paraﬁgg€¥§g§ﬁglfﬁ |rp?¥§hﬁﬁiﬁﬁue? éﬁbeigﬂﬁ Fﬁture

particul ar by a | owdependentd \aid ajr. pgartigudaz? !’1?15 a ddow Ahreshold
electroop&bcal llquhglﬁsﬁﬁtal system containing a liquid crystal m xture
whi ch conSists of t OW ng conpounds

— Emalg_u_
a}) An electrooptical liquid crystal system, containing
a liquid crystal mixture which consists of the
following compounds:

15 17% l-difluoromethoxy-2~fluoro-4-[trans-4-~
({trans-4-ethylcyclohexyl)cyclohexyl]-
benzene

17% l-difluoromethoxy-2-fluoro-4~[trans~-4-
(trans-4-butylcyclohexyl)cyclohexyllbenz-
20 ene
17% l-difluoromethoxy~2-fluoro-4-[{trans-4-
(trans-4-pentylcyclohexyl)cyclohexyl]-
benzene
11% l-difluoromethoxy-4-[trans-4~(trans-4-
25 ' pentylcyclohexyl)cyclohexyl Jbenzene
6 % l-(trans-4-propylcyclohexyl)-2-(4-
difluoromethoxyphenyl)ethane
6 % 1-(trans-4-pentyl¢yclohexy1)-2-(4—
difluoromethoxyphenyl)ethane

30 6 % 1-difluoromethoxy-4-(trans-4-pentylcyclo-

hexyl)benzene _
8 §  4-propyl-4’-difluoromethoxybiphenyl
12 % 4-(trans-4-propylcyclohexyl)-~4‘’~difluoro~
methoxybiphenyl

35 -and has the following physical parametets:



14. 4% p-trans-4-propyl cycl ohexyl benzonitrile 11.2%

p-trans-4-butyl cycl ohexyl benzonitrile 30 - 20%

p-trans- 4-pentyl cycl ohexyl benzonitrile 12%

p-trans-4-heptyl cycl ohexyl benzonitril e 348%. :
4-(t rans-4 pentyl cycl ohexyl)-4"-(trans-4- propyl cycl ohexyl) bi phenyl 4.8%

4-pentyl - 4" - cyanot gnaagn bmt - 144 - 6. 446 = g7°C
4- (trans-4-propyl cygl ohex phenyl trans- yl c cI he Icar boxyl ate 5. 6%
% ) -4'-cyanobi® T'Jhﬁl 58 &t ﬁ %

4- (trans-4-pentyl
% cyanophenyl ) - Bpw.ﬁ.ep)u p)lli.sdttopgnd hasntheofwasw\(wcphms:aﬁm)

Vo] = 53 m orr) CERPPEEiSopB-PEFoBKI | A8, Tofr ol RS TG 1 - 0 16

(20[err]C, 589 nm 10 dielectric anisotropy [err] = 15.5 (20[err]C

1 kHz) b bed
o Exnrpl & 16ETar e Tpe. B8ELEGOREISA I AURPBIGHLLY pyfedn X TRepalll ! ¢
favour abl e val ues ¥ tﬂ‘ﬁePEPéGFFoBﬁ%T’Ea@eWMe#% Mﬂ%lm)taerﬁygaﬁt ure

15 dependengg 3aaghd @ particular by a | ow threshol d vol tage. Exanpl e
23 a) An el ectrooptical liquid crystal system containing a |iquid
crystal m xture which consists of the 20 foll ow ng conpounds 14.5%

p-trans- 4- propyl cy @heheellectrpopticale dfstéms prepared by process

p-trans-4-butyl cycl enzqniyt i e 42 . .
p-trans-4- pentyl cy g}%’é h:1tib¢raj'n?'on|tr| d% re distinguished by a good

p-trans- 40hept yl cy&mz @mnah:-llatyS a wide working temperature

A (trans-4-pentyl CyGdaeXy ehvburhbl @8N vaTudd ORGLCYERE NELdotEddptIal
parameters and their temperature dependence, a low
threshold voltage and a Qood contrast and in par-
ticular a high stability.

15 Example 25
a) An electrooptical liquid crystal system, containing
a ligquid crystal mixture which consists of the
following compounds:

20% 2-(4-cyanophenyl)~-5-propylpyridine
20 20% 2-(4-cyanophenyl)-5-butylpyridine

20% 2-(4-cyanophenyl)=-5-pentylpyridine

25% 4-pentyl-4’-cyanobiphenyl

15% 4-pentyl-4"-cyanoterphenyl

b) The electrooptical systems prepared by the processes
25 described in Example 1lb) are distinguished by a wide
working temperature range, favourable values for the
electrooptical parameters and their temperature
dependence and in particular by a low threshold

voltage.

30 Example 26 .
a) An electrooptical liquid crystal éystem, containing
a liquid crystal mixture which consists of the
following compounds:



6. 4% 4- (t réns-4- propyl cycl ohexyl ) phenyl trans-

4~ (1 ans. 4- pont y1 oyl ohexyl ) & - cyanobi - 30 nenyl 4. 8%
- (trans-4-pentyl oycl ohexyl)-4'-cyanobi - pheny . 8%
4-pentyl -4"-cyanot erphenyl 20 % 2=( 4ggyanophenyl ) - 5- pentyl pyri m di ne
and has the follow ng physical paraneters: - 145 - cl ear point

T[err] = 82[err] C vROg0SRty4-cyanophenyl)-5- &bﬁ?g&rﬂdih%[ err] (200

opti cal ani sotropy [grrln = 0.16 rﬁ 5 di electric

anj sotropy [err] =298 1§(§%nyin‘ké27'$g)[%7 utylpyrd ooptical system
prepared by the pro2@ssel-(@éscyabophenyD-sapentilpyarididiest | ngui shed by a
wi de wor ki ng tenper rey,l fav & val ues f.or the el ectrooptical
paranmeters and t hei ?b#enf)fﬁg?g?% ge%%#ée aﬁ#ﬁ%’f&'ﬁhﬁul ar by a | ow

t hreshol d 30 108 t hné4-Flapendylpheny W pkenyl) odpt(idct Luoxprt&-
crystal system containi 8gafoph&h¥yf)&taiél m xture which consists of the
fol  owi ng conpounds; 15 - %3 terphenyl

1- di f | uor omet hoxy- 23PRuofzPantyiahs-ayanoterpheny

(trans-4-ethyl cycl ohexyl)cycl ohexyl]- benzene 17%

1-di fl uoromet hoxy-2-11 uoyo-4-[tr.ans-.4-
(irans- 4. butyl Byor ofbe FlecErosRtliial aysteny prepared by the progesses,
1-di f | uor onet hoxy- 2déscoibed- in rExample 1b) are distinguished by a wide

(trans-4-pgntyl cycl QE?*XLQ%%%%F :,J%g%?nfaé&%able values for the

1-di fl uor Omet hoxy-4-Tiran
pentyl cycl ohexyl ) cyelentxoopbiaabnepsrangters and their temperature

1{(yrans-4-propyl cygbglfid¥h¢e st in particular by a low threshold
voltage. '



di fl uor omet hoxyphenyl ) ethane 6 % 1- (trans-4-pentyl cycl ohexyl)-2-(4-
di f1 uor onet hoxyphenyl ) et hane 30 6 %

1-di fluoronethoxy-4-(trans-4-pentylcyclo- hexyl)benzene 8 %

4-propyl -4' -di fl uor onet hoxybi phenyl 12 1%g -

4- (trans- 4-propyl cycl ohexyl )-4'-difluoro- nethoxybiphenyl 35 - -and has
the fol | ow ngpRBMpl@aRzpar anet ers: - 146 - clear point T[err]

= 87[err] C vi sc¢osi . ert] =,19 rr] s[err] (20Q) ,optical
ani sot1opy | 1 or Pelegtsasstiont clideld ST dvstemn COnEALEIARpy
[err] =6.3 (20[e(rja]bcli%u£&IZ)c:§rstdl)_mii.5Egarel Al ; ‘g}ppbgais}:hqrﬁ tﬁh\ésl 1t al1 5
systemis prepare t he _process iC escribed in Exanple , 1.1- 1.
and 2. The el ectrogﬁ’ﬁ'ﬂ'@gﬁ‘n ngg'Rﬁ'“bagpar ed by process [sic] b) 1.1-1.3 and
2 are distinguished by a good 10 preparation capability, a w de

wor ki ng t eratur ange,, al. | . troopti cal
par ame'?ergmz;nd theigrogt e%pér‘atagrggagg%ig%gn%?r%%%ﬁol d \F/)ol tage and a
good contrast and BR%¥par-(freyraephenylh-Srhwtylpyridimexanple 25 a) An

%ecthr oopt | c?l I }ng@ fcnlquuabygngbgghyggng Wfﬂﬁ,ﬂmg crystal m xture

ich consists o Wi hg cojrpou S'% 0 e

2-(4-cyanopheny|)-gB§ro Vl(gyﬂ’gpﬂB Eyf)-s-(P«mpgtylphenyl_)pyn.dz.ne o

3-5((y4acyanoplhez}ll ) - 501%3@ BIEMH(BPP?D%YMWWPH?M%'Z;PE)J-WI di ne
0 4- peptyl - 4' - cyanobi gh - 4' - cyanot er pheny e

el ect roogpi cal systens gr ggéﬁ‘géﬁé%ﬁﬁ%%% Resses

o b) The electrooptical systems prepared by the processes

' described in Example 1b) are distinguished by a wide

working temperature range, favourable values for the

_ electrooptical parameters and their temperature

15 dependence and in particular by a low threshold
voltage.

Ex 28 :
- a) An electrooptical liquid crystal system, containing
a 1iquid crystal mixture which consists of the -
20 following compounds:

30% 2-(4-cyanophenyl)-5-propylpyridine
30% 2-(4-cyanophenyl)-5-butylpyridine
20% 2-(4-cyanophenyl)-5-pentylpyridine
10% 1-(4-(4-pentylphenyl)phenyl)=-2-(3-fluoro-4-
25 cyanophenyl)ethane
10% 1-(4-pentylphenyl)-2-({4~(4-cyanophenyl)phenyl)-
ethane

b) The electrooptical systems prepared by the processes
described in Example lb) are distinguished by a wide

30 working temperature range, favourable values for the
electrooptical parameters and their temperature

dependence and in particular by a low threshold
voltage.



25 described in Exanple 1b) are distinguished by a wi de worKki ng

tenperature range, favourable values for the el ectrooptical

paraneters and

their tenperature dependence and in particular by a | ow threshold voltage.
An el ectrooptical l4q4g9 <rystal system containing a

30 Exanpl e 26

liquid crystal

- 20% 2-(4-c
2- (4- cyanophe
20% 4-pentyl

Yy

a)

m xture whi ch consists of the follow ng conpounds:
-5-propyl pyridi ne 20%

)} S e 3033 o e yR02F gt dn > b atabidg O e

1-Y4- (4- pent yl phenyd ) Biquid) -exystal umixtarec ywhich e cpnsdsitancof 0%he

4- pentyl -4' - cyanot
processes descri be
wor ki ng t enperature range,

t hreshol d vol t age.
crystal system co

147

ﬂf@' i.l ) s€ctrooptical systems prepared by the
?I n le? Ic_eombe gras]e di stingui shed by a wi de 10
favourabl e values for the el ectroopti cal

par anet er g5 and t heizog empefpicyancphenylyrscethglpprbnidingl ar by a | ow
- J148 - EX I | ect tical liquid
3% ni%d gqnﬁ%@ézré%vwﬁa&%mﬁﬂ Ronsi sts of the

fol | owi ng conmpound<20% 2-(4~cydifdphenil)efapenbylpyrimidineyl pyri di ne 30%
2- (4- cyanophenyl) - Syt V] V113 w2 Qg ¥a ok 628 ARG ANbLarpRERYY | PYT T di ne

20% 2-fluoro-4-pentyl-4’-cyanobiphenyl

10

15

20

25

30

The electrooptical systems prepared by the processes
described in Example lb) are distinguished by a wide
working temperature range, favourable values for the
electrooptical parameters and their temperature
dependence and in particular by a low threshold

b)

voltage.
Bxample 30
a)

An electrooptical liquid crystal system, containing
a liquid orystal mixture which consists of the
following compounds

10.0%
15.0%
15.0%
20.0%
15.0%
10.0%

5.0%

5.0%

5.0%

2-(4~-cyanophenyl)~-5-propyl-1,3-dioxane
2~ (4~cyanophenyl)~5-butyl-1, 3~dioxane
2-(4-cyanopheny1)-5-pehty1-1,3-dioxane
4-(trans-4-propylcyclohexyl)benzonitrile
4-(trans-4-pentylcyclohexyl)benzonitrile
4~ (trans-4-heptylcyclohexyl)benzonitrile
4-(trans-4-propylcyclohexyl)-4’-(trans-4-
propylcyclohexyl)biphenyl
4-(trans-4-pentylcyclohexyl)-4’~(trans-4-
pentylcyclohexyl }biphenyl
4-(trans-4-pentylcyclohexyl)-4‘/~(trans-4-
propylcyclohexyl)biphenyl

and has the following physical characteristics:

clear point P, = 76°C



-10%. 2- (4-cyanophenyl)-5-(4-pentyl phenyl)pyridi ne 10%

1-(4-(5-pentyl pyridin-2-yl)phenyl)-2-(3-fluoro- 10

4- cyanophenyl ) et hane b) The el ectrooptical systens prepared by the

‘processes described in Exanple 1b) are gggtingui shed by a w de working

tenperature range, favourable values for the electrooptical paraneters and

their tenperature ¢pgecogity dependence a 4 r34oq,ﬁ,p| g-ul Qobma I ow t hreshol d

vol tage. Exanple 28 a n eglectrooptic ui

CQ'I’IF aining a li qw‘EPt:i%}a‘FnH%‘EF?@’\/\hl cﬁ'b g‘ s‘ig’sl % hé““ZO

o'l owi ng conpounddieBéétric (dnigctrgpienide «=5-3F qy ke, Qlone)SO%

2- (4- cyanophenyl ) - 5-butyl pyri di ne 20% 2-(4-cyanophenyl)-5-pentyl pyridi ne

10% 1-(4-(4-pentyl phenyl)phenyl)-2-(3-fluoro-4- 25

cyanophenyl ) dehaneThe%lectroqphicalp systens pxepired by &phepybygheeg ) -

et hane b The el D e cribed
)5 864&f ﬂBéa EE&&E{;:&? 3‘\4821 &g%e&uw&a% ng?ﬁﬁsw e

I n Exanpl e 1b) are di s ui enper at ure
range, favourable yarkin fkﬂ“ﬁq?@té%r&?:ﬁﬁﬁﬁtl%%1‘(°‘}J‘éﬂ=%t"ér]é‘°&n§°?h§h?

t enper at ure dependgléet tic#b (priniitdiie a andv théii'hotdmpéiciﬁﬁﬁe -

149 - Exanple 29 a ectr oplcal I|. d_cr, taI ntgining a
liquid crystal %ﬁ?ﬁ“&ﬁ‘i‘%ﬁ @5’%5 é Bh'FB ]i%ﬁpgﬂ}iﬂgﬁ 8
20% 2-(4-cyanophev|§i1ta§eet hyl pyri m d| ne 20%
2- (4- cyanophenyl ) - 5- propyl pyri m di ne 20%
2- (4- cyanophenyl ) -5-pentyl pyri m di ne
10 Example 31

(7 a) An electrooptical liquid crystal system, containing
a liquid crystal mixture which consists of the
following compounds

15.0% 2-(4-cyanophenyl)-5-propyl-1,3-dioxane

15 10.0% 2-(4-cyanophenyl)~-5-butyl~1, 3-dioxane
15.0% 2~-(4-cyanophenyl)-5~pentyl-1,3-dioxane
15.0% 2-(4~-cyanophenyl)-5-propylpyridine
15.0% 2-(4-cyanophenyl )-5-butylpyridine
15.0% - 2=(4~-cyanophenyl)-5-pentylpyridine
20 5.0% 4-(trans-4-propy1cyclohexy1)-4'—(trans-4-
propylcyclohexyl)biphenyl
5.0% 4-(trans-4-pentylcyclohexyl)~4’~(trans-4-
pentylcyclohexyl)biphenyl
5.08¢ = 4-(trans-4-pentylcyclohexyl)-4’-(trans-4-
25 propylcyclohexyl)biphenyl

and has the following physical parameters:

clear pdint T, = 68°C

viscosity n = 45 mm® s (20°C)

optical anisotropy An = 0.131 (20°C, 589 nm)
30 dielectric anisotropy Ae = 17 (1 kHz, 20°C)

b) The electrooptical systems prepared by the processes
described in Example 1lb) are distinguished by a wide
working temp.erature range, favourable values for the



20% 4- pentyl -3", 5-di f | uor o- 4" - cyanot er phenyl 20%
2-fluoro-4-pentyl -4'-cyanobi phenyl 10 b) The el ectrooptical systens
prepared by the processes described in Exanple 1b) are distinguished by a
wi de working tenperature range, favourab val ues for the el ectrooptical .
parameters and their tenperature dependence and in particular by a | ow
threshol d 15 f,gggc I 13&&)1 Ap .4l e pt § L fl4dl
crystal system con?%igﬁ'ng t I qui (F%rysta.rsm' %tngr ee%?gh %on ?gthgwég t he
f ol | owi ng Corrpoundsdgnendence andpoin particular by a low threshold
2- (4- cyanophenyl ) - 5,,@1@&?&; 1, 3-di oxane 15. 0%
2- (4-cyanophenyl ) -5-butyl -1, 3-di oxane 15. 0%
2- (4- cyanophenyl ) - 5-pentyl -1, 3- di oxane 20. 0%

(trans-4-pr opxampléoBgxyl ) benzonitrile 15.0%

4-

4- (trans-4zpentyl cygl ohex benzonif ry.d e . . 0% <
4-(trans- 45 hept ¥l cyé?oﬁ_g%f%%%ﬁé’o?ﬂ# r%ﬁ%’lésm stal ngem, containing

4- (trans-4-propyl cyal ddepudd - eryetainmictyreopyhichl ctensdgts plegnythe. 0%

4- (trans-4-pentylcy é °I“P_éé -4- pentyl cycl ohexyl ) bi phenyl 30
5. 0% 4-(trans- 4ﬂf)gg§§¥% o‘?o x§ﬁ§4' -(trans-4-

propyl cycl ohexyl ) bi phenyl and has the foll ow ng physical characteristics:

cl ear point 15% T[ err]2=({&dpdndphenyl) -5-propy1sdq3-dioxane

[err] = 34 mmjerr] iggrr] (ZOgl‘E)ptlcaI%niyo;t rﬁ?—%xtw A:sr- .0.131 (589 nm

20[err] Q) diel ectrit%ni sotropyl '[‘éY‘?’T"P-hWS](f tyoleSmpdexgne " The

el ectrooplOcal syst 288 prepar2€d(dycydmophiamyel)sS-gentyl-1, ddioxaned i n
anpl e 1b) are disyhpgui shed, b { de, v ' t rature range,

ng/our abl e val ues f(é)tr)gt he el e%t %'gtp{\%c% %ﬁ%& nd their tenperature

20% 4-heptyl-4‘~-cyanobiphenyl

5% 4-(trans-4-propylcyclohexyl)-4’~(trans~4-
propylcyclohexyl)biphenyl

15 5% 4-(trans-4-pentylcyclohexyl)-4’~(trans-4-~
pentylcyclohexyl)biphenyl

5% 4-(trans-4-pentylcyclohexyl)-4‘~(trans-4-

propylcyclohexyl )biphenyl

and has the following physical parameters:

20 clear point T, = 72°C
viscosity n = 38 mm® 8! (20°C)
optical anisotropy An = 0.166 (589 nm, 20°C)

dielectric anisotropy 4e = 20 (1 kHz, 20°C)

b) The electrooptical systems prepared by the processes
25 described in Example 1lb) are distinguished by a wide
working temperature range, favourable values for the
electrooptical parameters and their temperature
dependence and in particular by a low threshold

voltage. |

30 Exam 3
a) An electrooptical liquid crystal system, containing -
a liquid crystal mixture which consists of the
following compounds



-dependence and in particular by a |low threshold voltage. 10 Exanple 31 a)
An el ectrooptical liquid crystal system containing a liquid crystal

~m xture which consists of the foll owi ng conpounds 15. 0%

2- (4- cyanophenyl ) -5-propyl -1, 3-di oxane- 152 - 10. 0%

2- (4- cyanophenyl ) - 5- butyl - 1, 3-di oxane 15. 0%

2- (4- cyanophenyl ) - 3qeent y| - 1,23-(di-eyanophengY) -5-propyl-1,3-dioxane

2 (4- cyanophenyl ) - opyl pyr. ig A e _ _
(4- cyanophenyl ) - gld;{,tw pyrlidﬂne%%l{‘enyl) 5-butyl-1, 3~-dioxane

4\E{1 cyanzphenyll) aﬁkﬂtyl Fg/rz-dlhweymwphenyl)-5-mty1—1 3-d:.oxane| c oo
trans- 4-propyl cy exy nyl 5.0%
4- (trans-4-pentyl cyg#%hexyl) 24-( r’?rgl's%p en EI' g“ﬁkg{g@*ﬁg{ig gnyl 5. 0%
_4-(trans- 8 pentyl cyl%hexyl )-74" DYQ)" -heptylpyrlm.

pr_optyl cyclohexyl)blmenyl andliret& t4f-ngbgweycmBnékyabbeﬁeaﬁrt£ne clear
poi n Vi .scosi ty

T[ = = 45 err
s[err] (20[err]C o]dh cal anl dttrW"l'PemllFﬁCI"beﬁi %’?gf@’?‘fﬁg{%% nm
3|0 di e: ectriyxogni sotr qoy(tﬂaers-k-hebiyaa:y&nﬂaheiﬁubéhsbnbtnla he )
el ectrooptical syst prepa ocesses e 1
are di stingui shed bfﬁi w de vﬁ?c{ﬁ’%& §n§ ?Bfi? °+§‘h‘b‘§if€ {E{'-oﬁrgrmlal ues
for the 10- 151 - el ectrooptpnnpquywlatlmﬁ.sbiphényihelr terrperature
dependence and in pagicul ar Wa L _5 a)
An el ectrooptical | |ang d crysﬂlﬁ$§tg éﬂéﬁ?&ﬁ%{%&g H qui d crys
m xture which consists of t hPHRYLSH EI’@W]% biphenyl

\/ 5% 4-(trans-4-pentylcyclohexyl)-4’-(trans-4-
propylcyclohexyl)biphenyl

15 and has the following physical parameters:
clear point Tc [Bic] = 76°C
viscosity ' n = 38 mm* 5™ (20°C)
optical anisotropy An = 0.15 (589 nm, 20°C)

dielectric anisotropy Ae = 21 (1 kHz, 20°C)

20 b) The electrooptical systems prepared by the processes
described in Example 1lb) are distinguished by a wide
working temperature range, favourable values for the
electrooptical parameters and their temperature
dependence and in particular by a low threshold

25 voltage.

Example 34

a) An electrooptical liquid crystal system, containing
a liquid crystal mixture which consists of the
following compounds:

30 20% 1-{4~(4-pentylphenyl)phenyl)-2~(4~cyano~-
phenyl)ethane
14.4% p-trans-4-propylcyclohexylbenzon:.tr:.le
11.2% p-trans-4-butylcyclohexylbenzonitrile

20% p-trans-4-pentylcyclohexylbenzonitrile



15% 2- (4- cyanophenyl ) -5-propyl - 1, 3-di oxane 15%

2- (4- cyanophenyl ) -5-butyl -1, 3- di oxane 10 15%

2- (4- cyanophenyl ) - 5-pentyl - 1, 3-di oxane 20% 4- pentyl -4' - cyanobi phenyl
20% 4- heptyl -4' - cyanobi phenyl 5%. 153 -

4- (trans-4-propyl cycl ohexyl)-4'-(trans-4- propyl cycl ohexyl ) bi phenyl 15
5% 4- (trans- 4-yamtyl CyC|p34tQ9&\‘JsH4heb‘tﬁE§ciohexylben onJ.F il

pentyl cycl ohexyl) bi p%@% é rans- ty cyc o f ﬁ
(trans-4- pr opyI cycl 1 ) bi r*néﬁ'f?ngn 'H%%tl' ¢ rans-4-

par anet ers: cl ear pgmdpylcyclohexyl)iiﬁ.ﬁhéhyf 72[ err] C viscosity

38 2 Rt | t 0. 166
(589 nm zo[“é“rre{ 0 oL | o dapensyi A -cyaneforsBent”\ 1 20[cir) 0 b)

The el ectrdoptical sysédms pr dpa(rtﬂlnby&-peopymcye]sehefﬁl)phenyl damd-bed in

Exanpl e 1b) are distingui shed % re range,

favourabl e val ues for_ the el ect rogg%ggﬁmg&ﬂg?}] g}?g ##hel r tenperature

dependence and in paPeib®ul ar W(&WW‘QHPEQHBJ-GYQLNI&QEI)SQ'-cmwle- 33 a)

An el ectrooptical |iquid crysphen ?1stem containing a liquid crystal

m xture which consists of the follow ng conpounds - 152 - 10%

2-(4-cyanophenyl ) -5-propyl - 1, 3-di oxane 10%

g 24 cyanopﬂenjul)g 5 Tihet gll.ed:tﬁedpbiemla sfems prepared by the processes
4-cyan eny 5;

2-(4- cyangghenyl ) - Sd%EnPih?ar ?Pndkd’g @ﬁe ﬁ'é) are sgft.mgu:.shed by a wide

2- (4- cyanophenyl ) - 5wezkipgptemperiatiere 3mnge, favourable values for the

4-(trans- 4- propyl CY%&%EQHSB ReBaLN %&Hﬂﬁeﬂ@:@ and their temperature
4- (trans-4-pentyl cy%I ohe benzo rile

pen nce and in particular by a low threshold
voltage.

15 Example 35
a) BAn electrooptical liquid crystal system, containing
a liquid crystal mixture which consists of the
following compounds

14.4% p~trans-4-propylcyclohexylbenzonitrile
20 11.2% p-trans-4-butylcyclohexylbenzonitrile
20% p-trans-4-pentylcyclohexylbenzonitrile
12% p~trans-4-heptylcyclohexylbenzonitrile
5.6% 4-(trans-4-pentylcyclohexyl)-4’-(trans-4-
propylcyclohexyl)biphenyl
25 4.8% 4-pentyl-4"-cyanoterphenyl
6.4% 4~-(trans-4~-propylcyclohexyl)phenyl trans-
4-butylcyclohexylcarboxylate
5.6% 4-(trans~4-pentylcyclohexyl)-4‘~-cyanobi~-
o phenyl
30 20 % 1-(trans-4-pentylcyclohexy1)-2-(4-cyano-
phenyl)ethane

and has the following physical parameters:

clear'point | T. = 80°C
viscosity 1 =29 mm® s! (20°C)



10% 4- (trans-4-heptyl cycl ohexyl)benzonitrile 5%

4- (trans-4-propyl cycl ohexyl) -4'-(trans-4- 10

propyl cycl ohexyl ) bi phenyl 5% S

4- (trans-4-pentyl cyclohexyl)-4'-(trans: 4g4popyl cycl ohexyl ) bi phenyl 5%

4- (trans-4-pentyl cycl ohexyl)-4"- (trans-4- propyl cycl ohexyl)bi phenyl 15
and has the foll owi ng physi cal pararreters cl ear Tlerr]
[sic] = 76C vi scosiopfical anisotropy|q]4n 38°n;h{)e(3?°%{ 289 m@bhC) opti cal
anj_sot r opy [ er dielectrie eﬁaaomﬁbpﬁo[nér+C11daetzc¢¢;caﬁnufﬁwropy
[err] =21 (1 kHz, 20[err]C) 20 The el ectrooptical systems prepared
by the processes descrl bed . in Exarrpl e 1b) are distinguished by a w de

wor ki ng t enper at ur a‘heaegegtreopmabl esyetienes prepared by diie processes

paranmeters and thgj d e | ow
t hr eshol déS % #&g%&iﬁ#%ﬁ?% sgiéﬁg? oop% C@ﬁl quird -
crystal system com:ng n| quab Yvah umexrkiingh temperatare t he
fol |l owi ng conpounds-anda, 393/33 values fo the electroopt:.cal

1- (4- (4- pentyl phenyl ) phenyl en eth 4.
p-trans-4-propyl cyé‘&ﬁ%ﬁb)éniﬁ H‘gi ?L‘EQ%'Z"- epen]aence, and by

p-trans-4-butyl cyclaollewy ithtesholdr vobitagéo and a high contrast.
p-trans-4-pentyl cycl ohexyl benzonitrile - 153 - 12%

p-trans-4-heptyl cycl ohexyl benzonitrile 5.6%

4- (trans- 4- peBxpmple 36xyl )-4' - (trans-4- propyl cycl ohexyl ) bi phenyl 4. 8%

4-pentyl 44" - cygnot
4 (A rans-?— pré yl cy oa'gél)%ﬁoﬁte:ﬁgrlt rawﬁ/a cr[%stﬂl 7 8 eé“)( I gg}gonlpgt e
quid crystal mixture wh:.ch cons:.sts of t e
following compounds

21.2% 2-(4-cyanophenyl)-5-propylpyridine
21.2% 2-{4-cyanophenyl)~-5-butylpyridine
15 21.2% 2~ (4-cyanophenyl)-5-pentylpyridine
21.2% 2-{4~-cyanophenyl)-5-(4~-pentylphenyl)-
pyridine
5.0% 4-propoxy-4’~£fluorotolan
5.0% 4-butoxy-4’~fluorotolan
20 5.0% 4-pentoxy-4‘-fluorotolan

and has the following physical parameters:

clear point T. = 75°C

viscosity n = 58 mm’ s (20°C)

optical anisotropy An = 0.2627 (20°C, 589 nm)
25 ordinary refractive

index n, = 1.5277 (20°C, 589 nm)

dielectric anisotropy Ae = 22.6 (20°C, 1 kHz)

b) The electrooptical systems prepared by the processes
described in Example 1b) are distinguished by a good
30 preparation capability, a wide working temperature
range, favourable values for the electrooptical
parameters and their temperature dependence, by a

1ov_1 threshold voltage and a high contrast.



5.6% 4- (trans-4-pentyl cycl ohexyl) -4'-cyanobi- phenyl b) The

el ectrooptical systens prepared by the processes 10 described in
Exanpl e 1b) are distingui shed. by a w dg ngklng t enper ature range,
favourabl e values for the el ectrooptical paraneters and their tenperature

dependence andgi ?m??é aﬁular by a low threshol d voltage. 15 Exanple 35 a)
An el ectroopticCa crystal system containing a liquid crystal

m xt ure which %bn5|%@se%ﬁc¥ﬁ@PPE#¢Qﬁul%gQ&§nﬁ§NﬁG§11§Y4%Fm: containing

g ooy o ko] llbare. ik donniste oe e
0
p-trans-4-penty|cyc?BiiéV%%@diﬂmP???¢% 12%

p-trans-4- heptylcyclohexylbenzonltrlIe 5.6%

A (L rans-4gpent vl cyghogexyl) éh%é§§§%§iﬁ;o§§1é§éfSﬂQﬁ?T%éﬁéU%ﬂ@%Tﬁ@ 25

4 pentyl - noter
4-(trans-4- propylcbeoﬁtxyI)pnﬁhyans*tnhntyﬂdxﬁhﬂhgﬂﬂLhanapmasﬂbdﬁyIate 5. 6%

4- (trans-4-pentyl cysl efexyl) a‘p% l%gw
1-(trans-4- pentylcyg?oﬁgxyl) g:;::an - ﬁ¥%1l et é§§%§oé§§riﬁb

fol | owi ng physical praketersP~ qgtylcyclohexyl ltrééﬁérr]c
viscosity 5. sserr] Ar- aﬂi byhlbaekyny+$)-(trani54-
opti cal agbsotropy [err]n_= dlelectrlc ani sot r opy
[err] = 1}Y8 (20C, | kHz)b) Th@‘%?’é? eR¥L orepared by the

processes descri bed 4n8£xanp|&-péﬁtyafﬂthcyanqpenyhaﬁyﬂy a good 5
preparation Capab"'k¥4%a W g \REKh £% L SEBIy yE15hexyl ) phenyl trans-

~ 4-butylcyclohexylcarboxylate
5.6% 4-(trans~4-pentylcyclohexyl)-4‘-cyanobi-
15 phenyl
'~ 10.0%  1-[4~[trans-4-(trans-4-propylcyclohexyl)-
cyclohexyl ]phenyl]-2~-(4-cyanophenyl)-
ethane

b) The electrooptical systems prepared by the processes
20 described in Example 1b) are distinguished by a good
- preparation capability, a wide working temperature
range, favourable values for the electrooptical
parameters and their temperature dependence, and by

a low threshold voltage and a good contrast.

25 Example 38
a) An electrooptical liquid crystal system, containing
a liguid ocrystal mixture which consists of the
following compounds

14.4% p-trans-4-propylcyclohexylbenzonitrile
30 11.2% p-trans-4-butylcyclohexylbenzonitrile
20% p-trans-4-pentylcyclohexylbenzonitrile
12% p-trans-4~heptylcyclohexylbenzonitrile
5.6% 4- (trans-4-4pentylcyclohexy1) -4’=-(trans-4-

propylcyclohexyl)biphenyl
35 4.8% 4-pentyl-4"-cyanoterphenyl



range, favourable values for the electrooptical paranmeters and their
t enper at ure dependence, and by a |low threshold voltage and a high contrast.
Exanpl e 36 10 a) An el ectrooptical liquid crystal system containing a
riquid crystal mxture which consists Qf jglgefol | owi ng conpounds 21.2%
2- (4- cyanophenyl ) - 5- propyl pyri di ne 21.2%
2- (4-cyanophenyl ) - 5- lguiagl pyri gic -l & -
2-(4-cyanopheny|)-S-geﬁ?ylpyr?d?ﬁgagg.%@gropgic§61°hexyl’phenyl.trans
2- ( 4- cyanophenyl ) - 5- (4- pent y| Anbu$yYicysirhexylcarboyylate
4- propoxy- 4' -1 uor ot @, &% 5. 0%4—(tﬂnBUIOFinﬂ'ylé##DéHéﬂ*hw-ﬂ@-cyanobi-5- 0%
4- pent oxy-4'-fl uorotolan and has %Ee foll ow ng physi cal paraneters: clear
poi nt Tlerr] = 75[8-PP Vi scosity [err] = 58
mierr] s[&r] (20] 208 C) opt Bed4-abseothimpyanatophémyl)e52qrentgld-err] C
589 nm 25 ordinary re Gl ¥gnkNdeX nferr] =
1.5277 (20[err]C, 589 nm dielFéctric anisotropy J[err] = 22.6 (20[err]C, 1
kHz) b) The el ectrooptical systens prepared by the processes described in
Exanpl e 1b) are di Signd¥as)¢he¥od 10024 3ghysica1 pagaieeLi ol capability, a
wi de wor ki ng tenperature range, favouragl vVal ues Tor the el ectroopti cal
paraneters and their tenperature dependence, by a |low threshold voltage and
a high contrast. cleldd pointanpl e 37 a) o, An gd|gtrooptical |iquid
crystal system containing,a liquid crystal m xture,whic sists of the
f ol | owi ng conpoundsv§3°°é1ty 16. 9% n & 365 B {56455
p-trans- 4-1f opyl cyclopticdlb amisatroplye An = 0.18 (20°C, 589 nm)

— dielectric anisotropy Ae = 14.6 (20°C, 1 kHz)

b) The electrooptical systems prepared by the processes
described in Example lb) are distinguished by a good
preparation capability, a wide working temperature

15 range, favourable values for the .electrooptical
parameters and their temperature dependence, and by
a low threshold voltage and a good contrast.

E le _
a) An electrooptical liquid crystal system, containing
20 a liquid crystal mixture which consists of the

following compounds:

16.2% p-trans-4-propylcyclohexylbenzonitrile
12.6% p-trans-4-butylcyclohexylbenzonitrile
22.5% p-trans-4-pentylcyclohexylbenzonitrile
25 13.5% p-trans-4-heptylcyclohexylbenzonitrile
6.3%3 2 4-(trans-4-pentylcyclohexyl)=-4‘’~(trans-4-
propylcyclohexyl)biphenyl
5.4% 4-pentyl-4*-cyanoterphenyl
7.2% 4-(trans-4-propylcyclohexyl )phenyl trans-
30 ' 4-butylcyclohexylcarboxylate
6.3% 4-(trans-4-pentylcyclohexyl)-4‘~cyanobi-
phenyl _ _
10% l-{trans-4-pentylcyclohexyl)-4~-isothio-

cyanatobenzene



13. 7% p-trans-4-butyl cycl ohexyl benzonitrile 22. 5%
p-trans-4-pentyl cycl ohexyl benzonitrile 14.5%
p-t.rans-4- heptyl cycl ohexyl benzonitrile 5.6%

4- (trans-4-pentyl cycl ohexyl)-4'-(trans=41540-
propyl cycl ohexyl ) bi phenyl 4.8% 4- pentyl -4"-cyanot er phenyl 6. 4%

- 4-(trans-4-propy| cyrhestedtrduptidedl Aiguid-Srystsl dydten isapbepakraie 5. 6%
4- (trans-4-pentyl cynél ohexyl) -4 -(%ﬁa()bi -J'.%Sd . b plileTx!l %0. 0%
1-[4-[trans- 4- (tranY 4 carses, degrribed in Example 1, b), 1.1-1.
cycl ohexyl ] phenyl | -@and42¢cyanophenyl ) - et hane b) The el ectroopti cal
systens prepared by the processes 20 described in Exanple 1b) are

di stingui shed by a good {)repar ation capability, a w de working tenperature
range, favourabl e vEhecelegtrooptical ayatieme: preparedebyr thisdpracess

t enper at urg depende , dPSe I ?yydd s apd sg@ntrast.
25 Exanpl e 38 a) afﬁn el e%mgspl%‘i%vﬁﬁe ui d g?‘:&?thglﬂﬁgefsitgﬁ gggg%g N ng a

liquid crystal nixt@reids eorkingtampeyature rangs, S8veBFablajvaineso,

p-trans- j Er op?/l Cylcfﬁhetll(é Mﬁ@t&éﬁ?ﬂfcﬂ? parameteks akd their temper-
p-trans-4-butyl cycl ohexyl benzonitrile 0

p-trans-4-pentyl cycf’gﬁﬁéﬁ?ﬁ%ﬂ?% I‘é‘%(ié%a low threshold voltage and
p-trans-4-heptyl cycaohkghl bentrastsile 5. 6%

4- (trans-4-pentyl cycl ohexyl)-4'-(trans-4- propyl cycl ohexyl ) bi phenyl 35

4. 8% 4- pentyl - 4" - cyanot er phenyl - 156 - 6.4%
4-(t rans-loproﬂmzo.!.éxyl ) phenyl trans- 4-butyl cycl ohexyl carboxyl ate 5. 6%
4 (trans-4-penjyl cyshobtedtrodpt f@'Piguid crystal system, containing
a ligquid crystal mixture which consists of the
following compounds

14.4% p-trans-4-propylcyclohexylbenzonitrile

15 11.2% p-trans-4-butylcyclohexylbenzonitrile
20% p-trans-4-pentylcyclohexylbenzonitriie
12% p-trans-4-heptylcyclohexylbenzonitrile
5.6% 4-(trans-4-pentylcyclohexyl)~-4’-(trans-4-
propylcyclohexyl)biphenyl
20 4.8% 4-penty1—4"-éyanoterphenyl
6.4% 4-(trans-4-propylcyclohexyl)phenyl trans-
4-butylcyclohexylcarboxylate
5.6% 4-(trans-4-pentylcyclohexyl)-4’-cyanobi-
phenyl _
25 12% l1-(trans~-4-propylcyclohexyl)=-4-isothio~-
cyanatobenzene
8% 1l-(trans-4-butylcyclohexyl)-4-isothiocy-
anatobenzene '

and has the following physical parameters:

30 clear point T, = 80°C
viscosity 1 = 24 mw’ 8! (20°C)
optical. anisotropy An = 0.15 (20°C, 589 nm)

dielectric anisotropy Ae = 11.8 (20°C, 1 kHz)



-phényl 5 20% 3-(4-isot hi ocyanat ophenyl ) -5-pentyl - pyrim dine

and has the foll ow ng physical paraneters: clear point T[err] =
83C viscosity [err] = 28 nmferr] s[err] (20[err]C) 10
‘optical anisotropy [err]n = 0.18 ngt rL]C 589 nm dielectric
anisotropy [err] = 14.6 (20[err]C 1k ) The el ectrooptical systems
prepared by tgg prq'aasarscefésgtm I o sthl 3%&6&%1 Prepaed by a
good preparation cgg #llt a w de, wor er at range,
favour abl e val ues uls3 ‘é%?‘f%[ﬂqsﬁﬂibﬁ% ¥AupLe 1 i Ledimdersat ure

dependence, and byaad @y t hreshol d voltage and a good contrast. Exanple 39
a) An el ectrooptical liquid crystal system containing 20 aliquid
crystal mxture which consists of the follow ng conpounds: 16.2%
p-trans-4-propyl cyu'hehex;bhcaapaieall éﬁ’e:ﬁ%prepared by this process

b 11 ans- 4pentyl by AR EATERRATRPPY Fy 608 preppragjon capability,

p-trans-4- heptyl cyel whdeyworkingi temperstgne range, favourable values
4-(trans- 4 pentyl CfG&:OEﬁéYLieétrééﬁéﬁaff ﬂﬁﬁﬂéﬁ@'ﬂl&eﬁ@;@ R@REr—o. 4%

4-pentyl - -cyanoter hen ans propyl 0 phen
trans- 30 thre Xepﬁnéﬁ'c‘%cyﬂ‘g a J:QY'b %“&%J
4- (trans-4-pentyl cachdlghxgbhtfastyanobi - phenyl 10@6

1- (trans-4-pentyl cycl ohexyl)-4-isothi o- cyanatobenzene - 157 - b) The
el ectrooptical liquid crystal systemis prepared by the processes described
in Exanpllé 1, Examplel4l 3

\«’ a) An electrooptical liquid crystal system, containing

a liquid crystal mixture which consists of the
following compounds

14.4% p-trans-4-propylcyclohexylbenzonitrile
15 11.2% p-trans-4-butylcyclohexylbenzonitrile
20% p-trans-4~-pentylcyclohexylbenzonitrile
12% p-trans-4-heptylcyclohexylbenzonitrile
5.6% 4~ (trans-4-pentylcyclohexyl)~4’~(trans-4-
| propylcyclohexyl)biphenyl
20 4.8% 4-pentyl-4"~cyanoterphenyl
6.4% 4-(trans-4-propylcyclohexyl)phenyl trans-
4-butylcyclohexylcarboxylate
5.6% 4-(trans-4-pentylcyclohexyl)-4/~cyanobi-
phenyl
25 10% 4-{trans-4-propylcyclohexyl)-4‘~difluoro-
methoxybiphenyl
10% 4-(trans-4-pentylcyclohexyl)-4‘~difluoro-

methoxybiphenyl
and has the following physical parameters:

30 clear point T, = 102°C

viscosity n = 31 mm* s~! (20°C)
optical anisotropy An = 0.15 (20°C, 589 nm)

dielectric anisotropy Ae = 11.4 (20°C, 1 kHz)



-and 2. The el ectrooptical systens prepared by this process 5 are

di stingui shed by a good preparation capability, a wi de working tenperature
range, favourable values for the electrooptical parameters and their
tenmper- ature dependence, and by a | oy iageshol d voltage and a high
contrast. 10 Exanple 40 a) An el ectrooptical liquid crystal system

containing a b')qUi Phe ¥3batr8bytikal Wﬁbﬂ@ﬁ%hﬁhxﬁeﬁfb#hﬁlé %‘z‘d@@s@%s
conpounds 14. 4% p-tr.ans-4- propylﬁg/cl ohexyl Benzpnl tTile I5 11. 2%
p-tr.ans- 4- butyl cyc%ﬁ&%}%ﬂniﬂnﬁ’Em Adp), are distinguished by a good
p-trans-4-pentyl cy ithonZ eapabillity; % wide working temperature
p-trans-4-heptyl cycl ohexyl enzonﬁ}il | e 6

. 6% .
4- (trans- 4- pent yl cF@PGRaxyFavaurable hvalues  for  the,slectroaptical;
4. 8% §- pent yl - parapetersr ahdnyheir 4émperature dependence, and by

(e prop el ARMRR rhighde fadp s dieelggl o e o 0%

1- (trans-4-propyl cycl ohexyl)-4-isothi o- cyanatobenzene 8%

1-(trans-4- bu&lﬁm%xyl )-4-isothiocy- anatobenzene and has the foll ow ng
physi cal para ers.: ¢l ear_ poi _ T[err] = 80C
Discosity @) - Kn elegtrpoptigafiiiguia grysyay «crontaiaing

ani sot r opy [ er @] N1iqRid5S drftalo>oninturdi alldah | consistsr apf therr] =
system i 800r epar ed IO IENANG, 5RMDSEBE oo\ bed i n Beample 1 B). 1.11.3
v 16.2% p-trans-4-propylcyclohexylbenzonitrile
12.6% p-trans-4-butylcyclohexylbenzonitrile
22.5% p-trans-4-pentylcyclohexylbenzonitrile
5.4% 4-pentyl-4"-cyanoterphenyl
15 7.2% " 4-{trans-4-propylcyclohexyl )phenyl trans-
4-butylcyclohexylcarboxylate
6.3% 4-(trans-4-pentylcyclohexyl)-4'-cyanobi-
phenyl
_ 10% 4-pentyl-4"-difluoromethoxyterphenyl
20 13.5% p-trans-4-heptylcyclohexylbenzonitrile
6.3% 4-(trans-4~-pentylcyclohexyl)-4’-(trans-4-

propylcyclohexyl)biphenyl

b) The electrooptical systems prepared by the processes
described in Example 1lb) are distinguished by a good
25 preparation capability, a wide working temperature
' range, favourable values for the electrooptical
paraméters and their temperature dependence, and by

a low threshold voltage and a good contrast.

ample 43
.30 a) Aan electroopticgl liquid crystal system, containing
‘a liquid crystal mixture which consists of the
following compounds

14.4% p-trans-4-propylcyclohexylbenzonitrile
0 11.2% p-trans-4-butylcyclohexylbenzonitrile



and 2. The el ectrooptical systens prepared by this process 5 are

di stingui shed by a good preparation capability, a wi de working tenperature
range, favourable values for the el ectrooptical paranmeters and their
tenper- ature dependence, and by a |ow t{ggshol d voltage and a high
contrast. 10 Exanple 41 a) An electrooptlcal quuid crystal system

containing a |iquidgggystal lbﬂ zBﬂihQﬁlEg
conpounds 14. 4% -t rans- -ﬁ%op Icy Iohe in n tr| 11. 2%
p-{rans- 4- butyl cycl'otexyl bendi yleyele exylbenzonxtrlle

p- tFans- 4- pentyl cyclsJjexyl ber&-qﬁ::hhbl-t-ﬂba%yleyclohexyl)%'-(trans-4-

p-trans-4-heptyl cycl ohexyl benzoni t.ri
4- (trans-4-pentyl cycl ohexyl) EFQRtﬁ%ﬂéiéiexgiaB&P@?&V%hexyI)b|phenyl 20

4.8% 5 pentyl - 4"é Bfanot erqo-rpaqﬂyle-w%yanoterphenyl

4-(t 4- | | 5 6%
4 (trans-a- pentyl oy REXY) ) ROFCEE -cyanobl copy v E)BHELPRTENROL edndl ©

4- (trans- 4- propyl cycl ohexyl ) -4butiyioye: eﬁ?ﬂﬁéﬁ?@ﬂﬂléﬁ?l 10%

4- (trans-4-pentyl cyod ggexyl ) A(ﬁ&dm&eﬁlwwww-myms

f.ol | ow ng physi cal paraneters cl &ar “poi nt Tlerr] =
102C vi scosity [HQ?ﬂYl— 31 mferr] s[err] (20C) optical

ani sot r o0 [err3os = O. ﬂSIépteanh644$ﬂhﬂyﬂcyblbﬁﬁkqu-amﬁﬂﬁdfww
[err] = 11.4 (20[err]C, 1 kHﬁ) 159 - b) The el ectrooptical systens

prepared by the processes descrlﬁﬁﬁfl n Exanpl e 1b) are distinguished by a
good

% ' - and has the following physical parameters:

viscosity 1 = 20 mm® s (20°C)
optical anisotropy An = 0.12 (20°C, 589 nm)
15 dielectric anisotropy 4e = 10.2 (20°C, 1 kHz)

'b) The electrooptical systems prepared by the processes
described in Example lb) are distinguished by a good
preparation capability, a wide working temperature
range, favourable values for the electrooptical

20 parameters and their temperature dependence, and by
a low threshold voltage and a good contrast.

Example 44 |
a) An electrooptical liquid crystal system, containing
a liquid crystal mixture which consists of the

25 following compounds
14.4% p-trans-4-propylcyclohexylbenzonitrile
11.2% p-~trans-4~butylcyclohexylbenzonitrile
20% p~trans-4~-pentylcyclohexylbenzonitrile
12% p-trans-4~heptylcyclohexylbenzonitrile
30 5.6% 4~ (trans-4-pentylcyclohexyl)=~4’~(trans-4-
propylcyclohexyl)biphenyl
4.8% 4-pentyl-4"-cyanoterphenyl
6.4% 4~{trans-4-propylcyclohexyl)phenyl trans-

4~butylcyclohexylcarboxylate



preparation capability, a w de working tenperat ure range, favourable values
for the electrooptical 5 _ paraneters and their tenperature
dependence, and by a | ow threshold voltage and a good contrast. Exanple 42
a) An el ectrooptical liquid crystal S¥Siﬁ“ containing a liquid crystal

m xture which consists of the 10 ow ng conpounds 16.2%
p-trans-4-propyl cycl ohegy! benz@“{ﬁf&d@-ﬂ-?p&‘@ylcyclohexyl)-4’-cyanob:.-
p-trans-4-butyl cycl ohexyl benz &Lﬁ e 22

p t&ns 4-pentyl cycl ohexyl benRMR¥t 1 e 5. 4% 4-pentyl - 4" - cyanot er phenyl

7.2% 20%trans- zn-p(opwpmimwmmua{ﬁ)-s-hept-
4 but yl cycl ohexyl car boxyl ate 6, f’/o .

4- (trans-4-pentylcycl ohexyl) - %"n%henyl 10%
4-pentyl -4"-di fl uor onet hoxyt er phenyl 20 13. 5%

p-trans-4-heptyl cycl X eﬂgé) ' :
4-(trans- 4%ent yl cyc e%%/?) n{‘%yfans '% %osﬁ'y a‘(::Ly a(ﬁ?é“)?ﬁe)rﬁ phenyl b)

The el ectroopti cal systems prepared by the processes described in Exanple

1b) are distingui she@il&gr 25 grefaagqbcon Icapab| lity, ? wi de
wor ki ng tenperature ra favourabl e val ues far el.ectrooptica
paraneters and t hei v 'ﬁYure dependencdl =k8 Wﬁasl of2PRE shol d vol tage

and a good contrast. oﬁx.hnamleaﬂa’ﬂsél&op;ﬁ) M’n\,ﬁ muraoqmwcal SFISQ fglr?lzfmaln

oonpounds 144 ke S Ratians AR 02, S TR0%, 111555 ’

p-trans-4-butyl cycl ohexyl benzonitrile - 160 - 20% -

P-{rans- 4-pent yh £y Ccl P& el Y dtiida1® systems prepared by the processes
described in Example 1lb) are distinguished by a good
preparation capability, a wide working temperature
range, favourable values for the electrooptical
parameters and their temperature dependence, and by

15 a low threshold voltage and a good contrast.

E e 45
a) An electrooptical system, containing a liquid crys-
tal mixture which consists of the following com-

pounds
20 5% . 4(-trans-4-pentylcyclohexyl)-4‘~chloro~
biphenyl
17.1% p-trans-4-propylcyclohexylbenzonitrile
13.3% p~trans-4~-butylcyclohexylbenzonitrile
23.8% p-trans-4-pentylcyclohexylbenzonitrile
25 14.3% 4-(trans-4-heptylcyclohexyl)benzonitrile
6.7% 4-(trans-4-pentylcyclohexyl)-4’-cyanobi-
phenyl
6.7% 4-(trans-4-pentylcyclohexyl)-4’~(trans-4-
propylcyclohexyl)biphenyl
30 5.7% 4-pentyl-4"-cyanoterphenyl
7.6%_ 4-(trans-4-propylcyclohexyl)phenyl)

trans-4-butylcyclohexylcarboxylate

and has the following physical parameters:



-12% p-trans-4-heptyl cycl ohexyl benzonitrile 5.6%

4- (trans-4-pentyl cycl ohexyl)-4"-(trans-4- propyl cycl ohexyl)bi phenyl 5

4. 8% 4-pentyl -4"-cyanot er phenyl 6.4%

4- (trans-4-propyl cycl ohexyl ) phenyl tranggoe4=butyl cycl ohexyl carboxyl ate 5.6%
4- (trans-4-pentyl cycl ohexyl)-4'-cyanobi - phenyl 10 20%

1-(trans-4-pentyl cggg_bg&e@sl,_ht4 fluoro- bepzehgswmyd has the follow ng

physi cal parameters: \is 05|t s[err]
(200) optical ani sGPEIGP i %QF'FPRY- 0. 15“(’20§ei$]t2g5%g% 'LS

di€l ectric anisot rdﬁ.)elebtu:ﬁ.]: aniBotropy| cAe] € 11.&%2020, 1 Tkuz)

el ectrooptical syst ar by the procgs ﬁ IaaRd, i N Exarrpl e 1b)
are distingui shed 9 S‘gﬂar ation cﬁpab?fe' 7%, \ﬁ% g”wor ki ng

t enper ature range, favour abI e values for the el ectrooptlcal

A kST SEAAT B R B

system contai ni ng d&slqrééned dnyBxamplke xkhir @z\nhdeﬁtwegishg vy teh wige
fol 0wl ng compoundsraikidif tempirht P8 die) tavuekABELEIGE IS Wi 11. 2%

p-trans-4-butyl cycl ghexyl™benzonitril
p-trans- 4- pentyl cyﬁqﬂ?&ﬁ@&% |tﬂqq%“°lt2%s and in particular by a

p-trans-4-heptyl cytligheuv stabddityi.l e 30 5.6%
4-(trans-4-penty|cyclohexyl)-4'-(trans-4- propyl cycl ohexyl ) bi phenyl 4.8%
4- pentyl -4"-cyanot er phenyl 6. 4% 4- (trans-4-propyl cycl ohexyl ) phenyl
trans- 41B8ut yExampllec®6 car boxyl at e - 161 -

—/ a) An electrooptical system, containing a liquid crys-
tal mixture which consists of the following com-
pounds
20% l-(trans-4-pentylcyclohexyl)~é4-chloro-

15 _ benzene
14.4% p-trans-4-propylcyclohexylbenzonitrile
11.2% p-trans-4-butylcyclohexylbenzonitrile
20% p~trans-4-pentylcyclohexylbenzonitrile
12% p-trans-4-heptylcyclohexylbenzonitrile
20 5.6% 4-(trans-4-pentylcyclohexyl)-4‘~-cyancbi-
phenyl '
5.6% 4-(trans~-4-pentylcyclohexyl)-4‘~-(trans-4-
propylcyclohexyl )biphenyl
4.8% 4-pentyl-4"-cyanoterphenyl
25 6.4% 4-(trans~-4-propylcyclohexyl)phenyl)trans-

4-butylcyclohexylcarboxylate

and has the following physical parameters:

clear point T, = 69°C

optical anisotropy An = 0.13 (20°C, 589 nm)
30 dielectric anisotropy Ae = 10.8 (20°C, ‘1 kAHz)

flow viscosity 1 = 21 mm*/s (20°C)

b) The electrooptical systems prépared by the processes
described in Example 1lb) are distinguished by a wide



5.6% 4- (trans-4-pentyl cycl ohexyl )-4'-cyanobi - phenyl 20%
2-(4-(3,4-di fl uorophenyl ) phenyl)-5-hept- ylpyrimdine 5 and has the
fol.l ow ng physical paranmeters: clear point T[err] = 97C

Vi scosity : [err] = 48|ﬂﬂ£ﬂ{d3s{err] (20C) optical anisotropy
[err]n [err] 0.16 (20[err]C, 589 nm dielectric anisotropy [err] = 12.9

(20[err]C, 1 kHz) Ifbriing t’éh@e&h%ﬁ&é%ﬁéﬂ|fa?v)biiﬂﬂie0€rﬁmﬁ§9df8¥ the
processes described jn Exa b) are |st|ngU|sheddB¥ ay%#ﬁﬁgp aration
capability, awdem’?ﬁj’m@ﬁﬁéaﬁ pd, 3 PREE 2 he

el ectrooptical par dniagleroV athbilldity.t enper at ure dependence, and by 15

a low threshold voltage and a good contrast. Exanple 45 a) An

el ectrooptical system containing a liquid crys- tal mxture which consists
of the foll owiBxample 46 [eicl0 5%

4(-trans-4-pentyl cycl ohexyl)-4'-chloro- biphenyl 17.1%

p-trans- 4j£ropylcyclohexylbenzonltrlIe 13. 3%

p- t r ans- 4-But By clMh@daataeaptical) systemy, containing a liquid crys-
p-trans-4-pentyl Cyfﬂﬂheﬁl{k@&féoﬂhﬁhh' @ofisists of 16hé%following com-

4- (trans-4-heptylc ohgxyl ) benzonitrile 6. 7%

4-(trans-4- pentylc&gf yl )-4'-cyanobi - phenyl 6.7%

4-(trans-4-penty|cyc|ohexyl) 4" - (trans 4 propyl cycl ohexyl ) bi phenyl 30

5. 7% 4- pentyl - noteiﬁm 0 -
4- (trans-4-propyl cy exyI )p eny ranétfak!)ls }/j &e?%]&gf:%g}lgmy]l ate and

has the fol |l ow ng physical avd"eddfluorotegphenyl
— 10 8.0% 1-[4-(2-f1uoro-4-propy1ph¢ny1)phenyl]-2-
(4-fluorophenyl)ethane
11.0% 1-[4~(2~fluoro-4-pentylphenyl)phenyl }-2-
(4~-£fluorophenyl)ethane
7.0% 1-{4-[4~-(trans-4~-propylcylcohexyl)-2-
15 fluorophenyl jphenyl}-2-(3,4~difluoro~
phenyl)ethane [sic]
7.0% 1-{4-[4~-(trans~-4-pentylcylcohexyl)~-2-

fluorophenyl Jphenyl}-2-(3,4~difluoro-
phenyl)ethane [sic]

20 2.0% 1-{4-[4-(trans-4~-propylcylcohexyl)~-2-
fluorophenyl Jphenyl}-2-(3-fluorophenyl)~-
ethane ({sic]

6.0% l1-{4-[4~-(trans~4-pentylcylcohexyl)}~2-
fluorophenyl }jphenyl}=-2-(3-fluorophenyl)-
25 ethane [sic]
10.0% 4-(trans~4~ethylcyclohexyl)-3/,4’~di~
fluorobiphenyl
10.0% of 1-(4-pentylphenyl)-2-[4~(3,4~difluoro-
phenyl)phenyl ]ethane
30 10.0% 4-(trans-4-propylcyclohexy1)-3',4’-di-
fluorobiphenyl
10.0% 4- (trans-4-penty1cyclohexy1)-3’ 4’'~di~-
fluorobiphenyl
7.08 . 4~(trans-4-ethylcyclohexyl)-3’,4’,5’'~tri-
35 fluorobiphenyl

7.0% 4- (trans-4-penty1cyclohexyl) 37,4’/,5-



cl ear point T[err] = 95C optical anisotropy [err]n = 0.15
(20C, 589 nnm) dielectric anisotropy [err] = 11.6 (20C, 1 kHz) flow
viscosity [err] = 31 mierr]/s (20[err]C) 5 b) The

el ectrooptical systens prepared by the prig, fges descri bed in Exanpl e 1b)
are distinguished by a wide working tenperature range, favourable values
for the el ectrooptical paranmetiisidgidnl #:cul ar by a high UV stability.
10 Exanpl e 46 a) An el ectroopti cal §st e containing a liquid crys-
tal,_mixture which consists of the follow ng com pounds 20%
1-(trans-4-pentyl cydmhchad )1:11@Cﬁiil(ﬂ.ﬁ:@l:l.n%5 Xsi.cal parameterB€nzene 14.4%
p-trans-4-propyl cycl ohexyl benzonitrile 11

p-trans-4-butyl cycl ohexyl benzonitrile 20%

p-trans-4-pentyl cyclMIméMDni trile 12980, = 97°C

. p-trans-4- heptyl cycldﬂﬁeg Pﬂé oh,ére 20 % ano
4- (trans-4-pentyl cycl owLexy]H cya bi - pﬁenyl léﬁﬁ t20°c, 589 nm)

j (t r?nls j entyl E:ycf-?-u i I 25 9644(ypropyl cycl ohexyl ) bi phenyl 4.8%

-pentyl -4"-cyano er:nmaw ' =1, 5115 20°C, 589

4- (trans-4-propyl cycl.ohex phenyl trans- 2but ycI o exyI ‘car boﬂ ate and

| y

has the follow ng p OELoDY| c4f Foilm lkn#[err] = 69C

optical anisot ropy An 0.13 (ZOC 589 nm) 30 dielectric

21 mierr]s (30 L %ég-%ﬁr obtFoat fréiens Haketsilhylthe progesses |

processes descrl bed é-nlgytaupbedlh;t mmrlsbbdnbp.tahaddby a wide3 -
—/ : work:.ng temperature range, favourable values for the

electrooptical parameters and in particular by a
high UV stability.

Example 47 :
a) An electrooptical system, containing a liquid crys-
15 tal mixture which consists of the following
compounds
12.1% 3-fluoro-4~-chlorophenyl trans-4-(trans~4-
propylcyclohexyl)cyclohexylcarboxylate
9.9% 3-fluoro-4~-chlorophenyl trans-4-(trans-4-
20 pentylcyclohexyl)cyclohexylcarboxylate
9.0% 3-fluoro~4-chlorophenyl trans-4-propylcy-
' clohexylcarboxylate
9.0% 3-fluorod-chlorophenyl trans-4-pentylcy-
clohexylcarboxylate [sic]
25 10.0% 2-fluoro~-4-pentylphenyl trans-4-(trans-4-
pentylcyclohexyl)cyclohexylcarboxylate
10.0% 2-fluoro-4-pentylphenyl trans-4-(trans-4-
propylcyclohexyl)cyclohexylcarboxylate
10.0% 2-fluoro-4-propylphenyl trans-4-(trans-4-
30 propylcyclohexyl)cyclohexylcarboxylate
15.0% 4-(trans-4-propylcyclohexyl)benzonitrile
10.0% 4-(trans-4-pentylcyclohexyl)benzonitrile
5.0% 4~(trans-4-pentylcyclohexyl)-4’~(trans-4-~

propylcyclohexyl)biphenyl



wor ki ng tenperature range, favourable values for the electrooptical
parameters and in particular by a high UV stability. Exanple 46 r [sic] 5
a) - An electrooptical system containing a liquid crys- tal m xture which
consists of the followi ng com pounds &
2-fluoro-4-(trans-4-pentyl cycl ohexyl)- 3"- 4 -di fl uor ot erphenyl 10
8. 0% 1-[4- (2-f| wadOhAsPLARY EBDEBWEA hﬁﬂybicgl pérdheesphenyl ) et hane
11. 0% 1-[4-(2-fl uoro-4-pentyl phenyl ) phenyl | (4-11 uorophenyl) et hane
7. Q% 1-{4-[4-(trans-4-propyl cyl cohexyl)-2- 15
fIuorophenyl]phenylka%cb&ﬁtyﬁlflForo- Frenyl)ﬁb@are3%$4cﬂmezgoz a fI
1-{4-[4-(trans-4-pe I cohex -2- uor ophe y I f1 uoro-
ph{enyl ) et hane [ sic] B%e‘ﬂ'n.ngencé 0% E’\{J B ﬂ 12}0 C, %‘8%
1-{4-[ 4- (trans- 4- pr cdpasypodntxyl ) - 2- N 114.9 I
fl uor ophenyl ] phenyl } - 2- ( 3- quorophenyI)- et hane [sic] 6.0%
1-{4-[4-(trans-4-pentyl cyl cohexyl)-2-
f1 uor ophenyl ] pRdny| Fhe. e e?FG@PBMI%Y“—% prepared by the PMS[ si c]
10. 0% 4-(trans- aeebﬁbéuciﬁfmmi@lé L aﬂ*b diheﬂﬁemms&%a of
1- (4- pentyl phenyl) - ZP%*&;‘? difl uoro- qpql‘eﬁnﬁ/ %Ehenﬁdﬁt hane 3 for th 10.0%
4-(trans- 4- propyl cy¥ |}e§pe5g ure 1o RYRY evabtyes for the
4- (trans-4-pentyl cyellelct.tpbptit:al -piranrdtersobandeliyl parfticular by a
4- (trans-4-ethylcy X -tri
flﬁoroblphenyl 7. Owha igﬁgliéﬁéntylcyclohexyl) 3,4 ,5 -
- 10 Example 48
a) An electrooptical system, containing a liquid crys-
tal mixture which consists of the following com-

pounds
12.1% 3-fluoro-4-chlorophenyl trans-4-(trans-4-
15 propylcyclohexyl)cyclohexylcarboxylate
9.9%  3-fluoro-4-chlorophenyl trans-4-(trans-4-
_ pentylcyclohexyl)cyclohexylcarboxylate
9.0% 3-fluoro-4-chlorophenyl trans-4-propylcy-
clohexylcarboxylate
20 9.0% 3-fluoro-4-chlorophenyl trans-4-pentylcy-
clohexylcarboxylate
8.0% 2-fluoro-4-pentylphenyl trans-4-(trans-4-
pentylcyclohexyl)cyclohexylcarboxylate
7.0% 2-fluoro-4-pentylphenyl trans-4-(trans-4-
25 propylcyclohexyl)cyclohexylcarboxylate
7.0% 2-fluoro-4~propylphenyl trans-4-(trans-4-
propylcyclohexyl )cyclohexylcarboxylate
15.0% 4-(trans-4-propylcyclohexyl)benzonitrile
13.0% 4-(trans-4-pentylcyclohexyl)benzonitrile
30 2.0% 4-(trans-4-pentylcyclohexyl)~-4’-(trans-4-
' propyicyclohexyl)biphenyl
8.0% 4-pentylphenyl trans-4-propylcyclohexyl-
carboxylate

- and has the following physical parameters:



~ 164 - trifluorobi phenyl and has the foll ow ng physical paraneters: clear
poi nt T[err] = 97C optical anisotropy [err]n = 0.1660 (20C,
589 nm 5 ordinary refractive index [err] =
1.5115 (20C, 589 nm) dielectric anisotLOEgﬁ lerr] =7.6 (20C, 1 kHz) b)
The el ectrooptical systens prepared by the processes described in Exanple
%b) arebFistinuisPegsgysgt i de 10 I workhpg.nggeﬁﬁpyge(ggngf, o

avour abl e val ues for the, €l ectrooptical paraneters i artlrcular by a
high UV stability. %ﬁﬁ%’%ﬂ%ﬂ%ﬁ) An el ect rogﬁtq an?ﬂtgélzgrﬁ 'c%h§a¥‘mng a
liquid crys- 15 cleatapoimt xture which consiglt,2 T0f the follow ng
conpounds 12. 1% 3-f luoro-4-chlorophenyl trans-4- (trans-4-

propyl cycl ohexyl ) cycl ohexyl car boxyl ate 9. 9% 3-fl uoro-4-chl orophenyl
trans-4-(transb)j- 2The electrooptical systems prepared by the processes

tyl cycl ghexyl o _fs _ |
rane- 4. prapyl oy, CIoREEtbed Mot alihe, 15 re afbyinglilshel B & GRUE"
trans-4-pentyl cy- cVerkifgismpstatiure rangp, 2favourable yajnes for the

2-fluoro-4-pentyl phgngétibopeidalt Pﬁ%&méters and in particular b}{ a
ate 10. 0% 2-f Tuoro-4-pentyl phenyl

pent yl cycl ohexyl ) cygcl ohexyl carbo,

trans-4- (trans-4- B y%? Fxtyclohexylcarboxylate 10. 0% 2-f
| uor o- 4- propyl phenyl trans-4- (trans-4- 30

propyl cycl ohexyl | opgxyl car boxyl ate 15. 0%

4-(trans-4-pr xyl)benzonitrile 10.0%

4- (trans-10penay| cyBhodkagtyoopticnl riiquisl exystal system, containing
4Urans-4-pentyl cygl oy - éﬁ&%&inﬁiﬂitﬁré)p%%iil e idts PldE Ythe
following compounds

14.4% _ p~trans-4-propylcyclohexylbenzonitrile
-11.2% ~ p~trans-4-butylcyclohexylbenzonitrile
15 20% p-trans-4-pentylcyclohexylbenzonitrile
: 12% p-trans-4-heptylcyclohexylbenzonitrile
5.6% 4-(trans-4-pentylcyclohexyl)~4’~(trans-4-
propylceyclohexyl )biphenyl
4.8% 4-pentyl-4*~-cyanocterphenyl
20 6.4% 4~ (trans-4-propylcyclohexyl)phenyl trans-
4-butylcyclohexylcarboxylate
5.6% 4-(trans-4-pentylcyclohexyl)-4’-cyanobi-
| phenyl -
_ 6% 4-propylphenyl-4-heptyl benzoate
25 7% 4-pentylphenyl~4-heptyl benzoate
7.0% 4~-heptylphenyl~4-heptyl benzoate

and has the'following physical parameters:

clear point T, = 77°C
viscosity 1 = 34 mm* 87 (20°C)
30 optical anisotropy An = 0.14 (20°C, 589 nm)

b) The electrooptical systems prepared by the processes
described in Example 1b) are distinguished by a wide
working temperature range, favourable values for the



= 165 - and has the foll ow ng physical paranmeters: viscosity

[err] = 30.4 mjerr]/s (20C) birefringence [err]n = 0.11
(20C, 589 nm clear point N 114.9 1 5 b) The

el ectrooptical systens prepared by the.pg@gesses described in Exanple 1b)
are distinguished by a wide working tenperature range, favourable values

flgr tgi el FCt230p§lmcwf t&rﬁt ldﬁéﬂ&&rst andar thyiz ht&ﬁpéi"agﬁf‘b"lty
anpl e a ectrooptica ai ni a ys-

tal_m xture which 3fR® %‘f%m?ﬂ gp f’cﬂlB#ﬁb"E 113 Bﬂunﬂsrl%f %9 sheld

| uor o- 4- chl or ophenywolts®ges 4- (trans-4- 15

propyl cycl ohexyl ) cycl ohexyl carboxyl ate 9. 9% 3-f luoro-4-chl orophenyl

trans-4- (trans-4- pentyl cycl ohexyl)cycl ohexyl carboxyl ate 9. 0%

3-fluoro- 4 crnngmu&gui_trans 4- propyl cy- cl ohexyl carboxyl ate 20

9. 0% r p XY, Eﬁ‘fﬂ’ﬁ’f te

8. 0% fI uo o- Aﬁp‘)enty p e icgrlag'sﬁaﬂ'fl GE‘#&&X sfkegﬁ & i/lll&

pent yl cycl ohexyl ) cyR| dHiaiid oFEBRYa bt dixtyge which |qeneisks,epfy| Bheny|

trans-4- (trans-4- £6llowing compounds

propyl cycl ohexyl ) cycl ohexyl car boxyl ate 7.0% = 2-f | uoro-4-propyl phenyl

trans-4- (trans-4- propyl cycl ohexyl)cycl ohexyl carboxyl ate 15. 0% _

4-(trans-4-propy|cyh)bhexyl)ttﬁttrdnsidﬁpehtymﬁyclohexyl)benzonitrile

4-(trans-4-pentyl cyggphexyl) r| 45 . 0%
A bﬁ'%

4- (trans-4-pentylc ohexyl) ans- 4 pro ﬁpcyc hexyl ) bi phenyl 8. 0%
4-pentyl pHenyl trans3¥- propyl4sReRHIEA W&@&Wh&ml
N _ 20% 4-(trans-4~-pentylcyclohexyl)-4’-cyano-
' biphenyl
15% 4-propyl-3 "-fluoro-4"-cyanoterphenyl
20% 4-pentoxy—4-fluoro—tolan

1S Db) The electrooptical systems prepared by the processes
described in Example lb) are distinguished by a good
preparation capability, a wide working temperature
range, favourable values for the electrooptical
parameters and their temperature dependence, and by
20 a low threshold voltage and a high contrast.

Ex 51

a) An electrooptical liquid crystal system, containing
a liquid crystal mixture which consists of the
following compounds

25 18% 4~-cyano-4’-(trans-4~-pentylcyclohexyl)bi-
phenyl
35% 4-cyano-4’-hexylbiphenyl
22% 4-cyano-4’-pentylbiphenyl
9% 4-cyano-4"-pentylterphenyl
30 5% 4-cyano-4’~-yl-biphenyl -heptyl-4'-yl-
_ biphenylcarboxylate
5% 4~-cyano-4’-nonoxybiphenyl
6% ' 1-(trans-4-propylcyclohexyl)-2-(4-pentyl-

2-fluoro-4’-yl-biphenyl)ethane



and has the follow ng physical paraneters: - 166 - viscosity

[err] = 25.9 mjerr]/s (20[err]C) birefringence [err]n = 0.10
(20C, 589 nm clear point N94.2 1 b) The el ectroopti cal
systenms prepared by the processes 5 _ jgg described in Exanple 1b) are

di stingui shed by a wi de working terrperature range, favourable values for

- the electrooptical {33 Wl H¥he qq,q_lloquaar gh?giéilbpa?aﬂéﬂgrw stability.

Exanple 49 10 a) An electrooptical crys system containing a
|I@d crystal m xture whi ch consists of the foll owi ng conpounds 14. 4%

p-tTans-4-propyl cy dledexgdigitzonitrile 11g2% 100°C
p-trans-4-butyl cycl ghexyl.Renzonitrile 15 2090,
p-trans-4-pentyl cy JtﬁFé%/&ﬁq"(yenzomtrl le 128 = 55 mm s (20°C)
p-trans-4- heptyl cydﬂhqﬂmmmmﬁ dgo= 14.1 (20°C, 589 nm)

4-(trans- pentyl Céﬁiﬁf@i{'%@ot@o‘b@s &Br gpﬁl Exck aeé}/l ikaQ?nyl 4. 8%

4-pentyl - 4" - cyanot

4- (trans-4- propyl cycl ohexyl ) phenyl trans- 4-but yl cycl ohexyl car boxyl ate 5. 6%
4-(trans-4-pemgy!| Cyﬂ&@%ﬁr&b Otﬁysﬁmﬁrefpéred by the process

4- propyl phenyl -

4 hept engzqat
~ 4-pentyl phenyl - é{)ﬂ%"[ ‘Bﬁé g"?‘“@% 1b) @%MRH@H}Fhﬁth}SﬁI"%zoat e
(;19((1: has the fol I ovquxklmgs Iteubeiratan‘etﬁﬁgepimromhlb v[alues for thHeerr] =
viscosity Lr rr
" optical anisotropy eleet[reoorétﬁmﬁg‘, P%‘%?EB[ eﬂ’?C l%é‘é’? %e%gr&?‘%
el ectroofdtl cal systdapendenre.ca bowt thr yexl tagegr abgaod rprepama-e 1b)
ake di stingui shed by gy Wdffability and a hJ.gh contrast.

Example 52
a) An electrooptical liquid crystal system, containing
a liquid crystal mixture which consists of the

15 _ following compounds

25% 2~ (4~-cyanophenyl)-5-propylpyridine

25% 2~(4~-cyanophenyl)~5-butylpyridine

25% 2-{4-cyanophenyl)-5-pentylpyridine

25% 2~ (4~cyanophenyl)-5-(pentylphenyl )pyrid-
20 ine '

and has the following physical characteristics:

clear point T, = 85°C

viscosity 7 = 70 mm* s~ (20°C)

optical anisotropy An = 0.269 (20°C, 589 nm)
25 dielectric anisotropy Ae = 24.1 (20°C, 1 kHz)

b) The electrooptical liquid crystal system which is
prepared by the processes described in Example 1b)
is distinguished by a good preparation capability,
a wide working temperature range, favourable values

30 for the electrooptical parameters and their tempera-
ture dependence, and by a low threshold voltage and
a high contrast.



wor ki ng tenperature range, favourable values for the - 167 -

el ectrooptical paraneters and their tenperature dependence and in
particular by a | ow threshold voltage. Exanple 50 5 a) An

él ectrooptical liquid crystal system CoRggining a liquid crystal mxture
whi ch consists of the foll ow ng conpounds 12%

4-(trans-4-peng gboBgxyl ) benzonitrile 20%

- -4 - 0, - -4' - i 0,
e R e v St iy, LRI 2%
4-propyl -3"-fl uoro- &" - igmid e qryatal 2fiikture whiphtcopsistsuamd- thlean 15
b) The el ectroopt ngllo&iﬁéegémﬁﬁﬁﬂéﬁed by the processes described in

d Dy

Exanpl e 1b) are disfirngurs a good preparation capability, a w de
wor ki ng tenperature range, favourable values for the el ectrooptical

paramet er sgand t hei n ot ggper at ng4d32t§ﬂQE§gﬁ%+g£§5Llﬁya ﬁﬁl%riedinél | ow

threshol d voltage and a _high contra | ectroopti cal
liquid crystal systdme38ont ai Arkd-gyanephemyl} ) =3=butylovriding ch consists

Zf the fg! | ?\tN' ng CZ'IHQB'%O"S 252-(4-c¥a%_8%err1]y1)-5- entylpyridine
-cyano-4' - (trans-4-pe cycl.ohex i - phe )
4- c§ano- 4' - hexyl bi pﬂgn%‘yzzg/o L"'q%"%im%e ni—'/*)'é 'fgngﬁﬁE}{}Phgs}yl)PY'

4-cyano- 4" -pentyl terphenyl 30ridine 5% - 4-cyano-4' -yl - bi phenyl
4-heptyl -4yl - bi phanggcar boxyh gl ¢4 25 opy1phey ) PiRnF 11121 E1RRT A
| . ' 4-cyanophenyl )ethane
N 15.0% 1-[4~(4-pentylphenyl)phenyl]-2-(3-fluoro-
4-cyanophenyl)ethane

and has the following physical characteristics:

15 clear point T. = 94°C
optical anisotropy An = 0.272 (20°C, 589 nm)
dielectric anisotropy Ae = 25.6 (20°C, 1 kHz)

b) The electrooptical liquid crystal system which is
prepared by the processes described in Example 1b)
20 is distinguished by a good preparation capability,
a wide working temperature range, favourable values
for the electrooptical parameters and their tempera-
ture dependence, and by a low threshold voltage and

a high contrast. '

25 Example 54
a) An electrooptical liquid crystal system, containing
a liquid crystal mixture which consists of the
following compounds

22.5% 2-(4-cyanophenyl)-5-propylpyridine

30 22.5% 2-~(4-cyanophenyl)-5-butylpyridine
22.5% = 2-(4-cyanophenyl)-5-pentylpyridine
22.5% 2-(4~-cyanophenyl)-5-(4~-pentylphenyl)py-

ridine



6% 1- (trans-4-propyl cycl ohexyl)-2-(4-pentyl - N _

- 2-fluoro-4'-yl -bi phenyl ) et hane - 168 - and has the follow ng physical
: paraneters cl ear point T[err] = 100C viscosity

[err] S5 mierr] S[err] (20C) dielectsigea sotropy [err] =14.1
(20[err]C 589 nm 5 optical anisotropy [err]n 0.24 (20C 1

kHz) b The el ect cal e BhRé fm q;—;@_é; din

i ngui shed ng te erature range,
Exaarpl)e 1b) are di s?mgm T YuepE, ﬁlflby np it
fayourabl e val ues for the el eé’?ﬁ’&l&t) SF‘%JFEH’EP&ES%B their tenperature
10 dependeﬂce a | ow threshol dI vol5t2age a goolde(p:){ epar a- p;: olnI qui d
capability and a hi e a
crystal system con%&dr:l?‘rrllgr ?\e (fgﬁ'g H}gtgpyﬁf'??ﬁr ﬁ é‘?‘?ﬁ% of the
15 fol | owi ng conpounds §5%I d2 (4- c%/anophenyl) 5-pr opyl pyri di ne

' t ridin
25((%4 cyanof)hfaﬁylcglagggle%%t}g pi}rﬁltdrjng %% % %ﬁrcz &1 (20°C} .
2- (4- cyanoﬁhenyl) 5V enyl )pyr| d- 20 = 74 mm (20°C) n_?_ an(rj] haSBSC
the follow ng physi @yt;f;ar Qﬁﬁ_@;gi- r]cl gg;.r.P@@go %?‘]'%5 sosp% I%!g‘» =
vi scosity el er 5
err Ezkg e 589 # 2(52 1'kKB%®) ectric

ZR: 28% :8% '[erE] :@4 1 (20C, e1 EHZ) b) The el ect roop'ltjl gal I :ng dI 1b)
crystal systemguhic racesses cribed in rrp,e
i Sydl sti ngui sheg/n tpe W«f }rtdtﬁaéh I?Wt V\ﬂfi%t%rﬂ‘ﬁﬁg
t enper at ure range, mﬂl byv dhec processes deberibed d.hemm@hqlai
p&{/amet eraand thei il FiREIHgulhed B AIH06R pRefabhtion” Yapabil1ty,
voltage an a wide working temperature range, favourable values

for the electrooptical parameters and their tempera-

ture dependence, and by a low threshold voltage and -

a high contrast.

15 ample 55

a) An electrooptical liquid crystal system, containing
a liquid crystal mixture which consists of the
following compounds

22.5% 2-(4~cyanophenyl ) -5-propylpyridine
- 20 22.5% 2-(4-cyanopheny1)-5—huty1pyr1d1ne
. 22.5% 2-(4-cyanophenyl)-5-pentylpyr1dine
22.5% 2- (4-cyanophenyl)-5-(4-penty1pheny1)py-
_ ridine
10.0% 4-pentyl-3“,5“-difluoro-4"-cyanoterphenyl
25 ~and has the following physical characteristics:
clear point T, = 84°C
viscosity 1 =75 m’ s (20°C)
optical anisotropy .An = 0,266 (20°C, 589 nm)

dielectric anisotropy Ae = 26 (20°C, 1 kHz)

30 b) The electrooptical liquid crystal system which is
prepared by the processes described in Example 1b)



a high contrast. - 169 - Exanple 53 a) An el ectrooptical liquid
“crystal system containing a liquid crystal mxture which consists of the
follow ng conpounds 5 17.5% 2- (4- cyanophenyl ) - 5- propyl pyri di ne
17. 5% 2- (4- cyanophenyl ) - 5- but yl pyrlglﬁal 17.5%

2- (4-cyanophenyl ) -5-pentyl pyridi ne 17. 5%

2- (4- cyanophenyl ) - 5- Jgg? 5
- 1-[4-(4-propyl phenylijé[])r ?‘?@-534‘?%0- ﬂécya T ara %‘%hc%aﬁtlbﬁxy'

1-{ 4, (4- pentyl pheny!8 tempegat EIEyﬁﬂﬁﬁﬁe @ﬂ#ﬁ#&ﬁ rlres the
f0|948W| n?_ ph|yS| cal thtﬂ‘ Etsﬁeeéﬂ.&btﬁéo tbcal Zaraﬁét%&‘s %ﬁagthez.r td Tra-T [err]
= optical anisot o = I'electric
ani sotropy [err] t)!i"p% m%%""]e '%ﬁ'y ﬁ&%ﬂéﬂf& \5%1?%%? adui d
-.crystal syst em whi cha ilsigh eyomtarhdty. t he pr ocesses descri bed in Exanpl e 1b)
20 I s distinguished by a good preparation capability, a w de working
. tenperature range, favourable values for the el ectrooptical paraneters and
their tenpéra-EEﬁ!Elﬂx&&dence and by a |l ow threshol d voltage and a high

containing a |9 d 2 @ﬁt‘dﬁﬁtﬁr"?ﬁ%ﬁ?@?gﬁ@gf%'% dily Sttty
conmpounds 22. 5% . diguid aixtyre| p‘}h!-%hné’%i'!tﬂ °f22tl§¢/o

2- (4-cyanophenyl ) - 5mw@ﬂg @d&@o&%&%
2- (4- cyanophenyl ) -5-pentyl pyridi ne 22. 5%
2- (4 cyanophenyl) 5- (4 pent yl phenyl ) py-

D

- 20.0% 2-(4-cyanophenyl)-5 -propylpyr:.d:.ne
A 20.0% 2-(4~cyanophenyl) -5-butylpyr:|.dine
20.0% 2-(4-cyanophenyl)-5-pentylpyridine
20.0%  2-(4-cyanophenyl)-5-(4~-pentylphenyl)py-
ridine |
15 10.0% 2-(3-fluoro=-4-cyanophenyl)- 5-propy1-
pyrimidine
10.0% ~2={3-fluoro-4-cyanophenyl)-5-pentyl-
pyrimidine

and has the following physical characteristics:

20 clear poin'lﬁ T. = 71°C
viscosity n = 68 mn’ s~ (20°C)
optical anisotropy An = 0.253 (20°C, 589 nm)

dielectric anisotropy Ae = 29.5 (20°C, 1 kHz)

b) The electrooptical liquid crystal system which is
25 prepared by the processes described in Example 1b)
~is distinguished by a good preparation capability,
a wide working temperature range, favourable values:
for the eleqtrooptical parameters and their tempera-
ture dependence, and by a low threshold voltage and
30 a high contrast.

Example 57 -
a) An electrooptical lz.qu:l.d crystal system, containing
a liquid crystal mixture which consists of the



Fi di ne - 170 - 10. 9% 1- (4- propyl phenyl - 2-[ 4- (3-f | uor o- 4- cyano-
- phenyl’) phenyl ] ethane [sic] and has the follow ng physical characteristics:

- cl ear point T[err] = 82C 5 Vi scosity
[err] = 74 mierr] s[err] (20[err]C Oplif’?i ani sotropy [err]n = 0.260
(20[err]C, 589 nn) dielectric anisotropy err] =25 (20C, 1 kHz) b) The |

el ectrooptical |iquigefiewi é&iﬁi J¥ich is prepared by the processes
described in Exanple 1 1Oﬁé &fns di stingui shed by a good preparation

capapility, a wi de working tenperature range, favourable values for the

el eCtrooptical parangseg® and ;i-hﬁ'rarné-ew;v lioycdohexgibeneonigrdley a | ow
5 anpl
ngyia&%}

threshol d vol tage an igh contrast.,: e,55 . An.el ectrooptical
liquid crystal syst eﬂ?'a%’gn.t ai Ry ahs |4q glhe?ﬁyg%’ﬁpé"%ﬁﬁfﬁigonsi sts

of the fol |l owing cond@ubfs 22 pbrans-A-pentyloycleheixylbepzopitpiledi ne 20
22. 5% - (4-cyanpphggyl ) - 'M&@%J%yﬂﬁl%%hexylhenzonitrile

. 2-(4-cyanophenyl ) -5-pe | pyri®di ne

2- (4- cyanophenyl ) - 5- (ﬁl*(b%nt y| fretEransr-4-nentylcyelohexyl Ir-4/mayanabi-5-
-di f' I uoro-4"-cyanot er phenyl Qprhenyl and has the follow ng physical
characteristics: clea &oi nt = 84C vi

T[ er SCOSI

[err] = 75 mjerr] s[®r0% (zod-%neaﬁ'aﬁ{‘gxﬂxbwhew haﬁ'fw@v-z%
(20C, 589 nm) dielectric ani sgroppleyclohexyljbiphenglr [Sic) kHz) 30 b) -
The el ectrpoptical |iguid crystal tem wWhich i r red by the processes

descri bed fé\) Exanpl e %‘-’)gé 4%‘”&9& L \@nya(fxote}pﬂeggi
: 6.0% 4~ (trans-4~propylcyclohexyl)phenyl trans-
o/ _ 4-butylcyclohexylcarboxylate

20.0% 1-ftrans-4-(trans-4-propylcyclohexyl)-

' cyclohexyl}=-2=~(3-fluoro-4-cyanophenyl)-

15 ' ethane ' '

and has the following physical characteristics:

clear point T, = 98°C

viscosity n = 39 mm? s (20°C)

optical anisotropy An = 0.139 (20°C, 589 nm)
20 dielectric anisotropy Ae = 14 (20°C, 1 kHz)

b) The electrooptical liquid crystal system which is
prepared by the process described in ‘Bxarl;ple 1b) is
distinguished by a good preparation capability, a
wide working temperature range, favourable values

25 for the electrooptical parameters and their tempera-
ture dependence, a good contrast and high angular
- independence of the contrast.

Example 5 .
a) An electrooptical liquid crystal system, containing

30 a liquid crystal mixture which consists of the
following compounds

15.0% p~trans-4 -propy_lcyélohexylbenzon'itrile
10.0% p-trans-4-butylcyclohexylbenzonitrile



-- 171 - is distinguished by a good preparation capability, a w de working
© tenperature range, favourable values for the electrooptical paraneters and
their tenpera- ture dependence, and by a | ow threshold voltage and 5
‘a high contrast. Exanple 56 a) An el ecypgoptical liquid crystal system
‘containing a liquid crystal m xture which consists of the foll ow ng

’ goggounds 1ﬁ B 523QDQ?6 ,g?tfﬂgg¥ : éycTolhdRbenddrl i X&) . 0%

- (4- cyanophenyl ) - 5. hut yl pyri di pe : )
2-(4-cyanopheny|)-51§eh¥ylpyrPaEﬁénEOQD&@PtY1°Y°l°h°xY1b9nz°nitrile .
g-(g-?ranophznyl)-5-g4opF?t%Iphetrkhpyd-peq%FEnﬁﬁ%?%gfyl)iﬂ!eﬁyanobi-

- (3-fl uoro-4-cyanophenyl ) -5- - pyrimdine . 0%
2-(3-f|uoro-4-cyanopheny|L;S-géﬁﬁé - pyrimdine and has the followi ng
. physical characteris6i.88:. 20 4-(transt nkyleylcohexyl)-4’-{taanp-4-71C
Vviscosity [err] —;gﬁy éiéﬁeﬁifigipﬁ @Xdyral anisotropy
e g; I ro rr

[err]n = 0.253 (20C, _589 nm e Lani'so = 29.5 (20[err] C,
1 kHz) b) ~ The el ecBr88pti caft~PP8 gr'y%r%%%&/ ich is 25

prepared by the procgs9es desgqribednanioyesopyicydiohexyl Fphenyl thansby a
good preparation capability, i_gige morilgﬂﬁ§f$gfgai range, favourable
val ues for the el ectrooptical I52PE¥LEEFLO a- ture
dependenca and by 20.0% t hr elk¢tdanst4-suentyltydlohexyl ) -2-{i3gflaor~ast . -
Exanpl e 57 a) An electrooptkgﬁhe #ﬂvggh§%¥8tal system containing a

S'0 e

liquid crystal m xture which CofisTs
N and has the following physical characteristics:
clear point ' T, = 76°C
viscosity 1 = 30 mm® 8! (20°C)
15 optical anisotropy An = 0.130 (20°C, 589 nm)

dielectric anisotropy Ae = 13 (20°C, 1 kHz)

b) The electrooptical liquid crystal system which is
prepared by the process described in Example 1lb) is
distinguished by a good preparation capability, a

20 wide working temperature range, favourable values
for the electrooptical parameters and their tempera-
ture dependence, a good contrast and high angular
independence of the contrast. ]

Example :
25 a) An electrooptical liquid crystal system, containing
a liguid crystal mixture which consists of the
- following compounds

15.0% p-trans-4-propylcyclohexylbenzonitrile
10.0%. p—trans-4-butylcyclohéxylhenzonitrile
30 20.0% p~trans~4~pentylcyclohexylbenzonitrile
- 12.0% p-trans-4-heptylcyclohexylbenzonitrile
6.0% 4-(trans-4-pentylcyclohexyl)-4’-cyanobi-
phenyl :

6.0% 4~-(trans-4-pentylcylcohexyl)-4’-(trans-4-



- 172 - follow ng conpounds 15. 0%
p-trans-4-propyl cycl ohexyl benzonitrile 10. 0%
p-trans-4-butyl cycl ohexyl benzonitrile 20.0%

" p-trans-4-pentyl cycl ohexyl benzonitrile 5 394 -« 12.0%
p-trans-4- heptylcyclohexylbenzonitriIe 6. b@b

4-(trans-4- pentylcyclohexyl)

ToHI 1) biphetyl [

é?ﬁ!&¥& [sic]
4-(trans-4- pentylcyl gyl) rans-4- ro‘ylc Iohﬁfyl)blphenyl [ sic]
SeAtihA rafiotephe

10, 5. 0%
4- (Trans-4-propyl Cyclohe%yl )pmnw:aﬁ%pﬁwawwotﬁﬁe

20. 0% 1-[trans-4-(trans-4-pr,0 cI exyl,) -
2- (3-fluoro-4- cyaﬁ@dﬂ@ﬁ?ﬁ% eﬁ&lcarboxylate et hane and has
the foll owisg physic20.8%ar actérpmtlc]s-ll'ew%drozphirphenyl T[err]

cycl ohexyl ] -

Vi scosity
ani sot r opy
ani sot ropy-

range, favourable vaf

tyl -

[err] 39 mmferr] s[err] (20[err]C3 opti cal

- Jerrfn = 0.139 (20[err]C 589 nm dielectric
[err] = aund(bag, the kfellowing maém,lt W stdged crystal
system which is prepared by the process described in Exanple 1b) is

di stingui shed by a gog re argiion capabi | de working tenperature
%§g2381n i& ec?io@%

for the

their tenpera- ture vlt‘seﬂdi;'ape a good conty asi27amsk?hsth (a08¢char

i ndependence of the

crystal system contéﬁﬁ*‘ﬁgf ‘l’g%\5|8, ?&ﬁlh crqult Ct(:#“?{,i ?\ghlpiaﬂm d

consi sts 010t he foIIdishgctnnpounﬂsoﬂfbﬁmﬁ Ae = 11 (20°C, 1 kHz)
p-¢rans-4-propyl cycl ohexyl benzonitrile 10.0%

p- trans 4- butylcycl

15

20

25

30

ohexyl benzonitrile
The electrooptical liquid crystal system which is

prepared by the process described in Example 1lb) is

distinguished by a good preparation capability, a-

wide working temperature range, favourable values
for the electrooptical parameters and their tempera-
ture dependence, a good contrast and high angular
independénce of the contrast.

Example 60
a) An electrooptical liquid crystal system, containing

a liquid crystal mixture which consists of the
following compounds '

-

16.0% p-trans-4-propylcyclohexylbenzonitrile
13.0% p-trans-4-butylcyclohexylbenzonitrile
23.0% p-trans-4-pentylcyclohexylbenzonitrile
13.0% p~trans-4-heptylcyclohexylbenzonitrile
6.0% ‘4~ (trans-4-pentylcyclohexyl)~-4‘’-cyanobi-
phenyl - -
6.0% 4~-(trans-4-pentylcylcohexyl)-4‘~-(trans-4-
propylcyclohexyl)biphenyl [sic)
6.0% 4-pentyl-4"-cyanoterphenyl
7.0% 4-(trans-4-propylcyclohexyl)phenyl trans~
' 4-butylcyclohexylcarboxylate
5.0%8 4-(trans-4-propylcyclohexyl)~-4‘-ethoxy-

tolan

tical paraneters and

= 98C



-~ 173 - 20.0% p-trans-4-pentyl cycl ohexyl benzonitrile 12. 0%
p-trans-4-heptyl cycl ohexyl benzonitrile 6. 0%

4- (trans-4-pentyl cycl ohexyl)-4'-cyanobi - phenyl 5 6. 0% .
“4- (trans-4-pentyl cyl cohexyl)-4, - (transz4q98rapyl cycl ohexyl) bi phenyl [sic]
5. 0% 4- pentyl -4"-cyanot er phenyl 6. 0%

4- (trans-4-propyl cycsppexyl ) ppe{¥kansadsp Sy EYSH y+gasgekpkyt-e 10
20. 0% 1-(trans-4-penty|cyglfhexyl)-Z-(S- | uoro- 4-phenyl)ethane and has
the.fol | owi ng physical charact®®tics: clear point Tlerr] =

7 Vi scosity err] =30 nmjerr] s[err] (20[err]C) 15

[
ti I ' t = . | ' ' t _
Corr] = 15 (200 1 #Rg)hEs" the eoLtaiad Prysiel BhatsReintanidll FC T LR o)
i's prepared by the process described in Exanple 1b) is distinguished by a

good preparation caggg ibx ag 20 vh de Wggéng tenperature range,
favourabl e_val ues for t e.e?ectrooptical pdﬁaneterg agq th%ir tenpera- ture.
dependence® a good ¥dgepgitYand hi gh angultr=idiaeEn8end@05€)t he contrast.

IExanrplde 59 t25I a)topeﬂc\;ha_teahieea_&é | Lifkﬂckfouyﬁss_al(m,ersessqml)gi gj)/ng a
iquid crystal mxtyge ch congisis o e foq 0 . 0%
p-trans-4-propy|cycabﬁéﬁﬁﬁﬁgﬁzﬁﬂ+?? FePY 0. ,6'_idng(¥béE¥nilﬂyi
p-trans-4-butyl cycl ohexyl benzonitrile 30 . 20. 0%
p-trans-4-pentylcyc exyl btrihe Q ' i . .
p-trans-4-hept%bcyc#ggeéyﬁggg§§ﬁ#ﬁféheléaa%é)cry3tal system which is
. 4- (trans-4- pentyl cyprepaxed)by' the prigessdesdribedin Example 1b) is
4 (trans- fgpentyl cyhsgieiuhistied by @'Ydbd preparation capability, a
' wide working temperature range, favourable values
for the electrooptical parameters and their tempera- -
ture dependence, a good contrast and high angular-
independence of the contrast.

15 Example 61 .
a) An electrooptical liquid crystal system, containing
a liquid crystal mixture which consists of the
following compounds '

15.0% p-trans-4-propylcyclohexylbenzonitrile
20 ’ 10.0% p~trans-4-butylcyclohexylbenzonitrile
20.0% p-trans-4-pentylcyclohexylbenzdhitrile
12.0% p~trans-4~heptylcyclohexylbenzonitrile
6.0% 4~ (trans-4~pentylcyclohexyl)-4’-cyanobi-~
_ phenyl
- 28 6.0%8 = 4-(trans-4-pentylcylcohexyl)-4’-(trans-4~
' propylcyclohexyl)biphenyl [sic])
5.0% 4-pentyl~-4"~-cyanoterphenyl
6.0% 4-(trans-4-propylcyclohexyl)phenyl trans-
4-butylcyclohexylcarboxylate
30 20.0% 4-(trans-4~propylcyclohexyl)~3/,4’,5'~
trifluorobiphenyl

and has the following physical characteristics:

-



-174- propyl cycl ohexyl ) bi phenyl [sic] .5.0% 4- pentyl - 4" - cyanot er phenyl
1 6.0% 4- (trans-4-propyl cycl ohexyl) phenyl trans- 4
- but yl cycl ohexyl car boxyl ate 5 20. 0% 4- pentyl -4' - chl or obi phenyl
and has the follow ng physi cal characteLigg4gcs: clear point
Tlerr] = 74[err]C V|5005|ty ferr] = 27 mmjerr] s[err]
(20[err]C) optical f& [err]n —gp 2582 QQO[err]C 589 nm 10
di el ectric ani sotropy, erﬁfw' 11 (20[err]C°® 1- kkt b; 5 g.el ectrooptical
liguid crystal systéﬁ%ﬂﬁ?%h S prepared by’tﬁé%&' ded2PP6dd in Exanpl e
| b) i s distingui shedopu:.@anloﬂﬂh.itfwt i on mpa]p Iﬂatsy,(zaw,dsaxsoh_h)nlg
t enper at ure range, e value t alectr i ca
paranmeters and t hei rgf%‘g? tfﬂle'%%elﬁge 1?'503?00?% ?awénd hi gh
angul ar i ndependence of the contrast. Exanple 60 a) An el ectrooptical o
liquid crysgal st C s LaQid Cﬁﬁgfﬂm ] ez whi ch
consi sts oféthé§¥olﬁ%%fngm&étgbﬂﬁﬁggi% 6&gu18 EE?B%Ql Uiddh 1§h
p-trans-4-propyl cycl%@t%rﬁbrﬁh& mzpcg;mdpscrxbed in BExample 1b) is

p- trans j bUt{'fyC|ﬁ@fﬁﬂil d{b Fa2 preparat;on capability, a
p-trans-4-pentyl cyclo onitrile
p-trans-4- heptyl cycl PBEﬂiBﬁ|FFPP@=8i8%9 raqg;«t#gﬁquphle values

-pentylcyclohexyl) ﬁorduﬁnehectpbepyhcﬁlQﬁﬁrameﬂbrs and their tempera-

{75011 UG dopdebdd T, g SO s ALk

(trans-4- propylcycl 9n¢¢n9340i thﬂ}ccnﬂﬂﬂﬁﬂ-cyclohexylcarboxylate 5. 0%
4_ftrans-4-propyl cycl ohexyl) -4'-ethoxy-
Example 62

a) An electrooptical liquid crystal system, containing
a liguid crystal mixture which consists of the-

15 following compounds
15.0% p-trans-4-propylcyclohexylbenzonitrile
10.0% p-trans—4-butylcyc1ohéxy1benzonitrile
20.0% p-trans-4-pentylcyclohexylbenzonitrile
12.0% p-trans-4-heptylcyclohexylbenzonitrile
20 - .6.0% 4-(trans-4-pentylcyclohexyl)-4’-cyanobi-~
phenyl
6.0% 4-(trans-4-pentylcylcohexyl)-4’~(trans-4-
- propylcyclohexyl)biphenyl (sic]
: 5.0% 4-pentyl-4"-cyanoterphenyl o
25 6.0% 4-(tfans-4—propy1cyclohexyl)phenyl'trans-
~ 4-butylcyclohexylcarboxylate
10.0% 1-(trans~4-(trans-4-propylcyclochexyl)cy~-
clohexyl)=-2-(4~-cyanophenyl)ethane :
10.0% 1-(trans-4-(trans-4-pentylcyclohexyl)cy-
30 ' clohexyl)-2-(4-cyanophenyl)ethane

and has the following physical characteristics:

clear point o T, = 111°C
viscosity ' 1 = 36 mm® s (20°C)
dielectric anisotropy Ae = 11.8 (20°C, 1 kHz)



tol an - 175 - 5. 0% 4- (trans-4-propyl cycl ohexyl )-4' -ethoxy- tolan and

has the foll owi ng physical characteristics: clear point : T[err] =
106]err]C 5 Vi scosity [err] = 30 nmjerr] s[err]
(20[err]C)  optical anisotropy [err]d pgpP.-163 (20[err] C, 589 nm
dielectric anisotropy [err] = 10.5 (20C, 1 kHz) b) The el ectroopti cal

liquid crystal gy St@!ﬂmr&tﬁo&éﬁwpdlﬂdui@ecﬁ 6553932%' Radd £xanpl e
a

e . et o AR AL 0 Kol )L

pa?ﬁrreters and t hei rdisstipeyuwished d:;depegdedchepag‘atdonompdﬂw,hlgh

angul ar. i ndependenc t r 1 I cal
S e T S
.0 e foll@w ng co C rile
20 10. 0%  tidd Sepdndeiicd (V4| gedyLBARZARL! ht® HGH *Angular
p-trans-4-pentyl cycl ohexyl benzoni tf: |thg ) ot

p-trans-4-heptyl cycl nAepss:i i .

4- (trans-4-pentyl cycl ohexyl ) -4'-cyanobi -. phenyl 25 6. 0%
4-(trans-4- pent%l c§lﬁ_ oﬁyl )-4'-(t rans-4- propyl cycl ohexyl ) bi phenyl [sic]
5. 0% 4- pentSf==r= ot er phenyl 6.0%

4- (trans-4-prom) cy dmwlebedtyuoptilcalr ddguid- bny;ta;(ctythmw contadninge 30 -
IO o i 5 PSR L) wieire® ndh el B ) "

the foll owng physical racte
follow:.ng compounds

Y, , .
15.0% p-trans-4-propylcyclohexylbenzonitrile
10.0% ° p-trans-4-butylcyclohexylbenzonitrile
20.0% p~-tranas-4-pentylcyclohexylbenzonitrile
15 12.0% p-trans-4-heptylcyclohexylbenzonitrile
6.0% 4~-(trans-4-pentylcyclohexyl)-4’-cyanobi-
phenyl
6.0%  4~(trans-4-pentylcylcohexyl)=-4‘-(trans-4-
propylcyclohexyl )biphenyl [sic]
20 5.08% 4-pentyl-4"-cyanotexrphenyl
6.0% 4-(trans~4-propylcyclohexyl)phenyl trans-
4-butylcyclohexylcarboxylate
10.0% 1~-(4-propylphenyl)-2~[4~(2-~fluoro-4~pent~-
- ylphenyl)phenyl]ethane i
25 10.0% 1-(4-pentylphenyl)~2-{4-(2-fluoro~4-prop-

ylphenyl)phenyljethane
and has the following physical characteristics:

clear point T, = B5°C

viscosity g =29 m® s (20°C)
30 _ optical anisotropy An = 0,146 (20°C, 589 nm)

b) The electrooptical liquid crystal system which is
prepared by the processes described in Example 1b)
is distinguished by a good preparation capability,
a wide work#ng temperature range, favourable values



- 176 - clear point T[err] = 82[err]C viscosity

[err] =32 nmierr] s[err] (20[err]C) optical anisotropy [err]n :-0.138
~(20C, 589 nm dielectric anisotropy [err] = 13.5 (20C, 1 kHz) 5 b) The
el ectrooptical liquid crystal system whichgs-prepared by the process

described in Exanple 1b) is distinguished by a-good preparation capability,

a w de working tenpeget Ulfe eledtroopticalbparametess fatid theis tempesati cal
parameters and their_tenp

- 10 t d d e od contrast
DI ah anaular | ndtHERBRPERAPNERe Ao GoPds COEARY fi Bigh afgulaZ

el ettrooptical |iquiindepehdénce séfnthe wdrtrdasty a |iquid crystal m xture
whi ch consists of the 15 foll owm ng conpounds 15. 0%

p-trans-4-propyl cycl ohexyl benzonitrile 10. 0%

p-trans-4- butylwbénzoni trile 20.0% .
p-trans-4-pentykgycl ghe 9%9?}* ' ﬁ%n / . :
p-trans- 4- hgpt ylkgycl %ﬁe§1+benzo |%‘?H’ gl 2 ‘Qfocryst.aé.. 63/031:“‘,' containing

4- (trans-4:pentyl cycFoH'e{‘!l?%d scxypiadpimixinyg | whigh, consists of the
4- (trans-4-pentyl cyl eoltswingdcompddndsst- propyl cycl ohexyl) bi phenyl [sic]
5. 0% 4-pentyl -4"-cyanot er phenyl 25 6. 0%

4- (trans-4-propyl cycl ohexyl ) phenyl trans- 4-butyl cycl ohexyl carboxyl ate

10. 0% 1- (trans- 4341 68%s- 4- p+pegtyl-es Uieypanghiphenyl

cl ohexyl ) - 2- (4-cyanophegyd) et han ,%g - .
1-(trans-4- 8trans-4- Rgﬁ? #cycl%I X ? _4'300ya_nob.1pheny1

cl ohexyl ) - 20(4- cyanopfed$®) et himpentoxyrd’ repanchiphany) physi cal

o1 =30 i or 1 {120 Ferensct-poreptenniohenriy -eganobi-

: phenyl
9.0 % 4-[2-(p-propylphenyl)ethyl}-4‘’-cyanobi--
15 ‘phenyl
~and
9.0 & 4-[2-(p-pentylphenyl)ethyl]-4’~cyanobi~-

phenyl

and has the follaﬁing physical characteristics:

20 N-I = 84°
An 0.247 (20°C, 589 nm)
b) The electrooptical liquid crystal system which is
prepared by the processes described in Example 1b)
is distinguished by a good prepération capability,
25 a wide working temperature range, favourable values
- for the electrooptical parameters and their tempera-
ture dependence, a good contrast and high angular

independence of the contrast.

x' e b5 .

30 a) An electrooptical liquid crystal system, containing
a liquid crystal mixture which consists of the
following compounds :



-dielectric anisotropy [err] = 11.8 (20[err]C 1 kHz) - 177 - b)  The

el ectrooptical liquid crystal systemwhich is prepared by the process
- described in Exampl e 1b) is distinguished by a good preparation capability,
"a wi de working tenperature range, favourghbe.values 5 for the
el ectrooptical paraneters and their terrpera- ture dependence a good
c;)ntrast and Ih| Igh apgyl ar mflg.pﬁ SREYTL4 Ol oy difobiph : Exarrp: e 63da) An I
el ectrooptical liquid crysta tem contal i quid crysta
xture whi ch consi 3§§ of the?T T%’i’i@@b‘ﬁf}h%’ rxfi

rans- 4- Broplyl cy?:twhexlylbbenceprb ?*y-ioq-@panobiphenyl
ptrans4 utylcyc xyl benzgnitrile 20, 0%
p-trans-4-pentyl cycﬁgﬁexyl ben oﬁ?’? cyanobipf?%

p-trans-4- Beptyl cycl@lkexyl beninactoxy-ell G-Gy,aaobiphenyl
4- (trans-4-pentylcy hexyl ) - 42 b " Q%ﬁw % Y
4- (trans-4-pentyl cy?’gghexyl ) - p% %s 4- pro l‘(%ﬁo"ﬁ"exyl ) bi phenyl [sic]

20 - 5.0% 4- pentyl - -cyanoterphenyl 6. 0%

4- (trans-4- propyl cyahaha&ul i:aaewub&ﬁﬂg pHy®idal etamseeptedar boxyl ate

10. 0% 1- (4- propyl phenyl ) -2-[4-(2-flUoro-4-pent- yl phenyl)phenyl] et hane
25 10. 0% 1- (4-pentyl phenyl) 2-[4-(2-fluoro-4-prop-

_yl phenyl ) phenyl ] et hedeagngoling t he fol | ow Tg =pITPsideel characteristics:

cl ear point err] = 85[err]CV|s [err] = 29
mierr] s[err] (20[3?'? e%”%g]: optlca an@cﬂ%{ (2°°c err]n = 0. 146
(20[ err] C10589 nn) khreshbddevoltagepti cal V[9¢u0 L2Q) ysth-l3ls>ﬁétem which is -
@.pared by the processes described in Exanple 1b)

The threshold voltage is measured as indicated in
Example 9a.

b) The electrooptical liquid crystal system is prepared
by the processes described in Example 1, 'b).

15 Example 66
a) An electrooptical liquid crystal system, conta:n.m.ng
a liquid crystal mixture which consists of the
following compounds

12% | 2-({4-cyanophenyl)-5-propylpyridine

20 ~ 15% 2-(4-cyanopheny1)-5-penty1pyridine
18% 4-pentyl-4’-cyancbiphenyl
9% 4-propoxy-4 ’'-cyanobiphenyl
9% : 4~pentyl-4"-cyanoterphenfl
22% 4-propyl-2’~fluoro-4"-cyanoterphenyl
25 .. 15% 4-(trans-4-pentylcyclohexyl)-4’~-cyancbi-
| phenyl '

and has the following physical parameters:

clear point ) T. = 114°C
viscosity: . n = 86,6 mm’/s (20°C) -
30 threshold voltage V[90.0.20) = 1.69 V



-is distingui shed by a good preparation capability, a w de working

t enperature range, favourable val ues - 178 - for the electrooptical

- paraneters and their tenpera- ture dependence, a good contrast and high

- "angul ar i ndependence of the contrast. Expgppl £ 64 5 a) An el ectrooptical
- liquid crystal system containing a liquid crystal mxture which consists

of the follow ng Cmuaﬂfesﬁ&wS%lta epsat ﬂea&ursaaraw'ﬂ{mitéé $n %

4- pr opoxy-4' -cyano 4- pent oxy-4' - cyanobi phenyl
%/5 %  4-octoxy- E?P"'Pgr;i\’no%?'phenyl 10.0 %
4-{trans-4-pentyl cycl ohexyl) - 4 -cyanobi - phenyl 9.0 %
d 9.0 "

4-[2-(p-propy eny, Wi anqb phe .
% 4[> (p gohty rf?ﬁ PiFAE L iadi cxyatan-sysrem s REHarSE, g
physi cal charact eriby itlse Pbcesses dedcribed iniExkample 1b). 0. 247

(20[err]C, 589 nm b) The el ectrooptical liquid crystal systemwhich is
prepared by the processes described in Exanple 1b) is distinguished by a

good prepz at@ﬁ@!ﬂ%&&ﬁlity, 25 a wi de working tenperature range,.
. favourabl e valaps fai dhectatsupt e 'lﬁ@u;ﬂaéiﬁﬁtalssfﬂgeﬁb%énéﬂ@ﬂ - ture
(égpendence a good Coﬁ-lxr%%é-t‘,‘t and h*gﬂ %}r}g‘él ar ngg endenc % conirast.
anple 65 30 a) r SEPETRL ta?ﬂ?ng a
liquid crystal nixttukia*in§1cuupbunds of the.
12% 2~(4-cyanophenyl)-5~-propylpyridine
— 10 15% 2~-(4-cyanophenyl)-4-pentylpyridine
5% 4~-cyancbiphenyl
8.5% | 4~ethyl-4’~cyanobiphenyl
8.5% 4-propyl-4‘~-cyanocbiphenyl
20% 4-pentyl-4‘~-cyanobiphenyl
15 17% 4-propyl-2‘/~fluoro~4"~cyanoterphenyl
9% 4-pentyl-4"~cyanoterphenyl

and has the following physical parameters:

clear point - T, = 69.6°C
viscosity: n = 51 mm?/s (20°C)
20 threshold voltage V[90.0.20] = 1.29 V

The threshold voltage is measured as indicated in
Example 9%a.

b) The electrooptical liquid crystal system is prepared
- by the processes described in Example 1b).

25 Example 68
a) A liguid crystal mixture consisting of

14.0%  4-ethyl-4’-cyanobiphenyl.

15.0% 4-butyl-4’-cyanobiphenyl
41.9%  4-hexyl-4’~-cyanobiphenyl

30 2.5% ' 4-methoxy-4 ’'-cyanocbiphenyl



-fol'l owi ng compounds - - 179 - 20% 4-pentyl -4' - cyanobi phenyl 23%
i (4- fyanophenyl) ﬁ pﬁnty:pérldlne 11?; 4AproFoxy-j'-cyanoE!pEeny: igz)
pent oxy-4' - cyanobi pheny 0 oct oxy-4' - cyanobi pheny 0
"4-pentyl -4"-cyanot er phenyl and has the_f gghow ng physical paranmeters: clear
poi nt T[err] = 70.4[err]C viscosity: - [err] = 61
mierr]/s (20[err]C1210%  4-phopekp-4’ veyiRaisipheny] 90. 0. 20] - 1.31 V
The threshold voltagﬁ bi neas red gx* lecate i N Ex%agle 9a. h) The
el ectrooptical |iquid=8Pystal 9?? EﬁFHRP processes descri bed
i anpl e 1, b). 153E88nple 56(4}cyaﬁbpﬂeny1rphényal | i3 4-pentiyd
system containing a liquid Céﬁﬁéﬁ.) éé%éﬁ iywnch consists of the foll ow ng
conmpounds 12% 2- (4-cyan yl pyri di ne 20 15%
i-(4-cyano§henyl)-gjpﬁﬂty{pgc}dKBeqﬁfggggi:ﬂa:ph&qyt4 ﬁydnﬁbgggyiyl 9%
- propoxy-4' - cyanobi pheny hﬁn%l? 3 Ty iéyano er pheny 0

- 4-propyl -2'-fluoro-4"-cyanote

4- (trans-4-pentyl cycl ohexyl) - 4' -cyanobl phenyl and has the follow ng
physi cal paranetershasl the P61Déwing physicall[chadacterididiod:C Vi scosity:

[err] 86.6 mmferr]/s (20C) 30 threshol d voltage V[ 90. 0. 20] =
109 V birefringence An = 0,232 (20°C,
589 nm)
10 ordinary refractive o
o/ index n, = 1.766 (20°cC,
' ' 589 nm)
dielectric anisotr0py Ae = 15.8 (1 kHz, 20°C)
threshold voltage V{10.0.,20] = 1.23 V
15 clear point T, = 64°C

The threshold voltage was measured in a TN cell
{(twist angle ¥ = z/4) which has a cell clearance of
7 pym and is located between parallel polarizers.

b) The electrooptical systems prepared by the processes

20 described in Example 1lb) are distinguished by a wide
" working temperature range, favourable values for the
electrooptical parameters and their temperature
dependence and in particular by a low threshold

voltage.
25 Example 69
a) - A liquid crystal mixture consisting of
34.0% 4-pentyl-4’-cyanobiphenyl
10.0% 4-propoxy-4 ‘-cyanobiphenyl
- 13.0% ~ 4-~ethyl-4’-cyanobiphenyl
30 10.0% 4-pentoxy-4’-cyanobiphenyl
' 13.0%  4-(4-pentylphenyl)~-4’~-cyanobiphenyl
10.0% 4~-octoxy-4'-cyanocbiphenyl

10.0% l-(trans-4-(trans~4-propylcyclohexyl)-



- 180 - The threshold voltage is nmeasured as indicated in Exanple 9a. b)

- The el ectrooptical liquid crystal systemis prepared by the processes
~described in Exanple Ib). 5 Exanple 67 a) An el ectrooptical liquid
"crystal system containing a liquid crystgaganixture which consists of the
~follow ng conpounds 12% 2- (4- cyanophenyl ) - 5- propyl pyri di ne 10

15% 2- (4-cyanophenyl ) - 4- ggalWhasy L) 48~ ¥-cyano N9 PHEwpY ) -8. 5%
4- et hyl - -cyanobl phenyl 8. 5@69 proypy¥ ?cyanyobl eny? 2? b
4-pentyl - -cyanob| phenyl 15 ethane17(y
4- propyl "-fluoro-4"-cyanoterphenyl 9% 4- pentyl -4" - cyanot er phenyl

dh th foll t ' T
9. 6] 071 C vi scosi {yiab ¥b B DARAE Hvat Al Hndlchur atiger), 11"

t hreshol d vol t age V[90.0.20] = 1.29 V The threshold voltage is

measured as indicat egi @fFXRgehEe 9. b) The elgeta ooy jxged Ilqyzgiogrystal'" '

~systemis prepared by the processes described in Exanpl % 1b) Exarrpl e
68 a) A I?qw d crystal m xture consi sti ng of 14. 0%

4- et hyl -4' - cyanobi phﬁﬂdiniEYO%fraciéiwt-yl -4' - cyanobi phenyl 41 9%
~4-hexyl -4' - cyanobi phePéI 2. 5% 4- et hoxy 76c§/anob&£)61eayl
- 181 - 12. 0% xy 4' - cyanobi phenyl Bo =

589 nm)

clear point : T, = g91°C

o/ 10 b) The electrooptical systems prepared by the processes
described in Example 1lb) are distinguished by a wide
working temperature range, favourable values for the
electrooptical parameters and their temperature-

_ dependence and in particular by a low threshold
15 voltage.

Ex e 70 _
a) A liquid crystal mixture consisting of

20.0% 1-{4~[2-fluoro~4-{trans-4-pentylcyclo~
hexyl)phenyl }phenyl}-2-(4-fluorophenyl)-
20 ethane
10.0% 1- {4 [2-fluoro~4~ (trans—4-penty1cyclo-
hexyl)phenyl]phenyl}-z-(4-chlorophenyl)-
. ethane
30.0% 1-[4-~- (2-fluoro-4-pentylphenyl)phenyl]-z-
25 (4-fluorophenyl)ethane
. 30.0% l-{4-(2-fluoro-4-pentylphenyl )phenyl]=-2~- .
: (4~chlorophenyl)ethane
10.0% - 1—[4-(trans-&-propylcyclohexyl)phenyl]-2-

{(4-fluorophenyl)ethane
30 has the following phyeical eharacteristies:

clear point ' T, = 104°C
optical anisotropy_ An = 0.189 (20°C, 589 nm)



- 7.6% 4-pentyl -4"-cyanot er phenyl 3. 0% 4- (4- cyanophenyl ) phenyl

. 4- (4-pentyl - phenyl)benzoate 5 4. 0% 4- ( 3- cyanophenyl ) phenyl

- 4(4-heptyl - phenyl)benzoate [sic] has the follow ng physical
Characteristics: birefringence - 183 An = 0.232 (20C, 589 nm
10 ordinary refractive index ' . nlerr] = 1. 766

20C, 589 Ll ' ' £l k I d
\(/ ot age nm Vﬁg. g%i Cg!ébﬁ%éd\&)@@%cai e!l.il;uzdeérﬁs‘:_il BystenChliitiesie

1 | t. . T
EoC The (hrestoi d v oPreREred DY e BEoreResa 0eairited, in Exemple (1b] )
[er [err]/4) whi chisadistinghishedrioyce gbod prepiaratiohicapability,

bet ween parall el pol ar| s I optrecal _by

t he processes 20 & &Jz"géeg'fﬁ%&? %&%p%&%%}*@gé glxg{nlg%&ﬁ?éﬁg ‘gga

wi de wor ki Ny t enper afox &henedectrovpticsl cparanaters and theivctemperacal
paranmeters and their e dqigga ' It pC bXn&@ul W

t hreshol d vol t age. é§ﬁﬁ§g§%pguggng59 QA | u?gg%$§%§g1 ﬁig% }% coggisting
of 34.0% - 4-pent yiudependenss e £P sts 5%93p5¥§-&“-E?Eﬁﬁﬁ?bhenyl
13. 0% 4-ethyl - 4' 18¥ 3aD86 Dby | hh UV stahi(liQ:#). o

4- pent oxy- 4' - cyanobi phenyl 13.0% 4- (4- pentyl phenyl)-4'-cyanobi phenyl
10. 0% 4- oct oxy-4' - cyanobi phenyl 10. 0%

1-(trans-4-(trcBsarpbe oYl cycl ohexyl) - - 182 -

- cyclohexyl §54- (25 CY2ROPPSEYS) @PFdVaD mixture consisting of

—  17.5% 1-{4-[2~-fluoro~4~-{trans-4-pentylcyclo-
hexyl)phenyl ]phenyl}~2-(4-fluorophenyl)-
ethane

8.5% l1-{4~[2~-fluoro-4-(trans-4-pentylcyclo--
15 hexyl)phenyl ]phenyl}-2-(4-chlorophenyl)-
ethane )
25,.5% 1-[4~(2-fluoro~4-pentylphenyl )phenyl]-2~
'“(4-£luorophenyl)ethane
25,5% 1-[4~(2-fluoro~4-pentylphenyl)phenyl]~2-
20 . (4-chlorophenyl)ethane
8.5% 1-{4-(trans-4-propylcyclohexyl)phenyl]-2-
(4-fluorophenyl)ethane
8.5% l-[4~(trans-4-pentylcyclohexyl)phenyl]})-2-
~ (4-fluorophenyl)ethane i
25 8.5% 1-[4-(trans-4—propylcyclohexyl)phenyl]-z-

(4~-chlorophenyl)ethane
has the following physical characteristics:

clear point T, = 98°C

optical anisotropy An = 0.176 (20°C, 589 nm)
30 _ dielectric¢ anisotropy Ae = 5.0 (20°C, 1 kHz)

b) The electrooptical liqui& crystal system which is
prepared by the processes described in Example 1b)
is distinguished by a good preparation capability,
a wide working temperature range, favourable values



-et hane has the foll ow ng physical characteristics: birefringence

[err]n = 0. 243 (20[err]C, 5 : -

589 nn) ordinary refractive index nferr] = 1.765
"(20C, 589 nm) clear point - 184lerr] = 91ferr]C 10 b) The
el ectrooptical systens prepared by the processes described in Exanple 1b)

are distingui shed bfofl thélRleitirobptitmlopatahétéFd Hhd ERLAY lhBeralues
for the el ectrooptical pgﬁaneters and thel te erature qepegdence and in

pargicular by a | oWFRFe cEfBeRdesCe, 2a tS@E 285 e ) angrlar,i d
crystal m xture conindépéegdéeince b %he contrasts [sic) and in particu-

ﬁexl g;zjhfeln;f)]r Bhéelnglu'&g ?‘ﬁ ‘?e’l%y%%ﬂ/lqv %b:.l:.ty. et hane 10. 0%

1-{4-[2-fluoro-4-(trans-4-pentylcycl o-
hexyl ) pheny l]Qﬁgﬂﬁ%_%g;%4 chl or ophenyl) -, ethane 30. 0%
1-[4-(2-fl uoro-4-pen henyl)phe fl] 2-

(4- f | uor opheny®) et Mnbigwidogrysta. 9 mi@t;;m Wohenyl ) phenyl ] - 2-
(4-chl or ophenyl ) et hane 10 0% 1- [4 (trans-4-propyl cycl ohexyl ) phenyl] - 2-
(4-fl uorophenyl)eth h the foll hygi ca
characteristics: gg? poi nt 1={4= “13- “ﬂﬁﬂ'fmtggﬁﬁf rperhyieyelo-
ani sot r opy [err]n 0. 18%éaefll pphidryl fpenyl)} -2- (4-flordphenybp-
el ectrooptical liquid crystal g%en1mh|ch S prepared by the processes
descri bed in Exanpl e 1b)
10 8.5% l-{4~[2~-fluoro-4~(trans-4-pentylcyclo-
/ , hexyl)phenyl]phenyl}-z-(4-chlor0pheny1)-
ethane
25.5% l1-[4-(2-fluoro~4-pentylphenyl)phenyl]-2-
' (4-fluorophenyl)ethane .
15 25.5% 1-[4-(2-f1uoro—4-pentylphenyl)phenyl]-2-
(4~-chlorophenyl)ethane
8.5% 1-[4-(trans-4-propylcyclohexyl)phenyl -2~
(4-fluorophenyl)ethane
7.8% 4~(trans~4~pentylcyclohexyl)~-1~chlorob-
20 enzene
7.2% 4-(trans-4~-heptylcyclohexyl)-1-chlorcb~
enzene

has the following physical characteristics:

clear point T, = 87°C
25 optical anisotropy An = 0,171 (20°C, 589 nm)

b) . The electrooptical liquid crystal system which is
prepared by the processes described in Example 1b)
is distinguished by a good preparation capability,

- a wide working temperature range, favourable values
30 for the electrooptical parameters and their tempera-
ture dependence, a good contrast, a high angular
independence of the contrasts [sic] and in partlcu-

lar also by a high uv stabxl;ty.



;-is'distinguished by a good preparation capability, a w de worKking
% tenperature range, favourable values 5 for the el ectrooptical

© paranmeters and their tenpera- ture dependence, a good contrast, a high

‘angul ar i ndependence of the contrasts [Sifgs and in particu- lar also by a
‘hi gh WV stability. Exanple 71 10 a) Aliquid crystal m xture consisting
of 17.5% 1 o 7401 0-4-(trans-4-pentyl cycl o-

hexyl ) phenyl | phenyT} -2-04-f] uoroph .)- ethane 8.5%

1-{4- [ 2-f 1 uor o-M- ( t Paridanid Gry |§4 e consisting of

heXyl ) phenyl ] phenyl } - 2- (4-chl or ophenyl ) - ethane 25.5%

1-[4-(2-fl uoro-4-pentyl phenyl ),pheny % 4-f L,ugrophenyl ) %
1-[4-(2-f|uoro-4-pe&@%pmenyl)1&3:& gluéao 4 q éﬁh 4 Séﬂégic§%f5

(4- chl or ophenyl ) et hane 8.5% hexylnghpnyiﬂphenylbp?P¢}cf&h@pﬂ@hﬂﬂ¥%ﬂ - 2-
(4-fluorophenyl)ethane 8.5% g¢phnlad (trans 4- pentyl cycl ohexyl ) phenyl ] - 2-
" (4-fluorophenyl)ethane 25

1-[4- (trans- 4- proleﬂ&Hohexy@nﬂﬂ#@?TfQHOFﬂfémkﬁﬂﬁﬂﬁﬂﬁ¢?€?ﬁxﬂ§ﬂﬁ%91he
fol |l owi ng physi cal characterl%khgg eav1ishBhvlii-2-~ 4-ch15&g@mg P8i{err]C
optical ani sotropy [err]n I?h XOPgrr]% }589( Ry B

di el ectric anisotropy [err]e = (20[err]C 1 kHz) b) The

",electrooptical IlqwzbtwystallﬁusbqQhﬁﬂuuho#t-penpylpuehylophemwdQeébes :
descri bed i;n Exanple 1b) is dHitl §§ﬁggﬁé)3tﬁgﬁg preparation capability,
ra

a W de working tenperature ra ues - 184 - for the
el ectrooptical pararfrs andJrﬂdrd2r¢¢pera-4-pentylphenyl)Phenyl]-Z-

N\ (4-chlorophenyl)ethane
1lo0% 4-(trans-4-pentylcyclohexyl)~1l-chloro-
. benzene
15 10% 4-(trans-4-heptylcyclohexyl)-~1l-chloro~--
benzene
15%. 4-propyl-2'—fluoro-4'-ethylterphenyl
15% "~ 4~ethyl-2’-fluoro~4"-propylterphenyl

has the following physical characteristics:

20 clear point P, = 75°C
optical anisotropy “4n = 0.142 (20°C, 589 nm)

b) = The electrooptical liquid crystal system which is
prepared by the processes described in Example 1b)
is distinguished by a good preparation capability,

25 a wide working temperature range, favourable values
for the electrooptical parameters and their tempera-
- ture dependence, a good contrast, a high angular
independence of the contrasts [sic] and in particu-

lar also by a high UV stability.

30 E e 74 . .
a) A liquid crystal mixture consisting of

16.9% 1-{4-{2-fluoro-4-(trans-4-pentylcyclo-
hexyl)phenyl]phenyl}éz-(4-f1uoropheny1)-



ture dependence, a good contrast, a high angul ar independence of the
rcontrasts [sic] and in particu- lar also by a high U/ stability. 5 Exanple
+ 72 a) Aliquid crystal mxture consisting of 17%
1-{4-[2-fluoro-4-(trans-4-pentylcyclo- _ 186 - -

hexyl ) phenyl ] phenyl } - 2- ( 4- quorophenyI)- et hane 10 8. 5%
nexyl ) phenyl ] phenyl ] -2 4- chl oY ami ) ot hane 25. 5%

exyl ) phenyl ] phenyl } - chl or ophen - et hane 0

1 4(—)/(2-f| l],I-OI[’Z- ?-prelnté %’hlelnyl )r;p'h ﬁyﬁ%‘ﬁlwqwl}ymlghﬁ;f‘ﬁyﬂ);;ﬁ%ﬂ%r; .

. 5% - [ 4- (2-f 1 uor o- 4- perkesylFshdnylphe ~2=A-AEHY g tien an

8. 5% 1-[4-(trans-4-propyl %ﬁbohexyl ) phenyl ]-2- (4-fluorophenyl)ethane
7.8% 4- (trans-4-pentyl cycl -1-chlorob- 20 enzene
7.2% - 4-§trans-4- b&pl&lcycltﬁ&iqda-fﬂunﬁanﬂﬁpentyiyhaﬂyiﬂpﬁanyb]+3mnng
physi cal characteristics: cle qg err] = 87C 25
optical_anisotropy"‘wc$err]nq{ 0 d%tg: 1§%5 9 nn) b The

el ectrooptical |iqui?Pedystal Lykteid “Reatydphanylvhepvtlsdas
described in Exanple 1lb) is digf dgu‘@um@w@ preparation Capﬁbl|lty,
a wi de working tenper era ourahl e vaI i -
el ectrooptical parane Egg andr$%ﬂﬂréhF g aPrPBY @hﬁﬁ“kfphﬁzﬁBiaf
contrast, B high angul ar indeppheflusrophdryl Jathanests [sic] and in
particu- lar al'so byyg boh W4 5t eBobig - (trand-S-pr5sdTRye1bhexyl) -

cyclohexyl]-2-(4-chlorophenyl)ethane

has the following physical characteristics:

clear point T, = 112°C
15 optical anisotropy An = 0.178 (20°C, 589 nm)

b) The electrooptical liquid crystal system which is
prepared by the processes described in Example 1lb)
is distinguished by a good preparation capability,
a wide working temperature range, favourable values

20 for the electrooptical parameters and their temper-
ature dependence, a good contrast, a high angular
independence of the contrasts [sic] and in
particular also by a high UV stability. i

Example 75 .
25 a) A liguid crystal mixture consisting of

-17.0% 1-{4~-[2~fluoro-4-(trans-4~-pentylcyclo~
'hexyl)phenyl]phenyl}-z-(4¥fluoropheny1)-
ethane

8.5% 1-{4~[2-fluoro-4- (trans-4-penty1cyclo-
30 ' hexyl)phenyl jphenyl}=-2-(4~chlorophenyl)~
ethane

25.5% 1-[4-(2-f1uoro~4-pentylphenyl)phenyl] -2~

- {4-fluorophenyl)ethane
25.5% 1-[4-(2-fluoro—4-pentylpheny1)phenyl]-2-



a) 'Aliquid crystal m xture consisting of 10%

- 1-{4-[2-fluoro-4-(trans-4-pentyl cycl o-

hexyl ) phenyl ] phenyl }-2- (4-fl uorophenyl)- 5 et hane 10%
1-{4-[2-fluoro-4-(trans-4-pentylcyclo- _ -

hexyl ) phenyl ] phenyl } - 2- (4-chl or ophenyl ) - e%-'hane 20%

1-[4-(2-fluoro-4-pentyl phenyl )MIJI
(4-fl uorophenyl) et ha:h?%% o%%”?‘glluoroaﬂ pent yl phenyl )ph 'o'i/l ]-2-
(4; chl or ophenyl ) et ha % 1'[44'1 RBAT47PERRYIFYGLohANY,

benZene 15 0% 4-(( Qt-rﬂW 1y eﬂ,hﬁaexyl ) - 1 hI oro- benzene
15% 4- propyl - oro Iterphen 15% _
4-ethyl -2' -l uor o- 4 p‘r yI ter 'h nAzs™ dig¥stehexwlirdsfluoro _
char act-erl Kics: " cl dmemzement T[err] = 75[err] IC Iopt [ cgl
ani sot r opy [err] . 142 (_2 ] oop a I qui
crystal system whi chn7| S prepar edpgt ?Ee‘pr&&%glg§§§ﬁm fc') EB{‘ e 1b)

i s distinguished by a good pr §ieRnzemeon capability, 25 : a wi de wor ki ng

tenperature range, favourable values for the el ectrooptical loar aneters and
their tenpera- ture de e a ,good_contrast. a hi gh, angul ar

i ndependence of the tﬁ%&;ﬁ[]ﬁ@']% physicak, F*‘éﬁacf-&?l&?s%’by a high W

stability. 30 Exanple 74 a) A liquid crystal mxture consisting of - 16_9%

1-{4-[2-fluoro-4-(trans-4-pentyl cyclo
hexyl )phenyl ] phenyl |= ﬁq B"\r/ophenyl )-  TeAR0°Gt hane
: opt:.cal am.sotropy An = 0.172 (20°C, 589 nm)

L
b) The electrooptical liquid crystal system which is

prepared by the processes described in Example 1b)

is distinguished by a good preparation capability, -
a wide working temperature range, favourable values

15 for the electrooptical parameters and their tempera-

ture dependence, a good contrast, a high angular
independence of the contrasts [sic] and in particu-

lar also by a high UV stability.

Example 76
20 a) An electrooptical liquid crystal system, containing
"~ a liquid crystal mixture which consists of the fol-
lowing compounds

14.4% ~ p~trans-4-propylcyclohexylbenzonitrile
, 11.2% p-trans-4-butylcyclohexylbenzonitrile
25 20% p-trans-4-pentylcyclohexylbenzonitrile
-12% p-trans-4-heptylcyclohexylbenzonitrile
- 5.6% 4~ (trans-4-propylcyclohexyl)phenyl trans-
4-(trans-4-pentylcyclohexyl)cyclohexyl-
carboxylate
30 4.8% ~ 4-pentyl-4"-cyanoterphenyl
6.4% 4-(trans~4-propylcyclohexyl)phenyl trans-
4-butylcyclohexylcarboxylate
5.6% 4- (trans-4-penty1cyclohexy1)-4'-cyano-

biphenyl



. 8.5% 1-{4-[2-fluoro-4-(trans-4-pentyl cycl o-

- hexyl ) phenyl ] phenyl } - 2- (4-chl or ophenyl )- ethane 5 25. 3%

1-[4-(2-fluoro-4-pentyl phenyl)phenyl]-2- (4-fluorophenyl)ethane 25. 3%

1-[4-(2-fluoro-4-pentyl phenyl)phenyl -2« gg4gchl orophenyl)ethane 8.5% 1-

[4- (trans-4-propylcycl ohexyl) phenyl] -2- 10 _ :

(4-fluorophenyl)ethanggl5. 5% 4- iobylpﬁéng {4heptyYodnizuate ycl ohexyl ) -
n .

cyclohexyl]-2-(4-ch|o&gphenyl)gipgggyfgﬁ réEﬂAég%%E§4%1 §%§al

characteristics: cleaf “point

optTcal ani sotropy 7%[ err ] n 4~BeptplpRéyl SB<heplyllenzolte el ect r oopti cal
~liquid crystal systemwhich is prepared by the processes described in
Exanpl e 1b) is distinguished by a good preparation capability, a w de
wor ki ng tenperature nadgbpbf&heu£QELQWi@anhy§i¢al paramefiensic -

el ectrooptical paranmeters and their tenper- ature dependence, a good
contrast, a_high angul ar independence of the _contrasts [sic] and in
particular & so by achke8k POiBEapility. ExaboMe 173338 o) Aliquid
crystal mxture conskigcogiey 17. 0% . 7 = 34 mm® 8! (20°C)

1-{4-[2-f1 uoro- 4- (trans.4- pent yl cycl o- .
rexyl | pheny ! ] pheny| ) SPELEAR, ABLBEHERGY) - oABTa & Hb,(20°C, 589 nm)

1-{4-[2-fluoro-4-(trans-4-pentyl cyclo- 30 : . .
TS IR 4GSR e ity s dsuner
1- [ 4- (2-f1 uor o- 4- penfipepribed) bnBxanple 1b) aresdistinguished by a wide
\_/ 10 working temperature range, favourable values for the
electrooptical parameters and their temperature
dependence and in particular by a low threshold
voltage. .

E 11
15 a) An electrooptical system, containing a liquid
crystal mixture which consists of the following

compounds ¢
20% l1-(trans-4-~(trans-4-propylcyclohexyl)~
cyclohexyl)-2-(3-fluoro~4-cyanophenyl) -
20 ethane
14.4% p-trans-4-propylcyclohexylbenzénitrile
11.2% p-trans-4-butylcyclohexylbenzonitrile
20% p-trans-4-pentycyclohexylbenzonitrile
[sic}
25 12% p-trans-4-heptylcyclohexylbenzonitrile
5.6% 4-(trans-4-propylcyclohexyl )phenyl trans- .
4-(trans-~4~pentylcyclohexyl)cyclohexyl-
carboxylate
4.8% 4-pentyl~4"-cyanoterphenyl
30 6.4% 4~ (trans-4-propylcyclohexyl)phenyl trans-
4~butylcyclohexylcarboxylate
5.6% . 4-(trans-4-pentylcyclohexyl)-4’~-cyano~-

biphenyl



-(4- chl or ophenyl ) et hane 8. 5%
(4-fl uorophenyl)ethane 7.6%
benzene 7. 4%

‘foll ow ng physical characteristics:
80[err]C 10 optical ani sotropy

1- (4-(trans-4-propyl cycl ohexyl ) phenyl ] - 2-
4- (trans-4-pentyl cycl ohexyl)-1-fluoro- 5
4- (trans-4- hexyl cycl ohexyl)-1-fl uoro-
clegy,

benzene has the
g)q.int Tlerr] =
[err]n = 0.172 (20C, 589 nm b)

The el ect rooptyjcal 'ﬂﬂé@l@pﬁt&_&b&ic&!?é#‘téﬁ% PreparedeBy €e Prdivadepcesses

described in Exanplg 1b),.i s, di stmutsuﬁg b aggggg preggrgti)on o &é)l lity,

a wi.de working te ingExanple ib), are, ngylished Dy w

eleCt roopt i Cﬁ.! par aror ey mpbhaturéemfmgﬁ,- favourdbilevalnes fog e

contrast, a high angu | ndependence o conkrasts: [si,cl and in

particu- lar also [)%Aé:at[ﬁod?%\? awmtgﬁgar@?é ?%'?’OL %%mpe fure

. el ectroopth cal |igdependence apdt dm particwlax byl iquldwcrghreshoddt ure

whi ch consists of t‘}@hg%-. | owm ng conpounds 14. 4%

p-trans-4-propyl cycl ohe ﬁ benzonitrile 11.2%

p-trans-4-butyl cycl ohexyl benzonitrile 25 20%

p-trans-4- pentww benzonitrile 12% '
-trans-4-heptylc ohexyl .benzoni tri 5,6% .

2_ (trans- 4- per | Z ‘)%’Pgiﬁ‘lt hggglg crystal system, containing

4- (trans-4-pentyl cyclldeedid oryetalemiktueer bhiyh atonsists of thel fish-

4- pent yl ]f)b cyanot %@ﬁ'ﬁ%@%ﬂ X 4- (trans- 4- propyl cycl ohexyl ) phenyl ~

trans- 4-butyl cycl a 5.6%
4- (trans-4-pentyl cycl ohexyl)-4'-cyano- bi phenyl
Y  14.5% p-trans-4-propylcyclohexylbenzonitrile
11.2% p-trans-4-butylcyclohexylbenzonitrile
20% - p~trans-4-pentylcyclohexylbenzonitrile
12% p-trans-4-heptylcyclohexylbenzonitrile
15 5.6% 4-(trans-4-propylcyclohexyl)phenyl trans-
4-(trans-4-pentylcyclohexyl)cyclohexyl-
carboxylate '
6.4% '4-(trans-4-propylcyclohexyl)phenyl trans-
4-butylcyclohexylcarboxylate
20 5.6% 4-(trans-4-pentylcyclohexyl)-4’-cyano-
biphenyl
4.8% 4-pentyl-4"-cyanoterphenyl
20% 2-(4~-cyanophenyl)~-5-pentylpyrimidine

. and has the following physical parameters: |

25 clear point
viscosity
. optical anisotropy.

T, = 82.5°C
n = 34 mm* s (20°C)
An = 0.16 (20°C, 589 nm)

dielectric anisotropy A4e = 16.1 (20°C, 1 kHz)

b} The electrooptical systems prepéred by the processes
30 described in Example lb) are distinguished by a wide
working temperature range,- favourable values for the
electrooptical parameters and their temperature
dependence and in particular by a low threshold

vpltage. '



~ 188 - 6% - 4-propyl phenyl 4-heptyl benzoate 7% 4- pentyl phenyl

4- heptyl benzoate 7% 4- hept yl phenyl 4-heptyl benzoate and has the
fol.l ow ng physical paraneters: 5 cl ear point Tlerr] =
77.5[err]C viscosity [err] 34 mierr] s[err] (20C) optical
ani sot r opy [err]n = 0.14 (20[err]C, %gg nm b) The el ectroopti cal.

systens prepar%ggﬂﬁlbgzgprocesses descrlbed i n Exanpl e 1b) are

di sti ngui shed t enperature range, favqurable

a wae_10 In A
val ues for the‘ilec@PoGﬁPPE§P°B§$Gﬂ%t QﬁkﬂuFRXﬁﬁﬁ 1 syatemy: coptadsdngence
and”in particul ar by aigeddtErgatel dnisetirgehict Goneistslof the £41-

el ectrooptical sys cont al ni a liquid crystal mxture which
consists of the folﬁs&#ﬂg 88%885“@8: 20%
1- (trans-4-(trans-4-propylcycl ohexyl) -

cyclohexyl -2-(3-fl ygr g4-cya Q - R _ _at 14. 4%
p-trans-4- propylcyc?ghgxylbengo 8¥+ﬂog§;5¥}) 5-propyl-1,3 didiafe
p-trans-4- butylcycléﬁe??lbenzgnKGTFY!nngenyl)°5'butyl-1 3-dioxane
p-trans-2- pentyCyC|QBen%lbenz?nKlLé €n$g}6ﬂ 1 Pp-5-pentyl-2)3-dioxane

p-trans-4-heptyl cyc yl benzonjtrile
4- (trans- 4- propylcybﬁoﬁéxyl)pieﬁ??a??aﬁspr°971°Y°1°hexY1)benz°nitr11°

4-(trans-4- pentylCyGBODtxyI)CyeKab&u§+4-péutquydidhekyi%benzonltrlle
4-pentyl - i g~ Cyanote

4-(trans-2Z-propyl cyépéﬁg I )pﬁeﬁtfa??-g-ﬁegt%%%?]&hcﬁ’%l )P nczaor ? e 5.6%
4-(trans-4- pentylcycﬁeﬂ&xyl) 4-{tyrans-4rpropylcyclohexyl) henyl
N _ trans-4~-(trans-4-propylcyclohexyl)cyclo~
hexyl- carboxylate
5.0% 4~(trans-4-pentylcyclohexyl)phenyl trans-
15 ' 4-(trans—-4~pentylcyclohexyl)cyclohexyl- -
carboxylate [sic]
5.0% 4-(trans-4-propy1cyclohexy1)phénjl trans-

4-(trans-4-pentylcylcohexyl)cyclohexyl-
carboxylate [sic])

20 - and has the following physical characteristics:
clear point T, = 76°C |
viscosity" n =34 mm® s (20°C).

optical anisotropy  An = 0.131 (589 nm, 20°C)
dielectric anisotropy A4e = 17 (1 kHz, 20°C)

25 b) The electrooptical systems prepared by the processes
| described in Example lb) are distinguished bj a wide
- working temperature range, favourable values for the
electrooptical parameters and their temperature
dependence and in particular by a low threshold

30 ~ voltage.
Example 80

a) An electrooptical liquid crystal system, containing
a liquid crystal mixture which consists of the fol-
lowing compounds '



.- 189 - b) The el ectrooptical systens prepared by the processes described
- in Exanple 1b) are distinguished by a wi de worki ng tenperature range,
favourabl e values for the el ectrooptical paraneters and their tenperature 5
dependence and in particular by a | ow thigghal d voltage. Exanple 78 a) An
el ectrooptical liquid crystal system containing a liquid crystal m xture

whi ch consists of tihg.o@ - 10p-trans-h°§:; T8yoLshéey Ilerdonitrile

p-trans-4-propyl cycl.gh | benzoni tri
p-trans-4-butyi cycl ﬁé??ybenzgn FPPF§ yi;yclohexylbanzonltrile

p-fféns 4- pentylcycﬂdhﬁﬁylbenpetrhna#é-@aﬂtylcyclohexylbenzonitrlle

p-trans- 4- heptylcycl h Iben Le_ 0
4-(trans. 4- propylcyc?o PBP 8 ﬁéptylcycloﬁbﬁyibenzonitrile

4-(trans- 45pentyl cycl50§§xyl )c§c|( nenyré-pmmlqu@hmwenyl trans-

4- (trans-4-propyl cycl ohexyl ) pgeny sf<p ﬁ&&b@Lﬁ 20
5. 6% 4 (trans-4- pentylcycPoﬁ réﬂ -éé%ﬁgia ?%Ggﬁﬁ?lihgélg

4- pentyl - 4" - cyanot er phenyl 209@ 12 E4 cyanophenyl ) - 5- pent yl pyri m di ne
$Fd h?s tgg EFLL??EHG thglfah-paheymtcPScyiﬁote h%g_iear p0|nter
err ity =
(20[err]C) optical ami® 331 ropy‘x ‘“—’f&F‘FfﬁPm{BYﬂ%}? %eh%%@f%ﬁ‘ds
d:elfctrlspan:sotr?py [err] -b;ty;gﬁélehe*ﬁlc&r%g:Yltge ghe e
el ectrooptical systemsgqrepargd J ¥a e‘n§§ﬁﬁff§§° e -4 eéﬁs Jn
de xg%&r

Exanpl e 1b) are d|5t|ﬂgU|shed b W era
favourabl e val ues for the eIePPPHUﬁtlcal paraneters and their tenperature

dgpendence and in paoLiosul ar Ry {a-[erahdes(itdhs~<d-prtpyleyclohexyl) -
' cyclohexyllphenyl}=~-2-(4-~
15 - cyanophenyl )ethane

b) The electrooptical systems prepared by the processes
described in Example 1lb) are distinguished by a good
preparation capability, a wide working temperature
range, favourable values for the electrooptical

20 parameters and their temperature dependence, and a
low threshold voltage and a good contrast.

Example 8 _ _
a) An electrooptical liquid crystal system, containing
- a liquid crystal mixture which consiste of_the fol-

25 '~ lowing compounds
14.4% p-t:ans-4-propylcyclohexflbenzonitrile
11.2% p-trans-4-butylcyclohexylbenzonitrile
.. 20% p~trans-4~-pentylcyclohexylbenzonitrile
12% p-trans-4-heptylcyclohexylbenzonitrile
30 5.6% 4~ (trans-4~-propylcyclohexyl)phenyl trans-
4-(trans-4-pentylcyclohexyl)cyclohexyl-
carboxylate .
4.8% 4-pentyl-4"-cyanoterphenyl
6.4% 4-(trans-4-propylcyclohexyl)phenyl trans-
35 4-butylcyclohexylcarboxylate

5.6% 4-(trans-4-pentylcyclohexyl)=-4‘~cyano-



- 190 - Exanple 79 a)

a liquid crystal

2- (4- cyanophenyl ) -5-butyl -1, 3-
2- (4- cyanophenyl ) - 5- pent yl -

m xture which consists of the fol- | ow ng conpounds 5
10. 0% 2- (4- cyanophenyl ) - 5- propyl - 1, 3-di oxane 15. 0%

di oxane 15.09% -

1, 3-di oxane 20. 0%

4-(trans-4- propylcyclohexyl)bdﬁ@mhﬂ lIle 15. 0%
4- (trans-4-pentyl cy *@Qexyl)b
C

4- (trans-4-heptyl cy
4-br?ans 4-propyl cycl ohexyl) metthoxybiphenyll-

eXyI)be 4hé kgpéggxlcrcloﬁgxgi?-4'-difluoro-

(trans-4-propyl cycl ohexyl)

cycl o- hexyl- carboxygg@te 5. 0%;(_.r t“ﬁft ﬂ??Fﬂ§§§8% 8¥§ighféﬁ%§€Pﬁa¥$-

trans- 15

carboxyl ateS[sic] 5.0%

viscosity -
ani sot r opy

[err] = 17 (1 kHz,
by the processes desc

[err]n 0. 131

" 4 (@? lcycl ohexyl ) phenyl trans-
4-(trans-4- pentylcylcohexyl)cyclohexyl- carboxyl ate [sic] 20
the fol |l ow ng physical

(589 nm 20[err]C dlelectrlc ani sot r opy

wor ki ng tenperature V:hqgeﬁitnvourabl e val usp 5.31 mmd e‘l‘e&ﬂbebt i cal
paraneters and thelrv%
t age.

t hreshol d 30

ui d

So denceanam-du 150q2008y! 8990 }smz low

An electroop|

An el ectrooptical liquid crystal system containing

and has

dc'élz;r at(‘héaretps]“ CS. CIPSTY .p0| nt ef'Opt ;I'E:lrr] =

76C

RUSEIRD 0 o 1 ELENERRL e 5t e prepared

crystal syl®@em cont@iﬂlﬂ§t§1¢|Q£E;PQ#%E¥ IAQWFkﬂGré WRPcFrcén§ﬁ§ﬂs of the
qu; | owi ng conpounds

15

- 20

25

30

The electrooptical systems prepared by the processes

' preparation capability, a wide working temperature-

in Example 1lb) are distinguished by a good

range, favourable values for the electrooptical
parameters and their temperature dependence, a low

b)
described
threshold
Example 82
a)

voltage and a good contrast.

An electrooptical liquid crystal system, containing
a liquid crystal mixture which consists of the fol-
lowing compounds

15.0%
10.0%
20.0%
12.0%
6.0%

6.0%
5.0%

6.0%

20.0%

p-trans-4-propylcyclohexylbenzdhitrile
p-trans-4-butylcyclohexylbenzonitrile
p-trans-4-pentylcyclohexylbenzonitrile
p-trans-4-heptylcyclohexylbenzonitrile
4-(trans-4-pentylcyclohexyl)-4’~-cyano-
biphenyl :
4-(trans-4-propy1cyclohexyl)phenyl.trans-
4~-butylcyclohexyl jcarboxylate
4-pentyl-4"~-cyanoterphenyl
4-(trans-4-propylcyclohexyl)phenyl trans-
4-(trans-4-pentylcyclohexyl)cyclohexyl-
carboxylate
l-(trans-4~-pentylcyclohexyl)~2~-(3~fluoro-
4-phenyl)ethane



= 191 - 16. 9% p-trans-4-propyl cycl ohexyl benzonitrile 13. 7%
p-trans-4-butyl cycl ohexyl benzonitrile 22.5%

p-trans-4-pentyl cycl ohexyl benzonitrile 14.5%

p-trans-4-heptyl cycl ohexyl benzonitril e-6193 - 5.6%

4- (trans-4-propyl cycl ohexyl ) phenyl trans-

4-(trans- 4 pent yl cy andhhagl );h;cEo&ényh.ngcphpaxqthtehdr&%erxstics.

4- pentyl -4"-cyanot er phenyl 6. 4% 4- (trans-4-propyl cycl ohexyl ) phenyl
trgr%s- 10 4- but yl cycl ohexyl car box Iate 5.6%
4- (Trans- 4- pentyl cyclemsxpoint - cyanobi - pBerny (7613

1-[4-[trans-4- (trangf | cycl ohexyl) -E pogegy] phenyl
] - 2- (4 - 15 icBE&E& yanopheﬁyl)ethaneg (2 ég

el ect roopt i cal syst%’-ﬁr’ép&ﬁé&"ﬁ?@ﬁe pr oABs®el. 130 cf Q)e‘élv i 3BEaMbl e 1b)
are distingui shed bdjisleetsie andeatropyCalebel 13y(20°¢) 0P KWZKi Ng
tenperature range, favourable values for the electrooptical 20

paraneters and their tenperature dependence, and a | ow threshold vol tage
and a good contrast Thisx alEctitibpbicalArl isheid rexydtakl systemdwhipht dls
system contai ni ng I e { l - 25
| om ng conpounds 14%11‘9?%% &rgiﬁg %%%él%%fﬁ%l enzoni ll’el :12’)1?'82%
p-trans-4-butyl cycl dﬁeﬂb}mﬁgbsdtm & 29ood preparation capability, a
p-trans-4-pentyl cycygaex éﬁéé&éﬁhfe range, favourable values
p-trans- 4. hept yl cyclohex Ibenzonltrl 5. 6%

4-(trans- A0, opyl cyEPFhE §9|3 parameters and their tempera-
4+(yrans-4-pentyl cyth&bendgaﬁmﬂhexw good beontrdst 4afdo high angular

t4r gﬁgEyI -4"-cyanot ehgg ence40[/s.l.c] of(“gnésoétlp“o@yl cycl ohexyl ) phenyl

Emm_l_e_i?z
a) An electrooptical liquid crystal system, containing
15 a liquid crystal mixture which consists of the fol-

 lowing compounds

25% 2-(4-cyanophenyl)~5-propylpyridine
25% 2-(4-cyanophenyl)~5~butylpyridine
_ 25% 2-(4-cyanophenyl)~-5-pentylpyridine
20 25% 2-(4~-cyanophenyl)-5-(4-pentylphenyl)-
' pyridine

and has the following physical characteristics:

clear point T, = 85°C
viscosity 1 =70 m?/s
25 .. optical anisotropy An = 0,269 (20°C, 589 nm)

" dielectric anisotropy Ae = 24.1 (2o°c, 1 kHz)
ordinary refractive

index n, = 1.529 (20°C, 589 nm)

b) The electrooptical system is prepared by the pro-

30 cesses described in Example 1lb), 1.1, 1.2, 1.3 and
2, but in which in the process analogous to 1.1 a

ratio of liquid crystal to NOA 65 of 1:1 is selected



-35 4-buty|cyclohexyfcarboxylate 5.6%

4- (trans-4-pentyl cycl ohexyl)-4'-cyano- - 192 - bi phenyl 10% 4-
(trans-4-propyl cycl ohexyl) -4'-difluoro- methoxybi phenyl 10%
4-(trans-4-pentyl cycl ohexyl)-4'-difluoLoj93 - met hoxybi phenyl
and has the follow ng physical paraneters: clear point Tlerr] =

102. 3[ err] C vi scosi hid spacers of 16%]%&3% Yddd. slerr] (200
opti cal ani sotropy [err]n = 0.15 (20[err]C, 9 nm 10

di@,ectric anisotropy [err] = 11.4 (20[err]C, 1 kHz) b) The
el ectrooptical systEns Pigparkf byhé hergdatriases ctransmisaddn nfoxramthe 1b)

g T e

paraneters and thei exribegeintExamplepdijendel is|placunaliad & funckdonand a

ood contrast. Exangke a I . [ sl duiadqCr m
gon_t ai ni ngga l'i qui ngr g 3I )?T?&%(g %Jb%ngi@én?sgghtg%e *g?:@kgéiﬁhﬁ .
| owi ng conpounds 15Vedfage feffestive walnasm.c fresuensyn108i He).cThdsoo,
p-trans-4-butylcycl g@g¥embeez @iigtingaished}’ in particular, by a good
p-trans-4-pentyl cycl ohgx Igenz nityile  12. Q%
p-trans-4- heptyl cycFBﬁgfé? ars nﬁ'ti?‘!’et%es old voliags.

4- (trans-4-pentyl cycl ohexyl)-4'-cyano- bi phenyl 6.0%

4- (trans-4-propy Loggxyl)phenyl trans- 4-butylcycl ohexyl)carboxyl at e
5.0% 4-pentyr-2_- not er phenyl 30 . | 6. 0% ..
4- (trans- 10pr opy| cyBnodlectreophical (kignid crystal system, containing

4 (trans-4-pentyl cyal pRguyd) SrgsOaE nixture which consists of the fol-
lowing compounds: |

15% p-trans-4-propylcyclohexylbenzonitrile

15% p-trans-4-butylcyclohexylbenzonitrile
15 20% p-trans-4-pentylcyclohexylbenzonitrile
10% 2-(4-cyanophenyl)-5-pentylpyridine
15% 2-(4-cyanophenyl)-5-(4~-pentylphenyl)-
pyridine
7.5% 4-ethoxy-4’~fluorotolan
20 7.5% 4-butoxy-4‘-fluorotolan

b) The electrooptical system which is prepared by the
processes described in Example 1 b) is distinguished
by a wide working temperature range, a good pfepara-
tion capability, favourable values for the electro-

25 optical parameters, a low threshold voltage and in
particular a high stability.

X e B85
a) An electrooptical liquid crystal system, containing
a liquid crystal mixture which consists of the fol-

30 lowing compounds:
17.5% 4 ~propyl-4’-cyanobiphenyl
17.5% 4-butyl-4’-cyanobiphenyl

17.5% 4-pentyl-4’~-cyanobiphenyl



car boxyl at e' 20. 0% 1-(trans-4-pentyl cycl ohexyl)-2-(3-fl uoro-

- 4-phenyl ) et hane - 193 - and has the follow ng physical characteristics:
. cl ear point T[err] = 76.3[err]C viscosity [err] =
30 mmferr] s[err] (20C) optical anisotropygg - [err]Jn = 0.130 (20[err]C,
589 nm) 5 dielectric anisotropy [err] =13 (20[err]C, 1 kHz) b)

The el ectrooptical |3uBe cryg.agsy hgra(?ﬂg 1§} S5RALT S PY phied ess
described in Exanple 1b) is di sﬁ. u?she by!ﬁ]a z;ood(prp"ei{)ara ign caj[[)!a ility,
a W de. worki ng tenperature rar@é‘f‘%ur abl e val ues 10 for the

el 8¢t rooptical paranEBd% and 4-hetraneqierpropyle yicbeheéxiyde) -4/ gdarl -

contrast and hi gh angul ar dep Qxecﬂ:%ﬁ% ' he contrast. Exanple 83 a)
An el ectrooptical liquid ers?% Sys e[é:?rf]o‘i&g% glhni ng 15 aliquid

crystal nmi&ure whi & Whsi st $-propyd-#J-trifinagorekhorrtelany,
2- (4- cyanophenyl ) - 5- propyl pyri di ne 25%

2- (4- cyanophenyl ) - 5- hut yl pyr.i di ne 25% .
2-(4-cyan0‘phen§h’§-5-’§ﬁ1t#¥ﬁﬁ?‘lﬂ °ﬁ£ system sdyich is prepared by the
2;] (4- cy?nOEhenyl ) - 51‘#b¢§8‘éelsé ﬁb@arﬁbedpinin&mpm$ bz;s.-]u hti did nauvi siged
physi cal characteristics:..qlear_point rr]. = Viscosity
Port] ©°= 70 maferr] M % wiBe“@brBEbY vompopatyze, sanfel] argfoq pragEnn
(20[err]C, 589 nn) dildrecapabiddityyt faypurpble] valads 1f¢20khe lelefro~ -
.ordinary rgfractive J ; 3 . ega; b)
The el ect r%&opt I cal 56 tem]f sp?)ﬁaenf)%tregcf'bya t_]h‘;ef; g%%%es%éé%]( ceasaéisip 1)
described in Exanpl cPaxfjicular & high stahidity.
v' .
Example 86
a) An electrooptical liquid crystal system, containing
a liquid crystal mixture which consists of the fol--

15 lowing compounds:
15% p-trans-4-propylcyclohexylbenzonitrile
15% ‘p-trans-4-butylcylohexylbenzonitrile
[sic]
15% p-trans-4-pentylcyclohexylbenzonitrile
20 15% p-trans-4-heptylcyclohexylbenzonitrile
10% 2-(3,4-difluorophenyl)-5-propylpyrimidine
10% 2-(4~fluorophenyl)-5-pentylpyrimidine
10% _ 1-[4-(4-propylphehyl)phenyl]-2;(4-cyano-
- phenyl)ethane | '
25 10% 1-[{4~(4-pentylphenyl )phenyl]-2~(4-cyano-
' - phenyl)ethane

b) .. The electrooptical system which is prepared by the
processes described in Example 1 b) is distinguished
by a wide working temperature range, a good prepara-

30 . tion capability, favourable values for the electro-
optical parameters, a low threshold voltage and in
particular a high stabilify. |

Example 87 :
a) An electrocpi_ij.cal liquid erystal system, containing



) [ ich i rocess analogous to 1.1 a ratio of liquid crystal
'56 RE; gg ﬁ?libllpstgglgcted - 192 - and spacers of 10 [err]n1meret[3|c]
used. In Fig. 1, the relative transnmssion for the electroop}lcal syzseg
prepared by the process des- cribed in Exajpgge.1b), 1.1 |s|[ acuPaL
function 5 of the applied voltage (sinusoidal alternating

: _ = o i -
KoLt age ([l ect [ve vt imuid exyatady nlgul) whlBhoos)aLEEL! 37 wa ol
0 IStI 0. SEXEGI ol e 82 Wg“%"é@& rooptical liquid crystal system
Xgnﬁg?ﬁing anFiquid crystal m xture which consists of_thelfohéolomnng
o Trans- 4. butyl cycl ohayl banzofl tane~Jep2dicyEiohexy benzonttrile
B:E:222:3:82;¥yfggcﬁ yIbenzGﬂﬁghMBe4rbu&ylcyclohexylbenzonitrile |
S Yooy} 2 e DI Boteks s, pepeyloyeighexylbenzonituie
421- gfhgifﬂl ZPP f Fﬁl} ;)t5 6|(1§;?m238 ’ pP'tx'a?.ﬂs%'heptxlgmlmexywemmiumaeb) _
Eami o1 by 1 s al i1 ngr ﬁ"“dc“*‘*”gg%?&f’”néa?gnﬁﬁsﬁ?2&42‘%5%%%%;’-0;3
Exanple 1 b) is .distinguished egygh Pﬁﬁﬁ ° ratlire range,

epara- tion capability, favolra for the elec .
thPcal par aneters, &ONMNthreémmirpﬁnt&@pyrtﬁin—myylpuhaq&ié&gho-

L . g | system
bility. 1Bxanpl e 85 a) An ghentiPaPhifgd! !iquid crysta
i;ﬁt;ini%g a I?Euid c§é§tal nigtur xﬁlcﬁ consists of the fol- 30
0

| owi ng conpounds: 17. 4-ﬁer?PIQPheyﬂhobNMlnqﬁ4-(trans-4—propyl-

D cyclohexyl)cyelohexylcarboxylate
8% 4-fluorophenyl trans-4~(trans-4-pentyl-
cyclohexyl)cyclohexylcarboxylate
15 43 3,4-difluorophenyl trans-4-(trans-4--

pentylcyclohexyl)cyclohexylcarboxylate

b) The electrqoptical system which is prepared by the

' processes described in Example 1 b) is distinguished

, by a wide working temperature range, a good prepara-

20 tion capability, favourable values for the electro-

optical parameters, a low threshold voltage and in
particular a high stability.

Ex e 88 : . .7
a) An electrooptical_liquid crystal system, containing
25 a liquid crystal mixture which consists of the fol-

lowing compounds:

. 17.5% 2-(4-cyanopheny1)f5-propy1pyridine
17.5% '2-(4-cyandphenyl)-5-hutylpyridine
17.5% 2-(4-cyanophenyl)-5-pentylpyridine
30 17.5% 2-(4-cyanophenylI-S-(4-pentylpheny1)-
| pyridine ) .
15.0% 1-[4-(4-propy1pheny1)phenyl]-z-(4-cyano-
phenyl)ethane .
15.0% 1-[4-(4-pentylpheny1)ph§nyl]-2-(4-cyano-

35 phenyl)ethane



- 17. 5% 4-butyl - 4' - cyanobi phenyl 17.5% 4-pentyl -4' - cyanobi phenyl -
- 195 - 17.5% 2- (4-cyanophenyl ) - 5- (4- pentyl phenyl )- pyridi ne 15. 0%

4- (trans-4-propyl cycl ohexyl)-4'-tri- fluoronethoxytolan 5 15. 0%
4-propyl -4'-trifluoronethoxytol an b) Ihg¢gel ectrooptical systemwhich is
prepared by the processes described in Exanple 1 b) is distinguished by a

wi de wor ki ng tenper aahid chadERe :Eom.ui? Plysicdl Ghaxaetiddilgticdsavourable |
val ues for the electro- 10 optical paraneters, a |low threshold

vol.tage and in particular a high stability. Exanple 86 a) An
elétfrooptical quuidleayspaintystenl cont ®Nm=nQ48CI i quid crystal m xture

whi ch consists of thg 11%1§n13 ?t 1;%,?%% (2v%c, 589 nm)

p-trans-4- propylcycloﬁex enzon

p-trans- 4- butyIcyIohdi?lgeﬁzbnltnithIQvlﬂ Aeos 25.6 (20°C, 1 kHz)
p-trans-4-pentyl cycl ohexyl benzonitrile 20 15%)

p-trans- 4- heptylcyclohexylbenzonltrlIe 10% (3,4-difluorophenyl)
-5- propyl py®i m B) ne The, electrooph F%hoﬁﬁﬁh@ﬂYV#i%hp%ﬁt??ﬁ@!?ﬁ¢dbﬁet28%>

1-[4-(4- propyl phenyl;;beauhés?deédkwan Eﬁ&ﬁ?iéel fmnaéalstinguiéﬁ&(a

1-[4-(4-pentyl phenyl ) phen ?Wg §?ﬁ§ %et hane g&&?EPBEBQFﬁ'

el ectrooptical syste
Exanple 1 b) is disttigni sapability wiferourdbley vaduesr £our theaslectzogood -

Bptr oal paraneters, SPPLRPD bitinetclly PURED by pitidelad "oy 67 185
10 threshold voltage.
N |
Example 89 " -
a) An electrooptical liquid crystal system, containing
a liquid crystal mixture which consists of the-
following compounds: :

15 20.0% 2-(4-cyanophenyl)~5-propylpyridine

20.0% 2~ (4-cyanophenyl)-5-butylpyridine
20.0% 2-(4~-cyanophenyl )~5-pentylpyridine
20.0% 2-(4-cyanophenyl)~-5~(4-pentylphenyl)~
' pyridine
20 10.0% 4-(trans-4-propylcyclohexyl)-3/,4/~di-
' fluorobiphenyl
- 10.0% 4-(trans-4- pentylcyclohexyl) -37,4’-
difluorobiphenyl

and has the following physical characteristics:

25 .. clear point T, = 86°C
optical anisotropy An = '0.2436 (20°C, 589 nm)
ordinary refractive
index 1, = 1.5259 (20°C, 589 nm)

dielectric anisotropy Ae = 21.8 (1 kHz, 20°C)

30 b) The electrooptical system is prepared by the pro-
cesses described in Example 1b), 1.1, 1.2, 1.3
and 2, but whe;e in the process analogous to 1.1 a



- particular a high stability. Exanple 87 a) An el ectrooptical liquid

" crystal system containing - 196 - a liquid crystal m xture which

- consists of the fol- |ow ng conpounds: 15%
p-trans-4-propyl cycl ohexyl benzonitrile 1506g -
p-trans-4-butyl cycl ohexyl benzonitrile 5 - 15%

p-trans-4-pentyl cyclﬂﬁwl laﬁfnzmﬂi;ﬁialaz 1 to NOA 65 of 1 : 1 is

ptrans4hepty|cyc|o X 20|tr|Ie 0%
(5; propyl pyri din- 2 g‘?‘fﬁ@ rﬂﬁ 18 B, WeFrgofsic] used.
-pentyl pyridin-2-yl)-2-(4- cyano- phenyl ) et hane 8%

£ Tuor ophenyl 't angy g Pand ggggeﬁ(gviwq%mdﬁmwhm'gml ate

8% 4-f | uor ophenyl rans-

cycl ohexyl ) cycl ohexm'@#mkmt@qmepared byothe progess jiescoibedciy|
trans-4- (tr@ns-4- poskasl &Imexytl).qyci@hewﬁa@wxw d¢hdbion T8¢ the

el ect roopt| cal system %‘E ar ed by R sses described in
Exanple 1°b) is di st#P&’r % JG%PQF% ﬁiﬁ?ﬁ?ﬁ?éﬂg anfRitage ood
pr epar a- 20 _ t msﬁm lvdDae )f 2 \fidqiene aboeng,or the el ectro-
optical paraneters, ) ovL t hr eshol .t a ar

stability. Exanple 8@’ %P'b %ﬂﬂqgifg qﬁf‘dgﬂéi yéYe?ngfow
cont ai ni ng 25 tlaréshplldi voltage, mant mdvamtﬁaﬂemmsvalueoffothetﬁe;l -

| owi ng CO”ﬂﬂU“dS %ﬁﬁﬁ py” 3&%%@1?@@}1%%& CHATRRELRY bt Ib"Eulve Bfid

2- (4- cyanophenyl ) - 5-
2- (4- cyanophenyl ) - 5-Biergt yhigh iUV mtalbdlity. 17 59%
2~(4- cyanophenyl ) - 5- (4- pentyl phenyl ) -



pyri di ne 15. 0% 1-[ 4- (4- propyl phenyl ) phenyl ] - 2- (4-cyano- phenyl ) et hane
15. 0% 1-[4- (4-pentyl phenyl ) phenyl ] -2-(4-cyano- 35

phenyl ) et hane - 197 - and has the foll ow ng physi cal i Cs:
cl ear point T[err] = 94[err]C optical "ani soth Eagﬂgpeé&

0.2722 (20[err]C, 589 nm diel ect rlg% ng!; STo S elalY [err] = 25.6 (20C, 1 kHz)

5 b) The el ectrooptical syste

described in Exanple 1 b) is distinguished by ap\z/imr gg %rwﬁl}nllmﬂwmu‘ummm

ragge, a googq prepar%ﬂé&ﬁ¥bd§%¥ﬂ@ﬂ'ﬂiﬁuihﬁ%&&%%hhesyﬁkuﬁﬁ for the kel éct ro-
optical paranmeters _gnd in particular t hreshol d ygl t age.
Exanpl e 89 a)” ANWNiGh FOBLALRE @i (ﬁﬁﬂ%‘?‘i@“t‘%ﬂnﬁi&s?@ﬁﬁt&b’ﬁt at-hHERY

liquid crystal m Hnystammm&@s hSlHS aOEui:'hhei:ObibﬁﬂbﬂﬂlyOﬂ.’ﬁﬂﬂﬁﬁéreﬁﬁ

20.0% * g 2-(4-cyanonhenyl ) 5-progyl pyridine 20 0% .
2- (4- Cyar?ophenyl ) llloe %%/1; ﬁ$ E tro R:Lch are optionally

. 2- (4- cyanophenyl )«i@gﬂmﬁ@lwmmm @Meets, where the liquid crys-

2- (4- cyanophenyl) ( | e rqd. di

4- (trans-4- propyl c% ]I %'f:{'ex;[i/ifr))é gg %ddgélji}gr %tu:rtl}g %g/aﬁs/i:arent

4- (trans- 4- pent y| @edigmép the form @ff peupam:pﬁeﬁw whighhatet #epasr| owi ng
physi cal charact erdtidd &% 22y reater ot 1esRe Bktent from onél Efxbi:herSGC
opti cal aOnl sot ropy 1{1@4 r% 243 %ZOC 589 £| r di narx ract ive

i ndex or £ more’ e5ote 5 oFcheFent s pgoninuots

in the optically transparent medium,

- whose liquid crystal molecules in the switched-off
state have an irregular orientation,
- in which one of the refractive indices of the liquid

15 crystal mixture essentially agrees with the refrac-
tive index of the matrix n, and/or in which the

- quotient of the mass of the liquid crystal mixture
and of the mass of the optically transparent medium
is 1.5 or more,

20 - which, independently of the polarizatioh of the
incident light, has a reduced transmission in one of
the two switch states compared to the other state,

characterized in that the liquid crystal mixture contains

one or more compounds of the formula I
Y

25 Ri-g1 W I

in which

. = and . are :Lndependently of one another

trans-1,4~-cyclohexylene, 1,4-phenylene, 24 :
30 fluoro-1,4-phenylene, 3-fluoro-1,4-phenylene
' and one of A! and, if present, A%, is also



~dielectric anisotropy [err] = 21.8 (1 kHz, 20[err]C) -30—b)} The

el ectrooptical systemis prepared by the pro- cesses descrl be

1b), 1.1, 1.2, 1.3 and 2, but where in the process a ﬁ 'ﬂhﬁﬂigﬂg

- 198 - ratio of liquid crystal to NOA 65 Qf_ 1: 1is s ers
of 10 [err]mwere [sic] used. In Fig. 2 the relative transmssmn for the
el ectro- optical system Pr EPEFE, db e I n -
Exanple 1b), 1.1 is shown as Pfun)(l:etel %ﬁhg?‘%ﬁgf%‘gp? da%}taé% (!sliaﬁhsoi dal
al tepnating vol tage (effect¥ A8 18- di¥dquency 100 Hz). This systemis

di stt ngui shed i%* and i22ul @fe li;nd%ﬂdﬁdédtllgsbﬂéhé’@d&ﬂﬁr aNsdflyRai BORAY'S

val ue for the 10 sl ft | ectr tica har a |st|c curve
and by a hlgh UV stabili tyé)é)(éHO O§Q§460 eftenJE ‘gTal mgzhl6
El ectrooptial liquid cr y@sﬂr@s:mbmatmiﬂscbfc&hbsanbridéaebtoﬁpsqal ly

positive |iqui oy cgygtal %@n r gnsparnent
medi um bet ween 2 el ect ro are opt# onal ‘3%%%#%&5 g 3’@’3 ?'gd
sheets, where the Iiquid Q’F%/s"f t¥and ¥ Jdee alsocRledded in the optically
transparent nedguiei n t he-dx; mpj Q¥ a-boe ts.odmhoﬁr.enégpar- ated to a
greater or lessgr extent fro ano.ther 3/1 or fornms, a nore or |ess
coherent, contihuous phast® i l&ﬁ:)‘f"ﬁ"t%llr 3 G psomendnothish one ofhose
liquid cryBal nolecul es 2 ménradjddente CH)f froups ccanVel66 bé r &éed .
orientation, - in Whl%_rt? ogrt%_(ﬁfractlvelndlces of the liquid
| | m is 0, 1 or 2,
—/ with the provisos that
(i) the mass content of compounds of the formula I in
15 the liquid crystal mixture is at least 50%,
and/or
(ii) the liquid crystal mixture contains no compound

of the formula I where W is F or NCS, and/or
(iii) the liquid crystal mixture has no compound con-

20 taining a nitrogen-containing heterocycle.

2. System according to Claim 1, characterized in
that it is a PDLC system.
3. - System according to Claim 1, characterized in
that it is an NCAP system.

. 25 4. System according to Claim 1, characten.zed in
that it is a PN system.
5. System according to one of Claims 1-4 ,- charac-

terized in that the liquid crystal _inixture contains one
or more compounds of the formula Ia

- F
30 - R=(AN) -z (=) -z¢-)~({ O E-cu Ia
_ "

in which

- “and ‘ ' independently of one another



- 15 . crystal mxture essentially agrees with th rndex
the matrix n[err] and/or in which the quotient of the

crystal m xture and of the nass of the optically translmm ﬂﬂ “\“cm‘l 5
or nore, 20 - whi ch, independently of3 the polariz sI nel dent
i ght, has a reduced transm ssion in one of the two switch states conpared

to the other Sigyeb, §hayassRbicEene 1 ATphbhy1hgl! 2L Sruesicil1 M gHbiy
[exr] in whi chl@ng OF "IB'["‘Q’Pr(i[' pﬁenyiﬁae af‘@rr] are independently of

one anot her traﬁsié 4-cyd ore¥yl ene, 1, 4-phenyl ene, 2- 30

fluoro-1, 4- phe 3 ong_gf ] §
present, A[err?"J féi#l%dfn% éo@?%#lf oggggm g 3‘%{15; toaqg'ap?l

-t hal ene- 2, @dl)&nd err] and Z[err] are |ndependently of one anot her a
single bond -@derr] err]- ga-Co0O, -0CO, -CJerr]Cgs-CHerr]O or any 5
desired conbl nations o these br| dge groups, Y and X are independently of
one another H o E—and ane of X and Y ig also d __\Wig - =E,
-CF[err], -OCF[jerr], @:HF[ e”sh.n@lle- NeagRl err] &s al kyl havi ng 1-12
C atonms, in which one cbr 2 non-adjacent CH err] groups can
al so bereplacc?d by -O HC-C&Fl,!zandm is 00 1 or 2, with the
provi sos tlat @) tme nmass-CHCESNt of conpounds ofsihgléobonﬂa | in 15

the liquid cr vy al m xt pre S ﬁhj}%a%n@% and/ or (i |lcazc§ he liquid
crystal m xture5 cont ai ns no co

1 s:l.ngle bond single bond

W, :
6. System according to Claim 5, characterized in
that in the compounds Ia

~® -z--(@) -2441,, 0)-,
@@ <O s Do, O
OO -cucn-, {D)-cuen,{0)-, (SH~<0)-cucn,,
'@‘Cﬂzcﬁz‘@- -O-—CH;CH;-@-

15 7. System according to one of Claims 1-6, charac-
terized in that the liquid crystal mixture contains one
or more compounds of the formumla Ib

-

' Y2 .
: ' Ib
R1-Q2 0 )CN )
X2
in which

20 Q* is -@ - (@ -) p=28 or —@ -ZS-@ -
one of the rings —@ - and-@ - is -@zn—"
in which ¥* is N or H, and the other, if
present, is trans-1 4-cyclohexylene or
l,4-phenylene,
25 X? and Y2 independently of one another are H or F,
p is 0 or 1, and '
z5 and 2° iz:tdependently of one another are a single



.of the formula | where Wis F or NCS, and/or (iii) the liquid crystal

im xture has no conpound con- 20 taining a nltrUgErn—CUnt‘aTrrr‘n‘g——‘
“heterocycle. 2. System according to Claim1, char act

is a PDLC system 3. System according §a.daiml, mﬂﬂj@’lwm |'|
that it is an NCAP system 25 4. System accord| ng

characterized in that it is a Ilbriy dre®H,EH, System accordi ng to one of
Clains 1-4, charac; ﬁe i zed.in that the, i u d C{zstal m xture contains one
or gore conpounddiRY has F‘&‘P&“ﬁ gaven 1. [err] in wich
[er?]j and [e84] | Syketrenn dacéoyd divg 01t a:mtimrv, chatacterized in

311 uoro- 1. 4 phosgtei e Rt S o b 11 WP IR e 101 T owi ng

conbi nati ons® Nos3. 1-5 afjystem accgeding Xod le]'l, Neharacterized Ziwrr]

Z[err] 1 Cehat xzsu.nqlze.b@nd 2 0

-CH err]CHerr] - - CH2CH2-

single bond 4 = 10. 1 sYs%?‘hg#‘E"‘b’Eﬁﬁspg t° one °f Clagmsc (}%GH characs
1 single botgkrized in that tke nﬁ@umr@rﬁstal mi:&ﬁ%@rﬁél%‘ﬁﬁ’é Néhé O

Claimb5, characterized |nthat n oun la [err
Syst em accor di nP%t Ve RS #]g‘ %‘Wq-at &Fi zed in that the l'i qui d
crystal m xture contains one or nore conpounds . of the forrmula Ib [err]

(X3),
10 RI-Qs ~CN Ic

in which

Q® is . -@ ‘(-@ =) g—2? orl '@ ~28~ A8 -
. one of the rings "@-— or'O —C)-, ig

in which P is -CH,- or ~0-, and the other,

15 if present, is trans-1,4-cyclohexylene,

~1,4-phenylene, 2-fluoro-1,4-phenylene or’
3-fluoro-1,4-phenylene

2’ and 2° independently of one another are a single
. bond, -COO-, -0CO- or =-CH,CH,-,
20 r and q independently of one another are 0 or 1,
and
X? is F or Cl, and
X3 . . -
_@ is 2-fluoro- or 2-chloro-1,4-phenylene or
- 3=fluoro- or 3-chloro-1,4-phenylene,

25 and the meaning of R! is given in Claim 1.

' 11. System according to one of Claims 1-10, charac-~
terized in that the liquid crystal mixture contains one
or more compounds of the formula Id

SaCANCRIOC I
30 in which

_ - is 1,4-phenylene or tra'ns—ll,i-cyclohexylene



i'n which 20 Qerr] is [err] m
rings [err] and [err] - is [err] in which V[err] [‘“\a
other, if present, is trans-1,4-cycl ohexylene or 1,4- pheﬂ“‘“ﬁ“‘“ﬂ“ﬁ“ﬁﬁ ]

and Y[err] i ndependently of one anotker are H or F,*p §st

or 1, and Z[err] and Z[err] " independently of one anot her are a singl e
-4- bond or CH er [e”iaandlﬁi%hénfléénépe n!aﬁlﬁar&'-!?@-bﬁeﬂféﬁél 8.
Syst em accor di ng al r’% charg,'mterl zed 1 n that, at ei\si one_0 X[err]

and Y[err] is F. £l %mlﬂeﬁ grcraene7L, dncyetehexyad in
that” X[err] = Y[err] = Hléﬁ)e System accord| ng to one of Clains 1-9,

charac- terized,g n that t cryst ure nt al ns or nore
conmpounds of the formula ?% +e§a¢{?% Wi (ﬁq& =0cd* cgn& [err]
Jerr] is dne oﬂ“’t he ringks [&rsi,ngle boridyr CO0- or ~CHsCH;+ waindh T is

-CHerr]- or and the‘.l1 e‘?] If present, is
trans-1, 4-cycl o%exyl ene 4-p enyI ene, 2-fluoro-1, 4-phenyl ene or
3-f1 uoro- 1; 4- prRRG| &he '2?%‘?#'}969% 52[ éFrﬁl"en J-Pn@sp‘elndkﬂt |y of one anot her

are a single borgl, C%ystmc%rdﬁkﬁe{:b] @ME%V 11, Zhardct®¥¥ized in

I f
;:ngcrapéndeg;dy[g#{‘etﬁmtquu crysta antaJ.ns one or more

10 compounds selected from the compound classes of the
formulae IdE2-1 and IdE3-1 to IdE3-8

ol Yomen{on - wwn
Rl-O-cmca,-—@—cu IdE3-1
m@—cu‘,cn,-O—@—cu IdE3-2
Rx-O—éH,cuzO-@-m 1dE3-3
Rt—O-@ -cn?caz-@—cu IdE3-4
Rl—@—O—CﬁzCHz@—CN I8E3-5
NV S U
OO RO I
Rl.--CH-‘.CHz-'@ 0 -cn IGE3-8

in which the meaning of R! is given in Claim 1.
13. System according to one of Claims 1-12, charac-
terized in that the liquid crystal mixture [lacuna] one



i-s 2-fluoro- or 2-chloro-1, 4-phenyl ene or 3-fluoro-
: 3-chl oro-1, 4- phenyl ene, 25 and the neaning of R err]
S 11. System according to one of d ai ms 1-10, charac- )ﬁﬂﬂ“ﬂg“m l mlmt he

I"i quid crystal m xture contains one or ﬁ corrpounds ornru

[err] 30 in which [err] - is 1, 4-phefyTene or trans-1, 4- cyclohexylene _
[err] is 1, 4- ghenyledey.. fI%EQEQ p ézlg“

3-fluoro-1,4- phe%ylryeéle o? ﬁ'g‘ﬂ °'Jmfls hg%l}& ene fhe group o Of

si ngl.e bond, - Cemxl 0@9-31193 of+f orelae It~ IZ{QerIq" is a si ngl e

bon\d,/ -COO- or -CH[err CH <! > an is O or 1 aﬂg‘ he meani ng of
Rlerr] is given in 2 *fﬁs@s‘éﬁrdl ng to Al mtlll '
t

characterized in that I|qU| d crystal m xture contains one or nore 10

conpounds sel ected frgm he corrpo cl s of the fornul ae |IdE2-1 and
| dE3-1 to | dE3-8 [etm]— i-Cl[lmi- [Oerr-FN[err] [err]I¢4s%] [err] in
whi ch the meani ng of--R%e IS given m 1. Syst em accordi ng

to one of €ains 1- 1% @g&&er ZIS _&Eﬂa_chqwdféé/s_;al m xture

[lacuna] one
Rl- —cuzcnz . -CN _ : Ted-4

in which
in each case independently of one another is
N 5 -\ A = 1,4-phenylenes, 2=-fluoro-1,4-phenylene,
3-fluorol,4~-phenylene [sic] or trans-1,4-cyclo~
- hexylene, :

- = in each case independently of one another is

(F)g (?)t (F);
B OB = DO
10 t is 0 or 1 and

3
-@- is 2-fluoro-l,4-phenylene or 3-fluoro-1,4-pheny-

lene _
and the meaning of R! is given in Claim 1.
14. System according to one of Claims 1-13, charac-

15 terized in that the liquid crystal mixture contains, in
addition to a dielectrically positive component A con-
sisting of dielectrically positive compounds having
Ae 2 2, a dielectrically neutral component B consisting

_ of compounds having =2 < Ae < +2, and optionally a

20 dielectrically negative component C conéisting of com-
pounds having Ae < ~2.

15, System according to one of Claims 1-14, charac-
terized in that the liquid crystal mixture contains one
or more compounds of the formula Ig

25 R}*-Q*-C00~-Q°-R? Ig
in which
the radicals Q* and Q*® in each case independently of one



-6 - or nore 4-ring conpounds selected fromthe group of carbonitriles of
! the fornulae led4-1 to led4-4 [err] [err] [err] [err] inm r" I

i ndependent|ly of one another is 5 [err] 1, 4- phenyll l"l mlllmml "mr
2-fluoro-1, 4-phenyl ene, 3-fluorol, 4- phenyl-;en.e [sic] or tyaris-t%, 48cyel o-
hexyl ene, [err] I n each case |ndependen of _one another IS

S 0 or 1 34¥tHe¥ dre | ‘%W .
3-fluoro-1, 4- phen en- and n ven
Syst em accor dlorﬂj-' %l d ai ﬁé‘geq‘ g@hg‘

liqguid crystal m xture contarns I n addrtrontoadrelectrrcally posrtrve
conponent A con, @%dr el (&t rically positive conpounds having [err]
[err] 2, a diel é:ct at'r conmponent B consisting of conpounds
having -2 [err] [err] +2, and optionally a 20 dielectrically

negati ve conpor@an @ w A f
- System accordr ank;gaogenﬁ?%éa? ‘9581&14 char ac-ﬂ; er‘rmzlgéﬂi nd!ﬁ:tzﬁ thlgaalil'r qui d

~crystal mio® RERATHND gL Ven Hgléé-ﬁpauﬁﬂb' Bithe fornula Ig 25
Rlerr] -qerr] GeQ J er rdygtiend rdf::ccarch.ng to one of Claimd d-1I5 Wilpdrdde
{Zglr]cal S Qerr]tearr}_dz E r]'I:haq: teif'h ].C ndrfetn erl‘H u?:fe %%%tainasnogrpeer are
or more compounds of the formula Ih

R!-Q*~-C=C~-Q"~R? Ih
_ 10 in which '
Y at least one of the radicals R! and R?® has the meaning
given in Claim 1 for R?,
one of the two radicals R! and R’ is also F, Cl, OCF;,
OCHF, or CF,;, and
15 the radicals Q° and Q' independently of one another are

_@-' . ‘@‘@' —@-fé)- or @- , Qf is also

O~ <o) or {)-co0{0)- and @ is
also O-O '

'17. System according to one of Claims 1-16, charac~
20 terized in that the liquid crystal mixture contains one
or more compounds of the formmla Ii
R'-Q°-CH,CH,~-Q°*~R? | Ii
in which '
_ R! and R?® in each case independently of one another have
25 the meaning given in Claim 1 for R!, and the radicals Q°
and Q° in each case independently of one another are
trans-1,4-cyclohexylene, 1,4-phenylene, 4,4‘-biphenylyl,
4,4’-cyclohexylphenyl or 4,4’-phenylcyclohexyl, where one
of the 1,4-phenylene groups present in the molecule can
30 also be substituted by fluorine or chlorine.
18. 8ysteni according to one of Claims 1-17, charac-
terized in that the liquid crystal mixture additionally
contains one or more compounds selected from the group of
compounds II-IV ' |



or [err] , and one of Jerr] and Qerr]:1s also [err] or [err]

, and Rlerr] and Rlerr] in each case independently l
the neaning given in Claiml for Rlerr]. 16. Sygumamm““m I1ﬂ‘fone of
G ainms 1-15, charac- terized in that the.lgquid crystal fri %t ue Contains
one or nore conpounds of the formula Ih Rerr]-Qerr]-Cerr]CQerr]-Rerr]
lh 10 In which at | east one -piw:t.mer.ggi cals Rlerr] and R err] has gfe
meaning given in Claim1l for eiE | ae of the two radicals R err]_and
R[e\rrL,] is also F, O, OCF[err] ["’6 or CF[err], and 15 the #3dical s
f] and qerr] |ndependentl'y-v>-fpmmn0t her are [err] Iv
[err] rr |s also [err] or [err]
and Qerr] is a‘T‘% ﬁ System according to one of Clainms 1-16,
charac- 20 5 teRized i ninhqachheasequndepammtlynqt uore camother iscanr
nmore conpounds of the f Indd1e1s Chle e ] err]”
[i in which Rerr] and E*Iiag#%ué[a%‘;%% e H'TJdepen ent'qi:lh ?h%ﬁggﬁét B[ :
have 25 the meaning g?%nn?ﬁ\"@mflt f&H: GLenpp, candaiﬁe Pﬁdrﬁﬁiscﬁﬂerr]

and (Jerr] in each casepyndgpp nnm.tlynd)jo,_omcm her are

trans-1, 4-cycl ohexyl ene 4- pﬁ yi,ene 4. - bi phenyl yl,
4, 4 -cyclohexyl henyl 4‘ 1“43' g cFXﬁe%y# where one of the

1, 4- phenyl z0e gybups preseatsinglélehmd,ec-tﬂon-easr 3®Co-gl so be substituted -

charace tori zedVin 1 hat SErETFIAIRE S SRAE U R Bl At OVES i e

one or nore conPBounds sbBeRj eE‘l’h@n(EheY‘gp@'uB-SchUhmﬁ]ds II-IV - 8-

N\ Phe.(F) is 1,4-phenylene, 2-fluoro-1,4-phenylene or
3-fluoro-1, 4~-phenylene.

15 19, System according to one of Claims 1-18, charac-

terized in that the 1liquid crystal mixture has a-
dielectric'anisotropy Ae > 3.
20. System according to Claim 19, characterized in
that the mass content of compounds which contain a
20 terminal carbonitrile compound in the liquid crystal
mixture is less than 15%.
21. System according to one of Claims 1-20, charac-
terized in that the liquid crystal mixture is based on
compounds which have a dielectric anisotropy
. 25 3 < Ae < 15,
22. System according to one of Claims 1-21, charac-
terized in that the liquid crystal mixture contains a
pleochroitic dye.
23. Syétem according to one of Claims 1-22, charac-
30 terized in that the liquid crystal mixture contains a
doping component.
24. Use of the electrooptical liquid crystal system
according to one of Claims 1-23 for guest-host display
systems, for active or passive matrix-controlled
35 displays, for projection systems and for switches for
large-area display systems.
25. Use of the electrooptical liquid crystal system
according to one of Claims 1-23 for architectural appli-
cations and for motor vehicles.



T-Werr]-Phe-Cn | - Il RWerr

e
|c<|31|seT| Xagggngglnt |l y of one another is an al klylv Igpo\lljmpl ﬁgvﬂ‘“m“lumml\mﬁ

whi ch one or two non-adjacent CHerr] greugs~can also be *r epl ated" by - 0-
-CO and/or -CH=CH, Werr] ~ is Phe. (F)-Y[err] or Cyc-Y[err], 10
Y[err] is 265! ngl eEbeetrodp¥ical - Oyst¥m, cb&tm&rn:mge 2, éndiyl

o Dm0 2t Wi i SRR KPR WYl 15 0

3-ftdoro- 1, 4- phe:h;inael-zs, which is chmtrodled dyliang activecmatrixai ns
1-18, charac- terized in that the |liquid crystal mxture has a
dielectric anisotropy [err] > 3. 20. System according to Cl aim 19,
characterized in that the fmass content of conmpounds which contain a 20
term nal carbonitrile conpound in the liquid crystal mxture is |less than
15% 21. System according to one of Clains 1-20, charac- terized in
that the liquid crystal mxture is based on conpounds which have a

di el ectric anisotropy 25 3 [err] [err] [err]
15. 22.. System according to one of Clainms 1-21, charac- terized in that
the liquid crystal m xture contains a pleochroitic dye. 23. System
according to one of Cainms 1-22, charac- 30 terized in that the liquid
.crystal m xture contains a dopi ng conponent. 24. Use of the

el ectrooptical liquid crystal systemaccording to one of Clains 1-23 for
guest - host display systens, for active or passive matrix-controlled 35
di splays, for projection systens and for switches for |arge-area display
sysTens. 25. Use of the electrooptical liquid crystal system



‘according to one of Clains 1-23 for architectural appli- cations and for
‘not or vehi cl es. 26. El ectroopti cal system —contarmng an

electrooptical liquid crystal systemaccorfijng to one of ' iat N
is controlled by an active matri Xx. - 10 - EP 0 452 46"0| Iﬁﬁm ml 'T
printed] 1. Electrooptical liquid cryg?gl"sgf’gqgh - which alns a s *
dielectrically positive liquid crystal m xture and a further optically
transparent 1ggling n..2 el ectrodes which are optionally applied to
subgtrate sheets, %?rr\ﬁgg d liquid crystal m xture is enbedded in the
optical l'y transpg&ebsticlhgliddhddlsysam f orm of conpartments which are
separated 10 a greyhh cettainsCs SislbetXilycabkitive IR AYSaPMind Sha Qrfurtffﬁlrg?icﬁly Fahspardit
| ess coherent, CONkicaMUBIWSEAS Slettiddds Which e dpadrally jpblﬁawélfb&me 4, Whbre the liquid
whose i quid cryst alys@abDhiRaid! i€ 3mbdtdédA 18 \bptiednf Yardbdrent rdbibm NAYR 6 M%ﬁﬂé#nt%g:
I
]

orientation, - in whick lreOstpar@tbd & gle@tbl GCibis¥rCextdntlirdh® dnePinothBiCor! forths! £ merleYds

m xture essenti al | yoregne eshtiiolis phiddan he btieaily irsparéhtlmsdigh, the matrix nferr]
and/ or in which t-hehepadigiiceystafnokeduiss BB switbhetiiof stats Gavie Gn Grely@dr alientatiad, Ur e and
of the mass of theirowhicicerel of ther @hayhar iedides ot theUiguid SrydtalomiitreNB3sedtially aglabs With the
i ndependent |y of t Irfraglivé indexzefttheomataf nwi larel/dr irc wilenthe lqiagjérit of thasnaas bictdel Gl crystal
transm ssi.on i n on@ixre erideof thomassyif the lapticellyttessparentpadiard ist 16 driveredt her st at e,
characterized i n -t Whih.fridependegtiy of therpplatizationrr she incident light, hasresreduced transmissian in one of
conpounds of the f8PiR fviteh stalesompared dpthetothewate.] is [err] [err] are '

i ndependent | y di"a@Fierizasithabine fiquigrevstal mixtuse corgins,ape ereore gompoyride althexiaenula |
2-fluoro-1, 4- phenyl ene, 3- fluoro-1, 4-phenyl ene and one of Alerr] and, if
present, Alerr], is also diyl, tet rahydrppyran- 2,5-diyl or

napht hal ene-2,6-diyl, Z[err] and Z[err], are i ndependently of one another a
single bond, -CHerr]CHerr]-, -COO oCo, -Cerr]CG, -CH2 0- or any

- desired conbinations of -t he'seRlp%ld oyps, 1

in which
Qis

- -21- (-@ -22-) -

are independently of one another trans-1,4-cyclohexylene, 1,4-phenylene, 2-fluoro-1 4-phenylene, 3-
fluoro-1,4-phenylene and one of A' and, if present, A2, is also diyl, tetrahydropyran-2,5-diyl or
naphthalene-~2,6-diyl, .
Z" and Z2 are independently of one another a single bond, -CH,CHz-, -COO-, -OCO-, -CaC-, -CH,O- or
any desired combinations of these bridge groups,
Y and X are independently of one another H or F, and one of X and Y is aiso Cl,
W is -Cl, -F, -CF3, -OCF3, -OCHF. or -NCS
R' is alkyl having 1-12 C atoms, in which one or 2 non-adjacent CH. groups can also be replaced by
-0- or -HC =CH-, and '
mis0,1o0r2
with the provisos that
(i) the mass content of compounds of the formula | in the liquid crystal -mixture is at least 50%,
and/or
{ii) the liquid crystal mixture contains no compound of the formula | whers W is F or NCS, and/or
{iii) the liquid crystal mixture has no compound containing a nitrogen-containing heterocycle.

2. System according to Claim 1, characterized in that it is a PDLC sﬁstem.

3. System according to Claim 1, characterized in that it is an NCAP system.



Y and X are independently of one another H or F, and one of X'and Y is al so
d, Wis -d, -F, -CF[err], -OCHF[err], -OCHF2 or -
having 1-12 C atons, in which one or 2 nqn- aldj acent CH[err rou can al so
be replaced by -O or -HC = CH, and mls(} 1 or vvlthb" mmnt
(i) the mass content of conpounds of tIEpP ¢ es2ad0B1 in the n
mxture is at least 50% and/or (ii) the liquid crystal m xture con ai*ns*no
conmpound of the formula | where Wis F or NCS, and/or (iii) the liquid
crystal m xturé Hystemacesidingde fldimc ahasdcieiized i’dhatitﬁ&aolg‘bwsel@)nt ai ni ng

heterocycle. 2. Systemaccording to Claim1l, characterized in that it is a
PDLC system 35 Systew@reprdingrte opryef iGipine bt pharacterizpdrinthptdng liowid civptak miturejcpntains eng or
NCAP system -More cqmpognds ghtheiigonudta 4. Syst em according to Claim 1,
characterized in that it is a PN system 5. System according to one of
.Clainms 1-4, characterized in that the liquid crystal m xgure contains one

or nore conpounds of the fornmula la F [err] in which [err] and [err]

i ndependently of one another a 1, 4- cyclahexyl ene, - phenyl ene,
2-fluoro-1, 4- phenyl ene or Fatlugy -zil_,fL Re y_lzen &ir] is Hor F and
the foll ow ng conmbi nati ons Nos._¥-5 appl g‘[ _|;_1/and Z[ err]IaNo n
Z[err] Zlerr] 1 0 singl e bond 2 ‘QH[err]CH[err] 3

1 -CHerr]CHerr]- single bond 4 1 Si ngI e bond -CH2CH2- 5 1.

si ngl e bond single bond 6. System according to d ai m 5% characterized in
that in the conmpounds la [err] [err]

in which _

independently of one another are 1,4-cyclohexylens, 1,4-phenylene, 2-fluoro-1,4-phenylene or 3-fluoro-
1,4-phenylene and

XtisHor F’

and the following combmatlons Nos. 1-5 apply to n, Z3 and Z*:

z? z*

single bond | -

~-CH2CH2- -

-CH2CHa- single bond
single bond { -CHzCHa-
single bond | single bond

N ohWN = g
—l—l—lOO:

6. System according to Claim 5, characterized in that in the compounds la .

B -23- (8 “z-10 {O)-.
-O'O O‘O - e, OO
~O~O-CH;CH;:—,'—O-CH2CHZ-@—, ~0) <0} CH CH,,
-—@-cn,cn,-@-. or {_—cHcH<(0)~

7. System according to one of Claims 1-8, characterized in that the liquid crystal mixture contains one or )
more compounds of the formula ib



[err] [err] 7. Systemaccording to one of Clains 1-6, characterized in that
the liquid crystal m xture contains one or nore conpounds _of the fnrmlln b
-.12 - EP 0 452 460 [err] in which Q is ifrr one of the rings [err

and [err] isin which V[err] is N or H and t he other ““HMjMHu | I

trans-1, 4-cycl ohexyl ene or 1, 4-phenyl eFR 0 ﬁféF?P and Y[er

of one anot her are Hor_ F. pis 0 or 1, and Zerr] and Z[err] |ndependently
of one another are a single bond or CH2CH2 and Rl err] has the neani ng given

in Qaiml. 8. Systemaccording to Ciagm characterized in that at |east
one of X err] and Y[err] is F. 9. Sy accordl ng to Caim 7y

characterized in that X err] ﬁﬁ{ 10. System according to one of
Clains 1-9, characterized i.n® FFHUl d crystal m xture contains one
or nor e’ conpounds of theforrrulalc rr ICin

which @B is [err] one of the rings [er¥] or [err] is in which Tis
-CHerr]- or -O, and the other, if present, is trans-1, 4-cycl ohexyl ene,

1, 4- phenyl ene, 2nwﬁil:ruoro-1,4-phenyl ene or 3-fluoro-1, 4-phenyl ene Z[err] and
Z[ err] independenttis y of one another are a single bond, -COO, -0OCO or
-CHerr]CHerr]-

-3 - (@) 128 o -G -

one of the rings

. N
-@- and-@ - is —@\)n-'

in which V' is N or H, and the other, if present, is trans-1,4-cyclohexylene or 1,4-phenylene,
X2 and Y2 independently of one another are H or F,
pisOor1, and
Z5 and Z% independently of one another are a single bond or CH2CHa
and R' has the meaning given in Claim 1.
8. System according to Claim 7, characterized in that at least one of X2 and Y2is F.
8. System according to Claim 7, characterized in that X2 = Y2 = H.

10. System according to one of Claims 1-9, characterized in that the Iiduid crystal mixture contains one or
more compounds of the formula ic .

(X3), -

R-0~ 0 )—cn Ic

in which
Qis

one of the rings
@ B
‘@- or@- -

is in which T is -CHz- or -O-, and the other, if present, is trans-1 4~cyclohexylene 1.4-phenylene, 2-
fluoro-1,4-phenylene or 3-fluoro-1,4-phenylene
Z’ and Z8 independently of one ancther are a smgle bond, -COO-, -OCO- or -CH2CHz-,



-"13 - EP 0 452 460 Blr and q i ndependently of one another are 0 or 1, and
X3 is For d, and [err] is.2-fluoro- or 2-chloro-1, 4- phenytene—or

3-fluoro- or 3-chloro-1, 4-phenyl ene, and tg? meani ng of

Claimi1. 11. System according to one of Tarns 1-10, chaRH@&HM“ ““fﬁ
the liquid crystal m.xture contains ona°omszlﬂBBtonpound o Ml
[err] in which is 1,4-phenylene or trans-1,4-cycl ohexylene is

1, 4- phenyl ene, 2-fluoro-1, 4-phenyl ene, 3-fluoro-1, 4-phenyl ene or

trags; 1, 4-cycl ohé@(‘?lqéwbp%ge’l“t°%P"§P’W§F'éaﬂb%ﬁﬁ1 andc00, - 000 or - CH2CH2-
Z[erT] is a singKdSFon@kadco0- or -CH err]CHerr]-, and s is 0 or 1 and the
meaning of Rlerr] is givenin Caiml. 12. Systenlaccording to daim1l,
characterized in that the liquid crystal m xtgse contains one or nore
conpounds sel ected fromthe conpound class?gffi>the formul ae 1dE2-1 and

| dE3-1 to |1 dE3-8 - 14 - EP 0 452 460 Bl _lerr] [err] [err] [err]
[err] [err] [err] [err] in which the neanin Rlerr] is given in Caima1l.
13 Systemraccording to one of Claims 1-12, characterized in that the liquid

Tt s A o PSR R  1

11. System according to one of Claims 1-10, characterized in that the liquid crystal mixture contains one or
more compounds of the formula Id

o/ , ) 1d
: Rl—(-{ A -Z’-),-\ Al -Z10/ O Y—CN

in which

is 1,4-phenylene or trans-1,4-cyciohexylene

_-

is 1.4-phenylene, 2-fluoro-1,4-phenylene, 3-fluoro-1,4-phenylene or trans-1,4-cyclohexylene
22 is a single bond, -COQ-, -OCO- or -CH2CHz-

Z'° s a single bond, -COO- or -CH2CHz-, and

sisOor1

and the meaning of R! is given in Claim 1.

12. System according to Claim 11, characterized in that the fiquid crystal mixture contains one or more
compounds selected from the compound classes of the formulae IdE2-1 and IJE3-1 to IJE3-8



[érr] [err] [err] in which = - 15- EP0452 460 B1 |mch~case\

i ndependently of one another is 1,4-phenyl ene, 2- qu
3-fluoro-1, 4- phenylene or trans-1, 4- cycLo Sxyl ene, ’ m/”mu”m
|ndependently of one another is [err] or 1 and

2-fluoro-1, 4-phenyl ene or 3-fluoro-1, 4EBIQe@$?I4§9|§1and the rreanr ng of R[err]
is givenin Claiml. 14. Systemaccordr ng to one of ains 1-13,
characterized in that the liquid crystal mxture contains, in addition to a

di ehegtrically positive conponent A consisti ng of diel ect ri cally positive
conmpounds having [err] [err d| el ec Na neut r al n’gonent B

consi sting of conpounds ha rr] +2, and E-F?'Ohally a
dielectrically negative conpo t C consr ng of corrpounds having [err] <

-2. 15. Systemaccording to ope~of CIarrrs 14

liquid crystal mxture conk AEH{OH; Ade of thex&msrula Ig
Rlerr]-Qerr]-COOQerr]-Rer lgin radicals Qerr] and

Qerr] in each case |ndepend y of one .n- are and one of err] and
Qerr] is also [err] and ler se mdeESE?gftly
one anot her have the neani ng rr]. EP O
452 460 Bl 16. System accordi ng to one of d ar ne 1 15, characterized in

that the liquid crystal m xt ont ai ns /O re corrpounds of the
formula Ih H,CH, IgE3-3

- m@@mﬂ,@ﬂ s
DOmalDe
:_O-O—cnzcﬂz--cw IdE3-6
1-@—@ —cazcaz—@—cn IdE3-7
l-@ —CHZCHEQ-@.—CN IdE3-8

in which the meaning of R is given in Claim 1.

haracterized in that the

-

13. System according to one of Claims 1-12, characterized in that the liquid crystal mixture contains one or '
more 4-ring compounds selected from the group of carbonitriles of the formulae le4-1 to led-4

R‘-- A2 —CH;CHZ-< 0 >-CN Ie4-—-1

R1-{ A1) —CH,CH,~( m) -\' 0 )-CN Teq-2
Rl—' —ca,cnz-\ A2 —CHZCH,@-CN Ied4-3

R3~( A1}) —CH,CH,—{ Ar2) —CN - Te4—4

in which



Rlerr]-Qerr]-err]CGQerr]-Rerr] lh in which at | east one of the
radicals R err] and R err] has the neaning given in Caiml for Rerr],
of. the two radicals Rlerr] and Rerr] is algp F, A, OCF[err],

R LRI Erlnb g e
t s *

17. System according to_one of Clains 1-16, characterized irt thatt

liquid crystal m xture contains one or nore conpounds of the fornmula Ii
Rlere-Qerr]-CHerr]CHerr]-Qerr]-Rerr] i~in which Rlerr] and R err]
in each case independently of one another hae. meaning given in Caiml
for Rlerr], and the radicals Qerr] and Qerr n each case independently
of one another are trans-1, 4-cycl ohexyl ene, 1,4- phenyl ene,

4, 4" - bi phenyl yl , E}y Sack Cc\ége %Qé%éXJeRP Ydne % ﬂtﬁdrdis Q»B)%Fléleg%%-@P@éy{fé‘em?‘a-es'ﬂ& 01,4

of the 1,4- pheny I
substituted by fl ?ne grﬁ?:ﬁ{go I ne. 19&% System according to one of O ains

1-17, characterized in that the liquid crystal mxture additionally

contai ns one or nore conpounds sel ected fromghe¢ group of conpounds 11-1V
T-Werr]-Phe-Cn Il RRWerr]-Cyc-CN 1] -Ie-CN [V in which R

A n each case independently of one another isa/alkyl group having 1-15 C
atons, in which one or two non-adjacent CH err]. groups can al so be repl aced.
by -G, -CO and/ mreachdadseindsbbndbifti¢ b dne anotherisi S Phe. (F)-Y' or Cyc-Y[err],

Y[err] is a single bond, -COO or -OCO, V IS

pyridine-2,5-diyl or pyrimdine-2,5-diyl, T is R RPhe (F)-Y or
R-Oe-Y[err] and Phe. (F) KB) 1, 4- phenyl ene(F)Z fl.uoro-1, 4- ph@ﬁyl ene or
3-fluoro-1, 4- phenyl ene. 1/~ - EP 04524460 Bl 19. jgyst rding to
one of Clains 1-18, chara T@Tri n ttat “liquid crysta re has a

dielectric

tisOor1and

r
.!
is 2-fluoro-1,4-phenylene or 3-fluoro-1,4-phenylene
and the meaning of R! is given in Claim 1.
14. System according to one of Claims 1-13, characterized in that the liquid crystal mixture contains, in
addition to a dielectrically positive component A consisting of dielectrically positive compounds having
Ae 2 2, a dielectrically neutral component B consisting of compounds having -2 £ Ae¢ § +2, and

optionally a dielectrically negative component C consisting of compounds having Ae < -2,

15. System according to one of Claims 1-14, characterized in that the liquid crystal mixture contains one or
more compounds of the formula Ig

R-Q*-COO-C5-R?  Ig

in which
the radicals Q* and GF in each case independently of one another are

@ O~ @@ D@~ @ OO~ -

~Or-c00<0)- or {)~<00-(0)-

and
R' and R? in each case mdependently of one another have the meamng given in Glaim 1 for R'.



ani sotropy [err] > 3. 20. Systemaccording to Caim19, characterized in
.that the mass content of conpounds which contain a termnal carbonitrile
conpound in the liquid crystal mxture is {gss than 15%

according to one of Cainms 1-20, characterized in that thﬁmlﬁmnu]“m,HHI
m xture i s based on conpounds whi ch hakGR0A5214@IBLtri c ani sotropy- 3 M ersr| *

[err] [err] 15. 22. System according to one of Clains 1-21, characterized
inthat the ILguid tal mxt t ai I hroitic dye. 23. Syst
In a e g%;gystﬁgr sr?:tm_x ufre,con alns a pleochrolitic aye ystem

accQrding to , °?°é)° § 483 eharacierized in thaf dhe liayikerystah mixiyrecqopigingipne or
- mixture contains & GOprh 80% h'é M 24. Use of the el ectrooptical liquid
fcrystal system %Qﬁ[&b_tj@_ﬁzo qhne-of Clains 1-23 for guest-host display
systens, for active or passive matrix-controlled displays, for projection
systens and for ;syiiches for large-area display systems. 25. Use of the

d Tor 5y | .
el ectrooptical Ig gl dneccwn%trédicaw29&%9%@.%9,919%99”23 o gégtr,gf;ptli- 23 for
" nd

archi tectural appb biGRd twb Ricad 1£,anqpii§3ﬁ=,b? GF;, BeHr, (l:al:' a

System cont al niuiadéhiseh cP Habdciddm] LUl thoipdsd Al SYStEMn according o one

of Clainms 1- 23, which is controlled by an active matri x. Revendi cations

[as printed] 1. Systene nesonorphe 6l ectro-optique, - qui conprend entre
deux el ectrodes, qui sont 2ntuel l e t SN Spo s sNr des pl es
supports, un nel ange de cr-=gt dux |i§€§§é@§%@gi oi P¥ de\Dde
didlectrique et un autre mlieu optiquenent transparéht, le ngTENge de
cristaux liquides dtant enrobd dans |le mlieu optiquenent transparent sous
la forme de com@@risdlssents plus ou noins separds |es uns des autres ou
folmant dans le mlieu optiquenent transparent une phase continue, plus ou
noi ns cohdrente, - dont | ecul es cristaux |liquides presentent a
|'etat hors circuit une m'hon fr gO}H‘a@-- dans{ Sauelo{ oy _des

i ndi ces de refraction du nelange de cristaux ITquides colTici de prati quenent
avec |'indice de §?faction de la matrice nmelou dans |equel |le quotient
de la masse du mé' n§&SYe cristaux |iquides et de |a masse du nilieu -

opti quenent transparent vaut 1,5 ou plus, gquly presente dans |'un des deux
6tats de commutation i ndépendanment de Ia{é}it}sation de la lumbre
incidents une transm ssion reduite par rapport a |l'autre dtat, caracterisd
en ce que |l e nelange de cristaux |iquides contient un ou plusieurs conposes

de formule | 4¥: sfem Qcording  one of Claims 1-16, characterized in k_ha%hea quui%%Fystal mixture contains one or
more compounds of the formula li

R'-Q8-CH2CH2-Q°-R2 i

in which

R' and R? in each case independently of one another have the meaning givén in Claim 1 for R', and
the radicals Q® and Q° in each case independently of one another are trans-1,4-cyclohexylene, 1,4-
phenylene, 4,4"-biphenylyl, 4.4'-cyclohexylphenyl or 4,4'-phenylcyclohexyl, where one of the 1,4-
phenylene groups present in the molecule can aiso be substituted by fluorine or chlorine.

18. System according to one of Claims 1-17, characterized in that the liquid crystal mixture additionally
contains one or more compounds selected from the group of compounds -1V '

T-W'-Phe-Cn i
R-W'-Cyc-CN i

T-V-Phe-CN IV

in which

R in each case independently of one another is an alkyl group having 1-15 C atoms, in
which one or two non-adjacent CH, groups can also be replaced by -O-, -CO- and/or
-CH=CH, ) o

wt is Phe.(F)-Y' or Cyc-Y",

Y! is a single bond, -COO- or -OCO-,

Vv is pyridine-2,5-diyl or pyrimidine-2,5-diyl,

T is R, R-Phe.(F)-Y' or R-Cyc-Y' and .

Phe.(F) is 1,4-phenylene, 2-fluoro-1,4-phenylene or 3-fluoro-1,4-phenylene.



-@ -z1 (_C3A-Z2-)m _<>-et -<) - representent, ind~pendament |'un de
|"autre, un groupe trans-1, 4-cycl ohexyl ene, 1, 4 ph nyl ne, 2-

fLuoro-1,4-ph6nerne 3-fluoro-1, 4 phenyl un des ¢
pour autant qu'il soit present, A2, egal eﬁgﬁt un gr oupe Hmmmllmllfnm"l"l
pyri di ne-2,5-diyl e, pyrimdine-2, 5-di ylEP, 0 4523468iB#xanne- 2, 5- L
t6trahydro- pyran- ne-2,5-diyle ou napht al ene- 2, 6-di yl e, Z' et ZZ
repr6sentent, .inde endamrent | ' un de |’ autre, une sinple liaison, -CH2CH2-,
-COQ, - OCO-, 18-CRyetem according teyonecst CHiEs 1i8narraetprizethis tiptthe daienestel ehixturebas a dislectric
groupes de pont 25T 8> % desi gnent, independament |’ un de I’ autre H ou
F, et |'un de rgﬂdl cauxdx et Y e al enrent C Wrepresente -d, - CF3,
- OCF3, OCHF2 tﬁftﬁ‘ 't!? %ﬁh%’am"@&l'" éﬂa 25 coptent of i%@v@ﬁw-cuéonwn a
carbone, ou egal ‘EMEIRtcabRNitg © "dd?g'ﬂﬂ%‘%d‘i'}??' WF@F%‘Q%B(‘S’peuvent etre
avec pour conditions

| ack
aue (1) Ta pr BB *’&g’"‘ﬁﬂm e it E3h,cluachu 2y e o o ope i feed o

lcan
nmel ange de cri st au | qul

ses ?Hs 50% et/ou (ii) le nelange de
cristaux |iquidesg Res fonti ent aucun corrpose de formule I ayant W= F ou
NCS, etlou (iii) le nelange de cristaux |iquides ne presente aucun conpose

conpor t ant  unzd)esyQbm GidordihgCte ohé Bﬁé\&-mgq é1 %Q&gnzeg in RYSthE Tuic> 3';5%}] énﬂ%{e contains a
ne . -

revendi cation 1,pieeéhiokielags. se en ce qu'il s’ agit un syst

Systeme selon | a revendication 1, caracterise en ce qu'il s'agit d' un

syst ene NCAP. 23] .Sy&yrs tacitRiingab @Re bﬁCIEIQH aud) &ﬁfabt@rﬁe&- in PaAE RAd &Fstf Miktsre ntdids a
s'agit d' un systdepisg d8Mporent. Syst bne sel on | ' une quel conque des

revendi cations 1 a 4, caracterise .en ce que |e nelange de cristaux

| i qui des cont 24 Mse ghthe aleqioonsicad liquid meﬁ&m abeordiiny tLdne of Glaims R123] for qué-hbst isplay
-Z4-) n-( - systems, for active or passive matixecontioliég<dighlays:tfer prej¢mtiors sysfem8tand for switches for
ind~pendamrent largerpregetlisplapisystems. un gr oupe 1, 4-cycl ohexyl ene, 1, 4-phenyl ne,

2-fl uoro- 1,4-5phdnyl bne ou 3-fluoro-1+, 4phenyl ene, et Xl designe H ou F,
25. Use ‘of the electrooptical liquid crystal system accordmg to one of Claims 1-23 for architectural

applications and for motor vehicles.

26. Electrooptical system, containing an electrooptical liquid crystal system according to one of Claims 1-
23, which is controlled by an active matrix.

Revendications [as printed]

1. Systdéme mésomorphe électro-optique,

= qui comprend entre deux électrodes, qui sont éventusellement disposées sur des plaques
supports, un mélange de cristaux liquides positif du point de vue diélectrique et un autre milieu
optiqguement transparent, le mélange de cristaux liquides étant enrobé dans le milieu opliquement
transparent sous la forme de compartiments plus ou moins séparés les uns des autres ou formant
dans le milieu optiquement transparent une phase continue, plus ou moins cohérente,

=- dont les molécules de cristaux liquides présentent & I'état hors circuit une orientation irréguliére,

- dans lequel I'un des indices de réfraction du mélange de cristaux liquides coincide pratiquement
avec l'indice de réfraction de la matrice nu et/ou dans lequel le quotient de la masse du mélange
de cristaux liquides et de la masse du milieu optiquement transparent vaut 1,5 ou plus,

- qui présente dans I'un des deux états de commutation mdependamment de la polarisation de la
lumigre incidente une transmission réduite par rapport 2 l'autre état,

caractérisé en ce que
le mélange de cristaux liquides contient un ou plusieurs composés de formuie |

Y

R1-Qt - 1

ol
Q! est



., 47TW 4 -@ C L et pour n, Z3 et Z4 on a les

combi nai sons Nos. 1-5 ci-aprbs No. n VZ 1 0 | i ai son_si npl e .2
0. -CH2CHz- 3 1 - CH2CH2- | iaison sinple 4

| i ai son sinple CHZCHZ 5 1 li ai son é“lrrpl liai son,

selon la revendication 5, caractb6rise Gm:esquw B1dans | es muﬂ&ﬂl"ﬂlﬂlﬂﬂe
- Z3- (< Z4~) n repr6sente {)e-" o0 -0- C2C 2-*4, c{)
-OCH2CH2-, -CO) -CH2CHZ->-, -i {- -CH2CH2, * ( CH2CH2{-- ou -
-CHRGH2->-* 7. Systene sel on | " une qu ongue r evendi catlons 1 a 6,
caracterise en ce que |le nel ange neso pt#d —¢ot AP er®&—bm- ou pl usi eurs
-conposds de fornule I'b, y2 RI-Q -CN - b X2 Q .
designe -t (-~ -) ,zs R oU ~e -Z |l'un'des cycles - -
~~~~N.- et -A eat Co)- ob VI est Nou H et |'autre, s'il est present, est

un cycle trans-1, 4-cycl ohexyl ene ou 1,4- phenyl bne, X2 et Y2 sont,

i ndependanmment |'un de |'autre, H ou F 00 ye L e& 5 et Z6 sont,

i ndependamrent |'un de |'autre, une Ii ai Si rrpl - CH2CH2- , - 20 -
EP 0 452 460 B1 * C Let R3ala S|gn|f|cat|on |nd| guee dans

la revendication r@preé&nter@ylﬁéé@aﬁrﬁén Burl & J:ﬁ\ég‘ pgjsgnsd’ %Eﬁ&&@ﬁé, 3 %-phishylefe, 2-
qutau noi ns un dgfemh %Pé?@le 3-filoro/Pa-Fhehyidne e j_)” ejt ddtant qu'it soi présent A2,
revendi cation 7, gabddt 8 brobbeSHridi- %Ié( nmld)ﬁg-ZS- Jrg-dﬁy @E@dﬁ% {Bttanydid! Syran-
quel conque des r expdiyiddul laphtaiche-26-diyleCar act 6ri se en co que e m-l ange
2" et 22 representent indépendamment I'un de I'autre, une simple liaison, -CH2CHz-, -COO-, -OCO-,
-C=C- , -CH20- ou des combinaisons queiconques de ces groupes de pontage,
N : Y et X désignent, indépendamment I'un de l'autre, H ou F, et I'un des radicaux X et Y également Cl,
' W représente -Cl, -F, -CF, -OCF3, OCHF2 ou -NCS,
R' désigne un radical alkyle ayant 1-12 atomes de carbone, ol également un ou deux groupes CH
non vicinaux. peuvent &tre remplacés par -O- ou -HC =CH-, et
mest0,1o0u2,
avec pour conditions que ]
(i) la proportion en masse des composés de formule | par rapport au mélange de cristaux liquides
est d'au moins 50%, et/ou
(ii) loe mélange de cristaux liquides ne contient aucun composé de formule | ayant W = F ou NCS,
et/ou
(i} le mélange de cristaux liquides ne présente aucun composé comportant un hétérocycle
contenant de I'azote.

2. Systéme selon la revendication 1, caractérisé en ce qu'il s'agit d'un systéme PDLC.
3. Systéme selon la revendication 1, caractérisé en ce qu'il s'agit d'un systéme NCAP.
4. Systéme selon la revendication 1, caractérisé en ce qu'il s'agit d'un systéme PN.

-

5. Systdme selon I'une quelconque des revendications 1 2 4, caractérisé .en ce que le mélange de
cristaux liquides contient un ou plusieurs composés de formule la

E-

Ri={ A% ) -23-(=( AS > =2%=)4—{ O )—-CN Ia

X1

ol

-(w) - et =(a)-

représentent, indépendamment I'un de T'autre, un groupe 1,4-cyclohexyiéne, 1,4-phényiéne, 2-fluoro-
1,4-phényléne ou 3-f|uoro-1 4-phényléne, et
X' désigne H ou F,



nmesonor phe contient un ou plusiours conﬁoses de formule LET_iég—LL~BLLQB‘“‘”
-Clch O -7Zs- As - ouI IC fﬁ (ﬁsdgilcg;g Z-X B ( o 'mmj
T designe -CH2- ou -0-, et |'autre, né%%ﬁeou i H egm“mﬁmm““

d6si gne un groupe trans-1, 4- cyclohexyl nyl ene, '«

2-fluoro-1, 4- phenyl ene ou 3-fluoro-1, 4-phenylene, Z° et Z' representent,

i ndependament P 4iBo 8, i-"e@ﬂéneale%ﬁtblhéléh§ﬂ&ﬁ$mbr@s -0, -~OCO- ou

-CH2CER2-, r et g sont, independanment un de I"autre, O ou 1, et X3 est F

ou . et X3 t_ "0 d65|gne un gr 2 f:uv.v -otr—p=—thtoet6—4 4- phdnyl bne ou

3-fluoro- ou 3-ch|oro-1,4-phenylbﬁ%. 8| R a la siéhificatibn I ndi quee dans

| a revendication 1. 11. Systene|sel qngl| itien SipkCpnque des [evendications 1

a 10, caracterisd en ce que le ﬁeha ge IneRom-phe] contient | ' un ou

pl usi eurs des conposes de fornullesl d RI| -CH.CHE>- Z9} Jiaison simple | - z1O0

3-CN Id -21- EP{045346(Q &ison simple | -CH;CH.- c L ou OD ~
~ - C est un greéuget . Haispingmple nie liaison simple

trans-1, 4-cycl ohexyl ene, -G est Un groupe I, Z-phenyTene,

2- quoro 1. 4- phenyl bne, 3-fluoro-1, 4-phenyl bne ou trans-1, 4-cycl ohexyl b-

ne,. Z9 represgntgiig sdidndd l%%dléd&g&’}é %aractgl%n g8 0 Q%Qansplys ¢ ggggé?a 210

represente une I|a| son si rrp S est ou 1

~® -zz-_g—@ -24-), @-

- représente

<0~ <@~ - O-ccm, OO
OO -cnez-, -cnen {9~ -@-@—cnzcaz,
'@-CHzCHz-@- ou { )-cucH{0)-. -

7. Systéme selon I'une quelcbnque des revendications 1 & 6, caractérisé en ce que le mélange
mésomorphe contient un ou plusieurs composés de formule Ib,

Y2
R1-Q2 O ) ~CN Ib

X2

ol
Q? désigne

-3 - (@ “)g-z3 ;u ~(2) -2¢-(a -,

I'un des cycles

' et ,— _ est ﬁ;-
@- B

ol V' est N ou H, et l'autre, s'il est présent, est un cycle trans-1,4-cyclohexyléne ou 1,4-phényléne,
X2 et Y2 sont, indépendamment ['un de l'autre, H ou F,"
pestOout,et

Z5 ot Z° sont, indépendamment I'un de I'autre, une lidison simple ou -CHz CH;-,



ef Rl a la signification indiquee dans | a revendlcatlo

selon Ia revendication 11, caracterisd en ce que le melan e ne
contient un ou plusieurs conposes choisis rm les cl a m 4“‘1

formules 1dE2-1 et 1dE3-1 a | dE3-8, RI CH2CH2

|dE2-1 R --CH2CH2- ) | dE3- 1 Rl -

- CH2CH2 _ -CN ' IdE32RI - -(7 CH2CH2 -KN u-CN
l_ ((j)EﬁZ (l.?:I]-I-ZE ) _Z Clﬁt R3 a la signification i%@k@ans la revendication 101 | dE3- 5 . |23E3: 4E§I ’0( )

| dE3-6 RI-'

RIK7- CH2CHZK' g~ 35,(Bine selon Ia revendication 7, caractérisé en co que X2 = ¥2 = HI dE3-8 ou Rl a |l a
signification |nd|quee dans la revendication 1. 13. Systene selon I'une

quel conque degg, Isy¥EMsli se@h 1R qleldndud. des ermdikions €1 NG, CQurdlidRsé| 6n 68 1g88 3 mélange”
mesonor phe cont ifg3bmatpheQdntidhiliini ol PluSietOFBRPEEE détfodnulli€ | €s, choisis dans |e '
groupe des carbonltrlles de formules le4-1 ale4-4 R j -GBA -CHCH2->

452 460 Bl 4 Cﬁf%ﬂae ze[Ig)n_ Ia reverSicatioh 7, cafctéris8 en ce quBu 'rr)oinpt]ﬁ &a&'g@ﬁ?e@'stf g@?_e%t@.\'

-CN Xé*eé"lRl -CH2CH2- A -7
| CN : | e4- 23R - CH2CH2- A3j 2 - CHzCH2?f
-CN led4 -3 &by -CH2CH2-<A-0 1¢

| e4- 4 represente, dans chaque cg e endament |'un de |'autre, un

groupe 1, 4-ph6nyl ene, 2-fluoro-1, 4- phenyl ene, 3-fl uoro-phenyl ene ou
trans-1, 4- cycl ohexyl ene, represente, dans chaque cas, ind6pendamrent |' un
de |’ autre (F) ol (Bt (F) 4-a-' 4>_ ou
toxtest 0 ou 1,@ggsigne . o3 .. | 11121121 1121121 11211111111
* C L N S* EP 0 452 460 Bi

ol I'un des cycles

-@)- ou .<E} -

représente

6]
{ ) I
p R
ol T désigne -CHz- ou -O-, et l'autre, dans la mesure ol il est présent, dégigne un groupe trans-1,4-
cyclohexyi@ne, 1,4-phényiéne, 2-fluoro-1,4-phényléne ou 3-fluoro-1,4-phényléne,
Z’ et Z8 représentent, indépendamment I'un de l'autre, une liaison simple, -CO0-, -OCO- ou -CH2CH.-,

r et q sont, indépendamment 'un de l'autre, 0 ou 1, et
X3 est F ou Cl, et

X3
{9)-

désigne un groupe 2-fluoro- ou 2-chloro-1,4-phényléne ou 3-fiuoro- ou 3-chloro-1,4-phényiéne,
et R! a la signification mduquee dans la revendncatlon 1.

11. Systdme selon ['une quelconque des revendications 1 a 10, caractensé en ce que le mélange
mésomorphe contient I'un ou plusieurs des composés de formule Id

Rl_(-_ ._'zg.., s_< Al> =210/ 0 Y-CN id



F de5|gne un groupe 2-fluoro-1, 4- ph6ny| ené ou 3-fluoro-1, 4-phenyl ene;—et R
a la signification indiqu6e dans | a revendi cation 1. %4”57S’t'eme sel on

| _une quel conque des revendications 1 a 13gqcaracteri's m\‘ \lm

mel ange nesonorphe contient, outre un corrposant A di el 3&\‘ &m if,
consi stant en des conposes d| 6l ectri quapeasaperBi i fSs A A& 2. un
conposant B di 6l ectri quenent neutre, consistant en des conposes ayant -2 S
/| S +2, et eventuellenment un conposant C diel ectriquenent negatif,
consistant en deal conposes ayant ,& < -2. 15 Systene selon |'une quel conque
des revendications 1 a 14. caracterise en ce quo | e nelange nesonorphe
contient un ou plusieurs conpses de fornmule 1g, R1l-04-CO0 05-R2 lg ob les
restes a4 et Os designent, .dans chaque cas, gependanment |'un de |'autre,
un radical et lun des groupes 4 et & desiQ ¢gal ement un radical et R
et R2 ont, chacun independanment lun de |I'autTe, la signification indiquee

dans ia revend| cation 1 pour RI. 16. Systene selon |une quel conque des
revendi cations 1°%”'!LQI°“PEA14?QB§"E'P1‘°S%’ tans-LeCYfPReY G 5| ange nBsonor phe cont i ent

un ou plusieurs conposes de fornule | h, RI-QB6-CCa7-R2 lh au noins |’
des restes Rl et R2 a la signification indiqggee,dans |a revendication 1
pour R, |I'un des deux restes R et R2 dest gal enent F, C, OCF3,
OCHF20ou CF3, et les restes 0Q et Q7 desi gnent—4 ndependamrent | un de
1"autre, N e Yo4A><>-' 4>{F ~QU - N "N C

desi gne egal eMeNlg Lh gloh K?- hényié zzﬁ’u 1.4-phé éOS-fl oro-14- hényléne ou|tr|ans|-1]41cyllgh1elylé-
HE 11111 111111 é u & & ﬁ(/lnyene oro- ﬁré%érnesenqte eggal eyment 17. Systene

sehan | une quel cgrm&gseg@gngﬁg&nﬂhg@te@és obolby -cratiact eri se en ce que le
nel ange NBSONMOr - ziP gyrdashid ind MisoH Bimplé, 1800S beloHsCK,cposes de fornule i,
R - 8- CH2CH2- (9- st 0 obi ,

et R' a la signification indiquée dans la revendlcahon 1.

12. Systéme selon la revendication 11, caractérisé en ce que le mélange mésomorphe contient un ou
plusieurs composés choisis parmi les classes de composés de formules IdE2-1 et IJE3-1 & IE3-8,

I-O-cuzcaz@-cn | IdE2-1
ol Yecmen-(oY(Dyor  ramse
Rl—® -cx-xzcnz—O-@-cn IdE3-2
R!—O-@' —ca,caz@ —CN IdE3-4
1-—@ -O;CHzCHz—@ —CN IdE3-5



ou R et R2 ont, dans chaque cas, inddpendament I'un de |'autre, la

’signif!cation i ndi quee dans |a revendrcation 1 pour Rl, et les restes (8 ét
(T ane- 14 cycl ohexyl ene. 1, 4-pheny| b'ne“”4 e a‘ﬁtefnsr ovc, S LR
"4, 4' -cycl ohexyl phenyl e ou 4, 4' - phenyl - e, tand|§ dn

groupes 1, 4-phényl bne presentants dans Ia m)l ecul e peut egal errent etre
substitue par un radical fluoro ou chloro. 18. Systene selon |'une

quekconque des revendi catr o car act er) en _ce que | e nel ange
mesonor phe contient en ouft s R0t gds& choi sildkbafs [e
groupe des conposes de forrru 11 a |V, T W - PIeé- CN Il R-W-Cyc-CN 1]

T-V-Phe-CN |V ou R r e dans chI: cas, independanment |'un

de |"autre, un groupe al knl -a;ﬁzaa Je-cprr bone, xE®s-7 equel
egal ement un ou deux groupes -Na vi ci naux\pelivent 8tre renpl aces par

des radicaux -0-, -CO eVou -CH CH W d6si gne Phe (F)- Y' ou
Cyc-Y', Y represen (23_*) o__, - CIB

desi gne un radical pyridi ? di Leﬁﬂu I '.(ﬂ e- 5 d|y d'EIB 8
designe R, R-Phe.(F)-Y ou R-Cyc-Y', et Phe.(F) represente un groupe

1,4-pheny| ene, 2-fluoro-1, 4-phenyl eneou 3-fluoro-1, 4- phenyl ene. 19. Systene
sel on |'une quel coRtpie siguiicavos irdigdéeciats lereveriticatioh8, caracterise en ce que le-
mel ange nmesonor phe a une ani sotropie dielectrique Af > 3. 20. Systene selon
| a revendi cat i'8nSysmecegloncliuse jqueicoagrecdes gigeentligatignsop Gr 12. raraciristaers ee @ies le mélange
conposes present amomwh? FRMIGNE HE i PIBERUBOTIIMPPSER @ 4 &clas. IFhadisip a?"S reagipienetdeg garbonitrites
~colwpose nesonor pAoEdMesltribetire a 15% 21. Systene sel on ' une quel conque
des revendications 1 a 20, caracterrse en ce que | e conpose nesonorphe est
base sur des conposes pres anr sotro e\ dielectrique 3 S A* S 15.
22. Systene selon |'une R}& S-CHeg®R tI-QNS 1 a 21, cgeasterise
en ce que | e nel ange nesonoxpHe »- ent un cdkof ant pl eochrof qde. 23. '
Systbne selon |'une quelcon des rev ns 1 a 22, caracterise €n ce
que | e nmel ange mesonorphg_ ognh g&h @ a@gﬁﬁ 24. Utili §g£ on du
systene nesonor phe el ectro- que? s une conque des

revendi cations 1 a 23 pour des systenes d' af fi.chage th8te-hote", pour des

affichages commandos par trice ac ou pass) pour des systenes
de projection et pour dé’é" rﬁﬁéﬁﬁs\pbﬁr ﬂhﬁﬁv@a@ chag&ede3

R1-( All) —CH,CH,-{ A12)-CN Ted-4

ou

AlL) -

_représente. dans chaque cas, indépendamment l'un de l'autre, un groupe 1,4-phényléne, 2-fluoro-1,4-
phényléne, 3-fluoro-phényléne ou trans-1,4-cyclohexyléne,

représente, dans chaque cas, indépendamment I'un de I'autre,

(F) e : (F)e (F)e

- <D~ =B

testOou 1, et



tar 0 452 460t F81 -*¢ L M* grande surface. 25._Uilisation du
syst bne nbsonor phe di ectro-opti que selon 'une quel conque des revendi cations
1_a 23 pour des applications architectoni gies_ et pour dejJMUWlﬂ”“ll;"Ml
aut omobi | es. 26. Systbme 6l ectro-optique, ‘Contenant un s _
dl'ectro-optique selon |'une quel conqueeplgass ggEasi cations 1L & 23, Yui Sest
conmmands par une matrice active.

désigne un groupe 2-fluoro-1,4-phényléne ou 3-fluoro-1,4-phényléne,
et R a la signification indiquée dans la revendication 1.

14. Systéms selon I'une quelconque des revendications 1 & 13, caractérisé en ce que le mélange
mésomorphe contient, outre un composant A diélectriquement positif, consistant en des COmposés
diélectriquement positifs ayant Ae 2 2, un composant B diélectriquement neutre, consistant en des
composés ayant -2 < A¢ S +2, et éventuellement un composant C diélectriquement négatif, consistant
en des composés ayant Ae < -2.

15. Systéme selon I'une queiconque des revendications 1 a 14, caractérisé en ce que le mélange
mésomorphe contient un ou plusieurs compsés de formule Ig, '

R-Q*-COO-C5-R? g

ol -
les restes Q* et Q° désignent, dans chaque cas, indépendamment I'un de l'autre, un radical

O O w0 OO0

et I'un des groupes Q* et Q° désigne également un radical

Oc00)- 4 «0)-c00<0)- :
et R' et R? ont, chacun indépendamment I'un de I'autre, la signification indiquée dans la revendication
1 pour R, ’

16. Systtme selon I'une quelconque des revendications 1 2 15, caractérisé en ce que le mélange -
mésomorphe contient un ou plusieurs composés de formule Ih,

R'-Q5-C=C-Q’-R2  |h
oll
au moins I'un des restes R' et R? a la signification indiquée dans la revendication 1 pour R,

I'un des deux restes R' et R? désigne également F, Cl, OCF3, OCHF20u CF3, ot
les restes Q° et Q7 désignent, indépendamment I'un de l'autre,

@ @@ @G- -

QF désigne également



17.

18,

19.

20.

21,

22.

23.

24,

- 24 -

ceoszaont | [N AREENNEN
* [ L M S * :

ot Q7 représente également
o

Systémé ‘selon I'une queiconque des revendications 1-16, caractérisé en ce que le mélange mésomor-
phe contient un ou plusieurs composés de formule i,

R!'-Q8-CH,CH2-Q%-R? fi

ol

R! et R? ont, dans chaque cas, indépendamment I'un de l'autre, la signification indiquée dans la
revendication 1 pour R, et les restes Q® et Q° désignent chacun, indépendamment I'un de I'autre, un
groupe trans-1,4-cyclohexyléne, 1,4-phényléne, 4,4'-biphénylyle, 4,4'-cyclohexylphényle ou 4,4"-phényl-
cyclohexyle, tandis que I'un des groupes 1,4-phényléne présentants dans la molécule peut également
étre substitué par un radical fluoro ou chioro.

Systéme selon l'une quelconque des revendications 1 & 17, caractérisé en ce que le mélange
mésomorphe contient en outre un ou plusieurs composés, choisis dans le groupe des composés de -
formuies Il & 1V, .

T-W'-Phe-CN I
R-W'-Cyc-CN I

T-V-Phe-CN IV

«

ol .

R représente dans chaque cas, indépendamment I'un de ['autre, un groupe alkyle ayant 1 a
15 atomes de carbone, dans lequel également un ou deux groupes -CHz-non vicinaux
peuvent &tre remplacés par des radicaux -O-, -CO- et/ou -CH=CH,

w désigne Phe.(F)-Y' ou Cyc-Y?,

Y! représente une double liaison, -COO0- ou -OCO-,

v désigne un radical pyridine-2,5-diyle ou pyrimidine-2,5-diyle,

T désigne R, R-Phe.(F)-Y' ou R-Cyc-Y?, et

Phe.(F) représente un groupe 1,4-phényléne, 2-fluoro-1,4-phényléneou 3-fluoro-1,4-phényléne.
Systtme selon I'une queiconque des revendications 1 & 18, caractérisé‘ en ce que le mélange
mésomorphe a une anisotropie diélectrique Ae > 3.

Systéme selon la revendication 19, caractérisé en ce que la proportion en masse des composés
présentant un groupement carbonitrile terminal par rapport au composé mésomorphe est inférieure &
15%. -

Systéme selon l'une quelconque des revendications 1 4 20, caractérisé en ce que le composé
mésomorphe est basé sur des composés présentant une anisotropie diélectrique 3 S Ae S 15.

Systéme selon l'une quelconque des revendications 1 & 21, caractérisé en ce que le mélange
mésomorphé contient un colorant pléochroique. T

Systéme selon l'une -quelconque des revendications 1 a 22, caractérisé en ce que le mélange
mésomorphe contient-un composant dopé.

Utilisation du systéme mésomorphe électro-optique selon I'une queiconque des revendications 1 & 23
pour des systémes d'affichage "héte-hbte”, pour des affichages commandés par une matrice active ou
passive, pour des systémes de projection et pour des commutateurs pour systémes d'affichage de
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grande surface.

25. Utilisation du systéme mésomorphe électro-optique selon I'une quelconque des revendications 1 4 23
pour des applications architectoniques et pour des véhicules automobiles.

26. Systéme électro-optique, contenant un systémé mésomorphe électro-optique selon I'une quelconque
des revendications 1 & 23, qui est commandé par une matrice active.



