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EP 0438547 Bl Description The invention relates to supertw st |iquid
crystal di splays (SLD) having very short switching ti mes and good steepness
‘and angl e dependence, and also to the 5 novel nematic ﬂ§3§ X?

m.xtures used therein. SLD according t© } He preanbl e ar%Pk o4{ B exanple
ffom EP 0,131,216 Bl; DE 3,423,993 Al; EP 0,098 070 A2; M Schadt and
F. Leenhoutspekaﬁipﬁmanburger Arbeitstagung FIussigkristaIIe [ Frei burg

9D 87 0 gest So1 (287 THVBSHAR  Ifarey oo riuntet PRGNS o1
(20.1): K Kemystel displaysar(Sid)]beviag verppphort m:ytq:bsngv'oime 26,
No. 11, L 17%@# q%@ s@eg%iksv nl®anREe ! agstenalenceApahd £iys- téeéﬁe 50

(21), 15 prang _an Koopman Appl . Phys. 62
(5), 17354 (19®ve T!esnats&éﬂmrldamftaﬂieWﬁ#greApHPedPﬁksreEért 45 (10),
%%’éég 1983) - I\P/l SCha(ﬁLIﬁ”Hchx&%ﬂﬁQhw SsthéPp rteaﬂb)l% apét kn'ﬁam(,i) fo£3620
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di spl ay el emtoan,tmmmzamunSch&dtvnnd BunJleenhenisgn176R Bnedib@bgexuch as,
for exanpl e, I S ters
et aIX,nErocﬂ%§ %ﬂgéaﬁjaﬁyg%%é%v ?kqj ég& wggfé §£k§hﬂtg§%£& spl ay
Conf er edde, IQ;beLanFryshelsTN-(ﬁeblé)eﬁ a8A) 7 fRawagakigsaehals v

3, 503, 259), DS%5' b@@e@i égls?izsfis?‘ M) Bohadi€eidd @. ﬁaahhoﬁh)ﬁ stntt 45
(1984) 1021)

di and F. Leenhout Lett
(1987), 236, %Pl‘ﬁ?? E%l?%pb%& fbhbl%‘sh%ﬂ tah etkirr?ﬁg%ﬁeﬁ odguERs} or
BW STN-LCD ( lof Kappiaéd @hy@ics, volume 26, No. 11, L 1784-L 1786

(1987); F. Leenhouts et al., Appl. Phys. Lett. 50 (21),

~15 1468 (1987); H.A. van Sprang and H.G. Koopman, J. Appl.

Phys. 62 (5), 1734 (1987); T.J. Scheffer and J. Nehring,

Appl. Phys. Lett. 45 (10), 1021 (1984), M. Schadt and F.

Leenhouts, Appl. Phys. Lett. 50 (5), 236 (1987) and E.P.

Raynes, Mol. Cryst. Lig. Cryst. Letters volume 4 (1),

20 pages 1-8 (1986). The term SLD here comprises any more

highly twisted display element with an amount of twist

angle between 100° and 600°, such as, for example, the

display elements according to Waters et al. (C.M. Waters

et al., Proc. Soc. Inf. Disp. (New York) (1985) (3rd

25 Intern. Display Conference, Kobe, Japan), the STN-LCD

(German Offenlegungsschrift 3,503,259), SBE-LCD

(T.J. Scheffer and J. Nehring, Appl. Phys. Lett. 45

(1984) 1021), OMI-LCD (M. Schadt and F. Leenhouts, Appl.

Phys. Lett. 50 (1987), 236, DST-LCD (European Published

30 Application 0,246,842) or BW-STN-LCD (K. Kawasaki et al.,
SID 87 Digest 391 (20.6)).

_ Compared with standard twisted nematic displays,

SLD of this type are distinguished by substantially

better steepness of the electro-optical characteristic

35 and thus associated better contrast values and by a

substantially smaller angle dependence of the contrast.

SILD with very short switching times are here of par-

ticular interest, especially also at relatively low

temperatures. To achieve short switching times, the
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SID 87 Digest 391 (20.6)).

Conmpared with standard tw sted nemati c displ ays,

SLD of this type are distinguished by substantially better steepness of the

%l ectro-optical characteristic 35 and thus associ ated better contrast
val ues and by a substantially snaller angl e dependence of the contrast.
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been optlnized h the .use o notropi ¢ additives having
a relatively ﬂ‘?‘g%éﬁ‘é?)%urhap‘fléé%urae rggﬁt‘}gﬁiyt R AHIRF « PhESS é%ﬁ ‘eved
wer e not adeqmaWevér, the swmhchmpgltamesnachIevadhwere aoctt edequate

ti nmes, the

el ectro- o§t|c§

relatively w
[err]. 10

hi"gh t
electrical r e‘goivg?aﬁ’@é-“zfs %’-gl %;n/ﬁfeﬁﬂ‘g gﬁgéggggxn&é}fjl tﬁ@fPﬁFegr?d’I gr

e val ues

SLD

ﬁﬁgc §éifﬁf%%§T7the I|qU|d crystal m xtures shoul d have

Klerr] and relatl vely small val ues for

BBgoadhiave gp=iteepacles t charackerisn t chi ng

f,j Ty ki ur€8e 0l chil 3iR4EA BayBtho ﬁ&ttu&ugt @ﬁbuﬂﬂpwak%ntréi@ﬂ%iy

a

vol tage. The peyepeter conbinations achieved are not yet nearly sufficient,
in partlfHIar tor h'gﬁeyonalpégg %ﬂ;glmlzatlon of the contrast and

15

20

25

30

35

switching times, mixtures of this type have to meet
further important demands:
1. a wide d/p window
2. a high chemical fatigue stability
3. a high electrical resistance
4. a low frequency dependence of the threshold voltage.
The parameter combinations achieved are not yet
nearly sufficient, in particular for high-multiplex STN
{(1/400). In part, this is to be ascribed to the fact that
the various demands are affected in opposite directions
by material parameters.
In EP 0,366,985, liquid crystal mixtures for STN
displays are described, which have terminally fluorinated
compounds of the formula

R~ )~{_)-cracu-(0)-F .

The mixtures described therein do not, however, meet all
technical requirements. This also applies to the STN
displays described in EP 0,261,614, whose liquid crystal
mixtures contain compounds which are terminally substi-
tuted by NCS.

In EP 6,365,962, liquid crystal mixtures for
active matrix applications are proposed which, however,

have a relatively low content of cyano compounds and

therefore frequently show disadvantageous values for the
threshold voltage.

There is thus still a great demand for SLD which
have very short switching times coupled with, at the same
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a)

is based on component A containing one or more

compounds selected from group A comprising compounds
of the formulae IIa~IIc and IIe-IIk:

R--CHZCHZ @—x IIb
R--CHZCHZ- -CHZCHZ- -x Ile
R - { Al )-c=c- x 11g
4

1 .
R -{ at)-( A% -c-c—-x IIi
. -

R - Al -CHZCHZ < AZ >—CEC-< A3 >—X IIj

N\ 2\ ’

R -{ at)-czc-{ a%)-ca,cH,~ -X Ik

in which R is n-alkyl or n-alkenyl having up to 9

15

C atoms,
X is F,

cl r -cF3 r -CHFz r -OCF3 7 -OCHFZ r
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It has now been found that this object can be 10

Liquid crystal

conmpounds sel ected from group A conprising conpounds of the fornul ae
|la-1lc and Ile-11k: [err] [err] [err]=[®rT] [err] [err] [err] [err] [err]
[err] in which Ris n-alkyl or n-alkenyl having up to 9 15
CEARA 17

C atons, X
-OCF[err]CFlerr]H or -QC er riHd efirigs @lg hheaard 2dseAbRr ihdepérdehtand

Is F, d, -CF[eﬂQCFz

OC.Fecrdr], -oCcHF[err],

Alerr] each independently of ,one angth are_1, 4- phenyl ene, 2- or
3-fluoro-1, 4- phenyl ene orofl?%ﬁsgﬂ?ﬁgeg are }glﬂﬁénflén%ﬁmg%m8§ylene
or one of the rings Alerr], 3fAudroil] 4phemylseneo beor, 4- tyshahdxényl ene,
ro-1, 4- phenyl ene, el ;o gyl AW di 16:2, s diagl
¢ ity B o G0l ol £ O
an

2,3-difl

contai ns 0-40% by wei ght of
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b)

c)

d)

C
can also be 1,4-cyclohexenylene,

2,3-difluoro-1,4-phenylene, pyridine-2,5-
diyl or pyrimidine-2,5-diyl,
contains 0-40% by weight of a liquid-crystalline
component B, consisting of one or more compounds
having a dielectric anisotropy of -1.5 to +1.5, of
the general formula I

in which R! and R? each independently of one
another are n-alkyl, n-alkoxy, n-oxa-
alkyl, eo-fluoroalkyl or n-alkenyl having
up to 9 C atoms, the rings A!, A? and A®
each independently 'of one another are
1,4-phenylene, 2- or 3-fluoro-1,4-pheny-
lene, trans-1,4-cyclohexylene or
1,4-cyclohexenylene,
Z' and 2Z? each independently. of one
another are -CH,CH,-, -C=C- or a single

bond, and
mis 0, 1 or 2,
contains 0 = ([sic] 20% by weight of a 1ligquid-

crystalline component C consisting of one or more
compounds having a dielectric anistropy below -1.5,
and

contains an optically active component D in such a
quantity that the ratio of cell thickness (spacing
of the plane-parallel carrier plates) to the natural
pitch of the chiral nematic liquid crystal mixture
is approximately 0.2 to 1.7 and in particular
approximately 0.2-1.3, .
the nematic liquid crystal mixture has a nematic
phase range of at least 60°C, a viscosity of not

_ achieved if the nematic
m-xture a) I s based on conponent A containing one or

nore

-4-

, b)
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10 - conponent B, consisting of one or nore conpounds having a

dielectric anisotropy of -1.5 to +1.5, of the general fornula |I [err] in
which R err] and R err] each independently of one another are n-al kyl,
n-al koxy, n-oxa- 15 ar k§/|7 [err]-fluoroal kyl or n-al kenyl

having up to 9 C atons, .the.cings Alerc] [err], and Al.err] each

i ndependent |y of d’??é:earjf&aﬁ’e?%a?’gal?4§B‘ae$ﬂq’§3€‘ltfl%ra"%ﬂsﬂ%8pg- 2£48Fheny-
| ene, trans- 1, 4east obkxythaedielert?2lc anisotropies of the com-

1, 4- cycl ohexenyl e r (Eﬁl h..lJ t 2

anot her are -m[e:bfﬁ“(ﬂisgréri}qégﬂﬁ[ érgr -t%?%arsﬁln%&qg@;%,{%%dﬁrgnmfggg, 1 or
2, 25 c¢) contdi¥gpigl enystel pdstpyewseferring Lo jagtemperafyrsl PEne
components C consi gfgay, of one or nore conpounds having a dielectric

ani stropy below -1.5, and, d) contains an optically active conponent D in
sych a 30 quarkhe yinvertion this Fekates ita @n |8 #itdhacing of the

pl ane- paral | 8¢ cargwer pdadesparadlbhe d@iriat Platiesofwhiehyhiwialh nanatic
liquid crystal mxture is arpnproxi rﬁtyel y 0.2 to 1.7 and in particular
approxi mat el y 0. 2-FEmengform a cedt, optic Iiquid crystal mixture has a
nemati ¢ phase-range pématitedsdquid ecxystalh mistureiy located in the

10 cell, having a positive dielectric anisotropy,
- electrode layers with superposed orientation layers
on the insides of the carrier plates,
- ' a tilt angle of about 1 degree to 30 degrees between
the longitudinal axis of the molecules at the sur-

15 face of the carrier plates and the carrier plates,
and
- a twist angle of the liquid crystal mixture in the

cell from orientation layer to orientation layer of
an amount between 100 and 600°, characterized 'in
20 that the nematic liquid crystal mixture
a) is based on component A containing one or more
compounds selected from group A comprising compounds
of the formulae IIa-IIc and IIe-IIk: '

(D (D)
R-@ -%%-@ -X IIb
-G (D

e @i DB
D DD
R --Csc-@'-x 119
g" --c;c-@-@-x ITh

_-®-cEc-®-x | i

4
R



-5- nore than 35 nPa.s and a di.el ectric anisotropy of at |east +1, the
dielectric anisotropies-of the com pounds and the paraneters relating to
the nematic liquid crystal mxture referring to a tenperature of 5

20C. The invention thus relates to an SLDw th - two pl ane-parallel .
carrier plates which, with a franeg, formgcell - a nematic liquid
crystal m xture, Iocated in the 10 cell, having a positive

di el ectric anisotropy, - el ectrode Iayers with super posed orientation

| ayers on the |nS|des of e carrier at es, - atilt angle of about 1
degree to 30 degreested;ﬁ\ecﬁon 'q@d-.qt the noiegul es at the
sur- 15 face of Ne carr?er gs and N\ne/carrier plates, and -

a twist angle of the i gu crysta xturein = cell fromorientation

| ayer to orientationR a#-Caﬂ- ;»~ CW&nd 600, I¥karacteri zed
ip 20 that the newa¥ic |iquids/crystal mYdre a) I s based on
conponent A containing one or nore conpounds selected fromgroup A

conpri si ng conpounddinotwhiich f Rr el acalkgll be ardlkenyl! kaviagr hpl €orlo [err]
[err] [err] C atoms,
X is F, Cl, -CF,, -CHF,, =-OCF,, -OCHF,,
-0OCF,CF,H or -OC,F,, and
5 the rings A’, A’ and A’ each independently
of one another are 1,4-phenylene, 2- or
3-fluoro-1,4-phenylene or trans-1,4~-
cyclohexylene, or one of the rings A?!, A?
and A® can also be 1,4-cyclohexenylene,
10 ' 2,3-difluoro-1,4-phenylene, pyridine-2,5-
diyl or pyrimidine-2,5-diyl,

b) contains 0-40% by weight of a liquid-crystalline
component B, consisting of one or more compounds
having a dielectric anisotropy from -1.5 to +1.5, of

15 the general formula I

@yt (DD

in which R! and R? each independently of one

another are n-alkyl, n-alkoxy, n-oxa-

- alkyl, e-fluoroalkyl or n-alkenyl having

up to 9 C atoms, the rings A!, A? and A?

20 each independently of one another are
1,4~phenylene, 2- or 3-fluoro-1,4-pheny-

lene, trans-l,4-cyclohexylene or 1,4~

cyclohexenylene,

%Z' and 2%’ each independently of one
25 another are -CH,CH, s =CaC- or a single

bond, and

mis 0, 1 or 2,
c) contains 0-20% by weight of a liquld-crystall:l.ne

| component C consisting of one or more ‘compounds
30 having a dielectric anisotropy below -1.5, and



-6- [err] [err] in which Ris n-alkyl or n-alkenyl having up to 9 C atons,
Xis F, d, -CFlerr], -CHF[err], -OCF[err], -OCHF[err], -OCF[err]CF[err]H
or -CCerr]F[err], and 5 "the rings Alerr], Alerr] and
Alerr] each independently of one another 2re 1, 4- phenyl ene, 2- or
3-fluoro-1, 4- phenyl ene or trans-1, 4 €ycCl ohexyl ene, or one of the rings

Alerr], Alerr nd Alefrl_can_al sp, be 4- cycl ohex I v 10

2,3-difl uE)ro- ]:Lc,lﬁ-ph% 9?%%%? 59r?5£ﬁ‘é§#g-aﬁ¥ﬂ'eo$%§€¥?§?rﬁi-ﬂe*ﬂ,Egﬂpyﬁ b)
contai ns 0-40% by wguamtity thatgthe-ratioabfi celiothickness, (epaeingi ng of
one or nore conpoun [ | Ri k SQt 5 £145, of
15 the generat YOY plbr-Hetaliel Cafligs' ifibes) 1, theenabuits’, ©

i ndependently of Bhechnefhtheachinad| romaticalianjd arpstalmiyture :

[err]-fluogoal kyl oggnapbitignel, 2hd¢ Nd MR h gp&ﬂ&umeo.rz' ngs Alerrl,
Alerr] and Alerr] - 20 each i1 ndependently of one anof her
are 1, 4- phenyl ene, aud 3-fluoro-1, 4- pheny- | ene, trans-1, 4-cycl ohexyl ene

or 1,4- cycl ohexenyignehat| ailid sematicer Liqeidhcirydeatnadxthireothaweas

another are _CH[errAéﬁiEié]éhaééifﬁﬂlerfOLtalgég ébigvn%'viggosity of

not more than 35 mPa.s and a dielectric anisotropy

10 of at least +1, the dielectric anisotropies of the

compounds and the parameters relating to the nematic

liquid crystal mixture referring to a temperature of

20°cC. '
The invention also relates to liguid crystal

15 mixtures of the composition given with the definition of

' the SLD according to the invention, characterized in that
these have a high dielectric anisotropy of Ae > 5 and a
high content of cyano compounds of more than 20% by
weight and less than 50% by weight.

20 _ The individual compounds of, for example, the
formulae I and IIa to IIk or also other compounds which
can be used in the SLD according to the invention are
either known or can be prepared analogously to the known
compounds. ' '

25 Preferred liquid crystal mixtures contain
a) at least one component selected from group B4 com-
prising compounds of the formulae AI to AVI:

2 (N ( )
@O e (o)t nam

rl- Ocazcgz--O-®-az ATV
né-O(}@-nz o
RI-O- @-O-az - AVI




mis O, 1 or 2, ¢) cont ai ns 0-20% by wei ght of a liquid-crystalline
conponent C consisting of one or nore conpounds 30 havi ng a
-dielectric anisotropy below -1.5, and -7- d) contains an optically
active conponent D in such a quantity thaé the ratio of cell thickness
(Spaci ng of the plane-parallel carrier plates) to the natural pitch of the

chiral nematic liqujd cryst mxtyre 5. i s, abqut Q.2 to 1.7 and in
particular 0.2 to 1?%,%?411 Pﬂétat @%M?Q%&QEYCF’%SPHP ﬁP?ZBFE has a
nemati ¢ phase rangearé Rtahdast 60[err]C, a viscosity of not nore than 35

nmPa.s and a di el ectgi cs anl q‘%é" - lﬁﬁft +1. .t he _dielectric
ani sotropi es of theﬁcojﬁ%%ﬁii anc J'tjl%e lpz}?aﬁe e‘r“gé'r'e a iiﬁg%é%gqﬁe%gt I C
l'i qui d crystal nixturetvefrentadjacent (Ghypgroupsccan adpserbpcrephaced

i nvention @l so rel at espd .l JUiEEERS] alcd=, -gueH-LigEs -@o-i0ae conposi tion
qgi,ven with the definition of the SLD accor igg to theeié;vention,
characterized Ph t raRd{oEAF JoaSt, ORe FoMpPenent selected, from aroup.Bl) - 5

and a hi gh content Séms¥iéing e Wolipsind® cf then fogiuliewBIobo BIU:! ess
t han 50% by wei ght. 20 The I ndi vi dual conpounds of, for exanpl e,

the fornulae | and Ila tp—Igk or ot her conpounds which can be used in
the SLD according tqg:"t.hg in)ergg ar g-;ather known or gyan be prepared
anal ogously to the kno (o) _"

1./ N\_,2./ 9. 2 |
rR'-( »-z2-{ »r BII
4 \_ 0 .
1 S —
Ri-{ w2z’ 2 BIII

r-( B = ‘g2 BIV

in which R! and R? each independently of one another
have the meaning given for R,
10 %2? is -CH,CH,-, -CO-0-, -0-CO- or a single bond, and

is -- -O-, '-O- or -®-

and/or at least one component selected from group B2
comprising the compounds of the formulae BV to BVII:

nl-@-z"- COO-Q nv-

Y

Rl-@-@cazcxz- @-x . BVI
. Y
r1- \/E/\mzcaz-@-@ -X BVII

. in which R! has the meaning given for R,
15 2° is -CH,CH,~- or a single bond and



conpounds.

25 Preferred liquid crystal m xtures contain a) at

| east one conponent selected fromgroup B4 com prising conpounds of the

formul ae Al

to AVI: [err] [err] [err] [err] -8- in which Rerr] and

R.err] each independently of one another re R and Ris alkyl having 1-12 C -

atons, and

in which one or two non-adjace t CH err] groups n also be

replaced 5 CH err]CH- ,
and/or at |east one® c€¥rp0'r(§_{ r‘@m& g the
conpounds of the formnul ae o BIV: [err] r] [err] |ch ‘Rlerr] and

Rlerr] each | ndeperigqiiiyg of ‘999 Aot eae ok ERATYBeghyeR aerpf, 10
Zlerr] is -CHerr] [err si_ngl e and is
or [err] and/or a§n4é%§taﬂ)ﬂeaé&rﬁ6ﬁm%‘%¥e§?

err]
i si ng

e o

the conpounds of ”@mﬁ%‘ﬂﬂ.ﬁ@ e t Gompbundd %f]tﬁerf&mﬂwIMﬂeana has
the neanlqg gi'ven f

10

15

20

(DD -
N .
rE-{ ¢ Y= 0 )-R? BIX

in which R® and R? each independently of one another
have the meaning given for R, and

. @ O O O

or n

-!\ - .
Particularly preferred compounds of the formula
BIII are those of the following partial formulae:

R'QCHZCHZ'O"RZ
in which

R! is  CH,~(CH,),~0-, CH,~(CB,),-, trans-H-(CH,)-
CHE=CH- (CB,CH,) ,~CH,0- or  trans-H-(CH,),)-
CH=CH-(CH,CH,),~, '

R? is CH,-(CH,).-,

is 1, 2, 3 or 4,

is 0, 1, 2 or 3,

is 0 or 1 and

is 1, 2, 3 or 4.

Those compounds of the partial formula

¢ 0 R B



15 Zis -CHerr]CHerr]- or a single bond and -9- Qis [err]

or [err] n being 1 to 9, X being CN or F and Y being Hor F, and/or at

| east one conponent selected from group B3 corrpri si ng the conmpounds of the
f.ormul ae BViIII1 and 5 BIX: [err]_ ﬁér in which Rlerr] and R err]
each independently of one another have Tt meani ng given for R, and is
[err] or [err] 10 Particu y pref ed conpounds of the formla
BlIl are those of thefollovvlnggba 2rr] in which Rerr]

S CHerr]- (CHerr]) [err]- ﬁ- r]) [err]- trans- H
(CHerr]) [errﬂnm(&&%rhﬁﬁﬁé)ﬂﬁﬂﬂ Ora

trans-H (CH err [ err] err]CH[err])ferr

Rl err] is CR '(Qﬁ[er])[err] n i s 1 2 3or 4, r is 0, 1, 2

or 3, s is 0 or ath@ropértJ.on sof, tBe &oﬁboﬁndih@fe tHePponmeldf the
Rartial for mjlﬁII of the above-indicated partial formulae is prefer-
5 ably about 5% to 45%, especially preferably about 10% to
35%. Particularly preferred compounds of the formula BIV
are those of the following partial formula:

@O

in which
R* is CH,-(CH,),~O- or
10 trans-H- (CH,),~CH=CH- (CH,CH,),-CB,0- and R* is
CH,-(CH,) -,
n being 1, 2, 3 or 4,
r being 0, 1, 2 or 3,
8 being 0 or 1 and
15 t being 1, 2, 3 or 4.

The proportion of these compounds or of the
compounds of the formula BIV is preferably about 5% to
40%, especially preferably about 10% to 35%.

Preferably, the mixtures contain compounds of the

20 formula IIX, in particular those of the partial formula

o Om O

In a particularly preferred embodiment, the
mixtures simultaneously contain compounds of the formulae
BIII and BIV, the total proportion of components of group

25 Bl remaining unchanged.

If compounds of the formulae BI and/or BIII are
present, R! and R? preferably each independently of one
another are n-alkyl having 1 to 7 C atoms or
(trans)-n-alkenyl having 3 to 7 C atoms. Z? is preferably

30 a single bond. BI is particularly preferred.

Those mixtures according ‘to the invention are

also preferred which contain one or more compounds of the



-10- [err] in which Rerr] and R err] have the neanings given above, are

al so preferred. The proportion of the conpounds of the fornula Blll of the
above-indicated partial fornmulae is prefer- 5 ably about 5%to 45%
especi ally preferably about 10%to 35% Rgrticularly preferred conpounds -of
the formula BIV are those of the fol | o rh partial formula: [err] in which

(03 10 t -H
(R[CI(?I{re]rr])I[Zrﬂ_£ Vlﬁfre#‘ﬂ%eﬁ]r])[eﬂ] CHerr]O ragﬁd Rlerr] is
CHerr]-(CHerr])[er g 1, 2 on 4, r being 0, 1, 2 or 3,

‘i\' "N\ bei vk
S being O orig an ing Loy 3/r wggo&g{,%ooﬁé t hese

conpounds or of _the corrpounds of the forrrula IV |s prefe |y about 5% to
40% especi al I9f fhe preferred neanings Jiven abhaveyr gsppcialdyprefess

contain corrpomyqi-aneyﬁqlaviﬁ npla, 19 lc ddem@articul ar those of the

Rarti al mula [err] ln a articul rred e t he xtures
si mul tane(%sl y cont ai ‘boﬂ'bguﬁﬁgebf t%#mp ”’ir)"%n‘a B?Qmp?ﬁﬁ'q:ﬂt al
proportion of abngoommtBl afemaing Wicharyfed.cnui ni ng unchanged. |f conpounds
of the fornul ae BI andhgé %ﬁ&pﬂlﬁo‘?{ e%@”tcoﬂagﬁﬁ&s ar}& thrrohlp pbgf eigbl y

each i ndependent I%/
pre erably about 5% to 45%, especially preferably 5% to

20%. The proportion (preferred ranges) of BV to BVII is
10 as follows:

BV. about 5% to 30%, preferably about 5% to 15%
total of BVI and BVII: about 5% to 25%, preferably about
10% to 20%.

Preferred compounds of group B2 are indicated
15 below:

LTt (Drmo (D
(-0 T s
B (e (S

1-@;._%@2@_@ . svin

R! is preferably n-alkyl having 1 to 7 C atoms or
(trans)-n-alkenyl having 3 to 7 C atoms. 2° is preferably
a single bond. R preferably has the preferred meaning
given above for R! or is fluorine. Y is preferably

20 fluorine.

. Preferably, the mixtures according to the inven-
tion contain one or more compounds selected from the
group comprising BV3, BVI1l and BVII1 in a total



-

anot her are n-alkyl having 1 to 7 C atoms or (trans)-n-alkenyl having 3 to
'f~7 "C atons. Z[err] is preferably 30 a single bond. Bl is particularly
Preferred. Those nixtures according to the invention are al so preferred
whi ch contain one or nore conpounds of tgre2r -11- formula BIV, in whieh is
[err] or J[err] and F ]” and Rl err] have one of the

preferred neanings gjyen a spe prefer- ably n-al kyl having 1 to
7 C atons. 5 prgpo 1°Pn°g 9§9’é§ 8 ?‘Haﬁ}f%t proportion of conponents of
gr o]thp Bél rerrEi nts ug}chamgeda Tptrpimplnﬂpn pﬁeinzmlomwbggiglwgp Bzhies t
prefera yaou 0 CL ortion
(preferred ran ?gs%éf%’%?‘ﬁ él F{'ﬁ%&*ﬁglv% %ta‘in, %hb-la- al&’}%’?o 30%
preferably aboto BV&t,oBYE%,t Wiﬂ:lofanBVIBvandRBVI N:ami@% termdnally

pr ef erabl ygaboy 1]1&1?%‘5 ?O%TF f &2 prémi Rflecat ed

err [er err

55 below [erT err err 'S pre erably n- al kyl
having 1 to 7 GIQFEWEOBPré-Pﬁ-&ES) -n-al kenyl having 3 to 7 C atons. Z[err]
is preferably /Y

/N
(e

Y
ROS208

and/or polar heterocycles selected from the group
comprising

(ot @‘*;@f’"

R~ OI)G-GL"
1 o -/—.-L/\-:ﬂ

in which R®! is preferably n-alkyl having 1 to 7 C atoms
10 or (trans)-n-alkenyl having 3 to 7 C atoms, x is 1 or 2,
x® is F, C1, CF,, ~OCF; or ~OCHF,, vy is 0 or 1 and Y is H
or F. _
‘The total proportion of all the terminally
fluorinated compounds is preferably about 5% to 65%,
15 especially about 15% to 40%. .
. The proportion of the compounds from group B3 is
preferably about 5% to 30%, especially preferably about
10% to 20%. R' is preferably n-alkyl or n-alkoxy each



o

a single bond. R preferably has the preferred neaning given above for
HRerr] or is fluorine. Y is preferably 20 fluorine. Preferably, the
m xtures according to the inven- tion contain one or nore conpounds
sel ected fromthe group conprising BV3, ByJ1 and BVII1 in a total -

proportion

BVII1 and BV2

of

12 -

about 5 to 35% In a partTcﬁ arly preferred enbodi nent, the

BVI1 1 and Bv2 PRVAnE) 1 £ St SroRRe | §F e ey, AR R riAS

sel ected, for &oadpit atomsn tHoweyen,p amaipgonangonjpeunds erith aidkenyl pol ar
¢ =y .
B8, SO0y arlie SR IWEH | bkt ol '

het er ocycl e

S

which R err]

(trans) - n- al kefiprmudai BYITI: axre prefersedx is 1 or 2, x[err] is F, O
CF[err], -OCF[err] or -OCHF[err], yis Oor 1 and Yis Hor F. The total

roportion_of all x termnal Ly f|lyorinated coppounds is preferably about
g@éto 65% 315  ©§ =l AP REBGFrEg té'iﬁ_ eﬂﬂﬂgﬂ?bportion of the

conmpounds from growp’B3 is

10

15

20

25

The mixtures according to the invention contain
compounds from at least one of groups Bl, B2 and B3.
Preferably, they contain one or more compounds from group
Bl and one or more compounds from group B2 and/or B3.

Isothiocyanates, for example of the formula

Rl-( H -@-RCS. in which R! is n-alkyl having 1 to 7

C atoms or n-alkenyl having 3 to 7 C atoms, are also
preferred.

In a pérticularly preferred embodiment, the
mixtures according to the invention contain preferably
about 5% to 20% of one or more compounds having a dielec-

" tric anisotropy below -1.5 (component D). Compounds of

30

this type are known, for example derivatives of
2, 3-dicyanochydroquinone or cyclohexane derivatives having
the structural element
CN
-<:::>L according to German Offenlegungsschrift

3,231,707 or 3,407,013.

Preferably, however, compounds having the struc-
tural element 2,3-difluoro-1,4-phenylene are selected,
for example compounds according to German Offenlegungs-
schriften 3,807,801, 3,807,861, 3,807,863, 3,807,864 or
3,807,908. Particularly preferred are tolans having the
structural element according to International Patent
Application PCE/DE 88/00,133, in particular those of the

formulae
F F

Rl-@-c-:-c--onz
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preferably about 5% to 30% especially preferably about 10%to 20% R err]
is preferably n-al kyl or n-al koxy each -13- having 1 to 9 C atons.
‘Rlerr] is preferably n-alkyl having 1 to 9 C atons. However, anal ogous
conpounds wi th al kenyl or al kenyl oxy gr OTBS can al so be used. Conpounds of
the fornmula BVIII are preferred. 5 = - Is preferably 1, 4-phenyl ene.
The m xtures according to the invention contaip co unds from at | east one
of groups Bl, B2 and B3. Preferably, they conta\n_grfe or nore conpounds

fromgroup Bl and one or r n r oo gr A d/or B3. 10
| sot hi ocyanates, for exargla'e 0# %‘f@ ;E%cg_r%@ I n which
Rlerr] is n-alkyl having 1 to C atops_or n-al kenyl_having 3 to 7 C atons,

are al so pref dm sthich B pad; R eagh \independent aniRk)i oRg (ANQHRLT AT ¢ r es
according to tdyfdpully OR-ATKyRI RabPifigelalle) AboUAtomBO ci0%h<dlkewyDr nore

conmpounds having a digel’ec tri¢c anisotr be -1.5_(conmponent, D
Conpounds  of tl?ﬁ%si’}%/p;etgrg EnB&ﬁ’,‘sfﬁ?ééﬁ;ﬁ'ﬂl ébggqﬁa?f"vﬁsgg?g , bétd,

3- di cyanohydr ogid stenylpyninidine ot the Eormuda having 20 the structural
el ement CN according to Gernman O f enl egungsschy ift 3,231,707 or 3,407,013.

Preferably, however, conpounds haviln e °¢ c- tyural el enent
2,3-di fluoro-1, 4- phenyl ene are selkc@,&-'@ﬂ

5 corresponding to German Offenlegungsschrift 3,807,871.
In a particularly preferred embodiment, the
mixtures contain about 5% to 35%, especially preferably
about 10% to 20%, of liquid-crystalline tolan compounds.
As a result, it is possible to use smaller cell thick-
10 nesses (about 5-6 pm), whereby the switching times are
markedly shortened. Particularly preferred tolanes are

shown below:
R -( 0 Y-c=c-g
o
’R1-( B »-2°-( 0 Y-c=c-g

R? is preferably n-alkyl or n-alkoxy having 1 to 7 C
atoms,
15 2° is -CH,CH,~ or a single bond, .
F

g prmm——

Q is '{°,.--Rz. -0 -x or -\"r?('--x, '

X being ¥, Cl or OCF,,
R? being n-alkyl or n-alkoxy each having 1 to 7 C atoms
or n-alkenyl or n-alkenyloxy each having 3 to 7 C
20 atoms.
Further particularly preferred embodiments are
given below: _
- cbmponent A contains compounds of the formulae IIa
to IIf, in which X is cyano, and compounds of the
25 formulae IIa to IIf, in which X is -NCS, F, Cl,
-CF,, =-CHF,, -OCF,, =-OCHF,, -OCF,CF,H or -OC,F;, and
the proportion of the cyano compounds in component



25 for exanpl e conpounds according to German O f enl egungs- schriften
3,807,801, 3,807,861, 3,807,863, 3,907,864 or 3,807,908. Particularly
preferred are tol ans havi ng the structural el ement accor di ng to

I nternational Patent Application PCE/ DE 00,133, in particular those of
the 30 fornulae [err] ©~ -14- [err] in*~hich Rerr] and Rlerr] each

I ndependently of o nok her refer y n al kyl having 1 to 7 C atons
or n-al kenyl havi ngr;fzf 67*‘%%‘5%@ 93[ is -CH err]CH err]- or a
singl e bond, and pheogpoyenti A nent&:.nheoher rlud andre r¢omipourcds refpthdi ng to

German O f enl egung I arly preferred

enbodi ment, the m x uir']lé‘gi%o%f aln g’%outi‘g%a*i(ﬁi%#despeci ally preferably
about 10%to 20% of liquid-crystalline tolan conpounds. As a result, it is
possible to use smalle II,-r'h§ck- 10 nesses (about 5-6 [err]m, whereby
the switching tinesRafe =¥hortened. Particularly pref&ired tol anes
are shown below [err] r] T ] Is preferably n-al kyl or n-al koxy
having 1 to 7 C atons, - rl, is -CHerr]J]CHerr]- or a single bond,
Q is [err] R- Fh IIa2

R=¢ 0 )=( O >-x Ila3
R-(\o)-l‘ 0 >-&o )-x 1Icl

= Iic2
— _
R-< o } (o} -@-x - I1c3
r!\__;
"d P-
R-/ 0 =( O \-@-x I1cé
A _{r S F :
R-, 0 %=( 0 )~ 0)=x I1c5
R F

1Icé

) >-x
R-( 0 Y- 0 )—@—x 1Ic7
F F |
< o ’\-—x
/

IIc8

in which R is n-alkyl, n-alkoxy or n-alkenyl having
5 1-9 C atoms and X is F, Cl or OCF,.
Component A contains at least one compound of the
formula IIdl-IIdS

L O o ) e
S0SOS T O
00 O I



X being F, d or OCF[err], Rerr] bei ng n-al kyl or n-al koxy each
having 1 to 7 C atons. or n-al kenyl or n-al kenyl oxy each having 3 to 7 C 20
atoms. Further particularly preferred enbodinents are given below -
conponent . A contai ns conpounds of the foig:jl ae llato IIf, in which Xis
cyano, and conpounds of the 25 T'aellatollf, in which Xis
-NCS F, d, -CF[err] -CHF[err] -OCF[err], -OCHF[err], -OCF[err]CF[err]H
QE\ Cyano corrpound§ @@ conponent

OC[err]F[err] of AQ
A is O to 50% by vveBg t° Qn n&aeb @ ne or nore corrpounds of the
formulae llal-11a3 and [err] [e

[err] [err] [err] [err] [err]
[err] [err] [err] |
19Catom;andX| ’Cfﬁﬂ 20
corrpound of the forrrul

kgxy or n-al kexgldshaving 5

onppnent A contains at | east one

F
< ' in which R is C.H,,,, or C.H,., -O- with n = 1-10
and X is F, Cl or OCF, and very especially F.
- Component A contains no compounds of the formulae
IXa to IIf, in which X is cyano,
5 - Component A contains one or more compounds of the
formula
R~ \ O l-< > < >
in which

R is n-alkyl, n-alkoxy or n-alkenyl having 1-9 C
10 atoms or
" % is -CH,CH,~ or a single bond and
-@- is 1,4-phenylene, 2- or 3-fluoro~1,4-pheny-
lene or 1,4-cyclohexylene.
- X 18 F' c1' CF,, "'OCFap OCHFQ or anz'

15 - component B contains one or more compounds selected
from the group comprising II1 to II7:

1_@_@_32 111
0205 112
D@
DO
RO
oD (Dt



L
W

[err] [err] -16- [err] [err] in which Ris (err]Herr] or Jerr]Herr]
wWthn- 1-10 and Xis F, d or OCF[err] and very especially F. -

nponent A contains no conpounds of the fornulae Ila to IlIf, in which Xis-
gyano, 5 - . Conmponent A contains one nore conpounds of the formula
im which Ris n-alkyl, n-alkoxy or n- al'kéﬁyr having 1-9 C 10 at ons
or Zis -CH[err]CH[err]- or a single bond and is 1, 4-phenyl ene, 2- or
3-fluoro-1, 4-pheny- |ene or 1,4-cyclohexylene. Xis F, O, CFlerr],
-OCF[err], OCI—IF[err:inomlﬁldﬂeRf]anﬂs R? . havecobbenmarﬁ-mt Nenondnor

nor e corrpounds sel g& gfhffomthe gr oup corrprlsmg 111 to 117: [err] [err]
[err] [err] [err] [err
_ - Component B add:.t:.onally contains one or more com-

. pounds selected from the group comprising IIB to
- 5 11203

D)@
RO SERORO T

nl-g -@-@-az 1110
111-@ -@ --<E>-R2 1111
Rl-{m <) \s-CH,CH, - @ O 1112
oD DOt o
1-<—\\-<_\f-<_> 2 1114
.-czi;_,c:xi2 ’@ 1115
Q-O-Cﬁz 2 @-R 1116
R -@mzcaz-@cazcaz-@-nz 1117
Rl-@-®-®-nz 1118
1-@»@\-@ -r% | 1119
202620 SIS
in which R! and R* have the meanings given in Claim
1 and the 1,4-phenylene groups in II8 to II17 each

independently of one another can also be mono- or
‘poly-substituted by fluorine.




v

-17- in which Rerr] and Rl err] have the neanings given in Caiml.
Conponent B additionally contains one or nbre com pounds selected fromthe
group conprising 118 to 5 I'120: [err] [err] [err] [err] [err] [err]
[err] [err] in which Rlerr] and Rerr] I aj\ﬁ the meanings given in Caim1l
and the 1, 4- phenyl ene groups in 118 to TI each independently of one

another can al so beg g??gneﬂ{: B%&ai'ﬂ!i!ahhi n%egomfaiﬁh'o&haeor relgo'ﬁ—;)m he

Conponent B additional Ty contains on re com pounds sel ecte
group conprising |1 peunds| pedected, ]f’-'[°@r rgheg g¥qup e‘F‘PlPP{Js’PH}g II21 to
I125:

R 020SaJOINES
R C 02020
N N O
O (D
(DD (D (e

in which R! and R? have the meanings given in Claim
5 1 and the 1,4-phenylene groups in II21 to II25 each
independently of one another can also be mono- or
poly-substituted by fluorine.
- Component B contains one or more compounds selected
from the group comprising II26 and II27:

(D D e
cr82r+1-C>-.-CH CH =F 1127

10 in which CH,,, is a straight-chain alkyl group
having up to 7 C atoms.

- The liquid crystal mixture additionally contains,

' apart from components A, B and C, one or more com-

pounds selected from the group comprising III and

D m
1-< g w-(H '\-cazoaz v

15



el
”

in which Rlerr] and Rlerr] have the meanings given-in Claim'5' 1 and
the 1, 4-phenyl ene groups in I121 to 1125 each independently of one another

can al so be nono- or poly-substituted by fluorine.

Conponent B

cont ains one or nore conpounds sel ected firomthe group conprising I126 and

IT27: [err] [err] 10 i n which Cré#P]H[err]

is a straight-chain

2 i onal Ty cont 21 18, ViRl (X7 AT 2 have P hthingh {910 "t Glftm

pounds sel ect ed frola t he group conprising 1l and 15 IV: [err] [err]
-19- in which R errgn@dnd;ghed' ko 1t i FRaN rwéaﬂ:fcﬁ{hu} G8hthins [N
liquid crystal mxture adadiiiona y contalns art from conponents B

and C, one or nore emm¥t5fr°m COMPRRARES bt é%t%kﬂf¢(ﬂﬁ“ﬁhé°§rﬂﬁﬁecﬁﬂﬂ?iS|ng

V and VI: gerr] [er%}uﬁ&s Vié Lee ¥l 'fdon? theRigtioup Bomp

contai ns one or nore conpounds selected fromthe group

CGaim1. Conponent

conpr|5|ng VIl to XI .
#-(0){ ) v

. |
(o -\-o_:>-nz vI

riB&ngewnangsvytven in

in which R’ and R? have the meanings given in Claim

1.

- Component C contains one or more compounds selected
from the group comprising VII to XI:

o) é-mzcnzi o
F F

1 2 5 2

R -f—@-); 0 )=R

1-(@%).-®f®ff

- VII

VIII

IX .

F

F.
AN .
rRl-(m » cm@xzcnz--(ca.‘,caz)s--<z§-n2 X
F, F
r*-( B p-cm,cH, -( © :,-(cazcnz)s-nz X1

10 in which R* and R* have the meanings given in Claim

1 and S [sic] is 0 or 1.

- Component B contains one or more compounds selected
from the group comprising XII to XIV:



-

[err] [err] 10 in which Rerr] and R err] have the neanings given in

Gdaiml and S [sic] is O or 1. - Conponent B contains one or nore
conpounds sel ected fromthe group conprising Xl to X V: - 20 - [err]
[grr] in which Rlerr] and Rlerr] have the2 meani ngs given in Caim 1. Those
m xtures are preferred whi ch excl usively Qortt ai n conpounds of the f or mul ae
Ila to Ilh (grou and onent C, i.e. no conpounds of conponent B.
The preferred rg r@&_c@p@ 2rmnal |y hal ogenat ed corrpounsccnof t he
forrrulaellatoll [err] -CHF[err], -OCF[err] o
-OCHF[err]) sho cuI y adv t ageous paraneter conbi nati ons and, at
the sane tine, @ Vg4 quid crystal mixtures aggqrdi ng to
the inven- tion vvh ent A tains at |east one conpound of the

formula [err] n“1 errﬂ_ or [err] n S
ap integer of R H(O-C!Ifﬂi r @ )ar@EC- -R - XIv

in which R! and R? have the meanings given in Claim
1.

Those mixtures are preferred which exclusively

contain compounds of the formulae IIa to IIh (group A)
5 and component C, i.e. no compounds of component B.

The preferred mixtures containing terminally
halogenated compounds of the formulae IIa to ITk (X = F,
cl, -Cr,, -CHF,, -OCF, or ~OCHF,) show particularly advan-
tageous parameter combinations and, at the same time, a

10 wide d/p window.
' Liquid crystal mixtures according to the inven-
tion whose component A contains at least one compound of

‘the formula
Y

R-{ 0 d-czc-{ 0 -x
in which
15 R is “CnHon+yr ~OC H2n+1‘ cnazn+1‘C>'
or Cn“2n+1"<___,-"cnzcnz'
n is an integer of 1-15,

Y is B or F and
X is F, Cl or OCF,,
20 and/or contains a compound of the formulae IId2-IId5,
ITal-IIa3 and/or IIcl-IIc8, have advantageous values of
the threshold voltage V,,,,,, and of the flow viscosity 9
and are distinguished by fairly high or high values of
the optical anisotropy. These mixtures are preferred.
25 . For component D, a large number of chiral doping
. substances, some of which are commercially obtainable,
. are available to those skilled in the art. The choice of



X iIs F, d or OCF[err], 20 and/ or contains a conmpound of the fornul ae
L1d2-11d5, Ilal-11a3 and/or Ilcl-11c8, have advantageous val ues of the
threshol d voltage V[err] and of the flow viscosity [err] and are

@i stinguished by fairly high or high vaIu§f of the optical anisotropy.
These mixtures are preferred. 25 For component D, a |arge nunber

of chiral dopi g g‘eggba_g F‘sg‘scﬂqﬁgag_f EQ are commercially obtainable, are
I

avail able to those s in t e choi ce of -21- t hese i s not
critical per se. The || dléWE@aICIF}T%&ﬁ]-r emixtures used Sip sther 1Y to

the invention &E@:di'kﬂ'n?‘vtﬁd CEhe Y1ﬁG§hi:iBﬁ Wik Jl@l@ht&i&hhl& ddﬁ%ﬁe
crystal m xtures err [er are ‘parti cul arlgﬂg sferred and

very parti cul af"l";t e 2pi%h f‘% } [gmtgl THEYUTES & 2nPx@F&s

according 80 tpa ardy prefiegtedpt agaovery partidularlye tHuses dlth

vol t age V[err]IA? or thef|OWVISCOSIty[erI’] If the value 10 for the
optical path ditf ﬁce dlerr]n is given, the value for the layer thickness
d is deternined by theThe iliquidi suystal /mixtures c aceording: htoelthe vel y

hi gh or high vih@atlidh déhow! hﬁm&.g Ju'qurQl\EéNStﬁJr %gﬂ&urﬁ&éﬁﬁa&“ ng

to the invention haV|n%areIat|ver ue for t

optical ani sot VO}Fage Vargan&nd Ioxother Sll‘-""svh%@?h'gv\ﬂh'l JeE e yaddye ¢ hen
be choseni9o b¢oreltiie \uﬁﬁiﬁmléatwwumdm dAndse giden)t AgROWRA M UeS

for the sw tCh'fn T tt'hrreeslaye P ¥hickness. éhggedleigﬁngned by the optical

anisotropy An. Particularly with relatively high or high

values for dAn, the use of liquid crystal mixtures

according to the invention having a relatively high or

15 high value for the optical anisotropy is in general

preferred, since the value for d can then be chosen to be

relatively small, which leads to more advantageous values

for the switching times. However, even those 1liquid

crystal displays according to the invention which contain

20 liquid crystal mixtures according to the invention having

smaller values for An are characterized by advantageous

values for the switching times. The 1liquid crystal

mixtures according to the invention are furthermore

characterized by advantageous values for the steepness of

25 the electrooptical characteristic and can be operated at

high multiplexing rates. Moreover, the liquid crystal

mixtures according to the invention have a high stability

and advantageous values for the electrical resistance and

the frequency dependence of the threshold voltage. The

30 liquid crystal displays according to the invention have

a wide working temperature. range and a good angle
dependence of the contrast.

The structure of the 1liguid crystal display

elements according to the invention from polarizers,

35 electrode base plates and electrodes with such a surface

treatment that the preferential orientation (director) of

the adjoining liquid crystal molecules from one electrode

to the other is in each case twisted usually by an amount

of 160° to 360° relative to one another, corresponds to



crystal displays according to the invention which contain 20 l'iquid
crystal mxtures according to the invention having snmaller values for An
are characterized by advantageous val ues for the switching tinmes. The

|l +quid crystal m xtures according to the %Eventlon are furthernore
chHaracterized by advant ageous val ues f ol e~ steepness of 25 t he

electrooptlcal haracter tic and AN be . aperat ed at _hi.gh | t4 pl exi

rates. I\/breover q‘fﬁsac%rf%s?}ﬁ TRt aft,sco?%ﬂ qugf#e #?E)R/eﬂf‘f n
have a high stalmdpltgy aﬂémtant'agem&ammma.etypeccf annstlam-stance
and the frequegg) gﬂgﬂg t h 0

crystal displ ays)bggﬁ Ing t %Q%%eﬁﬁnéewgn%géghfg%ge ‘il ngmée erature
range and a goddl e eeﬁbeoéifﬁﬁétéeﬁﬂrththQTﬂﬂEEﬁﬂﬂiiﬁeF 14 he
liquid crysgtal adics pixﬁy Ei'ei@lﬁliér agL86 Omatri Hhﬁplﬂye@].bﬁt@nftho@zﬂo #Hd zers,

35. electrode has Ia es and el ectr,odes a surface trea E rent
DRat thelprof oIRELAY Sicheile SRRERLRLns AatsLoRAL TATHTET ROdTH N
crystal nol ecultes GermemoO£fehtedqungeschrific 201748, 738 . Theaglrface tilitst ed

usual |y by an aiigids e 1EA0°EED LAAILS Shlvale dah 036 ggehDCr

corresponds to cons 'on conventlonal for
such display elferents. Eﬂﬂﬁltéﬁﬁﬁcenﬂéﬁﬁleﬁalpryﬁer§¢deonstruc- tion is here

u];sedhl n ajg de meani ng nwévaf,o ﬁﬁ”pééﬁilﬁtﬂil\ﬁ'fﬂf%&bﬁ&& andlw@elh}‘ i | ons
2nd the df spl afaRIRI: SYEBROEP N SRPORARTS ofdl TR APYSREIGRy, S he
hitherto conventional ones on the basis of the thSted
nematic cell resides in the choice of the liquid crystal
components of the liquid crystal layer.
15 The liquid crystal mixtures which can be used
according to the invention are prepared in a ‘manner
conventional per se.

As a rule, the desired gquantity of the components

used in a smaller amount is dissolved in the components
20 representing the main constituent, advantageously at an

elevated temperature. It is also possible to mix

solutions of the components in an organic solvent, for

example in acetone, chloroform or methanol, and, after

thorough mixing, to remove the solvent again, for example
25 by distillation. _

The dielectrics can also contain further addi-
tives known to those skilled in the art and described in
the literature. For example, 0-15% of pleochroic dyes can
be added.

30 The examples which follow are intended to explain
the invention, without limiting it.
- In the examples:
S-N is the smectic/nematic phase <tramsition
temperature,
35 c.p. is the clearing point,
visc. is the viscosity (mPa.s),
Ton . is the time from switching on until 90% of the
maximum contrast is reached, and
Tots is the time from switching off until 10% of the



%

to German O fenl egungsschrift 2,748,738. The surface tilt angles at the two
carrier plates can be equal or dif- ferent. Equal tilt angles are
preferred. 10 : However, an essential difference between the

di splay elenents according to the inventi and the hitherto conventional -
Orfes on the basis of the twi sted nemati® IT resides in the choice of the
liquid crystal conponents,of the lLiguid,cr ayer. 15 The
liquid crystal nixturegaﬁﬁPﬁﬁ_ggﬁL%gHtg%% %%%%%%éhg_to the invention are
prepared in a nmanner cPBheer8LBndls pectivated ainymultiplex-sioperagdom ity
of the conpone $8fleking £HRELCT:208Y bhiks 95310/ vpdrakinge veditageent s
20 represent?ﬁglﬁﬁéﬂﬁggﬁaconst%tuent,'advantageoﬂslg at anaelevatgg'e
tenperature. |18¢8 PdK)wossible to nix solutions of the conponents in an

organi c sogvent, for expsPecand edlicw)c akl bemperaturesicabangiveandn after
thorough m xing, tQ .remove the sol yent again _for exangl : y
di’stillation. ‘?ﬁe %‘E RETFEREAIH gf'%r%%nfﬁPn Wﬁ%dﬁglﬂ‘gésr Sown t o
those skilled walubs aft thel siebtohirgl timedcahdtviecositiesr refenpite,

0- 15% of pleocabebc dyes can be added. 30 _ The exanpl es whi ch
follow are inténdéd to explain the invention, without limting it. In the
exanples: S-N S t he snectic/ nematic phase transition
tenperature, 3BxamplR- 1 IS the clearing point, visc. is the viscosity
(nmPa. s), I[)er r] N sAglhesib m%ff ran s%chéﬁgeorﬂm%_tnlgl &Qg/o (ljoltl%ing
parameters: :
twist angle 240°
tilt angle 5°
d/p : 0.54
15 d.An 0.860,
containing a liquid crystal mixture ha#ing the following
parameters: ' '
clearing point: 91°
An: 0.1254
20 Ae: +8.1
viscosity (20°C): 16 mPa.s

and consisting of a base mixture of
18% of p-trans-4-propylcyclochexane-benzonitrile,
8% of trans-l-p-methoxyphenyl-4-propylcyclohexane,
25 5% of 2-p-fluorophenyl-5-propylpyrimidine,
5% of-2-p-trifluoromethoxyphenyl-s-pentylpyrimidine,
5% of 2-p-trifluoromethoxyphenyl-5-heptylpyrimidine,
9% of p-[trans-4-(trans-4-propylcyclohexyl)-cyclohexyl]
| trifluoromethoxybenzene,
30 8% of p—[trans-Af(trans-4-pénty1cyclohexyl)-cyclo~
hexyl]-trifluoromethoxybenzene,
8% of 1-[trans-4-(trans-4-propylcyclohexyl)-cyclo=-
hexyl}-2-(p-trifluoromethoxyphenyl)-ethane,

7% of 1-{trans-4-(trans-4~-pentylcyclohexyl)-cyclo-
35 hexyl]-2-(p~trifluoromethoxyphenyl)-ethane,
5¢ of 1-[trans-d-(trans-4—propylcyclohexyl)-cyclo--

hexyl]-2-(3,4~-difluorophenyl)~ethane,
5% of 1-[{trans-4-(trans-4-propylcyclohexyl)-cyclo-



maxi num contrast is reached, and T[err] is the time fromsw tching off

until 10% of the -23- maxi mumcontrast is reached. The .SLD i s acpivated
in rmultiplex operation (nultiplexing ratio 1:100, bias 1:11, operating
voltage 18.5 volt). 5 Above a_nchbe_l ow, all tenperatures are given
in [err]C. The percentage figures are percent by weight. The val ues of the
swi tching times andh&kffgsilgﬁsfiﬁgfﬁ g&gﬁ%ﬁ;e . le 1 10 An SLD
of the STN type_havipg .the follow n %ar ers. tvist angle

7 og 4-trif1uoramq£kgqy—4'-(trans—4=propy1cyclohe3y34—15

240 tilt angle cr “opY _
d.[err]n biphenyl, 0.860, containing a liquid crystal m xture

havi ng the fol |l gw ng.par ters, clearjn i Nt : , 9l1[err] An:
0. 12591 20 [er$¥m: of 3’?QF"‘S""P’-"_’PYic&lp‘ﬁEW\)i'&69%%‘2’%’1]:0):
16 nPa.s &nd co&%isofng-Utraniﬁnﬁpgbpgluyc1§P4H¥¢yﬂh'-ethoxytolan and
pstrans-4-propyigyclphex = 0engc (IS S
trans- 1- p- net hoiﬁph%ﬁyf- g@g‘r%%yf %%?é#}ie%cré?ﬁ%“ 4 gprgpoxytolan
2- p- f | uor opher@®d A hixalgompanient (2-octyl p-(p-n-hexylbenzoyloxy)-
o benzoate) shows the following switching times: 105 ms
(1/16 D, 1/5 b), 198 ms (1/240 D, 1/14.5 b), Vigs0/20
10 2.31 volt, V20 2.51 volt and a A d/p (d/p window) of

0.21.
Example 2 _
An SLD of the STN type having the following
parameters: _
15 twist angle ' 240°
tilt angle 5°
d/p .0.56
d.An 0.85,

containing a liquid crystal mixture having the following
20 parameters:

clearing point: 87°

An: 0.1222
Ae: +8.5
viscosity (20°C): 16 mPa.s

25 and consisting of a base mixture of
18% of p-trans-4-prooylcyclohexane-benzonitrile,
8% of trans-1-p-methoxyphenyl-4-propylcyclohexane,
5% of 2-p-fluorophenyl-5-propylpyrimidine,
5% of 2-p-trifluoromethoxyphenyl-5-pentylpyrimidine,
30 5% of 2-p-trifluoromethoxyphenyl-5-heptylpyrimidine,

- 9% of p-{trans-4-(trans-4-propylcyclohexyl)-cyclo-
hexyl]-trifluoromethoxybenzene,
8% of p~-itrans-4~{trans-4-pentylcyclohexyl)-cyclo-
. hexyl]-trifluoromethoxybenzene,
35 8% of l1-[trans-4-(trans-4-propylcyclohexyl)~-cyclo-
hexyl]-2-(p-trifluoromethoxyphenyl)~ethane,
7% of 1-[trans-4-(trans-4-pentylcyclohexyl)-cyclo-

hexyl]-2-(p-trifluoromethoxyphenyl)-ethane;
5% of 1-[trans-4-(trans-4-propylcyclohexyl)-cyclo- -



S

5% of 2-p-trifluoronmethoxyphenyl-5-pentyl pyrimdine, 5% of
2-p-trifluoromet hoxyphenyl -5-heptyl pyrim dine, 9% of
p-[trans-4-(trans-4-propyl cycl ohexyl)-cycl ohexyl] trifluoronmethoxybenzene,
30 8% of p-[trans-4-(trans-4- pentggcyclohexyl)-cyclo-

hE&xyl ] - trrfluoronethoxybenzene 8% of

1-[trans-4-(trans C I h - - '

hexyl ] -2-(p- trlfluér%#gﬁ%gx Hgné'ffh?ﬁxﬁégn¥%8 Sthane,
1-[trans-4-(trSks-ofpent yltp'erom {toansvi-@opylcyclohexyl) ~cyclo-

hexyl]-2-(p-triflug th@&x@lne&&bka§haﬂgf%-é%aeé

1-[trans-4- (trans 4- pfopyl.c ohex
hexyl ] - 2- (3 4- df¥ dp'r*errhﬁi PreRhoxyo4 ‘ titrans-4-propylcyclohexyl) -
1-[trans-§ (trans- 1Gycl ohexyl) - cyclo- - 24-

hexyl ]-2-(p-fl ophen -ethag L0 ’ vr_ad R
BT oo bt B B ¥t Rena  Ernobuiny el eheryL) 1 ikt lapragd -
4-(trans-4-propy|cpmhnhgxpﬂpmAanﬂBthoxytolan 5 3% of
4-(trans-4- pro C ohgx ﬁ&ﬁE#)/o Afa, A
4- (trans-4-propy c?c ohgxﬁ%‘és xi?%?fon a 2 H:*raldjbfolr‘rlp%lrroen
(2- octyl p (p-n- heﬁﬁﬁb&ﬂt@}h@x- - benzoate) shows the foll ow ng smrtchrng
tinmes: E%y 5 L ékfﬁb ! 2.31
vol t, V[ err] 1 Pa.ré?].dcg Oﬁaﬁt 2 %é%fvél (c}ylgéh 2e1n\4§<1c] 1'e 2 An
SLD of the ST ef‘fﬁétl?&)w% ﬁ%#wgngaﬁuhﬁebmg imes:

114 ms (1/16 D, 1/5 b), 236 ms (1/240 D, 1/14.5 b), Vios0/20

2.35 volt, V020 2.53 volt and a A d/p (d/p window) of

0.20.

15 Example 3 . :

An SLD of the STN type containing a liquid
crystal mixture having the following parameters:

clearing point: 106°
An: 0.1322
20 Ae: +6.9

and consisting of a base mixture of
18% of'p-trans—4-propylcyclohexane-benzonitrile,
8% of trans-l-p-methoxyphenyl-4-propylcyclohexane,
9% of p-[trans-4-(trans-4-propylcyclohexyl)-cyclo-
25 hexyl}-trifluoromethoxybenzene,
8% of p-[trans-4-(trans—4-penty1cyclohexyl)-cyclo-
hexyl]-trifluoromethoxybenzene,
8% of l-[trans-4-(trans-4-propylcyclohexyl)-cyclo-
hexyl }-2-(p-trifluoromethoxyphenyl)-ethane,
30 7% of 1-{trans-4-(trans-4-pentylcyclohexyl)~-cyclo~
| hexyl]=-2~(p-trifluoromethoxyphenyl)-ethane,
7% - of l1-[trans~-4-(trans-4-propylcyclohexyl)-cyclo-
hexyl}=-2-(3,4-difluorophenyl)-ethane,
6% of 1-[trans-4-(trans-4-propylcyclohexy1)-cyclo-
35 hexyl]=-2~(p-fluorophenyl)-ethane,
7% of 1-[trans-4-(trans-4-propylcyclohexyl)-cyclo-
. hexyl]l=-2-(p-trifluoromethylphenyl)-ethane,
7%  of 4-trifluoromethoxy-4‘-(trans-4-propylcyclohexyl)-
biphenyl;



15 tw st angle 240[err] tilt angle

d/p 0.56 d. An 0. 85,
containing a liquid crystal m xture having the follow ng 20 paraneters:
clearing point: : 87[err] kerr]n

0.1222 [err]: +8 5 VISCOSIty (20[err]O):

16 nPa.s 25 f_ §%
p-trans- 4- proo??gyc ohexgne- enzgﬁﬁﬁaiéyc ! me%Loxytolan,
trans- 1- p-net h&& pafhyi= ktqﬁnqnﬂ1an§pmisy§laheﬁyi)eﬂ'-ethoxytolan,

2- p-fl uorophen 5- are
2-p-trifl uoromi:it’khox‘ﬂr hen(}FB%ﬂ penmé% | ne"Yéa 4 propoxytolan,
2- ptrlfluoror’rét% ang% of

p-ltrans-4 (trapg- fbmmmdwad ngn

ngxyl] trifluoro ybenZene, 8%
p-[trans- 4- (tFHH£E 6§EFEH@?§I}2'96F31 P-(p-n-hexylbenzoyloxy) -

hexyl ]-trifl ummmaho&& switthing times.
1-[trans-4-(t é#&%? r#gpylcyclohexyl) cycl o-
hexyl]-2-(p-tri or onet hoxyphenyl ) - et hane, 7% of
1-[trans-4-(trans-4- pd ySEPc| ofiexthe - ST dt;ype containing a liquid
hexyl ] - 2q@o-t1d é,gyo n% a f

Ty st ﬁﬁ.y cycP%ﬁg' & hia &%1154in8 garaﬁetefT

1-[trans-4-(trans-4-prop cyclo 2- (3,
4-di fl uor ophe
1-[trans-4-(tm@ns-4-propylcyclohexyl) cyclo- 0.1130
Ae: +6.5
and consisting of a base mixture of
15 20% of p-trans-4-propylcyclohexane-benzonitrile,
10% of trans-l-p-methoxyphenyl-4~-propylcyclohexane,
5.6% of trans-1-p-trifluoromethoxyphenyl-4-propyl-
- cyclohexane,
'5.6% of trans-1-p~trifluoromethoxyphenyl-4~butylcyclo-
20 hexane,
5.68 of trans-1l-p-trifluoromethoxyphenyl-4-pentyl-
cyclohexane,
7% of p-[trans-4-(trans-4-propylcyclohexyl)-cyclo-

hexyl]~trifluoromethoxybenzene,
25  6.3% of p-[trans-4-(trans-4-pentylcyclohexyl)-cyclo-
. hexyl]-trifluoromethoxybenzene,
6.3% . of 1-[trans-4-(trans-4-pr6py1cyclohexyl)-cyclo-
hexyl]-2-(p-trifluoromethoxyphenyl)-ethane,
5.6% of l-[trans-4-(trans-4{-pentylcyclohexyl)-cyclo-
30 hexyl]~-2-(p-trifluoromethoxyphenyl)-ethane,
5.6% of l-[trans-4- (trans-4-propylcyclohexyl]-cyclo-
hexyl]-2-(3,4-difluorophenyl)-ethane,
5.6% of 1-[trans-4-(trans-4-propylcyclohexyl)-cyclo-
hexyl]-2-(p~trifluoromethyl)-ethane,
35 7% of 4-trifluoromethoxy-4’-{trans-4-propylcyclo-
hexyl)-biphenyl,
3.5% - of 4-(trans-4-propylcyclohexyl)-4‘-methoxytolan,
2.8% of 4-(trans-4-propylcyclohexyl)-4’-ethoxytolan
and



hexyl ] -2-(p-fluorophenyl)-ethane, 7% of
4-trifluoronethoxy-4'-(trans-4-propylcycl ohexyl)- 5 bi phenyl, 5% of
A-(trans-4-propyl cycl ohexyl)-2',3" -difluoro-4'- ethoxytolan and 5% of

4- (trans-4-pentyl cyl ohexyl)-2',3" -di fluoro-4'- ethoxytolan 10 and a
ctliral conponent (2-octyl p-(p-n-hexyl be@doyl oxy)- benzoate) shows the
followng swtching tines; 114 ns é1/16 1/5 .b), 236 ns (1/24 . 1/14.5
by, V[err] 2.353v3%t, 9fchr{toana-47propyiryF W PreRR Thf

0. 20. 15h Exaaﬂri] a ]?cl]ﬁ:tﬂr[béﬁpdﬁbhﬁ'lim-tdﬁtiglcwt(pi-ni-_hgxglbéqbﬁloxys)t-al

m xture havi ng t he oW ng _paraneters: .cd eari.n oi nt:

106 An: gbengoa ei shows "snort switching fbl&a[o‘err]:

+6. 9 and consiBkamplefS5a base m xture of 18% of

p-trans-4-propyl cycl ohgxang-hengonidd i % f : P
trans- 1- p-$ret hoxyphenyﬁi%r%p%C)I?cl*%hggnéf@p&%) 8?ntaa.ning a liquid

p¥[ trans- 4- (t revgshapropyture| %ﬁ‘é’-k’}‘l ythe following parameters:

hexyl ] -trifl uospamE Ry YpeIRENE, 8% Of 73°
p-[trans-4-(trans-4-peéentyl cycl ohexyl)-cycl o- 0.1252
hexyl ]-trifluo*®fet hoxybenzene, 8% of .

1-[trans-4-(tr&es-4-propyl cycl ohexyl)-cycl o- +8.70
Lo L2 40 A BRI TBETY ekl Wl or 70
hexyl ] - 2- ( p- t r 20%uor onef hpxtpansyéypreprleyclohexsme-benzonitrile,
helot 15 (2L 30 £GPy Rhol ey eny1—4-propyloyclohesane,
. : 5.68 of 2-p-fluorophenyl-5-propylpyrimidine,
5.68 of 2-p-fluorophenyl-5-pentylpyrimidine,
15 5.6% of 2-p-trifluoromethoxyphenyl-5-pentylpyrimidine,
5.6%8 of 2-p-trifluoromethoxyphenyl-5-heptylpyrimidine,
7% of p-[trans-4-(trans-4-propylcyclohexyl)-cyclo-
hexyl]-trifluoromethoxybenzene, ’
6.3% of p-[trans-4-(trans-4-pentylcyclohexyl)-cyclo-
20 hexyl ]-trifluoromethoxybenzene,
6.3% of 1l-[trans-4-(trans-4-propylcyclohexyl)-cyclo-
hexyl)-2-(p-trifluoromethoxyphenyl)~-ethane,
5.6% of 1l-[trans-4-(trans-4-pentylcyclohexyl)-cyclo-

-

hexyl]-2-(p-trifluoromethoxyphenyl)-ethane,
25 5.6 of 1-[trans-4-(trans-Q-propylcyclohexyl)fcyclo-
hexyl}-2-(3,4~-difluorophenyl)-ethane,
5.68 of l-[trans-4-(trans-4-propylcyclohexyl)-cyclo-
hexyl]-2-(p-trifluoromethyl)-ethane,
3.58 of 4-(trans-4-propylcyclohexyl)-4‘-methoxytolan,
30 3.5% of 4-(trans-4-propylcyclohexyl)-4’'-ethoxytolan
and ' ' :
4.2% of 4-(trans-4-propylcyclohexyl)-4’-propoxytolan
and a chiral component (2-octyl p-(p-n-hexylbenzoyloxy)-
benzoate) shows short switching times. :
35 In the following table, physical data of further
mixtures M1 to M4l according to the invention are given,
the composition of which is to be found after the table:



-

6% of 1-[trans-4-(trans-4-propyl cyclohexyl) cyclo- 35

hexyl ] -2-(p-fluorophenyl)-ethane, 7% of
1-[trans-4-(trans-4-propyl cycl ohexyl)-cycl o-

hexyl ] - 2- (p-trifluoronethyl phenyl)-et han(i 7% of

4Ztrifl uoromet hoxy-4'-(trans-4-propyl cyct @hexyl) bi phenyl , -26- 2% of
4- (trans-4-propyl cycl ohexyl)-4'-nmet hoxytol an,, 2% of

4- (trans-4-propyl cycl ohexyl)-4'-et hoﬁl‘typol an, Vaeypraqys An Ae
4-(trans-4-propylcyclohexyl)-4' -propoxvtolan. 4% of 4-nethyl-4'-et hoxytol an
and 5 4% cgg <h@i hyl - 4' - metypoxyt olggyp and a @hiyr al ﬁorﬁgqent (éxagt

p- (p- n- hexyl benzoyl oxy) - benzoat e) shows short “swi t chi ng tines. le 4
An SLD of the@l‘?@y Qpe contai Mg a | i8id 10 3+@rystBkldTBture haV| ng the

fol | owi ng spar geei¥yE: cl eari ngydpoi nt:110 3.3 0.0985AN: 2.3
0.71130 [err]: +6.,.5_and @0 gﬁ;tl ng of "a base

m xture of 15 89'2%%/0 t‘”ans 4- [9r30pyl cyclzoﬂ'exan onltrPI'Q 10%
of trans-1-p- rﬂa-Fﬂ:S(yphenyI 4 M6pyl cy@®@ohexane3.5. 6% 0.2159 :
trans-1-p-trif met hoxyphe -4- pr | - cyclyolRexan %
trans-1-p-trif ﬂ%mt hoxyphenyl 4- bu cycl o- 323 o, 0529 hexaﬁlé7 5. 6%
of  trans-1- Bh¥1438&r onet hoMbhenyl %pentyl 2.5 0.1008

10 ZLI-4581 M10 94 2.2  0.1006 4.1
. ZLI~4580 M11 95 2.0 0.1050 5.2
89-374 M13 92 4.7 0.1132 1.2
89-796 M18 91.2 0.153 6.2
90-442 M21 87 0.1435 9.6
15 89/1018 M22 85 1.92 0.1480
89/1020 M23 84 1.82 0.1458
89/1034 M24 86 1.94 0.1531
89/1036 M25 96 2.24 0.1645
89/1037 M26 95 2.18 0.1648
20 89-733 M27 80 0.1255 5.5
90-81 M29 90 2.06 0.1403 11.1
90~-499 M30 82 1.93 0.1427
90-502 M31 84 2.01 0.1401 10.3
90~515 M32 83 1.77 0.1405  12.3
25 90-602 M33 . 86 1.8 0.14
90-604 M34 81 2.0  0.137
90-605 M35 94 1.9 0.15
' 90~606 M36 80 1.8  0.14
90-607 M37 87 1.8  0.14
30 90-608 ‘M38 80 1.8 0.14
ZLI-4720-100  M39 91 - 2.3  0.1299 9.6
90-609 M40 85 2.2 0.125
90/2008 M4l 76 2.15 0.1115
90/370 M42 76 1.63 -0.1345
35 90/371 - M43 70 1.44 0.1065
90/373 M44 2.12 0.1678
90/409 . M45 68 1.42 0.1306

90/414 M46 74 1.44 0.1136



cycl ohexane, 7% of p-[trans-4-(trans-4-propylcycl ohexyl) cycl o-
hexyl]-trifluoronethoxybenzene, 25 6.3% of
p-[trans-4-(trans-4-pentyl cycl ohexyl)-cycl o-

kexyl ] -trifluoronet hoxybenzene, 6.3% 59 1-

trans-4- (trans-4-propyl cycl ohexyl ) -cyclo?

hexyl]-2-(p-trifluoronet hoxyphenyl) - ane, 6% of
1-[trans-4-(trans-4-pentyl cycl ohexyl )%t%ycl o- 3o/ An de
hexyl ]-2-(p-trifluoronethoxyphenyl)-ethane, 5 6%  of

1-[trans-4- (t reagre Propy! cychgiexy! )63cycl 0- 1.66 0.1617
hexyl ] -2-(3, 493*)54 uor ophenyl ) - et hane, 6% = of

1-[trans-4-(tr ]41propyl cycl‘@@exyl) 1’cycl 0- 1.89  0.1306
hexyl ] - 2- (- t r9G /448 onet hyl ) - ei4gne, 185 7% 2.070f 0.1193

. 4ztrifluoromet (trans-4.pnropylgycl o- hexy bi gh 3.5% of
42 (trans-4-pr o{)@(%%l ohexyl) - th tol an, ; b& @f‘i%b
4- (trans-4-propyl cycl ohexyl)-4 -et hoxyt ol an and -27 - 3.5% of :
4-(trans-4-pr cg)(y) ohexyl) zéiar op%ytol an ariq.,% Chlol‘ ihoiorrpo%n(f,,

X i mes.

(2-octyl p-(p-n hex benzoyl oxy)- benZoate) shOWws short Switchin

Exanple 5 5 90/2015 An SLD 52 he 9B\ type, doBdai nBr@152l i qui 8.6ryst al
m xture havi nggdm-i ol owi ng pganet ggp: clear |1ngop0| 01401 11.4
73[err] [err]n: 1252 [err]:

+8. 7



10

p-trans-4-propyl cycl ohexane-benzonitrile,

t'rans- 1- p- net hoxyphenyl
2- p-fluorophenyl
pr-fluorophenyl
2-p-trifluoronet hoxyphenyl
2-p-trifluoronmet hoxyphenyl
p-[trans-4-(trans-4- propylcyclohexyl)-cyclo-

hexyl ] - tr|fluoronethox§benzene

p-[trans-4

tylcyclohexyl) cycl o-

hexyl]-trifluoronethoxybenzene 6.

1-[trans-4-(
hexyl ] - 2- (p-
T¥[trans-4- (PCEnS34- pent yl c}il ohfxyl ) - cycl o-
hengl) et hane,

xyl)-cycl o-

hexyl ] - 2-(p-
1-[trans-4-(

4-(trans-4- Pk
p- (P-

(2-octyl

propees.

% hfluo

rans-4- propyl cycl oh
hexyl ] - 2- (3, I38i f | uor ophenyR9- et ¥ane,
1-[trans-4- (gegag24- propyl cyel ohexyl ) -cycl o-
hexyl ] - 2-(p- %élf%goronethyl) eth ne,
4-(trans-4-p ycl ohexyl ) = 4 t hoxyt ol an,

propyl c
r omet hox

ronethox

g§¥%§yclohexyl)

xyl benzoyl
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PCH 3 21 % PCH 3 11 % PCH 5
10 % PCH 5 10 % PCH- 7 10 % PCH 7
10 % 90/2014P¢M53)1 . 10- % PCIYMI@D15 (M52)12 %
PTP- 102 4 %PTP-35 . 5 % PTP- 201
3 % PTP-102 5 _ CPTP- 303 216§ % CPTP-302
5 % 6. CCP-30CF3 g 10 % CPTIRCAL3 5" %
CCP- 50CF3 K610 o BOH- 32 8 9@ ) BCH-5 1058CP- 32
% BCH 52F PCH-3 9 »0 CO 375 ,550 % 90/ 415 (M
49) PCH-S, @, 0L7 (M 50) PYP 3P
PYP- 3F (f 3 410 14 % ccp zocr3pd¥e° 22
PCH 5 -30 PCH5 éﬂ3PC}370 10
% ACPOCF3 8.0 13 PCH 301 P-39
PCH 301 && §EHE)303 8.0 4 % ccp-4OCF3pT&0182 5
% PTP- 102 c ,i 5.0 PTP-201 ¢cp-50CF34 8%0
CCP-40CF
-102 7.0
CCP-50CF3 6,0 i::P 01 8.0
PTP-102 3.0
CPTP-301 6.0
90/487 (M53)
. PCH-3 18,0
PCH-4 14,0
PCH-S 11,0
ME2N.F 3,0
ME3N.F 4,0
D-302 5,0
0‘402 5,0
PTP-102 4,0
CPTP-301 4,0
CPTP-302 4,0
CPTP-303 3,0
ECCP-3F 6,0
ECCP-5F 6,0
ECCP-31 6,0
7.0

ECCP-32



CCP- 30CF3 11 % CPTP- 301 4 % CCP-50CF3

11 % CPTP- 302 3 9% ECCP- 32 9 %
CPTP- 303 5 9% ECCP- 33 8 % BCH- 32
10 % BCH- 52F 8 % -43- 90/2Q14 (MB1) - |
90/ 2015 (MB2) K6 7,0 -4 - poy3 21,0 PCH 3

15 0 por 301 PCHYS3C T trans-I<b-pcgyiphenyl-; %Q‘E@cé’ff&??ex"’g o o 1F

CCP- 30CF3 13, L-32P. BOCFB 1-(t:&):s%-propylcycloh@&?lﬁﬁﬁm'-1e§:byw A40CF3
>0 o o0 Ftuordbibiedy it ) 'etjﬁ% CPTP- 301 0 507 48

7,0 PTP-102 3,0 6,0 90/ 487
(M63) PCH3 I-35: 13 ( Ferftpans-4-propyloyrltehexyl)-2-(4'rpeptyizR’F
3,0 ME3N. s 4 0 b %oroblphenﬂ-fl@l‘b%thane 5,0 PTP-102
4.0 CPTP-301 0 CPTP-3
Y BCH-37' Ileg£y1-4'-?trans -4-propylcyclohexyl) -
biphenyl
BCH-52: 4-ethyl~-4’~-(trans- 4-penty1cyclohexy1)-
biphenyl
10 CCH-303: trans trans-4-propoxy-4'-propylcyclohexyl-
cyclohexane
CCH-501: trans,trans-4-methoxy-4‘~pentylcyclohexyl-
cyclohexane '
CH-35: trans-4—pentylcyclohexyl trans,trans-4-pro-
15 ‘pylcyclohexylcyclohexanecarboxylate
CH=-43: trans-4-propylcyclohexyl trans,trans-4-butyl-
cyclohexylcyclohexanecarboxylate
CB-45: = trans-4-pentylcyclohexyl trans,trans-4-butyl-

cyclohexylcyclohexanecarboxylate
20 PCH-302: trans-l-p-ethoxyphenyl-4-propylcyclohexane
PCH:303: trans-1-p-propoxyphenyl-4-propylcyclohexane
PCE~304: trans-1l-p-butoxyphenyl-4-propylcyclohexane
CCH-502: trans,trans-4-ethoxy-4‘’-pentylcyclohexyl-
cyclohexane
25 ECCP~-32: 1-{trans-4-(trans-4-propylcyclohexyl)-cyclo-
| hexyl]-2-(p-ethylphenyl)-ethane
ECCP-31: 1-{trans-4~(trans-4-propylcyclohexyl)-cyclo-
hexyl]-2~({p-methylphenyl)-ethane
ECCP-35: 1-{trans-4-(trans-4-propylcyclohexyl)-cyclo-
30 hexyl }-2-(p-pentylphenyl)-ethane
PCH-501: trans-1l-p-methoxyphenyl-4-pentylcyclohexane
PCH~502: trans-1-p-ethoxyphenyl-4-pentylcyclohexane

CpP-33: p-propylphenyl trans,trans-4-propylcyclo-
_ hexylcyclohexanecarboxylate

35 CP-35: p-pentylphenyl trans,trans-4-propylcyclo-
hexylcyclohexanecarboxylate

CP-43: p-propylphenyl trans,trans-4-butylcyclohexyl-

cyclohexanecarboxylate



CPTP- 303 3,0 ECCP-3F 6, 0 ECCP- 5F 6, 0 ECCP- 31 6,0
ECCP-32 7,0 - 44 - PCH 53: '

trans- 1- p- propyl phenyl - 4- pentyl cycl ohexane |-32:

1s{trans- 4-propyl cycl ohexyl)-2-(4 -ethyI4§ - fluorobi phenyl -4-yl) -ethane

| - 35: 1- (trans- 4- propyl cycl ohexyl) (4' -pentyl-2'- 5
_fluorobiphenyl et ha Q@?ﬁﬁa _
4-ethy|- (trgﬁglagpropyl 0 e%mffylbFﬁﬁgn9FI%E§+%xP“tY1°Y°1°hexY1

4- et hyl - 4' - (trans- 4- pent yl eyclohexanecarhoxylate 10  CCH 303:
trans, trans 4-PIPPPYYs 4' - m%&viphq%drmﬂﬂexane CCH- 501
cycl

trans, trans-4-net hoxy-4'-pentyl ohe cycl.ohexane CH 35:
trans- 4- pent yI RIRTINEXy| t42PARtORE: ﬁ- rofolan

pyl cycl ohexyl mmanecuw mf&orétoldd ans-4- propyl cycl ohexyl
tpans,trans-4 cyclo C ohexanecar boxylate CH.45
trans- 4- pentylgé%%%%%kyl t?ﬁﬂg iaﬁ} m% yr-4 propylcyclohexane
cyclohexylcycl@¢§m&ﬂbcarbokyanSQtiansimandﬁﬁbxy-4'-propylcyclohexyl-
trans- 1- p- et hoxyphenyl - 4- Qé #gmmane PCH: 303: _
trans- 1- p- propoxyphenyl - cyc ohexane PCH 304:
trans- 1- p- but &% 'n%#,’/f-4- JiransTd-propylcyclohexyl)~2-fluorc-
10 biphenyl '
CBE-55F: 4,4’-bis~-(trans-4-pentylcyclohexyl)-2-fluoro-
biphenyl
CBC-53F: 4-(trans-4-pentylcyclohexyl)-4‘’-(trans-4-pro-
pylcyclohexyl)-2-fluorobiphenyl

15 CBC-33: 4,4’-bis-(trans-4-propylcyclohexyl)~biphenyl
CBC-55: 4,4'-bis-(trans-4~pentylcyclohexyl)-biphenyl
CBC-53: 4-(trans-&-pentylcyclohexyl)-4'-(trans-4-pro—

pylcyclohexyl)-biphenyl
ECCP-33: l-{trans-4-(trans-4-propylcyclohexyl)-cyclo-

20 hexyl]-2-(p-propylphenyl)-ethane
CCH-51F: trans,trans-4-~ fluoromethyl-4'-pentylcyclo-
hexylcyclohexane
CCH-31F: trans,trans-4-fluoromethyl-4’-propylcyclo-~
' hexylcyclohexane '

25 PTP-102: 4-methyl-4’~ethoxy-tolan
PTP-201: 4-methoxy-4‘-ethyl-tolan
CPTP-301: 4~ (trans-4-propylcyclohexyl)-4‘-methoxy-tolan
CPTP-302: 4-(trans-4-propylcyclohexyl)-4‘’-ethoxy-tolan
‘CPTP-303: 4-(trans-4-propylcyclohexyl)-4‘’-propoxy-tolan

30 PCH-5F: trans-1l-p-fluorophenyl-4-pentylcyclohexane
PCH-6F: trans-1-p-fluorophenyl-4-hexylcyclohexane
PCH-7F: trans-1-p-fluorophenyl-4-heptylcyclohexane

EPCH-20CF,: l-(trans-4-ethylcyclohexyl)-2-(p-tri-
fluoromethoxyphenyl )-ethane _
35 EPCH-30CF;: 1-(trans-4-propylcyclohexyl)-2- (p-trlflu-
oromethoxyphenyl)-ethane
EPCH-50CF,: l-(trans-4-pentylcyclohexyl)-2-(p-trifluoro-
methoxyphenyl)~-ethane



CCH 502: trans, trans- 4- et hoxy-4' - pentyl cycl ohexyl - cycl ohexane 25
BCCP- 32:- 1-[trans-4-(trans-4-propyl cycl ohexyl)-cycl o-

hexyl ] - 2- (p- et hyl phenyl ) - et hane ECCP- 31:
1a[trans-4-(trans-4-propy|cyclohexyl)-quda
hexyl ] - 2- ( p- met hyl phenyl ) - et hane ECCP- 35:

1-[trans-4-(tr vl £y Lh?%* . e (D=t i -
hexyl]-2-(p-pentyiﬁﬂgﬁsq%-gtﬁgﬁgﬁg%H- 1§ﬁ3ycighexyl) 2-(p-trifluoro
trans- 1- p- met hoxyphenyi - 4-Betkoxyphenrk) athane 502;

trans- 1- p- et hopaRb3oaF;4- pe:a&nbclcbdﬁ&mﬁmhquphéhsplnwbﬁagw
trans, trans-4-propyl cycl o- heﬁg%$ cl ohexanecar boxyl ate 3 CP- 35:
p- pentyl phenyl trans, t r afESH49 cycl o- hexyl cycl ohexanecar boxyl at e

CR- 43: 5 p- (PPCRYS5Q0CEy | transtlapstiifludromethionyphenyl-4-pentyl-
cycl ohexanecar boxyl at e §€ ioé%%ﬁi' p- pent yl phenyl .
trans, trans-4-butyl cycl ohe - 3 %exanecarboxylate PTP- 40F
4- Eut %i 4'4; f }ﬁ%ﬁ?ﬁ?ﬂ:ﬂ?ﬁ m8'4'4WyPr°PYﬂ-9W&DhbM15'¢YPIP?70F:
fraﬁg-l-%-nethox phen I-ﬁm r-o g c%% %ﬁﬁgkﬁkgqﬁg$%§£ﬁxyphenyl)-ethane
trans,trans-4-§§¥3b§9éﬂimpfbb g bHErpms-Arpepkyianelohexydf-cyclo-
4,4"bi$‘1¢ran5:4-Pr0py|CYRéﬂﬁB¥¥i§fﬁhfiitldbrdﬁkthoxyphenyl)—eﬂﬂaﬂhﬁny|
CBE-SSF 4 deplhger!s 23 feRaRLYaSYerRAEX Y bty 1bYR10hexy1) -cyclo-
hexyl ]~-trifluoromethoxybenzene
CCP-30CF;: p-[trans—-4-(trans-4-propylcyclohexyl)-cyclo-
hexyl]-trifluoromethoxybenzene
15 CCP-40CF,: p-[trans-4-(trans-4-butylcyclohexyl)-cyclo~-
hexyl]-trifluoromethoxybenzene
CCP-50CF,: p-[trans-4-(trans-4-pentylcyclohexyl)-cyclo-
_ 'hexyl]-trifluoromethoxybenzene E
BCH-30CF,: 4~-trifluoromethoxy-4‘-(trans-4-propyl-cyclo~-
20 hexyl)-biphenyl
ECCP-3F.F: 1l-[trans-4-(trans-4-propylcyclohexyl)-cyclo-
hexyl]=-2-(3,4~-difluorophenyl)-ethane
ECCP~5F.F: l-[trans-4-(trans-4-pentylcyclohexyl)-cyclo-
hexyl ]~2~(3,4-difluorophenyl)-ethane
‘25 CCP-3F.F: 4-[trans-4-(trans~-4-propylcyclohexyl)-cyclo-
: hexyl]-1,2-difluorobenzene
CCP-5F.F: 4-[trans-4-{trans-4-pentylcyclohexyl)-cyclo-
hexyl]-1,2-difluorobenzene
D-302FF: 2,3~-difluoro-4-ethoxyphenyl trans-4-propyl-

30 cyclohexylcarboxylate
D-502FF: 2,3-difluoro-4-ethoxyphenyl trans-4-pentyl-
cyclohexylcarboxylate
CCP-3F: 4-{trans-4-(trans-4-propylcyclohexyl)-cyclo-

hexyl]-fluorobenzene
35 ECCP-3F: l-[trans-4-(trans-4-propylcyclohexyl)-cyclo~
' hexyl]-2-(p-fluorophenyl)~-ethane
ECCP-5F: l-[trans-4-(trans-4-pentylcyclohexyl)-cyclo-
hexyl]-Z-(p-fluorophehyl)-ethane



bi phenyl CBC-53F: 4- (trans-4-pentyl cycl ohexyl)-4'-(trans-4-pro-

pyl cycl ohexyl ) - 2-f| uor obi phenyl 15 CBC- 33:

4, 4' -bi s-(trans-4-propyl cycl ohexyl) - bi phenyl CBC-55:

4%4 - bi s- (trans 4- pentyl cycl ohexyl ) - bi ph |_ CBC-53:

é&gérggs pintylcyclohexyl) 4' - (trans-4-gro- pyl cycl ohexyl) - bi phenyl
s-4-(tran ' - -

hexyl ] - 2-(p- pr%iby phenyl) étlfl ﬁg@%ﬁﬂ%ﬁL%tﬁﬁﬁkgl Bgopylcyclo

trans, trans-4- fIuoronethyIhquhkwﬂx¢lsh#xﬁnQRBGPQ!Wﬂﬂﬁwexane CCH- 31F:

trans, trans-4-aplgponet hyl s L cxa _102:
4- nethyl -et%%xgﬁtolan p-5%6£$pﬂéé?¥§§?‘hsxu ?iihﬁh 4 ﬁén2§1c¥g?§01

hoxy-4"'"- -tol an
4-(trans- 4 propyl cycl ohexyhesyl) reyeiohe ﬁﬁﬂﬁiiﬁﬁé
4- (trans- 4g pr opyp<spt ohexyps 4£1@éfmeﬁ em- gty Iitimidine

Z R O e IR

trans-1-p-fl uoPYPRERy| - 4 hZuy+f¥u¢:¢uh&n¥i+53h€HtY1Plemidlne

trans-1-p-fluog b % d 1py r.um.d:.ne

1-(trans-4-eth cyc xyI -2- ri- fluoro thane

EPCH- 3OCF['err]¥ POCEsS- 427PD z& ’Eﬁhg‘fﬁ/ﬂk yipy

oronethoxy@henyybagobpﬁﬁ ER Eﬁffiﬁﬁfdmethoxyphenyl-s-heptylpyrlmldlne
e

1-(trans-4-pen£¥hg¥cl xyll 2a£gL -propy cycfnie£¥9u§gﬂygﬁléﬁf¥g“3 - 46-

PCH-4: p-trans-4-butylcyclohexyl-benzonztrxle

PCH~-5¢ p-trans-4-pentylcyclohexyl-benzonitrile

ECCP~3: 1-[trans~4-(trans-4-propylcyclohexyl)-cyclo-
15 hexyl ]-2-(p-cyanophenyl)-ethane

ECCP-3CF,: 1-[trans-4-(trans-4-propylcyclohexyl)-cyclo-
. hexyl]-2-(p~trifluoromethylphenyl)-ethane
ECCP-5CF,: l-[trans-4-(trans-4-pentylcyclohexyl)-cyclo-
hexyl]-2-(p-trifluoromethylphenyl)~ethane
20 PYP-5N.F: 2-(3-fluoro-4-cyanophenyl)-5-pentylpyrimidine
PYP-7N.F: 2~ (3-fluoro-4-cyanophenyl)~5-heptylpyrimidine
PCH-30CF,: trans-l-p-difluoromethoxyphenyl-4-propyl-

cyclohexane
PCH-50CF,: trans-l-p-difluoromethoxyphenyl-4-pentyl-
25 cyclohexane
PCH~3-0CF,: trans-1-p-dlfluoromethoxyphenyl-4—propy1-
cyclohexane
BCH-5.F2: 4-(trans-4-pentylcyclohexyl)-2‘’~fluoro-
4’-ethylbiphenyl
30 K6: 4-ethyl-4’-cyancbiphenyl
K9: 4-propyl-4’~-cyanobiphenyl
PTP-35: 4-propyl-4‘’-pentyltolane
ME2N.F: 3-fluoro-4-cyanophenyl 4-ethylbenzoate
ME3N.F: 3-fluoro-4-cyanophenyl 4-propylbenzoate
35 MES5N.F: 3-fluoro-4-cyanophenyl 4-pentylbenzoate
PCH-2: p-trans-4-ethylcyclohexylbenzonitrile
PCH~7:  .p-trans-4-heptylcyclohexylbenzonitrile

PCH-32: trans-1-p-ethylphenyl-4-propylcyclohexane



g

EPCH- 70CF[ err ] : 1-(trans-4-hepty|cyclohexyl)-z-(p-trifluoro-

met hoxyphenyl ) - et hane PCH 30CF[err]: _

trans- 1-p-trifl uoronmet hoxyphenyl - 4- propyl - cycl ohexane 5 PCH 50CF[err]:

t rans- 1- p-trifl uoronet hoxyphenyl - 4-pentyl - cyclohexane ECCP- 30CF3:

1-[trans-4-(trans-4- propylcyclohexyl) c?c4

hexyl]-2-(p-trifl o onet hoyxy rnﬂ% et hane E err

[trans-4-(trané£§ éﬁtylcy FJ DRSS oPrTCCE° JI) 2-fluoro-

hexyl ] - 2- (p trifIuoronethoﬁypy&ﬁphphenyhhe2€11¥f1u§iaph§nyl)-ethane

p-[trans-4-(tr Lhyl cycl ght VEL é*Qanene

OCP- 30CF3: ??ﬁanéﬁ A AL )Mnf £ ﬁeﬂggi 1“’*4*%%&“

hexyl ] - trlfluoronethoxybenéérrv1 ip GE? MﬁlF[QTf uorophenyl)—ethane

p-{trans- 45(tr9ﬁTE§FbUty|C!¢“¥“¥Qﬁ&r6¥ﬂL YLkl I ly9ptiaiyPxkRanzene
-50CF[err]: p-[trans-4- ét ent ohexyl) cycl o-

hexyl ]-trifl uor omet hoxybens BEFPE D¢ i f| uor onet hoxy- 4

- (trans-4-propfETepPizo- 201-(2~ fluoro-4-§§uyy1-brﬁ#bﬁbipﬁﬁﬁ?l?FzF(4-
1-[trans-4-(trans-4-propyl

hexyl ] - 2- (3, 4- g. &ugbg%gen?f‘&?ﬁgééj’?fix%‘g{‘—“ﬁ Lohexvl) g’ otrifl
1-[trans-4- (tr SRTPA vl dyditatanst4-pyepylcyclohexyl)~4‘~trifluoro~
Qe?¥LLn§ ﬁa(frghglzorOphSP?§§P§h QEhgﬁeclgCP 25 § di fl uqQrobenzene
CCP-5F. F:  4-FF ('t f‘a’r@r&'}%r& yP%"} ¥ Lxx}&r&"‘tnf(i“"m'
hexyl]-1,2-d|fluorobenzenemﬁtaaaﬁﬁethana 3- dlfluoro 4- et hoxyphenyl
trans- 4- propyl OE?§¥L8€£ g&glate D 502FF

2, 3-di fl uoro- 4?3%h39§bhenyﬁ FF §y§2Le

PYP-3F: 2-(4-fluorophenyl)-5~-propylpyrimidine
15 PTP35: 4-propyl-4’-pentyltolane
PTP45: 4-butyl-4’-pentyltolane

BCH~52F: 4-(trans-4-pentylcyclohexyl)=-2-fluoro-
4’-ethylbiphenyl .
CP-302FF: 2,3-difluoro-4-ethoxyphenyl trans-4~(trans-
20 4-propylcyclohexyl)-cyclohexanecarboxylate
PCH-301: trans-l-p-methoxyphenyl-4-propylcyclohexane
PCH-401: trans-l-p-methoxyphenyl-4-butylcyclohexane

D-302: 4-ethoxyphenyl trans-4-propylcyclohexylcar-
boxylate .
25 D-402: 4-ethoxyphenyl trans~4-butylcyclohexylcar-

boxylate



-

cycl ohexyl car boxyl at e CCP- 3F: _
4-[trans-4-(trans-4-propyl cycl ohexyl)-cyclo- hexyl]-fluorobenzene 35
ECCP- 3F: 1-[trans-4-(trans-4-propyl cycl ohexyl) cyclo

hexyl ] - 2- (p-f | uor ophenyl ) - et hane ECCP- 5F*J 'EP 0438547 Bl
1-[trans-4-(trans-4-pentyl cycl ohex cl.o-,

hexyl ] - 2- (p- f | uor ophenyl ) - et hane Baltg, ﬁ:ya;agps p-f- | uor ophenyl
trans-4- (trans-4-propylcycl o- hexyl)-cycl ohexanecar boxyl at e CP-5F:

p-f luorophenyl tr ansgﬁgefg%w%§§5lz.g%anéﬂgxgiodlsplay with

exyl ) -cycl ohexanecar :
| uor ophefiyl - 5¥ H@nt@i’WTFﬁlﬁﬁkﬂeebYPa@Fﬂ-er plates which, with a

p-f
p- f1 uor ophenyl - S£paimgl, pfbkﬁl di ge1PYP- 7F:

-p-fl uorgphenyl - 5- hept yr| dip |5YP- 30CF[ err]
p- triflgororret hoRy ﬁ- pFrYALS in@lﬁﬁﬂr@ocu%%qﬁﬂ}ed in the
p-trifluoromet hongihlhenhhvﬁngeat pbaiti%ddﬂelé&rlé’\/&x:zgéf:{'@éj i

trifluoropgetho md|neP
P ans. 4 pr opyl oy STORERUIOLISEEY A BEADSda Srientation layers
t rans- 4- but yl cycPBhthel insideai ofi thePerrBier plates,

p-trans-4-pentyl CYS| @ﬂfﬁ%u@f@zﬁ“ %dte 1E r% to 30 degrees between
1- [translé (trans-4 E Rp}_/l ¥,C| Qhexyl)-cycl o-
hexyl - 2*8p- cyanopﬁb yrengikuddngdcpxiergf the molecules at the sur-

1-[trans-4-(trans- #apeopf! ehel eaerilr ¢leltes and the carrier plates,
hexyl]-2-(p-triflugrgnet hyl phenyl)-et hane ECCP-5CF3:

1-[trans-4-(trans- e entyl cycl ohexyl ) -cycl o-
hexyl ] - 2- (p-tri f | uar twashy apgdey Of- dhealdghid cRyetall mixture in the

2-(3-fluoro-4-cyanggienylyud onQﬁ’XJiQ:}f&ﬁnlg&QP to orientation layer of

15 an amount between 100 and 600°, characterized in
that the nematic liquid crystal mixture
a) is based on component A containing one or more

compounds selected from group A comprising compounds
of the formulae IIa~-IIc and IIe-IIk:

(D
Q@

R- @—CH CH, .-cu CH,, .—x I.I'e.
R—.-CH CH,- .-.—x IIf
R -.-c c_-.—x _ 11g

@@=

h
2-
2-
2-
23
2-
2-
p-
p-



PYP- 7N. F: 2- (3-fluoro-4-cyanophenyl)-5-heptyl pyri m di ne PCH 30CF[err]:
trans-1-p-difl uoronet hoxyphenyl - 4- propyl - cycl ohexane PCH 50CF[err]:
trans- 1- p-di f | uor onet hoxyphenyt - 4- pentyl - 25 cycl ohexane
PEH 3-OCF[err]: trans-1-p-difluoronet hp)g/dz)h_enyl 4- pr. opyl - cycl ohexane
BCH 5. F2: 4- (trans-4-pentyl cycl ohexyl -f 1l uoro- - et hyI bi phenyl 30

K6: 4-et hyl -4 4cy N P K9 _ r nobi phenyl
PTP- 35: 4- propyl - - %f% % ;C=C- S‘Sro 4- c%ﬁophenyl
4- et hyl benzoat e ME3N. F: -fluoro-4-Ttyanophenyl_4- propyl benzoate 35
VESN. F: 3-fluoro t ZOAt 2:
p-trans-4-ethyl cycl ohg§<yl nl-fél’l @—%%ZW Q"‘ Ik
p-trans-4-heptyl cycl ohexyl benzonitrile PCH- 32: :
trans- 1- p- et hyl phetnl whiphopRI d.yc heh&kymeor n-dlkegyEThawing up to 9
1x( 4- (tr ans- 4- propyi cycl ohexE | uor o-

en

4' -yl - bi phenyl )-2-(4-fluorop 2/ - &t hané CFET-5F:
1- (4- (trans- 4- pentyl cycl ohex¥l Ji®-Fyu&do- -CF;, =-CHF,, -OCF,, -OCHF,,

4' -yl - bi phenyl)-2-(4-fl uor ophgny-d gtb,g—ne.oﬁp ,Fahd3F:
T (511 uoBo-4- pentyl -4 -yl -bEB 225‘; bbaza ! i R R TP
4- (trans-4-propyl cycl ohexyl ) of dne fanstlter are 1,4-~phenylene, 2- or
: : 3-fluoro-1,4-phenylene - or trans-1l,4-
cyclohexylene, or one of the rings A!, A?
and A’ can also be 1,4-cyclohexenylene,
10 . : 2,3~difluoro-1,4~phenylene, pyridine-2,5-
diyl or pyrimidine-2,5-diyl, .

b) contains 0-40% by weight of a liquid-crystalline
component B, consisting of ohe or more compounds
having a dielectric anisotropy from -1.5 to +1.5, of

15 the general formula I

@B

in which R! and R? each independently of one

another are n-alkyl, n-alkoxy, n-oxa-

alkyl, w-fluoroalkyl or n-alkenyl having

up to 9 C atoms, the rings A!, A? and A®

.20 ' each independently of one another are
1,4-phenylene, 2- or 3-fluoro-1,4-pheny-

lene, trans-1,4-cyclohexylene or 1,4~

cyclohexenylene,

2! and %’ each independently of one
25 another are -CH,CH,-, ~-CsC~ or a single

bond, and

mis 0, 1 or 2,
c) contains 0-20% by weight of a liquid-crystalline
component C consisting of one or more compounds
30 having a dielectric anisotropy below -1.5, and
d) contains an optically active component D in such a
quantity that the ratio of cell thickness (spacing



10 met hoxy- et hane CPTP-50CF3:

4- (trans-4-pentyl cycl ohexyl)-4"-trifluoro- nethoxy-ethane PTP-20F:

4- et hoxy-4'-fl uor ot ol ane PYP- 3F: 2- (4-f 1l uorophenyl)-5-propyl pyri m di ne
15,  PTP35: 4-propyl -4' - pentyl tol ang,PTP45:

4 butyl -4' - pentyl t ol ane BCH 52F: 4- (t%&hs 4- pent yl cycl ohexyl ) -2-fl uoro-

2o PN TRRHR mperkralyiael bR BT e Shhchadrid 1

trans- 1- p- met hoxypmn9¢h4eﬁrbp9l cl;lcrehenmt iguid crystal mixture

trans- 1- p- net hoxyph Eyi?éuéuﬁﬁicﬁ§|9h?X4ﬂﬁiE>302 _ 4- ethoxyphenyl
trans-4- propylcyclo exyl car - oxy at D- 402: 4- et hoxyphenyl
trans- 4- butylcyclo - theyhepatic liguid crystal mixtps §§§54 2 B1

Patent cl 1. m§Hi2€r Hué ﬂfd:ﬂjé 6fcazsleas£ilmw,y av\/lvt'l.hcos:.tyt of
pllane- par a IeI carrler

nematic |iquid cryshab ﬁP%%ﬁiB gga?ﬁ% ?naPﬁ gg?Fieﬁg%ﬁﬁga§188§FPP¥e

di el ectric- ani sotropf, at leasteeugo&heldyelecurib anpsopnepdeSroﬁnthelon

I
deyres 10 30" degr cceoparypdf 41 Ui cReghBters reldhiug e dRiopanagienl 1

axis o
mol ecul es at the suiiquid crystal mixture referrxng'to a temperature of
10 20°C.
2. Display according to Claim 1, characterized in

that component A additionally contains one or more cyano
compounds, the proportion of the cyano compounds in
component A amounting to 0 to 50% by weight.

15 3. Display according to Claim 2, characterized in
that the cyano compounds are selected from the compounds
of the formulae IIa-IIf

Ila

X
R- -CHZCIiz- - X : 1Ib
& @@ - .
- - - - - - X
R @ CI*IZCH2 HZCHZ Ile
X

IIf

in which X is cyano and the meaning of R, A!, A’ and A’ is
given in Claim 1.

20 4. Display according to Claim 2 or 3, characterized
in that component A contains one or more compounds of the
formulae IIa-IIc and IIe-IIf, in which X is -F, ~Cl,
-CF,, -CHF,, -OCF,, -OCHF,, -OCF,CF,H or -OC,F,, and R, A!,
A? and A’ have the meanings given in Claim 1.



-

face of the carrier plates and the carrier plates, and - a tw st angle
of the liquid crystal mxture in the cell fromorientation |ayer to
orientation | ayer of 15 an armount between 100 and 600, characterized
ig that the nematic liquid crystal mxturg,a) i s based on conponent A
cont ai ni ng one or frore conpounds sel ecte rom group A conprising corrpounds

of the formiag,|la- "siﬁagay cebtaibg! o [Eldin [, ;(f}mLsaéke{:;gé{;)l i ]

[err] [err] avi ng
up to 9 C atonkhak pgnpongnt qntqinscnqqe»mpound:r?ﬁrtpe fozemflaer |,

-OCF[err] CFl ertIh €6 1P€| cinl Wheehl x- £8 ano. the rings
Alerr], A[err]ﬁand A[erirL ach i ndependen y of one anot her _are

1, 4- phenyl ene, or 3DPEPRIRY-acg0 |epat lpast ongef) Claims 1 to
cycl ohexyl Bne, SQrcharacf:ei'.hzed hysthitew lis #,ecl] CF,, -OCF,, -OCHF, or

A ) -CHFa‘..
7. Display according to at least one of Claims 1 to
6, characterized in that component B contains one or more
compounds selected from the group comprising II1l to II7:

D@*  w
R’j—@o-@-nz 112
O ~CH,CH -@ 13
Rotes
Rl-@O-Rz 115
n1-®®-n2' 116
rl- -T:azcaz--nz 7

10 in which R! and R? have the meanings given in Claim 1.
8. Display according to Claim 7, characterized in
that component B additionally contains one or more
compounds selected from the group comprising II8 to II20:

(e ) -( trs
S DD



and Alerr] can also be 1, 4-cycl ohexenyl ene, 10

2, 3-di fluoro-1, 4-phenyl ene, pyridine-2,5- diyl or pyrimdine-2,5-diyl, b)
contai ns 0-40% by weight of a liquid-crystalline conponent B, consisting of -
ORe or nore conmpounds having a dlelectrl%ﬁﬁnlsotrOpy from-1.5 to +1.5, of -
15 the general formula | [err] ich Rlerr] and Rerr] each

i ndependently of one another are n-alkyl, n-alkoxy, n-oxa- alkyl,

[err]-fluoroal kyl 81n p.20 9 C atons, the rlnﬁs Alerr],
Alerr] and Alerr] 2 &ch independently ofIdhe anot her
are 1, 4- phenyl ene, 2- ﬂfluoro-l;l-ohen - lene, trans-1, 4-cycl ohexyl ene
or 1, 4 cyclohexeny . 3 hR2ndependent&g Qf one 25

i ngl e bond mis 0, 1 or

2, ¢) contains O- 20@6 of a liquedscrystalline conponent C
cgnasi sting of one oR! -rrg a-r- dag 6H. - ba%ing a diel ggisic
ll

ani sotropy bel ow -1.5, ont |n§ ptically active conponent D in

such a quantity that t | thsckness (spaci ng -51- of the
pl ane-paral | el carrﬁbr 'aRuraI pitch of the thitsaal nematic
liquid crystal n1xture

@@ cH,CH, ®-a2 1116
@-ca cH -@-ca cu, @-nz a3
DD
“D@DO*
DO

in which R' and R? have the meanings given in Claim 1 and
the 1,4-phenylene groups in II8 to IIl7 each indepen-
dently of one another can also be mono- or poly-sub-
stituted by fluorine.

5 9. Display according to Claim 7 or 8, characterized
in that component B additionally contains one or more
compounds selected from the group comprising II21 to

OO
2y (o)-()(Fyw iz
OO
SO DD




Is about 0.2 to 1.3, and in that the nematic liquid crystal m xture has a 5
nemati ¢ phase range of at |east 60C, a viscosity of not nore than 35 nPa.s
and a dielectric anisotropy of at |east +1, the dielectric anisotropies of
t ke conpounds and the paraneters rel ati_ngsi o_the nematic liquid crystal

m xture referring to a tenperature of 10 20[err]C 2. D spl ay
according to Caiml, characterized in that conponent A additionally
contains one or nore cyano co ounds, the proportion of the cyano conpounds
i n component ALBnWhiehnB t@%rﬂgohm%bbemwngqmva in Clagims 3 apd
according to GtReMl34-phenylefel g Lt a o] n d@?% -

sel ected from ahe iérrpo#mds of t?ﬁdgﬁwﬁhgeI'ililg-ﬁTﬂf%%]gH[egr rqip’[ rﬁ [err]
[err] [err] inORRELE %5 ORS ,AROLAST: (RAN,-ALE0 (ber MmONOY ¥ | POAYaSub=and
Alerr] is giveatibutedi bylfld6rind. Di splay according to Claim2 or -3,

jar act eri ged t hat ' ds gf .th
Formi a6 | P | 10 and | PRSPERT PREGRTENEEF ¥R cley St it ilalon dea )
-OCF[err], - OCPir|eharactexiged rircrfhaty camponet] Bregntaing omemdRmokieerr]
Alerr] and Al epbhpbatifs! Hel®RAUd 9%réh VERe' Yr'ohp Bomprising 1126 and

TII27:
CrH2r+1-®CHZ—F kg 126_
C.H, "1-® cnzcuz-r 1127

in which CH,,,, is a straight-chain alkyl group having up
10 to 7 C atoms. .

11. Display according to at least one of Claims 1 to

10, characterized in that the liquid crystal mixture

additionally contains, apart from components A, B and C,

one or more compounds selected from the group comprising
15 III and IV:

Rl- R2 111

in which R! and R* have the meanings given in Claim 1.
12. Display according to at least one of Claims 1-11,
- characterized in that the liquid crystal mixture addi-
tionally contains, apart from components A, B and C, one
20 or more compounds selected from the group comprising V

and VI
N
O v
N .
‘ N .
OO Cw



- 52- 5. Di splay according to Claim4, characterized in that conponent
A contains no conmpounds of the fornulae Ila to IIf, in which Xis cyano. 6.
Di splay according to at |east one of Claims 1 to 5 5, characterized in
that Xis F, O, CFlerr], -OCF[err], -OCHE[err] or -CHF[err]. 7.

Di spl ay accord| ng to at Ieast one of dai 1 to 6, characterized in that

t B coplaj d Lected,f th
conprising |1 1iPowieR" R dnd 7 paSRlRHe" pedRinge pivencin F1ginol. |,
which Rlerr] atd.R errpxbpieytaecosdimgngsa @tvdeast Gheiof I:liims 1-120) spl ay
di t d
cont ai ns-one oo hAERStefldbd 18l Al depindlieri’/BClHta ke G BRomate
1120: [err] [ePP]npoundssseFesF?d[ frem Pbergrwpmmr ing ]VbIlct-tR[H:] have
the meani ngs given in Caim1l and F

Py {5
_4_@,-6 | vrrz
ROEOROS I
l_c,,zc,z._(%,s_lz 'x
oD (i Ty

5 in which R! and R? have the meanings given in Claim 1 and
S [sic] is 0 or 1.
14. Display according to at least one of Claims 1-13,
characterized in that component B contains one or more
compounds selected from the group comprising XII to XIV

(D (D o
oD Dee (Do

1-@-(:32(232-@-(:50-@-!{2 _ | XI1v

10 in which R! and R?* have the meanings given in Claim 1.
15. ) I..iquid crystal mixture of the composition defined
in any one of Claims 1-14, characterized in that these
has a high dielectric anisotropy of Ae > 5 and a high



v

the 1, 4-phenylene groups in 118 to 1117 each indepen- dently of one another
can al so be nono- or poly-sub- stituted by fluorine. 5 9. D spl ay
according to aim?7 or 8, characterlzed in that conponent B additionally
contalns one or nore conpounds sel ect &d 5r6n1the group conpr|3|ng 1121 to

IY25: [err] [err and hav neanpi ven in
O aim 1 any FRBCERE. GfCRYRBR.CGRBRRRIS BF BFq Fuah 26% By weIEBhcA  dont |y
of one anot hdesearthans G0%e byoweight.pol y-sub- stituted by fluorine. 5  10.
Di splay according to at | east one of Clains 1 to 9, characterized in that
conponent B contains one or nore conpounds selected fromthe group
conprising 1126 and 1127: [err] [err] in which CJerr]Herr] is a
strai ght-chain al kyl group having up 10 to 7 C atons. 11. Di spl ay
according to at least one of Clains 1 to 10, characterized in that the
~liquid crystal m xture additionally contains, apart from conponents A B
and C, one or nore conpounds.selected fromthe group conprising 15 11l and
IV: [err] in which Rerr] and R err] have the neanings given in Caiml.



12. Di splay according to at | east one of Clainms 1-11, characterized in
that the liquid crystal mxture addi- tionally contains, apart from
conponents A, B and C, one 20 or nore coqfounds sel ected fromthe group

A I SR ol P b b o AR AR R o

Clains 1-12, characterized in that conponent cont ai ns one ‘or ‘nofe ®

conmpounds sel ected fromthe group conprising VII to Xl: F Flerr] [err]
[err] [err] 5 in which Rerr] and R err] have the neanings given in Caim
1 and S [sic] is 0 or 1. 14. Di spl ay according to at |east one of

Clainms 1-13, characterized in that conmponent B contains one or nore
conpounds sel ected fromthe group conprising XIl to XIV [err] [err] 10 in
which Rlerr] and Rlerr] have the meanings given in Caim1l 15. Liquid
crystal m xture of the conposition defined in any one of Cains 1-14,
characterized in that these has a high dielectric anisotropy of [er] > 5
and a high

[As printed]

Claims

1. Supertmst liquid crystal display with

two plane-paralle! carrier plates which, with a frame, form a cell,

- a nematic liquid crystal mixture, located in the cell, having a positive dielectric anisotropy,

- electrode layers with superposed orientation layers on the insides of the carrier plates,

- a tilt angle of about 1 degree to 30 degrees between the longitudinal axis of the molecules at the
surface of the carrier plates and the carrier plates, and

- a twist angle of the liquid crystal mixture in the cell from orientation iayer to orientation layer of an
amount between 100 and 600, characterized in that the nematic liquid crystal mixture
a) is based on component A containing one or more compounds selected from group A
comprising compounds of the formulae lla-lic and lle-ilk:



- 56 - content of cyano conpounds of nore than 20% by%—gh{-—&ﬂd—l-esﬁhan

50% by wei ght . -
crystal

frane,
cel |

57 - [AS printed]
display with - two pl ane-parall el

forma cell,

tilt angle of about 1 degree to 36\degrees between the | ongitudinal [
the nol ecul es at the sof-derrier pl ates and the carrlea plates,
and - a tw st angle of the quind rystal m xture in the cell

orientation layer to orie i on
600[err] ,. characteriz&t @
based 2

conpri si ng conpounds

[err]

at ons,

on conponent A cont ng one or

e Yl
[err] [err] in\c/)\h 'Or"k %

Cains 1. Supertvm St
carrier pl ate m Ulm HI“
- a nematic |iquid-cP§stal mxture

having a positive dielectric a¢p §Q4d 84V -
superposed orientation Iayers on the I nsi des o

electrode Iayers W th
the carrier plates, - a
axi s of

from

er Aan anount between 100 and
th{'é 'df liquid crystal nixflPe a) is

e corrpounds sel ect ed fromgroup A

and Ile-I1k: [err]
’51 al kenyl having up {{)é

R-@—CHZCHz- -cazcaz- -x Ite
- - - - - IIf
Dmine @
-Gy G-
1
e S
4 CH.- a3)-x 115
R - -CH2 - -cszC- j
R4-< A1>-C =c- CHZCHZ -X ITk

in which R is n-alkyl or n-alkenyl having up to 9 C atoms,

X is F, Cl, -CF3, -CHF2, -OCF3, -OCHF2, -OCF,CFzH or -OC2Fs, and

the rings A', A2 and A3 each independently of one another are 1.4-phenylene, 2- or 3-fluoro-
1.4-phenylene or trans-1,4-cyciohexylene, or one of the rings A', A? and A3 can also be 14-
cyclohexenylene, 2,3-difluoro-1,4-phenylene, pyridine-2,5-diyl or pyrimidine-2,5-diyl,
b) contains 0-40% by weight of a liquid-crystalline component B, consisting of one or more
compounds having a dielectric anisotropy from -1.5 to +1.5, of the general formula |

1- —zl-{---zz-+m— Rz

in which R! and R? each independently of one another are n-alkyl, n-alkoxy, n-oxaalkyl, «-
fluoroalkyl or n-atkenyl having up te 9 C atoms, the rings A', A2 and A3 each independently of one
another are 1,4-phenylene, 2- or 3-fluoro-1,4-phenylene, trans-1,4-cyciohexylene or 1,4-cyclohex-

enylene,

Z' and Z2 each independently of one another are -CHzCHz- -C=C- or a single bond, and

mis 0, 1or 2,

c) contains 0-20% by weight of a liquid-crystalline component C consisting of one or more
compounds having a dielectric anisotropy below -1.5, and



Xis F, d, -CFlerr], -CHF[err], -OCF[err], -OCHF[err], -OCF[err]CF[err]H
or -OCJerr]F[err], and the rings Alerr], A err] and

i ndependently of one another are 1, 4-ph | ene, 2-

1;.4- phenyl ene or trans-1, 4-cycl ohexyl enegyor one of thﬁ“‘“mml“a\ml]“\“‘
A[ err] and Alerr] can also be 1, 4- ég;léh&)sgrgl ene

2,3-di fluoro-1, 4- phenyl ene, pyridin or pyr| m d| ne 2 5-diyl, b)
contai ns 0-40% by weight of a liquid-crystalline. conponent B, consisti ng of

one or nore ConpeyRghRaididdn dhtcaly ined S&Moh&xt 8Nh S0 raPR ey B thd v naao oPcell thiekd knéss
the general for Mgracidg dthe ¥iliné-Parktefdatribr piatet) & tﬁéﬁ urﬁ? of th gtﬁrg Fridé ch¥||

anot her are n-al Iﬁyhu,egag&](@éymj\-am(aa ky [err] uor oal kyl or |" erﬁy
~having up to 9 C atinkat tehdmatic) tfpid drkai it 889 1 namc/baésrdng@%ﬁ& least 60°C, a
i ndependent |y of vRERiyABOAN @loredthsh 35 MPRE QAY b AR¥Rctrid aniSiropy of at least +1, the dislectric
3xzfl uoro-1, 4- phenyikddgies bl Somporhds Sl tAé) DA Sh@HS relitinglto 4heCobmaf) WRYid c%eénl RikBre
Z[err] and ZJ[ err ret@fjto b nhppancantd4c. of one another are -CH err]CH err] -
-CJerr]C or a single bond, and mis 0, 1 or 2, c¢) contains 0-20% by

wei ght of &. | Digplaydaccorging ad Cheime1,coharpaetieed inGhat @ompabit Pgadaftior@Me cantainERE or more
conpounds haveéyage eombowide.cher propogtion sicbe opyo pipownds ih.dompapen A amountib@to-0 td)50% by
contai ns an op¢ightal |y active conponent D in such a quantity that the ratio
of cell thickness (spacing of the plane-parallel carrier plates) to the
natural pi BehDigglay peeorging ria|Claire (Pachasacierizpdi id toat st eyanqriromngengsiace adipster f@MRtheo
1.3. and in teAPoEndeoifeniatmuigeliz-tfui d crystal mxture has a nematic phase
range of at | east 60[err]C a viscosity of not nore than 35 nPa.s and a

di el ectric anisotropy o the dielectric anisotropies -of the
conpounds and t he parg r@ng to the nematic liquid crggtal mixture
referring to a tenperat e bf RO err] C. 2. Display according to Caiml,
characterized in that co ent A add onal | y contains one or nore cyano
conmpounds, the proporm@-ﬁgy r“upoxunds in conponent gAwanounting
to 0 to 50% by wei ght spl cch ng toClaim?2, characterized in

that the cyano corrpound te omthe corrpounds of the fornul ae
IIaII.f [err] .'-@ Ilc
. .-CH ca, ..' x r1a
R-@-CHZCHZ-.-CHZCHZ-- X Ile
R—-CH-ZCHZ--— X IIf

in which X is cyano and the meaning of R, A*, A? and A? is given in Claim 1.

4. Display according to Claim 2 or 3, characterized in that combonent A contains one or more compounds
of the formulae lla-lic and He-lif, in which X is -F, -Cl, -CF3, -CHF2, -OCF3;, -OCHF2, -OCF2CF2H or
-0C:Fs, and R, A, A? and A% have the meanings given in Claim 1.

5. Display according to Claim 4, characterized in that component A contains no compounds of the
formulae lla to Iff, in which X is cyano.

6. Display according to at least one of Claims 1 to 5, characterized in that X is F, Cl, CF3, -OCF3, -OCHF2
or -CHF,.

7. Display according to at least one of Claims 1 to 6, characterized in that component B contains one or
more compounds selected from the group compnsmg 11 to U7:



‘s

[err] in which X is cyano and the neaning of R, Alerr], Alerr] and Alerr]
is given in Cdaim1l. 4. D splay according to Caim2-or 3, characterized in
t hat conmponent A contains one or nore conpounds of the formulae Ila-11c and
lte-11f, in which Xis -F. -d, -CF[errp9 =CHF[err], mm IMIW Ia|rr],
-OCF[err]CFlerr]H or -OCferr] F[eerlE and R Alerr], A have
the meanings given in Caiml. E @drdlngto ar m'4,
characterized in that conmponent A cont a| ns no conpounds of the formnul ae 1la

to I'lf, in which Xis cyano. 6. Display according to at |east one of O ains
lto 5 characterized in that—X |siCI CFlerr], -OCF[err], -OCHF[err] or

-CHF2. 7. Display accordldig_ eof Cains 1 to Q characterized
in that conponent B contal ns re corrpounds sel ect ed ffom t he group
conprising 111 to 117: [er A-Cch R[err] and Rlerr] have the

meani ngs given in Caim ®Rlg D agZording to Claim?7, ygharacterized
i'n that conponent B additi ony ins one or nore conpounds sel ected _
fromthe group conprising 118 to 1120: [err] - 61 - in which Rerr] and
Rl err] have the neanings giv n Jaimlsamd the 1, 4-phenyl ene groups in
118 to 1117 each i ndepen n'f@"ﬁﬁr_eﬂ -(Ban al so be mddd- or

pol y-substituted by fluorine. D spl ay deeording to Claim7 or 8,
characterized in that conpbng B Qnal |y contains one or nore
conpounds sel ected fromt r| ing 1121 to 1125: [dfr] in which
Rlerr] and R err] have the ¥Ta ngs glven in-Caim1l and the 1, 4-phenyl ene
groups in 1121 to 1125 eggh.{ ‘.n-@ of one anot her carhgl so be nono-
or poly-substituted by fluor

0205
R -@-’ zcaz--nz 117

in which R! and R? have the meanings given in Claim 1.

8. Display according to Claim 7, characterized in that component B additionally contains one or more
compounds selected from the group comprising 1i8 to 1120:

()2
<E>—ca2ca2 @ -R? 119
rl- <H>—<O <o> -r? 1110

I18




A
-2

- 62 - 10. Display according to at |east one of Clains 1 to 9,
characterized in that conponent B contains one or nore conpounds sel ected
fromthe group conprising 1126 and 1127: [err] in wilch CerrJHerr] is a
s{rai ght-chain al kyl group having up to C atons. 11 ' ing to
at least one of Clains 1 to 10, chaER®438is4e81i n t hat ulmfm!@uﬁmumal

m xture additionally contains, apart from conponents As an ,  enesxor
nore conpounds selected fromthe group conprising Il and IV: [err] [err]

IV in which Rlerr] and RYerx] pave the aaings given in Claim1l. 12.
Di spl ay accordi ng toRat‘_ -@ 1-11, characterizediin that the
_lO Ci vavan
and C, one or nore cqQnpodn sel ect ed om grgup conprising V and VI:
[err] in which R[err%a‘ G, Gfavd, Phg-RefnpPm8S given in QLEan 1. 13.
Cdi ms -1
o] oggds ected fromthe group
conprising VIl to Xl: ; [ Ar %Z-tzﬁ HRR[err] and &3] have the
meani ngs given in Claim n [ |
or nore conpounds sel ect e Qrodp conprising Xl to ).EI 4[err] [err]
1
ROSELOY0 S
rl- CH_ CH , o2
2= CHZCHZ- -R 1117
1_ 2
OO
1 2
R0830% -
in which R' and R? have the meanings given in Claim 1 and the 1,4-phenylene groups in I8 to "7

liquid crystal m xture add y tains, apart from conponents A B
Di splay according to at st one of 2, characterized in that
conmponent C cont ai ns gAne
[sicl_is 0 or’1. 14. Display according to
at | east one of O ai g@ | xegd2i n that conponent cont ai ns one
&'~ ~CH_,CH 2
27027 -R iIl6
1 2
(- -
each independently of one another can also be mono- ar poly-substituted by fluorine.

9. Disp]ay according to Claim 7 or 8, characterized in that component B additionally contains one or more
compounds selected from the group comprising 121 to 1125:

DD
oo (@ e o) -()(ayE iz
RO 020S0 IS
0200 %0 I

in which R' and R? have the meanings given in Claim 1 and the 1.4-phenylene groups in 1121 to 1125
each independently of one another can aiso be mono- or poly-substituted by fluorine.
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Ed

[err] in which Rerr] and R err] have the neanings given in Caim1l. 15.
Liquid crystal m xture of the conposition defined i n-apy—enre—of—Crarms
1-14, characterized in that these has a high dielectric anisot fagl €5 1]
> 5 and a high content of cyano corrpouno%2 of nore tha ‘Mﬂ@@lﬂd
| ess than 50% by weight. [As pri nted] Revendications % L s *
cristaux |iquides supertorsadd aveEF 0¥ 87Bhques support a pl ans
paral |l el es qui fornent avec un bord une cellule. - un nmelange a cristaux
| qui des n%iépagfc ,@gisgigg b2 J1ICRIECT (gl Onsz%é-invtﬁtsemtLovga“ttaidsans 2
cel lul e. - 865, Qi hRe il b i ous 0 irsﬁgpégl';sazeatf%tﬂ?eﬁ dESEE s
d'orientation Sur I'es COTEs interieurs 0es aques support, - un angle de
m se en place entre |'axe |ongitudinal des nolecules a |la surface de |la
pl aque support et |es plaques "environ 1 * a 30. - 64 ~ ~
C L 14 a EP 0 %ﬁjl (B sade du nbl angdXE&ri st aux
M qui des dans la cellul e"dée cod ientation a couche d' orientation
conpris entre 100 et 600-, cayac\dryso\en ce_que_ |le nel ange anczr.}' st aux
li qui des némati que a)C 8, a ..-@. cont enant un ‘ou- pl usi eurs
Ttue @& conposes de fornules Ila-Ilc et
)-X

choisis dans | e groupe A, con
lie-llk, 1t iK- -QulCti2-(3i )- I Ilb
R- $~CH CH. . ir{ @nidH@ M3 jisxd stdaight-chain alkyl grofip- having<up to 7 C atoms.
| lc It _ <g-CH 2CH 2 - - CH2 CH - CA> - I | e R
HCH CH <?#. Display according to at least one of Claims 1 to 10, characterized in thdt thef liqlid-crystal mixture
K<i D-ci c- ( ~CSdditionally-cgntains, apart from components A, B and C, one or more dompoygds selected from the
group comprising {il and IV:

Rl- CHZOR2 iv

in which R' and R2 have the meanings given in Claim 1.
12. Display according to at least one of Claims 1-11, characterized in that the liquid crystal mixture

additionally contains, apart from components A, B and C, one or more compounds selected from the
group comprising V and VI

' N
@-(o)-t 0 )% v
N
o
-(o)-(oyR . w

in which R' and R? have the meanings given in Claim 1.

13. Display according to at least one of Claims 1-12, characterized in that component C contains one or
more compounds selected from the group comprising VI to Xt:



b

R - cCEC_ - X Ir R - Q C\_
_CEC- C - X [l R - cn CH2

x-Xl 1 j R - _CC_ /. _CH CH
nyal kyl e ou un n-al cenyl e ayant jus%u a693 atom*res de mﬁﬁ'mlmﬁﬁ“mﬂ nte
F. Cl, -CF3, -CHF2, -QOCF3, -COCHF2, EBOHBErarBly OCZF tesnnoyaux, A
, A2 et A3 representent chacun i ndependament. |'un de lautre un 1. 4-

phenyl ene, 2- ou 3-fluoro-1+4 phenylene n trans-1,4-cycl ohexyl ne, ou
encore |'un des noygi!rx.(.A' H H23ekm. _ nLd un 1, 4-cycl ohexyéﬁ(}e
2, 3-di fluoro-1, 4- phenyl e yerlﬁe- dryl e ou_pyrinidine-2 iyle, b)

contient de 0 & 40% en poids d' un conposant'B a cristaux |iquides constitue

d' un ou plusieurs conposes ayang.une gnisotropie dielectrique de -1.5 a +

1,5 de fornmule generale | (3 .- L- Z2 - <98 11;) | ou R
R2 representent Bhaéw Rt |'un de |'autre un N al kyrer

n- al coxy, n- oxaal kyl e, uor e ou n-al cenyle ayant jusqu' A 9 atones
de carbone, |es noyaux A" . A2 et AS representent chacun i ndependanmrent
| "un de lautre un 1.4-phenyibne, 2- ou 3- flﬁ ro- JF4- phenyl ene.

' gt Z2 representent
OCc)eR 0u une |iai sdX -65

trans- 1. 4- cycl ohexylgne 1, 4 c ?
chacun i ndependammefit = !
-11111~i EP 0 438 54761 " sinple . et mvaut O.

1 ou 2. c) contient de 0 a 20%en poi ds d' un conpo ant C £ cri staux

| i qui des constitu6 d' un pIu5|eur onposes ayan une
ani sot r opi e- dlelectﬁlq g copt € conposant D
optiquenent actif en u ant?tezt‘ e Re Eapps ‘nfﬁe | a Couche

d' epai sseur (|ntervalle entre | es plaques support a plans paralleles) et le
pas naturel du nelange a cristaux F{quidgs nemati que chiral s'dlbve a

environ 0.2 a 1.3. e 6 que | e nelghge a cristau |qU|des némat i que
presente un donmai neRde @ ¢ L] '49 ¢ viscogte ne
n I e di glegtﬁ

d6passant pas 35 nPa. s
in which R‘ and R? have the mean.ings given in Claim 1 and S sic]is 0 or 1.

14. Display according to at least one of Claims 1-13, characterized in that component B contains one or
" more compounds selected from the group comprising Xil to XIV

ooy
(D@

1_ o e 2
(D (Do

in which R' and R? have the meanings given in Claim 1.

15. Liquid crystal mixture of the composition defined in any one of Claims 1-14, characterized in that these
has a high dielectric anisotropy of Ae¢ > 5 and a high content of cyano compounds of more than 20%
by weight and less than 50% by weight.

[As printed]

Revendications

1. Affichage a cristaux liquides supertorsadé avec

- deux plaques support & plans paraliéles qui forment avec un bord une cellule,

- un mélange a cristaux liquides nemathue & anisotropie diélectrique positive se trouvant dans la
cellule, -

- des couches d'électrodes sur lesquelles se trouvent des couches d'orientation sur les cotés
intérieurs des plaques support,

- un angle de mise en place entre l'axe longitudinal des molécules & la-surface de Ia plaque
support et les plaques support d'environ 1* 2 30°, :



noins +1, les anisotropies di6lectriques des conposes et~ t€s paranetres se
rapportant au nelange a cristaux |iquides némati ques se

tenperature de 20 - C. 2. Affichage selon |la revendi catmﬁlﬁmi“:m@mumu
e ce que | e conposant A contient en out®® 1 ou plusieu ofposes cGyano

| a proportion des conposes cyano dBA® 438 SéBlossant A s' el evant de 0 a 50%

en poids. 3. AffinCihggateStisaid duamdifye Addrisiadx 1Rlides dahd ladelifid b Boulit H&richtttn 23S
corrpos €S Cyano Scoléhe dudibrRation RéHigls eh@s 1000806 € Scafdtiérisd e Ltk %u@ |Ieambl£rfge B cristaux

~~X liquides nématique la Re- @-~~~~
lca R- <- CH a) efildXase de composant A, contenant™un $u plusieurs choisis dans le groupe|A E&sﬁtﬁe de?-
\ <g- composés de formuled illa-lic et 4le-lik,- Cl | CHi A
2- 2 > 1 2 2' -ClHcu 2- 13@ K3~- I | C
obj X est un cyano et |a ni fA ion de R A ,. A2 et A3 est gonnee dans
| a:-revendi cation 1. 4. ‘@n é‘séT’Sn | a revend| cation 2 ou |l A
revendi cati on 3, caractertst e gue _he conposant A contient un ou

n
pl usi eurs conposes de foymules.Jlasz!ll 2\lle-hif. ou~ X represepte -F,
-d, -CF3. -CHF2, - OCF @1 1@1&]: O& J‘u -OC2Fs et R A A2. et A3

ant la S|gn|f|cat|on don ee~dang ar dication 1. 5. Afflchage selon | a
revendi cation 4. car acne. &-gonmposant A ne conti emt pas de
conposes de forrrul es IIa esente un cyano. 6. Affichage

selon au mains |'une des revendl catlons 1 a 5, caracterise en ce que X
represente F, CI. OFa, -OCF3. OCHF2 Au\-CHF2. 7. Affichage selon au mains

I ' une des revendi cations 6, caracterise en ce que_l e conpasant B
contient un ou plusieums d&ﬁsc@ﬁo.l e constltlue par 111
a 117: - 66 - - 66 - ~~121 TM11111 8 170 EP O

438 547 Bi 21 11;
‘-CH CH - ITf

R - ~-C=C- -X Ilg

@-x. oo Ilh
-< A2>-CEC-®-X _ I1i

0

~-C=C-

Qeéoa
)

R - \—CH ,CH,,~ -c - A3>-X 113
R - ~c=c- 2 -CH cr{2-< A3>-x' L 11k

ol R représente un n-alkyle ou un n-alcényle ayant jusqu'a 8 atommes de carbone,

X représente F, Cl, -CF3, -CHF2, -OCF3, -OCHF2, -OCF,CF2H ou -OC;Fs , et

les noyaux, A' , A2 et A® représentent chacun indépendamment I'un de l'autre un 1.4-
phényléne, 2- ou 3-fluoro-1.4-phényléne ou un trans-1,4-cyclohexyléne, ou encore l'un des
noyaux A' , A? et A® représente un 1,4-cyclohexyléne, 2,3-difluoro-1,4-phényléne, pyridine-2,5-
diyle ou pyrimidine-2,5-diyle,
b) contient de 0 & 40% en poids d'un composant B & cristaux liquides constitué d'un ou plusieurs
composés ayant une anisotropie diélectrique de -1,5 3 +1.5 de formuie générale |

< 3> 2
R 1\1>’2_1_'{""22"}m“ AT )-RT

ol R' et R? représentent chacun indépendamment I'un de lautre un N-alkyle, n-alcoxy, n-
oxaalkyle, «-fiuoroalkyle ou n-alcényle ayant jusqu'a 9 atomes de carbone, les noyaux A' , A? et
A3 représentent chacun indépendamment I'un de l'autre un 1,4-phényléne, 2- ou 3-fluoro-1,4-
phényléne, trans-1,4-cyclohexyléne ou 1,4-cyclohexényléne,

2! et Z2 représentent chacun indépendamment l'un de l'autre -CH2CHz-, -C=C- ou une liaison



- 112C112(:1{2 : -( | \-
)-t 121 (7+0~(0 if - 114-11i - O
I R1 _<- -t 1 _X @R 116 H 1 {Qa, CEl 2CH 2. RO

1.17 ou R et R2 ont la.signification donfide dans |a revtmiw I I
Affichage selon | a revendication 7, %@&ﬁ?{:“kﬁ en ce qut® 4 q
. rtue

contient en outre un ou plusieurs cormmpo sis dans | e groupe*const

par 118 a 1120: 119 RI - -CH CH - : -R1R2 -

[119 R1-~(D<-<g- R gdmpie . et mvaut0, 1 ou 2, _ _ I 1 10t

@ilrc~—~i2-@@ dc)tcgntient de 0 3 20% en poids d'un Edn{pbgnfé a 'cr‘!s'taq IicQQ@ constitué d'un ou plusieurs

Z2111.2 1t ]_ 0compos_e's ayant unblaklis -diélectrique inférieutela -1,5 et 111 I3

tl _@ @a 113 1.1 ‘df)“cm@enth comr?ﬁnl DGHiquemenj Actifdfv une quantité telle que le rapport entre la couche

| -67 - d'épaisseur (intervalle entré IskIplabueklsufpont @ pledS prdiiBieiJet le pas naturel du mélanbe

11111 1011111111 3 édrikfalix kduidéd démlatique chiral s'éléve 2 envirod 0,2 2 €Blet- C 1l1lci2- @1

1"l 1. R @ éd te que iEinélange & cristadc liquidesCGidrhatique présente un- ddmidine de phdsé nénatiquel
J-(j1}-( d'au m3ps 60 * Cf urle MBcwstE fdl déphssétd pan3S5 thRa.ssit gne ériisoldpiediéiehdignedau

dans | a revendi catmgnms ¥ 1eles| aisotppies délectiquds dbe pyniroses el dess pardndptras 4 Tabportant au
peuvent etre egal eméange @leastam liquidde pematiquesrsarefétant irund dempératyterde 20060- ou

pol y-substitues par (in fluor. 9. Affichage selon la revendication 7 ou 8,
caract 6ri s6 &n Affichagaeselop ia: pavprdisation 1BCARCHFrIF PN CR QU IRt POPETFNIOY SaNtigay enypure 1 ou

conposds choi s ig%‘j‘&l‘é[ﬁ %I@séjr%’ﬂﬁe'a PERYTIN g CqRpPSsEs Fyano Jans o gompossant A s'élevant de 0 a
% en poids.

3. Affichage selon la revendication 2, caractérisé en ce que les composés cyano sont choisis parmi les
composés de formule Ha-lif

R—~( Af>-- X Ila
- - - - X 11b
-{ al)- - X Ile
R ‘\.f_‘_> @
- Al { 2\ - - X 11d
K- A}- A )-cricH, @
A
'n-("-;?\-cn cti -@-cu?cmz-< ,\3\)- [ Tes
./ 2 2 - :
1= - - - - X tir
o D gy (- ()

ol X est un cyano et la signification de R, A’ , A2 et A3 est donnée dans la revendication 1.

>

Affichage selon la revendication 2 ou la revendication 3, caractérisé en ce que le composant A contient
un ou plusieurs composés de formules lla-lic et lie-lif, ol X représente -F, -Cl, -CF3, -CHF2, -OCF3,
-OCHF2, -OCF>CF2H ou -OCzFs et R, A’ , A2, et A3 ont la signification donnée dans la revendication 1.

Affichage selon la revendication 4, caractérisé en ce que le composant A ne contient pas de composés
de formules lla a iif, ol X représente un cyano.

L

6. Affichage selon au moins I'une des revendications 1 & 5, caractérisé en ce que X représente F, Cl,
CF3, -OCF3, OCHF; ou -CHF2.

N

Affichage selon au moins I'une des revendications 1 2 6, caractérisé en ce que le composant B
contient un ou plusieurs composés choisis dans le groupe constitué par {11 a {17 :



<

1 121 R1 _3CH CH ]2 I 122 112 R1 \

<f2 12 R H P-CH Cllll//
TR 1124 al ~a<9 29

@
RZ ont la signification donn6e dans |a r_e6\2/5end| cation 1(““\' ﬁ “Zw ‘m“r

1,4-phényl ene dans 1121 a 1125 peuvegp caRlarapt etre

|nd6pendannent | un de |'"autre nono- ou pol y-substitues par un quor
Affichage selon au noins lune des revendications 1 a 9. caractjris6 en ce
que | e conposant B contient un ou plusieurs conposes choi sis dans | e groupe

constitue par 1126 et 1127, r+ n‘ 2 CH2-
Il IF6 C Li | C&CH2 C2R F 00 , ¥, represente un dridupe al kyle a
channe droite conportant jusqd -s de car bone. - 68 -

A~~~ ] 111, 111 1111 C
I(L | EP O 438 547 81 1% - ffﬁ AQ ePon au noins |une ded!?
révendi cations 1 a 10. caractérrse g ce que | e nBlange a cristaux |iquides

contient en outre. outre |es conposants A. B et C un ou plusieurs conposes
choi sis dans | e groupe constytu par |11 \V: 2R -, Ql~ (33- oi H2
ItV RL.-Ki % 1i | - CH 20R2v 'bOR™. ‘H%bﬁﬂﬁ:ﬁi &nlflcatlon ddddee dans | a
revendi cation 1. 12. Afficha e sel on au s |'une des revendi cations
1-11. caracteris6 en ce que ;gaqi gZcristaux liquides ggntient en
outre, outre les conposants C un ou plusieurs conposes choi si s
dans | e groupe constitue par \ R2

VI oui R et RR ont |la SI uc amﬁee dans Ia revendlqatlon 1.

e
i 2 -

oli R' et R2 ont la signification donnée dans la revendication 1.

8. Affichage selon la revendication 7, caractérisé en ce que le composant B contient en outre un ou
plusieurs composés choisis dans le groupe constitué par I8 & 1120 :

(DD «
oD@ o
R 0g0%0% =
050208

R 1111
! - 1Ne—cit.cH. -
B A

) \ 2

Jo < >_ 2

1 \.li/o- O )-CH,CH,- @ R 1113

Q ”'

1114
R] - H\-—C!! CHH. -
\_/ 2

N

R 112

R : 1115
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13. Affichage selon au noins |'une des revendications 1-12 caracterise en
ce que | e conposant C contient un ou plusieurs conposes choisis dans |s

groupe constitue par VIl a Xl: F - CRs 2

VIQlI F FR -~ §73-C 2 Illmulz
2viib5r F2 F IF R KF(CH CU gpolhsdsarsiF RIK il““lmﬂmmul L2l
)S-(j R2 X - 69 - * ¢ -0
1111111 121211 12121 211212 11 lull. EP O 438 547 Bi C

L M *ou R et R0 l 2 s{gnificati jonpee dans | a revendication
1 et Svaut 0 ou 1. 14& °@N ! geitdhCHy ~Rptng ~I' une des rebénlli cations
1-13, caracterise en ce que {e conposant B cont/ient un ou plusieurs

conposes choi sis dans le 4ionpe consti{”e | & XV B~—~~77752x 'L @
~vJ-C =G RXI'| 1\1- <1|"9_W—CH' H,- ?{\B%E{Zéklz é R-R 11z

Xkiv {t1 C~tCH2- @C@R

I"ou R et R2 ont la sdlg_nd_@_qgns | a revendi cati gpig 15.

Mel ange a cristaux |iquidgs g xonmpos\tipn definie dans |'une des

revendi cations 1-14. caractelis6-en ce—gU' il_ presente une ani sotropie

di el ectrique el evee Alizl>_ m@ el evee de conposBd w®yano

superieure a 20% en poi ds \et_/ nN6LiVeunNe_& 50 % en poi ds.
(DO

ol R’ et R? ont la signification donnée dans la revendication 1 et les groupes 1,4-phényléne dans 118 &
1117 peuvent étre également chacun indépendamment {'un de l'autre mono- ou poly-substitués par un
fluor.

- 9. Affichage selon la revendication 7 ou 8, caractérisé en ce que le composant B contient en outre un ou
plusieurs composés choisis dans le groupe constitué par 121 2 1i25 :

DD e
oo (Tyang () -(H(Fyat s
0202020 I

ol R' et R? ont la signification donnée dans la revendication 1 et les groupes 1,4-phényléne dans H21 &
1125 peuvent également étre & chaque fois indépendamment I'un de l'autre mono- ou poly-substitués
par un fluor.

10. Affichage selon au moins 'une des revendications 1 & 9, caractérisé en ce que le composant B
contient un ou plusieurs composés choisis dans le groupe constitué par 1126 et 1127 :

- . CH.,-F 1126
- CH_CH,,-F’ t127

ol C,Hy,. représente un groupe alkyle a chaine droite comportant jusqu'a 7 atomes de carbone.
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11. Affichage selon au moins I'une des revendications 1 & 10, caractérisé en ce que le mélange A cristaux

liquides contient en outre, outre les composants A, B et C, un ou plusieurs composés choisis dans le
groupe constitué par il et IV :

D
(D (Drener .

ol R et R? ont la signification donnée dans la revendication 1.

12. Affichage selon au moins I'une des revendications 1-11, caractérisé en ce que le mélange & cristaux

liquides contient en outre, outre les composants A, B et C, un ou plusieurs composés, choisis dans le
groupe constitué par Vet Vi :

—y N
> 2
ul-< o >-( 0 )Y-R v
. N .
N
ROOS I

ol R' et R? ont la signification donnée dans la revendication 1.

13. Affichage selon au moins I'une des revendications 1-12 caractérisé en ce que le composant C contient
un ou plusieurs composés choisis dans e groupe constitué par Vil a Xl :

F g
Rl-(--®-)§c32caz-®-k'2 vII
F F
S
. | F
Rl~@-(CHZCHZ)s-®-Z—£</—R2 IX

3 . F
N/

AN N 2
R -W—CHZCHZ- (cnzcnz)s—< .o >-R X
F F
rl- CH_CH. - ~-(CH_CH_) -~ r? XI
272 2-%2'g
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ol R’ et R? ont la signification donnée dans la revendication 1 et S vaut 0 ou 1.

14. Affichage selon au moins I'une des revendications 1-13, caractérisé en ce que le composant B contient
un ou plusieurs composés choisis dans le groupe constitué par Xil & XIV :

QL <_> _czc- @«i X1
(DD

2 o
- ~C=C~ -R X1v

ol R* et R? ont la signification donnée dans la revendication 1.

el
~
r-
]

15. Mélange 2 cristaux liquides de composition définie dans 'une des revendications 1-14, caractérisé en
ce qu'il présente une anisotropie diélectrique élevée A¢ > 5 et une proportion élevée de composés
cyano supérieure & 20% en poids et inférieure 2 50 % en poids.



