€ | nventlon
relates to liquid crystal phases (LC phases) having elastic and dielectric
properties approp- rate for use in supertw sted nematic cells. Liquid :
crystal display cells can be made to support nore than [err] of twist in
thE‘&JI quid crystal |ayer by a confi AT B3t of fset ali gnment directions at’
the~surfaces, and incorporation of chiral additives. If the twst angle is

i ncr eas edDésgriptions way, the slope of the threshold characteristic increases
and eventual |y becones vertical. 10 Further increase of the twist angle
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to sel ect coniyim@htioR Res fétits SBRIcAS bradafe liqiid Srybtdl pHaklR whith RIVBS MdfatidhadelivRiugifd doorh OF
best per fiomhpsrdit€and xBibitelasic 4nd dRlettid dropediegdpprbriaterohsé MisudertwisticaisCr y St al
phases havi 1gastidibedn féuntBiattiid IRlid friystd) piiaksestaviig partiofiiy ifavorabid@irblnbtivhed marnat | C
di spl ay qmdpesies arla ebtainadostioh thay tonsistfoDat ldastahreddomponents ADB,@pdiC 2ath of whidh cantait al
‘phases whine lr there eonsponienthecinThagament Adlasi gl visgsity@oahn®st abbd @PH@Pasé at20°, aigaring
exhi bit edointaf atmastitdotiand ladislectiicanpsotipny betiveen aboubi2@nd abauter2fcompaonent Bihas axdigbestric wi st
cel | s 0 | tanjsoleopy ahove akayt €8 campondnb§ hasiaccldaring foint ofmpeet than 130%and 8 digiqctrigepisotropy
parti cul chefspen ahout-2 pndabeyl A ichpsactegzed indhat mpemnat cqntainp atleastoge epmpoyndotthafer .
when they"“!!‘b'HS| st of at least three conponents A B, and C, each of whi ch
contai ns one or nore conpounds, wherein conponent A has a viscosity or at
nost about 25 nPa.s at 20, .a clearing point of at nost [err] and a

diel e®ric anysotropy ..: QELA Z“%nd about +2,y3gonponent B has a
dielectric 40 anisotropy ADo go about +6, conponent ‘Chas a cleari ng poi nt
of nore than [err] and a dielectric anisotropy

in which R! is alkyl of 1 to 12 C atoms, in which in addition one or two nonadjacent CH, groups can be
s0 replaced by 0 atoms, -CQ-, -O-CO-, -CO-O- and/or -CH=CH- groups,

R? has one of the meanings of R},

Alis

A




i;,’i abou1°r 2 and about +2, characterized in that conponent A contains
Lqpe conmpound of the for- mula I'll [err] inwhich R is alkyl of 1
g atons, in which in addition one of two nonadjacent [err] groups can
be sorepl aced by 0 atonms, -CO, -0- 0- and/or -CH=CH groups, R2
has oige of the meanings of Rl, As |5%§L—@—,or [err]. is -COO, -0-CO

gr] 10 ois 1 or,if [err] I s arso 2 That conponent B contains at
| east $one conmpound of the formula I 20 [err] 25 in which [err] is al kyl of

_2 C ato |,5I&0|5} ehtlon one or two non-adjacent [err] groups
o By Bemigne, -8

can lge rep ac AioNs, .0-C0, -CO0- and/or -CH=CH groups,
[errE and [err] are each | ndependent |y of each other, Cy. Do, Pyr or Phe,
30 &£ Zis -@-0, -0CO, [err] or asingle bond, [err] is F, O or-CN,
X2 i For d, mis Oor 1, C is trans-1,4- clohexylene 35 Pyr is
pyrign di ne-2,5-diyl or pyr|d| ne-2, 5-di vyl D|o I s trans-1, 3-di oxane- 2, 5-di yl
and g°he i & 1, 4- phenyl ene*The I|qU| d cryﬁi phases accordl ng to the

gntion exhibit favorable elastic constants, i.e. relatively low [err]

andgK22 val ues, relatively high [err] val ues and very favorable [err] and

[erg] rel atlehehl p for use in 40 spertw sted nematic cells. Liquid crystal

conpounds as ushaicampogsits fonigins o lesppag epmepiied sidhe fmulethe present i nvention and

nenptic nttures containing conpounds of the fornula Ill are disclosed in
*A\v8/ 02018, EP-A 0117631 WO A 86/ 03769, DE-A ;38 39 216 and

R1-(a%) stz C !
m
25 - \~__
in which R is alkyl of 1 to 12 C atoms, in which in addition one or two non-adjacent CH, groups can be replaced
by 0 atoms, -CO-, -0-CO-, -CO-0O- and/or -CH=CH- groups,
A° and At are each, independently of each other, Cy, Dio, Pyr or Phe,
30 2 is -CO-0-, -0-CO-,-CHz-0-, -O-CH,- or a single bond,
X1is F, Clor-CN,
X2is F or Cl,
misOor1,
Cy is trans-1,4-cyclohexyiene,
35 Pyr is pyrimidine-2,5-diyl or pyridine-2,5-diyl,
Dio is trans-1,3-dioxane-2,5-diy! and
Phe is 1,4-phenylene
The liquid crystal phases accordmg to the invention exhibit favorable elastic constants, i.e. relatively low
. Ky and Kz, values, relatively high K3 values and very favorable K;,IK" and Kg/Ky, relationship for use in
{\/ 4  speriwisted nematic cells.
B Liquid crystal compounds as used in the liquid crystal phases of the present invention and nematic mixtures
containing compounds of the formula 1Hl are disclosed in
WO-A 88/02018, EP-A 0117631
WO-A 86/03769, DE-A 33 39 216 and
4 EP-A0216672.
: The invention thus provides the above-described hquld crystal phases for use in supertwisted nematic cells
which may also contain uic of more suitable chiral additives to obtain the desired d/p relationship.
The invention further provides supertwistea nemiatic liguid crystal display elements, in parﬁoular supertwis-
ted nematic display elements which contain such phases .
50 Such phases preferably consist of at least about 10 wt.% of component A, atleast about 15 wt% of oom-
ponent B and at least about 5 wt.% of component C and particularly of about 40 to 70 % wt.% (favorably about
50 wt.%) of component A, about 30 to 50 wt.% (favorably about 40 wt.%) of component B and about 5 to 30
wt.% {favorably about 10 wt.%) of component C. The amount of compounds of formula Ill in the total mixture
conveniently amounts to at least about 10 wt.% and preferably about 20 to 60 wt.% (favorably about 50 wt.%).
55 Compounds having the above properties required for the components A, B and C are basically known to
the person skilled in the art. The total mixture must have nematic or cholesteric properties. Component A can
be nematic or of monotropic liquid crystalline behaviour or, as fong as the total mixture is nematic, also smectic.
However, there are preferred those mixtures in which at least one compound of component A is enantiotropic

3




45 EP-A 0 216 672. The invention thus provides the above-described Iiquid 1
crystal phases for use in supertwi sted nematic cells which may al so contain’?
ane or nore suitable chiral additipgypPséi@qai n the desired d/p :
relatronshrp The i nvention further provides supertmnstea nenatrc Irqurd

taI dis nen articul ar supertw s- d nemat i

o s iy ‘qu 5%&*& Rl s B Ty %mwrsrtax §3c?5°ynes"r"s-t

of at | east a , 9 !
ponent B ang,,@,%" m" i ERET Bihe LecoonkE R Sand S byl “"‘ SR |
4010 705 % Wt uéﬁrrar.\@mo@eo%efaﬂ.mrre%u@ about 30 to 50 |

@6(favorab|y a out 40 mﬂ Of RCEHBRASHP to 30 wt. %

(favorably about 10 wt. % of coapgpép@H£;|a'Q;ﬁnnunmbof conpounds of
formula I'll in the total nlxturegcgpaﬁcgéwﬂégnpannumgs to at | east about 10
wt . % and preferably about 20 to 6R.pf-Sod-PReragzabl ymabout 50 wt. % . 55
Conmpoundg havi ng the above propentcesnxﬁggmﬁaé f ormé he conponents A, B and
C are basically known to the person skilled in the art. The total m xture
must have nematic or cholesterrcfpropertres Conmponent A can be nematic or

of nonotropic |iquiglgs Ytaddp ghhavgdur or, as long as fheetotal mxture
is nematic, also snectlc However', there are preferred those m xtures in
whi ch attsl east one conmpound of conponent A is enantiotropic 3 EP 0 317

587 Bl liquid crystalline and theregare especially preferred those m xtures
i n which conponents gotropic Irqurd crystalline.
Cbnpound and nlxturgg Wﬁlgﬁzgﬁgaéﬁfta%ﬁg gs conponent A, B 1388 Cc are to a
a\ge extent known and many of themare also comrercially available. 5
erred cQ oaﬁ%? of the formula Il are those of the fornulae Illa to
[11g: [err] &in PheF is 25 or 30 35 preferably 40 and [err] 50
Conmpounds of the forrmulae Illc, Illd and Illg are particularly preferred.
Conmponent A has favorably a viscosity a nost about 20, in particular at
most 18 gPa.s at 20 and a clearing poi ng~of at nost [err] Conpounds which
are used for or as conponents B are th® known conpounds of .forrmula | and 55

or

35  preferably

and

F

-Phe-LPhe is -- .

so Compounds of the formulae ilic, {ild and liig are particulary preferred.
Component A has favorably a vnsoosrty of at most about 20, in particular at most 18 mPa.s at 20° and a
clearing point of at most 120°. .
Compounds which are used for or as components B are the known compounds of formula | and

55
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'gf-.jP0817587Bl [err] in which [err] is al kyl of 1 to 12 C atoms, in whi ch
in agdition one or two non-adjacent [err] groups can be replaced by 0 '

at or -CO, -0-CO. -COO and/or -CHiplgagssrurs. 10 [err] and [err]
are gach, independently of each other. Cy. Dio, Pyr or Phe, Zis CO O,

-0 [err] or asingle bond. X is F, d or -CN, [err] is For d, ms
0 oril, 15 Cy is trans-1, 4-cycl ohexyl ene,2Pyr is pyrimdine-2,5-diyl or
pyrigi ne-2,5-diyl, Dio is trans-1, 3-di oxane»Z, 5-diyl and Phe is

1, 4- phenyl ene. Additional conpound whi %h bel used for conponent B are
those of the fornula I1: [eﬁ;r]“’f mafi € sQ/ Cy- CH2CH2, " Phe, Di o,

Phe- COO, Cy-COO, Phe-Phe, Phe- COO Phe, Cy-Phe-COO Phe, Phe- Phe- COO Phe,
Cy-Cy, [err] Cy-Phe or Cy-COO Phe and [err] Cy and Phe have the neanings
i ndi cat ed aboVenwiidhIR 18 alkyt A dd 12icitss, if WRIEMGLEIISoRE GritwdioR-adjatektTHI|, group®tan be replaced
conmponent s ar e b#b afodi,-E0-3@-CARNEOA- ahdddr cGH=8B- groupahi ch [err] has the neani ng
i ndi cat ed akove. Ammalareeachirdegendenty of each aibkreCy, Dio, Pyr ocfheconponents C ar e,
for exanpl e, the XiseW®Os PO AHS0-00-CHacorsingle baswli ng forrnul ae: [err] EP
0 317 587 Bl [errX'of@emet C has favorably a clearing point of at |east
about 140. Pr efer’&'d*g“&brrponent C contains at |east one conmpound with a

3

clearing p0| nt of m&#&0ardast [err] preferably of at |east 2000.
Cy is trans-1,4-cyciohexylene,

Pyr is pyrimidine-2,5-diyi or pyridine-2,5-diyl,
Dio is trans-1,3-dioxane-2,5-diyl and
[ Phe is 1,4-phenylene,
~ Additional compound which can be used for component B are those of the formula i:
20 R1-A4-Phe-CN
in which A4 is Cy, Cy-CR,CHg, Phe, Dio, Phe-COO, Cy-COO, Phe-Phe, Phe-COO-Phe, Cy—Phe-COO-Phe,
Phe-Phe-COO-Phe, Cy-Cy, Cy-Cy-CH;CH,, Cy-CH,CH,-Cy, Cy-Phe or Cy-COO-Phe
and R?1, Cy and Phe have the meanings indicated above.
Further additional compounds which are suitable for components are

25

30 andlor

(B, (B

in which R* has the meaning indicated above.
¢ ' Compounds which are suitable for or as components C are, for example, the known compounds of the fol-
lowing formulae:
R!-Cy-Phe-Phe-R2
40 R-Cy-Cy-Phe-R?
R'-Cy-Cy-Cy-R?
Ri-Cy-Z'-Phe-Z1-Phe-R?
R-Cy-Z!-Cy-Z'-Phe-R?

R!-Cy-Cy-Z'-Phe-R2 RN

4 R-Cy-Cy-Cy-Phe-R?
R!1-Cy-Cy-Z1-Cy-R?
Ri-Cy-Z1-Cy-Z1-Cy-R?
R!-Cy-Phe-Phe-Cy-R?2

ida F

RY-cy-Phe—~Phe-cy~R?

13
Rl-Phe-Phe-z? -@—Rz

5




the formula IV [err] in mhlch Z2 |ndependently Is -COO or -OCO, [err] ‘,
iss Cy or Phe and [err] and R2 |ndependently have the neani ngs i ndi cat ed
abgye The i ndividual conpounds of th fefEia | to IV of the liquid g
tal phases accordlng to the inven |on are either known or preparable by §
nethods whi ch are eaﬁkﬁy derlvable by those skilled in the art fromthe

prior art, 10 Rs‘FﬁE'eP based on st andard net hods described in the
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Ex2 [err] is preferably [err] 40 R is preferably straight-chain

g kyl*of 2 to 7 Catons. Zis in the case of conpounds of the fornula I

I ef - erably -CO-O, [err] or a single bond. [err] is preferably fluorine.
gf the foregoing partial fornul ae,gptgrqsesrdfs the fornulae la, I'b, Ic, Id,
ge._s1g. Ih, i, I'j Ik, Il Im lo, Ip, Ir and Is are preferred. Particular
greference is given to those of the partial formulae la-lc, Ig, Ih, Imand
Ep. In the case of the conpounds of the foregoing partial formulae, Ris a
gtraight-chain alkyl group, preferably 45 of 1 to 7 C atons, in which in
addition a CH2 gro ca | s e_ieplaced by -0- or -CH=CH . {Particularly
pre- ferred grou5§zg>5rg:§ﬁf Txethyl, n- propyl, n-butyl, n-pentyl and

n-heptyl. In the case of conpounds of the foregoing partial formulae with
two groups R, both groups R each have independently of each other one of

t he abovenentioned neanings. In thg2conpounds of the fornula Il [err] and
R2 are each independently prefer y.al kyl, al koxy or 50 al koxynethyl with
each upg,to 7 C at ol @@Lms of the fornula IV [err§9and R2 have
the preferred nmeani ngs i Ndi cated above. Preferred conpounds of the formula
LV are those of the partial forrmulae IVa to IVf [err] EP 0 317 587 B1 O
the foregoing partial formnulae, those of the fornulae IVa, IVb and IVd are
preferred. Wien the al kyl groups irXthe conpounds of forrmulae I to IV
contains3 or nore cagron af{ ons, sq can be arranged in a straight or
branched chai n. FBMZ&Q?T eChh ¥3ccording to the i nventi df did not use

any conponents which contain nore than one branched al kyl group. Such
brapched al kyl groups for the purposes 5 of the present invention contain
@ot nore than one chain branching; greferably this is a nmethyl or ethyl
jroup i the 1- or 2-position of cgrbon skeleton, so that suitable branched

| Kyl groups are 4 ay Ié§é_ hyl - propyl, 2-nethyl but i,
- met hyl pentyl Z-HQEEVﬁQZ#f ) et hyl hexyl . Generally the liquid crystal

rancheg-chain al kyl radical in order to induce, if desired, optica
ctivity. For this purpose, nornallm?not nore than 10 percent by weight,
referably 0.5 to 3 10 percent b ight, of a component having a branched
kyl radi cal areRrRaddee- beoe ds of the foregoing pariyal

rmul ae. [err] 30 Preéeferred phasesS according to the invention contain
cpnmpoungs of the formula Il inwich [err] is n-alkyl and R2 is n-al kyl,
n{ al koxy or n-al kanoyl oxy. [ermf and R2 are preferably n-al kyl or n-al koxy
of in each case 2 to 7 C at ons/

R-Ocoo-@-xl Ik

35

| 2
/ .
o R-@—COO—@-Xl o 11

2
* R-CH, -o-@-coo—@-xl Im

i ' X2
R-<:>-CH20~<:§-X1 | In

¥ |
R4<:>—<:>-coo-<:slx1 Io

C e PRSI A 2 e - . - - inicrnn et 2. . .

ielectrics according to the invention contain only one conponent having a




nases according to e tnvention 1s effected 1 n T8
conventlonal manner. I n general, 35 the desired anount of the conponents
ich is used in the snmaller amount is dissolved in the conponents which
constitutes the main constituent, FNég§§ Y@t €levated tenperature. |f
li"s tenperature is chosen to be abov he c ear point of the main
ormstituent, the conpl eteness of the process of dissolving can be observed
partlcularly easily. However, it ig2also possible to mx solutions of the
onponents in a suitallye organic sg@lvent, for exanple 40 acetone,

hl or of or m or nethané; &6 d gg.the sol vent after thorough m xing,

or exanple by distiltati unde¥—t educed pressure. It is sel fPevident that
ith this nethod it nust be ensured that the solvent does not introduce any
ont am nants or undesirable dopants. By neans of suitable additives the
liquid crystal phases according to the invention can be nodified in such a
ay that they can b sed in any h; erto disclosed kind of supertw sted
nemat i ¢ Joi qui d crysa- pt:ep)- okt . 45 The production_of a
supertw sted nematic™ eI ro- opt al cell containing a phase i f9accor dance
th the invention can also be carried out in a manner known per se; for
exanpl e, by evacuating a suitable cell and introducing the mxture into the
evacuated cell. The exanpl es begpw serve to illustrate the invention

Wit hout #simiting i _g;bg the s -hes the nelting point and clear point of
a |iquid crystal Kven in degrees Cel sius. The pefcentages
are by weight. The 50 values of 'the threshold voltages relate to an angle
pf observation of 0,10 % contrastand [err] and are voltages in a 90 tw st

cet{. Exanple 1 55 Aliquid crys@al phase consisting of 3 % of

1- cyanob®phenyl - 4-yl (n heptylph ) benzoate 10 % of

P-f | uor o- 4- pent yl ph P ﬁ i) benzoate 14 % of

- cyano-4' - (trans- 4- yc 8 blphenyl EP 0 317 58%sBl1 7 % of

1- cyano- 3-f | uor ophenyl p propyl benzoate 2 % of 4-cyano-3-fl uorophenyl
p- et hyl bgnzoat ég % of 2-fluoro-4-pentyl phenyl trans4-(trans-4-pentyl
"yclohexyl) cycF hexane carboxylate 5 14 % of

P- p- cyanophenyl - 5- propyl -1, 3-di oxane 8 % of 2-fl uoro-4-pentyl phenyl
rans- 4- propyl cycl ohexane carboxyl ate 16 % of 2-fl uoro-4-pentyl phenyl f
rans- 4- pentyl cycl ohexane carboxyl ate -nd‘ug % of 2-fl uoro-4-pentyl phenyl

rans- 4- gept yl cycl ohexane car boxyl ate s a clearing point of 85.40, an

bpti cal ani sotropy of 0.131, a VISCOSIty of 54.3 nPa.s at [err] a threshold

ol tage of 2.22 volt, a dielectric anisotropy of +11.1, and [err] of 1.18.
Conpar at i veishprefegtiye 2 _

35 /F Cl }?
9 @, (H-on ox <TH-r.

w0 R! is preferably straight-chain alkyl of 2 to 7 C atoms. Z is in the case of compounds of the formula | pref-
erably ~CO-O-, -CH,-O- or a single bond. X2 is preferably fluorine. :
Of the foregoing partial formulae, those of the formulae ia, Ib, ic, Id, le, Ig, Ih, i, Ij, Ik, Ii; Im, lo, Ip, Ir and
is are preferred. Particular preference is given to those of the partial formulae la-lc, ig, Ih, Im and Ip.
In the case of the compounds of the foregoing partial formulae, R is a straight-chain alky! group, preferably
4 of 1to 7 C atoms, in which in addition a CH_, group can aiso be replaced by -O- or -CH=CH-. Particularly pre-
ferred groups R are methyl, ethyl, n-propyl, n-butyl, n-pentyl and n-heptyl.
In the case of compounds of the foregoing partial formulae with two groups R, both groups R each have
independently of each other one of the abovementioned meanings.
In the compounds of the formuia il R! and R? are each independently preferably alkyl, alkoxy or
s0  alkoxymethyl with each up to 7 C atoms.
in the compounds of the formula [V R and R? have the preferred meanings indicated above. Preferred
compounds of the formula [V are those of the partial formulae (Va to IVF:

R1-Phe-CO0O-Phe-COO-Phe-R2 Va
R1-Cy-COO-Phe-COC-Phe-R? Vb
55 R1-Phe-COO-Cy-COO-Phe-R? Ve
R1-Phe-O0OC-Cy-COO-Phe-R2 tvd
R1-Cy-CO0O-Cy-COO-Phe-R? Ve
R1-Cy-COO-Phe-COO-Cy-R2 IVF
8




_ A liquid crystal phase consi sti ng of 8.6 % of

(r%)a(r;fs 4- propyl cycl ohexyl ) -2-(4' 8&95%'5878{“ uor obi phenyl - 4-yl) - et hane
t@ns 4- pr opyl cydohexyl)-2-(4' -ethyl -2'-fl uorobi phenyl -4-yl)-ethane 8.7

_ i Of the foregoing partial formulae, those of the formulae 1Va, IVb and IVd are preferred

t r ans- 4- peWhsn te«;/e!hbarewyllr)mszcwunét #fjarnylae litg Yors#ie ph cahop jafome.thesh ganG  0f
®4- et hyI bgarrerggaq]ﬁ Blsﬁﬂ@ﬁ brapghed zmau‘%-lgqever the phases according to the invenfion did not use any

2. ;' cyanop negs | ptaulmgremaag @n%d group Such branched alky! groups for the purposes

_cya rfop h |gre§re i ign c n ! et ney branchmg preferably this is anm:‘t:lggu?; retgiln i::u:
$ins- 4- (tr 4 { é}mﬁ f ’ .
bi rm h . f lqurd crystat dielectrics
yano Ip in nv m{n Jn g hain alkyl radical in order to induce,

B Bi st el g i

3 than1 nt b weigh preferably 0. 5 to3
[t ranss 4- 3Rty @Mp):ﬁ]ent‘t(a nﬁgaaﬂb'?aréﬁéaraﬁcﬂ «PE% 3/ eny and %
g trans- 4- pefly ug&mmgf&gga,n@paﬁh(fgrﬁ@ag 4- but yl cydohexyl) cycl ohexane

boxyl at e has a c earing point of 86.9, an optical anisotropy of 0.130, a

dscosity of 32.3 nPa.s at [err] and threshold voltage of 2.28 volt, a
gel ectric anisotropy of +11.2 and [g Q-lb‘ 1.27. 30 Exanple 3 A I|qU|d
»ystalrphase consisting of 3.0 % of anéﬁlphenyl 4-vyl

(heptyl phenyl ) - benzoate 10.0 % of 2-fluoro-4-pentyl phenyl
(heptyl phienyl ) -benzoate 3s 14.0 % of

cyano-4' - (trans-4-pentyl cycl ohexyl)-bi phenyl 7.0 % of

cyano- 3-fl uor ophenyl p-propyl benzoate 2.0 % of 4-cyano-3-fl uorophenyl
et hyl Btnzoate 10.0 % of 2-fl uor o- 4- pext yRhenyl

ans-4-(trans-4-pentyl cycl ohexyl) - cyhne carboxvl ate 14.0 % of

p- cyanophenyl - 5-propyl -1 , 3-di oxane 40 12.6 % of p-propyl phenyl

gans- 4- propyl cycl ohexane carboxylate 15. 4 % of p-pentyl phenyl

gans- 4-propyl cycl ohexane carboxyl ate and 12.0 % of p-heptyl phenyl

§ans- 4- propyl cycl ohexane carboxylate has a clearing point of [err] an
gt i al ani sotropy of 0.131, a V|5005|ty Ef 45.3 nPa.s at [err] a threshold

gl tage 45 of 2.21 volt, a diel ectr tropy of +11.2, and [err] of
16. The m xture of Exarrple lis a g rting point when desi gni ng
Jpert wisst ed di splays. If the initial test cells containing this phase show
dsuf fi ci ent Piefeaedyhiasks atrardjpg ediss invielition cinseinutdepaniids bfebefpineiai inwich REis adégdnd N
fder to i MRrodaliyb nalketyer eakanodaxgl obt ai n an optim sed transm ssion vs

vql tage cur veR!and iR ereprearablyatalkyl obi-aikdxp plliyeack ¢ase PiodtQatemsof Exanple 3 may be
added i f nece$ rafipnof threphages ageerding e the jnventjen ivsfleeted inthe converiigaal qrapngr. fngeneral,
vgl t age 350 hegpstadamon of the Rests ddhick i§ uprdgty thy emelleeamaytisdigsolyed ip tRicppponents

| tages f oYManfansituazle maip ponstiyeet. prplarebly elelertedismperstues I hisempsratiyel eogRaIR.e
aid suit abl M?%ﬁa’%ﬂﬂﬂf’ft‘t‘e\)ﬁ%“ CORTHRUASH foe ‘i°6‘p'5§§“°t§§%f(Y‘et"S"’%Pé‘?'ﬁ?"'t"%"aﬂé%?‘?sé‘?ie‘tj/ p
ne)at i onshifg §§s" d| t i ves are r eadi I¥%ava| | ab] e n knovvn

sifilled wor Ig.gtt':w ‘E%' {" pos H‘é% i ! 5’(‘8&“'{ e %u::‘u‘::'
p oport I d O{rg ﬁt iS'S %r{ rséngeth mus! e sured% Ah ioaent oes not
Jyst al phaiﬁt?odbc% ahy é&rﬁ"ﬂm&&%ﬁ&é abﬂgo

By means of suitable additives the liquid crystal phases according to the invention can be modified in such
away thatthey can be used in any hitherto disclosed kind of sunartwisted nematicliquid crystal display element.
45 The praduction of a supertwisted nematic electro-optical cell containing a phase in accordance witn the -
invention can also be carmied out in a manner known per se; for example, by evacuating a suitable cell and
introducing the mixture into the evacuated cell.
The examples below serve to llustrate the invention without limiting it. In the examples, the melting point
and clear point of a liquid crystal substance are given in degrees Celsius. The percentages are by weight. The
s0  values of the threshold voltages relate to an angle of observation of 0°, 10 % contrastand 20 °C and are voltages
in a 90° twist cell,

Example 1

A liquid crystal phase consisting of
3 % of 4-cyanobiphenyl-4’-yl p-(n-heptyiphenyl)-benzoate
10 % of 2-fluoro-4-pentyipheny! p-{heptylphenyl}-benzoate
14 % of 4-cyano-4'-(frans-4-pentylcyciohexyl)-biphenyl
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3 % of 4-cyanobi phenyl -4' -yl p-(n-heptyl phenyl)-benzoate 10 EP O
Bl 8 % of 2-fl uoro-4-pentyl phenyl p-(heptyl phenyl)-benzoate 14 % of :
4: cyano-4' (trans-4-pentyl cydohexyl) - bi phenyl 7 % of cyano-3-fl uorophenyl
_p- propyl benzoate 2 % of 4-cyano- Efdasasepsenyl p-ethyl benzote 5 10 % of §
2- &Lyoro 4- pentyl phenyl trns-4-(trans-4-pentyl cycl ohexyl)-cycl ohexane E

oxyl qb@ofj‘%ya@g_ﬂugmﬁ,eﬁy@p,gmgﬁ%gteS propyl -1, 3-di oxane 2 % of

p (p- pyoRw &ha p-BHfN2oafe @NS- 4- cycl ohexane' carboxyl ate 8 % of
2-fluor 016-,;533_2 %MphgﬁymagA“,aﬁmbgn ycl ohexane carboxylate 16 % of

2- f
2-

| uor ocgcidnexyl)-¥clohéxand catoattes 4- pent yl ycI ohexane carboxyl ate and 10 16 % of

fluer 014 %t Do\ dnbeamii-5-blopyn 3, 34diokempt Y| cydohexane car boxyl ate. Conparative
Exanpl e B %ofl2ifigeto-a-pertyshbsy trdab-ap@pydytictiesdneng of 15 16.6 % of
1- (tr anscé#bgpeyeeyl cycl ohexyl )-2-(4' -ethyl -2'-fl uorobi phenyl -4-yl) -et hane
16. 7 % of16 % of 2-fluoro-4-pentyipheny! trans-4-pentylcyclohexane carboxylate and
1- (t r ans-18.%xf afiydred prolyiphenyl)trafs-4-Hepty[gyaichexan@ tartfokylate obi phenyl - 4-yl ) et hane 16.7
% of - (thasaripadngpeintof§Sc4).4n briigal anispirgpy of G:t3h.alviscusitfdf oY mRH.qAv\althreshgll yoltedeane
10 % of ﬁ%%@w%ﬂﬁelﬁmmmhefﬂw1'J?OdW6f1°ﬁilﬁropyl 4' -cyanobi phenyl 20 15 %
of 4-pentyl -4- cyanob| phenyl 5 % of .
44" - bi s %Fﬂ ‘5‘ﬂf‘ﬂb§I cycl ohexyl ) 2-f 1 uor obi phenyl 5 % of
4, 4-bi s- (tr qt | C ohex I) quoroblphenyI and 5 % of 4- 4
-bis-tr (? j%r cl ohexyl ) - 2-f | uor obi pheny! "

i 4%;4 Sk

hasacl % c-nematic of. < -20, ai_

8
Vi sc03|t ; dzr "°r°' e" )a{M tnopy of 0.179 and
shows go ':?gé eViC s %\ quid crystal phase
co ' 2— ph ny |oxane "
1- (transﬁ%q,rf g

,oxaﬁ { hyl' -2'-fluorobi phenyl -4-yl)-ethane 9.1 °

% of 1-( dxhnel-progoxydy@te¥dnz 2' - f | uor obi phenyl - 4-yl) - et hane
9, 2% of % of 4-cyanobuphenyl—4'—yl p-(heptylphenyl)—benzoate
1- ('t r ans-444 graat-it-Gapodsrspricydonesdl)biphdayl - 2' - f | uor obi phenyl - 4-yl)-et hane, 9,2

% of s ( uWﬂu@mydwabmhmw(ﬁns%mmmmbmhawhame 22.5 % of
1-(trans94 q:fmmﬂl—;eyglbnlmtyllwpnﬂﬁmmwmaw))cymmmx%of trans

t r ans4- pihege tleafihg mojra ofB6IBE lao hptics! |lacisatrbpM v RABE & v8&oslly SFB28 mPa.s at 20°, and threshold
2-p- cyanaghamgfl225vqltrmgglbwma&smm#ei 23 K&lh%qbﬂ 22- cyano- 3-f | uor ophenyl

p- propyl benzoat e.
30 Example3

A liquid crystal phase consisting of
3.0 % of 4-cyanobiphenyl-4’-yl p-(heptyiphenyl)-benzoate
10.0 % of 2-fluoro-4-pentylphenyl p-(heptyiphenyl)-benzoate
35  14.0 % of 4-cyano-4'-(trans-4-pentylcyclohexyl)-biphenyl
7.0 % of 4-cyano-3-fluorophenyl p-propylbenzoate
.- 2.0 % of 4-cyano-3-fluorophenyt p-ethylbenzoate
W/ 10.0 % of 2-fluoro-4-pentyiphenyl trans-4-(trans-4-pentyicyclohexyl)-cyciohexane carboxviate
14.0 % of 2-p-cyanophenyl-5-propyl-1,3-dioxane
40 12.6 % of p-propylphenyl trans-4-propylcyciohexane carboxylate
~ 15.4 % of p-pentylphenyl trans-4-pmpylcyclohexane carboxylate
"'"12.0 % of p-heptylphenyl trans-4-propylcyclohexane carboxylate
has a clearing point of 85.2°, an optial anisotropy of 0.131, a viscosity of 45.3 mPa.s at 20°, a threshold voltage
45 of 2.21 volt, a dielectric anisotropy of +11.2, and Kas/K;¢ of 1.16.

The mixture of Example 1 is a good starting point when designing supertwisted displays. If the initial test
cells containing this phase show insufficient threshold sharpness, the mixture of Example 2 may be added in
order to introduce hysteresis and obtain an optimised transmission vs voltage curve in the test cell. Similarly,
the mixture of Example 3 may be added if necessary in order to reduce excess hysteresis. The driving voltage

50 should then be adjusted to provide the comect switching voltages for the tuned cell.

The mixtures of Examples 1 to 3 are undoped and suitable chiral additives and have to be used to obtain
the desired d/p relationship. These additives are readily available and known to the skilled worker.

The three mixtures may also be mixed together in any proportion to obtain intermediate properties.

55 Example 4

A liquid crystal phase is prepared consisting of
3 % of 4-cyanobiphenyl-4'-yl p-{n-heptylphenyl)-benzoate
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_ ans- 4- propyl cycl ohexyl) 2-f 1 uorobi phenyl, 5 % of
' - Br s (t rans- 4- pentyl cycl ohexyl)-2-fl uorobi phenyl 5 % of
. ‘4(trans- 4- pent yl cydohexyl )-4' - (trans- 4- propyl cycl ohexyl ) - 2-f1 uor obi phenyl
® 5 %of trans-4-pentylcyclohexyl gp g 317587 81
#rans4- (transpropyl cyohexyl)-cycl oﬁexane carboxylate 5 % of

fans- 4- pent yl cydoi exyl trans-4- (trans 4- bgtylcyclohexyl cycl ohexane
car boxyl at esh)oao'fz,au&@abémhgwinﬂ‘ewp“ e“z%l Transition poi nt snecticnematic
off < -20, awa,,s,gpsyahgu'{néané}&p@hﬂﬁ!a”? '°5 y an optical anisotropy of 0.122
-a _d shows geqaofprcw.erstﬂuwh?w‘%&p ’\‘fr° es The m xtures of exa‘r;gl e 6 and

exanpl e 5 ape, Suidaioiadueraphanyt %m% Ea-pN§lcfdth wivi)-bycoexanglsPROBEFef r i ngence

A 1

45 for sSTNo eksof 2fewo-4-yiph Etfag ESpeci aI l'y useful for STN displays
with tw st angﬂcﬁs-ma"fﬂﬂ“‘ﬁ“é' wd8s-cytiet@saneicart@YP8r at i ng a vari abl e
birefri ngenca?/np@-wpf%w ,@glejaoﬁaawe@htbov\ﬂﬁest angl e and thi ckness.
Bot h mxture&s%afr%““ﬂm ﬁ o 4heygtitterame cboyipt®PMy a range of [err]

from 0.179 t't?"@)“]?%‘;%i " pre mg‘,@n&kamydbwwmy%ﬂage of 2.03 V-2.04 V
in 180 degre&%f"vﬁ' ﬁ&aﬁy[err] 180 Ctwist, lowsurface tilt cell, dip

= 0. 375, [err! = Q, Bhmpid §€ hi gh clearing poi nts m ni m se undesirabl e
variation in at efevat ed operating tem 50 peratures A suitable

bi rlefri ngence f sthl Bhdsé cdndiblingel | i s ob thardeg 21.8 parts of
the\ m xture Qf Aq!%'?@iqs.%pmpﬂdadd@xm-zﬁﬁﬂ@‘ ) g}% .q:[giu ym;ahai‘e exanple 6 The
resul ti ng’ |Iqbll7 &axﬁna-h-pqobméofs gﬂ‘ _Jopb@phé\ usyqiemarpy of 0.1357 which
gr ves the optishB] ofdfkdnsalpendaytionarfiZdf'z c‘f‘ or a 180 twist STNcell with 7
th] t hi Can%S{.éfQIemkl-bcs@@bWhe“Y‘ EI ectro-optical neasurenents were taken
ustfig a whi te‘ol%@'htprowligweﬂqbﬁh srtlve contrast node with both polarisers
pardl | el gpd {sheofisrmentyi-4peyrepd rag@l e of [err] to the input
di.rdctor. [ers*}'..of44'-1"5€!t23"f‘é1p1’°‘fmz::g: _ﬂ;ﬁgpﬁm%ﬁﬂ%?m [err] 1.86 [err]

-b " o
1023 [te.r LL ) fgj;gfljjﬁa;ﬂ fnff ohexyl}4'( pﬁggggfmggﬁﬂgm qy %55 3lmpRaaeRe, an

srt\on point sm
1- (t} ans- 4- pr gspdeg Hbws §0a ylopaities INRRESYSFeny| - 4-yI ) - et hane, 10
9. g_ % of 25p optical amsotropv é‘?Xﬁg a%a yiop Pheny yb- ane

1- (tfans- 4- pent yl | ohexyl)-2-(4"-et hyI -2' -fl uorobi phenyl -4-yl) - et hane,
9.1 % of Edmeie €

1- (trans-4-pro Lornsibti ntyl-2"-fluqr ] 4-yl) - et hane,
14(9 % of tlroa py%%‘ﬁ’%%wﬁ“ o;(oﬁéx:lﬁ-(ﬁ&gq‘ eg\; mﬁ&au@texa%e) 5.2 % of

pr 'FL
2- p- cyanopfi® - {iraiid-4-gropgicytobmariiré-(4"-Berty tBaniaJ uorophenyl
p- pr opyl benzo ji{ ﬁ%ﬂ%do@e 'Bt“ﬂ'z %’ '°b'upaEJ ?e
transd- (trans- fgg)glafﬂuﬁgeed-m&m° QW&B’E@!@ Bh g,r;eboxyl at e,

15 % of trans, trans-4~propyl-4'-cyanocyclo exylcy
35 5%of 2—p-cyanophenyl-5—propyl-1 ,3-dioxane, ..
5 % of 4-cyano-3-ﬂuorophenyl p-propyibenzoa

' {)-2-fluorobiphenyl,
, ' Bis-(trans-4-propylcyciohexy
- 5 % of 4, 4' s~ s_4_pemy.cyclohexyl)-z-ﬂ“°'°b'9"°"y‘ bioheny.
5 % of 4,4'-Bis-(tran cyclohexyl)-2-fluorobip

I :
s-4- clohexyl)-4'~{trans-4-propy carboxylate and
: ZZ zz;fzzlpemg:ihexyl h'anS-4-(trans+pmpylccxlrc:‘oh;x){g;cycdo:;t;eaxnaen; rboxylay:e
G oheX o n
i 5 % of trans-4-pentylcycloiexyl “aﬂs""("anflt:':g‘ct::nemaﬂc of < -20°, a viscosity of 33.5 mPa.s at20°, @

has a clesring point of 96.8°, 2 transition b rties in SBE devices.

itable as a two-bottle system with variable bnref;rzxgznce
useful for STN displays with twist angles of 180 ‘:’eg::i:ess B:?n

: atching to precise cell twist angle a t

o o a m 0.179 to 0.122, and a near constan

of An fro =
rtions, providing a range ° surface titt cell, dip =
mixures are ISGtC u(r)\aa\li-;r&pov in 180 degrees twist cells (7 um, 180 °C m{‘s:.- mlevated operating tem-
iy voltags;as;’fTZh high clearing points minimise undesirable variation in colo
0.375,d.An=0 e

50 eratures.
P A suitable birefringence fora7 pm ST
f example
ith 78.2 parts of the mixture 0
:‘1357 which gives the optimal optical path differe

- ical measurements were taken using a white

Electro-opti h
i - polarisers parallel and the input polariser was at an angle of

1.92
2.05

rees mcorporatmg a variable birefringen

i xample 5
STN cell is obtained by mixing 21h8 pea::oc::’ ;h:nn;:::r; :fmes omzly s
The resulting liquid crystal phas o o icknoss o

nce for a 180° twist STN cell with
light source in positive contrast mode with both
5° to the input director:

Vo020
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22.6 % of 1-(trans-4-propylcyclohexyl)-2-(p-cyanophenyl)-ethane. 5.0 %™
4,4 -Bis-(trans-4-propyl cycl ohexyl)-2-fluorobi phenyl, 5.1 % of
44" -Bi s-(trans-4-pentyl cydohexyl)-2-fl uorobi phenyl and 5.0 % of
4- (trans-4-pentyl cycl ohexyl -4' - (trakg-081psag®il cycl ohexyl ) 2-f | uor obi phenyl
20 \ has a clearing point of [err] a viscosity of 24.6 nPa.s at 20, an
optical anigotropy fgs0.121 and shows good properties in supertw sted
nematic deviggs, C fegs 25 1. A liquid crystal phase for use in
supertw st eglynenati gsgel | s consisting of at |east three conmponents A, B and
C, each of my ch conbmi ns one or nore conpounds, wherein conponent A has a
~viscosity of at nost about 25 nPa.s at [err] a clearing point of at npst
[err] and. aeximple@ctric ani sotropy between about -2 and about +2. conponent
"B has a dielectric anisotropy above about +8, conponent C has a clearing
poi nt of nor e Atlipgihcriztal plia8&camsistingiofdi el ectri ¢ ani sotropy between about -2 and
about +2, cHhabeof 1-Grapseoropyicycidhaxy)@dsirethmeX fluombihenr-avihethase. | east one conpound
of the fornul %o F'(ffa['%i-ﬁﬂMcmdmvﬂﬁ-(;'ﬁﬂ‘v']z"ﬂ‘@Wai"ke}'v’-“d‘f)-emam 12 C atoms, in:
whi ch i n ad¥i %% fr@red-eeeviayciohem)y2ds enty2 -fuapbiphepyd-hylrethangn be repl aced by 0
atons, - CO-14-2 % otyans.transdrpropyt-esprolyeyclobgayi-cygiohersee. 40 R2 has one of the
meani ngs Of5.§§$§%§ﬁ?ki§mﬁ;ﬁaﬁm§?F 55 7' is -Q0-0-, -O-CO -or [err] o
is 1 or, if> '@ ﬁB’_ﬁf@e'er 1.(% err 1.96 [err]
1 9. of 2-fu n ns-4- exane ate, .
1.10 [er'f] 226 % of _(mmwmg X;Z'i _%‘cyal it %ﬁ[:g‘{}_‘ifp?g‘ggfy ﬁéé'é %&ﬁ’é" ®ing of

5.0 % of 4,4'-Bis-(trans-4-propylcyclohexyl)-2-fluorobiphenyl,
. 5.1 % of 4,4'-Bis-(trans-4-pentylcyclohexyl)-2-fluorobiphenyl and
o 5.0 % of 4-(trans-4-pentylcyclohexyl}-4'-(trans-4-propylcyciohexyl)-2-fluorobiphenyt

20 has a clearing point of 93.4°, a viscosity of 24.6 mPa.s at 20°, an optical anisotropy of 0.121 and shows good
properties in supertwisted nematic devices.

Claims
25

"

1. A liquid crystal phase for use in supertwisted nematic cells consisting of at least three components A,

B and C, each of which contains one or more compounds, wherein component A has a viscosity of at most

about 25 mPa.s at 20°, a clearing point of at most 130° and a dielectric anisotropy between about -2 and about

+2, component B has a dielectric anisatropy above about +8, component C has a clearing point of more than

30 130° and a dielectric anisotropy between about -2 and about +2, characterized in that component A contains
at least one compound of the formula lil

1 1.3 .2
- R -@-z -a3-r 111
(o]

(N in which Rt is alkyl of 1 to 12 C atoms, in which in addition one or two non-adjacent CH, groups can be replaced
R by 0 atoms, -CO-, -O-CO-, -CO-O- and/or -CH=CH- groups,
40 R2 has one of the meanings of R,
& Adis
F
“ ©-
or
50
F

21 is -CO-0-, -0-CO- or -CH,CH,-,
oistor,ifA3is
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9.1 % of ' i
1- (trans-4-propyl cycl ohexyl )-2-(4-ethyl-2"fluorobi yhenyl -4-yl )’m"m"ﬂ”m”,’””"j
9.1 % of LI
1- (trans-4-pentyl cydohexyl)-2- (4' - et hyl ERO311586Pbbi phenyl - 4-yl ) - et hane, 9.1

% of

1- (trans-4-propylsycl ohegyl ) - 2- (4' pentyl -2' -fl uorobi phenyl -4-yl) - et hane,

14.9 % of tran¥shd@ns- 49eropyl - 4' - propycycl ohexyl - cydohexane, 5.2 % of

2- p- cyanophenyMxb- propyiie 1, 3- di oxane, 5.0 % of 4-cyano- 3-fl uorophenyl

p- propyl benzoaMay 15 908 9% of 2-fl uoro-4-pentyl phenyl

trans-4-(trans-4-pentyl cycl ohexyl -cycl ohexane carboxyl ate. 22.6 % of

1-(trans-4- proBﬁ“&?&F(?l ohexyl ) - 2- (p cyanophenyl ) - et hane, 5.0 % of

4,4' -Bis-(trans- pr opyI cydohex - 2-f1 uor obi phenyl 5 1 % of

4,4 -Bis- (tran - |s"-9 ff hen .0 % of
4- (trans-pent y %ﬁ gﬁfm )_34 g%g %l‘f'?'@é aaﬁe’fl uor obi phenyl
09 aip ‘W

20 has a cf’ea uorobl e'@’ Y_ehaneat [err] an

optical ani sot 1;95) supertw st ed

nemati c devi ceg, of e;l,y'- 5’1 %asé for use in

supertw sted gmf s,u&,%gh zdgge Ieast three conponents A, B and
C. each of uhigh mainadras heﬁ m(an%Wa,domW&u&&m&&mA has a
viscosity of apréRek1-aR @,em)@t(pgﬁmﬁmwn@a{ahag poi nt of at nost

[err] and a dlebemfmce.a(uhmb,e% XBHeMudBipenyt,2 and about +2, conponent
B:hasea di el ecs.n pwof a1 Bio{tafyoy/penbyzydoheiy)2ifudSbipteayranent C has a cl earing
pcﬁcht NOr e §.b8of 3Qrand-8Perayiayciaheslyijod-gahs-#-propyidysiatiexy)Rflubebieeayl about -2 and
about +2, char bastasteatrgbointof 9347l a EisORIYRE2H6 MPTIREM sreoptidal dndsadpy Of 124 andtiowschood
of the forrrul aprppertiep rsuperiwistedinerodticdevice$. i s al kyl of 1 to 12 C atons, in
whi.ch in addition one or two non-adjacent CH2 groups can be repl aced by 0O
ators, -CO, -0-CO, -COO and/or -CH=CH groups, 40 R2 has one of

the meani ngs oflaims r] A3 is F [err] or so F 55 [err] is -COO, -OCO or

-CHZCHZ- dsis lor i f err] is 12 P 0 317 587 B1
llquld crystal phase for use in supertw:sted nematic cells consisting of at least three components A,

B and C, each of which contains one or more compounds, wherein component A has a viscosity of at most
about 25 mPa.s at 20°, a clearing point of at most 130° and a dielectric anisotropy between about -2 and about-
+2, component B has a dielactric anisotropy above about +8, component C has a clearing point of more than

30  130° and a dielectric anisotropy between about -2 and about +2, characterized in that component A contains
at least one compound of the formula Il

1 1_,3_.2
w R -@-z -a%-» . 11
o

Vi . in which R1is alkyl of 1 to 12 C atoms, in which in addition one or two non-adjacent CH, groups can be replaced
) by 0 atoms, -CO-, -O-CO-, -CO-0- and/or -CH=CH- groups,

£ R? has one of the meanings of R?,

- ) Alis
F
- ®-
or
50
F

55

21 is -CO-0-, -0-CO- or -CH,CH,-,
ois 1or if Adis

12

iy
i S - E e \ R ——————
-



e ;50 ‘2, that conponent B contains at |east one conpound of th

err]~|n which [err] is alkyl of | to 12 C atons, in V\/nichin m}‘m M@I”“I

Br two non-adj acent CH2 groups can be replaced 15 by 0 ato

-_COO and/ or -CH=CH groups, [eerd3wamsrBerr] are each, |ndependently of
Bach other, Cy, Dio Pyr or Phe, Zis -CO-O, -OCO [err] or a single bond,

.err] is F, d or -CN, [err] is For d, 20 mis 0 or 1, Cy is trans-1
£ 4-cl ohexyl ene. Pyr is pyrimdine-2, 5Fd|yl or pyridine-2,5-diyl Diois

Lrans- 1, 3-di oxane-2,5-diyl and Phe i , 4- phenyl ene. 25 2. Liquid
Erystal phase accordlng to claim1. racterlzed I n that conmponent B
gontains at | east one com pound of the formula Il in which [err] is Cy

ter r]° Phe Phe e 08 Qontbis 4l oftitempounéof tRHRMEED: Phe, Cy- Phe- COO- Phe. ~ 30
®nd [errf é"(%:I)k“ e have the nmeanings indicated above. 3. Liquid crystal
$hase according to at | east one of clai | to 2, characterized in that
gonponent B cont ains at | east one conp yund of the formul a and/or of the

g or muj,a in which [err] 1has t he yrean \i_ptli cated abovei 4.Liquid crystal
®ehase according to at H edal Jgnd of” nms 1 to 3, characterized in

@ hat conponent C contains at |east one conpound of the formula IV [err]

@hich [err] independently is - Chrwd -hdjao@}tCB{gmwmflé‘faF] and
7 indepMﬂyﬂlhﬁvfé‘Q%ﬁ‘g?HC&gm%" ‘:,'g:;t ed ab?)ve 50 5. Liquid crystal
B\ s e 1.0 by Odtome -66- QP T

. }. &%, Dio, P@4c Prehar act er i zed
Bt hat conPCean c‘% %['.@ﬁ”ﬁfm ,eofg °'Q}%;eg§émound e e [err]
Uzse of liquid crystal phases according to
& aimil, fo?‘1 ‘§ Sted nematic el ectro-optical display ele- 15 nents. 7.
Fpertw st eff I c electro-optical display el enent, characterized in that
¢ corffains CYIS@QS'S-PL@&G@’XQM@Q to claim1. 20 Patent ansprl riche
& Pyr is pyrimidine-2,5-diyl or pyridine-2,5-diyl,
Dio is trans-1,3-dioxane-2, 5-diyl and
Phe is 1,4-phenylene. .
25 2. Liquid crystal phase according
pound of the formula I

to claim 1, characterized in that component B contains at least one com-

R1-A4-Phe-CN i o O0.Phe.
in-which At is Cy, Cy-CH2CH2, Phe, Dio, Phe-COO, Cy-CO0, P::-P;eéﬁtéeég?&:he. Cy-Phe-CO
Phe-Phe-COO-Phe, Cy-Cy, Cy-Cy-CH,CHa, Cy-CH,CH2Cy, Cy-Phe Y-

30 andR! Cyand Phe have the meanings indicated above.

3. Liquid crystal phase according toatleastone of claims

at least one compound of the formula

andor of the formula

“ - ..Rl'CHzCHZ— H)-CN

in which Rt has the ‘meaning indicated above.
45 4. Liquid crystal phase according toatleast
at least one compound of the formula tV

1 to 2, characterized in thatcomponent B contains

one of claims 1t0 3, characteriied in that component C contains

indicated above.

50 §. Liquid crystal phase accordmg toat
. atleastone compound of the formulae
R1-Cy-Phe-Phe-R? :
R1-Cy-Cy-Phe-R?

R1-Cy-Cy-Cy-R?

55 R‘-Cy—Z‘-Phe-Z‘-Phe—R2
R‘-Cy—Z‘-Cy-Z‘-Phe-R2
R'-Cy-Cy-Z'-Phe-R?

R'-Cy-Cy-Cy-Phe-R?

teast one of claims 1to4, characterized in thatcompone nt C contains

13
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ek t-arTrRE Phase zur '“\}é'rwendung in hoherverdrill tB“llll Hm“l!Em—m“I
* KO esA « |

| | en bestehend aus m nde- stens drei Konponenten A, B und

.di eser Konponenten ei ne oder nehrere Yerbindungen enthalt un trpone
eine Viskositait von nicht mehr al FPOMEFH 25 nPa-s bei 20, einem
li?rpunkt: von hoch- 25 stens 1300 und eine dielektrische Anisotropie im
BeT ei ch voR.ey-opz=-Q-fri s etwa +2 hat, Konponente B eine die- |elketrische
Ani sot r opi 8-egn-cEturzal s ungefffhr +8 und Kornponente C einen |Ofirpunkt
von nehr aR&CyBe-Pheiy-R2i ne di el ektri sche Anisotropie imBereich von etwa -2
bis etwa +2 hat, dadurch gekennzeichnet, daBl Kompo- nente A m ndestens
Ver bi ndéing der Formel 11l enthalt 30 R # -(" 3)0ZI-A3-R2IIl 3s worin
Rl Alkyl mit | bis 12 C Atonmen,ist, Joriinauch _eihe oder zwei nicht
benachbarte CH2- G uppen durchn%)sé&'t (?%m;e,.hggg, l:’lXOGZG—, -CO- O undl oder

- CH=CH G uppen ersetzt sain konnen, R2 eine der Bedeutungen von R hat, A3
F 45 oder iSt, Z' -CGO,- -0 COy odor - CHX ist, ol oder. imFalle A3 .
14 % R"-Phe-Phe-ZF 587 Bl F 5

Ki} auch- 2, und Konponente B m ndestens ei ne Verbi ndung der Fornel | :
ent hal t 10#-%-%&&@9: R A-Z-7] X 15 worn R Alkyl mt | bis 12 C Atonen :
ist, worin aygc e ke 2l . CH2 - v ele. S
O T iy s e S
und Al sind J7%’U§§vﬁstmm@ﬂbﬂo\fﬁmﬁisﬂmengﬁaraghﬁed i Wt iRbntiiha phadd according Z
st -CO O gpcafd 420, -CH2-0-, -O CHx- oder eine Einfachbindung, Xl ist F. d
oder -CN, X2 ist F oder C, mist 0 oder 1, Cy ist trans-1 ,4-Cyclohexylen, |

N

20 Patentanspriiche

1. Flssigkristalline Phase zur Verwendung in héherverdrillten nematischen Zellen bestehend aus minde-
stens drei Komponenten A, B und C, wobei jede dieser Komponenten eine oder mehrere Verbindungen enthait
und Komponente A eine Viskositét von nicht mehr als ungefdhr 25 mPa-s bei 20°, einem Klarpunkt von héch-

25  stens 130° und eine dielekirische Anisotropie im Bereich von etwa -2 bis etwa +2 hat, Komponente B eine die-
leketrische Anisotropie von mehr als ungeféhr +8 und Komponente C einen Kldrpunkt von mehr als 130° und
eine dielektrische Anisotropie im Bereich von etwa -2 bis etwa +2 hat, dadurch gekennzeichnet, daB Kompo-
nente A mindestens Verbindung der Forme! ill enthdlt

Rl-— F@-) o—Z1-A3-R2 . III

35 worin Rt Alkyl mit 1 bis 12 C-Atomen ist, worin auch eine oder zwei nicht benachbarte CH,-Gruppen durch O-
Atome, -CO-, -O-CO-, ~-CO-O- und/oder -CH=CH-Gruppen ersetzt s2in kdnnen,
R2 eine der Bedeutungen von R hat,

/ As
9
F
) &
oder
50 F
55
ist,

2% -CO-0-, -0-CO- oder -CH,CH,- ist,
0 1 oder, im Falle A*=




= rnrarn-2,o-dryl oder Pyriadrn-2,5-dryl. Dio |et
,ans 1, 3 Dboxan- 2, 5-diyl und Phe ist 1,4-Phenylen. 2. FI stmmmﬂlmumulm
hase nach Anspruch 1, dadurch gekennzei chnet, daB Korrponent
g -~ ne Verbindung der Forrnel Il enthalt 30
| - &4- Phe- CN Il worin A4 Cy. @po34268iB1 Phe, Dio, Phe-COO Cy-COOQ
¥he- Phe, Phe- COO Phe, Cy-Phe- COO Phe, Phe- Phe- COO Phe, Cy-Cy,
by - Cy- CH2CH2, Cy- CH2CH2- Cy, Cy-Phe oder Cy- COO Phe bedeutet, und R, Cy und
fhe di e oben angegebene Bedeut ungen hapen. 3. Flfssigkristalline Phase nach
i ndest ens ei nem der Anspruche | und dadurch gekennzei chnet, daB 35
orrponente B m ndestens ei ne Verbi nd der Fornmel R JQ G CN undl oder 45
R {+0-6R2CH2_G -C_ enthilt, worin R diefoben angegebene Bedeutung hat. so
j. Fl ussi gkristalline Phase nach mi ndestens ei nem der Anspriche | bis 3,
fladur ch gekarnumdikompaente B aihdictanp eineVerigndingiden Barmbl¢ mshai ne Ver bi ndung: der
fornel |V enthalt ' R -A2-(Z2-A22-R2 IV worin Z2 unabhl ngi g vonei nander
feweils -CO-O oder -0-CO, A2 Cy oder Phe bedeutet und RI und R2 unab-
pi ngi g%onei nander di e oben angegebene ﬁedeutung haben. 55 5.
¢| 1 | ssi gkristalline Phase nach m ndes }ens ei nem der Anspruche 1-4. dadurch
.ekennzel chnet, daB Kom ponente CrHpdestens ei ne Verbi ndung der Forneln
R1- Cy- Phe- Phe- R2 Rl- Q/RJG](APh,e-AR&—"XL ~~~~~~~~~~~~~~~~~~~~~~~~~~~ *. Lu
L M S EP 0317587 Bl R1-Cy- -RR R -Qy-7 P he-Z'-P he- R2
I-Q/-E Cy-Z1-Phe-R2 R -Cy-Cy-Z -Phe-R2 5 R - Cy-Cy- Cy-Phe-112
I - Qy- Cy- “m@Aﬁgl nﬁf b@'ﬁ%—ﬁt@(en%t uﬁ?nﬁl:h &Ne cP Q&wﬁ’ hlﬁ:ht%nécﬁ%ne CH,-Gruppen durch O-

Atome, -CO-, -O-CO-, -CO-O- undloder -CH=CH-Gruppen ersetzt sein kdnnen,
A°und A? sind jeweils unabhéngig voneinander Cy, Dio, Pyr or Phe,
3 20 Z ist -CO-0-, -0-CO-, -CHz-0O-, -O-CH_,- oder eine Einfachbindung,
3 X1ist F, Cl oder -CN,
X2 ist F oder Cl,
m ist 0 oder 1,
Cy ist trans-1,4-Cyclohexylen,
25 Pyr ist Pyrimidin-2,5-diyl oder Pyridin-2,5-diyl,
Dio ist trans-1,3-Dioxan-2,5-diyl und
Phe ist 1,4-Phenylen.
2. Flussigkristalline Phase nach Anspruch 1, dadurch gekennzenchnet daB Komponente B mindestens ei-
ne Verbindung der Formel Il enthdit
30 Ri-A%-Phe-CN  1i
worin A* Cy, Cy-CH;CH,, Phe, Dio, Phe-COO, Cy-COO, Phe-Phe, Phe-COO-Phe, Cy-Phe-COO-Phe, Phe-
Phe-COO-Phe, Cy-Cy, Cy-Cy-CH,CH,, Cy-CH,CH,-Cy, Cy-Phe oder Cy-COO-Phe bedeutet,
und R1, Cy und Phe die oben angegebene Bedeutungen haben.
3. Flissigkristalline Phase nach mindestens einem der Anspriiche 1 und 2, dadurch gekennzeichnet, daf
35 Komponente B mindestens eine Verbindung der Formel

e Ve

undfoder e e

45
Rl@-CHZCHZ—®-CN

enth&it, worin R! die oben angegebene Bedeutung hat.

50 4, Flussigkristalline Phase nach mindestens einem der Anspriiche 1 bis 3, dadurch gekennzeichnet, daf
Komponente C mindestens eine Verbindung der Formel IV enthalt

" R1-A2(Z2-A2),-R2 [\ . :

worin Z2 unabh#ngig voneinander jeweils -CO-O- oder -O-CO, A2 Cy oder Phe bedeutet und R und R2 unab-
hangig voneinander die oben angegebene Bedeutung haben.

55 5. Fliissigkristalline Phase nach mindestens einem der Anspriiche 1-4, dadurch gekennzeichnet, daR Kom-
ponente C mindestens eine Verbindung der Formeln
R\-Cy-Phe-Phe-R?
R!-Cy-Cy-Phe-R2




\-—-

0, e F R1- Oy- PhekPhe- Oy- R2 15 RR Ph ﬂ ”m"m;” m’
RR- Qy- Z' - Phe- Phe-Cy-R2 enthllt. 6. Verwendung von fl ul ssigkrt ' ’m
Phasen nach Anspruch 1 fur hoherverdrillte nemati sche el ekt ro- opt|- st
Anzei geel enente. 7. HoherverdrillteERitab¥Rhes el ektroopti sches

Anzei geel enent, dadurch gekennzei chnet, daB es eine 25 Phase nach
A\épruch 1 enchay-cy-ﬁ’evendi cations 30 1. Phase cristalline |iquide pour
utili sati onR4anz-RhesZ1-erd-RUI es n6mat i ques supert orsad~es consi stent en au
noi NS troi sREGnPeRyadiiPbe-R2 B et C, dont chacun contient un ou plusieurs
conpos6s, OoR-Cy-€y-g'dthed®ant A a une viscosiltA d au plus environ 25 nPa.s a
200, un fpoi Ri-Cyey-xBreR’ d' au pl us 1300 et une ani sotropie dielectrique
conpri se enRHeY-EniGYSRf -2 et environ +2, |s conposant B a une ani sotropie
di el ectri qu¥ gh%hé?yrz‘élﬁ’e A environ +8, le conposant C a un point de clart6
supéri eur aR edtheed®®ani sot ropi e di 6l ectrique conprise entre environ 3s
-2 et environ +2, caract6ris6e en ce quo | e conposant A contient au noins
un corrpo§6 de formule 111 3 2 2] 40 ou Rl est un
al coyle en C, a Cl2," ou en outre un ou deux groupes CH2 non-adjacents
peuvent etre renpl acAA par des atRineg-RhepRhe@yeR2 des groupes -CO, -0-CO,
-CO0- etlou .-C=CH, R2 a |'une des signiuficaons ce Rk, AP represente 45
F 50 ou 25 ' F 16 06,

111111 H [Hrrra Il 1111 EP 0 317 587 Bif zv represente-COO,'-O-CO
ou CH2CH2, o vaut | ou, si A3 reRr 6sente F 5
Phe-Phe-21 R2

4
3
i
i

\/ 20 R-Cy-Z)-Phe-Phe-Cy-R?
enthait.

6. Verwendung von flissigkristallinen Phasen nach Anspruch 1 fiir hdherverdrilite nematische elektro-optn—
sche Anzeigeelemente.

7. Héherverdrilltes nematisches elektrooptisches Anzeigeelement, dadurch gekennzeichnet, daB es eine
25  Phase nach Anspruch 1 enthéit.

Revendications

1. Phase cristalline liquide pour utilisation dans des celiules nématiques supertorsadées consistant en au
moins trois composants A, B et C, dont chacun contient un ou plusieurs composés, ot ie composant A a une
viscosité d'au plus environ 25 mPa.s 4 20°, un point de clarté d’au plus 130° et une anisotropie diélectrique
comprise enfre environ -2 et environ +2, le composant B a une anisotropie diélectrique supérieure a environ
+8, le composant C a un point de clarté supérieur & 130° et une anisotropie diélectrique comprise entre environ
35 -2 et environ +2, caractérisée en ce que le composant A contient au moins un composé de formule Il

- Rl-@l—zl—AB—Rz 111
v /e :

40
ol R! estun alcoyle en C4 & C;,, oli en outre un ou deux groupes CH, non-adjacents peuvent étre remplacés
par des atomes d’oxygéne, des groupes -CO- -0-CO-, -CO-O- et/ou -CH=CH-,
R? a l'une des significadons de R7,
A3 représente
45

/

-~

Co/—l- nj




Lﬁlr‘fénf io ?tz ?ZOC? i:];l\o I; f:orrposant B co)r(1tient*atiSrrgibnsliI Lﬂummmjmﬂmwlm

C, a Cl12, ob en outre un ou deux groupes CH2 non-adjacents' péuvént "etse »
pl aces par des atones d' oxygene, gg@3i1géfeRes -CO-, -OCO, -COO etlou
CH. 20 Ao et Al representent chacun, independamment |'un de

utre, Cy, %%ré e @ &%:co%J&% sente -CO-0O, -0-CO, -CH2-O, -0 CH2-
# une |i ai sogggﬁrmue pr'%sgfagesentze F, d ou -CN, X2 represente Fou C, m
gut 0 ou 1, s& es e trans-1. 4-cydohexyl bne, Pyr est |lo
¥rimdine-2,5-diyle ou le pyridine-2.5-diyle, Dio est le

gans- 1, 3-di oxanne-2.5-diyle et Phe est fe 1, 4-phenyl bne. 2. Phase
ckistalline |iquide selon |a revendicat} 1, caractefisee en coe quo le
c¢nposant B contiont au so moi ns un ceypos6 de fommule 11 R - A4- Phe-CN

| & ob A4 reprhsente Cy, Cy-CH2CH2, Phe, Di o, Phe-COO, Cy-COO, Phe-Phe,

1e- COO- Phe ggaBynefti2cet @B qRieda combmai®Bee@adaiPinains Wdyoobygsé @y foyuleTH2 CH2,

- CH2CH2- Cy, Cy-Phe ou Cy-COO Phe et RI, Cy et Phe ont les significations
1di quees ci -dessus. 35 3. Phase cristalline |iquide selon au noins

[

uge des revendications 1 a 2. caracterisee?on ce quo |le coipo- sant B
cgntent au noins un conpose de fornmule t/ou-de forrulp . R eCCE 2CH2 &9
oli R ala significatioh doxthpe adi-zd x50 4. Phase cristalline

| #qui de ¥el on au noi ns une des " evendi ons | a 3, caracterise6e en ce
g

0 | e conpo- sant C contient au noins un conpose de farmule IV S

e

IBNN6es i - ey Yot représentent chacun, indépendammahif d& Fdubd, By Did) By dudhé, de sel on au
i ns une des erebl@daﬁi,b EB-60RBChd-, BHEO-, RREASL bibline $98n@impfee (UO |.e conpo- sant C
gntient au nmo@ RpreventaepRsende fonnmul es Rl- Cy- Phe- Phe- R2 R1- Cy- Cy- Phe- R2
a - _ X2 représente F ou Cl, :
.......... 2 T L) 11 e T |
.25. . Cyestle trans-1,4-cyclohexyléne, . . . . .. ... ....... L 11112r 1 -~
Pyr est le pyrimidine-2,5-diyle ou le pyridine-2,5-diyle,
Dio est le frans-1,3-dioxanne-2,5-diyle et -
Phe est le 1,4-phényiéne.
2. Phase cristalline liquide selan la revendication 1, caractérisée en ce que le composant B contient au
30 moins un composé de formule il
R1-A¢-Phe-CN ]
ol A*représente Cy, Cy-CH,CH,, Phe, Dio, Phe-COO, Cy-COO, Phe-Phe, Phe-COO-Phe, Cy-Phe-COO-Phe,
Phe-Phe-COO-Phe, Cy-Cy, Cy-Cy-CH,CH,, Cy-CH,CH,-Cy, Cy-Phe ou Cy-COO-Phe
et R, Cy et Phe ont les significations indiquées ci-dessus.
35 3. Phase cristalline liquide selon au moins une des revendications 1 & 2, caractérisée en ce que le compo-
sant B contient au moins un composé de formule

o * (@

etoude forrule ... .. . .-

@ (Brca, By

ol R! a la signification donnée ci-dessus.

4. Phase cristalline liquide selon au mains une des revendications 1 4 3, caractérisée en ce que le compo-
sant C contient au moins un composé de formule IV

RI-A%(Z2-A2),-R2? 1\

ol Z2 représente indépendamment -CO-O- ou -O-CO- , A2 représente Cy ou Phe et R! et R2 ont indépendam-
ment les significations données ci-dessus.

5. Phase cristalline liquide selon au moins une des revendications 1 & 4, caractérisée en ce que le compo-
sant C contient au moins un composé de formules
R1-Cy-Phe-Phe-R?
R1-Cy-Cy-Phe-R2

17
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*C L _ R -Cy-Cy-Cy-R2 RI-Cy-Z'-Phe-Z' - Phe-R2 R‘ Q/ \ﬂ“““ﬁ"ﬁ“\
R - Cg- Cy-Z' -Phe-R2 5 R Cy- Cy- Cy- P%géfﬁe%sd? 1cy Cy-7Z - ’lﬁl\“ﬂ“‘
R -Cy-Z -Cy-ZI -R2 Rl -Cy- Phe- Phe- Cy- F'a’ -Cve- Phe+~

-aRl _?he-Phe-z| ) 2 Rl-q/ ZI - PheP hehCy-R2 20 6. Application de phases
cr| stalli ’scqu?‘ Rles selon | a revendication 1, pour des e6l nents

d’ afflcha CB’T% he‘f %‘e' tique ninmatiques supertorsades 7. El enent

d' afficha 2P I que nemati que supertorsadA. caractkris6 en ce qu'il
contient %Ey&y-@?ﬁh 54 on la revendication 1. 25 30 35 40 45 50 55

R'-Cy-Cy-Z1-Cy-R2
R'-Cy-Z1-Cy-Z21-R2 _
R!-Cy-Phe-Phe-Cy-R?2 : ’

10 F
. l L
R"-Cy~Phe—}- Phe—Cy—R2

15 1 T
- . R -Phe-yhe-zl-@-nz

R!-Cy-Z!-Phe-Phe-Cy-R2
oo 20 6. Application de phases cristallines liquides selon la revendication 1, pour des &éments d'affichage élec-
A% tro-optique nématiques supertorsadés.
7. Elément daffichage électro-opthue nématique supertorsadé, caractérisé en ce qu'it contient une phase
selon la revendication 1.
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