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-1 - 0158252 Description The invention relates to liquid
crystal phases (LC phases) with | ow optical anisotropy and wi de nenatic
phasé@s. The properties of nematic or nematic-cholesteric 5 Liquid crystal
materials are being increasingly utilisedqfor Liquid crystajsidspsay

el enents (LC display elenents) to S|gn|f|cantly nodi fy their optical
properties, skescastPtiemt absorption, |ight scattering, birefringence,

refrac- tance or col Oﬂﬁeuﬂﬁ]ﬁ‘énih@n_'F'éié@é‘éiet@flﬂh@mréﬁi’étélEﬁlij&eé-o The

function of s d|s elene ts here i ase
Dhemonona o HohaEeEY iR TEed SRE fal, RRERt tafrond i HTE AmRLte 1 e
guest - host efﬁchesIhe Schadt - Fblfrlch effect in the twsted cell or the

chol ester! c.nemat i o pocoLEANSIFLy 3P nematic or EWE: EIREAL PhRRES

which nmust fulfil a er of req enents are require
i ndustrial5appfauidationtaf nateeizts etlts bmnea emtrmﬁ!c"mirmdnb‘rhsﬂed:hem -

cal stabili tYf%PV‘@W@ﬂméﬁH‘E@t @Hp@é‘P Pbé’nﬁéﬁt’"’i (¢ | $E06Sy él’éﬁﬁrﬁtss yeat,

infrared, visible and ultraviolet radiation and constant’ and ternatlng
electrical fitPdsignie pEAtlyived biy y“P?rber%ﬁtch'erFémm‘t‘n%?'rm’r@ #9iquid

crystal nmesophiaget i §b$o Spit { 6d) eL { gpes @4 tif ér w@,gebamfrthegdrwe,str@mesdbl e
vi scosity at £00n1tenper§ture are re trial usabl e qU|d

crystal diel ec?TFes2T FRYY, u'ﬁ%ertﬁ%l reg'utl'%l"ﬁ%t ufo%Hﬁft'y\ L nb‘?
absorpti oh0i nThéefumegeomfof/isudh edismbay ¢beentss thesayig Hayserw,stfdare ex-

col ourl ess. e n gaHp
_Li qui-d cryst a{'m tgs]op és%@gl@?%%@%ﬁgﬁofndmaﬁﬁéhifap{epﬂﬂq{d dﬁ rreet s all
t hege requi r eh@hian mﬁxalBQneﬁLﬂ%%sQﬁrtVﬁﬁtQﬂQ%ﬁﬂh%ﬁtFﬁ%ﬁ%ﬁ%ﬁﬂSthree to

fifteen, comsmy@fismm#mr@ms@t aﬁn atl‘ié”@u%@é)@r@&l NpOrdfd to obtain
subst ances whi ch can be %¥%% g %€t€L phases. At | east one
r

conpound of Lo hes ts nb‘ p’b?'h?thﬁd’ 5 usually included in this
m xture. Psmxture i SL%desueeraDmmmd wiet € Wwhd it afuteﬁiu ng eaxigd bel ow

that of the Cﬁﬁ%ﬁ%*”%f eAQWF%méﬁ¥é'£¥£F¥££ﬁirgﬁ‘#é& rﬁh r$gl appli-
cation of these effects in electronic components. Chemi-
cal stability towards moisture, air and physical influences,
such as heat, infrafed, vis{ble and ultraviolet radiation

20 and constant and alternating electrical fields, are par-
ticularly impoftant here. Furthermore, a tiquid crystal
mesophase in a suitable temperature range and the lowest
possible viscosity at room temperature are required of
industrially usable lLiquid crystal dielectrics. Finally,

— 25 they should not exhibit intrinsic absorption in the range
of v1s1ble Light, that is to séy they must be colourless.
In none of the previously known series of com-
pounds with Liquid crystal mesophases is there an indivi-
dual compound which meets all these requirements. Mix—

30 tures of two to twenty, preferably three to fiffeen, com-
pounds are therefore as a rule prepared in order to obtain
substances which can be used as lLiquid crystal phases.

At Least one compound of low melting point and clear
‘point is usually ihcluded in this mixture. A mixture is

35 usually obtained here with a melting point below that of

the component of Lower melting point, whilst the clear
- point is betﬁeen the clear points of the components. How-
ever, optimum phases cannot easily be prepared in this



compdhents of high nelting point and cLear points frequently alLso inpart
high viscosity to the mxtures. The switching times in the el ectrooptica
di splay elLenents produced with these m xtures are thereby 5 I ncreased in
an undesi r abl Ban@@fers iMpHe Fh%eﬁ?W@M"?@tba@édhbﬁhtmelbmeCQODNtp@@@ar- ing
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crystal ases W p0|nts flert - ing points, |ow
viscosity (and hence Eh@rineewtCangslﬁﬁsednes)tmmdbbxnttmnfomﬂemm#sotropy.
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optical anisotropy, stee racteristic transmssion line and relatively
hi ghl y negati tke dre‘ﬂ'etf?ﬁ’ ctempretd tong rRRIParnd takieowradequatgledshort

so-cal l ed guesfiboRingli ePhaysim € iq@Pd @pﬁgiwec@pm r@str ddmet d iy OF a8 # &N
appears in_dark formon a |ight bacK%Fo %bé . Scheffer Phi L, Trans.

R Soc. L&Ad. A 309 (Aosd)99gyimben ‘eﬁ%&ﬁ M%?S\Mﬁ%%(fn
Appl . Phys. 58 (i@@é)nﬂﬁ@ﬁa oﬂmﬁmmwmundsherilqUnch¢nydmdemmasesynust have

2 o SUab by Eonly 25 S0l d ke hBLADEs L ERTOT g AVERE UL Lo

suffi-ci ent degree €S Were not 0 aval |l abl e. For
wi de-r ange mi kiaw éd, lemt%kwl'lﬁ%ei wve&tfemlalclamyrummm Lower proddtrct of

the |ayer thi ?#516551@99 opéu. C@%smmr@m ”ﬁ’éﬁcé‘aé.’l’?mqé“éﬁ@&?{?dé'c val ues,
for exanpl e about abou 5, since otherw se the

angl e- depéﬁdeﬁb@/‘*iﬁ i'h‘é k?)‘!'\t?%%’tc?a‘ecﬂwb%ﬂ'b‘bmgr edt THAE | TRETERY S €0 ours
arise, inpairyfightae 0pé i medofheNONENDGe , A SWal 16 $ MtEK-Low optical

anisotropy, steep characteristic transmission line and

poi nt' is_between the cl ear poi nts of the conponents. How ever, optinmum
phases cannot easily be prepared in this -2- manner-, since the
L

relatively highly negative dielectric anisotropy are par-
ticularly réquiréd for so-calléd guest-host displays with
20 positive contrast (the information appears in dark form
on a Light background) (T. J. Scheffer, Phil. Trans. R.
Soc. Lond. A 309 (1983) 189; and F. Gharadjedazki and
R. Voumasd, J. Appl. Phys. 53 (1982) 7306). Moreaver,
the Liquid crystal phases must have a high stability to UV
; 25 and take up the dichroic dyestuffs to a sufficient degree.
s Such negative LC phases were not hitherto available. For
wide<-range mixtures, for example fqr external applications,
the product of the Layer thickness and optical anisotropy
must have quite specific'values,'for example about 1.0 or
30 about 0.5, since otherwise the angle-dependency of the
contrast becomes too great and interference colours
arise, impairing the optical phenomenon. A coating thick-
ness of about 6 - 7 micrometers and a lLiquid crystal phase
with a positive dieLectric anisotropy and an optical aniso-
35 tropy are about +,0.07 to about + 0.08 are today generally
employed for such TN cells in'order to achieve a particu-
Larly good angle-dependency of the contrast. It is parti-
culartily difficult to achieve sufficiently high clear
points whilst at the same time avoiding the occurrence of



ness“of gbout 6 - 7 micronmeters and a liquid crystal phase with a positive
diel ectric anisotropy and an optical aniso- 35 tropy are about + 0.07 to
aboufx + 0.08 are today generally enployed for such TN cells in order to -
achieve a particu- larly good angl e-depengency of the contrast. It is
parti- cularly difficult to achieve suleélentIy hi gh cl ear points whil st
at the sane tsnEcavvldhagekhenoc¢UsceﬂceyoﬁaLue§n®mi¢m Phaseso anighvi scosity
val ues which e o] ow tegperatures. Suc ositive LC hases have
not hitherto éeh£§v5?+§gr +?¥Vhas§rﬁ%6v %%%hé?‘bﬁlr:'ﬂ@t'ﬁﬁsﬁ Rifia % c'? st al
phases 5 wi bhthertocbean| 9Vaéll/almtageous conbi nations of materi al
Do [ Par Ll cukahalt Agu TBSORNASEnd 200EE eIV | PN N ifalp@Uapt OpY,

are obtained if they contain at |east one co roma A consi sting
of the cofpoutd&hoParkachbafiby atdyapbageoyd combmatwr[Serm] %@rem [err]

and [err] arepE@ﬁ@rRaes, in part1cuLar w1de mésébiase rdfges and Low R
and R is al kyl | so one 15 or two

w, t
non- adj acent E?F?ca}055§5855°5é'r%b?aggﬁab?edO’P oty B L3sh,
[err] whereinoke aodpbheatefeewhGRoOp A consisting of tHR aswhgddrads tde
abovenenti one ng/ Least one 20 conponent selected from
G oup B con5|g ?ﬁggtﬁg%ﬁg goﬁé g%unds of the fornmulae V and VI 4 [err]

wherein Fﬂ%as t he abovenentionegiymeaning, Qis or [err] - and [err] is
[err] , asing&p_ﬁ@[er ; RZ I

Rl < \/ coo—-O—— 1
CN '
1 2 ,
R -OL- CHZCHZ—O— R 11t
wherein R! and R are each R, —O"—'R
0 I S -
- R = oOr :}y—-ﬂ
~.0 =
U and R is alkyl with 1 to 12 ¢ atoms, and wherein also one

15 or two non-adjacent CHZ'groups can be replaced by -0-,
-¢0-, -0-C0- or -CO0-0,

3_.O__ cu-caz--O— R® 1V
l - |
CN

wherein R> and R* are each R or - — —R

and R has the abovementioned meaning, and/or at least one
20 component selected from Group B consisting of the com-

pounds of the formulae V and VI



0O or, -OCO, and at Least one conponent selected 5 -~from Goup C
conS|st|ng of the compounds of the formuLae VII to X [err] wherein [err]
and [*err] have the abovenenti oned neaning and [err] can assune the neani
of [err] or [err], wherein R 10 is as defined above, and [err] is alkyl
wth 1l to 12 C-atons ] erein also one or two non-adyacent CH2 groups
can be repLaced by ﬁ% lan qN: appropriate, one or e conponents
sel ected from G oup tlng “of the conpounds of the formulae Xl to
Xl 15 [err] - b5- [err wherein [err] and [err] in each case
i ndependently of one anotQpr are aIkyI with 1l to 12. C atons, and wherein
al so one or two non ce %i groups can be repl aced by 5 -0-, -CO,
-0-CO or -COO an F{O?m acte one or nore conponents s¥lected from
G oup E consisting of th onpounds of the fornulae XV and err]
wherein [err] wined e[idr R] hjas( §|he) apgurmRngriopedr hepnimpg, 18 is

[err] or, if g els ,2andl 20 GN. -2 Ob, al biRgL80B8hE, LERLLH,-2ISO 1
and Ais a 1, 4- S ylene group whi c flonally f1 uori nat ed? |n the 2-
Or

or 3-position, qﬁ’@h ©fe “0r&9rzo2PHadt ﬁFaéénﬁBGnagmBP“Pﬂé fekaEEady and/ or
VI whereirs Q ifs-ol, 4rjplopny! evasdse ihg prfesrat conpouhiguotl enysfarmpbase
contains at %ﬂ t R qong conponent of the formula | X wherein [err] is n-alkyl
and R4 is n-al 3 %n- al koxy or n-al kanoyloxy with in each case 1 - 12 C
atons, and at Ieast one Qpnponent from Goup E. The invention thus rel ates

to the Li quid crystgl \ha .escribed above, which can also contain, if
approp- riate, twoRor™ Ui B dyestuffs, and to the ypge '
w _
0
7 3 . _
R -O"(a)—ﬂ VIII
OO .

wherein R3 and R4 have the abovementioned meaning and
N~ R7 can assume the meaning of-<::>- or Rs, wherein R
10 1is as defined above, and R8 is alkyl with 1 to 12 ¢
atoms, and wherein also one or two non-adjacent'CH2
groups can be replaced by -0- or -C0~-, and, if appropriate,
. one or more components éeLected from Group D consisting
of the compounds of the formulae XI to XIII

5 . __ ' - RS x1
OO
o
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of these, phases in liquid crystal display elenments. The invention
furtchernore relates to liquid -crys- tal display el enents containing sud
phasg&s. 25 ~ ALt hough di spLay elLenents which are free from

i nterference col ours and which contain _dielectrics with positive dielectri
ani sotropy and | ow optical aniso- tropy, preferably in the range from 0. 05
to 0.10, are already'bnomn from German O f enl egungsschrift 3,022,818, 30
the LC phases descr/ t herei n do al | oy an operating tenperature range
whi ch permits Rxtefnal JappfHebiti, —6R " Surpri-singl'yXIIf has now been
found that a sufficMeltly w de oper g tenperature range, in particular

al so for external applications, is possible with the positive LC phases
according to i NV [ 6he O Lrence aof ti.G.p es and/or very
hi gh vi scosi t@ﬂ\?ﬁ’&e?ﬁataq\%ovﬁt t §rrr‘p(eé%§thur%gs?eébéinr?%p%{mt%ﬁeﬁga%&st°|"r$e | ar gel'y

el i mi nated. B thegatanee alikyli v igrhy sit dlo dize <t -attoats ,s yagide wih exrecdor dilisg t o t he
I nvention ar Fofed I | oSital i d o el ORI Gal i 1 Opy,

excel | ent stg’t;‘i(é?ioiﬂng}r?g nlm\ﬁ-%o?gc'}glg ?gf?s gggbugrsdg\ryno?et E%péégset%ﬁ s. By
provi di n@ t he A7-quit®or y&‘glo‘gl&’é'st'-c o dpsk difs ARSEOPAI RS Str0 ONige Oifnven-
tion, the apmldreakidmplonedft sS¢@N e2}elde 5 oimS GRlo%P EORDINAGIst iAY % fi Rheeased
fromvarious technol ogi cal, .vi ewpoi nts. ghe'rgagra crystal guest-host
systenms accor@MGUES R the TRr®Hiasn Xd¥d 3% &Y oopti cal displ ay el ements
contai ning them cap=hg provided for the nost diverse applications,

dependi ng on hﬁeorﬂ %f_torrpﬁnents' of the host material and of
the pl eochroic dyegtuyfs. P e ne I ve"LC guest-host systxgms according to
20\_rhe invention furthernore contain at |east two, préferably 2 to 5, and
in particular 3 or/Z,\N eochroic dyestuffs. In principle, all the

pl eochroi c dyegt ale for guest - host m xtures caggbe used as the

dyestuffs. The noSt portant of these dyestuffs bel ong t he cl asses

wherein R3 and Rl' is(sic) each R or -O—R, R9 is R,

10 _<}R’ _c:}_g or, if n equals 2, also CN, n is
. 3 .
2 or, if R™ equals , also 1 and A is a 1,4~

phenylene group which is optionally fluorinated in the 2-
or 3~position, with the provisd that, if compounds of
the formula V and/or VI wherein @ is 1,4-phenylene are
15 present, the Liquid crystal pﬁase contains at least one
component of the formula IX wherein R3 is n-alkyl and R4

: is n~atkyl, n-alkoxy or n-alkanoyloxy with in each case
o 1 - 12 ¢ atoms, and at least one component from Group E.
The invention thus relates to the Lliquid crystal

20 phases described above, which c¢an also contain, if approp-
riate, two or more pleochroic dyéstuffs, and to the use
of these phases. in Liquid crystal display elements.

: The invention furthermore relates to Liquid crys-
tal display elements containing such phases. '

25 _ AlLlthough display elements which are free from
interference colours and which contain dielectrics with
positive dielectric anisotropy and Low optical aniso-
tropy, preferably in the range from 0.05 to 0.10, are
already known from German Offenlegungsschrift 3,022,818,

30 the LC phases described therein do not allow an operating
temperature range which permits extefnal applications.




25 *of anthraqui none, naphthoqui none, azo, indigo, and/or perylene
dyestuffs. A rich variety of these dyestuffs are described in t he
lit&rature. The expert can seek out the nost suit- able dyestuffs for t
particul ar intended application 30 w-thout difficulty. Thus, for exanp\a
ant hr aqui none d e- stuLfs are described i n_Eurgpean Paten 34.83 Eur opean
Pat ent 44, 89§ur OF8pRahY pat EnPaggnawsdeel fpua ﬁ g@?%n? %ﬂ 51978 bpean

Pat ent 56, 49did&Euspprani Mgt eanpbPabibe Bahgeshiwapant i2u08b6, 468¢ Bortish

P , 065, 6
orit1sh Patohfo8r8y. 80301 ERxi PRRZThs coPESeEEE wELh' HAE PELERLyE PER SO0
Publ i shed Apphasa8|QQCG6d1aQ 6¢3th§apan9891ﬁnelth?nﬁ??UPUan%h%ﬂ

Applicatign 9 p P u t
S 165 458, Jneshec Phest FrARarErLuEry hEgh M iscodtth PaLBesoR OB

Patent 3, 017teFperesupns Paipat 3t bhe $ape Eéwﬁahapafbhteé‘ﬁh@aﬁsé German

Patent 3, 100, 533, GetpannPghente3Lidbidddryseanguéatentsb sSyddémg62,
Gernman Patent 3, 150 n, Pat ent

201,120 and
3, 309, 045, néﬁﬁ?ﬁﬂdﬂﬁnﬁﬂecﬁﬁeéFﬁFPE gPeaﬁgsB?rgéﬂgpﬂrgg:ﬂgﬁtk%?%nfged
3,126,108 andHy3a208w76ftiaab dpésotfbpyarexcdebtenbesitahiEitppead Pagknt

43, 904, n _Paten 5 : t 3ge3 u etraazo 10
dyestuffS? n&ﬁ?ﬁﬁﬁ Pé?e%&ggr %g %E? Q?Egﬁ? ateﬁf é %gsd(gg8€h%CT WO
82/ 2054, Brltngh1ﬂatenﬁtal0§9e$V0h°§§pahé§emPréFFﬁfﬁéP? Pabthehéaven-

licatio 7 | ]
56'010 . o8 4“ g%gneggg aaﬁpaeesm’w b BaE N E’ylbkéﬁgle@lsAapgbcabhgmder

i m nar | i shed éﬁgL n 55- ?75 Japanese
15_Prel i mi naPyYPiBFFrensa AﬁbPWc&?F&ﬂ“SQtBQ 39‘5 Baﬁégépﬁ?g PM nary
Zuggésggd Ap@hbcﬁﬁgﬁﬁd5grggsaY76ueUtShoPatepktémBOBc&GEd1wbStoPahent

.S. ent
vadas' Nap. anyentiphgant sedapoRxathl’ Hisobay RLEEARs Fonpsthifll 1
S. Yasui 20 ahdmTcabchedproypdedlfoApphe ﬁhys.d21$r§913m921€1982w5and )
~ depending on the selection of the components of_the host

material and of the pleochroic dyestuffs.
The negative LC guest-host systems according to
20 the invention furthermore contain at lLeast two, preferably
2 to 5, and in particular 3 or 4, plLeochroic dyestuffs.
In principle, all the pleochroic dyestuffs suitable for
guest-host mixtures can be used as the dyestuffs. The
most important of these dyestuffs belong to the classes
_ 25 of anthraquinone, naphthoquinone, azo, indigo, and/or
— perylene dyestuffs.
) A rich variety of these dyestuffs are described
in the literature. The expert can seek out the most suit-
able dyestuffs for the particular intended application
30 without difficulty. Thus, for example, anthraquinone dye-
stuffs are described in European Patent 34,832, European
Patent 44,893, European Patent 48,583, European Patent
54,217, European Patent 56,492, European Patent 59,036,
British Patent 2,065,158, British Patent 2,065,695, British
35 Patent 2,081,736, British Patent 2,082,196, British Patent
2,094,822, Br1t1sh Patent 2,094,825, Japanese Preliminary
Published Appl1cat1on 55-123,673, Japanese Preliminary
Published Appl1cat1on 56-112,967, Japanese Preliminary



peryl enes are described in European Patent 60,895, European Patent 68,4
and, PCT WD 82/ 1191. Sone groups of these classes of dyestuffs are des-
cried in still nmore detail below 25 a) ant hr aqui none dyestuffs A
S-al kyl', S-cyclo- aLkyl and/or S-aryl_gyoups, for exanple of the formula
I1" [err] 30 wherein Qis [err], OH, alkyl, aryl, [err] or halogen, nis O,
1, 2, 3 or 4Puid ishéd Mhicatsiaon-l 57:‘5Rl6-’[£‘r$q, otam@@nasé¢ Phel Babhamwase al kyl ,

aryl or cycl yesm & dh g wtﬁé?zsésdﬂ C?ssn CAGI s BEe dhe 38 Joz, &) or

cycl oal kyl s are nomn or exanp rom Eur opean_ Pdt ent

0,059, 036), Geemay) Patentind M4l 92ncsenman Lﬁ?%e%tzfv%&ysﬁ%ut‘ﬁf"lﬁbnyl

\f/imng/r glr nCyC| @@Wﬁt%oﬂg‘?eﬁpr C&PmIN ep e A €3 fPTIH47 ) lderman -Fatdt ]

of the I‘\éll%il é’r %1?2??% a‘?\%l" t%ﬁ'gl\gubsqc)]‘f_g‘?#e%%maq f?ﬁﬂ%%rgéw? fio "t

\-/\/Eh R -Eh Cehd - Gbl’ll'(dﬂan Pint &yt FSpIU‘);MSC;/ Rﬂnﬂuddnenodﬁerdyar@h@&jrajgen
erein Ris,an a 0

known, for e%%?rf)fébgé %gr'}r‘r\%ﬁlh&}% 304 b%om;d ’d?y@p'ttg{os e

naphthqu|nodﬁedyeﬁfafése descexbm¢ltncﬁum¢n£§m)HQ#?HRjﬁ MO4 orGeragerein X

and Y are | OeRLLRE!sofad (61 cgke @AW R4 Epl 8 omee, 702 il e bR e,

[err] and [err]| are hydrogen’ or alkox al k w'th 8
a cyclictds dg?%tubfts}/z Garmam. Ip\a%/e yi‘:l/ Gergsn ??"t Phe %rriror
- Oy- Ph- R andg&8j spet kwb . 82) o4/, m}koxymlkytena13p0@9 2t kpxyampaned kanoyl oxy

g;t2n$p3tingﬁ5 tﬁ?ﬁa 3“59h9¥§§53fxpp€ a¥P€N“56f§¥ égﬁﬂwﬂ§%agggg1GErnan
o/ Prel1m1nary PublLished Application 56-104,984, Japanese
Preliminary Published Application 55-052,375, Japanese
15 Preliminary Published Application 59-096-171, Japanese
' Preliminary Published Application 59-093,776, U.S. Patent
4,308,161, U.S. Patent 4,308,162, U.S. Patent 4,340,973, T.
Uchida, C. Shishido, H. Seki and M. Wada: Mol. Cryst. Liq.
Cryst. 39, 39-52 (1977) and H. Seki, C. Shishido, S. Yasui
20 and T. Uchida: Jpn. J. Appl. Phys. 21, 191-192 (1982) and
perylenes are described in European Patent 60,895, European
Patent 68,427 and PCT WO 82/1191.
Some groups of these classes of dyestuffs are des-
 cribed in still more detail below:
25 a) anthraguinone dyestuffs with SQalkyl, S-cyclo-

~ alkyl and/or S-aryl groups, for example of the formula II'
X 0 x
' {
(Q)n II
30 _ x

wherein Q is NHZ’ OH;_akaL, aryl, NO2 or halogen, n is

0, 1, 2, 3 or 4, X is in each case H, SR, NZ1Z2 or Q,

R is in each case alkyl, aryl or cycLoakal and Z1 and
35 .ZZ js(sic) in each case H, alkyl, aryl or cycloalkyl
dyestuffs are known, for example, from European Patent
0,059,036), and '
b) anthraquinone dyestuffs with substituted phenyl
and/or cyclohexyl groups, for example of the formula It



[err] is alkyl or alkylsulfonyl, [err] is dialkylanno, nonoal kyl am no

5- menber ed or  6- nmenbered cycloal kyl - amno group and nis 1, 2 or 3, it
bei ng possible for a 25 second benzenegring to be fused onto the benzene
ring to form napht hal ene structures (such dyestuffs are known, for exanple,
fromU S. Patent 4,340,973), and/or e) azo dyestuffs, for exanple of
the fornula VI' [err] -9- whérei @ [eWr] is alkyl, [err] is aLkyL,

al kyl car bonyl, aryl- carbonyl ROXY arboggl and nis 1, 2, 3 or 4, it
"bei ng possible for a secont4mb ’ffi "9 ol fused,onto the benzene rings
to form napht hal ene structures )€ 5 stuf¥ & are known, for
exanpl e, from Japanese PreRfn nd ! sﬁEﬁa@pplication 56- 104, 984)
used(sic). The guest-host systefrs aCcofding t® the invention can be adapted
to suit the nost diverse fields of appli- cation by appropriate choice of
the dyestuffurerponen)sxlOyaafdol she Reldrédee, dyws) UbH, comeeptéations. The
guest.- host sxg&egs acgording to the,i Xentign aé rulf cq?ta n 0.1 to. 15,
preferably 0VEC28s518MGn8N? nOhat¥? cf afe 3 7?a/§g§1MB aht"®f pl eochroic
dyestuffs. Thedpkgoaheohcgdqentmffshefpahe foess Lt d0st system 15 accordi ng
to the igvention argypreferabl yo choseng so they. cover uitable
portion gf t he vising §bec€$u%$éndé§h%f t%@a%.sgr%gio%ﬁi%ﬁt is range is
nore or | essagdntbanethane ueshyhoagernysvbare b chris np t3Lkhe IRt on

are preparedyfjphaiMBNNEr ¢ )PbER 4 BomsISt QUK Yd PEE t $£Fs AprOcfodin] efof he
desired anbunts o thg vari ous Leochr0|g &% - ﬁguffs 3re di ssolved in the
hosl mat eri af*3BBLe&nt hERBUEEIMaN BF ESAL o) ﬁpb Yar@"dHowever, it is also
possible to edx sol uhaphthefuinone dyestuffs, for example of the

10 formula IV'

~and” 20 .d) azo dyestuffs, for exanple of the formula V' [err] mhe;g?%i)

wherein X and Y are identical or different and are hydrogen,
chtorine or bromine,'R1, RZ’ R3 and R4 are hydrogen,
alkyl or alkoxyalkyl with up to 8 C atoms or a cyclic

15 group Z, Z is -Ph-R, -Ph-Ph-R, -Cy-R, =-Cy-Cy-R, -Ph-Cy-R

— or -Cy-Ph-R and R is alkyl, alkoxy, alkoxyalkyl, alkoxy-

alkoxy or aLkanoylbxy with up to 8 C atoms (such dyestuffs
are known, for example, from German Patent 3,126,108),
and '

20 &) azo dyestuffs, for example of the formula V'

-R14Ph1—(N=N-Ph1+n-)n-N=N-Ph2+q-R2 v

wherein R1 is alkyl or alkylsulfonyl, R2 is dialkylamino,
monoalkylamino or a S-membered or 6-membered cycloalkyl-
amino group and n is 1, 2 or 3, it being possible for a

25 second benzene ring to be fused onto the benzene ring to
form naphthalene structures (such dyestuffs are known,
for example, from U.S. Patent 4,340,973), and/or
e) azo dyestuffs, for example of the formula vI!

- - {N=N- -} =N=N- - L
R1 Ph,-(N=N-Ph n )n N=N Ph2+n ORZ VI

1 1+



solvent, for exanple acetone, chloroformor nethanol, and, after thoroug

m xfang, to renove the sol- vent again, for exanple by distillation under
reduced pressure. In this procedure, it_mnust of course be ensured that no
I mpurities or undesirable doping subsfaﬁces are 30 included through the
sol vtenlt Eheun@ﬂewdm?hsoepwngsn f1§hELlﬁﬁ>t;m#ale);]U.carB%y)lf ,téeyliquid
crystal phases acco ion.,are,eifhe or

et nods of pTAPBRAL off cahRBEYEatPeS e tlteh T ot che Bribréarit Byt 17

rel evant expEOSSSSLSIﬁQE ahegcane besednenrsnandarmepfmseés@@t@et@¢|bed in

the |1 teral Uens ERET PROPILROLGPATAYONEN BLENUOFFFADEred oL i aBLe. i1

Ger man Cffeniegungsschr r man enLegungsschr| f
3,32. 1,373, €euhhn arecknewongahexapple, from_ JQD%%S%@)BM@?%W

CIfenIegungS§§b[H§ﬁe3 96§l$§§t1&h5569@9¢n984)33§e4731cﬂ S. Patent
4 325,830, U. atent 4, 3 Ge

rman Offenle chrift. 3,320,024,
Ger man CffenlegungssEhFlQPeSfBQQSEQiysE%TﬁaﬁcEffghﬂgggﬁggéﬁh}"Y?"gi
3,328, 638, CesnopeChliaptedubgssahiti the3mdoo, dﬂQerﬁbrﬂtdelfeﬂlegmhgsschrlft

2,429,093, Cer fenl r 4 5
Cffenlegungsgega?Pt §,255?§RE?§EEr%%§EE§f§ﬁ|Eggné cErlftc%T%%%?ggi, Ger man -
CffenlegmﬂgsandrbfttBe983L611yeGEYﬁahutffenheguhgstéhﬂ$ft 2, 800, 553, Cernman

10 O fenl egungsschri L ééﬁ-ﬁéét E?Eﬁﬂsoséemegu@gsschﬁéftneeﬁeﬂaa??
German O f enl egungsschr t 3, 152" and Ger nan eg ﬁpgggzéchrlft
n

3,042, 391. Sﬁ#p?lﬁPhgly°"F91ﬂa§ Beéﬂ ﬂéunﬁr?ﬁ&fa?hé We 18 X can
patti cul ar| ypadveehaeeomsw bc; ¥sey aeigher oi5proaenbscoayposuffye and

2gat i h ' h
and 11T 6 or no i nt ERaPLRBCRRBAF| EYBRGE! P ahbotne TRuhESAPFECH Ko RASES

accordi n¢g5t oatkerdhngntoonhe invention are preferably chosen so that

t he” pl eochroi c dyestuff and the host material in é suit- 25 able organic%g§€§

they cover a suitable portion of the visible spectrum and
that the absorption in this range is more or less constant.
The guest-host systems according to the invention
are prepared in a manner which is customary per se. As
20 a rule, the desired amounts of the various pleochroic dye-
stuffs are dissolved in the host material, advantageously
at elevated temperature. . '
However, it is also possible to mix solutions of
the pleochroic dyestuff and the host material in a suif-
25 able organic solvent, for example acetone, chloroform or
methanol, and, after thorough mixing, to remove the sol-
vent_egain;-for example by distillation under reduced
pressure. In this procedure, it must of course be ensured
that no impurities or undesirable doping Substances are
30 1ncLuded through the solvent.
The individual compounds of the formulae 1 - XV
of the Liquid crystal phases according to the invention
are either known, or their methods of preparation can be
easily deduced from the pfior art by the relevant expert
35 since they are based on standard processes described in
the Literatqfe.
Corresponding compounds are described, for ex-
ample, in German Offenlegungsschrift 3,231,707, German
offenlegungsschrift 3,321,373, German Offenlegungsschrift



preferably contain 20 to 90% in particular 55 to 85% of 20 conpounds fr
G oup A They preferably contain at least two, in particular two to ten, ZS;EB
and'particularly prefer- ably three to six, different conmpounds from G oup

A and no conpounds from Group B. The n ﬁftlve LC phases according to the
invention 25 with at |east one, preferably two to four, compound(s) of the
formul a X V%ﬂ@&iﬁr‘i&»erﬁnﬂlearpr%ﬂﬁenle@um gosi it \Ba'ﬂ_‘@,pﬂﬁaés.esu-aﬁocordl ng to

the inventi qn”qrpg Q{e@y £ g “5 1%10.40% 32’5%(:[ I qul@r P24 4t 45% of
conpounds fr grcng? q‘I‘ey preferably conrtai'r only 30 those conmpounds
Q

from G oup B &rnan Ofche Haging s gdehit hedafl, 02 4 SaNMATexyl. ene.
However, Lthﬁ&ﬂSeglmﬁs?ddhrzgftSGB/ﬂﬂ,mmwrdﬁaﬁrm@fl@@rﬁwlﬁﬁeiﬂl i's i][l
some cas -nhenyl ene and i, SOME cases are al so o

i nt er est ?Bé'%ﬁ]’wé’ q%ré‘faeﬂ rd;fdfs%'b & e’dmf[{]'o% "hre those
.of the formfffezedundsschi o ardd, 429,093, [@Hw@adIOﬁﬂEnuggddyxsxhﬁ1ﬂhﬂt
formul ae Va,, \gy, %Sandse\ﬂn?irﬁr@ﬁﬁqwé %cyh & 9%”‘3%% of the

fornmula V wheter if Tert] e .bond "dn
trans- 1, 4- cy&f tanbegungs sahr aﬂtso?,;?r%,@%er&wanrwmqgws_s@mdstes

according tcg tm Im/ﬁntem‘a{ Qiﬁréml AHr Pt 122330 1983, ige @ | cul ar
at Least three ounds fron1 {; ositive Léfphases accord- |ng to
the invelfti cﬂfﬁ/ﬁ’llﬁ ngsshr 584y warmrm @ T fieg legungssohy if

particul ar fae2n,@%&t X, Gmmowmnlca‘gams‘mmta KNI M7gmd/2orarmd dedardin one,
preferably t f our f e formula XV are furthernore
“preferred. (élpfterfg'eﬁousqgﬁv Sqlﬁjfsﬂqu d crystal phases according to
t hei nvention, thoséusnrcts trtni-tya-l ri tath d se dte nl 5 aurde & hadntdivee retasn peainatst ed
fromgroup A & 3¢ A4 dﬁ%ﬁuﬂ%t@%agﬁ&qtf%ef WD RUR 2T €

particularly
15 ponents of positive and negative phases according to the

invention which have wide nematic ranges and Little or no
interfering smectic phase ranges. °
The negative LC phases accordihg to the invention
preferably contain 20 to 90%, in particular 55 to 85%, of
20 compounds from Group A. They preferably contain at Least
two, in particular two to ten, and particularly prefer-
ably three to six, different compounds from Group A and
no compounds from Group B. _
The negative LC phases according to the invention
25 with at least one, preferably two to four, compound(s) of
the formula XIV are furthermore preferred.

) The positive LC phases according to the invention
préferably contain 15 to 60%, in particular 22 to 45%, of
compounds from group B. They:preferably contain only

30 those compounds from Group B wherein @ is in each case
1,4—phenylene_or 1,4—cyclohexylene. However, LC phases
containing several compounds from group B where @ is in
some cases 1,4-phenylehe and in some cases 1,4-cyclo-
hexylene are also of interest. ' '

35 Preferred components selected from Group B are
those of the formulae Va to Vd, VIa and VIb:



preferred. Those phases according to the invention which contain at |ea
thr.ee conponents fromgroup A or B and at | east one conponent from G oup
arefurthernore pre- 20 ferred. The phases according to the invention

R

contai ni ng conpounds from Group C, in ticular those of the - 12 -
formula | Xb, are d|5t|ﬂgU|shed by particularly short switching tines,
especially at Lowtenper re Preferred LC phases do not contain
conmpounds of the formR- C¥ the same time'®5 Preferred
conmpounds from Goup C a o e of the formula ...(sic) VIl and I X

Conmpounds of the fornula IX wherein [err] is straight-chain alkyl with 1 to

12 C atons and V\/nerer rrouan egso be rep{@ced by -0-, -CO,

-0 CO or - and | kyl Wwith to 12 C atons
in partrcular n propyl - p€ [err] , Wherein R equal s n-aLkyl
with 1 - 12 C atons, in partlcular mnth 2 to 7 C.atonms, are particulLarlLy
preferred. In this case, 3 PRIt {ularly preferably n-al kyl,

n- al koxyal kyl, n-al kox§ /noy oxy with in each case 15 2 to 7 C

at ons. Especrally pref erT@d neani ngs of R here are, in particular,

met hoxy, ethoxy, n-butoxy, n- hexoxy, n-hexanoyloxy, n-butyryloxy and
fornyloxy. Preferred L g dvo the invewd on contain at |east
two, in particular-at 2 \I' €6 20 ponents selLected fromthe group
of the fornmulae I Xa to I X' [ Al kyl n- Al kanoyl oxy

IXd - 13 - [err] O the_conpounds of the fornmulae | Xa to I X, those
"~ '

Of these, those of part formulae Va, Vb, Vd and

VIia are particularly preferred.

Compounds of the formula V wherein 21

is =CH2CH2- or
a single bond and Q is tran§-1,4-cyclohexylene are also pre-
5 ferred. _

The positive.Lc phases according to the invention
preferably contain at Least two, in particular at Lleast
three, compounds from Group B. Positive LC phases accord-
ing to the invention with at Least one, preferably two

10 to six and in particular four to six, compound(s) of the
formula XIV and/or at least one, preferably two to four,
compound{(s) of the'formula XV are furthermore preferred.

Of the positive or negative lLiquid.crystal phases
according to the invention, those which contain at least

15 three components selected from group A or B and at least
one component selected from Group C are particularly
preferfed. Those phases according to the invention'which
contain at lLeast three components from group A or B and
at lLleast one component from Group D are furthermore pre-

20 ferred.

The phases according to the invention containing
compounds from Group C, in particular those of the



of the fornulae I Xa, IXb, IXd, IXg, | Xh and I Xj are par- ticulLarlLy
pref-erred. 5 LC m xtures containing in each case at | east one

conpenent of the fornulae | Xa, IXb and I Xd at the sane tinme are
particularly preferred. LC m xtures containing in each case at |east one
conponent of the formulae | Xb and | Xd "ani¢ °C mi x- 10 tures which contain
only conponentermf(ad el ,orand alilsXh nayus sfmrdt Iheyr rmrre: 1|amfaetuyedhol:€ m Xt ures
whi ch, besi des chh1 %PH?PQF conponent sel gcte t E}fornulae | Xa to

| Xf, contain St %R ne ot'hér P nﬁér’fé’na I°é'ct 5&"]"'1"8 “R&-f or nul ae I Xg to
I XI, in particular IFXgefeIr)ded ILXi parad/eslsio ootl Xjontarie sbgoopndseprfed. LC
n1xtures accoiyl ng, (ﬁﬂhﬂJ“Vﬂ qﬁ%anqn ;oq%glgb%g Y geast one, preferably at

| east two,_conpounds t he ein R an i n each case
i ndependerit | y of one PAiediafdie da c@ mpognghsa firg mn Sz10Kp| C\Matrﬁ shpge7of &hgms, 20

are furt hernvmnnneaf e.r.r.acémhn vithe achqrrnqund%afpohhasf erfnuhaefvraudavtx Ris

14 - prefer n-.al kox C

atons lel1éhﬁ%ﬁVh%V 1S ﬁ éﬁéﬁgﬁlf¥ﬁr§y§L¥®i "d§5| hé? qgn@ 8F°Q55|ngle
bond, in partamdilwrere i raglce qudupScan also be Tbo$ecbdqbyd-opysbab-phases
accordlng tot nvent_ Cchy 4t |5 b h g f 4the com
ponent (s) of t (%d ofﬁﬂl éq%y dngmdhg cg% %%g%t ggn%ﬁsﬁﬂ x%%?L Pééﬂv1and/or

VI whereitd Qtics ’r @mn@asenlpu;th@warl en@rpgy& 0N -PRNSALLI OBl ar < 40%
and/or is int RraQ&@reﬁ%”h5eh%aig%h-h@kﬂﬁrLHQH'Qr-'ﬁzthea&aﬂge fipom
13 to 35X, exhi artlcularl advant ageous properties. O the conpounds

of conponent§qftﬂq“l1ﬂI“‘éﬂ%ZIW°fFoﬁ1GFG@ﬁrAath8§ét‘ﬁ“WﬁFéM Rrefgrgedz are

at \Lhe sane tinmaehRs Ra%i N ahlﬁylpa\rﬂthhulafL3«2p€e&te®las,tyanelav.vhelel n al so 15

one or two nongTygyggq%yher%]aquggsoga% b?k %b?%xy w¥th in each case

15 2 to 7 C atoms. Especially preferred meanings of R3
he}e are, in particular, methoxy, ethoxy, n-butoxy, n-
hexoxy, n-hexanoydey, n-butyryloxy and formyloxy.

Preferred LC phases according to the invention
contain at least'two, in particular at Least three, dom-

20 ponents selected from the group of the formulae IXa to IXL:

n-Alkyl n-Alkyl : IXa

:

n-Alkoxy _ IXb

5

n-Alkyl

n-Alkyl n-Alkanoyl. IXe

;

n-Alkyl n-Alkanoyloxy IXd

n-Alkyl n-Alkoxycarbonyl iXe

06

n-Alkyl-

:

n-Alkoxyalkyl IXFf



-0-, -CO, -0-COor -COO, are preferred. Those com pounds of conponer{

| toIVinwhich R and R are both optionally, but not at the sane ti -gib
or "*[err] are furthernore preferred. 20 - : O the preferred
conmpounds VII and VIII from Goup C, those in which R3is Rand R7 is R8
(wth the nmeani.ngs given) or both optibnbﬁl? but t at the same tine are R

or, respectively R or R are also to be nentioned. O the

[err] is alkyl with 1 to 12 C atons
@ poLimcg] R | conponent | Xi x hose i n which
R always has the neawsdg dé ‘ [err] and [err] is optiodonally R OR
-0 COR, -COOR or [err] are preferred 30 Preferred phases
according to the invept , 12 to 70% in particular 18 to 55% of
conpounds frarm@gq Nds (F)s{ 9 onent X, those in which R3
and R at the same'ti o/ofm R Hf°% [err] ha¥XPhe neaning of
[err] and [err] is [err] are prefer- ably to be mentioned. O-the conpounds
of conponents X, Xl and XIll fromGoup D, all those in which [err] and
[err] at the SR?E ; A MY g given for R in parti- cular
n-al kyl with" Y grrecAlkghayd - 15 -IXhe optional
G oup E, those conpouMd ¥l a XIVin which R and R either at
the sane tinme are R or both optlonally, but not at the same tine, can
assune the neani ng of t he synbols R in each case 5

I ndependent | y-atk9me ; wth 2 to 7 C atons are
y *l 1§§ﬁ%£}%f&v whi £%J al ways

preferred. O the nu
cowtai n phenyl those of the fornmulae Xva to XVL are particularly

preferred: :
n-Alkyan-Alkoxycarbonyl IXk
_p-Alkyl{)—Q—O_n-Alkowllkyl IX1

Of the ;ompounds of the formulae IXa to IXL, those
of the formulae IXa, IXb, IXd, IXg, IXh and IXj are par-
~ticularly preferred.
5 . LC mixtures containing in each case at least
one component of the formulae IXa, IXb and IXd at the same
time are particularly preferred.

LC mixtures containing in each case at least

one éomponent'of the formulae IXb and IXd and LC mix-

10 tures which contain only components of the formula IXb

" are furthermore preferred. LC mixtures which, besides
at Least one component selected from the fofmulae IXa to
IXf, contain at Least one other component selected from
the formulae IXg to IXL, in particular IXg, IXh, IXi and/

15 or IXj, are also preferred.

| LC mixtures according to the invention containing
at Least one, preferably at least two, compounds of the
"formula X wherein RS and R*
one another are preferably n-alkyl with 2 to 7 ¢ atoms,

in each case independently of

20 are furthermore preferred.
In the compounds of the formulae V and VI, R is



10 [err] .20 25 35 - 16 - [err] 10 In these formul ae the
synbols R, which can in each case be identical or different, are preferab
n-al kyl or n-alLkoxy with in each case 2 to 7 C atons. Conpounds of the
formul ae- XVb, XVd (especially those wherein the two synbols R are in each
case n-alLkyl .or one Ris n-alkyL 15 and {heother is n- al koxy), XVg, XVi
and XVL are partifedablar hyapkefeored-alkoaprdlkype worpoimdsadti otads oalps A to
E, Ris pre- rgblky |, 50-alk - 0- al kyl, .- aLkylL or,oxa-

aLkyL, wher ei %ga?kyl;l agéﬁ%éi n& 1”|-" {é“&‘g?(c)?s?spw&fe?%% 2€¥§“5-‘1_Lo and in
particul ar 3 cy9lehaxyheneRornat héngbepbemds Mmipantisalarfaosri@bap Cis

<

al kyl, -0-alLkybngt oxaalLkyl, wherein alLkyL contains | - 12 C atons,
preferablﬁ 2 - 10 and_in particular 3 - 9 C atons. 25 Conpounds
wherei n tHAe synbol s RTBP&®al kGyid_oryskdl Rhased- T AMAiNgabe M ticul arly

%ef erably Usgdv\fmtiﬁheihi amielhcwstgbwlhasnﬁquﬁsﬁﬁwihmwmt@ﬁ t'rlwgmmon-
ose conpounds | contajin two radi S n ich one iCc i's
aLkyL and thep8PﬁBF?F§ | kgh? gﬂk%ﬁ 338€o?"$lt%ﬁo@i%&@“%?%fgﬂr?€é?m%re
particul arly fpoehaeteedv bhdYbe Wikyhege bnp&® tonimieadh otaser t, &6 lbomy at ons,
t hese can be nged.i- straj . apc cpﬂ? r o] :
conponent s Wn?(%hgcg%téi Eugﬁrgﬁthgm (’)g{lal %E aﬁ-b‘gﬁé a }l}il'l. l-gyr\ﬁﬁ'g tahrg used in
the phasd8 accandenfres heo380%; nieneiohicubuehimrbing hetnee kitomr blips
contain no nokg 55N BRRiENRI PabE ROGLA POy | ¥ HiSe £98Y £ tp Pdp d hei £ esent

invention; this branching is preferably_ a nethyl or ethyl
of ghe compounds Xf compo%énts I, ¥I, 111 and 1V
1

2

and RT are at the same time

R, R being alkyl with 1 - 12 ¢ atoms, and wherein also

N’ from Group A, those in which R

15 one or two non—-adjacent CH2 groups can be replaced by
~0-, -C0-, -0-CO0 or -C0-0-, are preferred. Those com-

2 are both

pounds of components I to IV in which R1 and R
optionatly, but not at the same time, R or Rare
furthermore preferred.

20 0f the preferred compounds VII and VIII from Group C,

4

those in which R3 is R and R’ is R8 (with the meanings

given) or both optionally but t at the same time are
R3 or, respectively, Rs_or R are also to be
mentioned. Of the using groups Rs, those in which
25 R8 is alkyt with 1 to 12'C atoms are furthermoare
. preferred. '

) Of the compounds of component IX, those in which
RS-aLways has the meaning defined for R and R4 is
optionally R, OR, -0-COR, -COOR or -CH,O0R are preferred.

30 Preferred phases according to the invention con-
tain 12 to 70%, in particular 18 to 55%, of compounds from
Group C. ' ' '

_ 0f the compounds of component X, those in which
3 b

R® and R' at the same time have the meaning of R or

35 R3 has the meaning of R and Rl' is -O—a are prefer-
ably to be mentioned. Of the compounds of components XI,
XII and XIII from Group D, all those in which R5 and R6

at the same time have the meaning given for R, in parti-
~cular n-alkyl with 2 to 7 C atoms, are preferred. From



L 3

group in . the 1- or 2- position of the carbon skeleton, so that particular
possi bl e branched al kyL groups are: ~ - 17 - 2-methyl propyl, ;;
2-methyl butyl, 1-methylpentyl, 2-nethyl- pentyl and 1-nethyl hexyl. The '
liquid crystal dielectrics according'to_t@g invention as a rule contain

only one com ponent with a branched al kyl'"radical, in order to induce 5

opti cal activkby,ObtideglrGGQUNbEnDtbOBhanom§0@b9smefghh§ poenetabkyVvo.5 to
3% by wei ght, :af ,as n ft s agech a i C i ual l y added
for this pur paﬁe.““%ﬁﬁgg cgﬂgoﬁdg%ﬁfhg@f gﬁﬁu%}é{ggf?ﬂ%o%w o hi th the

al kyl radi cal §0&heo8tianghtYehhus Nehafti §heosang Loma, cCaBt ApFUmRt RGP
n-prgpyl,L n-gwehg,iga-'alenkybr n; LR nahﬂ?ilﬂabls?mﬁﬂyLR fnN@aYh c@sde?ytL,h

n- undecy nd .n-.dode «,are_othe S referably us s_conponept s, 0 e
phase accoSdiﬂ&dFBEPﬁé"FhVeﬁfiBH? TH8g525585eaEEoPaFEgyﬁogfﬁggiH@g&t?on are
pre- 15 paredtion7aCmanpes ahiecpbrefecosdomary per se. As a rule, the desired
anount of the conponeRts eq. i I i L5, di dy{n
conponent s whi ch nakeBEptH%equ?ﬁgggnéﬁﬁngﬁ?% gévgﬁ?agégﬁgr§ é ’e?gsgPed
tenpera- turealWpdys cenperiat ohennbovéhobe efelhepdbpnnubletXa200néVh
constituent ig,ghgaeR ik 8rLit prarRRFERSULArLY easy to observe conpletion
of the dissolving operation. However, it is also possible to m x solutions
of the coﬂﬂonents in a suitable organic solvent, for exanple acetone,

chl orof orm or net hgae - fter thorough mx- 25 1ing, to renove the

sol vent agai n, Rf @ dicjt i LLa- tion under r ced pressure. In
this procedure, it ) urse be ensured that nogﬁﬁburities or

undggi rabl e dopi ng substances are included through the solvent. The liquid
crystal phases accqordi ng tao.the_inven- 30 tion can be nodified by suitable
addi ti ves so that / i n_allL the types of bI iquid crystal

di.spl ay elféments Been discl osed. XV
- -
[
20
25 o
O
- ' - . :
30 .
g YoC s S
D@
0

35
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Such addi.tives are known to the expert and are des- cribed in detail in't
Literature. For exanple, it is 35 possible to add conductive salts,
preférably ethyl- dinethyL-dodecyl-amoni um 4- hexyl oxybenzoate, tetrabuty
anmoni um t et raphenyLbor anate or conpl ex ﬁglts of crown ethers (cf., for
exanple, B. |. Haller et al., ML. CySt.Ciq. Cryst. volune 24, pages

249- 258 (1973) t ] \e the conductivity, subst ances for

nodi fyi ng t he (BI"W-! R he viscosity anHYﬂ)r the orienta- tion
of the nematic phe SHBR of this type are described, for exanple,
in German O fenlegungsschri¥ften 5 2,209,127, 2,240,864, 2,321,632,

2, 338, 281, 2,450,,/6% ' 2 853 728 and 2 902, 177. The fol |l owi ng
exanples are iR . e-R he i nvention mnthmwt limting it. ‘In

t he exanplé theyoed ti ' d clear point of a liquid crystal sub- 10
stance are given in degrees C?I5|us ~The percentage figures relate to
percent ages by wei ght. EX gend crystal phase- consisting of 34.0%
of r-1-cyano-cis-A R-1- 15 xyi1

hept yl cycl ohexané . £-4- (trans-4-pentyl cycl o- hexyl

)-1- pentylcyclohexane ~
trans, trans-4- propyl-4' netH%xycycLohexyIcyclo- hexane, 20 9. 7% of
trans, trafl9- 4- propyl - 4n- &hrsryépemuhagykbgcsymbpbsale, wBighy pen in each

trans-4- propylcggel®exylentiads, bransféePuh¥L- are preferably n- aLk L or
cycl ohexyl cycl ohexane-4' -car boxyl ate, 3. %Wbof trans-4- pen

t
trans, trans- 453l Fpxyo4ith in"each gage Rekgl ZyE| BRRYSne- ﬁzme Y iy?gte
4. 8Qbof tranS{Aepﬁbpwhmyelahbxykvura93p65&38£4 phopylwherein the two

Cyclohexylcycgg R4ar%arboé¥|ﬁtgaggdn -alkyl or one R is n-alkytl

15 and the other is n-alkoxy), XVg, XVi and XVL are particu-
Larly preferred. |

In all the compounds from Groups A to E, R is pre-
ferably alkyl, -0-alkyl, -0-CO-alkyi, -C0O0-alkyl or oxa-
alkyl, wherein alkyl contains 1 - 12 C atoms, preferably

20 2 - 10 and in particular 3 - 9 ¢ atoms. _

| R8 in the compounds VII and VIII from Group C is
alkyl, -0-alkyl or oxaalkyl, wherein alkyl contains 1 -

12 ¢ atoms, preferably 2 - 10 and in particular 3 - 9
C atoms. _ : _

25 Compounds wherein the symbols R are alkyl, -0-alkyl
and -0-CO0-alkyl are particularly préferably used for the
liqu%d crystal phases according to the invention.

‘ .Those compounds which contain two radicals R in
which one radical R is alkyl and the othér is alkyl, alkoxy

30 or alkanoyloxy are furthermore particularly preferred.

If the alkyl groups contain 3 or more carbon atoms,
these can be arranged in a straight or branched chain.
However, no components which contain more than one bran-
ched alkyl group are used in the phases according to the

35 invention. Such branched alkyl groups contain no more
than one chain branching in the context of the present
invention; this branching is preferably a methyl or ethyl
group in the 1- or'Z— position of the carbon skeleton, so
that particularly possible branched atkyl groups are:



3. 9% of trans-4-penty|cyc|ohexyL trans, trans-4-propyl - : o
cycl ehexyl cycl ohexane-4' -carboxylate 30 has.a nelting point of [err], a @ :
clear-point of 700 and an optical anisotropy of +0.03. Exanple 2 A I|qU|o

crystal phase consi sting of 34.0% of
r-1-cyano-ci s-4- (trans-4-butyl cycl ohexyt)11--35

heptylcyclohezametﬁ?9p9%$9t rzlmEYﬁ90b9t§t4 étﬁaasgﬂpeﬁﬂivlCznm@hﬁyvl) 1-
pentylcyclohexane %,0f t apﬁ g ?Z nmet hoxy gyclohexylcyclo-
hexane, y§ 7 oft = FF&B! P AN BF pyFayid e?hb%?%&c bhkss et o-

hexane, 3.996etcbrdnag4tprmpyl¢yaéobeuylatransuteaﬂsnﬂabmtqﬁty one com-

cycl ohexyl cyc n a X @6 trans epntylc cIohexyI
trans, trans- 4b§n§§?c§c?8-ghég§ gbgﬁoﬁbgéheri -ca;box?l%fé eP p%@’%
trans- 4- prpybeydicaheagt ivitns, i fadesirpdopyNo more than 10% by weight,

cycl ohexyl cycheRexaggi ¢’ ocsr boxyyah s, w@?? 8,934 0% component with a
r-1-cyano-cis-4-(trans-4-pentylLcycl ohex 10

(trans-4- prop?Fé?EPSHei&E)’Lcf]éf'bﬁékah% H&%ah'-%lé‘éﬁ’e‘bof?ﬁ B 1 7 R ERRS n

optical ani sotrhgep¥ GBmﬁeuﬁas &xaﬂpbefarﬁulaQU(ﬂ)CfUStﬁv)ph@S@hﬁ@mSIstlng of
15 34.0% of r-1- CYE 9 g trans 4- but
4084 F°?

‘hept yl cycl ohetlifie? i- %Qﬁnﬁtﬁ?égﬁg{f %b%tzi%%%tyﬁcﬁ%l%ﬁ%xyl) 1-
pentyl cychBheramemetBy8% othyt ans-prappt 4- prlopyy L A' nﬂmﬂm®Kprm+mhﬁxvlcyclo-

E?ans trans-4- BﬁéE@?L -eé%gi Cy%IO%e§ fcyc?o yhexa undecyt and
n- dodecyt, are otherw1se preferably used as components
"~ of the phase according to the invention.
The phases according to the invention are pre-~
15 pared in a manner which is customary per se. As a rule,
tﬂe desired amount of the components used in smaller
quantity is dissolved in the components which make up
the main constituent, advantageously at elevated temperé—
ture. Lf a temperature above the clear point of the
20 main constituent is chosen here, it is particularly easy
to observe completion of the dissolving operation.
Howevef, it is also possible to mix solutions of
the components in a suitable organic solvent, for example
acetone, chloroform or methanol and, after fhorough mix-
Y 25 1ing, to remove the solvent again, for'example by distilla-
tion under reduced pressure. In this procedure, it must
of course be ensured that no impurities or undesirable
dobing substances are included through the solvent.
The Lliquid crystal phases according to the inven-
30 tion can be modified by suitable additives so that they
can be used in all the types of liquid crystal display_
elements which have hitherto been disclosed.
Such additives are known to the expert and are des-
cribed in detail in the Literature. For example, it is
35 possible to add conductive salts, preferébty ethyl-
dimethyl-dodecyl-ammonium 4-hexyloxybenzoate, tetrabutyl-
ammonium tetraphenylboranate or complex salts of crown
ethers (cf., for example, B. I. Haller et al., Mol.
Cryst.Liq.Cryst. volume 24, pages 249-258 (1973) to
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4.8% of r.-1-cyano-ci s-4-(trans-4-propyl cycl ohexyl)-1-
(trans- 4- propylcyclohexyl) cycl ohexane, 25 3.9% of

r-1-cyano-ci s-4-(trans-4-pentyl cycl ohexyl)-1-
trans-4-propyl cycLohexyl) - cycl ohexane, 3. 9% of
r-1-cyano-cis-4-(trans-4- propylcyclohexylﬁ-r-
(trans-4- bUty|iMﬁHdﬂiﬂ®H@ ddﬂﬂuﬂ%ﬁﬁﬁ&@ ant 3ud¥t@hces for modifying the

(11 ansa-but y 1L SR TR RETn & i (2 50803Y ABRARof"EePPen4AT an
opti cal anisottumy ooff tﬂh(ﬁ}mdbmynwnasAsA Lisgbist anrcgst alf phdsetgpesiasei ng of

35  34% of rq W?Hy*”#% %Q% 41%”%%£%%9'3Q?éék£gap sgchriften

heptylcyclohexane ohexyl ) - 1-

pent yI cycl Shexduntd? Mplof 2 r&ﬁQ&@é‘Ur39§24fbﬁ@bh6x§é§e2§Hex9b4§0p9§§yIcycLo-

- 20 - hexane,2 %©f430,t r;_args_r,t 723s ahd- 2t ey ayglohexyL- 4- pr opchycLo-
hexane, 5% of trans t'r a pr opoxycy cLohex | -.4- propyLcycl,

hexane and 20% of  1-(t& Qfﬁé AP“ﬂr"@pfll‘@ﬂ'@lEGﬁei)'?E) ‘ZtEf’PSHstﬂ beH?F"ate
cycLohexy:) Etthﬁmel,n\hﬁ&ﬁ)riTEJitztlhI&@ngEghthng-Eti anckeaar epemateeL keer] and
an optical anisqtro anpl.e i.qui.d crysta se -
consi sting of %é%%cﬁalp%ﬁﬂéné d5°ﬁ§a£ 8PH§EC§§IShkﬂgﬂégcf5%8&§kegﬂgf

carboni trifife, sitGMmecef aret rgivent rianseqgrieesylCeysliohexyfbgcheheranegd' - 15

carbonitrile, % ¥es ddidNe Qrag§rgemﬁggggcgglggqﬁxkcycLohexane 4' - carbon
i tr i Le,

Example 1 _
o~ A Liquid crystal phase consisting of
" 34.0% of r~1-cyano-cis-4~-(trans-4-butylcyclohexyl)-1-
15 heptylLcyclohexane,

29.0% of r~1-cyano-cis-4—(trans-4-pentylcyc[o-
hexyl)-1-pentylcyclohexane,
10.8% of trans,trans-4-propyl-4'-methoxycyclohexylcyclo-"
| hexane,
20 9.7% of trans, tbans-4—propyl—4'-ethoxycyclohexylcyclo-
_ hexane,
3.92 of trans-4- propylcyclohexyl trans,trans-4-butyl-
cyclohexylcyclohexane-4'-carboxylate,
3.9% of trans-4-pentylcyclohexyl trans,trans-4~butyl-
25 cyclohexylcyclohexane~4'-carboxylate,
4.8; of trans-4-prop¥lcyclohexyl trans,trans-4-propyl-
cyclohexylcyclohexane-4'-carboxylate and
3.9% of frans—#-pentylcyclohexyl.trans,trans—4—propyl-
;cyclohexytcycLbhexané—4'-carboxylate
30 has a melting point of ~10°, a clear point of 70° and
‘an optical anisotropy of +0.03.
ExampLe 2 _
A Liquid crystal phase cons1st1ng of
34.0% of r-1-cyano-cis-4-(trans-4~butylcyclohexyl)-1-
35 heptytcyclohexane,
29.0% of r-1-cyano-cis-4-(trans- 4 pentylcyclohexyl) -1-
pentylcyclohexane,
10.8% of trans,trans-4-propyl- 4'-methoxycyclohexylcyclo-
hexane,
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12% 6f _ trans, trans-4'-propoxycycLohexyL-4-propyLcycLo- hexane, 20 18% of
trans, trans-4'-nmet hoxycycLohexyL-4-propylLcycl o- hexane, 20% of

trans, trans-4' -propyLcycLohexyL-4-butyryLoxy- cycl ohexane and 5% of

trans, trans-4'-propyl cycLohexyl - 4-vaLeryl oxy- 25 cycl ohexane has

a nmeLting point of -11.4, a clear poinf &7 57.5 and an optical anisotropy

of +0.045. Exa9mpr® 6f Attans dranyséaprpppsestoashsky tge DdhSdy L dPot o+
trans,trans-4-ethchyckgggéchycLohexane 4' - carbonitrilLe, 19% of

trans, trans-4-butylLcyc exyfcycl ohexane-4'- carbonitrile, 15% of

trans, trans- 4'3p?%pokytyenahéxytonybcmpytb9&Yb-t85ns trans-4-bintxbne, 5% of

trans,trans-4' - ”EthOXyEVflﬁﬂ@%ylc§%9599¥%889ho=c9ﬁﬁﬁﬁgta@ZgﬁOf

trans,trans-4'-pro Z oXy- ane - 21 - 20% of
trans- 4- prop yL%y%%oh&ngaﬁﬁaﬁspﬁﬂbéhEyF 9b¢6¥lh RamBe BF DSy 2R bt nhey Sbe of

4-(trans-4- propylcyclohexylc)c4ohé£5a@sa4-@5998kylsvslohexyl) bi phenyl 5
has a nelting gogg Pf 3 _arcéef Fg E [ Fsrr% apd an q?tlc
ani sotropy of 30°H58’ E&ﬁﬁiT% RTAPYT &Y B2 PRt 2Rt REMY BT 13% of
trans, trans-4-ethyl cyctpbitajecyct pbeaheagade-ébrbarbdylate, and nitrile,
13% of trans, §raass - puyyl oY 5L ODeXVLCYELQREXF e Ay CAY LR EI L Fs
10 (tfans-k—propylcycLohexyl)-cyclohexane
has a clear point of 72° and an optical anisotropy of
+0.03. '
o Example 3
A Liquid crystal phase consisting of
15 34.0% of r-1-cyano-cis-4~-(trans-4-butylcyclohexyl)-1-
heptylcyclohexane,
29.0% of r-1?cyano-cis—4-(trans-4-pentylcycLohexyl)—1-
pentylcyclohexane,
10.8% of trans tréns—4-propyt-4'—methbxycyclohexylcycLo-
20 hexane, '
 9.7% of trans,trans-4- propyt 4'-ethoxycyctohexylcyclo-
hexane,
4.8% of r-1-6yano-cis—4-(trans—4—prcpylcyclohexyl)-1-
(trans—4—propylcycLohexyL)-cyclohexane,
25 3.9% of r~1-cyano-cis-4-(trans-4-pentylcyclohexyl)-1-
trans-4-propylcyclohexyl)-cyclohexane,
3.9% of r~1-cyano-cis-4-(trans-4-propylcyclohexyl)-1-
_ ' (trans-4-butylcyclohexyl)-cyclohexane and
3.9% of r~1-cyano-cis-4-(trans-4-pentylcyclohexyl)-1-
30 (trans-4-butylcyclohexyl)-cyclohexane
has a clear point of ?50 ahd an optical anisotropy of
+0.03. '
Example 4
A Liquid crystal phase conéisting of
35 34% of r-1-cyano-cis-4-(trans-4—bufylcyclohexyl)-1-
heptylcyclohexane,
29% of r-1-cyano-cis-4-(trans-4-pentylcyclohexyl)-1-~
pentylcyclohexane,
% of trans,trans-A'-methoxycycLohexyl-4—propylcycLo-



5% of trans,trans-4-pentyl cycl ohexyl cycl ohexane-4'-carbo- nitri Le, 15 -
15% of 4-propyl cycLohexyl trans-4-pentylcycl ohexane- carboxylate, 13% of (

4- (ttans-4-pentylLcycLohexyl)-4'-(trans-4-propyl - cycl ohexyl )-biphenyl, 25

of trans,trans-4'-propoxycyclohexyl-4-pé@pylcyclo- 20 - hexane, 7%

of trans,trans-4'-nethoxycycl ohexyl -4- pyl cycl o- hexane and 9% of
trans,trans-4'- propylcyekahexyl 4- butyryl oxy- cycl ohexane 25 has a nelting

poi nt of Lerl sxagé! eate ol oL o6 94020 A0 PP LFRL AL SRV P S0 065

Exanple 8 A I|qU| crys a ase consri Sti
2- p- cyanophenyl - 5- prop?FXQﬂsrdloxane 30 6% of

2- p- CyanOPhenYBz5abUtYLr3n§ € P S0L1 - ﬂﬁdﬁ lycyclohexyl -4-propylcyclo-
p-trans-4- gropylcycLohexy “fhenzoni tril of trans-4-propylcycl ohexyl

t rans- 4- propyl cycl o- hgﬁéﬁ%%a?%ﬁxylate 10% of trans-4-propyl cycLohexyl
trans-4-pent yzoxcwhexmnetrsﬁs 4~ propyLcﬁatmwmez-&%ms-a-propyl-

trans, trans-4'-propylc | oxycycl o- hexane, 9% of

trans, trans-4' - propylcg gﬁi&@X‘ g&%ﬁ% | oxy- cycl ohexane, -022 - 6% of
trans- 4- propyhsychohnekyingrpmsnt rafis-3.dr ppyleclear point of 60.3

cycl ohexyl - cyghghgﬁaggtﬁéagagpp{yteif% S0 0d . égans 4- pentchycLohexyL

trans,trans-4 propé cl o- hex hexane- 4" -carboxyl ate, 5 6% of
trans- 4- pi@pyEegeebee trans, trans-4-butylLcycl o-

hexyL-cycl ohexane- 4" - ﬁa[ PQxXyd ak ey s PIL Odhadd addniPeig Lot cl ohexyl

trans, trans-4-butyl cycL
9% X y trans trans~4-ethylcyclohexylcyclohexane-4"'-

(] carbonitrile,
19% of trans,trans-4-butylcyclohexylcyclohexane-4"'-
15 carbonitrile,
7% of trans,trans-4-propylcyclohexylcycltohexane-4"'-
carbonitrile, ' '
12% of trans,trans-k'-propoxycyclohexyl-4-probchycLo‘
hexane, '
20 18% of trans,trans-4'-methoxycyclohexyl-4-propylcyclo-
hexane, '
20% of trans,trans- 4'-propchyclohexyl 4~ butyryLoxy-
cyclohexane and
5% of trans,trans-4'—propylcycLohexyl-4-valeryloxy-
25 cyclohexane '
has a melting point of —11.40, a clear point of 57550,
and én opticél anisotropy of +0.045. |
Exémple 6 - ,
A Liquid crystal phase consisting of _
30 19% of trans,trahs-4—ethylcycLohexylcyclohexane—4'—
carbonitrile, .
19%Z of trans,trans-44butylcycLohexylcyclohexane-4'-
carbonitrile,
15% of trans,trans-4'-propoxycycLohexyl-4-propyLdycLo-
| 35 hexane, | :
5% of trans,trans-4'-methoxycyclohexyl-4-propylcyclo-
hexane,
- 17% of trans,trans-4'-propylcyclohexyl-4-butyryloxy~"
cyclohexane,



hexyl - cycl ohexane- 4' - car boxyLate, 5% of

4- (trans-4-propyl cycLohexyl)-2'-fluoro-4'-(trans- 10

4- pr opyLcycl ohexyl) - bi phenyl , 4% of

4- (trans-4-pentyl cycl ohexyL)-2'-fluoro-4'-(trans-

4- pr opyl cycLohexyl ) - bi phenyl and 4% of ~ 21 -

4-(trans-4- peanﬂleyCIoheXhh}AQperyOEQcéohékyanSrans 4- pentchycLo-

4- pentyl cycl ohexyl ) - blgh ﬁ Itang point of -16.5 and a cl ear
point of [err]. ExanpL&¢§? EF&BPGY&P§§t3F phase consi sting of 6% of

2- p- cyanophenyﬁ%Soﬁropﬁkitrandréxanepyﬁ@@otohexyl)—4'-(trans-4-propyl-
2- p- cyanophenylL- 5- butyE gfgn? ﬁgn %0@60f
p-trans-4- propylcyclohe i 81% of trans- 4- prop hex
trans- 4- prépyméycwonekanes eaﬁnéxyfaré4 3 966f°l??&ne°nﬂbr®%y¢ yt ¥y|

trans-4- pentybﬁyebqheé@nan1§aEbeﬁyla?e+0265512@60f
trans,trans-4' ycLo exyl - 4- butyryl oxy- cycLohexane, 11% of

trans, trans- 4'XBFBE ycl ohexyl - 4- hexanoyl oxycycl o- hexane, 6% of
trans- 4- propylCyclohexyl1huadSchaﬂst4pﬁaﬁéybon305tlng of

cycl ohexyl - cyqhgheang; dnscaLRRsYkal ny 0G0l onbkpOEs e DECL Y EYEHODENYL -

trans, trans-4-propyl cyc 6heX ate
trans- 4- pf@pyLcycl oheryjitriikans, t rans- 4- butyl cycLo-

hexyl - cycLohexgre44' - 3?599X¥L§ﬁ§ 43§uty5599tohsﬁﬁnéyérpﬁ@;yﬁgy&*D@@%y$-

trans, trans-4-butylLcy hexyl - cycl ohexane- 4" - car boxyl ate, 5% of
4- (trans 4- propylcyclﬁhék?l?:Z'-quoro 4' -(trans-

4- propy! cycl ohexybX- b&pbﬁsyhraﬁgboipentytcycLohexytcycLohexane-4'-carbo-
4-(trans-4- pentylcycLohEx¥ -2'-fluoro-4'-(trans- - 23 -

4- propyl cycl ohexyl ) - b'dhEAYE2and 4% of

4- (trans-45penbgl ofcl 6hprypyteyeclbherpt 4trébsamspentylcyclohexane-

carboxylate, :
13% of 4-(trans—ﬁ-pentylcyclohexyl)-4'-(trans-4-propyt—_
cyclohexyl)-biphenyl,
25% of trans,trans-4'—prop9xycycLohexyl-4-propylcycLo-
20 hexane,
' 7% of trans,trans-4'-methoxycyclohexyl-4-propylcyclo-
'~ hexane and _
9% of trans,trans-4'-propylcyclohexyl-4—butyryloXy-
cyclohexéne
25 has a melting point of —10.40, a clear point of 81°
and an optical anisotropy of +0.065.
Example 8
. " A Liquid crystal phase consisting of
6% of 2—p4cyanophenyl?5-propyl-1,3—dioxane,
30 6% of 2-p-cyanophenyl-5-butyi-1,3-dioxane,
15% of p-trans—4fpropyLcycLohekyl-benzonitriLe,
9% of tran§-4-propylcyclohexyl trans-4-propylcyclo-
~ hexanecarboxylate,

10% of trans-4- propchycLohexyl trans-4- pentylcyclohexane--

35 _ carboxylate,
| 9% of trans,trans-4'-propylcyclohexyl-4- butyryLoxycyclo-
hexane, _ ‘
9% of trans,trans-4'-propylcyclohexyl-4-hexanoyloxy~-
cyclohexane,



e

4- peﬁtylcyclohexyL) bi phenyl has a nelting point of -15.9 and a cleaf poi.n
of [err]. 5 Exanple 10 A Liquid crystal phase consisting of 6% of Y

2- p- cyanophenyL- 5- propyl 1, 3-di oxane, 6% of

2- p- cyanophenyl - 5- but yl - 1, 3- di oxane, 15% of

p-trans-4- propylcyclohexyL benzonitril &, 280~ 19% of

trans, trans-4' -4¥ @yl ctydrehepewmfhthtymmlh@xyi eyahghexaner418¥oph L -
trans, trans-4' - propyl cIo?ex l- Zx%no¥Lox¥ éc ohexane, 6% of

trans- 4- propyl cycl ohexyi® & CEA5L9 €XP0Byi- ~f8rboxylate,

cycl ohexyl - cycl&:ﬂne»(fand:-réﬂnscémmylyatcecl@%eafyl. trans,4rpaat§pyopphexylo-

trans, trans-4-propyl cy | ghexa roxyl ate, 6% of
trans-4-pro yLéééLoher{ tra Xkﬁ%ﬁ% % %utgﬁréorg%an

hexyl - cycl cterrad'éxw-atr@pymycls@r@avl trans-4rpeargrbytybhesyp-

trans,trans-4-buty| qg&,qh@yxubgﬁqgggexanga4bbgg[Qggylate 5% of
4-(trans-4-pro ycl ghex y ),- 2 - E
4-propyl cycl oh pﬁ bFﬁ ﬁyﬁ p&q}a cyclohexyL trans trans-4-butylcyclo-

4-(trans-4- pentylcyclmh&wukkyZLombuem@-4' clarbbRylL3be,

4- propyl cycl ohexyl 0 _ _

4- (trans-4-penty @?ﬁléhgga%% 38?5CZSLFPF§H§) ~2'-fluoro-4'~(trans

4- pent yl cylid ohexyl ) - bﬁpmempwlhaslahnBVﬁDng1pbenVlof -7.6 and a clear point

of [err] Exanplgg 1% 3Q-(trans-4- pénE&QE§QL§h¥§9@b -phagey6PPSLSLE PRaRE - 6% of
2- p- cyanophenyL- 5- propyl -1, 3-di
2- p- cyanophenyl - 5- but%FPI°3¥&FdﬁéﬁéexX$@bSﬂphe"YL and

p- t Kans- 4- pr opwlc wal oh.exxtlnlaenz.oblehrwlteyc159(<e99L) -21- fluoro-—4'-(trans-
Erans trans- 4: mathoxyc§e & i %t-o E §§ the ane, ngof'
rans, trans-4' - propyl Cy®eOREIGY Lo yraxpegey hexane 9% of
trans, tran§-4hapr@pyh&ﬁuh@he»yht4omexaﬂoﬁ oapd aycLehexaaéntG&&oi96 .
trans 4- propy@&g%bqgeéyl trans, trans-4-propyLcycl o- ' -
A Liquid crystaL phase consisting of
6% of 2-p~cyanophenyl-5-propyl-1,3-dioxane,
6% of 2-p-cyanophenyl-5-butyl-1,3-dioxane,
20 10% of p-trans-4-propylcyclohexyl-benzonitrile
9% of trans-4-propylcyclohexyl trans-4-propylcyclohexane-
carboxylate,
102 of trans-4-propylcyclohexyl trans-4-pentylcyclohexane-
carboxylate, -
25 12% of trans,trans-4'-propylcyclohexyl~ 4 -butyryloxy-
) cyclohaxane,
112 of trans,trans-4'-propylcyclohexyl-4-hexanoyloxycyclo-
hexane, '
6% of trans-4- propylcyclohexyl trans, trans-4-propyl-
30 cyclohexyl-cyclohexane-4'~-carboxylate,
6% of trans-4-pentylcyclohexyl trans,trans-4-propyl-
cyclohexyl-cyclohexane- 4'-carboxylate,
6% of trans-4-propylcyclohexyl trans,trans-4- butylcycLo-
hexyl-cyclohexane-4'-carboxylate,
35 52 of trans-4-pentylcyclohexyl trans,trans-4-butylcyclo-
. ' hexyl-cyclohexané-4'-carboxylate,
5% of 4-(trans—4-propylcyclohexyt)-2'—fLuoro-4'-(trans-
4-propylcyclohexyl)-biphenyl,
4% of 4-(trans-4-pentylcyclohexyl)-2'-fluoro-4'-(trans-



[

- 247- hekyl-cycLohexane-4'-carboxylate, 6% of trans-4-pentylcycLohexyl — -
trans, trans-4-propyL- -cycLohexyl cycl ohexane-4' - car boxyl ate, 6% of g '
trans-4- propyLcycLohexyL trans,trans-4-butylL- 5

cycl ohexyl - cycl ohexane- 4'-carboxy|ate 5% of trans-4- pentylcyclohexyl
trans, trans-4-butyl cycl o- hexyl - cycl ohex@he= 4’ - car boxyl ate, 5% of

4- (trans 4- propylcyCLohaxyb}tZycfbmaiﬁtﬂ-b(ﬁﬁﬁmﬁt and
4- pr opyl cycl oh

4- (trans- 4- pen?? ycL%pg§§¥?s &_?iﬁ6¥%°ﬁclf??§%%) -2'-fluoro-4'-(trans-

4- propyl cycl ohexylL) - bkpbenyy | cpebohiexyl)~biphenyl
4- (trans-4-pe Lcy L 440 ( n

4 pentylcycLoEé%yEiﬁ%P§$ﬁﬁ % iﬂ& é/bofs 9 1h@"F cLear point of +98

4- (trans- 4°pehkgmeleLdBexyl )-4' - (trans- 4- propyL- 15

cycl ohexyl ) - bi pheny| nas13umaLe+pgtpplpmapé ¢dels fis €Wy d€l ear point of
[err]. Exaane st al hgse con3|gféq9 6% of

2- p- cyanophenyf? BrogyP §ran ?B&%ﬁ R oPY%Y, 1oxane,

2- p- Cyanophenyh%Soth%Lpicﬁadb@ﬁﬁﬂﬁl igﬁﬁﬂil -1,3~dioxane,

p-trans-4-pro C ohe epzonjtri

trans,trans- 4R¥k ? x§c§gkgge£y$péﬁb¢%% &%@ §k ?uﬂéﬁﬂftrﬁb%of

trans, traf8- 419§r9py|tyehshéxynsﬁ4bumy¢Qmeylehbxyt -4-butymyladhatrexane, 10%
of trans,trans-4'- prgpyggygkgngxyL 4- hexanoyloxy cycl ohexane, 6% of
trans-4- propylc cl ohexyl trans, tfans-4-pro

cycl ohexyl cycfd eRénefﬂaﬂéanﬁﬁﬁTﬁiéP'QRVlCEﬁ%Qﬂexx#?ﬂﬁﬂQﬁiﬁﬂﬁ59&thohexyl
trags, trans-4- propyL cpypb@&gxuépyclohexane 4' - carboxylLate, 6% of

trans- 4- propyl hex trans- 4-
cycLohexyl - cyc 2 §¥i" grBEQQY T%Fl%ﬁ%%#L Framse ST TR Whexy L
trans,tram§-4-butyl 8pclohexyl-cyclychahaxe+s tycddivexdetel, - car boxyl at e,

6% of trans~é4- pentylcyctohexyl trans,trans-4- propchyclo-
hexyl-cyclohexane-4'-carboxylate,
6% of trans-4-propylcyclohexyl trans,trans-4-butylcyclo-
hexyl-cyclohexane-4'-carboxylate,
20 5% of trans-4-pentylcyclohexyl trans,trans-4-butyl-
cycthexYL—cycLohexane-4'—carboxyLate,
5% of 4-(trans-4-propylcyclohexyt)—Z'-fluoro-k'-(trans-
4-propylcyclohexyl)-biphenytl,
4% of 4-(trans-4-pentylcyclohexyl)-2'-fluoro-4'~(trans-
25 4-propylcyclohexyl)-biphenyl and
42 bf 4-(trans-4-pentylcyclohexyl)-2'-fluoro-4'-(trans-
) 4-pentylcyctohexyl)-biphenyl '
haé a melting point of -7.6% and a clear point of +102°.
Ekample 1
30 - A Liquid crystal phase consisting of
6% of Z-p-cyanophenyL-S-propy(—1,3-dioxane,
6% of 2-p-cyanophenyl-5-butyl-1,3-dioxane,
15% of p-trans-4-propylcyclohexyl-benzonitrile,
15% of trans,trans-4'-methoxycycLohexyL-4-propchycLohexane,
35 9% of trans,trans-4'-propylcycLohexyl-4-butyrytoxycycLo-
hexane, '
9% of trans,trans-4'—propylcyclohexyl-4—hexahoyloxy-
cyclohexane, |
6% of trans-4-propylcyclohexyl trans,trans-4-propylcyclo-



B

5% of  4: (trans-4-propyl cycLohexyl)-2'-fluoro-4'-(trans- 28
4- propyl cycl ohexyl) - bi phenyL, 5% of _ _
4-(trans-4-pentylLcycl ohexylL)-2'-fLuoro-4'-(trans-

4- propyl cycl ohexyl ) - bi phenyl, - 25 - 5 of

4-(trans-4-pentyl cycLohexyl)-2'-fluoro=424(trans-

4- pentylcycLohexyL) bhﬁh9M¥by%BGh3?@ﬁE 4'—carboxytate

4-(trans-4-pent ¥cLohex¥I it ans cIohexyt) blghenyl 5
s ool 11 g 6 AY oR rarb-b-gantyLEVELARBEYRY tEenY eF FEns LkBRPLEY 43 A

Li quid crystal phase cqn$nhbuygcpttaﬂ@&aﬁe 4'-carboxylate,

r-1-cyano-ci s- ( an uty e ohexan 10 29% of
r-1-cyano-ci s- % (%?anzr ge%tbfx§ggoﬁé¥L b PFX% fg§%+ hgxgngyl 11% of
trans, tran$g-4' - nethoxydyébbhéxytcxcppbpyaoyc&bheaahexyQ@@eaf

trans, trans- 4'5%tB?XYQ¥Qh9hQX¥Ln4yPE PYLﬁ¥9g9h€¥§H§ tAIROL4-butyleyclo-
1- (trans 4' - pentyl cycl ohexyl -

cyano-2-(trans-4- pent?FéVéFéHék?%?xéﬁﬁa% ~caopgrylate,

1- (trags(f' peszybeyck?hexrhﬁ 4-fgﬁb9be¥¥gbhazylzq;';fluoro-4'-(trans-
cyano- 2-(trans- -prop¥_c¥c 0 ex¥ L hage SIF hy (%00
trans- 4- propyl cycl oheXyPTPPAnSYE Hg X
cycLohexyHOcycEdheiané-4traasbéxybatglandlalexyuw&bf-fLuoro-4'—(trahs-
trans-4- pentylcycLoheéyhrLégpgég[?ngxghprgpghe

cycLohexyl - cycl ohexan ate
poi nt of [err] 3&n@fan4oftrans- énpsotrbpycbohﬂxmlbz

A liguid crystal phasg- B@HS&@E&BGOQEx%Q?&Qﬁphenzl and
trans- 1-p- nethgg yphenyl cl ohexane
p

trans- 1- p- et hof¢pRény - thBby% Ebhéiéﬁb°h3356%T4' (trans-4-propyl-
trans,trans-4' - met hoxggytbhbeyyb - ﬂ1phépylcyclo- hexane, 30 11% of

"~ 1-ovano-cl sy 4 BT AR bYLREbNENY LA TaREP Y iear potne of +102°.
Example 12

g point of -8, a clear
E&@mp¢e41n<25ans-

A Liquid crystal phase consisting of
6% of 2-p-cyanophenylL-S5-propyl-1,3-dioxane,
20 6% of 2-p-cyanophenyl-5-butyl-1,3-dioxane,
10% of p-trans-4-propylcyclohexyl-benzonitrile,
17%2 of trans,trans-4'-methoxycyclohexyl-4-propylcyclo-
hexane, |
11% of trans,trans-4'-propylcyclohexyl-&—butyryloxyv
25 cyclohexane,
10%Z of trans, trans-4'-propylcycLohexyL-4—hexanoyLoxy-'
cyclohexane,
6% of trans-4-propylcyclohexyl. trans,trans- 4-propyl-
cyclohexylcyclohexane-4'~carboxylate,
30 6% of trans-4—pehtylcyclohexyl'frans,trans-4-propyl-
cyclohexylcyclohexane-4'-carboxylate,
6% of trans-~4-propylcyclohexyl trans,trans-4-butyl-
cyclohexyl-cyclohexaned4'—carboxylate,
5% of trans—-4-pentylcyclohexyl trans,trans-4-butyl-
35 . cyclohexyl-cyclohexane~-4'-carboxylate,
5% of 4~(trans-4-propylcyclohexyl)=-2'-fluoro-4'-{trans-
4-propylcyclohexyl)-biphenyl, ' '
52 of 4—(trans-4—pentyléyctohexyl)-2'-fluoro-4'-(trans—
4—propyLcyclbhexyl)-biphenyl,



cycl ohexane, 10% of r-1-cyano-cis-4-(trans-4-pentylcycl ohexyl)-I-

pent yl cycl ohexane, 5% of 4,4'-bis-(trans-4-propylcyclohexylL)-2-fLuoro-
bi phenyl, 51 of 4,4'-bis-(trans-4-pentylcyclohexylL)-2-fluoro- biphenyl,
of 4-(trans-4-pentyl cycl ohexyl)-4'-(trans-4-propyl -

cycl ohexyl ) -2-fl uor o- bi phenyl , - 26- 7597 o
j,?;-bis-gtranszﬁowrfnﬁk@yehehexybhtplehenyhexﬁnd 5@?ﬂﬁuor?)4b (ﬁranf-h
-(trans-4-pentyl cyc ex ans- e} cycl.ohexy i pheny as a
nelLting point of -19, a ¥§§}°58£ FebYL eBFfﬁgﬁﬁL XB tical anisotropy of
0.074 and a di @%eofri é- émraosrépyeotyl&yBLoExaane#lS(ﬂrbmqubdpcogztal
phase consisting of t g ds Is prepared: 10 6% of

trans, trans-4-ethyl cy E?OEQEL ngﬁgﬁgﬁ é carbonitrilLe, 6% of o

2-p- cyanOpﬁenyES5abupyFJm93ne1okané -37,8f and a clear point of +103
p-trans-4-propylagpeeohsexyl - benzonltrlle 17% of

trans,trans-4'-nethox% C|Oh EL F cIo- hexane, 11% of
trans, t rans- 4- met hoxy@8y PBHé r&sb tg I6°"ﬁé§§h%9 9H% of

trans,trans- 4sauhaxycyeheb9xyb é1pemtytayﬁ£94 bexpneycCodhed Pl ol-heptyl -
trans, trans-4- but oxyc Iggﬁxxané propyLcycl o- hexane, 8% of

4- (trans 4- propylcycl y f fLuoro-4'-(trans-

4-propyl cy8l oR@%¥yb¥- brpenyhno7edof4-(trans-4-pentylcyclohexyl)-1-

4-(trans-4- pentylcycl9Qﬁ¥¥ikyélogg§§n§ 4-propyl - 25
cycl ohexyl) - b|ph n¥l

trans,trans-4'—methoxycyclohexyl—4—propylcyclohexéne,

\—’ 10% of trans,trans-4'-ethoxycyclohexyl-4-propylcyclohexane,
4% of 1-(trans~4'-pentylcyclohexyl-4-cyclohexyl)-2-
15 cyano-2-(trans—-4~-pentylcyclohexyl)-ethane, '

4% of 1-(trans-4'-pentylcyclohexyl)-4-cyclohexyl)-2-
cyano—Z-(trans-4-propylcyclohexyl)-ethane(sic),'
4% of trans-A;propchychhexyL trans,trans-4-propyl-
cyclohexyl-cyclohexane~4'-carboxylate and
20 4% of trans-#—pentylcyclohexyl'trans,transf4—propyl—
cyclohexyl-cycLohéxane-#';carboxytate
has a melting point of -8°, a clear point of +68° and
an opticél anisotropy of + 0.028.
Example 14
25 A Liquid crystal phase con513t1ng of
104 of trans—1-p-methoxyphenyL-4-propyLcycLohexane,
10% of trans-1-p-ethoxyphenyl-4-propylcyclohexane,
33% of trans trans—4'-methoxycybLohexYL-A-propyLcycLo-
hexane, '
30 11% of r-~1-cyano-cis-4-(trans-4- butylcyclohexyl) 1-heptyl-
cyclohexane,
10% of r~1-cyano-cis-4- (trans 4- pentchyclohexyl) 1-
pentylcyclohexane,
5% of 4, 4'—b1s—(trans-4-propylcyclohexyl)-Z-fluoro—
35 biphenyl,
52 of 4,4'-bis-(trans- 4 pentylcycLohexyl) 2-fluoro-
biphenyl,
52 of 4-(trans-4-pentylcyclohexyl)-4'-(trans-4-propyl-
cyclohexYL)42-fluoro-biphenyt,



6% of trans-4-pentyl cycLohexyl trans,trans-4-propyl-
cycl ehexyl cycl ohexane-4' - car boxyl ate, 6% of trans-4-propylcycl ohexyl
transytrans-4-butyl - cycLohexyl cycl ohexane-4' -carboxyl ate, 30 5% of :
trans- 4- propyl cycl ohexyL trans, trans-4-butylLcycl o-
hexyl cycl ohexane- 4' - car boxyl ate and 5% ofé trans- 4- pentyl cycl ohexyl
Zr?ns,pgans-4£Butb#ﬁymLQJ—B§x¥keyeh$heégﬁe?4lcgatb@éyyabebifkaﬂpleaﬂa 35

iquid crys phas nsi.sting o 0
p-trans-4-prop3%c§3logéigrﬂgﬁiéﬁgFPFthYSgQB?xyL)'4'—(t'a"5"4'pr°pyl'
2- p- cyanophenyl - 5- propykibdh8xgiLoxbhphehyd of
2- p- cyanophenyl - 5-b -1. 3-di.oxane, _348 0 . o
trans,trans-4¥95efh§%§gﬁépoﬁ§§§?-ﬁ?prgayrcéc_Bgar pg155 9f-8%eka%%, 7% of
trans,tran§-409éﬁh@kyéydﬁeh929V-nfpﬂaﬁgﬁcyoﬁoa pigbeetrboo amisotropy
trans-4-propylgycholgexyl trans,trans-4-propytcyclo- 5
hexyl cycl ohexane- 4' - carboxyl ate, 6% of trans-4-pentyl cycl ohexyl
trans, trans- 4E5@BBYRcYCl o-  hexyl cycl ohexane-4' - car boxyl ate, 6% of

trans-4-propyl cycl ohexyl iguadscryanst 4phaby¥l €At Osting of the following
hexylcycLohex%ne-4'h%arbOXﬁLate éQ 6% of Itransj4-pentylcyclohexyl
trans,trans-4-BHP§P- 5y6Eo 5§9FE§ ohexane-4' - car boxyl ate, 5% of
4,4:-bis-Gﬂran§%4oﬁropyboygtohexyh)ezhylupcbbpexphenylphéMGnﬂ-4'-. .
e et
cycl ohexylL) - 2- 8Rudifo- Brphengnopasnal nerbukylpde hrddexang, a clear point of
[erk], an optigal ogni §okraRY-9FpPoPyVcABloReXyE<OENEYn PEr 10e { 800; 20
3,050) x 10 31€% bfs %Ea%g,g}ggélé -methoxycycltohexyl-4~propylcyclo-
15 _ hexane,
11% of trans,tfans-4-methoxycycLohexyL-4—pentylcycLo—
hexane, : '
10% of trans,trans-4-ethoxycyclohexyl~4-pentylcyclo-
hexane, _
20 10% of trans,trans-4-butoxycyclohexyl-4-propylcyclo-
| ~ hexane, ' '
8% of 4-(trans—4—propylcyclohexyl)-2'-fLuoro-4'e(trans-
4-propylcyclohexyl)-biphenyl,
7% of 4-(trans-4-pentylcyclohexyl)-4'-(trans~4-propyl-
25 cyclohexyl)-biphenyt,
6% qf trans-4-pentylcyclohexyl trans,trans-éfpropyl-
' cyclLohexylcyclohexane-4'-carboxylate,
6% of trans-4-propylcyclohexyl trans,trans-4-butyl-
_ cyclohexylcyglohexane—4'—carboxylate,
30 52 of trans-4-propylcyclohexyl trans,trans-4-butylcyclo-~-
hexylcyclohexane-4'-carboxylate and
5% of trans-4-pentylcyclohexyl trans,trans-4-butylcyclo-
hexylcyclohekane-4'-carboxylate.
Example 16
35 A Liquid crystal phase consisting of
10% of p-trans-4-propylcyclohexylbenzonitrile,
6% of 2-p-cyanophenyl-5-propyl-1,3-dioxane,
6% of 2-p-cyanophenyl-~-5-butyl-1,3-dioxane,
32% of tfans;trans—4'fmethoxycycLohexyl-k—propylcydlo-



»

ExanplLe 17 A Liquid crystal phase consisting of 10% of _ )
p-trans;4-propylcyclohexylbenzonitriLe 6@60f
2- p- tyanophenyl - 5- pr opyl - 1, 3- di oxane, 6% of

2- p- cyanophenyl - 5- butyl - 1, 3- di oxane, 110? :
trans,trans-4'-nethoxgcyclohexyl 4- pr opy cyclo- hexane, 10% of
trams, trans-4'-ethoxy@g¥poRexyl - 4- propylLcycl o- hexane (sic), 30 11% of

trans, trans-4' pgephoxyeygrkobeyys= 4'bﬁw5wewco XPEs L @9 ﬁ@i
trans- 1-p- ethoxyphenyl 4- propchyc ohexane,” 4% o trans- 4-"pr opyl cycLohexyl

trans, trans-4-propyl - E§EE8hexyIcycLohexane 4' -carboxyl ate, 35 4% of

trans-4- pentyl6xcbahexyhn§FanﬁrbbﬁDSyAtaﬁ@pyl trans trans 4-propylcyclo~
cycLohexngycIohexane 4 - ﬁécg?glat propyl cycl ohexyL

trans, trans- 4- butylcy(h,%y §5i6ﬂexan%aﬁb°é% %Siylate 4% of
trans- 4-pentyl 6§cbbhexybnsréanseotnbheydt bheyy cyttans,trandBi~-propylcyclo-

hexyLcycl ohexane-4'-c f,.0_
4,4 -bis-(trans-4- progéFg§€+§ §§§?z“§ ?Iu%?% eny? 4% of

4,4 -Dbis-(tran§24ofentypegcioPesny czct¢m@¥bb|bmen@4tramsxﬁ butylcyclo-

4-(trans-4- penty|CyC'QQQEVE}C60h6§56@544-95ﬁww#yL§ke,
cyclohexy%b uor,o- bi 3% of

n
4, 4' -bis-(Pranb? 4°6rob?€€§c¥oﬁ%&§{ L epf bakeyyl ahtRm9e trans-4-butyl-
4-(trans-4- pentylcyclohexyhéxﬁlcﬁttamex4np+0pyéarmqw&bmmxyl) bi phenyl has a

mel ting point £ Lnt _of,9 10, .0opt.ical I .sof 1.0

0.084 and a V|g%og|ty 6 @ f gbfgﬁf960$p§pfg$¥ﬁl$2§%?é?i% ﬂoro 'y -40).
Exakpte 18 A Liquid ceheenl,phase consisting of 10% of

p trans-4- prOpXkCX?lOHGKVLP?QZ@PFLﬁél?*péﬁtyl@V@Eghexyl) 2-fluorobi-

2- p- cyanoghenyl 5- propxenyLBagloxan
6% of 4-(trans-4-pentylcyclohexyl)-4'-(trans-4-propyl—
cyclohexyl)-2-fluoro-biphenyl '
has a melting point of -13°, a clear poinf of 900,-an
obtical anisotropy of 0.077 and a viscosity of 19 (800;
20 3,050) x 1070 Pa . s at 20° (-30%;-40°).
Example 17
A Liquid crystal phase consisting of
10% of p-trans-4-propylcyclohexylbenzonitrile,
. 6% of 2-p-cyanophenyl-5-propytl-1,3-dioxane,
25 6% of 2-p-cyanophenyL-S—butyl-1;3-dioxane,
— 11% of trans,trans-4'-methoxycyclohexyl-4-propylcyclo-
-, hexane,
10% of trams trans- 4'-ethoxycyclohexyl 4- propchycLo—
hexane (sic),
30 11% of trans,trans-k'-mefhoxycycLohexyl—4-butylcycLo-
_ hexane (sié), _
114 of trans-1-p-ethoxyphenyl-4-propylcyclohexane,
4% of trans-4-propylcyclohexyl trans,trans-4-propyl-
cyclohexylcyclohexane-4'-carboxylate,
35 4% of trans—4?pentylcyclohexyl trans,trans-4-propyl-
cyclohexylcyclohexane=4'-carboxylate,
4% of trans-4-propylcyclohexyl trans,trans-4- butylcyclo-
hexylcyclohexane- 4'—carboxylate,
4% of trans-4-pentylcyclohexyl trans,trans-4-butylcyclo~



-

6% of 2-p-cyanophenyl - 5-butyl -1, 3- di oxane, 32% of

trams, trans-4'-met hoxycycLohexyl - 4- propyl cycLo- hexane, 7% of

trans- 1- p- et hoxyphenyl - 4- propyLcycl ohexane, 20 6% of
trans- 4- propyl cycl ohexyL trans, trans-4-propylL-
cycl ohexyl cycLohexane- 4'-carboxy|ate S%Bof~ trans-4-penty

trans, trans-4- prOpqummcmmmem%@wxyqartlaqul ate,

trans-4- propylLc cLohe trans,trans-4- clo- 25

hexyLcycl ohexd é; 5B Sttt s éFprPPdﬁ§¥&lﬁ€ﬁﬁyF3§3r
traps,;rans-4—¢ﬁnqm(nkyai—steﬂurpm&ehemam&y4cyeamhexyuabé
b s (L ansy e r oY R BB RN e aRO -

4- (trans-4-pen | oheX
cycl ohexyld - 2- f Luor olsiygHerhyd x ydnd-25%Lefor o - bwhenyl

4-(trans-4- perggwmomawos!(tr(atnrsara.&p%ra Qex'ao‘ﬁx‘%wbew

mel ting point , cl ear point [err], tica
0.082 and a vi%tdsh t)/"()(ftrﬂ'.SG"'('thé&Z)“L?hfﬁyé)Pét (él"aQ(ﬁ
Exanple 19 A Liquid wagudﬁeﬂyhasm1@mmawatlng of 10% of

p-trans- 4'pr 1 cyel ghex Ibenz nitrile, 29 - 6% of
2- p- cyanophe ﬁp '¥ f ne 6 BY% Oftear point of 9

2- p- cyano@emﬂtﬁu—ﬂutqd-rsht’}-dhyomdnél OZBZ%amrfd a viscosity of

trans, trans JE§ f@ﬂi e AoRPoRYIzgPGl Q4 glegxane, 5
trans- 1-p- etﬁ%&yp gnyl 4- p?ﬁby cyclgﬁgxane 6%ofq “trans- 4-

transtrans- 4-Brample B/cLohexyl cycl ohexane-4' - car boxyl at e,

trags-4- pentylcycLohe&wltﬁdaﬂusaﬂ@%&%n4pm@%@ykuns1st1ng of
cycLohexchycLohexane 4 -carboxyLat f trans-4

trans, trans-4! %t%/LC}Pc'IUa"s propytcyc({ohexytgenzom tr1Le
15 6% of 2-p-cyanophenyl-5-propyl-1,3-dioxane,

6% of 2-p-cyanophenyl-5-butyl-1,3-dioxane,

32% of trans,trans-4'-methoxycyclohexyl-4-pro
. hexane,

7% of 'trans-1-p—ethoxypheny1—4-propytcyctdhe

20 6% of trans-4-propylcyctohexyl trans,trans-4-

cyclohexylcyclohexane-4'-carboxylate,

| cycl ohexyl
6% of

Shuggebinhenyl,
fhUoobbiphenyl,

~4-8%%8% L -

Fhahyl@h%nml has a
ani sotro of

o4rpse8yL rerr])
0°, an

18 (780;

7% of

propyl cycLohexyl
6% of

propylcyclohexyl

pylcyclo-

xane,

propyl-

5% of trans-4-pentylcyclohexyl trans,trans-4-propylcyclo-

hexylcyctohexane 4'-carboxylate,

6% of trans-4-propylcyclohexyl trans,trans-4- butylcyclo-

25 hexylcyclohexane-4'-carboxylate,

6% 9f trans-4-pentylcyclohexyl trans,trans-4-

hexylcyclohexane-4'-carboxylate,
54 of 4,4'-bis-(trans-4-propylcyclohexyl)-2-
phenyl,

30 6% of 4-(trans-4-pentylcyclohexyl)-4'~(trans-

cyclohexyl)-2-fluorobiphenyl and
5% of 4-(trans-4-pentylcyclohexyl)-4'-(trans
cyclohexyl)-biphenyl
has a melting point of -20°, a clear poinf of
35 optical anisotropy of 0.082 and a viscosity of
842) x 107> Pa.s at 20° (-20°; -30°).
Example 19

A Liquid crystal phase consisting of

butylcyclo-
fluorobi-
4-propyl-
-4-propyl-

900, an
19.6 (283;

10% of p-trans-4—propylcycLohexyLbenzonitriLe,



hexylcyc| ohexane- 4' - carboxyl ate, 6% of trans-4-pentyl cycl ohexyl (§§§2>
trans, trans-4-butylLcycl o- hexyl cycl ohexane-4'-carboxyl ate, 5% of '

4,4'lbis-(trans-4-propchycIohexyl)-2-f|uorobi 15 phenyl, 6% of
4- (trans-4-pentyl cycl ohexyl)-4'-(trans-4 gropyL-

cycl ohexyl ) -2-fl uorobi phenyl and 4% of -2

4- (trans- 4- pengy! gycl ehsxmnapheayans-&rmpw -3.Cy £ ohvy! ) - bi phenyl 20
has a melLting le % % hear nt OL % 4 an optical anisotropy
of 0.082 and a osfTf~ SYaQGD eibl3 PUEY LT 1537919 8&npl e 20 A Li qui d
crystal phase32#nsifst tngneft2dnsi9% méthoxycyclohexyl-4-propylcyclo-
p-trans- 4- propylcyclonngﬁgenzonitriIe, 6% of

2- p- cyanophenyl 8- di oxane, 6% of

2- p- cyanopﬁenyVZSOBUtyranssﬂdDoth@XYQ®©6b¥'4twenﬁwk¢¥ﬂkﬁhﬁxane,
-nethoxycyclohg%ybf4 PFQP¥L@¥EF9pyh@%@D@he§?L tﬁdﬁ@ftrans Th-propyl-

trans, trans-4'-ethoxycycl ohex E C hexane, 7% o
trans, trans-4' - nethoxﬁ%ﬁ&?ﬁﬁéX&FYﬂ %ﬁ?y?%? ch b= c HeBanEl 3ty of

trans-1-p- ethospr¢nybr4nanopuéﬁy9l@%@m@mexy85traﬁgﬁcﬁans 4-propyl-
trans-4- propylcyclohex

I ans, tra k-
cycl ohexyLcycl ohexane® L85Fb6k§¥&?%heﬁgnﬁgx TFARROWY L2E8 41 cycl ohexyl
trans, trang- 4- p%opiLcycbos hepybpyttpbkaiaeey Y’ tcanbpkwﬂnﬁfﬁ wetyfcyclo-
t rans- 4- propyl cycl ohe bu
cyclohexylcyclohexaneﬁgk g?EFOL%g?Ee /6%¥#5?rans 4 pentchycIohexyI
trans, trans-4- Bt 9f- eyénahéxgeeyttbhek@h%xnl tedmoaT e dPyprlcyclo-

4, #_bi s- (trans- 4- ProR¥kgveyoDEK¥kane-4t LosPBbxyBate, phenyl ,
5% of 4,4'-bis-(trans-4-propylcyclohexyl)-2-fluorobi-
15 phenyl, '

6% of 4-(trans-4-pentylcyclohexyl)-4'-(trans-4-propyl-
. cyclohexyl)-2-fluorobiphenyl and '
4% of 4-(trans-4-pentylcyclohexyl)-4'-(trans-4-propyl-
cyclohekyl)-biphenyL
20 has a melting point of -200, a clear point of 800, an
optical anisotropy of 0.082 and a viscosity of 20 «x 1073
Pa.s at 20°. |
Example 20
A Liquid crysfal phase consisting of
25 10% of p-trans-4-propylcyclohexylbenzonitrile,
6% of 2-p-cyanophenyl-5-propyiL-1,3-dioxane, "’
6% 6f 2-p-cyanophenyl-5-butyl-1,3-dioxane,
202 of trans, trans-4'-methoxycyclohexyl-4-propylcyclo-
_ hexane,
30 6% of trans,trans-4'-ethoxycyclohexyl-4- propylcyclo-
| hexane, _
7% of trans,trans- 4'-methoxycyclohexyl -4-butylcyclo-
| hexane,
5% of trans—1-p-ethoxyphehyL-4—prppylcyclohexane,
35 6% of trans-4-propyl¢yclohexyl trans,trans-4-propyl-
cyclohexylcyclohexane-4'-carboxylate,
6% of trans-4-pentylcyclohexyl trans,trans-4-propylcyclo-
hexylcyclohexane-4'-carboxylate,
6% of trans-4-propylcyclohexyl trans,trans-4-butyl-



6@6of' 4, 4' -bi s-(trans-4-pentyl cycLohexyl)-2-fluorobi- phenyl and 5% of
4- (trans 4- pentyl cycl ohexyl)-4'-(trans-4-propylL- _
cycl ohexyl )-2-fl uoro-bi phenyl 10 has a nelting point of [err], a clear

point of [err], an optical anisotropy of _Q.079 and a viscosity of 22 (970;

4,000) x 10 3 Pa.s at 20 0C (-30; -40)" BXanple 21 A Liquid crystal phase

consi sting of 15 10%cofclopexydngcdopeapykeeyctl-obesgkpeatepitrile, 6% of

g B g;ggggﬂgg;k%g EL?Q¥B h%dge9¥2T§y9?6%§§yl trans,trans-4-butyl-

transtrans-4' - nethoxyGY@ﬂ@h@%yﬂnacbpbpypcycﬁé cachanelare, 7% of

trans, trans- 4'5QtQQXYQYQ“QB%%¥kt4aR QQ¥FF¥B%@cyP€XﬁQQyL7J§D#luorob1—
trans, tran nethoxygégkghexyl utyl cycl o-" hexane, 17% of

trans-1-p- gthoxyphenyP @pyl cycl ohexane, 25 6% of

trans- 4- propyl éwcloghexyls 't-bhags (trans~4-peARylcyclohexyl)-2-fluorobi-

cycl ohexyl cycl ohexane-4' -carboxyl ate, 6% of trans-4-pentylcycl ohexyl
trans, trans- 4- propyl - gﬁ@l h&% | cycLohexane-4' - carboxyl ate, 6% of

t rans- 4- propyl éyclodhe)yl( traassstpansylcpotyhexB0)-4'~(trans-4-propyl-

cycl ohexyl cycl ohexane LatL %,Q 4- pentyl cycl ohexyl
trans, trans-4-butyl - 8§°I§ﬁ528FZ g g ggﬁ%eL 5%2?on | ate, 5% of

4,4 -bis- GPrah§54apm@¢$nepcpehekyef 21ﬁ|uoﬁoclaaph9ﬁynt 85 93690 an
4,4' -Dbis- (traa%t4tﬁ@nbﬁhehﬁkeb9xur)eZo?Zuehe anwbeayttﬁnéf52@ot97o-
ﬁygfgﬁgiyﬁ)pg ¥H§¥C Hﬁﬁgn - ﬁaé rgﬁgFtlgBBBglnfo -13, a clear point
95, \@n - 3kxample 21 ' _
A Liquid crystal phase consisting of
15 10% of p-trans-4-propylcyclohexylbenzonitrile,
6% of 2-~p-cyanophenylL-5-propyt-1,3-dioxane,
6% of 2-p-cyanophenyl-5-butyl-1,3-dioxane,
7% of trans,trans-4'-methoxycyclohexyl-4-propytcyclo-
hexane, ' '
20 7% of trans,trans- 4'-ethoxycyclohexyl -4-propylcyclo~
‘ hexane,
7% of trans,trans-4'-methoxycyclohekyt-4—butylcycLo-
hexane, .
17% of trans-1-p-ethoxyphenyl-4-propylcyclohexane,
25 6% of trans-4-propylcyclohexyl trans,trans-4-propyl-
cyclohexylcyclohexane-4'~-carboxylate,
672 6f trans-4-pentylcyclohexyl trans, trans -4- propyt-'
' cyclohexylcyclohexane~ 4'—carboxylate,
6% of trans-4-propylcyclohexyl trans,trans-4-butyl-
30 'cyclohexchycLohexane-4'—¢arboxytate,
6% of trans-4-pentylcyclohexyl trans,trans-4-butyl-
cyclohexylcyclohexane-4'-carboxylate,
52 of 4,4'-bis-(trans-4-propylcyclohexyl)-2-flLuoro-
biphenyl, _
35 6% of 4,4'-bis-(trans-4-pentylcyclohexyl)-2-fluoro-
biphenyl and
5% of 4-(trans-4-pentylcyclohexyl)-4'-(trans-4-propyl-
cyclohexyl)-2-fluoro-biphenyl
has a melting point of ~13°, a clear point of 95°, an

of



optt cal anlsotropy of 0.084 and a viscosity of 21 (900 3,800) x [err] Pa q
at ierr] Exanpl e 22 1.0% of azo dyestuff ([err] max 460 nm fornul a 5
VI',.[err] = 2-nonyLnercapto-1, 3, 4- thladlazol 5-yl, [err] =

p- (4 butyl cycl ohexyL)-benzyl, n =1, Ph2 =1, 4- naphthy | ene and Ph3 =
2, tonIene) and 1. 3% of azo dyestuff (Tbrr] max = 615 nm formula V',

R1-Phl = 3- OChyEMBET Pk Ps dt Pogdly LY o0l @EP| ard Vi, v 3% o3 Ty @Y 9005

cyclohexyl) b = 1, Ph Iyl and Ph3 =
1, 4- napht hyLeﬁe@/ﬁgr g@sso‘f?/e%l "f‘h%a hﬁ?%‘y dl* phase consisting of 21%
of r-1-cyanoegamsple (22 ans- 4- butylcyclohexyl) 1 heptyl - cycl ohexane, 15

22% of r-1-cyano-ci S3 Oitgfn%zélng#ydpy%pwu gﬁﬂtygocrmg'uexane

12% of trans,trans- 4 propy ohexyl cyc exane, 9% of
trans, tran- 4fo9p&H a‘Zemhmxqubqﬂm%wy1c@wﬁtﬁhE§ﬁ1az°l -Ylnd&arfe, 4% of

trans-4- propybcwlebewé £[@ﬁ1§xﬂm§e.4zw0wl- 1, Ph, = 1,4=naphthy-
cycl ohexyLchl or ohexane-4" -carb %?ate 496 of . trans %-pentylcyclohexyl

trans, trans-4Lppepgnd %?gloh%x§T oy #8hrndy - carboxyl ate, 25 496of .
trans-4-propyhcygl ehexyd &i@@ﬁuffaﬂﬁ Wabuiy415 nm, formula V',
Xy
LFi5(}’120%0f

cycl ohexyl cycl ohexape 0 Of pent
transtrans- 4- buP§FY PEE/E? g%yfé%//t? ﬁ?e'ﬂ(%{ azoel caﬁ&o’xﬁht e(‘}s/@/
r-1-cyano1gi sege(dhargt i-pemtyl aythohexy+)11-P ,S5-xylylene and

(trans-4-pent | cycl ohgx xane (c. p 10 CD In an el ectrooptica
di spl ay eleneﬁb3at 3 FaXé%ﬁfﬁf ﬁﬂgss of 1 errJ this guest-host system
exhibits a coWene Hasselred AiE apliauihec pHTHAL AhazhrARTISME %5 0.3 in

artyficial Lighg 6¢ Upd- @Mn@—@%%ﬂ(tmﬁwalb.&ﬁ@fcuotﬁexﬂxiawhmyl—
(G UD 65) Exanple 23 0, 12% of azo dyestuff ([err] max 430 nm formul a
V', RL = cyclohexane,

15 22% of r-1fcyano—c1s-4-(trans—k—pentchycLohexyL)-1—
pentylcyclohexane,
12% of trans,trans-4-propyl-4'-methoxycyclohexylcyclo-
hexane, _ '
9% of trans, trans-#-propyl-4'-ethoxycyclohexylcycLo-
20 hexane,
4% of trans-4-propylcyclohexyl trans,trans-4-propyl-
cyclohexylchlorohexane-4'-carboxylate,
4% of trans-4-pentylcyclohexyl trans, frans-4-propyl-
| cycLohexylcycLohexane 4'-carboxylate, :
25 4% of trans-4-propylcycltohexyl trans,trans-4- butyl-
' cycLohexchycLohexane—k'-carboxylate,
4% 6f trans-4-pentylcyclohexyl trans,trans-4-butyl-
cycLohecylcyclohexane—#'-carboxylate(sic) and
202 of r-1-cyano-cis-4-(trans-4-pentylcyclohexyl)-1-
30 (trans-4-pentylcyclohexyl)-cyclohexane
(c.p. 100%¢).
In an eLectroopt1caL d1splay element at a Layer
thickness of 1 um, this guest-host system exhibits a
colour interval A E up to the point of achromatism of
35 0.3 in artificial Light (CIU-A) and a colour .interval
A E of 1.0 in daylight (CIU-D 65).
Example 23 .
0.12% of azo dyestuff (A max = 430 nm, formula V', R1 =

R2 = p-(4-propylcyclohexyl)-benzyloxy and n= 2), 0.88%



="p- (4- propyl cycl ohexyl ) - benzyl oxy and n= 2), 0.88% - 32 - of azo 3

dyestuff ([err] max = 460 ... (sic), formula VI', R1 = _ é"

2- nonyl ner capt o- 1, 3, 4-t hi adi azol - 5- yI [err] p- (4- butyl - '

cycl ohexylL)-benzyl, n- =1, Ph2 = 1, naphthylene and [err] = 2,5-tolyl ene)
and 5 1.30% of azo dyest uff ([err] mix>2 615 nm formula V', [err] =

3-octyl rrercaptocf—ihz&’:"‘lﬁytehitaﬂifazal maxyk, 480 ..p{64¢), formula VI ’ R1 =

but yLcycl ohexy) ) Ph2 ylyl ege and _Ph3 =
1, 4- naphthyle%%f"&ﬁnﬁ%h% §'o|ved3 % % PF&JF&°gr§s¥£F Baase c6ksPUEYhG of 10
34%of r-1- cyeantd-odiescyd-)(bearyL4- buryllgy @hghexyl f-taphépyyeogchotiexane, 30%

of r-1- cyano,qﬂs=42(@ngqy{eB%qt¥hgyclohexyL) 1- pentyl cycl ohexane, 11% of
trans, trans 4- pr ¥ hoxycycl ohexyl cycl o- 15 hexane, 9% of

trans, trans 4- Pf4a1€tﬁdﬁ?é?éﬁoﬁéx??éycl615hé%ané°fquéfv' Ry=Ph,
trans-4- prOpyECBQOQWQEﬂerEE%Q%rHFa0$t4hbHHyhzoL 5-yl, R, = p- (4—

| oh I l,o - | a 4% of t | oh I
OO o oG bk pavTnaine. o o obharS: & SRty ¥Re e
trans-4-pr opylan;chPdnrgeﬁyH Sb~anphtthgnend) pr opyl -

eyl ohexyl cyelAex iR ned Y T8y IR AYA00 . DRaDS: daReRtylpychenexy!

trans, trans-4- I'cyc exane- oxyl ate
(c.p. [errD. ﬁﬁ% aﬁ elredtcyaporeals éréprayseﬁehnnvlavchohayét)thrckness of
5 [err] (10 [err]), tm@§t9m6§gigqua§gstenrexhrb|ts a col our |nterval A E
up to the pornt of achromati sm 3Q of 62 (0.81) in artificial _Iight
(ClU-A) and a30& 8fr invtlecyanorcasgr- étzzneo4zrefnrhlaéylvgﬁrvtE:rﬂ;D 65) .
Exakplte 24 0. 45% of apendytsiydibhekane] nmax 393 nm formula VI', Rl

11% of trans,trans~4-propyl-4'-methoxycyclohexylcyclo-
15 hexane, _ :
é% of trans,trans-4-propyl-4'-ethoxycyclohexylcyclo-
hexane, ' ' _
4% of trans-4-propylcyclohexyl trans,trans~4-butyl-
cyctohexylcyclohexane-4'fcarboxylate,
20 4% of trans-4-pentylcyclohexyl trans,trans-4-butyl-
cyclohexylcyclohexane-4'-carboxylate,
4% of trahs-4—propylcyclohexyl trans,trans-4-propyl-
cyclohexylcyclohexane-4'-carboxylate and
4% of trans-4-pentylcycLohexyl,trans,trans-4-propyl-
25 cyclohexylcycLohexane—4'-carboxylate
(c. P- 72%.
In an electroopt1cal display element at a layer
thfckness of 5 um (10 um), this guest-host system exhibits
. a colour interval A E up to the point of achromatism
30 of 0.62 (0.81) in artificial Light (CIU-A) and a colour
interval A E of 0.22 (0.43) in daylight (CIU-D 65).
Example 24
0.45% of azo dyestuff (A max
C4H9, Ry = C3H7 and n = 1), _ .
35 1.55% of azo dyestuff (A max 460 nm, formula VI°*, R1 =
= 2-nonylmercapto~1,3,4~thiadiazol~5-yl, Ry, = p-(4-butyl-~
cyclohexyl)-benzyl, n = 1, th = 1,4-naphthylene, and
Ph3 = 2,5-tolylene) and
2.22% of azo dyestuff (A max = 615 nm, formula V*', R1-Ph1

393 nm, formula VI', R,



-

[err] =]err] and n = 1), 35 1.55% of azo dyestuff ([err] max = 460 nm 7
formula VI', RL = 2-nonyl nercapto-1, 3, 4-thiadi azol -5-yl, R2 = p-(4-butyl -
cycl ohexyl)-benzyL, n = 1, Ph2 = 1, 4-napht hyLene, and Ph3 = 2,5-tol yl ene)
and 2.22% of azo dyestuff ([err] max = 615 nm formula V', RL-P 33
= 3-octylLmercapto-1, 2, 4-t hi adi azol - 5-yT,3%efr] = p-(4-
?uiylcyﬁlﬁhfxylﬁ-beniyggﬁtaoton1;214hfh?a§12§6kxy+wLﬁ aﬂd: I

, 4- napht hyl epe re ssol yed in e quid_cry Exanp e 22
5 (c.p. [errPf.y ﬁ’&h°ﬁFéE[yagﬁ?fééfma"%p|%y e éd%mz at h.l %%L?%ﬁckness
of 4 [err] (lenFePh%)- ﬂhksnguEShyhese)systen1exh|blts a colour interval A
Eup tothep f | ale Jiaht (4 U A)
and a col our ?bpg|gtggsbpggﬁkboph§ qu?gd gs;?$F%£?$4§%1 iﬁﬁﬁf*%ﬁ%&ﬁ.é% :
Exanple 2550. §99@0f 920 dyestuff G 232 ([err] max = 443 nm fornula V

[err] = [err] = [err]iananm 3Laaelr$@;5£}cnldfls@@wt@veméfemeat a1-5la)0ef50%0f

azo d tuff G 24 = =
and [err] = 1f ﬁ‘ﬁéB%%ﬁy?%:nga 0wl of PEE re G ut 2h st vk TS T
dyestuffs of aheotounuliaté®alobtai mgbte bwermnﬁntrmﬁ<héhmbmgmfmm1.5 naph-

20 thoqui nong b BaeaH) B} 25 AADUAE e Py 41 Fabt VALY 6 o cot

4-n-pentoxyaniliné” and 2 heXx Xyani 1§ he” ah oxyani |ne,
[err] max18 68Btervati )k aerdzésbmvé&)|nnt¢nyu1gﬂ¢d(Q1@52eﬂsbhase from
Exanpl e 22 (CgRappEE' 25 2 In an el ectrooptical display elenent
at a | ayer thlckness of 1 L % % t hi s guest - host systen1exh|b|ts
a col our intePvadP%a0E Elf)°t6>’?ﬁ bi %I‘H%’Fm’fl’sﬂ dtmo. TRyl ardd’ 4

art ki ci al I|5Qt (E%LEAhHaEN 2 §0t02rand Ph
Lene),
15 0.50% of azo dyestuff G 241 (A max = 558 nm, formula V',
Ry = C,Hg, Ry = N(C,Hs)y, n = 2 and Phy =
1,4-naphthylene) and -

3 = 1,4~naphthy-

1.30% of a mixture of naphthoquinone dyestuffs of the
formula IV' (obtainable by reacting 4,8-diamino-1,5-naph-
20 thoquinone with equimblar amounts of &4-n-butoxyaniline,
4-n-pentoxyaniline and 4-n-~hexyloxyaniline and 4-n-heptyl-
oxyaniline, A max = 685 vealsic))
are dissolved in the Liquid crystal phase from Example
22 (c.p. 99°).
25 In an electrooptical display element at a Layer
thickness of 1 um (2 um), this guest-host system exhibits
a colour interval A E up to the point of achromatism _
of 0.40 (0.79) in artificial lLight (CIU-A) and a colour
_ interval A E of 0.54 (0.96) in daylight (CIU-D 65).
30 Example 26
0.29% of azo dyestuff G 232 (A max = 443 nm, formula v,
R.1 = R2 = —NHC4H9, n =2 and Ph3-= 1,4-naphthy-
Lene), ' :
0.09% of azo dyestuff G 239 (A max = 512 nm, formula V',
35 R1 = C4H9, R2 = N(CHS)Z’ n=1 and th =
1,4-naphthylene), _
0.33% of azo dyestuff G 241 (A max = 558 nm, formula V',
Ry = C4H9, Ry = N(CZHS)Z’ n =2 and Ph3 =
1,4-naphthyiene) and



|nterval A E of 0.54 (0. 96) I n daylight (CU-D 65). 30 ExanpLe 26 0.29% of/
azo dyestuff G 232 ([err] max 443 nm formula V', R= R=[err], = 2 and €7:%
[err] "= 1, 4- naphthy- |ene), O. 09@6of azo dyestuff G 239 ([err] max = 512

nm formula V', 35 1 [err] = [err], 9 = 1 and Ph2 1, 4-napht hyl ene),
0.33% of azo dyestuff G 241 ([err] max = 858 nm formula V', Rl= C4HO, R2 =
N(C2H5) 2, n =123a&doPh3 miktdreaplit hgbenkdqanhdone dy8dtufis 3@P0 bhea m xture

of napht hoqui esiuf o] opt ai V. I gacting

% 60 ami no- 114, ButeTNC (B8a hdhy f b Ea King B 1 4PRy FabYe 2

4-n- butoxyan|P@Réth@ﬂﬁ‘pénﬁoxyahlPﬂhémohah peyndbxyahi 4rmebubexyaniline,

4-n- hepty|OXYt-ﬁ-%@h&bﬂ9anE€ﬁhL ”ﬁxn h@§fl9g%ﬁﬁgﬁ1ﬂfZﬁ?ézgﬁ?fggfhgﬁgt g;d

crystal se frgn1Exagp %g err

el enent at a B8y er Nehi Héés 0P85 PE r] (7 [err]), this guest-host system
exhi bits 10 areohau@olnbarwaltAeELuﬁuEa thespai nphofe athswnBk ampn f 0. 13
(0.32) in artz? |aI ngB (CQUA and a colour interval A E of 0.27 (0 57)
i n dayLi ght ( u-B- 85) Exanpl e 27 0.20% of azo dyestuff ([err] max = 430
nm fornmula V', [err] Ia aB Rﬂectpeéntpcopydmynlmhe«V&@e@Enaylaxyaﬁmd n =

2), 0.50% of Q;QCng§EUE# BLgRTE7 gy, gAL 90? ngsffgwyv+ﬁh%;y 3F%enzyl

2-nonyl mercapto-1 azol cyclo
n = 1, Pha0=" 8 sohaykt Agtensakn ﬁhun =to, 5“?0P9F%he9 Belppemdt 36K of azo

dyestuff ([erek 0913=(D482). 1ﬁsa$}nfﬁ@ﬁavla1 t F&:u A) and a colour

2 nony| mercaptoy 2 ad Akadiagohy Syl sy 47 B MEt ¥t g-5Rgy; " = 1 and

1 Example 27 .

| 0.20% of azo dyestuff (A max = 430 nm, formula V°', R1 =

15 R2 = p-(4-propylcyclohexyl)-benzyloxy and n = 2), 0.50%
of azo dyestuff (A max = 460 ...(sic), formula VI', R1 =
2-nonylmercapto-1,3,4-thiadiazol-5-yl, RZ = p-(4-butyl-
cyclohexyl)~ benzyl, n =1, th = 1,4-naphthylene and
Phy = 2,5~ toLyLene) _

20 0.36% of azo dyestuff (A max = 548 ...(sic), formula V', Rq =
2—nonylmercapto—1;3,4-thiadiazoL-S-yl, R2 = butyl-methyl-
amino, n = 1, and th = 1,4-naphthylene),

0.70% of anthraquinone dyestuff (A max = 638 nm, formula
rrre, Ry =Rg =R, =2Z=1Y=H, W=X=NH,, and

25 R1 = 2-[p-(4-butylcyclohexyl)~ benzylmercapto 1, 3 4=
oxadiazol-5-yl) (sic) and
1.10% of a mixture of naphthoquinone dyestuffs of the for-
muLa IV' (obtainable by reacting 4, 8 diamino-1,5-naphtho-
quinone with equimolar amounts of 4 ~-n-butoxyaniline, 4-n-

30 pentoxyaniline,. 4-n-hexyloxyaniline and 4-n-heptyloxy-
aniline, A max = 685 nm) - |
are d1ssolved in the liquid crystal phase from Example
23 (c. p. 71%).

In an electrooptical display element at a Layer

35 thickness of 2 um (9 um), this guest-host system exhibits
a colour interval A E up to the point of achromatism
of 0.18 (0.57) in artificial Light (CIU-A) and a colour
interval of 0.19 (0.01) in daylight (CIU-D 65).

Example 28 '



0. 70% of . ant hr aqui none dyestuff ([err] max = 638 nm formula Ill', R2
R4= . Z = = H W= X =NH2, and 25 Ril= : :

2-[ p-{ 4- but yl cycl ohexyl ) - benzyl mercapt o-1; 3, 4- oxadi azol -5-yl) (sic) and
1.10% of a m xture of napht hoqui none dyestuffs of the for- nula IV
(obt ai nabl e by reacting 4, 8-diani no- 1, 5- A&pht ho- qui none wi th equi nol ar
amount s of 4- n—.Bﬂzo'Byalzbl ﬂ?es4ulﬂf Y, mpen&owannh;neorﬂuna hexy) omz/aﬁl l'i ne

and 4-n- hept yLox niline, X = n lved ip,the |iquid
crystal phaseEfF§ﬂ¥§Q5 EBtQB ??fﬁ. F FT?Z°? el Ztro%p? ¥ ¥t Spl ay
el ement at a kapéph88ylohbermess of =21} ePhj f91[@rm§9hthhisnguesd host
syst em exhi bi a.C u | A E up to the point of achronmatism of
0.18 (0.57 |Eﬁért|?r§|g tplghgi;CIU-A and a col our interval of 0.19
(0.01) in dayPi-8Af e€ ezp esyst ﬁnf)?\e'“QB = 63153mm, f)°B‘5‘%%fVazoR;iy%%§ uf f

(X max = 460 B“bci?lﬁﬁ?@aﬁ%0r1Lﬁrﬂ}tﬁ1ad1azoL 5-y = p-(4-
2- nonylnercap

i ad |, 4- but vt - h b |,
V2L Pho o uarhamfﬂgﬁénﬁaﬁanréf amine; oh: 5 y+gn'£ C¥C%° So0y e sggzy
dyestuff (X nand= P6§5 nnyA#aaﬂutayV%neR 1-1 =

3- octylnercapbo?aéeﬁgy%g kg%?&f$ {k TLer]43g %é ormula ﬂ%B =

but yLcycl ohexyl’ yl ene and’
1, 4- napht APl eRg) = 0~ 26%obpak9ydyebemt)fuemlaxnsmnmm fothula V', RL =

10 R2 = p- (4OQEQEYB?YSL9h8%¥L} P?“ZXLHXY AnglL 8 mn2) foOndBIOPT, aﬁo destuff'
([err] max = ornul a

2- nonylnercap?oninglﬂefﬁFaHPaio3 g §F‘afé?¥?1—5bbEyIBzmﬁfﬂ#tybhw?ﬁﬁyh‘— I
andi\Ph2 = 1, 4anapbihilene) anadprh., 19% ph-Raph ¥h K €n@f &wpht hoqui none

L R
4- n- pent ot§anifbrmel a41l! héabtaipabl &i be eeac dimg hepdydoaxyino-1,5~
naphthoquinone with equimolar amounts of 4-n-butoxyanitine;
4-n-pentoxyaniline, 4-n-hexyloxyaniline and 4-n-heptyloxy-
aniliné, A max = 685 nm)
are d1ssolved in the l1qu1d crystal phase from Example
20 22 (c.p. 101%). ,
In an electrooptical display elément at a layer
thickness of 2 um (10 um), this guest-host system exhibits
a colour interval A E up to the point.of achromatism
.of 0.64 (0.33) in artificial Llight (CIU-A) and a colour
25 interval A E of 0.35 (0.29) in daylight (CIU~-D 65).
| The guest-host systems. described in Examples 22
~ to 23 are very stable and are outstandingly suitable for
poéitive representétion and exhibit steep characteristic.
transmission lines. The corresponding electrooptical
30 display elements which can be used can have a simp(e cell
technology, that is to say no polariser and no pretilt
are necessary. '
Unless otherwise indicated, Ph in the azo dye-
stuffs of the formulae V' and VI' in Examples 22 to 28 is
35 in each case 1,4-phenylene.
Example 29 |
A Liquid crystal phase consisting of
8% of 2-(trans-#-cyanocyclohexyl)-5-propyl-1,3-dioxane,
- 10% of 2-(trans-4-cyanocyclohexyl)-5-butyl-1,3-dioxane,



ani 1i ne,

i nt erval

ClU-D 65) .-

gtﬁbLe ané areomubstaﬁdragky4surbabley§Dbhppsl%bvezﬁept0$ea;at|on and
t st t

C b oot eoby BR2OPCEERNE! EphEZETMGEABEy b e JUEROREBFRLEIACY

X max =

685 nm are dissolved in the liquid crystal
Exanpl e 20 22 (c.p.
t hi ckness of 2 [err] (10 [err])

phase from
[err]). In an el ectrooptical display elenent at a la
, this guest-host system exhibits a col our
A E up to the point of achromatggm-of 0.64 (0.33)
light (ClUA)

in artificial

89 ﬁg§§o gg?"é?éég%gaéggﬁf?géﬂyfg g&%%%Fég)iz gaé ?e very

cel |l technol ogy,

Unl ess ot ber wi g¢ b?dwaaedtrﬁ’hsm tbenazpc
i n Exanpl es. 22

and VI'

2- (trans-4-cyanocycl
of - 2- (trans- 4- cyanoc{&r8

ag el ement used ¢

Sinpl e

thabexgnea say no polariser and no pretilt are necessary.

?oh@ﬁyfié PFob

EcyOrgul ae V'

¢
to”28 is I n eacﬁ case 1, 4-ph eny?ene Exanpl e 29
A liquid crystal phagéxéﬁﬁslstlng of 8% of

2-(trans-4- CY4BﬂCV¢LQh8K¥L}r5n§F¢P¥heih3x¢tQxaﬂﬁexﬂogﬁgﬁutylcycLo-

heXﬁ|) 5-butyl -1, 3-di oxane, - 36 - 8%
B2yL) - 5- pent yL- 1, 3- di oxane, 10% of

p-trans-4- propyzcytLbheuthbenzaﬁrfnétquﬁ@@otohexyt 4-pentylcyclo-
trans, trags- 4' - netho§¥gxﬁbohexyl 4- propyl cycl o- hexane, 5 . 5% of

trans, trans-4'-ethoxycyc
trans, trans-4' 6&eefiokyags,bnargréi-et
nethoxygxﬁgohexyl 4 pentyl cycl o- 10 hexane,
Xc¥clo ex enty%gzclo-

trans,trans-4' -
trans, trans-4' -ethox

\—

15

20

25

30

35

ofiexyl - 4- prOEylcycIo- hexane, 13% of
?VE?EFb°“ﬁékbné‘¢§&@8b¢yclo—

exan
trans- -pen yle hexyLp-kaF?trans—4-propyL—

cyclohexyl)-2-fluorobiphenyl,

7% of 4,4'—bis-(trans¥4-propylcyclohexyl)—Z-fluorobi—

phenyl and

7% of 4,4'-bis-(trans-4~-pentylcyclohexyl)-2-fluorobi-

phenyl

has a melting point of -14°%, a clear point of 72°%, a

viscosity of 23 «x 10_3 Pé.s at 200, an optical aniso-
tropy of 0.08 and threshold voltage of 1.8 volts. This
phase is d1st1ngu1shed by a pos1t1ve dielectric anisotropy

and a low opt1cal anisotropy.

Example 30

20%

20%

12%

10%

8%

11%

11%

of
of
.
of
of
of

of

A Lliquid crystal phase consisting of
r-1-cyano-cis~4-(trans-4-butylcyclohexyl)-1-
heptchycLohexéne,
r-1-cyano-cis~4-(trans-4-pentylcyclohexyl)-1-
pentylcyclohexane, ' '
trans,trans-4'-methoxycyclohexyL-4?butchycLo-
hexane, '
trans,trans-4'-methoxycyclohexyl-4-pentylcyclo-
hexane, '
trans,trans-4'-ethoxycyclohexyl~4-pentylcyclo~
hexane,
1-(trans—4—propyLcycLohexyL)fz-(trans,trans-ki-
propyLbicycLohexyl-4—yl)—ethane,
1-(trans-4-pentylcyclohexyl)-2-(trans,trans-4"'-
pentylbicyclohex~-4-yl)-ethane and

6% of



7% of 4-(trans-4-pentyl cycl ohexyl)-4'-(trans-4-propyl -
cyclghexyl)-2-fl uorobi phenyL, 15 7% of

4, 4" -bi s-(trans-4-propyl cycl ohexyl)-2-fLuorobi- phenyl and 7% of

4,4' -bis-(trans-4-pentyl cycl ohexyl)-2-fLuorobi- phenyL has a nelting point
of -14, a clear point of [err], a 20 -vP8&cosity of 23 x 10 3 Pa.s at 200,
an optlcal ani sgz b¥opy, @k - 9198canslnghm.sh@bﬂlypétmpb-’la&w&ﬁ&mihl s
phase i-s distingui shed p05|t|ve di el ectric anisotropy and a Low
optical anisotropy. Ex& Fé 30 25. A liquid crystal phase

consi sting of B@% of mettingypadnti 6f4-(0? ans- 4tbutyﬂ¢ymtOMEx&5 s 1-

nept yI cycl ohexgng 203491 ok 1acyang=31 g3 4 (41 asie A~ pemiyd evel oherd - 1-

pentyl cycl ohexane,
transtrans34' - ﬁﬁpnmeéyakahéxynd4ab@!gleytroc mekserom0®w Hf-3.2. This

trans, trans-4'; nﬁsbowcu%@hﬁé?{hsﬁe@eﬂmCa{fgefnr@wempé aniso-

trans, trans-4'-ethoxycycl ohexy hexane, 11% of
1- (trans- 4- probjPBYcPBReRYY§L2- k?Vaﬁ%t!?ﬁ%sam‘s°tr°pY-

propyl bi cycl ohexyl - 4-yl)-ethane, 11% of

1-(trans-4- peﬁ §Ic¥cl Qexyl) 2-(trans,trans-4' -

pentyl bi cycl o 3 ? et hane and 8% of

4, 4" -bi s-(10rans- 4- propyngahdhexyttaQ phaoe obons pdeing diis a- neltlng poi nt
of [err], a clgar_poi L 0 SEO f a Pa.s -at 20 , an
opticalL anlso-gg O? E ; §€9%ﬁ€ny%d§aﬁtéy¥p %?$€¥H%?§§?ropy of -3.2.

This phase is éﬁs?fng&rshéuab?pGFMEbaﬁTW@tﬂﬁele%ﬂ¢1Q%%nﬁso- tropy and a

ver .t ow opti ¢gk 8hi SPLEPRNs - FXFFPHPL Slc Lohexyl-benzonitrile,
" 6% of trans,trans-4'-ethoxycyclohexyl-4-propylcyclo-

1S5 ) hexane,
18% of trans, trans 4’—methoxycyclohexyl 4-pentylcyclo-
hexane, ' _
12% of trans,trans-4'-ethoxycyclohexyl-4-pentylcyclo-
hexane,
20 12% of trans,trans- 4'-butyryloxycyclohexyl -4-propyl-
cyclohexane,
3% of trans-4-propylcyclohexyl trans,trans—4—propyt-
cyclohexylcyclohexane-4'~carboxylate,
3% of trans-4-pentylcyclbhexyl trans,trans-~4-propyl-
O 25 cyclohexylcycLohexane¥4'-carbox9late,
3% of trans-4-propylcyclohexyl trans,trans~4-butyl-
_ ' cyclohexylcyclohexane-4'~carboxylate,
3% of trans-4-pentylcyclohexyl trans,trans~4-butylcyclo-
hexylcyclohexane-4'-carboxylate, ‘
30 3% of 1-(trans—4-propylcycLohexyl-Z-(trans,trans—4'—
propylbicyclohex-4-yl)-ethane,
4% of 1-(trans-4-pentylcyclohexyl-2-(trans,trans-4'-
pentylbicyclohex-4-yl)-ethane, |
_ 3% of 4,4'-bis-(trans-4-propylcyclohexyl)-2-fluorobi-
35 phenyL,
4% of &4,4'-bis-(trans-4- pentylcyclohexyl) -2-fluorobi~
. phenyt and '
4% of 4-(trans-4-pentylcyclohexyl)-4'—(trans-4-propyl-
cyclohexyl)-2-fluorobiphenyl



10 . A liquid crystaL phase consisting of 6% of
2- p-eyanophenyL- 5- propyl - 1, 3- di oxane, 6% of

2- p- cyanophenyl - 5--but yl - 1, 3- di oxane, 10% of
p-trans-4-propyl cycl ohexyl - benzonitrile, _6% of

trans, trans-4'-ethoxycycl ohexyL- 4- propyLéﬁcFo- 15 hexane, 18% of
t rans, t r ans- 4'hasetan@e\Ldyialgo pexylt- 6¥penv IcychOeahebamﬁt &QWGSP, no

trans, trans-4'_-et Y, |_Qhex ¢l o- hexane, @20 _12

transtrans- 4,sg%§Q94(§§@ qcﬁo*gaéf P9"C§BI§ﬂexgﬂg 5@”6?°°51ty

-t rans- 4- pr opylody d% e X tﬂaﬁﬁtmaﬁﬁ-inPepylat 207 (-307), an
cycl ohexchyclo%%%me o 1seRTRRYY bt eyo%% ghd sr@pﬁﬁéw?at ybe¥sLRNEYY!

trans, trans- 4-propy exane-4" - caf boxyl ate, 3%
of trans-4- pﬁcﬂyN€§Gthe§9P5tP5ﬁ§ﬁrdﬁsﬂ4550ﬂ9EJSh9d by a positive

cycl ohexyl cycldieeanei4’ andsberxsbglea BYgR cLeBRNBodnpeRhY GYGHgbexy]
trans, trans-4- bug%lcyclo- hexyl cycl ohexane-4' - car boxyl ate, 30 3% of

1- (trans 4- prSﬁyl Q@I&ﬁ@ﬁﬁr 2-(transtrans-4 -
propyl bi cycl olgaamdlyel B2et hane, 4% of

1- (t 4-pentyl cycl gh ¢
pegt;?B?cychEei Zy; Q-Sﬁﬁhné Q%ggqﬁt bid3e%consisting of

4,4' -bis- O@raﬂ§1406ropywcyosoﬁenyppychbgghgbvl Bgnzonitrile,phenyt, 4% of

4,4’ -bis- (tran@z4nnenb¥k$$9k0hesuk»1ZyEkHREQPl b@REON ki t ARde 4% Of
4- (trans 4- pent IcycI )-4' -(trans-4-

yl
cycl ohexyl ) - 2-18 USFObEpHéﬁﬁﬂs 4- PeBSYLcﬁagqﬁeﬁﬁF?TﬁQGBBYHT1o?'dl?fa%eclear
poi R of [errj15¥nefsneelitcanerateehphgsgclonasyLdoen-ppoppl-4D3-aivkaaesity

nglg ?h}gsﬁof§§ogltaﬁe%gfansstggngog L?EE}Lcythggkgﬁcy pogotﬁgpyy9§;0.084

benzonitrile,
4% of 4-cyano-4'f(trans44-pentylcycl6hexyl)-biphenyL,
~25% of trans-4-propylcyclohexyl trans-4-propylcyclohexane-
carboxylate,
6% of trans-4-propylcyclohexyl trans,trans-4-propyl-
20 cyclohexylcyclohexane-4'~carboxylate and
6% of 4,4'-bis-(trans-4-propylcyclohexyl)-2-fluorobiphenyl
has a melting point of -160, a clear point of 61°,
a viscosity of 17 «x 1l:l-3 Pa.s at 20°, an optical aniso-
tropy of 0.09 and a threshold voltage of 2.7 volts. This
25 phase is distinguished by a positive dielectric aniso-
tropy, a Low optical anisotropy, a particularly low vis-
cosiiy and a good steepness of the characteristic electro-
opfical Lines. |
Example 33
30 ' A Liquid crystal phase consisting of
8% of 2-p-cyanophenyl-5-propyl-1,3-dioxane,
7% of 2-p-cyanophenyl-5-butyl-1,3~dioxane,
7% of 2-p-cyanophenyl-5-pentyl-1,3-dioxane,
6% of trans,trans-4'-ethoxycyclohexyl-4-propylcyclo-
35 . hexane,
9% of trans,trans-4'-methoxycyclohexyl-4- butylcyclo-
hexane,
14% of trans,trans-4'-methoxycyclohexyl-4- pentylcyclo-

hexane,



LY

—N

5 2.7 volts. This phase is distinguished by a positive dielectric i
ani sotropy, a high clear point and a wide nematic range. Exanple 32 A ]
Li quid crystal phase consisting of 10 11% of

p-trans-4-propyl cycl ohexyl -benzonitrile, 10% of

p-trans-4-butyl cycl ohexyl - benzonitriler 389% of

2- (trans-4- pennxl6ytlehexylkrEnetbyLeihsxﬁepaaaﬁexﬂﬁuﬁosentyLcycLo-
2-(trans-4- ethoxycyclgpngL) 5- propyl - 1, 3-di oxane, 5% of

p- (trans, trans-4- prop) FE88Eohexyl cycl ohex-4' -yl )- 15

benzonitrile, 12% off #&rapapordhsttt abgtirpbokyt gy ohexytsd-ht ginetyyec L @5% of
trans-4- propylcycloheﬁgk bgans 4- propyl cycLohexane- carboxyl ate, 6% of

t rans- 4- propyl cycLoheX r&ns, trans- 4- propyL- 20 '

cycl ohexyl yclL8 ekénetnaﬂéatbéuybatenanﬂ-ﬁwsbilcycLohexylcyclohexyl-

4,4 -bis-(trans-4- prop¥gg¥ﬁgggﬁgy;)'2c5}99599+pbgnyl has a nelting point of
[err], a clear oint o err a Vi scosl 17 X 10 3 Pa.s at 200, an

optical aniso-fr8py BfaOSOQréﬂﬂ'E'?%?eéh%VHYVEXTb@@eleQVql%Qﬁ%%L This 25
phase is dist|ngU|shedybyoaep@ﬁetave-daeﬁeﬁtfrCL@plso- tropy, a Low opti cal

ani sot r opy, rticul arl oW Vi COS ood steepness of the
characterlstlc Igétrgraﬁ fLEﬁ?sfFﬁigs tx%ﬁ%? l%ég exy (eyets ohexYtqui d
crystal phése con5|stcngloheB@he+4'2-pac&amowhehq1 5- propyl - 1, 3-di oxane, 7%

of 2-p- CyanOpﬁank Vtybgg §r9ﬁ9xan§5pg?@54clohexylcyclohex-4i-yl)—

2- p- cyanophenyL-5 pe @i oxane
~trans, trans- 4'-ethoxyb?&!@hekyﬂlﬂfpropchycIo- 35 hexane, 9% of

‘tragstrans-4 SﬁﬁshoxypycLsh@var4nbuly$pa§¢ptybs%maﬁyLﬂéwéfﬁuorob1-
trans, trans-4' - nethoxgczclohexyL -pentylLcycl o- hexane,
15 4% of 4,4'-bis~(trans-4-pentylcyclohexyl)-2-fluoro-
biphenyl, '
4% of 4-(trans-4-pentylcyclohexyl)-4'-(trans-4-propyl-
cyclohexyl)-2-fluorobiphenyl and
4% of 4,4'-bis-(trans-4-propylcyclohexyl)-biphenyl
20 has a melting point of -16°, a clear point of 93°, a
viscosity of 24 x 107> (850 x 107°) Pa.s at 20°
(-300), an optical anisotropy of 0.082 and a threshold
voltage of 2.5 volts. This phase is distinguished by a
low viscosity, a Low optical anisotropy and a wide nematic
25 range.
Example 34
] A'liquid crystal phase consisting of
16% of p-trans-A-prdpchyclohexylbenzonitriLe,
9% of p-trans-4-butylcyclohexylbenzonitrile,
30 12% of trans,trans-4'-propoxycyclohexyl-4-propylcyclo-~
hexane,
jZ% of trans,trans-4"'-methoxycyclohexyl-4-pentylcyclo-
hexane,
12% of trans,trans-4'-ethoxycyclohexyl-é4~ pentylcyclo—
35 hexane,
9% of trans,trans-4'-propylcyclohexyl-4- butyryLoxy—
cyclohexane,
12% of 1-(trans-4-propylcyclohexyl)-2-Ltrans-4-(trans-
' 4~-pentylcyclohexyl)-cyclohexyll-ethane,



- : {
- 39 » 1L0%of trans,trans-4'-ethoxycyclohexyl-4-pentylcyclo- hexane, 12%
of trans,trans-4'-butyryloxycyclohexyl-4-propylcyclo- hexane, 5 3% of
trans, trans, trans-4-propyl cycLohexyl cycl ohexyl -
cycl ohexane-4'"'-carbonitrile, 3% of - 40 -
trans, trans, trans-4-butylLcycl ohexyLcycl ohexyl - _ .
cycl ohexane- 4' ' 38afbohir bl rbés-84rans-4-pentylcyclohexyl)-2~fluorobi-
trans, trans, trans-4- pgpe}leycl ohexyl cycl ohexyl - 10
cycl ohexane-4'"' - car hon

rile, 3% of _ .
p-(trans,trans-ﬁgpP pir yELbﬁéi§%E?§T6ﬁ@%9ﬁyL§l5L°B%ﬁ&th¥Tf$%?'%@66f
4,4' -bi s-(trans-4-propyeaytlohexyl)-2-fluorobi- phenyl, 15 4% of

4,4' -bi s-(kransz4g- Ren hexyl):2: ] uprp-_bi phep 4% of _ _
4-(transf45pent§ c§§|%ﬁ£§§§§?4g-¥?%5%%9£9g?€%§¥ip §Mter a8 Oh-propyt

cycl ohexyl ) -2-fl uor obephtobkxphd-294 bhorobiphenyl,

4,4" -bis-(transz4- ko eyglob sDLD | i of
-16, a clLear po?ﬁtggfgééo,ngvFgggé?th gf@%ﬁlépibgﬁé?gggfﬁ§T£€?f€ g%?s at
20 (-30), an Opﬁcarénﬂsbﬁnapy-e?n@z/&mlameavkhré'shbwawr'ea@eowlz5
volts. This phase is dystbﬁgwyghedibueayLOM/viscosity, a Low opticalL

consi st 1 n0of M48odof CRAL T BRLTE. Bf by cytl BESSL bERBAIAN 1 o105 o~ © o
p-trans-4-butyhe;ehoh@ﬁ?Lbenzontichleansﬂotrdﬁﬁboﬁ 0.084 agd a
L ans, r ans- 4*PRePRECICYE| BREEVD G2 DY 41 O RoXane, 120 o
tragqs, t rans- 4Exaepbgyéycl ohexyl - 4- pentyl cycl o- 35 hexane, 9% of
trans, trans-4'-propyl gych@RedYe #s bai YpNA 9L Ve o f¥ £4 PR AP,
15 12% of trans,trans-4'-prbpoxycycLohexyL-k-propyl;yclo—
_ hexane, _
12% of trans,trans-4'-methoxycyclohexyl-4-propylcyclo-
hexane, |
12% of trans,trans-4'-ethoxycyclohexyl-4-pentylcyclo-
20 hexane,
9% of trans,trans-4'-propylcyclohexyl-4~-butyryloxy-
‘cyclohexane,
3% of trans-4-propylcyclohexyl trans,trans-4-propyl-
cyclohexylcyclohexane-4'-carboxylate,
: 25 3% of trans-4-pentylcyclohexyl trans,trans~4-propyl-
— cyclohexylcyclohexane-4'-carboxylate,
3% of trans-4-pfohytcyc£ohexyl trans,trans-4-butyt-~
' cyclohexylcyclohexane-4f—carboxylate,
3% of trans-pentylcyclohexyl trans,trans-4-butyl-
30 cyclohexyne-4'-carboxylate (sic),
3% of 4,4'-bis-(trans~4-propylcyclohexyl)-2-fluoro-
| biphenyl, .
3% of 4,4"-bis-(trans-4-pentylcyclohexyl)-2-fluoro-
biphenyl, '
35 3% of 4,4'-bis-(trans-4-propylcyclohexyl)-biphenyl,
4% of 4~(trans-4-pentylcyclohexyl)-4'-(trans-4-propyl-
cycLohexyL);biphenyl, '
5% of 4~(trans-4-pentylcyclohexyl)-4'-(trans-4-propyl-
cyclohexyl)-foLuorobiphenyL,

S S v SRS R—— e —_ ———



12% of 1-(trans-4-propyl cycl ohexyl)-2-[trans-4-(trans-

4- pentyl cycl ohexyl) - cycl ohexyl ] - et hane,

-40- 3% of

4,4'3bis-(trans-4-penty|cyclohexyL)-Z-fIUorobi- phenyL, 3% of

4, 4" -bis-(trans-4-pentyl cycl ohexyl)-2-fl ugrobi- phenyL, 5 5% of
4

4- (trans-4-pentyl cycLohexyl )-4'-(trans-4-

ropyl -

cycl ohexyl) - 2- filb&owdbpphesns~43propylcyclohexylbenzonitrile and

4,4' -bis-(transy4- gEo
4- (trans-4-pentylcycl > d
has a cl ear p®i@st aomedsdngapreiigéosifty16

©

@%&Eéﬁ%?3?5¥%%;RE?§?§¥%5?P9"%%%?Eﬁa&glé-gipheny| 10
.28 slear3peint af 290, ad; optical

ani sot r opy ofsﬂeﬁ$4canemaxnhrssbehdtvehgageoefdaué ¥8! L5 Exanple 35 A
ase con

P i St f 12% of
BPBBatyoPeLeRe9nBa 310R) £y tfo> BRxmnat 393, 6r20°:
trans, trans-4-4g8hhoyyasielebexyk- 4npsopybpychbe- +hexepean 128t dfat

liquid crystal
trans, trans-4Vv

trans,trans-4;heth
trans,trans-4'-ﬂ?8

TEHBYCPIE bt BEHLH BREbSracd, nbsane, 055 Vou 220°"

trans- 4- propyEgpebbeeddl trans,trans-4-propyl -
cycl ohexyl cycl ohexanep4' 5 quogrngEthﬁase @gggﬁstgﬁgséﬁ-pentylcyclohexyl
yl CycLo

trans, trans- 4- propy

| - cycl ohex

exane- 4" - car boxyl ate, 3% of

trans- 4- pi8pyl d¢él 8fekyPNEr4A3NEransPROBAKYEYCLOhexyL-4-propylcyclo-
cycl ohexyl cycLohexanendxagalboxyl ate, 3% of trans-pentyl cycl ohexyl

trans, trans-4-
4,4 -bis-(tran

o

15

20

25

.30

35

10%
10%
3%
3%
3%
3%
3%
3%

3%
52

4%

15%
1%

of

of

of

of

of

of

of

of

of

'of

of

of
of

pentylcyc

L- 30 | -4 - | at i 3% of
38% 57 oRgnnsetsnnsyt) Lae Phasy ore Lohfikbratoenty 8y Ele- "

hexane,
trans,trans-4'-ethoxycyclohexyl-4-pentylcyclo-
hexane,
trans,trans-A'-propylcycLohexyl-4—butyryloxy-
cyclohexane,

trans-4-propylcyclohexyl trans,trans-4-
propylcyclohexylcyclohexane~4'-carboxylate
trans-4-pentylcyclohexyl trans,trans-~4-propyl-
cyclohexylcyclohexane-4‘-carboXylate,
trans-4-propylcyclohexyl trans,trans~4-butyl-
cyclohexylcyclohexane-4'-carboxylate,

trans-4-pentylcyclohexyl trans,trans-4-butyt-.

cyclohexylcyclohexyne-4'- carboxylate (sic),
4,4'-bis-(trans-4-propchycldhexyt)-Z-flubro-
biphenyl, ' _
4,4'~bis-(trans-4-pentylcyclohexyl)-2-fluoro-
biphenyt,
4,4'-bis-(trans-4-propylcyclohexyl)-biphenyl,
4-(trans-4-pentylc7clohexyl)-4'-(trans-4-propyl-
cyclohexyl)-biphenyl,
4-(trans—-4-pentylcyclohexyl)-4'~(trans-4-propyl-
cycLohexyL)—Z—fLuordbiphenyl,
p-trans-44propylcycLohéxyLbenzonitriLe and
trans-1-p-ethoxyphenyl-4-propylcyclohexane

has a melting point of -18°, a clear point of 959, no
smectic/nematic phase transition down to -4D°, a
viscosity of 19 (235; 2270) «x 10-3 Pa.s at 20° (-20°;



3%*f 4,4'-bis-(trans-4-pentylcyclohexyl)-2-fluoro- biphenyl, 35 3% of \
4,4:—b|s-(trans-4-propchycIohexyl)-biphenyl, 4% of ' ég;b
4- (trans-4-pentyl cycl ohexyl)-4'-(trans-4-propyl - cycl ohexyl)-biphenyl, 5%

of 4-(trans-4-pentyl cycl ohexyl)-4"-(tr 4- propyl -

cycLohexyl) - 2- quoroblphenyI -41- a@%&

p-trans-4- prop@lcys+0h¢qu®ethM|Qn1t@temmv9@6cﬁz 8, an optical

p-trans-4- bUtXAFQ/&{P@WYWG@Z@Q%GHM D3gh Re g4 Ld L IDQIGE O 3. 16G0 1 &) ear

poi nt of 950, no snectlc/nematic phase transition dowmn to -400, a 5
viscosity of Borapmb®; 33100) x [err] Pa.s at 200 (-200; [err]), a dielectric
ani sot r opy of + 4. 6 ﬁ.nli)@ﬁi@aérﬁéltsp'[ﬁm@ye of ols DBBTh g a t hreshol d

vol't age of ) anple 36. A |d cry D t4yng of 10
12% of traﬁs t?iﬁ fl f%ﬁ(ogg%'/%y‘&f%h)é rop ﬂc@l{wl%ﬁx ne b i1609/0 of
trans,trans-4 nethoxyeytybhﬁ«y¢hdxpem;ylcyclo- hexane, 10% of

trans, trans-4' seihoxycyel I ben Lp- exane, 10% of
trans,trans-4'- E%ogilgyg §£§§§ C1Sbﬁt§¥b€%§yp % y %5&$ﬁ;ex % of

t rans- 4- propyl cycl oherghtykerclehenane,

prOpy|CyC|0hex¥h2YG#OP?§ﬁ§et4an§34bﬂﬁafﬁéﬁyapclohéwﬁﬁﬁ4 propylcyclo-
trans-4-pentyl cycl ohexyL tfans, trans- 4- propyl -

cyclohexyﬂ@yclohexanehﬂ”aﬁarboxylate 3% of trans-4-propyl cycl ohexyl
trans,trans-4-hogybf eyshohexyhsys! obekange vt t clne ok-ys ot £op B YFLo-
trans-4- pentylcycloheﬁél trans, trans-4-butyl- 25

cycl ohexylLcycl ohexyne- arboxylate (sic), 3% of

4, 4_bis- (transéi- pfopyhoychoheugyyczctvmbxbl brpmeatrans-4-propyl-

cyclohexylcyclohexane-4'-carboxylate,
15 4% of trans-4-pentylcyclohexyl trans,trans-4-propyl-
’ cyclohexylcyclohexane-4'-carboxylate,
4% of trans-4-propylcyclohexyl trans,trans-4-butyl-
cyclohexylcyclohexane-4'-carboxylate,.
4% of trans-4-pentylcyclohexyl trans,trans-4-butyl-
20 cyclohecylcycLohexane-4'-carboxylate (sic) and
22% of r-1-cyano-1-propyl-cis-4-{trans-4-(trans-4-
pentylcyclohexyl)-cyclohexyll-cyclohexane.
Example 38
A Liquid crystatl phase consisting of
25 20% of r-1-cyano-cis—4-(trans-4-butylcyclohexyl)-1-
— _ heptylcyclohexane,
21% of r-1-cyano-cis-4-(trans-4- pentylcyclohexyl) -1=-
pentylcyclohexane,
11% of trans,trans- 4'-methoxycyclohexyl -4-propyt-
30 cyclohexane,
102 of trans,trans—A'-éthoxycycLohexyL-4-propyl-
" c¢yclohexane, '
4% of trans-4-propylcyclohexyl trans, tréns-4-propyl-
cyclohexylcyclohexane- -4'~-carboxylate
35 4% of trans-4-pentylcyclohexyl trans,trans-4- propyL-
cyclohexylcycLohexane-4'-carboxylate
4% of trans-4-propylcyclohexyl trans,trans-4-butyl-
cyclohexylcyclohexane—4'-cérboxylate,
4% of trans-4-pentylcyblohexyl trans,trans-A-butyL-.



3% of 4,4'-bis-(trans-4-pentyl cycLohexyl)-2-fLuoro- biphenyL, 30 3% of
4,4' =bis-(trans-4-propyl cycl ohexyl) -bi phenyl, 5% of : gﬁs
0

4- (trans-4-pentyl cycl ohexyL)-4'-(trans-4-propyl - cycl ohexyl)-bi phenyl, 4%
of 4-(trans-4-pentyl cycl ohexyl)-4' (traQ§-4 propyl -

cycl ohexyl ) - 2-fl uor obi phenyl, 15% of p-tTans-4-propyl cycl ohexyl benzonitrile
and 7% of trans-1-p- ewwwiwwn@m}mY4ipmggym@yé|oh@xéneyggte kadcd Ambting

point of [err] a2 %HeqﬂﬂpQW%thﬁ-QQQ r%g QHQCBLGGBQBHLECbeaéﬁsLKanS't'0“
down to [err], a viscosity o g 5 Pa.s at 200 ([err];

- 42 - -400),-a dleleéﬁf‘&saﬁF§Gﬂ&dﬁfV6ﬂ°h2x8l)aﬁyﬁbPPSéF"Snlsotropy of

0. 0830 and a tilyr erleplatedql tage of 3.1 volts. Exanple 37 Aliquid crysta
phase consgﬁtkn% oﬁ 5 20% of r-1-cyano-cis-4-(trans-4-butylcycLohexyl)-1-
hept yl cycl flé)of r-1-cyano-ci s-4-(trans-4-pentyl cycl ohexyl)-1-
pentylcyclohexane 11%)¢ﬁqMHdn$rwwam$ #'h-aset kongdseliobgeryL- 4- propyl cycl o-
10

homnes Tl 5 a%%sL%aQ§r%nsekh%6¥9¥399@8ﬁ¥kyﬂ)pﬁpr'CVC'O'

hexané 4% of trans-4- propy cyc hexyl trans,trans propy
cycl ohexyl cycl ohexaneheptydcstpihgxanes 4% of trans-4-pentyl cycl ohexyl

trans, trans-4- RWQP%H'rGMGkQBQ6¥EG%GM°hQ¥%ﬂ§-4—p@ﬂ&?@¥ykﬁbﬁexé?@Qﬁ-
trans-4-praopyl cycl ohexyl trans,trans-4-butyl -

cycl ohexyl'@/cl ohexane PANYACHSHPNEX*@Ne4% of trans- 4- pent yi cycl ohexyl
trans, trans-4- duylof 2Gans,trans-4Cyaeahecylcyrtobeaysré-gropatboxyl ate
(sic) and 22%of r-1-c ropyl Cis-4-[trans-4-(trans-4-

pentylcyclohexyl) cycﬁ&hefyff nft‘flohexane
W of trans,trans—-4'-ethoxycyclohexyl-4-propyl-

cyclohexane,
15 4% of trans-4-propylcyclohexyl trans,trans-4- propyl-
| cyclohexylcyclohexane-4'-carboxylate,
.4% of trans-4-pentylcyclohexyl trans,trans-4-propyl-
cyclohexylcyclohexane-4'~-carboxylate,
4% of trans-4-propylcyclohexyl trans,trans-4-butyl-
20 cyclohexylcyclohexane-4'-carboxylate,
42 of trans-4-pentylcyclohexyl trans,trans-4~butyl-
cycLohecytcycloheiane-4'-carboxylate (sic) and
22% of r-1-cyano-cis-4-(trans-4-pentylcyclohexyl)~-1-
(trans-4-pentylcyclohexyl)-cyclohexane
25 has a melting point of —3°, a clear point of 100° and
an opt1cal anisotropy of 0.0437.

The phase is an excellent host for pleochroic dye-
stuffs, in particular for azo dyestuffs. The guest-host
mixtures are outstandingly suitéble for GH disblays with

30 positive contrast.

The LC phases described in Examples 5 to 12, 15
to 21, 29 and 31 to 36 are particularly suitable as wide-
range mixtures, whilst the LC phases describéd in
Examples 1 to 4, 13, 14 and 30 are particularly suitable

35 for guest-host displays with positive contrast.



Exanpl e 38 UI hase consi sting of 25 20% of W,
r-1-c¢yano- cmlmnmmlmﬁ BI cycl ohexyl)-1- heptyl cycl ohexane, 21% of @
r-1- cyano- ci s*4- ft riand: 4-°pent yLcycLohexyl ) - 1 pentyl cycl ohexane, 11% of
trans, trans-4' - net hoxycycl ohexyl - 4- propyl4 cyclq@g§§ge 10% of
trans, trans-4'-ethoxycycl ohexyl - 4- propyl - éycLohexane 4% of?

trans- 4- propyl cycl ohexyl trans,trans-4-propyl -

cycl ohexyl cycl ohexane- 4'-carboxy|ate 35 4% of trans-4-pentyl cycLohexyl
trans, trans-4-propyl - . cycl ohexyl cycl ohexane-4' - car boxyl at e 4% of

trans- 4-propyl cycl ohexyl trans,trans-4-butyl -

cyclohexylcyclohexane 4'-carboxyl@gqenQ%hQa1hgans 4- pent yl cycl ohexyl

trans, trans-4-buty CYCTSHECVtC¥C1ohexa ne- 4'-carboxyLate (sic)
and 22% of r- 1'cyano i’@g’ﬂrGﬁYEtf 3Pfidsgancoayppterdsgd in that
(trans-4-pent yoataliakext X eagtlohexzomponeptepatedted Framplseodd A liquid

crystal phase g f %.Q
r-1-cyano-ci s- &ggtrans 4°§ufy%oy8pgﬁgfyf)°f tﬁépﬁﬁf@?éfghéxéﬁe}v2196of
r-1-cyano-cis-4-(trans-4-pentyl cycl ohexylL)-1- 10

pentyLcycl ohexane, % of .n-)trans 4' - met hoxycycl ohexyL- 4- propyl -
cycl ohexane, kd% an @r ‘h et hoxycycl ohexyl Af propyl - cycl ohexane,
15 4% of trans-¥ op gl ohexyl trans,trans-4-propyl -

cycl ohexyLcycLohexane- 4'-car
trans,trans-4-propy|-

OO

R} CH, CH _O_ rrr

wherein R1 and R2 are each R, "<C::>“'R

and R is alkyl with 1 to 12 C atoms, and wherein also

poxyl at e, 4@6of trans-4- pentylLcycl ohexyl

one or two non-adjacent CH2 groups can be replaced by
-0-, -C0~, -0-CO- or =-C0-0,

OO r
. _
CN

wherein R3 and R4 are each R or —'<::>-‘R
and R has the abovementioned meaning, and/or at lLeast one

component selected from Group B consisting of the com-
pounds of the formulae V and VI

R_O_ 2t —g-cN v
0 -
R_< )..a-cu ' VI



of trans-4-pentyley ns, trans-4- butyL-

cycl ohecyl cycl ohexane-4' - car boxyl ate (sic)sand 22% of
r-1-cyano-ci s-4-(tr.ans-4-pentyl cycLohexylL)-1- . . :
(trans-4-pentyPEy8E8h§x a -5@8I5ﬁ8%8ﬂ@"¥5°ﬁ8§ ﬂeﬁﬁPPPnngéﬁﬁﬂCE}--30, a
cl ear point 0ferl000 af;‘:b optical anisotropy of 0.0437. The phase is an
excel | ent host,  f.oL Ipl.eo0 { c dye- ESnAkl Parti ¢yl ar fpr_azo dyestuffs.
The guest-hos%"ﬁiztuﬁgs 2 oufs?aﬁgbﬁ%Fybgh?fangZFgZ GH gpsglays with 30
posi tive contoast9-tRe,L@nghasetedescrnbedompofirntpsetested fpomis to 21,
29 and 31 to ecp eyl Y o3Uktkab Wdeq ¢l e¢Hi S ilst
fhe LC phases e bed r i no s o s gy e g O ey e ol y
suitabl e 35 f&P guest-host displays with positive contrast. - 44 -
0158252 Patent clains: 1. Li quid crystal phase, characterised in that
it contains at Least, ong t selected from Goup A consisting of the
conpounds of the f @reae 4 Q'r] : Vil : I
CN [err] wherein [err] ¥u are each R, J[err] [err] and Ris alkyl
wth 1 to 12 C atons, and wherein aLso one or two non-adjacent [err] groups
can be replaced by -0-, -CO, - CO or -COQ [err] wherein [err] and
[err] are each R or,? erry and has t he abovenenti oned neani ng, and/or at
Least one conponent” sel\e rgﬁ;tﬂoup B consisting of thelkom

cycfohexylcybl whw yLate, 4% of trans-4-propyl cycLohexyl
traﬁs,trans-44 ﬂﬂmﬂﬁ! ﬂﬂ&i" E cycl ohexyl cycl ohexane-4' - carboxyl ate, 4% gﬁ%
C I |

3

N

wherein R3 and R4 have the abovementioned meaning and
R7 can assume the meaning of-@-nor- R8', wherein R

| 8 is alkyl with 1 to 12 C atonms,
(% and wherein also one or two non-adjacent CH2 groups can

be réplaced by -0- or -c0-, and, if appropriate, one or

is as defined above, and R

more components selected from Group D consisting of the
compounds of the formulae XI to XIII

5 . 3
E g S
. | XII
5 9 '
R — ~CH.,CH —RS
<:0> 2 Z—O i XIII



pounds of th l [err] - 45 - wherei-n R has the

abovenent i onﬂmmmmng ”nl and Zis , a single bond, [err])]
-CO-Oor - , ¢ and Fea8t one conponent selected from Goup C

consi sting of the conpounds of the fornulﬁg VIl to X [err] wherein R and R

“have the abovenentione neanlgg and R7 cah’assune the meaning of [err] or

"R8, wherein Rwhsreind®&fi aed RDove, eanbl R8sesiad&pendeohly o6 68eC atons,

and wherein a!aﬁgtﬂgf-‘ QFet%k?P”u?@ha?ePL EErE]a%ﬂ?H Saﬁé“u??ré?ﬁ' Qf?g by

-0- or - ate,- one or nore ents selected

Group D cons.sﬂﬁngrotws’heoeoﬁﬁbaﬁastoFHth@rvwﬁufa@ e repkeced[ Ry r70-, -

4Fk-|mhe[ﬁ|2 %ebig g?dfberé} Lgoﬁgﬁh EﬁéelhﬂdSPSHQSHELYleo@@eoﬁnﬁbfe{ arf

al kyl wi 0 atons, an erein also_one or fwo no acent [err

or oups. can betPBpPagaRspysLated ifon B 8us %t Coesi ¢t TRandT PR abiFopr i at &,

one or nore cpspadents seeecdbedul sonx & oapd EXeonsi sting of the com pounds

of the fornulae XIV and XV [err] wherein R3 and R4 are each Ror [err] is

R [err] or, if n equals 2, also CN, nis 2 or, if R3 equals
, also 1 and A3s # phenyl group,which is optionally fluorinated in
the 2- or 3-pdsiTTy hﬁ@ﬂer hat, if conpoundsxqf, the formula V

and/or VI wherein Q 1,4 pheny are
R R
A - XV
wherein R> and R* are each R or -<:}-R,_R9 is R,

‘<:)“R or, if n equals 2, also CN, n is 2

or, 1f R3 equals -<:>_R , also 1 and A is a 1,4-
phenylene group which is optionally fluorinated in the
2- or 3-position, with the proviso that, if compounds of
the formula V and/or VI wherein @ is 1,4-phenylene are
present, the liquid crystal phase contains at least one
component of the formula IX wherein R3 is n-alkyl and R4
is n-alkyl, n-alkoxy or n-alkanoyloxy with in each case

1 - 12 ¢ atoms, and at Least one component from Group E.
2. Liquid crystal phase according to Claim 1, charac-
teriéed in that it contains at lLeast two components selec-
ted from Group A.

3. Liquid crystal phase according to ClLaim 1, charac-
terised in that it contains at least two components selec-
ted from Group B.

4. Liquid crystal phase according to Claim 1, charac-
terised in that it contains at least two components selec-
ted from Group A or B and at lLeast one component selected
from Group D.

5. Liquid crystal phase accordfng to one of Claims

1, 2, 3 or 4, characterised in that the weight content of
the components of the formula XV from Group E is Lless than
30%. .

6. Liquid crystal phase with negative dielectric



present,‘the ‘ hase contains at | east one conponent of the
forula | X m “‘mm‘m -alkyl and [err] is n-alkyl, n-al koxy or -
n- alkanoylox nweaéh tase 1 - 12 C atons, and at | east one conponent
from G oup E. Liquid crystal phase_according to Claim1l, charac-

terised in that_lt contains at |east two é@nponents selec- ted from G oup
A 3. Llaneomﬁw%@akomhasaIa@ce&duaes&otcbabnbachsbaeaeyekenksed in
that it contalgs at | east %ﬁng g selec ted from up. ﬁ

Li quid crystal® 6ﬁ5§§e58589dﬂﬂg 8tctdfm StcH5F55‘afeFFs€d Fﬂ af e

cont ai ns at .| east pthwas ec acpomdring sel €taimed.from G oup A or B and at | east

one component ssel oot of {LLAW Pr94RaP pRase_ ascbkathd ThYELhaPRasEpargaLd no

to one of Clains 1, 2 erise content of
t he conponent§eGﬂS@Ne1moﬂhﬂﬁatkv hpst @asep iELi sopsainshak B@@@thWO

Li qui d CrYStanﬂ@%%%dW%thr%ﬁg%?bﬁﬁ ﬁ'%h@cbhbccompanZt fABSEFbARYD.
cont ai ning at _Least twy pl.eochroic, dyest uf Haracterlsed Ln {hat the

host materialB8i-s a Li &Jioy idr gEystat éﬁééé acesr A8 £8 epsi Af1Cloims
Li quid crystals pdsg ,actardicreriieed anmthatcaar geastebhecdyestulisit t he host

mat eri al cont%|Q%n%% Iea%hﬁmegggng ghzsgggcggﬁggp A and one conponent

from Goup D i'ng to one of Cains 6
and 7, characﬁerlsed iLri quHdt caystedsphene dgeordfihghébonge P fheimbass of

azo dyeSthfsé %o ,_chaF%QQ ¢1§%ﬁsﬁﬁ'tﬂggsﬁtaﬁggE@'BHetoQE?u?? @%aEHF 6

to 8, characterlse in at Least one estuff is an azo estuff with a
‘wavel engt h ofaﬁﬂxﬁwﬁﬁ#&5§oﬂﬂﬁﬁoﬁ spvgltenagéh ehamasdpumnpbseretion pfqyid
crygtal phase greaek® *@ahos8genal. Claims 6 to 9, characterised in that an

I r i I
el ectroopt CaHOdISp aX1qu1d crystaL phase according to one of Claims

6 to 9, characterised in that an electrooptical display
e[emént containing the Liquid crystal phase has a colour
'interval, measured by CIU (1964), up to the point of
achromatism of Less than 5 units. _
11. Use of the Liquid crystal phase according to one
of Claims 1 to 10, in liquid crystal display elements}
12. Liquid crystal display element, characterised in
that it contains a Liquid crystal phase according to one
of Claims 1 to 10.
13. Electrooptical display element, characterised in
that it contains, as the dielectric, a Liquid crystal
phase according to one of Claims 1 to 10.



el enent Gommw the | iquid crystal phase has a colour interval, neasured \

by C'U (19 umm int of achromati smof Less than 5 unlts 11.
Use of the I'nhase accordl ng to one of CLains 1 to 10, in
Liquid crystal d| spLay eLtnents. kiguid crystal displLay e&fggg%
characterised in that it contains a |IC]UIé crystal phase according %

of dains ,’L_to 10, 13. El ectrooptical display elenent, characterised in

A

that it con s, as the dielectric, a liquid crystal phase according to
one of Clains 1 10. - 48 - - 0158252
Cl ai s As printeth Liquid crystal phase, characterised.in that it
contains at | east one co ent selected from G oup A consisting of the
conpounds of the fornmulae | t V [err] wherein [err] and [err] are each R
and Ris alkyl with 1 to 12 C ato and wherein al so one or two

non- adj acent CH2 groups can be repl ace -0-, -CO, -O-CO or -CO-0O,
[err] wherein [err] and [err] are each R o d R has the abovenenti oned
meani ng, and/or at |east one conponent sel ecte om Group B consisting of
t he conpounds of the formulae V and VI [err] - wherein R has the
abovenentioned neaning, Qis and [err] is a single bond,
O-0-, and at | east one conponent selected from G oup C const
corrpounds of the fornmulae VI1 to X O [err]

o Claims As _printed.-

1. Liquid crystal phase, characterised in that it contains at least one component selected from Group
A consisting of the compounds of the formulae | to IV .

N .
I
N
' CN . :
R -OL CHZCHZ—O— R (i

wherein R' and R? are each R,

(% 0 ‘ 0
O e D
and R is alkyl with 1 to 12 C atoms, and wherein also one ortwo non-adjacent CH, groups can be replaced
by -O0—, —CO0—, —0—C0— or -—CO-—~O0—,

3 R 4
~O—pro~
: CN '
wherein R and R* are each R or
-0
and R has the abovementioned meaning,
and/or at least one camponent selected from Group B conslstmg of the compounds of the formulae V and
Vi . . _
R _<:>.- ! __qg- -Cx | ™)
0
R _{ }__ 0-CN - )
VARE .



wherei n_ R3 and R4 have the abovenenti oned neaning and [err] can assune th
meani ng of mﬂm rein Ris as defined above, and [err] is alkyl
with 1to ‘]lm“‘m“ﬂ“ , erein al so one or two non-adjacent CH2 groups
can be replacetl by MO *or*-CO, and, if appropriate, one or nore conponents
sel ected from Goup D consisting of theigoapounds of the fornmulae Xl to
Xill [err] wherein{err] and [err] in each case independently of one

- anot her ar KBl haMle Rpdveinbntidred(m@ahiigEa is@nd wherein al so one or two .
non- adj ace“"rplatt‘e '*é)érr]aw S ?’Zocled by -O. -CO. -OCO or -COO

groups can be rep _
and, if appropriate, one or rmreone&ts ted from Goup E

consi sting of the conpounds of the=fornulae XM and XV - 50 - [err] .

wherein [eff]z @nd [err] are each Ror RO is R or. if n equals 2. also CN,
nis 2or. 1f [err] equals also 1 and AAs a 1, 4-phenyl ene group which is
optionally fluorinated in the 2- or 3- ion, with the proviso that, if

~conpounds of the fornmula V and/or VI Wne%gi n Qis 1 4-phenyl ene are

- present, thsnéléqmdd—cﬁﬁtb-al—gmgwon@ap »at | east _one co {n ke

fornul a | Xenstebleest prereampanept sglegicd frog,Grops C icgnsmmgaq%|°9m%quaﬁ?sk°§§"§”°§?"‘a"

n- al kanoyl oxy with in each case 1-12 C atons, and at 1east one conponent

fromGoup E. 2. Liquid crysgal shase—agcording to Caim 1, charact epised

inthat it contains at |easg 0 chmondgrt® selected from Goup A 3.

"~ Liquid crystal phase according te¥C a 1, characterised in that it

contains at |east.tw conponents selected from Goup B. 4. Liquid crystal

phase according to Caim 1, characteriged in that it contains at |east two

-~ conpgnents selected from G oup A B and 3‘13 | east one ‘conponent sel eptigd
fromGoup D. 5. Liquid cry§téTse\ gcording to one of Clains 1, 2, 3 or

-4, characterised in that the weight content of the conponents of the

formula XV fromGoup Eis less than 30 % 6. Liquid crystal phase with

‘ negative dielectric anisotropy contaipipng at |east two pleochroic '

dyestuffs, characterised i ngfhaf t\ M _material is a liquid crystal(X

- phase according to aim1l. 7. ystal phase according to Claim6,

- characterised in that the host nmaterial contains at |east tw conponents

. from G oup A and one conponent from G oup D.

4

wherein R® and R* have the abovementioned meaning and R’ can assume the meaning of

—@—R

or Re, wherein R is as defined above, and R® is-alkyl with 1 to 12 C atoms, and wherein also one or two
U non-adjacent CH, groups can be replaced by —O— or —CO—, .
. and, if appropriate, one or more components selected from Group D consisting of the compounds of the

formuiae X! to XIH _
5 : _ ab (X0
OO
. 6 (X1
0 ' .
] X
o -y=enim O o
0

wherein R® and RS in each case independently ot one another are alkyl with 1 to 12 C atoms. and WEeoreln
also one or two non-adjacent CH, groups can be repiaced by —O0—, —CO—. —0—CO— or —C0 f_h.
and, if appropriate, one or more components selected from Group E consisting of the compounds of the
formulae XIV and XV




8. Liquid cr hase accordlng to one of Clains 6 and 7, characterised

in that at | M ﬂ' ﬂﬂﬂtﬂ' bel ongs to the class of azo dyestuffs. 9. Q{‘B
Liquid cryst g to one of Clains 6 to 8. characterised in

that at | east one dyestuff s an azo dyestuff with a wavel ength of maxi mum
absorption of greater than 580 nm 1Q slg quid crystal phase according to

one of Clains 6 to™, characterised in that an el ectrooptical display

el enent containing the liquid cry phase h col our interval, neasured
by ClU (1964), up to the poing? ﬁ anphp sof of e than 5 units. 1ixvUse
of the liquid crystal phase accoro to one ains 1 to 10, in liquid

crystal display elenents. 12. Liquj rystal display elenent, characterised
in that it contains a liquid ¢p phase according toe one of d ai ns (Mt 0
10. 13. El ectrooptical displaé elha ¥, characterised in that It contains,
as the dielectric, a liquid crystal phase according to one of Clains 1 to
10. Revendi ‘eherdipfRsant R‘Rreaeaeh & @ri st aux | i qui des caracterisee en ce qu'elle
contient au noins un conposant choi si dé:}_he groupe A consistant en |les

conposes de forrmules | a IV - 51 - C -

(1) CNRL...ghs CHzf CH 23

(rrr) dans Iesquelles R et R2 reprpSentent ,chacun R O R {t- Rou 0 C
40~~~~- K)-. et Rrepr6sente un g Ral k L}—@n C 1-C 12 dans | equel un
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with the proviso that, if compounds of the formula V and/or VI wherein Q is 1,4-phenylene are present, the
liquid crystal phase contains at least one component of the formula IX wherein R? is n-alkyl and R* is n-
alkyt, n-alkoxy or n-alkanoyloxy with in each case 1-12 C atoms, and at least one component from Group
E. '

2, Liquid crystal phase according to Ciaim 1, characterised in that it contains at least two
components selected from Group A.

3. Liquid crystal phase according to Claim 1, characterised in that it contains at least two
components selected from Group B.

4, Liquid crystal phase according to Claim 1, characterised in that it contains at least two
components seiected from Group A or B and at least one component selected from Group D.

5. Liquid crystal phase according to one of Claims 1, 2, 3 or 4, characterised in that the weight
content of the components of the formula XV from Group E is less than 30 %.

6. Liquid crystal phase with negative dielectric anisotropy containing at least two pleochroic
dyestuffs, characterised in that the host material is a liquid crystal phase according to Claim 1.

7. Liquid crystal phase according to Claim 6, characterised in that the host material contains at least
two components from Group A and one component from Group D.

\ 8. Liquid crystal phase according to one of Claims 6 and 7, characterised in that at least one dyestuff
' belongs to the class of azo dyestuffs.

9. Liquid crystal phase according to one of Claims 6 to 8. characterised in that at least one dyestuff is
an azo dyestuff with a wavelength of maximum absorption of greater than 580 nm.

10. Liquid crystal phase according to one of Claims 6 to 9, characterised in that an electrooptical
display element containing the liquid crystal phase has a colour interval, measured by CIU (1964), up to
the point of achromatism of less than 5 units.

11. Use of the liquid crystal phase according to one of Claims 1 to 10, in liquid crystal display
elements.

12. Liquid crystal display element, characterised in that it contains a hquud crystal phase according to
one of Claims 1 to 10.

13. Electroopticai display element, characterised in that it contains, as the dielectric, a liquid crystal
phase accordmg to one of Claims 1 to 10.
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sous réserve que la phase a cristaux liquides. dans le cas de la présence de composés de formules V et/ou
Vi dans lesquetles Q représente un groupe 1.4-phényiéne, contient au moins un composant de formuie 1X
dans laquelle R® représente un groupe n-alkyle et R* un groupe n-alkyle. n-alcoxy ou n-alcanoyloxy
contenant chacun 1 & 12 atomes de carbone, et au moins un composant du groupe E.

2. Phase a cristaux liquides selon la revendication 1, caracterlsee en ce qu'elle contient au moins
deux composams choisis dans le groupe A.

3. Phase a cristaux liquides selon la revendication 1, caractérisée en ce qu'elle contient au moins
deux composants choisis dans e groupe B.

4, Phase a cristaux liquides selon la revendication 1, caractérisée en ce qu ‘elle contient au moins
deux composants choisis dans le groupe A ou le groupe B et au moins un composant choisi dans le
groupe D.

5. Phase a cristaux liquides selon 'une des revendications 1, 2. 3 ou 4, caractérisée en ce que la
proportion relative en poids des composants de formule XV du groupe E est inférieure a 30 %

6. Phase a cristaux liquides & anisotropie diélectrique négative contenant au moins deux calorants
pléochroiques, caractérisée en ce que Ia matiére Host est une phase a cristaux liquides selon la
revendication 1.

7. Phase a cristaux liquides selon la revendication 6, caractérisée en ce que la matiére Host contient
au moins deux composants du groupe A et un composant du groupe D.

~ 8. Phase a cristaux liquides selon I'une des revendications 6 et 7, caractérisée en ce qu'un colorant
au moins appartient & la classe des colorants azoigues.

9. Phase a cristaux liquides selon I'une des revendications 6 & 8, caractérisée en ce qu’un colorant au
moins est-un colorant azoique présentant une longueur d’ondes d'absorption maximale supérieure a
580 nm.

10. Phase a cristaux liquides selon I'une des revendications 6 & 9, caractérisée en ce qu'un éiément.
d'affichage électro-optique contenant {a phase a cristaux liquides présente un intervaiie de couleur
jusqu'au point d'achromasie, mesuré selon CIE (1964) inférieur 2 5 unités.

11. Utilisation de la phase a cristaux liquides selon I'une des revendications 1 & 10, dans des
éléments d'affichage & cristaux liquides.

12. Elément d'affichage & cristaux liquides caractérisé en ce qu'il contient une phase a cristaux
liquides selon I'une des revendications 1 & 10. .

13. Elément d'affichage électro-optique caractérisé en ce qu’il contient en tant que diélectrique une
phase a cristaux liquides selon 'une des revendications 1 a 10.




