2248847 LI QUI D CRYSTAL PHASE DESCRI PTION The invention relates to Fiquid®
crystal phases (LC phases) which have particularly | ow threshold voltages,
broad nematic phase ranges and do_ not crystallizeé at |ow2esdpefa- tures.
Liquid crystal display elenents (LC display elenents) increasingly utilize.
the properties of nematic or nematic- cholesteric [‘#quid crystal materials
of significantly changing their optical properties such as |ight

absorption, light scattering, birefringence, reflectance or col our under @
the influence of electric fields. The function of such display elenents is
based for exanple on the ph éﬁi%gigit' ttering, the deformation
of aligned phases, the guesﬁ@?ﬁ : rTmmt-lﬂelfri ch effect in the
twisted cell, or the cholesteric-nematic phase transition. The industrial
application of these effects |DESCREPTEONC conponents requires liquid
crystal phases which nust neet a |arge nunber of requirenents. O
particul ar inportance here are the chem cal resistance to noisture, air and

physi cal factors such heat ., radi at |nqnfra Vi Si Dbl n
ultraviol et regi ens"ﬁ’rﬁié%tf%{%fﬁf ;*r?dqubépngnﬁgggl%}%#ﬁsc (i.lcgpggses)
I ndustrial ly utwhictalbatel patt fowlariyllowhdheeshodd voltages, broad

nematic phase ranges and do not crystallize at low tempera-

tures.

@
Liquid crystal display elements (LC display elements)
increasingly utilize the properties of nematic or nematic-
cholesteric liquid crystal materials of significantly
changing their optical properties such as light absorption,
light scattering, birefringence, reflectance or colour under
the influence of electric fields. The function of such
display elements is based for example on the phenomena of
dynamic scattering, the deformation of aligned phases, the
guest-host effect, the Schadt-Helfrich effect in the twisted

cell, or the cholesteric-nematic phase transition.

The industrial applicatibn of these effects in electronic
components requires liquid crystal phéses which must meet a
large number of requirements. Of particular importance here
are the chemical resistance to moisture, air and physical
factors such as heat, radiation in infrared, visible and
ultraviolet regions and continuous and alternating electric
fields. Industrially utilizable liquid crystal phases are
-also required to have a liquid crystal mesophase within a
suitable temperature range, a very low viscosity, a good

deep temperature behaviour, i.e. very low transition temper-

atures smectic/nematic and no crystallization at low



S ut b el N Bt By A e

Zerwne e e LT i T B b e e

al'so required'to have a liquid crystal nmesophase within a suitable
tenperature range, a very low viscosity, a good deep tenperature behaviour
i.e. very lowtransition tenper- atures snectic/nematic and no _
crystallization at |ow -2- tenperatures, a high steepness of the
electro-optical characteristic and adequate dissolving power for pleochroic
dyes.: Finally, they nust not have any self-absorption in the region of
visiblg.light. i.e. they nust be col ourl ess2-None of the hitherto disclosed
series of conpounds with a liquid crystal mesophase contain an individual
conmpound which nmeets all these requirenents.- For that reason, the rule is
to prepare mxtures of two to twenty-f ive. prefera- bly three to fifteen,’
conpounds in ordertempemhlresmn h;tgln@dsemesn of cthe dlectro-opdical

cl ar polnt is i nePRREdearAS iE A BR[O [ty MR for 1 irote
point is bel ow thaaye§ tlhﬁaépypj ma‘t im@tCAGP OEVé ,anyisel B-absorptionoimtihe

is between the clear points of the conmponents. wever pt i ases
cannot be easily pFe@iPR® riviﬁ%lw iondeet h %’6%&%4@%‘239??\9 hi gh

None of the hitherto disclosed series of compounds with a
liquid crystal mesophése contain an individual compound
U which meets all these requirements. For that reason, the
' rule is to prepare mixtures of two to twenty-five, prefera-
bly three to fifteen, compounds in order to obtain sub-
stances which are usable as liquid crystal phases. Usually
at least one compound having a low melting and clear point
is included. The résult is normally a mixture
whose melting point is below that of the lower-melting
component, while the clear point is between the clear points
of the components. However, optimal phases cannot be easily
prepared in this way, since the components having the high
melting and clear pbints and/or very high dielectric anisot-
U ropy also confet on the mixtures a high viscosity and
crystallization problems at low temperatures. As a result
the switching times of the electro-optical display elements
prepared théreﬁith_are changed in an undesirable manner.

Liquid crystal (LC) phases of the state of the art
containing similar cohponents are described in WO
88/02018. There is, however, still a strong demand
for LC phases which have'mnch lower threshold voltages
or higher clearing points and simultaneously good
deep temperature behaviour.
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'“”heltlng and clear p0|nts and/or very hlgh dlelectrlc ani sot- ropy al so
confer on the mxtures a high viscosity and crystallization problens at |ow
tenperatures. As a result the switching tinmes of the electro-optica

display elenments prepared therewith are changed in an undesirabl e nmanner.
Liquid crystal (LC) phases of the state of the art containing simlar
conponents are described in W 88/ 02018. There is, however, still a .strong
demand for LC phases whi ch have nmuch |ower t hr eshol d voltages or hi ghefr
clearing points and sinultaneously go8d deep tenperature behaviour. 3 -
To reduce the threshold voltage, hitherto disclosed LC phases have added to
them strongly polar nematic conpounds having a termnal cyano group. The

by & mor 6 Si%iisﬂﬁs”?(?ipgéﬁn{r“eipaﬁl wpLkage, tithor tor dinelesed BT cs. so.
:Bﬁ] relative 14 tﬂ&h%tf&wy aileadmafiéecaﬂs&&hds'f his in
gives ri to varlous | sadvant ages, such as unfavorable elastic
pr operties oﬂtavlingLS bermicml syanbi gnoupsc'ﬂm effeotiueddipoheomoment
4- cyano- 3- ftu%rgggggyl ompounds, however, is distinctly reduced by a more
or less strong antiparallel association of these molecules,
so that relatively large amounts of polar compounds need to
be added. This in turn gi@es rise to vafious disadvantages, g‘)
‘such as unfavorable elastic properties of the LC phases and
high viscosity. On addition of 4-cyano-3-fluorophenyl
p—-alkylbenzoates as strongly polar components to ZLI-1957/5
(commercially available mixture from E. Merck, Darmstadt,
containing phenylcyclohexane, cyclohexylb;phenyl bls-cyclo~
hexylbiphenyl compounds and phenyl cyclohexylbenzoates), i
has been possible to show (Hp. Schad and S.M. Kelly, J.
 Chem. Phys. 81 (3), 1514-15 (1984)) that the threshold
voltage is'reduced, which is explained in terms_of a reduced
degree of association of the added conpounds.:ﬂowever, even
these LC phases do not meet all the aboﬁe mentioned require-
ments at the same time. In particular, for many applications
their threshold voltages are still too high. and, in addi-
tion, the steepnesses of the electro-obtic characteristic
are not sufficient for highly infotmatiﬁe displays owing to
the relatively large ratio of the elastic constants for
bending (K;) and spreading (K;) K;/K;. The hitherto disclosed

mixtures therefore have an exceSSively high threshold
voltage and/or an unacceptably poor steepness of character-
istic (characterized by an excessively high K,/K;) and/or
high temperature dependence of the threshold voltage dV/dT

and/or large angular dependence of contrast.
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pfal kylrbenzoat es as strongly polar conponents to ZLI-195715 (commercially
avail able mxture fromE. Merck, Darnstadt, containing phenylcycl ohexane,
cycl ohexyl bi phenyl , bis-cycl o- hexyl bi phenyl conpounds and phenyl

cycl ohexyl benzoates), it has been possible to show (Hp. Schad and S. M
Kelly, J. Chem Phys. 81 (3), 1514-15 (1984)) that the threshold voltage is
reduced, which is explained in terns of a reguced degree of association of
the aqded conpounds. However, even these LCphases do not neet all the
above rfentioned require- nents at the same tinme. In particular, for many
applications their threshold voltages are still too high, and, in addi-

ti , th t f.th I t {
SUTT i ent for i giRPTenAdy Fhup EELFL A eshuiiesd dorndidufd o0 tal phoges
ratio of the elast 'lfa\ﬂ?nﬁshﬁﬂhsciéérbg%‘ﬁhw Qs umthaarﬁaﬂnﬂg (d<11)od<3/il§&os-

The hitherto disclosed m xtures therefore have an excessi vel hpdd
g@&ﬁs Pafi c

t hreshol d vol t age drky dandnhenaecemablgumim ddpes) sand %hh?‘h
(characterized by an 5 [ -
dependence of the t‘ﬁ’ béﬁ?% t%#@& ?’%?’gegg‘ﬁéﬁ eplgecﬁa'gngghc
of contrast. -*¢steepness and excellent viewing angle characteristxc com~
| bined with a good deep temperature behaviour and a birefrin-
gence suitable for use in standard display cells.

An object of the invention is to provide liquid crystal
phases which have a nematic phase within the required

temperature range and are cohpletély or almost completely

free from the abovementioned disadvantages.

It has now been found that a liquid crystal phase having

particularly favorable properties, in particular an

acceptable combination of threshold steepness, viewing

angle, temperature dependence at a low threshold

voltage and favorable.deep temperature behaviour is

obtained when, in accordance with the present invention,
L// it comprises:-

- 1S to 80 wt.% of a component A consisting of two

or more compounds of the formula I

F

m-QO-@-coo@ -CN I
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There is thus stiII a great need for I|qU|d crystal phases haV|ﬁg hlgh
clear points, low nelting points;, a Iom/V|sc033°1ﬂ (ar'd fhience shoft
switching tines) and a | ow t hreshol d vol t age, mhich at the same tine have
favorabl e el ectro-optic steepness and excel l ent view ng angle _
characteristic com bined with a good deep tenperature behaviour and a
birefrin- gence suitable for use in standard display cells. An object of
the invention is to provide |iquid crystal phases which have a nemati

phase within the required tenperature range and are conpl etely or al nost
completely free fromthe abovenenti oned di sadvantages. It has now been
found that a liquid crystal phase having particularly favorable properties,
in particular an egﬁgygfyﬂ e conbi nation of threshold steepness, view ng
angl e, tenperature dependence at a | ow threshol d vol tage and favorabl edeep
t enper ature behavirur i $sobhaial&kglwean,alkernel ogroup ewithh 112 praacison

i nvention, it conprises:- - 15 to 80 wt. % of a conponent A consisting
of two or nore conpoundatomst herfam milkyl dgrdup Mith 2-12 carbon atoms

wherein one CH, group is replaced by an oxygen
atom, and

o i@@mzcuz,®co0-@,u

or a single bond;

- a component B consisting of two or more compounds

selected from the following formulae II to IV:

Rl—@-@@-cn o i 11
-
: i) (o)opo ~

wherein ring A is 1,4-phenylene ot trans-1, 4-cyclohexy-
lene, ring A° is trans;1,4-cyclohexv1ene or trans-1.,3-
dioxane-2,5-diyl, R! and Q° haﬁe the meanings indicated
above and the total proportion of components A and B is
more than 32 wt.%; |

AT EL RS a el
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wherein R errf is an al kyl or alkenyl group with 1-12 carbon atons, or an
al kyl group with 2-12 carbon atons wherein one CH2 group is replaced by an
oxygen atom and [err] or-a single bond; - a conponent B consisting of
two or nore conpounds selected fromthe following formulae Il to I'V: [err]
wherein ring Ais 1,4-phenylene or trans-1,4-cyclohexy- lene, ring Alerr]
Is trans-1, 4- cyclohexylene or trans-1, 3- dloxane 2,5-diyl, Rl and qerr]
have the neanings indicated above and the total proportion of conponents A
and B Ts nore than 32 w.% [err] - 6-to 21 w.%of a conponent C
consisting of at. |east one conmpound of the fornmula V: [err] wherein Rl and
ring A have the neanings indicated above

- 5 to 21 wt.% of a component C consisting of at .
least one compound of the formula V:

(Dre(Dw :

wherein R! and ring A have the meanings indicated above
and R? is ﬁ-alkyl or n-alkoxy with in each case up to 7

~ carbon atoms, and;
- 3 to 30 wt.% of a component D consisting of one
or more non polar additives selected from the following
formulae VI to VIII:
Rl-Ql-@-coo@-QZ-Rz - VI
DDl m

F
nl-Ql@-Qz-nz VIII

(F)

wherein R!?, _BZ and the rings A each independently have
the meanings indicated above and Q! and Q2 each are
independently H », CH,CH,~ or -CH,CH, .

In an embodiment a 11qu:|.d crystal phase in accordance
with the invention can also contain one or more
pleochroic dyes (guest-host systems).



and R2 is n-alkyl or n-alkoxy with in each case up to 7 carbon atons. and; -
- 3 to 30 wt. % of a conponent D consisting of one or nore non pol ar

additives selected fromthe following formulae VI to VIII
wherein Rl, R2 and the rings A each independently have the
I ndi cat ed above and QL and 2 each are independently [err]

[err] (F)
meani ngs -
I n an enbodi nent

a liquid crystal phase in accordance with the invention can also contain
~one or nore pleochroic dyes (guest-host systens). 7 - The invention
further provides electro-optical ligqy4d crystal display el enents which
contain such phases. The guest-host systens according to the invention
generally contain 0.1 to 15, preferably 0.5 to 10, in particular 1 to 7.
percent by wei ght of pleochroic dyes. The pleochroic dyes of the guest-host

syst em accofMiiendnventheni furtlidw providescetectio-optical Ligaidh a way that

t hey

crystal display elements which contain such phases.

The guest-host systems accordinglto the invention generally:
contain 0.1 to 15, preferably 0.5 to 10, in particular 1 to

7. percent by weight of pleochroic dyes.

The pleochroic dyes of the guest-host system according to

the invention are preferably chosen in such a way that they

cover a suitable part of the visible spectrum and that the

absorption in this range is more or less constant.

The preparation of the guest-host systems according to the

invention is effected in conventional manner. In general,

the desired amounts of the various pleochroic dyes are

dissolved in the host material, preferably at elevated

temperature.

However, it is also possible to mix solutions of the pleoch-

roic dye and of the host material in a suitable organic

solvent, for example acetone, chloroform or methanol., and to

remove the solvent after thorodgh mixing, for example by

distillation under reduced pressure. It is self-evident that

with this method it is necessary to ensure that the solvent

does not introduce any contaminants or undesirable dopants.

The individual compounds of the formula I to VIII of the
liquid crystal phases according to the invention are eifher
known or preparable by mbthods vhich are easily derivable by
those skilled in the art from the prior art, since they are

" based on standard methods described in the literature. -



cover a suitable part of the visible spectrumand that the absorption in
this range is nore or | ess constant. The preparation of the guest-host
systens according to the invention is effected in conventional manner. In
general , the desired amounts of the various pleochroic dyes are dissolved
in the host material, preferably at elevated tenperature. However, it is
al so possible to mx solutions of the pleoch- roic dye and of the host
materi@l in a suitable organic solvent, for exanple acetone, chloroform or
met hanol, and to renove the solvent after8thorough mxing, for exanple by
dlstlllatlon-under reduced pressure. It is self-evident that with this
nmethod it is necessary to ensure that the solvent does not introduce any
contam nants or undesirabl e dopants. The individual conpounds of_ the

formula | to VI | Coprespanding  compoynds, |of, thec forxmula df Rre deseribadeferon
are either k”OMeg%xgﬂéFlﬁ EEFEYPH?HP‘A} ‘i‘ihﬁ'@ié‘ﬁf 8334 lo5 g ¥3h' P 3y
art rom on

those skilled in e prior I nce are base
st andard net hodslﬂeﬁ&j thﬂEuropbaanat-mﬁtt Qpeczfxcaﬂiot&ﬂ,rﬂigpﬁﬁﬁl,ngn S.M.
compounds of theyfpf Ml 2 8cfiSC HalReti2h Chimica Acta, 67, 1580-1587

(1984) ; in S.H. Kelly, ibid, 67, 1572-1579 (1984); i

Japanese Offenlegungsschrift 59-191,789 and European Offen-
legungsscﬁriften 0,099,099 and 0,119,756. Compounds of the
formula II are described for example in German Offenle-
gungsschriften 29 44 905, 31 12 185, 31 46 249, 31 50 761,
31 50 763, 3207 114, 32 27 916, 33 02 218, 33 34 054, in
European Of fenlegungsschrift 0,122,389, in U.S. Patent
4,322,354 and in Japanese Offenlegungsschrift 56-164,179.

It was found, surprisingly, that the combination according
to the invention of components A, B, C and D gives LC phases

vhich on the one hand have wide mesophase ranges with low

melting points and low smectic—nematic transition tempera-

' tures and on the other are capable of multiplexed drive at
N\ very low supply voltage by virtue of their good electro-op-
- tic steepness, viewing angle characteristic and high dielec-

tric anisotropy.

The LC phases according to the invention preferably contain
at least two components, in particular at least three
components, of the formula I and at least two components, in

- particular at least three components, of the formula II
and/or III.

Preferred LC phases contain at least one component of the
formula VI and/or VII
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" exanple in German Patent Applications P°34.05 914 and B35 15 633; in .
Eur opean Patent Specification 0,019,665, in S Mwekelly and*Hp. Schad, _
Hel vetica Chim ca Acta, 67, 1580-1587 (1984); in SSM Kelly, ibid, 67,
1572- 1579 (1984); in Japanese O fenl egungsschrift 59-191, 789 and Eur apean
O fen- | egungsschriften 0,099,099 and 0. 119, 756. Conpounds of the fornmula
Il are described for exanple in German O fenle- gungsschriften 29 44 905,
31 12 185, 31 46 249, 31 50 761, 31 50 763. 32'07 114, 32 27 916, 33 02~
218, 33 34 054, in European O fenlegunrgsschrift 0,122,389, in U S. Pat Mt
4,322,354 and in Japanese O fenl egungsschrift 56-164,179. It was found,
surprisingly, that the conbination according to the invention of conponents
A, B. C and D gives LC phases which on the one hand have w de nesophase
ranges with low nelting paipts and_|ow snmectic-nematic transition tenpera-

tures and on the otdien,3 | g my ti.pl exed drive atygyyery | ow supply
vol tage by virtue C#Lphe p&é% tic steepnessYYvi ew ng angle .,

characteristic.and high di el ec- tric anisot ropy. The LC phases according to

the invention prefera oy n at |A£ two conponents, jn_particular at
| east three corrponé?wlt"z,xoﬁ"&%'éﬁﬁ at least two ¥&kponents, in
U

particul ar at |east thiee conmpbnents the formula Il and/or I11.

wherein R!, R? and the rings A each independently have v/
the meanings indicated above and Q! and Q2 each are
independently -@-, -@-CHZCHZ- or -CH,CH,-

The LC phases according to the invention preferably contain
compounds wherein A is trans-1,4-cyclohexylene.

R? is preferably n-alkyl.

The total proportion of the components A:and B is preferably
S5 to 85 wt.%. in particular 70 to 85 %.

R! is preferably alkyl, alkenyl, alkoxy or alkoxymethyl in &/

each case with 1 to 7 C atoms, in particular alkyl or
alkoxymethyl.

R! is preferably straight-chain alkyl of 2 to 7 C atoms.

When the alkyl groups in the compounds of formulae I to VIII
contain 3 or more carbon atoms, these can be arranged in a

straight or branched chain. However, the phases according to
the invention did not use any components which contain more

than one branched alkyl group. Such branched alkyl groups
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Preferred LC phases contain at |east one conponent of the fonnula V1 and/or
VI | 9- [err] F wherein Rl, R2 and the rings A each‘ﬂndepeddeﬁtly haves

t he neani ngs indicated above and QL and @ each are independently - [err]
The LC phases according to the invention preferably contain conpounds
wherein Ais trans-1.4-cyclohexylene. R2 is preferably n-al kyl. The total
proportion of the conponents A and B is preferably 55 to 85 wt.% in
particubar 70 to 85 % Rl is preferably al kyl al kenyl, al koxy or

al koxynet hyl in each case with 1 to 7 C at-olfs; in particular al kyl or

al koxynmethyl. Rl is preferably straight-chain alkyl of 2 to 7 C atons. Wen
the al kyl groups in the conpounds of forrmulae | to VIII contain 3 or nore
carbon atons, these can be arranged in a straight or branched chain.
However. the phasesfer dihedipugpbses hef ithecpresentli thvestt ivse canyain nmpoh andre

whi ch contain rore than one chain branching; preferably this is a methyl or
ethyl group in the 1- or 2-position of carbon skeleton, so
that suitable branched alkyl groups are in particular:
2-methylpropyl, 2-methylbutyl, l-methylpentyl, 2-methylpen-
‘tyl, l1-methylhexyl. Generally the liquid crystal dielectrics

W according to the invention contain only one component having

a branched-chain alkyl radical in order to induce, if
desired, optical activity. For this purpose, normally not
more than 10 percent by weight, preferably 0.5 fe 3 percent
by weight. of a component having a branched alkyl radical

are added.

Preferred phases according to the invention contain
compounds of the formula III in which R! is n-alkyl

of 2 to 7 C-atoms.

The total proportion of the compounds of the formula V in
the LC phases according to the invention is 5 % to 21 %, in

particular 6 to 15 %

The preparation of the phases according to the invention is
‘effected in the conventional manner. In general, the desired
amount of the components which is used in the smaller amount
is dissolved in the components which constitutes the main
constituent, preferably at elevated temperature. If this
temperature 'is chosen to be above the clear point of the
main constituent, tﬁe completeness.of the process of dis-

' solving can be observed particularly easily.

A SO



t han one branched al kyl group. Such branched al kyl groups [err] - 10 for-
t he purposes of the present .invention contain not nore than one chain
branching; preferably this is a methyl or ethyl group in the 1- or
2-position of carbon skeleton, so that suitable branched al kyl groups are
in particular: 2-methyl propyl, 2-nethylbutyl, 1-nethylpentyl. 2-nethyl pen-
tyl, 1-nmethylhexyl. Generally the liquid crystal dielectrics according to
the invention contain only one conponent having a branched-chain al kyl
radical in order to induce, if desirpaé-optical activity. For this purpose,
normal Iy not nore than 10 percent by ight, preferably 0.5 to 3 percent by
wei ght, of a conponent having a branched al kyl radical are added. Preferred

phases according to the invention contain conpounds of the fornmula Il in
which Rl is ﬁ|5¥|-of 2:10. 70 tggﬁ. T a i -

conpounds ofr]? e cﬁ'm}Itai%/ ?%’?CH% &ﬁagéshg%c%?g’?ggoq{%#nhéﬂlgn‘\glg'ﬁ??on iIs 5
%to 21 % i meewts ijnulaasuftabld origanic solvent, for example acetone, .

“chloroform or methanol, and to remove the solvent after
thorough Miiing, for example by distillation under reduced
pressure. It is self-evident that with this method it must
be ensured that fhé solvept does not introduce any contami-

nants or undesirable dopants. ' Q_)

By means of suitable additives the liquid crystal phases
éccording to the invention can be modified in such a way
that they can be used in any hitherto disclosed kind of

liquid crystal display element.

Such additives are known to those skilled in the art and are
exhaustively described in the literature. It is possible to
add for example conducting salts, preferably ethyldimethyl-
dodecylammonium 4-hexyloxybenzoate, tetrabutylammonium
tetraphenylboranate or complex salts of crown ethers (cf.
for example I. Haller et al., Mol. Cryst. Lig. Cryst. volume
24, pages 249-258, (1973)) for improving the conductivity of
substances for modifying the dielectric anisotropy, the
viscosity and/or the orientation of the nematic phases. Such
substances are described for example in German Offenle-
gungsschriften 22 09 127, 22 40 864, 23 21 632, 23 38 281,
24 SO 088, 26 37 430, 28 53 728 and 29 02 177.

The examples below serve to illustrate the invention without

limiting it. In the examples, the melting point and clear



THe preparati 6n of the phases according to the invention is effected in the
conventional manner. |In general, the desired amount of the conponents which
is used in the smaller anmount is dissolved in the conponents which )
constitutes the main constituent, preferably at elevated tenperature. I|f
this tenperature is chosen to be above the clear poi'nt of the main
constituent, the conpl eteness of the process of dis- solving can be
observed particularly easily. However. it is also possible to mx
solutions of the conpo- nents in a suitabll@ -organic solvent, for exanple
acetone, chloroformor nethanol, and to renove the solvent after thorough
m xi ng, for exanple by distillation under reduced pressure. It is
self-evident that with this method it nust be ensured that the sol vent does
not introduce anypeiwt af a dldquidocrystikisuisitandepare sgivwn sudegrees

itabl e additi he |i guid tal ph ' they .| tign ¢
e modi 11 ad i n .eaiatuy TheapSriestaets e bCURHORRT THe nldsd B2 k88,
kind of Iiquid crygiedhdlids MoltagbsPélateSUd anddngl o6f aslisderaitionoofN0s e

skilled in the art and are exhaustively described in the literature. It is
possible to 10 % contrast and 20 °C.



add for exanple conducting salts, preferably ethyl dinethyl.- dodecyl anmoni um-
4- hexyl oxybenzoat e, tetrabutyl amvoni um tetraphertyl Bor anat esor canpliex salts
of crown ethers (cf. for exanple |I. Haller et al., Mdl. Cryst. Liq. Cryst.
vol une 24, pages 249-258, (1973)) for inproving the conductivity of

subst ances for nodifying the dielectric anisotropy, the viscosity and/or
the orientation of the nemati c phases. Such substances are described for
exanple in German O fenle- gungsschriften 22 09 127, 22 40 864, 23 21~§§2,
23 38 281. 24 50 088, 26 37 430, 28 53-438 and 29 02 177. The exanpl es

bel ow serve to illustrate the invention without limtingit. In the

exanpl es, the nelting point and clear - 12- point of a liquid crystal
subst gnc re_givep in degrees:. S| T C r | gdhity. The
val ued ot B, Broptit et 0 pPRTACH ik and 45, WBRTEB1ESFEG Sty Oa- The.
O[ er r cheiic¥l cobinetiresn df20C[ estigdunds drer gliven by acronyms the trans-

formation of which into chemical formulae is done as shown in the ‘
following. All residues CJH,,., and CH,,, are straight-chained alkyl
groups with n resp. m carbon atoms. The codes of Table B are self-

explanatory. In Table A only the acronym for the core
structure is given. In an actual compound this acronym is

followed by a dash and a code for the substituents Rl, Rz, \J
1! and 1.2 as follows:® '
Code for R!, R? R? L? L2
Rz, L1, L2 |
nm CaH2n1 Calan+1 H ]
nOm C.Hooe OC Hope H H
n0.m OC H,.., CoHoner H H
n C.Hzpe1 _ N H H
nN.F C.Hope CN H F
nF CnHZn'l F H H
nOF OCH,,., | F H H
nCl C.H,.., Cl H H
nF.F C.Hzoey . F H F\/
~  nOmFF C.H,.., OCH,,., F F
nmF CnH2n°l anZD’l F H
nCFS CnHZn'l CF3 H H
nOCF, CaHza.s OCF, H H
nOCF, C.Haoes OCHF, H H
'nS C.Honus NCS H H
rVsN C.H,,.,~CH=CH-C_H, ~ CN H. H
rEsN CHy .,-0-CH,, - CN H H
nNF C.Hone CN F H
nAm CoHzoey ‘ COOC Hzge H H
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[érr] [err] -13- In the present patent application and in the follow ng
exanples all chem cal structures of LC conpounds are given by acronyns the
trans- formation of which into chem cal fornulae is done as shown in the
followng. Al residues [err] and [err] are straight-chained alkyl gr oups
With n resp. mcarbon atons. The codes of Table B are self- explanatory. In
Table A only the acronymfor the core structure is given. In an actual
conpound this acronymis followed by a dash and a code for the substituents
R1, R2, L1 and L2 as follows: Code for Rl-14- Rl R2
L1 L2 2, L1, L2 nm CnH2n- | [err] nOm
C[err] nO. m Jerr] n Cerr] nN-F Cerr]
Cerr] nCF Jerr] nd Clerr] nF. F
C[err] nTUWablFe A derr] .

L1 L2
N
Wglo"
N

PYP




Cerr] nS Cerr] rVsN Clerr] rEsN derr]
NNF Clerr] nAm Cerr] -14- Table A'- L1 L2
L1 L2 [err] - s - LI LF LI L2
[err]
-15-
L, L2 L! 2z
-y onc(Ty (D (e
EPCH HP
, L1 .Lz Ll /L2
Dol (D .
ME - PCH _

L2

L! L L2
0 4
o $( o DyocT
PDX PTP

L L2

Rl-®'~czﬂ4~@'®-nz R! -@_--czﬂ,-—az |
020305
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-16- Table B:*[err] - 7- [err] -18- Exanple 1: Conposition: D 33
4.09 % D35 . 5.0 % D 37
3. 9% ME2N. F 6.0 ME3N. F 8.16 %
MESN. F 14. 18 % ME7N. F _ 13.88 %
K6 - 8.94 % K15 13.9 %
o - 16-
Table B:
cs“u"< o >'@'< 0 >"CN | ' cnﬂzn’l-®_®-m |
T1S ' K3n
1 . ' F
N\ _
C,.Hz.,.x‘o"@’@‘CN Cn“Znﬂ"@" ‘@' CHzne,
M3n . BCH-n.Fm '
'CnH2n‘ 1 @Q}h‘ —CﬂHZII’ 1 CnHZno 1 -®- ®ooc-cmHZm° 1
- F .
Inm C-nm
CH, CH, |
| | |
\~ ' C,Hs-CH-CH,-0~ -CN . CHs~CH-CH,- --cn
* . *
Cis CB1S '

CHzoes '@@‘@ '@ ~C.Hoes

CBC—nmF
CHyp +, coo@@- CN
CN
BB 3n
atl2ne1 -CHzae1

C

CON-nm




CBC- 53 . 3.94 % CHE 4.1 %
Cl eari ng point ' 62.1-67.6 [err]C Optical anisotropy An

0.165 (20 [err]C. 589 nn) n[err] 1.510 n[err] 1.675
Viscosity n +20 [err]C 64.3 cSt Ml tiplex properties nmeasured at .
90[err] tw st V(90,0,20) (Threshol d) 0.76 V V(10,0, 20) (Saturation)
1.10 V -19- e4 Exanpl e 2: .Conposi ti or]?

D- 33 4. 04 % D35 4.94 %

D 37 385 %IVE2NF 3.92 %

ME3N. F

OCPC- C Hz.-;‘@-. OOC‘GD--C,,HZ“,.l
@@}m@cﬁw

r D Crone el @ O

NCB-nm

C,,Hz,,.,-Gi}-coo~<9‘-'c_ﬂz,,‘.1 czns-@-coo-@.@ -CN

Cn"h»l'@'-czﬂf@ @cﬁbo 1 _ \J

ECBC-nm

c,,nz,,.,-@czﬂ;@»c_nw, cnnz,,,-@.-@cnzo-c_nw,

ECCH-nm CCH-nl1Em

C.Hz..,@;Q@ o

T-nFn
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MESN. F - ' 8.89 % K6 10. 0 % K15

26. 67 % CP-55F . 8.96 % CBC-53
4. 94 % CHE 7.98 % K12 _
10.88 % Properties: Cearing point : 62.1-66.5 [err]C Optica
anisotropy An 0.171 (20 [err]C, 589 nm n[err] - 1.514 n.
1.685 Viscosity [err] +20 [err]C 41.4 cSt Multiplex properties
measur e¢d at 90[err] tw st V(900,20) (Threshol d) 1.07 V V(10,0, 20)
(Saturation) 1.50 V -20- Exanpl e 318Conposition: CBC 53
4.0 %
Example 1:
Composition:
- D-33. 4.09 %
D-35 $.0 %
= D-37 9 %
(L . 3.9
ME2N.F 6.0 %
ME3N.F - 8.16 %
MESN.F 14.18 %
ME7N.F - 13.88 %
K6 8.94 %
K15 13.9 %
HP-4N.F ' 10.95 %
CBC-33 2.96 %
CBC-53 3.94 %
CHE 4.1 %
~ Clearing point 62.1-67.6 °C
Optical anisotropy An 0.165
(20 °C, 589 nm) n_ 1.510
n, 1.675
Viscosity n +20 °C 64.3 cSt

Multiplex broperties
measured at 90° twist
V(90,0.20) (Threshold) 0.76 V
V(10,0,20) (Saturation) 1.10Vv



CBC- 53F
CP- 35F

D 35
ME2N. F
MESN. F
PDX: 4
Properti es:

CCBSEER G e ezl s

3.
9.
13.
4.
12.
10.

coocococol

Cl earing point (Cl

0.128 V(90, 0, 20) (threshol d)

-21- Exanple 4: dearing point [err]

[err]C

40.3 ,

Example 2: -

Composition:

D-33
D-35
D-37
ME2N.F
ME3N.F
MESN.F
K6

K15
CP-55F
CBC-53
CHE
K12

Properties:

Clearing ﬁoint
Optical anisotropy An
(20 °C, S89 nm) n,

n.

Viscosity n +20 °C

Multiplex properties
measured at 90° twist
V(90,0,20) (Threshold)

% CBC- 33F
% CP- 55F
% K6
% ME3N. F
% PDX- 3
% PDX- 5
73[err] An
1.9 .V Viscosity (cSt) 20 C

4.04 %
4.94 %
3.85 %
3.92 %
4.93 %
8.89 %

10.0 %

26.67 %
8.96 %
4.94 %
7.98 %

10.88 %

62.1-66.5 °C
0.171 .
1.514

1.685
41 .4 St

1.07 V

V(10,0,20) (Saturation) 1.5V

PR
PRSP0 O W,
cobooo:

%
%
%
%
%
%

: 'sd47

62.6-67.3 Viscosity (cSt) 20

K
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0.17 n[err] (589 nm 20 O 1.684

[ ST S S AP rrs:

At (589'nm 20 O

nferr] (589 nm 20 C) .- 1.514 V(90, 0. 20) 1.11°
V(10. 020) _ 1.53 V(90. 45. 20) 0.85 V
(50. 10, 20) 1.27 MO 1.80
Conmposition [%: CBC 53 4.99 CP-55F
8.99 CHE _ 8.04 D 33
12.98 K6 9. 97 K12
10. 01 K15 26+ 30 -ME2N. F
4.0 ME3N. F 5.02 MEBESN. F
9.02 -22 - Exanple 5: f . .
Ex e 3;:
Composition:
CBC-53 : 4.0 %
CBC-53F : _ 3.0%
v ' CBC-33F _ ) 3.0%
CP-35F ' 9.0%
CP-55F 10.0 %
D-35 : 13.0 %
K6 10.0 %
ME2N.F ' 4.0 %
ME3N.F 6.0 %
MESN.F 12.0 %
PDX-3 8.0%
PDX-4 10.0 %
PDX-5 8.0%
N Properties:
Clearing point [°C] 73°
An _ 0.128
V{90,0,20) (threshold) 1.10V

Viscosity (cSt) 20 °C 47



Clearing point [err] 63.2-67.5 Viscosity (cSt) 20 C -~ *69.3 "

An (589 nm 20 O _ 0.132 n[err] (589 nm 20 C 1.629

nferr] (589 nm 20[err] O 1.497 V(90. 0. 20)

0.72 V(10.0. 20) 1. 00 V(90.45. 20 . -0. 49

V(50. 10. 20) ' 0.80 Mo - 2.00

Conposition [9%: CBC 33F _ 2.99 CBC-53 _

2.98 CP-55F 6.97 D35 !

14.98 HP-AN . F . %11._00 ME2N. F

6. 00 ME3N. F .06 ME4AN. F

14. 03 ME5N. F 13.98 PDX- 3

9. 00 PDX-4 10.01 120 hrs at -20 C no crystals
Example 4: o

Clearing point [°C]
Viscosity (cSt) 20 °C
An (589 nm, 20 °C)
n, (589 nm, 20 °C)
n, (589 nm, 20 °C)

v(90,0.20|
V(IO.O.ZO)
v(90.45.20)

V(s0.10.20)
M

Composit ion [%]:

CBC-53
CP-55F
CHE
D-33
K6

K12
K15
ME2N.F
ME3N.F
MESN.F

62.6-67.3
40.3

0.17
1.684

1.514 - W)
1.11°
1.53
0.85
1.27

1.80

4.99
8.99
8.04
12.98
9.97
10.01
- 26.98
- 4.0
5.02
9.02
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-23- Exanple 6: Clearing point [err] 63.3-68.6 Viscosity (cSt) 20

Lerr]C 67.3 An (589 nm 20 [err] O 0.168 n[err] (589 nm
20 [err] O 1.682 n[err] (589 nm 20 [err]C 1.514
V(90. 0. 20) ' 0.69 V(10.0. 20) 1.00
V( 90, 45. 20) '0.59 V(50 10. 20) : 0. 80 M0
1.70 Conposition [%: CBC 33 2.95 CBC-53
3.97 CE 7.49 D35
10. 95 HP-4N. F | 722 K6
9.13 6.94 KI5 ME2N. F 7.05
Example 5:
Clearing point [°C] 63.2-67.5
Viscosity (cSt) 20 °C 69.3
An (589 nm, 20 °C) 0.132
n, (589 nm, 20 °C) 1.629
_- n, (589 nm, 20 °C) 1.497
V(s0.0.20) 0.72
Vi10.0.201 1.00
V50.45.20) 0.49
V(s0.10.20) 0.80
My 2.00

Composition [%]:

CBC-33F | 2.99
CBC-53 2.98
W CP-55F N 6.97
D-35 14.98
HP-4N.F 11.00
ME2N.F 6.00
ME3N.F | 8.06
MEAN.F 14.03
MESN.F | 13.98
PDX-3 | 9.00
PDX-4 | 10.01

120 hrs at -20 °C: no crystals



(133936%'\/%@{': 71.3-79.3 Viscosity (cSt) 20 [e”]c)c 461.2699
point ([err]) 0.130 n. (589 nm 20 [err] -
(589 nm 20 [e”]zg)[err]C) 1.496 \( 92502(2)?) . 0.86
n[err{/(l(()53928;n | , Né048 V(90 1.71 g
Vi 50, 10, 20) _ 1.23 W 3. 3.04 CBG 53
Conposi tion 19 : CBC 33 2.99 CP-35F
3.99 CBC- 33F
6.98
xample 6:

Clearing point [°c] 63.3-68.6

Viscosity (cSt) 20 ¢ 67.3 |

An (589 nm, 20 <) 0.168

n, (589 nm, 20 °C) 1.682

n, (589 nm, 20 °g) 1.514 <

Vis0.0.20) 0.69

Vi10.0.20 1.00

V90, 4520, 0.59

V¢s0.10.20, 0.80

My 1.70

Composition %) :

CBC-33 2.95

CBC-53 3.97

CHE 7.49

D-35 10.95

HP-4N F 7.42

K6 9.13

K9 6.94

K15 7.05

ME2N.F 6.94

ME3N.F 9.4

ME4N.F 13.86

MESN. F 13.90

12 gONE4NZZ - ExamDie 7: deari ng’
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CP- 55F -
D-35

K6

ME3N. F
PDX- 3
PDX- 5
[err] T
20[err] O
(589 nm 20[err]C

9.98 D-33

5.76 D37
9.98 ME2N. F
6.12 MESN. F

7.52 PDX-4
- 8.56
71.1-78.3 Viscosity (cSt) 20 C

Conposition [9%: CBC 33

-25 -

4.71

4.48

3.99

12. 05

Exanpl é 8: Cearing poin

46.7 An (589 nm

0.183 n. (589 nm 20] ggr.] O 1.700 n[err]
1.516 M0 | 1.71
3.0

Example 7:
Clearing point [°C) 71.3-79.3
Viscosity (cSt) 20 °C 46.2

- An (589 nm, 20 °C) "0.130
n, (589 nm, 20 °C) ~1.627
n, (589 nm, 20 °C) 1.496
V(%0.0.201 1.09
Vi10.0.20) 1.48
V(50,45.20 0.86
V50.10.20 1.23

M., 1.71
Composition [%]:

. CBC-33 3.04
CBC-53 3.99
CBC-33F 2.99
CP-35F 6.98
CP-SSF 9.98
D-33 4.71
D-35 5.76
D-37. 4.48
K6 9.98
ME2N.F 3.99
ME3N.F 6.12
MESN.F 12.05
PDX~-3 7.52
PDX-4 9.85
PDX-5 8.56

9. 85
t



CP- 55F _ 8.84 D33 6. 25 K6
9. 89 K12 10. 54 K15

26. 70 ME2N. F - 5.93 ME3N. F -

5.98 MES5N. F 8.93 -26- Exanple 9: Cearing point

[err] 73.5-80.4 Viscosity (cSt) 20 C 47.2 An (589 nm 20 O
0.128 n. (589 nm 20 O - 1.623 n[err] (589 nm 20 O QJ

1. 495 V(90, 0, 20) : 1.195 V( 10. 0. 20) 1.513
Conmposition 1%: CBC 53 -25- 4.0

Example 8:

Clearing point [°C) 71.1-78.3

Viscosity (cSt) 20 °C 46.7

An (589 nm, 20 °C) 0.183

n, (589 nm, 20 °C) 1.700 .

n, (589 nm, 20 °C) 1.516 »J
My 1.71 '

Composition [%]:

CBC-33 . 3.0

CBC-53 4.98

CHE 8.96

CP-55F 8.84

D-33 6.25

K6 9.89

K12 : 10.54 o
K15 26.70

ME2N.F | 5.93

ME3N.F 5.98 °

MESN.F | 8.93



CBC- 53F

CP- 35F
D- 35
VE2N. F
VESN. F
PDX- 4

13.

9

4,
12.
10.

3.0 CBC- 33F

oleollololoNe

27 Exagple 10: Cearing point [err]

[err]
[err] ©

1.12 V(50.0, 201

46.71 An (589 nm 20 Q)

CP- 55F
K6
ME3N. F
PDX- 3
PDX- 5

- 26 -

T R N T A

3.0
10.0
10.0

6.0

8.0
8.0

71.1-78.3 Viscosity (cSt) 20

1.700 n[err] (589 nm 20 O
1.35

Example 9:

Clearing point [°C]

Viscosity (cSt) 20 °C
An (589 nm, 20 °C)

n,

n

VCQO.O.ZO)

vl 10,0,20)

(589 nm, 20 °C)
, (589 nm, 20 °C)

Composition [%]:

CBC-53
CBC-53F
CBC-33F
CP-35F
CP-55F
D-35

K6
ME2N.F
ME3N.F
MESN.F
PDX-3
PDX-4
PDX-5

0. 184 n.

(589 nm 20

~1.516 V(90. 0. 20)

73.5-80.4

47.2
0.128
1.623

1.495
1.105
1.513

4.
3.
3.
9.
.0
.0
.0
4.
.0

10
13
10

6

0
o
o
o

o

12.0

8
10

.0
.0

8.0



V( 10, 0, 20) 1.63 Conposition [%4: CBC 33 ‘ -

3.0 CBC-53 _ 4.98 CHE

8. 96 CP-55F 8.84 D33

6. 25 K6 9. 89 K12

10. 54 K15 26. 70 ME2N. F

5.93 ME3N. F : 5.98 ME5SN. F .

8. 93 - 28 - Exanple 11: dearing point [err] 69.4-79.0
Viscosity (cSt) 20 [err] C 46.71 An (589 nm 20 [err] O

0.16431 n. (589 nm 20 [err]C) n[err]2{589 nm 20 [err]C) V(10,0,20)
1.033 '

Ex e 10:

Clearing point [°C} 71.1-78.3

Viscosity (cSt) 20 °C | 46.71

An (589 nm, 20 °C) ' 0.184

n, (589 nm, 20 °C) 1.700

n, (589 nm, 20 °C) 1.516 - v
V900,200 1.12 |

V(s0.0.,20) 1.35

V(10.0.200 1.63

Composition [%):

CBC-33 3.0

CBC-53 4.98

CHE 8.96

CP-55F 8.84 .
D-33 _ 6.25 e
K6 ' 9.89

K12 10.54

K15 26.70

ME2N_F 5.93

ME3N.F 5.98

MESN.F 8.93



V4(40.0:20
1. 042 V (90, 45, 20)

1.8537 Conposition (%: PCH3 - 28 -

9 K9
14 ME2N. F

8 MESN., F

8 Cp- 3gF Example 11:
3 CBC 53
3 BB21

4 0-35

An (589 nm, 20 *C)
n, (589 nm, 20 °C)

v(m,o.zoo
vl‘l0.0.ZO)

\~/ v(ﬂosxzo)

V (90,15,20)

Mag

Composition (%):

PCH-3
Ké

W, K9
K15
ME2N.F
ME3N.F
MESN.F
CP-58F
CP-38F
CBC-83F
€8C-53
CBC-33F
B8B21
PDX-4
B-35

Clearing point (°C]
Viscosity (cSt) 20 °C

(589 nm, 20 °C)

L L e AT S - e B L T N T RN %

1. 994 V(50. 10. 20)

0. 752 MO
7 K6
9 K15
9 ME3N. F
9 CP-58F
7 CBC-83F
3 CBC-33F
2 PDX-4

5 - 29
69.4-75.0
46.71
0.16431

1.033
1.994

1.042
0.752

1.8537

-t
H O W

VBNV W W w00 woow

A0 3R A R L



(cSt) 20 C - 73.16 An (589 nm 20 [err]C
0.13145 n. (589 nm 20[eTﬁP -0 1.62891 n[err] (589 nm
20 [err] © 1. 49746 V(90. 0. 20) :
0.661 v(40 O 20) 0. 929 V(50 10. 20)
0. 694 (90, 45, 20) 0.496 MO .
1. 845% qetion (% : CBC-53 3 CBG-55
7 D 407 9 0-302 ht
9 HP-4N. F 11 ME2N. F
6 'VE@NeErin int [*C] AN. F '
14 MES5N g po 62.5- €4NIEDX- '
9 pDXiqcosity (cSt) 20 °C 73.160 :
An (589 nm, 20 °C) 0.13145
n, (589 nm, 20 °C) 1.62891
n, (589 nm, 20 °C) 1.49746
v(so.o.zol- - 0.661
vuo.o.zon _ 0.929
Vis0%0.20) 0.694 -/
v (90,45,20) 0.496
Moo 1.845
Composition (%):
CBC-53 3
CBC-55 7
D-402 9
D-302 9 W/
HP-4AN.F 11
ME2N.F 6
ME3N.F 8
MEAN.F 14
MESN.F ' , 14
PDX-3 : 9

PDX-4 10
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31 - a conponent B, which conprises two or

those having the followng formulae Il to IV: [err] whereinring Ais a
1, 4- phenyl ene or a trans-1,4-cyclo- hexylene group, ring Alerr] is a
trans-1 , 4-cycl ohexyl ene 15 or a trans-1, 3-di oxane-2,5-diyl group, Rl-

and Jerr] have the nmeani ngs indicated above and the total proportion of
conponents A and Bis nore than 32 wt.% - 5 to 21 w.% of a conponent C, _
whi ch conprises at 20 | east one conpound of the formula V: [err] oA
CLAI M5 1. A liquid crystal phase conprising:- 5 15 to 80 w.% of a
conponent A, which conprises two or nore conpounds of the formula | F

- 2\-

~ a component B, which comprises two or more compounds
selected from those having the following formulae II to

IVs

5 nt—@-@-@-cn | 1
o Rl'-@ -@-cn | | 111
o DD

—t

v

wherein ring A is a 1,4-phenylene or a trans-~1,4-cyclo-
hexylene group, ring A° is a trams-1,4-cyclohexylene
15 or a trans-1,3-dioxane-2,5-diyl group, Rl and Q°
have the meahings indicated above and the total

proportion of components A and B is more than 32 wt.%;

- 5 to 21 wt.% of a component C, which comprises at
20 least one compound of the formula V:

m-@—-az | v
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[err] wherein" Rl is an aIkyI or alkenyl'group'mnth L—12 15

carbon atons, or an al kyl -group with 2-12 car bort*at ons Whefei n One CH
group is replaced by an oxygen atom and [err] or a single bond;
Rl and ring A have the neani ngs indicated above and R2—_

: n_n- aIkyI or
n-al koxy group with in each case up to 7 carbon atoms, and; 5

30 wt.

% of a conponent D, which conprises one.or m)re Hﬂﬂm

selécted fromthose having the following fornmulae VI

R1, R2 and the rings A each independently have the neanlngs fndﬂc

wher ei n

L

and QL and 2 each are independently [err] 20 2. A liquid crystal

1. A liquid crystal phase comprising:-

- 15 to 80 wt.% of a component A, which comprises two

or more compounds of the formula I

S P O 1

wherein R! is an alkyl or alkenyl group with 1-12
15 ~ carbon atoms, or an alkyl group with 2-12 carbon
atoms wherein one CH, group is replaced by an oxygen

atom, and

¢ D Dy, (o, (3

or a single bond;

rein
bove

phase as claimed in eclaim1 co kging at | east three conpounds of formula
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[err] 33 3. "Aliquid crystal phase as clainmed in claim1 or claim2
conprising at |east three conpounds of forrmula Il or IIl. 5 4, A
liquid crystal- phase as clainmed in any of clainms 1-3, conprising at |east

one conpound of forrmula VI or VII. 5. A liquid crystal phase as clai med
In any of 10 clainms 1-4, wherein Ais trans- 14cyc-lﬁm
an n-al kyl group:. 6. A liquid crystal phase as clai ;rﬁul" cl ai ns
1-5, wherein the total proportion of components 15 ” !8&” ’FS
Wt . % and preferably 70-85 wt.% 7. A liquid crystal phasé€ as c

any of clains 1-6, wherein Rl is an alkyl, alkenyl or alkoxynethyl
group with 1-7 carbon atons. 20 8. A liquid crystal phase as clainmed in
any of clains 1-7 wherein Rl and-FZmncludes an al kyl chain

wherein R} and ring A have the meanings indicated above

and R2 is an n-alkyl or n-alkoxy group with in each

case up to 7 carbon atoms, and;

5 - 3 to 30 wt.% of a component D, which comprises one
or more non polar additive selected from those having

the following formulae VI to VIII:

10 R,.@--nz - viI

: R;-Q:--Qz-gz | | .VIII _

15 (F)

vherein R1, R? and the rings A each indepéndently have

the meanings indicated above and Q1 and Q2 each are
independently ..@.. mzmz- or -a’qu'z@-o

20 | |
2. A liquid crystal phase as claimed in claim 1
comprisi.hg a£ least three compounds of formula I.
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havi ng a single branch. 9. Aliquid crystal phase- ase cI al rred ;n cI ai.m 8

wherein the branch is a methyl or-ethyl group insehe 1- S .° dk 2+
positions in the carbon skel eton. 10. A liquid crystal phase as clai ned
in claim9 wherein the alkyl chain is a 2-nethyl propyl, 2-net hyI butyI
| -met hyl pentyl, 2-nethylpentyl or [|-methylhexyl 10 group. 11.
liquid crystal phase as clainmed in any of clai rrs—ﬁO"Wnerel n on one
conponent includes a branched chain al kyl radi caI (“HBMMﬁt 15
conprises up to 10% by weight of the liquid cryst Em qU| d
crystal phase as clainmed in claim11l, wherein said eonporfent® cérrprl ses
between 0.5 and 3% by 20 wei of the liquid.crystal phase. 13.
A liquid crystal phase as claine any of clainms 7-12, wherein RL is a
strai ght chain al kyl g@oup with 2-7 carbon atons. 5 14. Aliquid
crystal phasedas cl & hb@uidh Gr¥ptad phase as claimed in claim 1 or :
claim 2 comprising at least three compounds of formula
II or III. |
5 4. A liquid crystal phase as claimed in any of
claims 1-3, comprising at least one compound of formula \J '
VI or VII.
5. A liquid crystal phase as claimed in any of
10 claims 1-4, wherein A is trans-1,4-cyclohexylene and RZ
is an n-alkyl group. |
6. A liquid crystal phase as claimed in any of
claims 1-5, wherein the total proportion of 'components
15 A and B is 55 to 85 wt.% and preferably 70-85 wt.%.
v/
7. A liquid crystal phase as claimed in any of
claims 1-6, wherein R! is an alkyl, alkenyl or
a_lkoxymethyl group with 1-7 carbon atoms.
20

8. A liquid crystal phase as claimed in any of

1 2

claims 1-7 wherein R~ and R® includes an alkyl chain
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clai s 1-13, tonprising 6-15% of conponent C. 15. A liquid crystal

as clainmed in any of clains 1-14 further conprising one or

10 dye. 16.

0.5 to 15% and preferably 1 to 7% by wei ght of pleochroic dye. 15 17.

liquid crystal
exanpl es. 18.

phase

nore pl eochroic

A liquid crystal phase as claimed.in claim15, conprising

phase substantially as hereinbefore described in the

A

An el ectro-optical liquid crystal disp

el uduig a liquid erystal phase as clafnied in any of C'Hflllllmlilllllllllllllllll

5
)

10
__ 15

20

-4

having a single branch..

9. A liquid crystal phase as claimed in claim 8,
wherein the branch is a methyl or ethyl group in the 1-

or 2- positions in the carbon skeleton.

10. A liquid crystal phase as claimed in claim 9
wherein the alkyl chain is a 2-methylpropyl, 2-methyl-
butyl, -1-methylpentyl, 2-methylpentyl or l-methylhexyl
group.

11. . A liquid crystal phase as claimed in any of
claims 8-10 wherein only 6ne component includes a
branched chain alkyl radical and said component
comprises up to 10% by weight of the liquid crystal
phase. :

12. A liquid crystal phase as claimed in claim 11,
wherein said component comprises between 0.5 and 3% by
weight of the liquid crystal phase.
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13. A liquid crystal phase as claimed in any of

claims 7-12, wherein R is a straight chain alkyl g:foup

with 2-7 carbon atoms.

14. A liquid crystal phase as claimed in any of
claims 1-13, comprising 6-15% of component C.

15. A liquid crystal phase as claimed in any of
claims 1-14 further comprising one or more pleochroic
dye. | |

16. A liquid crystal phase as claimed in claim 15,
comprising 0.5 to 15% and preferably 1 to 7% by weight
of pleochroic .dye.

17. A liquid crystal phase substantially as
hereinbefore described in the examples.

18. An electro-optical liquid crystal display
element including a liquid crystal phase as claimed in
any of claims 1-17.




