J;ﬁ’ 0 258 346 Bl Description The invention relates to a liquid crystal -
di splay el enment (LC display elenent). having a low nultiplex ratio and | ow

operating voltage. 5 For LC display elenents, the properties of nematic
or nematic-cholesteric liquid crystal materials are util EPe®@ 2585di6r 1
their optical properties, such as absorption of light, light scattering,

bi refringence, mefdcatiipaicon or col our, under the influence of electrical

¥4 elds. Func- 1 .. tioni. l.spl ' her. for
exanple, on t he%ﬁe&gﬁfgg‘%ﬁ% 9%%§§%chéc§t%ﬁ%‘gm%adiﬁ%ﬁ%yo%l%?m%
al i gned phases, (Zfe ddeadayhedementdchaving &chewtmukt ipkex iratfieand dowhe

twisted cell or dhaAGEISaidgdiematic phase transition. 15 LC phases
whi ch nust neet a nunber” of redquirenents are required for technical use of

these effects in electronic conponents. Mechanical stability towards
Hoi sture, 5ai r aFbpyCi dibpilayl wimssnts,ucthes prepertied af onenatibeor

elecirioal 1 el deribig atidladheisd TR ErFOEEL WA BEtard are W aaSeEY
phases are al sotcegedidy tbeixvepticajupropeyties, muchas abserptsion afl e

tenperature ranggghtd, | PYgNt SeeakbBrifg, OW i f Xt getties Ot F@BYecBahtbd or
gradient of the ellectroo cal charaﬁ]erl stic_lipe a adequat e

nd a 5
di ssol vi ng poweCHFRULy B theytrEtperce | af 8 ECBFlFﬁE ééﬁﬂ'@'o?u c-
conpoundd.0so f aidaiown oift hswch i diisplayysébémentsplisas ebasetihchiere, sifoy e
conpound whi ch I e r | gﬁm . f . 25,
preferably three@%@%' c%ﬁp%ﬁlr?dg. arltlia err?af 8?'Ae ér ég)a?@?cgds%%etéglﬁg’ort & to
obt aHh subst anc slefigymat iom ofeadignedsphasphasthe gunathost gfifleatm theses
'G‘alntn_Ot eas:jl yl b%dﬂdﬂ@-frfﬁﬂifﬂ%&h' %ﬂ%lﬂ.er I1ins' e C?:'i{i%'%ﬁ@\i Sc‘_@l{lh xgh trl;x_e H
melting and cl eari oints frequen also inpart to the mxtures a hig
vi scosity. The ﬁﬂ%‘ﬂpq?g“ﬁ'rﬂ%“%fmt afgedt %o 35 di spl ay _
el enents produced with these.conponents are thereby nodified in an

undesi rali'SG rmmﬁf'phases which must meet a number of requirements are

e required for technical use of these effects in electronic
components. Mechanical stability- towards moisture, air
and physical influences, such as heat, radiation in the
infrared, visible and ultraviolet range and constant and
- 20 alternating electrical fields, are particularly important

here. Technically usable LC phases are also required to

+

have a liquid crystal mesophase in a suitable temperature

range, a low viscosity, a low optical anisotropy, a high

gradient of the electrooptical characteristic line and an
25 adequate dissolving power for pleochroic dyestuffs.

In none of the éeries of compounds so far known with a

-

liquid crystal mesophase is there a single compound which

meets all these requirements. Mixtures of two to 25,

preferably three to 18, compounds are therefore prepared

30 in order to obtain substances which can be used as IC

w phases. However, optimum phases cannot easily be prepared

in this manner, since componenté with high melting and
clearing points frequently also impart to the mixtures a
high viscosity. The switching times of the electrooptical -
s 35 display elements produced with these components are
' thereby modified in an undesirable manner.



=2- There is therefore still a great need for LC phases with a wi der
operating tenperature range, a low viscosity (and therefore short switching
times) and a |l ow threshold voltage. 5 _l\%s_t. LC display el ements produced
today are addressed in nmultiplex operation With nultiplex ratios of about
1:2 to 1:4 and with operating voltages of about 3 volts. The operating

t enper at ur e r an§heze dgckvhgirgfiore @tdddnes greatn ngedefor bEt phasesowith- 10

wnd +50. 10 aH@HaKe’ oparitifg eeﬁﬁaiaﬁargefmgﬁx Y 9 dwPR4BcoBi¥ssihall e

for outdoor applications, for exanple .includin ose.in cars. Thé
vention i s balYEARFAIR: BRPEE: SRLLRIUANG RUREE) G af e ShEeRROLA
have a w de opewealitage.enperature 15 range and display the

abovenenti oned di sadvantages to only a snmall extent, if at all. It has been
found that this object can be achieved if liquid crystal dielectrics which

Tave operdting Mostel& dispdayaedemestsypradesedigoday agecaddressedodnt i es
? the i nventi on TAtAFACR SprAL1En Gith ALSLIpEEx Pt i LE R HipoEEN <
drive, having a¥*éw tY"ﬂJFéx °P§Fpla§’-é’ﬁd ?ﬁﬁﬁsat?ﬁga$8f"ttag¥ %%i%%\r 3j1'§e

vol ts, containi epexatigg ceperatute) tangali of esichcdispbapcetemantdsi ist hat
the operating t t K t fr - +80C, the viscosity of
the dielectric gﬁ?%@eﬁﬁ eb%}%ﬁegfr(] ai’@’%%a'.lginfr??ghsteo&di el ectric contains at

| east one conponent of the formula I: [err] -3- wherein [err] is alkyl
of 1 to 3@ C at avevtliS' @i #iQ88 Oberating temperature range is desirable
Y for outdoor applications, for example including those in
v cars.

The invention is based on the object of providing LC
display elements which have a wide operating temperature

> 15 range and display the abovementioned disadvantages to
only a small extent, if at all. |

It has been found that this object can be achieved if

o liquid crystal dielectrics which have operating tempera-

ture ranges of between -30 and +80°C and viscosities of

20 less than 40 mPa.s at 20° are used in these display
elements.

The invention relates to LC display element with static

or multiplex drive, having a low multiplex ratio and an
: operating voltage below 3.3 volts, containing a liquid
v 25 crystal dielectric, characterized in that the operating

temperature range extends from -30°C to +80°C, the

viscosity of the dielectric at 20°C is less than 40 mPa.s
_ _ and the dielectric contains at least one component of the
'v. formula I:

x2

30 Rl ~a°) —Al-Z —@—x‘ I



U‘\o non- adj acent CH2 groups can al so be replaced by 0 atons, -CO, -0-CO,

-CO0- and/or -CH=CH groups, 5 [err] and A each independently of
one another are Cy, Dio or Phe, Z is -CO-0-, -0-CO, -CH2-0-,
-0-CH2- or a single bond, [err] rs3F- d or -CN, 10 X2

iIs For d, m Is 0 or 1, Cy I's trans-1, 4-cycl ohenxyl ene,
Do i s twherein R4 derelRyb-of yl tod1Phe atoms, wherkis pnenyyrene

which is unsubstituted or 1J, on-adiacent S'Hst iéy&gﬁ%byc;% uo%iﬁ, Py th
C 0 e

. : wo  n CH,

the proviso that the dielectric does not contain<an onen

formula Il [err] in which RxeRlaged| by O atoms,C-£Qms, -PnCOhi crC&®-or
20 ' : two  non-ad AseicHLEHL |gebup®s can al so be replaced
by 0 ato -CO_, -0-.CO, -CO Q- .and/or - CH__groups, is alkyl of, 1 to
15 C atond in i BA%RE o RGP CRARASR LI AL gRE SO thRT e G DO
Tepl aced by 0 atons, -CO, -dx Ghe,-CO 0- and/or -CH=CH groups, F. d or
CN, [err] and [gfr] are eachsd, 4-41801Y| e0A0FRASY. Dew 1. 0, _bh Gk 2

Dio and Cy havee{ he neani nggb's‘éi ved?.]?j;d 0 Fg EP- A(-:%z, 0:§L6'8, 0% ,?:hz W &

| i qui d-crystalline conpositiBHIMORIRAC N transitions of [err] or bel ow

and N-1 transitigns between £9.%, gl &6. gy r] and the correspondi ng
gper ati naﬁerrper t ure ranges, agﬁe desgribed. In WO-A -8, 603, 769,

| i qui d-crystalli*he phases ar ch contain not 35 only conpounds
of the fornmula mbut also campdumas bf the fornmula I1.
Cy is trans-1,4-cyclohexylene,
N\ Dio is trans-1,3-dioxane-2,5-diyl and
A Phe is 1',4-pheny1ene which is unsubstituted or
15 substituted by fluorine, with the proviso

that the dielectric does not contain any
component of the formula II

R2-Dio-A2-(Z-A%) -R® II.
n

in which R? is alkyl of 1 to 12 C atoms, in which one or
~ 20 two non-adjacent CH, groups can also be
replaced by O atoms, -CO-, -0-CO-, -CO-O-
and/or -CH=CH- groups,
R} is alkyl of 1 to 12 C atoms, in which one or

G\ two non-adjacent CH, groups can also be
i 25 replaced by O atoms, -CO-, -0-CO-, ~-CO-O-
and/or -CH=CH groups, F, Cl or CN, A? and A®
_ are each 1 r4-phenylen or Cy,
kY, n  is 0, 1 or 2 and
%Z, Dio and Cy have the meanings given.
30 In EP-A-0,168,012, liquid-crystalline compositions having
I C-N transitions of 0°C or below and N-I transitions

between 59.5 and 66.1°C and the corresponding operating
temperature ranges are described. In WO-A -8,603,769,
ligquid-crystalline phases are given which contain not

RV, 35 only compounds of the formula I but also compounds of the
formula II. '



s4- In WO A -8,605,799, liquid crystal phases are described which contain

conpounds of a definite fornmula which overlaps with the present formula I;
however, it contains no reference to the err]-phenyl group which is 5
present in the conpound of the fornmula | as*arequire- nent. The two '
| ast - menti oned publications were only published after the present priority

date. Preferrediaomosands , @05, "9%,ormgqwid eoyseaspophiasest atef débem':.béd

ST 2 (R POk kb 51 10 ameSLECPT B

I b R -Di o- Phe- Covegdmps with the present formula I; howevern,Citt gentains
g ?fq/e[ lr:gg conpoygds rggerenranded 0 e 3Ux204lRY drenyl %}H&i‘u%’ g\b’gf?r.%h is
1d Rl- PhedFcp Present in the compound of the formula I 3g & regupre-rFcp
Y 20 [err] mBne.CyTheP two last-mentioned publications were onl§g

err]-Cy-Cy-FCP . o e I h R1- Cy- Phe- FCP
I[i []er%/- %e- q,plga;,lshed after the present priority date. ¥ &

R - Phe- D o- FCP | k 25

[err]-Dio-Phe- d compounds of the formula I corres ﬂ:é £3- £he FCP
Imflerr]-Dio- Cc%%gégrre pon . ﬂo

[err] Di o- Oy- cofopgdpwing subformulae (wherein FCP is thg o3 fluoro-4-

1- Cy- Cy1600- FCByanophenyl radical): : lp 30
[err] - Phe- CH20- FCP : I g The radi cal

[err] is preferably straight-chain alkyl of 1-9 C atons, such as nethyl,
et hW propyl, RitBhe-@eA+BCP hexyl , heptyl, octyl or nonyl, or furthdanore
st rai ght - chai npal&pxpnelcdodrEpat ons, with (SI c) met hoxy, et hoxy, b

R'-Dio-Phe-COO-FCP : Ic

Other preferred compounds correspond to the follow:.ng
“ 15 subformulae:

R'-Cy-FCP _ Ic

R*-Dio-FCP | Id

¥—" R'-Phe~FCP Te
R'~Cy-Dio~FCP If

20 R'-Dio~Cy~FCP _ Ig
R'-Cy-Cy-FCP - Ih

SN R!-Cy-Phe-FCP Ii
R'-Phe~Cy~FCP . Ij

R'~-Phe~Dio-FCP 1k

: 25 R!-Dio-Phe-FCP oIl
v R'-Cy-COO-FCP ' - Im
R!'-Dio-COO-FCP In
R'-Dio-Cy-COO-FCP | Io

| R!-Cy-Cy-COO-FCP :  1p
o 30 R!-Phe-CH,0-FCP Iq

The radical R! is preferably straight-chain alkyl of 1-9 C
: atoms, such as methyl, ethyl, propyl, butyl, pentyl,
o~ hexyl, heptyi, octyl or nonyl, or furthermore straight-
chain alkoxy of 1-9 C atoms, with (sic) methoxy, ethoxy,



-5- propoxy, butoxy, pentoxy, hexoxy, heptoxy, octoxy or nonoxy, or
furthernnre al koxyal kyl of 2-9 C atons such net hoxynet hyl or ethoxynethyl.
Phe is preferably an unsubstituted 1,4-phenylene group, 5 or
furthernore preferably a 2-f|uoro-1,4-pheﬁy¥éﬁe group. The i ndi vi dual
conpounds of the formula | which can be used in the LC display elenents
accordi ng to t hpropexy, t buhoxye kpenwoxy, chexoxynr chepbtoxypalarmry vy otro
known conpounds noldyy, ¥ CEGELR %@éeaikb ajlyino3an e ¢sgfofiECauanno

a”D

to the invention contdin, .for over ey containin
total preferabl Fef@%mqtrhyﬂaﬂq@m xl’;{“ﬁti’a’lcorrponents The operati ng
tenperature range of these dielectrics is 15 bet ween -30 and +80,
preferably bet n -40 and. +8 Their_viscos]t t $£3 t han 40,
preferably Iesw$ At S PTESRA ?ﬂe??s?ﬁ?g§h5¥ﬁ8v8 agge ¥18P8; 8re8Py not
Tore than51.7, ox furtheumarenprefierablyiem 2+ uoaia-<., 4Hphetiydlenst girowpwhi ch
can be used according to the 20 I nvention are prepared in a -nmanner
which is custonary per se. As a rule, the desired anmount of the conponents
used in the smafhe iddiwidyal jremppyRds | AL fhec Sosawda Tuiwkichnras BE the
nai n COﬂStltUenhseﬁﬁﬁﬁﬂ&ﬂﬁ?QM@'dié@l&&edﬁéﬂénténaeééfﬂiﬁg tb tﬁeahﬁﬁen-

possi bl e for solutlons of. the 25 onents ani nt, for
exanpl e in acet&&? (ﬁﬁ%ﬁ%ﬁ?Wﬂ18F ﬁ@Ph%@ﬂpr%Q? tbg. ﬁ%f? il“ﬁgpough
m xi ngs for thecompoandsa.o be renoved again, for exanple by distillation.
The dielectrics can also contain other additives which 30 are known to

the expert and are described _in the litera- ture. For exanple, 0-15% of
pl edehroit® dyesPrerferzad shelagtsios wdich san: Hedused, acsordingpter thep| y

et hyl di - met hyl dedesdidiocontain, for examplREX0XYS£N70208, of I6- They
contain in total preferably 10-20, in particular 12-18
components.

- ' The operating temperature range of these dielectrics is
15 between -30 and +80°, preferablylbetween -40 and +85°.
Their viscosity at 20° is less than 40, preferably less
than 30 mPa.s and their threshold voltage is preferably
not more than 1.7, in particular not more than 1.5 volts.

(

The dielectrics which can be used according to the
20 invention are prepared in a manner which is customary per
se. As a rule, the desired amount of the components used
in the smaller amount is dissolved in the component which
makes up the main constituent, advantageously at elevated
temperature. It is also possible for solutions of the
A 25 components in an organic solvent, for example in acetone,
chloroform or methanol, to be mixed and, after thorough
mixings for the solvent to be removed again, for example

by distillation.

A
| The dielectrics can also contain other additives which
30 are known to the expert and are described in the litera-
ture. For example, 0-15% of pleochroic dyestuffs can be
L added, as well as conductive salts, preferably ethyldi-
| methyldodecylammonium 4-hexoxybenzoate,



tetrabutyl ammoni um t et r aphenyl boranate or conplex salts of crown ethers
(conmpare, for exanple, Haller et al., M. Cryst. Liqg. Cryst. Vol une 24,
pages 249-258 (1973)) for inproving the coqguctivity or substances for
‘nmodi f- 5 ying the dielectric anisotropy, the viscosity and/or the
orientation of the nematic phases. Such substances are described, for
exanpl e, in Ger kEkrePnENIlanmAgd e etraphemddoranate om oemplex 39ales?,

2, 338I 281, 2, 458f08ﬁsov§1 631|Zhé:8£9 Eﬁm&a&é?) 71?&% éRamp %ﬁIhﬁale@rOVéﬁlgal.,Th
exanples are in 0. strate i aven n wthou n e
Symbol < have t hi5Rol FERREg Hidn fsgets ReTURSAR,, ProdE eebrabhaL8075))
transition tenpéoatum@xoqug tha]qnndquxxmug,oﬁfhubstamses fovi modif+y at

20 (nPa. g), |C3Ia£%r g?%g&¥ght§ﬂ§88ir§F}N &ﬁhlv%&cgglt?béﬁ&gora£h8n

angle O (perpen contrast t enperat ures above and
Yel ow are gi venorkentatienyafcdhesematin cBhases pe SUER KRS EANGRS gAre 20
Exanple 1 A ”1X8ééerﬂbea frofexamiglads - #n ebéh&l COPRENYbghRPESEhE L EtEnl2

4 AR, A am, 5,450,00,

p-trans-4- pent yR¢$3879U80y ankde 278513, 72Be 6 % of 3-fl uoro-4- cyanophenyl
p- et hyl benzoate 8 % of 3-fl uoro-4-cyanophenyl p- propylbenzoate 5 % of
3-fl uoro-4-cyanophen p-(trans-5-pentyl -1, 3- dioxan- yl) benzoate 30
16 %oi transT ﬁar%o Liowing | eyemphesyare nterdedysPo-t Huaikate theof

4-ethyl -4' - (tragpvénkieny withoake1imithinghgsy! 8 % of
4-ethyl-4'"-(trans-4-pentyl cycl ohexyl) - bi phenyl 3 % of

4,4 i s-(trans-4-propyl cycl ohexyl) - bi phenyl 35 3 % of
Y- (trans- 4- pent fheysiymbelsl hate theafeldowing meanings:
S~-N Smectic-nemetic phase transition temperature,
c.p. Clearing point, _
15 visc. Viscosity at 20° (mPa.s),
o t.v. Threshold voltage of a TN cell at 20°, observ-

ation angle 0° (perpendicular) and 10% contrast.

All the temperaturés above and below are given in °C. The
o percentage figures are percentages by weight.

20 Example 1
A mixture of

L 5 % of p-trans-4-ethylcyclohexyl-benzonitrile
12 $ of p-trans-4-propylcyclohexyl-benzonitrile

8 % of p-trans-4-butylcyclohexyl-benzonitrile
25 10 % of p-trans-4-pentylcyclohexyl-benzonitrile
9 6 % of 3-fluoro-4-cyanophenyl p-ethylbenzoate
8 % of 3-fluoro-4-cyanopheny1 pP-propylbenzoate
5 % of 3-fluoro-4-cyanophenyl p-(trans-5-pentyl-l,3-
_ dioxan-2-yl)-benzoate
e 30 16 % of trans,trans-4-propylcyclohexyl-4’-propoxycyclo-
hexane
9 % of 4-ethyl-4’'-(trans-~4-propylcyclohexyl)-biphenyl
8 % of 4-ethyl-4’-(trans-4-pentylcyclohexyl)-biphenyl
U 3 % of 4,4’'-bis-(trans-4-propylcyclohexyl)-biphenyl
35 3 % of 4-(trans-4-pentylcyclohexyl)~4’'~(trans-4-



-7- propyl cycl ohexyl) - bi phenyl 3 % of

2-fluoro-4,4"-bis-(trans-4- propylcyclohexyl) bi phenyl and 4 % of
2-fluoro-4-(trans-4-pentyl cycl ohexyl)-4'-

(trans- 4- propyl cycl ohexyl) - bi phenyl exhlbltg an S-N of less than -30[err],
ac.p. of +87 , a visc. of 27 and at.v. of 1.4 V. Exanple 2 A m xture of
10 15 % of p-trans- £1eprpheysdodhemerl/) - Ilu'!ezmem'rlrile 6 % of

8- fl uor o- 4- cyanophen ,ggﬁgg tgr8 %) f ]alll QﬁFﬁ%M -
p- pr opyl benzoat epj; Mlé’/ocp? eﬂ?jl' uoro ol Syaﬁéﬁhe%&ﬁg (4t ans- 5 éenty -

di oxan-2-yl)-benzoate 15 biphep

trans, trans-4- pro:ﬁyl -¥o mrmﬁx?{ewl-meh Kﬁfaney-@-%‘@ﬁ&&&c];&:lo%e@{fyl)—v
trans, trans- 4- net hoxy- 4' c ohex ane, 12 % 0

trans, trarms- 4- et hoxy-4' - 5#, )q: €8ﬁi gé?gh x§?3rbi]h %clohexane 4
% of trans- 4 pr@:;h:dgadisnhenys-wrm lesasthapr op30°, a c.p. of +87°, a

cycl ohexyl - cycl Nes#' s ROV L. b Loy lrans-4-pentyl cycl ohexyl
trans, trans- 4- propyl - cyé%ohexyl cycl ohexane- 4'-carboxy|ate ' 25 -4

% of trans-4-propyl cycl ohexyl trans,trans-4-butyl-
cyclohexyl-cyclg@gggﬂg;gg carboxylate 4  %of trans-4-pentyl cycl ohexyl

{srans;trans-4-butyl. cl ohexyl - cycl ohexane-4' - carboxyl ate 3 % of
4, 4" -bi s- (trans%ﬁ%ﬁfgﬂ%ﬁ Efohexyl)-biphenyl 30 3 % of

4-(trans-W pent y115:ycIbwwﬁtmnq{4mp¥lqy®mmlmniﬁﬁﬂEnyl 3 %
of 2-fluoro-4,4" ¢tr
u g azﬂsof*Z LORIG I -Eé}fa%sahexﬁgp@i%hﬁbexéﬁte

traps-4- propyl cycl ohexyl
_p_enpy*r cycl ohexyl )& 4' “Highelndlusin1i1eyan,rhedtt BRIORVPENZRALY ¢ p. of

+89, a visc. of 25 argl ¢f t3£1Wdrd-4-dfranophenyl p-(trans-5-pentyl-1,3-
dioxan-2-yl)-benzoate

15 13 $ of trans,trans-4-propyl-4’-propoxycyclohexyl-
cyclohexane

© 13 % of trans,trans-4-methoxy-4’'-pentylcyclohexyl-
cyclohexane

12 % of trans,trans-4-ethoxy-4'-pentylcyclohexyl-
20 cyclohexane

L 4 % of trans-4-propylcyclohexyl trans,trans-4-propyl-

cyclohexyl-cyclohexane-4'—carboxylate
4 % of trans-4-pentylcyclohexyl trans,trans-4-propyl-
cyclohexyl-cyclohexane-4’-carboxylate
2 25 4 % of trans-4-propylcyclohexyl trans,trans-4-butyl-
cyclohexyl-cyclohexane-4’~-carboxylate
4 $ of trans-4-pentylcyclohexyl trans,trans-4-butyl-
'~ cyclohexyl-cyclohexane-4’-carboxylate
3 3 % of 4,4’'-bis~(trans-4-propylcyclohexyl)-biphenyl
| ' 30 -3 % of 4-(trans-4-pentylcyclohexyl)-4’'-(trans-4-
propylcyclohexyl)-biphenyl
3 % of 2-fluoro-4,4'-(trans-4-propylcyclohexyl)-

R " biphenyl
’ ' 3 % of trans-4-propylcyclohexyl-2-fluoro-4~(trans-4-
35 _ pentylcyclohexyl)-4'-biphenyl
exhibits an S-N of less than -30°, a c.p. of +89°, a

“ visc. of 25 and a t.v. of 1.4 V.



8- Exanple 3 A mxture of 15 % of
p-trans-4-propyl cycl ohexyl -benzonitrile 6 % of

trans- 1- p- et hoxyphenyl - 4- propyl cycl ohexane 5 3.6 % of
3-fluoro-4-cyanophenyl p-ethyl benzoate 48805 of 3-fl uoro-4-cyanophenyl

p- propyl benzoate 5 % of 3-fluoro-4-cyanophenyl p-(trans-5-pentyl-1, 3-
di oxan-2-yl) - beewampe 13. 8 % of transtrans-4-propyl -4'-propoxycycl ohexyl -

W10 xape 13.4 % of
transtrans-4-n€%ﬁ§%§%%a$pentylcyclohexyl- cycl ohexane 12. 4 % of
trans, trans- 4- ethoxy’ 20f ppntyangcé oPERPYLcYGEeheER bnkenzonitribe ; o4 of
Cyol ohexy] - bycl opexame b B e Y L OBy oYt o

- exape-4' - 0X e 2. 0 Of . t rans:- 4z pent cl ohexyl
prans,tré%s-4-pr€p€l- ? c¥aﬂi§9F¥e§E?%ﬂ%%8h%9 1-35?§%¥§$3?53é£§ % of Y
\frarsh4-propylcy&l@h%xqf 3+fhuero+drsydnophenyl 2p-propylbenzoate
cycl ohexyl - cycl ohexagpe-4' aC Lat tr = Ay Xyl -
trans, trans-4- bﬁ?yl iifg]c?lgl %hg%;??ééygl %%%&gglge{%ﬁlcgﬂ@(% ate ? 00%{‘3?'?/
4, 4' -bi s- (trans-4- propyl c§EPBEaBITYL brBeBAEQAtE 2 o4 of
4- (trans-4- pent y3 cyc 05 X¥rand , tildri¥iss 4prdpyl-4 ' -propoxycyclohexyl-
Jpropyl cycl ohexyl’) - bi phenyl 1.6 % of :
4, 4' - bi st t r ans-4- pent yI cSEFLRBKFRNS i phenyl 3.4 % of
2-fl uoro-4, 4' - bi3: 4t %a0f- trpneptinans ohemglthoxy phénpentyloyelohexyl-
2-f|uoro-4-(trans-4-penty§§%ibﬁQ§5¥é)-4l- 30

(trans-4-propyl cycl ohexyl I phenyl exhibits an SN oflle s than_-40[err
a c\p. of +90',14-4i¥co otrégﬁﬂﬁF%FFT#TQﬁhQFE'Qf13%ﬂﬁV§QY9£ﬁpﬁﬁﬁ¥?o¥

- cyclohexane

15 2.4 % of trans-4-propylcyclohexyl trans,trans-4-propyl-
cyclohexyl-cyclohexane-4’-carboxylate
2.4 % of trans-4-pentylcyclohexyl‘trans,trans—4-propy1-
“ cyclohexyl-cyclohexane-4'-carboxylate
2.4 % of trans-4-propy1cyclohexy1 trans,trans-4-butyl-
20 cyclohexyl-cyclohexane-4’-carboxylate
2.4 % of trans-4-pentylcyclohexyl trans,trans-4-butyl-
o - cyclohexyl-cyclohexane-4‘~-carboxylate |
' 3 % of 4,4’'-bis~-(trans-4-propylcyclohexyl)-biphenyl
4.2 % of 4-(trans-4-penty1cyclohexyl)-4'—(trans-4-
. 25 propylcyclohexyl)~biphenyl
- 1.6 % of 4,4'-bis-(trans-4-pentylcyclohexyl)-biphenyl
3.4 % of 2-fluoro-4,4’'-bis~(trans-4-propylcyclohexyl)-
biphenyl
4.2 $ of 2-fluoro-4-(trans-4-pentylcyclohexyl)-4'-
o 30 | (trans-4-propylcyclohexyl)-biphenyl
E ' exhibits an S-N of less than -40°, a c.p. of +90°, a
visc. of 21 and a t.v. of 1.6 V.

“ Example 4
A mixture of

35 5 $ of p-trans-4-ethylcyclohexyl-benzonitrile

17 % of p-trans-4-propylcyclohexyl-benzonitrile

o ' _ 8 % of p-trans-4-butylcyclohexyl-benzonitrile
10 $ of p-trans-4-pentylcyclohexyl-benzonitrile



35 5 %of p-trans-4-ethylcycl ohexyl-benzonitrile 17 % of

p trans-4- propyl cycl ohexyl - benzonitrile 8 % of
p-trans-4-butyl cycl ohexyl -benzonitrile 10 % of
p-trans-4-pentyl cycl ohexyl -benzonitrile = £ 3 % of

4- et hyl - 4' - cyanobi phenyl 6 % of 3-fl uoro-4-cyanophenyl p-ethyl benzoate 8
% of 3-fluoro-4- annQpBQn!LeﬂhﬁﬂaﬂyLE?&%@B&@h&n 1% of

\4-cyano-4' - (trang- ohex | n
trans- 1- p et hoxy hen I- - %3?9 %oh Eﬁggf yl p—g}hygbenébgle
4-ethyl-4"-(tran8-4- pr o;ﬁyBe;fdhohrexﬁl—):yhnpphayxylgp-p@aopylbenzoate

R s

4- (trans- 8- pent yBcycRoRé&x Frpns: 1tPr E§Q¥¥P nyl- 4-PropylcYC10hexane
propyl cycl ohexyh)- blRh%Eyh-athy?&Qf-(trans-4—propylcyclohexyl)-blphenyl

2-fluoro- 4,4 -bi g- (1hang 4B byl gvel phgxy! ) pBhehFOYd: dnex fLbiphenyl
(trans- 4- propylcyclohen¢1ﬂ7M|pbasﬂ(trans-4qgnmgmthCdnhstldth@h@nwﬂan
;)?01061 c.p. of +35, g WeSG_ % aﬁdlﬁbﬁﬁg I%ﬂo}?e 1I§x.a¢mlgzt§aqlguu_ure

% of p-trans-4- ethyl tril % of
P-trans- AOpropyIcyclohexyPﬂQﬂE&ﬁﬂq lohexyl] ~bighsmn
p-trans-4-pentyl gycl Qh@ﬂlzmﬁmiﬂ«i&&s-%ﬁana &Lpﬁbpyley;zaohphymyl-

p- et hyl benzoate 7 % of S-fauor - 4- cyanophenyl p-propyl benzoate 13 % of
trans-1- p- et hoxyphenyl - | ohexane 25 9 % of

4- exby| - 4' (trang- 4- @ (m(fyIm-yﬁlmhenyﬂ)-(m;)heayﬂ-@enwa)pyc1°hexY1) -4r-

4-et hyl -4' - (trans- 4- pent ]Rﬁ%qg o

4,4' -bis- (trans 4- prgpylgéq¥£# ?ﬁfﬁg h Séﬁyi)&ﬁi phenyl

4- (tr ans15- pent pxhididigexgn) SaN. @f olR%9- t Ppr'I:’tg/UI ohekyPy- lﬂfph'é?]§ll r 38
4 %of 4,4 -Dbhgdd.r IB28 Rad )d @y.6t Ol Y )5 b .phenyl

- Examgle 5
A mixture of
10 % of p-trans-4-ethylcyclohexyl-benzonitrile
20 18 $ of p-trans-4-propylcyclohexyl-benzonitrile
“ 10 $ of p-trans-4-pentylcyclohexyl-benzonitrile
% of 3-fluoro-4-cyanophenyl p-ethylbenzoate
$ of 3-fluoro-4-cyanophenyl p-propylbenzoate
: 13 $ of trans-l-p-ethoxyphenyl-4-propylcyclohexane
v 25 9 $ of 4-ethyl-4'-(trans-4-propylcyclohexyl)-biphenyl
8 % of 4-ethyl-4’-(trans-4-pentylcyclohexyl)-biphenyl
4 % of 4,4’'~bis-(trans-4-propylcyclohexyl)-biphenyl
5 % of 4-(tréns-4-penty1cyclohexyl)-4'-(trans-4-

A ' propylcyclohexyl)-biphenyl

30 4 $ of 4,4’-bis-(trans-4-pentylcyclohexyl)-biphenyl
3 $ of 2-fluoro-4,4’-bis-(trans-4-propylcyclohexyl)-
biphenyl '
~ 4 % of 2-fluoro-4-(trans-4-pentylcyclohexyl)-4'-
' _ (trans-4-propylcyclohexyl)-biphenyl )
35 exhibits an S-N of less than -30°, a c.p. of +95°, a

visc. of 25 and a t.v. of 1.7 V.



;3 %of 2-fluoro-4,4'-bis-(trans-4-propylcyclohexyl)- biphenyl 4 % of

2-fluoro-4-(trans-4-pentyl cycl ohexyl)-41-
(trans-4-propyl cycl ohexyl ) - bi phenyl 35 exhibits an S-N of |ess than

-30, a c.p. of 495, a visc. of 25 and at.¥0 of 1.7 V. - 10 - Exanple 6

A mxture of 6 % of p-trans-4-ethylcycl ohexyl-benzonitrile 16 % of
p-trans-4-propyggamppdegyl - benzonitrile 5 4 % of

\3-f | uoro-4-cyanophen hyl benzoate 4 % of 3-fl uoro-4-cyanophenyl
p- propyl benzoat® Bt¥ xtypgo yanopheny

p- cyanophenyl p-&t hy$ befizpatras-49ebhybcyghaberE

trans, trans-4- ne hox ent yl cycl ohexyl - X io % % 0
;ranstran@ 4- et hbxy- 2 ofe r§iE9EPUﬁE§¥Pn°E§e y1 p-ethyl enﬁ?ﬁ%ﬁhexane 4
“of }rﬁns'ﬁ prOFYhCyC%OBEXSLflgaﬁertLayanéphéﬁyyIp-propylbenzoate

cycl ohexyl - cycl opexape QX t a | ohex
trans, trans-4-pr pyI Bgc oﬁi%?FXcgcﬁgénogﬁ%R . é E%n€¥Pa§é¥ég¥8 y
of trans-4- propyBcyc%obéxpkcyaaqphenxhsP4e§hY}ben2°ate

cycl ohexyl - cyclo?exageo§ geggﬁ5§535913 &1béﬁa§aﬁepentylcyclohexyl
.trans,trans-4 butyl cIohexane 4 -erbox late 4 %Pf

4, 4" - bi s10transld- pr8p9ﬁc¥€ﬁ&ﬁw&ﬂ§n%TﬁhBﬁﬂp P°§X%¥°l° exyl-
4- (trans-4-pentyl cycl ohexg biéhekhhans 4- propyl cycl ohexyl ) - bi phenyl 4

of 2-fluoro-4-(trans;4- nt | ohex ,
(trgns-4-propy|i9cloﬁe fréqﬁyﬁﬁg thméthoxy-4 -pentylcyclohexyl-
~ cyclohexane

- 10 $ of trans,trans-4-ethoxy-4’'-pentylcyclohexyl-
15 cyclohexane
4 % of trans-4-propylcyclohexyl trans,trans-4-propyl-
cyclohexyl-cycldhexane-4'-carboxylate

“ 4 % of trans-4-pentylcyclohexy1'trans,trans-4-propyl—
' cyclohexyl-cyclohexane-4'-carboxylate
20 4 % of trans-4-propylcyclohexyl trans,trans-4-butyl-

cyclohexyl-cyclohexane-4’~-carboxylate
— 3 $ of trans-4-pentylcyclohexyl trans,trans-4-butyl-
cyclohexyl-cyclohexane-4'-carboxylate
4 % of 4,4'-bis-(trans-4-propylcyclohexyl)-biphenyl
25 5 $ of 4-(trans-4-pentylcyclohexyl)-4'-(trans-4-

o propylcyclohexyl)-biphenyl
4 % of 2-fluoro-4-(trans-4-pentylcyclohexyl)-4'-
. (transf4-propy1cyclohexy1)-biphenyl
eexhibits an S-N of less than -40°, a c.p. of +89°, a
s~ 30 visc. of 25 and a t.v. of 1.3 V.
Example_ 7
A mixture of
: 5 % of p-trans-4-ethylcyclohexyl-benzonitrile
o 12 $ of p-trans-4-propylcyclohexlebenzonitrile
35 8 $ of p-trans-4-butylcyclohexyl-benzonitrile
10 $ of p-trans-4-pentylcyclohexyl-benzonitrile
. 6 $ of 3-fluoro-4-cyanophenyl p-ethylbenzoate
o 8 % of 3-fluoro-4-cyanophenyl p-propylbenzoate
5 % of 3-fluoro-4-cyanopheny1.p-(trans-4-pentylcyclo-

-fl uor o- 4- cyanophenyl E gentylbenzoate 3 % of
yar yhepzenityibenzoate 10
11 ~ %of trans,grang- § §0{9¥h é-4D{aﬁaﬁﬁeyekeﬁs*yi-béﬁﬁbﬁbeﬁme 10 % of

%

%

%



€exhibits an S-N of less than -40[err], a c.p. of +89, a 30 visc. of 25
and at.v. of 1.3 V. Exanple 7 A m xture of 5 % of

p-trans-4-ethyl cycl ohexyl -benzonitrile 12 % of

p-trans-4- propyl cycl ohexyl - benzonitrile 3511 - g o of

p-trans-4-butyl cycl ohexyl -benzonitrile 10 % of

p-trans-4-pentyl cycl ohexylhdzq«iz)mhenzidatﬁ % of 3-fl uoro-4-cyanophenyl

p- et hyl benzoat e y [ Ps i n(bqlgéﬁ;% ngoal of
3-f luoro-4- cyan?phe%;/%ff tarﬁagr)ls Bgnqy i'::gt:lq'hex’k fbgnzgﬁtogp(i}éf)
of trans, trans 4- pr opyl cy @¥sHEhg xa41e_ propoxy- cycl ohexane 9 % of

j e: EY: E: rang 4- ¥ @ :@%éﬂh@he-ﬁy:—x tbaﬁbem‘FrEpylcyc&ohe%ny) ~biphenyl

e ran e C

4 bi o Burane- B pr o TR -k FBRBA; A BeRty Gy lonexyl) -biphenyl
ﬁ"-(_trans - pent yl3cy c %ol W )4 ‘4 bia— (dirans- dspopydoyaiioheny)l eibdiphenyls %
of 2-fluoro-4, 4" 3Hi s tci’iﬁ”lts- 5891'4%1?:@2lfé}(kj,d‘iﬁ)exyl) -4’ - (trapshenyl

4 % of 2-fluoro-4-(trans-4-pentylc

(trans-4-propyl cycl ohexyl RIABHEKA ipheawd of |ess than -30[err],
a c.p. of +89, ayi SC% of 226f Alvré-4 41'-Bf.sl(ér&nsli-propﬁl&?ﬁﬂeh&x&l)-
o xture f 15 % of p-tr opyl cycl ohexyl - benzonitrile 6 % of

3-f1 uor o- 9 cyanophenyl 31 eﬁ& oate 8 % of 3-fl uoro-4-cyanophenyl

p- propyl benzoate 40 % of R- fl%loro-lL (trans-4-pentylcyclohexyl)-4'-

o-fluoro-p-[trans-4- (tranfﬁé&e |W®8i&hexyl)—blphenyl

cycl ohexyl ] - et hyl benzoni t
trans/trans- 4- pekhihips p?%p§x9‘cﬁiq oHes§| thapc|tian® €3P- ®RHf+89°, a
trans, t r ans- 4- nRrigtax v 260 ed/ L whvoheog 1.4 v.

15 Example 8
_ A mixture of -
v 15 % of p-trans-4-propylcyclohexyl-benzonitrile
-6 % of 3-fluoro-4-cyanophenyl p-ethylbenzoate
8 % of 3-fluoro-4-cyanophenyl p-propylbenzoate
20 5 $ of o-fluoro-p-[trans-4-(trans-4-propylcyclohexyl)-
“ cyclohexyl ]-ethylbenzonitrile
13 $ of trans,trans-4-propyl-4’-propoxycyclohexyl-
cyclohexane |
_ _ 13 % of trans,trans-4-methoxy-4‘-pentylcyclohexyl-
v 25 cyclohexane
12 $ of trans,trans- 4—ethoxy-4'-pentylcyclohexyl-

cyclohexane
. 4 % of trans-4-propylcyclohexy1 trans-trans-4-propyl-
U cyclohexyl-cyclohexane-4’-~carboxylate
' 30 4 % of trans-4-pentylcyclohexyl trans,-trans-4-propyl-

cyclohexyl-cyclohexane-4’'-carboxylate
4 % of trans-4-propylcyclohexyl trans,trans-4-butyl-

'\J cyclohexyl-cyclohexane-4'-carboxylate

| 4 % of trans-4-pentylcyclohexyl trans-trans-4-butyl-
35 cyclohexyl-cyclohexane-4'-carboxylate

. 3 % of 4,4’'-bis~(trans-4~propylcyclohexyl)-biphenyl

:g,' 3 % of 4~(trans-4-pentylcyclohexyl)-4’'~-(trans-4-

propylcyclohexyl)~biphenyl



25 cycl ohexane 12 % of trans,trans-4-ethoxy-4

' -pentyl cycl ohexyl - cycl ohexane 4 % of trans-4-propyl cycl ohexyl
trans-trans-4-propyl - cycl ohexyl - cyclohexaq 4' - carboxyl ate 30 4 %
of trans-4-pentylcycl ohexyl trans,-trans-4- gropyl

cycl ohexyl - cycl ohexane- 4'-carboxy|ate 4 % of trans-4-propyl cycl ohexyl
trans, trans-4-bdtyl % @fci2tflkyereyd diexthrans~cdarpoepydicyalohgxyl) -

tr ans- 4- pentyl cycl ohexyl tyj: n&qans 4- but yl - 35

cycl ohexyl - cycl ohexane-4' -c yl ate 3 % 0

4,4' -bis- (trans-@-pr&pﬁfciafom;twﬂm(mw é pepylcyclohexyl)-4'-

4- (trans 4- pentylcyclohex E&aﬁsqmupympch %30 -Bigphenkbi phenyl -
12 - % of 2- f rgz X % g %;ogxl cycl3(bhexyl) bi phefny_l_sg % of
2f|uoro - (traf& |5'ﬁty?’byl' rx}f/])e c.p. a
¥t rans- 4- propylwysboheﬁyﬂﬁ-bm@hanylV5 of 1lgBhibits an S-N of |ess than -30,
a c.p. of +84[err], a visc. of 23 and at.v. of 1.5 V. Exanple 9 A m xture
of 15 % of p-trans-4-propyl cycl ohexyl -benzonitrile 10 6 % of
trans- 1- p- et hox EX88RLe. & propyi cycl ohexane 3.6 % of 3-fl uoro-4- cyanophenyl
p-ethylbenzoateAAm&x%qu &ff | uor o- 4- cyanophenyl p- propyl benzoate 5 % of

o-fluoro-p-[tra (o] )Y/ cl ohex | ghex benzonitrile 15
13.8 % of transaﬁran %be§§p EP4 é&&? X & 18W5?§& Sﬁééﬂhﬁf & 13. 4 % of
trans, trafs- 4- mebhoxp Hf Mdy@-@t@qﬁyph@]mmmmwlwane
trans,tran8-4-ethQ%y%4bfp%uEahaﬂaJﬂr%yﬁnbpﬂényl p-ethylbenzodtePhexane

o/ 4.8 % of 3-fluoro-4-cyanophenyl p-propylbenzoate _
“ _ 5 % of o-fluoro-p-[trans-4-(trans-4-propylcyclohexyl)-
cyclohexyl ]-benzonitrile
15 13.8 & of trans,trans-4-propyl-4’-propoxycyclohexyl-
cyclohexane
A 13.4 % of trans,trans-4-methoxy-4’-pentylcyclohexyl-
cyclohexane '
12.4 % of trans,trans-4-ethoxy-4’'-pentylcyclohexyl-
20 cyclohexane
o 2.4 % of trans-4-propylcyclohexyl trans,trans-4-propyl-

i cyclohexyl-cyclohexane-4'~carboxylate
2.4 % of trans-4-pentylcyclohexyl trans,trans-4-propyl-
: cyclohexyl-cyclohexane-4'~carboxylate
v ~ 25 2.4 % of trans-4-propylcyclohexyl trans,trans-4-butyl-
cyclohexyl-cyclohexane-4’-carboxylate
2.4 % of trans-4-pentylcyclohexyl trans,trans-4-butyl-
cyclohexyl-cyclohexane-4’-carboxylate
U 3 % of 4,4’-bis~(trans-4-propylcyclohexyl)-biphenyl
.30 4.2 % of 4-(trans-4-pentylcyclohexyl)-4’'-(trans-4-
: propylcyclohexyl)-biphenyl
1.6 % of 4,4’-bis~(trans-4-pentylcyclohexyl)-biphenyl

A ' 3.4 % of 2-fluoro~4,4’'~- bis (trans-4-propylcyclohexyl)-
biphenyl
35 4.2 % of 2~fluoro-4-(trans-4-pentylcyclohexyl)-4'-
(trans-4-propylcyclohexyl)-biphenyl
o ' exhibits an S-N of less than -40°, a c.p. of +88°, a

visc., of 19 and a t.v. of 1.7 V.



@,‘4 % of trans-4-propyl cycl ohexyl trans,trans-4-propyl-

cycl ohexyl - cycl ohexane-4' -carboxyl ate 2.4 % of trans-4-pentyl cycl ohexyl
trans, trans-4-propyl - cycl ohexyl -cycl ohexal e 4' - car boxyl ate 25 2.4 % of
trans- 4- propyl cycl ohexyl trans,trans-4-but

cycl ohexyl -cycl ohexane-4' - carboxylate 2.4 % of trans- 4- pentyl cycl ohexyl
trans, trans- 4- b@xdmple cl®hexyl - cycl ohexane-4' - car boxyl ate 3 % of

4, 4'-bis-(trans }Fl J!.&y ohexyl ) - bi phenyl 30 4.2 % of
4-(trans-4-penty cyc exy -(trans-4- propyl cycl ohexyl) Hﬁgenyl 1.6 %
of 4,4 -bis-(trans-4- é?ﬁ)@t%m‘}hﬂww XY l-bengoni fri 4'- bis

(trans-4-propyl CM?| OIEWf) —ﬁéﬂ@-ﬁwi ylcycYoRed¢Dibenzonitrile
2-fluoro-4-(transs Icyclohex
I oh ?/#/

(trans-4-propylc Ffﬂfé%y &W%‘W%l%e’g]ﬁ%?mf%@stfh]a% -40[err],
¥ c.p. of +88[er¥], & \0fp@-tufard-srpentylaycldhdxylibenzonitikile Exanpl e 10

A mxture of 5 3% of%pbf NS %ftiw %%Wé@pfnzoni trile 17 % of

p-trans-4-propyl cycl nitri % of
p-trans-4-butyic |oH%xyg Iehlunre T4 teyancphepyst p-ethylbenzoate

p-trans-4-pentyl qgcl ohexyy | 3-beNISRd L4 idParop hc% #—?éc%b%lﬂenﬁd@ﬁ@bl phenyl 6

% of 3-fl.uoro-4-cyanophenyl et hyl henzoat e anqgphenyl
Bppropyl zoat e 910 i) Py P g-a-q%rans -propylcyc o exy -% 3P y

p-[trans-4-(trans-4-pr opyItheacWYI-eymthmcyanatobenzene

hexyl ] -ethyl -i sot tﬁpﬁ;% -

trans 1-p-et hOX)r/kpl en;?/acglfj1 ropy cy?l’ Q%exaﬁg&ﬁnyl }O?ropylcyclohexane
Ny | - 4' (tra hed/ |- (-U3anea4Prppy Izyglohexyl) ~biphenyl

ffit h)él -(transy 4- p@f&f/'@@%‘ elwl-) 't&lha‘ﬂsﬁ‘-fl\d eh'_tglc c1dhex¥19-biphenyl

"-bis rans-4- propyl gy en
45 (t rans-lg pent yI yel f%é fog eb%’g %g I-propylcyclohexyl)-bJ.phenyl
% of 4-(trans- 4-pentylcyclohexyl) -4'-(trans-4-
propylcyclohexyl)~-biphenyl

o 3 % of 2-fluoro-4,4’-bis-(trans-4-propylcyclohexyl)-
, biphenyl '
20 4 % of 2-fluoro-4-(trans-4-pentylcyclohexyl)-4'-
(trans-4-propylt:yclohexy]_. )-biphenyl
o exhibits an S-N of less than -30°, a c.p. of +91°, a

visc. of 25 and a t.v_. of 1.55 V.

o Example 11
v ~ 25 A mixture of .
:' 10 % of p-trans-4-ethylcyclohexyl-benzonitrile
18 % of p-trans-4-propylcyclohexyl-benzonitrile
10 $ of p~-[trans~4-(trans-4-propylcyclohexyl)-

e . cyclohexyl ]-isothiocyanatobenzene
30 5 % of 3-fluoro-4-cyanophenyl p-ethylbenzoate
7 % of 3-fluoro-4-cyanophenyl p-propylbenzoate
13 % of trans-l-p-ethoxyphenyl-4-pﬁopylcyclohexane
] 9 % of 4-ethyl-4’-(trans-4-propylcyclohexyl)-biphenyl
8 % of 4-ethyl-4’~(trans-4-pentylcyclohexyl)-biphenyl
35 4 % of 4,4’-bis-(trans-4-propylcyclohexyl)-biphenyl
5 % of 4~-(trans-4-pentylcyclohexyl)- 4'-(trans -4~

A propylcyclohexyl)-biphenyl
4 % of 4,4’-bJ.s-(trans-4-pentylcyclohexyl)-hiphenyl



sgropyl cycl ohexyl) - bi phenyl 3 % of

fluoro-4,4'-bis-(trans-4-propyl cycl ohexyl)- biphenyl 20 4 % of
2-fluoro-4-(trans-4-pentyl cycl ohexyl)-4'- :
(trans-4-propyl cycl ohexyl ) - bi phenyl exhi bi ti4 an SN of |ess than -30[err],
ac.p. of +91, a visc. of 25 and at.v. of 1.55 V. Exanple 11 25 A

mxture of 10 % of fp-df @ef Yustdyd p¥ cl-biisxy riapazarpiropyd cilonexsl )~
@~ trans-4- propyl cycl ohexyl %c tr| le 10 % of

p- (trans-4-(trans-4- pr 0 exyl - cycl ohexyl ] -i sot hi ocyanat obenzene 30
5 %of 3-fluord 4- c%y ;ﬂ'reﬁyuoyﬂe-t d‘bléﬂ@éa't‘le-gent%l@fYCIOhexYl) -4~

f, fl uorlo 4- ;:Kanophenyl P- Py I R 1°°{qé3§yl)_blphenyl

rans p e oxy ropyl.cy exane o
4-ethyl -45 (tra thr%‘r y&iygrghégy e%ﬂ p\%w 'é% 1yfpfc.p. Oof +1027, a
%4 et hyl -4' - (trandste pot A& \aridlextyly .- bHHess/1v.35 4 % of

4,4 -bi s- (t rans- 4- propyl cycl ohexyl) - bi phenyl 5 % of

4- (trans-4-pentyl cycl ohexyl )-4'-(trans-4- propyl cycl ohexyl) - bi phenyl 4 %
of 4,4 -bis-(t rm&ﬁ/ll cycl ohexyl) - bi phenyl - 14 - 3 % of

2-fluoro-4, 4' - bipsy(ils¥ai¥se 40r opyl cycl ohexyl ) - bi phenyl 4 % of
2-fluoro-4-(trans-4-

entyl cycl ohexyl )-4' - : L.
(trans-4-propyl cykl oE%eﬁﬁ)ﬁﬁm-ﬁy-ez}hﬂcmllﬁw-ﬁ%ﬂ%ﬁm&s t han
-30[err] 10a c. p.l16of #HGE p-tarars- Mpﬁﬂ)}alruyaaldhexybibélnzﬂmitﬁdaml e 12 A
m xture of 6 %of t I ﬁgje‘m/ Shazchte % of
p-trans-4-propyl cycl gkn d’fal - bfeh'r}g%frgtfl% #@?%%%ro- - cyanophenyl
p etNayl benzoate 4 & off ffluare-A-oranqphanyl piprapilhenzoate
6 % of 3-fluoro-4-cyanophenyl p-pentylbenzoate

5 % of p-[trans-4-(5-hexenyl)-cyclohexyl]-isothio-
15 cyanatobenzene
11 % of trans,trans-4-propyl-4’-propoxycyclohexyl-
o cyclohexane
10 % of trans,trans-4-methoxy44'-pentylcyclohexyl-
cyclohexane |
20 10 % of trans,trans-4-ethoxy-4’-pentylcyclohexyl-
U | ' cyclohexane :
4 % of trans-4-propylcyclohexyl trans,trans-4-propyl-
cyclohexyl-cyclohexane-4’-carboxylate
_ 4 $ of trans-4-pentylcyclohexyl trans,trans-4-propyl-
o ' 25 ~ cyclohexyl-cyclohexane-4’-carboxylate
| 4 % of trans-4-propylcyclohexyl trans,trans-4-butyl-
cyclohexyl-cyclohexane-4’-carboxylate '
3 % of trans-4-pentylcyclohexyl trans,trans-4~butyl-
v cyclohexyl-cyclohexane-4'-carboxylate
30 4 % of 4,4’-bis-~(trans-4-propylcyclohexyl)-biphenyl
5 % of 4-(trans-4-pentylcyclohexyl)-4'-~-(trans-4-
propylcyclohexyl)-biphenyl

i-g, : 4 % of 2-fluoro-4-(trans-4-~-pentylcyclohexyl)-4’'-
' (trans-4-propylcyclohexyl)-biphenyl
35 exhibits an S~N of less than -40°, a c.p. of +91°, a

visc. of 23 and a t.v. of 1.4 V.



6~ % of 3-fluoro-4-cyanophenyl p-pentylbenzoate 5 % of

p-[trans-4-(5-hexenyl)-cycl ohexyl]-isothio- 15 cyanat obenzene
11 % of trans,trans-4-propyl-4'-propoxycygcl ohexyl - cycl ohexane 10 % of
t ranstrans- 4- net hoxy- 4' - pentyl cycl ohexyl -~ |'©hexane 20 10 % of

trans, trans-4- et hoxy-4'-pentyl cycl ohexyl - cycl ohexane 4 % of

trans- 4- propyl cyExample|13rans, t rans- 4- propyl -

cycl ohexyl -cycl op QK?QEhfe &arboxylate 4 % of trans-4-pentyl cycl ohexyl
trans, trans-4-pr

cycl ohexyl - cycloﬁgxaﬁ% of . 32f beRyPat ecyanophenyl rRrRthylbenzeate| ohexyl

trans, trans-4- butygl - %‘y'sfOjleﬂyﬁoﬁdciﬂéy&ﬁ@phényraﬁbpﬁdﬂpflﬁeﬁzoaﬁ/eOf
trans- 4- pPEn tyl cycl ohe,

t t
cyclohexyl cycl ohéxan %aﬁg% r$2 'cgipoghenﬁ; Pypgptylbenzoate
% 4' -bis-(trans- 46pro%ay¢£:y&+ﬁhm¢-)4b¢pmwheﬁyl prhéptylbenzoate
4-(trans- 4- pentyl§yclghgfy§1 fuofél fnaﬁméﬁgdfﬁ5¥ﬁ¥HRQUQ—ﬂ%dﬁyﬁanI£-

of 2-fluoro-4-(trans-4- penty c ohex
(trans-4- propylcyclohexyl) THenaBate  oxhibits an S N of |ess than
-40[err], a c.p. ®f +‘91n[>ﬁr3+flﬁoﬂd>sc—cﬁin8§hﬁilfllaIi-(\tral'fs-JA-‘bdtylcchx:ﬁ-K’rple

13 A nixt e of 4 % of 4 phenyl p et hyl benzoate 4 % of
3-f'l uor o-'4- cyanophenyl p- é?% ?Lg%f%d¥g€§ % of

3-fl uoro- 4- cyanopheny? @fp%ﬂ %@@zﬁa@gaupphe@yﬂ-Rﬁ«ﬂnﬁnarAhpgnmxﬁﬂzﬁtp-

p- heptyl benzoate 5 % of iroﬁghgogyénophenyl p- (trans-4- propylcyclo-
hexyl ) - benzoate 5 % of _3- quo

nophen trans 4 bu cl o-
hexy$¥ benzoat e MP of L st¥ansgplop %@% %@Yf 4-PYORYL L ® E?clo-
17 % of trans-l-p-methoxyphenyl- 4-pentylcyclohexane

15 7 $ of trans,trans-4-propyl-4'-propoxycyclohexyl-
cyclohexane
4 % of 4-ethyl-4’'-(trans-4-propylcyclohexyl)-biphenyl
“ 4 % of 4,4’'-bis-(trans-4-propylcyclohexyl)-biphenyl
4 % of 4,4'-bis-(trans—4—prolecyclohexyl)-2-f1uoro-
20 biphenyl
5 $ of 4-(trans-4-pentylcyclohexyl)~4’'-(trans-4-
v propylcyclohexyl)-biphenyl

4 $ of 4-(trans-4-pentylcyclohexyl)-4’'~-(trans-4-
propylcyclohexyl)-2-fluorobiphenyl

25 exhiblts an S-N of less than -40°, a c.p. of +85°, a
N visc. of 30 and a t.v. of 1.4 V. '
Example 14
: A mixture of
v 4 $ of 3-fluoro-4-cyanophenyl p-ethylbenzoate
: 30 6 % of 3-fluoro-4-cyanophenyl p-propylbenzoate
12 % of 3-fluoro-4-cyanophenyl p-pentylbenzoate
6 % of 3-fluoro-4-cyanophenyl p-heptylbenzoate'
w 5 % of 3-fluoro-4-cyanophenyl p-(trans-4-propylcyclo-
| | _ "~ hexyl)-~benzoate
35 7 % of 3-fluoro-4-cyanophenyl p-(trans-4-butylcyclo-
_ . hexyl)-benzoate
i;, 4 % of 3-fluoro-4-cyanophenyl p-(trans-4-pentylcyclo-

hexyl )-benzoate



héxyl)-benzoate 19 % of trans-1-p-met hoxyphenyl -4-propyl cycl ohexane 17
% of trans-1-p-nethoxyphenyl -4-pentyl cycl ohexane 15 7 % of

trans, trans-4-propyl -4'-propoxycycl ohexyl - cycl ohexane 4 % of

4-et hyl -4' - (trans-4-propyl cycl ohexyl) - bi ph I~ 4 % of

4, 4" -bi s-(trans-4-propyl cycl ohexyl) - bi phenyl 4 % of

4,4' -bis-(trans-18 pr Gp)d:ﬁ:y@aﬂm-)dy-m-niéﬁlimtypherﬁﬂ.-4-propylcycloﬁéx&myI 5

% of 4-(trans-4-pe | r RLARY, h ayl 4
% of 4-(trans-4- penty cycl 0 eng%réns oy ?P"él.’l. ¢ Jﬂfé(ﬁ&%}‘é%ﬁol’i’é%ﬁ
propyl cycl ohexyl ) -2-fl uormqiw exhibits an S-N of |ess than -40,

af C-4I0- OO/f ;82[ ?Ir e 3&4\6§Ql-éiihy&%@%t&ﬁhsﬁb@&oﬁy&c clEhéEEg'lq -bipheiypit ur e
o] 0 oro nzoa

3-f 1 uoro- cyano eny #?f&a\yﬁ%ﬁz’gég§ %‘f'ﬁ B%YécyF&@‘&xYléyé&@’é‘ﬁéW}I

bt pent yl benzoat e 46 ¥/ocrff B&ﬂ*ﬂﬁ(&mmy]mmmhémmz@iph&yl % of
3-f | uoro-4-cyangphenyl tgAar cycl.o.- 7
% of 3-fluoro-4- %ean(r%hefgy‘{ 4 E}?rang{:’gg%%tgl k;!l'gpgﬁ)é?fc p)%g%aﬁzoat e 8 %y of
3-f luoro-4-cyanophenyl -pentylcyclo- hexyl ) - benzoat e - 16 -

&}3 °/<;0f trzns 1310' naetcrpw-p B&hsﬁa@f lt gie hﬁeﬁ vl 4?;mqfcrans -4-

ans, trans pr opy OpPOXY.CYC - ne o of

4- et hyl - 3’% (trans-4- propyl%{;’&%‘h cﬁ}%ﬁ/ ih’{é‘ nyal % of

j- it h)t/)l (t(tran;sil-4 p%enjli;/ch-y(:tnhasy-m)-ﬁmmhynyclyoﬂohg;yﬂ.) 4’'~-(trans-4-

'-bis-(trans propyl c EPB@

4, 4' - b| s-(trans- 4 propyl cﬁ%ﬁl‘%{ Dy 24 1uct iphenyl .
bits an S-N of less than -30°, a c. p. of +94°, a

b visc. of 38 and a t.v. of 1.2 V.,

15 Example 15
A mixture of

~ 3 % of 3-fluoro-4-cyanophenyl p~-ethylbenzoate
4 % of 3-fluoro-4-cyanophenyl p-propylbenzoate
10 % of 3-fluoro-4-cyanophenyl p-pentylbenzoate

20 5 $ of 3-fluoro-4-cyanophenyl p-heptylbenzoate
“ 5 % of 3-fluoro-4-cyanophenyl p-(trans-4-propylcyclo-
' hexyl)-benzoate

6 % of 3-fluoro-4-cyanophenyl p-(trans-4-butylcyclo-
hexyl)-benzoate
v N~ 25 4 % of 3-fluoro-4-cyanophenyl p-(trans-4-pentylcyclo-
| hexyl)-benzoate
24 % of trans-l-p-methoxyphenyl-4-propylcyclohexane
14 of trans ,i:rans-4-propyl-4 ’=propoxycyclohexyl-~
R cyclohexane
30

op

of 4-ethyl-4’'-(trans-4-propylcyclohexyl)-biphenyl
of 4-ethyl-4’-(trans-4-pentylcyclohexyl)-biphenyl
of 4,4'-bis-(trans-4-propylcyclohexyl)-biphenyl
of 4,4’'-bis-(trans-4-propylcyclohexyl)-2-fluoro-
biphenyl

35 5 $ of 4-(trans-4-pentylcyclohexyl)-4’-(trans-4-
E propylcyclohexyl)-biphenyl
o 4 % of 4-(trans-4-pentylcyclohexyl)-4'-(trans-4-
' propylcyclohexyl)42-fluorobiphenyl

PO
® 90 R oOP



bi'phenyl 5 % of 4-(trans-4-pentyl cycl ohexyl)-4"-(trans-4- 10

propyl - cycl ohexyl ) - bi phenyl 4 % of

4- (trans-4-pentyl cycl ohexyl)-4'-(trans-4-

propyl cycl ohexyl ) - 2-f 1 uor obi phenyl exhi biTsthr S-N of |ess than -30[err],
c.p. of +94[err], a visc. of 38 and at.v. of 1.2 V. 15 Exanple 15 A
m xture of 3 sexHiLi S ueno-S+Ntyafiopeesy | tharet #40benaoat o 4 of%HOB°, a
S»fluoro-4-cyanqg§%g | A P-Pf O b t eo#01.5%0f 3-fluoro-4- cyanophenyl

p- pentyl benzoat e Yo? gi £%§o§n§9?fuo§o 4~ cyanophenyl p- heptyl benzoate 5
% of 3-f | uoro-4-cyanophenyl p-(trans-4-propylcyclo- hexyl)-benzoate 6 %
of 3-fluoro-4- cnggggﬁgg%lgp (trans-4-butyl cycl o- hexyl)-benzoate - 25 4

% of 3-f luoro-4-c en - (trans-4-pentyl cycl o- hexyl)-benzoate 24
% of trans-1- p- 9@5 % -4-propyl cycl ohexane 14 % of

£ ans, t r arb- 4- pro@yl -¥' opr dpbkyayctbhexahophsnybhpxethyBbenzoatd % of

4- ethyl 4' (transe 4- pgopy!l gy i) ﬁgﬂg -

4- et hyl - (tran254 B%H?i %yg*eﬁgxy+ cg +Y§ P g&%ﬁylbenzoate

4,4' -bis- (trans 43 pr obyPEy3t EHeszy o4 tﬁX#kﬂQ eEW' P (dfrans-4-propylcyclo-

4, 4" -bis-(trans-4- propylcyné Eryﬁéngbatgoro- bi phenyl 35 5 % of
4;(trans 4- pentyl ycl Y. trans-4- propylecycl ohex b en %
of 4-(trans-4-pen yld§6?€ é& gTETT?%% xﬁghéqyf-f-propyléyciéﬁhxgne
propyl cyc®hexyl31 2- f%Lmiobrpnsmyrans—44§repyma4ﬂ%prapozyﬂyﬁlbhexyﬂhan
-40, a c.p. of +93, a visc yé&oﬁ@xéﬂg at.v. of 1.5 V. Exanple 16 -

o/ 21 % of trans,trans-4-pentyl-4’'-methoxycyclohexyl-
v cyclohexane

Q

7 $ of trans,trans-4-pentyl-4’'-ethoxycyclohexyl-
15 cyclohexane

4 % of trans-4-propylcyclohexyl trans,trans-4-propyl-

A - cyclohexyl-cyclohexane-4'-carboxylate
5 % of trans-4-pentylcyclohexyl trans,trans-4-propyl-

cyclohexyl-cyclohexane-4’~-carboxylate
20 5 % of trans-4-propylcyclohexyl trans,trans-4-~butyl-

v cyclohexyl-cyclohexane-4‘’-carboxylate
4 % of trans-4-pentylcyclohexyl trans,trans-4-butyl-

_ cyclohexyl-cyclohexane-4'-cérboxylate
4 % of 4,4'~-bis-(trans-4-propylcyclohexyl)-2-fluoro-

¢ N 25 biphenyl
4 % of 4,4'-bis-(trans-4-pentylcyclohexyl)-2-fluoro-
biphenyl
: 5 % of 4-(tréhs-4-pentylcyclohexyl)-4'-(trans-4-
U propylcyclohexyl)=-2-fluorobiphenyl
: 30 exhibits an S-N of less than -40°, a c.p. of +89°%, a
visc. of 30 and a t.v. of 2.0 V.
&



A mixture of 5 5 % of 3-fl uoro-4-cyanophenyl et et hyl benzoate 5 %

of 3-fluoro-4-cyanophenyl p-propyl benzoate 3 % of nyl
p- (trans-4-propyl cycl o- hexyl)-benzoate 7 % of Hm“mmﬂ“ﬂﬂmm

t rans- 1- p- met hoxyphenyl - 4- pr opyl cycl ohexamd 816 % of *

trans, trans-4- propyl -4' - propoxycycl ohexyl - cycl ohexane 21 % of

t ranstrans- 4- pent yI - met hoxycycl ohemtemeﬂ ane 7 % of

brans, trans: 4 PR RO YELSIE icddns eh stavic SIhIRIFIRS
cycl ohexyl - cycl crdvene- havmagb@(ylta\Uemltl%lax t rathio 4-apeint 31 ¢ ppleaiadinlg
trans, trans-4- prvq,qxi,al é:ygggge,xyj 3:y%gggﬁar@oﬁltaﬁ?{ngl of fq2fd crystal %

of trans-4-propyl cyclohexyl trans,trans-4-

cycl ohexy- cycl SH@lashric c gharadtarized ip %attré'—n'? 2PREAtING, teapera-
ttans, trans- 4- btﬁmﬁe enh;améndsyaiminemwmtocwsmwl ahe hsc%safty of

4, 4" - bIS (trans- r Iohex ) Iuor & | 4
%ol 44 bie (i 3*3%%%?&% oot ) £8. ads oeoa oG gPa s S0l TR

4- (trans- 4- pent gieddatinicy icontains: afsleast one component of the formula
propyl cycl ohexyly - 2-f | uor obi phenyl 30 exhibits an S-N of |less than
c40[err], a ¢.p. of +89[err], a visc. of 30 and a t.v, of 2.0 V. - 18
Patent claimLiquid crystal display element with stakfc or nulti pl ex drive,
having a | ow nmul ti pl ex ratio and an operating vol ;3

cont ai ni a%a l'iquid crystal '?I eg r';@ y
TF dm 56C

wd zed in that th

operating tenpera- ture range extend y80[err], the viscosSity
?j
wherein R! is alkyl of 1 to 12 C atoms, wherein one
or two non-adjacent CH, groups can also be
replaced by O atoms, -CO~, -0-CO-, -CO~-O~
“ and/or -CH=CH- groups,
15 A° and A? - each independently' of one another are Cy,
Dio or Phe,
Z : is -CO-0-, -0-CO-, -CH;~O-, -0-CH, oOr a
-~ single bond, '
x! is F, Cl or -CN,
20 x? is F or C1,
- m is 0 or 1,
O Cy is trans-1,4-cyclohexylene,
Dio _is trans-1l,3-dioxane-2,5-diyl and
Phe . is 1,4-phenylene which is unsubstituted or
: 25 substituted by fluorine, with the proviso
RV, that the dielectric does not contain any
. component of the formula II
5 R2-Dio-A%-(Z-A%) -R® I
A
in which R* is alkyl of 1 to 12 C-atoms, in which one or
30 two non-adjacent CH, groups can also be
replaced by 0 atoms, -CO-, -0-CO-, -CO-O-
A | ' and/or -CH=CH- groups,

R® is alkyl of 1 to 12 C atoms, in which one or



T

Toast one. conponent of the formia | 10 o 0 C em\“n\nrfmmmlﬂml\

wherein [err] is alkyl of 1 to 12 C atons, wherein one *0r ¢t wb
non- adj acent CH2 groups can al so be repl acd8 b'y 0 atons, -CO, -0-CO,
-CO- 0- and/or -CH=CH groups, 15 [err] and [err] each

i ndependent|y of one anot hercwd enG‘m-aBch@hﬂDhEHZZ groups can also CbeO ,

0-CO, -CH2-0-, -OJerr] or aS|n bond, 0
isFor O, m regyleb % a{:oms, Clc g)\-'-cc? -CO-0-

trans- 1, 4- cycl ohexyl ene, Di mnd/or -CH-CH grauUpss, IE‘B-QII ®aar@N 2, 5° ¢ind Adnd

Phe is 1,4- phenyl ?Héﬂg,q or
substituted by fluorine, I‘OVIS tht%Hhe d?%lectrlc does not
contain afy conmponent oF’thé-sf &r'nﬂi &1 2 in which Ris alkyl of 1 to

2 C-atons, in which ong,or pi® and Cy have the meaningys agiveeant  [err]
groups can also be repl "aced by 0 atons, -CO, -0-CO, -CO0- and/or
-CH=CH groups, R3is alkyl of 1 to 12 C atons, in which one or - 19 -
two non-adj acent CH2 groups can al so be replaced by 0 atons, -CO, -0-CO,
-CO-O and/or -CH=CH groups, F, Cl1 or CN, [err] and [err] are each

1, 4-phenylen or Cy, 5 n is 0, 1 or 2 and Z D o and Cy have
the meani ngs gi ven.



- 20 - EP O 258 346 Bl As printed Revendication El enent ' affichage i -
“cristaux |iquides avec une comrande statique ou mnultipl eﬂi Wﬂm\mmmmm’
rapport multiplex faible et une tension _de fonctionnenent’y 3
volts, contenant un dieiectrique A cr ist&UxX | gui des, caracterise *en Sce*quo
| a gamre de tenperatures de fonctigpngrgﬁ 34¢diggnd de -30C A +80C, en ce
quo |l a viscosite du dielectrigue a 200C est Inferieure a 40 mPa-s et en ce
_que le di6lectri que%rﬁ’? €%u noi ns un conposant de formule |: X2 RI1-(A-)
-Al-Z ouj R reprbsente un alkyle ayant 1 i 12 atones de C dans | equel

6gal enent un ou deux groupes CH2 non voi sins peuvent etre renplaces pardes
atonesd' O, des groupes -CO, -0--CO -COO etlou -CHCH, A et A

i ndépendamment |'un de |"autre Cy, Dio ou Phe, Z -COQ, -OCO, -CH2-0O,
-O-CH- ou une sinple liaison, X F, C-ou -CN, X2 Foud, nmODou 1, .Cy le
Irans-1, 4-cycl ohexyl bne, Dio |le trans-1, 3-di oxanne-2,5-diyle et Phe le

1, 4- phi nyl bne non substitue ou substitu6 par Is fluor, sous |a reserve quo
| e di6lect ri8*ont i enne aucun conposant de formule 11 '

R2- Di 0- A2_- ( Z- AdhentR%ffichage a cristaux liquides avec une commande btatiQué dd2mulgpésréseh@ntum

al kyl e ayantragpoa mLRipkk eaitiset ohee tépsica nsfohaignreens irddrievre A 8.3 mitsme"tmwn%:%e‘%%ﬁg &%C

%tri& J

iquiges, carastériaé et aratur, ongtigRne s'g
S pon vl ?f'%g“@ja;gfﬁggﬁggﬁggﬁ Bt e s S
al kwl e ayantc iy N a'%sorrecs e 8 ans ee'quel 6gal enent un ou deux groupes
CH2 non voi sins peuvent etre renpl aces par des atgnmes d' O des groupes -CO
---CO, -CO- eVou des groupes -CH=CH, F, O ou £N, A2 et A3 representent
| e {_4-phenyl bne ou Cy, n est egal a 0, 1 ou 2 1Z Dio et Cy ont |e$
Significatiohs indiquees. O ai m &l gued-sfzst4 ¥ ay element with static
or nultiplex drive, having a low multiplex r and an operating voltage
bel ow 3. 3 vol tﬂs containing a liquid crystal dielectric, cha&ﬂz;cteri z%('tl‘l in
that the opei#& reptgsentayresikylegrant i & hjponesidefians lequel dagientent yn ABERYCIroppRS CH. non
Vi scosi ty ofEPLKRK fiarpmplacks pap g Eomes o Odes graues 750y Q —CO—0 evou=CH=CH.

e independamment |'un de o
. Z —C0—0, —0—C0—, —CH;~0—, —0—CH,— ou une simple liaison,
~ X' F, Cl ou —CN, )
X2 FouCl,
mOoul,

Cy le trans-1,4-cyciohexyléne,
Dio le trans-1,3-dioxanne-2,5-diyle et
Phe le 1.4-phényléne non substitué ou substitué par le fluor,
sous la réserve que le diélectrique ne contienne aucun composant de formule |l

“R2—Dio—A?—(Z—A%),—R? i

ou R? représente un alkyle ayant 1 3 12 atomes de C dans lequel également un ou deux groupes CH, non
voisins peuvent étre remplacés par des atomes d'Q, des groupes —CO, —0—CO, —L0—0 et/ou des
groupes —CH=CH, . :

N/ R? représente un alkyle ayant 1 3 12 atomes de C dans lequel également un ou deux groupes CH, non
voisins peuvent étre remplacés par des atomes d'O des groupes —CO, —0—CO, —CO—0 etou des
groupes —CH=CH, F, Cl ou CN,

. A% et A? reprasentent le 1,4-phényléne ou Cy,
nestégal a0, 10u2et,
Z, Dio et Cy ont les significations indiquées.

Claim

Liquid crystal display element with static or muitiplex drive, having a Iovy mqltiplex ratio and an
operating voitage below 3.3 volts, containing a liquid crystal dielectric, characterized in that the operating
-temperature range extends from —30°C to +80°C, the viscosity of the dielectric at 20°C is less than 40 mPa-s



< 21 - EP O 258 346 Bl and the dielectric contains at |'east one conponent
~of the fornula | [err] wherein [err] is alkyl of 1 to 12 &ﬁl
qQne or two non-adjacent CH2 groups can al so be repl aced Hmmlmmﬂ ']]
-0-CO, -CO--O and/or -CH=CH groups, [err] and [err] eaeh 9 ndepdndéntfy
of one another are Cy, Do or Phe, Z is 2 O -GCO, -CH2-0, -0-CH2 or a
single bond, X is F, A or-CN, XZeps r , iIs Oor 1, CYis
Jrans-1, 4-cycl ohexylene, Dio is tf%’;gt)?ﬁfﬁ &g]ne-z, 5-diyl and Phe is

1, 4- phenyl ene which is unsubtituted or substituted by fluorine, with the
proviso that the dielectric does not contain any conponent of the formula
11 [err] in which R2 is alkyl of 1 to 12 C-atons, in which one or two

non- adj acen@ntihe diglegiipeontins aplieash ongeromapneat i ey m®adt ons, - CO, - 0O CO-,
-CO-- and/or -CH=CH groups, R3 is alkyl of 1 to. 12 C atons, in which one
“or two non-adjacent CH2 groups can also be replagad by 0 atons, -CO

-O0-CO, -CO-0and/or -CH=CH groups, F, O or , A2 and A3 are eac,h
1, 4- phenylene or Cy, nis 0, 1 or?and Z,1 Do q11have t he neani ngs
gi ven. R —(A°) —A'-2Z X |
o

wherein R' is alkyl of 1 to 12 C atoms, wherein one or two non-adjacent CH, groups can also be replaced by
O atoms, —CO—, —0—CQO—, —CO—O— and/or —CH=CH— groups,
A° and A' each independently of one another are Cy, Dio or Phe,
Z is —~C0—0, —0—C0~—, —CH;—0—, —0—CHj, or a single bond,
. X'is F, Cl or —CN,
o X2 is For Cl,
U misOor1,
CY is trans-1,4-cyciohexylene,
Dio is trans-1,3-dioxane-2,5-diyl and
Phe is 1,4-phenylene which is unsubtituted or substituted by fluorine, with the proviso that the
dielectric does not contain any component of the formula |l

R*—Dio—A?—(Z—A%),—R? il

(o . . . . . .
in which R? is alkyl of 1 to 12 C-atoms, in which one or two non-adjacent CH, groups can aiso be replaced by
O atoms, —CO—, —0—C0—, —CO—0— and/or —CH=CH-— groups,
R? is alkyl of 1 to 12 C atoms, in which one or two non-adjacent CH, groups can also be replaced by O
atoms, —CO—, —0—C0O—, —CO—0— and/or —CH=CH groups, F, Cl or CN,
A? and A? are each 1,4-phenylene or Cy,
nis0, 1or2and
- Z, Dio and Cy have the meanings given.
\ ;
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