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2258466 Liquid-crystalline m xture The present invention relat2§ hg - g
| i quid-crystalline mixture of |ow birefringence, .and to the us&<tR&®of for

el ectroopti- 5 cal purposes. Liquid crystals are used, in particular,
as dielectrics in display devices since the optical properties of such sub-
stances can be affected by an applied veljtage. El ectrooptical 10 devi ces

based on liquid crystals are extrenely well known to those skilled in the_
art and may be based on various effects. Devices of this type are, for f}
exanpl e, cells having dynam c scattering, DAP (deformation of aligned
phases) cells, guest/host cells, TN cells having a tw sted nematic struc-
15 ture, STN (supertw sted nedighid)cegstsllSRE istthide birefrin- gence
effect) cells and OM (optical node interference) cells. The npbst common
di.splay devices are based on the Schadt-Helfrich effect and have a twi sted
nemati C str UCIHHeP pralent IHGehtﬂ% eI MSd Al ITR 2Rl -BY9Et 88V End Wekture
chem cal and therimal stability and good stability toward electrical fields
and el ect ronagnfethoav bddefringencepcinditio the use thergpf fod electmodeptsi-
spectr al range, &% re, the liquid-crystal mater.i als shoul.d have | ow
V|5005|t@'and glv addressing 25 times, low threshold voltages,
hi gh contrast in the cells and at the sane tine a w de viemﬁng angle. This
wi de view ng an Iecéesults fromthe so-cal e%.fbﬁ "mn fﬂ condi tj on
(U S. Patent N& §5Y853)s aFe Wifdrcdn PR IGRAAS, e‘ﬁﬁed"? CLEHE Adduct

of cell thi Ck'&ﬁ%ﬁ)laﬁdd&rﬁ.@éélélﬁ@é@ﬂ:hé d;-.cul@mS@ropeadwsteﬂ st -
0.4-0.5 [err] erefore for cell thickness of about

li qui d- cryst alStances £anrbs aFfectrd & iafySppd i HB@)E?QQ 1%1?‘6*-@%%
required., FUrtdIRr L pakBaYos "PHnthid crystals are extremely well known to

those skilled in the art and may be based on various effects.

Devices of this type are, for example, cells having dynamic
scattering, DAP (deformation of aligned phases) cells,
guest/host cells, TN cells having a twisted nematic struc-
15 ture, STN (supertwisted nematic) cells,_SBE (super-birefrin-
gence effect) cells and oMI (opticallmode interference)
cells. The most common display de#ices are based on the

Schadt~Helfrich effect and have a twisted nematic structure.

20 The liquid-crystal materials must have good'chemical and
thermal stability and good stability toward electrical fields _
and electromagnetic radiation, especially in the visible and s
ultraviolet spectral range. Furthermore, .the liquid-crystal
materials should have low viscosity and give short addressing

25 times, low threshold voltages, high contrast in the cells and
at the same time a wide viewing angle. This wide viewing
angle results from the so-called first "minimum" condition
(U.S. Patent No. 4,398,803). The optical ﬁath difference,
i.e. the product of cell thickness and birefringence is to be

30 adjusted to about 0.4-0.5 um. Therefore for cell thickness of
about 2.5-4 um liquid-crystalline mixtures with birefringence
of about .0.12 to 0.19 are required. Furthermore, they should

-
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have a suitabl e nesophase, for exanple, for the above nmen- tioned cells, a
nemati c or chol esteri c nmesophase, *at custom ary operating tenperatures,
i.e. generally in the broadest possible range above and bel ow room
tenperature: Since liquid 5 crystals are generally used as m xtures of
a plurality of conponents, it is inportant that the conponents are readily
m sci ble.with one another. Further propertiéss such as elec- trical
conducti\vty, dielectric anisotropy and optical anisotropy, nust neet

vari ous requirenents depending on the 10 cell type and the area of
application. For exanple, naterials for cells having a twi sted nematic

structure shouhg¥ga¥es€£§é%ﬂ g? rlgogn r%@gﬁgymnt £h@ Wagbggt& ﬁa

conductiv- ity ¢es ad OM/nuItlp
rati os (connnntusaedlsglhgs)a ndmaﬁ1cane thelesktéeic e sophaset, - autbestom—the

present inventionnematic. m xtures aV|ng clearln |nts a

(preferably abded BEFTabingi Fe: e g Rg o BB prgattat
(preferably O. %3sis§2bi)elﬁéngf’él(hlﬁﬁre and bb&awrrsozﬁrué@ermxﬁren shaceangguiaom
1.5 to 39 (preferably from4 to 19) are desired. A known mixture fromthe

prior artSis EPTYEERLS FRet gJengradilyBusesi A5, MRretes & & RIVESAABEI Bhenyl s

2nd gagzghf fokbﬂﬁbﬁgnégﬂ 1tF¥§i? %nt[ﬁﬁéi th? componentgeékh E@é&lly
misc1ble with one another. Further properties, such as elec-
trical conductivity, dielectric anisotropy and optlcal :
anisotropy, must meet various fequirements depending on the

s 10 . céll type and the area of application. For éxampie, materials

for cells having a twisted nematic structure should have
positive dielectric anisotropy'and low eléctrical conductiv-

ity.

15  For display devices addressed with low multiplex ratios
(common use displays); which are the preferred subject—matter
of the present invention,nematic mixtures having clearing
points above 55° {preferably above 65°); bifefringence in the
range from 6.185 to 0.130 (preferably 0.12 to 0.19) and

20 dielectric anisotrbpy in the range from 1.5 to 39 (preferably

from 4 to 19) are desired.

A known mixture from the prior art is E7 (BDH, Poole, Great

Britain), which contains cyanobiphenyls and has the foliowing

25 - parameters:
TN, I =" 60 .5°
An = 0.225 -
N2o = 39 ¢St h

3 Vie (TN} = - 1.5 volts -
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~-3- For many applications, however, mixtures of this type have undesired’
hi gh birefringence and/or exceSS|ver  ow di elec- tric anisotropy, which
results in undesirably small view angle or excessive threshold voltages. 5
The invention relates to a liquid-crystalline mxture con- sisting
essentially of two or nore conpounds of the general fornula I, [err] in
which [err] is straight-chain alkyl hav$ng 2 to 12 carbon atons in which,
"in addition, one [err] group may be replaced by -0- or -CH=CH, the wing A
is 1, 4-phenylene or trans-1,4- 15 cycl ohexyl ene, one or. nore conpounds of
t he general formu- la Il, [err] 20 in which [err] has one of the

meani ngs iggh Qﬁf@dafpﬁihbﬁfibnsrrl@oﬁvéﬂ%r RisRuRBENgs ehikl nesed fornul a

L, [err] 25 ~ Tin which [err
[err], onangesiges &dspobayefs

has one of the neani ngs i-ndicated for
NYeRCe) AN/ P reesf:ﬁﬁsavegy Jew rqigkec— in

0ol L7 e el Sk B35 MWhRER DAL M tBegTEaly bR PGS, [0 oot o

~and [err]

angﬂe|omdepee33mVéythamﬁuﬁhkvwﬂtabesneanrngs of [err] and- the ri ng

B |ssl 4- phenylene or trans 1, 4 cyclo-

_The 1nventlon relates to a liquld—crystalllne mlxture con—'

. sisting essentlally of two_or more compounds of the ‘general

'e'formula I,

10 -

: 1n whlch Rl is. stralght-chaln alkyl hav1ng 2 to 12 carbon

15

20

25

30

.atoms in which, in addltlon, one CH, group may be replaced by

-0- or’ —CH—CH-; the ring A 1s-l,4—phenylene or trans-1,4-

cyclohexylene, -one or more compounds.of the general formu-—

la. II,_

-in whlch R? ‘has. one ‘of the meanlngs 1nd1cated for Rl, ‘one or" 

more comopunds of the general formula 111, N : i;)

in which R3 has one of théjmeanings indicated for Rl;'one or -’

more: compounds of the general formula IV,

Ol Dn

in Wthh R4 and R§ each 1ndependently have one of the meanlngs

lndlcated for RL. and OREe Or more compounds of the formula v
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5" hexyl ene. I1t" has been found that even a relatively small proportion

of conpounds of the formula Il, IFl, IV'or Vresults in a con- siderable
i nprovenent in the addressing tinmes and in the |ow 10 t hreshol d
vol t ages. The compounds of the formula Il have high optical anisotropoy.

However, the optical anisotropoy of the mixture in the mxing range
|nd|cated Is increased only relatively |ItteM-by t he conpounds of the
formula kb, while the threshold voltage is significantly inproved. Larger

15 anounts of a conpound of the fornmula Il generally only cause a slight
i mprovenent in the threghgqld vol tage, but a conpara- tively large increase
In the viscosity. Th ' ' gacilitates |iquid- cry«ﬁtal m xtures of
| ow viscosity and s or t t chi ny mes. 20 The term straight-chain alkyl

having 2 to 12 carbon atons covers the straight-chain groups ethyl, propyl,

Dy B &Y sa"5Etkn RETH re OB A REagESY) palS SR LR SR s

radicals [err] b& Reragd itheMiielh B €521 ga-aptieryldnee ol kybnet-hpsscy@ro-been
replaced by -O or -CH=CH are indicated bel ow. 30 - 5 - Al koxy groups.
havi ng 1- Bl carBGﬁY&FBﬁs in particular the straight-chain groups nethoxy,
et hoxy, propoxy, butoxy, pentoxy, hexoxy, heptoxy, octoxy, nonoxy and

decoxy. G oups _ o . _ o L
It has been found that even a relatively small proportion of

- compounds of the formula II, III, IV or V results in a con-
_ siderable improvement in the addressing times and in the low
kz' 10 threshold voltages. The compounds of the formula II have high
optical anisotropoy. However, the optical anisotropoy of the
~mixture in the mixing rangé indicated is increased only
.relatively ilttél by the compounds of the formula II, while
the threshold voltége is signifiéantly improved. Larger
15 . amounts of é compound of the formula II generally only cause
a_slight improvement in the threshold voltage, but a compara-
tively large increase in the viscosity. The invention thus -
facilitates liquid-crystal mixtures of low viscosity and

short switching times.

20 . .
; The term straight—chain alkyl having 2 to 12 carbon atoms
s \ ) _
~covers the stra;ght—chaln_groups‘ethyl, propyl, butyl, pen-
tyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl and dodecyl.
Groups having 2-7 carbon atoms are generally preferred.
25

Preferred radicals R! to R’ in which a CH, group in the alkyl

ethers has been replaced by -0~ or —CH=CH- are indicated
- below:
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having 1-7 carbon atons are generally preferred. 5 Al kenyl groups having
3-13 carbon atoms, in particular the straight-chain groups’[err]-7-al kenyl,
in particular [err]- [err]-3E-al kenyl, [err]-4-alkenyl, [err]-5-al kenyl,
[err]-6- alkenyl and [err]-7-alkenyl, in particular [err]-1E-al kenyl, 10
[err]-3E-al kenyl and [err]-4-al kenyl. Eganples of preferred al kenyl groups
are 1E-propenyl, |'E-butenyl, 1E-pentenyt,” 1E-hexenyl, 1E-heptenyl, .

1E- octenyl, | E-nonenyl, 3-butenyl, 3E-pentenyl, 3E—hexeny|_ 3E—octen¥J
3E-nonenyl, 4-pentenyl, 4Z-hexenyl, 4Z-heptenyl,:4Z-octenyl, 4Z- nonenyl
‘5-hexenyl, 6-heptenyl, 7-octenyl and the |ike. C?oups haV|ng up to 7 car bon
atoms are gblnexxal@;mmsahamiag 1¥be mtpmumts:msf, ihepapthvuber Ithe V are

known or analo _known co u . SU| bl e met hods. for the preparation
6120 1 heoREraf RISy BrRRBR et ST PORoRRs CMRteRY. Formal b
covers t hep&h’@&&))’, Ritxtxy; ORBBHOSP, oécﬁdx@,gmb&& hABMbaExyS dRsups [err] 30

-

6 Fornmula covers the highly pol ar- conpounds. of the fornulae [err]
"CN ~ having 1-7 carbop|3tgms argfggnqgally preferrgg

[1b élkenyl Tl |
Alkenyl groups having 3—13'carbon aﬁoms, in partioular_the
_straightéChain groups. Cy%hg-7-alken§1;pin particular Ci~
.C12-3E—alkenyl, 05-012-4—a1keny1, Cs-clz-s—alkenyl, C-,-C12—6-
_ aalkenyl and Cy<32-7—alkenyl, in partlcular Cy%hz-lE-alkenyl,
lo'"l.Cf{hz—3E—alkenyl and cgﬂqm—4-alkenyl -Examples OF preferredi“' o
';alkenyl groups are 1E~propenyl, lE—butenyl, 1E-pentenyl, | |
E-hexenyl, 1E-heptenyl, 1E—octenyl, lE—nonenyl, 3-buteny1,
33E~pentenyl, 3E-hexenyl,_3E-octenyl,_3E-nonenyl,'4—pentenyl,
'~ '4Z-hexenyl, 4Z;heptenyl;'4Z—octenyl,:42¥nonenyl, S5-hexenyl,
15'_-”6—hepteny1, 7-octenyl and the ‘like. Groups hav1ng up to 7 o

' ”carbon atoms are generally preferred

'ﬂThe compounds of the formulae Ito V are known or analogs of

o _known compounds Sultable methods for the preparat1on of
. 20 -
these compounds are known to a person_skllled in the art.

:”*Formula I covers the highly polar compounds of the general_

B formulae s : ' _ - o
25 e | |

. R- COO- N | | ' Ia
Rl'.coo--'cn - w»

307



10 of which’lla and Ilb are particularly preferred for achieving
particularly | ow threshold voltages. Thiough a suitable choice of the
nmeani ngs of [err] to [err] and the ring A the addressing tinmes, the
t hreshol d voltage, the 15 st eepness of the transm ssion characteristic
lines, etc., can be nodified in the desired nner. For exanple, 1E-al kenyl
radi cal s, .3E-al kenyl radicals and the Iike'dggerally result in shorter
addressiwg tines, inproved nematic phase ranges and a higher ratio between
the elastic constants k33 (bend) 20 and [err] (splay) conpared with
al kyl or al koxy radicals. 4-Al k- enyl radicals, 3-alkenyloxy radicals and
the |ike gener &ohugaveIl ovesrs s hilghiyolpbagescansowids o thal fesmaflae
[err] conmpared with al kyl. and al koxy radicals. 25 The opti mum m Xi ng
la | to V depends substantially on the
desired propertiesaiggit cnN he conponents of therfprnmula | to V
and on the choice of any aponent s whi ch nay be present. Suitable
m xing ratios within the above nentioned range can easily be 30
determn fromcase to case n genaral, a ratio between the -7- tota
wei ght of corrpound@xafalkyk N the total wei ght ©Xb conpounds of
the formula Il of from about™~3¥1 te—10:1 is preferred. 5 The t ot al
amount of conpounds of the fornmulae |'-to V in the m xtures. according to the
i nvention is nor”caacial. f ' es_can therefore contain one or nore
further conponent s®KkeB¥Ysf oRjt? 5 vari ous propertiestI%onever, the
5S3i me

observed effect on the add ng s and the threshold

U 10 of which IIa and IIb are particularly preferred'for-achieving
particularly low threshold voltages.

Through a suitable choice of the meanings of R! to R? and the
ring A, the addressing times, the threshold voltage,”the

15 steepness of the transmission characteristié 1inés,.etc., can
be modified in the desired manner. For examplé; 1E-alkehyl
radicals, 3E-alkenyl radicals and the like generally result
in shorter addressing times, imprdved neﬁatic phase ranges
and a higher ratio between the elastic constants k;; (bend)

20 and k;;. (splay) compared with alkyl or alkoxy radicals. 4-Alk-
enyl radiéals, 3—alkenyloxy'radi¢als and the iiké generally
.givé lower thresho;d voltages'and smaller values of kji3/Ki;

compared with alkyl and alkoxy radicals;

25 The opfimum mixing rétio of the compbuﬁds_of'the formula I to
v depends substantially on thé desired prpperties, on the
_choice of the components of the formula I to V and on the
choice of any other components which may be pfesent. Suitable
mixing ratios within the ébove mentioned range can easily be
30

determined from case to case. In general, a ratio between the



10 voltage is generally the greater, the hlgher the total con-
centration of the conpounds of the formulal'to Ill. Preferred n1xtures -~
according to the invention are therefore those in which the proportion of
conpounds of the formulae |I 15 to IIl together in the total mXxture is
at least 35-80 % by weight, and in parfycular those in which the proportion
of conpounds of the fornmula | is at |east 15 % by weight. It goes  -w t‘hout
saying that the proportion nmay also be up to 100 % by. wei ght. 20 Pr efér r ed
concentration ranges for ‘the conpounds of the formulae | to V arise from:
the indicated weight ratios and the preferred total amounts. Particul ar

preferencétQEﬁ%yWﬁaghFo°ﬁl?Pﬂ?@%n¢% i?ﬂ?tﬁﬂ?ﬂﬂ%@pgrﬁpént5¢'Eﬂ%abr nnre
conpounds v?elsl tg‘%ﬁ\p%ﬂé%E of l{hd r!fc?}%fé)tﬁ oF fEUﬁ\eabéuﬂ-%ﬂ‘]p

wei ght; in pa t|c y wei ght. Further nore, partic
preferred 1k urepraferredse i n which the proportlon of one or. rmre
conmpounds  of the formula 11l in the total mxture is at |east 10 % by
wei ght, in particular at least 15 %by 30 .. weight. -8- Particul ar

pref gr encerhes t@ivean amdufit X6 8! €Smpounds OF the [Foepalééod ©b WhEn Gfhdrr e
conpounds of the formula IV in the total ni'xture is 5-40 % by weight; in

parti cul aMIKETeS GEEPTALRGHEC B (IR oRy dFePehcervSiztveth® o nixtures |

in which tzﬁﬁw&%oehhoehgieeafe Qfor{EH:& wwﬁaref fﬁP&ePré%ﬁomédtfh the
total m xture is.10-50 weight, in particular 10-40 9
in order to optlm ze varlous propertles However, the
observed effect on the addressing tlmes and the threshold
10 voltage 1s generally the greater, the hlgher the. total con-

entratlon of the compounds of . the formula I to III.

Preferred'mixtures'according to the inuention are therefore
'lthose 1n whlch the proportion of compounds of the formulae I
15 :to III together 1n the total mixture 1s at least 35—80 $ by .
| iwelght, and in partlcular those 1n wh1ch the proportlon of
,fcompounds of the formula I is at- least 15: % by welght It
goes w1thout saylng that the proportlon may ‘also be up to
.100 % by welght '
- 20 , _ . L . .
u_Preferred concentratlon ranges for the compounds of the - ey
formulae I to V'arlse from the 1nd1cated welght ratlos and \—ﬂ
’;the preferred total amounts Partlcular preference 1s given
" to mlxtures in which the proportlon of one or more compounds |
| 25 of the formula II 1n the total mixture is 10-40 % by welght,
" in partlcular 10—30 % by welght Further more, partlcularly
preferred mlxtures are those 1n whlch the proportlon of one
or more compounds of the formula IIT 1n the total mlxture is
| at least 10 % by Welght, in partlcular at least 15 % by -
30 'welght ' :



wei ght. Furthernore, particularly preferred mxtures are 10 . those in

whi ch the proportion of one or note cohpounds of the forrmula | in the total
m xture is at least 15 % by weight, in particular at |east 30 % by wei ght.
The m xtures according to the invention preferably contain 15 one or
nore conpounds of the fornmula la, wherein- Is ‘1, 4- phenyl ene and one
or nore conpounds of the fornula Ib, wherein8- [err] is

1, 4-cycl ®ldexyl ene. The total anobunt of any conpounds of the formula Ib

whi ch 20 may be present in the mxture is preferably at least 5 % by

wei ght, particularly preferably at |east 10 % by weight. If the mxture
according to thg rGY&E‘ié x*{éi'%f’éh e 90eq9y, @ ngﬂgmﬁlggdg Oten mula |a
and one or nore %onpoun t he ornula I e wel ght raPio %gﬁmég% t he
conpounds of thprgﬁortlcbmrcrﬁjlomel ezram:irehecmxlocmqmuiﬁhd:si‘.= ¢het forfolaul¥ ih tle
preferably at .. Ligu d-Ccr¥s lin Xt ure L.ng.t pe

i nvention con3|§?ggld?l re’is = 451%aé§ Vé%é%ﬁf %EF%f%Hq ZDQ 30 % by

conpounds of fowsigtl, 15-50 % by wei ght of one or nore conpounds of
formula I'l, 5-20 % by melght of one or nore conpounds of formula Il 5-25 %
by melght50f one or nore conpounds of formula IV 5 and 15-50 % by

wei ght of two OpapPieuMaTdtentef Qénalﬁeeﬁf td mﬁe&ifeeuharwnwre&ﬁ [err]
to[err] of the conpounds of the fornu are each n-al ky aving 2
to 7 carbon atongoportlon of one or more compounds of the formula V in the
total mlxture is 10-50 % by weight, in partlcular 10-40 % by
weight. Furthermore, partlcularly preferred mixtures are
Kof 10 those in which the proportion of one or more compounds of the
formula I in the total mixture is at least 15 % by weight, in

particular at least 30 % by weight.

The mixtures according to the invention preferably contein
15 one or more compounds of the formula Ia, wherein —<:)P i

1,4-phenylene and one or more compounds of the formula Ib,
wherein is 1, 4-cyclohexylene.

The total amount of any compounds of the'formula Ib which

20 may be present in the mixture is preferably at least 5 % by ;
weight, particularly preferably at least 10 % by weight. If
the mixture according to the invention contains one or more
compounds of the formula Ia and one or more compOunds of the
formula Ib the weight ratio between the.compounds of the

25 =~ formula Ta and the compounds of the formula Ib is preferably'n

 at least 1:1. |

‘Liquid-crystalline mixtures according the invention consists -
of ' ' '
30



[

10 - particular n-alkyl having 2, 3, 4 or 5 C atons. Particul ar pref-erence™
is given to consisting of liquid-crys-"talline mxtures of 'the conpounds of
the fornulae | to V wherein 15 [err] is n-alkyl with 3 or 5 C atons, [err]
is n-alkyl with 3 or 5 C atons, [err]is n-alkyl with 2, 3 or 5 C atons,
“[err]is n-alkyl with 3 or 5 C atons, 209. [err] is n-alkyl with 3 or. 5 C
atons, [err] is n-alkyl with 3 orr 5 C atons, [err] is n-alkyl Wi th/ 3 .or 5 C
atons, in particular wherein, 25 [err] is n-alkyl with'5 C atons, [é&t] i.s
n-alkyl wth 5 C atons, [err] is n-alkyl with 2 Catoms ferr] i's n-al kyl

ith 3 C | kyl th 5 C [ kyl
Wih s C ARy by we[tgﬁfe?' Te7a G Magh hreusde aF. ﬁ%ﬁrﬁ BN Pl

m xt ur es mwlw%yt @eaaﬁtlaf%ﬁé%&r&eo%hpeuhaélafS%ﬁﬁH£ 10y nemtic
and chol-esteric a%g i catirons. The m x- ture of the conmpounds of 't he

fornul ae 1,5120 % Hedgbt of cene W maxe gompgundsr ofi Wwka HLELur t her
liquid- crys‘g_ ) '@%fwelghéngfoomgo&' Inledd g:fgﬁ\ﬁ)fﬂﬁéael bfﬁ%&%ﬁfy Sui tabl e

further conponent s“are Known to person S sone .
5 and

15—50 % by we:.ght of two or more compounds of formula V,

in partlcular, _wherem R to R? of the compounds of the formu-
o lae I toV are: each n—alkyl having 2 to 7 carbon atoms ¢ in.
10 'partlcular n—alkyl havmg 2, 3, 4 or 5 C atoms.

'Partlcular preference is glven to con51sting of liquld—crys—'
talllne mlxtures of the- compounds of the formulae I to’V
H'_whereln_ I ' '
-Fp-is'n—aikylemith 3 or 5C atoms;.l
" R? is n—alkjl'with“3sor 5 C atoms,
RS is n-alkyl with 2, 3 or 5 C atoms,
Rt is n—alkyl w1th 3 or 5 C atoms,
20 R is n-alkyl with 3 or 5 C atoms,
'_ RS is '_n_—_'alk:yl W1th.3 or_ 5 C.at'oxt_\s, L 3 _ o
'R is n-alkyl with 3 or 5 C atoms, N\

in particular wherein,

25 L o
R is ."n-’-a.lk.yl w1th5 C atoms,
R? is n-alkyl with 5 C atoms, ..
R® is n-alkyl with 2cC atoms, _ .
_R‘i'.is'n—ai'kyl w1th 3¢ atoms, I - -
30 RS is n-alkyl with 5 C atoms, |
" R6 is n—alkyl with 5 C atoms, - )
'R is n-alkyl with 5 C atoms. ~ ~ - - _

[
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are commerci al 'y avail abl e, such as, for exanple, nematic or nematogenic
(nonotropic or isotropic) substances fromthe classes of the azoxybenzenes,
benzyl i deneani |l i nes, biphenyls, 10 t erphenyl s, phenyl or cycl ohexyl
benzoat es, phenyl or cyclo- hexyl esters of cycl ohexanecarboxylic acid,
phenyl or cyclo- hexyl esters of cycl ohexyl benzoic acid, phenyl or

cycl ohexyl . exters of cycl ohexanecarboxylic-add, cycl ohexyl phenyl esters of
benzoi c ®€id, of cyclohexanecarboxylic acid and of cyclo- 15

hexyl cycl ohexanecar boxyl i c aci d, phenyl cycl ohexanes, cycl o- hexyl bi phenyl s,
phenyl cycl ohexyl cycl ohexanes, cycl ohexyl cy- cl ohexanes,

CyC|OheXy|CyC|0ﬂ§§@ﬂﬁ§ﬁnﬁ%§%&Q%%H&ﬁ&ckgh€ﬁd|fﬁbedﬂﬂ%ﬂeéﬁaeéafticularly

1, 4- bi s-cycl ohexyl benzenes, 4, 4'-biScycl ohexyl bi - phenyl's, phenyl - or
cycl ohexyl pyri nddltaxle fiagnyplemasiccantocholpstenisx pbpyicat hers . pHaeyiix-or
cycl ohexyl di ox | - Ghakonex s le oty 3nesy, 1313 37
2-diphenylethaﬁggaenggﬂ%ﬁ5§%¥8§X§5x§?e€%%#%s, 1aﬁ if 11, 111 and/or V can
1- phenyl - 2- cycliophexsddtdammach drcmikelewith further liquid-crystalline

| - 2- (4- phenyl cycl phexyl ) - et hanes, 1-cyc| ohexyl -2-bi phe- nyl.et hanes, .
Y eyt TB el AnaK st anaEySEalTitm qamospent By chubtant PSrthernes

benzyl phenyl eidificheritd] ahe RAEwWAULS! A IpdRsbrLiskiaTea 26 €fe dP€ and some
1, 4- phenyl ene groups in these conpounds may al so be fluorinated. The nost

i nport ant conpAKRISAEmearsiiedlysavailablecduah @genforlexample, mematic or

Z‘r:]gorS?i ng tO_t %@Y@éﬁi&n,-(ﬁl@ﬂo??oﬁf‘@ré’%z%tfzﬁ%&% Eﬂ%{,gﬁg&‘é %rom (  e ?ér f]

(4) 5 [ekadses of the azoggbenzenes, benzylideneanilines, biphenyls,
W 10 térphenyls, phenyl or cyclohexyl benzoates, phenyl or éyélo-f
hexyl esters of cyclohexanecarboxylic acid, phenyl or cyclo-
‘hexyl esters of cyclohexylbenzoic acid, phenyl or cyclohexyl
“exters of cyclohexanecarboxylic acid, cyclohexylphenyl esters
of benzoic acid, of cyclohexanecarboxylic acid and of"cyclo~'_
15 = hexylcyclohexanecarboxylic acid, phenylcyclohexanes, cyclo-
hexylbiphenyls, phenylcyclohexylcyclohexanes;-cYélohexylcy—
clohexanes, cyclohexylcyclohexenes, cyclohexylcyclohexylcy-
clohexenes, 1,4-bis-cyclohexylbenzenes, 4,4'+biscyclohéxylbi-
phenyls, phenyl- or cyclohexylpyrimidines, phehyl— or éyclo—
20 -hexylpyridines, phenyl- or cyclohexyldioxanes, phenyl -or
cyclohexyl—l,3—dithianes,'1,2—diphenylethanes;'1,2-dicyclo-
hexylethanes, l-phenyl-2-cyclohexylethanes, l-cyclohex-
y1-2- (4-phenylcyclohexyl) —ethanes, l-cyclohexyl-2-biphe-
nylethanes, 1—phenyl;24cyclohexylphenylethanes; dptidnal1y
25 halogenated stilbenes, benzyl phenyl ethers, tolans and
‘substituted cinnamic acids. The 1,4-phenylene groups in these
compounds may also be fluorinated. ' '

_ The most important compounds suitable as further constituents
- 30 of media according to the invention can be characterized by
’ the formulae 1, 2, 3, 4 and 5: - -



tn the formulae 1, 2, 3, 4 and 5,.L and E, which may be identical or
different, are in each case, independently of ‘one another, a bivalent

radi cal fromthe group forned by 10 - Phe-, -Cyc-, -Phe -Phe-, -Phe-Cyc-,
-Cyc-Cyc-, -Pyr-, -Dio-, -GPhe- and their mrror inmages, where Phe is
unsubstituted or fluorine-substituted 1,4 phenylene, Cyc is trans-1,4-cy-

cl ohexyl ene or 1-4-cycl ohexenyl ene, Pyr is pyrimdine-2,5- diyl or pw.idine
2,5-diyl, Do.is 1,3-dioxane-2,5-diyl and G 15 is 2- (trans-1, N
4-cyc|ohexy|)ethy| pyrimdine-2,5-diyl, pyri- dine-2,5-diyl. or S

1, 3-di oxane- 2, |x% Qpe of the radlcals L and Eis preferably Cyc,. Phe or .
Pyr. Eis prefe a& - Phe or Phe- C%éD (sic). :The nedia accarding 20

to the- |nventlGﬂ—mecbgngbky,contaln one 9 nore conponents sel ected from
the conpounds of the.fornulae 1, 2, 3, Z and 5'in-which L“and E are

sel ected from fh& gPQGpECBhbr|S|ng Oyc(3Phe and Pyr and sinul taneously one

or nore conpongnLg.éﬁ L%gRt;on1the c? ounds of the formulae 1, 2, 3, 4
and 5 25 © in which % & of the. radi cal's’L and E is. selected from t he group

conpmi si ng. q/cR'Phecam@.%lr and the ot I@g{ rad| cal ii's selected fromthe
group conprising -Phe- Phe- - Phe-Cyc-, -Cyc-Cyc-; -G Phe- and -G Cyc-;, and
optionally one or. nore conponents sel ected fromthe conpounds of the

fornul ae lin2¢he0fo an in e radicals L and E are sel ect ed
rmilad? 1318, 8, 04" Bh6 {5 1 Akl Sien oy ba o,

fromthe group conpri si ng
12 - I'n a iAettieal Om,lldlglfeurpnﬁf abe n@rwm%%s@‘ aﬁae{ogaaahéf Tog2: 3 4

‘and 5, F\" _&Yéj é?uotﬂ@' £ 'anb(i%g egg Sgadigajf pfer%?nertyeygroup formed by
10 .. -Phe- -Cyc— _—Phe—Phe— -Phe-Cyc- ~Cyc~Cye—, -Pyr--.-Dioe SRNE
; -G—Phe- and thelr -mirror 1mages, where Phe is: unsubstltuted :” \ud
.. or fluorlne—substltuted 1, 4—phenylene, Cyc is. trans-1, 4~cy- |
- clohexylene or . 1—4-cyclohexenylene, Pyr is pyr1mid1ne—2 5—- |
f{dlyl or pyr1d1ne-2,5—diyl, Dio- 1s 1, 3-dloxane—2 5—d1y1 and G':
15 __1s 2-(trans-1, 4-cyclohexyl)ethy1, pyrlmldlnefz,s-dlyl,zpyrl—sﬂ
,.dlne-2 5-d1y1 or 1, 3-dloxane-2 S—dlyl '

:One of the radlcals ‘L and E is preferably Cyc, Phe.or-Pyr; El
| F.ls preferably cYc, Phe or Phe—Cycl (310) The media. accordlng
20. to the 1nventlon preferably contain" one or more components
. _-selected from the compounds of the. formulae 1, 2,3, 4 and 5.i o
_1n whlch L and E.are selected from- the group . comprlslng Cyc, x‘)
Phe and Pyr and 51multaneously one or more components |
F=selected from the compounds of the- formulae 1, 2, 3, 4 and 5 |
25 - in ‘which one of the radicals L and E 1s Selected from the
group compr1s1ng Cyc, Phe and Pyr and the other radlcal is
selected from the group comprising -Phe-Phe--.-Phe-Cyc—
—Cyc—Cyc— —G-Phe- and —G-Cyc-, and optlonally one or more
components selected from the compounds of the formulae 1, 2,
30 3, 4 and 5 in whlch ‘the radicals L and E are Selected from
the group comprlslng -Phe-Cyc— _-Cyc—Cyc— —G—Phe— and -G-
Cyc— ) R ~ |



one anot her, atkyl’, al kenyl, al koxy, alkenylbxy or al kanoy- | oxy having up

to 8 carbon atons (group 1). In nost. of these 5 conpounds, R and R
are different fromone another, one of these radicals usually being al kyl
or alkenyl. In a further preferred sub-group of the conpounds of the

formulae .1, 2, 3, 4 and 5, R' is -CON, - CF345F, CL or -NCS; in this case, R
has the meani ng given for the conpounds of group 1 and is prefer- 10

ably al ki or al kenyl (group 2). However, other variants of the proposed
substituents in the conpounds of the fornmulae 1, 2, 3, 4 and 5 are conmon.

Many such substances or alterna- tively m xtures thereof are comercially
avai |l abl e. Al | Irhesprefibrradcesdwanoure afbthencambounds ol sthghifrmalaek Aown

from15  thejitergtupg or Analpous! Y LNepeloe BEsides CAONRNLS of Lom

group 1, the mi¥tures THing e invention preéferably al so contaln
conponent s - f r onorg anptReryhableyly Glkenydns aikexpy ehkerylows droldlkanoy20
group 1: 20 to 90 %, in particular 30 to 90 ,% qro i 0 to,.80 %
in particul ar f®¥ohsying v et%LﬁnQﬁrqq‘?eaBPﬂﬁor(‘PF%‘gg tf t%;fb"@é#p&fn gegp
the formy ae 2%om6>olundb Rt lana IR/ 7and-eV ag ke b PEn€ OFFSI Ndise fdridEn@QUBRel o&Nd

I
2 adding up to 100 % Tbe m xtures accqrding to the invention preferably
contain 1 to 4Ghmse gagicalewsualdyvebeding glkylonrabkenil ¢ dfpsudystber

ocon 0 EAREER ofils e Rl BERBNARL G Yo USRIe 110 5,
accordi ng to tHeandvépt Roh THe-Ahdi-€Fps ef er@blor -NCS; in this case, R has
the meaning given for the compounds of group 1 and is prefer-
V, 10 agly alkyl or alkenyl (group 2). However, other variants of
the proposed substituents in the compounds of the formulae 1,
2, 3, 4 and 5 are common. Many such substances or alterna-
tively mixtures thereof are commercially available. All these
substances can be obtained by methods which are known from

15 the literature or analogously thereto.

Besides components from group 1, the mixtures according to
‘the invention preferably also contain components from
‘group 2;-whose proportions are preferably as follows:

20 : '
group 1l: © 20 to 90 %, in particular 30 to 90 %,
group 2: 10 to 80 %, in particular 10 to 50 %,

the sum of the proportions of the compounds of the formulae
25 I, II, III, IV and V of the compounds from groups 1 and 2
adding up to 100 %. ' ' o

The mixtures according to the invention preferably contain 1
to 40 %, in particular preferably S5 to 30 %, of compounds

30 according to the invention. Further preferred media are those



contain three, four or five conpounds according to the inven- tion. 5 .

Besi des one or nore conpounds of the formulae |, I, IIl, ¢V and/or V the
| i quid-crystalline m xtures according to the i nventi on preferably cont ai n,
as further constituents, 2 to. - 40,in particular 4 to 30,
conponents. These mi xtures very 10 _pgrticularly preferably contain 7 to

25 conponents in addl tion to one or nore conpounds of the fornulae: I, |
11, 1V and/or V. The m xtures according to the .invention may al so ggntaln
one 15 or nore optically active conpounds. Exanples of suitable
optically Y onpounds are the chol esteryl derivatives (for exanple
choIesteryﬁEéﬁﬂé%ﬁﬁﬁinopoEﬁoFéépeﬂ9I%noﬁadﬁaﬂépu;aanGStbe optepapFy active
- conpoundscarpdurris @icidraeng! t¥WAD S for exanple
optically active 4-(2- neth?l- 20 f?ngqi n.Sufie fddia l[u'e3'5‘"-‘1'5‘1311’ -

2- met hy! SAGAHR A'rhl;‘fﬁﬁheﬁ?PEaQaniveI@ﬂmpoﬁnﬂsmcdfdinécﬁé?rﬁ&élglﬁ\%r{

_ |nvent|o&4m&y furthernore contain one or nore dichroic dyes (for exanple
“azo, azoxy -and/or anthraqU| ‘none dyes). The proportion of optically active
codbounds ‘and/ or dyes i.s determined by the solubility, the desired 25

pithe, ¢ i geBX jon_and the like. In general, the pro- portion-of
opticall ?egct i \%ebégn%f)dﬂ% S WP MRS foct89e§°mu-hae iystIi,n Hagh ivase about

10 % by weddbr Vnthéeliqﬁiﬂfdnygtgmyya aPxt res .,according to the
|nvent|og nd t he ele troo ti- cal deslceg W |cr|%§) é§Q?1ﬁﬂ %ﬁlxture as

i qui d- crys?gﬁ‘?ﬂepfﬁ R cotripe paeoﬁurmemwomﬁmdredt@wg per se.- . -

. 40, in partlcular 4 to 30, components These mlxtures very
10 partlcularly preferably contaln 7 to 25 components ‘in addl-” )

_._tlon to one or more. compounds of the formulae I, 11, III, v =
- and/or V, o ' |

:Tbe mlxtures accordlng to the 1nvent10n may also contaln one .

15 Or more optically. actlve compounds Examples of . suitable '
,optlcally actlve compounds are the cholesteryl derivatives
(for example cholesteryl chlorlde or cholesteryl nonanoate),
and the optlcally actlve compounds of the formulae I-V with a
ch1ral 81de chain [for .example optlcally active- 4-(2—methyl~

20 - butyl or 2—methylbutoxy)-4—b1phenylcabon1trlle] The mlxtures
according: to the. 1nventlon may furthermore contaln one or
‘more dichroic dyes (for example azo, - azoxy and/or anthraqul- "':Q_#
~nhone dyes) . The proportlon of optlcally actlve compounds

| __and/or dyes is determlned by the solublllty, the de31red

25 pithc, color, extlnctlon and the llke. In general, the pro--
portlon of optlcally actlve compounds with. dlchr01c dyes is

at most in each case about 10 % by welght in the total mix-~ o -
ture. o

30 The mlxtures accordlng to the 1nvent10n and the electrooptl- L
cal devices whlch contaln this mlxture as llquld—crystalllne

) dlelectrlc can be produced by methods known per se



- 14 - The invention is illustrated further by the exanples below. C
denotes a crystallihe phase, S a smecttc phase, SB a snectic B phase, N a
nemati ¢ phase and | the isotropic phase. [err] denotes the voltage for 10 %
transm ssion (view angle perpen- 5 dicular to the plate surface).[err]
denotes the switch-on tinme and [err] the s hch off tinme at an operating

vol tage corre- sponding to 2.5 tines t he value of [err]. [err denotes the
optical &eisotropy and no the refractive index for the NaD (sic) I|ine,

unl éss otherwi se stated. [err] denotes the dielectric 10 anisotropy [err]
where[err] denotes the dielectric constant parallel to the | ongitudinal

mol ecul ar axes Ted inwent idends ebllust néiteide furtberobyt the qxampiaﬁ bellaw. C

plate separat hised s ERvabRl Pl maRact &gt S thddh” pcfaecic®
expressly stat %éggnewnasgemg'@fc %dglan@&at%rgsw@cﬁ d.exxd. unless

expressly stated ot herw se. Exanpl e 20 A m xture conprising 8 % of
[err] 25 13 &énote@sf ther{rblﬂé?gé@for Q0 BecrhndfliSsion ofviedr lAngd@ perpen

of [err] g % of [err] - 15 .
dlcular to the plate surface) . t,, denotes the switch-on time
and t.¢s the switch—off time at an operating VGlfage corre-
sponding to 2.5 times the value of Vyy. An denotes the optical

anisotropy and no the refractive index for the NaD (sic)

10 line, unless otherwise stated. Ae denotes the dielectric
s ' anisotropy At = e-¢,, where g|| denotes the dielectric constant
parallel to the longitudinal molecular axes and € denotes the

dielectric constant perpendiéular thereto. The electrooptical

data were measured at-20'°C in a TN cell at a plate separation
15 matched to the optcial delay desired, unless expressly stated

otherwise. The optical data were measured at 20 °C, unless

expressly stated otherwise.

Example 1

20
A mixture comprising

| 8 % of C3H7-'€>.-CQO—05H11_
25 13 % of cg;;@—coo—n_
12 % of csnn—®coo-@-cu
30 % of csnll—@coo—@-csnn
30 30 % of CsHy;- @@-
- 7.% . of CiHr- .—COO—‘CN T



[818. Exanple 2 5 A m xture conpri sing. 9 ‘94 % of
[err] 6.95 % of - [err] 5.95 % of [err] 15 15.07 %of - [err] 10.07 % of

[err] 20 14.18 % of [err] 17.33 % of [err] 13.50 % of [err] 25 . -has a

viscosity of 38 ¢St at 20 C, N 69.8 I, eleiﬁ = 1.93 volts and An 0.1317. 30
-16- Patent Cains 1. Liquid- crystallln xture consi sting essentleﬂjy of

two or nore conpounds of the general formula I, [err] in which [err] 3 _
strai ght-chain al kyl having 2 to 12 carbon atoms in which, in addition‘, one
CH2 group gxi%;bereplaced 10 by -O or -CH=CH, therlngAls- '

1, 4- phenyl oi “Ellsé-'r%—li—ﬂoéyﬁ]?oh&b(yéterﬁﬂ °cnenos3nprp C@Irgpougdg.,o{mips

general forama %A'o 1818.
.- Example 2 .-
A m_ixture; cbmpzjiSing__.

9.94 % of c3H7 .CN R

has a viscosit 7 ¢St at 20 C, N 68.1 |, [err] = 2.37 volts and An -
[err] <10 = 7.00 % of"

-

- 6.95 % of C2H5 ’-COO-.—CN
: . . 5.95 % Of__ _ -C3H7 @‘O_COO"< )‘C5H11
N 10.07 % of CsHii—'@—coo-’CN |
14.18 % of - ) oo
’0 of CsHg-{ H coo-— ~C3H;

13.50 % of .

.

25 o o o
fas a viscosity of 38 cst at 20 °c, n 69.8 I, Vie = 1.93 volts
and An 0.1317. ' ' '

30

. 17.33 % of C3Hg QCOO-< >-C5H11 .. : i '. o :



[err] 15 in whi‘ch Terr] has one of the nmeanings indicated for [err], one or
nore conopunds of the general formua 1I'l, [err] 20 in which muﬂmm

t he neanings indicated for [err], one or nore conpounds of th ’ '""" ,
fornmula IV, [err] 25 in which [err] and [err] each independently have &nes *
of the meanings indicated for [err] and one or nore conpounds of the

formul a V&30 [err] in which [err] and [err] each
i ndependkft | y have one of the neanings of LﬁLL] and the ring Bis :
1, 4- phenyl ene or trans-1, 4-cycl ohexylene. 5 2. Liquid-crystalline

m xture according to Claim1, charac- terized in that it contains one or
nore conpounds of the fornul'a | whereipatent Cliaimk 4- phenyl ene and one or
more conpounds of the fornula | wherein [err] is 1,4-cyclohexy- len. 10
3. Liquid-crystalline mixture according to Claim1 or 2, characterized in

that [err] qis §%®La%ﬁﬁm&tx@ Hi&éuﬁiﬁxéé&’iﬁé\ﬁ% dsien@3819% beerwo

Clains 1 15 3, characterized 1n that the proportion of Conpounds
of the fornulae |,orimare ¢ampdundshefi thel generat ammds g6 %

5 _
Rl—-@—COO— CN ' I
in which R! is straight-chain alkyl having 2 to 12 carbon
atoms in which, in addition, one CH, group may be replaced
Y, 10 by -0—- or ~CH=CH-, the ring A is 1,4-phenylene or
trans—1, 4-cyclohexylene, one or more compounds of the
general formula II, ' -
15 | - '
in which R? has one of the meanings indicated for R, one
or more comopunds of the general formula III,
Qoo DD
20 ' _
U in which R® has one of the meanings indicated for Rl, one
" or more compounds of the general formula IV,
DD
25 | |
in which RY and R’ each independently have one of the
meanings indicated for R! and one or more compounds of the
formula V o -
30 Ré- oo— Rv - v



by weight: 5. Liquid-crystalline nixture aocording to one of Clafns_l,go
R = 7, e oy ion o compeinds o2

i qGi d*crYst@l 19 ne mixture accordi ng-oJone of Claims 1 to 25 5,
characterized in that it consists of 15-50 % by weight of two or. nore
conpounds of formula |, 15-50 % by wei ght of one or nore conpounds of
formula I'l, 5-20 Wbbymelght of one or nore conpounds of formula III\QBO
5-25 % by m5|ght of one or nore conpounds of formula I'V - and 15- 50 @6by
viei ght .of -two or nore conpounds of formula V. - -18- 7

Li qui d- crystalnlﬁblﬂthﬁﬁ%KbEQ0¢d¢hg@¢4¢Rﬁﬂ9ﬂﬂtlﬁléaﬁﬁ Qnﬁooé tbﬁaracterlzed

Monar Lerf1hBahehel 8F GCap Bnd Kihe'EHLG 2 lhehABROB,A OF. S 8

Li qui d-crystalTine ure accordrng terized in that
[err] to[err]taaasehph—cym&qhgxymdney n- al kyl haV|ng 2, 3,.4.0or 5C atons

9. Liquid- crystalline mxture according to Cla|n18 charac- 10

terized in that [err] is n-alkyl-with 3 or 5C.atons, [err] .is n- aIkyI mnth

3 or 5 C at, orrﬁlq{xfa«t&ryétﬂmi@Imw:;h&eZacaomlﬁg G@tCTHim 15 charackerr] Is
n- al with 3 or 5 Catons, [err] is n-alkyl wth 3 or 5 C atons [err]
n-aIkyI with geg;zgﬁcggugnﬁ; it contains one or more compounds of the _
formula I whereln -.— is 1, 4-phenylene and one or more
_compounds.of_the formula. I wherein v<§>— is 1 4-cyclohexy—
len. . L S '
10 _ _ . _ e _
3. quuld—crystalllne mlxture accordlng to Clalm 1 or 2,

characterlzed in that -.— is -.—

- 4. 'quu;d-crystalllne mlxture.aocord;ng;one_of:;he q1aims 1
15 o to 3, oharaCterizéd in that'the propOrtioo of"compoﬁnds of -
::the formulae I, iI_and:III in the total mixtufeﬁis 35—80.%_
by welght | o ' | |

5. 'quuld—crystalllne mlxture accordlng to one of Clalms l to
20 . :4, characterlzed in that- the proportlon of compounds of
' the formula I 1n the total mlxture is at least 15 % by

| welght. L _ - o - ___&.i

6. 'quuld-crystalllne m1xture accordlng to one of Clalms 1 to.*

25 ' 5, characterlzed in that 1t con31sts of -

lS-Sd %sz wéigﬁo,of_ﬁﬁo of.méreﬁooﬁpoﬁhds §foformula I,

.iS—Sos%lby.ﬁéight of one or moréooo@pouﬁdéfof foimula'II,

- 5-20 % by wéight-of one or more_oompounds of formula III, -
30 5-25 %._by wéight of one or more compoﬁnas"of formula IV -

and. -

.15-50 % by ﬁeight of two or moré'compoﬁhds of formula V.

&



T

[efr] is n-alkyl with 3 or 5 C atons. 20 10. Liquid- crystalllne m

according to dai m'9, charac- terizedn that [err] is n-al kyI “iiUﬁ l““l
atons, [err] is n-alkyl with 5 C atons, [err] |sna

atons, [err] is n-alkyl with 3 C atons, [errt__Ls n-al kyl with 5 Catoms
[err] -is n-alkyl with 5 C atons, [err] is ip) | kyl with 5 C atonms. 30

Kﬁ

7. Liquid-crystalline mixture according to one of Claims 1 to
6, characterized in that R! to R? are each n-alkyl having

2 to 7 carbon atoms.

5 8. Liquid—é_rystalline mixture according to Claim 7, charac-
terized in that R! to R? are each independently n—alkyl

having 2, 3, 4 or 5 C atoms.

9. Liquid—crystalline mixture according to Claim 8, charac-

s 10 terized in that

Rl is n-alkyl with 3 or 5 C atoms,

R2 is n—alkyl with 3 or 5 C atoms,

R3 is n-alkyl with 2, 3 or 5 C atoms,
15 R4 is n—-alkyl with 3 or 5 C atoms,

R5 is n-alkyl with 3 or 5 C atoms,

Ré is n—alkyl with 3 or 5 C atoms,

R? is n—alkyl with 3 or 5 C atoms.

20 10. Liquid-crystalline mixture according to Claim 9, charac-

terized in that o

Rl is n—alkyl with atoms,
R?2 is n-alkyl with atoms,
25 R3 is n-alkyl with atoms,
R4 is n—alkyl with
RS is n—alkyl with

Ré is n—alkyl with

atoms,
atons,

atoms,

B oW N O,
O 0O O O 0 O

R7 is n—alkyl v_vith atoms. -

30



